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Preface

This edition follows the style of previous editions. It has similar aims, and was written with the same
enthusiasm and care.

It is vital that readers be aware of the type of alphabetization used in the Dictionary. A glance at ‘Notes
for the User’ — particularly the first paragraph — is essential.

September 2001



Preface to the Second Edition

In writing this new edition of the Dictionary we had several aims in mind. One of these was to provide clear
and up-to-date definitions of the numerous terms and phrases which form the currency of communication
in modern microbiology and molecular biology. In recent years the rapid advances in these disciplines have
thrown up a plethora of new terms and designations which, although widely used in the literature, are seldom
defined outside the book or paper in which they first appeared; moreover, ongoing advances in knowledge
have frequently demanded changes in the definitions of older terms — a fact which is not always appreciated
and which can therefore lead to misunderstanding. Accordingly, we have endeavoured to define all of these
terms in a way which reflects their actual usage in current journals and texts, and have also given (where
appropriate) former meanings, alternative meanings, and synonyms.

A second — but no less important — aim was to encapsulate and integrate, in a single volume, a body of
knowledge covering the many and varied aspects of microbiology. Such a reference work would seem to
be particularly useful in these days of increasing specialization in which the reader of a paper or review
is often expected to have prior knowledge of both the terminology and the overall biological context of a
given topic. It was with this in mind that we aimed to assemble a detailed, comprehensive and interlinked
body of information ranging from the classical descriptive aspects of microbiology to current developments
in related areas of bioenergetics, biochemistry and molecular biology. By using extensive cross-referencing
we have been able to indicate many of the natural links which exist between different aspects of a particular
topic, and between the diverse parts of the whole subject area of microbiology and molecular biology;
hence the reader can extend his knowledge of a given topic in any of various directions by following up
relevant cross-references, and in the same way he can come to see the topic in its broader contexts. The
dictionary format is ideal for this purpose, offering a flexible, ‘modular’ approach to building up knowledge
and updating specific areas of interest.

There are other more obvious advantages in a reference work with such a wide coverage. Microbiological
data are currently disseminated among numerous books and journals, so that it can be difficult for a reader
to know where to turn for information on a term or topic which is completely unfamiliar to him. As a simple
example, the name of an unfamiliar genus, if mentioned out of context, might refer to a bacterium, a fungus,
an alga or a protozoon, and many books on each of these groups of organisms may have to be consulted
merely to establish its identity; the problem can be even more acute if the meaning of an unfamiliar term is
required. A reader may therefore be saved many hours of frustrating literature-searching by a single volume
to which he can turn for information on any aspect of microbiology.

An important new feature of this edition is the inclusion of a large number of references to recent papers,
reviews and monographs in microbiology and allied subjects. Some of these references fulfil the conventional
role of indicating sources of information, but many of them are intended to permit access to more detailed
information on particular or general aspects of a topic — often in mainstream journals, but sometimes in
publications to which the average microbiologist may seldom refer. Furthermore, most of the references
cited are themselves good sources of references through which the reader can establish the background of,
and follow developments in, a given area.

While writing this book we were very fortunate in having exceptional and invaluable cooperation from a
number of libraries in South-West England. In particular, we would like to acknowledge the generous help of
Mr B. P. Jones, B.A., F.L.A., of the Medical Library, University of Bristol, Mrs Jean Mitchell of the Library
at Bicton College of Agriculture, Devon, and Maureen Hammett of Exeter Central Library, Devon. Finally,
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Preface to the Second Edition

we are grateful to Michael Dixon, Patricia Sharp, and Prue Theaker at John Wiley & Sons, Chichester, for
their enthusiastic and efficient cooperation in the production of the book.

Paul Singleton & Diana Sainsbury
Clyst St Mary, Devon, April 1987

viii



Notes for the User

1. Alphabetization. Alphabetization would need no comment if every term consisted of a single word; in
practice, however, many terms consist of two or more words and often contain single letters, numbers,
symbols etc. Terms consisting of two or more words can be alphabetized in either of two ways: on the basis
of the first word, or on the basis that both or all of the words are run together and treated as one; thus, e.g.,
according to the ‘first-word’ (‘nothing-before-something’) system, red tide comes before redox potential, but
according to the second system redox potential comes before red tide. Terms in this Dictionary have been
alphabetized by the first-word system; in this system a single letter counts as a word (hence e.g. R plasmid
comes before rabies), as does a group of letters (e.g. an abbreviation, or a gene designation). Examples:

air sacculitis atoxyl black stem rust RecA protein

airlift fermenter ATP black wart disease recapitulation theory
AIV process ATP synthase  black yeasts recB gene
Ajellomyces ATPase blackeye cowpea mosaic virus RecBC pathway

When a hyphen connects two complete words, or occurs between a letter (or group of letters) and a word,
the hyphen is regarded as a space; however, if a hyphen is used to link a prefix to a word (i.e., if the letters
preceding the hyphen form a part-word which cannot stand alone) the term is alphabetized as though it were
a single, non-hyphenated word. (In a few cases an entry heading contains words which can be written as
separate, hyphenated or non-hyphenated words, or closed up as a single word: e.g. red water fever, red-water
fever, redwater fever; in such cases an entry or cross-reference has been included in both possible positions.)
Examples:

BL-type starter M nonsense mutation preaxostyle
bla gene M antigen nonsense suppressor pre-B cell
black beans M-associated protein  non-specific immunity prebuccal area
Black beetle virus M bands non-specific immunization  precipitation

When a Greek letter forms a significant part of an entry heading it is counted as a word and is alphabetized
as spelt (i.e., o as alpha, p as beta, etc: see Appendix VI for the Greek alphabet). A Greek letter is ignored
for the purposes of alphabetization if it is a relatively minor qualification: e.g., part of a chemical designation
(which can usually be replaced by a number, as in p-hydroxybutyrate, = 3-hydroxybutyrate). Examples:

Delhi boil MTOC pHisoHex polyhedrosis

A n ¢X phage group  poly-f-hydroxyalkanoate
delta agent Mu Phlebia poly-B-hydroxybutyrate
3 antigen mu chain  Phlebotomus Polyhymenophorea

A number which forms part of an entry heading affects the position of that entry only if the number
immediately follows a letter or word (but cf. chemical names, below). A number which precedes a letter
or word is usually ignored, although in the few cases where a number is the first and main part of an
entry heading it is alphabetized as spelt. Letter—number combinations come after a letter—space but before
letter—letter combinations, as in the illustrative sequence A, A2, A2A, A3, A22, AA, ABA etc. Roman
numerals are treated as ordinary numbers (I as 1, II as 2 etc). (The reader should bear in mind that, in an
unfamiliar term, ‘I’ could be a letter I or a Roman one, and its location in the Dictionary will be affected
accordingly; similarly, ‘V’ could be letter V or Roman five. O and 0 (zero) may also be confused. If in
doubt check both possible positions.) Examples:

bacteriophage Pf2 D loop Fitz-Hugh—-Curtis syndrome T1 side-chains
bacteriophage ¢1 D period five—five—five test T-2 toxin
bacteriophage ¢II 12D process five-kingdom classification T2H test

bacteriophage ¢6 D-type particles five—three—two symmetry T7 phage group
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Notes for the User

Subscript/superscript numbers and letters are alphabetized as though they were ordinary numbers and letters
(except in the case of ion designations: see below). Examples:

avoparcin B virus C3 convertase CO,
Ay B2 coenzymes C3 cycle CO;-stat
axenic B663 C3bina CoA

axial fibrils Babes—Ernst granules CS convertase coactin

Primes, apostrophes and other non-alphabetizable symbols (including e.g. plus, minus and % signs) are
ignored. Examples:

brown rust F antigens  Gautieriales pluronic polyol F127
Browne’s tubes FT donor  Gazdar murine sarcoma virus  plus progamone
Brownian movement  F-duction GC% plus strand

Brown’s tubes F factor GC type Pluteaceae

In chemical names qualifications such as p-, L-, N-, 0-, p-, numbers and Greek letters, as well as hyphens
between parts of chemical names, are all ignored for the purposes of alphabetization. Examples:

acetyl-CoA synthetase diazomycin A methylmethane sulphonate
N-acetyl-D-glucosamine  6-diazo-5-oxo-L-norleucine  N-methyl-N’-nitro-N-nitrosoguanidine
acetylmethylcarbinol diazotroph N-methyl-N-nitrosourea
N-acetylmuramic acid dibromoaplysiatoxin Methylobacterium

In entry headings which include an ion designation, the ion is treated as a word, the charge being ignored;
thus, HY is regarded as H, Ca’t as Ca, etc. Examples:

H antigens H*t/P ratio K cells NaT-ATPase
Ht-ATPase Ht-PPase K' pump NaT-motive force
H't/2e~ ratio H strand Kt transport Nat pump
H-lysin H-1 virus K virus nabam

2. Cross-references. References from one entry to another within the Dictionary are indicated by sMaLL
cAPITAL letters. In order to effect maximum economy of space, information given in any particular entry is
seldom repeated elsewhere, and cross-referencing has been extensively employed to ensure continuity of
information. In some cases a complete understanding of an entry, or an appreciation of context, is dependent
on a knowledge of information given in other entries; where it is particularly important to follow up a cross-
reference, the cross-reference is followed by ‘q.v.’. In other cases a cross-reference may be used to link one
topic with another of related interest, or to extend the scope of a given topic in one or more directions; in
such cases a cross-reference is usually preceded by ‘see also’ or ‘cf.’. (N.B. For a variety of reasons, not
every microbiological term or taxon used in the text is cross-referred — even though most of these terms
and taxa are defined in the Dictionary; the reader is therefore urged to use the Dictionary for any unfamiliar
term or taxon.)

When reading an entry for a genus, family or other taxon, it is especially important to follow up, when
indicated, a cross-reference to the higher taxon to which it belongs. An entry for a given higher taxon gives
the essential features applicable to all members of that taxon, and such features are usually not repeated in
the entries for each of the constituent lower-ranked taxa; thus, in failing to follow up such cross-references,
the reader will forfeit fundamental information relating to the lower taxon in question.

In some cases an entry heading is followed simply by ‘See Cross-REFERENCE’. This is not intended to
indicate that the two terms are synonymous (usually they are not); such referral signifies only that the
meaning of the term is given under the heading indicated. When the entry heading and cross-reference are
synonymous, this is indicated by Syn., thus: entry heading Syn. CROSS-REFERENCE.

3. External references. References to papers, articles etc in books or journals are given in square brackets.
In order to save space, books are referred to by a ‘Book ref.” number, and journal titles are abbreviated
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Notes for the User

somewhat more than is usual; keys to book reference numbers and journal title abbreviations can be found
at the end of the Dictionary (after the Appendices).

A book reference is usually quoted as a source of general background information for the reader, while
papers in journals are usually quoted for specific details of current information (or for reviews) and/or for
their references to other literature in the field. We should emphasize that the papers we have cited are not
necessarily (and are commonly not) those which were the first to report a particular fact, finding or theory;
rather, we have chosen, where possible, to cite the most recent references available to us, so that the reader
is referred to current information and can, if he wishes, trace the earlier literature via references given in
the cited papers. We should also point out that the quoting of a single reference in an entry is not intended
to indicate that the entry was written solely from information in that paper or book. In relatively few cases
does the information in an entry derive from a single source; in the great majority of entries the information
has been derived from, or checked against, a range of sources, but limitations of space have necessarily
prevented us from citing all of them.

4. Numbered definitions. In some cases a term is used with different meanings by different authors, or it
may have different meanings in different contexts; for such a term the various definitions are indicated by
(1), (2), (3), etc. The order in which the numbered definitions occur is not intended to reflect in any way
appropriateness or frequency of usage.

5. Taxonomy. See entries ALGAE, BACTERIA, FUNGI, PROTOZOA and VIRUS for some general comments on the
taxonomy of each of these groups of microorganisms. Each of these entries (except that on bacteria) provides
a starting point from which the reader can, via cross-references, follow through a hierarchical system down
to the level of genus and, in many cases, species and below; similarly, the hierarchy can be ascended from
genus upwards.

6. The Greek alphabet. See Appendix VI.
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A

© 2006 John Wiley & Sons Ltd. ISBN: 0-470-03545-5

A (1) Adenine (or the corresponding nucleoside or nucleotide) in
a nucleic acid. (2) Alanine (see AMINO ACIDS).

A (Angstrﬁm unit) 1079 m (= 10~! nm).

2-5A See INTERFERONS.

A-DNA See DNA.

a-factor See MATING TYPE.

A layer An s LAYER associated with virulence in strains of
Aeromonas salmonicida.

A-protein In TOBACCO MOSAIC VIRUS: a mixture of small
oligomers and monomers of coat protein subunits which occur in
equilibrium with the larger ‘disc’ aggregates under conditions of
physiological pH and ionic strength; coat protein occurs mainly
as A-protein under conditions of high pH and low ionic strength.
(cf. PROTEIN A.)

A site (of a ribosome) See PROTEIN SYNTHESIS.

A-tubule (A-subfibre) See FLAGELLUM (b).

A-type inclusion body See POXVIRIDAE.

A-type particles Intracellular, non-infectious, retrovirus-like par-
ticles. Many embryonic and transformed mouse cells contain
retrovirus-like ‘intracisternal A-type particles’ (IAPs) which
form by budding at the endoplasmic reticulum; these parti-
cles have reverse transcriptase activity and an RNA genome
coding for the structural protein of the particles. The mouse
genome contains ca. 1000 copies (per haploid genome) of
DNA sequences homologous to IAP-associated RNA; these
sequences appear to be capable of transposition within the
mouse genome — probably via an RNA intermediate [Book
ref. 113, pp. 273-279], i.e., they may be RETROTRANSPOSONS.
Some A-type particles are non-enveloped precursors of B-type
particles (see TYPE B ONCOVIRUS GROUP).

A23187 An IONOPHORE which transports divalent cations, partic-
ularly Ca®*; it can effect the transmembrane exchange of 1Ca>*
(or IMg®*) for 2H* without causing perturbation in the gradi-
ents of other monovalent cations.

AAA ATPases ‘ATPases associated with diverse cellular activi-
ties’. AAA ATPases occur e.g. in PEROXISOMES and as compo-
nents of eukaryotic PROTEASOMES.

AAA pathway AMINOADIPIC ACID PATHWAY.

AAC Aminoglycoside acetyltransferase (see AMINOGLYCOSIDE
ANTIBIOTICS).

AAD Aminoglycoside adenylyltransferase (see AMINOGLYCOSIDE
ANTIBIOTICS).

AAS Aminoalkylsilane (3-aminopropyltriethoxy-silane, APES;
3(triethoxysilyl)-propylamine, TESPA): a reagent used for bind-
ing a tissue section to the surface of a glass slide (e.g. for in situ
hybridization); it reacts with silica glass and provides aminoalkyl
groups which bind to aldehyde or ketone groups in the tissue
section.

aat gene In Escherichia coli: a gene whose product promotes
the early degradation of those proteins whose N-terminal amino
acid is either arginine or lysine. aat encodes an ‘amino acid
transferase’ which catalyses the addition of a leucine or phenyl-
alanine residue to the N-terminus of the protein; this destabilizes
the protein, facilitating its degradation. (See also N-END RULE.)

Aafll  See RESTRICTION ENDONUCLEASE (table).

Aaterra See ETRIDIAZOLE.

AAUAAA locus See MRNA (b).

AAV  Adeno-associated virus: see DEPENDOVIRUS.

ab (immunol.) ANTIBODY.

AB-transhydrogenase See TRANSHYDROGENASE.

ABA  ABSCISIC ACID.

abacavir A NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITOR.

abacterial pyuria See PYURIA.

Abbe condenser A simple two- or three-lens substage CON-
DENSER which is uncorrected for spherical or chromatic aber-
rations.

ABC (1) (immunol.) ANTIGEN-BINDING CELL. (2) See ABC TRANS-
PORTER.

ABC excinuclease See EXCISION REPAIR.

ABC exporter An ABC TRANSPORTER concerned with export/
secretion. These systems are found in both prokaryotic and
eukaryotic microorganisms and in higher animals, includ-
ing man. (The mammalian transporters include P-glycoprotein
(‘multidrug-resistance protein’) — a molecular pump by which
some types of cancer cell can extrude anti-cancer drugs.) In
Saccharomyces cerevisiae, an ABC exporter mediates secretion
of a peptide PHEROMONE (the a-factor) which regulates sexual
interaction.

In bacteria, ABC exporters transport various proteins (includ-
ing enzymes and antibiotics) and, in some species, the polysac-
charide components of the capsule; an exporter may be able to
transport various related or similar molecules. [Bacterial ABC
exporters: MR (1993) 57 995-1017.]

In Escherichia coli the a-haemolysin is secreted via an ABC
exporter — a one-step process direct from cytoplasm to environ-
ment; this exporter is in the type I class of protein secretory
systems in Gram-negative bacteria (see PROTEIN SECRETION).

Other proteins secreted by these systems include the
cyclolysin of Bordetella pertussis and the alkaline protease of
Pseudomonas aeruginosa. In Streptomyces antibioticus an ABC
exporter secretes the antibiotic OLEANDOMYCIN.

Bacterial proteins secreted by ABC exporters typically lack
an N-terminal signal sequence (see SIGNAL HYPOTHESIS) but they
have a C-terminal secretion sequence that may interact directly
with the ABC protein. Exporters which transport molecules
to the periplasm, or outer membrane, as the final destination
may have fewer protein components than those exporters which
secrete proteins.

In Gram-negative bacteria, at least some exporters appear
to consist of (i) ABC proteins; (ii) a membrane fusion protein
(MFP) (in the periplasm and cytoplasmic membrane); and (iii)
an OUTER MEMBRANE component. Assembly seems to occur
in a definite sequence which is promoted and/or initiated by
the binding of substrate (i.e. the molecule to be secreted) to
the ABC protein; in this scheme, substrate—ABC binding is
followed by ABC—MFP interaction — MFP then binding to the
outer membrane, presumably to complete the secretory channel
[EMBO (1996) 15 5804-5811].

ABC immunoperoxidase method An IMMUNOPEROXIDASE MET-
HOD involving the use of a preformed avidin—biotin—peroxidase
complex (ABC) which has surplus biotin-binding capacity.
Initially, a (‘primary’) antiserum is raised against the required
antigen; if the primary antiserum is derived from e.g. a rat, a
‘secondary’ anti-rat antiserum is prepared, and the anti-rat Ig
antibodies are BIOTINylated. To locate a specific antigen, the
section is treated with primary antiserum, washed, and then
treated with secondary antiserum; the subsequent addition of
ABC localizes peroxidase at the site of specific antigen (since the



ABC protein

ABC adheres non-specifically to biotin). Peroxidase (and hence
antigen) is detected by incubating the section with e.g. HyO;
and diaminobenzidine (which results in the antigenic site being
stained brown) or H,O, and 4-chloro-1-naphthol (resulting in a
blue stain).

The ABC method can be used for paraffin-embedded sections,
frozen sections, and smears. Endogenous (tissue or cell) perox-
idase may be quenched e.g. with H,O, in methanol.

ABC protein See ABC TRANSPORTER.

ABC transporter (traffic ATPase) A type of TRANSPORT SYSTEM
which, in bacteria, consists typically of a multiprotein complex
in the cell envelope, two of the proteins having a specific ATP-
binding site (termed the ATP-binding cassette; ABC) on their
cytoplasmic surface; a (bacterial) protein with an ABC site
has been called an ‘ABC protein’ or an ‘ABC subunit’. In
eukaryotes, an ABC transporter generally consists of a single
polypeptide chain — which also has two ATP-binding sites.
Transport mediated by an ABC transporter is energized by ATP
hydrolysis at the ABC sites. [ATP-hydrolysing regions of ABC
transporters: FEMS Reviews (1998) 22 1-20.] (See also PROTEIN
SECRETION.)

A given type of ABC transporter imports or exports/secretes
certain type(s) of ion or molecule. Collectively, these trans-
porters import or secrete a wide range of substances, including
ions, sugars and proteins; for example, some import nutrients,
or ions for OSMOREGULATION, while others secrete antibiotics
or protein toxins. The LmrA transporter in Lactococcus lactis
mediates an efflux system that extrudes amphiphilic compounds
and appears to be functionally identical to the mammalian P-
glycoprotein that mediates multidrug-resistance [Nature (1998)
391 291-295]. The AuB transporter of Aspergillus nidulans
mediates energy-dependent efflux of a range of fungicides [Mi-
crobiology (2000) /46 1987-1997].

ABC transporters occur e.g. in Gram-positive and Gram-
negative bacteria, members of the Archaea, and in higher
animals, including man. In man, certain inheritable diseases (e.g.
CYSTIC FIBROSIS and adrenoleukodystrophy) result from defective
ABC transporters.

The bacterial ABC importer is commonly called a BINDING
PROTEIN-DEPENDENT TRANSPORT SYSTEM (q.v.). (See also ABC
EXPORTER.)

ABE process An industrial process in which acetone, butanol
and ethanol are produced by the fermentation of e.g. molasses
by Clostridium acetobutylicum. (See also ACETONE-BUTANOL
FERMENTATION. )

Abelson murine leukaemia virus (Ab-MuLV) A replication-
defective, v-oncT MURINE LEUKAEMIA VIRUS isolated from a
prednisolone-treated BALB/c mouse inoculated with Moloney
murine leukaemia virus (Mo-MuLV). Ab-MuLV apparently
arose by recombination between Mo-MuLV and mouse
c-abl sequences; the v-abl product has tyrosine kinase activity.
(See also ABL.) Ab-MuLV induces B-cell lymphoid leukaemia
with a short latent period (3—4 weeks). [Abelson virus—cell
interactions: Adv. Imm. (1985) 37 73-98.]

abequose (3,6-dideoxy-D-galactose) A sugar, first isolated from
Salmonella abortusequi, which occurs in the O-specific chains
of the LIPOPOLYSACCHARIDE in certain Salmonella serotypes and
which contributes to the specificity of O antigen 4 in group B
salmonellae (see KAUFFMANN-WHITE CLASSIFICATION).

aberration (chromosomal) See CHROMOSOME ABERRATION.

abhymenial Of or pertaining to a region opposite or away from
the HYMENIUM.

abiogenesis (spontaneous generation) The spontaneous forma-
tion of living organisms from non-living material; apart from

Absidia

its application to the evolutionary origin of life, this doctrine
has long been abandoned.

abiotic Non-living; of non-biological origin.

abl  An ONCOGENE originally identified as the transforming
determinant of ABELSON MURINE LEUKAEMIA VIRUS (Ab-MuLV).
The v-abl product has tyrosine kinase activity. In humans,
c-abl normally occurs on chromosome 9, but is translocated
to chromosome 22q- (the Philadelphia chromosome) in cells
from patients with chronic myelogenous leukaemia (CML);
in chromosome 22 it forms a chimeric fusion gene, bcr-abl,
encoding a tumour-specific tyrosine kinase designated P210.

ablastin Antibody which specifically inhibits reproduction of
epimastigote forms of Trypanosoma lewisi in the vertebrate host.

abomasitis Inflammation of the abomasum. (See also BRAXY; cf.
RUMENITIS. )

abomasum See RUMEN.

aboral Away from, or opposite to, the mouth.

abortifacient Able to cause abortion.

abortive infection (virol) A viral infection of (non-permissive)
cells which does not result in the formation of infectious progeny
virions, even though some viral genes (e.g. early genes) may be
expressed. (cf. PERMISSIVE CELL.)

abortive transduction See TRANSDUCTION.

abortus Bang reaction (abortus Bang ring-probe) Syn. MILK
RING TEST.

ABR See MILK RING TEST.

abrB gene  See ENDOSPORE (figure (a) legend).

abscess A localized collection of PUs surrounded by inflamed and
necrotic tissue; it may subside spontaneously or may rupture and
drain before healing. Abscesses may occur in any tissue and
may be caused by any of a variety of organisms. Abscesses in
internal organs (e.g. liver, kidney, brain) may follow bacteraemia
or septicaemia and may be due to staphylococci, streptococci,
coliforms, etc. A cold (or chronic) abscess is one with little
inflammation, often due to tubercle bacilli. (See also DYSENTERY
(b) and QUINSY.)

abscisic acid (ABA) A terpenoid PHYTOHORMONE which acts e.g.
as a growth inhibitor, as an inhibitor of germination, and as an
accelerator of e.g. leaf abscission. ABA is also formed (as a
secondary metabolite) e.g. by the fungus Cercospora rosicola.

See MUCORALES.

absorption (serol.) The removal or effective removal of parti-
cular antibodies, antigens, or other agents from a given sample
(e.g. serum) by the addition of particular antigens, antibodies,
or agents to that sample; the resulting antigen—antibody (or
other) complexes may or may not be physically removed from
the sample. Absorption is used e.g. to remove HETEROPHIL
ANTIBODIES.

absorptive pinocytosis See PINOCYTOSIS.

7-ACA  7-Aminocephalosporanic acid (see CEPHALOSPORINS).

Acanthamoeba A genus of amoebae (order AMOEBIDA) in which
the pseudopodia each have a broad hyaline zone (see PSEU-
DOPODIUM) from which arise several to many slender, taper-
ing, flexible, and sometimes forked projections (acanthopodia).
Polyhedral or roughly circular cysts with cellulose-containing
walls are formed. Species are widespread and common in soil
and fresh water, where they prey on e.g. bacteria, yeasts etc.
[Adhesion of Acanthamoeba castellanii to bacterial flagella:
JGM (1984) 130 1449-1458; bacterial endosymbionts of Acan-
thamoeba: J. Parasitol. (1985) 71 89-95.] Some strains can
cause e.g. eye infections, MENINGOENCEPHALITIS [pathogenicity:
RMM (1994) 5 12-20]. (cf. HARTMANNELLA.)



Acantharea A class of marine, mostly planktonic protozoa
(superclass ACTINOPODA) which have elaborate ‘skeletons’ com-
posed of strontium sulphate; typically, the skeleton consists of
10 spines arranged diametrically in the (more or less spherical)
cell, or 20 spines which radiate from the cell centre (where they
may or may not be joined at their bases, according to species).
In many species the cell contains a central capsule (cf. RADI-
OLARIA); many species contain zooxanthellae. Five orders are
recognized; genera include e.g. Acanthochiasma, Acanthometra,
Astrolophus, Gigartacon.

Acanthochiasma  See ACANTHAREA.

Acanthocystis ~ See CENTROHELIDA.

Acanthoeca  See CHOANOFLAGELLIDA.

Acanthometra  See ACANTHAREA.

acanthopodia See ACANTHAMOEBA.

acaricide Any chemical which kills mites and ticks (order
Acarina).

Acarospora A genus of LICHENS (order LECANORALES). Thallus:
crustose, areolate, with prominent areolae. Apothecia are embed-
ded in the areolae; ascospores: very small, many per ascus.
All species are saxicolous, some are ENDOLITHIC; A. smaragdula
occurs on rocks and slag rich in heavy metals.

Acarpomyxea A class of protozoa (superclass RHIZOPODA) with
characteristics intermediate between those of the naked amoe-
bae and the plasmodial slime moulds: they form small plasmodia
(or large uninucleate plasmodium-like forms) which are usually
branched and which sometimes anastomose to form a coarse
reticulum. Spores, fruiting bodies and tests are absent; cysts are
produced by some species. Orders: Leptomyxida (soil and fresh-
water organisms, e.g. Leptomyxa [Book ref. 133, pp. 143-144],
Rhizamoeba) and Stereomyxida (marine organisms, e.g., Coral-
lomyxa, Stereomyxa).

Acaryophrya  See GYMNOSTOMATIA.

Acaulopage  See e.g. NEMATOPHAGOUS FUNGI.

Acaulospora  See ENDOGONALES.

acceptor site (of a ribosome) See PROTEIN SYNTHESIS.

acceptor splice site See SPLIT GENE (a).

accessory cells (immunol.) Those cells which, together with B
LYMPHOCYTES and/or T LYMPHOCYTES, are involved in the expres-
sion of humoral and/or cell-mediated immune responses; they
include e.g. MACROPHAGES, DENDRITIC CELLS, and LANGERHANS’
CELLS.

accessory pigments In PHOTOSYNTHESIS: those pigments con-
tained in LIGHT-HARVESTING COMPLEXES.

AcCoA Acetyl-COENZYME A.

Ace toxin (Vibrio cholerae) See BACTERIOPHAGE CTX®.

acellular (non-cellular) (1) Refers to an organism, usually a
protozoon, which consists essentially of a single cell but in
which occur functionally specialized regions sometimes regarded
as analogous to the organs and tissues of a differentiated
multicellular organism. (2) Refers to an organism (e.g. a VIRUS)
or structure (e.g. the stalk of ACYTOSTELIUM) which is not
CELLULAR in any sense. (3) Not divided into cells (as e.g. in
a PLASMODIUM).

acellular slime moulds See MYXOMYCETES.

acentric (of a chromosome) Having no CENTROMERE.

acephaline gregarines See GREGARINASINA.

acer tar spot See RHYTISMA.

acervulus A flat or saucer-shaped fungal STROMA supporting
a mass of typically short and densely-packed conidiophores;
acervuli commonly develop subcuticularly or subepidermally in
a plant host, becoming erumpent at maturity, i.e., rupturing the
overlying plant tissue to allow dispersal of the conidia. Some
acervuli bear setae (see SETA).

Acetobacter

Acetabularia A genus of DASYCLADALEAN ALGAE. The vegetative
thallus consists of a single cell in which the CELL WALL contains
MANNAN as a major component and is generally more or less
heavily calcified; the cell is differentiated into an erect stalk or
axis (up to several centimetres tall) anchored to the substratum
by a branching rhizoid. The single nucleus is located in one
branch of the rhizoid. As the stalk grows, whorls of sterile
‘hairs’ develop around the tip; these hairs are eventually shed,
leaving rings of scars around the stalk. When the thallus is
mature, gametangia develop as an apical whorl of elongated
sac-like structures which, depending on species, may or may
not be joined to form a characteristic cap (giving rise to the
popular name ‘mermaid’s wine-glass’). Once the gametangial
sacs have developed, the primary nucleus in the rhizoid grows
to ca. 20 times its original size; it then undergoes meiosis, and
numerous small secondary nuclei are formed. These migrate
from the rhizoid to the gametangia by cytoplasmic streaming.
Within a gametangial sac, each nucleus becomes surrounded by a
resistant wall, resulting in the formation of many resistant cysts;
the cyst walls contain cellulose rather than mannan, and are
often heavily calcified. The cysts are liberated into the sea and
then undergo a period of dormancy before liberating numerous
biflagellate isogametes; pairs of gametes fuse to form zygotes
which then develop into new vegetative thalli.

acetate formation See e.g. ACETIFICATION and ACETOGENESIS.

acetate thiokinase See METHANOGENESIS.

acetate utilization See e.g. METHANOGENESIS and TCA CYCLE.

Acetator See VINEGAR.

acetic acid bacteria (1) Acerobacter spp. (2) Any bacteria capa-
ble of ACETIFICATION, including Acetobacter spp and Glu-
conobacter sp.

aceticlastic Able to catabolize acetate.

acetification The aerobic conversion of ethanol to acetic acid
by bacteria (usually Acetobacter spp). Ethanol is converted
to hydrated acetaldehyde (CH3CH(OH),) which is then dehy-
drogenated to give acetic acid. Acetification is an exothermic
process. (See also e.g. VINEGAR, BEER SPOILAGE, WINE SPOILAGE.)

Acetivibrio A genus of bacteria (family BACTEROIDACEAE) whose
natural habitat is unknown. Cells: straight to slightly curved
rods, 0.5-0.9 x 1.5-10.0 um; in motile species the concave
side of the cell has either a single flagellum or a number of
flagella which arise in a line along the longitudinal axis of
the cell. The cells stain Gram-negatively but the cell wall of
the type species resembles those of Gram-positive bacteria. The
major products of carbohydrate fermentation typically include
acetic acid, ethanol, CO, and Hj; butyric, lactic, propionic and
succinic acids are not formed. GC%: ca. 37-40. Type species:
A. cellulolyticus.

A. cellulolyticus. Monotrichous. Substrates include cellobiose,
cellulose and salicin; aesculin is not hydrolysed. The type strain
was isolated from a methanogenic enrichment culture.

A. cellulosolvens. A non-motile species (isolated from sewage
sludge) which can hydrolyse cellulose, cellobiose, aesculin and
salicin; the cells apparently have an outer membrane. [IJSB
(1984) 34 419-422.]

A. ethanolgignens. Multitrichous. Substrates include fructose,
galactose, lactose, maltose, mannitol and mannose — but not cel-
lobiose, cellulose or aesculin. A. ethanolgignens is consistently
present in the colons of pigs suffering from SWINE DYSENTERY.

Acetobacter A genus of Gram type-negative bacteria of the fam-
ily ACETOBACTERACEAE; the organisms occur e.g. on certain fruits
and flowers, are responsible for some types of BEER SPOILAGE and
WINE SPOILAGE, and are used e.g. in the manufacture of VINEGAR.



Acetobacteraceae

Cells: typically ovoid or rod-shaped, 0.6—0.8 x 1.0-4.0 pum,
non-motile or with peritrichous or lateral flagella. Most strains
are catalase-positive. Typically, ethanol is oxidized to acetic
acid, and acetic acid is oxidized (‘overoxidation’) to CO, (cf.
GLUCONOBACTER). Principal substrates include e.g. ethanol, glyc-
erol and lactate; most strains grow well on glucose—yeast
extract—CaCOs3 agar (GYC agar), forming round pale colonies.
(See also CARR MEDIUM.) Some strains form CELLULOSE (see
PELLICLE (1)). Sugars appear to be metabolized primarily via
the HEXOSE MONOPHOSPHATE PATHWAY and the TCA CYCLE; phos-
phofructokinase seems to be absent (cf. Appendix I(a)). The
ENTNER-DOUDOROFF PATHWAY appears to occur only in cellulose-
synthesizing strains. Growth on HOYER’S MEDIUM appears to
involve enzymes of the glyoxylate shunt. Optimum growth tem-
perature: 25-30°C. GC%: ca. 51-65. Type species: A. aceti.

A. aceti. Ketogenic with glycerol or sorbitol substrates;
5-ketogluconic acid (but not 2,5-diketogluconic acid) formed
from D-glucose. No diffusible brown pigments are formed on
GYC agar. Grows on sodium acetate.

A. hansenii. Ketogenic with glycerol or sorbitol substrates; 5-
ketogluconic acid (but not 2,5-diketogluconic acid) is formed
by some strains from D-glucose. No growth on sodium acetate.
No diffusible brown pigments are formed on GYC agar. (cf.
A. xylinum.)

A. liquefaciens. Brown diffusible pigments are formed on
GYC agar. 2,5-Diketogluconic acid is formed from D-glucose.
Ketogenic with glycerol as substrate.

A. pasteurianus. Ketogluconic acids are not formed from D-
glucose. No brown diffusible pigments are formed on GYC
agar. Some strains (formerly called A. peroxydans) are catalase-
negative. (cf. A. xylinum.)

A. peroxydans. See A. pasteurianus.

A. suboxydans. See GLUCONOBACTER.

A. xylinum. Cellulose-producing strains formerly classified as
a subspecies of A. aceti, then distributed between the two species
A. hansenii and A. pasteurianus; A. xylinum has now been
accepted as a revived name for cellulose-forming and cellulose-
less, acetate-oxidizing strains [IJSB (1984) 34 270-271].

[Book ref. 22, pp. 268-274.]

Acetobacteraceae A family of aerobic, oxidase-negative, chemo-
organotrophic, Gram type-negative bacteria which typically oxi-
dize ethanol to acetic acid. Metabolism: strictly respiratory
(oxidative), with O, as terminal electron acceptor. Growth
occurs optimally at ca. pH 5-6. The organisms occur e.g. in
acidic, ethanol-containing habitats. GC%: ca. 51-65. Two gen-
era: ACETOBACTER (type genus), GLUCONOBACTER [Book ref. 22,
pp. 267-278].

Acetobacterium A genus of Gram-negative, obligately anaerobic
bacteria which occur in marine and freshwater sediments [IJSB
(1977) 27 355-361]. Cells: polarly flagellated ovoid rods,
ca. 1.0 x 2.0 um, often in pairs. The type species, A. woodii,
can carry out a homoacetate fermentation of e.g. fructose,
glucose or lactate, or can grow chemolithoautotrophically (see
ACETOGENESIS); it contains group B PEPTIDOGLYCAN. Optimum
growth temperature: 30°C. GC%: ca. 39. (See also ANAEROBIC
DIGESTION.)

acetogen (1) Any bacterium (e.g. Acetobacterium woodii,
Clostridium aceticum, C. thermoaceticum) which produces
acetate — as the main product — from certain sugars (via
homoacetate fermentation and reduction of carbon dioxide)
and (in some strains) from carbon dioxide and hydrogen (see
ACETOGENESIS).

(2) (hydrogenogen; proton-reducing acetogen) Any bac-
terium which can use protons as electron acceptors for the

Acetomonas

oxidation of certain substrates (e.g. ethanol, lactate, fatty acids)
to acetate with concomitant formation of hydrogen. Obligate
hydrogenogens include e.g. SYNTROPHOMONAS (see also ANAER-
OBIC DIGESTION). Some SULPHATE-REDUCING BACTERIA appear to
be facultative hydrogenogens. The synthesis of acetate by
hydrogenogens is thermodynamically favourable only when the
partial pressure of hydrogen is very low — e.g. in the presence
of a hydrogen-utilizing methanogen.

acetogenesis Acetate formation. A variety of microorganisms
can form acetate, as a major or minor product, e.g. via the
MIXED ACID FERMENTATION Or PROPIONIC ACID FERMENTATION. (cf.
ACETIFICATION.)

The term is also used more specifically to refer to the particu-
lar pathways used by the ACETOGENS (sense 1). These organisms
form acetate, as the main product, from e.g. certain hexoses
in a process (homoacetate fermentation) in which the hexose
is metabolized to pyruvate (via the EMBDEN-MEYERHOF-PARNAS
PATHWAY) and thence to acetate and carbon dioxide.

Additional acetate is formed as follows. Some of the carbon
dioxide is reduced to formate; this formate is bound to tetrahy-
drofolate (THF) and is further reduced (in an ATP-dependent
reaction) to yield 5-methyl-THF. The methyl group is then trans-
ferred to coenzyme Bj. The remainder of the carbon dioxide
is reduced to carbon monoxide (by CO dehydrogenase). Car-
bon monoxide reacts with methyl-coenzyme B, in the presence
of coenzyme A and CO dehydrogenase disulphide reductase
to yield acetyl-CoA. Acetyl-CoA is converted to acetate and
CoASH with concomitant substrate-level phosphorylation to
yield ATP.

Some acetogens (e.g. A. woodii, C. aceticum, some strains
of C. thermoaceticum) can form acetate from carbon dioxide
and hydrogen [autotrophic pathways in acetogens: JBC (1986)
261 1609-1615]. This process resembles the latter part of
the pathway above: CO is derived from carbon dioxide, 2H*
and 2e”, and 5-methyl-THF from THF, carbon dioxide and
hydrogen.

acetoin (CH3.CHOH.CO.CH3; acetylmethylcarbinol) See e.g.
Appendix III(c); BUTANEDIOL FERMENTATION; VOGES-PROSKAUER
TEST.

Former name of GLUCONOBACTER.

acetone—butanol fermentation (solvent fermentation) A FER-
MENTATION (sense 1), carried out by certain saccharolytic species
of Clostridium (e.g. C. acetobutylicum), in which the prod-
ucts include acetone (or isopropanol) and n-butanol (collectively
referred to as ‘solvent’). Glucose is initially metabolized via the
BUTYRIC ACID FERMENTATION, but subsequently the pH drops to
ca. 4.5-5.0 and acetone and n-butanol are formed as major end
products [Appendix III (g)]. This fermentation is carried out on
an industrial scale to a limited extent. [Review: AAM (1986) 31
24-33, 61-92.]

acetosyringone See CROWN GALL.

3-acetoxyindole See INDOXYL ACETATE.

acetylcholine (neurotransmitter) See BOTULINUM TOXIN.

acetyl-CoA synthetase See TCA CYCLE.

N-acetyl-L-cysteine See MUCOLYTIC AGENT.

N-acetyl-D-glucosamine (GlcNAc) N-Acetyl-(2-amino-2-deoxy-
D-glucose): an amino sugar present in various polysaccha-
rides — see e.g. CHITIN, HYALURONIC ACID, LIPOPOLYSACCHARIDE,
PEPTIDOGLYCAN (q.v. for formula), TEICHOIC ACIDS.

acetylmethylcarbinol Syn. ACETOIN.

N-acetylmuramic acid See PEPTIDOGLYCAN.

N-acetylmuramidase Syn. LYSOZYME.

N-acetylneuraminic acid See NEURAMINIC ACID.



A-CGT See IMMUNOSORBENT ELECTRON MICROSCOPY.

achlorophyllous Syn. ACHLOROTIC.

achlorotic (achlorophyllous) Lacking chlorophyll. (cf. ApPO-
CHLOROTIC.)

Achlya A genus of aquatic fungi (order SAPROLEGNIALES) in
which the thallus is characteristically a branched, coenocytic
mycelium; the width of the hyphae varies with species. Although
Achlya species are typically saprotrophic some have been
reported to parasitize rice plants. (See also DIPLANETISM, HET-
EROTHALLISM and PHEROMONE.)

Achnanthes  See DIATOMS.

Acholeplasma A genus of facultatively anaerobic, urease-
negative bacteria (family ACHOLEPLASMATACEAE) which are asso-
ciated with various vertebrates (and possibly with invertebrates
and plants), and which also occur e.g. in soil and sewage and as
contaminants in TISSUE CULTURES. Cells: non-motile cocci (min-
imum diam. ca. 300 nm) or filaments (typically ca. 2—5 um
in length); carotenoid pigments occur in some species. The
organisms resemble Mycoplasma spp in their general proper-
ties, but differ e.g. in that their growth is sterol-independent,
and in that NADH oxidase occurs in the cytoplasmic membrane
rather than in the cytoplasm. Acholeplasma spp are suscepti-
ble to various ACHOLEPLASMAVIRUSES. GC%: ca. 26-36. Type
species: A. laidlawii; other species: A. axanthum, A. equifetale,
A. granularum, A. hippikon, A. modicum, A. morum, A. oculi.
[Book ref. 22, pp. 775-781.]

Acholeplasmataceae A family of bacteria of the order myco-
PLASMATALES; species of the sole genus, ACHOLEPLASMA, differ
from the other members of the order e.g. in that their growth
is not sterol-dependent. [Proposal for re-classifying Achole-
plasmataceae as the order Acholeplasmatales: 1JSB (1984) 34
346-349.]

acholeplasmaviruses BACTERIOPHAGES which infect Acholeplas-
ma species: see PLECTROVIRUS, PLASMAVIRIDAE, MV-L3 PHAGE
GROUP.

achromat (achromatic objective) An objective lens (see MICRO-
scopy) in which chromatic aberration has been corrected for
two colours (usually red and blue), and spherical aberration
has been corrected for one colour (usually yellow—green). (cf.
APOCHROMAT.) A FLAT-FIELD OBJECTIVE LENS of this type is called
a planachromat.

Achromobacter  An obsolete bacterial genus.

achromogenic Refers to an organism (or e.g. reagent) which does
not produce pigment (or colour); used e.g. of non-pigmented
strains of normally CHROMOGENIC organisms.

achromycin See TETRACYCLINES.

aciclovir A spelling used by some authors for the drug Acy-
CLOVIR.

acicular Needle-shaped.

Aciculoconidium A genus of fungi (class HYPHOMYCETES) which
form budding ovoid or ellipsoidal cells (occurring singly or in
short chains or clusters) as well as branched septate hyphae.
Conidia are formed terminally and are acicular, rounded at
one end and pointed at the other. NO3~ is not assimilated.
One species: A. aculeatum (formerly Trichosporon aculeatum),
isolated from Drosophila spp. [Book ref. 100, pp. 558-561.]

acid dye See DYE.

acid-fast organisms Organisms (e.g. Mycobacterium spp) which,
once stained with an ACID-FAST STAIN, cannot be decolorized by
mineral acids or by mixtures of acid and ethanol.

acid-fast stain  Any stain used to detect or demonstrate ACID-FAST
ORGANISMS — €.g. ZIEHL-NEELSEN’S STAIN, AURAMINE-RHODAMINE
STAIN.

Acinetobacter

acid fuchsin See FUCHSIN.

acid phosphatase See PHOSPHATASE.

Acidaminococcus A genus of Gram-negative bacteria (family
VEILLONELLACEAE) which occur e.g. in the intestine in humans
and pigs. Cells: typically kidney-shaped cocci, 0.6—1.0 um
diam, occurring in pairs. Amino acids are the main sources
of carbon and energy; all strains need e.g. arginine, glutamate,
tryptophan and valine, and most need e.g. cysteine and histidine.
In general, the organisms metabolize carbohydrates weakly or
not at all. Optimum growth temperature: 30—37°C. Optimum
pH: 7.0. GC%: ca. 57. Type species: A. fermentans.

acidophile An organism which grows optimally under acidic
conditions, having an optimum growth pH below 6 (and some-
times as low as 1, or below), and which typically grows poorly,
or not at all, at or above pH 7: see e.g. SULFOLOBUS, THERMO-
PLASMA, THIOBACILLUS. (cf. ALKALOPHILE and NEUTROPHILE; see
also LEACHING.)

acidophilus milk A sour, medicinal beverage made by ferment-
ing heat-treated, partially skimmed milk with Lactobacillus aci-
dophilus. (Viable L. acidophilus appears to have a therapeutic
effect on some intestinal disorders.) The main fermentation
product is lactic acid which reaches a level of ca. 1.0%. A
more palatable preparation, ‘sweet acidophilus milk’, is made
by adding L. acidophilus to milk at ca. 5°C; under these con-
ditions the cells remain viable but lactic acid is not produced.
(See also DAIRY PRODUCTS.)

acidosis (1) (lactic acidosis) (vet.) A (sometimes fatal) condition
which may occur in ruminants fed excessive amounts of read-
ily fermentable carbohydrates (e.g. starch, sugars — found e.g.
in grain and beet, respectively) or when the transfer from a
roughage to a ‘concentrate’ diet is made too quickly. Under
these conditions the rate of acid production in the RUMEN is
very high; the resulting fall in pH in the rumen (due mainly to
the accumulation of lactic acid) inhibits cellulolytic bacteria and
protozoa, and favours the growth of certain LACTIC ACID BACTE-
RIA — so that the pH falls still further. (See also RUMENITIS.) A
gradual transition from roughage to concentrate may permit the
somewhat more acid-tolerant bacterium Megasphaera elsdenii
to metabolize the lactic acid and maintain a normal pH in the
rumen. (See also THIOPEPTIN.)

(2) (med., vet.) A pathological condition characterized by an
abnormally low pH in the blood and tissues.

Acidothermus A proposed genus of aerobic, thermophilic (grow-
ing at 37-70°C), acidophilic (growing at pH 3.5-7.0), cel-
lulolytic, non-motile, rod-shaped to filamentous bacteria iso-
lated from acidic hot springs; GC%: ca. 60.7. [IISB (1986) 36
435-443.]

aciduric Tolerant of acidic conditions. (cf. ACIDOPHILE.)

Acineria  See GYMNOSTOMATIA.
Acineta  See SUCTORIA.
Acinetobacter A genus of strictly aerobic, oxidase —ve, catalase

+ve Gram-type-negative bacteria of the family MORAXELLACEAE
(within the gamma subdivision of PROTEOBACTERIA); the organ-
isms occur e.g. in soil and water and may act as opportunist
pathogens in man. (See also MEAT SPOILAGE and SEWAGE TREAT-
MENT.)

Cells: short rods, 0.9—1.6 x 1.5-2.5 um, or coccobacilli (coc-
coid in stationary-phase cultures); cells often in pairs. Non-
motile, but may exhibit TWITCHING MOTILITY. Non-pigmented.

Metabolism is respiratory (oxidative), with oxygen as terminal
electron acceptor; no growth occurs anaerobically, with or
without nitrate.



AcLVs

Most strains can grow on a mineral salts medium contain-
ing an organic carbon source such as acetate, ethanol or lac-
tate as the sole source of carbon and energy; some can use
amino acids (e.g. L-leucine, ornithine) and/or pentoses (e.g. L-
arabinose, D-xylose), and some are able to degrade e.g. benzoate,
n-hexadecane and alicyclic compounds (see HYDROCARBONS).
Acinetobacters appear to contain all the enzymes of the TCA
CYCLE and the glyoxylate cycle. Many carbohydrates can be
used. Most strains in the A. calcoaceticus—A. baumannii com-
plex (and in certain other groups) can form acid from glucose
(oxidatively), but many (e.g. most strains designated A. Iwoffii)
cannot. The optimal growth temperature is typically 33-35°C.
GC%: ~38-47. Type species: A. calcoaceticus.

The taxonomy of Acinetobacter is confused and unsatisfac-
tory. Emended descriptions of the two species A. calcoaceticus
and A. Iwoffii, and proposals for four new species (A. baumannii,
A. haemolyticus, A. johnsonii and A. junii), were published in
1986 [1JSB (1986) 36 228-240]. Since then, a number of
adjustments have been made to the taxonomic structure of the
genus. [Taxonomy, and epidemiology of Acinetobacter infec-
tions: RMM (1995) 6 186-195.]

Acinetobacters have been isolated in a number of hospital-
associated (and other) outbreaks of disease, often as part
of a mixed infection; in most cases such infections involve
glucolytic strains of the A. calcoaceticus—A. baumannii com-
plex — particularly A. baumannii (also called group 2, or
genospecies 2). The most common manifestations of disease
include septicaemia and infections of the urinary tract, lower
respiratory tract and central nervous system. Transmission may
occur by direct contact or may involve the airborne route. Acine-
tobacters have been reported to survive on dry surfaces for at
least as long as e.g. Staphylococcus aureus.

One problem associated with the pathogenic role of Acineto-
bacter is that these organisms appear easily to acquire resistance
to antibiotics — so that they have the potential to develop as
multiresistant pathogens; currently, for example, acinetobacters
are reported to be resistant to most P-lactam antibiotics, par-
ticularly penicillins and cephalosporins, and to chloramphenicol
and trimethoprim—sulphamethoxazole. [Mechanisms of antimi-
crobial resistance in A. baumannii: RMM (1998) 9 87-97.]

AcLVs AVIAN ACUTE LEUKAEMIA VIRUSES.

acne A chronic skin disorder characterized by increased sebum
production and the formation of comedones (‘blackheads’ and
‘whiteheads’) which plug the hair follicles. Propionibacterium
acnes, present in the pilosebaceous canal (see SKIN MICROFLORA),
may play a causal role; it produces a lipase that hydrolyses
sebum triglycerides to free fatty acids, and these can cause
inflammation and comedones [JPed (1983) 103 849-854].
Treatment: e.g. topical SALICYLIC ACID or benzoyl peroxide; the
latter has keratinolytic activity and exerts bactericidal action on
P. acnes by releasing free-radical oxygen.

Aconchulinida See FILOSEA.

aconitase See Appendix II(a) and NITRIC OXIDE.

Aconta Algae of the RHODOPHYTA. (cf. CONTOPHORA.)

acquired immune deficiency syndrome See AIDS.

acquired immunity (1) SPECIFIC IMMUNITY acquired through
exposure to a given antigen. (2) PASSIVE IMMUNITY. (3) NON-
SPECIFIC IMMUNITY acquired through exposure to certain viruses
(see e.g. INTERFERONS) or by immunization with BCG.

Acrasea See ACRASIOMYCETES.

acrasids See ACRASIOMYCETES.

acrasin In cellular slime moulds: a generic term for a chemo-
tactic substance which is produced by cells and which serves

Acrasis
Acremonium

as a chemoattractant for cell aggregation. Acrasins are a diverse
group of substances; they include cAMP in Dictyostelium dis-
coideum (q.v.), a pterin in Dictyostelium lacteum [PNAS (1982)
79 6270-6274], and a dipeptide, ‘glorin’, in Polysphondylium
violaceum (q.v.).

Acrasiomycetes (acrasid cellular slime moulds; acrasids) A class
of cellular SLIME MOULDS (division MYXOMYCOTA) in which the
vegetative phase consists of amoeboid cells that form lobose
pseudopodia; the amoebae aggregate (without streaming) to form
a pseudoplasmodium which is not slug-like and does not migrate
(cf. DICTYOSTELIOMYCETES). The pseudoplasmodium gives rise to
multispored fruiting bodies which may have long or short stalks
(but no cellulosic stalk tube) bearing e.g. simple globular sori or
branched or unbranched chains of spores. Flagellated cells have
been observed in only one species (Pocheina rosea). Sexual
processes are unknown. Acrasids occur in various habitats: e.g.
dung, tree-bark, dead plant materials, etc. Genera include Acrasis,
Copromyxa, Copromyxella, Fonticula, Guttulinopsis, Pocheina
(formerly Guttulina).

(Zoological taxonomic equivalents of the Acrasiomycetes
include the class Acrasea of the MYCETOZOA, and the class
Acrasea of the RHIZOPODA.)

See ACRASIOMYCETES.

A genus of fungi of the class HYPHOMYCETES;
teleomorphs occur in e.g. Emericellopsis and Nectria. The genus
includes organisms formerly classified as species of Cephalospo-
rium [for references see MS (1986) 3 169-170]. Acremo-
nium spp form septate mycelium; conidia, often in gelatinous
masses, are produced from phialides which develop from sim-
ple, single branches of the vegetative hyphae. A. kiliense (=
Cephalosporium acremonium) produces cephalosporin C (see
CEPHALOSPORINS). (See also MADUROMYCOSIS.)

acridine orange (basic orange, or euchrysine; 3,6-bis(dimethyl-
amino)-acridinium chloride) A basic dye and FLUOROCHROME
used e.g. in fluorescence MICROSCOPY to distinguish between
dsDNA (which fluoresces green) and ss nucleic acids (which
fluoresce orange-red). Sublethal concentrations of the dye are
used for CURING plasmids. (See also ACRIDINES.)

acridines Heterocyclic compounds which include acridine and
its derivatives. At low concentrations, aminoacridines (e.g.
proflavine (3,6-diaminoacridine), QUINACRINE) appear to bind to
dsDNA (or to double-stranded regions of ssDNA) primarily as
INTERCALATING AGENTS. At higher concentrations there is also a
weaker, secondary type of binding in which the acridine binds
to the outside of dsDNA or to ssSDNA or ssRNA; the two types
of binding may account for the differential staining of DNA
and RNA by ACRIDINE ORANGE. [Book ref. 14, pp. 274-306.]
Acridines inhibit DNA and RNA synthesis and cause e.g.
FRAMESHIFT MUTATIONS. They are used e.g. as antimicrobial
agents (see e.g. ACRIFLAVINE), as mutagens, and as fluorescent
stains for nucleic acids; they also have potential antitumour
activity. (See also CURING (2).)

As antimicrobial agents, acridines are active against a wide
range of bacteria, but they are not sporicidal; some are active
against certain parasitic protozoa (see e.g. QUINACRINE and
KINETOPLAST) and inhibit the replication of certain viruses.
Activity is not significantly affected by proteinaceous matter.
[Acridines as antibacterials (review): JAC (2001) 47 1-13.]

As mutagens, acridines may be effective in replicating bacte-
riophages but are generally not effective in bacteria. However,
compounds in which an acridine nucleus is linked to an alky-
lating side-chain — ICR compounds (ICR = Institute for Can-
cer Research) — can induce frameshift and other mutations in
bacteria.
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ACRIDINE. The numbering system used in this dictionary is
indicated by the numbers which are not in parentheses; an
alternative numbering system (numbers in parentheses) is used
by some authors.

acriflavine (acriflavin; syn. euflavin)  3,6-Diamino-10-methylacri-
dinium chloride or (according to some authors) a mixture of this
compound and 3,6-diaminoacridine (proflavine). Acriflavine is
soluble in water and in ethanol, and has been used as an ANTISEPTIC.
(See also ACRIDINES.)

acro- Prefix meaning tip or outermost part.

Acrocordia  See PYRENULALES.

acrolein (CH=CH—CHO) An aldehyde used e.g. for pre-
FIXATION; it penetrates tissues more rapidly than GLUTARALDE-
HYDE.

acronematic Refers to a eukaryotic FLAGELLUM which is smooth
and tapers to a fine point.

acropetal development Development from the base, or point
of attachment, towards the tip; e.g., in a chain of acropetally
developing spores the first-formed spores occupy positions in
the chain nearest the base of the spore-bearing structure, while
spores formed later occupy positions in the distal parts of the
chain. (cf. BASIPETAL DEVELOPMENT.)

acropleurogenous Located both at the tip and on the sides of an
elongated structure.

Acrosiphonia A genus of branched, filamentous, siphonocladous
green algae (division CHLOROPHYTA).

Acrospermum  See CLAVICIPITALES.

acrylate pathway See PROPIONIC ACID FERMENTATION.

ActA protein (Listeria monocytogenes) See LISTERIOSIS.

actaplanin See VANCOMYCIN.

Actidione Syn. CYCLOHEXIMIDE.

actin (1) A protein, found in most types of eukaryotic cell, which
can polymerize (reversibly) to form non-contractile filaments
(microfilaments) that are involved e.g. in maintaining cell
shape and structure (see e.g. CYTOSKELETON) and (together
with MYOSIN) in CAPPING (sense 3), amoeboid movement (see
PSEUDOPODIUM), CYTOPLASMIC STREAMING, PHAGOCYTOSIS, and (in
higher animals) muscle contraction.

Actins from various sources are similar in structure. The
monomeric form (G-actin) is a globular protein (MWt ca.
42000) consisting of ca. 375 amino acid residues; each molecule
can bind one molecule of ATP. In most non-muscle cells,
G-actin occurs in dynamic equilibrium with the polymerized
(filamentous) form, F-actin, which consists of a helical, double-
stranded chain of monomers ca. 7 nm thick. Although F-actin
is itself non-contractile, its interaction with myosin can cause
microfilaments to slide relative to one another — thereby bringing
about movements and contractions in structures bound to the
microfilaments. During the polymerization of G-actin ATP is
hydrolysed; as in the assembly of MICROTUBULES, energy is
not essential for — but increases the rate of — polymerization.
Polymerization and depolymerization can occur at both ends of
a microfilament, but one of the ends may grow (or depolymerize)
at a greater rate than the other. (See also CAPPING sense 2.)

actinoidin

The formation and fate of microfilaments are regulated in vivo
e.g. by various proteins. Profilin binds to G-actin, inhibiting
polymerization. Gelsolin (in e.g. macrophages), severin (in Dic-
tyostelium), fragmin (in Physarum), and villin (in microvilli) can
each cleave F-actin into fragments in a Ca?*-dependent reac-
tion, thereby e.g. effecting a gel-to-sol transition. Filamin and
a-actinin can cross-link microfilaments, promoting gel forma-
tion. P-Actinin can act as a CAPPING (sense 2) protein. Vinculin
may help to anchor microfilaments to other cell components.
[Binding of microfilaments to the cytoplasmic membrane in Dic-
tyostelium discoideum: JCB (1986) 102 2067-2075.] Fimbrin
binds together longitudinally adjacent microfilaments to form
bundles.

Actin polymerization/depolymerization is affected e.g. by
agents such as CYTOCHALASINS and by phalloidin (see PHALLO-
TOXINS).

(2) See MACROTETRALIDES.

actin-based motility See DYSENTERY (la) and LISTERIOSIS.

Actinichona  See HYPOSTOMATIA.

a-actinin  See ACTIN.

B-actinin  See ACTIN.

actino- Prefix signifying a ray or rays.

actinobacillosis Any animal (or human) disease caused by a
species of Actinobacillus. A. lignieresii causes granulomatous
lesions in and around the mouth — particularly the tongue
(‘wooden tongue’) — in cattle; in sheep A. lignieresii is associated
with suppurative lesions in the skin and internal organs. A. equuli
is pathogenic for horses (see SLEEPY FOAL DISEASE) and pigs; in
pigs symptoms may include fever, haemorrhagic or necrotic skin
lesions, arthritis and endocarditis. A. suis causes septicaemia and
localized lesions in pigs. (See also PERIODONTITIS.)

Actinobacillus A genus of Gram-negative bacteria of the
PASTEURELLACEAE. Cells: mostly rod-shaped (ca. 0.3-0.5 x
0.6—1.4 pm), but a coccal form often occurs at the end of a rod,
giving a characteristic ‘Morse code’ form; filaments may occur
in media containing glucose or maltose. Extracellular slime
is often produced. Cells stain irregularly. Glucose, fructose,
xylose, and (most strains) lactose are fermented (no gas).
Growth occurs only on complex media; all species (except
A. actinomycetemcomitans) can grow on MacConkey’s agar.
Most species are non-haemolytic, but A. suis and some strains of
A. equuli exhibit clear haemolysis on sheep blood agar; A. suis
causes partial haemolysis on horse blood agar. GC%: 40-43.
Type species: A. lignieresii.

Actinobacilli occur as commensals in the alimentary, respi-
ratory and/or genital tracts of animals: A. lignieresii in cat-
tle and sheep, A. equuli in horses, A. suis in pigs(?) and
horses, A. capsulatus in rabbits(?), A. actinomycetemcomitans in
man. All can be opportunist pathogens (see ACTINOBACILLOSIS).
(A. muris = Streptobacillus moniliformis; A. mallei = Pseudo-
monas mallei; A. ureae: see PASTEURELLA.)

[Book ref. 22, pp. 570—575; proposal to re-classify A. actino-
mycetemcomitans as Haemophilus actinomycetemcomitans:
1JSB (1985) 35 337-341.]

Actinobifida  An obsolete genus of actinomycetes which included
species with dichotomously-branching sporophores; at least
some strains were transferred to THERMOMONOSPORA.

Actinobolina A genus of carnivorous ciliates (subclass GYMNO-
STOMATIA). Cells: roughly ovoid, with uniform somatic ciliature,
an apical cytostome, TOXICYSTS, and retractable tentacles dis-
tributed evenly over the body.

Actinocephalus  See GREGARINASINA.

actinoidin See VANCOMYCIN.



Actinomadura

Actinomadura A genus of bacteria (order ACTINOMYCETALES,
wall type III; group: maduromycetes) which occur e.g. in soil;
some species (A. madurae, A. pelletieri) can be pathogenic in
man (see MADUROMYCOSIS). The organisms form a branching,
usually stable, substrate mycelium, but (spore-forming) aerial
mycelium may be common or rare according to species; some
species contain only trace amounts of madurose, or none
at all. GC%: reported to be within the range 65-78. Type
species: A. madurae. [Taxonomic studies on Actinomadura and
Nocardiopsis: JGM (1983) 129 3433-3446; ecology, isolation
and cultivation: Book ref. 46, pp. 2103-2117.]

Actinomucor  See MUCORALES.

Actinomyces A genus of asporogenous bacteria (order ACTINO-
MYCETALES; wall type varies with species); species occur in
warm-blooded animals e.g. as part of the microflora of the
mucous membranes (particularly in the mouth) and can act as
opportunist pathogens. The organisms occur as rods, branched
rods or filaments, or as a rudimentary mycelium. All species
can grow anaerobically, or under reduced partial pressure of
oxygen; growth in vitro occurs readily on rich media at 37°C,
and is typically enhanced if the partial pressure of carbon
dioxide is increased. Carbohydrates are fermented anaerogeni-
cally — acetic, lactic and succinic acids being the main acidic end
products of glucose fermentation in PYG MEDIUM. Most species
are catalase-negative; A. viscosus is catalase-positive. GC%: ca.
57-73. Type species: A. bovis.

A. bovis (wall type VI) and A. israelii (wall type V) can
cause chronic disease in animals and man (see ACTINOMYCO-
SIS); A. naeslundii and A. viscosus (both wall type V) can
cause periodontitis e.g. in rodents. (See also COAGGREGATION.)
A. pyogenes (formerly Corynebacterium pyogenes [JGM (1982)
128 901-903]) is the cause of ‘summer mastitis’ in cattle, and
is often isolated from pyogenic lesions in cattle, pigs and other
animals; A. pyogenes typically occurs as short rods or coryne-
forms which secrete a soluble haemolysin. A. hordeovulneris
[IJSB (1984) 34 439-443] is a causal agent of actinomycosis
in dogs.

Actinomycetales An order of GRAM TYPE-positive, typically aer-
obic bacteria; species range from those which occur as cocci
and/or rods to those which form a well-developed, branch-
ing SUBSTRATE MYCELIUM and/or AERIAL MYCELIUM, and which
may form sophisticated structures such as sclerotia, sporan-
gia and synnemata. (cf. ACTINOMYCETE.) Most members of
the order have a GC%>55, thus distinguishing them from
species of the other major subbranch of Gram-positive bacte-
ria: the Clostridium—Bacillus—Thermoactinomyces line (but cf.
CORYNEBACTERIUM, RENIBACTERIUM and THERMOACTINOMYCES).
Phylogenetic relationships between actinomycetes are indicated
by 16S rRNA oligonucleotide cataloguing and nucleic acid
hybridization; within the order, groups of genera can be dis-
tinguished on the basis of e.g. the chemical nature of the cell
wall and the lipid profiles of the organisms. [The system of
classification adopted in the Dictionary is based on the scheme
proposed in Book ref. 73, pp. 7-164.]

Actinomycetes are widespread in nature, occurring typi-
cally in soil, composts (see COMPOSTING) and aquatic habitats;
most species are free-living and saprotrophic, but some form
symbiotic associations (see e.g. ACTINORRHIZA) and others are
pathogenic in man, other animals, and plants (see e.g. ACTINO-
MYCOSIS, DERMATOPHILOSIS, JOHNE'S DISEASE, POTATO SCAB, and
TUBERCULOSIS). The organisms are chemoorganotrophs; collec-
tively they can degrade a wide range of substances which include
e.g. agar, cellulose, chitin, keratin, paraffins and rubber. Some
species produce important antibiotics (see €.g. STREPTOMYCES).

Ultrastructure and staining. The cell structure is that of a
Gram-positive prokaryote; most species give an unequivocally
positive reaction in the Gram stain (but see e.g. CELLULOMONAS),
and some species are acid-fast (see e.g2. MYCOBACTERIUM, NOCAR-
DIA, RHODOCOCCUS). Cytoplasmic inclusions observed in at least
some species include e.g. granules of poly-B-hydroxybutyrate,
polyphosphate, and polysaccharide, and globules of lipid. The
cell wall commonly appears to be either uniformly electron-
dense or three-layered, the electron-density of the middle layer
being somewhat less than that of the layer on either side of
it. The wall contains PEPTIDOGLYCAN and other polymers, e.g.
TEICHOIC ACIDS — although the latter appear not to occur in the
NOCARDIOFORM ACTINOMYCETES; the cell wall is commonly sur-
rounded by a layer of diffuse or (in sporoactinomycetes) fibrous
material. Depending on the presence of certain amino acids in
the peptidoglycan, and the identity of the cell wall sugars, eight
wall types (chemotypes I-VIII) of actinomycetes can be distin-
guished [Book ref. 46, pp. 1915-1922]:

I. LL-DAP (LL-diaminopimelic acid), glycine.

II. meso-DAP, glycine.

III. meso-DAP.

IV. meso-DAP, arabinose, galactose.

V. Lysine, ornithine.

VL. Lysine; aspartic acid and galactose sometimes present.

VII. DAB (2,4-diaminobutyric acid), glycine; lysine some-
times present.

VIII. Ornithine.

A further wall type (IX), characterized by meso-DAP and
numerous amino acids, was defined for species of MYCOPLANA.

In most species which form non-fragmenting mycelium (e.g.
Streptomyces spp) the vegetative hyphae are largely aseptate,
although septa (cross-walls) can be present — particularly in the
older parts of the mycelium. The septa in non-fragmenting
mycelium have been designated type 1 septa; each septum
consists of a single layer which develops centripetally from the
cell wall. Such septa may contain microplasmodesmata, each
4-10 nm in diameter.

In fragmenting mycelium each septum consists of two distinct
layers, each layer eventually forming a terminal wall of one of
the two neighbouring cells; such septa are designated type 2
septa.

Spore formation. Spores are formed by the septation and
fragmentation of hyphae, the spore wall being formed, at
least in part, from all the wall layers of the sporogenous
hypha. Spore-delimiting septa are of various types, and different
types may occur even within a given genus; such septa have
been designated type I (two layers developing centripetally),
type II (two layers which develop centripetally on a single,
initially-formed annulus), and type III (a single, thick layer
which develops centripetally). Spore chains are reported to
develop acropetally (in e.g. Pseudonocardia), basipetally (in e.g.
Micropolyspora), randomly (in e.g. Nocardiopsis), or more or
less simultaneously (in e.g. Streptomyces).

In some actinomycetes the spores are formed within sporan-
gia: see e.g. ACTINOPLANES, AMORPHOSPORANGIUM, AMPULLAR-
IELLA, DACTYLOSPORANGIUM, FRANKIA and PILIMELIA.

Genetic aspects. Genetic exchange has been studied in vari-
ous actinomycetes, particularly Streptomyces spp [Streptomyces
genetics: Book ref. 73, pp. 229-286; genetics of nocardioform
actinomycetes: Book ref. 73, pp. 201-228]. Actinomycetes are
hosts to a number of ACTINOPHAGES, and generalized transduction
with phage ¢SV1 has been recorded in strains of Streptomyces
[JGM (1979) 110 479-482]. Actinomycetes can contain vari-
ous transmissible or non-transmissible plasmids, some of which



are involved in antibiotic production. Genetic analyses have been
carried out by methods involving e.g. conjugation and protoplast
fusion.

Genera include: ACTINOMADURA, ACTINOMYCES, ACTINO-
PLANES, ACTINOPOLYSPORA, ACTINOSYNNEMA, AGROMYCES, AMOR-
PHOSPORANGIUM, AMPULLARIELLA, ARACHNIA, ARCANOBACTERIUM,
ARTHROBACTER, BREVIBACTERIUM, CASEOBACTER, CELLULOMONAS,
CORYNEBACTERIUM, CURTOBACTERIUM, DACTYLOSPORANGIUM, DER-
MATOPHILUS, EXCELLOSPORA, FRANKIA, GEODERMATOPHILUS,
INTRASPORANGIUM, KINEOSPORIA, MICROBACTERIUM, MICROBIS-
PORA, MICROMONOSPORA, MICROPOLYSPORA, MICROTETRASPORA,
MYCOBACTERIUM, NOCARDIA, NOCARDIOIDES, NOCARDIOPSIS, OER-
SKOVIA, PILIMELIA, PLANOBISPORA, PLANOMONOSPORA, PROMI-
CROMONOSPORA, PSEUDONOCARDIA, RENIBACTERIUM, RHODOCOC-
CUS, ROTHIA, SACCHAROMONOSPORA, SACCHAROPOLYSPORA, SPIR-
ILLOSPORA, SPORICHTHYA, STREPTOALLOTEICHUS, STREPTOMYCES,
STREPTOSPORANGIUM, STREPTOVERTICILLIUM, THERMOMONOSPORA.

[Ecology, isolation, cultivation etc: Book ref. 46, pp. 1915—
2123.]

actinomycete Any member of the order ACTINOMYCETALES; the
name is often used to refer specifically to those species which
form mycelium, i.e. excluding many members of the NOCARDIO-
FORM ACTINOMYCETES.

actinomycetoma See MADUROMYCOSIS.

actinomycin D (actinomycin C;) An ANTIBIOTIC from Strepto-
myces sp; it contains a (red) substituted phenoxazone chro-
mophore linked to two identical pentapeptide lactone rings. All
cell types are potentially susceptible, any resistance being due
to low permeability of cells to the drug. Actinomycin D specifi-
cally inhibits DNA-directed RNA synthesis. It binds specifically
to B-DNA as an INTERCALATING AGENT (¢ ca. 26°). The phenox-
azone chromophore intercalates primarily between two adjacent
(antiparallel) GC pairs, while the lactone rings fit into the minor
groove [ARB (1981) 50 171-172]. The drug dissociates from
DNA only very slowly; it blocks the movement of RNA poly-
merase along its DNA template. (Since actinomycin D shows
little binding to AT-rich PROMOTERS chain initiation is not inhib-
ited.) DNA replication may be insensitive to actinomycin D
because strand separation by the replicative apparatus may facil-
itate dissociation of the antibiotic.

actinomycosis (1) Any human or animal disease caused by a
species of ACTINOMYCES: A. israelii in man, A. bovis in cattle.
Infection is probably endogenous. Dense nodular lesions are
formed, mainly around the jaw (‘lumpy jaw’), developing into
pus-discharging abscesses. Abscesses may also occur in the
lungs, brain or intestine. Lab. diagnosis: the pathogen may be
isolated from small yellow granules (‘sulphur granules’) present
in the pus. Chemotherapy: e.g. penicillins.

(2) Any human or animal disease caused by an ACTINO-
MYCETE: e.g. actinomycosis (sense 1); MADUROMYCOSIS. (See
also LACHRYMAL CANALICULITIS.)

actinophage Any BACTERIOPHAGE whose host(s) are member(s)
of the ACTINOMYCETALES. Actinophages, which include both
temperate and virulent types, can be isolated from e.g. soils
and composts; most have a wide host range, but some (e.g.
BACTERIOPHAGE (EC, BACTERIOPHAGE VP5) can infect only one
or a few species. (See also STYLOVIRIDAE). [Soil actinophages
which lyse Streptomyces spp: IGM (1984) 130 2639-2649.]

Actinophryida An order of protozoa (class HELIOZOEA) in which
the cells have no skeleton and no centroplast (cf. CENTRO-
HELIDA). Some members have flagellated stages. Sexual pro-
cesses have been observed in some species. Genera include e.g.
ACTINOPHRYS, ACTINOSPHAERIUM, Ciliophrys.

Actinosphaerium

Actinophrys A genus of heliozoa (order ACTINOPHRYIDA). A. sol
is common among vegetation in freshwater ponds and lakes.
The cell is ca. 40-50 um diam., with a highly vacuolated
cytoplasm; the distinction between ectoplasm and endoplasm
is not clear in living cells (cf. ACTINOSPHAERIUM). The axial
filaments of the axopodia (see AXOPODIUM) originate close to
the single central nucleus. Reproduction occurs asexually by
binary fission. Autogamy occurs when environmental conditions
are unfavourable: meiosis follows encystment of the uninucleate
cell, 2—4 gametes being formed; fusion of gametes results in the
formation of zygotes which can remain dormant in the cyst until
conditions improve.

Actinoplanes A genus of aerobic, sporogenous bacteria (order
ACTINOMYCETALES, wall type II) which occur e.g. in soil, plant
litter and aquatic habitats. The organisms form a branching
surface mycelium, hyphal diameter ca. 0.2—1.5 um, which may
also ramify into the substratum; the mycelium later forms
vertical hyphae, each developing, at its tip, a (commonly
spherical) desiccation-resistant sporangium containing a number
of spherical or oval spores — each bearing a polar tuft of flagella.
Colonies may be e.g. yellow, orange, red, blue, brown or
purple. Type species: A. philippinensis. [Morphology, ecology,
isolation: Book ref. 46, 2004-2010; isolation: JAB (1982) 52
209-218.]

Actinopoda A superclass of protozoa (subphylum SARCODINA)
which are typically more or less spherical, typically have axopo-
dia (filopodia in some members), and are usually planktonic.
Classes: ACANTHAREA, HELIOZOEA, Phaeodarea and Polycystinea
(see RADIOLARIA).

Actinopolyspora A genus of bacteria (order ACTINOMYCETALES,
wall type IV); the sole species, A. halophila, was isolated from a
salt-rich bacteriological medium. The organisms form substrate
and aerial mycelium, the latter giving rise to chains of spores;
at least 10% (w/v) sodium chloride is required for growth, the
optimum being ca. 15-20%, and the maximum ca. 30%. GC%:
ca. 64. Type species: A. halophila. [Book ref. 73, 122-123.]

Actinopycnidium  See STREPTOMYCES.

actinorrhiza A bacterium—plant root association in which nitro-
gen-fixing root nodules are formed in certain non-leguminous
angiosperms infected (through root hairs) by FRANKIA strains;
the plants involved are typically woody pioneers of nutrient-poor
soils in cold or temperate regions in the northern hemisphere.
There are at least two morphological types of actinorrhizal root
nodule. In the Alnus type, formed in Alnus spp (alder) and many
other plants, the root nodules are coralloid (i.e., thickened and
dichotomously branched). In the Myrica type, formed e.g. in
species of Myrica, Casuarina and Rubus, the nodule is clothed
with upward-growing (negatively geotropic) rootlets which may
aid aeration in boggy habitats. In either type, the endophyte
occurs within the cortical parenchyma of the nodule and does not
invade vascular or meristematic tissues. In the distal part of the
nodule the (young) hyphae spread from cell to cell, perforating
the host cell walls. In the proximal part the hyphal tips swell to
form vesicles which appear to provide a reducing environment
within which NITROGEN FIXATION can occur; rates of nitrogen
fixation are comparable to those in leguminous ROOT NODULES.
[Book ref. 55, pp. 205-223.] (See also MYCORRHIZA.)

Actinosphaerium A genus of heliozoa (order ACTINOPHRYIDA)
in which the cells are multinucleate and ca. 200 um to 1.0 mm
in diameter, according to species; the highly vacuolated ecto-
plasm is clearly distinct from the granular endoplasm (cf.
ACTINOPHRYS). Numerous needle-like axopodia radiate from the



Actinosporangium

cell, their axial filaments arising at the junction between ecto-
plasm and endoplasm. Asexual reproduction involves plasmo-
tomy. Autogamy occurs when environmental conditions become
unfavourable: the cell produces a gelatinous covering, and many
of its nuclei degenerate; numerous uninucleate daughter cells
are produced, and each encysts. Meiosis within the cyst results
in two haploid gametes which fuse, and the resulting zygote
remains dormant until conditions improve.

Actinosporangium  See STREPTOMYCES.

Actinosporea A class of protozoa (phylum MYx0zoA) which
are parasitic in invertebrates (particularly annelid worms). The
spores contain 3 polar capsules (each enclosing a single polar fil-
ament) and several to many sporoplasms. The spore wall consists
of 3 valves which may be smooth (e.g. in Sphaeractinomyxon) or
drawn out into long, horn-like processes (as in Triactinomyxon,
a parasite of tubificid and sipunculid worms). (cf. WHIRLING DIS-
EASE.)

Actinosynnema A genus of bacteria (order ACTINOMYCETALES,
wall type III) which occur e.g. on vegetable matter in aquatic
habitats. The organisms form a thin, branching, yellow substrate
mycelium (hyphae <1 um diam.) on which develop synnemata
(up to ca. 180 um in height) or ‘dome-like bodies’; aerial hyphae
may arise from the substrate mycelium, or from the tips of the
synnemata, and give rise to chains of spores which become
motile (flagellated) in liquid media. GC%: ca. 71. Type species:
A. mirum. [Book ref. 73, pp 116-117.]

activated acetic acid pathway See AUTOTROPH.

activated sludge See SEWAGE TREATMENT.

activation (immunol.) (1) (of lymphocytes) A process which
begins with BLAST TRANSFORMATION and continues with pro-
liferation (cell division) and differentiation; some authors use
‘activation’ to refer specifically to stage(s) preceding prolifer-
ation. (2) (of complement) See COMPLEMENT FIXATION. (3) See
MACROPHAGE. (4) (of spores) See ENDOSPORE and SPORE.

activation-induced cytidine deaminase See RNA EDITING.

activator (1) Syn. COFACTOR (sense 2). (2) See SPORE. (3) See
OPERON and REGULON.

active bud See LIPOMYCES.

active immunity Specific IMMUNITY (3) afforded by the body’s
own immunological defence mechanisms following exposure to
antigen. (cf. PASSIVE IMMUNITY.)

active immunization See IMMUNIZATION.

active transport See TRANSPORT SYSTEMS.

actomyosin An actin—myosin complex (see ACTIN and MYOSIN).

aculeacin A An antibiotic which is active against yeasts, inhibit-
ing the formation of yeast CELL WALL glucan. Echinocandin B is
a structurally related antibiotic with an apparently similar mode
of action. (cf. PAPULACANDIN B.)

aculeate Slender and sharp-pointed, or bearing narrow spines.

acute (med.) Refers to any disease which has a rapid onset
and which persists for a relatively short period of time (e.g.
days) — terminating in recovery or death. The term is also used
to refer to an exceptionally severe or painful condition. (cf.
CHRONIC.)

acute cardiac beriberi See CITREOVIRIDIN.

acute haemorrhagic conjunctivitis (AHC) A highly infectious
form of coNJuNcTIVITIS, a worldwide pandemic of which
occurred during 1969—1971; it is caused by enterovirus 70 (see
ENTEROVIRUS) and is characterized by subconjunctival haemor-
rhages ranging from petechiae to larger areas covering the bulbar
conjunctivae. Recovery is usually complete in ca. 10 days.

acute herpetic gingivostomatitis See GINGIVITIS.

acute necrotizing ulcerative gingivitis See GINGIVITIS.

acute-phase proteins Various types of protein, found in plasma,
formed as a rapid response to infection; they are synthesized
in the liver e.g. under stimulation from cytokines produced in
a region of INFLAMMATION. These proteins include C-REACTIVE
PROTEIN (CRP) and serum amyloid A (SAA), both of which can
bind to phospholipids in the microbial cell envelope and act as
OPSONINS; additionally, binding by CRP activates COMPLEMENT.
CRP and SAA are so-called pentraxin proteins in which the
molecule consists of five identical subunits.

(See also cD14.)

acute-phase serum Serum obtained from a patient during the
acute phase of a disease.

acute respiratory disease See ARD.

ACV  ACYCLOVIR.

ACVs See VACCINE.

acycloguanosine Syn. ACYCLOVIR.

acyclovir (ACV; acycloguanosine; Zovirax) An ANTIVIRAL AGENT,
9-(2-hydroxyethoxymethyl)guanine, which is active against
alphaherpesviruses. It is phosphorylated by the virus-encoded
thymidine kinase to the monophosphate; the monophosphate
is converted by host-cell enzymes to the active triphosphate
form which inhibits DNA polymerase — the viral polymerase
being much more sensitive than the cellular o-polymerase. (cf.
BROMOVINYLDEOXYURIDINE.) Uninfected cells do not effectively
phosphorylate acyclovir, and the drug is relatively non-toxic to
the host.

Acyclovir is used topically, systemically or orally in the
treatment of e.g. herpes simplex keratitis, primary genital
herpes, mucocutaneous herpes simplex in immunocompromised
patients, progressive varicella and HERPES ZOSTER. Acyclovir is
not equally active against all alphaherpesviruses — its ability to
inhibit the replication of varicella-zoster virus is approximately
10-fold lower than its ability to inhibit replication of herpes
simplex virus. [Use of acyclovir in the treatment of herpes zoster:
RMM (1995) 6 165-174 (167-170).]

acylalanine antifungal agents See PHENYLAMIDE ANTIFUNGAL
AGENTS.

N-acyl-L-homoserine lactone See QUORUM SENSING.

Acytostelium A genus of cellular slime moulds (class DICTYOSTE-
LIOMYCETES) in which the sorocarp stalk is acellular, cellulosic,
slender, and apparently tubular; no myxamoebae are sacrificed in
stalk formation (cf. DICTYOSTELIUM). The stalk bears a single ter-
minal sorus of spores. Four species are recognized [descriptions
and key: Book ref. 144, pp. 393-407].

Ad Human adenovirus: see MASTADENOVIRUS.

A-D group ALKALESCENS-DISPAR GROUP.

ADA deficiency See ADENOSINE DEAMINASE DEFICIENCY.

ada gene See ADAPTIVE RESPONSE.

adamantanamine See AMANTADINE.

adamantane See AMANTADINE.

Adansonian taxonomy A method of biological classification,
proposed in the 18th century by Michel Adanson, in which
relationships between organisms are defined by the number
of characteristics which the organisms have in common; the
same degree of importance (‘weighting’) is attached to each
characteristic. (cf. NUMERICAL TAXONOMY.)

adaptation Change(s) in an organism, or population of organ-
isms, by means of which the organism(s) become more suited
to prevailing environmental conditions. Genetic adaptation
involves e.g. mutation and selection: those (mutant) organisms in
a given population which are genetically more suited to the exist-
ing environment thrive and become numerically dominant. (See
also FLUCTUATION TEST.) Non-genetic (phenotypic) adaptation



may involve a change in metabolic activity — e.g., by enzyme
induction or repression (see OPERON). (See also CHROMATIC ADAP-
TATION.) Behavioural adaptation may involve changes in tactic
responses (see TAXIS); thus, e.g., if a phototactic organism is sub-
jected to a sudden increase in light intensity followed by steady
illumination at the new intensity, the organism initially responds
phototactically, but after a period of time it adapts to the new
light intensity and resumes its normal pattern of motility. (See
also CHEMOTAXIS.)

adaptive response A DNA REPAIR system which is induced in cells
of Escherichia coli in response to exposure to low concentrations
of certain ALKYLATING AGENTS (e.g. MNNG, MNU); the response
is independent of the SOS system.

Genes involved in the adaptive response include ada, aidB,
alkA and alkB.

The alkA gene encodes 3-methyladenine-DNA glycosyl-
ase II, an enzyme which (despite its name) cleaves vari-
ous methylated bases (e.g. N3- or N7-methylpurines and O2-
methylpyrimidines) from alkylated DNA; studies on the crystal
structure of AIKA complexed with DNA indicate that the enzyme
distorts DNA considerably as it ‘flips out’ (i.e. exposes) the
target site [EMBO (2000) /9 758-766]. (Another enzyme of
E. coli, DNA glycosylase I (the Tag protein; fag gene prod-
uct), is synthesized constitutively; the Tag protein cleaves 3-
methyladenine from DNA.)

DNA is susceptible to chemical change owing to the reactivity
of its bases [Nature (1993) 362 709-715]. As well as methy-
lation in vitro, DNA is also subject to aberrant, non-enzymatic
methylation in vivo via S-adenosylmethionine (normally a legit-
imate methyl donor) which can give rise to 3-methyladenine
and/or 7-methylguanine; these aberrant methylated bases are also
cleaved by the glycosylases mentioned above.

Cleavage of a chemically aberrant base, to form an AP SITE,
is the first stage in the repair process; repair continues via BASE
EXCISION REPAIR.

A different aspect of the adaptive response involves the ada
gene product: a bifunctional methyltransferase which directly
reverses the effects of the methylating agent. One function of
Ada transfers a methyl group from a major-groove adduct — O°-
methylguanine (a potentially highly mutagenic lesion) or O*-
methylthymine — to a cysteine residue near the C-terminus of
the Ada protein itself. The second function of the Ada protein
transfers a methyl group from a methyl phosphotriester (formed
by methylation of a phosphodiester bond in the DNA) to a
cysteine residue in the N-terminal portion of the protein. Once
methylated at both sites, the Ada protein is inactivated.

The Ada protein acts as a positive regulator of its own
expression as well as that of aidB, alkA and alkB; alkylation
of the Ada protein from a methyl phosphotriester is apparently
the intracellular signal for induction of the adaptive response
[Cell (1986) 45 315-324].

adaptor (mol. biol.) A synthetic oligodeoxyribonucleotide which
is similar to a linker (see LINKER DNA) but which contains more
than one type of restriction site and may also have pre-existing
STICKY ENDS.

ADCC Antibody-dependent CELL-MEDIATED CYTOTOXICITY: the
killing of antibody-coated target cells by a non-phagocytic
mechanism in which the effector cell (see e.g. NK CELLS) initially
binds to the Fc portion of the (bound) antibodies via specific
receptors. (See also CD16.)

addition mutation Syn. INSERTION MUTATION.

Adelea  See ADELEORINA.

Adenoviridae

Adeleina A suborder of protozoa (order Eucoccida [JP (1964) 11
7-20] or Eucoccidiida [JP (1980) 27 37-58]) equivalent to the
ADELEORINA.

Adeleorina A suborder of protozoa (order EUCOCCIDIORIDA)
in which syzygy characteristically occurs (cf. EIMERIORINA,
HAEMOSPORORINA). Genera include Adelea, Haemogregarina,
Klossiella.

adenine arabinoside Syn. VIDARABINE.

adenitis Inflammation of gland(s).

adeno-associated viruses See DEPENDOVIRUS.

adeno-satellite viruses See DEPENDOVIRUS.

adenosine See NUCLEOSIDE and Appendix V(a).

adenosine 3’,5’-cyclic monophosphate See CyCLIC AMP.

adenosine deaminase deficiency A congenital lack of the
enzyme adenosine deaminase (EC 3.5.4.4), the effects of which
include a marked reduction in the numbers of functional B and
T lymphocytes. (See SEVERE COMBINED IMMUNODEFICIENCY.)

The disease has been treated by GENE THERAPY.

adenosine triphosphatase See ATPASE.

adenosine 5'-triphosphate See ATP.

Adenoviridae (adenovirus family) A family of non-enveloped,
icosahedral, linear dsDNA-containing viruses which infect mam-
mals (genus Mastadenovirus) or birds (genus Aviadenovirus).

Adenoviruses are generally specific for one or a few closely
related host species; infection may be asymptomatic or may
result in various diseases (see AVIADENOVIRUS and MASTADEN-
OVIRUS). Many adenoviruses can induce tumours when injected
into newborn rodents, but none is known to cause tumours
in natural circumstances. In cell cultures, adenoviruses cause
characteristic CPE, including the rounding of cells and the for-
mation of grape-like clusters of cells; adenovirus replication and
assembly occur in the nucleus, resulting in the formation of
intranuclear inclusion bodies. Virions sometimes form paracrys-
talline arrays. Many adenoviruses can haemagglutinate RBCs
from various species.

The adenovirus virion consists of an icosahedral CAPSID (ca.
70-90 nm diam.) enclosing a core in which the DNA genome
is closely associated with a basic (arginine-rich) viral polypep-
tide (VP), VII. The capsid is composed of 252 capsomers: 240
hexons (capsomers each surrounded by 6 other capsomers) and
12 pentons (one at each vertex, each surrounded by 5 “peripen-
tonal’ hexons). Each penton consists of a penton base (composed
of viral polypeptide III) associated — apparently by hydropho-
bic interactions — with one (in mammalian adenoviruses) or two
(in most avian adenoviruses) glycoprotein fibres (viral polypep-
tide IV); each fibre carries a terminal ‘knob’ ca. 4 nm in diam.
The fibres can act as haemagglutinins and are the sites of attach-
ment of the virion to a host cell-surface receptor. The hexons
each consist of three molecules of viral polypeptide II; they
make up the bulk of the icosahedron. Various other minor viral
polypeptides occur in the virion.

The adenovirus dsDNA genome (MWt ca. 20—25 x 10° for
mammalian strains, ca. 30 x 10° for avian strains) is covalently
linked at the 5" end of each strand to a hydrophobic ‘terminal
protein’, TP (MWt ca. 55000); the DNA has an inverted terminal
repeat (ITR) of different length in different adenoviruses. In most
adenoviruses examined, the 5'-terminal residue is AdCMP (dGMP
in CELO virus).

Adenovirus virions are stable and are not inactivated by e.g.
lipid solvents or by pancreatic proteases, low pH, or bile salts.

Replication cycle. The virion attaches via its fibres to a
specific cell-surface receptor, and enters the cell by endocytosis
or by direct penetration of the plasma membrane. Most of



adenoviruses

the capsid proteins are removed in the cytoplasm; the virion
core enters the nucleus, where the uncoating is completed to
release viral DNA almost free of virion polypeptides. Virus
gene expression then begins. The viral dsDNA contains genetic
information on both strands. [By convention, the AT-rich half
of the DNA molecule is designated the right-hand end, and the
strand transcribed from left to right is called the r-strand, the
leftward-transcribed strand being called the 1-strand; the DNA is
divided into 100 ‘map units’ (m.u.): Book ref. 116, pp. 40—-42.]
Early genes (regions Ela, Elb, E2a, E3, E4) are expressed
before the onset of viral DNA replication. Late genes (regions
L1, L2, L3, L4 and LS5) are expressed only after the initiation of
DNA synthesis. Intermediate genes (regions E2b and IVa,) are
expressed in the presence or absence of DNA synthesis. Region
Ela encodes proteins involved in the regulation of expression
of other early genes, and is also involved in transformation
(see MASTADENOVIRUS). The RNA transcripts are capped (with
m7G5ppp5’N) and polyadenylated (see MRNA) in the nucleus
before being transferred to the cytoplasm for translation.

Viral DNA replication requires the terminal protein, TP, as
well as virus-encoded DNA polymerase and other viral and
host proteins. TP is synthesized as an 80K (MWt 80000)
precursor, pTP, which binds covalently to nascent replicating
DNA strands. pTP is cleaved to the mature 55K TP late in
virion assembly; possibly at this stage, pTP reacts with a dCTP
molecule and becomes covalently bound to a dCMP residue,
the 3/-OH of which is believed to act as a primer for the
initiation of DNA synthesis (cf. BACTERIOPHAGE ¢29). Late gene
expression, resulting in the synthesis of viral structural proteins,
is accompanied by the cessation of cellular protein synthesis,
and virus assembly may result in the production of up to 10°
virions per cell.

[Book ref. 116.]

adenoviruses Viruses of the ADENOVIRIDAE.

adenylate cyclase An enzyme (EC 4.6.1.1) which catalyses the
synthesis of cycLiCc AMP (cAMP) from ATP. (cAMP is degraded
to AMP by the enzyme cAMP phosphodiesterase.)

In Escherichia coli and other enterobacteria, adenylate cyclase
is a single protein (product of the cya gene) whose activity is
modified e.g. by the PTS system (see CATABOLITE REPRESSION); it
may also be regulated directly by pmf, and its synthesis may be
repressed by cAMP—CRP.

The EF component of ANTHRAX TOXIN and the CYCLOLYSIN of
Bordetella pertussis both have CALMODULIN-stimulated adenylate
cyclase activity; the pore-forming activity of the cyclolysin may
serve to internalize its adenylate cyclase activity, resulting e.g.
in raised levels of cAMP in cells of the immune system.

In higher eukaryotes, adenylate cyclase occurs as part of
a plasma membrane complex which includes e.g. hormone
receptors and GTP-binding regulatory components (so-called G
proteins; = N proteins); Gs (= N;) stimulates adenylate cyclase,
Gi(= Nj) inhibits it. This system is the target for certain bacterial
toxins: see €.g. CHOLERA TOXIN and PERTUSSIS TOXIN.

adenylate energy charge (energy charge, EC) A unitless param-
eter which gives a measure of the total energy associated with the
adenylate system, at a given time, within a cell. It is defined as:

_ [ATP] +1/2 [ADP]
"~ [ATP] + [ADP] + [AMP]
Cells growing under ideal conditions have an energy charge
of ca. 0.8-0.95, while senescent cells may have an EC of

ca. 0.6 or less. Changes in the relative proportions of adenine
nucleotides in a cell (i.e., changes in EC) have regulatory

effects on various metabolic processes — the activity of certain
enzymes being regulated by the actual concentration of a given
adenine nucleotide or by the ratio of particular nucleotides
(e.g. ATP:ADP). Thus, e.g., in certain yeasts the enzyme
phosphofructokinase is inhibited by ATP (an effect which is
reversed by AMP), while in Escherichia coli the same enzyme
is stimulated by ADP; hence, glycolysis tends to be stimulated
when the EC is depressed.

Energy charge is also a regulatory factor for the degree of
supercoiling (superhelical density) in a cell’s DNA; changes in
superhelical density can, in turn, influence the activity of various
gene promoters. Thus, via energy charge and superhelicity,
the environment can modulate the expression of particular
genes. (Interestingly, the expression of genes or operons may
also be regulated by local changes in superhelicity due to
divergent transcription from closely spaced gene promoters
[Mol. Microbiol. (2001) 39 1109-1115].)

Estimations of EC involve both rapid sampling and pre-
cautions to prevent hydrolysis or interconversion of adenine
nucleotides. ATP is often measured by techniques which involve
CHEMILUMINESCENCE.

adenylate kinase An enzyme (EC 2.7.4.3) which catalyses
the reversible conversion of two molecules of adenosine
5’-diphosphate (ADP) to one molecule each of ATP and AMP.
[Structural and catalytic properties of adenylate kinase from
Escherichia coli: JBC (1987) 262 622-629.]

adenylylsulphate See Aps.

ADH  ARGININE DIHYDROLASE.

adherent cells (immunol.) Cells which adhere to e.g. glass and
plastics; they include e.g. MACROPHAGES and DENDRITIC CELLS.

adhesin A cell-surface component, or appendage, which medi-
ates ADHESION to other cells or to inanimate surfaces or inter-
faces; there are many different types of adhesin, and a given
organism may have more than one type. (The term adhesin is
also used to include certain secreted substances which behave
as adhesins — e.g. MUTAN.)

Bacterial adhesins. Many bacterial adhesins are FIMBRIAE,
and in some pathogenic species fimbrial adhesins are impor-
tant virulence factors which mediate the initial stage of patho-
genesis (adhesion to specific site(s) in the host organism).
For example, fimbria-mediated adhesion is important for vir-
ulence in ETEC — strains of Escherichia coli whose capacity to
cause disease depends on their ability to bind to the intesti-
nal mucosa; among strains of ETEC there are more than 10
different types of fimbrial adhesin (as well as non-fimbrial
adhesins) [RMM (1996) 7 165—177]. [Expression of fimbriae
by enteric pathogens (review): TIM (1998) 6 282-287.] Fim-
brial adhesins are also important in Haemophilus influenzae type
b for the initial binding to respiratory tract epithelium [adhesins
in Haemophilus, Actinobacillus and Pasteurella: FEMS Reviews
(1998) 22 45-59]. (See also UPEC and P FIMBRIAE.)

Some fimbrial adhesins additionally function as an INVASIN
(see e.g. UPEC) or as a phage receptor (see e.g. BACTERIOPHAGE
cTXP).

The dimensions and charge characteristics of fimbriae are such
that they experience minimal repulsion from a surface bearing
charge of the same polarity; thus, fimbrial adhesins can help to
bridge the gap between the charged bacterial surface (see ZETA
POTENTIAL) and the surface of another cell or substratum which
bears a charge similar (in polarity) to that on the bacterium.

Non-fimbrial adhesins include the filamentous haemagglu-
tinin (FHA) of Bordetella pertussis, the high-molecular-weight
adhesion proteins (HMW1, HMW?2) of ‘non-typable’ strains of



Haemophilus influenzae, and the M PROTEIN of streptococci. (See
also DR ADHESINS and OPA PROTEINS.)

Proteinaceous ‘capsular’ adhesins include K88 in certain
strains of Escherichia coli.

Non-proteinaceous adhesins include the capsular carbohy-
drates of Rhizobium trifolii which bind to TRIFOLIIN A on the root
hairs of the clover plant. (See also streptococcal lipoTEICHOIC
ACIDS.)

Receptors for bacterial adhesins. Binding sites for bacte-
rial adhesins on mammalian tissues include various cell-surface
molecules, but a given adhesin typically binds only to a specific
site. For example, the type I FIMBRIAE of E. coli bind to mannose
residues, while the P fimbriae of uropathogenic E. coli bind to
a-D-galactopyranosyl-(1-4)-p-p-galactopyranoside receptors of
glycolipids on urinary tract epithelium. Some pathogens (e.g.
Bordetella pertussis, Borrelia burgdorferi, Yersinia enterocolit-
ica) bind to specific INTEGRINS. Protein adhesins of Staphylococ-
cus aureus bind to components such as collagen and fibronectin
in the mammalian extracellular matrix [TIM (1998) 6 484-488].
Certain LECTINS (q.v.) may promote disease by enhancing attach-
ment of ETEC to the porcine ileum.

adhesion Microorganisms often bind specifically or non-
specifically to a substratum or to other cells — adhesion being
mediated by specialized microbial components or structures: see
€.g2. ADHESIN and PROSTHECA.

For some pathogens, adhesion to specific host cells or tissues
is a prerequisite for disease, so that, in these organisms, adhesins
are important virulence factors (see ADHESIN).

The adherence of a pathogen to a host cell may be necessary
simply promote the host’s uptake of a secreted toxin. However,
in some cases, adhesion triggers a more interactive sequence
of events. For example, when the FHA adhesin of Bordetella
pertussis binds to an INTEGRIN receptor on a monocyte, it
generates signals within the monocyte that upregulate the
expression of a second type of integrin — one which binds to a
different site on the adhesin. Thus, this pathogen ‘manipulates’
the host cell’s internal signalling system in order to secure for
itself additional binding sites. In another example, the binding
of UPEC (q.v.) to uroepithelium via type I FIMBRIAE promotes
uptake (internalization) of the pathogen. In enteropathogenic
E. coli, initial adhesion to gut epithelium is followed by complex
prokaryote—eukaryote interactions that result in a unique form
of colonization by the pathogen (see EPEC).

The adhesion of bacteria to inanimate surfaces can be prob-
lematical in the context of prosthetic devices. Infection associ-
ated with these devices is a serious complication which is often
difficult to treat (not least because adherent bacteria are typi-
cally less susceptible to antibiotics) [prosthetic device infections:
RMM (1998) 9 163-170].

Free-living microorganisms in aquatic habitats often adhere to
submerged surfaces on stones, particles of debris, other organ-
isms or man-made structures — sometimes forming BIOFILMS.
(See also EPILITHON.) Adhesion may affect the activity of such
organisms because the conditions at a submerged surface differ
from those in the bulk aqueous phase; for example, surfaces can
adsorb nutrients and/or stimulatory or inhibitory ions, so that
solid—liquid interfaces may be significantly more advantageous
or disadvantageous compared with the liquid phase. Cell—cell
interactions may or may not be facilitated in biofilms.

The interaction between microorganisms and a surface is
governed by various physicochemical forces that may include
electrostatic attraction or repulsion, hydrophobic interaction (i.e.
mutual attraction between hydrophobic molecules), hydrogen

adiaspore

bonding, and van der Waals’ forces. Because some types
of cell resemble colloids in their dimensions and electrical
characteristics (see ZETA POTENTIAL), the interaction between a
cell and a substratum (or between two cells) in an aqueous
medium is sometimes considered in the context of classical
colloid theory — in particular the theory of Derjaguin, Landau,
Verwey and Overbeek (the ‘DLVO’ theory). The DLVO theory
supposes that a particle which bears a distributed surface
charge of given polarity is surrounded by a layer of ions of
opposite charge — forming a so-called ‘double layer’ extending
some distance from the surface of the particle; two similarly
charged particles will therefore be mutually repulsive through
the interaction of their double layers. An increase in the
ionic concentration in the medium effectively compresses each
double layer — so that the particles can then approach each
other more closely; in a number of cases, cell-substratum or
cell—cell contact has been shown to be facilitated by raising
the concentration of electrolyte. However, a rigid application of
the DLVO theory (or any other mathematically based theory) to
biological systems is made difficult by a number of factors which
include the susceptibility of the cell to physical deformation, the
chemical complexity and non-uniformity of the cell surface, and
the possibility of ionic flux across juxtaposed surfaces.

Microorganisms which are normally attached to a substratum
may be dispersed by means of either non-adherent progeny
or propagules — or they may be able to detach, temporarily,
in order to colonize fresh surfaces. The hydrophobic, benthic
cyanobacterium Phormidium J-1 appears to achieve dispersal
by forming an emulsifying agent (EMULCYAN) which masks cell-
surface hydrophobicity — permitting detachment; the emulcyan
is presumed to be washed off the cells at some stage so that
attachment is again possible [FEMS Ecol. (1985) 3/ 3-9].

adhesion site (Bayer’s junction; Bayer’s patch) In Gram-nega-
tive bacteria: a localized ‘fusion’ between the OUTER MEMBRANE
and CYTOPLASMIC MEMBRANE [Book ref. 101, pp. 167-202]. In
electronmicrographs, a plasmolysed cell may show adhesion
sites under some experimental conditions but not under others
[JB (1984) 160 143-152]. [Cell envelope fraction with apparent
adhesion sites: JBC (1986) 261 428-443.]

Adhesion sites appear to be osmotically sensitive, physiolog-
ically important regions of the cell envelope which serve e.g. as
sites for the export of proteins (such as porins), LPS molecules
[JB (1982) 149 758-767] and filamentous phages, as sites of
infection for certain phages, and as the anchorage sites of e.g.
F pili. Certain proteins (e.g. penicillin binding protein 3, THIORE-
DOXIN [JB (1987) 169 2659-2666]) have been associated with
adhesion sites.

[Mol. Microbiol. (1994) 14 597-607.]

(See also PERISEPTAL ANNULUS, and ‘lysis protein’ in LEVIVIRI-
DAE.)

adiaspiromycosis (adiaspirosis; haplomycosis) A non-infectious
Mycosis which primarily affects animals, rarely affecting
man. It is caused by Chrysosporium parvum var. parvum
(formerly Emmonsia parva or Haplosporangium parvum) or by
C. parvum var. crescens (formerly E. crescens). Infection occurs
by inhalation of conidia (formed e.g. in soil); the conidia enlarge
within the lungs to reach diameters of ca. 40 pm (var. parvum)
or 400 um (var. crescens). Granulomas may develop around the
adiaspores.

adiaspirosis Syn. ADIASPIROMYCOSIS.

adiaspore A spore (conidium) which grows in size without
dividing — see e.g. ADIASPIROMYCOSIS and CHRYSOSPORIUM.



adjuvant

adjuvant (1) (immunol.) Any substance which, when adminis-
tered with or before an antigen, heightens and/or affects qual-
itatively the immune response in terms of antibody formation
and/or the cell-mediated response. (The adjuvant L18-MDP(A)
has also been reported to enhance non-specific phagocytosis by
polymorphonuclear leucocytes [JGM (1982) 128 2361-2370].)
Adjuvants include e.g. BCG, aluminium hydroxide, and water-
in-oil emulsions (e.g. FREUND'S ADJUVANT). (2) Any substance
which is added to a drug or other chemical (e.g. a disinfectant)
to enhance its activity.

Adjuvant 65 A water-in-oil emulsion ADJUVANT made by emul-
sifying peanut oil with mannide monooleate and stabilizing with
aluminium monostearate.

adk gene (dnaW gene) In Escherichia coli: the gene for adenylate
kinase.

Adler test A test used for the identification of Leishmania
spp. The organisms are cultured in an immune serum; in the
presence of homologous antibodies, promastigotes develop in
clusters or syncytia.

adnate (1) Of the region of lamella—stipe attachment in an
agaric: extending for a length equal to much or most of the
depth of the lamella.

(2) Of flagellar spines: flattened against the flagellum from
which they arise.

adnexed (mycol.) Of the region of lamella—stipe attachment in
an agaric: extending for a length equal to only a small fraction
of the depth of the lamella.

adonitol Syn. RIBITOL.

adoptive immunity Syn. PASSIVE IMMUNITY.

adoral ciliary spiral See AzM.

adoral zone of membranelles See AzM.

ADP Adenosine 5'-diphosphate. (See also ATP and ADENYLATE
KINASE.)

ADP-ribosylation The transfer of an ADP-ribosyl group
from NAD™ to a protein, catalysed by an ADP-ribosyl
transferase. In eukaryotic cells, various proteins may be
ADP-ribosylated — apparently as a normal regulatory mecha-
nism; certain bacterial toxins act by exerting an ADP-ribosyl
transferase function: see e.g. BOTULINUM C2 TOXIN, CHOLERA
TOXIN, DIPHTHERIA TOXIN, EXOTOXIN A and PERTUSSIS TOXIN. ADP-
ribosylation also occurs e.g. in cells of Escherichia coli infected
with BACTERIOPHAGE T4, the host RNA polymerase undergo-
ing phage-induced ADP-ribosylation. [Review: TIBS (1986) 11
171-175.]

adrenalin (epinephrine) A multifunctional hormone, secreted by
the adrenal gland, which affects e.g. carbohydrate metabolism
and the activity of smooth muscle, particularly that of the
cardiovascular and bronchial systems. Adrenalin is used e.g. for
the treatment of ANAPHYLACTIC SHOCK — in which it counteracts
the effects of histamine, relaxing smooth muscle and reducing
vascular permeability.

adriamycin See ANTHRACYCLINE ANTIBIOTICS.

ADRY reagents Certain substituted thiophenes which can e.g.
stimulate the photooxidation of cytochrome bssg in photosystem
II (see PHOTOSYNTHESIS).

adsorption (serol) Non-specific adherence of substances (in
solution or in suspension) to cells or to other forms of particulate
matter. (See e.g. BOYDEN PROCEDURE; cf. ABSORPTION.)

adsorption chromatography See CHROMATOGRAPHY.

adult T-cell leukaemia (ATL; adult T-cell leukaemia/lymphoma,
ATLL) A T-cell LEUKAEMIA (q.v.) which affects adults; the
causal agent is an exogenous retrovirus, HTLV-I (see HTLV). ATL
is endemic in certain regions of Japan, the Caribbean, Africa and
the Americas.

In the carrier state the incidence of ATL is low; latency can
last for many decades.

The disease has been categorized into four clinical sub-
types: acute, chronic, smouldering and lymphoma. Acute cases
comprise the majority. Chronic and smouldering forms often
progress to the acute form. In some cases disease is nodal rather
than leukaemic.

Various manifestations of ATL may be seen. In many cases
there are lesions in liver, spleen and/or lymph nodes, though
other sites (including the central nervous system) may be
affected; skin lesions may include nodules, ulcers or rashes.
Hypercalcaemia may be present, and the undermined immune
system may permit infection by opportunist pathogens (e.g.
Pneumocystis carinii, cytomegalovirus).

Leukaemic cells are monoclonal, originating from a single cell
infected with HTLV-I; the cells are larger than normal and may
have multilobed or convoluted nuclei.

The median survival time for the acute form of ATL is
reported to be ~6 months (~2 years for the chronic form).

Lab. diagnosis. Diagnosis involves e.g. clinical observation,
serology (for anti-HTLV-I antibody) and detection of abnormal
T cells by microscopy.

Chemotherapy. Given the absence of standard therapy, it
has been recommended that treatment be limited to acute and
lymphoma-type cases; for these patients combination chemother-
apy may be successful, but relapses (often involving the CNS)
are common.

[ATL (epidemiology, leukaemogenesis, clinical features, labo-
ratory findings, diagnosis, treatment, prognosis and prevention):
BCH (2000) 13 231-243.]

(cf. MYCOSIS FUNGOIDES and SEZARY SYNDROME.)

adventitious septum See SEPTUM (b).

aecial cup See UREDINIOMYCETES stage 1.

aecidioid (cupulate) Refers to a peridiate, cup-shaped to cylin-
drical aecium of the type formed e.g. by species of Puccinia and
Uromyces.

aecidiospore See UREDINIOMYCETES stage 1.

aecidium See UREDINIOMYCETES stage 1.

aeciospore See UREDINIOMYCETES stage L.

aecium See UREDINIOMYCETES stage .

Aedes A genus of mosquitoes (order Diptera, family Culicidae);
Aedes spp are vectors of certain diseases: see e.g. CHIKUNGUNYA
FEVER, YELLOW FEVER.

Aedes aegypti EPV  See ENTOMOPOXVIRINAE.

Aedes albopictus cell-fusing agent See FLAVIVIRIDAE.

Aegyptianella A genus of Gram-negative bacteria of the fam-
ily ANAPLASMATACEAE. Cells: pleomorphic cocci (diam. ca.
0.3-0.8 um) which form membrane-limited inclusion bodies
(each containing up to 30 cells) within the erythrocytes of the
infected host (cf. ANAPLASMA). The sole species, A. pullorum,
is parasitic in a range of birds and can cause disease e.g. in
chickens; transmission occurs mainly or exclusively via ticks.
A. pullorum occurs in southern Europe and the Mediterranean
area, in Africa south of the Sahara, and in Asia.

aequihymeniiferous See LAMELLA.

Aer See AEROTAXIS.

aerial mycelium In many actinomycetes: mycelium which
projects above the level of the medium; no aerial mycelium is
formed e.g. by Arachnia or Intrasporangium, while Sporichthya
forms only aerial mycelium. Aerial mycelium and SUBSTRATE
MYCELIUM differ e.g. morphologically, structurally and physio-
logically [Book ref. 73, pp. 169—170]; aerial mycelium is typi-
cally less branched and, in at least some species, its surface is



hydrophobic. In some genera the aerial mycelium is the main,
or only, part of the organism which bears spores or sporophores.

Aerobacter  An obsolete bacterial genus (nom. rejic.). Most
strains formerly regarded as ‘Aerobacter aerogenes’ are refer-
able (e.g. on the basis of motility) to Klebsiella pneumoniae or to
Enterobacter aerogenes. [Book ref. 21, pp. 322, 324, 339-340.]

aerobactin  See SIDEROPHORES.

aerobe An organism which has the ability to grow in the
presence of oxygen, i.e., in or on media or substrates which
are in contact with air — the term commonly being reserved
for those organisms which, in nature, normally grow in aerobic
habitats; some aerobes can also grow under anaerobic conditions,
i.e., they are FACULTATIVE anaerobes. (cf. ANAEROBE; see also
MICROAEROPHILIC and ANAEROBIC RESPIRATION.)

aerobic (1) Refers to an environment in which oxygen is present
at a partial pressure similar to that in air. (cf. ANAEROBIC,
MICROAEROBIC.) (2) Having the characteristic(s) of AEROBE(S).

aerobiosis (1) The state or condition in which oxygen is present.
(2) Life in the presence of air.

Aerococcus A genus of Gram-positive bacteria of the family
Streptococcaceae. Cells: non-motile cocci, commonly in pairs
and tetrads. Growth occurs optimally under microaerobic con-
ditions; glucose is fermented homofermentatively to L(4)-lactic
acid. Some strains form a pseudocatalase. A. viridans (formerly
Gaffkya homari and Pediococcus homari) is the causal agent of
GAFFKAEMIA.

aerogenic Gas-producing.

aeromonad A species or strain of Aeromonas.

Aeromonadaceae See AEROMONAS.

Aeromonas A genus of Gram-negative bacteria of the VIBRI-
ONACEAE. [Proposal to move Aeromonas from the Vibrionaceae
to a new family, Aeromonadaceae: SAAM (1985) 6 171-182;
1JSB (1986) 36 473-477.] Cells variable: straight, round-
ended rods or coccobacilli (0.3—1.0 x 1.0-3.5 um) — occurring
singly, in pairs, or in short chains — or short filaments. The
genus is divided into two groups: non-motile psychrotrophs
(A. salmonicida) and motile mesophiles (A. hydrophila group).
Motile cells usually have a single, polar, unsheathed flagellum
(wavelength ca. 1.7 um); some cells in young cultures on solid
media may be peritrichously flagellate. Aeromonas spp are oxi-
dase +ve; a range of sugars and organic acids can be used as
carbon sources; acid (£ gas) is formed from glucose but not e.g.
from inositol; gelatinase, DNase, RNase and Tween 80 esterase
(lipase) are formed; NO3~ is reduced to NO,~. NaCl is not
required for growth. Strains are resistant to O/129. Most strains
can grow on e.g. nutrient agar or trypticase-soy agar but usually
not e.g. on TCBS agar. [Media, identification etc: Book ref. 46,
pp. 1288—1294.] GC%: 57—63. Type species: A. hydrophila.

The taxonomy of the motile strains remains unsettled.
Three species have been recognized: A. hydrophila, A. caviae
and A. sobria [Book ref. 22, pp. 545-548]. (‘A. punctata’ is
regarded as a later synonym of A. hydrophila, with VP —ve,
anaerogenic strains now included in A. caviae; ‘A. proteolytica’
= Vibrio proteolyticus.) Motile strains can grow on many media
used for enterobacteria (e.g. DCA, MacConkey’s agar), usu-
ally forming colourless (lactose —ve) colonies. Optimum growth
temperature: ca. 28°C, maximum usually 38—41°C; some strains
can grow at 5°C. Species occur in fresh water, sewage, and
associated with aquatic animals; strains can cause disease in
fish (see e.g. RED PEST and RED MOUTH), amphibians (e.g. RED
LEG), reptiles, and cattle, and in man — causing e.g. septicaemia,
meningitis, gastroenteritis (enterotoxigenic strains), etc.

A. salmonicida has an optimum growth temperature of
22-25°C, maximum usually ca. 35°C; most strains can grow

aesculin

at 5°C. Three subspecies are recognized. Subsp salmonicida is
indole —ve, aesculin +ve, and produces a water-soluble brown
pigment when grown aerobically on media containing 0.1% tyro-
sine or phenylalanine. Subsp achromogenes is indole +ve/—ve,
aesculin —ve, and does not produce brown pigment. Subsp
masoucida is indole +ve, aesculin +ve, and does not produce
brown pigment. A. salmonicida is haemolytic on blood agar.
The species is strictly parasitic and often pathogenic in fish,
causing e.g. FURUNCULOSIS and secondary infections in various
other diseases.

[Aeromonas bacteriophages: Ann. Vir. (1985) 136E 175-199.]

aerosol Minute (colloidal) particles of liquid and/or solid dis-
persed in a gas (e.g. air), formed e.g. by sneezing, coughing,
liquids splashing, bubbles bursting, etc. An aerosol may contain
viable microorganisms.

aerotaxis A TAxIS in which a (motile) cell migrates along
an oxygen concentration gradient to a location where the
concentration of oxygen is optimal for that cell.

In bacteria, aerotaxis appears to be exhibited by all aerobic
and facultatively aerobic motile species. Interestingly, though,
organisms which use oxygen as terminal electron acceptor in
energy metabolism do not necessarily migrate to positions where
oxygen is at atmospheric levels; for example, the respiratory-
type bacterium Azospirillum brasiliense is microaerophilic, and
this organism migrates towards regions where the oxygen
concentration is only 3—5 uM. (This species may have a highly
efficient oxidase which enables it to carry out oxygen-based
respiratory metabolism in microaerobic conditions.)

For some time it has been thought that aerotaxis may be linked
to changes in proton motive force (pmf). In support of this idea,
it was found that different types of change in pmf (i.e. increases
or decreases) are associated with different effects on motility;
thus, for example, if the partial pressure of oxygen is kept
constant, then an artificially induced increase in pmf encourages
smooth, continual swimming, while a decrease in pmf promotes
tumbling in peritrichously flagellated cells. More recently it
has been shown that, in A. brasiliense, pmf increases when the
cell swims towards the preferred concentration of oxygen and
decreases when the cell swims in the opposite direction; this has
suggested that the change in level of pmf acts as a signal which
regulates aerotactic movements [JB (1996) 178 5199-5204].
Aerotaxis apparently cannot occur in a bacterium in which the
pmf is at a maximum; under such conditions certain other (pmf-
independent) taxes — e.g. CHEMOTAXIS — may occur.

In Escherichia coli a sensor protein, Aer, may mediate
aerotaxis by responding to redox changes in component(s) of the
electron transport chain; the Tsr protein (an MCP in chemotaxis)
appears to be another, independent sensor for aerotaxis and may
respond to changes in pmf [PNAS (1997) 94 10541-10546].

aerotolerant Refers to an ANAEROBE which, in the presence of
air, can either survive (but not grow) or grow at sub-optimal
rates.

aeruginocin  Syn. PYOCIN.

aesculin (esculin) The 6-B-D-glucosyl derivative of 6,7-di-
hydroxycoumarin. Certain bacteria (e.g. most strains of the
former group D streptococci, many Bacteroides spp — including
B. fragilis) can hydrolyse aesculin to yield 6,7-dihydroxycou-
marin which gives a brown coloration with soluble ferric salts.
(Hydrolysis may also be detected by the disappearance of
aesculin fluorescence under Wood’s lamp.)

Various media are used for aesculin hydrolysis tests. Aesculin
broth may contain e.g. aesculin (0.1%) and FeCls (0.05%) in
heart infusion broth. Aesculin agar is aesculin broth gelled with



aethalium

agar. Bile—aesculin agar contains e.g. oxgall (4%), aesculin
(0.1%) and ferric citrate (0.05%) in nutrient agar. Bacteroides
bile—aesculin agar is bile—aesculin agar with the addition of
e.g. haemin and gentamicin.

The former group D streptococci can be identified by their
ability to cause blackening on bile—aesculin agar slants — usually
within 48 h; most non-group D streptococci do not cause black-
ening, although some viridans streptococci may do so.

aethalium See MYXOMYCETES.

aetiology (etiology) The study of causation. The aetiological
agent of an infectious disease is the organism which initi-
ates/causes the disease.

aetioporphyrins See PORPHYRINS.

AEV Avian erythroblastosis virus: see AVIAN ACUTE LEUKAEMIA
VIRUSES.

AF-2 (furylfuramide) See NITROFURANS.

AFC (immunol.) Antibody-forming cell.

AFDW  Ash-free dry weight.

affinity (immunol.) The strength of binding between a given anti-
body and a single antigenic determinant or monovalent hapten.
Factors which affect affinity include the area of contact between
the antibody combining site and the antigenic determinant, the
closeness of fit, and the nature of the intermolecular forces
involved. (cf. AVIDITY.)

affinity chromatography See CHROMATOGRAPHY.

affinity labelling A technique used to identify the COMBINING
SITE of an antibody. In one method, the antibody is allowed
to combine with a homologous HAPTEN (the ‘affinity label’)
that carries an azide side-chain; on subsequent irradiation with
ultraviolet light the azide forms a highly reactive nitrene group
that combines with any of a range of organic groups in
the combining site. The nature of the combining site may
subsequently be determined e.g. by chemical analysis.

affinity maturation See ANTIBODY FORMATION.

affinity tail See FUSION PROTEIN.

aflatoxicosis A MYCOTOXICOSIS caused by ingestion of AFLATOX-
INS.
aflatoxins A group of MYCOTOXINS, produced by strains of

Aspergillus flavus and A. parasiticus, which contain a bifuran
moiety fused at the 4,5 ring positions to a substituted coumarin.
(cf. STERIGMATOCYSTIN.) Aflatoxins are soluble in organic
solvents, and some exhibit fluorescence on UV irradiation;
they are extremely heat-stable. Aflatoxins are toxic to a wide
range of eukaryotes; they can retard germination and growth
in plants, inhibit the germination of several moulds (e.g.
Mucor, Neurospora, Penicillium), and are hepatotoxic and
hepatocarcinogenic in animals. Severe outbreaks of disease have
occurred in domestic animals and poultry fed with aflatoxin-
contaminated feedstuffs — particularly groundnut and cereal
feeds. (See also HEPATITIS X; TURKEY X DISEASE; cf. RUBRATOXINS.)
Aflatoxins can affect the immune system, reducing resistance to
infection, and may increase the risk of hepatocellular carcinoma
due to HEPATITIS B VIRUS infection. The toxins can inhibit mitosis
in tissue cultures. Aflatoxins may e.g. cause errors in DNA
replication by reacting with guanine bases; toxic effects may
differ in different species. [Aflatoxin biosynthesis genes: AEM
(2004) 70 1253-1262; (2005) 71 3192-3198.]

AFLP fingerprinting A PCr-based TYPING method [original
description: NAR (1995) 23 4407-4414] which requires only
a small amount of purified genomic DNA. The principle
of the method is outlined in the figure. (In the standard
protocol, primers are end-labelled; a simplified procedure avoids
the need for end-labelling of primers by using o-labelled

nucleotides (a-[*>P]-dATP) that are incorporated into products
during amplification [BioTechniques (2000) 28 622-623].)

[Taxonomic evaluation of Bacillus anthracis and related
species by AFLP fingerprinting: JB (1997) 179 818-824.
AFLP fingerprinting used for detecting genetic variation in
Xanthomonas: Microbiology (1999) 145 107—114. AFLP-based
study of Escherichia coli: JCM (1999) 37 1274—-1279. Review
of AFLP fingerprinting: JCM (1999) 37 3083-3091.]

African farcy Syn. EPIZOOTIC LYMPHANGITIS.

African horse sickness An infectious HORSE DISEASE caused by
an Orbivirus and transmitted by insects (e.g. Culicoides spp); it
occurs in Africa, parts of the Middle East, and the Mediterranean
region. The disease may be acute, with an incubation period
of ca. 5-7 days, followed by fever, laboured breathing, severe
paroxysms of coughing, and a profuse nasal discharge of
yellowish, frothy serous fluid; death usually occurs within 4-5
days of onset. Subacute forms of the disease may occur in
enzootic areas: an incubation period of up to 3 weeks is followed
by oedema of the head region, spreading to the chest; cardiac
and pulmonary symptoms and paralysis of the oesophagus may
occur, but mortality rates are generally lower than in the acute
form. A mild form involving fever and moderate dyspnoea
(‘horse sickness fever’) may occur e.g. in partially immune
animals. African horse sickness may also cause severe debility in
mules and donkeys, but mortality rates are lower than in horses.
Control: e.g. vaccination; control of vectors.

African swine fever A highly infectious PIG DISEASE which
clinically resembles European SWINE FEVER (q.v.); it occurs e.g.
in Africa, Spain and Portugal. The causal agent is a virus
previously classified in the IRIDOVIRIDAE but currently considered
to belong to a separate family. The virion is icosahedral,
enveloped, and contains a DNA-dependent RNA polymerase
and RNA-modifying enzymes; the genome is dsSDNA (MWt ca.
100 x 10) in which the strands are covalently joined at each end
(cf. POXVIRIDAE), and which contains terminal inverted repeats.

African trypanosomiases See TRYPANOSOMIASIS.

ag (immunol.) ANTIGEN.

Agamococcidiorida An order in the COCCIDIASINA.

agamont See ALTERNATION OF GENERATIONS.

agar A complex galactan which is widely used (in gel form) as
a base for many kinds of solid and semi-solid microbiological
MEDIUM; agar (or agarose — see below) is also used e.g. in tech-
niques such as GEL DIFFUSION, GEL FILTRATION and ELECTROPHORE-
sis, and in industry as a gelling agent in foods, pharmaceuticals
etc. Agar is produced by many marine rhodophycean algae and is
obtained commercially from e.g. Gelidium and Gracilaria spp;
in the alga it is associated with the CELL WALL and intercellu-
lar matrix. (The term ‘agar’ derives from the Malay agar-agar
which refers to certain edible seaweeds.)

Agar consists of two main components: agarose (ca. 70%) and
agaropectin (ca. 30%). Agarose is a non-sulphated linear poly-
mer consisting of alternating residues of D-galactose and 3,6-
anhydro-L-galactose: [-3,6-anhydro-a-L-galactopyranosyl-(1 —
3)-p-p-galactopyranosyl-(1 — 4)-],; in agarose from some spe-
cies, a proportion of the D-galactose residues have 6-O-methyl
substituents. Agaropectin is a mixture of sulphated galac-
tans which may also contain e.g. glucuronic acid or pyruvic
acid, depending on source. (Agar-like substances from non-
commercial seaweeds show various structural differences from
commercial agar [Book ref. 38, pp. 291-292].)

An agar gel is a translucent or transparent jelly-like sub-
stance formed when a mixture of agar and water is heated
to >100°C and then cooled; gelling occurs at ca. 40-45°C.



(a) l adaptor restriction fragment adaptor

(b) — — — —=NNNG-3’ 5’-AATTGNNNNNNN-3"
— — — —NNNCTTAA-5 CNNNNNNN-5
() — — — —NNNGAATTGNNNNNNN-3

— — — —NNNCTTAACNNNNNNN-5"

(d) — — — —NNNGAATTGNNNNNNN-3’
TCTTAACNNNNNNN-5" < primer

AFLP FINGERPRINTING (principle, diagrammatic).

Chromosomes of the test strain are initially digested with two types of RESTRICTION ENDONUCLEASE, commonly EcoRI (recognition site: G/AATTC)
and Msel (recognition site: T/TAA). As a result, the two sticky ends of each fragment may be created either by the same enzyme or by different
enzymes.

The chromosomal fragments are then mixed with ‘adaptor’ molecules of two types, here designated A and B. Each type of adaptor
molecule is a short DNA sequence which has one sticky end that corresponds to the recognition sequence of one of the two restriction
enzymes. The reaction mixture contains a ligase, so that covalent binding between fragments and adaptor molecules gives rise to the
following sequences: A-fragment-A, A-fragment-B, B-fragment-A and B-fragment-B. Note. In each adaptor molecule a ‘mutant’ nucleotide is
incorporated immediately adjacent to the sticky end so that, after ligation to a fragment, the cutting site of the enzyme is not restored; thus,
following ligation, the sequence is not susceptible to restriction.

The fragments, flanked on each side by (ligated) adaptor molecules, are now subjected to PCR under high-stringency conditions.

Each PCR primer is designed to be complementary to one or other of the adaptor molecules, including the restriction site; however, an
important feature of each primer is that its 3’ end extends for one or a few nucleotides beyond the restriction site —i.e. into the ‘unknown’
fragment. The one (or few) 3’ nucleotide(s) of the primer are selective nucleotides, i.e. the primer will be extended only if these nucleotides
are paired with complementary nucleotides in the fragment. Hence, while primers may bind to all fragments in the mixture, only a subset of
fragments will be amplified, i.e. those fragments containing nucleotides that are complementary to the selective 3’ nucleotide(s) of the primer.
A primer with one selective nucleotide has a 1-in-4 chance of binding to a complementary nucleotide in the fragment; this type of primer will
amplify only about one in four of the fragments to which it binds.

The primers of one type are labelled so that, following PCR and gel electrophoresis of the products, a fingerprint of (e.g. ~50-200) detectable
bands is obtained.

(a) Each restriction fragment is flanked by (ligated) adaptor molecules.

(b) Left. A fragment’s sticky end produced by EcoRI (N = nucleotide). Right. An adaptor molecule with the complementary 5-AATT overhang;
note that, in the overhang strand, the 5'-AATT is followed by G, rather than C.

(c) Following base-pairing of the sticky ends in (b), and ligation, the resulting sequence

5'-GAATTG-3'
3'-CTTAAC-5'

differs from the cutting site of EcoRI and is not susceptible to cleavage by EcoRI.

(d) During cycling, a primer binds to one strand of the fragment-adaptor junction region. As this primer’s 3'-terminal (selective) nucleotide is
T, the primer will be extended only if the complementary nucleotide (A) occurs at this location in the fragment; extension will not occur on this
fragment if T is mis-matched.

Reproduced from Figure 7.6, page 193, in DNA Methods in Clinical Microbiology (ISBN 07923-6307-8), Paul Singleton (2000), with kind
permission from Kluwer Academic Publishers, Dordrecht, The Netherlands.



agar diffusion test

Media made from Japanese agars usually contain 1.5-2.0% w/v
agar; however, semi-solid agars contain 0.5% or less, and stiff
agars contain e.g. 8% w/v. (If New Zealand agars are used,
these concentrations should be halved to give gels of similar
strengths.) Sterile gels are prepared by autoclaving a suspension
of agar in water (see AUTOCLAVE). Growth media are prepared by
adding nutrients, selective agents etc to the agar — usually before
autoclaving but sometimes after (see e.g. BLOOD AGAR). If the
medium is to have a pH of 6.0 or less, the pH must be adjusted
after autoclaving, since agar is hydrolysed during heating at low
pH. Various refined forms of agar may be used for specific pur-
poses: e.g. ion-free agar may be used in immunoelectrophoresis.
(See also ELECTROENDOSMOSIS.)

Agar is a useful base for microbiological media in that
it gels at moderate temperatures and, once set, the gels are
stable at temperatures up to ca. 65°C or higher (although
syneresis tends to occur at these temperatures); furthermore,
the ability to degrade agar is confined to only a few organisms
(including e.g. strains of Streptomyces coelicolor, certain marine
pseudomonads, marine species of Cytophaga). (cf. GELATIN.)
However, agar shortages, product variability, and rising prices
have led to a search for suitable substitutes for agar; substitutes
which have found some applications include CARRAGEENAN,
Gelrite (see GELLAN GUM), low-methoxy PECTINS, and SILICA GELS.

agar diffusion test A DIFFUSION TEST which differs from the
DISC DIFFUSION TEST in that, instead of employing antibiotic-
impregnated discs, a solution of each antibiotic is allowed to
diffuse from a separate ‘well’ cut into the agar.

agar dilution test See DILUTION TEST.

agar disc diffusion test Syn. DISC DIFFUSION TEST.

agar gel diffusion See GEL DIFFUSION.

agar plate See PLATE.

agar-slide method Syn. DIP-SLIDE METHOD.

agaric (1) Any fungus of the Agaricaceae. (2) Any fungus of
the AGARICALES. (3) Any fungus whose hymenium is borne on
lamellae (see LAMELLA).

Agaricaceae See AGARICALES.

Agaricales An order of terrestrial (typically humicolous or
lignicolous), mainly saprotrophic fungi (subclass HOLOBASID-
IOMYCETIDAE) most of which form mushroom-shaped, gymno-
carpic or semiangiocarpic, fleshy fruiting bodies in which the
hymenium is borne on radially arranged ‘gills’ (= lamellae, see
LAMELLA) on the underside of the pileus; the pileus and (when
present) stipe do not contain sphaerocysts (cf. RUSSULALES). (See
also SECOTIOID FUNGI.) The order may be divided into families on
the basis of e.g. basidiospore colour, the structure of the trama,
and the nature of the cortical layers of the pileus [Book ref. 64,
pp. 7-8]; these families include:

Agaricaceae. Basidiocarp: stipitate, typically with an annulus
when mature; basidiospores: typically dark brown or colourless,
but not rust- or cinnamon-coloured. Genera include AGARICUS
and LEPIOTA.

Amanitaceae. Basidiocarp: stipitate, the lamellae each having
a divergent BILATERAL TRAMA; basidiospores: white or pale. Some
species form both a PARTIAL VEIL and a UNIVERSAL VEIL. Genera
include AMANITA (volva formed), Limacella (volva not formed),
and TERMITOMYCES.

Bolbitiaceae. Basidiocarp: stipitate; basidiospores: ochre or
cinnamon to rust-brown. Genera include Agrocybe and Cono-
cybe.

Coprinaceae. Basidiocarp: stipitate, a palisade-like layer of
cells occurring in the pellis; basidiospores: dark or black, each
usually containing a germ pore. Genera include COPRINUS and
Psathyrella.

Cortinariaceae. Basidiocarp: stipitate, characteristically with a
fine, cobweb-like cortina; basidiospores: rust-coloured or some
shade of brown, smooth to rough. Genera include Cortinarius,
Galerina, Inocybe (see also MUSCARINE).

Crepidotaceae. Basidiocarp: non-stipitate, or with a rudi-
mentary lateral stipe; basidiospores: cinnamon-coloured. Genera
include CREPIDOTUS.

Hygrophoraceae (‘wax caps’). Basidiocarp: stipitate, often
brightly coloured, the lamellae being waxy, and the basidia
typically elongated; basidiospores: colourless. Genera include
Hygrocybe and Hygrophorus.

Pluteaceae. Basidiocarp: stipitate with a volva, the lamellae
each having a convergent BILATERAL TRAMA; basidiospores: pink.
Genera include Volvariella (see also PADI-STRAW MUSHROOM).

Strophariaceae. Basidiocarp: stipitate (stipe often elongated),
pileus e.g. buff, yellow, ochre, or (in Stropharia aeruginosa)
greenish; basidiospores: typically brown to purplish-brown.
Genera include Hypholoma, Panaeolus, Pholiota, Psilocybe,
Stropharia. (See also HALLUCINOGENIC MUSHROOMS.)

Tricholomataceae. Basidiocarp: stipitate, lamellae with non-
bilateral trama; basidiospores: white or pink, without a germ
pore. Genera include ARMILLARIA, Clitocybe, Collybia, Crinipel-
lis (see also WITCHES’ BROOM), Flammulina (see also ENOKITAKE),
LENTINULA, LEPISTA, Marasmius (see also MYCORRHIZA), Mycena
(see also BIOLUMINESCENCE), Omphalotus, Oudemansiella, Tri-
choloma.

agaricoid Refers to the type of fruiting body which is characteris-
tic of fungi of the AGARICALES: gymnocarpic, with the hymenium
forming a layer on lamellae and giving rise to ballistospores. (cf.
GASTEROID.)

Agaricus (formerly Psalliota) A genus of fungi (AGARICALES,
Agaricaceae), most (not all) species of which are edible. Except
in A. brunnescens, the basidia each form four basidiospores;
basidiospores are dark brown and commonly ovoid. A. arvensis
is the horse mushroom, A. campestris the common or field
mushroom, and A. silvicola the wood mushroom (all edible
species). A brunnescens (= A. bisporus), a species which forms
two-spored basidia, is the cultivated mushroom (see MUSHROOM
CULTIVATION). (See also FUNGUS GARDENS.)

agarobiose A disaccharide: 3,6-anhydro-4-O-(B-D-galactopyra-
nosyl)-L-galactose, a degradation product of AGAR.

agaropectin See AGAR.

agarophyte (agarphyte) Any AGAR-producing seaweed.

agarose See AGAR.

age-dependent polioencephalomyelitis (in mice) See LACTATE
DEHYDROGENASE VIRUS.

agglutinated test (protozool.) See e.g. FORAMINIFERIDA.

agglutination The formation of insoluble aggregates following
the combination of antibodies with cells or other particulate
antigens (see e.g. WEIL-FELIX TEST) or with soluble antigens
bound to cells or other particles (see e.g. LATEX PARTICLE TEST),
or following the combination of soluble (or particulate) antigens
with cell-bound or particle-bound antibodies (see e.g. PROTEIN
A); agglutination may also be mediated by e.g. LECTINS or by
fibrinogen (see clumping factor in COAGULASE). Agglutination
may be detected macroscopically as suspended aggregates or
(subsequently) as sedimented aggregates. (See also PASSIVE
AGGLUTINATION and HAEMAGGLUTINATION; cf. PRECIPITATION and
FLOCCULATION sense 1.)

On sedimentation, agglutinated particles may form a mat over
a relatively large area of the bottom of the test-tube; by contrast,
non-agglutinated particles generally sediment to form a smaller,
dense button in the control tube.



agglutination factor (algol.) See CHLAMYDOMONAS.

agglutination test Any test in which reactions between partic-
ulate and/or soluble entities (particularly free or particle-bound
antibodies and antigens) is detected by AGGLUTINATION.

agglutinin (1) Any ANTIBODY involved in an AGGLUTINATION
reaction. (2) Any substance which can agglutinate cells or
inanimate particles by binding to their surface components.

agglutinogen The antigen homologous to an agglutinin.

Aggregata  See EIMERIORINA.

aggregate gold standard See GOLD STANDARD.

aggregation substance See PHEROMONE.

aggressin  Any product or component of a pathogenic microor-
ganism which promotes the invasiveness of that organism — see
€.g. HYALURONATE LYASE. (cf. STREPTOKINASE; see also ADHESION
and IGA1 PROTEASES.)

aglycon The non-sugar portion of a glycoside.

agmatine See e.g. DECARBOXYLASE TESTS.

Agmenellum A phycological genus of ‘blue-green algae’ cur-
rently included in the SYNECHOCOCCUS complex.

agnogene See AGNOPROTEIN.

agnoprotein A 61-amino acid, highly basic polypeptide encoded
by a gene (the ‘agnogene’) in the late leader region of SIMIAN
VIRUS 40; it appears to play a role in viral assembly.

Agonomycetales (Mycelia Sterilia) An order of fungi (class
HYPHOMYCETES) which include species that form neither conidia
nor sexual structures, though some species have been found to
have teleomorphs in the Ascomycotina or the Basidiomycotina.
The order includes lichenized fungi (e.g. LEPRARIA) and plant
pathogens (see e.g. RHIZOCTONIA and SCLEROTIUM).

agr locus (in Staphylococcus aureus) Accessory gene regulator
locus: a chromosomal sequence which encodes, inter alia, (i) the
sensor and response regulator of a TWO-COMPONENT REGULATORY
SYSTEM (AgrA—AgrC), and (ii) an octapeptide ‘pheromone’
which is secreted by the cell and which, at appropriate con-
centrations (see QUORUM SENSING), activates the two-component
system. When activated, the AgrA—AgrC system upregulates
expression of the (agr-encoded) transcript RNA III which, in
turn, regulates the expression of genes for exotoxins and certain
cell-surface-associated virulence factors.

Another two-component system, encoded by the srrAB genes
(staphylococcal respiratory response genes), appears to regulate
the expression of exotoxins and certain cell-surface virulence
factors in accordance with the levels of environmental oxygen,
such regulation being exerted, in part, via the agr system [JB
(2001) 183 1113-1123].

agranulocyte Any white blood cell which has non-granular
cytoplasm, e.g., a LYMPHOCYTE.

Agrobacterium A genus of Gram-negative bacteria of the
RHIZOBIACEAE. Cells: rods (0.6—1.0 x 1.5-3.0 um), capsulated.
Motile, with between one (often non-polar) and six peritrich-
ous flagella. Optimum growth temperature: 25-28°C. Species
can metabolize a wide range of mono- and disaccharides and
salts of organic acids; acid (no gas) is formed from glucose
(which is metabolized mainly via the ENTNER-DOUDOROFF PATH-
WAY and the HEXOSE MONOPHOSPHATE PATHWAY). Colonies on
carbohydrate-containing media are typically mucilaginous, abun-
dant extracellular slime (including a neutral (1 — 2)-p-glucan)
being produced. (See also CURDLAN.) Some strains can use
NH4"and NO; ™ as nitrogen sources, while others require amino
acids; some strains can carry out NITRATE RESPIRATION. Nitro-
gen fixation does not occur. GC%: 57-63. Type species:
A. tumefaciens.

Agrocybe

Agromyces

Agropyron mosaic virus

AHG

Agrobacterium spp occur in soil, mainly in the rhizosphere.
All (except A. radiobacter) can infect a wide range of dicotyle-
donous plants (and some gymnosperms) and induce the for-
mation of self-proliferating galls or adventitious roots. The
species are defined primarily or solely on the basis of their
pathogenic characteristics: A. radiobacter 1is non-pathogenic,
A. rhizogenes causes HAIRY ROOT, A. rubi causes CANE GALL,
and A. tumefaciens causes CROWN GALL. However, pathogenic-
ity depends on the presence of a plasmid(s) and can readily
be altered or lost; hence the currently recognized species do
not reflect true taxonomic relationships among the agrobacteria.
[Book ref. 22, pp. 244-254.]

[Media and culture: Book ref. 45, 842-855.]

agrocin 84 See AGROCINS.

agrocinopines A class of (sugar phosphodiester) opines found in
CROWN GALL. (See also AGROCINS.)

agrocins Antibiotics which are produced by certain strains of
Agrobacterium and which are active against other strains of
the same genus; being non-protein in structure, agrocins are
not strictly BACTERIOCINS. Agrocin 84 is produced by a non-
pathogenic, nopaline-catabolizing strain of A. radiobacter (strain
84, NCPPB 2407) and is selectively active against agrobac-
teria which harbour a nopaline Ti plasmid. Strain 84 is used
in the BIOLOGICAL CONTROL of CROWN GALL; a cell suspension
is used to treat seeds, roots or wounded plant surfaces (e.g.
graft wounds), and almost 100% control of nopaline pathogens
(responsible for most of the economic damage due to crown
gall) can be achieved. Agrocin 84 is an adenine nucleotide
derivative containing an N°-phosphoramidate substituent (nec-
essary for uptake by sensitive cells) and a 5'-phosphoramidate
substituent (necessary for toxicity). Agrocin 84 is taken up by
sensitive strains via a high-affinity ‘agrocin permease’, appar-
ently an agrocinopine transport system normally inducible by
agrocinopines (sugar phosphodiesters) present in galls caused by
nopaline strains. Strain 84 contains at least three plasmids: one
(pAgK84, 47.7 kb) coding for agrocin 84 production, another
(pAt84b, ca. 200 kb) coding for nopaline catabolism. pAgK84
is self-transmissible only at very low frequencies, but can be
mobilized by the conjugative plasmid pAt84b. As transfer of
pAgK84 to a crown gall pathogen could threaten the contin-
ued use of agrocin 84 in biocontrol, a transfer-deficient mutant
strain was prepared. However, strain K84 apparently exerts some
activity against agrocin 84-resistant pathogens independently of
pAgK84 [AEM (1999) 65 1936—1940].

See AGARICALES (Bolbitiaceae).

agroinfection A method for introducing viral DNA (or cDNA)
into a plant. Viral DNA is initially incorporated into the T-DNA
part of a Ti plasmid. The plasmid is then introduced into the
bacterium Agrobacterium tumefaciens—which is used to infect
the plant; during infection the viral DNA is transferred to plant
cells within the T-DNA (see CROWN GALL). [Example of use: JV
(2003) 77 3247-3256.]

A genus of microaerophilic to anaerobic, catalase-
negative, asporogenous bacteria (order ACTINOMYCETALES, wall
type VII — see also PEPTIDOGLYCAN). The organisms grow as a
branched mycelium which subsequently fragments into coccoid
and diphtheriod forms; metabolism: oxidative. A. ramosus, the
type species, occurs in large numbers in certain soils; it appears
to attack and destroy other species of bacteria [AEM (1983) 46
881-888].

agropine See CROWN GALL and HAIRY ROOT.

See POTYVIRUSES.

AHG (serol.) Anti-human globulin: ANTIGLOBULIN homologous
to human globulins.



AHL

AHL See QUORUM SENSING.

ahpC gene  See ISONIAZID.

AID (activation-induced cytidine deaminase) See RNA EDITING.

AIDA-I In Escherichia coli: an adhesin that mediates diffuse
adherence (to e.g. HeLa cells) — hence the designation adhesin
involved in diffuse adherence. AIDA-I is the o domain of an
autotransporter (see type IV systems in PROTEIN SECRETION); in
wild-type cells the o domain is apparently cleaved (autocat-
alytically?), but it remains attached (non-covalently) to the cell
surface.

(See also AUTODISPLAY.)

aidB gene See ADAPTIVE RESPONSE.

AIDS (acquired immune deficiency syndrome) In an HIVT indi-
vidual (see HIV): the stage of disease characterized by (i) counts
of CD4%" T LYMPHOCYTES commonly within or below the range
200-500/ul (in adults and adolescents) and (ii) the presence
of one or more category C diseases (AIDS-defining diseases
specified in the clinical staging system of the Centers for Dis-
ease Control (CDC), Atlanta, Georgia, USA); category C dis-
eases include e.g. CANDIDIASIS of the lower respiratory tract;
disseminated COCCIDIOIDOMYCOSIS; extrapulmonary CRYPTOCOC-
cosis; retinitis due to cytomegalovirus (BETAHERPESVIRINAE);
herpes simplex oesophagitis; HIV-related encephalopathy; extra-
pulmonary HISTOPLASMOSIS; chronic infection with ISOSPORA;
KAPOSI'S SARCOMA; primary lymphoma of the brain; extrapul-
monary infection with Mycobacterium tuberculosis (see also
MAC); pneumonia caused by PNEUMOCYSTIS CARINII; TOXOPLASMO-
s1s of the brain. [Infections in AIDS (MICROSPORIDIOSIS, invasive
pneumococcal disease, non-typhoid salmonellae): JMM (2000)
49 947-957.]

The normal CD4 count in adults/adolescents is ~1000/ul;
in neonates it is much higher (>2000), so that the adult-
based relationship between CD4 counts and susceptibility to
opportunist pathogens is not appropriate for very young children.

[AIDS Insight (various aspects): Nature (2001) 470 961-—
1007.]

Transmission/containment of HIV.

HIV can be transmitted: (i) by sexual contact (male <> female,
as well as homosexual); (i) via transfusion of (infected) blood
or blood products (e.g. contaminated Factor VIII formerly given
to haemophiliacs); (iii) via the placenta; (iv) by breast-feeding;
and (v) through use of contaminated needles by intravenous drug
abusers.

The highest concentration of virus (free and intracellular)
is found in blood; HIV also occurs e.g. in semen, milk and
cerebrospinal fluid.

Efforts to prevent/limit the spread of HIV have included:
(i) education (making clear the basic facts of the disease,
including routes of transmission); (ii) discouraging promiscuity;
(iii) encouraging the use of condoms; (iv) discouraging needle-
sharing by drug addicts; (v) screening of blood donors; (vi)
treatment of blood products.

Clinical manifestations of HIV infection.

Infection is commonly followed, in ~2—-6 weeks, by an early
‘acute’ phase which is characterized by high-level viraemia;
p24 antigen (the major core protein: see HIV) can often be
demonstrated in serum during the viraemic phase. Levels of
virus remain high for some weeks — after which there is a sharp
decline (and a loss of detectable p24 antigen); this decline in
viraemia appears to reflect the activity of antigen-specific CD8*
cytotoxic T cells (see T LYMPHOCYTE) and may also involve non-
specific killing of virus-infected cells by NK CELLS.
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Antibodies (e.g. anti-gpl20, anti-p24) are first detectable
~6-12 weeks after infection; their appearance may follow, or
coincide with, the rapid decline in viraemia.

During seroconversion some patients experience a serocon-
version illness which may include e.g. fever, sore throat, skin
rash, generalized lymphadenopathy, pneumonitis, gastrointesti-
nal and/or CNS involvement.

A subsequent phase of infection is characterized by per-
sistent generalized lymphadenopathy (PGL) (also called lym-
phadenopathy syndrome) — swollen lymph nodes reflecting an
active immune response to HIV. (In some cases, PGL is the
first manifestation of disease following infection, i.e. in patients
who do not exhibit an acute phase.) Infection may then become
asymptomatic (‘clinically latent’), and this state may continue for
months or years (during which time viral replication continues).

Patients with clinically latent infection, as well as those
with PGL, may pass directly to AIDS. Alternatively, both
types of patient may progress to AIDS via a further stage
commonly referred to as the AIDS-related complex (ARC)
(= category B of the CDC clinical staging system). Category B
diseases include bacillary angiomatosis (see BARTONELLA),
oropharyngeal candidiasis, HAIRY LEUKOPLAKIA, LISTERIOSIS, PID
(pelvic inflammatory disease), herpes zoster (involving at least
two distinct episodes, or more than one dermatome), and periph-
eral neuropathy.

In AIDS, the final stage, the CD4" count is often
<200 cells/pl; there is high-level viraemia, and the p24 antigen
is again detectable. Note that the AIDS-defining diseases (see
above) include those that result from infection by ‘low-grade’
pathogens, i.e. organisms which generally cause disease only
in those patients who are severely immunodeficient (including
HIV~™ individuals who may be immunodeficient for other
reasons). Conversely, the ‘high-grade’ pathogens (which can
cause disease even in the immunocompetent) may cause disease
in HIV*' patients whose immune system is only marginally
impaired.

Immunopathogenesis.

In HIVT individuals, the reduction in numbers of CD4* T cells
may arise in various ways — e.g. (i) productive infection by HIV
and subsequent lysis; (ii) killing of HIV-infected cells by HIV-
specific CD8™ cytotoxic T cells (see T LYMPHOCYTE) or by NK
CELLS; (iii) ADCC (of virus-infected cells). It also appears that
non-infected CD4" T cells may be susceptible to attack e.g.
by HIV-specific cytotoxic T cells or by NK CELLS; this may
occur when free (isolated) gpl20 protein (see HIV) binds to
CD4 on virus-free (‘bystander’) cells — such cells then becoming
vulnerable to the antiviral immune response. CD4" cells may
also be vulnerable to APOPTOSIS if viral gpl120 cross-links CD4
molecules on the cell surface, such cross-linking resulting in an
upregulation of the FAS antigen.

Following depletion of CD4™" T cells, the virus may persist
within tissue macrophages (see under Chemotherapy, below).

HIV infection produces (i) a direct effect (death of infected
cells), and (ii) an indirect effect (weakening of the overall
immune system). The direct effect may include neurological
deficits (e.g. encephalopathy) as well as immunological damage;
the indirect effect is manifested in the range of ARC and AIDS-
defining diseases (including both neoplastic and opportunistic
diseases).

Depletion of CD4™" T cells is only one of many abnormalities
in the immune system of HIVt/AIDS patients. Other types of
cell (including B cells) are reported to display abnormalities, and
DELAYED HYPERSENSITIVITY reactions may be either absent or of
reduced intensity.



The role of cYTOKINES in HIV infection has yet to be clarified,
but it seems that, at some stage, the cytokine milieu becomes
aberrant, and that increased amounts of e.g. TNF-o and several
interleukins (including INTERLEUKIN-4) are formed. It has been
suggested that TNF-o. may promote viral transcription through
activation of the host cell’s nuclear transcription factor, NF-
kB (see HIV), and that increased levels of IL-4 may bring
about a (deleterious) switch to the Th2 subset of T cells (see
T LYMPHOCYTE).

Diagnosis of HIV infection.
In adults and adolescents, laboratory diagnosis of HIV infection
is serologically based.

The viral antigen p24 (major core protein) is commonly
detectable (transiently) in blood during the initial viraemic
(acute) phase of infection, i.e. before any antibodies are
detectable. However, not all patients exhibit an acute phase of
infection; while a positive test for p24 is useful, a negative test
is not a reliable indication of the absence of HIV infection.

Tests for anti-HIV antibodies (e.g. anti-gp120) may be car-
ried out e.g. by ELISA. A positive result may be confirmed by
Western blot analysis of viral proteins. Antibodies are commonly
present by ~6 weeks post-infection, although positive serology
is sometimes delayed. (In some cases, patients who are serolog-
ically negative have been implicated, epidemiologically, in the
transmission of AIDS.)

Serology is inappropriate for neonates and very young chil-
dren: if the mother is HIVT then, owing to passive transfer of
maternal antibodies, the neonate will also contain anti-HIV anti-
bodies, whether infected or not. Culture is a useful approach for
diagnosis in this context.

The pre-seroconversion ‘window’ (the period, post-infection,

before development of antibodies) presents a problem in blood
transfusion because donor samples taken in this period are likely
to contain virus. To minimize this risk, samples can be subjected
to PCR-based tests designed to detect viral nucleic acid. Such tests
may involve initial concentration of virions from plasma [Lancet
(1999) 353 359-363]. Alternatively, the procedure may test for
the integrated (i.e. provirus) form of HIV; in this case, PCR
is carried out on DNA extracted from blood leukocytes [PNAS
(1999) 96 6394-6399]. (See also BLOOD DNA ISOLATION KITS.)
Chemotherapy for HIV infection.
The drug zidovudine (see AzT) was the first agent used for
the treatment of HIV infection. Although initially successful,
the use of AZT was found to be limited by the development
of drug-resistant strains of HIV. In recent years, combinations
of ANTIRETROVIRAL AGENTS have been used in so-called ‘highly
active antiretroviral therapy’ (see HAART). Attempts are being
made to extend the range of antiretroviral agents by developing
inhibitors of the viral integrase (in order to inhibit integration of
HIV provirus into the host cell’s genome). (See also NU-1320.)

Even with HAART, however, HIV commonly (or always)
emerges after cessation of therapy, and it is generally believed
that, during therapy, HIV persists in CD4" memory T cells.
However, using a chimeric virus (simian immunodeficiency
virus/HIV-1), it has been shown that tissue macrophages (in
lymph nodes, liver, spleen etc.) form the principal reservoir of
virus following depletion of CD4™" T cells in rhesus macaques;
this has suggested that macrophages may be a major source of
HIV in the symptomatic phase of human infection [PNAS (2001)
98 658-663].

The drug nevirapine is reported to inhibit intrauterine trans-
mission of HIV to the fetus in a proportion of cases.

One problem associated with chemotherapy is that the com-
bination of drugs used in HAART is often augmented by other
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drugs (e.g. antibiotics) used for the treatment of opportunistic
infections; this provides potential for adverse drug—drug inter-
actions. [Drug interactions in AIDS: JIMM (2000) 49 947-967
(957-962).]

One suggested approach is to combine chemotherapy (using
a range of drugs to discourage the emergence of resistant strains
of virus) with a programme of vaccination aimed at maintaining
or increasing the population of specific cytotoxic T lymphocytes
(CTLs); an appropriate level of CTLs would serve to augment
the effects of chemotherapy by helping to prevent the growth of
mutant strains of virus [PNAS (2000) 97 8193-8195].

Gene therapy. See GENE THERAPY.

Anti-AIDS vaccines.

The production of an anti-AIDS vaccine is fraught with difficul-
ties. One of the major problems is the extensive variability of
the envelope protein gp120 (see HIV); a vaccine which is active
against one isolate of HIV may be less active, or non-active,
against many other isolates.

Early attempts at a vaccine included the use of a recombinant
VACCINIA VIRUS containing the env sequence of HIV [Nature
(1987) 326 249-250].

More recently it has been found that a particular, hyper-
variable part of the gpl120 glycoprotein, the V3 loop, is an
immunodominant area which influences certain phenotypic fea-
tures of the virus, including infectivity; within this region is a
tetrapeptide subregion, GPGR (see AMINO ACID), which seems to
be conserved in a large number of field isolates.

Recent studies have examined the effect of variation in the V3
loop on the immunogenic potential of gp120, and it appears that
certain changes in composition have considerable influence on
the immune response to this glycoprotein [Arch. Virol. (2000)
145 2087-2103].

Considerable efforts are currently being made to find a
useful anti-AIDS vaccine, emphasis often being placed on the
need for combined antibody- and cell-mediated responses. In
one approach, a DNA VACCINE — HIV-derived DNA linked to
polylactide co-glycolide — was found significantly to improve
both cell-mediated and humoral immunity in monkeys. Use is
being made of various vectors in candidate vaccines — including
e.g. Salmonella, canarypoxvirus and Semliki Forest virus. [AIDS
vaccines (news focus): Science (2001) 297/ 1686—1688.]

AIDS-like diseases have been recognized in certain ani-
mals — e.g. cats (see FELINE LEUKAEMIA VIRUS) and monkeys (see
SIMIAN AIDS).

AIDS-related complex (ARC) See AIDS.

AIDS virus See AIDS.

Aino virus See AKABANE VIRUS DISEASE and BUNYAVIRUS.

air (microbiological aspects) Air normally contains various
microorganisms (particularly spores), pollen, and other partic-
ulate matter (see also AEROSOL); the microflora varies e.g. with
location, general weather conditions, and with particular factors
(such as relative humidity), while the viability of the microflora
depends e.g. on the extent to which the air has been exposed to
ultraviolet radiation. The airborne microflora is sampled e.g. in
studies on pneumonitis-type allergies [Book ref. 51, pp. 27-65],
environmental microflora [AEM (1983) 45 919-934], the sta-
bility of aerosols [AEM (1982) 44 903-908], and organisms of
potential meteorological interest [AEM (1982) 44 1059-1063].
Instruments used to sample the airborne microflora include those
of the simple gravity-type (e.g. the DURHAM SHELTER, TAUBER
TRAP), and e.g. the ALL-GLASS IMPINGER, ANDERSEN SAMPLER, HIRST
SPORE TRAP and ROTOROD (see also SLIT SAMPLER). (In the context
of air samplers the terms ‘impactor’ and ‘impinger’ are some-
times used indiscriminately; thus, e.g. the Andersen sampler has



air bladder

been described as a ‘sieve impinger’ [Book ref. 51, pp. 59-61]
and as a ‘cascade impactor’ [Book ref. 57, p. 163].) Individ-
ual types of sampler have particular limitations; for example,
gravity-type instruments tend to collect the larger particles in
preference to smaller ones, the Rotorod can be used only for
short periods of time in air containing high concentrations of
particulate matter, while some samplers tend to dehydrate the
collecting medium and the deposited microorganisms.

The air in confined spaces can be disinfected e.g. by ULTRA-
VIOLET RADIATION, by sprays of e.g. propylene glycol, or by the
use of hydrophobic membrane filters (see FILTRATION).

air bladder (algol.) Syn. PNEUMATOCYST.

air sacculitis A POULTRY DISEASE which affects mainly chickens
and turkey poults, particularly birds reared in broiler houses. It is
caused by Mycoplasma gallisepticum, M. synoviae or (in turkeys
only) M. meleagridis — often in association with Escherichia
coli or respiratory virus infection. Symptoms: coughing, nasal
discharge, conjunctivitis etc; sinuses below the eyes are char-
acteristically swollen. The air sacs become filled with a thick
white or yellowish caseous material. Transmission may occur
from parent to offspring via the egg and from bird to bird.

airlift fermenter A LOOP FERMENTER in which the circulation
of the culture is typically achieved by pumping air in at the
bottom of a DRAFT TUBE (or at the base of the annulus) — the
air being voided via an opening in the top of the column; the
air bubbles lower the hydrostatic pressure of culture in the draft
tube so that culture continually flows down the annulus and
up into the draft tube. (Reversed flow occurs if air is bubbled
into the annulus.) The ICI pressure-cycle fermenter (used for
Pruteen production — see SINGLE-CELL PROTEIN) is an example of
a tubular loop airlift fermenter. It consists essentially of two tall
vertical columns (of different diameters) which communicate
at top and bottom, and there is no draft tube; air is pumped
into the bottom of the wider column (the ‘riser’) and promotes
circulation on the airlift principle. This fermenter achieves a high
level of dissolved oxygen since oxygen solubility is increased by
the increased hydrostatic pressure at the base of the (tall) riser;
additionally, the physical separation of riser and downcomer
facilitates the removal of heat by allowing the inclusion of a
heat-exchanger in the downcomer. [Construction, behaviour and
uses of airlift fermenters: Book ref. 3, pp. 67-95.]

AIV process A process for preparing SILAGE by direct acidifi-
cation of vegetable matter (to ca. pH 3.5) with a mixture of
dilute HCI and HSOy. In the Penthesta process HC1 and H3POy4
are used.

Ajellomyces A genus of fungi of the GYMNOASCALES. A. dermati-
tidis = teleomorph of Blastomyces dermatitidis (q.v.); it is het-
erothallic and produces spherical, 8-spored asci. A. capsulatus =
teleomorph of Histoplasma capsulatum (q.v.).

Akabane virus disease A CATTLE DISEASE (which can also affect
sheep and goats) caused by the Akabane virus (genus BUN-
YAVIRUS, serogroup Simbu) and transmitted by midges (Culi-
coides spp) and mosquitoes; it occurs e.g. in Africa, Australia
and Japan. Infection of cows early in pregnancy causes malfor-
mation of the fetus; deformities depend on the stage of devel-
opment at the time of infection, but may involve absence of
cerebral hemispheres (hydranencephaly) and/or fixation of joints
leading to deformities of limbs and spine (arthrogryposis). Abor-
tion or stillbirth may occur. The cow shows no other clinical
symptoms.

A similar condition is caused by the Aino virus (Bunyavirus,
serogroup Simbu).

akinete (1) In certain CYANOBACTERIA: a specialized cell which
shows some resistance to desiccation and cold and which
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apparently functions as an overwintering propagule. Akinetes are
formed under various growth-limiting environmental conditions
(e.g., nutrient limitation); in e.g. Anabaena spp, akinetes develop
adjacent to HETEROCYSTS, while in e.g. Nostoc spp they develop
in positions midway between two heterocysts. An akinete is
typically larger than a vegetative cell; it has a thickened wall
and granular cytoplasm rich in storage materials (cyanophycin,
glycogen etc). Rates of photosynthesis, respiration etc are
usually much lower in akinetes than in vegetative cells; in
e.g. Anabaena doliolum, akinetes appear to be deficient in both
photosynthesis and inorganic nitrogen metabolism [JGM (1984)
130 1299-1302]. On germination of an akinete, a single cell
or short filament may be released via a pore in — or by rupture
of — the akinete wall, depending on species.

(2) (algol.) A thick-walled non-motile resting cell produced
by certain algae of the CHLOROPHYTA and XANTHOPHYCEAE.

(3) (mycol.) A non-motile spore.

akinetoplasty Obsolete syn. DYSKINETOPLASTY.

AKtA (of Actinobacillus actinomycetemcomitans) See RTX TOX-
INS.

AKV A replication-competent MURINE LEUKAEMIA VIRUS which
occurs endogenously in various strains of mice (e.g. AKR,
BALB/c). It appears to have given rise to the transforming
virus ‘AKR mink cell focus-forming virus’ (AKR-MCF) by
recombination with one or more endogenous xenotropic viruses.
(See also MCF VIRUSES.)

alafosfalin (alaphosphin; L-alanyl-L-1-aminoethylphosphonic acid)
A synthetic ANTIBIOTIC which is taken up by the LL-dipeptide
transport system of a sensitive cell; it is subsequently hydrolysed
intracellularly to release the inhibitory component, I-amino-
ethylphosphonic acid (ala-P), which itself cannot cross the
cytoplasmic membrane. (cf. WARHEAD DELIVERY.) Ala-P acts
by competitively inhibiting alanine racemase and — at higher
concentrations — by inhibiting the addition of L-alanine to UDP-
MurNAc during PEPTIDOGLYCAN synthesis. Alafosfalin has a
broad spectrum of activity, but is generally more effective against
Gram-negative than Gram-positive bacteria.

alamethicin A water-soluble peptide antibiotic (MWt ca. 2100)
which is produced — often together with a related antibiotic,
suzukacillin — by strains of Trichoderma viride. It can act as
an IONOPHORE [Book ref. 14, pp. 219-224].

L-alanine biosynthesis See Appendix IV(b) and AMMONIA ASSIM-
ILATION.

ala-P (AlaP) See ALAFOSFALIN.

alaphosphin  Syn. ALAFOSFALIN.

Alaria  See PHAEOPHYTA.

alarmone A low-MWt molecule, synthesis of which serves as
a trigger or signal for the redirection of cellular metabolism in
response to a particular type of stress; an example is ppGpp in
STRINGENT CONTROL (sense 1).

alastrim  See SMALLPOX.

alazopeptin See DON.

albamycin Syn. NOVOBIOCIN.

Albert’s stain A stain used to demonstrate METACHROMATIC
GRANULES. To prepare Albert’s stain: TOLUIDINE BLUE (0.15 g)
and MALACHITE GREEN (0.2 g) are dissolved in 95% ethanol (2 ml)
and added to 1% acetic acid (100 ml); the whole is filtered after
standing for 24 h. A heat-fixed smear is stained with Albert’s
stain (3—5 min), washed in tap water, and blotted dry; LUGOL’S
IODINE is applied for 1 min and the smear washed and blotted
dry. Granules stain black, cytoplasm pale green.

albicidin An antibiotic, produced by Xanthomonas albilineans,
which inhibits DNA synthesis in Escherichia coli [JIGM (1985)
131 1069-1075].



albofungin Syn. KANCHANOMYCIN.

albomycin See SIDEROMYCINS.

alborixin See MACROTETRALIDES.

Albugo A genus of obligately plant-parasitic fungi (order PER-
ONOSPORALES) which are distinguished by their production of
basipetally formed chains of zoosporangia. A. candida (eco-
nomically the most important species) is the causal agent of
‘white rust’ of crucifers (= ‘crucifer white blister’ or ‘white
blister disease’). Within the tissues of the host plant, this fungus
forms a branching, aseptate, intercellular mycelium which pro-
duces rounded haustoria. The chains of zoosporangia develop
on short, club-shaped sporangiophores beneath the host’s epi-
dermis, giving rise to smooth, white, blister-like lesions within
which the zoosporangia are compacted; subsequently, the epider-
mis ruptures, and the powdery mass of zoosporangia is dispersed
by wind and rain. During sexual reproduction, oogonia and
antheridia are produced within the host, and a fertilization tube
is formed between them; following fertilization and meiosis, the
oosphere gives rise to a thick-walled, warty oospore which later
germinates to form zoospores.

albumen The white of an egg. (cf. ALBUMINS.)

albumins A class of low-MWt proteins which are soluble in
dilute salt solutions and (unlike globulins) readily soluble in
water.

Alcaligenes A genus (incertae sedis) of catalase-positive, oxi-
dase-positive, Gram-negative bacteria which occur e.g. in soil,
water, the alimentary tract in vertebrates, and in clinical speci-
mens. Cells: non-pigmented rods (up to ca. 3.0 um in length),
coccobacilli, or cocci (ca. 0.5-1.0 um diam.), with 1-12 flag-
ella per cell. Metabolism is respiratory (oxidative); all strains can
use O, as terminal electron acceptor, and some can use nitrate
(anaerobic respiration). All strains can grow chemoorganotroph-
ically on e.g. amino acids, acetate, fumarate, lactate, malate
or succinate — carbohydrates being little used, although some
strains can use (and form acid from) glucose and/or xylose;
some (Hj-oxidizing) strains can grow chemolithotrophically.
The organisms usually grow well on e.g. peptone-containing
media and blood agar. Alkali is formed from the salts of certain
organic acids and from some amides. GC%: ca. 56—70. Type
species: A. faecalis.

A. denitrificans. Most strains can reduce both nitrate and
nitrite to Nj. Strains of subsp. xylosoxydans are typically able
to use glucose and xylose, those of subsp. denitrificans are not.
The species includes strains previously named A. ruhlandii (Hp-
oxidizing organisms which have sheathed, peritrichous flagella),
and ‘Achromobacter xylosoxidans’.

A. faecalis. Most strains (including those previously named
A. odorans) can reduce nitrite but not nitrate. No chemolithotro-
phic strains have been reported.

A. odorans. See A. faecalis.

A. ruhlandii. See A. denitrificans.

Species incertae sedis [according to Book ref. 22, pp.
370-373] include the peritrichously flagellated, aerobic,
H,-oxidizing bacteria known as A. eutrophus, A. lactus
and A. paradoxus, and the non-fermentative, peritrichously
flagellated marine bacteria known as A. aestus, A. aquamarinus,
A. cupidus, A. pacificus and A. venustus (see DELEYA); these
organisms are considered not to belong to the genus Alcaligenes.

[Book ref. 22, pp. 361-373.]

alcian blue A basic dye used e.g. for staining glycoproteins and
polysaccharides.

alcohol oxidase (alcohol:oxygen oxidoreductase; EC 1.1.3.13)
An enzyme (see ENZYMES) which oxidizes alcohols, giving the

Alectoria

Alectoria

corresponding aldehydes and H,O». It is obtained e.g. from
Pichia pastoris. (See also LIGNIN.)

alcoholic beverages See e.g. BREWING, CIDER, KEFIR, KOUMISS,
PULQUE, SAKE, SPIRITS, WINE-MAKING.

alcoholic fermentation (ethanol fermentation) A type of FER-
MENTATION (sense 1), carried out by various yeasts and other
fungi (e.g. species of Saccharomyces, Pichia, Aspergillus, Fusar-
ium, Mucor) and by certain bacteria (e.g. Zymomonas), in
which ethanol is formed from D-glucose (or certain other sugars,
depending e.g. on organism). In e.g. Saccharomyces, glucose is
converted to pyruvate via the EMBDEN-MEYERHOF-PARNAS PATH-
WAY; pyruvate is decarboxylated to acetaldehyde by pyruvate
decarboxylase and thiamine pyrophosphate, and acetaldehyde is
then reduced to ethanol by NAD-dependent alcohol dehydro-
genase — thus allowing reoxidation of the NAD reduced dur-
ing the EMP pathway. Small amounts of side-products are
usually formed, e.g., GLYCEROL (see also NEUBERG'S FERMENTA-
TIONS), acetaldehyde, lactic acid, 2,3-butanediol, succinic and
acetic acids, and FUSEL OIL; these occur in proportions which
depend on organism and conditions. Alcoholic fermentation by
Saccharomyces spp is widely exploited commercially: see e.g.
BREWING, CIDER, INDUSTRIAL ALCOHOL, SPIRITS, WINE-MAKING. (cf.
ZYMOMONAS.)

[Physiological function of alcohol dehydrogenases and long-
chain (C3p) fatty acids in the alcohol tolerance (~8% ethanol)
of a mutant strain of Thermoanaerobacter ethanolicus: AEM
(2002) 68 1914-1918.]

alcohols (as antimicrobial agents) Under appropriate conditions
certain alcohols can be rapidly lethal to a range of bacteria,
fungi and viruses; they have little or no effect on endospores.
The mechanism of antimicrobial activity may involve the denat-
uration of structural proteins or enzymes and/or the solubilization
of lipids (e.g. those in the bacterial cytoplasmic membrane, or in
the envelope of certain viruses); methanol and ethanol can cause
translational errors in protein synthesis. The antimicrobial activ-
ity of alcohols increases with molecular weight and with chain
length up to ca. Cjp; above this, insolubility becomes important.
Activity decreases in the order primary, iso-primary, secondary,
tertiary.

Methanol (methyl alcohol, CH3OH) has poor antimicro-
bial activity. Ethanol (ethyl alcohol, C;HsOH) exerts maxi-
mum activity as ca. 60—90% (v/v) ethanol/water mixtures. Iso-
propanol (isopropyl alcohol, (CH3),CHOH) is less volatile and
more effective than ethanol, and is used e.g. as a skin anti-
septic. Phenylethanol (phenylethyl alcohol, C¢Hs5(CH,),OH) is
more active against Gram-negative than Gram-positive bacteria,
and has been used e.g. as a selective agent in bacteriologi-
cal media. Phenoxyethanol (phenoxetol, CsHsO(CH;),OH) and
benzyl alcohol (phenylmethanol, CcHsCH,OH) are used e.g.
as preservatives in pharmaceutical preparations; the activity of
benzyl alcohol is improved by halogenation: 2,4-dichlorobenzyl
alcohol is used e.g. as a skin antiseptic. Ethylene glycol, propy-
lene glycol and trimethylene glycol (dihydric alcohols) have
been used, in aerosol form, for the disinfection of air; a rel-
ative humidity of ca. 60% is required. Bronopol (2-bromo-
2-nitropropan-1,3-diol) is an antibacterial and antifungal com-
pound used e.g. as a preservative in pharmaceutical preparations.
The trihydric alcohol glycerol is bacteriostatic at concentrations
above 50%; it has been used e.g. as a preservative in vaccines.
(See also DISINFECTANTS and STERILIZATION.)

aldopentose See PENTOSES.
A genus of LICHENS (order LECANORALES); photobiont:
a green alga. The thallus is fruticose, greenish-grey or fuscous



Aleppo boil

black, and lacks a whitish central strand (cf. USNEA); ascospores
are large, brown when mature, 2—4 per ascus (cf. BRYORIA).
Species occur e.g. on trees, rocks etc.

Aleppo boil See CUTANEOUS LEISHMANIASIS.

aleukia Absence or reduced numbers of leucocytes in the blood.

Aleuria A genus of fungi (order PEzIZALES) which form sessile or
stipitate, discoid or cup-shaped, minute or conspicuous apothecia
in which the hymenium may be red, orange (as in A. aurantia,
the ‘orange peel fungus’), or yellow.

aleuriospore (mycol.) A term which has been used to refer
to various types of spore — including e.g. thick-walled and
thin-walled, pigmented and non-pigmented blastoconidia — and
which has become meaningless owing to indiscriminate use.

Aleutian disease of mink A progressive disease of mink caused
by an autonomous PARVOVIRUS; it is a virus-induced immune
complex-mediated disease and is characterized by glomeru-
lonephritis, arteritis, plasmacytosis and hypergammaglobuli-
naemia. Death may occur 2—24 months after infection. Virus
strain and host genotype are major determinants of disease devel-
opment. Mink homozygous for the (recessive) Aleutian coat
colour gene are most susceptible; infected non-Aleutian mink
may have a slow progressive disease, may not have disease,
or may later shed the virus. [3D structure of ADM virus and
implications for pathogenicity: JV (1999) 73 6882-6891.]

Alexandrium tamarense  Syn. Gonyaulax tamarensis.

alexin (1) (immunol.) Archaic syn. COMPLEMENT. (2) (plant pa-
thol.) Syn. PHYTOALEXIN.

alfalfa mosaic virus (AMV) A multicomponent ssRNA-contain-
ing PLANT VIRUS which has a wide host range and is transmitted
via seeds (in some plants), by aphids (non-persistently), and
mechanically (under experimental conditions). The genome
consists of three linear positive-sense sSRNA molecules: RNA1
(MWt ca. 1.1 x 10%), RNA2 (MWt ca. 0.8 x 10%) and RNA3
(MWt 0.7 x 10%); coat protein mRNA (‘RNA4’, MWt ca.
0.3 x 10) is also encapsidated. The four RNAs are capped at
the 5" end and occur in at least four different types of virus
particle, three bacilliform (B particles: 58 x 18 nm; M particles:
48 x 18 nm; Tb particles: 36 x 18 nm) and one ellipsoidal (Ta
particles: ca. 28 x 18 nm). B, M and Tb particles contain one
molecule of RNA1, RNA2 and RNA3, respectively; Ta particles
contain two molecules of RNA4. RNAs 1, 2 and 3, together with
coat protein or RNA4, are necessary for infectivity; coat protein
from most ILARVIRUSES can also activate the AMV genome.
AMV nparticles accumulate mainly in the host cell cytoplasm
and may form whorled aggregates.

Alferon N See INTERFERONS.

ALG (serol.) See ANTILYMPHOCYTE SERUM.

algae A heterogeneous group of unicellular and multicellu-
lar eukaryotic photosynthetic organisms. (cf. CYANOBACTERIA,
PROCHLOROPHYTES, RHODOSPIRILLALES; see also MICROORGAN-
ISMS.) Algae resemble higher plants in that they evolve oxy-
gen during PHOTOSYNTHESIS, and in that their photosynthetic
pigments include CHLOROPHYLL a; they differ from vascular
plants e.g. in that they typically lack vascular conducting sys-
tems — although sieve tubes occur in some of the large brown
SEAWEEDS. Algae differ from bryophytes (mosses etc) in that,
in most cases, algal reproductive structures (when formed) lack
a peripheral envelope of sterile cells (cf. CHAROPHYTES). Some
organisms are classified in both algal and protozoal classification
schemes: see PHYTOMASTIGOPHOREA.

Aquatic algae occur in fresh, brackish and marine waters

(according to species) where they are often important in PRI-
MARY PRODUCTION. (See also PLANKTON.) Terrestrial algae occur
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e.g. on damp soil, on ice (‘ice algae’ — see DIATOMS) and snow
(‘snow algae’ — see RED SNOW), and on tree-trunks etc. Some
algae are photobionts in LICHENS or endosymbionts in vari-
ous organisms (see €.g. ZOOCHLORELLAE and ZOOXANTHELLAE).
[Algal symbioses: Book ref. 129.] A few algae are parasitic
or pathogenic (see e.g. CHOREOCOLAX, HOLMSELLA, PROTOTHECA,
RED RUST). (See also ALGAL DISEASES.)

Certain algae have domestic and/or commercial or industrial
uses: see e.2. AGAR, ALGINATE, CARRAGEENAN, DIATOMACEOUS
EARTH, FUNORAN, FURCELLARAN, KELP, LAVER, NUNGHAM, SINGLE-
CELL PROTEIN, YAKULT.

Algae are classified on the basis of their pigments, types
of storage carbohydrate, types and arrangements of flag-
ella, CHLOROPLAST ultrastructure (including arrangement of
THYLAKOIDS) and CELL WALL composition. However, there is
currently no universally accepted taxonomic scheme which
encompasses all the algae; moreover alternative taxonomic
schemes coexist even within particular subgroups of algae: see
CHLOROMONADS, CHLOROPHYTA, CHRYSOPHYTES, CRYPTOPHYTES,
DIATOMS, DINOFLAGELLATES, EUGLENOID FLAGELLATES, PHAEO-
PHYTA, PRYMNESIOPHYCEAE, RHODOPHYTA, SILICOFLAGELLATES and
XANTHOPHYCEAE.

According to species, algae range from unicellular organisms
of a few micrometres to seaweeds of 50 metres or more in
length. (Unicellular organisms occur in most of the main groups
of algae — cf. PHAEOPHYTA.) A CELL WALL is present in most algae
but is absent in a few unicellular algae (e.g. PORPHYRIDIUM).
The multicellular algae exhibit a great diversity of forms which
include branched and unbranched filaments or ribbons, sheets
of cells etc; in the thalli of some species there is considerable
differentiation — e.g. in Laminaria spp the thallus includes
structures analogous to root, stem and leaf (holdfast, stipe and
blade, respectively) and a system of photosynthate-conducting
sieve tubes. (See also PNEUMATOCYST.) (Differentiation occurs
also e.g. in the unicellular alga ACETABULARIA.) Meristematic
tissue may occur in apical, intercalary and/or diffuse regions
depending e.g. on species. Some unicellular algae are motile
(see also MOTILITY). Colonial organization is exhibited by certain
microalgae (see e.g. COENOBIUM (sense 2) and PALMELLOID
PHASE).

Although normally photosynthetic, some algae (e.g. species
of CHLAMYDOMONAS, CHLORELLA and SCENEDESMUS) can grow
chemoorganotrophically, in the dark, on substrates such as
glucose or acetate; some algae (e.g. OCHROMONAS) can ingest
particulate food by phagocytosis.

Sexual reproduction (often oogamous) occurs in many algae,
and a number of algae exhibit an ALTERNATION OF GENERATIONS
which may be isomorphic (e.g. in Ectocarpus, Ulva) or hetero-
morphic (e.g. in Laminaria).

algal diseases ALGAE are subject to various diseases of microbial
aetiology, some of which are of economic importance in sea-
weeds cultivated for food etc. Thus, e.g., diseases of Laminaria
Jjaponica (‘haidai’) include ‘frond twist disease’ caused by a
mycoplasma-like organism, and various rots caused by alginate-
degrading bacteria; sporelings in culture may be killed by H,S
produced e.g. by sulphate-reducing bacteria [Book ref. 130,
pp- 706—708]. Porphyra spp are subject to ‘red wasting dis-
ease’ (= red rot disease, Pythium red rot) caused by Pythium
spp [Experientia (1979) 35 443-444], and to ‘green spot dis-
ease’ caused by localized infection with species of Pseudomonas
or Vibrio. Various red algae may be attacked by Petersenia
spp: e.g. Petersenia palmariae infects Palmaria mollis [CJB
(1985) 63 404-408, 409-418]. Other microorganisms which



can infect algae, but whose pathogenicity is uncertain, include
e.g. LABYRINTHULAS, PHAGOMYXA, and members of the PLAS-
MODIOPHOROMYCETES. (See also CHOREOCOLAX, HOLMSELLA and
PHYCOVIRUS.)

algal rust Syn. RED RUST.

algicides Chemical agents which kill algae. Algicides include e.g.
copper sulphate (see also BLooM) and TBTO. Some herbicides
(e.g. Diquat, Paraquat, TERBUTRYNE) are also effective against
at least some algae, as are various general disinfectants (e.g.
chlorine in WATER SUPPLIES).

algin  Syn. ALGINATE.

alginase Syn. ALGINATE LYASE.

alginate A salt of alginic acid: a linear polymer consisting of
(1 — 4)-B-linked D-mannuronic acid residues and (1 — 4)-a-
linked L-guluronic acid residues. (Guluronic acid is the C-5
epimer of mannuronic acid.)

Alginates occur in the CELL WALL and intercellular mucilage in
phaeophycean algae; a similar polymer (differing in that at least
some of the mannuronic acid residues are acetylated) occurs as
capsular material in certain (‘mucoid’) strains of Pseudomonas
and in the resting stage of Azotobacter vinelandii. (See also
CAPSULE (bacterial) and cysT (bacterial).)

Algal alginic acid is insoluble in water but sodium alginate is
soluble; alginate solutions form gels in the presence of Ca®*.

The alginate molecule contains mannuronic acid-rich regions
(‘M-blocks’), guluronic acid-rich regions (‘G-blocks’), and
regions containing both types of residue (‘MG-blocks’). The
binding of calcium ions (and other divalent cations) occurs
preferentially at the G-blocks; a calcium alginate gel can there-
fore be envisaged as a three-dimensional network of long-chain
molecules cross-linked (between G-blocks) by calcium ions. In
the alga, where alginate is in equilibrium with seawater, algi-
nate is associated mainly with calcium, magnesium and sodium
ions. The composition (and hence properties) of the polymer
varies with species (e.g. alginate from Laminaria spp is rich in
guluronic acid, while that from Ascophyllum and Macrocystis
is rich in mannuronic acid) and also varies with environmental
conditions; the composition of the polymer may even differ in
different parts of the same plant.

[Biosynthesis of alginate: Microbiology (1998) /44 1133—
1143.]

Alginate in bacteria.

Genes for alginate synthesis are common in strains of Pseu-
domonas aeruginosa, but strains isolated from the general envi-
ronment typically do not express these genes. In patients with
CYSTIC FIBROSIS, conditions in the lung seem to select for mucoid
(i.e. alginate-producing) strains; in these patients P. aeruginosa
can form a viscous alginate slime associated with a poor prog-
nosis. In P. aeruginosa the conversion of non-mucoid strains
to mucoidy may occur if a specific SIGMA FACTOR — AlgU (=
o%) — becomes available for transcription of the alginate genes.
Constitutive expression of AlgU may occur as a result of muta-
tion in the muc genes, the activity of AlgU being inhibited by
binding of MucA. [Mucoidy of P. aeruginosa in cystic fibrosis:
JB (1996) 178 4997-5004. Alginate/biofilms/antibiotic resis-
tance in P. aeruginosa: JB (2001) 183 5395-5401.]

AlgU is also required for alginate production in Azotobacter
vinelandii, and the activity of the sigma factor is similarly
regulated by products of the muc genes; the products of both
mucA and mucC have a negative role in alginate production [JB
(2000) 182 6550—6556]. [Alginate formation in A. vinelandii in
the stationary phase: Microbiology (2001) /47 483-490.]
Commercial applications of alginate.
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alkalophile

Alginates have a wide range of uses. Calcium alginate fibres
can be made by passing a solution of sodium alginate through
a spinneret immersed in a solution of calcium chloride acidified
with hydrochloric acid; calcium alginate is precipitated in the
form of continuous threads which may be processed (stabilized)
to form calcium alginate wool. This material (marketed as e.g.
‘Calgitex’) is used as a COTTON WOOL substitute for making
SWABS or absorbent and absorbable surgical dressings. (Calcium
alginate swabs have been reported to be inhibitory when used
to prepare cultures of herpes simplex virus.) Calcium alginate
wool can be sterilized by autoclaving or by dry heat; it
can be dissolved e.g. in a 5% solution of sodium citrate or
in quarter-strength Ringer’s solution containing 1% sodium
hexametaphosphate. Thus, a swab carrying an inoculum can
be completely dissolved to release its entire complement of
microorganisms.

In industry, alginates are used e.g. as emulsifiers and thicken-
ers in foods (alginates are easily digested), cosmetics, pharma-
ceuticals etc., and as supports for the IMMOBILIZATION of cells or
enzymes (for which purpose alginates rich in guluronic acid are
preferred as they form stronger gels).

alginate lyase (alginase) Any enzyme within the categories EC
4.2.2.3 and EC 4.2.2.11 which can degrade ALGINATE; such
enzymes have been isolated from many types of organism. [Algi-
nate lyase (sources, characteristics, structure—function analysis,
roles and applications): ARM (2000) 54 289-340.]

alginic acid See ALGINATE.

algivorous Feeding on algae.

algology The study of ALGAE.

AlgU (6F) See ALGINATE.

alicyclic hydrocarbons See HYDROCARBONS.

alimentary toxic aleukia A severe, usually lethal MYCOTOXICOSIS
caused by ingestion of mouldy grain contaminated with certain
TRICHOTHECENES — usually T-2 toxin produced by Fusarium
tricinctum. Symptoms include extreme leucopenia and multiple
haemorrhages.

aliphatic hydrocarbons See HYDROCARBONS.

alkA gene See ADAPTIVE RESPONSE.

Alkalescens—Dispar group Non-motile strains of Escherichia
coli in which glucose is fermented anaerogenically and lactose
fermentation is delayed or absent.

alkaline peptone water See APW.

alkaline phosphatase See PHOSPHATASE.

alkaline phosphatase test See e.g. PHOSPHATASE TEST (for milk).

alkaliphile Syn. ALKALOPHILE.

alkalophile (alkaliphile) An organism which grows optimally
under alkaline conditions — typically exhibiting one or more
growth optima within the pH range 8-11 —and which
typically grows slowly, or not at all, at or below
pH 7. (cf. AciDOPHILE.) Alkalophiles include a range of
bacteria — e.g. certain Bacillus spp (including B. alcalophilus,
B. firmus and B. pasteurii), Ectothiorhodospira abdelmalekii,
Exiguobacterium aurantiacum, species of Natronobacterium and
Natronococcus, and Thermomicrobium roseum — and certain
fungi; the organisms occur e.g. in natural alkaline lakes and
in waters made alkaline by the effluents from certain industrial
processes (such as rayon manufacture). (Natural alkaline
environments are characterized by high concentrations of free
or complexed NayCO3 — and usually by high concentrations of
NaCl.) A number of alkalophiles have an obligate requirement
for Na®t — an ion important e.g. in SYMPORT processes; in at
least some flagellated alkalophiles flagellar rotation is driven
by SODIUM MOTIVE FORCE. However, in some species capable of



alkane metabolism

growth at neutral pH, Na™ is required only under non-alkaline
conditions. [Book ref. 192; the alkaline saline environment:
Book ref. 191, pp. 25-54; genetic engineering of alkalophiles:
Book ref. 191, pp. 297-315.]

alkane metabolism See HYDROCARBONS.

alkB gene See ADAPTIVE RESPONSE.

alkene metabolism See HYDROCARBONS.

alkylating agents Agents which react with nucleophilic groups
(e.g. amino, carboxyl, hydroxyl, phosphate, and/or sulphhydryl
groups) in e.g. proteins and nucleic acids, substituting them
with alkyl groups. (As commonly used, the term ‘alkylating
agent’ is also applied to agents which substitute nucleophilic
groups with derivatives of alkyl groups: e.g. hydroxyethyl
groups in the case of ETHYLENE OXIDE.) Bifunctional alkylating
agents have two reactive groups and can cause cross-linking
between nucleophilic groups in proteins and/or nucleic acids (see
€.g. NITROGEN MUSTARDS and MITOMYCIN C). (See also SULPHUR
MUSTARDS.)

Depending e.g. on their reactivities, alkylating agents can
be effective antimicrobial agents and/or MUTAGENS. Some react
directly with cell components, others (e.g. alkyl-N-nitrosamines:
see N-NITROSO COMPOUNDS) require prior metabolic activation
(apparently to generate an alkyl carbonium cation). In general,
methylating agents are more reactive with DNA than are the
corresponding ethylating agents.

Alkylating agents form a range of products with DNA.
However, only some of the lesions are directly mutagenic: e.g.
0°%-alkylguanine can pair with thymine during subsequent DNA
replication, resulting in G-C-to-A-T transitions, and alkylation
of the O-4 position of thymine can cause A-T-to-G-C transitions.
Most other lesions (e.g. N7-alkylguanine, N3-alkyladenine) are
not directly mutagenic, but they may be lethal unless repaired
by the cell (e.g. alkylation of the N-3 position of adenine blocks
replication forks); various DNA REPAIR systems can recognize and
repair alkylated bases (see e.g. ADAPTIVE RESPONSE).

The mutagenic effects of a given alkylating agent depend
largely on the nature of the lesions it produces. For example,
MNNG (q.v.), EMS (ethylmethane sulphonate) and MNU (N-
methyl-N-nitrosourea: see N-NITROSO COMPOUNDS) produce rel-
atively more directly mutagenic lesions (particularly O°-
alkylguanine), while MMS (methylmethane sulphonate) pro-
duces higher proportions of e.g. N7-methylguanine and N3-
methyladenine but relatively little O%-methylguanine. However,
in organisms (such as Escherichia coli) which have an inducible
error-prone repair system (see SOS SYSTEM), MMS can be muta-
genic by causing lesions which induce this system; even in the
case of directly mutagenic agents such as MNNG, a proportion
of the mutations induced may be due to error-prone repair in
E. coli [JB (1985) 163 213-220].

alkyldimethylbenzylammonium chloride See QUATERNARY AM-
MONIUM COMPOUNDS.

N-alkylnitrosoureas See N-NITROSO COMPOUNDS.

all-glass impinger (bubbler) An instrument used e.g. for sam-
pling the airborne microflora. (See also AIR.) Essentially, it
consists of a vertical glass cylinder, containing a volume of lig-
uid, and a longer, narrower glass tube fitted coaxially within
the cylinder and partly submerged in the liquid; when suction is
applied to the annular space, air is drawn in through the narrow
tube and bubbles up through the liquid — during which process
particles are transferred from the air to the liquid.

allantoid Sausage-shaped; elongated and slightly curved with
rounded ends.
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allele (allelomorph) Any of one or more alternative forms of a
given GENE; both (or all) alleles of a given gene are concerned
with the same trait or characteristic, but the product or function
coded for by a particular allele differs, qualitatively and/or
quantitatively, from that coded for by other alleles of that gene.
Three or more alleles of a given gene constitute an allelomorphic
series. In a diploid cell or organism the members of an allelic
pair (i.e., the two alleles of a given gene) occupy corresponding
positions (loci) on a pair of homologous chromosomes; if these
alleles are genetically identical the cell or organism is said to
be homozygous — if genetically different, heterozygous — with
respect to the particular gene. A wild-type allele is one which
codes for a particular phenotypic characteristic found in the WILD
TYPE strain of a given organism. (See also DOMINANCE.)

allelomorph  Syn. ALLELE.

allergen An antigen (or autocoupling HAPTEN — e.g., certain
drugs) which can initiate a state of HYPERSENSITIVITY (com-
monly IMMEDIATE HYPERSENSITIVITY) or which can provoke a
hypersensitivity reaction in individuals already sensitized with
the allergen.

allergic alveolitis See EXTRINSIC ALLERGIC ALVEOLITIS.

allergy (1) A condition in which contact with a given allergen
provokes a TYPE I REACTION. (See also PRAUSNITZ-KUSTNER TEST.)
(2) A condition in which contact with a given allergen gives rise
to any manifestation of HYPERSENSITIVITY (see €.g. EXTRINSIC
ALLERGIC ALVEOLITIS). (3) Formerly, the condition of a PRIMED
individual.

allergy of infection An early name for DELAYED HYPERSENSITIV-
ITY.

Allerton disease An African CATTLE DISEASE which involves
a mild febrile condition followed by the appearance of skin
nodules; it is caused by the bovine mammillitis virus and is
apparently similar or identical to pseudo-LUMPY SKIN DISEASE.

Allescheria boydii  See PSEUDALLESCHERIA.

alloantigen Antigen from a genetically different individual of the
same species.

allochromasy Gradual, spontaneous chemical modification which
occurs in the solutions of certain dyes — a single dye becoming
a mixture of dyes. (See e.g. polychrome METHYLENE BLUE and
NILE BLUE A.)

allochthonous Not indigenous to a given environment. (cf.
AUTOCHTHONOUS sense 1.)

alloenzyme See MULTILOCUS ENZYME ELECTROPHORESIS.

allogeneic Derived from a genetically different individual of the
same species. (cf. SYNGENEIC; XENOGENEIC.)

Allogromia  See FORAMINIFERIDA.

Allogromiina See FORAMINIFERIDA.

allolactose p-p-Galactopyranosyl-(1 — 6)-D-glucopyranose: a
minor product of P-galactosidase action on LACTOSE; it is the
natural inducer of the LAC OPERON in Escherichia coli.

Allomonas A genus of bacteria (family VIBRIONACEAE) which
have been isolated from fresh water, sewage and faeces; GC%:
ca. 57. Type species: A. enterica [1JSB (1984) 34 150—154].

Allomyces A genus of fungi (order BLASTOCLADIALES) which
occur in moist soils, muds, and water. The thallus is a branched,
coenocytic mycelium which is attached to the substratum by
branching rhizoids; in at least some species the cell wall con-
tains CHITIN. (See also CONCENTRIC BODIES.) Some species exhibit
an ALTERNATION OF GENERATIONS (q.v.). In e.g. A. macrogynus,
the sporothallus forms both thick-walled resistant sporangia
(meiosporangia) and thin-walled sporangia (mitosporangia);
the meiosporangia give rise to haploid zoospores (which
develop into gametothalli), while the mitosporangia form diploid



zoospores (which develop into new sporothalli). Terminal
branches of a gametothallus give rise to an orange-coloured
distal male gametangium and a colourless subterminal female
gametangium; the small male gametes fuse with the larger
female gametes, and the zygote germinates to form a sporothal-
lus. (See also PHEROMONE.)

Species which do not exhibit sexual processes are sometimes
placed in the subgenus Brachyallomyces.

allopatric Existing in different environments or geographical
regions (cf. SYMPATRIC).

allophycocyanins See PHYCOBILIPROTEINS.

allotype Any one of a range of serologically distinguishable
variant forms of an Ig molecule produced as a consequence of
allelic variation in the Ig-specifying genes; a given allotype is
thus present only in those individuals who have the relevant
allele (cf. 1soTYPE). Different allotypes usually differ in amino
acid sequence in the ‘constant’ region of their heavy or light
chains; sometimes the variable region is involved. Allotypes in
man include e.g. the Gm (G1m, G2m etc) allotypes of IgG.

allulose phosphate pathway Syn. RMP PATHWAY.

allylamines A group of synthetic ANTIFUNGAL AGENTS which
are highly active against dermatophytes and show somewhat
variable activity against yeasts (e.g. Candida spp), apparently
by inhibiting the enzyme squalene epoxidase; they include
naftifine and terbinafine. Terbinafine has in vitro activity against
Paracoccidioides brasiliensis [JCM (2002) 40 2828-2831].

Alnus root nodule See ACTINORRHIZA.

alopecia Loss of hair.

o (linking number) See DNA.

alpha chain (immunol.) See HEAVY CHAIN.

a-factor See MATING TYPE.

a-granules CYANOPHYCIN granules.

alpha interferon See INTERFERONS.

o operon See RIBOSOME (biogenesis).

o peptide (‘auto-o’) A peptide (185 amino acids long) which
is cleaved from the N-terminus of the (lacZ-encoded) B-
galactosidase of Escherichia coli e.g. during autoclaving. The o
peptide can restore some P-galactosidase activity to a population
of cells which, owing to a deletion mutation in /acZ, produce an
inactive enzyme lacking the N-terminal portion.

The lacZ sequence corresponding to the o peptide can be used
as a marker in a CLONING vector. During cloning, use is made
of a restriction endonuclease which cleaves at a site within this
sequence; thus any insertion of exogenous DNA will usually
result in loss of o peptide synthesis. The DNA is introduced
into suitable /acZ deletion mutants, and the cells are plated on
Xgal medium (see XGAL). Cells which receive the intact vector
form blue colonies (due to complementation between the o
peptide and the defective p-galactosidase), while those receiving
recombinant DNA usually form white colonies.

al-a2 hypothesis See MATING TYPE.

Alphaherpesvirinae (herpes simplex virus group) A subfamily
of viruses of the HERPESVIRIDAE (q.v.). Alphaherpesviruses have
a short replication cycle (<24 hours); they spread rapidly in cell
cultures, causing mass lysis of susceptible cells.

The natural host range varies from narrow to wide, according
to virus. While, in cell cultures, latent infection with (non-
defective) viruses does not occur readily, latent infection often
occurs in nerve ganglia within the living host.

The subfamily includes at least two genera: Simplexvirus
(human herpesvirus 1 group) and Poikilovirus (proposed name)
(suid herpesvirus 1 group) [Intervirol. (1986) 25 141-143].

The type species of the genus Simplexvirus is human (alpha)
herpesvirus 1 (HERPES SIMPLEX virus type 1, HSV-1). The linear
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dsDNA genome of HSV-1 (~152 kbp) contains two regions,
designated L (‘long’) and S (‘short’), each region flanked
by inverted repeats; the ability of each region (L and S) to
invert, independently, means that DNA isolated from virions will
include four isomeric forms. The genome also includes several
copies of a short sequence (a) — a cis-acting region involved
in circularization of the genome. [Molecular epidemiology of
herpes simplex virus type 1: RMM (1998) 9 217-224.]

Other simplexviruses include human (alpha) herpesvirus 2
(HSV-2), bovine — or bovid — (alpha) herpesvirus 2 (bovine
mammillitis virus, causal agent of e.g. BOVINE ULCERATIVE
MAMMILLITIS), and probably cercopithecine (or cercopithecid)
herpesviruses 1 (B VIRUS) and 2.

The type species of the genus ‘Poikilovirus’ is suid (alpha)
herpesvirus 1 (AUJIESZKY’S DISEASE virus). Other members include
human (alpha) herpesvirus 3 (varicella-zoster virus (VZV),
causal agent of CHICKENPOX and HERPES ZOSTER [review: AVR
(1983) 28 285-356]) and equid (alpha) herpesvirus 1 (equine
abortion virus, causal agent of e.g. abortion, respiratory dis-
ease and/or neurological disease in horses). (See also DELTA
HERPESVIRUS.)

Probable members of the Alphaherpesvirinae include equid
herpesvirus 3 (EQUINE COITAL EXANTHEMA virus) and felid her-
pesvirus 1 (FELINE RHINOTRACHEITIS virus). Possible members of
the subfamily include canid herpesvirus 1 (canine herpesvirus).

Alphavirus (‘arbovirus group A’) A genus of viruses of the
family TOGAVIRIDAE (q.v. for replication cycle etc); nearly
all members are transmitted by mosquitoes, and many can
cause disease (commonly encephalitis or fever with rash
and arthralgia) in man and/or animals. Some alphaviruses
are grouped into three serologically defined complexes — the
complex-specific antigen being associated with the E1 protein
(see TOGAVIRIDAE), the species-specific antigen with the E2 pro-
tein. The Semliki Forest virus complex includes Bebaru virus,
CHIKUNGUNYA FEVER Virus, GETAH VIRUS, MAYARO FEVER virus,
O’NYONG-NYONG FEVER Virus, ROSS RIVER VIRUS, Sagiyama virus,
SEMLIKI FOREST VIRUS, and Una virus. The Venezuelan equine
encephalomyelitis (= Venezuelan encephalitis) virus complex
includes Cabassou virus, Everglades virus, Mucambo virus, Pix-
una virus, and VENEZUELAN EQUINE ENCEPHALOMYELITIS Virus.
The Western equine encephalomyelitis (= Western encephalitis)
virus complex includes Aura virus, Fort Morgan virus, High-
lands J virus, Kyzylagach virus, SINDBIS VIRUS, WESTERN
EQUINE ENCEPHALOMYELITIS virus, and What-aroa virus. Other
alphaviruses include Barmah Forest virus [JGV (1986) 67
295-299], originally thought to be a bunyavirus; EASTERN EQUINE
ENCEPHALOMYELITIS (= Eastern encephalitis) virus; Middelburg
virus; and Ndumu virus.

[Clinical aspects: Book ref. 148, pp. 931-953.]

ALS  ANTILYMPHOCYTE SERUM.

Alsever’s solution A solution containing D-glucose (20.5 g),
sodium citrate dihydrate (8.0 g) and NaCl (4.2 g) dissolved in
distilled water (1.0 litre); the pH is adjusted to 6.1 with citric
acid. The solution is sterilized by filtration and used for the
preservation of sheep blood; blood is added to Alsever’s solution
(1:1 by volume) and stored at 4°C.

Alternaria A genus of fungi (class HYPHOMYCETES) which
include many plant-pathogenic species —e.g. A. solani (see
e.g. EARLY BLIGHT) and A. radicina (causal agent of black
rot of carrot seedlings and stored carrots). (See also TIMBER
STAINING.) Alternaria spp form septate mycelium and pyriform
to elongated, dark-coloured conidia which usually have both
transverse and longitudinal septa; conidiogenesis is tretic (see
CONIDIUM), the conidia developing singly or in chains.



alternaria rot

alternaria rot A firm, dark rot produced in various plant hosts
by species of Alternaria.

alternaric acid A complex compound, produced by Alternaria
solani, which contains a diketotetrahydropyran group linked to
a long-chain fatty acid; it inhibits germination of the spores of
certain fungi, and causes wilting and necrosis in the tissues of
higher plants.

alternate host (of heteroxenous rust fungi) (1) The secondary
host (see UREDINIOMYCETES). (2) Sometimes, loosely: either host
of a heteroxenous rust.

alternation of generations In the life cycles of some organisms:
the alternating formation of one or more generations of mature
haploid individuals and one or more generations of mature
diploid individuals; in this context ‘mature’ refers to the ability
of the organisms to produce reproductive cells (gametes or
spores). An alternation of generations occurs e.g. in some fungi
(e.g. Allomyces spp), in certain protozoa of the FORAMINIFERIDA,
and in many algae (e.g. Laminaria).

An individual in the diploid phase is known variously as a
sporophyte, sporothallus or agamont. When a sporophyte under-
goes meiotic division (sporic meiosis) it gives rise to haploid
meiospores. Each meiospore gives rise to a haploid individual
known variously as a gametophyte, gametothallus or gamont;
individuals in this generation produce gametes. Male and female
gametes may be formed on the same gametophyte (as e.g. in
Allomyces macrogynus) or on separate male and female game-
tophytes (as e.g. in Laminaria). The gametes fuse to form a
(diploid) zygote from which a sporophyte develops. An isomor-
phic (= homologous) alternation of generations is one in which
the gametophyte and sporophyte are morphologically similar.
A heteromorphic (= heterologous) alternation of generations is
one in which the gametophyte and sporophyte differ morpho-
logically — and perhaps also in other ways: see e.g. CELL WALL
(algal).

alternative splicing See SPLIT GENE.

Alteromonas A genus (incertae sedis) of aerobic, chemoorgan-
otrophic, Gram-negative bacteria which occur in coastal and
marine waters. [Book ref. 22, pp. 343-352.] Cells: straight
or curved, round-ended rods, 0.7-1.5 x 1.8-3.0 um, each
having a single, unsheathed polar flagellum. Some species
form insoluble pigments: orange and yellow non-carotenoid
pigments are formed by A. aurantia and A. citrea, respec-
tively; A. luteoviolacea forms violacein; A. rubra forms prodi-
giosin; some strains of A. hanedai form soluble brown
pigments. ‘A. hanedai’ (see SHEWANELLA) exhibits BIOLUMI-
NESCENCE. Metabolism is exclusively respiratory (oxidative),
with Oy as terminal electron acceptor. All species need
Na®t for growth (optimum: 100 mm Na't). Utilizable carbon
sources vary with species; they include e.g. acetate, alco-
hols, amino acids, aromatic compounds and sugars. Some
species can attack extracellular alginate and/or chitin; several
species — including A. communis, A. espejiana, A. haloplanktis,
A. macleodii, A. undina and A. vaga — can metabolize D-glucose
via an inducible ENTNER-DOUDOROFF PATHWAY. (It has been
proposed that A. communis and A. vaga be transferred to a
new genus, Marinomonas [JGM (1983) 129 3057-3074].) No
species can accumulate PHB intracellularly. All species grow at
20°C. GC%: ca. 38-50. Type species: A. macleodii. (See also
BACTERIOPHAGE PM2.)

A. nigrifaciens ([1ISB (1984) 34 145-149], formerly ‘Pseu-
domonas nigrifaciens’) and ‘A. putrefaciens’ (formerly ‘Pseu-
domonas putrefaciens’, now Shewanella putrefaciens: see SHE-
WANELLA) can be responsible for e.g. FISH SPOILAGE and/or MEAT
SPOILAGE (see also BUTTER and DFD MEAT).
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altro-heptulose Syn. SEDOHEPTULOSE.

Alu sequences In the human genome: a family of closely related,
dispersed sequences, each ca. 300 nt long, many of which
contain a common cleavage site for the restriction enzyme Alul;
Alu-like sequences occur in the genomes of other mammals and
of certain lower eukaryotes. (cf. REP SEQUENCE.)

Alul A RESTRICTION ENDONUCLEASE from Arthrobacter luteus;
AG/CT.

ALV AVIAN LEUKOSIS VIRUS.

alveolar membrane (protozool.) See PELLICLE (sense 3).

alveolitis Inflammation of the pulmonary alveoli. (cf. PNEUMONIA;
see also EXTRINSIC ALLERGIC ALVEOLITIS.)

alveolysin See THIOL-ACTIVATED CYTOLYSINS.

Alysiella A genus of GLIDING BACTERIA (see CYTOPHAGALES);
A. filiformis occurs in the oral cavity in various vertebrates. The
organisms occur as flat filaments — each composed of elongated
cells (2-3 pum long) arranged side-by-side. Gliding occurs in a
direction perpendicular to the long axis of the cells — i.e. along
the axis of the filament. Metabolism: chemoorganotrophic.

Alzheimer’s disease See CREUTZFELDT-JAKOB DISEASE.

am mutant An ‘amber mutant’, i.e., a mutant with an amber
NONSENSE MUTATION.

amaas See SMALLPOX.

amanin See AMATOXINS.

Amanita A genus of fungi (AGARICALES, Amanitaceae) which
occur in deciduous and/or coniferous woodlands; some species
form mycorrhizal associations — e.g. A. muscaria with birch
(Betula). According to species, the colour of the pileus may be
e.g. white, yellowish, red or brown. A. muscaria (the ‘fly agaric’)
forms a bright red pileus to which often adhere scattered white
scales (remnants of the universal veil). Some species are highly
poisonous; these include e.g. A. muscaria (see also MUSCARINE),
A. pantherina, A. phalloides (the ‘death cap fungus’), A. verna,
and A. virosa (the ‘destroying angel’). (See also AMATOXINS.)

Amanitaceae See AGARICALES.

a-amanitin An AMATOXIN which, at low concentrations, specif-
ically inhibits eukaryotic RNA POLYMERASE II; RNA polymerase
III is inhibited at high concentrations.

amantadine (1-adamantanamine hydrochloride; 1-aminoadaman-
tane hydrochloride) A polycyclic ANTIVIRAL AGENT (adaman-
tane = tricyclodecane, CjoHj¢) which inhibits the replication of
certain viruses in tissue culture. It is used for the prophylaxis and
early treatment of INFLUENZA caused by type A influenzaviruses;
it can be administered orally or by aerosol.

At high concentrations, the action of amantadine is non-
specific: it raises the pH in endosomes and thus inhibits mem-
brane fusion following endocytosis of a virus (see ENVELOPE).
At lower concentrations the drug selectively inhibits an early
stage in the infection of type A influenza viruses, the primary
target apparently being the M2 protein (see INFLUENZAVIRUS); the
activity of the drug results in failure of the pH-dependent fusion
of viral and vesicle membranes.

Rimantadine (a-methyl-1-adamantane methylamine hydro-
chloride) resembles amantadine in its spectrum of activity but
apparently causes fewer side-effects.

amanullin See AMATOXINS.

Amapari virus See ARENAVIRIDAE.

amastigote A form assumed by the cells of many species of
the TRYPANOSOMATIDAE (q.v.) during certain stages of their life
cycles. (See also LEISHMAN-DONOVAN BODIES.)

amatoxins Toxic cyclic peptides which occur in some species of
Amanita, e.g. A. phalloides, A. verna. In man, small quantities of
toxin (e.g. 5 mg) may be lethal; clinical effects are produced in



ca. 8—24 hours after ingestion. Initial symptoms include severe
vomiting and diarrhoea; degenerative changes occur in the liver
and kidneys, and death may follow within a few days.

Amatoxins include o-AMANITIN, B-, y- and €-amanitins, and
amanin. A non-toxic compound of similar chemical composition,
amanullin, also occurs in A. phalloides. The amatoxins are more
toxic than the PHALLOTOXINS found in Amanita spp. (Other
Amanita toxins include tryptamines such as bufotenine (see also
HALLUCINOGENIC MUSHROOMS) and isoxazole alkaloids such as
ibotenic acid.)

amber codon See GENETIC CODE.

amber mutation See NONSENSE MUTATION.

amber suppressor See SUPPRESSOR MUTATION.

ambisense RNA A viral ssSRNA genome or genome segment
which is positive-sense with respect to some genes but negative-
sense with respect to others (see VIRUS). Ambisense genome
segments have been found in the ARENAVIRIDAE and in the
genus PHLEBOVIRUS. In these cases the —ve-sense sequences
are transcribed directly into (viral-complementary) subgenomic
mRNA; however, +ve-sense sequences are expressed only after
genome replication, subgenomic mRNA being transcribed from
the RNA strand complementary to the genomic strand. [Review:
AVR (1986) 31 1-51.]

Amblyospora  See MICROSPOREA.

amboceptor Current usage: syn. HAEMOLYTIC IMMUNE BODY.

ambrosia fungi Fungi which grow in the tunnels made by wood-
boring ambrosia beetles, e.g. Xyleborus spp (Scolytidae). The
beetle larvae and adults form tunnels mainly in the sapwood of
fallen timber and of dead or weakened standing trees; healthy
trees are not normally attacked. The beetles derive nutrients
mainly or solely from the fungal growth lining their tunnels (i.e.,
they are ‘xylomycetophagous’); wood apparently plays little or
no direct part in their nutrition. (In some cases the ambrosia
fungi also appear to be necessary for reproduction or pupation
of the beetles, possibly by supplying an essential sterol.) Each
of the many species of ambrosia beetle is associated with one
or more particular species of fungus, usually a hyphomycete
(e.g. Ambrosiella sp, Fusarium sp) or an ascomycete (e.g.
Ambrosiozyma sp, Dipodascus sp). The fungus grows in the
tunnels as a palisade-like layer or as separate or confluent
sporodochia, frequently bearing chains of conidia or terminal
chlamydospores; the mycelium may penetrate the wood to a
depth of a few millimetres. Ambrosia fungi appear to use only
storage sugars, starch etc in the wood cells, and do not cause
significant damage to the structural components of the wood.
Fungal propagules (spores or yeast-like cells) are carried to new
tunnels in specialized pockets (mycetangia or mycangia) in the
exoskeleton of the (usually female) beetle; mycetangia contain
an oily secretion and differ in structure and location in different
species of beetle.

Bark-boring (‘phloeophagous’) beetles of the Scolytidae are
also associated with various fungi, including e.g. sap-stain fungi
(mostly Ceratocystis spp): see also DUTCH ELM DISEASE. In many
cases these associations are fortuitous and non-specific, but some
blue-stain fungi may be carried in mycetangium-like structures,
such a structure occurring e.g. at the anterior margin of the
prothorax in Dendroctonus frontalis.

(See also WOODWASP FUNGL.)

Ambrosiozyma A genus of fungi (family SACCHAROMYCETACEAE)
which form budding yeast cells, pseudomycelium, and true
mycelium with dolipore-like septa. Asci are formed on the
hyphae; ascospores are bowler-hat-shaped. Species have been
isolated e.g. from the tunnels of wood-boring beetles. [Book
ref. 100, pp. 106—113.] (cf. AMBROSIA FUNGI.)
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ambruticin An antifungal antibiotic (a cyclopropylpolyene-
pyran acid) obtained from a strain of Polyangium cellulosum; it
shows in vitro activity against e.g. Candida spp, dermatophytes,
and other pathogenic fungi.

amdinocillin  Syn. MECILLINAM.

ameba Syn. AMOEBA.

American foulbrood A BEE DISEASE which affects the larvae of
Apis mellifera — usually after they have spun their cocoons; the
causal agent is Bacillus larvae. Infection occurs by ingestion of
food contaminated by spores of B. larvae. The spores germinate
in the gut, and the bacteria penetrate to the haemolymph and
multiply; the larvae die, turn brown, and putrefy. (cf. EUROPEAN
FOULBROOD.)

amerosporae See SACCARDOAN SYSTEM.

Ames test (Mutatest; Salmonella/microsome assay) A test for
detecting whether or not a particular agent is mutagenic (and
hence possibly carcinogenic) by determining its ability to
cause reversion to prototrophy in certain histidine-requiring
mutants of Salmonella typhimurium. Various ‘tester strains’ of
S. typhimurium may be used, each having a different type of
MUTATION (frameshift, missense or nonsense) in the histidine
operon. Many of the strains used also contain mutations in uvrB
(preventing EXCISION REPAIR) and in rfa (causing LPS deficiency
and hence increased permeability to certain chemicals); most
contain the plasmid pKM101 which carries genes for error-prone
repair (see SOS SYSTEM) and which thus enhances the mutagenic
effects of DNA-damaging agents. Since certain chemicals are
mutagenic/carcinogenic only after metabolic activation, the test
commonly includes a preparation of microsomal enzymes from
a liver homogenate (9000 g supernatant, fraction ‘S9’) obtained
from rats pre-treated with a carcinogen (to induce the appropriate
enzymes).

The test may be carried out e.g. as a ‘plate incorporation
test’. A culture of a particular tester strain of S. typhimurium,
an S9 preparation, and the chemical under test are mixed with
soft agar containing a low concentration of histidine, and this is
poured onto a minimal agar plate; the whole is then incubated
at 37°C for 48 h in the dark. The low level of histidine permits
limited growth of the auxotrophic mutant cells, resulting in a
background of confluent light growth in the upper layer of agar
(‘top agar’); any prototrophic revertants (whose growth is not
limited) can be seen as isolated colonies. In scoring revertants,
account must be taken of the (known) spontaneous reversion rate
for the strain used. (Absence of background growth implies that
the agent under test has general antibacterial activity, and any
colonies which develop are unlikely to be revertants.) The basic
test has been modified in various ways for particular purposes.
[Example of use with a carbamic acid derivative: AAC (2005)
49 1160-1168.]

(See also SOS CHROMOTEST.)

amicyanin A BLUE PROTEIN (MWt ca. 12000) present in certain
methylamine-utilizing bacteria (e.g. ‘Pseudomonas AM1’) — see
METHYLOTROPHY.

Amies transport medium See TRANSPORT MEDIUM.

amikacin A semi-synthetic derivative of KANAMYCIN A which
contains an a-aminohydroxybutyric acid residue; it is more
active than kanamycin against e.g. Pseudomonas aeruginosa and
has been used against gentamicin-resistant strains.

aminacrine Syn. 9-AMINOACRIDINE.

amino acids For principal biosynthetic pathways see Appendix
IV; see also e.g. AROMATIC AMINO ACID BIOSYNTHESIS, GLUTAMIC
ACID, OPERON (attenuator control). For standard abbreviations for
amino acids see table.



9-aminoacridine

AMINO ACIDS: standard abbreviations

Three-letter One-letter
Amino acid abbreviation abbreviation
alanine Ala A
arginine Arg R
asparagine Asn N
aspartic acid Asp D
cysteine Cys C
glutamic acid Glu E
glutamine Gln Q
glycine Gly G
histidine His H
isoleucine Tle I
leucine Leu L
lysine Lys K
methionine Met M
phenylalanine Phe F
proline Pro P
serine Ser S
threonine Thr T
tryptophan Trp w
tyrosine Tyr Y
valine Val \'%

9-aminoacridine (aminacrine) A substituted acridine (see ACRI-
DINES) used e.g. as an ANTISEPTIC for the treatment of wounds,
and as a laser dye.

aminoacyl-tRNA synthetase See PROTEIN SYNTHESIS.

aminoadipic acid pathway (AAA pathway) A pathway for
lysine biosynthesis [see Appendix IV(e)] which occurs only in
certain lower fungi (Blastocladiales, Chytridiales, Mucorales),
ascomycetes (including e.g. Saccharomyces), basidiomycetes,
and euglenoid flagellates. [Review: CRM (1985) 12 131-151.]
(cf. DIAMINOPIMELIC ACID PATHWAY.)

p-aminobenzoic acid (PABA; PAB) A component of FOLIC ACID.
PABA is synthesized from chorismate [see Appendix IV(f)].
Certain microorganisms — e.g. Clostridium and Lactobacillus
spp — require PABA as a growth factor. (See also pAs and
SULPHONAMIDES. )

7-aminocephalosporanic acid See CEPHALOSPORINS.

aminoglycoside antibiotics A class of broad-spectum ANTI-
BIOTICS; a typical aminoglycoside antibiotic contains an
aminosugar and either STREPTIDINE or (more commonly)
2-DEOXYSTREPTAMINE. [Book ref. 14, pp 418—442, gives detailed
chemical structures.]

This group of antibiotics is generally taken to include
e.g. AMIKACIN, APRAMYCIN, butirosin, FRAMYCETIN, GENTAM-
ICIN, hygromycin B, KANAMYCIN, KASUGAMYCIN, LIVIDOMYCIN,
NEAMINE, NEOMYCIN, netilmicin, PAROMOMYCIN, ribostamycin,
SISOMYCIN, SPECTINOMYCIN, STREPTOMYCIN and TOBRAMYCIN.

Many aminoglycoside antibiotics are bactericidal but some
(e.g. kasugamycin, spectinomycin) are bacteriostatic. Amino-
glycoside antibiotics are active against both Gram-positive
and Gram-negative bacteria; at least some (e.g. gentamicin,
kanamycin, streptomycin) are inactive, or only weakly active,
against certain archaeans (methanogens [SAAM (1985) 6
125-131]), while others (e.g. kasugamycin, neomycin, paro-
momycin, STREPTOMYCIN) are active against both prokaryotic and
eukaryotic microorganisms.
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Aminoglycoside antibiotics are less effective under anaerobic
conditions and are ineffective against obligate anaerobes.

The aminoglycoside antibiotics are widely used therapeuti-
cally, sometimes in combination with other drugs. [Clinical roles
of aminoglycosides (symposium): Am. J. Med. (1985) 79 (1A)
1-76.] Side-effects (particularly with neomycin and strepto-
mycin) include dose-dependent damage to the 8th cranial nerve
(associated with ototoxicity); kidney damage and hypersensitiv-
ity reactions are also possible.

Aminoglycoside antibiotics bind to the 30S ribosomal subunit
in bacteria — some (e.g. streptomycin) bind at a single site while
others (e.g. gentamicin, kanamycin, neomycin) apparently bind
at multiple sites. They inhibit PROTEIN SYNTHESIS. For example,
low levels of streptomycin cause misreading of mRNA (i.e.
incorporation of incorrect amino acids) while higher levels
completely inhibit protein synthesis — apparently by blocking
ribosomes specifically at the start of translation. There are other
sites of activity (e.g. the outer membrane in Gram-negative
bacteria), but the main effect of these antibiotics appears to result
from their influence on protein synthesis.

Resistance to aminoglycoside antibiotics can arise by several
distinct mechanisms: (i) mutation(s) in ribosomal proteins of the
30S subunit which can affect the binding of these antibiotics
(see e.g. STREPTOMYCIN); (ii) modification (inactivation) of
the antibiotics by plasmid-encoded or chromosome-encoded
bacterial enzymes which carry out O-phosphorylation, N-
acetylation or O-adenylation; (iii) reduced uptake. [TIM (1998)
6 323-327]

Mutations giving one-step high-level resistance to amino-
glycoside antibiotics are uncommon, but resistance to some
(e.g. spectinomycin, streptomycin) can occur in this way;
spectinomycin-resistant mutants do not show cross-resistance to
streptomycin, and streptomycin-resistant mutants do not show
cross-resistance to those antibiotics (e.g. kanamycin) which
appear to bind at multiple sites on the ribosome.

Aminoglycoside antibiotic-inactivating enzymes include
acetyltransferases (AACs), adenylyltransferases (AADs) and
phosphotransferases (APHs) [for nomenclature and sites of
action see: BMB (1984) 40 28-35]. Some of these enzymes can
inactivate only a few aminoglycoside antibiotics while others
can inactivate many; some are found only in Gram-negative
species or in Gram-positive species, and some are found only in
e.g. Pseudomonas or Staphylococcus spp. Some of the enzymes
occur in a wide range of species. (See also e.g. Tn5 and Tn21/.)

Certain (mutant) bacteria exhibit drug-dependence in respect
of certain aminoglycoside antibiotics: see e.g. SPECTINOMYCIN
and STREPTOMYCIN.

6-aminopenicillanic acid (6-APA) A derivative of natural PENI-
CILLINS (see B-LACTAM ANTIBIOTICS for structure): a precursor of
many semi-synthetic penicillins. 6-APA itself has little or no
antibacterial activity.

aminopeptidase See PROTEASES. (See also METHIONINE AMINOPEP-
TIDASE).

aminopterin See FOLIC ACID ANTAGONIST.

2-aminopurine See BASE ANALOGUES.

aminoquinolines A group of ANTIMALARIAL AGENTS that include
4-aminoquinolines (e.g. chloroquine, mefloquine, amodiaquine)
and 8-aminoquinolines (e.g. primaquine). The quinoline-type
antimalarials (including quinine) apparently kill the parasite
by preventing its detoxification of the ferriprotoporphyrin IX
by-product of haemoglobin metabolism (see HAEMOZOIN and
QUININE).

Chloroquine is an inexpensive synthetic drug which is used
orally for treating uncomplicated malaria. It has also been used



parenterally to treat severe malaria; however, as resistant strains
of the parasite are common, other drugs may be recommended
for the treatment of severe disease.

Chloroquine is generally the drug of choice for non-falciparum
malaria, and is also used (with e.g. proguanil) for prophylaxis.

Mefloquine has been used for uncomplicated falciparum
malaria and (via nasogastric tube) for the treatment of severe
disease. It has also been used prophylactically where, owing to
resistance, chloroquine/proguanil may be ineffective. Mefloquine
prophylaxis is absolutely contraindicated in the first trimester
of pregnancy, and should not be used in the second or third
trimesters; its therapeutic use in pregnancy, especially during
the first trimester, should take into consideration the potential
risk to the fetus. The drug is not recommended e.g. for treating
patients with epilepsy or for prophylaxis in those with e.g.
severe renal insufficiency or abnormal liver function [mefloquine
(evaluation): Drugs (1993) 45 430-475].

The mode of resistance to quinoline-type drugs is poorly
understood, but a consistent finding is that resistant strains accu-
mulate lower levels of the drug. Most studies have been carried
out on chloroquine, and several mechanisms have been sug-
gested. (i) Weakened proton pump activity in the membrane of
the parasite’s food vacuole may result in a higher pH within
the vacuole; this would tend to decrease the level of protona-
tion of chloroquine in the vacuole and, hence, militate against
its retention within the vacuole (the non-protonated form of the
drug can freely diffuse outward across the vacuolar membrane).
However, the mechanism of chloroquine accumulation assumed
in this model (i.e. uptake by inward diffusion into the vacuole,
and retention following protonation) may not account for the
high levels of drug achieved in sensitive strains of the para-
site. (ii) The vacuolar membrane in P. falciparum includes an
ABC TRANSPORTER, designated Pghl, encoded by gene pfindri.
When pfimdrl was expressed in Chinese hamster ovary cells,
Pghl apparently localized within the membrane of the lysosome
and mediated uptake of chloroquine. This may indicate that Pgh1
mediates the uptake of chloroquine into the food vacuole of
P. falciparum; this is supported by the observation that ‘deam-
plification’ of pfindrl occurs in mutants selected for chloroquine
resistance [EMBO (1992) 11 3067-3075]. Interestingly, when
chloroquine-resistant mutants were selected for mefloquine resis-
tance (by mefloquine-limited growth), the mefloquine-resistant
mutants were found to over-express Pghl and to be less resis-
tant to chloroquine (but more resistant to e.g. quinine). Hence,
resistance to chloroquine and mefloquine seem to be inversely
related; this is not understood. Moreover, the apparent cross-
resistance between mefloquine and quinine may mean that resis-
tance to mefloquine in geographical areas not previously exposed
to mefloquine may have developed as a result of exposure to
quinine [PNAS (1994) 97 1143-1147].

[Mode of action and mechanism of resistance to antimalarial
drugs: Acta Tropica (1994) 56 157-171.]

p-aminosalicylic acid See Pas.

amitosis In certain eukaryotes: an atypical form of mMITOSIS (q.v.)
in which the chromosomes do not condense, a spindle is not
formed, the nuclear membrane persists throughout division, and
the nucleus divides by constriction.

amixis In certain haploid organisms: a type of reproduction,
considered to be a deviant form of the sexual process, in
which karyogamy and meiosis do not occur even though
morphologically differentiated structures (e.g. spore-containing
asci) are formed; thus, e.g., the eight haploid ascospores formed
(per ascus) by Podospora arizonensis are said to be derived by

Ammodiscus
Ammonia

ammonification

mitotic divisions of each nucleus of the dikaryon in the ascus

mother cell. (cf. APOMIXIS.)
See FORAMINIFERIDA.

See FORAMINIFERIDA.

ammonia assimilation Ammonia can be used as the sole
source of nitrogen by many types of microorganism; it may
be obtained from an external source or produced intracellu-
larly — for example, by deamination reactions or by ASSIMILA-
TORY NITRATE REDUCTION.

Ammonia can be taken up readily through the cytoplasmic
membrane; ammonium ions require a TRANSPORT SYSTEM [trans-
port of ammonium ions in bacteria: FEMS Reviews (1985) 32
87-100].

Within the cell, ammonia can be assimilated in different ways.

With high concentrations of ammonia, some bacteria (includ-
ing Escherichia coli, Klebsiella spp) use ammonia for the
reductive amination of 2-oxoglutarate to L-glutamate in a reac-
tion catalysed by NADPH-dependent glutamate dehydrogenase
(GDH; EC 1.4.1.2). L-Glutamate can act as an N-donor in
transamination reactions in which amino acids are synthe-
sized from 2-oxoacids; E. coli synthesizes three low-specificity
transaminases: transaminase A (which preferentially catalyses
the synthesis of e.g. L-alanine and L-aspartate), B (aromatic
amino acids) and C (branched-chain amino acids).

With low concentrations of ammonia (e.g. <ca. 1 mM) many
bacteria and other organisms assimilate ammonia via a two-
step reaction which is catalysed by (i) glutamine synthetase
(GS; EC 6.3.1.2) and (ii) glutamine:2-oxoglutarate amino-
transferase (GOGAT; glutamate synthase; EC 1.4.1.13). In this
pathway, glutamate is initially aminated to glutamine in an ATP-
dependent, GS-catalysed reaction which consumes ammonia.
Then, in an NADPH-dependent, GOGAT-catalysed amination,
one molecule of glutamine and one of 2-oxoglutarate yield two
molecules of glutamate (see Appendix IV(a)). Many organisms
can use the initial (GS-catalysed) step for glutamine synthesis,
glutamine being used as a donor of amino groups in the
biosynthesis of e.g. purines, carbamoyl phosphate (a precursor
of pyrimidines), histidine and tryptophan.

In E. coli, it appears that the GDH-catalysed pathway is used
under energy-limiting conditions (the other pathway is ATP-
dependent). [Pathway choice in glutamate synthesis in E. coli:
JB (1998) 180 4571-4575.] Mutants of E. coli lacking both
pathways cannot use exogenous ammonia, but can grow on an
external source of glutamate.

In enterobacteria, the GDH and GS/GOGAT systems are
regulated at the level of transcription and (in the case of GS)
enzyme activity. High concentrations of ammonia repress the
synthesis of GS (and other nitrogen-regulated genes: see NTR
GENES) and induce the synthesis of GDH; this situation is
reversed when ammonia levels become limiting. GS activity
is controlled in response to ammonia levels, the enzyme being
inactivated by (reversible) adenylylation in the presence of high
levels of ammonia.

In e.g. Streptomyces venezuelae the anaerobic assimilation of
ammonia involves synthesis of alanine by the reductive amina-
tion of pyruvate via NADH-dependent alanine dehydrogenase
(EC 1.4.1.1) [CIM (1985) 31 629-634].

In Streptomyces clavuligerus the GS/GOGAT pathway appears
to be the only one for ammonia assimilation [JGM (1986) 132
1305-1317].

ammoniacal silver nitrate See SILVER.

ammoniated mercury See MERCURY.

ammonification The formation of free ammonia (or NH4T)
during the microbial breakdown of nitrogenous organic matter



ammonium salt sugars

and/or during DISSIMILATORY NITRATE REDUCTION. Ammonia does
not normally accumulate under aerobic conditions (being readily
assimilated by a wide range of organisms), but may do so under
anaerobic conditions. (See also MINERALIZATION; NITROGEN CYCLE;
SAPROBITY SYSTEM.)

ammonium salt sugars A range of media used for determin-
ing which (if any) of a series of carbohydrates are metab-
olized by a given organism; these media are used e.g. for
those organisms which form excess alkaline products from
peptone media and which, therefore, cannot be tested in
PEPTONE-WATER SUGARS. The medium contains (g/1): KCI (0.2),
MgS0,.7H>0(0.2), (NH4),HPOy4 (1.0), yeast extract (0.2), agar
(20) and bromcresol purple (4 ml of a 0.2% solution); the carbo-
hydrate is added after autoclaving (to give a final concentration
of 1% w/v), and the medium is poured to form slopes.

amoeba (ameba) A type of cell or organism characterized by its
ability to alter its shape drastically, generally by the extrusion of
one or more pseudopodia (see PSEUDOPODIUM). Such amoeboid
cells are characteristic of the SARCODINA, but also occur in
other groups — for example, in the genus HISTOMONAS (see also
MACROPHAGE).

Amoeba A genus of free-living amoebae (order AMOEBIDA). The
cell is differentiated into an outer hyaline layer (the ectoplasm)
and an inner granular endoplasm. Each cell typically forms
several lobopodia, one of which is dominant at a given time, and
each of which has a hemispherical tip and (usually) a hyaline
cap. Reproduction occurs asexually by binary fission.

A. proteus is common in slow-moving or still freshwater
habitats — often on the undersides of floating leaves; it feeds
mainly on small flagellates, ciliates and bacteria. The cell may
reach ca. 600 pum diam. (See also X-BACTERIA.)

amoebiasis (1) Any disease of man or animals caused by a pro-
tozoon of the AMOEBIDA — see €.g. DYSENTERY (b) and MENIN-
GOENCEPHALITIS. (2) Syn. amoebic DYSENTERY.

amoebic dysentery See DYSENTERY (b).

amoebicide Strictly: any chemical agent which kills amoebae;
in practice, the term is commonly used for any drug which is
active against (particularly) Entamoeba histolytica, even when
the drug may inhibit, rather than kill, the parasite (i.e., it may
act as an amoebistat). (See e.g. ARSENIC; DILOXANIDE; EMETINE;
FUMAGILLIN; 8-HYDROXYQUINOLINE; METRONIDAZOLE.)

Amoebida An order of naked, typically uninucleate (cf. CHAOS)
amoebae (class LOBOSEA) in which mitochondria are typ-
ically present (cf. PELOBIONTIDA) and flagellate stages do
not occur (cf. SCHIZOPYRENIDA). Most species occur in fresh
water and/or moist soil (e.g. ACANTHAMOEBA, AMOEBA, Echi-
namoeba, MAYORELLA, Rosculus, Saccamoeba, Thecamoeba,
TRICHAMOEBA, Vannella, Vexillifera); some are marine (e.g. Fla-
bellula, PARAMOEBA, most Platyamoeba spp), and a few are para-
sitic (see e.g. ENDAMOEBA, ENDOLIMAX, ENTAMOEBA, IODAMOEBA,
MALPIGHAMOEBA, PARAMOEBA). (See also HYDRAMOEBA.) [Des-
criptions of freshwater and soil species and genera: Book

ref. 133.]
Amoebidiales See TRICHOMYCETES.
Amoebidium  See TRICHOMYCETES.

amoebistat See AMOEBICIDE.

Amoebobacter ~ See CHROMATIACEAE.

amoeboflagellate An essentially amoeboid protozoon which
can — at least under certain circumstances — form flagella as well
as pseudopodia. (See e.g. SCHIZOPYRENIDA; HISTOMONAS.)

amoeboid AMOEBA-like.

amoeboid movement See PSEUDOPODIUM.

amoeboma See DYSENTERY (b).

amoebostome A sucker-like structure present on free-living cells
of Naegleria fowleri; amoebostomes are apparently used to
engulf food particles [JP (1985) 32 12—19]. (cf. CYTOSTOME).

Amorphosporangium A genus of bacteria (order ACTINOMYC-
ETALES, wall type II) which occur e.g. in leaf litter. The organ-
isms resemble Actinoplanes spp but differ e.g. in that the
sporangium is highly irregular in shape, and the zoospores are
rod-shaped. Type species: A. auranticolor.

Amorphotheca resinae  See HORMOCONIS.

amoxycillin A PENICILLIN; 6-(¢-amino-4-hydroxybenzylamido)
penicillanic acid. (See also AUGMENTIN.)

AMP Adenosine 5'-monophosphate [see Appendix V(a)]. (See
also ADENYLATE KINASE; cf. CYCLIC AMP.)

Amphiacantha  See RUDIMICROSPOREA.

amphibiotic (1) Amphibious. (2) Able to behave either as a
commensal or as a parasite in a given host. (See also OPPOR-
TUNIST PATHOGENS.)

amphibolic pathway A metabolic pathway which can have both
catabolic and anabolic functions: e.g. the TCA CYCLE.

Amphidinium  See DINOFLAGELLATES.

amphiesma The wall — including the vesicles, thecal plates (if
present), etc. — of a DINOFLAGELLATE.

amphigenous Situated or growing on both sides of, or all over,
a given structure.

amphipathic Having both hydrophilic and hydrophobic regions.

amphiphilic Syn. AMPHIPATHIC.

amphispore A type of dark, thick-walled uredospore formed e.g.
by some species of Hyalospora and Puccinia.

Amphistegina  See FORAMINIFERIDA.

amphithecium (lichenol.) Syn. THALLINE MARGIN.

amphitrichous Refers to the presence of a single flagellum (or
e.g. fimbria) at each pole of a cell.

amphitrophic Refers to an organism which can grow photosyn-
thetically in the light and chemotropically in the dark.

ampholyte An electrolyte whose molecule has both acidic and
basic groups; the pH of a solution of a given ampholyte depends
on the relative strengths of its acidic and basic groups. (See also
ISOELECTRIC FOCUSING. )

Amphora A genus of pennate DIATOMS in which the cingulum is
much wider on one side (the ‘dorsal’ side) than on the other,
resulting in the two valves facing in more or less the same
direction; the raphes in both valves can thus both make contact
with the substratum. Species are aquatic, benthic organisms
capable of GLIDING MOTILITY.

amphoteric dye See DYE.

amphotericin B A MYCOSAMINE-containing heptaene POLYENE
ANTIBIOTIC produced by Streptomyces nodosus. It is active
against a wide range of fungi and certain pathogenic protozoa;
it is administered orally for the treatment of various mycoses,
including systemic infections, but its clinical use is limited by
its nephrotoxicity. (See also VISCERAL LEISHMANIASIS.)

amphotropic Refers to a retrovirus which can replicate both in
its host of origin and in ‘foreign’ host cells (e.g. a murine
retrovirus which can replicate in both murine and non-murine
mammalian cells). Murine amphotropic viruses do not show
cross-interference or cross-neutralization with the ecotropic or
xenotropic murine retroviruses, i.e., their env glycoproteins are
unrelated to those of the ecotropic or xenotropic viruses [Book
ref. 114, p. 73]. (cf. DUALTROPIC.)

ampicillin  See PENICILLINS.

amplicon (1) In a target molecule of nucleic acid: the specific
sequence of nucleotides which is to be copied (amplified) by a
nucleic-acid-amplification technique such as NASBA or PCR.



(2) A copy of the specific nucleotide sequence which has
been amplified by a nucleic-acid-amplification technique such
as NASBA or PCR.

(3) A defective virus vector [e.g. PNAS (1985) 82 694-698].

amplicon containment See PCR.

amplicon inactivation See PCR.

amplification (mol. biol.) See GENE AMPLIFICATION.

amplification pathway (immunol.) See COMPLEMENT FIXATION
(b).

amplified Mycobacterium tuberculosis direct test See TMA.

amplimer An alternative (though infrequently used) name for a
primer in a PCR reaction.

AmpliTaq Gold™ DNA polymerase See HOT-START PCR.

AmpliWax™  See HOT-START PCR.

ampoule Syn.VIAL.

AMPPD® Trade name (Tropix, Bedford, MA, USA) of a 1,2-
dioxetane substrate which gives rise to CHEMILUMINESCENCE
when activated by the enzyme alkaline phosphatase.

amprenavir See ANTIRETROVIRAL AGENTS.

amprolium A coccidiostatic agent which is structurally similar
to thiamine.

ampulla (1) (protozool.) In certain ciliates (e.g. some hymeno-
stomes): a channel, or the wider part of a channel, leading into
a contractile vacuole.

(2) (protozool.) In certain hypostome ciliates: an adhesive
organelle.

(3) (mycol.) The expanded, terminal region of some types of
conidiogenous cell (see CONIDIUM).

(4) (mycol.) The expanded, terminal region of some types of
conidiophore (see e.g. ASPERGILLUS).

Ampullariella A genus of bacteria (order ACTINOMYCETALES,
wall type II) which occur e.g. in soil and freshwater habitats.
The organisms resemble Actinoplanes spp but differ e.g. in that
the rod-shaped zoospores are formed in parallel rows within the
cylindrical sporangium. Type species: A. regularis.

ampullate development See CONIDIUM.

ampulliform Flask-shaped.

Amsacta moorei EPV  See ENTOMOPOXVIRINAE.

AMTDT See TMA.

AMU  ATOMIC MASS UNIT.

amy  See MYB.

AMYV Avian myeloblastosis virus: see AVIAN ACUTE LEUKAEMIA
VIRUSES.

AMYV reverse transcriptase See REVERSE TRANSCRIPTASE.

amygdaliform Shaped like an almond.

amygdalin A B-glycoside, present e.g. in bitter almonds, consist-
ing of GENTIOBIOSE linked to mandelonitrile. On B-glucosidase
action (or acid hydrolysis), amygdalin yields hydrogen cyanide,
glucose and benzaldehyde.

amylases Enzymes which cleave glucosidic linkages in e.g.
STARCH OI GLYCOGEN.

a-Amylases ((1 — 4)-a-D-glucan 4-glucanhydrolases, EC
3.2.1.1) are endoenzymes which have little action on termi-
nal (I — 4)-a-bonds or on bonds adjacent to (1 — 6)-a branch
points. They act on amylopectin and glycogen to form glu-
cose, maltose and branched o-limit DEXTRINS, and on amylose
to form first maltose and maltotriose, then slowly on mal-
totriose to form maltose and glucose. a-Amylases are common
among microorganisms. They are obtained commercially mainly
from Bacillus spp (see also IMMOBILIZATION (sense 1)) and are
used e.g. for processing starch to form glucose syrups: insolu-
ble starch granules are dispersed in water by heating, and the
starch is partially hydrolysed with thermostable c-amylases from
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B. amyloliquefaciens and/or B. licheniformis. Further hydrolysis
is achieved using e.g. y-amylases (see below).

B-Amylases ((1 — 4)-a-D-glucan maltohydrolases, EC 3.2.1.2)
are exoenzymes which cleave alternate bonds from the non-
reducing end of a linear (I — 4)-a-D-glucan; thus, e.g. amylose
is degraded to maltose. B-Amylase action is halted at (1 — 6)-a
branch points; thus maltose and pB-limit dextrins are formed from
glycogen and amylopectin. B-Amylases are common in plants
and are produced e.g. by Bacillus and Streptomyces spp. They
may be used, together with DEBRANCHING ENZYMES, in the manu-
facture of maltose syrups from starch. f-Amylases are inhibited
by SCHARDINGER DEXTRINS.

y-Amylases (amyloglucosidases, glucoamylases, (1 — 4)-
a-D-glucan glucohydrolases, exo-(1 — 4)-a-glucosidases, EC
3.2.1.3) are exoenzymes which cleave (1 — 4)-a-bonds
consecutively from the non-reducing end of a (1 — 4)-a-D-
glucan to yield p-D-glucose; they can also cleave (1 — 6)-a- and
(1 — 3)-a-bonds, although at a much lower rate. y-Amylases are
found mainly in fungi and are obtained commercially e.g. from
Aspergillus niger and Rhizopus spp. They are used to convert
malto-oligosaccharides (e.g. limit dextrins) to D-glucose (see
above).

(See also BREAD-MAKING and ENZYMES.)

amyl-3-cresol See PHENOLS.

amyloglucosidases See y-AMYLASES and DEBRANCHING ENZYMES.

amyloid (1) Starch-like; staining blue or blue-black with iodine
(e.g. MELTZER'S REAGENT). (2) (med.) An abnormal protein
deposited, intercellularly, in various tissues in certain patholog-
ical conditions.

amylolytic Capable of hydrolysing STARCH.

amylopectin See STARCH.

amyloplast A non-pigmented PLASTID which synthesizes and
stores STARCH.

amylose See STARCH.

Amylostereum  See APHYLLOPHORALES (Stereaceae).

amylovorin An extracellular polysaccharide which is produced
by strains of Erwinia amylovora and which may be involved in
the production of wilt symptoms in FIREBLIGHT; it consists essen-
tially of a (I — 3)- and (1 — 6)-P-linked galactan backbone
with side-chains containing residues of galactose, glucuronic
acid, glucose and pyruvate.

amylum stars Star-shaped aggregates of starch-filled cells which
develop from the lower nodes in CHAROPHYTES and function in
vegetative propagation.

amytal A barbiturate which acts as a mitochondrial RESPIRATORY
INHIBITOR: its binding site(s) and mechanism of action appear
to be similar to those of ROTENONE. Many bacterial systems are
partially or completely insensitive to amytal.

Anabaena A genus of filamentous CYANOBACTERIA (section
IV) in which the trichomes are made up of spherical, ovoid
or cylindrical vegetative cells; heterocysts may be intercalary
or terminal. GC%: 38-44. Species include e.g. A. azollae,
A. cylindrica, A. flos-aquae and A. variabilis, distinguished e.g.
on the basis of cell size and shape, filament form, etc; however,
some of these characteristics may be variable in culture.

A. flos-aquae contains GAS VACUOLES; it can form extensive
BLOOMS in (usually) freshwater habitats, and may produce vari-
ous toxins (anatoxins) which may be lethal to animals which
drink the water. Anatoxin-a is an alkaloid which resembles
cocaine; it acts as a potent post-synaptic depolarizing neuro-
muscular blocking agent, causing stupor, tremors, prostration,
convulsions, opisthotonos and death.



anabolism

A. azollae occurs in symbiotic association with species of the
small floating freshwater fern Azolla (Azollaceae). The nitrogen-
fixing A. azollae occurs in a specialized cavity at the base of
the upper lobe of each leaflet; it has a higher proportion of
heterocysts than do free-living Anabaena spp, and grows poorly
when isolated from the fern. Azolla grows e.g. in rice fields in
the Far East, where it is an important source of nitrogen. The
nitrogen becomes available to the rice plants only when the fern
dies, sinks and decomposes; this occurs when the temperature
rises and coincides with growth and tillering of the rice plants.
Azolla has also been used as a forage crop for animals in Asia.
[Expression of two kdp operons in Anabaena strain L-31 and
relevance to desiccation: JV (2005) 71 5297-5302.]

anabolism The metabolic reactions by which cell components,
extracellular products etc are built up from organic and/or
inorganic precursors. Anabolism requires an input of energy
which, in organotrophs, may be derived from CATABOLISM
of exogenous organic compounds (cf. LITHOTROPH). (See also
ANAPLEROTIC SEQUENCES.)

Anacystis A genus of cyanobacteria; those strains designated
‘A. nidulans’ are apparently strains of Synechococcus (restricted
sense: see SYNECHOCOCCUS) [Ann. Mic. (1983) 134B 21-36].
[Cell cycle events in ‘A. nidulans’: JGM (1984) 130 2535—
2542.]

anaerobe An organism which has the ability to grow in the
absence of oxygen, the term commonly being reserved for those
organisms which, in nature, normally grow in — or can grow
only in — anaerobic habitats; some anaerobes can also grow
under aerobic conditions, i.e., they are FACULTATIVE aerobes.
(cf. AEROBE; see also AEROTOLERANT and MICROAEROPHILIC.)
Obligately anaerobic organisms occur e.g. in anaerobic river
muds and in the RUMEN (see also ANAEROBIC DIGESTION and
TERMITE-MICROBE ASSOCIATIONS).

The energy-yielding metabolism of an anaerobe may be
primarily or solely fermentative (see FERMENTATION sense 1),
respiratory (oxidative) (see ANAEROBIC RESPIRATION), or photo-
synthetic (see anoxygenic PHOTOSYNTHESIS).

Culture of obligate anaerobes. A strict anaerobe requires an
oxygen-free gaseous phase above the surface of the medium
(see ANAEROBIC JAR) and a medium free from dissolved oxygen;
even under these conditions, however, many anaerobes will not
grow unless the medium has been pre-reduced, i.e., poised at
or below a particular REDOX POTENTIAL. The Ej of chemically
pre-reduced media is usually —150 mV to —350 mV at pH
7; the precise Ej required by a given anaerobe may depend
e.g. on the size of the inoculum — ongoing growth tending
to lower the Ep in the surrounding medium. Apart from
incubation per se, the handling of a strict anaerobe (i.e.,
transfer, inoculation etc) is often carried out in an oxygen-
free environment (see ROLL-TUBE TECHNIQUE). However, it has
been reported that certain strict anaerobes (e.g. Fusobacterium
sp) can be handled in air, without significant loss of viability,
when use is made of media (containing reducing agents) which
have been stored anaerobically prior to inoculation; nevertheless,
a significant loss of viability occurs when use is made of
cysteine-containing media which have been stored aerobically
[CIM (1984) 30 228-235]. Reducing agents containing a
sulphhydryl group (e.g., H2S, cysteine, thioglycollate) have been
found to increase the oxygen sensitivity of various sulphate-
reducing bacteria [FEMS Ecol. (1985) 31 39-45]. (See also
BREWER'S THIOGLYCOLLATE MEDIUM; COOKED MEAT MEDIUM; POUR
PLATE; SHAKE CULTURE (1).)

Oxygen sensitivity of anaerobes. Some anaerobes are killed
by exposure to gaseous oxygen, while the growth of others may
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be stopped or merely retarded. In some cases oxygen sensitivity
is believed to be due to the lack of enzymes such as CATALASE
and SUPEROXIDE DISMUTASE — the cells thus lacking protection
against the toxic metabolites HyO, and O;. Another suggestion

is that an unacceptably high (positive or low negative) E;, may
lead to a high intracellular E;, which, in turn, may e.g. prevent
reduction in redox couple(s) which are normally freely reversible
within the growing organism, and/or cause irreversible oxidation
of vital components.

anaerobic (1) Refers to an environment in which oxygen is
absent. (cf. AEROBIC.) (2) Having the characteristic(s) of ANAER-
OBE(S).

anaerobic digestion The anaerobic breakdown of complex ani-
mal and/or plant materials to simple substances which include
a high proportion of gaseous and soluble products; it involves
a diverse range of organisms whose metabolic pathways are
closely interrelated, and occurs e.g. in benthic muds, in the
RUMEN and in certain types of SEWAGE TREATMENT plant (see
also TERMITE-MICROBE ASSOCIATIONS).

Initially, polysaccharides, lipids and proteins are cleaved,
by extracellular enzymes, to (respectively) sugars, (usually)
fatty acids and glycerol, and amino acids; most polysac-
charides — including cellulose, pectins and starch — are readily
cleaved, but LIGNIN is not readily degraded. The sugars and
other small molecules are fermented by various organisms (e.g.
species of Bacteroides, Clostridium, Selenomonas, Succinivib-
rio and Veillonella) to products which include acetate, butyrate,
ethanol, lactate, propionate and succinate — together with carbon
dioxide and hydrogen. Propionate can be metabolized to acetate
and/or carbon dioxide by e.g. Desulfobulbus, Desulfonema and
Syntrophobacter. [Propionate and succinate degradation: JGM
(1985) 131 643-650.]

Carbon dioxide and hydrogen are metabolized to acetate
by some bacteria (e.g. Acetobacterium woodii, Clostridium
aceticum — see ACETOGENESIS) and to methane by certain
METHANOGENS. The scavenging of hydrogen by these organisms
creates conditions suitable for the growth of the so-called
obligate proton reducers or obligate hydrogenogens (see e.g.
SYNTROPHOMONAS) — which metabolize ethanol, lactate (and
other products of the initial fermentation) to acetate and
hydrogen; for these organisms only protons can act as electron
acceptors, and the continual scavenging of the resulting
hydrogen is essential for their growth.

In some anaerobic ecosystems acetate is metabolized to
methane by e.g. Methanosarcina and/or oxidized to carbon
dioxide by SULPHATE-REDUCING BACTERIA (e.g. Desulfobacter
postgatei) and sulphur-reducing species (e.g. Desulfuromonas
acetoxidans); the latter organisms form hydrogen sulphide as a
by-product. In the presence of high concentrations of sulphate,
the sulphate-reducing bacteria can inhibit METHANOGENESIS by
using both acetate and hydrogen. In the rumen, however, much
of the acetate is absorbed by the ruminant itself.

The process of anaerobic digestion results in an appreciable
reduction in the bulk of biodegradable solids — a particularly
useful feature in SEWAGE TREATMENT. The conversion of organic
carbon to methane forms an important part of the CARBON CYCLE.

In sewage treatment (and in the treatment of other organic
wastes — such as agricultural and food-industry effluents) anaer-
obic digestion can yield a rich, relatively odourless agricultural
fertilizer (rich in microbial biomass) and a useful fuel gas
(biogas, also called marsh gas, sewer gas, sludge gas) which
may contain 50% or more of methane; ca. 30—70% of solids
may be converted to gases — the actual proportion depending



e.g. on the substrate(s), the initial percentage of solids and the
retention time.

anaerobic jar A container used for the incubation of materials
(e.g. inoculated media) in the absence of oxygen or, in general,
under gaseous conditions other than atmospheric. See e.g.
BREWER JAR, GASPAK, MCINTOSH AND FILDES' ANAEROBIC JAR. (See
also HOLDING-FLUSH JAR PROCEDURE.)

anaerobic respiration RESPIRATION under anaerobic conditions,
the terminal electron acceptor being (according to species and/or
environmental conditions): fumarate, nitrate, nitrite, nitrous
oxide, elemental sulphur, sulphate etc. See e.g. DISSIMILATORY
SULPHATE REDUCTION, FUMARATE RESPIRATION, NITRATE RESPIRA-
TION, SULPHUR RESPIRATION and DENITRIFICATION. (See also dis-
similatory perchlorate reduction in the entry BIOREMEDIATION.)

anaerobiosis (1) The complete absence, or (loosely) the paucity,
of gaseous or dissolved elemental oxygen in a given place or
environment. In nature, such conditions occur e.g. in the bottom
muds of ponds and rivers and in the intestinal tracts of animals
(see e.g. RUMEN). (See also ANAEROBIC JAR and ROLL-TUBE
TECHNIQUE.) In aerobic habitats, anaerobic microenvironments
may be created by the consumption of locally available oxygen
e.g. by facultatively anaerobic organisms.

(2) Life in the absence of air.

Anaerobiospirillum A genus of Gram-negative bacteria (family
BACTEROIDACEAE). Cells: round-ended helical rods, 0.6-0.8 x
3.0-8.0 um, with bipolar tufts of flagella. Various sugars (e.g.
glucose, lactose, sucrose) are fermented, the major products of
glucose metabolism being succinate and acetate. GC%: ca. 44.
Type species: A. succiniciproducens, first isolated from dogs. [In
human bacteraemia: JCM (1998) 36 1209-1213. Ileocolitis in
cats: JCM (2004) 42 2752-2758.]

anaerogenic Refers to an organism which does not produce gas
from a given substrate.

Anaeroplasma A genus of obligately anaerobic, cell wall-less,
sterol-requiring bacteria (class MOLLICUTES) which occur e.g.
in the RUMEN. Cells: non-motile, coccoid to pleomorphic; plas-
malogens are major components of polar lipids in the cytoplas-
mic membrane. Some strains are bacteriolytic, causing clearing
in agar media containing e.g. Escherichia coli. Carbohydrates
are fermented to e.g. acetic, formic and lactic acids (together
with propionic or succinic acid in some strains), ethanol and
CO;. GC%: ca. 29-34. Type species: A. abactoclasticum; other
species: A. bactoclasticum. [Nucleic acid relationships among
anaerobic mycoplasmas: JGM (1985) 131 1223-1227.]

Anaerovibrio A genus of Gram-negative bacteria (family BAC-
TEROIDACEAE) which occur e.g. in the RUMEN. Cells: curved rods,
ca. 0.5 x 1.2-3.6 pm; monotrichously (polarly) flagellated. Car-
bon sources include e.g. fructose, lactate and ribose; major fer-
mentation products from these substrates include propionic and
acetic acids and CO,. Fermentation of glycerol yields mainly
propionic acid. Lipolytic, producing clearing on linseed oil agar.
Type species: A. lipolytica.

ana-holomorph (mycol.) A fungus for which no sexual stage or
state has been identified. (See also DEUTEROMYCOTINA.)

anammox bacteria Bacteria able to oxidize ammonia to dinitro-
gen, anaerobically, using nitrite as electron acceptor [see e.g.
Nature (2003) 422 608-611].

anamnestic response In persons or animals: a heightened
response to the second or subsequent administration of a par-
ticular antigen given some time after the initial administration;
thus, e.g., the concentration of specific antibody increases at a
rate much greater than that in response to the first dose of the
antigen. (See also BOOSTER.)
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anchor sequence

anamorph (mycol.) The asexual (= imperfect) stage or state of a
given fungus. (cf. ANA-HOLOMORPH; HOLOMORPH; SYNANAMORPH;
TELEOMORPH.)

anamorph-genus Syn. FORM GENUS.

anamorph-species Syn. form species.

anaphase See MITOSIS and MEIOSIS.

anaphylactic shock A manifestation of IMMEDIATE HYPERSENSI-
TIVITY involving a TYPE 1 REACTION. In man, the symptoms
of anaphylactic shock include bronchospasm (contraction of
bronchial smooth muscle) and cyanosis; in severe cases death
may occur, in minutes or hours, from asphyxiation due to bron-
chiolar contraction and/or laryngeal oedema or from a major fall
in blood pressure resulting from vascular permeability. First-line
treatment includes administration of ADRENALIN.

anaphylatoxins The fragments C3a and C5a formed during
COMPLEMENT FIXATION; they induce the release of HISTAMINE
from MAST CELLS, and C5a is chemotactic for neutrophils and
monocytes.

anaphylaxis Syn. TYPE 1 REACTION.

Anaplasma A genus of Gram-negative bacteria (family ANAPLAS-
MATACEAE) — once thought to be protozoa of the PIROPLAS-
MEA. Cells: cocci, diam. ca. 0.3 pm. They infect erythro-
cytes, multiplying by binary fission within membrane-limited
vacuoles (formed by invagination of the erythrocyte mem-
brane) to form inclusion bodies — each containing up to ca.
10 cells. The inclusion body typically occupies either a cen-
tral or a marginal position within the erythrocyte. Anaplasma
spp (A. caudatum, A. centrale, A. marginale and A. ovis) occur
worldwide; they apparently infect only ruminants (see ANAPLAS-
MOSIS). (cf. PARANAPLASMA.)

Anaplasmataceae A family of bacteria (order RICKETTSIALES)
that included AEGYPTIANELLA, ANAPLASMA, EPERYTHROZOON and
HAEMOBARTONELLA. In a proposed reorganization, changes
include transfer of species of EHRLICHIEAE and WOLBACHIEAE
to this family; in this edition of the dictionary the lower taxa
of this family reflect earlier classifications. [Proposed reorga-
nization of Anaplasmataceae and Rickettsiaceae: International
Journal of Systematic and Evolutionary Microbiology (2001) 51
2145-2165.]

anaplasmosis Any disease caused by an Anaplasma sp; transmis-
sion occurs mainly via ticks. In cattle, A. marginale can cause a
severe anaemia with debility and wasting; in sheep and goats
infection with A. marginale or A. ovis is usually subclinical.
[Book ref. 33, pp. 875-878.]

anaplerotic sequences Sequences of reactions which serve to
replenish ‘pools’ of intermediates which have been depleted as
a consequence of biosynthesis — see e.g. TCA CYCLE.

Anaptychia A genus of foliose or fruticose LICHENS (order
LECANORALES). Photobiont: a green alga. Apothecia: lecanorine;
ascospores: brown, one-septate. Species may occur on e.g. rocks
or bark.

anatid herpesvirus 1 See DUCK VIRUS ENTERITIS.

anatoxin (1) See ANABAENA. (2) Syn. TOXOID.

Ancalochloris  See CHLOROBIACEAE.

Ancalomicrobium A genus of chemoorganotrophic, facultatively
anaerobic PROSTHECATE BACTERIA found in aquatic habitats. In
high nutrient concentrations the cells are non-motile, rounded
to rod-shaped; in low nutrient concentrations they first become
ovoid, knobbed, subpolarly flagellate cells, subsequently devel-
oping into non-motile forms bearing two to eight cylindrical
(occasionally bifurcated) prosthecae. Cell division occurs by
budding from the cell body. One species: A. adetum.

anchor sequence See SIGNAL HYPOTHESIS.



Ancistrocoma

Ancistrocoma  See HYPOSTOMATIA.
Ancistrum  See SCUTICOCILIATIDA.
Ancylobacter ~ See MICROCYCLUS (2).
Ancylonema A genus of saccoderm DESMIDS.

Andersen sampler An instrument used e.g. for sampling the
airborne microflora. (See also AIR.) Essentially, the instrument
permits air to be drawn, sequentially, over the surface of each
of a number of vertically stacked agar plates or adhesive-coated
glass or metal discs; a suction pump, connected at the base of
the instrument, draws air in through an opening at the top of the
stack. Before reaching each plate or disc, the air passes through
a radially-arranged pattern of holes in a metal screen — the size
of the holes in a given screen being smaller than those in the
preceding one; hence, the size range of particles collected by a
given plate depends on the position of the plate within the stack.

Andes virus See HANTAVIRUS.

Andrade’s indicator A PH INDICATOR used e.g. in PEPTONE-WATER
SUGARS. To 100 ml 0.5% aqueous acid FUCHSIN is added 15 ml
4% NaOH; the solution is allowed to stand at room temperature
for a day, or until its colour changes to a very pale yellow. (A
further 1-2 ml NaOH may be added if this has not occurred
after 24h.) This solution (before or after autoclaving) is added
to the medium (1 ml in 90 ml); the indicator becomes red at ca.
pH 5.5.

androphage (male-specific phage) Any BACTERIOPHAGE which
infects only host cells that contain a conjugative plasmid.
Androphages include members of the genus INOVIRUS and of
the family LEVIVIRIDAE. (cf. FEMALE-SPECIFIC PHAGE.)

anemochoric Dispersed by the wind.

anergy (immunol.) A state of unresponsiveness to antigenic stim-
ulus; the term is used to refer e.g. to a B cell or T cell, or
to an individual person or animal. The absence of a DELAYED
HYPERSENSITIVITY reaction in a PRIMED subject on exposure to
the relevant antigen would be one manifestation of anergy; for
example, anergy may be exhibited when tuberculous individ-
uals — particularly those with extensive pulmonary tuberculo-
sis — are given a tuberculin test. ‘T cell anergy’ can be induced
by a SUPERANTIGEN.

aneuploid (anorthoploid) Having one or more complete chromo-
somes in excess of, or less than, the normal haploid, diploid or
polyploid number characteristic of the species. (See also HET-
EROPLOID.)

aneurin  Syn. THIAMINE.

Angeiocystis  See EIMERIORINA.

angiocarpic development (angiocarpous development) (mycol.)
The mode of development of a fruiting body in which the
spores reach maturity within a closed chamber or cavity in
the fruiting body. (See e.g. GASTEROMYCETES.) (cf. GYMNOCARPIC
DEVELOPMENT.)

Angiococcus  See MYXOBACTERALES.

angiomatosis (bacillary) See BARTONELLA.

ang-kak (ang-quac, angkak; red rice) A Chinese product (used
mainly as a colouring agent for foods) made by the fermentation
of rice by Monascus purpureus strains; the fungus produces two
pigments: monascorubrin (red) and monascoflavin (yellow).

angolamycin See MACROLIDE ANTIBIOTICS.

Angstriim unit (A) 1071 m (= 10! nm).

anguibactin  See SIDEROPHORES.

anguidine Diacetoxyscirpenol: see TRICHOTHECENES.

anicteric Without jaundice.

AN-IDENT See MICROMETHODS.

aniline dyes Dyes derived from aniline (aminobenzene, C¢Hs
NH;), e.g., some TRIPHENYLMETHANE DYES.

animal viruses Viruses (see VIRUS) which can infect and replicate
in the cells of animals — including mammals, birds, poikilo-
thermic vertebrates and/or invertebrates. See table for general
features.

The host range for a given animal virus varies from very
narrow (e.g. in nature, rubella and variola viruses apparently
infect only man) to very wide (e.g. rabies virus can infect most
mammals, while ARBOVIRUSES can replicate in both invertebrates
and mammals). A virus may be transmitted from host to host
directly (by body contact), via aerosols (DROPLET INFECTION), via
food or water (see e.g. FOOD POISONING and POLYHEDRA), via a
VECTOR, etc; some viruses can be transmitted transovarially or
can cross the placenta and infect the fetus.

Probably, many virus infections in animals are asymptomatic,
but some can result in diseases ranging from mild and self-
limiting (e.g. most cases of the COMMON COLD) to severe or
fatal (e.g. AIDS, RABIES, YELLOW FEVER). The virus may remain
more or less localized at the site of infection (e.g. in some
forms of HERPES SIMPLEX, and in PAPILLOMAS), or it may spread
systemically via the bloodstream, lymphatic system or nervous
system — often replicating preferentially or only in a specific
tissue or organ. (See also TROPISM sense 2 and PERSISTENCE.)
Disease symptoms may be due e.g. to disturbances in host cell
structure and/or metabolism, host cell lysis, immune responses
in the host animal, etc. Animal viruses have been implicated in
certain cancers (see DNA TUMOUR VIRUS and ONCOVIRINAE) and
in other diseases of unknown causation — e.g. atherosclerosis
(see MAREK’S DISEASE), MULTIPLE SCLEROSIS, and even psychiatric
disorders (see BORNA DISEASE and RETROVIRIDAE).

Identification of animal viruses often cannot be based entirely
on clinical manifestations of infection: infection may be asymp-
tomatic, different viruses can sometimes cause similar diseases
(see e.g. ENCEPHALITIS), and similar viruses may cause widely
differing diseases (see e.g. ENTEROVIRUS). Thus, identification
often depends on laboratory procedures: e.g., light MICROSCOPY
(for e.g. CYTOPATHIC EFFECT) or ELECTRON MICROSCOPY of clin-
ical specimens; propagation of the virus in TISSUE CULTURE,
EMBRYONATED EGGS or living animals, followed by obser-
vation of any virus-induced effects; serological tests (e.g.
COMPLEMENT-FIXATION TEST, ELISA, HAEMADSORPTION-INHIBITION
TEST, HAEMAGGLUTINATION-INHIBITION TEST, IMMUNOFLUORES-
CENCE, IMMUNOSORBENT ELECTRON MICROSCOPY, NEUTRALIZATION
TEST, etc). TYPING (e.g. for epidemiological purposes) may
involve e.g. serological tests and/or nucleic acid HYBRIDIZATION
techniques. PCR-based examination may be used e.g. to identify
drug-resistance mutations [genotyping of HIV-1: Lancet (1999)
353 2195-2199].

In only a few cases can virus diseases in animals be
controlled by chemotherapy (see ANTIVIRAL AGENTS); in most
cases prevention is the only means of disease control. In humans,
this may involve e.g. vaccination, isolation of infected patients,
elimination of vectors, etc; SMALLPOX has been effectively
eradicated by such methods. Virus diseases of other animals may
be controlled by similar methods, and also e.g. by slaughter of
infected animals, quarantine of animals for transportation, etc.
Viruses which cause INSECT DISEASES are sometimes used in the
BIOLOGICAL CONTROL of insect pests.

(cf. PLANT VIRUSES.)

animalcules (Animaliculae) An archaic term for microscopic
organisms, particularly protozoa.

anisogamy The union of gametes which differ in form and/or
physiology. When the gametes differ in size, the larger
(macrogamete) is regarded as female, the smaller (microgamete)
as male. (See e.g. 00GAMY; cf. ISOGAMY.)



anisotropic inhibitor

ANIMAL VIRUSES: basic characteristics

Presence of Nucleocapsid Virus family?
Genome* envelope symmetry (host type® in parentheses)
dsDNA
monopartite, ccc, sc + helical Baculoviridae (I)
monopartite (partially ds) + isometric Hepadnaviridae (V)
monopartite, linear + isometric Herpesviridae (V)
monopartite, strands covalently +/— complex Poxviridae (V;I)
joined at each end
monopartite (possibly sometimes +/— isometric Iridoviridae (I;V)
bipartite), linear
monopartite, linear, with 5'- — isometric Adenoviridae (V)
terminal protein
monopartite, ccc, s¢ — isometric Papovaviridae (V)
ssDNA
monopartite, linear; —ve-sense, or — isometric Parvoviridae (V;])
either —ve- or +ve-sense
cce — isometric porcine circovirus (V)
dsRNA (linear)
bipartite, with terminal protein — isometric Birnaviridae (V;I)
multipartite — isometric Reoviridae (V;I;P)
ssRNA (linear)
+ve-sense, monopartite + helical Toroviridae? (V)
+ve-sense, monopartite + helical Coronaviridae (V)
+ve-sense, ‘diploid’ + isometric Retroviridae (V;I?)
+ve-sense, monopartite + isometric Togaviridae (V;I;P?)
+ve-sense, monopartite + isometric Flaviviridae (V;I)
+ve-sense, monopartite - isometric Caliciviridae (V)
+ve-sense, monopattite - isometric Nudaurelia B virus group (I)
+ve-sense, monopartite — isometric Picornaviridae (V;I)
+ve-sense, bipartite - isometric Nodaviridae (I)
—ve-sense? monopartite + helical Filoviridae? (V)
—ve-sense, monopartite + helical Paramyxoviridae (V)
—ve-sense, monopartite + helical Rhabdoviridae (V;I;P)
—ve-sense®, bipartite + helical Arenaviridae (V)
—ve-sense’, tripartite + helical Bunyaviridae (V;I)
—ve-sense, multipartite + helical Orthomyxoviridae (V)
ssRNA (circular)
?-sense, monopartite + isometric delta virus (V)

single-stranded.

See separate entries for details.

I = invertebrate; P = plant; V = vertebrate.
Proposed family.

¢ Some segments are ambisense.

L

anisokont Syn. HETEROKONT.

Anisolpidiaceae See HYPHOCHYTRIOMYCETES.

anisomycin (2-[ p-methoxybenzyl]-3,4-pyrrolidinediol 3-acetate)
An antibiotic which inhibits protein synthesis in eukaryotes,
binding to 80S ribosomes and inhibiting the peptidyltransferase
reaction. Many members of the ARCHAEA (e.g. species of
Halobacterium, Methanobacterium and Thermoplasma) are
also sensitive to anisomycin, although Methanococcus and
Methanosarcina spp are relatively resistant [Book ref. 157,
p. 538].
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See entry VIRUS for generalized account. ccc = covalently closed circular; ds = double-stranded; sc = supercoiled; ss =

anisotropic inhibitor A type of compound (e.g. monoazide
ethidium) which inhibits energy transduction in OXIDATIVE PHOS-
PHORYLATION by binding to certain negatively charged sites on
the outer surface of the mitochondrial inner membrane; the
occurrence of redox reactions within the membrane stimulates
the binding of anisotropic inhibitors to these sites, and this has
been taken to indicate that redox reactions cause conformational
changes in membrane proteins [PNAS (1985) 82 1331-1335].
The binding sites of anisotropic inhibitors (hydrophobic pro-
teins designated chargerin I and chargerin 1) may correspond



anisotropic medium

to sites in Complexes I, IIT and IV of the mitochondrial ELECTRON
TRANSPORT CHAIN and to the Fy moiety of the PROTON ATPASE.

anisotropic medium (optics) See BIREFRINGENCE.

Ankistrodesmus A genus of unicellular, non-motile green algae
(division CHLOROPHYTA); the cells are generally long and thin
and may be straight, curved, helical etc, sometimes occurring in
bundles. (See also TBTO.)

anlage (pl. anlagen) (ciliate protozool.) Syn. INITIAL(S).

annealing (of primers) See PCR.

annelate ascus  An AscUs whose wall has a small, annular, apical
thickening that is often amyloid or light-refractive; at maturity,
the ascospores are released via a pore in the centre of the
thickening.

annellations See CONIDIUM.

annellide See CONIDIUM.

annellidic development See CONIDIUM.

annulus (microbiol.) Any of various structures which are ring-
shaped (either actually or in cross-section). Examples include
e.g. the outermost layer (= ‘sheath’) of the contractile stalk in
some peritrich ciliates, the PERISEPTAL ANNULUS, and the annular
remnant of the PARTIAL VEIL.

Anodonta  See ZOOCHLORELLAE.

Anomoeoneis  See DIATOMS.

anonymous mycobacteria Syn. ATYPICAL MYCOBACTERIA.

Anopheles A genus of mosquitoes (order Diptera, family Culi-
cidae); Anopheles spp are vectors of MALARIA.

anopheline Refers to mosquitoes of the genus Anopheles.

Anoplophrya  See ASTOMATIDA.

anorthoploid Syn. ANEUPLOID.

anoxia A deficiency or lack of oxygen. (Hence adj. anoxic.)

anoxygenic Not producing oxygen.

anoxygenic photosynthesis See PHOTOSYNTHESIS.

Anoxyphotobacteria A proposed class of anoxygenic photo-
synthetic prokaryotes (division GRACILICUTES): see RHODOSPIR-
ILLALES.

ansamycins A group of structurally related ANTIBIOTICS consist-
ing of a macrocyclic ring which comprises an aromatic moiety
spanned by an aliphatic bridge. Ansamycins (which include e.g.
rifamycins, streptovaricins and tolypomycins) are produced by
actinomycetes and appear to share a common mode of antibac-
terial action (see RIFAMYCINS); at high concentrations they also
show activity against certain viruses in cell cultures.

anserid herpesvirus 1 See DUCK VIRUS ENTERITIS.

antagonism The inhibition of one entity by another of similar
kind. Examples: one antibiotic may reduce or abolish the effects
of another (e.g. a bacteriostatic drug will counteract the effects
of a drug which acts only on growing cells); acid-producing
organisms may inhibit or kill acid-intolerant organisms sharing
the same environment. (cf. SYNERGISM.)

antapical organelle In the bacterium Thiovulum majus: the
presumed source of a thin (adhesive?) thread or stalk which
projects from the surface of the organism.

antenna (in PHOTOSYNTHESIS) See LIGHT-HARVESTING COMPLEX.

anterior station (parasitol.) The anterior part of the alimentary
canal and/or the salivary glands of an arthropod vector; infective
forms of parasites in the anterior station can be transmitted to
the vertebrate host by the bite of the vector. (cf. INOCULATIVE
INFECTION.)

antheraxanthin See CAROTENOIDS.

antheridiol See PHEROMONE.

antheridium A male gametangium.

anthracnose Any of various plant diseases — particularly those
caused by fungi of the MELANCONIALES — in which discrete, dark-
coloured, necrotic lesions develop on the leaves and/or fruits.
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For example, anthracnose of beans (Phaseolus spp) is caused by
Colletotrichum lindemuthianum and is characterized by brown
or black lesions (sometimes bearing masses of pink conidia) on
the leaves, pods and seeds.

anthracycline antibiotics ANTIBIOTICS which have a tetrahydro-
tetracenequinone chromophore (containing three flat, coplanar,
6-membered rings). They function as INTERCALATING AGENTS,
inhibiting DNA and RNA synthesis. Daunomycin (=
rubidomycin, daunorubin), produced by Streptomyces sp, is
an anticancer agent which binds to dsDNA (¢ ca. 12°)
with no apparent base preference; it contains an aminosugar
(daunosamine) which projects into the major groove and
stabilizes the drug—DNA complex by electrostatic interaction
with phosphate in the DNA. Adriamycin is very similar to
daunomycin in structure and function. Other anthracyclines:
nogalamycin (antitumour agent, ¢ ca. 18°), cinerubin, rhodo-
mycin.

anthramycin A member of the pyrrolo-(1,4)-benzodiazepine
group of antibiotics; other members include sibiromycin
and tomaymycin. Anthramycin (produced by Streptomyces
refuineus) has antibacterial and antitumour activity; it binds
covalently to DNA, causing e.g. inhibition of DNA and RNA
synthesis. The modes of action of sibiromycin and tomaymycin
are apparently similar.

anthranilate An intermediate in tryptophan biosynthesis: see
Appendix IV(f).

anthrax A disease — primarily of animals, but also of man —
caused by strains of Bacillus anthracis that are both capsulated
and toxinogenic (see ANTHRAX TOXIN, BACILLUS and STERNE
STRAIN).

In man the disease is usually localized, resulting from
infection of skin lesions (anthrax boil, cutaneous anthrax,
malignant pustule); sepsis may develop in untreated cases.
Rarely, infection occurs via the lungs (pulmonary anthrax,
woolsorters’ disease) or gut (intestinal anthrax), leading to
sepsis; germination of the endospores of B. anthracis, and
expression of toxin genes, have been demonstrated within
(murine) alveolar macrophages [Mol. Microbiol. (1999) 31
9—17]. If treated promptly (e.g. with benzylpenicillin or other p-
lactam antibiotic) mortality is low; if untreated, the septicaemic
form is usually fatal.

In herbivores (e.g. cattle, sheep, horses), the ingestion of
B. anthracis spores during grazing can lead to rapidly fatal
sepsis (‘splenic fever’).

(See also MCFADYEAN'S TEST.)

[Anthrax (various aspects): JAM (1999) 87 189-321.]

anthrax toxin The TOXIN, produced by Bacillus anthracis, which
is responsible for pathogenesis in ANTHRAX. Anthrax toxin com-
prises three protein components: oedema factor (EF, factor I),
‘protective antigen’ (PA, factor II) and lethal factor (LF, factor
III); independently, each component has no biological activity.
All three components are encoded by plasmid pOX1. (The cap-
sule of B. anthracis, an essential anti-phagocytic attribute of the
pathogen, is encoded by plasmid pOX2.)

Activity of the toxin. PA forms a P-barrel structure in the
eukaryotic cell membrane; this permits translocation, into the
cell, of the two catalytic components of the toxin, LF and EF.

LF is a zinc protease. Within the eukaryotic cell, LF cleaves
mitogen-activated protein (MAP) kinase, inactivating it. MAP
kinase is an essential component in eukaryotic signalling;
inhibition of the MAP kinase pathway blocks the development
of cells at a specific point in the cell cycle. (LF is also a
potent inducer of cytokines, and is thought to be active at a
concentration of 10718 m.)



EF is an ADENYLATE CYCLASE which, within the eukaryotic
cell, is stimulated by CALMODULIN, thus causing an increase
in the level of cyclic AMP (cAMP). EF is responsible for
the oedematous aspect of anthrax (and may also inactivate
phagocytic cells).

anthroponosis (1) An infectious disease which can be contracted
by humans, the pathogen being normally maintained in a
reservoir consisting of human population(s). (cf. ZOONOsIS.) (2)
An infectious disease which can be contracted by animals, the
pathogen being normally maintained in a reservoir consisting
of human population(s) [use of term (sense 2): JMM (1997) 46
372-376].

anthropophilic Refers to a parasite or pathogen which preferen-
tially infects man (cf. ZOOPHILIC).

antibacterial agents Agents which kill, or inhibit the growth
of, bacteria — e.g. certain ANTIBIOTICS, ANTISEPTICS and DISINFEC-
TANTS.

antibiogram The pattern of sensitivities of a given microorgan-
ism towards a range of antibiotics.

antibiosis The antagonism of one organism towards another or
others.

antibiotic (1) Originally, the term used for any microbial prod-
uct which, in low concentrations, inhibits or kills susceptible
microorganisms; with this meaning, the term could distinguish
between an agent such as penicillin (produced by a fungus) and
synthetic (i.e. man-made) antimicrobials such as sulphonamides.
This use of the term became untenable when penicillins and other
natural (i.e. microbially synthesized) antimicrobial products were
modified, or synthesized de novo, in the laboratory.

(2) Currently, the term antibiotic is used most commonly
to refer to any natural, semi-synthetic or wholly synthetic
antimicrobial agent effective at low concentrations — although
products which are active against viruses are usually referred to
as ANTIVIRAL AGENTS rather than antibiotics.

This account refers primarily to antibiotics in a medi-
cal/veterinary context, i.e. as agents used for the prevention
or treatment of infectious diseases in man and other animals.
However, it should be noted that natural antibiotics (e.g. BAC-
TERIOCINS) have ecological roles. Moreover, some antibiotics
(e.g. NISIN) are used as food preservatives, while others (e.g.
AGROCINS) are used in BIOLOGICAL CONTROL. Certain antibiotics
have been used in the control of plant diseases (e.g. COCONUT
LETHAL YELLOWING).

For therapeutic or prophylactic use, antibiotics should, ideally,
be toxic only for (the appropriate) pathogens — i.e. they should
be harmless to the patient; in other words, antibiotics should
exhibit an appropriate level of selective toxicity. Even so, many
of the antibiotics currently in use are associated with impor-
tant side-effects — e.g. streptomycin may cause dose-dependent
damage to the 8th cranial nerve, while penicillins may pro-
voke hypersensitivity reactions (ANAPHYLACTIC SHOCK) in certain
patients. Some antibiotics are contraindicated for particular cat-
egories of patient (e.g. pregnant women). (See also THERAPEUTIC
INDEX.) Of the large number of known antibiotics, relatively few
are suitable for clinical use; some are too highly toxic for human
or animal use, and some would be ineffective as antimicrobial
agents at safe doses.

An antibiotic may be MICROBICIDAL Or MICROBISTATIC; some
can be microbicidal or microbistatic according e.g. to concen-
tration.

Mixtures of antibiotics may exhibit synergism or antagonism.
Synergism is exhibited when two antibiotics, acting simultane-
ously on an organism, produce an effect which is greater than
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the sum of their individual effects; cotrimoxazole is an example
of a synergistic combination of antibiotics (trimethoprim + sul-
phamethoxazole) — two drugs which block different reactions in
the same pathway.

Antagonism is the converse of synergism. For example,
antibiotics which inhibit growth will antagonize other antibiotics
(e.g. penicillins) which are active only on growing cells. In
another form of antagonism, the presence of certain types of
antibiotic will promote the synthesis of inducible enzymes that
inactivate other antibiotics; thus, for example, certain B-lactam
antibiotics (such as imipenem or cefoxitin) can induce the
synthesis of enzymes called p-lactamases which inactivate other
B-lactam antibiotics. (For this reason, those p-lactam antibiotics
which are strong inducers of f-lactamases are not used in
combination with other B-lactam antibiotics.)

The antimicrobial activity of an antibiotic in the human (or
animal) body does not necessarily correspond to its activity
in laboratory tests. For example, under in vivo conditions an
antibiotic may bind to plasma proteins so that only a fraction
of the administered dose is available for antimicrobial activity.
Moreover, some antibiotics are administered in an inactive form
that depends on in vivo metabolism for the development of its
activity (see e.g. p-N-succinylsulphatriazole in SULPHONAMIDES).

The ability of certain antibiotics (e.g. fluoroquinolones,
rifampicin) to remain in an active state within phagocytes is
an important feature because some bacterial pathogens can sur-
vive, or even grow, following uptake by phagocytic cells [RMM
(1995) 6 228-235].

Antibiotic action. To be effective an antibiotic must (at least)
enter the cell envelope; commonly, antibiotics must pass through
the cell envelope in order to reach their target sites. Entry into a
cell often occurs via an energy-dependent transport system (see
e.g. entries CYCLOSERINE, POLYOXINS, TETRACYCLINES, WARHEAD
DELIVERY).

Within the pathogen, a given antibiotic acts at specific target
site(s). Depending on antibiotic, the target site may be e.g.: (i)
enzymes that catalyse the synthesis of a structural polymer in the
cell envelope; (ii) the cytoplasmic membrane (certain antibiotics
cause leakiness incompatible with cell viability); (iii) enzymes
required for the synthesis or supercoiling of nucleic acids; (iv)
the ribosome (some antibiotics can inhibit protein synthesis by
binding to specific sites on the ribosome); (v) enzymes required
for biosynthesis of an essential coenzyme — for example, dihy-
drofolate reductase (required for the synthesis of tetrahydrofo-
late) is inhibited by trimethoprim.

Antibiotics of the same group have similar or identical target
sites, and they all affect cells in the same way. However, antibi-
otics from different groups may have a similar target site; thus,
for example, the target site of oxazolidinones appears to overlap
the binding sites of both lincomycin and chloramphenicol [JB
(2000) 182 5325-5331].

Some target sites are found in only certain categories of
microorganism; for example, the cell wall polymer peptidogly-
can occurs only in bacteria — so that antibiotics directed specif-
ically against this target are unlikely to be of use against (e.g.)
fungi. Clearly, no antibiotic is effective against all pathogens,
and in many cases the activity of a given antibiotic is limited
to a particular subset of organisms; in the context of bacte-
rial pathogens, a broad-spectrum antibiotic is one which can be
effective against a wide range of species, including both Gram-
positive and Gram-negative bacteria.

Some examples of antibiotics (in various target regions) are
listed below; see individual entries for mode of action etc.
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Bacterial cell wall (peptidoglycan). CYCLOSERINE; P-LACTAM
ANTIBIOTICS; MOENOMYCIN; VANCOMYCIN.

Bacterial cytoplasmic membrane. DEPSIPEPTIDE ANTIBIOTICS;
GRAMICIDINS; POLYMYXINS; TYROCIDINS.

DNA intercalating agents. ACTINOMYCIN D; ANTHRACYCLINE
ANTIBIOTICS; QUINOXALINE ANTIBIOTICS.

Folic acid antagonists. CHLORGUANIDE;
TRIMETHOPRIM. (See also SULPHONAMIDES.)

Fungal cell wall. ACULEACIN A; NIKKOMYCINS; PAPULACANDIN
B; POLYOXINS.

Fungal cytoplasmic membrane. POLYENE ANTIBIOTICS (sense a).

Gyrase. COUMERMYCINS; NOVOBIOCIN; QUINOLONE ANTIBIOTICS.

Ribosome (protein synthesis). AMINOGLYCOSIDE ANTIBIOTICS;
ANISOMYCIN; CHLORAMPHENICOL; CYCLOHEXIMIDE; FLORFENICOL;
FUSIDIC ACID; LINCOSAMIDES; MACROLIDE ANTIBIOTICS; OXAZO-
LIDINONES; POLYENE ANTIBIOTICS (sense b); PUROMYCIN; SPAR-
SOMYCIN; SPECTINOMYCIN; TETRACYCLINES; THIOSTREPTON; TIA-
MULIN; VIOMYCIN.

RNA polymerase. ANSAMYCINS (e.g. RIFAMYCINS) (see also
STREPTOLYDIGIN).

Microbial resistance to antibiotics. Resistance to a given
antibiotic (‘drug resistance’) is said to be constitutive (= intrin-
sic) in cells which (i) lack the specific target of that antibiotic,
(i) have an alternative form of the target that is not affected
by the antibiotic, and/or (iii) are inherently impermeable to the
antibiotic. For example: (i) species of Mycoplasma, which lack
cell walls, are intrinsically resistant to penicillins (which inhibit
the synthesis of a cell wall polymer); (ii) strains of Staphy-
lococcus aureus that exhibit intrinsic resistance to methicillin
contain an alternative form of the target (see MRSA); (iii) many
Gram-negative bacteria are intrinsically resistant to e.g. ben-
zylpenicillin because their outer membrane is impermeable to
the antibiotic.

A cell may acquire heritable resistance to one or more
antibiotics in several ways. In bacteria, gene(s) specifying
resistance to one or more antibiotics may be transferred to
an antibiotic-susceptible cell by CONJUGATION, TRANSDUCTION,
TRANSFORMATION Or CONJUGATIVE TRANSPOSITION; resistance may
also develop as a consequence of MUTATION. The way in which
resistance is acquired is important in that it may determine the
range of antibiotics to which a cell becomes resistant. Thus, a
single point mutation commonly confers resistance to only one
type of antibiotic (or to those antibiotics which share the same
target site). By contrast, receipt of an R PLASMID or TRANSPOSON
may confer resistance to either a single antibiotic or to two or
more unrelated antibiotics (multiple drug resistance).

Mechanisms of resistance to antibiotics. Six main mechanisms
can be distinguished:

(i) Mutation. The target site of a given antibiotic may be
modified as a result of a MUTATION such that the target (e.g.
enzyme, ribosome) functions more or less normally in the pres-
ence of otherwise inhibitory concentrations of the antibiotic
(see e.g. STREPTOMYCIN). The cell in which such a mutation
has occurred can therefore grow and give rise to a popu-
lation of resistant cells in the presence of the given antibi-
otic. Examples of mutation-mediated resistance: (i) point muta-
tions affecting 23S rRNA which confer resistance to macrolide
antibiotics [AAC (1996) 40 477-480]; (ii) point mutations
in the rpoB gene of Mycobacterium tuberculosis (encod-
ing a subunit of RNA polymerase) conferring resistance to
rifampicin. Although resistance-conferring mutations are com-
monly located within known sequences in the genome, resistance
may also arise through mutation at novel sites; for example,

PYRIMETHAMINE;
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in a strain of Streptococcus pneumoniae, mutation outside the
recognized ‘quinolone resistance-determining region’ has been
associated with enhanced resistance to certain of the newer
fluoroquinolones [AAC (2001) 45 952-995].

(ii) Inactivation or degradation of antibiotics by enzymes.
Enzymes which inactivate or degrade antibiotics are encoded by
genes that occur e.g. in plasmids or chromosomes. Such enzymes
include the acetyltransferases, adenylyltransferases and phospho-
transferases that are active against aminoglycoside antibiotics
[TIM (1998) 6 323-327], the enzyme CHLORAMPHENICOL acetyl-
transferase, and the P-LACTAMASES which inactivate penicillins
and related antibiotics.

(iii) Efflux mechanisms. See EFFLUX MECHANISM. Some efflux
mechanisms involve an ABC TRANSPORTER. [Efflux-mediated
resistance to fluoroquinolones in Gram-negative bacteria: AAC
(2000) 44 2233-2241.]

(iv) Diminished permeability. Any change in the composition of
the cell envelope which hinders the uptake of an antibiotic will
either increase the MIC of that antibiotic or else give rise to
high-level resistance. For example, diminished permeability in
Enterobacter aerogenes, associated with an alteration in the outer
membrane porins, has been reported to affect this organism’s
susceptibility to various antibiotics, including some of the fourth-
generation cephalosporins (e.g. cefepime) [Microbiology (1998)
144 3003-3009].

Interestingly, in Escherichia coli, phenotypic (non-heritable)
resistance to some antibiotics (e.g. ampicillin, chloramphenicol)
can be induced by the presence of certain chemorepellents — e.g.
acetylsalicylate (aspirin) and benzoate — which are detected by
the tsr gene product; this phenomenon has been attributed to
inhibition of synthesis of the OmpF porin by the chemorepellent
[FEMS (1987) 40 233-237].

(v) Increased synthesis of an affected metabolite. Increased
production of a given metabolite may overcome competitive
inhibition by the antibiotic; for example, production of higher
levels of PABA is one form of resistance to sulphonamides.
(vi) Acquisition of an antibiotic-insensitive target. One example
is the acquisition of a methicillin-resistant penicillin-binding
protein by strains of Staphylococcus aureus (see MRSA).

[Mechanisms of resistance to P-lactam, aminoglycoside,
quinolone and other antibiotics in Acinetobacter baumannii:
RMM (1998) 9 87-97.]

Induction of resistance to antibiotics. Resistance to certain
antibiotics is inducible — the presence of such antibiotics (over
a certain minimum concentration) promoting resistance in the
cell. For example, in some Gram-positive bacteria (e.g. staphy-
lococci), the enzyme chloramphenicol acetyltransferase may be
induced in the presence of its substrate, CHLORAMPHENICOL (see
also TRANSLATIONAL ATTENUATION). Also in staphylococci, sev-
eral distinct modes of resistance to B-lactam antibiotics may be
induced by the presence of these antibiotics; thus, resistance may
be due to the induction of B-LACTAMASES (leading to mechanism
ii, above) or to induction of the specific PENICILLIN-BINDING PRO-
TEIN (PBP) 2a (see MRSA) (mechanism vi, above). In the case
of inducible resistance to P-lactam antibiotics, studies on the
transmembrane signalling pathway have indicated that induced
resistance — through either B-lactamases or the mecA product
PBP 2a — may depend on a novel mechanism involving sequen-
tial cleavage of several regulatory proteins [Science (2001) 291
1962—-1965; commentary: Science (2001) 297 1915-1916]. In
this scheme, regulation of mecA expression involves initial bind-
ing of a P-lactam antibiotic to a cell-surface sensor—transducer:
the MecR1 protein; as a consequence, MecR1 undergoes cleav-
age, and a (hypothetical) product of such cleavage, MecR2,



directly or indirectly brings about cleavage of the transcriptional
repressor protein, Mecl — thus allowing expression of mecA.
(See also B-LACTAMASES.)

Antibiotic-sensitivity (antibiotic-susceptibility) tests. Labora-
tory tests are often carried out to determine the susceptibility
of a given pathogen to various antibiotics (the pattern of sen-
sitivities being referred to as the pathogen’s antibiogram); the
results of such tests may enable the clinician to select optimal
antibiotic(s) for chemotherapy.

A common form of test is the DISC DIFFUSION TEST (q.V.; see
also NEO-SENSITABS); this kind of test is intended primarily for
those bacteria which produce visible growth after overnight incu-
bation (rather than slow-growing species such as Mycobacterium
tuberculosis). (See also DILUTION TEST.)

The E TEST is a diffusion test which can indicate an MIC.

Other methods, such as LATEX PARTICLE TESTS, have been
assessed for their ability to detect resistance to methicillin
in staphylococci [rapid detection of mecA-positive and mecA-
negative coagulase-negative staphylococci by an anti-penicillin
binding protein 2a slide latex agglutination test: JCM (2000) 38
2051-2054].

Molecular methods (including PCR-based tests) can also be
used in certain cases for detecting antibiotic resistance. [Rapid
identification of methicillin-resistant Staphylococcus aureus and
simultaneous species confirmation using real-time fluorescence
PCR: JCM (2000) 38 2429-2433. Multiplex PCR for detection
of genes for Staphylococcus aureus enterotoxins, exfoliative tox-
ins, toxic shock syndrome toxin 1 and methicillin resistance:
JCM (2000) 38 1032-1035. Simultaneous identification and
typing of multidrug-resistant Mycobacterium tuberculosis iso-
lates by analysis of pncA and rpoB: JMM (2000) 49 651-656.]
(See also line probe assay in the entry PROBE.)

[DNA-based (‘genotypic’) antibiotic susceptibility testing:
Book ref. 221, pp 203-228.]

Clinical impact of bacterial resistance to antibiotics. Although
large numbers of new antibiotics have been identified in the
last few decades, bacterial resistance to existing drugs has con-
tinued to emerge so that, in some cases, therapeutic options
have become very limited; examples of such resistance include:
vancomycin-resistant enterococci [EID (2001) 7 183-187];
tetracycline-resistant gonococci; penicillin-resistant pneumo-
cocci [Drugs (1996) 51 (supplement 1) 1-5]; multidrug-resistant
Vibrio cholerae O1 [Lancet (1997) 349 924]; multidrug-resistant
Mycobacterium bovis [Lancet (1997) 350 1738-1742]; and
low-level resistance to vancomycin in MRSA [JAC (1997) 40
135-136]. [The crisis in antibiotic resistance: Science (1992)
257 1064—-1073.] There is thus an ongoing need to develop new
antibiotics and to prevent, or delay, the emergence of resistance
to those drugs that are currently useful by avoiding inappropri-
ate usage; given the value of antibiotics in medicine (and our
current dependence on them) it is essential that new drugs be
used carefully and rationally [quinupristin/dalfopristin and line-
zolid: where, when, which and whether to use?: JAC (2000)
46 347-350]. Already, clinical resistance to linezolid has been
reported in vancomycin-resistant strains of Enterococcus fae-
cium (vancomycin-resistant enterococci, VRE) [Lancet (2001)
357 1179].

[Controlling antimicrobial resistance in hospitals (infection
control and use of antibiotics): EID (2001) 7 188-192.]

Because of ongoing development of resistance in pathogenic
bacteria, new targets for antibiotics are being sought within the
bacterial cell. One target in Escherichia coli is de-acetylase
(a zinc-requiring enzyme, product of gene IpxC) which is
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essential for the synthesis of lipid A (an integral part of the
outer membrane in Gram-negative bacteria) (see ENDOTOXIC
SHOCK). New approaches to antibiotics may also involve agents
such as CcdB (see F PLASMID) and certain bacteriocins. By
contrast, peptide deformylase (PDF), which cleaves the N-
terminal formyl group from nascent bacterial polypeptides (see
PROTEIN SYNTHESIS), seems less than optimal as a candidate
drug target; certain derivatives of hydroxamic acid are potent
inhibitors of PDF, but resistance to these agents develops readily,
and the drugs appear to be only bacteriostatic [AAC (2001) 45
1058-1064].

The ongoing problem of antibiotic-resistant pathogens has
prompted consideration of other anti-infection modalities, includ-
ing bacteriophage therapy [AAC (2001) 45 649-659].

Antibiotics for chemotherapy: factors affecting the choice.
Antibiotics may be wasted if they are used without due regard
to specificity and pharmacology; moreover, use of inappropriate
drugs may forfeit the chance of helping the patient and may
also exacerbate unnecessarily the general problem of antibiotic
resistance. The kind of factors which affect the choice of anti-
biotic include:

o Effectiveness against relevant pathogens. In ideal circum-
stances the pathogen’s identity and its sensitivity to antibiotics
are known prior to treatment. However, in certain diseases
(e.g. meningitis) therapy is often begun before the aetiology
has been confirmed. When this happens the choice of antibi-
otic is based on the probable pathogen; probability reflects
factors such as (local) prevalence of particular species/strains
of pathogen, reported problems of resistance in the pathogen,
and the patient’s age/general condition. [Example: man-
agement of bacterial meningitis (paediatric patients): RMM
(1997) 8 171-178.]

e Prevalence of antibiotic-resistant strains in the locality. Many
pathogens are now resistant to antibiotic(s) to which they
were once invariably sensitive; moreover, some pathogens are
resistant to a range of drugs so that, in some cases, therapeutic
options are extremely limited.

o Antagonism towards other antibiotics — or even towards other
therapeutic agents; for example, rifampicin can potentiate
certain mammalian enzymes and, as a consequence, may
interfere with oral contraception.

e Possible side-effects (e.g. penicillin allergy).

e In pregnant patients: possible teratogenicity.

e Pharmacokinetics. The physicochemical nature of a drug
determines its ability to reach particular sites when admin-
istered via a given route. For example, if certain drugs are
injected intravenously they do not reach the cerebrospinal
fluid (CSF) because they cannot pass the blood—brain bar-
rier; other types of drug can, and some can do so only if the
permeability of this barrier has been increased e.g. as a result
of inflammation.

(See also ANTIFUNGAL AGENTS, ANTIPROTOZOAL AGENTS, ANTI-
SEPTICS and DISINFECTANTS.)
antibiotic-associated colitis See COLITIS.
antibody (ab) Any IMMUNOGLOBULIN molecule produced in direct
response to an ANTIGEN (or to an autocoupling HAPTEN) and
which can combine specifically, non-covalently, and reversibly
with the antigen which elicited its formation (see also ANTIBODY
FORMATION); specificity is not necessarily absolute: see CROSS-
REACTING ANTIBODY. (A MYELOMA can produce Ig with antibody
function in the absence of antigenic stimulation. See also Pas-
SIVE IMMUNITY.) The term ‘antibody’ is also used to refer to a
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homogeneous or heterogeneous population of antibodies (see
MONOCLONAL ANTIBODIES and POLYCLONAL ANTISERUM).

Antibody—antigen combination occurs by contact between
specific antibody COMBINING SITES and antigenic DETERMINANTS,
and may promote COMPLEMENT FIXATION. (See also VALENCY,
COMPLEMENT-FIXING ANTIBODIES, and OPTIMAL PROPORTIONS.) In
vivo, antibody—antigen combination may be beneficial if the
antigenic stimulus derives from an invading pathogen (see e.g.
OPSONIN), but can be harmful (see e.g. IMMEDIATE HYPERSENSITIV-
ITY). (See also e.g. AGGLUTININ; BLOCKING ANTIBODIES; CYTOPHILIC
ANTIBODIES; NATURAL ANTIBODIES; PRECIPITIN. )

Antibodies may be identified, assayed etc in vitro by a range of
techniques — see e.g. GEL DIFFUSION; IMMUNOASSAY; IMMUNOELEC-
TROPHORESIS; IMMUNOFLUORESCENCE; PRECIPITIN TEST. Detection
and quantification of specific antibodies in samples of SERUM
are important in the diagnosis of many diseases.

antibody absorption See ABSORPTION.

antibody-dependent cell-mediated cytotoxicity See ADCC.

antibody excess The presence of a high antibody-to-antigen
ratio. In an agglutination test gross antibody excess may give
rise to a PROZONE — possibly due to the saturation of antigenic
determinants by antibodies in the absence of free antigen with
which to form links.

antibody formation An IMMUNE RESPONSE in which B LYMPHO-
CYTES synthesize and secrete ANTIBODY of a given antigenic
specificity after immunological contact with the correspond-
ing ANTIGEN; for so-called THYMUS-DEPENDENT ANTIGENS, B cells
require help from antigen-specific CD4™ T LYMPHOCYTES (‘T
helper cells’) and/or the products of such T cells (cf. THYMUS-
INDEPENDENT ANTIGENS).
The response to thymus-independent antigens.
Thymus-independent (TI) antigens (such as lipopolysaccharides
and bacterial cell wall polysaccharides) induce antibody for-
mation independently of T cells. When activated by TI anti-
gens, certain B cells - CD5" (‘B1°) cells (see B LYMPHOCYTE)
and MARGINAL ZONE B CELLS — proliferate and secrete antibodies;
however, the expanded clone of B cells does not give rise to
memory cells (see later), and the antibodies formed in response
to these antigens are almost exclusively of the IgM class.
[T-independent immune response (new aspects of B cell biol-
ogy): Science (2000) 290 89-92.]
The response to thymus-dependent antigens.
The process of antibody formation is incompletely understood;
the following is a generally accepted scenario.

To elicit antibodies, a thymus-dependent (TD) antigen must
initially be taken up and processed, intracellularly, by an
ANTIGEN-PRESENTING CELL (APC). Processing involves enzymic
degradation of the antigen; a particular (peptide) fragment of the
antigen is then linked to an MHC class II molecule (synthesized
in the APC) and presented, at the surface of the APC, to an
antigen-specific T cell.

B lymphocytes can act as APCs, so that antigen (plus MHC
class II molecule) may be presented at the surface of a B cell
to an antigen-specific T cell; T cells of the Th2 subset (see
T LYMPHOCYTE) characteristically act as ‘helper’ cells in this
context. The (antigen-specific) T cell binds to the antigen with
its T CELL RECEPTOR — thus physically linking B and T cells via
the antigen; the MHC class II molecule (on the B cell) binds to
the cp4 antigen on the T cell.

Other ‘paired interactions’ also occur between binding sites
on the B and T cells. Thus, certain receptors (B7.1, B7.2) on
the B cell bind to antigen cD28 (q.v.) on the T cell; such binding
permits the T cell to synthesize INTERLEUKIN-2 —a cytokine

which promotes activation and clonal proliferation of the T
cell and induces it to release cytokines, including INTERLEUKIN-4.
However, once activated, T cells produce the cell-surface antigen
CTLA-4 (= CD152), a molecule (similar to CD28) to which B7.1
and B7.2 can bind; interaction between B7.1/B7.2 and CTLA-4
may initiate a signal which terminates synthesis of IL-2 in the
T cell. (Note that, while IL-2 is not a characteristic product of
the Th2 subset of T cells, transient synthesis of this cytokine at
an early stage would appear to be necessary as it seems to be
an essential growth factor for T cells.)

Yet another paired interaction between the B and T cells
involves CD40 (q.v.).

The mutual (physical) co-operation between the B cell and T
cell (described above) is referred to as cognate help or linked
recognition.

The activated, proliferating B cells form an expanded clone.
Some of the cells of this clone become antibody-secreting
PLASMA CELLS. Others become MEMORY CELLS; these cells do not
secrete antibody but retain the potential to do so, rapidly, if sub-
sequently challenged with the same antigen (giving a heightened
secondary response). (See also ANAMNESTIC RESPONSE.)

Initially, antibodies secreted by plasma cells are of the IgM
class. Subsequently, plasma cells form antibodies of another
class — generally IgG — but of the same specificity; such class
switching (= isotype switching) is promoted by several stim-
uli — including the binding of B cell antigen cD40 to the cor-
responding T cell ligand, and the activity of the T-cell-derived
cytokine INTERLEUKIN-4.

Class switching occurs in so-called germinal centres within
lymph nodes and spleen. Such sites are also involved in a process
known as affinity maturation; in this process, mutant cells
among the (proliferating) antigen-stimulated B cells are selected
for high-affinity binding to the specific antigen — selective
pressure presumably being a falling concentration of the given
antigen. Within the B cells a process known as somatic
hypermutation gives rise to mutations that are concentrated in
the V regions of antibody genes; as a consequence, different
B cells produce antibodies with different levels of affinity
for the given antigen — those producing antibody with the
highest affinity being selected. [Hypermutation in antibody
genes: PTRSLB (2001) 356 1-125.] (See also RNA EDITING.)

In the response to an antigen not previously encountered (a
primary response) the numbers of specifically reactive B cells
(prior to clonal expansion) are likely to be low. Under these
conditions it may be that the presentation of antigen to T cells
is carried out not by B cells but by other, more numerous,
APCs such as macrophages or dendritic cells. In this scenario,
interaction between APC and T cell activates the T cell — which
then secretes various cytokines; these cytokines may induce
differentiation, proliferation and antibody secretion in B cells
that have bound the specific antigen and which are close to
(though not necessarily in contact with) the activated T cells
[Book ref. 227, pp 207-208].

‘When produced in response to invasion by pathogens (or their
products — e.g. toxins), antibodies commonly have a protective
role (see e.g. ADCC and OPSONIZATION). However, under certain
conditions, antibodies can promote damage to the host’s tissues
(see IMMEDIATE HYPERSENSITIVITY).

anticapsin  See BACILYSIN.

anticlinal Perpendicular to a given surface. (cf. PERICLINAL.)

anticoagulant Any agent which inhibits the coagulation (clot-
ting) of blood — e.g. EDTA, HEPARIN, sodium citrate, sodium
oxalate. SPS is used in BLOOD CULTURE.



anticodon See GENETIC CODE.

anticomplementary (immunol.) Refers to any substance (e.g.
ZYMOSAN), or to any system (e.g. pre-formed antigen—antibody
complexes) other than the specific combination of antibody with
antigen, which brings about COMPLEMENT FIXATION. If present in a
COMPLEMENT-FIXATION TEST, anticomplementary factors can — by
fixing complement — simulate the effects of antigen—antibody
combination, giving a false-positive reaction.

anti-downstream box See DOWNSTREAM BOX.

antifol Syn. FOLIC ACID ANTAGONIST.

antifungal agents Chemical agents (including certain ANTIBI-
ortics) which either kill or inhibit the growth of fungi (fungicidal
and fungistatic action, respectively). (Antifungal agents are often
called ‘fungicides’ regardless of whether their action is fungi-
cidal or fungistatic.) Antifungal agents are used e.g. for the
treatment or prevention of fungal diseases of man, animals and
plants, and as PRESERVATIVES for a wide range of materials.

(a) Medical and veterinary antifungal agents (‘antimycotics’)
are used for the treatment of local and systemic mycoses (see
MYCOSIS); such agents include e.g. ALLYLAMINES, AZOLE ANTI-
FUNGAL AGENTS, CYCLOHEXIMIDE, FLUCYTOSINE, GRISEOFULVIN,
NITROFURANS, POLYENE ANTIBIOTICS, SALICYLIC ACID, TOLNAFTATE.
Many general DISINFECTANTS and ANTISEPTICS also have antifun-
gal activity.

(b) Agricultural antifungal agents (used against fungal dis-
eases of crop plants) may function as ERADICANTS and/or as
PROTECTANTS; they fall into two broad categories: contact (sur-
face or non-systemic) antifungal agents, which adhere to plant
surfaces but do not penetrate the plant tissues, and systemic
antifungal agents, which are taken up by the plant and translo-
cated within its tissues — usually in the transpiration stream
(from roots to leaves). In general, a contact agent typically
acts as a general enzyme inhibitor, while a systemic agent
usually acts at a specific target site (process or structure) in
the fungal cell. Fungi may rapidly acquire resistance to an
agent which has a single target site, and continued use of such
agents has led in many cases to the emergence and spread
of resistant strains of fungal pathogens; the risk of emer-
gence of resistant strains can be reduced by using mixtures
containing two or more agents which have different modes
of action. Agricultural antifungal agents include e.g. BENZ-
IMIDAZOLES (@), BISDITHIOCARBAMATES, CARBOXIN, CHLORONEB,
CHLORONITROBENZENES, copper sulphate (see COPPER), DICAR-
BOXIMIDES, DICHLOFLUANID, DICHLONE, DINITROPHENOLS, DITHIO-
CARBAMATES, DODINE, ETHAZOLE, GLYODIN, HYDROXYPYRIMIDINE
ANTIFUNGAL AGENTS, IMAZALIL, MORPHOLINE ANTIFUNGAL AGENTS,
certain ORGANOPHOSPHORUS COMPOUNDS, PHENYLAMIDE ANTIFUN-
GAL AGENTS, PHTHALIMIDE ANTIFUNGAL AGENTS, PROCHLORAZ,
PYRACARBOLID, QUINONE ANTIFUNGAL AGENTS, SULPHUR, THIRAM,
TRIFORINE. (See also AUREOFUNGIN, GRISEOFULVIN and POLYOX-
INS.)

antigen (ag) Any agent which can elicit an IMMUNE RESPONSE (cf.
HAPTEN); ‘antigen’ may refer to an individual macromolecule
or to a homogeneous or heterogeneous population of antigenic
macromolecules. A given antigen usually contains more than one
DETERMINANT (see also POLYCLONAL ANTISERUM). An antigen may
be soluble (e.g. microbial toxins, extracts) or particulate. The
most effective antigens are proteins and polysaccharides (see
also Z-DNA); in general, large molecules are more antigenic than
are smaller ones, and antigenicity is enhanced by the presence of
an ADJUVANT. Minute quantities (e.g. a few pg) of antigen may
be sufficient to elicit an immune response — the actual amount
required depending e.g. on the route of administration.

antigenic formula

The surface of a microorganism typically consists of repeat-
ing patterns of antigens, and the classification of some groups
of microorganisms is based on differences between the antigens
of different strains (see €.g. KAUFFMANN-WHITE CLASSIFICATION).
(See also e.g. ALLERGEN; ANTIBODY; ANTIGENIC VARIATION; IDIO-
TYPE; IMMUNIZATION; THYMUS-DEPENDENT ANTIGENS.)

antigen-binding cell (ABC) (1) Any cell which can bind only
a specific antigen. (2) Any cell (including e.g. macrophages)
which can bind various antigens.

antigen deletion In a microorganism: the loss of particular
antigenic determinant(s) due e.g. to a mutation or to the loss
of a plasmid. (cf. ANTIGEN GAIN.)

antigen excess The presence of a high antigen-to-antibody ratio.
Under conditions of gross antigen excess precipitation does
not occur since, according to the LATTICE HYPOTHESIS, all the
combining sites of antibodies are bound to otherwise unattached
antigens — leaving no combining sites free to form cross-links
and hence larger (insoluble) complexes. (See also TYPE Il
REACTION.)

antigen gain In a microorganism: the formation of new antigenic
determinant(s). Antigen gain may be due e.g. to a MUTATION,
to the acquisition of a PLASMID, or to BACTERIOPHAGE CONVER-
SION; thus, e.g., the sex factor in a conjugative plasmid specifies
certain donor-specific antigens, while certain cell-surface anti-
gens in Salmonella strains are present only when the cells are
lysogenized by a particular phage. (cf. ANTIGEN DELETION.)

antigen-presenting cell (APC) Any of a range of cells which
bind antigen and present it to an antigen-specific T cell. APCs,
which bear MHC class II cell-surface molecules (see HISTOCOM-
PATIBILITY RESTRICTION), include B LYMPHOCYTES, macrophages,
dendritic cells, Langerhans’ cells and Kupffer cells.

antigen-specific T helper cell A T LYMPHOCYTE which is specific
for, i.e. activated by, a given, specific antigen; such a T cell may
give COGNATE HELP to a B cell which has bound the same antigen
(see ANTIBODY FORMATION). (See also CARRIER-SPECIFIC T HELPER
CELL.)

antigenic (1) Syn. immunogenic (see IMMUNOGENICITY). (2) Of
or pertaining to an ANTIGEN or antigens.

antigenic competition Inhibition of the immune response to
a given antigen or DETERMINANT due to exposure to another
(different) antigen or determinant; antigenic competition has
been regarded as a form of natural immunosuppression.

In intermolecular competition, suppression of the response
to a given antigen may occur as the result of the previous
administration of the other antigen (sequential competition) or
of the simultaneous administration of the other antigen. By
carefully adjusting (‘balancing’) the relative amounts of the
antigens, antigenic competition may be reduced or abolished;
this is important e.g. in the preparation of MIXED VACCINES.

In intramolecular competition the response to a given deter-
minant is inhibited by the presence of another determinant on the
same macromolecule. For example, with IgG as antigen, good
titres of anti-Fc may be produced but relatively few anti-Fab anti-
bodies are formed — fewer than would be formed against isolated
Fab fragments (i.e., relative to Fab, Fc is immunodominant).

antigenic determinant See DETERMINANT.

antigenic drift (immunological drift) In a given species, strain
or type of microorganism: minor changes in antigenic specificity
which occur over an extended period of time (e.g. years) — see
€.g. INFLUENZAVIRUS. (cf. ANTIGENIC SHIFT; ANTIGENIC VARIATION.)

antigenic formula Any symbolic notation which indicates the
antigenic nature of an organism — see e.g. KAUFFMANN-WHITE
CLASSIFICATION.



antigenic shift

antigenic shift In a given species, strain or type of microor-
ganism: major change(s) in antigenic specificity which appar-
ently occur abruptly. For example, antigenic shifts in strains of
INFLUENZAVIRUS have been reported to coincide with pandemics
of influenza. (cf. ANTIGENIC DRIFT; ANTIGENIC VARIATION.)

antigenic variation Successive changes which occur in the
surface antigens of certain microorganisms; in some cases, each
alternative antigen results from the expression of a specific allele
(see PHASE VARIATION), but in other cases (e.g. the fimbriae of
Neisseria — see below), successive new antigens are created by
repeated recombinational events.

Antigenic variation may help a pathogen to evade the host’s
immune defence system; thus, e.g. new antigenic forms of
the pathogen which arise in the host may not be susceptible
to OPSONIZATION by those antibodies which have developed in
response to the previous antigenic forms.

Antigenic variation occurs e.g. in Borrelia (see RELAPSING
FEVER), INFLUENZAVIRUS, visna virus, Leishmania, Plasmodium
and Trypanosoma spp (see VSG).

The major structural subunit in the fimbriae of Neisseria gon-
orrhoeae (which are type IV FIMBRIAE) is encoded by the chro-
mosomal gene pilE. The chromosome also contains copies of a
gene, pilS, with which pilE can undergo repeated RECOMBINA-
TION; moreover, recombination can also occur between pilE and
any homologous DNA acquired through transformation. Recom-
binational events continually create new versions of the subunit
gene, so that the fimbriae of this organism can be synthesized
from any one of a very large number of variant forms of the
subunit, giving rise to extensive antigenic variation [Mol. Micro-
biol. (1996) 21 433-440]. These fimbriae are also subject to
phase variation (on/off switching). (The Opa adhesins of Neis-
seria undergo phase variation by DNA re-arrangements that alter
reading frames in opa genes [TIM (1998) 6 489-495].)

[An update of antigenic variation in African trypanosomes:
TIP (2001) 17 338-343.]

antigenicity The capacity to function as an ANTIGEN. (cf. IMMUNO-
GENICITY.)

antiglobulin (Coombs’ reagent) Antibody homologous to the
antigenic determinants of serum globulins, particularly IMMUNO-
GLOBULINS; antiglobulin—Ig combination can occur without
involvement of the specific COMBINING SITES of the Ig molecule.

antiglobulin consumption test (serol.) Any CONSUMPTION TEST
in which the presence of cell- or particle-bound Ig is detected
by the consumption of added ANTIGLOBULIN. For example, the
in vitro combination of autoantibodies with homologous cell-
surface antigens can be detected by washing the cells free of
uncombined antibody and incubating them with antiglobulin;
if autoantibody—antigen combination has occurred, antiglobulin
will be consumed and may cause agglutination by the formation
of cell-autoantibody—antiglobulin complexes. The amount of
antiglobulin consumed can be determined e.g. by titrating the
unconsumed antiglobulin against Ig-coated erythrocytes.

antiglobulin test (serol.) Any test in which the presence of
Ig (including BLOCKING ANTIBODIES, sense 1) is detected by
exploiting the ability of ANTIGLOBULIN to agglutinate Ig-bound
antigens.

anti-idiotype Antiserum to the variable-region domains of an
Ig molecule (cf. IDIOTYPE); it contains antibodies homologous
to each of the individual determinants (IDIOTOPES), though the
different types of antibody may differ quantitatively and in their
AFFINITY for their respective determinants.

antilymphocyte serum (ALS) Antiserum to the cell-surface
antigens of LYMPHOCYTES; it is used e.g. for IMMUNOSUPPRESSION.
Antilymphocyte globulin (ALG) is the globulin fraction of ALS.
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antimalarial agents (‘antimalarials’) Drugs which are effective
in the chemotherapy and/or chemoprophylaxis of MALARIA. Most
of these drugs are effective against only one stage of the malaria
parasite — e.g. chloroquine, mefloquine, quinine and QINGHAOSU
are SCHIZONTICIDES. Primaquine and WR238605 are both active
against hypnozoites; primaquine is also active against tissue
schizonts (i.e. schizonts within liver cells), and WR238605 is
also active against gametocytes.

(See AMINOQUINOLINES, QINGHAOSU, QUININE, PYRIMETHAMINE
and MALARIA for details of antimalarials.)

Combinations of antimalarials are often used for treatment;
this helps e.g. to limit the emergence of resistant strains of the
parasite.

antimetabolite A substance which competitively inhibits the utili-
zation, by an organism, of an exogenous substrate or endo-
genous metabolite. (See e.g. SULPHONAMIDES.)

antimony (as an antimicrobial agent) Antimony is a HEAVY ME-
TAL whose compounds have long been used as therapeutic
agents — though their toxic effects were often greater than the
benefits they bestowed. Antimonials have found use in the treat-
ment of certain diseases of protozoal aetiology, e.g. leishma-
niasis, and other diseases, e.g. schistosomiasis. It is believed
that trivalent antimony is necessary for antimicrobial activity,
and that pentavalent compounds owe their activity to in vivo
conversion to the trivalent state. Antimonials have been shown
to combine with essential sulphhydryl groups in trypanoso-
mal enzymes involved in glucose metabolism; such inhibition
may be reversed by thiol compounds, e.g. cysteine. Trivalent
antimonials include e.g. potassium antimonyl tartrate (tartar
emetic; 2[K(SbO).C4H406].H20) and stibophen (sodium anti-
mony bis[pyrocatechol-3,5-disulphonate]). Pentavalent antimo-
nials include e.g. stibanilic acid (p-aminobenzenestibonic acid)
and its sodium salt (stibamine), both of which are constituents of a
number of widely-used drugs — e.g. ethyl stibamine (neostibosan)
which is used for the treatment of espundia and kala-azar.

antimutator gene See MUTATOR GENE.

antimycin A An antibiotic which acts as a RESPIRATORY INHIBITOR
in Complex III of the mitochondrial ELECTRON TRANSPORT CHAIN,
apparently blocking electron flow between b-type cytochromes
and cyt c1; antimycin A and HOQNO appear to act at a common
site which may be associated with the b-type cytochromes.

antimycotic See ANTIFUNGAL AGENTS (a).

antioxidant (food sci.) A substance added to certain foods to
inhibit oxidation of the lipids in those foods — thus enhancing
stability and prolonging shelf-life. (See also OXIDATIVE RANCID-
ITY.) Antioxidants currently used include e.g. ascorbic acid,
butylated hydroxyanisole, butylated hydroxytoluene, carotene,
propylgallate and tertiary butylhydroquinone. Some antioxidants
have antimicrobial properties [CRM (1985) 72 153-183].

antiparallel (of DNA strands) See DNA.

antiplectic metachrony See METACHRONAL WAVES.

antiport (counter transport, exchange diffusion) The transmem-
brane transport of a solute (e.g. a given ion) coupled, directly, to
the transmembrane transport of a different solute in the opposite
direction. (cf. SYMPORT, UNIPORT; see also ION TRANSPORT.)

antiprotozoal agents Chemical agents which kill or inhibit pro-
tozoa; they include e.g. AMINOQUINOLINES; antimonials (see
ANTIMONY); arsenicals (see ARSENIC); certain DIAMIDINES; DILOX-
ANIDE; EMETINE; $8-HYDROXYQUINOLINE; METRONIDAZOLE; MON-
ENSIN; NITROFURANS; PYRIMETHAMINE; SULPHONAMIDES; SURAMIN.
(See also antimalarial agents under MALARIA.) [Review: Book
ref. 153, pp. 95-132.]

antiretroviral agents Any of a range of compounds which
can inhibit the replication of retroviruses (i.e. viruses of the



RETROVIRIDAE); these agents are used e.g. in chemotherapy
against HIV infection and AIps. [BMJ (2001) 322 1410-1412.]
The three main groups of antiretroviral agents are: (i) NUCLE-
OSIDE REVERSE TRANSCRIPTASE INHIBITORS (q.v. for examples);
(ii) NON-NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS (delavir-
dine, efavirenz and nevirapine) [the emerging role of NNRTIs
in antiretroviral therapy: Drugs (2001) 61 19-26]; (iii) PRO-
TEASE INHIBITORS (amprenavir, indinavir, nelfinavir, ritonavir and
saquinavir). The target for protease inhibitors is the viral protease
(encoded by the pol region in HIV). Single-drug chemother-
apy is prone to failure owing to the emergence of drug-resistant
mutant viruses. (cf. HAART.)
antisense RNA Any RNA that can recognize a specific sense
sequence in RNA or DNA and affect the activity/expression
of that sequence: see e.g: COLEI PLASMID, FINOP SYSTEM and RI
PLASMID.

MicroRNAs (miRNAs) are ~20-25 nt RNAs that regu-
late genes post-transcriptionally by binding to, and blocking,
mRNAs; they are cut (by an RNase-1II-like enzyme: Dicer) from
longer transcripts. Human miRNAs appear to bind preferentially
to AT-rich 3’-untranslated regions of mRNAs [PNAS (2005) 702
15557-15562].

ssRNA can form triple-strand structures with dsDNA (cf.
TRIPLEX DNA) and can also bind to ssDNA during transcription,
in each case affecting transcription. Antisense RNA is also
involved in RNA INTERFERENCE.

Note that, in contrast to the above, sequence-specific RNAs
mediate RADM (RNA-directed DNA methylation), in plant and
human cells, and RNA EDITING.

antisense strand The 70n-CODING STRAND.

antisepsis (‘degerming’) Prophylactic or therapeutic treatment of
human or animal tissues with ANTISEPTICS. (cf. SEPSIS.)

antiseptic paint ANTIBODY-containing secretions which bathe the
mucous surfaces of the body.

antiseptics Chemical agents used for treating human and animal
tissues (particularly skin) with the object of killing or inhibiting
pathogens. Antiseptics are typically non-injurious to living tis-
sues (cf. DISINFECTANTS). For examples of antiseptics see under
ACRIFLAVINE; ALCOHOLS; AMINOACRIDINE; BISPHENOLS; CHLORHEX-
IDINE; CHLORINE; IODINE; PHENOLS; QUATERNARY AMMONIUM COM-
POUNDS; SALICYLANILIDES; SALICYLIC ACID; TRICLOSAN.

antiserum (immune serum) SERUM containing antibodies to one
or more particular antigens.

anti-sigma factor (anti-o factor) Any molecule which can inhibit
the normal activity of a given SIGMA FACTOR by binding to it.

Examples of anti-sigma factors include e.g. (i) FlgM (see
SIGMA FACTOR); (ii) DnaK, which inhibits ¢°2 (see HEAT-SHOCK
PROTEINS); and (iii) AsiA, a protein, encoded by bacteriophage
T4, which is active during phage development in Escherichia
coli and which can (infer alia) inhibit the E. coli ¢'° sigma
factor.

The Rsd protein (‘regulator of sigma D’; rsd gene product)
can inhibit ¢’ in E. coli, and it has been proposed that Rsd is
involved in the switching from ¢7° to ¢° during the transition
from exponential growth to the stationary phase in this organism
[JB (1999) 181 3768-3776].

[Anti-sigma factors: ARM (1998) 52 231-286.]

antistreptolysin O test (ASLT; ASO test; ASOT) A test used
for detecting/quantifying serum antibodies to STREPTOLYSIN o0;
it is of use e.g. in the differential diagnosis of RHEUMATIC
FEVER and rheumatoid arthritis. In one method, INACTIVATED
SERUM is serially diluted, and to each dilution is added a
fixed volume of streptolysin O solution; after incubation at
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4°C for several hours (or 37°C for ca. 15 minutes) — to allow
antibody—streptolysin O combination — a fixed volume of RBC
suspension is added to each dilution, and incubation carried out
at 37°C for 30—45 minutes. Complete absence of haemolysis in
a given tube indicates that streptolysin O in that tube has been
fully neutralized by antibodies. The ASOT titre (often expressed
in TODD UNITS) is given by the highest dilution of serum which
completely inhibits haemolysis. ASOT can also be carried out
as a LATEX PARTICLE TEST using streptolysin O-coated particles.

antitermination A process in which, during TRANSCRIPTION, the
RNA polymerase fails to recognize a transcription termination
signal and therefore continues transcription beyond the termina-
tor. Antitermination may involve various mechanisms and can
serve as a means for the regulation of gene expression (see e.g.
BACTERIOPHAGE LAMBDA (gpN ) and OPERON (attenuator control))
and for the prevention of erroneous transcription termination (see
€.g2. RRNA).

antitoxin (1) An antibody to a toxin. (2) An antiserum which
contains antibodies to one or more particular toxins.

antiviral agents Agents which inhibit the replication of viruses
in cells, tissues or organisms — either directly (e.g. by inhibiting
a specific viral enzyme) or by inducing the synthesis of
INTERFERON. (See also TILORONE.)

Owing to poor selective toxicity and/or the ready emergence
of resistant strains of virus, relatively few compounds which
exhibit antiviral activity in cell cultures are suitable for clinical
use, and many of these are limited to topical treatment of
localized infections.

ANTIRETROVIRAL AGENTS (q.v.) are antiviral agents used e.g. in
chemotherapy against AIDS.

Examples of antiviral agents include: ACYCLOVIR, AMANTA-
DINE, ANSAMYCINS, ARABINOSYL NUCLEOSIDES, ARILDONE, BRO-
MOVINYLDEOXYURIDINE, ~CYCLARIDINE, DHBG, DHPA, DHPG,
DIDEMNINS, ENVIROXIME, EPIPOLYTHIAPIPERAZINEDIONES, FAMCI-
CLOVIR, GANCICLOVIR, IDOXURIDINE, LAMIVUDINE, MONENSIN,
PENCICLOVIR, PHOSPHONOACETIC ACID, PHOSPHONOFORMIC ACID,
RIBAVIRIN, SINEFUNGIN, THIOSEMICARBAZONES, TRIFLUOROTHYMI-
DINE, TUNICAMYCIN, VALACICLOVIR, ZANAMIVIR. [See also Book
ref. 134.]

AOAC Association of Official Analytical Chemists (of the USA).

AOAC use-dilution test A CARRIER TEST (q.v.), devised by the
AOAC, which determines the USE-DILUTION of a given disinfectant.
To each of a number of dilutions of the disinfectant is added a
(contaminated) small steel carrier; after immersion for 10 min,
each carrier is transferred to broth to detect any surviving
microorganisms. Sporicidal activity is determined by exposing
the endospores of Bacillus subtilis ATCC 19659 or Clostridium
sporogenes ATCC 9081 to the disinfectant and subsequently
testing for viability.

AP endonuclease See BASE EXCISION REPAIR.

AP site An apyrimidinic or apurinic site in DNA (see ADAPTIVE
RESPONSE and URACIL-DNA GLYCOSYLASE).

6-APA  6-AMINOPENICILLANIC ACID.

See RESTRICTION ENDONUCLEASE (table).

apalcillin A penicillin (see PENICILLINS) which is active against
both Gram-positive and Gram-negative bacteria (including Pseu-
domonas aeruginosa) [AAC (1982) 21 906-911].

Apc  APHIDICOLIN.

aperture diaphragm See CONDENSER.

APES See AAS.

APH Aminoglycoside phosphotransferase (see AMINOGLYCOSIDE
ANTIBIOTICS).

A genus of filamentous CYANOBACTERIA; the

cells are cylindrical with closely abutting ends, and the filaments



Aphanoascus

aggregate to form raft-like floating colonies. GAS VACUOLES are
present, and heterocysts occur but are often sparse. Trichomes
commonly terminate in tapering, colourless ‘hair cells’.

A. flos-aquae is an important freshwater BLOOM-forming
species in temperate regions; it may also occur in brackish
waters. The filaments of this species typically form wispy, flake-
like colonies, the formation of which, in culture at least, appears
to depend on the presence of iron. Strains of A. flos-aquae pro-
duce toxins (‘aphantoxin’) which may apparently include e.g.
SAXITOXIN and neosaxitoxin; ‘aphantoxin’ acts as a neuromus-
cular blocking agent, and is toxic for amphibia, fish, etc.

Aphanoascus  See GYMNOASCALES.
Aphanocapsa  See SYNECHOCYSTIS.
Aphanochaete A genus of filamentous, prostrate, branched

green algae (division CHLOROPHYTA) which grow as epiphytes
on other freshwater algae. Some of the cells in the filaments
bear unicellular ‘hairs’ with bulbous bases. Quadriflagellate
zoospores or aplanospores are formed; sexual reproduction is
oogamous.

Aphanomyces A genus of predominantly aquatic fungi of the
order SAPROLEGNIALES (q.v.). A species known as the ‘MG
fungus’ has been reported to cause a mycotic granuloma
of fish [Book ref. 1, pp. 195-197], while A. astaci causes
CRAYFISH PLAGUE. Plant-pathogenic species include A. brassicae,
A. camptostylus, A. cochlioides (on sugar-beet), A. euteiches (on
peas) and A. raphani (on radish).

aphanoplasmodium See MYXOMYCETES.

Aphanothece A phycological genus of unicellular ‘blue-green
algae’ (Chroococcales) apparently referable to Cyanothece (see
SYNECHOCOCCUS).

aphantoxin See APHANIZOMENON.

aphid (bacteriocytes) See BUCHNERA.

aphidicolin (Apc) A tetracyclic diterpenoid, isolated from
‘Cephalosporium aphidicola’, which — in eukaryotic cells — is
a potent and specific inhibitor of DNA POLYMERASE «. Apc
has no effect on bacterial DNA polymerases, but it inhibits
growth and DNA synthesis in certain members of the ARCHAEA:
e.g. halobacteria [FEMS (1984) 25 187—-190] and methanogens
[SAAM (1985) 6 111-118]. (cf. DDTTP.)

aphotic zone That part of an aquatic habitat below the PHOTIC
ZONE.

aphthous fever Syn. FOOT AND MOUTH DISEASE.

Aphthovirus A genus of viruses (family PICORNAVIRIDAE) which
infect mainly cloven-hooved animals, causing FOOT AND MOUTH
DISEASE; there are 7 serotypes and many antigenically distinct
strains. Aphthovirus virions are rapidly inactivated at pH below
ca. 67, but are appreciably resistant to desiccation; stability of
the virions is generally increased by high ionic concentrations
and low temperatures.

Aphyllophorales (Polyporales) An order of terrestrial (typically
humicolous or lignicolous), mainly saprotrophic fungi (subclass
HOLOBASIDIOMYCETIDAE) which characteristically form tough
(rather than fleshy), macroscopic, gymnocarpic fruiting bodies
that may be e.g. crust-like, erect and coralloid, bracket-shaped
(BRACKET FUNGI) etc; the hymenium may be borne on a smooth,
toothed or irregular surface, and it may form the lining of tubular
pores (in ‘polypores’) or the surface layer on clavate or coralloid
basidiocarps or on lamellae.

Constituent families [Book ref. 64, p.20] include e.g.:

Clavariaceae. Basidiocarp: erect — simple and clavate (‘club
fungi’), branched, or coralloid (‘coral fungi’) —and often
brightly coloured (e.g. pink, yellow, violet); basidiospores: white
or pale cream, typically non-amyloid. Genera: e.g. Clavaria and
Typhula (see also SNOW MOULD).
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Coniophoraceae. Basidiocarp: characteristically resupinate;
basidiospores: pigmented, with a cyanophilic spore wall. Genera:
€.g. CONIOPHORA, Gyrodontium, and SERPULA.

Corticiaceae. Basidiocarp: characteristically resupinate or
effused-reflexed, with a hymenium that may be e.g. smooth or
wrinkled. Genera: e.g. Botryobasidium, Christiansenia (see also
MYCOPARASITE), Merulius, Mycoacia, Peniophora (see also HET-
EROBASIDION), Phanerochaete (see also WHITE ROT and LIGNIN),
and Phlebia.

Fistulinaceae. Basidiocarp: annual, pileate with a lateral stipe,
fleshy and moist; the hymenophore consists of a layer of closely
packed parallel tubules. Fistulina hepatica (the edible ‘beef-
steak fungus’) causes BROWN OAK. It forms a fan-shaped or
tongue-shaped basidiocarp whose upper surface is rusty brown,
and whose lower (hymenial) surface is pale yellow when
unbroken; the reddish monomitic context of the pileus exudes a
red liquid when cut.

Ganodermataceae. Basidiocarp: annual or perennial, typically
fan-shaped and horizontal, either non-stipitate or borne on a
lateral stipe; the context of the pileus is trimitic, and the under-
side of the pileus bears a porous hymenophore. Basidiospores:
ovoid, typically flattened at one pole; ornamentations on the
inner, brown layer of the spore wall penetrate deeply into the
outer, hyaline layer of the spore wall. The organisms occur e.g.
on felled timber; Ganoderma applanatum causes heart rots in
various types of tree, infection occurring via wounds.

Hydnaceae. Basidiocarp: typically mushroom-shaped, with a
monomitic, non-xanthochroic context; the hymenophore consists
of a layer of pendulous tooth-like processes (‘spines’ or ‘teeth’)
on the underside of the pileus. Basidiospores: non-pigmented,
spheroidal. Hydnum repandum (the ‘hedgehog fungus’) is an
edible species which forms a thick, commonly cream-coloured
pileus and a short, thick stipe which is often eccentrically located
on the pileus; the teeth are often decurrent.

Hymenochaetaceae. Basidiocarp: annual or perennial, ranging
from resupinate to pileate or clavate according to species;
hymenophore: poroid (in e.g. INONOTUS and Phellinus) to smooth
(in Hymenochaete). Basidiospores: pigmented or colourless. The
organisms are commonly lignicolous.

Polyporaceae. Basidiocarp: annual or perennial, ranging (with
species) from resupinate to pileate (either stipitate or sessile);
the context is non-xanthochroic, and (according to species) may
be mono-, di- or trimitic, and e.g. corky, leathery or woody.
The hymenophore is typically porous, the hymenium being
confined to the walls of the pores. (cf. LENTINUS, PLEUROTUS.)
Basidiospores: colourless and usually smooth. The organisms
grow on felled timber and on living trees. Genera: e.g. CORIOLUS,
DAEDALEA, FOMES, Grifola, HETEROBASIDION, Irpex, Laetiporus,
LENTINUS, Lengzites, PIPTOPORUS, PLEUROTUS, POLYPORUS, PORIA,
Rigidoporus (see also BUTT ROT), TRAMETES and Tyromyces.

Schizophyllaceae. Basidiocarp: fan-shaped or lobed; basid-
iospores: colourless and smooth. The organisms are characteris-
tically lignicolous. Genera: e.g. SCHIZOPHYLLUM.

Sparassidaceae. Basidiocarp: branching, flattened, monomitic
lobes, the hymenium being on both sides of the erect lobes.
Genera: e.g. SPARASSIS.

Stereaceae. Basidiocarp: appressed, effused-reflexed or stipi-
tate, typically dimitic; basidiospores: colourless and smooth. The
organisms are characteristically lignicolous. Genera: e.g. Amy-
lostereum (see also WOODWASP FUNGI), Chondrostereum (see also
SILVER LEAF), Podoscypha, STEREUM.

API system See MICROMETHODS.
apical Terminal: at the tip or distal part of a structure. Antonym:
basal.



apical complex A collective term for the CONOID, MICRONEMES,
POLAR RING and RHOPTRIES — some or all of which are found
in members of the APICOMPLEXA, particularly in motile stages.
(Some authors include the MICROPORES and/or the subpellicular
tubules as part of the apical complex.)

apical granule Syn. SPITZENKORPER.

apical paraphysis See PARAPHYSIS.

Apicomplexa A phylum of parasitic PROTOZOA with one type of
nucleus, no cilia and no flagella (some have flagellated microga-
metes); components of the APICAL COMPLEX are present at some
stage in the life cycle. Classes: PERKINSASIDA, SPOROZOASIDA.
[Cytoskeleton: Microbiology and Molecular Biology Reviews
(2002) 66 21-38.]

apiculate Having a short, pointed projection (apiculus) at
one end.

Apiosoma  See PERITRICHIA.

Aplanochytrium  See THRAUSTOCHYTRIDS.

aplanogamete A non-motile GAMETE.

aplanospore A non-motile spore.

aplastic crisis (in parvovirus B19 infection) See ERYTHROVIRUS.

aplysiatoxin See LYNGBYA.

APO-1 See FAS.

apo-activator See OPERON.

apochlorotic Having lost chlorophyll — either during evolution-
ary development or during growth under certain conditions.
Apochlorotic organisms may have lost either chloroplasts or
chlorophyll; in the latter case a colourless plastid (leucoplast)
may be formed. (cf. ACHLOROTIC; see also BLEACHING.)

apochromat (apochromatic objective) An objective lens (see
MICROSCOPY) in which chromatic aberration has been corrected
for three colours (red, green, and blue), and spherical aberration
has been corrected for two colours (red and blue). (cf.
ACHROMAT.) A FLAT-FIELD OBJECTIVE LENS of this type is called a
planapochromat.

Apodachlya  See LEPTOMITALES.

apoenzyme The protein component of a PROSTHETIC GROUP-
requiring enzyme. (cf. HOLOENZYME.)

apokinetal stomatogenesis See STOMATOGENESIS.

apomict See APOMIXIS.

apomixis (microbiol.) In certain diploid organisms: a type of
reproduction, considered to be a deviant form of the sexual pro-
cess, in which meiosis, gamete formation and fertilization do not
occur even though morphologically differentiated structures (e.g.
spore-containing asci) are formed; progeny produced apomicti-
cally from a given cell (the apomict) are genetically identical to
that cell. Thus, e.g., some apomictic strains of Saccharomyces
cerevisiae form asci each containing two uninucleate diploid
spores [Yeast (1985) 1 39-47]. (cf. AMIXIS.)

apoplastidic Lacking a PLASTID.

apoptosis In eukaryotic cells: cell death which occurs in a
regulated (‘programmed’) manner: i.e. death resulting from
an organized process involving an internal mechanism that
characteristically includes fragmentation of the genome.

Apoptosis is a natural process. For example, in vertebrates
it occurs during embryogenesis, while in invertebrates it occurs
during metamorphosis.

Apoptosis can also be induced by physical and chemical
factors — e.g. heat, radiation and agents such as glucocorticoids.
Moreover, apoptosis can be induced by certain pathogens.
Thus, e.g. in HIV-infected individuals (see AIDS), apoptosis may
occur in CD4™ T cells which have bound viral protein. Again,
poliovirus 2A protease is reported to induce apoptosis in human
embryonic kidney epithelial cells [MCB (2000) 20 1271-1277].
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Some bacteria can induce apoptosis in host cells. Thus, for
example, on phagocytosis by a macrophage, Shigella can escape
from the vacuole and then induce apoptosis in the phagocyte by
means of a plasmid-encoded protein, IpaB. IpaB, secreted by
a type III secretory system (see PROTEIN SECRETION), activates
the host cell’s IL-1p-converting enzyme (ICE, see INTERLEUKIN-
1); activated ICE (i) initiates apoptosis in the macrophage, and
(ii) activates the intracellular, inactive form of IL-1p. Activated
IL-1B, when extracellular, may initiate an acute inflammatory
response (involving TNF-o, IL-1, IL-6 and IL-8). In one model
of shigellosis, these events have a positive role in promoting
a pro-inflammatory response that helps to control the infection
[TIM (1997) 5 201-204].

The Shigella example (above) involves an endogenous stimu-
lus (via the IpaB protein). Exogenous stimuli include the binding
of certain cytokines, or immune cells, to specific cell-surface
receptors on target cells. Thus, apoptosis is one of the possible
effects which may follow when tumour necrosis factor binds to
its receptor (see TNF). Induction of apoptosis by CD8™ T cells
may be possible in at least two different ways. One way involves
interaction between cell-surface molecules on the T cell and tar-
get cell (see FAs). Alternatively, following contact between T
cell and target cell, the T cell may release pore-forming lethal
agents (perforins) — and also granzymes which are believed to
activate caspases (see below) in the target cell.

Whatever the stimulus that triggers apoptosis (in different
types of cell under differing conditions), it appears that the
mechanism of this process is dependent on certain intracellu-
lar cysteine proteases (caspases) that are synthesized as Zymo-
GENSs and activated specifically during apoptosis; these enzymes,
which have a cysteine residue at the active site, cleave spe-
cific protein substrates at a site adjacent to an aspartic acid
residue. The activity of a caspase on a substrate molecule may
lead to either inactivation or (less commonly) activation of the
given protein; for example, caspase-mediated activation of a
certain nuclease (caspase-activated DNase, CAD) leads to frag-
mentation of genomic DNA and formation of the characteristic
nucleosomal ‘ladder’. (CAD occurs in living cells, in inactive
form, complexed with an inhibitory entity referred to as ICAD.)

The activation of caspases appears to occur commonly by
proteolytic cleavage of the zymogen form, and, in at least some
cases, one caspase may be activated by an ‘upstream’ caspase
in a caspase cascade. An understanding of the mechanism(s)
involved in caspase activation is central to an appreciation of the
process of apoptosis, and this area is being actively researched.

[Programmed cell death (concept, mechanism and control):
Biol. Rev. (1992) 67 287-319. Apoptosis (reviews on bio-
chemistry and other aspects of the process): Nature (2000) 407
770-816.]

aporepressor See OPERON.

Aporpium  See TREMELLALES.

Apostomatida See HYPOSTOMATIA.

aposymbiotic Refers to an organism (aposymbiont) which has
lost symbionts it normally possesses.

apothecioid Of an ASCOCARP: having, at maturity, a hymenium
more or less open to the environment — as in a typical APOTHE-
CIuM; apothecioid ascocarps may be e.g. cup-shaped, discoid
(circular and flat), or lirelliform (see LIRELLA).

apothecioid pseudothecium See ASCOSTROMA.

apothecium A typically dish- or cup-shaped or discoid, sessile
or stipitate ASCOCARP, the inner (or upper) surface of which is
lined with a hymenial layer of asci (often interspersed with
paraphyses); the main structural tissue of the apothecium is
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called the excipulum, and the thin layer of hyphae between
the hymenium and the excipulum is termed the hypothecium or
subhymenium. Some apothecia are not cup-like or discoid: see
€.g2. MORCHELLA, PODETIUM and VERPA. Apothecia range from
minute to 10 cm or more in diameter; those formed by e.g.
species of Aleuria and Scutellinia are brightly coloured. (See
also LECANORINE APOTHECIUM.)

AP-PCR See ARBITRARILY PRIMED PCR.

appertization A method of FOOD PRESERVATION in which certain
types of food are exposed to a temperature/time regime which
renders them safe for the consumer and microbiologically stable
for extended, or indefinite, periods of time on subsequent storage
in hermetically sealed containers at temperatures below 40°C;
appertized foods are not necessarily sterile, and in certain cases
(see CANNING) appertized foods must be kept under refrigera-
tion. For foods which have no intrinsic properties (e.g. acidity)
inhibitory to microbial growth and/or toxin production, apperti-
zation involves treatment which, at least, destroys the spores of
pathogenic bacteria (particularly Clostridium botulinum); acidic
foods (below ca. pH 4.5), and those containing appropriate con-
centrations of e.g. sodium nitrite, are appertized at somewhat
lower temperatures. High temperature short time (HTST) apper-
tization involves heat processing at high temperatures for periods
ranging from ca. 2 sec to several minutes (cf. HTST PASTEURIZA-
TION). In the ultra-high temperature (UHT) appertization of milk
the process involves e.g. maintenance of a minimum temperature
of ca. 140°C for at least 2 or 3 sec. (cf. RADAPPERTIZATION.)

apple canker A CANKER of apple trees caused by Nectria galli-
gena f. sp. mali; other trees — e.g. pear, poplar, hawthorn — may
also be affected. Enlarged, sunken lesions develop on the
branches; bark in the centre of a lesion dies and may break
away. Infection occurs via wounds or leaf scars, and can be
initiated by ascospores and by conidia.

apple chlorotic leafspot virus See CLOSTEROVIRUSES.

apple diseases See e.g. APPLE CANKER, APPLE SCAB, BROWN ROT
(sense 2) and FIREBLIGHT.

apple mosaic virus See ILARVIRUSES.

apple scab An important disease of apple trees (Malus) caused
by Venturia inaequalis (see VENTURIA). In spring, germinating
ascospores infect via wounds or by means of appressoria. Small
dark spots appear on leaves; on fruits, small dark velvety
lesions enlarge to brown, corky scabs. Conidia, formed during
late spring and summer, spread the disease. Control: antifungal
sprays (see e.g. BENOMYL, DICHLONE, GLYODIN and TRIFORINE).
(See also FIREBLIGHT.)

apple stem grooving virus See CLOSTEROVIRUSES.

App(NH)p (B,y-imido)ATP: a (biologically) non-hydrolysable
analogue of ATP.

appressed Lying close to, or flattened against, a surface.

appressorium A specialized, flattened region of a hypha or germ
tube formed by some plant-pathogenic fungi (e.g. Puccinia
graminis, Venturia inaequalis); it aids infection by adhering
closely to the surface of a host cell and producing a small
outgrowth of fungal tissue (infection peg) which penetrates the
host cell wall. A plant may respond to an infection peg by
depositing a small region of wall-like material (a papilla) near
the site of attempted penetration; such a papilla can sometimes
prevent infection.

apramycin An AMINOGLYCOSIDE ANTIBIOTIC which is resistant to
many of the enzymes which inactivate antibiotics of this group;
it is inactivated by e.g. chromosome- and plasmid-specified
acetyltransferases [JGM (1984) 130 473-482].
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Aquaspirillum

aprotinin A basic polypeptide which inhibits many serine PRO-
TEASES, including e.g. trypsin, chymotrypsin, and some bacterial
proteases.

APS Adenosine-5'-phosphosulphate (also called adenosine-5'-
sulphatophosphate or adenylylsulphate). See ASSIMILATORY SUL-
PHATE REDUCTION and DISSIMILATORY SULPHATE REDUCTION.

NH,

Y

APS (adenosine 5’-phosphosulphate)

APT agar An agar-based medium containing tryptone, yeast
extract, glucose, Tween 80, citrate, and various inorganic salts.
[Recipe: Book ref. 46, p. 1661.] It is used for isolating organisms
such as lactobacilli and Brochothrix from e.g. meat and meat
products.

APT paper BLOTTING paper impregnated with 2-aminophenyl-
thioether; before use, APT is chemically modified to its reactive
diazo derivative, and is then able to bind (covalently) ssDNA,
RNA and/or protein via the diazonium group.

APW Alkaline peptone water: 1% peptone and 1% NaCl in
distilled water, pH adjusted to 8.6-9.0, used e.g. for isolating
Vibrio cholerae.

ApxIA, ApxIIA (of Actinobacillus pleuropneumoniae) See RTX
TOXINS.

AqpZ See MIP CHANNEL.

Aqualinderella  See LEPTOMITALES.

aquaporin See MIP CHANNEL.

A phylogenetically heterogeneous genus of

Gram-negative, asporogenous bacteria formerly included in the

genus SPIRILLUM. Cells: fairly rigid, generally helical (0.2—1.4 x

ca. 2 — >30 pum, according to species); A delicatum cells are

mainly vibrioid, and those of A. fasciculus are straight rods.

S LAYERS, intracellular PHB granules, and POLAR MEMBRANES

are commonly present; COCCOID BODIES are commonly formed.

Motile, typically with bipolar tufts of flagella (A. polymorphum

has a single flagellum at each pole, A. delicatum has one or two

flagella at one pole only). Cells swim in a straight line with a

characteristic corkscrew-like motion; A fasciculus swims effec-

tively only in media of high viscosity. Metabolism is respiratory;
species are usually aerobic or microaerophilic, but some can
carry out NITRATE RESPIRATION under anaerobic conditions. Car-
bon sources: amino acids or salts of organic acids, but usually not
carbohydrates; A. autotrophicum can grow autolithotrophically
with CO,, H, and O,. Nitrogen source: NHy*; A. peregrinum,

A. fasciculus and strains of A. itersonii can fix Ny under anaer-

obic conditions. Aquaspirilla are typically oxidase +ve; catalase

+ve; usually phosphatase +ve; indole —ve; arylsulphatase —ve.

No growth with 3% NaCl. Optimum growth temperature: usu-

ally ca. 30-32°C (ca. 20°C for A. psychrophilum, 41°C for

A. bengal). GC%: 49-66. Type species: A serpens. About 17



species are recognized on the basis of morphology, nutrition
and GC%.

Aquaspirilla occur in a wide range of freshwater habi-
tats — e.g., stagnant waters rich in organic matter; none appears
to be pathogenic.

[Book ref. 22, pp. 72-90. Media, culture etc: Book ref. 45,
pp. 596—608.]

(See also MAGNETOTACTIC BACTERIA; cf. AZOSPIRILLUM; OCEAN-
OSPIRILLUM; SPIRILLUM; SPOROSPIRILLUM.)

aquifer See WATER SUPPLIES.

ara operon (arabinose operon) An OPERON concerned with the
metabolism of ARABINOSE; when used without qualification, the
term ‘ara operon’ usually refers to the araBAD operon, but
in e.g. Escherichia coli three distinct genetic loci are involved
in the uptake and metabolism of L-arabinose: araBAD (at ca.
I min on the chromosome map), araFG (at ca. 45min) and
araE (at ca. 61 min). The araBAD operon encodes enzymes
for the conversion of L-arabinose to D-xylulose 5-phosphate; the
araA gene encodes L-arabinose ketol-isomerase, araB encodes
L-ribulokinase, araD encodes ribulose 5-phosphate 4-epimerase.
The araFG operon specifies a high-affinity BINDING PROTEIN-
DEPENDENT TRANSPORT SYSTEM for L-arabinose; araF encodes
the binding protein, araG the membrane component. The araE
gene specifies a protein involved in an independent low-affinity
transport system.

All three operons are controlled by the product of the regulator
gene araC which is located next to araBAD but transcribed
in the opposite direction. (See also REGULON.) In the absence
of arabinose, the AraC protein behaves as a repressor of
the araBAD operon, binding to the OPERATOR and preventing
transcription (negative promoter control: see OPERON). However,
when arabinose is present it converts the AraC protein into
an activator which binds to an initiator (aral) to promote
araBAD transcription (positive promoter control). (The araC
gene is itself subject to autogenous regulation, i.e., the AraC
protein represses its own synthesis.) Thus, expression of the
araBAD operon depends on the relative amounts of repressor
and activator, which in turn depend on the level of arabinose
(the co-activator).

The ara regulon is also subject to CATABOLITE REPRESSION.

ara-A  Syn. VIDARABINE.

araBAD operon See ARA OPERON.

Arabidopsis thaliana A flowering brassica widely used as a
model plant for research. [Genome sequence and other data:
Nature (2000) 408 791-826.] (See also CAMALEXIN.)

arabinogalactans See PECTIC POLYSACCHARIDES. (See also WAX
D.)

arabinose An aldopentose (see PENTOSES) which occurs e.g. as
a component of hemicelluloses (see e.g. XYLANS) and PECTIC
POLYSACCHARIDES, and in the cell walls of certain bacteria (e.g.
Nocardia spp). Arabinose can be metabolized by various bac-
teria, including e.g. Escherichia coli and strains of Salmonella,
Bacillus, and lactic acid bacteria [Appendix III(d)]. Arabinose is
heat-labile; solutions should be sterilized by filtration. (See also
ARA OPERON.)

arabinose operon See ARA OPERON.

arabinosyl nucleosides A group of compounds which inhibit
various enzymes — including DNA polymerases and reverse
transcriptase — by acting as analogues of biological nucleosides
and nucleotides. Arabinosyl nucleosides inhibit DNA synthesis
in a variety of eukaryotic cells, and have been used as anti-
tumour and ANTIVIRAL AGENTS; in general, viral replication is
more sensitive to these agents than are the host cells. Arabinosyl
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arbitrarily primed PCR

nucleosides probably must be converted to the corresponding
nucleoside 5'-triphosphate for activity. (See e.g. ARA-T; CYTARA-
BINE; FIAC; FMAU; VIDARABINE.)

arabinoxylans Heteroglycans
arabinose (cf. XYLANS).

arabitol A PENTITOL formed e.g. by the reduction of ARABINOSE.
It occurs, often with MANNITOL, in various basidiomycetes and
ascomycetes.

ara-C  Syn. CYTARABINE.

araC gene See ARA OPERON.

arachidonic acid In mammals: an essential Cy straight-chain
fatty acid — CH3(CH;)3(CH,CH=CH)4(CH,)3COOH; it occurs
e.g. as a component of cell membrane phospholipids, and (bound
to protein) in blood. Free arachidonic acid is formed e.g. dur-
ing the activation of lymphocytes, and is a precursor of e.g.
LEUKOTRIENES, PROSTACYCLIN, PROSTAGLANDINS and thrombox-
anes.

Arachnia A genus of anaerobic (but aerotolerant), catalase-
negative, asporogenous bacteria (order ACTINOMYCETALES, wall
type I). The organisms grow as a substrate mycelium which
fragments into branched filaments and irregularly-shaped rods;
aerial hyphae are not formed. Metabolism: fermentative,
fermentation of glucose yielding primarily acetic and propionic
acids; growth occurs readily in vitro on rich media at 37°C.
A. propionica, the type species (GC%: 63—65), is pathogenic
in man and other animals; it is a common causal agent of
LACHRYMAL CANALICULITIS.

arachnoid Resembling a spider’s web.

Arachnoidiscus ~ See DIATOMS.

Arachnula  See GRANULORETICULOSEA.

araE gene See ARA OPERON.

araFG operon See ARA OPERON.

aranotin  See EPIPOLYTHIAPIPERAZINEDIONES.

ara-T (1-pB-p-arabinofuranosylthymine) An ARABINOSYL NUCLEO-
SIDE isolated from a marine sponge (Cryptoethya crypta). It has
antiviral activity against herpes simplex viruses (HSV-1 and -2),
varicella-zoster virus and vaccinia virus, and is relatively non-
toxic to animal cells.

arbitrarily primed PCR Certain TYPING methods in which pCrR
is used with primers of arbitrary (i.e. random) sequence to
copy discrete sequences of chromosomal DNA. Only one type
of primer is used (cf. standard PCR protocol), and during the
annealing stage the primers bind to various ‘best-fit’ sequences
on the strands of DNA. As the primer is of arbitrary sequence
it is not possible to predict which chromosomal sequences will
be copied; however, results are reproducible if the method is
carefully standardized — including not only the primer sequence
but also e.g. the use of a specific type of DNA polymerase
[NAR (1993) 21 4647-4648] and a particular procedure for
preparing the sample DNA [NAR (1994) 22 1921-1922].
Various guidelines have been recommended for promoting
reliability and reproducibility in arbitrarily primed PCR [JCM
(1997) 35 339-346].

The method is outlined in the figure.

Arbitrarily primed PCR (AP-PCR) was first published as
a typing procedure in 1990 [NAR (1990) 18 7213-7218;
NAR (1990) 18 6531-6535]. Another typing method — RAPD
(q.v.) —is based on the same principle; it generally employs
shorter primers (~10-mer) compared with those used in AP-PCR
(>20-mer), but, even so, some authors regard the two methods
as identical.

Typing methods based on this principle have two main
advantages. First, the entire chromosome can participate in

containing both xylose and



arboricolous

ARBITRARILY PRIMED PCR (principle, diagrammatic). In the
diagram, the two strands of chromosomal DNA (which have been
separated by heat) are shown as long parallel lines. During the
annealing (primer-binding) stage of PCR, copies of the arbitrary
primer bind at a number of ‘best-fit’ sequences, on both strands of
DNA, under low-stringency conditions. In some cases (by chance),
two primers will bind, on opposite strands, a few hundred bases
apart; if strand elongation can occur efficiently from these two
primers, and if elongation is time-limited, two short strands of DNA
will be produced. In the diagram (right-hand side), two primers
(short lines) have bound, close together, on opposite strands;
two more primers (left-hand side) have bound, further apart, on
opposite strands. Strand elongation from each primer (dashed line)
has produced the four fragments shown. (Note that a fragment
synthesized on one strand contains a copy of the best-fit sequence
of the other strand.) Another cycle of low-stringency PCR produces
more copies of the fragments. Subsequently, many cycles of
PCR are carried out under higher stringency (using the same
primer). Under these conditions, primers bind to best-fit sequences
(rather than elsewhere) on the fragments formed by low-stringency
PCR - although (due to the higher stringency), primers may not
bind to best-fit sequences on all of the fragments, so that only
a proportion of the fragments formed under low stringency may
be amplified under higher stringency. The length of the fragments
formed under higher stringency is shown by the distance between
each pair of arrowheads.

On electrophoresis, the fragments from a given strain form a
characteristic pattern of bands (the fingerprint).

Reproduced from Bacteria 5th edition, Figure 16.4(c), page 434,
Paul Singleton (1999) copyright John Wiley & Sons Ltd, UK (ISBN
0471-98880-4) with permission from the publisher.

the comparison of strains. Second, no prior knowledge of the
genome’s sequence is required, so that, potentially, any isolate
may be typed.

arboricolous Living/growing on trees.

arboviruses ‘Arthropod-borne viruses’: a non-taxonomic cate-
gory of viruses which can replicate in both vertebrate hosts
and arthropod vectors; arboviruses include e.g. members of the
families ARENAVIRIDAE, BUNYAVIRIDAE, Reoviridae (ORBIVIRUS),
Togaviridae (ALPHAVIRUS), and FLAVIVIRIDAE. [Vector compe-
tence of mosquitoes for arboviruses: ARE (1983) 28 229-262.]

arbuscule See MYCORRHIZA.

ARC (AIDS-related complex) See AIDS.

Arcanobacterium A genus of asporogenous bacteria (order ACTI-
NOMYCETALES, wall type VI). In culture the organisms initially
grow as irregular rods which may later become granular and
segmented or may give rise to coryneform cells; growth occurs
anaerobically or aerobically and is enhanced by blood or serum
or by increased partial pressures of carbon dioxide. Growth
is poor on tellurite media. Type species: A. haemolyticum
(formerly Corynebacterium haemolyticum [JGM (1982) 128
1279-1281]).

Arcella A genus of testate amoebae (order ARCELLINIDA) in
which the test is predominantly or entirely organic. In A. vulgaris
the test is more or less spherical (ca. 30—100 pm diam.) and is
typically somewhat translucent in young cells, often becoming
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darker with age. The cell contains two nuclei. Slender lobopodia
are extended through a ventral aperture and are used chiefly for
feeding. A gas-filled vacuole may be formed in the cytoplasm
and apparently aids in the orientation of the organism. A. dentata
has a test bearing lateral spines, giving it a stellate appearance
when viewed from above. Arcella spp occur among vegetation
in ponds, in soil, etc.

Arcellinida An order of freshwater and soil amoebae (class
LOBOSEA) in which the cell is surrounded by a TEST which may
be primarily organic or primarily inorganic in composition, and
which is perforated by a single aperture through which pseu-
dopodia can be extended. The cells commonly contain two or
more nuclei. Reproduction occurs asexually e.g. by binary fis-
sion. Genera include e.g. ARCELLA, Centropyxis, COCHLIOPODIUM,
DIFFLUGIA.

Archaea A DOMAIN of prokaryotic organisms which are evolu-
tionarily distinct from members of the domain BACTERIA [see e.g.
JB (1994) 176 1-6]. These organisms were formerly classified
in the kingdom Archaebacteria, being distinguished from other
prokaryotes (kingdom Eubacteria) on the basis of e.g. nucleotide
sequences in 16S rRNA; later, the distinction between these two
groups of prokaryotes was deemed to be more fundamental than
previously supposed, and each kingdom was elevated to the tax-
onomic rank of domain.

Many archaeans are associated with environments charac-
terized by e.g. high temperatures or high salinity, and such
organisms have been referred to as extremophiles. Nevertheless,
some archaeans are found in ‘moderate’ environments such as
soil [e.g. PNAS (1997) 94 277-282]. [Archaeal dominance in
the mesopelagic zone of the Pacific Ocean: Nature (2001) 409
507-510.]

The domain Archaea has been divided into the king-
doms Euryarchaeota and Crenarchaeota. Euryarchaeota includes
halophiles (e.g. HALOBACTERIUM) and METHANOGENS. Crenar-
chaeota includes ‘sulphur-dependent’ species such as DESUL-
FUROCOCCUS and SULFOLOBUS.

Archaeans differ from bacteria in many ways. For example,
gene expression (transcription and translation) appears to be
closer to the eukaryotic pattern than the prokaryotic pattern
[TIM (1998) 6 222-228]. The archaecal DNA-dependent RNA
POLYMERASE resembles more closely the eukaryotic (nuclear)
polymerase than the bacterial enzyme. Elongation factors in pro-
tein synthesis are (unlike their bacterial counterparts) sensitive
to DIPHTHERIA TOXIN. [Assembly of the archaeal signal recog-
nition particle from recombinant components: NAR (2000) 28
1365-1373.]

[Replication origin of archaeans: TIBS (2000) 25 521-523.]

At least some archaeal enzymes appear to have unique
structures [TIM (1998) 6 307-314].

In some archaeans the cell wall may consist mainly or
solely of an s LAYER (q.v.) closely associated with the cyto-
plasmic membrane. The cell wall in some species contains
a peptidoglycan-like polymer, PSEUDOMUREIN (which is not
cleaved by the enzyme LYSOZYME).

The cytoplasmic membrane contains lipids of a type which
do not occur in species of Bacteria. In contrast to the ester-
linked bacterial lipids, archaeal lipids are characteristically ether-
linked molecules that contain e.g. isoprenoid or hydro-isoprenoid
components. Certain archaeal and bacterial lipids are structurally
analogous — e.g. the di-ether and di-ester lipids, both types of
molecule having a single polar end. However, the archaeal
lipids also include other types — such as tetra-O-di(biphytanyl)
diglycerol — which contain two ether-linked glycerol residues,



one at each end of the molecule; such molecules, which have two
polar ends, may span the width of the cytoplasmic membrane.

[Protein translocation across the archaeal cytoplasmic mem-
brane: FEMS Reviews (2004) 28 3-24.]

The archaeal flagellum is markedly different in composition,
structure and apparent mode of assembly from that found
in bacteria. For example, the subunit, flagellin, is typically
glycosylated, and it contains a signal sequence (see SIGNAL
HYPOTHESIS) — suggesting passage into/through the cytoplasmic
membrane (cf. bacterial flagellin, which passes through the
hollow structures of the developing flagellum); this latter feature
(as well as certain similarities between archaeal flagellins and
bacterial type 4 fimbriae) suggests that archaeal flagella assemble
from the base (in contrast to ‘tip growth’ in bacteria) [JB (1996)
178 5057-5065]. The archaeal flagellar filament is typically
much thinner than the bacterial filament.

Various similar or analogous proteins have been found in
archaeans and bacteria. For example, the archaeal RadA protein
is apparently analogous to the RecA protein in bacteria [GD
(1998) 12 1248-1253]. Again, an FtsZ protein occurs in
members of both domains, suggesting that the cell division
apparatus was similar in a common ancestor [Mol. Microbiol.
(1996) 21 313-319]. [The CELL CYCLE in archaeans: Mol.
Microbiol. (2003) 48 599-604.]

archaean A member of the domain ARCHAEA. The term is also
spelt ‘archaeon’.

Archaebacteria A kingdom (now obsolete) which included all
those prokaryotes not classified in the kingdom EUBACTERIA.
[Phylogeny of the Archaebacteria: SAAM (1985) 6 251-256.]
Some archaebacteria were placed in a separate taxon, Eocyta,
on the basis of ribosomal characteristics [PNAS (1984) 81
3786-3790]. (See also EOCYTES.) Members of the Archaebac-
teria are now included in the domain ARCHAEA.

Archaeobacteria A proposed class of prokaryotes (see MENDOSI-
CUTES) corresponding to the (later) kingdom ARCHAEBACTERIA
(now also obsolete).

Archangium  See MYXOBACTERALES.

archicarp In ascomycetes: the cell(s) which give rise to a fruiting
body or to a part of it.

archigregarines See GREGARINASINA.

Arcobacter A genus of Gram-negative, asporogenous bacteria
of the family Campylobacteraceae. Cells: spiral rods with
unsheathed flagella. Catalase +ve. Nitrate is reduced. Typically
urease —ve. These organisms resemble Campylobacter spp
but differ e.g. in their ability to grow in air at 15-25°C.
A. butzleri and A. cryophilus have been isolated from patients
with diarrhoea, including children in the developing countries;
most strains do not hydrolyse hippurate but do hydrolyse indoxyl
acetate.

arcuate Curved like a bow; arched.

Arcyria A genus of slime moulds (class MYXOMYCETES) which
form stalked, globose to cylindrical sporangia; the peridium is
evanescent, and the spores in masses may be yellow, pinkish,
red, etc. A. cinerea is common on dead wood and humus.

ARD Acute respiratory disease: a general term for any such
disease affecting closed populations of people (e.g. military
recruits, school children). Major causal agents of ARDs are
adenoviruses (usually Ad3, Ad4, Ad7, Adl4, or Ad21 - see
MASTADENOVIRUS); an incubation period of ca. 5-7 days is
followed by fever, chills, headache, malaise and coryza, but
the disease is usually mild and self-limiting. A live vaccine,
administered orally in enteric-coated capsules, is widely used
for preventing adenoviral ARD in military recruits.
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Arenavirus

arginine deiminase

arenaceous Resembling or (referring e.g. to the test of DIFFLUGIA)
incorporating or bearing grains of sand.

Arenaviridae (arenavirus group) A family of enveloped ssRNA
viruses. One genus: Arenavirus; type species: lymphocytic chori-
omeningitis virus (LCMV). LCMYV has a worldwide distribution;
other arenaviruses are restricted to, and named after, particu-
lar geographical areas: Lassa virus, Mozambique (= Mopeia)
virus (probable member), and the ‘New World’ arenaviruses
(the Tacaribe complex) — Amapari (Brazil), Junin (Argentina),
Latino and Machupo (Bolivia), Parana (Paraguay), Pichinde
(Columbia), Tacaribe (Trinidad), and Tamiami (Florida, USA)
viruses. In the natural host (usually a single rodent species)
arenavirus infection is persistent and silent (see PERSISTENCE);
transmission occurs vertically and horizontally, apparently with-
out involving vectors. Only LCMV, Lassa, Junin and Machupo
viruses cause significant human disease (see LASSA FEVER, LCM
VIRUS, VIRAL HAEMORRHAGIC FEVERS).

The arenavirus virion is spherical or pleomorphic, diam. ca.
50-300 nm (average: 110—130 nm). It consists of a lipoprotein
envelope enclosing a core of viral ribonucleoprotein (RNP) and
several host ribosomes (each 20—25 nm diam.). The envelope is
derived from the plasma membrane of the host cell and bears
club-shaped, apparently hollow surface projections 5—10 nm
long [JGV (1983) 64 2157-2167]. There are two types of
viral ssRNA, designated L (31-34S, MWt 2.1-3.2 x 106) and S
(22-25S, MWt 1.1-1.6 x 10%); the viral RNAs are complexed
with the major structural protein of the virion (N protein, ‘p63’)
to form a filamentous RNP nucleocapsid which has a beaded
appearance in the electron microscope and which forms non-
covalently closed, supercoiled circles of various sizes [JGV
(1983) 64 833-842]. The viral RNA is usually described as
negative-sense, but certain viral proteins are apparently encoded
by +ve-sense sequences in the genome — see AMBISENSE RNA;
thus, e.g., the viral N protein is encoded by a sequence
complementary to the 3’-half of the S RNA, while the viral
glycoproteins are synthesized from a sequence corresponding
to the 5'-half of the S RNA. A non-glycosylated protein with
RNA-dependent RNA polymerase activity has been found in
virions of Pichinde virus. Arenavirus virions can be inactivated
by temperatures > 56°C, by pH <5.5 or >8.5, and by organic
solvents or detergents.

Arenaviruses can replicate in a wide range of mammalian
cell cultures (e.g. BHK-21, Vero and L cells). Virus replica-
tion occurs in the cell cytoplasm; the virus matures by budding
through the plasma membrane, when ribosomes become incor-
porated in the virion.

See ARENAVIRIDAE.

areolate Divided up into small areas (areolae). (Used e.g. of a
lichen thallus: see e.g. RHIZOCARPON.)

arg-poly(asp) Syn. CYANOPHYCIN.

arg regulon See ARGININE BIOSYNTHESIS.

Argentinian haemorrhagic fever A VIRAL HAEMORRHAGIC FEVER
caused by the Junin virus (see ARENAVIRIDAE). Mortality: usually
ca. 3—-15%.

argentophilic Staining well with SILVER STAINS.

L-arginine biosynthesis See Appendix IV(a). In Escherichia coli
the genes encoding enzymes for arginine biosynthesis constitute
a REGULON (the arg regulon); four of the genes occur in a cluster
(argECBH ), the remainder occur singly at loci scattered around
the chromosome. [Biosynthesis and metabolism of arginine in
bacteria: MR (1986) 50 314-352.]

arginine decarboxylase test See DECARBOXYLASE TESTS.

arginine deiminase See ARGININE DIHYDROLASE.



arginine dihydrolase

arginine dihydrolase (ADH) An enzyme system which cataly-
ses the catabolism of arginine, with a concomitant substrate-level
phosphorylation; the system occurs in a range of bacteria. (i)
Arginine deiminase hydrolyses arginine to citrulline and ammo-
nia. (ii) Ornithine carbamoyltransferase catalyses a phospho-
rolytic cleavage of citrulline to form carbamoyl phosphate and
ornithine. (iii) Carbamate kinase transfers the phosphate group
of carbamoyl phosphate to ADP to form ATP and carbamic acid,
the latter dissociating spontaneously to CO, and NHs.

Tests for ADH production are widely used in the identification
of certain bacteria (e.g. members of the ENTEROBACTERIACEAE).
Typically, the organism is grown in a medium containing L-
arginine and a pH indicator; the presence of ADH is indicated
by an alkaline reaction after a few days’ incubation. [Methods:
Book ref. 2, pp. 411-412.]

arg-poly(asp) Syn. CYANOPHYCIN.

argT gene  See BINDING PROTEIN-DEPENDENT TRANSPORT SYSTEM.

Argyn See SILVER.

Argyrol See SILVER.

argyrome Syn. SILVER LINE SYSTEM.

argyrophilic Syn. ARGENTOPHILIC.

arildone (4-[6-(2-chloro-4-methoxyphenoxy)-hexyl]-3,5-heptane-
dione) An ANTIVIRAL AGENT which is active against various
DNA and RNA viruses in vitro; it blocks uncoating in polio-
viruses and apparently also in herpes simplex viruses. Arildone
may be useful clinically e.g. in the topical treatment of HERPES
SIMPLEX infections.

Arizona  See SALMONELLA.

arizonosis A POULTRY DISEASE, caused by Salmonella arizonae
(= Arizona hinshawii), characterized by malaise, diarrhoea, and
often symptoms of CNS involvement.

Arkansas bee virus See NODAVIRIDAE.

ArlS—ArIR See TWO-COMPONENT REGULATORY SYSTEM.

Armillaria (‘Armillariella’) A genus of mainly lignicolous
fungi (AGARICALES, Tricholomataceae). A. mellea (the ‘honey
fungus’) grows saprotrophically on many types of wood, forms
a symbiotic association with certain orchids (see MYCORRHIZA),
and is parasitic on a range of deciduous and coniferous trees,
on certain shrubs, and on some herbaceous plants. The fruiting
body is highly variable in colour and appearance, the pileus
being convex to flat (ca. 3—15 cm diam.), ochre to brown,
with darker scales particularly near the centre; the upper part
of the stipe, which often bears a wide annulus, is initially
whitish, later reddish-brown. Basidiospores: ca. 8—9 x 5—-6 um.
The fruiting bodies (which exhibit BIOLUMINESCENCE) typically
occur in clusters. The organism spreads by means of tough, black
RHIZOMORPHS (‘boot laces’) which may be found e.g. under the
bark of infected trees or in soil. (See also CARBON DISULPHIDE
and THREITOL.)

Armillariella  See ARMILLARIA.

armoured dinoflagellates See DINOFLAGELLATES.

aroA gene  See STAPHYLOCOCCUS (S. aureus).

arogenate See AROMATIC AMINO ACID BIOSYNTHESIS.

aroH gene See TRP OPERON.

aroma bacteria See DIACETYL.

aromatic amino acid biosynthesis Phenylalanine (Phe), tyro-
sine (Tyr) and tryptophan (Trp) are synthesized via the shiki-
mate pathway: Appendix IV(f). Although most of the steps in
this pathway are apparently more or less universal, the control
mechanisms and physical organization of the enzymes (e.g. the
formation of multienzyme complexes) vary between species and
may be useful taxonomic criteria [CRM (1982) 9 227-252].
The reactions by which prephenate is converted to Phe and Tyr
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Arrhenatherum blue dwarf virus

Arrhenosphaera

also differ in different species. Thus, e.g., Escherichia coli and
Bacillus subtilis synthesize Tyr via 4-hydroxyphenylpyruvate
(HPP), and Phe via phenylpyruvate (PPy) [see Appendix IV(f)].
Certain cyanobacteria and ‘coryneforms’ (Corynebacterium glu-
tamicum, Brevibacterium spp) synthesize Phe via PPy but lack
prephenate dehydrogenase and synthesize Tyr via arogenate
(= ‘pretyrosine’). Pseudomonas diminuta synthesizes Phe via
arogenate but Tyr via HPP, while P. aeruginosa can synthe-
size Phe and Tyr via PPy and HPP, respectively, and also via
arogenate. Euglena gracilis synthesizes both Phe and Tyr via
arogenate only.

(See also TRP OPERON.)

aromatic hydrocarbons See HYDROCARBONS.

array (DNA) See DNA CHIP.

See FUIVIRUS.

Arrhenius effect See staphylococcal a-HAEMOLYSIN.

See ASCOSPHAERALES.

ARS Autonomously replicating sequence: a DNA sequence (first
described from the yeast Saccharomyces cerevisiae) which,
when linked to a non-replicative DNA fragment, promotes the
capacity for autonomous intracellular replication. ARSs occur
in the yeast genome with a frequency of about one ARS for
every ~40 kilobases. Efficient replication of ARS-containing
DNA fragments may require other factors such as the CEN
(centromere) element and the minichromosome maintenance
protein 1.

Many of the ARSs appear to function as origins of replication,
although some are so-called silent origins; some of the ARSs
(both active and silent) are reported to act as transcription
silencers.

Most of the studies on ARSs have been carried out on eukary-
otes—particularly on yeasts (e.g. Saccharomyces, Hansenula).
However, ARSs have also been reported in prokaryotes [see
e.g. JB (2003) 185 5959-5966].

arsenate respiration See SELENATE RESPIRATION.

arsenic (a) (as an antimicrobial agent) The aromatic compounds
of arsenic include some effective antimicrobial agents, some of
which have found use in chemotherapy; however, some of these
‘arsenicals’ have been discontinued owing to toxicity.

The antimicrobial activity of arsenicals appears to involve
their reaction with thiol (—SH) groups within cells — resulting
e.g. in the inhibition of many enzymes; LIPOIC ACID is particularly
sensitive because arsenic can bridge the two thiol groups in this
coenzyme.

Apparently, pentavalent arsenic in an arsenical must be
converted, in vivo, to the trivalent state before the arsenical can
act as an antimicrobial agent.

The selective activity of arsenicals is believed to be due
to differences in the permeability of different types of cell.
Microorganisms can be protected from arsenicals by e.g. thiols,
p-aminobenzoic acid or quinoid dyes.

Atoxyl (NH,.C¢Hs.As(OH),0; p-aminophenylarsonic acid)
was the first arsenical to be used against trypanosomiasis.

Salvarsan (3,3'-diamino-4,4’-dihydroxyarsenobenzene) was
formerly used e.g. for the treatment of syphilis and trypanosomi-
asis; it is oxidized in vivo to produce the toxic agent: 3-amino-4-
hydroxyphenylarsenoxide. This drug has now been superseded.

Glycobiarsol (bismuth N-glycolyl-p-arsanilate) has been used
for treating amoebic dysentery.

Tryparsamide (p-N-phenylglycineamidoarsonic acid) has been
used for late-stage trypanosomiasis (African trypanosomiasis:
sleeping sickness). Note that arsenicals are not active against
Trypanosoma cruzi (Chagas’ disease).



Melarsoprol (a derivative of benzenearsenous acid — a triva-
lent arsenical) is effective against both West and East African
strains of the causal agent of sleeping sickness (Trypanosoma
brucei gambiense and T. brucei rhodesiense, respectively).
The specific target of the drug is trypanothione (N',N®-
bis[glutathionyl]spermidine) [PNAS (1989) 86 2607-2611].
Melarsoprol reacts with trypanothione to form an adduct (Mel T)
which inhibits trypanothione disulphide reductase — an enzyme
essential for regulating the parasite’s thiol/disulphide balance.
Melarsoprol crosses the blood—brain barrier less readily than
eflornithine, but it is still regarded as the most effective try-
panocidal drug available for treating sleeping sickness [AP
(1994) 33 1-47].

Trypanosomes exposed sub-lethally to arsenicals develop
resistance quite readily, possibly owing to decreased uptake.

(b)(in energy metabolism) Some bacteria use arsenate (or
selenate) as electron acceptor in anaerobic respiration, electron
donors including e.g. acetate, lactate and ethanol (according
to species); cell-envelope reductases have been found [FEMS
Reviews (1999) 23 615-627]. Arsenite is used as electron donor
in autotrophic CARBON DIOXIDE fixation and as a respiratory
electron acceptor [FEMS Ecol. (2004) 48 15-27; JB (2004)
186 1614-1619].

ART Automated reagin test: a qualitative or quantitative STAN-
DARD TEST FOR SYPHILIS similar in principle to the RPR TEST.

arteannuin  Syn. QINGHAOSU.

artefact (artifact) Any feature which does not occur in a spec-
imen under natural conditions, but which may be seen in that
specimen during experimentation. Artefacts are due to the dis-
turbance introduced by the process of experimentation or obser-
vation; they may occur e.g. as a result of FIXATION.

artemether See QINGHAOSU.

artemisinine Syn. QINGHAOSU.

arteritis Inflammation of an artery or arteries.

Arterivirus A genus of viruses (family TOGAVIRIDAE); the
arterivirus group currently includes LACTATE DEHYDROGENASE
VIRUS, SIMIAN HAEMORRHAGIC FEVER VIRUS, the ‘Lelystad’ virus
(see BLUE-EARED PIG DISEASE) and equine arteritis virus.

In equines, equine arteritis virus causes necrosis of small
arteries with various clinical manifestations — for example, rhini-
tis, oedema, enteritis, bronchopneumonia. Infection of pregnant
mares commonly results in abortion. Transmission occurs both
horizontally and vertically; vectors are unknown. The virus can
infect a range of vertebrate cells in vitro.

The viruses in this group are similar in their morphology and
genomic organization; moreover, all exhibit a predilection for
macrophages, and all tend to cause a lengthy period of viraemia.

artesunate See QINGHAOSU.

Arthonia  See ARTHONIALES.

Arthoniales An order of fungi of the ASCOMYCOTINA; members
include crustose LICHENS (photobiont green, often trentepohlioid)
and lichenicolous and saprotrophic fungi. Ascocarps are APOTHE-
cioip and may be lirelliform, irregular, etc; they contain para-
physoids. Asci are bitunicate, usually clavate. Genera: e.g.
Arthonia.

Arthopyrenia A genus of crustose LICHENS of the order DOTHIDE-
ALES; ascospores have one to several septa. A. halodytes (pho-
tobiont ‘Hyella’) is a marine species which grows endolithically
in calcareous rocks and on the shells of limpets, barnacles etc
in the intertidal zone; it occurs in Europe and N. America.

arthralgia Joint pain.

arthric conidium See CONIDIUM.

arthritis Inflammation of one or more joints. It may occur as a
symptom or complication of various infectious diseases — e.g.
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Arthroascus

Arthrobacter

Arthrobotrys

Arthrocystis
Arthroderma

Arthuria

Ascetospora

brucellosis, gonorrhoea, Haverhill fever, Lyme disease, rick-
ettsioses, syphilis, tuberculosis, yaws; it may also be caused
by certain viruses — e.g., parvovirus [Lancet (1985) i 419-421,
422-425], Ross River virus, rubella virus. Septic arthritis is
due to infection of the synovial fluid — commonly by staphylo-
cocci — e.g. secondarily to OSTEOMYELITIS in an adjacent bone,
or as a complication of septicaemia; S. epidermidis may cause
chronic septic arthritis of the hip following total hip replacement.
(See also RHEUMATOID ARTHRITIS and REITER SYNDROME.)
A genus of fungi (family SACCHAROMYCETACEAE)
which form yeast cells (which bud, often bipolarly, on a
wide base) and true mycelium (which tends to break up into
arthrospores). Asci are formed directly after conjugation between
two cells. Non-fermentative; NO3 ™ is not assimilated. Species:
A. javanensis, isolated e.g. from soil, fruit, rotting wood. [Book
ref. 100, pp. 114-116.]
A genus of obligately aerobic, catalase-positive,
asporogenous bacteria (order ACTINOMYCETALES, wall type
VI — see also PEPTIDOGLYCAN) which occur in the soil. In culture
the organisms initially grow as irregular, ‘lumpy’, pleomorphic
rods, with or without primary branching, but stationary-phase
cultures consist predominantly of spherical or ovoid cells;
on subculture rod-shaped forms develop. Optimum growth
temperature: ca. 25°C. Arthrobacter spp have an oxidative-type
metabolism; they are not cellulolytic. GC%: ca. 59-66. Type
species: A. globiformis.

A genus of fungi of the HYPHOMYCETES. Species
can grow saprotrophically and can trap and digest nematodes
(see NEMATOPHAGOUS FUNGI); A. oligospora can also attack and
kill other fungi [FEMS Ecol. (1985) 37 283-291].

arthroconidium Syn. ARTHROSPORE.

See EIMERIORINA.

A genus of fungi of the GYMNOASCALES (anamorphs:
CHRYSOSPORIUM; Trichophyton).

arthrospore (arthroconidium) (1) An arthric CONIDIUM. (2) Any
CONIDIUM formed by thallic conidiogenesis.

See UREDINIOMYCETES.

Arthus reaction A severe local inflammatory skin reaction which
involves a TYPE III REACTION; the reaction becomes maximal
3-12 hours after the intradermal administration of antigen, and
involves erythema, oedema, and local haemorrhage and necrosis.

Arthus-type reaction Any disorder, other than the classical
ARTHUS REACTION, which involves a TYPE IIl REACTION — see €.g.
FARMERS’ LUNG and GLOMERULONEPHRITIS.

artichoke curly dwarf virus See POTEXVIRUSES.

artichoke mottled crinkle virus See TOMBUSVIRUSES.

artifact Syn. ARTEFACT.

Artogeia rapae GV  See BACULOVIRIDAE.

ARV  See HIV.

arylsulphatase An enzyme which can hydrolyse aromatic sul-
phate esters at the O—S bond; arylsulphatases occur e.g. in some
Aspergillus and Mycobacterium spp.

arylsulphatase test A test used in the identification of Mycobac-
terium spp. Essentially, the test strain is grown in a liquid
medium containing tripotassium phenolphthalein disulphate
(TPD); ARYLSULPHATASE-positive strains cleave TPD to PHENOL-
PHTHALEIN which is detected by a colour change on addition of
alkali after 10 days (for slow-growing strains) or after 3 or 7
days (for rapidly-growing strains).

ascarylose 3,6-Dideoxy-p-L-mannopyranose: a sugar found e.g.
in the LIPOPOLYSACCHARIDE of certain strains of Yersinia pseudo-
tuberculosis (and in the eggs of Ascaris worms).

Ascetospora A phylum of proTOZOA [JP (1980) 27 37-58]
which form spores containing one or more sporoplasms but



Aschaffenburg—Mullen phosphatase test

no extrusion apparatus (no polar capsules or polar filaments).
(cf. MICROSPORA; MYXOZOA.) The organisms are parasitic in
invertebrates. Classes: PARAMYXEA and STELLATOSPOREA.

Aschaffenburg—Mullen phosphatase test Syn. PHOSPHATASE
TEST (for milk).

Aschersonia A genus of fungi (order SPHAEROPSIDALES) which
include parasites of scale insects and whiteflies. Strains of
Aschersonia have been used e.g. in Florida for the biological
control of scale insects.

asci  See Ascus.

ascigerous Bearing, or giving rise to, asci (see ASCUS).

ascites The condition in which fluid (ascitic fluid) accumulates
in the peritoneal cavity during certain pathological conditions.
(See also INFECTIOUS DROPSY (of carp).)

Ascobolus ~ See PEZIZALES.

ascocarp (ascoma) A structure at the surface of which, or within
which, asci (see ascus) develop; the main forms of ascocarp
are the APOTHECIUM, ASCOSTROMA, CLEISTOTHECIUM and PERITHE-
CIUM. (Ascocarps are not produced e.g. by Saccharomyces spp
and related yeasts.)

In ascohymenial species ascocarp development appears to fol-
low the sexual stimulus, i.e., plasmogamy (fertilization) precedes
ascocarp development; in ascolocular species the initiation of
ascocarp development (i.e., formation of a stroma) occurs before
plasmogamy. In general, ascohymenial species form unitunicate
asci, and ascolocular species form bitunicate asci.

Ascochyta A genus of fungi of the order SPHAEROPSIDALES;
A. pisi is the causal agent of leaf spot disease of the pea
plant. Conidiophores are borne in dark, thick-walled, non-setose,
unilocular, ostiolate pycnidia that are immersed in the host tissue.

Ascocoryne  See HELOTIALES.

ascogenous ASCUS-forming.

ascogone Syn. ASCOGONIUM.

ascogonium (ascogone) In ascomycetes: the female GAMETAN-
GIUM; it may be unicellular or multicellular, simple or complex
in form, and it may or may not bear a TRICHOGYNE (according
to species).

ascohymenial See ASCOCARP.

Ascoideaceae See ENDOMYCETALES.

ascolichen An ascomycetous LICHEN.

Ascoli’s thermoprecipitin test A serological PRECIPITIN TEST
used to detect antigens of Bacillus anthracis (causal agent of
ANTHRAX) in various animal products (e.g. hides). The material
is extracted with e.g. boiling saline, and the extract is layered
over a known positive antiserum in a RING TEST.

ascolocular See ASCOCARP.

ascoma  Syn. ASCOCARP.

ascomycetes Fungi of the subdivision ASCOMYCOTINA. (In some
taxonomic schemes these fungi form the class Ascomycetes.)

Ascomycotina (the ‘ascomycetes’) A subdivision of fungi (divi-
sion EUMYCOTA) characterized by the formation of sexu-
ally derived spores (ASCOSPORES) in asci (see ASCUS). The
ascomycetes are typically terrestrial saprotrophs or parasites;
they include e.g. most YEASTS, the edible morels and TRUFFLES,
the cup fungi, the POWDERY MILDEWS, BLACK MILDEWS and SOOTY
MOULDS, and organisms which are better known in their asexual
(‘deuteromycete’) states: the common ‘blue moulds’ and ‘green
moulds’. Marine ascomycetes include members of the SPATHU-
LOSPORALES.

In most species the thallus is a well-developed, septate,
branching mycelium in which the CELL WALL contains CHITIN
(see also SEPTUM); however, some ascomycetes are unicellular
organisms, and some are DIMORPHIC FUNGI.

54

In the typical life cycle, the germination of an ascospore leads
to the development of a septate mycelium consisting of uninu-
cleate, haploid cells. Many (but not all) ascomycetes then exhibit
a conidial (= asexual, imperfect or anamorphic) phase in which
conidia (see CONIDIUM) are formed; although the anamorph is
part of the HOLOMORPH, anamorphs are commonly (for conve-
nience) classified in the DEUTEROMYCOTINA. At some stage the
thallus enters DIKARYOPHASE — €.g. by GAMETANGIAL CONTACT,
SOMATOGAMY Or SPERMATIZATION. Subsequently, karyogamy and
MEIOSIS occur in the developing ASCOCARP — which commonly
gives rise to asci which each contain 8 (haploid) ascospores.
In the typical life cycle diplophase is thus of limited duration;
however, in some ascomycetes (e.g. many yeasts) diplophase
is dominant — plasmogamy and karyogamy quickly following
ascospore formation, so that the vegetative cells are commonly
diploid.

In some taxonomic schemes [see e.g. Book ref. 64] classes
are not recognized; instead, the ascomycetes are divided into
37 orders: ARTHONIALES; ASCOSPHAERALES; CALICIALES; CLAVICIP-
ITALES; Coryneliales; Cyttariales; DIAPORTHALES; Diatrypales;
DOTHIDEALES; ELAPHOMYCETALES; ENDOMYCETALES; ERYSIPHALES;

EUROTIALES;  GRAPHIDALES;  GYALECTALES; GYMNOASCALES;
HELOTIALES; HYPOCREALES; LABOULBENIALES; LECANIDIALES;
LECANORALES;  MICROASCALES; OPEGRAPHALES; OPHIOSTOM-

ATALES; OSTROPALES; PELTIGERALES; PERTUSARIALES; PEZIZALES;
POLYSTIGMATALES; PYRENULALES; RHYTISMATALES; SORDARIALES;
SPATHULOSPORALES; SPHAERIALES; TAPHRINALES; TELOSCHISTALES;
VERRUCARIALES.

Ascophyllum  See PHAEOPHYTA.

L-ascorbic acid (vitamin C; L-threo-2,3,4,5,6-pentahydroxy-2-he-
xenoic acid-4-lactone) A VITAMIN, essential to man but not
normally to microorganisms, found e.g. in fresh fruit and veg-
etables; it can be synthesized e.g. by certain algae and strains of
Aspergillus niger. It is a strong reducing agent (oxidized form =
dehydroascorbic acid) used e.g. as a poising agent in media for
anaerobes (see REDOX POTENTIAL). Commercial manufacture (the
Reichstein process) involves the hydrogenation of glucose to
D-sorbitol followed by the SORBOSE FERMENTATION; L-sorbose is
converted chemically to ascorbic acid.

Ascoseira  See PHAEOPHYTA.

Ascosphaera  See ASCOSPHAERALES.

Ascosphaerales An order of fungi (subdivision ASCOMYCOTINA)
which are associated with bees and pollen. Genera: Ascosphaera
(see CHALKBROOD), Arrhenosphaera and BETTSIA.

ascospore A SPORE formed within an Ascus. According to
species, ascospores may be septate or aseptate, and may be any
of a variety of shapes, sizes and colours. On germination, the
ascospores of most species form germ tube(s), while those of
yeasts characteristically give rise to budding cells.

Ascospore discharge. In most ascomycetes the ascospores are
forcibly ejected from the ascus; forcible ejection can occur
either from a UNITUNICATE ASCUS or from a BITUNICATE ASCUS.
The mechanism of ascospore ejection appears to be unknown;
however, ejection probably depends on the development of
pressure within the ascus by the absorption of water — e.g. as
a result of the enzymic breakdown of a polysaccharide with
consequent increase in osmotic pressure. Different mechanisms
may be involved in different ascomycetes.

In apothecial ascomycetes (‘discomycetes’) the ascospores are
often released simultaneously by a large proportion of the asci;
this results in a visible cloud of ascospores and is called puffing.

In cleistothecial ascomycetes the mature asci appear to swell
up and rupture the cleistothecial wall. In some species the



protruding (or totally freed) asci release their ascospores by
violent disintegration.

In perithecial ascomycetes various strategies have evolved
to ensure that the ascospores do not remain trapped within
the perithecium. Thus, e.g. in Sordaria fimicola each of the
hymenial asci, in turn, elongates, discharges its ascospores, and
collapses. In ascomycetes which form long-necked perithecia
the asci may become detached from the hymenium and are
subsequently blown through the ostiole as a result of pressure
in the perithecial cavity; however, in species of Ceratocystis
the asci are evanescent, and the mature ascospores are slowly
extruded in a slimy mass through the perithecial neck.

In the ascostromal ascomycete Myriangium, ascospore dis-
charge is necessarily preceded by disintegration of the stroma —
which occurs as a result of weathering. Once exposed to the
environment the (bitunicate) asci forcibly eject their ascospores.

In e.g. Tuber spp (and other hypogean ascomycetes) the
ascospores are not forcibly discharged. In such species ascospore
dispersal is mediated e.g. by burrowing animals.

Ascospore discharge can be strongly influenced by environ-
mental conditions (e.g. light, humidity), and a distinct periodicity
of spore discharge (‘endogenous rhythm’) has been detected in
a number of species. In ascomycetes which form deeply con-
cave (cupulate) apothecia the asci are commonly positively pho-
totropic; asci which line the near-vertical walls of the apothecium
thus direct their spores outwards (into the environment) rather
than towards the opposite wall of the apothecium. In some fungi,
e.g. Daldinia concentrica, ascospore discharge occurs mainly or
exclusively in the dark.

ascostroma An ASCOCARP consisting of a STROMA (sense 1)
containing one or more cavities (locules), each locule containing
one or more asci (see Ascus). In each locule the CENTRUM
is bounded only by the stromatic tissue; this contrasts with
the ascocarp structure of those ascomycetes (e.g. Xylaria spp)
which form perithecia immersed in a stroma: in such species a
distinct perithecial wall occurs within the locule. A uniloculate
ascostroma (i.e., one containing a single locule) may contain a
hymenial layer of asci, and may thus resemble a perithecium;
such a structure is referred to as a perithecioid pseudothecium or
pseudoperithecium. (In e.g. Rhytidhysteron the hymenium forms
an apothecium-like structure which is called an apothecioid
pseudothecium.) In some ascomycetes (e.g. Myriangium) the
asci develop in uniascal locules which are scattered irregularly
in the stroma. An ascostroma may develop on the surface of, or
within, the substratum.

Ascotricha  See SPHAERIALES.

ascus (pl. asci) A microscopic, sac-like structure within which
are formed the sexually derived (or, exceptionally, parthenogeni-
cally derived) spores (ASCOSPORES) of fungi of the subdivision
ASCOMYCOTINA. Asci are commonly cylindrical or clavate, but
can be e.g. cup-shaped, globose or dumb-bell-shaped, according
to species; a mature ascus typically contains eight ascospores,
but in some species it contains e.g. two or four ascospores, or (in
e.g. Kluyveromyces and Lipomyces) more than eight ascospores.
Asci may be formed within or at the surface of an ASCOCARP,
and may occur singly, in groups, or in a closely packed layer
(hymenium) which, according to species, may be interspersed
with sterile structures (see e.g. PARAPHYSIS). In some species the
asci are evanescent (see also PROTOTUNICATE ASCUS).

Ascus formation is usually preceded by plasmogamy — which,
depending on species, occurs by GAMETANGIAL CONTACT, GAME-
TANGIAL COPULATION, SOMATOGAMY Or SPERMATIZATION. Many
ascomycetes exhibit HETEROTHALLISM. (See also MATING TYPE.)

asepsis

Following plasmogamy, the events leading to ascus formation
vary according to species.

Ascus formation in ascogenous yeasts. After plasmogamy
(which may occur e.g. by the fusion of somatic cells or
ascospores), karyogamy commonly follows without delay. The
zygote may undergo MEIOSIS immediately (as e.g. in Schizosac-
charomyces octosporus) so that the ascus develops directly from
the zygote; alternatively, meiosis may be delayed for one or
more mitotic divisions (e.g. as in the diploid budding phase
of Saccharomyces cerevisiae) — in which case the ascus devel-
ops following meiosis in one of the diploid descendents of the
zygote. Following meiosis, the four (haploid) nuclei may develop
directly into four ascospores (as in e.g. S. cerevisiae) or there
may be subsequent mitotic division with the eventual formation
of e.g. eight ascospores (as in e.g. S. octosporus). The process
by which a nucleus gives rise to an ascospore is called free cell
formation (see below).

Ascus formation in other ascomycetes. (The following is
necessarily a generalized account since details of the process
vary from species to species.) After plasmogamy, karyogamy
is typically delayed. One or more hyphae (ascogenous hyphae)
arise from the ASCOGONIUM, and the (haploid) male and female
nuclei migrate into these hyphae. The tip of each hypha then
curves to form a crook (crozier) such that two nuclei (one
from each parent) occur in the curved upper portion of the
crozier. These nuclei then undergo mitosis, simultaneously, with
their mitotic spindles arranged parallel to the long axis of
the ascogenous hypha; the subsequent formation of a septum
creates an apical cell (the ascus mother cell) which contains
one daughter nucleus from each of the two original nuclei.
Karyogamy now occurs. The zygote undergoes meiosis followed
by one or more mitotic divisions to produce the number of
haploid nuclei (ascospore initials) characteristic of the species.
The ascospores develop by free cell formation. In this process,
each nucleus (with a portion of cytoplasm) becomes enclosed
within an envelope (the spore-delimiting membrane, SDM)
composed of two unit-type membranes. In some ascomycetes
(e.g. many members of the Endomycetales) the nucleus may
be enveloped directly by vesicles (derived from the GOLGI
APPARATUS or Golgi-equivalent?) which develop in association
with the SPINDLE POLE BODY. In other species, e.g., Taphrina
deformans and some species of Tuber, each nucleus becomes
enveloped by membrane derived from invaginations of the
ascus plasma membrane. However, in most ‘euascomycetes’
the SDMs derive from a system of nuclear and/or endoplasmic
reticular membranes which, initially, form a discontinuous layer
around the periphery of the ascus cytoplasm (the peripheral
membrane cylinder). That portion of the ascus cytoplasm which
is not incorporated into ascospores is termed the epiplasm.
Ascospore wall material is subsequently laid down between the
two layers of the SDM. [Ascospore development: Book ref. 175,
pp. 107-129.]

Types of ascus. There are at least nine morphologically
and/or functionally distinct types of ascus [Bot. J. Lin. Soc.
(1981) 82 15-34 (29-33)]: see e.g. ANNELATE ASCUS, BITUNICATE
ASCUS, OPERCULATE ASCUS, OSTROPALEAN ASCUS and PROTOTUNI-
CATE ASCUS. (See also UNITUNICATE ASCUS and BILABIATE.)

ascus mother cell See Ascus.

Asellariales See TRICHOMYCETES.

asepsis (1) The state in which potentially harmful microorgan-
isms (e.g. pathogens in a medical context, spoilage organisms in
an industrial context) are absent from particular tissues, materi-
als or environments; in this sense asepsis does not necessarily



aseptate

involve sterility (cf. STERILE (sense 1)). (2) A state of sterility.
(See also ANTISEPSIS and STERILIZATION.)

aseptate Lacking septa — see SEPTUM.

aseptic (adj.) Refers to ASEPSIS (sense 1 or 2).

aseptic meningitis See MENINGITIS (b).

aseptic technique Precautionary measures taken to prevent the
contamination of cultures, sterile media etc and/or the infection
of persons, animals or plants by extraneous microorganisms.
Thus, e.g. all vessels for media etc must initially be STERILE (pre-
sterilized disposable petri dishes, syringes etc are often used).
The working surfaces of instruments (forceps, LOOPS etc), and
the rims of bottles used for dispensing sterile (non-flammable)
materials, are sterilized by FLAMING. Before use, sterile material
should not be exposed to non-sterile material or conditions. The
risk of contamination is reduced by treating bench surfaces
etc with DISINFECTANTS and/or with ultraviolet radiation (see
STERILIZATION). Procedures (e.g. INOCULATION) are carried out
in such a way that exposure to the atmosphere is reduced to
a minimum, or is eliminated (see e.g. SAFETY CABINET).

Ashbya See METSCHNIKOWIACEAE and STIGMATOMYCOSIS; see also
RIBOFLAVIN.

AsiA  See ANTL-SIGMA FACTOR.

Asian flu  See INFLUENZAVIRUS.

Asiatic cholera Syn. CHOLERA.

ASLT ANTISTREPTOLYSIN O TEST.

ASO test ANTISTREPTOLYSIN O TEST.

ASOT  ANTISTREPTOLYSIN O TEST.

L-asparaginase (L-asparagine aminohydrolase; EC 3.5.1.1) An
enzyme which hydrolyses L-asparagine to L-aspartate and NHj3.
L-Asparaginase (e.g. from Escherichia coli or Citrobacter
sp) is used as an anticancer agent —e.g. for treating acute
lymphocytic leukaemia in which the cancer cells require
exogenous asparagine. (See also ENZYMES.)

L-asparagine biosynthesis See Appendix IV(d).

asparenomycins CARBAPENEM antibiotics.

aspartame L-Aspartyl-L-phenylalanine methyl ester; it is used as
a sweetener in certain foods and beverages.

aspartase See ASPARTATE BIOSYNTHESIS.

aspartate ammonia-lyase See ASPARTATE BIOSYNTHESIS.

L-aspartate biosynthesis For the main pathway of aspartate
biosynthesis see Appendix IV(d). In many microorganisms,
aspartate can also be produced from fumarate and ammonia by
the enzyme aspartase (L-aspartate ammonia-lyase, EC 4.3.1.1),
but this (reversible) reaction is probably more important in the
deamination of aspartate than in its synthesis. (cf. IMMOBILIZA-
TION sense 1.)

aspartokinase See Appendix IV(d).

aspergillic acid An antibiotic (a pyrazine derivative) formed by
Aspergillus flavus.

aspergilloma See ASPERGILLOSIS.

aspergillosis Any disease of man or animals in which the causal
agent is a species of ASPERGILLUS.

In man, the causal agent is usually A. fumigatus, although
A. flavus, A. niger or A. terreus may be involved. Infection
usually occurs by inhalation of air-borne conidia, but may
occur via wounds or by ingestion. The disease may be non-
invasive, the fungus colonizing a pre-existing lung cavity (e.g.
a lung cyst or healed tuberculosis lesion) and forming compact
mycelial masses called aspergillomas (cf. MYCETOMA sense 2);
symptoms may be absent or may include chronic productive
cough and haemoptysis. Less commonly, the disease may
become invasive, disseminating to other organs (particularly in
immunocompromised patients); this form is commonly fatal.
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In some (atopic) individuals inhalation of Aspergillus conidia
can lead to allergic bronchopulmonary aspergillosis (‘extrinsic
bronchial asthma’); the conidia may germinate in the bronchi and
sputum plugs, but the hyphae do not normally invade the tissues.
Other forms of aspergillosis include e.g. infections of the ear
or paranasal sinuses. Lab. diagnosis: cultural or microscopical
(or histological) examination of e.g. biopsy material; repeated
isolation of Aspergillus (e.g. from sputum) is presumptive
evidence of infection. In some forms of aspergillosis specific
antibodies may be demonstrated by gel diffusion techniques.

Aspergillosis can affect a wide range of animals, causing e.g.
pneumonia, gastroenteritis (e.g. in calves), or placentitis leading
to abortion (e.g. in cattle, sheep and horses). Birds (including
poultry) are particularly susceptible; almost any organ can be
affected, and the disease may be acute and (usually) fatal (as in
‘brooder pneumonia’ of baby chicks) or chronic (in adult birds).
(See also AFLATOXINS.)

Aspergillus A genus of fungi of the class HYPHOMYCETES: some
species are known to have ascomycetous teleomorphs (see later).
The organisms are widespread in nature, and are characteristi-
cally saprotrophic; they can use a wide range of substrates as
nutrients. Some species can be pathogenic (see e.g. ASPERGILLO-
SIS, MADUROMYCOSIS, STONEBROOD), and many produce toxins
(see e.g. AFLATOXINS, ASTELTOXIN, CYCLOPIAZONIC ACID, FES-
CUE FOOT, GLIOTOXIN, OCHRATOXINS, PATULIN, STERIGMATOCYSTIN).
Some species can cause deterioration in various types of material
(see e.g. BREAD SPOILAGE, CHEESE SPOILAGE, COAL BIODEGRADA-
TION, GLASS, LEATHER SPOILAGE, PAINT SPOILAGE, PAPER SPOILAGE,
PETROLEUM), while certain species are used in the manufac-
ture of particular enzymes, foods or other commodities (see
€.g8. AMYLASES, BRINASE, CATALASE, CITRIC ACID, COFFEE, GLU-
COSE OXIDASE, HAMANATTO, KOJI, MISO, PECTIC ENZYMES, SAKE,
TAKADIASTASE).

Aspergillus spp form a well-developed, septate mycelium.
(See also NIGERAN and PSEUDONIGERAN.) Each conidiophore,
which develops from a FOOT CELL (sense 2), consists of an erect
hypha which has a more or less spherical terminal swelling
(the ampulla or vesicle). In some species the ampulla is
partly or completely covered by a layer of phialides (‘primary
sterigmata’) — see CONIDIUM; in most species, however, the
ampulla is covered by a layer of short, finger-like extensions
(‘primary sterigmata’ or metulae) which give rise to the phialides
(‘secondary sterigmata’) at their distal ends. Each phialide
produces a basipetally formed chain of spherical, pigmented,
aseptate conidia which, according to species, may be e.g.
yellow, green or black. (Spore colour can also vary according to
available trace elements in the medium; thus, e.g. A. niger may
form yellow (instead of the normal black) conidia if levels of
copper are low.) The ampulla, together with its metulae and/or
phialides and associated chains of conidia, is called a conidial
head. A PARASEXUAL PROCESS occurs e.g. in A. nidulans.

Species include e.g. A. flavus, A. fumigatus, A. glaucus
(teleomorph: EUROTIUM), A. nidulans (teleomorph: EMERICELLA),
A. niger, A. oryzae, A. parasiticus, A. phialiseptus, A. terreus
and A. versicolor.

A. fumigatus (teleomorph: SARTORYA) is a major cause of
aspergillosis in man. In the conidial head, the ampulla may
appear domed (rather than spherical) owing to the gradual
widening of the distal end of the conidiophore, and it bears
a layer of phialides over the distal half to three-quarters of its
surface; the proximally situated phialides are longer, and are
inclined such that their free ends tend to be parallel with the more
distal phialides — the chains of grey-green, spherical conidia thus



forming a parallel-sided columnar spore mass which may reach
ca. 1 mm in length. A. fumigatus has been reported to grow at
50°C. (See also FUMAGILLIN.)

A. phialiseptus is morphologically similar to A. fumigatus,
but it forms septate phialides which are longer than those of
A. fumigatus.

Aspidisca A genus of ciliate protozoa (order HYPOTRICHIDA)
related to Euplotes but differing e.g. in typically having a
relatively reduced oral ciliature; species occur in freshwater and
marine habitats, and e.g. in some SEWAGE TREATMENT plants.

aspirin  See PROSTAGLANDINS.

asporogenous Not capable of forming spores.

assay host (plant virol.) Syn. LOCAL LESION host.

assimilatory nitrate reduction The (typically aerobic) reduc-
tion of nitrate to ammonia, the ammonia being assimilated as
a source of nitrogen (see AMMONIA ASSIMILATION); nitrate can
be used as the sole source of nitrogen by many bacteria, vari-
ous fungi, and most algae and plants. Nitrate is initially reduced
to nitrite — typically by a soluble, oxygen-insensitive enzyme
(assimilatory nitrate reductase) in a reaction in which the elec-
tron donor may be a reduced pyridine nucleotide or a reduced
ferredoxin; in fungi the electron donor is often (sometimes
specifically) NADPH, but in e.g. Candida nitratophila it can
be either NADH or NADPH [JGM (1986) 132 1997-2003].
The assimilatory reduction of nitrate to nitrite does not gener-
ate proton motive force — cf. DISSIMILATORY NITRATE REDUCTION.
Nitrite is reduced to ammonia by an assimilatory nitrite reduc-
tase, reducing power being derived (according to organism) from
NADPH, NADH or reduced ferredoxin — commonly the latter
in algae and higher plants. The synthesis/activity of enzymes
involved in assimilatory nitrate reduction is regulated at least
partly by the extracellular concentrations of ammonia and nitrate.

assimilatory sulphate reduction Sulphate can be used as the
sole source of sulphur by most microorganisms. The major
assimilatory pathway in bacteria and fungi is shown in the
figure. (cf. DISSIMILATORY SULPHATE REDUCTION; see also SULPHUR
CYCLE.)

Astasia  See EUGLENOID FLAGELLATES.

astaxanthin See PHAFFIA.

asteltoxin A polyene MYCOTOXIN isolated from toxic maize meal
cultures of Aspergillus stellatus (= A. variecolor, Emericella
variecolor). In experimental animals asteltoxin can cause e.g.
paralysis of hind-limbs and respiratory impairment.

aster (cell biol.) See MITOSIS.

aster yellows See YELLOWS.

Asterionella A genus of freshwater and marine planktonic
pennate DIATOMS. A. formosa occurs e.g. in lakes and reservoirs,
forming blooms in spring and, to a lesser extent, in autumn. In
this and other species each individual vegetative cell is long and
narrow with slightly flared ends; a variable number of cells (ca.
8 under optimum conditions) form a star-shaped colony in which
each corner of one end of a given cell is joined to one corner of
a neighbouring cell.

Asticcacaulis A genus of chemoorganotrophic, strictly aerobic
PROSTHECATE BACTERIA; habitat and life-cycle are similar to those
of CAULOBACTER, but one or more prosthecae arise subpolarly
and/or laterally and do not have an adhesive role — adhesive
material occurring on the cell surface.

Astomatida An order of protozoa (subclass HYMENOSTOMATIA) in
which the cells are typically large or long, are uniformly ciliated,
contain a number of contractile vacuoles, lack a cytoproct,
and are invariably mouthless; some species have an elaborate
holdfast organelle. Asexual reproduction may involve budding
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Astrephomene
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ASSIMILATORY SULPHATE REDUCTION in bacteria and fungi.
APS = adenosine-5'-phosphosulphate (see Aps); PAPS = 3'-phos-
phoadenosine-5'-phosphosulphate; PAP = 3'-phosphoadenosine-
5'-phosphate. The pathway for the assimilation of sulphide depends
on organism. In e.g. Escherichia coli sulphide is incorporated into
O-acetylserine to form cysteine [Appendix IV(c)]. In e.g. Yarrowia
(Saccharomycopsis) lipolytica sulphide may be incorporated into
O-acetylserine (to form cysteine) or into O-acetylhomoserine to
form homocysteine; homocysteine may be converted to methion-

ine [Appendix 1V(d)] or (via cystathionine) to cysteine [see e.g. MGG
(1979) 174 33-38].

and (in e.g. Intoshellina) the formation of chain-like colonies.
The organisms are endoparasites of e.g. annelids, molluscs and
amphibians in freshwater and marine habitats. Genera include
e.g. Anoplophrya, Cepedietta, Jirovecella, and Radiophrya.

astomatous Refers to any structure or cell which does not have
a pore, opening, or mouth.

astome A member of the ASTOMATIDA.

Astracantha  See RADIOLARIA.

Astraeus  See SCLERODERMATALES.

Astrephomene A genus of voLvOx-like green algae which form
spherical coenobia of 16—128 cells.



Astrolophus

Astrolophus  See ACANTHAREA.

astropyle See RADIOLARIA.

astroviruses Spherical, ether-resistant viruses, 29—30 nm diam.,
which have a characteristic five- or six-pointed star-shaped
surface pattern. Astroviruses have been observed in normal and
diarrhoeic faeces and may cause gastroenteritis in infants, calves,
lambs and piglets. Lamb astrovirus apparently contains ssSRNA
[JGV (1981) 53 47-55].

ASW  Artificial seawater. [Recipes: Book ref. 2, p. 436.]

asymmetric PCR A variant form of PCR in which one of the
two types of primer in the reaction mixture is used at a much
lower concentration (e.g. 1:50) — so that this primer will be
used up quickly when cycling begins; a normal concentration
of the other primer ensures that one strand of the amplicon will
be significantly amplified. Asymmetric PCR can be used for
preparing single-stranded DNA products suitable e.g. for DNA
SEQUENCING.

An alternative procedure for obtaining ssDNA products from
PCR involves tagging one of the two types of primer with BIOTIN,
both primers being used at normal concentrations [NAR (1996)
24 3645-3646]. After cycling, STREPTAVIDIN is added to the
reaction mixture; streptavidin binds to the biotinylated products,
i.e. it binds to one of the two types of ssDNA product (but not to
the complementary product). Gel electrophoresis in a denaturing
gel (which inhibits hybridization between the complementary
ssDNA products) separates the two types of product because
the electrophoretic mobility of the streptavidin-bound product is
greatly reduced. If a particular product strand is required, the
primer which forms the other strand is biotinylated.

asymmetric unit membrane See UROPLAKIN.

asymptomatic Without symptoms.

AT type See BASE RATIO.

ATCC American Type Culture Collection, 12301 Parklawn
Drive, Rockville, Maryland 20852, USA.

ateline herpesvirus See e.2. GAMMAHERPESVIRINAE (‘Herpesvirus
ateles’).

Athalamida See GRANULORETICULOSEA.

atherosclerosis See MAREK’S DISEASE.

Athiorhodaceae See RHODOSPIRILLACEAE.

athlete’s foot (tinea pedis) RINGWORM of the foot, character-
ized by itching (often with cracking and scaling) of the
skin — particularly that between the toes. Causal agents: usu-
ally Epidermophyton floccosum or Trichophyton spp; Candida
albicans (see CANDIDIASIS) can cause a similar condition.

athymic Lacking a thymus.

Atkinsiella A genus of fungi (order SAPROLEGNIALES) which
include organisms parasitic on e.g. the eggs of marine crustacea.
Species include A. dubia, A. entomophaga and A. hamanaensis
[Book ref. 1, pp. 201-202].

ATL  ADULT T-CELL LEUKAEMIA.

Atmungsferment  Cytochrome aas.

atomic mass unit (AMU; u) A unit of atomic mass: one-twelfth
of the mass of a neutral '2C atom; it is ca. 1.6605655 x
10~ gram. (cf. DALTON; RELATIVE MOLECULAR MASS.)

Atopobium A genus of asporogenous, obligately anaerobic,
catalase-negative Gram-positive bacteria; cells: short rods or
cocci which occur singly, in pairs or short chains. Non-motile.
Glucose is metabolized to lactic, acetic and formic acids.
A. parvulus was formerly classified as Streptococcus parvulus.

GC%: 35-46. Type species: A. minutum.

[Proposal for the genus Atopobium: FEMS (1992) 95
235-240.]

atopy An inherited tendency to develop immunological HYPER-
SENSITIVITY states.

58

atovaquone See MALARIA.

Atoxoplasma A genus of protozoa (suborder EIMERIORINA)
similar to LANKESTERELLA but parasitic in birds. [Book ref. 18,
p-13.]

atoxyl See ARSENIC.

ATP Adenosine 5'-triphosphate (see figure). (See also NUCLEO-
TIDE.) In both prokaryotic and eukaryotic cells ATP actively
participates in a range of processes and reactions which involve
the conversion or expenditure of energy (see also ATPASE); energy
derived from chemotrophic or phototrophic metabolism holds
the mass—action ratio of the reaction (ATP <> ADP + Pi) at
values such that ATP hydrolysis is thermodynamically highly
favourable, i.e., it can yield free energy which the cell can use
for specific purposes. (See also ADENYLATE ENERGY CHARGE.)

ATP (adenosine 5'-triphosphate)

The phosphorylation of ADP to ATP commonly occurs by
OXIDATIVE PHOSPHORYLATION, photophosphorylation or SUBST-
RATE-LEVEL PHOSPHORYLATION; in some Organisms PYROPHOS-
PHATE hydrolysis by a PROTON PPASE can be coupled to ADP
phosphorylation via proton motive force (see CHEMIOSMOSIS).

In some energy-requiring reactions nucleotides other than ATP
may be used; thus, e.g., guanosine 5'-triphosphate (GTP) is
involved in certain stages in PROTEIN SYNTHESIS.

Small amounts of ATP can be detected e.g. by techniques
which involve CHEMILUMINESCENCE.

ATP-binding cassette See ABC TRANSPORTER.

ATP synthase See ATPASE.

ATPase Adenosine 5'-triphosphatase: any of a wide range of
structurally and functionally distinct enzymes and enzyme
complexes capable of hydrolysing a phosphate bond in ATP
(q.v.) — cf. KINASE; many types of ATPase (sometimes called
ATP synthases) can catalyse the synthesis of ATP (see e.g. OXIDA-
TIVE PHOSPHORYLATION) as well as the hydrolysis of ATP. Most
ATPases appear to be y-phosphohydrolases, i.e., they catalyse the
dephosphorylation of ATP to adenosine 5'-diphosphate (ADP)
and inorganic phosphate (Pi), and/or the converse reaction.

Energy derived from the hydrolysis of ATP by a given ATPase
may be used, directly, in one or other of two main types of
energy-requiring activity: (a) energy conversion and/or the trans-
membrane translocation of ions (see e.g. PROTON ATPASE and
ION TRANSPORT); (b) mechanical work (see e.g. PRIMOSOME and
eukaryotic FLAGELLUM). By generating or augmenting proton
motive force (see CHEMIOSMOSIS), ATP hydrolysis can supply
energy for some functions (e.g. rotation of the bacterial FLAGEL-
LUM) that cannot use ATP as a direct source of energy.

Note on nomenclature. The activity of some proton-trans-
locating ATPases is enhanced by specific ions —e.g. the
cytoplasmic membrane of Escherichia coli contains a ‘Ca’",



Mg?* -stimulated ATPase’; confusingly, this terminology is also
used for some ATPases which translocate ions other than
protons: see €.g. ION TRANSPORT.

ATP-yS Adenosine-5'-(y-thio)triphosphate: a (biologically) non-
hydrolysable ATP analogue.

atractyloside A glucoside, produced by the Mediterranean this-
tle (Atractylis gummitera), which competitively inhibits the
ADP/ATP exchange carrier system in the mitochondrial inner
membrane. (cf. BONGKREKIC ACID; WEDELOSIDE.)

AtrB An ABC TRANSPORTER in Aspergillus nidulans.

atrichous (1) Hairless. (2) Lacking flagella. (3) Lacking any fil-
amentous appendages (flagella, fimbriae etc).

atrium (ciliate protozool.) A shallow concavity in the cytostomal
region — particularly in certain hypostomes.

att site A DNA sequence at which site-specific recombination
occurs during integration of the genome of a temperate bacte-
riophage into the chromosome of its host; the site on the phage
genome is designated artP, that on the host chromosome attB.
(See e.g. BACTERIOPHAGE X.)

attaching and effacing lesions

attB site See ATT SITE.

attenuated (1) Of e.g. a structure: becoming narrow; tapered.
(2) Having a reduced virulence — see ATTENUATION (1) and (2).

attenuated vaccine A VACCINE containing live pathogens whose
virulence for a given host species has been reduced or abolished
by ATTENUATION.

attenuation (1) (immunol.) Any procedure in which the viru-
lence of a given (live) pathogen for a particular host species is
reduced or abolished without altering its immunogenicity; atten-
uation may be achieved by SERIAL PASSAGE and may be used
to prepare VACCINES (e.g., the SABIN VACCINE). (2) A reduction
in the virulence of a pathogen under natural conditions. (3) See
SPIRITS. (4) (mol. biol.) See OPERON.

attenuator See OPERON.

attP site See ATT SITE.

atypical interstitial pneumonia (of cattle) Any of a clinically
distinct group of acute or chronic respiratory diseases which
typically involve e.g. pulmonary emphysema and oedema,
hyperplasia of alveolar epithelium and interstitial cells, and an
unresponsiveness to treatment [Book ref. 33, pp. 1255-1261].
(cf. BOVINE RESPIRATORY DISEASE.) In no naturally occurring case
has the causal agent been established with certainty; causes
may include the effects of noxious gases, metabolic products
(see FOG FEVER), dusts (see BOVINE FARMERS’ LUNG), a ketone
constituent of the weed Perilla frutescens, or IPOMEANOL. (See
also PNEUMONIA.)

atypical mycobacteria (anonymous mycobacteria) Species of
MYCOBACTERIUM which can cause disease in man but which
(unlike M. tuberculosis and M. bovis) do not cause fatal, dis-
seminated disease when inoculated into guinea pigs. Atypical
mycobacteria often give a negative NIACIN TEST.

Au antigen See HEPATITIS B VIRUS.

Audouinella  See RHODOPHYTA.

Aufwuchs (periphyton community)  Organisms (including cer-
tain algae and sessilinids) which colonize and form a coating on
submerged objects (stones, plants, etc) in aquatic habitats.

Augmentin A mixture of AMOXYCILLIN and CLAVULANIC ACID
used e.g. in the treatment of urinary tract infections.

Augusta disease (of tulips) See TOBACCO NECROSIS VIRUS.

AujeszKky’s disease (pseudorabies; mad itch; infectious bulbar
paralysis) A PIG DISEASE which may also affect e.g. cattle,
dogs, cats and rats; it occurs in North America, Europe, S.
E. Asia, and the UK. The causal agent is a herpesvirus (see

See EPEC.
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aurintricarboxylic acid

ALPHAHERPESVIRINAE). Infection probably occurs mainly via the
upper respiratory tract; the virus then invades the nervous
system. In piglets, symptoms may include vomiting or diarrhoea,
fever, trembling, incoordination, convulsions, and prostration;
mortality rates may reach 100% in neonates. In adult pigs
infection may be asymptomatic or may result in e.g. fever,
respiratory symptoms, anorexia, and abortion; recovery usually
occurs in a few days. A carrier state is recognized. In cattle, dogs
and cats, the disease may resemble the active form of RABIES,
with signs of intense itching, salivation, convulsions, and death.
[Book ref. 27.]

Aulacantha  See RADIOLARIA.

Aulosira A phycological genus of filamentous ‘blue-green algae’
(Nostocales) in which both heterocysts and akinetes are formed
(cf. CYANOBACTERIA section IV).

AUM See UROPLAKIN.

Aura virus See ALPHAVIRUS.

auramine O A basic, yellow, substituted diphenylmethane FLU-
OROCHROME; fluorescence: yellow.

auramine-rhodamine stain A fluorescent ACID-FAST STAIN. The
stain is made by mixing auramine O (1.5 g) and rhodamine
B (0.75 g) with distilled water (25 ml) and melted phenol
(10 ml); this mixture is added to distilled water (25 ml)
and glycerol (75 ml), well mixed, and filtered through glass
wool. A heat-fixed smear is stained for 15-20min at 37°C
and rinsed in distilled water. Decolorization, for 2—3 min, is
attempted with 70% ethanol containing 0.5% v/v conc. HCL
The smear is washed in distilled water and then flooded with
‘counterstain’ (0.5% aqueous potassium permanganate) for ca.
2 min to suppress non-specific fluorescence of tissue debris
etc. (Prolonged counterstaining would mask the fluorescence of
acid-fast organisms in the smear.) The smear is then washed
in distilled water, blotted dry, and examined by fluorescence
MICROSCOPY.

Aureobasidium (Pullularia) See HYPHOMYCETES; see also BLACK
YEASTS; PAINT SPOILAGE; PULLULAN; SAP-STAIN.

aureofungin An antifungal antibiotic of the heptaene group of
POLYENE ANTIBIOTICS produced by Streptoverticillium cinnamo-
meum var. terricolum; it is a golden-yellow powder which is
insoluble in water but soluble in dilute alkali or ethanol. Aureo-
fungin is active against a wide range of plant-pathogenic fungi,
is translocated within the plant, and has been used e.g. for crop
spraying and for the prevention of seed-borne disease. [Book
ref. 121, pp. 137-148.]

aureomycin See TETRACYCLINES.

Auricularia A genus of fungi of the order AURICULARIALES.
A. auricula-judae (the ‘Jew’s ear fungus’) can be parasitic
e.g. on elder (Sambucus). An edible species, A. polytricha,
is cultivated on oak (Quercus) in China. (See also FUNGUS
GARDENS.)

Auriculariales An order of fungi (subclass PHRAGMOBASID-
IOMYCETIDAE) which typically form elongated, transversely sep-
tate basidia in gymnocarpous or semiangiocarpous fruiting
bodies which may be e.g. stalked or sessile, and which are char-
acteristically gelatinous or waxy; the basidiocarp may be e.g.
cup-shaped or ear-shaped. Some species are saprotrophs; others
are parasitic e.g. on mosses and on other fungi. Genera include
e.g. AURICULARIA, Helicobasidium and Phleogena.

aurintricarboxylic acid (ATA) A TRIPHENYLMETHANE DYE which
inhibits PROTEIN SYNTHESIS in prokaryote and eukaryote cell-free
extracts; it appears to inhibit the binding of mRNA to ribosomes
and, at higher concentrations, can inhibit chain elongation. ATA
strongly chelates metal ions.



aurodox

aurodox See POLYENE ANTIBIOTICS (b).

aurovertins A group of polyene, a-pyrone-containing MYCO-
TOXINS isolated from cultures of Calcarisporium arbuscula.
[Biosynthesis: PAC (1986) 58 239-256.] Aurovertins bind non-
covalently to, and inhibit, (FoF;)-type PROTON ATPASES.

Australia antigen HBSsAg: see HEPATITIS B VIRUS.

Australia X disease Syn. MURRAY VALLEY FEVER.

Australian bat lyssavirus See LYSSAVIRUS.

auto-agglutination (saline agglutination) Spontaneous aggluti-
nation which may occur when bacterial cells (or other particulate
materials) are suspended in e.g. saline. (See also VW ANTIGENS.)

auto-a  Syn. ALPHA PEPTIDE.

autoantibody An ANTIBODY produced by an individual against
one of its own antigens. (See e.g. TYPE V REACTION.)

autoantigen An antigen homologous to an AUTOANTIBODY.

Autobiocounter M 4000 See HACCP.

autocatalytic splicing See SPLIT GENE (b, ¢ and e).

autochthonous (1) Indigenous to a given environment. (cf.
ALLOCHTHONOUS.) In a given environment the autochthonous
microorganisms maintain more or less constant numbers or
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chamber

biomass — reflecting more or less constant (albeit typically low)
levels of nutrients. (cf. ZYMOGENOUS.)
(2) (immunol.) Syn. AUTOLOGOUS.

autoclave An apparatus within which objects or materials can
be heat-sterilized by (air-free) saturated steam, under pressure,
at temperatures usually in the range 115-134°C. (The pressure
itself plays little or no part in the STERILIZATION process — which
depends on the combined effects of heat and water vapour.)
The simplest (‘bench-type’) autoclaves resemble the domestic
pressure cooker in both principle and appearance. Material to
be autoclaved is placed on a rack in the chamber and the lid
clamped securely in position with the valve open; water in
the bottom of the chamber is boiled (by means of an internal
electric element, or by external heating) and the steam allowed to
escape, via a valve in the lid, until all the air has been displaced
from the chamber. The valve is then closed; on further heating,
water continues to vaporize, and the pressure and temperature
of the steam rise to levels determined by the setting of the
steam exhaust valve — which then opens to maintain the required
pressure and temperature of steam in the chamber. For a given

>

steam inlet
275-550 kPa
(40-80 Ib/inch?2)

steam/condensate

outlet

H—“_L—,,J

AUTOCLAVE. Simplified, diagrammatic representation of a Series 225 steam-mains autoclave (courtesy of Baird and Tatlock (London) Ltd).
A. Steam inlet valve. The valve is opened/closed electromagnetically - its operation being governed by the pressure controller/indicator.
(Control by temperature — via the thermocouple - is an available option.) B. Pressure controller/indicator. C. Door microswitch — a safety
device; electrical power is connected to the autoclave only when the microswitch has been actuated, i.e., when the door has been fully
closed. Additionally, this device automatically opens the steam exit valve if any attempt is made to open the door while the chamber is under
pressure. D. Door closure bolts which operate microswitches. E. Safety valve set to open at 275 kPa. F. Filters which prevent blockage
of steam discharge lines and steam trap. G. Thermocouple pocket: temperature control/indicator/recording option. H. Manually-operated
by-pass valve — can be operated in case of electrical power failure. (Under such conditions valve J could not be opened.) The valve contains a
built-in bleed which permits a small but continual flow of steam from the chamber to the exterior. J. Electrically-operated steam exit valve. K.
Steam trap.

Operational sequence. 1. Insert load. 2. Secure door. 3. Set controls for required pressure/temperature and sterilizing time. 4. Switch on
power. Steam enters the chamber through A, and the downwardly-displaced air is purged, via filters F, through (a) the steam trap K and (b) the
permanent bleed H; J is closed, and when steam leaves the chamber, K closes. A closes when the chamber pressure reaches the selected
value. Steam continues to leave the chamber via the permanent bleed H — permitting continual temperature monitoring by the thermocouple G;
since G is located at the lowest (and hence coolest) part of the system, it measures the ‘worst case’ temperature — the chamber temperature
always being higher than that registered by G. Sterilizing conditions within the chamber are maintained (against heat losses and against the
continual steam bleed) by periodically admitting a pulse of steam via A. At the end of the sterilization cycle steam is discharged from the
chamber via J; when atmospheric pressure has been re-established in the chamber the door can be opened and the load withdrawn.

Automatic timing of the sterilization cycle commences when the chamber pressure (or, optionally, temperature — measured by G) reaches
the desired value.
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steam temperature the time required for sterilization depends on
the nature of the load — the rate of steam penetration and the heat
capacity of the load being important considerations. Sterilizing
temperature/time combinations used with bench-type or larger
autoclaves are commonly 115°C (10lb/inch?; ca. 69 kPa) for
30-35min; 121°C (lSlb/inchz; ca. 103 kPa) for 15-20 min;
134°C (30 lb/inchz; ca. 207 kPa) for 4 min. These times may be
varied according to e.g. the nature of the load and the nature and
degree of contamination. Large autoclaves, used e.g. in hospitals
and industry, often use steam piped direct from a boiler, and
frequently incorporate automatic controls for timing etc (see
Figure). (See also STEAM TRAP.)

Steam quality is important for effective sterilization. If air is
present in an operating autoclave, the temperature corresponding
to a given pressure is lower than it would be in the complete
absence of air; thus, air must be completely purged from the
autoclave chamber, and all free space within the chamber must
be filled with saturated steam at the required temperature and
pressure. Saturated steam is steam which holds the maximum
amount of water vapour for its temperature and pressure.
(Saturated steam effects optimum heat transfer since it delivers
up a large amount of latent heat when condensing on objects
in the chamber during the initial (pre-sterilization) heating-up
period.) In a bench-type autoclave the steam is necessarily
saturated since it remains in contact with water in the chamber.
In a larger autoclave, steam entering the chamber from a boiler
should, for maximum efficiency, be dry as well as saturated,
i.e., it should contain no water in the liquid phase. (Wet
saturated steam contains droplets of water.) Superheated steam
is an unsaturated vapour formed when the pressure of dry
saturated steam (at constant temperature) is lowered, or when
the temperature of dry saturated steam (at constant pressure) is
raised in the absence of free water. Superheated steam tends
to behave as a gas, and must be at temperatures higher than
those of saturated steam to achieve sterilization; it may be
formed e.g. when steam is piped from a boiler to a large
autoclave — particularly at a pressure-reduction valve.

In most large autoclaves steam enters near the top of the
chamber, and air is purged by downward displacement; this
may permit pockets of air to become trapped at the bottom
of deep, empty vessels — e.g. bottles with small openings or
long, narrow necks — and such regions may not be adequately
exposed to sterilizing conditions. (Air may also be trapped in
items of apparatus which are totally enclosed in a wrapping of
e.g. aluminium foil.) In a vacuum autoclave air is purged from
the chamber by connecting it briefly to a vacuum line; when
steam subsequently enters the chamber it can penetrate more
easily into flasks and between the fibres of surgical dressings
etc so that the overall sterilizing time is reduced.

At the end of the sterilization cycle in a large autoclave the
steam inlet valve is closed (or closes automatically); the auto-
clave may be left to cool slowly, or steam within the chamber
may be allowed to escape via the steam exit valve until pres-
sure in the chamber is equal to that of the atmosphere — when
the chamber can be safely opened. When bottles of liquid have
been autoclaved the temperature and pressure in the chamber
should be allowed to decrease slowly to prevent boiling and the
consequent loss of contents and/or damage to bottles. (Screw-
caps on bottles should always be loosened prior to autoclaving.)
Sometimes a partial vacuum is allowed to form in the chamber
as the steam condenses; this can be advantageous since it tends
to dry materials (e.g. dressings) in the chamber. When ‘break-
ing the vacuum’, i.e. allowing ingress of air to the chamber,
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the entry of contaminated air is prevented by the presence of a
filter in the air intake line. In vacuum autoclaves steam can be
removed, and materials dried, by connecting a vacuum line to
the chamber.

Regular monitoring of an autoclave’s performance is impor-
tant; monitoring devices should be used to check the tempera-
tures reached at a number of different locations within the cham-
ber. Monitoring devices may be physical (e.g. thermocouples),
chemical (e.g. BROWNE'S TUBES), or biological (test envelopes
containing the endospores of e.g. Bacillus stearothermophilus).
In biological monitoring the autoclaved spores are tested for via-
bility by attempting to culture them; although such a process is
directly related to the aim of autoclaving, it involves a built-
in delay (i.e. the incubation time). (See also AUTOCLAVE TAPE;
BOWIE-DICK TEST.)

Some materials (e.g. petroleum jelly, liquid paraffin) cannot be
sterilized by autoclaving owing to their impermeability to steam;
such materials (and e.g. clean glassware) are usually sterilized
in a HOT-AIR OVEN.

(See also CHEMICLAVE; LOW-TEMPERATURE STEAM DISINFECTION;
STEAMER; STERILIZER.)

autoclave tape Paper tape (usually self-adhesive) which changes
colour (or exhibits other visible changes) when exposed to
sterilizing conditions in an AUTOCLAVE. (See also BOWIE-DICK
TEST.)

autocolony A colony (or coenobium) which develops within one
cell of a parent colony and which, when released, resembles the
parent colony (see €.g. SCENEDESMUS). (cf. AUTOSPORE.)

autocompartmentalization See PROTEASOME.

autocoupling hapten See HAPTEN.

autodigestion (of lamellae) See BASIDIOSPORES.

autodisplay (biotechnol.) Autotransporter-mediated display of
recombinant proteins at the cell surface of Escherichia coli. In
this method, the o domain of the AIDA-1 autotransporter (see type
IV systems in PROTEIN SECRETION) is replaced by a recombinant
protein; this is done by preparing a fusion protein consisting
of the sequence encoding the B domain and that encoding the
(heterologous) recombinant protein. In one study, the o domain
was replaced e.g. by the cholera toxin B subunit; cells with the
(normal) outer membrane protease OmpT cleaved the (recom-
binant) o« domain, which was released from the cell, but in
mutant (ompT ™) cells, which lack a functional OmpT protease,
the subunit was not cleaved, but displayed at the cell surface.
[Autodisplay: JB (1997) 179 794-804.]

autoecious Syn. HOMOXENOUS.

autofluorescence See FLUORESCENCE.

autogamy (self fertilization) In certain protozoa: a sequence of
events which culminates in the fusion of haploid nuclei or
gametes derived from a single cell; autogamy occurs e.g. in
certain ciliates (e.g. Paramecium — but apparently not in e.g.
Tetrahymena) and in some sarcodines.

In Paramecium aurelia each of the two micronuclei under-
goes meiosis; of the eight haploid pronuclei produced all except
one disintegrate. The surviving pronucleus divides mitotically
to form a pair of gametic nuclei; these nuclei subsequently
fuse to form the (homozygous) zygotic nucleus (= synkaryon).
Two mitotic divisions then occur; two of the resulting (diploid)
nuclei become new micronuclei, the other two become macronu-
clei — the original macronucleus having disintegrated during the
preceding events. During the next binary fission one macronu-
cleus passes to each daughter cell; both micronuclei divide,
mitotically, and a pair of micronuclei passes to each daugh-
ter cell — thus re-establishing the normal nuclear constitution.



autogenous regulation

Since only the original complement of genes is involved, the
potential for genetic change in autogamy is less than that in
CONJUGATION; nevertheless, new combinations of alleles may be
formed during the meiotic divisions. (See also ACTINOPHRYS and
ACTINOSPHAERIUM.)
In some organisms autogamy occurs spontaneously; in others

it may be induced by starvation, ageing, radiation etc.

autogenous regulation (mol. biol.) The regulation of expression
of a gene or operon by its own product(s). (See e.g. RIBOSOME
(biogenesis).)

autogenous vaccine A VACCINE prepared by the culture and inac-
tivation of pathogen(s) isolated from a patient and subsequently
used to inoculate that patient.

Autographa californica NPV See NUCLEAR POLYHEDROSIS
VIRUSES.

autoimmune disease Any disease directly attributable to AUTOIM-
MUNITY. In some autoimmune diseases (e.g. acquired haemolytic
anaemias) antibodies play a significant role, but many autoim-
mune diseases are cell-mediated. (See also e.g. MULTIPLE SCLE-
ROSIS.)

autoimmunity An expression of IMMUNITY (1) in which the body
directs immunological mechanism(s) against one or more of its
own components. (See also TYPE V REACTION.)

autoinducer See AUTOINDUCIBLE ENZYME and QUORUM SENSING.

autoinducible enzyme A (repressible) enzyme whose induction
in a given organism is brought about by the presence of
a specific compound (autoinducer) that is produced by the
organism itself (cf. enzyme induction in e.g. the LAC OPERON).
An example is bacterial luciferase (see BIOLUMINESCENCE). In
this system autoinducer is secreted by the bacteria and can
accumulate to the critical, effective concentration (sufficient to
bring about derepression) only when the organisms are in a
confined environment (e.g. in the luminous organs of certain
marine fish).

autoinfection Infection resulting from the transfer of a pathogen
from one site to another in the same individual (cf. RE-INFECTION).

autologous (immunol.) Present in or derived from an individual’s
own tissues.

autologous blood transfusion See TRANSFUSION-TRANSMITTED
INFECTION.

autolysate The products of AUTOLYSIS. (See e.g. YEAST EXTRACT.)

autolysin (autolytic enzyme) Any of a range of endogenous
enzymes which, by degradation of certain structural cell compo-
nents (e.g. PEPTIDOGLYCAN in bacteria), can bring about AUTOLY-
SIS or AUTOPHAGY; autolysins are apparently involved in normal
processes of growth and development (e.g., spore germination;
cell wall polymer extension and cell separation during nor-
mal growth). Mutant bacteria defective in autolysin activity
may show e.g. abnormal growth forms (e.g. filaments) or resis-
tance to antibiotics active against the wild-type. In prokaryotes,
autolysins occur in the cell wall or (in Gram-negative species)
in the periplasmic space, often as inactive precursors which are
activated e.g. by proteases (see also BILE SOLUBILITY); in eukary-
otes autolysins are sequestered in LYSOSOMES.

autolysis The lysis of a cell due to the action of its AUTOLYSINS —
usually following the death of the cell or tissue.

autolytic enzyme Syn. AUTOLYSIN.

automatic volumetric spore trap Syn. HIRST SPORE TRAP.

autonomously replicating sequence See ARS.

autophagy The digestion, by a eukaryotic cell, of some of its
own internal components — e.g., during periods of starvation.
(See FOOD VACUOLE.)

autoplaque A plaque (in a bacterial lawn plate) which resembles
that caused by a lytic bacteriophage, but in which no phage can

be demonstrated. Autoplaques occur e.g. in cultures of certain
strains of Rhizobium leguminosarum biotype trifolii and seem
to result from autolysis.

autoplast A PROTOPLAST or SPHAEROPLAST which results from the
action of an organism’s own autolytic enzymes.

autoradiography (radioautography) The use of a photographic
process to locate and/or quantify a radioactively-labelled sub-
stance previously incorporated in living cells or tissues; auto-
radiography can be used e.g. to study sites of biosynthesis,
turnover rates, and transport. Initially, a radioactive substrate
is taken up by the living cells, and the label becomes incorpo-
rated in structures, metabolites etc as would be the non-labelled
analogue. (The labelled substrate may be introduced using a
PULSE-CHASE TECHNIQUE; since radioactive labels can be inju-
rious to cells, dose and duration of the pulse may have to be
limited.) The cells/tissues are then prepared for microscopy (e.g.,
fixed, dehydrated, embedded, sectioned, stained). For ELECTRON
MICROSCOPY the section (e.g. on a formvar-coated grid) is stained
with e.g. lead citrate or uranyl acetate, and is coated with a thin
(ca. 5 nm) layer of carbon; the carbon layer is then overlaid with
a thin layer of photographic emulsion, and the whole preparation
is left in the dark at e.g. 4°C for a period of the order of days
or weeks. Each point source of radioactivity in the section will
affect the overlying area of emulsion, giving rise (on develop-
ing and fixing the emulsion) to a local deposit of silver which,
under the EM, commonly appears as a tangled filament. Under
the light microscope each silver deposit appears as a dot or
fleck. Since the silver deposits are superimposed on the tissue
section, the cellular location of the radioactive components can
be determined.

For optimum resolution, the section, carbon layer, and emul-
sion layer must each be very thin; given a choice of suitable
radioactive sources, it is preferable to use the one with the least
emission energy. Low-energy radiators, e.g. 3H, tend to affect a
small area of the emulsion immediately above each point source;
with radiators of high emission energy, e.g. 3?P, each point
source gives a wide-angled cone of effective radiation which
affects a larger area of emulsion. Radioactive precursors used for
studying particular cell components include e.g. [*H]thymidine
(DNA), [3H]glucose (polysaccharides), and [3H]proline (pro-
teins). [Book ref. 4, pp. 235-277.]

autosome Any chromosome other than a sex chromosome.

autospore (algol.) A type of spore, formed asexually, which is
an exact morphological replica of the parent cell. The term is
usually reserved for aplanospores produced by Chlorella and
related algae, but is sometimes extended to include e.g. the
planospores of e.g. BRACHIOMONAS.

autotransporter See PROTEIN SECRETION (type IV systems).

autotroph An organism which uses CARBON DIOXIDE for most or
all of its carbon requirements (cf. HETEROTROPH; LITHOTROPH);
all obligate autotrophs appear to be either chemolithotrophs
or photolithotrophs, and ‘autotroph’ is often used with the
implication of lithoautotrophy (see also CHEMOTROPH). In many
autotrophs CO; fixation occurs via the CALVIN CYCLE or via the
REDUCTIVE TRICARBOXYLIC ACID CYCLE. Some ACETOGENS fix CO;
via a different pathway (sometimes called the ‘activated acetic
acid pathway’) in which acetyl-CoA can be synthesized by the
reduction of two molecules of CO; (see ACETOGENESIS); a similar
pathway occurs in Desulfovibrio baarsii in which the methyl and
carboxyl groups of acetyl-CoA are derived from formate and
CO; respectively [FEMS (1985) 28 311-315]. An analogous
pathway occurs in METHANOGENS.

autoxidation Spontaneous oxidation by atmospheric oxygen: see
€.g. OXIDATIVE RANCIDITY and SULPHUR CYCLE.



auxanogram See AUXANOGRAPHIC TECHNIQUE.

auxanographic technique A procedure used e.g. for identifying
the substances which a given organism can use as carbon
sources, or for identifying the growth factor(s) required by an
AUXOTROPH.

To identify usable carbon sources, a plate of medium which
lacks a carbon source is heavily inoculated with the test
organism; a small quantity of one of each of a number of
different carbon sources is then placed at a separate location
on the plate. Following incubation, usable carbon sources are
indicated by growth at their locations on the plate. The pattern
of usable carbon sources (or e.g. nitrogen sources) is termed an
auxanogram; closely related organisms which are characterized
by different auxanograms are said to be different auxotypes
(= auxanographic types).

An analogous procedure is used for examining a suspected
auxotroph; a solid MINIMAL MEDIUM is inoculated with the test
organism, and to the plate are then added small, discrete amounts
of (a) a mixture of amino acids, (b) a mixture of vitamins, and
(c) one or more possible requirements for nucleic acid synthesis.
Following incubation, growth at one or other location on the
plate indicates the identity of the growth factor(s) required. If,
for example, growth occurs at the location of the mixed amino
acids, the analysis is continued by repeating the procedure with
separate, discrete inoculations of individual amino acids until
the specific requirement(s) is/are known.

auxanographic type See AUXANOGRAPHIC TECHNIQUE.

auxins PHYTOHORMONES which promote stem elongation and, in
conjunction with CYTOKININS and/or GIBBERELLINS, play impor-
tant roles in many plant processes; auxins, which are derivatives
of tryptophan, are produced mainly at stem apices and in young
leaves. Similar or identical compounds are also formed by cer-
tain microorganisms (including a number of plant pathogens).

In many plants the main auxin appears to be indole 3-acetic
acid (IAA, also known as ‘auxin’ or ‘heteroauxin’), a compound
synthesized via the precursor indole 3-acetonitrile (IAN). In
vivo, IAA can e.g. stimulate ETHYLENE production, but the
mechanisms by which IAA functions in the overall regulation of
growth are not well understood. Regulation of the in vivo level
of TAA appears to involve an enzyme, ‘IAA-oxidase’, which
oxidizes IAA to products which include 3-methylene-oxindole
and indolealdehyde; this enzymic oxidation is stimulated e.g. by
certain monophenols (e.g. p-coumaric acid) and by Mn?*, and
is inhibited by certain diphenol derivatives (e.g. CAFFEIC ACID,
CHLOROGENIC ACID, QUERCETIN and SCOPOLETIN).

Certain plant diseases of microbial causation are characterized
by the presence of atypical levels of auxins in the diseased plants.
Hyperauxiny (abnormally high levels of auxins) occurs in many
diseases and can arise in various ways — see e.g. CLUBROOT,
CROWN GALL, OLIVE KNOT and SCOPOLETIN. The nature of the
relationship between hyperauxiny and disease development is
not well understood.

auxochrome In a DYE molecule: any ionizable group by means
of which the CHROMOPHORE can bind to target molecule(s).

auxospore See DIATOMS.

auxotroph A strain of microorganism which lacks the ability to
synthesize one or more essential growth factors; an auxotroph
arises by the occurrence of one or more mutations in a
PROTOTROPH. A medium used to culture a given auxotroph must
contain any factors which the organism cannot synthesize: see
COMPLETE MEDIUM and MINIMAL MEDIUM.

Auxotrophy results from a cell’s genetically determined
inability to produce (normal amounts of) functional enzyme(s)

avermectins

which catalyse particular stage(s) in the synthesis of essential
growth factor(s); such a block may involve (a) the complete
absence of enzyme; (b) the presence of normal enzyme in
subnormal amounts; (c) the presence of abnormal enzyme
which is devoid of or has lowered enzymic activity. (See also
SYNTROPHISM.)

Apparent auxotrophy may result e.g. from a defective TRANS-
PORT SYSTEM; thus, e.g. an organism may appear to be an aux-
otroph if it is unable to take up a substrate which is necessary
for the synthesis of an essential growth factor. (See also CRYPTIC
MUTANT.)

Isolation of auxotrophic mutants. Since auxotrophs have
nutritional requirements in excess of those of the corresponding
(prototrophic) wild-type strains, they cannot be isolated from
mixed auxotroph—prototroph populations by common selective
culture methods.

In the limited enrichment method, a dilute suspension of
mutagenized cells is inoculated onto a minimal medium which
has been enriched with limiting amounts of nutrients; the
dilution is chosen such that isolated colonies are obtained
following incubation. Any auxotrophic cells which may be
present form colonies which quickly exhaust the nutrient supply
at their locations — so that colony size is restricted; a colony
of prototrophic cells, which is not restricted by nutrient supply,
attains a greater size. Thus, small colonies may be presumed to
be those of auxotrophs.

In the delayed enrichment method, the mutagenized prepara-
tion of cells is first inoculated onto a minimal medium. A small
quantity of molten minimal agar is then layered onto the sur-
face of the inoculated medium and allowed to set. The plate is
then incubated. Colonies are formed only by prototrophs, and
the positions occupied by these colonies are recorded. Finally,
complete medium is layered onto the surface of the plate and
allowed to set; the plate is then re-incubated. As nutrients dif-
fuse into the minimal agar the auxotrophic cells begin to grow
and form colonies.

Auxotrophic mutants may also be isolated by a REPLICA
PLATING process.

Another method is based on the differing effects of PENI-
CILLIN on growing and non-growing cells of certain (penicillin-
sensitive) organisms. If a well-washed mixture of auxotrophic
and prototrophic cells is suspended in a minimal medium with an
appropriate concentration of penicillin, the prototrophs are lysed
while the auxotrophs, being unable to grow, remain viable. The
suspension is then washed and is plated on a complete medium
to recover the auxotrophs. In this method it is essential that the
mutagenized cells be grown in a complete medium for several
cell-division cycles prior to penicillin treatment. This is essential
because the newly mutated cells contain the full complement of
enzymes etc found in the prototroph; only after several rounds
of cell division do the progeny cells exhibit a truly auxotrophic
phenotype. Only low concentrations of cells should be used in
this method since substances from the lysed cells may be used
as nutrients by the auxotrophs — thereby rendering the latter sus-
ceptible to lysis by penicillin. (cf. STREPTOZOTOCIN.)

auxotype See AUXANOGRAPHIC TECHNIQUE.

avenacin A fluorescent polycyclic SAPONIN formed in the roots
of oat plants (Avena spp). Avenacin confers resistance, in Avena
spp, to many strains of Gaeumannomyces graminis (see TAKE-
ALL); however, G. graminis var. avenae forms an extracellular
glycosidase which detoxifies the compound.

avermectins Macrolide-like antihelmintic agents, obtained from
Streptomyces avermitilis, which are active against various human
and animal parasites [AEM (2003) 69 1263-1269].



aversion zone

aversion zone (mycol.) A zone of growth inhibition separating
two fungal colonies; such zones are formed e.g. when strains of
Phycomyces blakesleeanus of similar mating type are cultured
on the same plate.

Aviadenovirus (avian adenoviruses) A genus of adenoviruses
(family ADENOVIRIDAE) which infect birds; type species: fowl
adenovirus type 1 (= chick embryo lethal orphan (CELO) virus,
= gal-1). Diseases caused by aviadenoviruses include e.g. EGG-
DROP SYNDROME 1976, HAEMORRHAGIC ENTERITIS OF TURKEYS,
INCLUSION BODY HEPATITIS, and MARBLE SPLEEN DISEASE. Several
avian adenoviruses (including CELO virus) can induce tumours
in newborn rodents (cf. MASTADENOVIRUS).

avian acute leukaemia viruses (AcLVs) A group of replication-
defective, v-onc™ type C retroviruses (subfamily ONCOVIRINAE)
which cause acute erythroid and myeloid leukaemias in chickens;
they may also induce carcinomas, endotheliomas and sarcomas.
AcLVs include avian myeloblastosis virus, AMV (which carries
v-myb); avian erythroblastosis virus, AEV (which carries v-erb);
and avian myelocytomatosis virus, MC29 (which carries v-myc).
(See also ERB, MYB and MYC.) AcLV replication requires the
presence of a replication-competent helper virus (see e.g. AVIAN
LEUKOSIS VIRUSES). [Molecular biology of AcLVs: Book ref. 105,
pp. 38-63.]

avian encephalomyelitis (epidemic tremor) A POULTRY DISEASE
caused by an ENTEROVIRUS; infection in adult birds is usu-
ally asymptomatic, but in young chicks symptoms may include
ataxia, tremors and somnolence. Infection occurs e.g. by inges-
tion of food contaminated with faeces from infected birds; trans-
mission can also occur via the egg.

avian erythroblastosis virus See AVIAN ACUTE LEUKAEMIA VIR-
USES.

avian infectious bronchitis An acute, highly infectious POULTRY
DISEASE caused by a coronavirus (IBV — see CORONAVIRIDAE).
The symptoms include gasping, coughing, nasal discharge, etc;
mortality rates may be high. Secondary bacterial infection
may be common. [Experimentally-produced disease with mixed
IBV/Escherichia coli infection: JGV (1985) 66 777-786.]
Live vaccines are available. A strain of the avian infectious
bronchitis virus (the ‘T’ strain) may cause avian kidney disease
(Cummings’ disease).

avian infectious laryngotracheitis An acute POULTRY DISEASE,
affecting mainly chickens and pheasants, caused by gallid
herpesvirus 3. Mortality rates may be high.

avian leukosis complex A group of POULTRY DISEASES which
includes e.g. LYMPHOID LEUKOSIS and MAREK'S DISEASE.

avian leukosis viruses (ALVs; lymphatic leukosis viruses; lymph-
atic leukaemia viruses) A group of avian type C retroviruses
(subfamily ONCOVIRINAE) which usually induce neoplastic dis-
ease only after a long latent period (several months or more).
The most common neoplasm induced is LYMPHOID LEUKOSIS.
(See also OSTEOPETROSIS.) ALVs are replication-competent and
v-onc~ (see RETROVIRIDAE). In some cases induction of neo-
plastic disease may involve the insertion of a viral LTR adja-
cent to and upstream of a c-onc (usually c-myc) sequence, the
LTR acting as a promoter for c-onc expression; alternatively, or
perhaps additionally, an LTR may have a promoter-unrelated
transcription-enhancing function [Book ref. 105, pp. 64—68].
Neoplastic transformation may require the activation of a second
cellular gene, B-/ym, in addition to c-myc.

ALVs often occur in association with replication-defective v-
onc™ viruses (e.g. AVIAN ACUTE LEUKAEMIA VIRUSES) as ‘helper’
or ‘associated’ viruses; such ALVs include Rous-associated
viruses (RAVs) and myeloblastosis-associated viruses (MAVs).

avian myeloblastosis virus See AVIAN ACUTE LEUKAEMIA VIRUSES
and MYB.

avian myeloblastosis virus reverse transcriptase See REVERSE
TRANSCRIPTASE.

avian myelocytomatosis virus See AVIAN ACUTE LEUKAEMIA VIR-
USES.

avian pneumoencephalitis Syn. NEWCASTLE DISEASE.

avian reticuloendotheliosis viruses (REVs) A group of type
C avian retroviruses of the ONCOVIRINAE. The group includes
the replication-competent viruses duck infectious anaemia virus,
Trager duck spleen necrosis virus and chicken syncytial virus,
and the replication-defective, v-onc™ (v-rel™) strain T virus
(REV-T) and its associated helper virus (REAV, = REV-A).
REVs are pathogenic in poultry (chickens, ducks, turkeys),
causing a range of (usually rapidly lethal) diseases: e.g. anaemia,
visceral reticuloendotheliosis, enlargement and necrosis of the
spleen, lymphomas, and infiltrative nerve lesions. REV-T and its
helper (REV-A) can be lethal in chickens within ca. 7—14 days
of infection; the REV-A component has been reported to induce
or activate a splenic suppressor cell population which inhibits the
proliferation of cytotoxic cells capable of lysing REV-T-induced
tumour cells [MS (1984) 7 107-112].

avian sarcoma viruses (ASVs) A group of v-onct type C
retroviruses (subfamily ONCOVIRINAE) which, after a short latent
period, cause tumours in fowl and (sometimes) other animals.
The group includes ROUS SARCOMA VIRUS, Fujinami sarcoma
virus (which carries v-fps), and Yamaguichi-73 sarcoma virus
(which carries v-yes). (cf. FES.)

avian tubercle bacillus Mycobacterium avium.

avianized vaccine Any vaccine containing microorganisms
whose virulence for a given host has been attenuated by adapta-
tion in live chicks and/or serial passage through chick embryos
(eggs). Attenuated organisms may or may not be inactivated
prior to use in a vaccine. The FLURY VIRUS is an avianized strain.

Avicel A commercial preparation consisting of ground microcrys-
talline (insoluble) CELLULOSE (average DP ca. 200); it is used e.g.
for determining the ability of an organism or enzyme to degrade
microcrystalline cellulose. (cf. CM-CELLULOSE.)

avidin A protein (MWt ca. 68000) present e.g. in the white of
raw hens’ eggs; the chicken avidin molecule consists of four
identical subunits, and it can bind — non-covalently, but very
strongly — four molecules of BIOTIN. (See also ABC IMMUNOPER-
OXIDASE METHOD; cf. STREPTAVIDIN.)

avidity (immunol.) The stability of the antibody—antigen com-
plex formed when multivalent antigen and homologous anti-
serum are mixed. Avidity depends not only on the AFFINITY
of the individual determinant-combining site bonds but also on
the number of satisfied valencies of the antigens and antibodies
since, e.g., a complex in which two antigen molecules are linked
by two antibody molecules is disproportionately more stable than
a complex in which the two antigen molecules are linked by a
single antibody molecule.

Aviemore model See RECOMBINATION (figure 2).

Avipoxvirus (fowlpox subgroup) A genus of viruses of the CHOR-
DOPOXVIRINAE which infect birds (see e.g. FOWL POX). Avipox-
viruses are commonly transmitted (mechanically) by arthropod
vectors. Infected cells form lipid-rich A-type inclusion bodies;
haemagglutinin is not formed. Infectivity is ether-resistant.
Members are closely related serologically. Type species: fowlpox
virus; other members include canarypox, juncopox, pigeonpox,
quailpox, sparrowpox, starlingpox and turkeypox viruses. (See
also POXVIRIDAE.)

avirulence gene (avr gene) (plant pathol.) In a plant-pathogenic
microorganism: a gene which interacts, functionally, with a



specific ‘resistance gene’ in certain strain(s) of the host species,
eliciting a defensive response (HYPERSENSITIVITY) which results
in resistance to that particular strain of the pathogen. The
products of such genes appear to be delivered to the interior of
plant cells via a type III PROTEIN SECRETION system (designated
Hrp: hypersensitivity response and pathogenicity) [see e.g. JB
(1997) 179 5655-5662]; under in vitro conditions, the Hrp
system in Pseudomonas syringae pv. tomato has been found to
include a filamentous pilus, 6—8 nm in diameter, in which HrpA
is a major structural protein [PNAS (1997) 94 3459-3464]. (See
also HOP PROTEINS. )

Avirulence genes form part of the ‘gene-for-gene’ concept
that relates to interaction between plants and their pathogens
[ARPpath. (1971) 9 275-296]. [Gene-for-gene complementarity
in plant—pathogen interactions: ARG (1990) 24 447-463.]
Direct interaction between the products of a resistance gene and
an avirulence gene has been reported to occur, for example,
when strains of rice expressing the Pi-fa resistance gene are
challenged with strains of the rice pathogen Magnaporthe
grisea (= Pyricularia oryzae) that express AVR-Pita; against
this challenge, the plant failed to succumb to rice BLAST DISEASE
[EMBO (2000) 19 4004-4014].

Avirulence genes from Pseudomonas syringae commonly
have a GC% of ~40-50, i.e. markedly below the chromosomal
values (59-61) typical of the species; such a difference in
GC% — also commonly seen between PATHOGENICITY ISLANDS
and their host chromosomes — is consistent with the concept
of horizontal transfer of these genes. Also consistent with
horizontal transfer is the finding of highly conserved sequences
flanking avirulence genes in P. syringae pv. pisi [Microbiology
(2001) 7147 1171-1182].

(See also HARPIN.)

avirulent Not exhibiting VIRULENCE.

avocado sunblotch viroid See VIROID.

avoiding reaction Syn. PHOBIC RESPONSE.

avoparcin A glycopeptide antibiotic, produced by Streptomyces
candidus, which inhibits Gram-positive bacteria by interfering
with peptidoglycan synthesis (see VANCOMYCIN); it is a well-
established FEED ADDITIVE for pigs and poultry, and has been
found to have growth-promoting properties for ruminants. In
sheep, avoparcin appears to shift the balance of cellulolytic
bacteria from ruminococci to Bacteroides succinogenes [JGM
(1985) 131 427-435].

avr gene (plant pathol.) See AVIRULENCE GENE.

ay Symbol for WATER ACTIVITY.

axenic Of a culture: containing or comprising cells of a single
species. Thus, e.g., an axenic bacterial culture is a pure (uncon-
taminated) culture of a single species or strain, while an axenic
tissue culture is one which contains cells (of one or more types)
from one species (or individual) with no microbial contami-
nants, intracellular parasites, viruses etc. Certain microorgan-
isms — e.g. obligately intracellular bacteria, obligately predatory
protozoa — cannot be grown axenically.

axial fibrils See SPIROCHAETALES.

axial filament (1) See ENDOSPORE (bacterial). (2) See SPIROCHAE-
TALES. (3) See AXOPODIUM.

axile Situated in the centre or on the axis.

axoneme (1) See FLAGELLUM (b). (2) See AXOPODIUM.

axopodium A fine, rod-like, often tapering, relatively rigid type
of PSEUDOPODIUM which has an axial core of microtubules (the
axial filament, axial rod or axoneme). Axopodia occur e.g. in
HELIOZOEA and RADIOLARIA in which they typically emanate
radially from the cell body. They function mainly in feeding
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azole antifungal agents

(but see HELIOZOEA). When an axopodium comes into contact
with a prey organism, it adheres to it and may — at least in
some cases — immobilize it; the axopodia of some heliozoa have
extrusomes (kinetocysts) which may function in immobilizing
prey. Ingestion may involve the retraction of the axopodium with
the prey, and/or a co-operative engulfing action of a number of
pseudopodia in the vicinity.

axostyle A rod-like endoskeletal structure which occurs in
some protozoa (e.g. Giardia, Hexamita, Trichomonas); in Tri-
chomonas it extends from the anterior end of the cell and
projects a short distance beyond the posterior end. (cf. COSTA;
see also OXYMONADIDA.)

azaserine (CO,H.CHNH,.CH,.0.CO.CH=NHT=N") An ANTI-
BIOTIC and antitumour agent obtained from Streptomyces sp. It
is an analogue of glutamine and blocks a number of reactions in
which glutamine acts as an NH; donor; in particular, it binds to
and inactivates phosphoribosylformylglycinamidine synthetase,
thus preventing purine (and hence nucleotide) synthesis (see
Appendix V(a)). (cf. DON; HADACIDIN.)

azathioprine See IMMUNOSUPPRESSION.

azdimycin See POLYENE ANTIBIOTICS (b).

azide (N37) Azide acts e.g. as a RESPIRATORY INHIBITOR by com-
bining with, and preventing the reduction of, oxidized cyTo-
CHROME OXIDASES of the aaz-type.

Sodium azide (NaN3) is an antimicrobial agent used e.g.
as a preservative in some laboratory reagents (0.1% final
concentration NaN3). It is also used e.g. in certain selective
media (0.025% w/v NaN3) for the isolation of enterococci
from samples of sewage-polluted water; at this concentration
coliforms and many other Gram-negative bacteria are inhibited.

3’-azido-3’-deoxythymidine See AzT.

azithromycin A MACROLIDE ANTIBIOTIC used e.g. as an alternative
to clarithromycin in the prophylaxis and treatment of infections
involving members of the M. avium complex (see MAC). The
drug tends to concentrate in macrophages and tissue cells. Strains
resistant to azithromycin are also resistant to clarithromycin.
Side-effects are uncommon; they include nausea, diarrhoea,
headaches, dizziness, deafness. (See also QUORUM SENSING.)

azlocillin  See PENICILLINS.

AZM Adoral zone of membranelles: a number of MEMBRANELLES
serially arranged in a definite and taxonomically important pat-
tern along the left-hand side of the oral area in many members
of the OLIGOHYMENOPHOREA and POLYHYMENOPHOREA; the cor-
responding ciliature in peritrichs and spirotrichs is sometimes
called the adoral ciliary spiral. The AZM is primarily concerned
with feeding (i.e., the production of water currents directed
towards the cytostome) but is sometimes used also for loco-
motion. (cf. PARORAL MEMBRANE.)

See SPLIT GENE (e).

azofer See NITROGENASE.

azofermo See NITROGENASE.

azoferredoxin See NITROGENASE.

azole antifungal agents A group of synthetic, broad-spectrum
ANTIFUNGAL AGENTS, many of which are useful in the treatment
of mycoses in man and animals while others are effective against
many fungal diseases of plants. The group contains two main cat-
egories: the imidazole derivatives (e.g. the agriculturally useful
BENZIMIDAZOLES and the medical and veterinary drugs bifon-
azole, butoconazole, CLOTRIMAZOLE, econazole, fenticonazole,
isoconazole, KETOCONAZOLE, MICONAZOLE, oxiconazole, sulcona-
zole, TIOCONAZOLE, and zinconazole) and the triazole derivatives
(e.g. the agricultural antifungals FLUTRIAFOL, PROPICONAZOLE,
TRIADIMEFON, and TRIADIMENOL, and the medical drugs ITRA-
CONAZOLE, terconazole and vibunazole). Most of the medically
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useful azoles are administered topically, being poorly absorbed
from the gut and/or too toxic for systemic use; however, a few
(e.g. ketoconazole, itraconazole and vibunazole) can be given
orally.

With the exception of the BENZIMIDAZOLES, the azoles gen-
erally appear to have the same primary mode of action. At
minimal fungistatic concentrations they interfere with the perme-
ability and function of the CYTOPLASMIC MEMBRANE by inhibiting
the biosynthesis of ergosterol. In the normal biosynthetic path-
way ergosterol is synthesized from its precursor lanosterol by a
14a-demethylation reaction which involves a cytochrome P-450-
dependent monooxygenation step; the azole compound binds
(in place of oxygen) to the 6th coordination position of the
P-450 haem iron, thus preventing the monooxygenation step.
As a result, 14a-methylated sterols accumulate and ergosterol
(and cholesterol) levels fall; this not only alters membrane per-
meability: the altered lipid environment of the membrane also
interferes with the activity and/or control of other enzyme sys-
tems (e.g. chitin synthase). Miconazole — in addition to its effect
on the cytoplasmic membrane — also exerts an apparently direct
inhibitory effect on the mitochondrial ATPase in yeasts such as
Candida albicans and Saccharomyces cerevisiae [Eur. J. Bioch.
(1984) 143 273-276].

Actively growing fungi exposed to minimal fungistatic con-
centrations of azoles (e.g. 1078~10~7 m for miconazole) show
characteristic structural changes, including the formation of
dense membrane-derived vesicles at the cell periphery. At some-
what higher fungistatic concentrations (e.g. 107° M miconazole)
changes in the cell vacuole also occur, the vacuole becom-
ing filled with vesicles and granular material. At still higher
concentrations (e.g. 107> M miconazole) the azoles become
fungicidal, causing degeneration of organelles (mitochondria and
nuclei).

[Review of medically useful azoles: Book ref. 153, pp. 133—

153.]
Azolla  See ANABAENA.
Azomonas A genus of Gram-negative or (A. macrocytogenes)

Gram-variable, motile bacteria (family AZOTOBACTERACEAE)
which occur e.g. in soil and water. Cysts are not formed (cf. Azo-
TOBACTER). Most strains form water-soluble pigments, but none
forms insoluble pigments; a fluorescent pigment is formed by
some strains in iron-deficient media. Carbon sources used by all
species include e.g. fructose, glucose, acetate, fumarate, lactate,
and ethanol; all species can fix nitrogen and can use ammonium
salts as the sole source of nitrogen. Optimum growth temper-
ature: 30-37°C, according to species. GC%: ca. 52-59. Type
species: A. agilis.

A. agilis. Peritrichously flagellated. Can use e.g. malonate, but
not mannitol. Growth can occur at 32°C and 37°C.

A. insignis. Lophotrichously flagellated. Can use e.g. mal-
onate, but not mannitol. Growth can occur at 32°C but not at
37°C.

A. macrocytogenes. Monotrichously flagellated (rarely biflag-
ellated at one pole). Can use mannitol and maltose, but not
malonate.

[Book ref. 22, pp. 230-234.]

azomycin See NITROIMIDAZOLES.

Azorhizobium caulinodans  See NITROGEN FIXATION.

Azospirillum A genus of Gram-negative or Gram-variable,
asporogenous, nitrogen-fixing bacteria. Cells: curved and straight
rods, often with pointed ends, ca. 1.0 x 2.1-3.8 um. Motile by
a single polar flagellum; numerous lateral flagella (of shorter

66

Azotobacter

wavelength) are also formed during growth on solid media at
30°C. Enlarged, ovoid or pleomorphic, non-motile, capsulated
forms (‘C forms’) may develop under certain conditions
(e.g. in old cultures). Metabolism is mainly respiratory, with
either oxygen or NO3~ acting as terminal electron acceptor;
DENITRIFICATION occurs under microaerobic conditions. Glucose
or fructose may be fermented weakly. Disaccharides are
not metabolized. Oxidase +ve; catalase variable; phosphatase
+ve; indole —ve; weakly pectinolytic. Optimum growth
temperature: 35-37°C. Colonies on potato agar are typically
pink, often wrinkled, not slimy. NITROGEN FIXATION occurs
under microaerobic conditions; an ‘uptake hydrogenase’
(see NITROGENASE) is present, and A. lipoferum (but not
A. brasilense) can grow as an Hj-dependent lithoautotroph.
Aerobic growth can also occur in the presence of fixed nitrogen
(e.g. NHyt, NO3™). GC%: 69-71. Type species: A. lipoferum
(formerly Spirillum lipoferum).

[Book ref. 22, pp. 94—104.]

Azospirilla occur in soil, both free-living and in association

with the roots of grasses (including cereals) and tuberous plants;
the bacteria occur on the root surface, in the mucigel, and also
within the tissues of the root (outer and inner cortex and stele).
The plant appears to benefit from the nitrogen fixed by the
bacteria; nodule formation does not occur (cf. ROOT NODULES).
There is some degree of host specificity: ‘C4 plants’ (e.g. maize)
are infected by A. lipoferum, ‘C3 plants’ (e.g. barley, oats, rice,
rye, wheat) by strains of A. brasilense.
A genus of Gram-negative, CysT-forming bacteria
(family AZOTOBACTERACEAE) which occur e.g. in fertile soils of
near-neutral pH. The cells are peritrichously flagellated or non-
motile, and are commonly short rods or coccobacilli — though
A. paspali regularly forms both rods and long filaments; the
organisms appear to contain many copies of the chromosome
per cell [JGM (1984) 130 1603-1612]. Carbon sources used
by all species include e.g. glucose, fructose, sucrose, acetate,
fumarate, gluconate, and ethanol; most species can use nitrate
and/or ammonium salts as a source of nitrogen. In the presence
of combined nitrogen growth can occur within the pH range ca.
5-8.5; NITROGEN FIXATION occurs optimally within the pH range
7-7.5. In laboratory cultures nitrogen-fixing ability declines
with age, and is very poor immediately prior to encystment.
(Cyst-formation occurs maximally in old cultures on nitrogen-
free media containing 0.2% butanol.) The optimum growth
temperature varies with species, and is ca. 30-37°C. GC%: ca.
63-68. Type species: A. chroococcum.

A. armeniacus. Peritrichously flagellated. Can use e.g. capry-
late and mannitol but not e.g. caproate; some strains can use
propionate.

A. beijerinckii. Non-motile. Can use e.g. malonate and propi-
onate but not caproate or rhamnose.

A. chroococcum. Peritrichously flaggellated. Can use e.g.
caproate, mannitol and propionate, but not e.g. caprylate.

A. nigricans. Non-motile. Cannot use caproate, propionate or
rhamnose. Some strains form e.g. a yellow or dark non-diffusible
pigment or a dark diffusible pigment.

A. paspali. Peritrichously flagellated. Cannot use caproate,
caprylate, malonate, mannitol, propionate or thamnose, but can
use oxaloacetate, and some strains can use propan-1-ol. Appears
to occur only on (or within?) the root cortex of the grass
Paspalum notatum.

A. vinelandii. Peritrichously flagellated; non-motile strains
have been reported. Can use caproate, caprylate, malonate,



mannitol, propionate and rhamnose. A yellowish-green water-
soluble fluorescent pigment is formed on iron-deficient media.
[Book ref. 22, pp. 220-229.]

Azotobacteraceae A family of Gram-negative (or Gram-
variable), aerobic, chemoorganotrophic bacteria which occur
in soil, in the rhizosphere, and in aquatic habitats; the
organisms are capable of NITROGEN FIXATION — typically under
free-living conditions, but sometimes in association with higher
plants. Cells: ovoid, or round-ended rods (sometimes filaments),
1.5-2.0 pm or more in width, which may be motile (polarly
or peritrichously flagellated) or non-motile; some species form
cysts. Pigments, some fluorescent, are formed by some species.
PHB can be accumulated. Catalase +ve. Oxidase +ve (most
strains of most species). GC%: ca. 52—68. Two genera:
AZOMONAS, AZOTOBACTER. [Book ref. 22, pp. 219-234.]

azotoflavin See FLAVODOXINS.

AZT (3'-azido-3'-deoxythymidine; zidovudine) A  thymidine
analogue ANTIRETROVIRAL AGENT used in the treatment of AIDS.
AZT is converted by cellular enzymes to the triphosphate deriva-
tive which is then incorporated — instead of thymidine — into
(provirus) DNA by the viral REVERSE TRANSCRIPTASE (see RETRO-
VIRIDAE); the presence of the 3'-azido group inhibits further chain
elongation by preventing the formation of a phosphodiester bond
at the 3’ position. Cellular DNA polymerase « is much less sen-
sitive than reverse transcriptase to AZT triphosphate.

AZT competes for intracellular phosphorylation with another
NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITOR, stavudine.

As high-level resistance develops readily if AZT is used alone,
it is used in combination with other drugs.

Unlike other nucleoside reverse transcriptase inhibitors, AZT
undergoes significant metabolism (glucuronidation) in the liver;

azygospore

drugs (e.g. PROBENECID) that inhibit glucuronidation may there-
fore affect the plasma concentration of AZT.

The use of AZT is associated with megaloblastic changes;
the drug may induce a dose-dependent macrocytic anaemia (less
often a severe normocytic anaemia) and is also able to induce
neutropenia [haematological aspects of HIV infection: BCH
(2000) 13 215-230].

The value of AZT in anti-AIDS combination drug therapy
(against HIV-1) was indicated by an in vitro study in which
those nucleoside reverse transcriptase inhibitors which lacked
the 3’-azido moiety were less active against a particular mutant
form of the reverse transcriptase [AAC (2005) 49 1139-1144].

azthreonam Syn. AZTREONAM.

aztreonam (azthreonam) A MONOBACTAM derivative in which
R’ = an aminothiazoleoxime group,R” = H,R” = CH3,R"”" =
SO3 7K™ (see P-LACTAM ANTIBIOTICS). It is active only against
aerobic Gram-negative bacteria, having a high degree of
specificity for PBP3 of Gram-negative bacteria (see PENICILLIN-
BINDING PROTEINS); it is resistant to most B-lactamases. [Action,
use: Drugs (1986) 37 96-130.]

Azuki bean mosaic virus See POTYVIRUSES.

azure See polychrome METHYLENE BLUE.

azurin (1) A BLUE PROTEIN which occurs in certain bacteria
(e.g. Alcaligenes denitrificans, Bordetella pertussis, Paracoccus
denitrificans, Pseudomonas aeruginosa); depending on source,
the MWt ranges from ca. 12000 to ca. 15000, and the E,,, appears
to be in the approximate range 230—330 mV.

(2) A solution of CuSO4 and NH4OH used as an agricultural
antifungal agent.

azygospore A parthenogenically derived spore, similar to a
ZYGOSPORE, formed e.g. by many species of the Mucorales.

'y

end of the Dictionary.

. Words in smaLL cAPITALS are cross-references to separate entries.
2. Keys to journal title abbreviations and Book ref. numbers are given at the

3. The Greek alphabet is given in Appendix VI.
4. For further information see ‘Notes for the User’ at the front of the Dictionary.
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B cell (immunol.) Syn. B LYMPHOCYTE.

B cell differentiation factor See LYMPHOKINES.

B cell growth factor See LYMPHOKINES.

B cell superantigen See SUPERANTIGEN.

B-DNA See DNA.

B lymphocyte (B cell) A type of LYMPHOCYTE concerned primar-
ily with ANTIBODY FORMATION (cf. T LYMPHOCYTE). In mammals,
B cells are formed initially in the fetal liver, but later they
develop from haemopoietic stem cells in the bone marrow. (In
birds, B cells appear to develop in the BURSA OF FABRICIUS.)
B cells occur e.g. in blood, in lymph and in the spleen. In an
adult, the B cell population consists of >10° clones, the cells of
each clone being potential sources of antibodies with a unique
and highly specific antigen-binding capacity.

In mammals, B cells mature in a series of stages. Stem cells
give rise to pro-B cells which, in turn, develop as pre-B cells.
Pre-B cells differ from mature B cells e.g. in that they express no
surface immunoglobulin (Ig), i.e. they are sIg™, although they
contain mu HEAVY CHAINS (associated with so-called surrogate
light chains) which may be located at the cell surface. The next
stage, the immature B cell, is characterized by the presence of
monomeric IgM at the cell surface; interaction with specific
antigen at this stage may lead to inactivation of the cell. The
mature B cell displays IgM and IgD at the cell surface (with
antigen-binding sites facing outwards); the IgM and IgD have
identical antigenic specificity. The B cell reaches maturity, in an
antigen-independent way, within the bone marrow.

In addition to antibodies, the surface of a mature B cell
displays various types of molecule involved in the recogni-
tion of exogenous factors and the initiation of intracellular sig-
nalling. These molecules include: (i) a receptor that mediates
isotype switching (= class switching — e.g. the IgM — IgG
switch following antigenic stimulation) (see cD40); (ii) MHC
class II molecules (required for presenting antigen to a T cell:
see ANTIBODY FORMATION); (iii) co-stimulatory molecules (des-
ignated B7.1 and B7.2) which, during B cell-T cell contact,
bind to a specific T cell receptor and initiate signals that acti-
vate the T cell (see cD28); (iv) CD32: a low-affinity receptor
for the Fc portion of IgG (the binding of antigen-bound anti-
body to CD32 may suppress the ongoing production of specific
antibodies); (v) cp21 (involved in B cell activation, and a bind-
ing site for certain components of COMPLEMENT); (Vi) receptors
for CYTOKINES (including INTERLEUKIN-1; INTERLEUKIN-4, which
e.g. induces isotype switching and promotes expression of MHC
class II molecules on B cells; and INTERLEUKIN-6).

The body’s B cell population can be divided into three subsets
on the basis of the CD5 and CD23 antigens. B cells in the
general circulation are mainly CD5~, CD23%; they have a
relatively short existence and are continually renewed from the
bone marrow stem cells. Two other subsets, one CD5T, CD23™,
and the other CD5~, CD237, are found mainly in mucosal sites
(e.g. the peritoneal cavity) and are self-renewing (albeit with
precursor cells in the bone marrow); these cells can rapidly
produce IgM antibodies (of a limited range of specificities) in
response to bacterial polysaccharides, and can do so without help
from T cells. These two populations of B cells are viewed as
a first line of defence against bacterial incursion in sites which
are particularly vulnerable to infection.
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No further development of the B cell occurs unless it
encounters specific antigen e.g. within so-called germinal centres
in the spleen or lymph nodes. In the event of contact with
specific antigen, the outcome depends e.g. on the type of
antigen involved and the contribution of T cells: see ANTIBODY
FORMATION. When a B cell is appropriately stimulated it prepares
for the role of antibody formation by initially undergoing BLAST
TRANSFORMATION and then proliferating to form a clone of cells
of identical antigenic specificity (= clonal expansion); some of
these cells develop as PLASMA CELLS while others (commonly)
become MEMORY CELLS.

B cells which do not bind specific antigen remain viable for
a limited period of time and subsequently undergo APOPTOSIS.

B-tubule (B-subfibre) See FLAGELLUM (b).

B-type inclusion body See POXVIRIDAE.

B-type particles See TYPE B ONCOVIRUS GROUP.

B-type starter See LACTIC ACID STARTERS.

B virus (cercopithecine herpesvirus 1; cercopithecid herpesvirus 1;
herpesvirus B; Herpesvirus simiae) A herpesvirus (subfamily
ALPHAHERPESVIRINAE) which naturally infects monkeys of the
genus Macaca. In rhesus monkeys (M. mulatta) infection may
be asymptomatic, or vesicular lesions (which may ulcerate)
may develop in the mouth and sometimes on the skin and
conjunctivae. B virus may be transmitted to humans e.g. by
monkey bites or scratches, and can cause in humans a severe
(usually fatal) encephalomyelitis (‘monkey-bite encephalomye-
litis”).

B12 coenzymes See VITAMIN Bj.

B19 parvovirus See ERYTHROVIRUS.

B663 CLOFAZIMINE.

Babes—Ernst granules METACHROMATIC GRANULES observed in
bacteria.

Babesia A genus of protozoa (subclass PIROPLASMASINA) para-
sitic in invertebrates and in the erythrocytes (RBCs) of verte-
brates (cf. THEILERIA); at least some species (including B. equi
and B. microti) develop in the lymphocytes (as well as in the
RBCs) of the vertebrate host, and it has been suggested that such
species be transferred to other genera (e.g. Nicollia, Nuttallia).
Some species (e.g. B. bigemina, B. bovis) can cause tick-borne
disease in domestic animals (see REDWATER FEVER), and some
(e.g. B. divergens, B. microti) can cause disease in man [ARE
(1981) 26 90-92]. The cells of Babesia are rounded or pyriform,
ca. 1-6 um. In the typical life cycle, sporozoites of Babesia are
injected into the vertebrate host by the tick vector, and each
sporozoite enters an RBC and undergoes schizogony to form two
or four merozoites — which infect fresh RBCs when the host cell
ruptures. Following the tick’s meal of infected blood, gametes
are formed in the tick’s gut, and these fuse and give rise to a
(motile) kinete which passes, via various tissues, to the salivary
glands — there undergoing sporogony and forming many sporo-
zoites. Unlike Theileria, Babesia can invade the ovary and egg
of the tick, and can be transmitted transovarially to the tick’s
offspring. [Life cycles of Babesia and Theileria: AP (1984) 23
37-103.]

babesiosis Any disease of man or animals caused by a species
of BABESIA (e.g. REDWATER FEVER).

Bacillaria  See DIATOMS.

Bacillariophyta See DIATOMS.

bacillary angiomatosis See BARTONELLA.



bacillary dysentery See DYSENTERY (a).

bacillary white diarrhoea Syn. PULLORUM DISEASE.

bacille Calmette—Guérin See BCG.

bacillin  Syn. BACILYSIN.

bacillus (1) A member of the genus BACILLUS. (2) Any rod-
shaped bacterial cell, i.e., a cell whose length is ca. two or more
times greater than its width. (cf. COCCOBACILLUS and FILAMENT.)
A bacillus may be straight or curved (cf. VIBRIO sense 2), with
rounded, truncated or tapered ends (cf. FUSIFORM), and may occur
singly, in groups, pairs, chains, etc. (See also PALISADE.)

Bacillus A genus of GRAM TYPE-positive, strictly aerobic or
facultatively anaerobic, typically catalase-positive, rod-shaped,
ENDOSPORE-forming bacteria. The organisms typically occur
as saprotrophs in soil and water, but certain species can be
pathogenic in man and other mammals (see e.g. B. anthracis
and B. cereus, below) and some species are entomopathogenic
(see e.g. B. moritai, B. popilliae and B. thuringiensis). [Insec-
ticidal species: Book ref. 171, pp. 185-209; MR (1986) 50
1-24.] Bacillus spp can cause biodeterioration (see e.g. FLAT
SOUR, LEATHER SPOILAGE, SWELL), but some species are used
commercially as sources of antibiotics (see e.g. BACITRACIN,
POLYMYXINS) or other products (e.g. DEBRANCHING ENZYMES, GLU-
COSE ISOMERASE, GLYCEROKINASE, SUBTILISINS).

Cells: typically motile rods, commonly ca. 0.5-1.5 x
2—6 um, often in chains; some strains form a CAPSULE,
and some are pigmented. (See also S LAYER and TEICHOIC
ACIDS.) Metabolism may be respiratory (see RESPIRATION) — some
strains being capable of NITRATE RESPIRATION — or faculta-
tively fermentative (see FERMENTATION); a few species (e.g.
B. macerans, B. polymyxa) can carry out NITROGEN FIXATION.
Most species are chemoorganoheterotrophs; B. schlegelii can
grow chemolithoautotrophically (see CARBOXYDOBACTERIA). Uti-
lizable substrates for organoheterotrophic species range from
simple sugars and other carbohydrates to e.g. uric acid
(see B. fastidiosus) and proteinaceous materials; PENTOSES are
metabolized via the HEXOSE MONOPHOSPHATE PATHWAY. Many
species can grow on NUTRIENT AGAR. Storage compounds
include e.g. POLY-B-HYDROXYBUTYRATE. The genus includes psy-
chrotrophs (e.g. B. globisporus), thermophiles (e.g. B. schlegelii,
B. stearothermophilus) and alkalophiles (e.g. B. alcalophilus,
B. firmus). GC%: ca. 30—70. Type species: B. subtilis.

B. alcalophilus. An ALKALOPHILE (q.v.): optimum growth pH
ca. 9-10; no growth below pH 7.

B. alvei. See EUROPEAN FOULBROOD.

B. amyloliquefaciens. Similar or identical to B. subtilis. (See
also AMYLASES.)

B. amylolyticus. Nom. rev. [1JSB (1984) 34 224-226].

B. aneurinolyticus. A species, related to B. brevis, which
produces a thiaminase. (See also BACTERIOPHAGE Q'BAI.)

B. anthracis. The causal agent of ANTHRAX. Cells: non-
motile, ca. 1.5 x 3—6 um, typically square-ended and usually
in chains. Virulent strains form a pLASMID-encoded toxin (see
ANTHRAX TOXIN) and a plasmid-encoded poly-D-glutamic acid
CAPSULE. [Capsule-encoding plasmid: see e.g. Inf. Immun.
(1985) 49 291-297.] (cf. STERNE STRAIN.) Growth occurs on
nutrient agar. In biochemical tests B. anthracis gives results
very similar to those of B. cereus. Lecithinase activity is weak
or absent. Haemolysis on sheep-blood agar is weak or absent.
B. anthracis is susceptible to the “y phage’ (B. cereus is not). On
agar containing benzylpenicillin (0.05-0.5 unit/ml) B. anthracis
gives rise to chains of enlarged, spherical cells (‘string of pearls’
effect).

B. azotofixans. A proposed (nitrogen-fixing) species from
Brazilian soil [1JSB (1984) 34 451-456].

69

Bacillus

B. badius. Similar to B. brevis. Growth is not inhibited by 5%
NaCl. The (ellipsoidal) spore does not distend the cell.

B. brevis. Typically forms no acid or gas from carbohydrates.
Growth occurs at 50°C. Spore: ellipsoidal, distending the cell.
(See also TYROCIDINS.)

‘B. caldolyticus group’. Strains (including B. caldotenax and
B. caldovelox) closely related to B. stearothermophilus.

B. cereus. A saprotroph or opportunist pathogen which can
cause FOOD POISONING (q.v.) or, rarely, e.g. meningitis. [Meningi-
tis due to B. cereus, and review of Bacillus infections other than
anthrax: Israel J. Med. Sci. (1983) 19 546-551.] Cells: typically
motile rods (mean width ca. 1.5 um), sometimes pigmented.
Spore: ellipsoidal, not distending the cell. Acid is formed in
anaerobic glucose broth; no acid is formed from arabinose, man-
nitol or xylose. No gas is formed from carbohydrates. Most
strains are VP +ve. Starch and casein are hydrolysed, and
lecithinases are produced. Nitrate is reduced by most strains.
No growth at 50°C.

B. circulans. Similar to B. polymyxa but ferments carbohy-
drates anaerogenically; typically, a range of carbohydrates is
fermented. (See also MOTILE COLONIES.)

B. coagulans. Forms lactic acid as the major product of
glucose fermentation; 2,3-butanediol is also produced. No gas
is formed from carbohydrates. VP +ve. (See also GLUCOSE
ISOMERASE.)

B. euloomarahae. See MILKY DISEASE.

B. fastidiosus. Obligately aerobic. Uses uric acid as a source
of carbon, nitrogen and energy.

B. firmus. An ALKALOPHILE. Forms acid from glucose but
typically from few other carbohydrates.

B. fribourgensis. See MILKY DISEASE.

B. globisporus. A PSYCHROTROPH (maximum growth temper-
ature ca. 25-30°C). Urease +ve. Spore: round, distending
the cell.

B. larvae. See AMERICAN FOULBROOD.

B. lautus. Nom. rev. [1JSB (1984) 34 224-226].

B. lentimorbus. See MILKY DISEASE.

B. licheniformis. Morphologically and biochemically similar
to B. subtilis, but growth readily occurs anaerobically (see also
DENITRIFYING BACTERIA).

B. macerans. Biochemically very similar to B. polymyxa.
Forms SCHARDINGER DEXTRINS.

B. megaterium. Cell width commonly ca. 1.5 um but may
reach ca. 3.0 um in carbohydrate-containing media. Spore:
ellipsoidal, not distending the cell. Glucose and many other
carbohydrates are utilized anaerogenically.

B. moritai. A species pathogenic e.g. in house-flies. The
addition of B. moritai spores to faeces has been found to reduce
the emergence of adult house-flies by up to ca. 90%.

B. mycoides. Morphologically and biochemically very similar
to B. cereus. Often regarded as a non-motile variety of B. cereus.

B. pabuli. Nom. rev. [1JSB (1984) 34 224-226].

B. pasteurii. An ALKALOPHILE (optimum growth at ca. pH 9).
Cells: typically slender (ca. 0.5—-1.0 um wide). Spore: spherical,
typically distending the cell. Carbohydrates are attacked either
very weakly or not at all. Urease +ve. NH3 is needed for growth.

‘B. piliformis’. See TYZZER’S DISEASE.

B. polymyxa. Cells: typically slender (ca. 0.5—1.0 um wide);
usually motile. Spore: ellipsoidal, distending the cell. Grows well
anaerobically, and produces acid and gas from carbohydrates;
typically, glucose, mannitol, and many other sugars and sugar
alcohols are utilized. Glucose is fermented via the BUTANEDIOL
FERMENTATION. Most strains attack e.g. casein, gelatin, starch
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and pectins, and most can carry out NITROGEN FIXATION. (See
also POLYMYXINS.)

B. popilliae. See MILKY DISEASE.

B. psychrophilus. A proposed (psychrophilic) species [IJSB
(1984) 34 121-123].

B. pulvifaciens. Proposed species (isolated from a diseased
bee) [IJSB (1984) 34 410-413].

B. pumilus. Cells: typically slender (0.5-1.0 um wide); usu-
ally motile. Spore: elongated, not distending the cell. Metaboli-
cally similar to B. subtilis, but starch is not utilized. Usually VP
+ve.

B. schlegelii. See CARBOXYDOBACTERIA and HYDROGEN-OXID-
IZING BACTERIA.

B. sphaericus. Cells: slender (ca. 0.5—1.0 um wide); usually
motile. Spore: spherical, distending the cell. Typically, carbohy-
drates are not utilized. Can cause LEATHER SPOILAGE, and can be
insecticidal to e.g. mosquito larvae — toxicity apparently being
due to an uncharacterized toxin and not associated with sporu-
lation. [Field evaluation of a B. sphaericus strain as a mosquito
‘biocide’: J. Inv. Path. (1986) 48 133-138.]

B. stearothermophilus. Thermophilic; can grow at e.g. 65°C.
Cells: ca. 1.0 um wide; spore: ellipsoidal, often distending the
cell. The spores are highly resistant to heat, and are sometimes
used to monitor AUTOCLAVE performance. (See also FLAT SOUR.)
Typically, a range of carbohydrates can be metabolized anaer-
obically and anaerogenically; the main product of carbohydrate
fermentation commonly appears to be lactic acid. (See also GLYC-
EROKINASE.)

B. subtilis. Cells: slender (typically ca. 0.8 um wide), usu-
ally motile; chains are uncommon. (See also CERULENIN and
MACROFIBRE.) Spore: ellipsoidal, usually not distending the cell.
Metabolism appears to be primarily respiratory. Growth does not
occur in anaerobic glucose broth. Glucose, various other sugars
and sugar alcohols, and starch, are metabolized anaerogenically.
VP +ve. Nitrate is reduced. Casein and gelatin are hydrolysed.
Phages which infect B. subtilis include e.g. BACTERIOPHAGE PBS1,
BACTERIOPHAGE 105 and BACTERIOPHAGE SPOI.

B. thuringiensis. An entomopathogenic species which is mor-
phologically and biochemically very similar to B. cereus, differ-
ing primarily in its formation of DELTA ENDOTOXIN (q.V.).

B. validus. Nom. rev. [IJSB (1984) 34 224-226].

Other species include e.g. B. insolitus, B. laterosporus,
B. lentus, and B. pantothenticus.

Note on the identification of species. Some mutually contra-
dictory tables of biochemical test reactions have been published.
For example, the VP test reactions (obtained using traditional
methods) given in Book ref. 46, p. 1731 differ significantly, in
respect of a number of species, from those (obtained using the
API system) given in JGM (1984) 730 1871-1882. (Species
designated as ‘VP +4ve’ above are confirmed as such in many
sources.)

bacillus Calmette—Guérin See BCG.

bacilysin (‘bacillin’; ‘tetaine’) A dipeptide ANTIBIOTIC which is
active against a wide range of Gram-positive and Gram-
negative bacteria and e.g. against Candida albicans. It consists
of a C-terminal epoxy-L-amino acid (‘anticapsin’) and an N-
terminal L-alanine residue; it is taken up by peptide transport
systems in sensitive cells, and is subsequently hydrolysed by
cellular enzymes to release the anticapsin — an inhibitor of
glucosamine (and hence e.g. PEPTIDOGLYCAN) synthesis. (cf.
WARHEAD DELIVERY.)

bacitracin A cyclic dodecapeptide ANTIBIOTIC produced by
strains of Bacillus spp. It is active against many Gram-
positive and certain Gram-negative bacteria (e.g. Neisseria spp,

70

Haemophilus spp). In the presence of divalent cations (par-
ticularly Zn?*) bacitracin binds to bactoprenol pyrophosphate,
inhibiting the regeneration of bactoprenol monophosphate dur-
ing e.g. PEPTIDOGLYCAN biosynthesis; it can also inhibit other
processes involving bactoprenol pyrophosphate (e.g. O-specific
chain formation in LIPOPOLYSACCHARIDE biosynthesis) and can
affect membrane permeability. Bacitracin is used clinically e.g.
for the topical treatment of local infections, and as a FEED ADDI-
TIVE for ruminants to decrease methane production in the RUMEN.

back focal plane Of a convex lens: the focal plane furthest from
the light source.

back mutation (reverse mutation) (1) A MUTATION which rever-
ses the effects of a FORWARD MUTATION by restoring the original
nucleotide sequence. (2) Either a mutation as in sense 1 above,
or an intragenic SUPPRESSOR MUTATION.

background mutation Syn. SPONTANEOUS MUTATION.

bacon spoilage See MEAT SPOILAGE.

BACTEC™ culture systems Liquid media (marketed by Bec-
ton Dickinson) which can be used e.g. for the growth of
Mycobacterium tuberculosis — growth being detectable more
rapidly (~1-2 weeks) than is usually possible on solid
media (~6 weeks). These media may be used for (i) detecting
M. tuberculosis in clinical specimens, and (ii) examining an iso-
late of the pathogen for susceptibility to antibiotics; for the latter
purpose an isolate is tested for growth (or lack of growth) in a
medium containing a known amount of the given antibiotic.

Earlier BACTEC systems were radiometric, i.e. they detected
growth by detecting radioactive carbon dioxide produced from a
radioactive substrate in the medium. A more recent system, the
BACTEC MGIT"™ 960 (MGIT = mycobacteria growth indicator
tube), monitors growth by means of a fluorescent sensor
system which detects the consumption of oxygen. [Evaluation
of BACTEC MGIT 960: JCM (1999) 37 748-752.]

bacteraemia (bacteremia) The condition in which viable bacteria
are present in the bloodstream. (cf. PYAEMIA; SEPTICAEMIA.)

bacteremia Syn. BACTERAEMIA.

bacteria (singular: bacterium) (1) Formerly: a term which
referred, collectively, to all prokaryotic microorganisms (see
PROKARYOTE); the term was also used to refer to a population
of specific prokaryote(s) of any given type.

(2) All, or particular, members of the domain Bacteria (see
next entry).

Note. In literature prior to the 1980s ‘bacteria’ was always
used with the meaning given in sense 1. With the establishment
of the domain ARCHAEA (q.v.), appropriate usage is that given in
sense 2.

Bacteria A taxon (DOMAIN) comprising one of the two funda-
mentally distinct groups of prokaryotic microorganisms (see
PROKARYOTE and ARCHAEA). (See also previous entry.)

The bacteria are a diverse group of (usually) single-celled
organisms. Most are free-living, occurring e.g. in soil, on plants,
in various aquatic habitats, and even in antarctic snow [AEM
(2000) 66 4514-4517]; some are important in the cycles of
matter (see CARBON CYCLE, NITROGEN CYCLE, SULPHUR CYCLE).
Bacteria are also found as symbionts in plants, animals and
certain microorganisms (see CAEDIBACTER, MYCETOCYTE, ROOT
NODULES, RUMEN).

A minority of bacteria occur as intracellular or extracel-
lular parasites or pathogens in man and/or other animals.
In man, bacteria can cause a number of major and minor
diseases — which include e.g. ANTHRAX, BOTULISM, BRUCEL-
LOSIS, CHOLERA, DIPHTHERIA, DYSENTERY, ERYSIPELAS, GONOR-
RHOEA, LEGIONNAIRE'S DISEASE, LEPROSY, LYME DISEASE, MENIN-
GITIS, PLAGUE, PSEUDOMEMBRANOUS COLITIS, Q FEVER, SCARLET
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Bacteria

CYANOBACTERIA
Anabaena sp
Gloeobacter sp
Oscillatoria sp

GRAM POSITIVE

Bacillus subtilis

Clostridium perfringens
Corynebacterium xerosis
Enterococcus faecalis
Lactobacillus delbrueckii
Listeria monocytogenes
Mycobacterium tuberculosis
Propionibacterium acnes
Streptomyces coelicolor

Prochloron didemni

PROTEOBACTERIA

Archlaea

EURYARCHAEOTA
Halobacterium halobium

CRENARCHAEQTA
Desulfurococcus mobilis
Pyrodictium occultum
Sulfolobus solfatarius
Thermoproteus tenax

Methanobacterium bryantii
Methanococcus jannaschii
Thermoplasma acidophilum

Coxiella burnetii

(Alpha) (Beta) (Gamma)
Agrobacterium tumefasciens  Alcaligenes faecalis
Brucella abortus Bordetella pertussis

Rickettsia spp Neisseria gonorrhoeae
Neisseria meningitidis

Spirillum natans

l

(Epsilon)
Helicobacter pylori

Escherichia coli
Haemophilus influenzae
Legionella pneumophila
Proteus vulgaris

Pseudomonas aeruginosa
Vibrio parahaemolyticus

BACTERIA: examples of species in some of the groups in a current taxonomic scheme for the Bacteria (some species of the domain Archaea
are also shown); the lines are not intended to reflect evolutionary distances between the organisms. A number of groups not shown in the
figure are outlined in the text; note, for example, that the Gram-positive species are divided into ‘high GC%’ and ‘low GC%’.

Reproduced from Bacteria, 5th edition, Figure 16.5, page 436, Paul Singleton (1999) copyright John Wiley & Sons Ltd (UK) (ISBN

0471-98880-4) with permission from the publisher.

FEVER, SYPHILIS, TETANUS, TOXIC SHOCK SYNDROME, TRACHOMA,
TUBERCULOSIS, TULARAEMIA, TYPHOID, TYPHUS FEVERS, WHIPPLE'S
DISEASE and WHOOPING COUGH.

Bacteria cause economically important diseases in livestock
as well as infections in wild animals — see e.g. CATTLE DISEASES,
FISH DISEASES, HORSE DISEASES, PIG DISEASES, SHEEP DISEASES. (See
also INSECT DISEASES.)

Relatively few bacteria cause disease in plants (but see e.g.
ERWINIA, SPIROPLASMA, XANTHOMONAS).

Predatory/bacteriolytic bacteria include species of ANAERO-
PLASMA, BDELLOVIBRIO, MYXOBACTERALES and VAMPIROVIBRIO.

Bacteria are used in a number of commercial/manufacturing
processes: see €.g. BIOPOL, DAIRY PRODUCTS, GLUTAMIC ACID,
LEACHING, PICKLING, RETTING, SAUERKRAUT, SOY SAUCE, SUBTIL-
ISINS, VINEGAR, VITAMIN B12. Certain antibiotics (e.g. POLYMYXINS,
STREPTOMYCIN and some P-LACTAM ANTIBIOTICS) can be synthe-
sized by bacteria. (See also BIOASSAY, BIOFUEL CELL and BIOLOG-
ICAL CONTROL.)

In size, most bacteria are between 1 and 10 pym (maximum
dimension). The smallest range from <1 pm (e.g. Chlamydia,
Francisella, Rickettsia). One of the largest (>600 pm) is Epu-
lopiscium fishelsoni [Nature (1993) 362 239-241].

The basic shapes of bacteria are BACILLUS (sense 2) (also
called ‘rod’), coccus and SPIRILLUM (sense 1); the coccus
seems likely to be a degenerate form of the rod [evolution of
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bacterial morphology: Microbiology (1998) 144 2803-2808].
(See also e.g. COCCOBACILLUS, FILAMENT, L FORM, MYCELIUM,
PLEOMORPHISM (sense 1), SPIROCHAETALES and VIBRIO (sense 2).)
In general, the shape of a bacterium is determined primarily by
its species. (cf. PROTOPLAST.)

According to species, a bacterial cell may have certain
appendages: see €.g. FIMBRIAE, FLAGELLUM, PILI, PROSTHECA AND
SPINA. (See also CAPSULE.)

Many types of bacteria are motile (see MOTILITY); motile
species commonly exhibit CHEMOTAXIS.

Cells may occur singly or in pairs, chains, clusters, PACKETS,
PALISADES etc.; some bacteria of the order ACTINOMYCETALES
form a mycelium. (See also COENOCYTE and CONSORTIUM.)

Some species form EXOSPORES; some form ENDOSPORES. Mem-
bers of the MYXOBACTERALES form fruiting bodies.

A bacterial cell lacks the sophisticated physical compart-
mentalization of eukaryotic cells. However, bacteria exhibit a
‘functional compartmentalization’ [FEMS Reviews (1993) 104
327-346]; this refers to various molecular strategies — such as
the self-assembly of protein components of composite enzyme
systems (see e.g. PROTEASOME). Moreover, the localization of
proteins in a bacterium now appears to be much more organized
than was previously supposed [Science (1997) 276 712-718].
[Dynamic spatial regulation in the bacterial cell: Cell (2000) 7100
89-98.]
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In most species there is a characteristic type of CELL WALL in
which PEPTIDOGLYCAN is a common constituent (cf. ARCHAEA);
the mycoplasmas are atypical in being wall-less.

Ester-linked lipids occur in the bacterial CYTOPLASMIC MEM-
BRANE (cf. ARCHAEA). In common with e.g. higher animals and
plants, the cytoplasmic membrane in many (not all) bacteria (and
in some archaeans) contains aquaporins and/or glycerol facilita-
tors: see MIP CHANNELS. (See also OSMOREGULATION.)

Various TRANSPORT SYSTEMS are associated with the cell enve-
lope (see e.g. PROTEIN SECRETION and PTS). TWO-COMPONENT REG-
ULATORY SYSTEMS regulate responses to various environmental
stimuli.

Energy may be obtained by FERMENTATION (sense 1), by
RESPIRATION, and/or (in e.g. CYANOBACTERIA) by PHOTOSYNTHESIS.
(See also PURPLE MEMBRANE.)

According to species, bacteria may be obligate or facultative
AEROBES or ANAEROBES. They may be CHEMOTROPHS and/or
PHOTOTROPHS, HETEROTROPHS Or AUTOTROPHS, and some are
CHEMOLITHOAUTOTROPHS.

The bacterial genome commonly consists of covalently-
closed circular DNA; however, in some bacteria (e.g. Borrelia
burgdorferi and species of Streptomyces) the DNA is linear.
The number of chromosomes per cell depends e.g. on species
and on the growth rate. In Vibrio cholerae the genome consists
of two circular chromosomes (chromosome 1 = ca. 2961 kb;
chromosome 2 = ca. 1073 kb) [Nature (2000) 406 477-483].
For some species, the complete sequence of nucleotides in the
genome has been determined — e.g. Borrelia burgdorferi [Nature
(1997) 390 580-586], Buchnera [Nature (2000) 407 81-86],
Escherichia coli [Science (1997) 277 1453-1474], E. coli
O157:H7 [Nature (2001) 409 529-533; erratum: Nature (2001)
410 240], Helicobacter pylori [Nature (1997) 388 539-547],
Mycobacterium tuberculosis [Nature (1998) 393 537-544] and
Neisseria meningitidis (serogroup A strain) [Nature (2000) 404
502-506].

In many bacteria the genome is supplemented by one or more
plasmids (see PLASMID); bacterial plasmids are commonly circu-
lar, but some are linear. Certain bacteria are normally plasmid-
free; they include species of Anaplasma, Bartonella, Brucella
and Rickettsia. (See also BACTERIOPHAGE and LYSOGENY.)

Reproduction occurs asexually, usually by BINARY FISSION
but sometimes by BUDDING or TERNARY FISSION. (See also CELL
CYCLE.) A developmental cycle occurs e.g. in CAULOBACTER,
CHLAMYDIA and RHODOMICROBIUM.

Despite the lack of sexual reproduction, gene transfer between
bacteria can occur by CONJUGATION, CONJUGATIVE TRANSPOSITION,
TRANSDUCTION OF TRANSFORMATION.

Taxonomy. Until the 1980s, bacterial TAXONOMY was based
primarily on criteria such as staining reaction, morphology and
substrate requirements. Although some of the earlier taxa (e.g.
ENTEROBACTERIACEAE) are still recognized, the modern approach
is based mainly on molecular criteria, i.e. base sequences in
nucleic acids. Using molecular criteria, bacteria have been
divided into a number of groups which are believed to reflect
evolutionary affinities; some of these groups are shown in the
figure on page 71. An outline of the scheme is as follows.

e Cyanobacteria (see CYANOBACTERIA).

e Cytophaga/Flexibacter/Bacteroides group. As well as the
named organisms, the group includes species of e.g. Flavobac-
terium, Microscilla, Saprospira, Sphingobacterium, Spiro-
soma and Sporocytophaga.

e Fibrobacteria. Fibrobacter spp.

e Fusobacteria. Fusobacterium, Leptotrichia spp.
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e Gram-positive bacteria (high GC%). Species of Arthrobacter,
Bifidobacterium, Corynebacterium, Faenia, Frankia, Gard-
nerella, Mycobacterium and Streptomyces.

e Gram-positive bacteria (low GC%). Species of e.g.
Bacillus, Clostridium, Desulfotomaculum, Enterococcus,
Erysipelothrix, Gemella, Lactobacillus, Leuconostoc, Listeria
and Pediococcus.

e Green non-sulphur bacteria. Species of e.g. Chloroflexus.

e Planctomyces/Chlamydia group. Species of e.g. Chlamydia,
Isosphaera, Planctomyces.

e Proteobacteria (purple bacteria). See PROTEOBACTERIA.

e Spirochaetes. Species of e.g. Borrelia, Leptonema, Spiroch-
aeta, Treponema.

e Thermotogales. Species of e.g. Fervidobacterium, Geotoga,
Thermotoga.

Bacteria from ancient sources. It has been reported that an
organism resembling Bacillus has been cultured from a brine
inclusion located within a salt crystal believed to be ~250
million years old [Nature (2000) 407 897-900; discussion
844-845].

[Bacteria (general text): Book ref. 223.]

bacterial blotch of mushrooms See BROWN BLOTCH and GINGER
BLOTCH.

bacterial endocarditis ENDOCARDITIS caused by bacteria.

bacterial fin rot A common FISH DISEASE in which infection e.g.
by species of Flexibacter, Aeromonas or Pseudomonas leads to
progressive necrosis of fins and tail; stress is an important factor
in disease development. Secondary SAPROLEGNIASIS is common.

bacterial gill disease A FISH DISEASE affecting salmonids. Fila-
mentous bacteria (genus uncertain) cover the gills, and death
by asphyxia may result. The primary cause is unknown, but
overcrowding is a predisposing factor.

bacterial kidney disease See KIDNEY DISEASE.

bacterial leaching (of ores) See LEACHING.

bacterial overgrowth syndrome See GASTROINTESTINAL TRACT
FLORA.

bacterial vaginosis (non-specific vaginitis) A syndrome char-
acterized by a malodorous vaginal discharge and an increase,
in the vagina, in the numbers of certain bacteria — e.g. species
of Bacteroides and GARDNERELLA (see also MOBILUNCUS); under
these conditions the vaginal pH is usually >4.5, the Ej, of the
vaginal epithelial surface is ca. +71 mV to —257 mV (normal
values ca. +322 mV to +137 mV) [JID (1985) 152 379-382],
and ‘clue cells’ (vaginal epithelial cells coated with small Gram-
negative rods) can usually be seen in vaginal smears. In cases
of bacterial vaginosis, vaginal secretions typically give a fishy,
amine-like odour when treated with 10% KOH. [Diagnostic cri-
teria: Am. J. Med. (1983) 74 14-22; JCM (1985) 22 686—687.]

Bacteriastrum  See DIATOMS.

bactericidal (bacteriocidal) Able to kill at least some types of
bacteria. (cf. BACTERIOSTATIC.)

bactericidal/permeability-increasing protein See BPI PROTEIN.

bactericidin (1) An antibody which, under appropriate condi-
tions, can act as a bactericidal agent. (2) A non-specific bac-
tericidal plasma factor (see e.g. COMPLEMENT FIXATION). (3) An
antibacterial protein produced by an invertebrate — see e.g. SAR-
COTOXINS.

bacterin A VACCINE containing killed bacterial cells.

bacteriochlorophylls See CHLOROPHYLLS.

bacteriocidal Syn. BACTERICIDAL.

bacteriocin (bacteriocine) Any of a wide variety of (usually)
protein or peptide ANTIBIOTICS, produced by certain strains of



Gram-positive and Gram-negative bacteria, which are bacterio-
static or bactericidal — often specifically to organisms that are
closely related to the bacteriocin-producing strain. Bacteriocins
include e.g. COLICINS, MICROCINS and LANTIBIOTICS.

Agents analogous to bacteriocins are produced by members
of the Archaea; these agents (e.g. the halocins produced by
halobacteria) are apparently not homologous to any bacteriocin
in terms of amino acid sequences.

In size and structure, bacteriocins range from a simple mod-
ified amino acid (microcin A15), through short peptides and
high-MWt colicins, to phage-like PYOCINS. (See also BACTERIO-
PHAGE ¢BA1.) Some bacteriocins (lantibiotics) undergo distinc-
tive post-translational modification which is necessary for their
activity. The lantibiotic LACTICIN 3147 (produced by Lactobacil-
lus lactis subsp lactis) is a two-component bacteriocin — both
peptides being necessary for activity; moreover, each of the two
peptides needs modification by a separate enzyme [Microbiology
(2000) 146 2147-2154].

Evolutionary relationships are evident within some groups of
bacteriocins. [Molecular mechanisms of bacteriocin evolution:
ARG (1998) 32 255-278.]

Bacteriocins are commonly encoded by PLASMIDS (see e.g.
COLICIN PLASMID); bacteriocin-encoding plasmids include both
conjugative and non-conjugative types. Examples of chromoso-
mally encoded bacteriocins include ‘bacteriocin 28b’ (a colicin
encoded by Serratia marcescens) and some of the class Ila bac-
teriocins produced by lactic acid bacteria (see later).

The mode of regulation of bacteriocin synthesis varies among
the different groups. For example, synthesis of colicins is pro-
moted by those conditions which trigger the SOS SYSTEM (see
COLICIN PLASMID). By contrast, many bacteriocins of the lactic
acid bacteria appear to be regulated by a three-component system
which includes a histidine protein kinase, a response regulator,
and an induction factor. (cf. TWO-COMPONENT REGULATORY SYS-
TEM). Induction factors (IFs) are small heat-stable peptides pro-
duced by the bacteriocinogenic cell. The mechanism by which
IFs promote synthesis of bacteriocin is unknown, but it has been
suggested that they may trigger synthesis as a result of their grad-
ual intracellular accumulation or that their influence may reflect
environmental factors. Synthesis of the bacteriocin sakacin A
(produced by Lactobacillus sake) is reported to be regulated
by a three-component system (which includes a 23-amino-acid
cationic peptide) in a temperature-sensitive way [Microbiology
(2000) 146 2155-2160]. The bacteriocin divercin V41, produced
by Carnobacterium divergens strain V41, may be regulated by a
two-component system [Microbiology (1998) 744 2837-2844].

The different types of bacteriocin are released in differ-
ent ways from the cells which synthesize them. For example,
release of colicins depends on a lysis protein which causes
a (non-specific) increase in the permeability of the cell enve-
lope — allowing dispersal of the bacteriocin (but with concomi-
tant adverse effects on the producing cell). By contrast, certain
bacteriocins (e.g. ENTEROCIN P) are secreted via a sec-dependent
pathway, while some class Ila bacteriocins of the lactic acid
bacteria are reported to be secreted by ABC TRANSPORTERS.

The import of some types of bacteriocin (e.g. colicins) into
sensitive cells depends on the binding of the bacteriocin to a spe-
cific cell-surface receptor. In most or all cases, uptake of colicins
appears to be an energy-dependent process (pmf being needed
for transport across the outer membrane, and ATP hydrolysis
being involved in transport across the cytoplasmic membrane);
the route of translocation through the cell envelope depends on
the given colicin (see groups A and B COLICINS). By contrast,
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studies on pediocin PA-1 (a class Ila bacteriocin produced by
Pediococcus spp) reported binding to lipsomes in the absence
of a protein receptor [AEM (1997) 63 524-531] — suggesting
that a protein receptor may not be an absolute requirement for
these bacteriocins; it may be that these (cationic) bacteriocins
bind to anionic phospholipid groups in the membrane.

A given bacteriocin acts on a susceptible target cell in a
characteristic way. Some bacteriocins (e.g. some colicins, lan-
tibiotics) form pores in the cytoplasmic membrane; some (e.g.
microcin B17) inhibit DNA gyrase; some (e.g2. LYSOSTAPHIN)
disrupt PEPTIDOGLYCAN; and some (e.g. CLOACIN DF13) cleave
16S rRNA. Tt appears that, in some cases, a single bacteriocin
molecule can be lethal for a sensitive cell. (Although bacteri-
ocins are active primarily against bacteria, certain colicins and
VIBRIOCINS have been reported to affect some types of eukaryotic
cell [JAC (1980) 6 424-427].)

Various mechanisms provide a cell with immunity to the bac-
teriocin(s) it encodes. For example, while cells actively secreting
colicins are damaged by their lysis proteins, neighbouring cells
of the same strain, repressed for colicin synthesis, are pro-
tected by immunity proteins (see COLICINS). Cells producing
LYSOSTAPHIN achieve immunity by modifying their own pep-
tidoglycan. Cells producing the lantibiotic EPIDERMIN achieve
immunity by operating an ATP-dependent pump (transport sys-
tem) which actively secretes any molecules of the agent that are
taken up.

Biotechnological applications of bacteriocins. The great diver-
sity of bacteriocins, and the ability of many of them to kill/inhibit
certain pathogenic bacteria, has prompted much research into the
possibility of using particular bacteriocins as antibiotics and/or
as food preservatives/additives (see e.g. LACTICIN 3147).

Particularly useful bacteriocins are produced by certain LAC-
TIC ACID BACTERIA (e.g. species of Carnobacterium, Enterococ-
cus, Lactobacillus and Lactococcus), some of which are highly
active against important food-borne pathogens (such as Listeria
monocytogenes). According to structural and other characteris-
tics, bacteriocins of the lactic acid bacteria have been classified
into four classes [FEMS Reviews (1993) 12 39-86]:

Class 1. LANTIBIOTICS: small, typically pore-forming peptides
containing unusual constituents (such as lanthionine) — e.g.
EPIDERMIN and NISIN.

Class 1. Small peptides (<10 kDa) which lack unusual con-
stituents (such as lanthionine) and which have a specific form
of processing site in the precursor molecule; they exhibit sta-
bility at e.g. 100—120°C. This category is divided into three
subgroups. Class Ila bacteriocins contain a specific N-terminal
sequence, and all are highly active against Listeria spp. They
include PEDIOCIN PA-1 and SAKACIN A. [Biosynthesis, structure
and activity of class Ila bacteriocins: FEMS Reviews (2000)
24 85-106.] Class IIb bacteriocins are two-component, pore-
forming agents. They include e.g. lactacin F and lactococcin G.
Class Ilc bacteriocins are thiol-activated peptides which require
reduced cysteine residues for activity.

Class 111. Large (>30 kDa) heat-labile proteins; they include
helveticin J, lactacin A and lactacin B.

Class IV. Bacteriocins which consist of a protein moiety
plus at least one non-protein (e.g. lipid) constituent which is
necessary for activity. They include lactocin 27, leuconocin S
and plantaricin S.

Other bacteriocins. See also PESTICIN I, PYOCINS, STAPHYLO-
COCCIN and ULCERACIN 378. Bacteriocins are also produced by
Bacillus megaterium (megacins), Klebsiella spp (klebicins), Lis-
teria monocytogenes (monocins [Zbl. Bakt. Hyg. A (1986) 261
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12-28]) and by Clostridium botulinum (boticins), C. butyricum
(butyricins) and C. perfringens (perfringocins). (cf. AGROCINS
and KILLER FACTOR.)

bacteriocin 28b See COLICINS.

bacteriocin typing A form of TYPING in which strains of bacteria
are distinguished on the basis of the BACTERIOCIN(s) they produce
or the bacteriocin(s) to which they are susceptible.

In one common form of bacteriocin typing (used e.g. for
colicins and pyocins) the strain under test is inoculated in a
diametrical strip on a blood agar plate which is incubated for ca.
12-24 hours; growth is scraped from the plate and discarded,
and any cells remaining on the plate are killed by exposure
to chloroform. The chloroform is allowed to evaporate, leaving
a band of bacteriocin-impregnated agar. Indicator strains are
then inoculated onto the agar in lines perpendicular to, and
passing through, the bacteriocin-containing band; on incubation,
the growth of sensitive strains is inhibited inside the band. In
this procedure the test organism is typed by the range of strains
susceptible to its bacteriocin(s). [Revised method for pyocin
typing: JCM (1984) 20 47-50.]

bacteriocinogenic Able to produce a BACTERIOCIN.

bacteriocinogenic factor The earlier name for any PLASMID that
encodes a BACTERIOCIN.

bacteriocuprein A bacterial CuZnSOD (see SUPEROXIDE DISMU-
TASE).

bacteriocyte In certain invertebrates, particularly insects: a spe-
cialized cell which contains intracellular bacterial symbionts.
(cf. MYCETOCYTE.) Bacteriocytes occur e.g. in the cockroach
(see BLATTABACTERIUM), in some marine sponges (containing
‘Aphanocapsa’ endosymbionts) and in aphids (see BUCHNERA).

bacteriolysis The lysis (rupture) of bacterial cells. In nature,
various microorganisms produce enzymes or antibiotics which
lyse bacteria — either to provide nutrients or (presumably)
for competitive advantage. (See e.g. ANAEROPLASMA, ENSIFER,
LYSOSTAPHIN, MUSHROOM CULTIVATION, MYXOBACTERALES.) Most
BACTERIOPHAGES eventually lyse their host cells to release their
progeny. In the laboratory bacteria may be lysed mechanically
or enzymically (see CELL DISRUPTION).

bacterio-opsin See OPSIN.

bacteriophaeophytin A PHAEOPHYTIN derivative of a bacterio-
chlorophyll. Bacteriophaeophytins occur e.g. in the REACTION
CENTRES in a number of ‘purple’ photosynthetic bacteria and
in the cytoplasmic membrane of some ‘green’ photosynthetic
bacteria.

bacteriophage (phage) Any VIRUS whose host is a bacterium.
(Viruses which infect cyanobacteria are conventionally called
CYANOPHAGES.) Most — probably all — bacteria can be infected
by particular phages; commonly, a given phage can infect only
one or a few strains or species of bacteria. The consequences of
phage infection depend on phage and host, and to some extent on

BACTERIOPHAGES: some representative examples®

Bacteriophage

(or phage group) Virion morphology

Principal host(s)

Genome: linear dsDNAP

A isometric head + long non-contractile tail Escherichia coli
Mu isometric head + long contractile tail enterobacteria
MV-L3 isometric head + short tail Acholeplasma laidlawii
N4 isometric head + short non-contractile tail Escherichia coli
P1 isometric head + long contractile tail Escherichia coli
P2 isometric head 4 long contractile tail Escherichia coli
P22 isometric head + minimal tail Salmonella

$29 elongated head + short non-contractile tail Bacillus subtilis
SPO1 isometric head + long contractile tail Bacillus subtilis
T4 elongated head + long contractile tail Escherichia coli
T7 isometric head + short non-contractile tail enterobacteria
Tectiviridae (e.g. PRD1, AP50) isometric with internal lipid membrane (no tail) various

Genome: ccc dsDNAP
MV-L2

PM2

Genome: ccc ssDNA?
Inoviridae (e.g. f1, MV-L51)
Microviridae (e.g. $X174)

Genome: dsRNA?
6

Genome: ssRNA?
Leviviridae (e.g. MS2, QB)

pleomorphic; envelope enclosing a DNA—protein
complex
icosahedral with internal lipid membrane

filamentous or rod-shaped
icosahedral

enveloped nucleocapsid

icosahedral

Acholeplasma laidlawii

Alteromonas espejiana

various
enterobacteria

Pseudomonas syringae pv. phaseolicola

various

“ See separate entries for details.
b In the virion.

ccc = covalently closed circular; ds = double-stranded; ss = single-stranded.
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conditions. Some (virulent) phages always induce a LYTIC CYCLE
in the host cell, while other (femperate) phages can establish
a stable, non-lytic relationship (LYSOGENY) with the host. Some
phages can replicate and produce progeny virions within the host
cell without killing or lysing it (see INOVIRIDAE and INOVIRUS).
Phages of the MV-L3 PHAGE GROUP apparently kill their host cells
without actually lysing them.

The antibacterial activity of phages has been exploited (pri-
marily in Eastern Europe and the former Soviet Union) for
both therapeutic and prophylactic use against various bacterial
pathogens (including strains of Escherichia, Klebsiella, Proteus,
Pseudomonas, Salmonella, Shigella, Staphylococcus and Strep-
tococcus) [AAC (2001) 45 649-659].

Bacteriophages are a highly diverse group of viruses. Of the
many hundreds known, relatively few have been thoroughly
characterized [guidelines for phage characterization: AVR (1978)
23 1-24]. Some phages have been included in the overall tax-
onomic scheme for the viruses [Book ref. 23], and these are
classified in the families CORTICOVIRIDAE, CYSTOVIRIDAE, INOVIRI-
DAE, LEVIVIRIDAE, MICROVIRIDAE, MYOVIRIDAE, PLASMAVIRIDAE,
PODOVIRIDAE, STYLOVIRIDAE and TECTIVIRIDAE; however, many
phages remain unclassified.

Morphologically, phage virions may be small and icosahe-
dral, ca. 23-32 nm diam. (e.g. QP and $X174); filamentous,
ca. 760-1950 x 6 nm (INOVIRUS); pleomorphic (e.g. BACTERIO-
PHAGE MV-L2); or — in many phages — complex in structure with
a polyhedral ‘head’ (the cApsID) linked (often via a more or less
complex connecting structure) to a long or short, simple or com-
plex, contractile or non-contractile ‘tail’ (see e.g. PODOVIRIDAE,
STYLOVIRIDAE, T-EVEN PHAGES). While in many phages the virions
consist only of protein and the nucleic acid genome, some have
a significant content of lipid — either as an external ENVELOPE
(e.g. in $6 and MV-L2) or as an internal layer (in BACTERIO-
PHAGE PM2 and phages of the TECTIVIRIDAE); the T-even phages
contain e.g. dihydropteroyl hexaglutamate, phages of the MV-L3
group contain fucose, and MS2 contains spermidine.

The genome of a phage may be linear dsDNA, ccc dsDNA,
ccc ssDNA, linear dsRNA or linear ssSRNA (see Table). In
some of the DNA phages the DNA contains unusual bases:
e.g. PBS1 contains deoxyuracil instead of thymine, ¢W-14
contains o-putrescinylthymine, T-even phages contain hydroxy-
methylcytosine instead of cytosine, SP§ and SPOI contain 5-
hydroxymethyluracil instead of thymine. (See also BACTERIO-
PHAGE MU and RESTRICTION-MODIFICATION SYSTEM.)

The phage replication cycle begins when the virion adsorbs to
the host at specific cell-surface sites: e.g., particular components
of the cell wall (see e.g. BTUB PROTEIN and LAMB PROTEIN),
the flagellum (see FLAGELLOTROPIC PHAGE), a sex pilus (see
ANDROPHAGES), etc. Some phages adsorb only in the presence of
appropriate concentrations of certain ions or of certain organic
‘adsorption cofactors’ (e.g. tryptophan for BACTERIOPHAGE T4).
In Gram-negative bacteria penetration is believed to occur — at
least in some phages — at ADHESION SITES. Either the entire virion,
or the phage genome with or without certain phage proteins,
enters the host cell: see e.g. INOVIRUS, LEVIVIRIDAE, and entries
for bacteriophages N4, 6 and T4 for examples. For at least
some of the phages with contractile tails (see MYOVIRIDAE) — e.g.
BACTERIOPHAGE T4 (q.v.) — the genome is understood to be
injected (by a syringe-like action) into the periplasmic region
of the bacterium. However, many phages have non-contractile
tails, and some are entirely tail-less; hitherto, little information
has been available on the way in which the genome of such
phages is translocated into the host cell. Studies on phage T7
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have indicated that, on attaching to the host cell, the phage ejects
proteins that may assemble to form a channel across the bacterial
cell envelope through which the genome is translocated; it has
been speculated that two of the ejected proteins may form the
components of a ‘motor’ that rachets phage DNA into the host
cell [Mol. Microbiol. (2001) 40 1-8].

For phage development to proceed, the phage nucleic acid
must escape degradation by the host’s RESTRICTION ENDONUCLE-
ASE system. For a general account of viral replication strategies
see VIRUS; for detailed accounts of particular phages see fol-
lowing entries. Virion assembly may occur by the spontaneous
aggregation of the various phage components, but the more com-
plex virions require the participation of non-structural phage-
coded proteins (see SCAFFOLDING PROTEIN). Host cell lysis may
be induced by phage-coded enzymes or by activation of host
cell autolysins. (See also LYSIS FROM WITHOUT, LYSIS PROTEIN and
ONE-STEP GROWTH EXPERIMENT. )

Bacteriophages can cause considerable economic problems
in certain biotechnological processes such as the manufacture
of dairy products, antibiotics, etc. A few phages are medically
important in that they encode certain toxins (see BACTERIOPHAGE
CONVERSION). In microbiology, phages are useful e.g. for PHAGE
TYPING, for achieving gene transfer between bacteria (see TRANS-
DUCTION), for probing the molecular biology of bacteria, etc.

Phages may be cultivated and/or assayed e.g. by inoculation
at low multiplicity of infection on a LAWN PLATE of susceptible
bacteria (see PLAQUE and PLAQUE ASSAY). They may also be
cultivated in broth cultures of host bacteria, the activity of
virulent phages being indicated by the progressive decrease in
turbidity of the culture as the cells lyse; a suspension of phages
may be prepared from the lysate e.g. by CENTRIFUGATION or by
membrane FILTRATION to remove bacterial debris.

bacteriophage 7-7-1 See FLAGELLOTROPIC PHAGE.

bacteriophage 21 See LAMBDOID PHAGES.

bacteriophage 82 See LAMBDOID PHAGES.

bacteriophage 434 See LAMBDOID PHAGES.

bacteriophage 1307 See PLASMAVIRIDAE.

bacteriophage o3 See MICROVIRIDAE and BACTERIOPHAGE G4.
(Also: a dsDNA-containing phage of ‘Achromobacter sp 2’
[JGV (1981) 53 275-281].)

bacteriophage 15 See LEVIVIRIDAE.

bacteriophage AP50 See TECTIVIRIDAE.

bacteriophage Bam35 See TECTIVIRIDAE.

bacteriophage P See LEVIVIRIDAE. (cf. Corynephage P — see
DIPHTHERIA TOXIN.)

bacteriophage BF23 A bacteriophage which infects Escherichia
coli and which resembles phage T5. (See also BTUB PROTEIN.)

bacteriophage BPB1 See STYLOVIRIDAE.

bacteriophage Cf See INOVIRUS.

bacteriophage X See STYLOVIRIDAE.

bacteriophage conversion (phage conversion) In a bacterium:
the acquisition, loss or modification of one or more pheno-
typic characteristics as a result of infection by a BACTERIO-
PHAGE — typically a temperate phage (lysogenic conversion); it
may result e.g. from the expression of phage genes or from
inactivation of one or more bacterial genes due to insertion of a
prophage into the bacterial chromosome. (Phenotypic alteration
in a recipient cell due to TRANSDUCTION of bacterial DNA is not
regarded as phage conversion.)

Phage conversion is responsible for toxigenicity in a number
of pathogenic bacteria. For example, phages encode CHOLERA
TOXIN, DIPHTHERIA TOXIN and the shiga-like toxins of entero-
haemorrhagic strains of Escherichia coli (including O157:H7)
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(see SHIGA TOXIN). The enterotoxin A of Staphylococcus aureus
(see ENTEROTOXIN) is phage-encoded in at least some strains.
(See also BETACIN.)

In Staphylococcus aureus, lipase activity is lost on infection
with phage L54a owing to inactivation of the lipase struc-
tural gene (into which the prophage inserts) [JB (1986) 166
385-391].

Lysogenic conversion can also be manifested by a change in
cell-surface antigens, i.e. a change in serotype. For example, in
group E salmonellae, phage €15 converts antigens 3,10 to 3,15,
and the LPS of the latter serotype can act as a receptor for
phage €34 which, in turn, converts the antigen type to 3,15,34
(for the meaning of underlined numbers see KAUFFMANN-WHITE
CLASSIFICATION). Phage-mediated modification of serotype is
important e.g. when developing vaccine strains of a pathogen
[see e.g. TIM (2000) 8 17-23].

(See also PSEUDOLYSOGENY.)

bacteriophage CTX® A temperate, filamentous sSDNA BACTE-
RIOPHAGE which infects Vibrio cholerae and encodes CHOLERA
TOXIN (as well as the Ace and Zot toxins). The double-stranded
form of the genome can integrate into the bacterial chromo-
some in a site-specific, RecA-independent process. Isolates of
lysogenic E1 Tor and O139 strains of V. cholerae typically con-
tain tandem arrays of prophage DNA at a single locus within
the large chromosome, and it appears that the presence of
multiple copies of the prophage is necessary for the produc-
tion of virions; it also seems that the genomes of progeny
virions are formed by a process in which replicative forms
of the phage develop through hybridization between adjacent
prophages (or between a prophage and a (phage-related) RS1
element in the chromosome) [PNAS (2000) 97 8572-8577].
The cell-surface receptor for CTX® occurs on so-called toxin co-
regulated pili (TCP) (encoded by a chromosomal PATHOGENICITY
ISLAND); genes encoding TCP and the cholera toxin are jointly,
and positively, regulated by transcriptional regulator proteins
(ToxR, ToxS, ToxT) which apparently become active on receipt
of appropriate signals within the gut. Lysogenic conversion of
(non-lysogenic) cells of V. cholerae can occur in the mammalian
gut in the presence of phage-donating strains; this apparently
reflects infection by phage following induction of TCP recep-
tors by the gut-derived signals. [Science (1996) 272 1910—1914;
Cell (1996) 87 795-798; Mol. Microbiol. (1997) 24 917-926;
TIM (1998) 6 295-297.]

Infection of V. cholerae by CTX® is dependent on the tolQRA
gene products [JB (2000) 182 1739-1747].

In the classical biotype of V. cholerae, the prophages are
present either singly or as two fused prophages, and integration
occurs at two sites; this biotype produces cholera toxin but,
apparently owing to deficiencies in the structure of arrays (and
the absence of RS1), does not produce virions [JB (2000) /82
6992-6998].

bacteriophage D108 A mutator bacteriophage which is very
similar to BACTERIOPHAGE MU; the phage D108 genome shows ca.
90% homology with that of phage Mu, differing mainly in the
early-gene region at the left end [EMBO (1985) 4 3031-3037].

bacteriophages €15, €34 See BACTERIOPHAGE CONVERSION.

bacteriophage f1 See INOVIRUS.

bacteriophage f2 See LEVIVIRIDAE.

bacteriophage F116 A temperate, transducing phage (family
STYLOVIRIDAE) which infects Pseudomonas aeruginosa; in lyso-
genic cells the prophage appears to have an extrachromosomal
location [JV (1977) 22 844-847].

bacteriophage fd See INOVIRUS.
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bacteriophage fr See LEVIVIRIDAE.

bacteriophage G4 An isometric SSDNA PHAGE of the MICROVIRI-
DAE. On penetrating the host cell, the ss cccDNA genome is
coated with host SSB protein; a GC-rich region between genes F'
and G probably remains uncoated. Stage I (see SSDNA PHAGE) is
independent of host dnaB function (as it is in microviruses St-1,
a3, oK and ¢XtB — cf. BACTERIOPHAGE ¢X174). The F—G inter-
genic region seems to fold into a secondary structure [JV (1986)
58 450-458] which is capable of direct (dnaB-independent)
recognition by host PRIMASE (cf. PRIMOSOME and DNAB GENE).
Primase synthesizes a short RNA primer at a unique site (ori)
in the intergenic region. The ¢ strand is completed as in other
SSDNA PHAGES. Stage II in G4 requires dnaB function, presum-
ably for initiation of v strand synthesis. (Phages St-1, ¢K and
a3 do not require dnaB at any stage.) G4 v strand synthesis
begins at the v strand origin (Oy) in gene A; the ¢ strand origin
(O.) in the F-G intergenic region is on the opposite side of the
molecule. v strand synthesis seems to proceed by the displace-
ment of the old v strand as a closed loop (D LOOP) at the Oy
site, and hence is independent of a gpA-induced nick (cf. BAC-
TERIOPHAGE X174). Synthesis of v strand by DNA polymerase
III holoenzyme and Rep protein proceeds unidirectionally. When
the replication fork passes Oc, primer synthesis can begin on the
displaced loop, and ¢ strand synthesis can proceed in the oppo-
site direction. The parental v and ¢ circles may separate before
replication of either is complete. G4 seems to resemble X174
(q.v.) in stage III and morphogenesis.

bacteriophage G6 See MICROVIRIDAE and BACTERIOPHAGE ¢X174.

bacteriophage G13 See MICROVIRIDAE and BACTERIOPHAGE ¢X174.

bacteriophage G14 See MICROVIRIDAE and BACTERIOPHAGE $X174.

bacteriophage HM3 See MYOVIRIDAE.

bacteriophage I3 See MYCOBACTERIOPHAGES.

bacteriophage Ifl An INOVIRUS which adsorbs specifically to
I-type pili of enterobacterial hosts; phage If2 is very similar.

bacteriophage If2 See BACTERIOPHAGE IFI1.

bacteriophage IKe An INOVIRUS specific for enterobacteria
which contain an IncN plasmid; the phage can apparently estab-
lish a pseudolysogenic infection of its host [CIM (1978) 24
1595-1601]. [Nucleotide sequence and genetic organization of
IKe genome: JMB (1985) 181 27-39.]

bacteriophage L1 group See PLECTROVIRUS.

bacteriophage L2 group See PLASMAVIRIDAE.

bacteriophage L3 group See MV-L3 PHAGE GROUP.

bacteriophage L4 A BACTERIOPHAGE closely related to BACTERIO-
PHAGE P22 but defective in maintenance of lysogeny; it is com-
monly used as a transduction vector in Salmonella typhimurium.

bacteriophage L17 See TECTIVIRIDAE.

bacteriophage L.34a See BACTERIOPHAGE CONVERSION.

bacteriophage A A temperate BACTERIOPHAGE (family STYLOVIRI-
DAE) which infects Escherichia coli. Head: icosahedral, ca.
55 nm diam., composed of two major structural proteins (gpE
and gpD) and several minor proteins (gpB, gpC, gpFII). Tail:
long (ca. 150 x 10 nm), flexible, tubular, non-contractile, joined
to the head via a ‘neck’ or ‘connector’ region, and terminating
at the distal end in a small basal structure to which is attached a
single fibre (the adsorption organelle). (See also LAMB PROTEIN.)
Genome: linear dsDNA (48514 bp long [nucleotide sequence:
JMB (1982) 162 729-773]) with single-stranded 12-base 5’
STICKY ENDS (designated cos). On infection of a host cell, phage
DNA is transferred to the host through the tail and is immediately
circularized by base-pairing between the sticky ends followed by
host DNA ligase action. Subsequent events may eventually lead
either to host cell lysis (involving the production and release of
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progeny phages) or to LYSOGENY (during which A DNA becomes
integrated into the host chromosome); the initial sequence of
events is common to both pathways.

Lytic cycle. Transcription of A DNA by the host RNA
polymerase proceeds leftwards from promoter p, and rightwards
from promoter pr, stopping at rho-dependent terminators shortly
beyond genes N and cro (‘immediate early’ genes), respectively
(see figure). gpN functions as an antiterminator which is specific
for transcription initiated at the early promoters pr, and pr; gpN
recognizes special sites (nutL and nutR) — regions of hyphenated
dyad symmetry — downstream from pjp and pgr, and when the
host RNA polymerase traverses these sites it is modified by gpN
(in the presence of the host nusA gene product) such that it can
read through subsequent terminators. As a result, genes to the
left of N (cIlI ... att) and to the right of cro (clI ... Q) — delayed
early genes — are expressed. Expression of cro is necessary for
the continuation of the lytic cycle (see later). gpN is unstable
(half-life ca. 5 min), so that continued N expression is necessary
for ongoing transcription of the delayed early genes.

A DNA REPLICATION is initiated at a site (ori) in the O gene
and requires gpO, gpP, and certain host proteins, including
DnaB protein, primase (DnaG protein), RNA polymerase, and
components of the DNA polymerase III holoenzyme (but not
e.g. dnaA, dnaC or dnal functions). A gpO binds both to a
19-bp tandem repeat in the ori region and to A gpP; gpP
interacts with DnaB protein and appears to act as an analogue of
E. coli DnaC protein (see PRIMOSOME). Initially, the A cccDNA
is replicated by the CAIRNS MECHANISM, but later replication
proceeds by a ROLLING CIRCLE MECHANISM to yield double-
stranded concatemers. Phage structural components (and e.g.
lysozyme necessary for host cell lysis) are encoded by late
phage genes (S, R, A...J — juxtaposed by circularization of the
genome); transcription of these genes is turned on by the delayed
early gene product gpQ, which functions as an antiterminator of
late mRNA initiated at pg/. Phage morphogenesis is complex,
involving host proteins as well as many phage-coded functions.
In essence, gpB and gpC appear to form a complex with
gpNu3, and gpE is then incorporated; these components undergo
modification (fusion/cleavage reactions), and the scaffolding
protein gpNu3 is cleaved during or after its elimination from the
head precursor. Concatemeric A DNA is cut (by a gpNul-gpA
complex) at a cos site; a left cos site is inserted into the
capsid precursor, and DNA insertion continues until the next
cos site is reached, when the DNA is cleaved. (cf. cosmiD.)
The resulting head structure is stabilized by the addition of
epD, gpW and gpFII. The tail is assembled separately and
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interacts spontaneously with the completed head to form the
mature infectious virion.

Lysogeny and the lysis/lysogeny decision. During the early
period of phage transcription, the system is committed neither to
lysis nor to lysogeny, expression of immediate early and delayed
early genes being necessary for both pathways. Expression of
late genes results in lysis, while establishment of lysogeny
requires the repression of most of the A genes by a repressor
protein (gpcl); gpcl prevents both leftward and rightward
transcription by binding to operator regions (or, and or) that
overlap pr, and pgr, respectively. When a host cell is first
infected, ¢/ cannot be expressed. However, transcription of
N allows transcription of ¢/l and clIl, and both gpcll and
gpclll are necessary for repressor synthesis. gpcll functions as
a positive regulator for the initiation of repressor synthesis from
PRE(= pE), being necessary for recognition of this promoter by
RNA polymerase. gpc/l is unstable in vivo owing to proteolysis
by host proteins (products of the hflA and AfIB genes being
involved); this proteolysis is apparently inhibited by gpc/ll and
by cAMP—CAP. The establishment of lysogeny is favoured by
certain environmental conditions, e.g., by starvation of cells prior
to infection, and by a high multiplicity of infection (MOI). It has
been suggested that starvation may increase cCAMP—CAP levels,
while high MOI increases levels of gpclIl (a gene dosage effect);
in either case the result is stabilization of gpcl/ thus favouring
lysogeny.

Once synthesized, the repressor maintains its own synthesis
by activating ¢/ expression from an alternative promoter, prm
(= pwm); transcription from pgry can occur only when repressor
is bound to or. Translation of the prM-initiated mRNA is
much less efficient than that of the prg-initiated mRNA. Thus,
synthesis of repressor occurs at high levels by the prg-dependent
‘establishment circuit” and at lower levels by the prv-dependent
‘maintenance circuit’.

The repressor is antagonized by the product of the immedi-
ate early gene cro: gpcro (‘antirepressor’) prevents transcription
of ¢l from prym, and reduces (but does not eliminate) tran-
scription of early genes from pr, and pr [cro-operator and
repressor—operator interaction: ARB (1984) 53 293-321]; thus
gpcro prevents ‘maintenance synthesis’ of repressor and also
(by reducing gpcll formation) ‘establishment synthesis’ from
pre. Sufficient early gene transcription persists to allow expres-
sion of Q and hence of the late genes, so that the lytic cycle
can be completed. The lysis/lysogeny decision thus depends on
whether gpcl or gpcro occupies the operators or and or; this
in turn depends largely on the level of gpcll (which also affects
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integration — see later) and hence is subject to influence by the
host cell e.g. in response to environmental conditions.

In Escherichia coli lysogeny involves integration of the
phage cccDNA with the host chromosome. This occurs by
SITE-SPECIFIC RECOMBINATION, i.e., by reciprocal recombination
between specific ‘attachment sites’ — one on the phage genome
(attP) and one on the host genome (atrB, also called att”,
situated between genes gal and bio); each att sequence consists
of a central ‘core’ sequence (O) which is common to both
attB and attP, flanked by ‘arm’ sequences designated B and
B’ for attB, P and P’ for astP. Integration requires the inf gene
product (integrase) and certain host proteins, including DNA
gyrase and INTEGRATION HOST FACTOR, IHF. (IHF consists of two
subunits, o and B: products of genes himA and himD (= hip),
respectively.) Integrase recognizes attB and attP, while THF
recognizes only attP. Interaction between these recombination
proteins, bound to their art sites, brings about recombination by
the formation of a staggered break in the O region followed by
strand exchange and ligation. The integrated prophage is thus
flanked by hybrid att regions, attL (BOP') and attR (POB’).
The integration reaction is reversible, but while integration
involves recognition between aftP and attB, excision — the
reverse reaction — requires recognition between attL and attR;
excision requires an additional phage protein, the xis gene
product (excisionase), which can bind to a specific region in
the P arm of attP and attR [PNAS (1985) 82 997-1001].
The regulation of the reaction such that integration occurs
preferentially under conditions which favour lysogeny, while
excision occurs only on induction of a lysogen, is achieved by
control of the amounts of integrase and excisionase available.

The int gene can be transcribed from either of two promot-
ers: pr. and pr; however, integrase is produced only during
establishment of lysogeny and not during the lytic cycle. Under
conditions which favour lysogeny, gpc/l not only activates ¢/
expression (hence preventing transcription from py ), it also acti-
vates int expression from py. (Since py overlaps xis, transcription
from this promoter allows expression of int without that of
xis, thus favouring integration.) However, under lytic condi-
tions — during which transcription proceeds from pp, — int gene
expression is prevented by RETROREGULATION: gpN-modified,
pL-initiated transcription extends beyond int, through att, and
into the b region; the b region contains a sequence (sib) which
causes the 3’ end of the corresponding mRNA to adopt a sec-
ondary structure which is recognized and cleaved by RNase III
(q.v.). This cleavage is followed by degradation of the tran-
script in the 3/-to-5" direction, thus preventing inf expression.
(Under conditions which favour lysogeny, the pr-initiated tran-
script, which terminates before the sib region, is a poor substrate
for RNase III, and hence int expression can occur.)

Induction of A may occur spontaneously (ca. 1 per 10>-10°
lysogenic cells per generation); however, high levels of induction
may be brought about by agents which damage DNA (e.g.,
UV irradiation, mitomycin C). Damage to DNA results in
the ‘activation’ of the host RecA protein (see RECA PROTEIN),
resulting in cleavage and inactivation of the repressor. (Levels
of DNA damage necessary for A induction are higher than
those required to induce the SOS SYSTEM; presumably gpcl
becomes susceptible to RecA-mediated cleavage only when
host cell viability is threatened.) Since the repressor functions
as a positive regulator for its own synthesis, its inactivation
also prevents the synthesis of replacement repressor molecules.
Inactivation of the repressor allows transcription from pp, and
PR, followed by excision of the prophage and completion of the
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events of the lytic cycle. In contrast to py -initiated transcription
in the lytic cycle, pp-initiated transcription in the prophage
results in the expression of both int and xis (necessary for
excision). This is possible because, owing to the permuted gene
order in the prophage, the sib-containing b region is no longer
immediately downstream from int; the pp-initiated transcript is
thus not recognized by RNase III, and both int and xis can be
expressed.

[General review: Book ref. 79; A—host interactions: MR
(1984) 48 299-325.]

bacteriophage M12 See LEVIVIRIDAE.

bacteriophage M13 See INOVIRUS.

bacteriophage MS2 See LEVIVIRIDAE.

bacteriophage Mu A temperate bacteriophage which can infect
various enterobacteria (e.g. Escherichia coli, Citrobacter fre-
undii, Erwinia spp, and certain mutant strains of Salmonella
typhimurium). The phage particle has an icosahedral head (ca.
60 nm diam.) and a contractile tail (ca. 100 nm long when
extended, 60 nm when contracted) to which is attached a base
plate with spikes and tail fibres; the phage tail adsorbs to LPS in
the outer membrane of a host cell. Phage particles contain linear
dsDNA ca. 39 kb long.

An early event after phage infection — regardless of whether
infection will eventually result in a lytic cycle or the lysogenic
state — is the integration of Mu DNA into the host chromosome
at a more or less randomly selected location. Integration often
results in the inactivation of the gene in which it occurs;
ca. 2-3% of bacteria in a population acquire a recognizable
mutation on lysogenization by Mu, a frequency much greater
than the spontaneous mutation rate in the absence of Mu — i.e.,
Mu acts as a mutator phage (Mu = abbr. for mutator). The initial
integration event may be conservative (i.e., both strands of the
Mu DNA may be inserted) and appears to be a simple (non-
replicative) insertion; it requires the product of Mu gene A which
can recognize and bind to the ends of Mu DNA [Cell (1984) 39
387-394]. Synthesis of a repressor (the ¢ gene product) results
in lysogeny and immunity to superinfection by Mu.

During the lytic cycle, Mu DNA replication occurs entirely
by repeated replicative transposition of the integrated DNA
(which thus functions as a giant TRANSPOSON, causing chromoso-
mal deletions, inversions, duplications etc); Mu DNA insertion
results in a 5-bp duplication of the target DNA (cf. Tn3). Trans-
position occurs at very high frequency (ca. 100 transpositions
per cell in ca. 30 min), copies of Mu DNA being inserted at
random locations in the chromosome; this results in the death
of the host cell, and ca. 100 progeny phages are released ca.
60 min after infection. Transposition is controlled by the prod-
ucts of phage genes A and B and requires continual synthesis of
gpA — which apparently acts stoichiometrically; gpA functions
as a transposase, gpB apparently functions in the modification
of gpA activity. [Role of DNA topology in Mu transposition:
Cell (1986) 45 793-800.]

Phage Mu DNA contains three regions, designated o (ca.
33 kb), G (ca. 3 kb) and B (ca. 1.7 kb), flanked by random
sequences of bacterial DNA (see below). The a region contains
most of the phage genes, including e.g. the repressor (c)
gene, all the early functions, all the head functions, and most
of the tail functions. The G region carries the remainder of
the tail functions and specifies the host range of the phage.
The G segment is flanked by short inverted repeats, and can
invert by reciprocal recombination between these sequences;
when in one orientation, designated G(+), it specifies a host
range which includes E. coli K12 strains, but in the alternative



G(—) orientation it specifies different tail fibres specific for a
different host range. [Host cell receptors for Mu G(+) and
G(—) types: FEMS (1985) 28 307-310.] (See also G LOOP
and BACTERIOPHAGE P1.) A gene designated gin, in the p region
adjacent to the G region, is essential for G inversion; gin encodes
a site-specific recombination enzyme which is stimulated by a
small, heat-stable host protein [BBA (1986) 866 170—177] and
which apparently recognizes the inverted repeats flanking the
G segment. In the lysogenic state, the G segment undergoes
inversion at a slow but steady rate due to a low level of gin
expression. The level of gin expression is thought to be about
the same during the lytic cycle, but G inversion rarely has time
to occur before the lytic cycle is complete; hence G loops are
rarely observed in denatured/renatured Mu DNA in lysates from
lytic infections. (See also RECOMBINATIONAL REGULATION.)

In addition to gin, the P region also contains a gene (mom)
which encodes a DNA modification function. The targets for
this modification system are adenine residues in pentanucleotide
sequences 5’ ... (C/G)A(C/G)NPy ...3'; ca. 15% of the adenine
residues in the Mu DNA are modified, the modified bases
being N-(1-acetamido)-2-deoxyadenosine. The modified DNA
is resistant not only to the host restriction system in vivo but also
to in vitro cleavage by a range of restriction endonucleases. The
mom gene is apparently repressed in the prophage but is strongly
expressed on induction; the host Dam methylase (product of the
DAM GENE) is necessary for mom gene expression [mechanism:
EMBO (1986) 5 2719-2728].

During phage assembly, Mu DNA is packaged by a ‘headful’
mechanism: packaging begins near the ‘left’ (¢) end of the
Mu DNA and continues until ca. 39 kb of DNA have been
incorporated into the phage head. The Mu DNA itself is ca.
37.5 kb long; thus, the packaging mechanism results in a variable
length of bacterial DNA at each end of the phage genome (on
average ca. 50—100 bp at the ¢ end, ca. 1700 bp at the ‘right’
or S end). These end sequences are random because of the
random insertion of Mu DNA into the host chromosome; they
appear as ‘split ends’ in phage DNA which has been denatured
and reannealed. The ‘split ends’ are lost when the phage DNA
integrates into a new host chromosome. (See also MINI-MU.)

Mu can function as a generalized transducing phage, mediat-
ing gene transfer at frequencies of ca. 10~7. Transduction by Mu
can be detected only in rec™ recipient cells. The transducing par-
ticles, which contain only host DNA, probably arise by the rare
packaging into Mu heads of host DNA instead of phage DNA.

[Review: Book ref. 20, pp. 105-158; behaviour of Mu in
Salmonella typhi: JGM (1986) 132 83-89.]

bacteriophage p2 See LEVIVIRIDAE.

bacteriophage MV-L1 See PLECTROVIRUS.

bacteriophage MV-L2 (MVL2, L2 strain L2) A species of the
PLASMAVIRIDAE. Host: Acholeplasma laidlawii; plaques small,
turbid. Genome: negatively supercoiled ds cccDNA (MWt ca.
7.8 x 10°). Virion: roughly spherical, somewhat pleomorphic,
(50—)80(—125) nm in diameter, sensitive to detergents, organic
solvents, and heat (e.g. 60°C for 5min). There is appar-
ently no rigid helical or icosahedral nucleocapsid. The virion
seems to consist of DNA condensed with protein and enclosed
within a flexible, lipid-containing, ‘unit-type’ membrane appar-
ently derived from the host cell membrane. Infection leads to
lysogeny, the phage DNA becoming integrated with the host’s
chromosome. Progeny virions are released by budding through
the host cell membrane; lysis does not occur, and the host
remains viable.

bacteriophage MV-L3 See MV-L3 PHAGE GROUP.
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bacteriophage P1

bacteriophage MV-L51 See PLECTROVIRUS.

bacteriophage 06N 58P See CORTICOVIRIDAE.

bacteriophage N4 A virulent coliphage of the PODOVIRIDAE.
Genome: linear dsDNA (ca. 71 kb) containing terminal direct
repeats 400-450 bp long and a 7-base 3’ overhang at one
end. The phage particle contains a rifampicin-resistant DNA-
dependent RNA polymerase which is injected into the host
cell with the DNA and which is necessary for transcription of
N4 early genes. Transcription of intermediate (middle) genes
requires the synthesis and activity of three N4 early proteins,
two of which are components of a second rifampicin-resistant
RNA polymerase; transcription of late genes requires E. coli
RNA polymerase activity. Host DNA replication is blocked by
an N4 early gene product, but host RNA and protein synthesis
continues (except in the case of cAMP-dependent operons). The
N4 genome codes for most functions required for its replication,
including a DNA polymerase and DNA-binding protein; the
only host functions it appears to require are gyrase, DNA
polymerase 5’ — 3’ exonuclease activity, DNA ligase, and nrdA
gene function [Book ref. 69, pp. 245-254].

bacteriophage P1 A temperate BACTERIOPHAGE (family MYOVIRI-
DAE) which infects Escherichia coli and Shigella spp. Virion:
icosahedral head (ca. 90 nm diam.) with a long, complex con-
tractile tail bearing a base-plate and tail fibres. Genome: dsDNA
(MWt ca. 66 x 10°), circularly permuted and terminally redun-
dant. On infection of a host cell, the genome circularizes (with
loss of redundancy) and may enter a LYTIC CYCLE or establish
LYSOGENY. Relatively little is known about the lytic cycle; both
0- and o-type modes of DNA replication occur early in infection,
but later only o-type replication can be observed. DNA packag-
ing occurs by a ‘headful’ mechanism, starting at a unique site
(pac); cleavage of DNA at a pac site apparently occurs early
in infection, before phage heads are formed, and the enzyme
responsible may remain bound to the DNA and subsequently
interact with a prohead to initiate packaging. (cf. BACTERIO-
PHAGE P22.)

In the lysogenic state, the P1 prophage does not normally inte-
grate into the host chromosome, but persists as an autonomous,
circular PLASMID (P1 plasmid) which is maintained at one or two
copies per host chromosome. The replication control system of
the P1 plasmid resembles that of the F PLASMID (q.v.) e.g. in that
it involves a plasmid-encoded protein (designated RepA in the
P1 plasmid) which is essential for replication and which autoreg-
ulates its own synthesis. Moreover, the repA gene is flanked on
each side by multiple 19-bp repeat sequences, and it appears
that one of these multiple repeats (incA) may be involved in the
control of copy number in that it appears to titrate the RepA
protein. [P1 replication: JBC (1986) 261 3548-3555.] The P1
plasmids are segregated (see PARTITION) with great accuracy at
each host cell division, and spontaneous loss of the plasmid is
extremely rare. This high degree of accuracy involves several
mechanisms. For example, P1 encodes a SITE-SPECIFIC RECOM-
BINATION (SSR) system which facilitates accurate partition by
efficiently resolving plasmid dimers into monomers. (Dimers are
formed by homologous recombination between the two plasmids
resulting from replication.) This system involves a site (loxP) on
the plasmid at which SSR occurs, and a gene (cre) encoding the
recombinase. (The lox-Cre system also catalyses cyclization of
the phage genome on infection of the host — at least in RecA™
hosts; it can also mediate the rare integration of the P1 plasmid
into the host chromosome at a site designated /loxB.) [Regu-
lation of the cre gene: IMB (1986) 187 197-212.] Partition
per se involves a sequence (par) in the plasmid; a gene (parA)
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within this sequence encodes a protein which may promote par-
tition by binding to the plasmid at a particular site (incB) and to
(probably) the host cell envelope [JMB (1985) 185 261-272].

P1 also has a second SSR system which is responsible for the
inversion of a 4.2-kb segment (the C segment) of the P1 genome.
The C segment was first identified as a ‘C loop’” analogous to
the G LooP of bacteriophage Mu. The C segment of P1 and the
G segment of Mu are homologous (each specifies different host
ranges in different orientations), and their controlling elements
(encoded by cin in P1, gin in Mu) can complement each other
(see also RECOMBINATIONAL REGULATION). However, the inverted
repeats at each end of the C segment are not homologous
with those of the G segment. (Efficient inversion of the C
segment apparently requires an additional cis-acting sequence,
distinct from the cross-over sites cixL and cixR [PNAS (1985)
82 3776-3780].)

[The P1 genome: JB (2004) /86 7032-7068.]

bacteriophage P2 A temperate BACTERIOPHAGE (family MYOVIRI-
DAE) which infects Escherichia coli. The phage virion consists
of an isometric head attached to a contractile tail. Genome:
linear dsDNA (MWt ca. 22 x 10°) which has 19-base STICKY
ENDS. On infection of a host cell, the DNA forms closed circu-
lar molecules which, in lysogenic infections, can integrate into
the host chromosome at a preferred site near the his operon; the
phage ‘attachment site’ (a#tP) occurs between genes int (encod-
ing the P2 integrase) and ogr (see below). (cf. BACTERIOPHAGE
LAMBDA.)

P2 DNA replication occurs unidirectionally from a single
origin near the right-hand end of the genome. Replication
requires P2 genes A and B and (at least) host genes dnaB,
polC and rep; P2 gpA is a (preferentially cis-acting) DNA-
binding protein. The products of DNA replication are cccDNA
monomers (i.e., concatemers are not formed). Expression of P2
late genes (which encode phage structural components) depends
on the expression of the ogr gene, which in turn depends
on P2 DNA replication. (cf. BACTERIOPHAGE P4.) During phage
assembly, the DNA monomer undergoes staggered cleavage at
a unique site (cos) to form the linear molecule with sticky ends
characteristic of the P2 virion.

bacteriophage P4 A satellite BACTERIOPHAGE (see SATELLITE
VIRUS) which infects Escherichia coli and which requires all
of the late genes of a helper phage such as BACTERIOPHAGE
P2 to complete its replication cycle. The P4 genome is linear
dsDNA (ca. 11.4 kb) with 19-nucleotide sticky ends which allow
the DNA to circularize in the host cell. P4 DNA replication
occurs bidirectionally from a single origin [JMB (1985) 182
519-527]; an early P4 gene product, gpo, is required for
P4 DNA replication and is apparently a (rifamycin-resistant)
primase [JMB (1985) 182 509-517]. In the absence of a helper
phage, P4 can replicate its DNA and can lysogenize its host, but
progeny virions can be formed only in the presence of a helper.
In cells co-infected with P2 and P4, P4 capsids predominate and
are assembled largely from P2 head proteins — although the P4
capsid is smaller than that of P2. P4 alters the regulation of
transcription of P2 head proteins; the product of the P4 § gene
is apparently a frans-acting accessory transcription factor which
can substitute for P2 gpogr and thus circumvent the dependence
of late P2 genes on P2 DNA replication [Book ref. 118, pp.
108-110].

bacteriophage P7 A BACTERIOPHAGE which is closely related to
BACTERIOPHAGE P1; however, P1 and P7 are heteroimmune and
differ in plasmid maintenance functions.

bacteriophage P22 A temperate BACTERIOPHAGE (family PODOVI-
RIDAE) which infects Salmonella (smooth strains). The virion
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consists of an icosahedral head (ca. 60 nm diam.) attached via
a short tubular ‘neck’ to a ‘tail’ which is essentially no more
than a hexagonal base-plate bearing short spikes. The ‘tail’
region has endorhamnosidase activity. Genome: dsDNA (MWt
ca. 26 x 10°), terminally redundant, and circularly permuted in
certain regions of the genome.

On infection of a host cell, the linear DNA is circularized
either by the host RecA system or by a general recombinase
encoded by the P22 erf gene. In the lytic cycle, the DNA may
undergo some replication in the circular form; subsequently, con-
catemers many unit genomes in length are produced. During
virion assembly, a prohead consisting mainly of coat protein
(gp5) and a SCAFFOLDING PROTEIN (gp8) interacts with a con-
catemeric DNA molecule; DNA is encapsidated, beginning at a
specific site (pac) in the concatemer and proceeding sequentially
until the head is full, and the scaffolding protein is eliminated
intact (and is recycled). It appears that once the first packaging
event has been completed, the remaining DNA of the concatemer
is encapsidated by other proheads — i.e., the leading end of the
DNA which enters the second and subsequent proheads is deter-
mined not by the pac site but by the length of DNA packaged
by previous prohead(s). (The mechanism of this is uncertain;
the initial cleavage at the pac site can apparently occur in the
absence of encapsidation [JMB (1982) 154 565-579].) (cf. BAC-
TERIOPHAGE P1.) Maturation of the virion requires the addition of
certain minor phage proteins. (See also TRANSDUCTION.)

The lysogenic pathway in P22 is essentially similar to that in A
(see LAMBDOID PHAGES). The prophage inserts in the Salmonella
chromosome at a site between proA and proC; insertion is
catalysed by a P22-specified integrase encoded by an int gene
located close to the att site.

bacteriophage PA2 See STYLOVIRIDAE.

bacteriophage PBS1 A large, morphologically complex FLAG-
ELLOTROPIC PHAGE (family MYOVIRIDAE) which infects Bacillus
subtilis; its DNA contains deoxyuridine instead of thymidine.
PBS1 is a pseudotemperate phage, establishing a carrier state in
its host (see PSEUDOLYSOGENY); it can mediate transduction.

bacteriophage PBSX A defective bacteriophage, the prophage of
which is normally present in the chromosome of its host, Bacillus
subtilis. When induced by mitomycin C, PBSX packages 13-kb
lengths of DNA which may include sequences from any region
of the host chromosome, packaging probably occurring by a
‘headful’ mechanism [JV (1985) 54 773-780].

bacteriophage Pfl1 See INOVIRUS.

bacteriophage Pf2 See INOVIRUS.

bacteriophage ¢I See T7 PHAGE GROUP.

bacteriophage ¢II See T7 PHAGE GROUP.

bacteriophage 6 The sole member of the family Cystoviridae.
Host: Pseudomonas syringae pv. phaseolicola; plaques clear,
diam. 1-3 mm. Some strains of P. pseudoalcaligenes can be
infected. The virion (diam. ca. 75 nm) has a segmented genome
of three pieces of dsSRNA designated L, M and S (MWt ca. 5.0,
3.1 and 2.3 x 10°, respectively). [Nucleotide sequence of, and
translational control in, the S segment: JV (1986) 58 142—151.]
The RNA occurs in a polyhedral inner particle (composed of
proteins P1, P2, P4 and P7) which is covered with a layer
of protein P8 — the whole forming the nucleocapsid (diam. ca.
60 nm). The nucleocapsid is surrounded by a phospholipid- and
protein-containing envelope (P3, PS5, P6, P9, ?P10) which can be
removed (with loss of infectivity) by treatment with detergents.
An RNA polymerase (P1, P2) is associated with the capsid. The
virion also contains an enzyme (PS5, ?P10) active against the host
cell wall; this enzyme seems necessary both for penetration of
the host and for the release of phage progeny.



The virion adsorbs (P3, P6) to the sides of the subpolar host
pili; the $6 envelope fuses with the host outer membrane, and
the nucleocapsid minus P8 enters the host cell. Inside the cell
the phage RNA polymerase catalyses RNA synthesis; an ss
mRNA, designated / (MWt ca. 2.2 x 106), is transcribed early
and codes for P1, ?7P2, P4 and P7. These four proteins form
a 120S procapsid or previrion I which incorporates progeny
dsRNA to form previrion II. (The synthesis of dsRNA is not
understood, but it occurs within a subvirion structure. A model
for the initiation of replication and transcription in bacteriophage
6 has been proposed [Nature (2001) 470 235-240].) Previrion
II synthesizes ss mRNAs m and s (MWt ca. 1.4 and 1.1 x 106,
respectively); s codes for P8 and P9, m for P3, P6 and P10 (and
possibly also P4 and P7.) Previrion II incorporates P8 to form
the complete nucleocapsid. Finally, the lipoprotein envelope
is added — apparently mediated by the (non-structural) phage
protein P12; although the lipid is apparently derived from host
phospholipid, the membrane is formed in the cytoplasm and not
in contact with the cell membrane. Phage release occurs by host
cell lysis.

(Note: the name bacteriophage ¢6 has also been used for a
pilus-dependent dsDNA phage of Caulobacter [JV (1980) 35
949-954].)

bacteriophage ¢$29 A BACTERIOPHAGE (family PODOVIRIDAE)
which infects strains of Bacillus subtilis and those of certain
other species of Bacillus. The virion has a complex morphol-
ogy: an elongated head (ca. 32 x 42 nm), bearing protein fibres
at each end, joined via a connector region to a short tail. Genome:
linear dsDNA (ca. 18 kb) with 6-bp terminal inverted repeats.
The 5" end of each strand in the DNA genome is formed by
a dAMP residue; each dAMP residue is linked covalently (via
a phosphodiester bond) to a serine residue in a phage-encoded
protein (gp3) — a so-called terminal protein (TP). The termi-
nal proteins are essential for initiation of replication of the ¢$29
genome.

Replication of the linear $29 DNA is initiated at both ends
of the molecule (not simultaneously); it involves a phage-
encoded DNA polymerase (gp2) which has exonuclease activity
[NAR (1985) 12 1239-1249]. The polymerase binds to a
free molecule of the TP, and this complex localizes at the
3’ end of each strand — perhaps by interacting with TP at
the adjacent 5 end. The polymerase then mediates a dATP-
dependent reaction in which dAMP is covalently linked to the
complexed TP; this AAMP residue serves as a 3'-OH primer. The
polymerase begins strand synthesis (5'-to-3'), and after insertion
of nucleotide 10 the polymerase and TP dissociate from one
another — the TP remaining covalently bound at the 5’ end of
the new strand while the polymerase continues to extend the
(DNA) primer. The polymerase is able to displace the (5'-to-
3') strand complementary to the template, and to achieve good
processivity, without help from a helicase or from other factors
[JBC (1996) 271 8509-8512]. Replication of the $29 genome
is an example of so-called protein priming — only one example
of the strategies used for replicating a linear genome. [Protein
priming of DNA replication in phage $29: EMBO (1997) 16
2519-2527.] (See also ADENOVIRIDAE.)

During phage assembly, the major coat protein (gp8) is assem-
bled with the aid of a (re-cyclable) scaffolding protein (gp7)
which is displaced as the DNA is incorporated. [Morphogenesis:
JV (1985) 53 856-861.]

The packaging of DNA into the phage head requires energy
from ATP hydrolysis. It also requires certain phage-encoded
RNA molecules designated pRNA. [DNA packaging: Cell
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(1998) 94 147-150.] In a current model, a number of pRNA
molecules form a (static) ring-shaped structure around a hole
in the phage head through which the genome is inserted; the
connector (a dodecamer of gpl0, 75 A in length, with an axial
channel) rotates, driven by ATP hydrolysis, and the ‘threaded’
(i.e. helical) DNA molecule enters the phage head like a bolt
drawn through a nut when the nut is rotated [Nature (2000) 408
745-750].

Host cell lysis involves a phage-encoded peptidoglycan-
degrading enzyme; however, lysis also requires the product of
phage gene /4 which is apparently a LYSIS PROTEIN [JB (1993)
175 1038-1042].

bacteriophage $80 See STYLOVIRIDAE and LAMBDOID PHAGES.

bacteriophage ¢$105 A temperate BACTERIOPHAGE which infects
Bacillus subtilis (see STYLOVIRIDAE). The virion consists of an
isometric head (ca. 52 nm diam.) attached to a flexible, non-
contractile tail (ca. 220 nm long) which bears a baseplate with
six appendages. Genome: dsDNA (MWt ca. 26 x 10°), non-
permuted, apparently with sticky ends. During lysogeny, the
phage DNA integrates at a specific attachment site in the host
chromosome but, unlike e.g. BACTERIOPHAGE A, it appears not to
circularize prior to integration, and the prophage is not circularly
permuted with respect to the virion DNA; the mechanism
of integration is not understood. On induction, ¢$105 DNA
apparently replicates in situ, together with adjacent regions of
host DNA, and the phage DNA is subsequently excised from the
newly synthesized molecules. LFT (but not HFT) lysates have
been described; transduction appears to require that the recipient
be a ¢ 105 lysogen. [Book ref. 170, pp. 251-256, 273-275.]

bacteriophage A  See MICROVIRIDAE.

bacteriophage B  See MICROVIRIDAE.

bacteriophage ¢BA1 A temperate, tailed, dsDNA-containing
BACTERIOPHAGE isolated from Bacillus aneurinolyticus. The viri-
ons apparently have a BACTERIOCIN-like killing activity against
some strains of B. aneurinolyticus; this activity is independent
of phage gene expression (phage DNA is rapidly degraded in the
sensitive cells), and may be due to a proteinaceous component
of the intact virion [JV (1986) 59 103—111]. (cf. BETACIN.)

bacteriophage ¢C (1) See MICROVIRIDAE. (2) See STYLOVIRIDAE.

bacteriophage $C31 A temperate bacteriophage originally iso-
lated from Streptomyces coelicolor; it can infect a wide range
of Streptomyces spp. Genome: dsDNA (ca. 41.5 kb) with sticky
ends. The prophage integrates in the host chromosome at a spe-
cific attachment site.

bacteriophage ¢ CbK See STYLOVIRIDAE.

bacteriophage ¢D328 See STYLOVIRIDAE.

bacteriophage ¢JEC A tailed, temperate ACTINOPHAGE whose
hosts are species of Rhodococcus; genome: linear dSDNA. $EC
is inactivated by various lipid solvents. [Book ref. 73, pp.
216-218.]

bacteriophage $K See MICROVIRIDAE and BACTERIOPHAGE Gd4.

bacteriophage $NS11 See TECTIVIRIDAE.

bacteriophage R  See MICROVIRIDAE.

bacteriophage ¢W-14 A bacteriophage (family MYOVIRIDAE)
which infects and lyses certain strains of Pseudomonas aci-
dovorans. In 9W-14 DNA ca. 50% of the thymine residues are
hypermodified, occurring as a-putrescinylthymine; the hyper-
modified bases are apparently essential for the production of
viable progeny phages — probably being required for DNA pack-
aging [Virol. (1983) 124 152-160].

bacteriophage ¢X174 The type species of the MICROVIRIDAE
(q.v. for morphology etc). After adsorption of $X174 to a host
cell, the ss cccDNA phage genome penetrates the cell and is
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coated with host SSB protein; a region between genes F and
G (which can form hairpin loops) remains uncoated. Stage I
(see SSDNA PHAGES) is dependent on host dnaB function (as it is
in microviruses S13, G6, G13, G14 and ¢Xahb — cf. BACTERIO-
PHAGE G4). A PRIMOSOME assembles at a specific n’ recognition
sequence in the F—G intergenic region. The primosome migrates
(5 to 3') along the v strand (displacing the SSB protein?), syn-
thesizing primers at several sites. The ¢ strand is completed
as in other SSDNA PHAGES to form the ds RF (parental RF). It
seems that most components of the primosome remain bound to
the parental RF throughout this and subsequent stages, and that
this obviates the need for supercoiling of the RF by gyrase — a
step previously thought to be essential for initiation of stage
II [PNAS (1981) 78 1436-1440]. Stage II: $X174 gpA nicks
the v strand of the parental RF at a specific site in gene A and
becomes covalently bound to the 5’ end of the nicked strand. The
3’ end is elongated by host DNA polymerase III holoenzyme in
a ROLLING CIRCLE MECHANISM; ahead of holoenzyme action, the
two RF strands are processively unwound by a complex of gpA
and Rep protein. (The presence of gpA allows Rep protein to
begin unwinding from the nick — not normally possible for HELI-
CASES.) As synthesis proceeds, the displaced v strand (attached
by its 5’ end to gpA at the replication fork) forms a growing loop
which can function as template for the discontinuous synthesis
of a ¢ strand (primed by the conserved parental RF primosome
components). When one genome length of v DNA has been dis-
placed, it is excised and circularized by gpA and the ¢ strand
is completed to form the progeny RF. Progeny RFs are super-
coiled by GYRASE and seem at this stage to function primarily as
templates for transcription of phage genes. Stage III is closely
coupled to phage morphogenesis. RFI (see RF) is cleaved by
gpA, as in stage II, to form an RFII-gpA complex which, in
the presence of gpC, associates with a procapsid (consisting of
gpB, gpD, gpF, gpG and gpH) to form a 50S particle. v strand
synthesis and displacement seem to occur by a rolling circle
mechanism; as the v strand is displaced, it is packaged within
the procapsid. Packaging (but not phage DNA synthesis) requires
gpJ, a component of the phage capsid [JV (1985) 54 345-350].
When a complete v strand has been displaced it is cleaved and
circularized by gpA, releasing the RFII-gpA complex (for fur-
ther rounds of v strand synthesis) and an Ss cccDNA-containing
immature phage particle; gpB and gpD are subsequently lost to
form the mature 114S ¢$X174 virion.

bacteriophage ¢ Xahb See BACTERIOPHAGE {X174.

bacteriophage ¢XtB See MICROVIRIDAE.

bacteriophage PM2 The type species of the CORTICOVIRIDAE;
host: Alteromonas espejiana BAL-31 (= Pseudomonas BAL-
31). The virion is icosahedral (diam. ca. 60 nm) and is sensitive
to organic solvents and detergents; it comprises four major
proteins, 12—14% by weight phospholipid, and supercoiled ds
cccDNA (MWt ca. 6 x 10°). The outer layer of the capsid is an
icosahedral shell of protein PII (= sp27) with spikes of protein PI
(= sp43) at the vertices. Within this is a lipid bilayer membrane
whose composition reflects that of the host cell membrane
at the time of phage assembly. The membrane seems to be
associated with one or both of the remaining two proteins; these
proteins may also be associated with the DNA, and at least one
has transcriptase activity. Virions adsorb to the host cell wall.
Maturation occurs at the cell periphery. The progeny are released
by cell lysis.

bacteriophage PP7 See LEVIVIRIDAE.

bacteriophage PR3 See TECTIVIRIDAE.

bacteriophage PR4 See TECTIVIRIDAE.
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bacteriophage PR5 See TECTIVIRIDAE.

bacteriophage PR772 See TECTIVIRIDAE.

bacteriophage PRD1 See TECTIVIRIDAE.

bacteriophage Qf See LEVIVIRIDAE.

bacteriophage R1 See STYLOVIRIDAE.

bacteriophage R2 See STYLOVIRIDAE.

bacteriophage R17 See LEVIVIRIDAE.

bacteriophage R23 See LEVIVIRIDAE.

bacteriophage 7S See LEVIVIRIDAE.

bacteriophage S13  See MICROVIRIDAE and BACTERIOPHAGE (PX174.

bacteriophage SP3 See MYOVIRIDAE.

bacteriophage SP6 A BACTERIOPHAGE which infects Salmonella
typhimurium; it has a linear dsDNA genome (ca. 43.5 kb) and
appears to resemble BACTERIOPHAGE T7 in its morphology and
development. SP6 encodes a rifamycin-resistant RNA poly-
merase which is synthesized shortly after infection of a host
cell. [Nucleotide sequence and expression of the cloned SP6
RNA polymerase gene: NAR (1987) 15 2653-2664.]

bacteriophage SP8 See MYOVIRIDAE.

bacteriophage SP50 See MYOVIRIDAE.

bacteriophage SPB  See STYLOVIRIDAE and BETACIN.

bacteriophage SPO1 A virulent BACTERIOPHAGE which infects
Bacillus subtilis. The virion consists of a large isometric head,
containing >7 different polypeptides, joined via a complex
connector structure to a contractile tail which terminates in a
complex base-plate. The genome is a single molecule of linear
dsDNA, MWt ca. 108, which contains hydroxymethyluracil.
[Review: Book ref. 170, pp. 218-245.]

SPO1 is widely used in studies of transcriptional regulation
in Gram-positive bacteria. Phage genes are expressed in three
phases: early, middle and late. Early gene promoters are of
the same type as those of host genes involved in vegetative
functions, allowing transcription of early phage genes by the
(unmodified) host RNA POLYMERASE. One early gene, gene 28,
encodes a novel SIGMA FACTOR (62P?%) which replaces the host
o* (formerly known as 0>°), resulting in a holoenzyme which
can recognize only phage middle promoters. Middle genes
include genes 33 and 34, the expression of which is necessary for
late gene transcription; gp33 and gp34 together replace the 0P8
in the RNA polymerase, resulting in an enzyme which — in the
presence of the delta factor (see RNA POLYMERASE) — recognizes
only late phage promoters, thus allowing the transcription of
late genes (which encode phage structural components). (See
also ENDOSPORE sense 1.)

bacteriophage SPO2 A temperate BACTERIOPHAGE which infects
Bacillus subtilis. Virion: an isometric head (ca. 50 nm diam.)
attached to a tail ca. 180 nm long. Genome: dsDNA, MWt ca.
26 x 10°. [Book ref. 170, pp. 247-268 (256-259).]

bacteriophage SPP1 See STYLOVIRIDAE.

bacteriophage St-1 See MICROVIRIDAE and BACTERIOPHAGE G4.

bacteriophage SV-C1 See SPIROPLASMAVIRUSES.

bacteriophage SV-C2 See SPIROPLASMAVIRUSES.

bacteriophage SV-C3 See SPIROPLASMAVIRUSES.

bacteriophage T1 See STYLOVIRIDAE.

bacteriophage T2 See T-EVEN PHAGES and MYOVIRIDAE.

bacteriophage T3 A bacteriophage (family PODOVIRIDAE) which
is very closely related to BACTERIOPHAGE T7.

bacteriophage T4 A virulent enterobacterial (linear dsDNA-
containing) BACTERIOPHAGE — the best-known representative of
the T-even phages. (See entry T-EVEN PHAGES for phage structure,
nature of genome etc; see also MYOVIRIDAE.)

The T4 infection cycle is initiated when the phage attaches,
via the distal tips of its long tail fibres, to specific sites on the



host cell surface (see T-EVEN PHAGES). The tail fibres may occur
in either of two states: extended or ‘retracted’ (i.e., folded back
along the tail sheath and head); infection can occur only when
the fibres are extended. Transition between the two states is
affected by conditions: retraction (and hence loss of infectivity)
is promoted by e.g. low pH, low temperature, low ionic strength,
and in some strains by the absence of the adsorption cofactor
tryptophan. Binding is initially reversible, but is followed by
irreversible binding during which the base-plate undergoes a
conformational change from a hexagonal form to an expanded,
star-shaped structure with a central opening. This in turn triggers
the contraction (by conformational change) of the tail sheath and
the penetration of the host cell envelope by the inner tail tube.
(Penetration may occur at ADHESION SITES.) The phage DNA is
then transferred through the tail inner tube to the host cell. Since
the inner tube tip appears to penetrate only as far as the outer
surface of the host cytoplasmic membrane, DNA apparently does
not enter the cytoplasm directly; uptake of the DNA by the host
cell appears to require a membrane potential and can be inhibited
by ionophores.

Infection of the host cell is followed by transcription of the
T4 DNA. This occurs in three main phases: early (immediate
early and delayed early), middle, and late; each phase occurs
at a distinct time after infection, is initiated at a distinct class
of promoters, and requires a different transcription apparatus.
The host RNA POLYMERASE is apparently used throughout, but
undergoes a series of phage-induced alterations (e.g. ADP-
ribosylation of first one, then both, of its o subunits) which affect
its activity and affinities (e.g. for sigma factor); T4 gp55 is a
SIGMA FACTOR which is necessary for the transcription of T4 late
genes. Early effects on the host cell include the cessation of host
DNA, RNA and protein synthesis (within 2—5 min of infection),
unfolding of the host nucleoid, and degradation of host DNA
by phage-coded nucleases specific for cytosine-containing DNA.
The nucleotides thus released are used for the synthesis of
progeny phage DNA.

Late transcription is coupled to T4 DNA replication, which
begins ca. 5min after infection. Replication can be initiated at
multiple origins [locations: JV (1985) 54 271-277] and occurs
bidirectionally. It appears to be catalysed by a complex of phage-
coded proteins (a ‘replisome’ — see DNA REPLICATION), including
gp43 (DNA polymerase), gp32 (an SSB protein), gp44/45/62
(DNA polymerase accessory proteins which e.g. increase poly-
merase processivity and affinity for DNA), gpdda (a 5'-to-
3’ helicase), and gp41 and gp61 (involved in the priming of
Okazaki fragments). Leading strand synthesis is probably primed
initially by host RNA polymerase. Okazaki fragments in lag-
ging strand synthesis are primed by the formation of pentaribo-
nucleotide primers (pppApCpNpNpN, where N = any of the
4 nucleotides) by gp41 and gp61; gp4l may be analogous to
the DnaB protein of Escherichia coli (see DNAB GENE), while
gp61 may be a PRIMASE. When elongation is complete, the 3’
end of the template for each lagging strand remains single-
stranded; these single-stranded regions can ‘invade’ homologous
regions of other phage DNA molecules, forming recombina-
tional forks (see RECOMBINATION) and resulting in the formation
of complex, branching, concatemeric intermediates. Resolution
of the branches appears to require gp49 (T4 endonuclease VII).
Later rounds of DNA replication may be initiated at recombina-
tional forks, allowing replication to become independent of the
(altered) host RNA polymerase. (Alteration of the RNA poly-
merase may prevent its recognition of origin promoters.) Modifi-
cation of the DNA (glucosylation and methylation) occurs on the
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completed polynucleotide strands; HMC substitution occurs at
the level of precursor synthesis, involving hydroxymethylation
of dCTP.

Phage components are encoded by late phage genes. Heads,
tail fibres and base-plates are each assembled by separate path-
ways. Head assembly involves at least 20 genes. Initially, a
prohead is assembled on the host cytoplasmic membrane; the
prohead consists of a shell surrounding a central core, the lat-
ter acting as scaffolding and controlling the assembly, size and
shape of the prohead. When this structure is complete, nearly all
of its constituent proteins undergo proteolytic cleavage, resulting
in the removal of the core and the formation of a ‘cleaved pro-
head’. The cleaved prohead detaches from the membrane, and
the main shell protein (gp23) undergoes extensive conforma-
tional changes which result in expansion of the prohead; this step
is probably normally accompanied by DNA packaging. DNA is
packaged by the ‘headful’ mechanism: one end of a linear con-
catemeric DNA molecule is inserted into the prohead, and the
DNA continues to be incorporated until the head is full, when the
DNA is cleaved (thus yielding the circularly permuted genome
characteristic of T4). Base-plate assembly occurs by separate
assembly of the hub and wedges (see T-EVEN PHAGES), followed
by binding of the six wedges around the hub. The tail is then
polymerized (inner tube first) on the base-plate. The completed
tail structure associates spontaneously with the DNA-containing
head, and finally the tail fibres and collar ‘whiskers’ are added.

Progeny phages are released by lysis of the host cell. The
mechanism of lysis is still not fully understood, but requires
T4-coded LYSOZYME (gpe), the function of gene r (see LYSIS
PROTEIN), and possibly gp5 (the base-plate hub lysozyme — see
T-EVEN PHAGES).

[Reviews on all aspects of T4: Book ref. 99.]

bacteriophage TS See STYLOVIRIDAE.

bacteriophage T6 See T-EVEN PHAGES.

bacteriophage T7 A virulent bacteriophage of the PODOVIRIDAE
which infects Escherichia coli and other enterobacteria. Head:
isometric, ca. 60 nm diam. [capsid architecture: Virol. (1983)
124 109-120]. Tail: ca. 17 nm long, with six short fibres; the
distal end of the tail adsorbs to LPS in the outer membrane
of a host cell. The T7 genome is a linear, non-permuted
dsDNA molecule (ca. 40 kb) with terminally redundant ends
(160 bp). T7 early genes constitute a single operon near the
left end of the genome; these genes are transcribed by the host
RNA polymerase and are concerned mainly with switching off
host gene transcription and switching on transcription of T7
intermediate and late genes. (The large early-gene transcript is
cleaved by host RNase III (q.v.) to give mRNAs.) Early gene
products include a protein kinase (gp0.7), which phosphorylates
and inactivates the host RNA polymerase (thus preventing
further early gene transcription), and an RNA polymerase (gpl)
which transcribes the T7 intermediate genes (concerned mainly
with T7 DNA replication) and late genes (concerned with phage
assembly and release of phage progeny by host cell lysis).
Another phage product, gp2, also binds to and inactivates host
RNA polymerase. The phage RNA polymerase is highly specific
for T7 promoters; thus, by inhibiting host RNA polymerase,
all transcriptional activity in the cell is switched to T7 DNA.
[Organization and expression of T7 DNA: CSHSQB (1983) 47
999-1007.]

Replication of T7 DNA (which remains linear throughout) is
achieved mainly by proteins encoded by T7 DNA; it occurs
in three stages: (i) Initiation occurs at a single site near
the ‘left’ end of the genome. (Secondary sites can be used,
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although less efficiently, if the primary site is deleted.) The
T7 gpl RNA polymerase is necessary for initiation, apparently
synthesizing a short primer from promoters in the initiation
region. (ii) Bidirectional elongation (from the RNA primers)
catalysed mainly by two phage-coded enzymes: gp5 and gp4.
The protein gp5 combines with host THIOREDOXIN to form a
DNA polymerase which synthesizes DNA on the RNA primers
in the 5'-to-3' direction, thus forming the leading strands.
The protein gp4 is a multifunctional enzyme with primase,
helicase and NTPase activity; it binds to unwound ssDNA
regions of parental DNA and translocates unidirectionally in the
5'-to-3" direction (driven by NTP hydrolysis), unwinding the
parental strands ahead of the replication forks. As it encounters
specific primase recognition sites in the DNA, gp4 synthesizes
tetraribonucleotide primers (pppApCpCpC or pppApCpCpA)
which provide the 3’-OH ends necessary for initiation of lagging
strand synthesis by the T7 DNA polymerase. [Book ref. 69,
pp. 135—151.] Nucleotides for T7 DNA synthesis are provided
by degradation of host DNA by T7 gp3 (an endonuclease)
and gp6 (an exonuclease); gp6 (and/or host DNA polymerase
I) may be involved in the removal of RNA primers. (iii) The
newly synthesized daughter duplexes undergo recombination,
probably mainly end-to-end, to form concatemers several times
the length of a T7 genome [Virol. (1982) 7123 474-479];
these concatemers undergo further rounds of replication. Each
concatemer apparently contains only a single copy of the 160-bp
terminal repeat sequence at the junctions between the genomes;
the terminal repetition of the mature DNA is generated during
maturation and packaging of the DNA into preformed prohead
structures, when the concatemers are cleaved (possibly by gp3)
into genome lengths. Mature progeny phages are released by
host cell lysis (gp3.5 has lysozyme activity).

Studies on the rate of internalization of the phage genome
during infection have led to new insight into the mechanism
by which the DNA of phage T7 is transferred to the bacterial
cell. It appears that, following attachment, the phage ejects
certain proteins which may form a channel across the bacterial
cell envelope through which DNA is transferred; it has been
speculated that two of the ejected proteins may be components of
a ‘motor’ which rachets DNA into the host cell [Mol. Microbiol.
(2001) 40 1-38].

bacteriophage Tb  Syn. TBILISI PHAGE.

bacteriophage typing See PHAGE TYPING.

bacteriophage U3 See MICROVIRIDAE.

bacteriophage vl See PLASMAVIRIDAE.

bacteriophage v2 See PLASMAVIRIDAE.

bacteriophage v4 See PLASMAVIRIDAE.

bacteriophage v5 See PLASMAVIRIDAE.

bacteriophage v6 See INOVIRUS.

bacteriophage v7 See PLASMAVIRIDAE.

bacteriophage VPS5 An ACTINOPHAGE of the STYLOVIRIDAE which
infects Streptomyces coelicolor.

bacteriophage W31 See T7 PHAGE GROUP.

bacteriophage Xf See INOVIRUS.

bacteriophage Xf2 See INOVIRUS.

bacteriophage Z See BETACIN.

bacteriophage ZJ/2 See INOVIRUS.

bacteriophages See BACTERIOPHAGE.

bacteriophagous Refers to organisms (e.g. certain protozoa)
which consume bacteria.

bacteriorhodopsin A hydrophobic, pigment-containing protein
(MWt ca. 27000) which is the major protein constituent
of the PURPLE MEMBRANE in Halobacterium salinarium; it
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is involved in the (energy-generating) light-dependent trans-
membrane translocation of protons. The protein part of the
bacteriorhodopsin molecule (apoprotein, bacterio-opsin) con-
sists of seven membrane-spanning regions; the pig-
ment — RETINAL — occurs within the space bounded by these seven
regions, being linked to one of them via a lysine residue.

Bacteriorhodopsin occurs in hexagonal arrays in the plane of
the membrane.

On illumination, bacteriorhodopsin undergoes a cyclical series
of changes with a periodicity of ca. 5-10 msec, and this
photocycling is associated with the pumping of protons from
the inner (cytoplasmic) to the outer side of the membrane, i.e.
generation of proton motive force (pmf). During photocycling
at least five photointermediates appear to be formed; these are
designated: Kso0, Ls50, Ma12, N539 and Ogap (the numbers being
wavelengths, in nm, of maximum absorption). bRseg is the light-
adapted ground state.

Recent studies have clarified the mechanism, and route,
of vectorial energy-dependent transport of protons across the
membrane. Light induces the isomerization of (protonated)
retinal from all-frans to 13-cis, isomerization resulting in
deprotonation of the retinal — the proton being transferred to
the asp-85 residue of the protein. Deprotonation of the retinal
causes it to change conformation, and this, in turn, modifies the
protein’s conformation — opening up a channel which permits
entry of a proton from the cytoplasmic side of the membrane;
this proton reprotonates residue asp-96 — the proton from asp-96
having been donated to reprotonate retinal. The proton on asp-
85 is transferred to the exterior of the membrane; this transfer
appears to coincide with the Ns3p photointermediate.

When incorporated into LIPOSOMES, bacteriorhodopsin tends
(except at low pH) to adopt an orientation opposite to that in the
cytoplasmic membrane — and hence to mediate inward pumping
of protons.

[Bacteriorhodopsin (overview): Nature (2000) 406 569-570.
Structural changes in bacteriorhodopsin coupled to proton trans-
port: Nature (2000) 406 645-648. Structural alterations in the
M state: Nature (2000) 406 649—652. Molecular mechanism of
vectorial proton translocation: Nature (2000) 406 653-657.]

bacterioruberins Csp CAROTENOID pigments which occur in
members of the HALOBACTERIACEAE.

bacteriostatic (bacteristatic) Able to inhibit the growth and
reproduction of at least some types of bacteria. (cf. BACTERI-
CIDAL.)

bacteristatic Syn. BACTERIOSTATIC.

bacterium See BACTERIA.

Bacterium A bacterial genus which has been obsolete for
decades; various bacteria, e.g. Escherichia coli, Clostridium
chauvoei etc., were once referred to as B. coli, B. chauvoei etc.

bacterium-associated haemophagocytic syndrome (BAHS)
See HAEMOPHAGOCYTIC SYNDROME.

bacteriuria The presence of bacteria in the urine.

bacterivore Any organism (e.g. a ciliate or amoeba) which
ingests bacteria as its main or sole source of nutrients. (cf. e.g.
DETRITIVORE.)

bacterization The process of coating seeds, tubers etc. with
certain bacteria (e.g. Azotobacter), prior to planting, with the
object of improving plant growth.

bacteroid A bacterium-like cell or a modified bacterial cell — see
e.2. ROOT NODULES. (In an ACTINORRHIZA, ‘bacteroid’ may refer
e.g. to a senescent hyphal fragment.)

Bacteroidaceae A family of (typically) Gram-negative, anaero-
bic, chemoorganotrophic, asporogenous, motile and non-motile,



typically rod-shaped or filamentous bacteria, some of which
are pathogenic in man and other animals. Genera: ACETIVIBRIO,
ANAEROBIOSPIRILLUM, ANAEROVIBRIO, BACTEROIDES, BUTYRIVIB-
RIO, FUSOBACTERIUM, LACHNOSPIRA, LEPTOTRICHIA, PECTINATUS,
SELENOMONAS, SUCCINIMONAS, SUCCINIVIBRIO and WOLINELLA. In
some of these organisms (e.g. Acetivibrio, Butyrivibrio, Lach-
nospira) the CELL WALL appears to resemble the Gram-positive
(rather than Gram-negative) type of wall; since these organisms
give a negative or variable reaction in the Gram stain (at least
under some conditions) they have been grouped with the frankly
Gram-negative genera [Book ref. 22, pp. 602-662].

Bacteroides A genus of Gram-negative bacteria (family
BACTEROIDACEAE) which occur e.g. in the RUMEN and in the
mouth and intestinal tract in man and other animals; some
species are opportunist pathogens, being isolated from abscesses
and other types of lesion (see e.g. FOOT-ROT; PNEUMONIA
(f); SCALD). (See also ANAEROBIC DIGESTION; TERMITE-MICROBE
ASSOCIATIONS; WETWOOD.) Cells: typically rods or filaments, non-
motile or peritrichously flagellated, sometimes with central or
terminal swellings or vacuoles. Some species form a dark or
black pigment. [Black-pigmented strains from animals: JAB
(1983) 55 247-252.] Metabolism is typically fermentative,
though some strains can carry out FUMARATE RESPIRATION in
media containing haemin — electron donors including formate
and H,. Most species (‘fermentative’, ‘saccharoclastic’ or
‘saccharolytic’ species) typically attack a range of sugars,
producing a mixture of products which may include acetic,
formic, lactic, propionic and succinic acids; such species usually
use or need CO; — which is assimilated by the reductive
carboxylation of succinate to 2-oxoglutarate. Other species
attack sugars weakly, or not at all, but utilize peptones
with the formation of mixtures of either small amounts of
e.g. acetic, formic, lactic and succinic acids, or mixtures of
larger amounts of e.g. acetic, butyric, propionic and succinic
acids — isobutyric and isovaleric acids being formed whenever
butyric acid is formed. Primary isolation may be carried out
on media containing e.g. peptone, yeast extract, haemin and
menaquinone under at least 5% CO;. GC%: ca. 28-61. Type
species: B. fragilis.

B. endodontalis. A non-saccharolytic, black-pigmented spe-
cies isolated from the dental root canal [IJSB (1984) 34
118-120].

B. fragilis (formerly Fusiformis fragilis). Cells (in glucose
broth): non-motile round-ended rods, 0.8—1.3 x 1.6—8.0 um.
Catalase +ve (most other species are catalase —ve). Saccha-
rolytic; in haemin-containing media some strains form a b-type
cytochrome and can carry out fumarate respiration. On horse- or
rabbit-blood agar colonies are typically smooth, round, entire,
low convex, grey and non-haemolytic; some strains produce
clear (‘B’) haemolysis. Optimum growth temperature: 37°C.
B. fragilis may be sensitive to e.g. CEFOXITIN and clindamycin
(see LINCOSAMIDES). (The ‘B. fragilis group’ commonly includes
former subspecies of B. fragilis which are currently classi-
fied as species: B. distasonis, B. ovatus, B. thetaiotaomicron and
B. vulgatus.)

B. melaninogenicus. A saccharolytic species which forms a
black pigment (a haem derivative) and which has SOD activity;
it occurs e.g. in the human mouth.

B. nodosus. A non-motile, non-saccharolytic species which
causes foot-rot in sheep. [Surface structure and virulence of
B. nodosus: JGM (1983) 129 225-234.]

B. ochraceus. See CAPNOCYTOPHAGA.
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B. pneumosintes (formerly Dialister pneumosintes). A non-
saccharolytic species which occurs e.g. in the human nasophar-
ynx and which may be a secondary invader in upper respiratory
tract infections. Cells: typically 0.2-0.4 x 0.3-0.6 um.

B. ruminicola. A saccharolytic species which ferments a wide
range of carbohydrates, including e.g. cellobiose and starch; it
occurs in the RUMEN.

B. succinogenes. A saccharolytic rumen species which attacks
relatively few sugars but which can utilize cellobiose and
cellulose; unlike B. ruminicola, this species does not digest
gelatin or hydrolyse aesculin.

B. termitidis (formerly Sphaerophorus siccus var. termitidis).
A saccharolytic species which occurs in the intestinal tract in
termites.

Other species: B. amylophilus, B. asaccharolyticus, B. bivius,
B. buccae, B. capillosus, B. coagulans, B. corporis, B. denticola,
B. disiens, B. distasonis, B. eggerthii, B. furcosus, B. gingivalis,
B. gracilis, B. hypermegas, B. intermedius, B. levii, B. loescheii,
B. macacae, B. microfusus, B. multiacidus, B. oralis, B. oris,
B. ovatus, B. praeacutus (cf. TISSIERELLA), B. putredinis, B. sp-
lanchnicus, B. thetaiotaomicron, B. uniformis, B. ureolyticus,
B. vulgatus and B. zoogleoformans.

[Book ref. 22, pp. 604—631; Bacteroides of the human lower
intestinal tract: ARM (1984) 38 293-314.]

Bacto The designation of products of Difco Laboratories Inc.,
Detroit, USA.

bactoprenol (undecaprenol) In bacteria: a lipid-soluble, mem-
brane-bound polyprenol consisting of a linear chain of 11
unsaturated isoprene units:

H—[CH,.C(CH3)=CH.CH;];;—OH

Bactoprenol phosphate acts as a carrier in the synthesis of a
number of cell envelope and extracellular polymers: e.g., PEPTI-
DOGLYCAN, LIPOPOLYSACCHARIDE, TEICHOIC ACIDS and certain CAP-
SULE polymers; it apparently facilitates the transfer of lipophobic
sugar residues across the cytoplasmic membrane. (cf. DOLICHOL;
see also TUNICAMYCIN.)

Baculoviridae A family of ccc dsSDNA-containing VIRUSes which
infect arthropods (particularly insects of the Diptera, Hymen-
optera and Lepidoptera). Baculovirus virions are structurally
complex, consisting of one or more nucleocapsids within an
envelope; virions containing one nucleocapsid per envelope are
rod-shaped, ca. 200—400 x 40—-60 nm. The genome is non-
segmented circular supercoiled dsSDNA, MWt ca. 58—110 x 10°.

The family is divided (on morphological criteria) into three
subgroups: A (the NUCLEAR POLYHEDROSIS VIRUSES, NPVs), B
(the GRANULOSIS VIRUSES, GVs), and C. (cf. POLYDNAVIRIDAE.)
The NPVs and GVs are characterized by the formation of intra-
cellular crystalline protein occlusion bodies within which virions
are embedded; the NPVs form polyhedral intranuclear occlusion
bodies (called POLYHEDRA), each containing many virions, while
the GVs form ellipsoidal or round-ended rod-shaped occlusion
bodies (called ‘granules’ or ‘capsules’), each containing only one
(rarely two) virions. The matrix proteins of both types of occlu-
sion body (called polyhedrin, or polyhedrin in NPVs and gran-
ulin in GVs) are closely related in structure and function [review:
JGV (1986) 67 1499—1513], but are apparently unrelated to the
polyhedrins of the CYTOPLASMIC POLYHEDROSIS VIRUS GROUP. In
contrast to the NPVs and GVs, baculoviruses of subgroup C do
not form occlusion bodies; viruses of this subgroup have been
observed in various arthropods (insects, arachnids, crustacea),
the type species of the subgroup being Oryctes rhinoceros virus
(from the coconut palm rhinoceros beetle).
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An insect becomes infected with an NPV or GV when
it ingests an occlusion body; the polyhedrin dissolves in the
alkaline contents of the insect’s midgut, releasing virions which
then infect cells of the midgut. Non-occluded virions produced
in these cells bud through the plasma membrane of the midgut
cells and are disseminated via the haemolymph, subsequently
infecting cells of a wide range of tissues. The virion-containing
occlusion bodies are formed late in infection, and are eventually
released by the death and dissolution of the insect host.

Baculoviruses have been extensively used for the BIOLOGICAL
CONTROL of insect pests; they are particularly suitable for
this purpose since they have no apparent relationship with
any other known animal or plant viruses (and are therefore
deemed unlikely to infect mammals or plants), and they can
be lethal for — and spread rapidly among — insects in nature.
Thus, e.g., NPVs have been used to control the European
pine sawfly (Neodiprion sertifer) and European spruce sawfly
(Gilpinia hercyniae), GVs have been used against the Small
White butterfly (Artogeia (= Pieris) rapae, a pest of crucifers),
and Oryctes rhinoceros virus has been used successfully to
control the coconut palm rhinoceros beetle.

Since NPVs and GVs produce large quantities of poly-
hedrin/granulin in infected cells, the genomes of these viruses are
of interest as vectors for the introduction and high-level expres-
sion of foreign genes in insects or insect cell cultures; e.g., a
recombinant baculovirus containing a human a-interferon gene
linked to the polyhedrin promoter yielded large quantities of
a-interferon in silkworms [Nature (1985) 315 592-594].

baculoviruses Viruses of the BACULOVIRIDAE.

Badhamia  See MYXOMYCETES.

Bael  See RESTRICTION ENDONUCLEASE (table).

baeocyte A small, spherical reproductive cell (diam. ca. 2—3 pm)
formed by members of section II of the CYANOBACTERIA.
Baeocytes (formerly termed ‘endospores’) are produced by
multiple fission of a vegetative cell which is enclosed in a fibrous
layer external to the outer membrane of the cell wall; numerous
baeocytes are released on rupture of the fibrous layer. A baeocyte
enlarges, without division, until it reaches the size of a vegetative
cell, this growth being accompanied by a progressive thickening
of the fibrous outer layer. Gliding motility may be exhibited
initially by those baeocytes which lack a fibrous outer layer at
the time of their release.

Baeomyces A genus of LICHENS (order LECANORALES); photo-
biont: e.g. Myrmecia. Thallus: crustose to squamulose, often
sorediate. Fruiting bodies are non-lichenized, stalked, convex
hymenial discs resembling miniature mushrooms (cf. PODETIUM).
Species occur on soil, rocks etc.

BAF See SEWAGE TREATMENT.

bagassosis An EXTRINSIC ALLERGIC ALVEOLITIS associated with
inhalation of the dust of sugar cane waste (bagasse); certain bac-
teria (e.g. Thermoactinomyces sacchari) have been implicated.

BAHS (bacterium-associated haemophagocytic syndrome) See
HAEMOPHAGOCYTIC SYNDROME.

bakanae disease (‘foolish seedling disease’; ‘foolish rice’) A
disease of rice caused by Gibberella fujikuroi (Fusarium
moniliforme) and characterized by conspicuous elongation of
the plant stems (internodes) followed by wilting. The symptoms
are believed to be due to the effects of GIBBERELLINS produced
by the pathogen. (See also CEREAL DISEASES.)

baker’s yeast A specialized strain of Saccharomyces cerevisiae
which is capable of rapid fermentative activity in dough (see
BREAD-MAKING), i.e., under conditions of low oxygen tension,
low water activity, and high osmotic pressure. The yeast is man-
ufactured by batch culture (in a medium containing molasses,
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vitamins, minerals and a nitrogen source) for 12—18 hours at ca.
30°C with full aeration (to suppress fermentation). The yeast is
harvested by centrifugation, washed, and concentrated by press-
ing or filtration. ‘Fresh yeast’ is blended, extruded, cut into cakes
and wrapped; it can be stored for only a few days. ‘Active dry
yeast’ is usually dried in a stream of warm air and sold as gran-
ules (water content ca. 8.0%); it can be stored for up to ca. 18
months in sealed containers.

baking See BREAD-MAKING.

BAL British anti-Lewisite: 2,3-dimercaptopropanol; in the pres-
ence of oxygen BAL acts as a mitochondrial RESPIRA-
TORY INHIBITOR, apparently blocking electron flow between
cytochromes b and ¢ in Complex III of the ELECTRON TRANSPORT
CHAIN.

Balamuthia mandrillaris A species of amoeba which can
cause ENCEPHALITIS in the young, old and immunocompromised.
Trophozoites, 15-60 pym diam., have a round nucleus and a
large, strongly staining nucleolus; cysts are roughly spherical,
ca. 6-30 um diam. [B. mandrillaris infection: JMM (2001) 50
205-207.]

balanced growth See GROWTH.

balanced salt solution (BSS) Any of several solutions used (with
or without supplement) e.g. in TISSUE CULTURE to provide satis-
factory ionic, pH and osmotic conditions for the maintenance
and/or growth of cells (see e.g. EARLE'S BSS and HANKS' BSS).
Antibiotic(s) may be added to suppress microbial growth. (See
also TRANSPORT MEDIUM; DULBECCO’S PBS; EAGLE’S MEDIUM.)

Balanosporida See STELLATOSPOREA.

Balansia  See CLAVICIPITALES.

balantidiasis See DYSENTERY (c).

Balantidioides ~ See HETEROTRICHIDA.

Balantidium A genus of parasitic ciliate protozoa of the order
TRICHOSTOMATIDA. B. coli can cause dysentery (see DYSENTERY
(c)) in man, and is the only ciliate known to be pathogenic
for man; it normally occurs e.g. as a harmless parasite in the
intestinal tract in pigs. The trophozoite is ovoid with a tapering
anterior end, ca. 40—70 um in length, and is covered by spirally
arranged longitudinal rows of cilia; the organism exhibits a
rotatory movement. At the anterior end of the cell there is a
deep invagination (the vestibulum) leading to the cytostome,
and a smaller invagination (the cytopyge) occurs at the posterior
end. The cell contains a large, kidney-shaped macronucleus
(generally visible only in stained preparations) and a small
micronucleus situated close to it; contractile vacuoles may be
present. Reproduction occurs by binary fission; conjugation also
occurs. Encystment occurs in the gut; the spherical cyst (ca.
50 um diam.) contains a large macronucleus which can be
seen in unstained preparations or in preparations stained with
a solution of methyl green in dilute acetic acid. Trophozoites
can be cultured in media which support the growth of parasitic
intestinal amoebae.

BALB/c mice An inbred mouse strain predisposed to MYELOMA
formation on intraperitoneal injection of e.g. mineral oil. [The
BALB/c mouse — genetics and immunology: CTMI (1985) 122
1-253.]

Ballerup-Bethesda group (1) Strains of Citrobacter freundii
which ferment lactose slowly. (2) Citrobacter freundii.

ballistoconidium See BALLISTOSPORE.

ballistospore A spore which, at maturity, is forcibly projected
from its site of attachment on the sporophore; ballistospores are
formed by many basidiomycetes (cf. BASIDIOSPORE), by some
imperfect fungi (e.g. Sporobolomyces) and by slime moulds
of the PROTOSTELIOMYCETES. (cf. STATISMOSPORE and GASTEROID



BASIDIOSPORE.) An asexually-derived ballistospore is sometimes
referred to as a ballistoconidium.

The ballistospore of a basidiomycete is formed terminally and
asymmetrically on a sterigma; its surface is readily wettable.
Shortly before discharge, a drop of liquid appears on the surface
of the spore in a region near the attachment site (e.g. the HILAR
APPENDIX); the drop grows in size (for ca. 5-40 sec) until,
suddenly, both spore and drop are projected from the sterigma.
[Proposed mechanisms for ballistospore discharge in Itersonilia
perplexans: TBMS (1984) 82 13-29.]

ballotini Small glass beads, obtainable in a range of sizes, used
e.g. for the ballistic disintegration of cells; for this purpose, cells
and Ballotini are shaken together in e.g. a BRAUN MSK TISSUE
DISINTEGRATOR.

Baltimore classification An early system of virus classification,
proposed by Baltimore [Bact. Rev. (1971) 35 235-241], based
on the nature of the genome and the strategy for viral gene
expression (see VIRUS). Six classes (groups) were distinguished.
1. dsDNA viruses. /1. ssDNA viruses (only positive-sense ssDNA
were known at the time). I7I. dsRNA viruses. IV. Positive-sense
ssRNA viruses. V. Negative-sense ssRNA viruses. VI. RNA
viruses in which DNA is synthesized (by reverse transcription)
from the genome, and mRNA is transcribed from the DNA.
(More classes would now be required to accommodate current
knowledge of viral strategies.)

bamboo mosaic virus See POTEXVIRUSES.

BamHI A RESTRICTION ENDONUCLEASE from Bacillus amylolig-
uefaciens; G/IGATCC.

banana bunchy top virus See LUTEOVIRUSES.

banana leaf spot (sigatoka disease) A disease of the banana plant
(Musa) characterized by leaf lesions and imperfect development
of the fruit; causal agent: Mycosphaerella musicola. The disease
has been controlled by spraying with copper compounds or with
mineral oil.

band centrifugation See CENTRIFUGATION.

Bangia  See RHODOPHYTA.

Bang’s disease See BRUCELLOSIS.

bank (gene bank) Syn. LIBRARY.

Banzi virus See FLAVIVIRIDAE.

bar A unit of pressure equal to 100 kPa (cf. PASCAL).

barban 4-Chlorobut-2-ynyl-3-chlorophenylcarbamate: a com-
pound used e.g. for the control of wild oats; it also acts as a
NITRIFICATION INHIBITOR.

barbital (barbitone) 5,5’ -Diethylbarbituric acid. (Barbituric acid
= malonylurea.)

barbone Syn. HAEMORRHAGIC SEPTICAEMIA (2).

Barbour Stoenner Kelly medium See BORRELIA (B. burgdor-
feri).

Barbulanympha  See HYPERMASTIGIDA.

bark-boring beetles See SCOLYTIDAE.

bark necrosis See CANKER.

barley B-1 virus See POTEXVIRUSES.

barley diseases See CEREAL DISEASES.

barley stripe mosaic virus See HORDEIVIRUSES.

barley yellow dwarf virus See LUTEOVIRUSES.

barley yellow mosaic virus See POTYVIRUSES.

barley yellow striate mosaic virus See RHABDOVIRIDAE.

Barmah Forest virus See ALPHAVIRUS.

baroduric Syn. BAROTOLERANT.

barophile An organism which grows optimally or obligately
under elevated hydrostatic pressure; under atmospheric pressure
(101.325 kPa) some barophiles (e.g. Shewanella benthica)
continue to grow (less vigorously) but others (obligate

87

Bartonella

barophiles) die at a temperature-dependent rate. Barophilic
bacteria in seas and oceans occur both in the nutrient-poor
seawater and in the relatively nutrient-rich guts of invertebrates
(e.g. holothurians — sea cucumbers); those occurring in cold
regions (<4°C) are heterotrophic bacteria (cf. HYDROTHERMAL
VENT). [Reviews: ARM (1984) 38 487-514; MS (1986) 3
205-211.] (See also BAROTOLERANT.)

barophilic Having the characteristics of a BAROPHILE.

barosensitive See BAROTOLERANT.

barotolerant (baroduric) Refers to an organism which can grow
at elevated pressures (up to ca. 400—600 atmospheres; 1 atm =
101.325 kPa) but which grows optimally at atmospheric pressure
(cf. BAROPHILE); many bacteria (including e.g. Escherichia coli
and Pseudomonas aeruginosa) are barotolerant, but some (e.g.
Vibrio parahaemolyticus) cannot survive for long even under
relatively low pressures (e.g. ca. 200 atm) and are termed
barosensitive.

The inhibitory effect on barotolerant organisms of pressures
greater than ca. 400—600 atm appears to be due, at least partly, to
inhibition of certain aspects of PROTEIN SYNTHESIS — specifically,
the binding of amino acyl-tRNAs and translocation. In a number
of organisms the susceptibility of protein synthesis to pressure
has been linked with the 30S ribosomal subunit; interestingly,
increased barotolerance occurs in those strains of E. coli which
have become resistant to streptomycin owing to a mutation
affecting the 30S subunit.

barren kinetosome See CILIFEROUS.

barrier filter See MICROSCOPY (e).

Barritt’s method See VOGES-PROSKAUER TEST.

Barrouxia  See EIMERIORINA.

Bartonella A genus of Gram-negative, oxidase-negative bacteria
(family BARTONELLACEAE) within the alpha subgroup of Pro-
teobacteria; the cells are small, typically capnophilic, fastidious
rods which can usually be grown aerobically on blood-agar in
the presence of 5% carbon dioxide [guidelines for the practical
identification of isolates: JCM (1993) 31 2381-2386].

The genus now includes several species which have been
imported from the (former) genus Rochalimaea [1JSB (1993)
43 777-786].

B. bacilliformis (the type species) is the causal agent of
BARTONELLOSIS in man (the only natural host); the bacterium
is a small bacillus or pleomorphic coccobacillus, commonly ca.
1-3 um in length, which, in culture, bears one or more flagella
at one pole and divides by binary fission; it is transmitted by
sandflies, and occurs in or on erythrocytes, and in endothelial
cells, in infected persons.

B. clarridgeiae has been associated with cat scratch disease
[JCM (1997) 35 1813-1818].

B. elizabethae (formerly Rochalimaea elizabethae) has been
isolated from a case of endocarditis [JCM (1993) 31 872-881].

B. henselae (formerly Rochalimaea henselae) has been asso-
ciated with various types of disease, including e.g. cutaneous
bacillary angiomatosis; this disease (which occurs mainly in
the immunocompromised) involves reddish-coloured, typically
nodular lesions which may ulcerate. (R. quintana can also give
rise to the disease.)

B. quintana (formerly Rochalimaea quintana) is the causal
agent of TRENCH FEVER; the cells are small rods, and the organism
is aerobic and capnophilic.

B. vinsonii (formerly Rochalimaea vinsonii) is parasitic in
voles (the ‘Canadian vole agent’); it is not capnophilic.

[Diseases caused by Bartonella spp: RMM (1995) 6
155-164.]



Bartonellaceae

Bartonellaceae A family of bacteria which are parasitic or
pathogenic in or on erythrocytes (red blood cells), and, in
some cases, other cells, in various mammals, including man; the
organisms can be grown in cell-free media. Genera: BARTONELLA
and GRAHAMELLA.

bartonellosis (Carrién’s disease) A human disease, occurring in
parts of South America, caused by Bartonella bacilliformis; it is
transmitted by the bites of sandflies of the genus Phlebotomus.
There are two forms of the disease which usually occur in
sequence: the first stage (Oroya fever) is characterized by
fever and anaemia, the second (verruga peruana) by wart-like,
ulcerating skin lesions.

basal body (a) (prokaryotic) See FLAGELLUM (a).

(b) (eukaryotic) (basal granule; blepharoplast; kinetosome;
mastigosome) In some (ciliated or flagellated) cells: an intra-
cellular microtubular structure which resembles a CENTRIOLE and
which can serve e.g. as a MICROTUBULE-ORGANIZING CENTRE for
the formation of the axoneme of a CILIUM or FLAGELLUM; unlike
the prokaryotic basal body, a eukaryotic basal body plays no role
in flagellar beating per se: see FLAGELLUM (b). A basal body can
develop from a centriole or it can be formed de novo (e.g. during
the transition of Naegleria gruberi from the non-flagellated to
the flagellated form). In at least some cases a basal body can
give rise to a centriole. A basal body differs from a centriole
e.g. in that it is generally longer, and in that it has a system of
microtubular and fibrillar filaments (rootlets) which arise from
the side of the basal body and which may pass from one basal
body to another.

(See also GRAIN CONVENTION; PITELKA CONVENTION.)

basal granule Obsolete term for BASAL BODY (b).

basal medium See MEDIUM.

basauxic development See CONIDIUM.

base analogues Reagents which are analogues of — and which
can substitute for — normal bases in DNA; they can act as MUTA-
GENS since, during subsequent replication of the DNA, the base
analogue may pair with the wrong normal base to generate
a POINT MUTATION. For example, 2-aminopurine (AP) may be
incorporated into DNA in place of adenine; during subsequent
replication AP can pair with cytosine which, on further repli-
cation, pairs with guanine (an A-T-to-G-C transition). (See also
5-BROMOURACIL.) (Some base analogues in DNA may be rec-
ognized by the cell as ‘damage’ and may induce mutation by
error-prone repair: see SOS SYSTEM.) (cf. BUDR and DDTTP.)

base composition (of DNA) See BASE RATIO and GC%.

base excision repair A form of EXCISION REPAIR that follows
removal of a base from DNA (see ADAPTIVE RESPONSE and
URACIL-DNA GLYCOSYLASE).

After removal of the base, the phosphodiester bond on one
side of the AP SITE is cleaved by an AP endonuclease. The main
AP endonuclease in Escherichia coli is endonuclease III ; this is
a multifunctional enzyme whose structure suggests that cleavage
of phosphodiester bonds involves a nucleophilic attack on the
P-3'0 link [Nature (1995) 374 381-386]. Once the phosphodi-
ester bond has been cleaved, a DNA polymerase can replace the
damaged nucleotide. As well as the damaged nucleotide, sev-
eral adjacent nucleotides may also be replaced [NAR (1998) 26
1282—1287]. The repair is completed by a ligase.

base pair A pair of bases, each in a separate NUCLEOTIDE, in
which each base is hydrogen-bonded to the other. A ‘classical’
(Watson—Crick) base pair always contains one purine and one
pyrimidine: adenine pairs specifically with thymine (A-T),
guanine with cytosine (G—C), uracil with adenine (U-A); the
two bases in a classical base pair are said to be complementary
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to each other. (Other combinations (A-A, G-T, A-C, G-G,
A-G) can occur under certain circumstances [Nature (1976)
263 285-289] but these are less stable than the classical pairs.)
Classical base-pairing is responsible for holding together the
strands in dsDNA (see DNA) or in dsRNA (e.g. in certain
viruses); it is also involved e.g. in ordering the sequence of
nucleotides in DNA REPLICATION and TRANSCRIPTION.

base ratio (dissymmetry ratio) Of microbial DNA: the ratio
(A + T)/(G + C) in which A, T, G and C represent relative molar
amounts of adenine, thymine, guanine and cytosine, respectively.
(cf. Gc%.) Species with a base ratio >1 may be called AT types;
GC types have a base ratio <1.

basic dye See DYE.

basic fuchsin See FUCHSIN.

basic orange Syn. ACRIDINE ORANGE.

basic replicon (1) The smallest part of a replicon which encodes
all the functions necessary for replication.

(2) As (1), above, with the added constraint that replication
maintains the wild-type cOPY NUMBER [Book ref. 161, p. 202].

Basidiobolus ~ See ENTOMOPHTHORALES.

basidiocarp A fruiting body of a basidiomycete.

basidiole (1) An immature BASIDIUM prior to the appearance of
the sterigmata. (2) An aborted basidium. (3) A sterile cell which
is similar in appearance to an immature basidium.

basidiolichen A lichen (see LICHENS) in which the mycobiont is
a basidiomycete.

basidiomycetes Fungi of the BASIDIOMYCOTINA.

Basidiomycotina (the ‘basidiomycetes’) A subdivision of fungi
(division EUMYCOTA) characterized by the formation of sexu-
ally derived spores (BASIDIOSPORES) on basidia (see BASIDIUM).
The basidiomycetes are typically terrestrial saprotrophs or par-
asites; they include e.g. mushrooms, puffballs, stinkhorns, and
the (parasitic) rust and smut fungi. A few basidiomycetes are
marine organisms (see e.g. NIA). In most species the thallus
is a well-developed septate mycelium which often has cLAMP
CONNECTIONS (see also DOLIPORE SEPTUM); some basidiomycetes
can occur in a yeast-like (unicellular) phase (see FILOBASIDI-
ACEAE) — as can certain fungi which appear to be the anamorphs
of basidiomycetes (see €.g. SPOROBOLOMYCETACEAE).

In the typical life cycle, the germination of a basidiospore
leads to the development of a septate mycelium consisting of
uninucleate, haploid cells. At some stage the thallus enters
DIKARYOPHASE (see also HYPHA), and eventually karyogamy and
MEIOSIS occur in the developing basidium — which typically
gives rise to four (haploid) basidiospores.

Classes: GASTEROMYCETES, HYMENOMYCETES, UREDINIOMYCE-
TES, USTILAGINOMYCETES.

Basidiophora A genus of fungi (order PERONOSPORALES) in
which the sporangiophores resemble basidia, and the sporangia
are borne on short sterigmata; the organisms include parasites
of the ornamental aster and of members of the Compositae.

basidiospores Sexually-derived, typically uninucleate and hap-
loid spores formed on basidia (see BASIDIUM) by fungi of
the BASIDIOMYCOTINA. According to species, basidiospores may
be any of various shapes and sizes, and either pigmented or
non-pigmented. In many basidiomycetes the basidiospores are
BALLISTOSPORES, while in some (e.g. smut fungi) they are
STATISMOSPORES. (cf. GASTEROID BASIDIOSPORE.) On germination,
a basidiospore commonly gives rise to a germ tube, but in some
cases GERMINATION BY REPETITION may OcCCur.

Dispersal of basidiospores. In agarics with aequihymeniif-
erous lamellae (see LAMELLA), the ballistospores are projected
more or less horizontally for ca. 0.1-0.2 mm before gravity



initiates a vertical fall; the spores on a given basidium are com-
monly discharged in rapid succession (within seconds or minutes
of one another). In these agarics the shape of the lamella facil-
itates spore dispersal — spores from the more proximal parts of
the lamella being able to fall vertically even when the lamellae
are orientated several degrees from the vertical.

In e.g. Coprinus spp the inaequihymeniiferous lamellae occur
close together on the pileus, and the shape of the lamellae
does not facilitate dispersal of the ballistospores. However, in
some species cystidia (see CYSTIDIUM) may serve to hold apart
adjacent hymenial surfaces. In other species the process of
autodigestion is an aid to spore dispersal; autodigestion involves
the progressive liquefaction of the lamellae, beginning at the free
edge of the lamella and progressing towards the pileus as fresh
crops of basidia become mature. Thus, spores discharged by
a given basidium need fall for only a short distance between
adjacent lamellae before becoming free of the fruiting body.

See also e.g. CYATHUS, LYCOPERDALES, SPHAEROBOLUS.

basidium (pl. basidia) A microscopic, unicellular or multicel-
lular structure which gives rise to the sexually-derived spores
(BASIDIOSPORES) in fungi of the BASIDIOMYCOTINA; basidiospores
are formed externally, i.e., as extrusions, on the basidium (but
see TETRAGONIOMYCES). In some basidiomycetes (e.g. HYMENO-
MYCETES) the basidia are formed in a layer on specialized fertile
tissue (see HYMENIUM), while in others (e.g. UREDINIOMYCETES)
they are formed individually from germinating spores.

In many species the basidium is a simple, cylindrical or
clavate structure which gives rise to (usually) four apically and
symmetrically situated basidiospores, each basidiospore com-
monly being borne on a small, narrow protrusion (STERIGMA). In
other species the basidium may be apically bifurcate, each fork
(sterigma) bearing a single terminal basidiospore (as in mem-
bers of the DACRYMYCETALES), or it may be divided, apically,
into four substantial finger-like protrusions (sterigmata), each
bearing a terminal basidiospore (as in members of the TREMEL-
LALES). A basidium which is not divided, internally, by septa is
called a holobasidium; such basidia are formed by members of
the HOLOBASIDIOMYCETIDAE. A basidium which is divided, inter-
nally, by transverse or longitudinal septa (as e.g. in Auricularia
and Tremella, respectively) is called a phragmobasidium; such
basidia are formed by members of the PHRAGMOBASIDIOMYCETI-
DAE and of the UREDINIOMYCETES and USTILAGINOMYCETES.

Basidium formation. A simple holobasidium typically devel-
ops from a terminal dikaryotic hyphal cell within a hymenium;
the boundary between this cell and the parent hypha is often
marked by a CLAMP CONNECTION. Within the developing basid-
ium, karyogamy and MEIOSIS commonly give rise to four haploid
nuclei. (See also METABASIDIUM and PROBASIDIUM.) Four small
protuberances (sterigmata) then form at the apical (free) end of
the developing basidium, and the terminal part of each sterigma
swells to form a basidiospore initial; one nucleus migrates into
each initial, and the basidiospores are subsequently delimited.
In some species mitotic division occurs within the developing
basidiospores; in such cases either binucleate basidiospores are
formed, or uninucleate basidiospores are formed after one daugh-
ter nucleus from each pair has returned to the basidium.

In rust and smut fungi, the basidium typically develops from
a short germ tube which arises from the feliospore. In some
cases a diploid nucleus passes from the teliospore into the germ
tube and undergoes meiosis; the structure which develops (the
metabasidium, or ‘promycelium’) is septate in many species and
(in rusts, and in many smut fungi) it gives rise to basidiospores
both apically and laterally. Rust fungi characteristically form
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batch culture

four basidiospores per basidium; in many smut fungi the
basidium may give rise to an indefinite number of basidiospores
following mitotic divisions within the metabasidium.

[Review: BBMS (1983) 17 82-94.]

basionym (basonym) The name of the species whose specific
epithet is included in a new combination (see COMB. NOV.).

basipetal development Development from the tip towards the
base or point of attachment; e.g., in a chain of basipetally
developing spores the first-formed spores occupy positions
in the terminal or distal parts of the chain, while spores
formed later occupy the more proximal positions. (cf. ACROPETAL
DEVELOPMENT.)

basonym  Syn. BASIONYM.

basophil A pMN (q.v.) which can respond to certain stimuli
e.g. by rapidly secreting vasoactive products; it is primarily
a circulatory cell, and is important e.g. in immediate-type
hypersensitivity reactions. As in the MAST CELL, with which
it shares many characteristics, the basophil surface contains
e.g. many high-affinity receptor sites for the Fc portion of
IgE antibodies, and its (basophilic) cytoplasmic granules also
contain substances such as HISTAMINE and SEROTONIN; stimuli
which cause activation and degranulation lead to the secretion
of various products and to the formation of e.g. SUPEROXIDE and
H>0;. (See also JONES—-MOTE SENSITIVITY.)

batch culture (closed culture) A form of CULTURE (sense 2)
in which a given volume of liquid medium is inoculated with
cells (e.g. bacteria) capable of growth in that medium, and
the inoculated medium is incubated for an appropriate period
of time; cells growing under these conditions are exposed to
a continually changing environment due e.g. to the gradual
consumption of nutrients and the accumulation of metabolic
wastes (cf. CONTINUOUS CULTURE and FED BATCH CULTURE).

The growth curve (see GROWTH) obtained by monitoring a
batch culture commonly exhibits a sequence of four main phases
of growth. In the lag phase the growth rate — i.e., the rate of
increase in cell numbers (or biomass) — is initially minimal but
subsequently rises to a value dictated e.g. by the prevailing
conditions (e.g. temperature, concentration of nutrients etc). The
length of the lag phase is influenced by the cultural history of
the cells in the inoculum. For example, if slowly dividing cells
from a nutrient-poor environment are transferred to a nutrient-
rich medium which can support a higher rate of growth, there is
usually a relatively long lag phase during which time the cells
become adapted to the new environment; during this period of
adaptation the cells exhibit unbalanced GROWTH. Subsequently,
growth occurs at a new, higher rate permitted by the higher
levels of nutrients. A long lag phase may also occur e.g. if the
carbon source in the new medium differs from that previously
used by the cells. (cf. DIAUXIE.) When actively dividing cells are
transferred to a medium which offers conditions similar to those
under which the cells were previously growing, a lag phase is
not observed.

At the end of the lag phase the cells enter the exponential
(= logarithmic or log) phase of growth in which, for a given
organism, the growth rate is both constant and maximal for the
particular growth conditions. In this phase there is an exponential
increase in cell numbers (and biomass); this type of growth is
referred to as balanced GROWTH. (See also TROPHOPHASE.)

In the stationary phase the growth rate declines and eventually
reaches zero. (See also IDIOPHASE.)

In the death phase the number of viable cells in the culture
(maximal in the stationary phase) declines.



batch retort

batch retort In CANNING: a vessel within which filled, sealed
cans (or other containers) undergo heat treatment in a batch-
type process (cf. COOKER-COOLER). The cans are subjected to
saturated steam under pressure or to an air—steam mixture, or (in
an overpressure retort) are submerged in heated water under an
air pressure of up to ca. 250 kPa. In some batch retorts (e.g. the
Konservomat) the load is agitated to facilitate heat penetration.

bating (of hides) See PROTEASES.

Batrachospermum  See RHODOPHYTA.

Battarrea  See GASTEROMYCETES (Tulostomatales).

Battey bacillus Strain(s) of Mycobacterium intracellulare or,
loosely, strain(s) of related species (including M. avium).

Bayer’s junction (Bayer’s patch) See ADHESION SITE.

Bayleton See TRIADIMEFON.

BB-transhydrogenase See TRANSHYDROGENASE.

BCDF (immunol.) See LYMPHOKINES.

BCF Bioconcentration factor: a measure of the degree to which
a compound (commonly a xenobiotic), present in an aquatic
environment, is accumulated in the biomass of organisms (e.g.
algae) living in that environment. BCF = C,/C,, where C, =
concentration of the compound in the organisms, and Cy, is the
concentration of the compound in the water. (See e.g. TBTO.)

BCG Bacille (bacillus) Calmette—Guérin: an attenuated strain of
Mycobacterium bovis used e.g. as a vaccine against TUBERCULO-
sis. The vaccine often gives protection against e.g. tubercular
meningitis in childhood — but in a number of studies it has
failed to protect against pulmonary tuberculosis [Lancet (1990)
335 1016—1020]; moreover, it may produce disseminated infec-
tions in the immunocompromised (e.g. AIDS patients). In some
instances, BCG has provided some protection against LEPROSY.

[Mycolic acids in BCG substrains: JGM (1984) 130
2733-2736.]
(See also ESAT-6.)

BCGF (immunol.) See LYMPHOKINES.

Bchl  Bacteriochlorophyll: see CHLOROPHYLLS.

Bcll A RESTRICTION ENDONUCLEASE from Bacillus caldolyticus;
T/GATCA.

BCNU See N-NITROSO COMPOUNDS.

Bd (buoyant density) See CENTRIFUGATION and GC%.

BD-type starter See LACTIC ACID STARTERS.

bdellocyst See BDELLOVIBRIO.

bdelloplast See BDELLOVIBRIO.

Bdellospora  See ZOOPAGALES.

Bdellovibrio A genus of aerobic Gram-negative bacteria which
are characteristically predatory on other bacteria (cf. VAMPIROVIB-
RIO); they occur worldwide in soil and sewage, and in freshwater
and marine habitats. On primary isolation all strains are obli-
gately parasitic on certain Gram-negative bacteria, including e.g.
Aquaspirillum serpens, Escherichia coli, Pseudomonas spp, and
Rhodospirillum rubrum — the range of prey species varying with
the strain of Bdellovibrio; prey-independent, cultivable strains
can develop from strictly predatory strains, and some strains are
facultatively predatory. The predatory strains exhibit a bipha-
sic life cycle: the predatory phase (in which the non-growing
cells search for prey) alternating with a phase of growth and
reproduction in the periplasmic space of a host cell. Predatory
cells of Bdellovibrio are vibrioid, 0.2-0.5 x 0.5-1.4 um, each
having a single polar sheathed flagellum (the sheath being con-
tinuous with the outer membrane); cells of prey-independent
strains may be larger and non-motile, and may form a yellow-
ish pigment. All strains are chemoorganotrophs. Growth occurs
optimally at 28—30°C, and metabolism is respiratory (oxida-
tive). Three species are recognized [Book ref. 22, pp. 118—124]:
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B. bacteriovorus, B. starrii and B. stolpii; the genus is divided
by phage typing into six groups: groups I-1V consist of strains of
B. bacteriovorus, group V contains B. stolpii strains, and group
VI consists of strains of B. starrii (for which no phages are cur-
rently known). GC%: ca. 33—51. Type species: B. bacteriovorus.

Predation. A predatory Bdellovibrio cell initially attaches,
via a ‘holdfast’ region at its non-flagellar end, to a prey cell.
(‘Bdello’ derives from the Greek for ‘leech’.) The predatory
cell secretes enzymes (e.g. lysozyme) and enters the periplasmic
space of the prey cell via the pore produced by enzymic action.
(Bdellovibrio can penetrate cells of E. coli even when they
have a thick capsule [Microbiology (1997) 143 749-754].) The
prey cell quickly dies and subsequently rounds up to become a
bdelloplast; during this process the peptidoglycan sacculus of
the prey cell becomes insensitive to lysozyme, thus inhibiting
predation by other Bdellovibrio cells. Within the periplasmic
space of the bdelloplast, the predatory cell grows and develops
into a long, spiral, non-motile filament; the filament subsequently
fragments to form motile predatory cells which, on release,
can initiate a new cycle. Bdellovibrio strain W can form a
resting cell (bdellocyst) within the bdelloplast; a bdellocyst has
a thickened peptidoglycan wall and has increased resistance to
elevated temperatures and to desiccation.

Isolation. Bdellovibrio may be isolated from soil infusions
etc. e.g. by membrane filtration (membrane pore size ca. 1.2
um) — the filtrate being inoculated onto a lawn plate prepared
from a sensitive strain of bacteria, or onto a soft agar which
incorporates suitable prey cells; on incubation, viable cells of
Bdellovibrio give rise to macroscopic plaques.

bDNA assay (branched DNA assay) A procedure, based on
signal amplification, which is used for quantifying a specific
single-stranded DNA or RNA target sequence in a sample;
essentially, signal amplification involves (i) the use of a target-
specific PROBE for immobilizing the target nucleic acid on
a solid support, and (ii) the use of other types of probe
for labelling each bound target sequence with an enzyme
system that generates (from a suitable substrate) an amplified
chemiluminescent signal — the intensity of which is related to
the number of target molecules in the sample.

Signal amplification avoids an important problem associated
with target amplification methods (such as PCR): the problem
of potential contamination of apparatus and environment with
copies of the (highly amplified) target nucleic acid. It has the
disadvantage that, by failing to provide copies of the target,
further investigation of the target molecule (e.g. by sequencing)
is precluded.

bDNA-based commercial kits (Quantiplex ; Bayer Diagnos-
tics, Leverkusen, Germany) have been used e.g. for quantifying
hepatitis viruses B and C and the human immunodeficiency virus
(HIV). In a given assay, a divalent probe is used initially to bind
target molecules to the surface of a microtitre plate. Another
divalent probe is then used to link each bound target molecule to
a synthetic multi-branched DNA molecule (bDNA; the ‘ampli-
fier’); subsequently, excess enzyme-labelled probes are allowed
to bind to (multiple) probe-binding sites on the bDNA. After
washing, addition of the enzyme’s substrate (a dioxetane) gen-
erates the chemiluminescent signal.

A bDNA assay may be used for detection, as well as
quantification, of a given sequence; for example, this method
has been used for detecting the mecA gene in blood culture
bottles [JCM (1999) 37 4192-4193].

BDProbe Tec™ ET  See spa.
beak (mycol.) The tubular neck of a perithecium or pycnidium.



bean common mosaic virus See POTYVIRUSES.

bean golden mosaic virus (BGMV) A member of the GEM-
INIVIRUSES. BGMV can cause chlorosis in beans (Phaseolus
vulgaris); it is transmitted by the whitefly Bemisia tabaci, and
occurs in tropical America.

bean paste Syn. MIsO.

bean summer death virus See GEMINIVIRUSES.

bean yellow mosaic virus See POTYVIRUSES.

beard-lichens (beard-moss) Lichens of the genera ALECTORIA,
BRYORIA, and/or USNEA.

Beauveria A genus of fungi of the class HYPHOMYCETES.
B. bassiana forms a septate mycelium; spheroidal conidia are
borne on the sympodially branched, narrow, apical region of
each flask-shaped conidiophore. B. bassiana causes the SILK-
WORM DISEASE muscardine, and has been used (e.g. in the former
USSR) for the BIOLOGICAL CONTROL of certain crop pests — e.g.
Colorado beetle (Leptinotarsa decemlineata); for biological con-
trol the fungus has been used e.g. in the form of a powder,
Boverin: a dried mixture of conidia and kaolin. B. bassiana
forms a depsipeptide toxin, beauvericin (see ENNIATINS).

beauvericin See ENNIATINS.

Bebaru virus See ALPHAVIRUS.

becampicillin  See PENICILLINS.

Bedsonia  See CHLAMYDIA.

bee acute paralysis virus See PICORNAVIRIDAE.

bee diseases ‘Domestic’ hive bees — Apis mellifera (the Euro-
pean honey-bee) and A. cerana (the Eastern honey-bee) — are
subject to a range of diseases of microbial aetiology. In general,
larvae are affected more often than adults. Spread of disease
is often kept under control by the activity of worker bees
which remove diseased and dead larvae from the hive. Bacterial
diseases include e.g. AMERICAN FOULBROOD and EUROPEAN
FOULBROOD (see also SPIROPLASMA). Fungal diseases include
CHALK-BROOD and STONE-BROOD. Protozoal parasites and
pathogens of bees include e.g. Nosema apis, which develops in
the midgut epithelial cells in adult honey-bees (infected bees may
show no obvious symptoms, although they have a shortened life-
span), and Malpighamoeba mellificae (Vahlkampfia mellificae),
which infects the lumen of the Malpighian tubules in adult
bees [SEM of developmental stages: JP (1985) 32 139-144].
Virus diseases include several caused by small unclassified RNA
viruses (see PICORNAVIRIDAE) and some caused by iridescent and
filamentous viruses. [Book ref. 66.] (See also INSECT DISEASES.)

bee slow paralysis virus See PICORNAVIRIDAE.

bee virus X See PICORNAVIRIDAE.

beech bark disease A European and North American disease of
beech trees (Fagus spp) caused by Nectria coccinea. Infection
commonly follows infestation of the tree by beech scale insects
(Cryptococcus fagisuga). Symptoms: phloem and cambium cells
in the bark die in patches, allowing leakage and blackening of
sap, and there may be yellowing of the leaves and die-back of
the crown; infected trees may die.

Beechey ground squirrel hepatitis virus
HEPATITIS VIRUS.

beef-steak fungus Fistulina hepatica (see APHYLLOPHORALES).

beer-making See BREWING.

beer spoilage Off-flavours in beer may be caused by contami-
nating organisms — e.g. Acetobacter spp can produce acetic acid
and cause ROPINESS; heterofermentative lactobacilli (which pref-
erentially ferment maltose) can cause off-flavours (e.g. diacetyl),
turbidity and/or ropiness. Sarcina sickness results from the pro-
duction of diacetyl by Pediococcus cerevisiae. Other spoilage
organisms include Candida and Pichia spp.

Syn. GROUND SQUIRREL
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benign foot-rot
beet cryptic viruses See CRYPTIC VIRUSES.

beet curly top virus See GEMINIVIRUSES.

beet leaf curl virus See RHABDOVIRIDAE.

beet mild yellowing virus See LUTEOVIRUSES.

beet mosaic virus See POTYVIRUSES.

beet necrotic yellow vein virus (BNYVV) A virus which can
cause severe disease (‘rhizomania’) in sugar beet (Beta vulgaris);
it is transmitted by the ‘fungus’ Polymyxa betae — which is also
responsible for the persistence of the virus in the soil. BNYVV
may belong to the ‘furovirus’ group — see SOIL-BORNE WHEAT
MOSAIC VIRUS. (cf. TOBAMOVIRUSES.) [BNYVV RNA: JGV (1985)
66 345-350.]

beet western yellows virus See LUTEOVIRUSES.

beet yellow net virus See LUTEOVIRUSES.

beet yellow stunt virus See CLOSTEROVIRUSES.

beet yellows virus group Syn. CLOSTEROVIRUSES.

Beggiatoa A genus of GLIDING BACTERIA (see CYTOPHAGALES);
species are widespread e.g. in freshwater, estuarine and marine
waters and sediments, in the rice rhizosphere, and in activated
sludge. The organisms are non-sheathed, non-pigmented, mul-
ticellular filaments (trichomes) which form necridia and hor-
mogonia; according to species, the trichomes are 1 to >50 pm
in diameter. The organisms appear to be chemoorganotrophic
heterotrophs, although at least some strains may be able to grow
mixotrophically using sulphide as an electron donor; refractile
‘intracellular’ granules of sulphur (located between cytoplasmic
membrane and cell wall) are formed in the presence of sulphide.
Metabolism is respiratory, and a complete TCA cycle is present.
Most strains can use acetate and/or lactate as the sole source
of carbon; none can use hexoses. The main storage product is
poly-B-hydroxybutyrate; volutin is also formed. [Review: ARM
(1983) 37 341-354.]

Beggiatoaceae See CYTOPHAGALES.

Beijerinckia A genus (incertae sedis) of Gram-negative, aerobic,
catalase-positive, chemoorganotrophic, asporogenous bacteria
which occur e.g. in the phyllosphere and in soils (particularly
in the tropics). Cells: typically round-ended rods, ca. 0.5-1.5 x
1.7-4.5 pm, peritrichously flagellated or non-motile; division
involves constriction. Each cell characteristically contains two
PHB-containing polar bodies. In some species each cell may be
encysted, or several cells may occur within a single capsule.
Metabolism is respiratory (oxidative), with O, as terminal
electron acceptor. NITROGEN FIXATION is carried out under both
atmospheric and microaerobic conditions; in many strains Nj
is used in preference to NO3~. All strains can utilize glucose,
fructose and sucrose as carbon sources; peptone does not
support growth. Slime (sometimes elastic) is commonly formed,
particularly on agar under Nj-fixing conditions. Colonies are
often some shade of pink, or orange to pale brown. No pellicle
is formed on liquid media. Optimum growth temperature:
20-30°C; no growth at 37°C. Growth can occur within the pH
range ca. 3—10. GC%: ca. 55-61. Type species: B. indica; other
species: B. derxii, B. fluminensis and B. mobilis. [Book ref. 22,
pp. 311-321.]

bell morels The fruiting bodies of VERPA spp.

belladonna mottle virus See TYMOVIRUSES.

benalaxyl See PHENYLAMIDE ANTIFUNGAL AGENTS.

Beneckea  An obsolete bacterial genus, members of which are
now included in the genus VIBRIO.

benign (med.) (1) (of disease) Mild; self-limiting; not recurrent.
(2) (of tumours) Not MALIGNANT (sense 2).

benign enzootic paresis Syn. TALFAN DISEASE.

benign foot-rot (of sheep) See SCALD.



benign tertian malaria

benign tertian malaria See MALARIA.

Benlate See BENOMYL.

benomyl  (methyl-(1-n-butylcarbamoyl)-benzimidazole-2-carba-
mate; trade name: e.g. Benlate) An agricultural ANTIFUNGAL
AGENT (see BENZIMIDAZOLES (a)). Benomyl is a systemic anti-
fungal agent which has both eradicant and protectant properties
against a wide range of plant diseases (e.g. many powdery
mildews, apple scab, botrytis, eyespot of wheat and barley,
black spot of roses); when used as a seed dressing it protects
against seed-borne diseases such as smuts and bunts of cere-
als, and when mixed with a dithiocarbamate such as maneb
or mancozeb it gives some control against glume blotch in
wheat and against some cereal rusts. It is also used to pre-
vent storage rots of fruit and vegetables (see e.g. GANGRENE
sense 2). Benomyl owes its activity to its degradation, in solu-
tion, to the fungitoxic substances MBC (see BENZIMIDAZOLES)
and butyl isocyanate; it also acts as a cutinase inhibitor, pre-
venting penetration of the plant cuticle by the pathogen (see
CUTIN) [Book ref. 58, pp. 94-95]. Benomyl-resistant strains of
many fungal pathogens have emerged, reducing the usefulness of
the fungicide in agriculture. [Bacterial degradation of benomyl:
AVL (1978) 44 283-292, 293-309.]

benquinox (1,2-benzoquinone-N’-benzoylhydrazone-4-oxime) A
QUINONE ANTIFUNGAL AGENT which is used mainly as a seed
dressing.

Benson-Calvin—Bassham cycle Syn. CALVIN CYCLE.

benthic Refers to the mud, sand etc, and/or to the indigenous
organisms, at the bottom of a lake, sea or other body of water.
(cf. PELAGIC; see also LITTORAL.)

benzalkonium chloride See QUATERNARY AMMONIUM COMPOUNDS
and e.g. KLEINSCHMIDT MONOLAYER TECHNIQUE.

benzene Aerobic degradation: see HYDROCARBONS. Degradation
in an anoxic environment: see BIOREMEDIATION.

benzethonium chloride See entry QUATERNARY AMMONIUM COM-
POUNDS.

benzidine test A test used to detect bacterial CYTOCHROMES.
Colonies of the test strain are flooded with a reagent consisting
of benzidine dihydrochloride dissolved in a mixture of acetic
acid and ethanol; on addition of an equal volume of H,O, (5%),
cells which contain cytochromes develop a green or blue—green
coloration. (cf. OXIDASE TEST.)

benzimidazoles (a) (as antifungal agents) An important group of
agricultural systemic ANTIFUNGAL AGENTS; they are often called
‘MBC fungicides’ because many of them decompose in aqueous
solution (or in the plant) to form methyl benzimidazol-2-yl car-
bamate (MBC, CARBENDAZIM) — apparently the primary fungi-
toxic agent. MBC appears to act primarily in the nucleus where it
disrupts the formation of spindle microtubules, inhibiting or dis-
rupting mitosis. Single-step resistance to benzimidazoles tends
to emerge readily. The group includes BENOMYL, CARBENDAZIM,
FUBERIDAZOLE, THIABENDAZOLE and THIOPHANATE-METHYL.

(b) (as antiviral agents) See e.g. ENVIROXIME and HBB.

benzoic acid (CeHsCOOH) An antibacterial and antifungal
ORGANIC ACID used (as the free acid or as benzoate) as a
PRESERVATIVE (e.g. in fruit juices, cordials, sauces, acidic foods,
pharmaceuticals) and, with other agents, for the topical treatment
of certain fungal infections; it is maximally effective below ca.
pH 5, activity decreasing sharply with increase in pH above this
value. Benzoic acid can be inactivated by certain colloids (e.g.
kaolin). (cf. PARABENZOATES.)

benzoquinones See QUINONES.

benzoyl peroxide See ACNE.

benzyl alcohol See ALCOHOLS.
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2-benzyl-4-chlorophenol See PHENOLS.

benzylpenicillin (penicillin G) One of the first of the natural
PENICILLINS to be produced (from e.g. P.chrysogenum);
R = C¢Hs5.CH;.CO (see P-LACTAM ANTIBIOTICS). It is active
against many Gram-positive bacteria which do not produce -
LACTAMASES, but is poorly active against Gram-negative species.
It is administered parenterally.

Berenil A trypanocidal DIAMIDINE which binds to AT-rich regions
of dsDNA (apparently in the same way as does NETROPSIN).

beriberi (acute cardiac) See CITREOVIRIDIN.

Berkefeld candle See FILTRATION.

Berne virus An enveloped RNA virus (proposed family: TORO-
VIRIDAE) isolated from a horse. The virion is pleomorphic
(ca. 120—140 nm diam.) and consists of an elongated, curved
nucleocapsid enclosed by a peplomer-bearing envelope. The
genome is a single molecule of positive-sense ssSRNA (MWt
ca. 6 x 10%); polyadenylated subgenomic mRNAs are apparently
synthesized in infected cells. Maturation apparently involves
the budding of preformed tubular nucleocapsids into Golgi
vesicles and intracytoplasmic cisternae; the nucleocapsid appears
to undergo a morphological change during budding [JGV (1986)
67 1305-1314].

Berry—Dedrick phenomenon See NON-GENETIC REACTIVATION.

Besnoitia A genus of coccidian protozoa (suborder EIMERIOR-
INA); members are classified by some authors [AP (1982) 20
403-406] in the genus ISOSPORA. The organisms are parasitic
in a range of animals — e.g. cattle, horses, sheep, cats, rodents;
transmission may occur e.g. via blood-sucking flies or by inges-
tion of infected tissues. Disporic, tetrazoic oocysts are formed.

B (duplex winding number) See DNA.

P-barrel pore See PROTEIN SECRETION (type IV systems).

p-exotoxin Syn. THURINGIENSIN.

beta interferon See INTERFERONS.

beta-lactam antibiotics See P-LACTAM ANTIBIOTICS.

beta-lactamases  See B-LACTAMASES.

P operon See RIBOSOME (biogenesis).

beta-rays  See IONIZING RADIATION.

Betabacterium  See LACTOBACILLUS.

betacin A BACTERIOCIN-like, heat-resistant, proteinaceous sub-
stance produced by bacteriophage SPf-containing (or bacterio-
phage Z-containing) lysogens of Bacillus subtilis when growing
on agar (but apparently not in broth cultures). Betacin inhibits
the growth of non-lysogens but not that of lysogens contain-
ing SPP (or the related phage Z). [Book ref. 170, p. 280.] (cf.
BACTERIOPHAGE {BAI.)

Betacoccus  Obsolete name for LEUCONOSTOC.

Betadine See IODINE (a).

Betaferon ' See INTERFERONS.

Betaherpesvirinae (‘cytomegalovirus group’) A subfamily of
viruses of the HERPESVIRIDAE (q.v.).

The Betaherpesvirinae formerly consisted of only (i) the
human cytomegalovirus group — type species human (beta)
herpesvirus 5 (=human herpesvirus 5, HHVS5; human
cytomegalovirus, HCMV) and (ii) murine cytomegalovirus
group — type species murid (beta) herpesvirus 1 (= murid
herpesvirus 1; mouse cytomegalovirus, mouse CMV) [Book ref.
23, pp 49-50]; possible members included suid herpesvirus 2
(pig CMYV, causal agent of INCLUSION BODY RHINITIS), murid
herpesvirus 2 (rat CMV) and caviid herpesvirus 1 (guinea-pig
CMV). Later, certain bovine herpesviruses were classified as
‘bovine cytomegaloviruses’ [JGV (1984) 65 697—-706] (see also
MALIGNANT CATARRHAL FEVER).

Characteristically, the replication cycle of these viruses is
appreciably longer than 24 hours (in contrast to the cycles



of other herpesviruses). In culture they typically give rise to
enlarged, rounded cells (cytomegalic cells) and slowly spreading
foci of cell lysis. DNA-containing inclusion bodies may be seen
in the nuclei and sometimes in the cytoplasm of infected cells.
Typically, the host range for a given virus is narrow and is often
restricted to a single species. Latent infection can be established
in cell cultures and in vivo.

HCMV (often truncated to CMV) is a large herpesvirus
with a linear dSDNA genome of MWt ca. 1.5 x 10® containing
terminal and internal repeated sequences; the genome encodes
a number of structural and regulatory proteins. Each virion
consists of the DNA-—protein core, a capsid, and an external
lipoprotein envelope bearing surface projections, the region
between envelope and capsid (the ‘tegument’) containing several
virus-encoded proteins.

In the replication cycle of HCMV, the virion initially fuses
with the cell membrane of the target cell, and the (unenveloped)
virus migrates towards the nucleus. Viral DNA is replicated in
the nucleus, and virus-encoded proteins are synthesized in the
cytoplasm; the nucleocapsid is assembled in the nucleus.

HCMV genes are transcribed in strict temporal sequence.
The ‘immediate—early’ genes (expressed within 2—4 hours
of infection) encode regulatory proteins that are needed for
synthesis of ‘early’ and ‘late’ genes. The ‘early’ gene products
include a DNA polymerase. ‘Late’ gene products include capsid
proteins.

Culture of human CMYV is carried out in human fibroblasts.
(See also SHELL VIAL ASSAY.) In vivo, replication appears to occur
primarily in epithelial cells (e.g. in salivary glands, kidneys);
HCMV is also known to infect peripheral blood leukocytes and
haematopoietic progenitor cells.

Infection with HCMV is endemic in human populations
world-wide, but in most cases it is asymptomatic; primary infec-
tion may be followed by viral persistence which may take
the form of low-level replication or latent infection. (The site
of latency is currently unknown.) However, the virus is e.g.
a common cause of congenital viral infections, and some-
times causes a disease resembling INFECTIOUS MONONUCLEO-
sis. HCMV-mediated disease appears to occur most commonly
among the immunocompromised (e.g. immunosuppressed trans-
plant patients and AIDS patients) and in those with an immature
immune system (e.g. neonates). Typically, HCMV-mediated dis-
ease is associated with conditions such as fever, hepatitis and
leukopenia. (See also CYTOMEGALIC INCLUSION DISEASE.)

[Epidemiology and transmission of HCMV: JID (1985)
152 243-248. Molecular biology and immunology of HCMV
(review): Bioch. J. (1987) 241 313-324. Occupational risk of
HCMV: RMM (1994) 5 33-38. HCMYV in haematological dis-
ease: BCH (1995) 8§ 149-163.]

The laboratory diagnosis of HCMV can be achieved in <24
hours e.g. by SHELL VIAL ASSAY or by serological or nucleic acid-
based techniques [diagnosis of HCMV by detection of antigen
and DNA: RMM (1994) 5 265-276]. A NAsBA-based procedure
has been used for detecting the transcript of a late HCMV gene
in order to monitor transplant patients at risk from HCMV-
related disease [JCM (1998) 36 1341-1346].

In recent years, two more herpesviruses have been added
to the Betaherpesvirinae: human (beta) herpesvirus 6 (human
herpesvirus 6, HHV6) and human (beta) herpesvirus 7 (human
herpesvirus 7, HHV7).

HHV6 has been identified as a causal agent of EXANTHEM
SUBITUM, and is able to cause severe morbidity in immuno-
compromised patients; it is also a possible causal agent of e.g.
lymphoma and leukaemia.
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HHV6 can infect different types of cell — although replication
may not occur in all of them; for example, latent or poorly
replicative viruses have been detected in macrophages and
peripheral blood mononuclear cells. HHV6 has a tropism for
lymphoid cells; in vitro it replicates well in CD4™ cells. Saliva
appears to be a good source of the virus in infected persons.

Interestingly, the HHV6 genome includes two genes with
homology to chemokine genes, and a gene resembling that of
a chemokine receptor. (Certain other herpesviruses, including
HCMYV, encode soluble chemokine receptors.)

In cultures of peripheral blood mononuclear cells, HHV6
induces the cytokines IL-1p and TNF-o.

On the basis of (i) restriction patterns (see RFLP), (ii) binding
of specific monoclonal antibodies, and (iii) cultural properties,
HHV6 has been divided into two variant forms (A and B).
Variant A appears to be observed more frequently in HIV-
infected patients.

[HHVG6 (review): BCH (1995) 8 201-223; Lancet (1997) 349
558-563.]

HHV7 (as well as HHV6) is widespread in the human
population; unlike HHV6 it has not been firmly linked to human
disease. HHV7 replicates well in CD4™ cells, and may (unlike
HHV6) use the CD4 antigen as a receptor. In culture, HHV7
replicates more slowly than HHV6.

[HHV7 (review): Lancet (1997) 349 558-563.]

Another recently isolated herpesvirus, HHV8, has been placed
in the GAMMAHERPESVIRINAE.

betaine N-Trimethylglycine: (CH3);NTCH,COO™. (See also
OSMOREGULATION and STICKLAND REACTION.)

Betaseron”  See INTERFERONS.

Bethell process A method of TIMBER PRESERVATION in which the
timber is first subjected to a vacuum (to withdraw air) and
then exposed to a PRESERVATIVE under pressure. (cf. BOUCHERIE
PROCESS; SAUG-KAPPE PROCESS.)

Bethesda—Ballerup group Syn. BALLERUP-BETHESDA GROUP.

Bettsia A genus of fungi of the ASCOSPHAERALES. B. alvei
(‘pollen mould’) apparently occurs only in stored pollen in the
combs of bee-hives.

BFoF; ATPase A bacterial FoF|-type PROTON ATPASE.

BFNU See N-NITROSO COMPOUNDS.

BFP See PATHOGENICITY ISLAND.

BFPR (BFP) BIOLOGICAL FALSE POSITIVE REACTION.

BGAV Blue-green algal virus (CYANOPHAGE).

BGG Bovine y-globulin.

bgl operon (in Escherichia coli)  See CATABOLITE REPRESSION.

BgIF (in Escherichia coli) See CATABOLITE REPRESSION.

BglG (in Escherichia coli) See CATABOLITE REPRESSION.

Bgll A RESTRICTION ENDONUCLEASE from Bacillus globigii; the
recognition sequence is: GCCNNNN/NGGC.

BgIIl A RESTRICTION ENDONUCLEASE from Bacillus globigii;
A/GATCT.

BGMYV  BEAN GOLDEN MOSAIC VIRUS.

BHIA Brain—heart infusion agar.

BHIB Brain-heart infusion broth.

BHK-21 An ESTABLISHED CELL LINE derived from hamster kidney;
the cells are heteroploid and fibroblast-like.

BIAcore An analytical system in which surface plasmon reso-
nance (SPR) is used to study the kinetics, affinities and binding
positions in antigen—antibody and other molecular interactions.
Specific molecules, in solution, are allowed to bind to an immo-
bilized ligand at a hydrophilic sensor surface; binding affects the
refractive index in the vicinity of the sensor surface. The refrac-
tive index (and, hence, molecular interaction at the surface) can



biased random walk

be monitored by a beam of polarized light incident on the sensor
surface. [Example of use: NAR (2000) 28 1935-1940.]
biased random walk See RANDOM WALK.

Bicine A zwitterionic pH buffer: N,N-bis(2-hydroxyethyl)gly-
cine. Unlike HEPES, Bicine binds divalent cations. At 25°C the
pK, of Bicine is ca. 8.3.

Biddulphia  See DIATOMS.

bifactorial heterothallism See HETEROTHALLISM.

bifermentolysin See THIOL-ACTIVATED CYTOLYSINS.

bifid (1) (adj.) Forked. (2) (noun) A bacterium forked at one or
both ends.

Bifidobacterium A genus of Gram-positive, asporogenous,
anaerobic bacteria which occur e.g. among the GASTROINTESTI-
NAL TRACT FLORA and the VAGINA MICROFLORA, and which carry
out a HETEROLACTIC FERMENTATION in which the main products
of e.g. glucose fermentation are typically acetic and lactic acids
in the ratio 3:2; the key enzyme in the pathway, fructose 6-
phosphate phosphoketolase [see Appendix III(b)], is a diagnos-
tic feature of the genus. Cells: non-motile (often pleomorphic)
rods and bifids. GC%: ca. 57-66. Type species: B. bifidum
(formerly e.g. Lactobacillus bifidus); other species include e.g.
B. adolescentis, B. asteroides (from bees), B. breve, B. infantis,
B. suis, B. thermophilum. (See also INDICATOR ORGANISM.) [Iso-
lation and media: Book ref. 46, pp. 1951-1961.]

bifidus pathway See HETEROLACTIC FERMENTATION.

bifonazole See AZOLE ANTIFUNGAL AGENTS.

big bone disease See OSTEOPETROSIS.

big liver disease See LYMPHOID LEUKOSIS.

big T antigen (large T antigen) See POLYOMAVIRUS.

biguanides Syn. DIGUANIDES.

biguttulate (mycol.) Containing two GUTTULES.

bijou A glass, screw-cap, 5—-7 ml bottle.

bikaverin A benzoxanthone quinone produced by Fusarium spp
(e.g. F. moniliforme); it is a wine-red pigment which shows
some anti-protozoal activity [Book ref. 131, pp. 223-225].

Biken test A precipitin test, based on the ELEK PLATE method,
used for detecting the production of heat-labile enterotoxin by
ETEC (q.v.) [JCM (1981) 13 1-5].

bilabiate (mycol.) Refers to those asci in which spore discharge
is preceded by the development of a vertical slit in the apex of
the ascus.

bilateral trama A type of trama in which the hyphae have
a bilateral arrangement. In e.g. members of the Amanitaceae,
the hyphae diverge from the central plane of the lamella,
passing downwards and outwards towards the lamellar surfaces
(divergent trama). In e.g. members of the Pluteaceae, the hyphae
converge towards the central plane (convergent trama).

bile acids Steroid carboxylic acids — typically hydroxylated
derivatives of 5p-cholan-24-oic acid: cholic acid has a-hydroxyl
groups at positions 3, 7 and 12, deoxycholic acid at positions 3 and
12, chenodeoxycholic acid atpositions 3 and 7, and lithocholic acid
at position 3. These compounds occur — usually conjugated via an
amide bond with glycine (glycocholic acids) or taurine (taurocholic
acids) —in bile, the relative proportions depending on species.
Cholates (the salts of bile acids) are surfactants which emulsify
dietary fats in the intestine. Primary bile acids are synthesized in
the liver. Secondary bile acids are produced from primary acids
by the action of intestinal bacteria; they are absorbed from the
intestine and returned to the liver for secretion. In mammals,
primary bile acids include cholic acid and small amounts of
chenodeoxycholic acid. (Chenodeoxycholic acid is the main bile
acid in fowl.) Lithocholic acid and deoxycholic acid are secondary
bile acids; lithocholic acid, formed from chenodeoxycholic acid, is

hepatotoxic and may promote liver disease associated with biliary
stasis.

Bile acid salts and amides inhibit many non-enteric bacteria
and are useful (e.g. in MACCONKEY’S AGAR) for selecting enteric
species. Bile salts promote multidrug-efflux in Campylobacter
Jjejuni [JB (2005) 187 7417-7424].

bile—aesculin agar See AESCULIN.

bile solubility The ‘solubility’ (i.e., tendency to lyse) shown
by most (freshly isolated) strains of Streptococcus pneumoniae
when exposed (under alkaline conditions) to bile, sodium
deoxycholate, sodium taurocholate, or e.g. lauryl sulphate; other
similar streptococci do not lyse under these conditions. Lysis
appears to result from the activation/stimulation by the bile
of an AUTOLYSIN, N-acetylmuramyl-L-alanine amidase, which
disrupts the cell wall peptidoglycan. Heat-killed pneumococci,
and pneumococci in which choline has been replaced by
ethanolamine in the wall teichoic acid (by culture in a defined
medium), do not lyse with bile.

Bile solubility test (one method): 2 drops of 10% sodium
deoxycholate solution are added to ca. 1 ml of a 24-hour
broth culture or saline suspension of the test organism, the
pH is adjusted to 7.4-7.6, and incubation is carried out
(10~15min /37°C). If the organism is soluble in bile, the turbid
suspension becomes clear (positive test). [Methods: Book ref.
53, pp. 1437-1438.]

bilin See PHYCOBILIPROTEINS.

biliproteins  Syn. PHYCOBILIPROTEINS.

binapacryl See DINITROPHENOLS.

binary fission FISSION (q.v.) in which two cells — usually of
similar size and shape — are formed by the growth and division
of one cell. (cf. MULTIPLE FISSION.) In binary fission cytoplasmic
division is preceded by DNA REPLICATION in prokaryotes, and e.g.
MITOSIS in eukaryotes. (See also CELL CYCLE.) If a cell divides
across its longitudinal axis the process is termed transverse
binary fission; if division occurs along the longitudinal axis it is
termed longitudinal binary fission. Binary fission is a common
mode of asexual reproduction in many types of microorganism.

In bacteria, binary fission is typically of the transverse type,
and it usually results in the formation of two morphologically
and functionally similar daughter cells; asymmetrical binary
fission occurs e.g. in Caulobacter. Following binary fission the
daughter cells may separate; alternatively, the progeny cells of
sequential binary fissions may remain together to form chains,
PACKETS, PALISADES etc. (See also BUDDING; GROWTH (a); SEPTUM
(a); TERNARY FISSION.)

In protozoa, binary fission in ciliates is typically HOMOTHETO-
GENIC, and in flagellates it is typically SYMMETROGENIC. (See also
STOMATOGENESIS.)

In yeasts, binary fission occurs e.g. in Schizosaccharomyces
spp; in many yeasts (including e.g. Saccharomyces) cell division
involves BUDDING (cf. BUD-FISSION).

binding hyphae See HYPHA.

binding protein (1) (periplasmic binding protein) In e.g. bacteria
of the Enterobacteriaceae: a soluble protein, located in the
periplasmic region, which binds to a specific substrate and which
is involved in a BINDING PROTEIN-DEPENDENT TRANSPORT SYSTEM
for that substrate; periplasmic binding proteins can also function
as chemoreceptors for CHEMOTAXIS.

(2) Any protein which binds, more or less specifically, to other
molecules: see e.g. DNA BINDING PROTEIN; SINGLE-STRAND BINDING
PROTEIN; PENICILLIN-BINDING PROTEINS.

binding protein-dependent transport system (ABC importer;
periplasmic transport system; periplasmic permease; osmotic



shock-sensitive permease) In Gram-negative bacteria: an ABC
TRANSPORTER in which an essential stage is the binding of
(imported) substrate by a soluble periplasmic binding protein
which transfers the substrate to a membrane complex. (Some
binding proteins also function in chemosensing.) Binding pro-
teins can be released by OSMOTIC SHOCK; as membrane-bound
components cannot function without their binding proteins, this
type of transport system is characterized by its sensitivity to
osmotic shock.

In Escherichia coli and Salmonella typhimurium (for example)
various sugars, ions, amino acids, organic acids, oligopeptides
etc. (almost half of all imported material) can be transported by
binding protein-dependent systems. (See also VITAMIN Bj2.)

One example is the maltose uptake system in E. coli which
consists of (i) membrane-associated proteins: MalF, MalG and
the two (MalK) ABC proteins, and (ii) the periplasmic binding
protein, MalE; uptake of maltose via the outer membrane
involves a specific PORIN, the LAMB PROTEIN.

Another importer, the E. coli ProU system, mediates uptake
of the osmoregulatory molecule glycine betaine [FEMS Reviews
(1994) 14 3-20].

A further example is the high-affinity histidine uptake sys-
tem (histidine permease) in Salmonella typhimurium [e.g. JBC
(1997) 272 859-866] — one of a number of distinct histi-
dine transporters in this organism. This importer consists of
(i) HisM, HisQ and two copies of the ABC protein, HisP (all
membrane-associated), and (ii) the periplasmic binding protein,
HisJ. (Genes encoding the J, Q, M and P proteins constitute a
single OPERON.) On binding to histidine, HisJ undergoes a confor-
mational change and interacts with the membrane complex; his-
tidine is translocated concomitantly with ATP hydrolysis. [HisP
(crystal structure): Nature (1998) 396 703-707.]

In some cases, binding proteins specific for different substrates
can interact with the same membrane complex. For example, in
Salmonella typhimurium the binding protein for histidine and
that for lysine, arginine and ornithine (the LAO binding protein:
argT gene product) both interact with the same membrane-bound
complex. In E. coli, two binding proteins for branched amino
acids — LIV-I (for L-leucine, L-isoleucine and L-valine) and LS
(for D- and L-leucine) — also have common membrane-bound
components.

binomial A designation consisting of two names. For example,
a SPECIES is designated by a Latin binomial which consists of
the name of the genus to which it belongs (the generic name)
followed by the name (specific epithet) which distinguishes that
species from all others in the genus. Thus, e.g. in Bacillus cereus
‘Bacillus’ is the generic name and ‘cereus’ is the specific epithet.

bioadsorbents See LEACHING.

bioassay Any quantitative procedure in which a given organism is
used for assay purposes. Bioassay is used most often to measure
trace amounts of a given substance (e.g. a vitamin) in a sample;
this is achieved by using an organism for which the given
substance is an essential growth factor, and determining the total
amount of growth of that organism in the sample. For example,
for the bioassay of PANTOTHENIC ACID, Tetrahymena pyriformis
is inoculated into a medium containing adequate concentrations
of all growth requirements except pantothenic acid — which is
present at a known, suboptimal concentration; no pantothenic
acid should be carried over in the inoculum. After incubation
(under standard conditions) the amount of growth is measured
(e.g. in mg dry weight); the amount of growth is proportional to
the amount of pantothenic acid in the medium. The procedure is
repeated, using different concentrations of pantothenic acid each
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time, and a standard curve is constructed by plotting the amount of
growth against the concentration of pantothenic acid; the standard
curve can then be used to quantify an unknown concentration of
pantothenic acid. Clearly, a medium must not contain substance(s)
which allow the test organism to bypass the restriction on growth
imposed by the limiting concentration of the assayed substance;
in the case of BIOTIN bioassay, for example, the presence of
pimelic acid in the medium may circumvent the requirement for
biotin and permit growth of the test organism. (See also FOLIC
ACID; METHANOBREVIBACTER; NICOTINIC ACID; VITAMIN Bjz; cf.
BIOAUTOGRAPHY.)

Bioassay is also used e.g. for measuring concentrations of
antimicrobial agents, and for assaying the pathogenicity of
entomopathogenic microorganisms by determining their effect
on susceptible insect populations.

bioautography A method for detecting a trace amount of a sub-
stance (e.g. a vitamin) in a complex mixture, the given substance
being an essential growth requirement for the test organism used.
The components of the mixture are initially separated by CHRO-
MATOGRAPHY. The presence of a given substance, in a given
chromatographic band, is then determined by extracting the band
with an appropriate solvent and adding the extract to a medium
which lacks a particular growth factor; the medium is then inoc-
ulated with an organism which fails to grow in the absence of
the growth factor. On incubation, growth of the test organism
indicates the presence of the growth requirement in the original
mixture. (cf. BIOASSAY.)

Biobor An organoboron preservative used e.g. in various liquid
hydrocarbon fuels.

bioburden In an industrial sterilization process: the number of
contaminating organisms per product unit before sterilization.

biochemical oxygen demand See BOD.

biocide (1) Syn. STERILANT. (2) Sometimes used to refer to a
DISINFECTANT OI PRESERVATIVE.

bioconcentration factor See BCF.

biocontrol Syn. BIOLOGICAL CONTROL.

bioconversion (1) The conversion of a substrate to particular
product(s) by cells or by isolated enzymes. (2) The conversion
of substrate(s) to cell biomass.

biocytin &-N-Biotinyl-lysine (see BIOTIN).

biodegradation The degradation of a substance as a result
of biological (usually microbial) activity. In ecological terms,
biodegradation is vital for the recycling of matter (see e.g. CAR-
BON CYCLE). In human terms, biodegradation may be useful e.g.
in the disposal of waste materials (see €.g. SEWAGE TREATMENT)
and xenobiotics (see BIOREMEDIATION), and in processes such as
COFFEE production and RETTING; it can also be a nuisance — see
BIODETERIORATION.

biodeterioration The deterioration (spoilage) of an object or
material as a result of biological — usually microbial — activity.
See e.g. CATHODIC DEPOLARIZATION THEORY (of iron corrosion),
COAL BIODEGRADATION, FOOD SPOILAGE, GLASS, LEATHER SPOILAGE,
PAINT SPOILAGE, PAPER SPOILAGE, PETROLEUM (spoilage of fuels
and oils), RUBBER SPOILAGE, TEXTILE SPOILAGE, TIMBER SPOILAGE,
WOOL SPOILAGE. (See also PRESERVATIVES; cf. BIODEGRADATION.)

bioemulsifiers See BIOSURFACTANTS.

biofilm An adherent layer of microbial cells embedded in a
polymer matrix secreted by the cells. Biofilms can develop
on living tissues (e.g. oral cavity) on catheters, in water pipes
[FEMS Ecol. (1997) 22 265-279], and on ships’ hulls; pathogens
in biofilms (e.g. on prostheses) may be resistant to antibiotics
(and to the immune system), but biofilms can be useful e.g.
in waste-water treatment systems [TIBtech.(2000) /8 312-320].
(See also EPILITHON.)



biofilm fluidized-bed reactor

At least some biofilms contain fluid-filled channels which
are kept open by rhamnolipid biosurfactants [JB (2003) 185
699-700; 185 1027-1036]. Biofilm development may be
controlled by QUORUM SENSING [Microbiology (2001) 147
2517-2528; JB (2004) 186 1838—1850] and (in Pseudomonas
aeruginosa) may involve three-component regulation—a sensor
and two response regulators (cf. TWO-COMPONENT REGULATORY
SYSTEM) [JB (2005) 187 1441-1454].

[Symposium/review: JB (2004) 186 4427-4440.]

biofilm fluidized-bed reactor A reactor in which the liquid to be
treated is pumped upwards through a column (‘bed’) of small,
biofilm-coated particles (e.g. sand grains of 0.5 mm diam.) at a
flow rate sufficient to cause fluidization of the bed, i.e. a state in
which the particles, though retained within the reactor, are able
to move relative to one another in the liquid — rather than being
sedimented and immobile.

biofuel cell A device in which certain redox reactions, catalysed
by isolated enzymes or by living cells, are coupled to metal
electrodes — thereby generating an electromotive force (emf)
between the electrodes.

In a biofuel cell a given redox system may be coupled
to an electrode via a mediator substance which facilitates
electron flow between the redox system and electrode; for
example, 4,4'-dipyridyl can facilitate electron flow between
oxidized/reduced cytochrome ¢ and a gold electrode [Nature
(1980) 285 673-674].

In one type of biofuel cell energy is derived from the
metabolism of glucose by Proteus vulgaris [JGM (1985) 131
1393-1401]. In another device, energy is derived from the oxida-
tion of carbon monoxide by an isolated CO OXIDASE using e.g. fer-
rocene monocarboxylic acid ([carboxycyclopentadienyl]cyclo-
pentadienyl-iron) as a mediator [MS (1986) 3 149-153].

More recently, improved results in a microbial fuel cell have
been obtained by using neutral red as an electron mediator [AEM
(2000) 66 1292-1297].

biogas See ANAEROBIC DIGESTION.

bioinsecticide See BIOLOGICAL CONTROL.

bioleaching Microbial LEACHING.

biological aerated filter See SEWAGE TREATMENT.

biological assay Syn. BIOASSAY.

biological clock See CIRCADIAN RHYTHMS.

biological control The exploitation, by man, of one species or
strain of an organism (or a product of that organism) to control
the numbers and/or activities of another organism.

Biological control is used on a commercial scale e.g. in agri-
culture, forestry and horticulture; it often involves introducing
into the environment a microbial pathogen of insects (a microbial
insecticide, bioinsecticide or biopesticide) which can infect and
kill, or disable, particular insect pests of certain crop plants. Sim-
ilarly, weeds may be controlled by the use of plant-pathogenic
fungi (mycoherbicides). (See also TRICHODERMA.)

Certain strains of Bacillus thuringiensis can synthesize a
(typically plasmid-encoded) insecticidal crystal protein (ICP);
there are several types of ICP — designated Cry types I-IV
(and subtypes) — and these important bioinsecticides are widely
used against insect pests on a range of crops. Most of the ICPs
are formed as a parasporal crystal (see DELTA ENDOTOXIN), i.e.
they are synthesized only in sporulating cells; synthesis and
sporulation are linked because transcription of the relevant ICP
genes depends on sporulation-specific sigma factors such as
oF. ICPs of the Cry III type differ in that they are formed
during vegetative growth; overexpression of these ICPs occurs
in mutant cells blocked in the phosphorelay (see ENDOSPORE).
[ICP production: Mol. Microbiol. (1995) 18 1-12.]
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ICPs applied to crops are readily degraded — so that repeat
application is necessary. To avoid this problem, B. thuringiensis
has been genetically modified so that toxin accumulates within
the cell; this (partly-protected) toxin is still highly active
[Biotechnology (1995) 13 67-71].

Biological control has also been directed against mosquitoes;
strains of B. thuringiensis, B. sphaericus and Clostridium bifer-
mentans produce toxins which can kill mosquitoes, and consid-
erable effort is being made to develop a product suitable for
controlling mosquito-borne diseases such as MALARIA, filariasis
and YELLOW FEVER [MR (1993) 57 838-861].

[Biological control by Gram-positive bacteria: FEMS (1999)
171 1-19.]

In a ‘competitive’ form of biological control, Pseudomonas
fluorescens reduces frost injury in certain crops by using
nutrients which would otherwise be available to ICE-NUCLEATION
BACTERIA.

Other biological control agents include e.g. strains of
Agrobacterium (see AGROCINS), Bacillus popilliae (see MILKY
DISEASE), fungi (see e.g. ASCHERSONIA, BEAUVERIA, HETEROBA-
SIDION, METARHIZIUM, NOMURAEA), protozoa (see €.g. NOSEMA)
and viruses (see €.g. BACULOVIRIDAE, CYTOPLASMIC POLYHEDROSIS
VIRUS GROUP, MYXOMATOSIS).

biological false positive reaction (BFPR) In a serological test:
a positive reaction obtained as a result of the occurrence, in
the patient, of disease(s) or condition(s) other than those being
tested for (see e.g. STANDARD TESTS FOR SYPHILIS).

biological filter See SEWAGE TREATMENT.

biological oxygen demand See BOD.

biological safety cabinet Syn. SAFETY CABINET.

biological transmission Transmission of a parasite by a biolog-
ical VECTOR.

biological vector See VECTOR (1).

biological warfare Any form of warfare which exploits the
harmful potential of bioactive substance(s) and/or of particular
microorganism(s) — use of the latter sometimes being termed
germ warfare. The topic is discussed in a number of books — e.g.
Superterrorism by Schweitzer & Dorsch (1998) published by
Kluwer Academic Publishers/Plenum.

[Bioterrorism as a public health threat: EID (1998) 4
488—-494. Bioterrorism: EID (1999) 5 (special issue) 491-565.]

There are plans to develop a former Russian bioweapons
laboratory into an international centre for studying emerging and
re-emerging diseases [see Science (2001) 297 2288-2289].

biological washing powders See SUBTILISINS.

biologicals (med.) Certain biologically derived therapeutic agents
which include e.g. infliximab (see TNF).

bioluminescence CHEMILUMINESCENCE generated by certain
microorganisms and (e.g.) by fireflies and by some crustaceans
and jellyfish. (cf. PHOSPHORESCENCE.)

In all cases, bioluminescence requires the presence of free
oxygen — although only very low levels may be necessary.
However, bioluminescence in different organisms may require
different sources of energy (e.g. ATP in fireflies, NAD and FMN
in bacteria); moreover, different organisms may produce light of
different wavelengths (e.g. 560 nm in fireflies, ~475-505 nm
in bacteria).

In some organisms the light-emitting entity has been
identified as a particular compound; for example, in the
firefly (Photinus pyralis) it is 4,5-dihydro-2-(6-hydroxy-2-
benzothiazolyl)-4-thiazole carboxylic acid. The various light-
emitting compounds/systems from different organisms are
referred to by the generic term luciferin.



All bioluminescent organisms contain a species-specific thiol-
containing oxidoreductase which catalyses oxidation of the
light-emitting entity — giving rise to an energized form which
produces light as it returns to the unexcited ground state.
The generic term for this oxidoreductase is luciferase. In
Photobacterium fischeri, luciferase (EC 1.14.14.3) is a protein of
MWt ~80000. (The firefly luciferase (EC 1.13.12.7) is a protein
of MWt ~62000.)

Bioluminescence in bacteria. The luminescent bacteria include
marine and coastal species, e.g. Alteromonas hanedai and
species of PHOTOBACTERIUM and XENORHABDUS. All the lumi-
nescent bacteria appear to generate light by similar reactions,
involving the same types of component, and light is emitted
continuously (i.e. not in pulses) under appropriate conditions.
Bacterial luciferase is an AUTOINDUCIBLE ENZYME. The autoin-
ducer in e.g. P. fischeri is N-(P-ketocaproyl)homoserine lactone
(see QUORUM SENSING); above a certain concentration, autoin-
ducer switches on the lux operon that encodes luciferase.

Bacterial bioluminescence apparently involves the initial
reduction of FMN by NADH, and the formation of a
luciferase-FMNH, complex. In the presence of (i) free
oxygen, and (ii) an aliphatic aldehyde (containing at least
seven or eight carbon atoms), a larger complex appears to
develop: luciferase—FMNH;-0,—-RCHO; this complex emits
light and yields FMN, luciferase, water and a carboxylic acid
corresponding to the aldehyde. (The aldehyde may be re-cycled
after reduction of the carboxylic acid by NADH.)

Bacterial bioluminescence competes with the respiratory chain
for reduced NAD; luminescence is rapidly enhanced following
the inhibition of respiration by cyanide.

Bioluminescence in fungi. The fruiting bodies and/or mycelium
of some agarics (e.g. Armillaria mellea, Mycena spp) produce a
continuous (non-pulsing) light which, in some species, exhibits
a diurnal fluctuation in intensity; it is dependent on NAD(P)H
and appears to involve two types of enzyme. The emitted light
may be bluish-green or green (wavelength ca. 530 nm).

Bioluminescence in dinoflagellates. On appropriate stimula-
tion (e.g. acidification, agitation), the cells of some dinoflag-
ellates (e.g. species of Gonyaulax, Noctiluca, Pyrocystis,
Pyrodinium) emit bluish light (wavelength ca. 480 nm) in flashes
of ca. 0.1 second duration. Gonyaulax has a system of sub-
cellular, guanine-containing, crystal-like fluorescent structures
referred to as ‘scintillons’; the luciferin occurs (together with
at least some luciferase) only in the scintillons, although some
luciferase may also occur in other parts of the cell [JCB (1985)
100 1435-1446]. Structures similar to scintillons have been
observed in non-luminescent dinoflagellates. Bioluminescence
in G. polyedra (and probably in many other dinoflagellates)
exhibits a CIRCADIAN RHYTHM. In Noctiluca, luminescence is
associated with subcellular organelles, the microsources.

Bioluminescence is also exhibited by a number of radiolarians.

The function of microbial bioluminescence, if any, is
unknown. It has been suggested that it is the vestige of a system
once used for removing low levels of environmental oxygen.

Applications. Bioluminescent bacteria have been used for
detecting very low concentrations of dissolved oxygen.

The ATP-dependent firefly luciferase—luciferin system is used
for detecting/quantifying ATP (e.g. in PYROSEQUENCING, in which
pyrophosphate is first converted to ATP). A luciferase reporter
system is used e.g. for studying promoter function [AEM (2005)
71 1356-1363] and the efficacy of antisense oligomers [AAC
(2005) 49 249-255]. Three different luciferases have monitored
the simultaneous expression of three genes [BioTechniques
(2005) 38 891-894].
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bioreactor

biomass The dry weight, or other (usually quantitative) esti-
mation of organisms (commonly microorganisms), in a given
habitat (soil, water, culture medium, etc).

biomimetic technology Biologically-based systems which can
achieve results similar to those hitherto dependent on abi-
otic electrical/mechanical/chemical methodology. One example
involves the ability of a strain of Pseudomonas stutzeri to form
(in its periplasm) crystalline particles of silver in a nanometre
range of sizes; heat treatment (400°C) of a layer of particle-
containing cells can form a carbonaceous matrix containing the
small, homogeneously embedded particles of silver — a structure
which may have applications as a coating for the absorption of
solar energy. Silver—carbon films from P. stutzeri may also be
useful (as a consequence of their high porosity) as electrodes in
lithium-ion and other batteries.

In general, certain microorganisms are capable of producing
intracellular or extracellular cermet (ceramic—metal) or orgmet
(organic—metal) structures, or composites, which are organized
on a nanometre scale and which potentially have a range of
applications in materials science.

[Metal-accumulating bacteria and their potential for materials
science: TIBtech. (2001) 79 15-20.]

biomineralization The deposition of minerals due to biological
activity — e.g. the formation of magnetosomes (see MAGNETOTAC-
TIC BACTERIA) and the intracellular or extracellular deposition of
sulphur by photosynthetic bacteria. (cf. MINERALIZATION.)

biomining See LEACHING.

Biomyxa  See GRANULORETICULOSEA.

biont Syn. SYMBIONT.

biopesticide See BIOLOGICAL CONTROL.

biophore A ‘host’ cell in genetic engineering.

bioplastics See BIOPOL.

Biopol The trade name (Zeneca, Great Britain) for a
range of biodegradable thermoplastics based on PoLY-P-
HYDROXYBUTYRATE (PHB). The homopolymer (PHB) is formed
under suitable conditions when Alcaligenes eutrophus uses
glucose as the sole source of carbon. When the growth medium
is appropriately supplemented, A. eutrophus forms co-polymers
of hydroxybutyrate and hydroxyvalerate; the proportion of
hydroxyvalerate (controlled by adjusting the growth medium)
determines the properties of these co-polymers. The intracellular
granules of polymer (either PHB or co-polymer) are harvested
and purified to a fine, white powder.

Biopol can be used for making containers, mouldings, fibres,
films and coatings, and can be worked by blow-moulding and
injection-moulding processes. While stable in normal use, Biopol
is fully degradable after suitable disposal.

To reduce costs, attempts are now being made to develop
transgenic plants for the commercial production of bioplastics.

[Review on bioplastics: BAB (1996) 49 1-14.]

biopsy (1) The removal of tissue from the living body for
examination, culture etc. (2) The tissue specimen referred to
in (1).

biopterin  2-Amino-4-hydroxy-6-(1’,2'-dihydroxypropyl)-pteri-
dine. Biopterin is believed to act as a coenzyme in certain
hydroxylation reactions, and is required as a growth factor e.g.
by Crithidia fasciculata and Trypanosoma platydactyli (formerly
Leishmania tarentolae); the requirement for biopterin may be
partially or totally overcome by high concentrations of FOLIC
ACID.

bioreactor (reactor) A FERMENTER or other apparatus used for BIO-
CONVERSIONS.



bioremediation

bioremediation Biotechnological (microbe-based) clean-up of
pollutants (chemical contaminants) in the environment (aqueous
and terrestrial).

As a group, microorganisms are metabolically highly diverse,
so that, in theory, it should be possible to degrade any of a wide
range of pollutants given a suitable choice of microorganisms(s).
Moreover, microbial degradation of pollutants may give rise to
simple products — such as carbon dioxide and water — whereas
alternative approaches (e.g. physical decontamination) may
simply transfer the problem from one location to another.
Nevertheless, while physical methods are typically rapid, often
with a predictable outcome, biological methods frequently
have unknown, unpredictable or unquantifiable effects in the
environment; for example, the bioavailability of a pollutant (its
accessibility to microorganisms) may be reduced by adsorption
to soil particles, and this may limit or preclude efficient
bioremediation.

To be more widely accepted and used, bioremediation must
be shown to be both effective and reliable in the environment.
The efficacy of a bioremediation process may be gauged e.g.
by (i) assaying pollutants of all levels of biodegradability at the
polluted site; (ii) assaying the long-lived breakdown products of
pollutants; (iii) assessing the levels/states of normal constituents
of the environment; and (iv) quantifying specific microbial genes
involved in the catabolism of pollutants [see e.g. AEM (1996)
62 2381-2386].

[Bioremediation: towards a credible technology (review):
Microbiology (1998) 744 599-608.]

Certain types of pollutant are susceptible to anaerobic degra-
dation, and it has been suggested that, in the future, anaerobic
microbial processes may have the potential for widespread appli-
cation in bioremediation technology.

Anaerobic degradation of the perchlorate ion can be carried
out by various facultatively anaerobic or microaerophilic bacteria
which are capable of dissimilatory perchlorate reduction (a form
of ANAEROBIC RESPIRATION); these bacteria include Wolinella
succinogenes and (particularly) species belonging to two new
genera: Dechloromonas and Dechlorosoma (both members of
the beta subclass of Proteobacteria). In dissimilatory perchlorate
reduction, the initial (energy-yielding) stage produces chlorite;
the chlorite is split (enzyme: chlorite dismutase) to chloride
and molecular oxygen. [Ubiquity and diversity of (per)chlorate-
reducing bacteria: AEM (1999) 65 5234-5241.] Currently
(2000), biological methods for perchlorate degradation are based
mainly on the use of bioreactors, and there is at present
no technique for treating perchlorate contamination in the
environment.

Anaerobic degradation of certain hydrocarbons (including
BTEX) would be very useful when these pollutants occur e.g.
in fuel-contaminated aquifers under anoxic conditions — but
BENZENE (for example) typically resists anaerobic degradation. A
novel approach to the anaerobic degradation of benzene involves
the addition of low levels of chlorite — so that the (ubiquitous)
perchlorate-reducers (see above) can convert the chlorite to
chloride and (free) oxygen; the oxygen is then available for
certain aerobic organisms (e.g. Pseudomonas) which are able
to degrade cyclic aromatic hydrocarbons [see Nature (1998) 396
730].

[Emerging techniques for anaerobic bioremediation: TIBtech.
(2000) 18 408-412.]

Degradation of biphenyls and polychlorinated biphenyls
(PCBs) — an important category of environmental pollu-
tants — can be carried out by various types of Gram-negative and
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Gram-positive bacteria. Genes encoding the relevant degradative
activity for biphenyls/polychlorinated biphenyls form the bph
operon. [Transcription of the bph operon in Pseudomonas pseu-
doalcaligenes strain KF707: JBC (2000) 275 31016-31023.]

The pesticide pentachlorophenol (PCP) can be degraded by
strains of the bacterium Sphingomonas chlorophenolica — the
metabolic potential for such degradation probably having devel-
oped during the last few decades [TIBS (2000) 25 261-265].

(See also POLYURETHANASE and TOL PLASMID.)

Wastewater containing terephthalic acid (used e.g. in the
manufacture of plastics) can be treated anaerobically (see
SEWAGE TREATMENT).

[Heavy metals: FEMS Reviews (2002) 26 327-338.]

The development of genetically engineered bacteria for
degrading specific compounds (particularly XENOBIOTICS) is
likely to be assisted by information on the way in which sig-
nals from various environmental substrates are integrated at gene
promoters [EMBO (2001) 20 1-11].

Bios test A test used for assessing the integrity of the seams
in a can (see CANNING). Essentially, cans are filled with a
nutrient medium and are sealed and processed in the normal
way — cooling being carried out with water containing a gas-
producing organism; the cans are then incubated and examined
for the presence of SWELLS. An analogous test is used for testing
the integrity of RETORT POUCHES.

biostratigraphy The study of the age and structure of strat-
ified rocks in terms of the fossils — e.g. FOSSIL MICROORGAN-
ISMS — they contain. [Book ref. 136.]

biosurfactants Biological molecules which function as surfac-
tants, i.e., they lower the surface tension of water; however,
as commonly used, the term includes bioemulsifiers: substances
which act as emulsifying agents but which do not necessar-
ily have a significant effect on surface tension. Most biosur-
factants/bioemulsifiers are amphipathic cell components such
as fatty acids, phospholipids, lipopolysaccharides, lipoteichoic
acids, etc. Certain microorganisms produce extracellular bio-
surfactants or bioemulsifiers which may play a role e.g. in the
adhesion of cells to — and/or their detachment from — surfaces
(see e.g. EMULCYAN), or in the utilization of hydrophobic sub-
strates such as sulphur and hydrocarbons. For example, organ-
isms growing on HYDROCARBONS may produce extracellular fatty
acids, glycolipids (e.g. RHAMNOLIPIDS, SOPHOROLIPIDS), high-
MWt polymers (e.g. EMULSAN), etc (see also LIPOSAN); such
substances may serve e.g. to emulsify the substrate and/or to
allow cells to adhere to substrate—water interfaces. (See also
SAPONINS and SURFACTIN.) [Potential use of biosurfactants in
industry: MS (1986) 3 145-149.]

biotechnology In a broad sense: collectively, the various forms
of technology that exploit biological sources — usually microor-
ganisms and/or their products and components (for examples see
INDUSTRIAL MICROBIOLOGY). (See also BIOMIMETIC TECHNOLOGY
and IMMOBILIZATION.) However, the term ‘biotechnology’ refers
more commonly to those forms of technology which depend
on the use of modern techniques in molecular biology/genetic
engineering to construct novel organisms and/or products for
industrial, medical or other purposes.

bioterrorism See BIOLOGICAL WARFARE.

biotic Living; of biological origin.

biotin (vitamin H; coenzyme R) A VITAMIN which acts as a
cofactor in carboxylation and transcarboxylation reactions, act-
ing as a carrier of CO»; biotin is bound via its carboxyl group
(see figure) to the e-amino group of a lysine residue in the apo-
enzyme. (cf. BIOCYTIN.)
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BIOTIN: (a) free, and (b) bound.

Biotin is required as a growth factor e.g. by many fungi
(e.g. Saccharomyces cerevisiae, Candida spp) and bacteria
(e.g. species of Clostridium, Lactobacillus, Leuconostoc). Some
organisms can synthesize biotin from cysteine, pimelic acid and
carbamoyl phosphate. (See also AVIDIN and ABC IMMUNOPEROXI-
DASE METHOD.)

biotin enzyme Any enzyme whose active centre is associated
with a BIOTIN residue — e.g. PYRUVATE CARBOXYLASE and oxalo-
acetate decarboxylase.

biotope (1) The environment occupied by an organism or organ-
isms. (2) (med., vet.) The location of a particular parasite or
pathogen within the body. (3) The spatial distribution of the
biomass in a cross-section of a river, lake, etc.

biotransformation Syn. BIOCONVERSION (1).

biotroph An organism which derives nutrients from the living
tissues of another (‘host’) organism. (cf. NECROTROPH.)

biotype (biovar) Any VARIETY distinguished by metabolic and/or
physiological properties.

biovar Syn. BIOTYPE.

biparental See PROTOPLAST FUSION.

biphenyls (degradation) See BIOREMEDIATION.

biplicity See FLAGELLUM (a).

bipolar heterothallism See HETEROTHALLISM.

Birbeck granule See LANGERHANS' CELLS.

bird flu  An outbreak of disease (Hong Kong, 1997) caused by an
avian strain (H5N1) of influenza virus type A (see INFLUENZA-
VIRUS).

bird’s nest fungi See NIDULARIALES.

birefringence (double refraction) The phenomenon in which
a beam of light, on entering certain (optically anisotropic)
materials (e.g. a calcite crystal), gives rise to two beams of
polarized light which travel at different velocities in mutually
perpendicular planes and which often (depending on conditions)
follow divergent paths.

Birnaviridae See IPN VIRUS.

birth scar (mycol.) See SCAR.

bisdithiocarbamates (as antimicrobial agents) Metal ethylene-
bisdithiocarbamates (MS.CS.NH.CH,CH,;NH.CS.SM, in which
M is a metal ion) are used as agricultural ANTIFUNGAL
AGENTS — see e.g. MANCOZEB, MANEB, NABAM and ZINEB; they
are believed to be converted, under field conditions, to diiso-
thiocyanate derivatives.

Bismarck brown A brown basic diazo DYE used e.g. for VITAL
STAINING.

bismuth sulphite agar See WILSON AND BLAIR’'S AGAR.

bisphenols Compounds that contain two phenolic residues/
molecule; in bisphenols which are effective ANTISEPTICS or
DISINFECTANTS the residues are linked directly (i.e. car-
bon—carbon) or e.g. via —CHy— (dihydroxydiphenylmethanes)
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or —S— (dihydroxydiphenylsulphides). For maximum antimi-
crobial activity, each phenolic residue must carry an o-
(2-)hydroxyl. Halogenation increases activity; two di- or tri-
halogenated phenolic groups generally confer greater activity
against Gram-positive than Gram-negative species. Bacterio-
static at low concentrations, bisphenols may be bactericidal
at higher concentrations; they appear to affect the cell mem-
brane — e.g. hexachlorophane affects membrane potentials and,
at higher concentrations, may (like various antibacterial agents)
cause coagulation of the cytoplasm.

Bisphenols are poorly soluble or virtually insoluble in
water but are soluble in dilute alkali and/or organic solvents;
they are inactivated by non-ionic surfactants. Since bisphenols
retain antimicrobial activity in the presence of soaps and
are relatively non-toxic to man, they are widely used
as antiseptics and preservatives. Bithionol (2,2'-dihydroxy-
3,5,3',5'-tetrachlorodiphenylsulphide) is an antibacterial and
antifungal agent used e.g. in antiseptic soaps. Bromochlorophane
(3,3'-dibromo-5,5’-dichloro-2,2’-dihydroxydiphenylmethane) is
active against Gram-positive bacteria and has been used e.g.
in deodorants and toothpastes. Dichlorophane (dichlorophene)
(5,5'-dichloro-2,2’-dihydroxydiphenylmethane) is active against
fungi, bacteria and algae; it is used e.g. as a preservative
for paper and textiles. Fentichlor (2,2'-dihydroxy-5,5'-
dichlorodiphenylsulphide) is active primarily against Gram-
positive bacteria (e.g. staphylococci) and fungi (particularly
dermatophytes); it has been used to treat infections involving
dermatophytes. Hexachlorophane (hexachlorophene) (2,2'-
dihydroxy-3,5,6,3',5',6-hexachlorodiphenylmethane) is much
more active against Gram-positive than Gram-negative bacteria;
it has been used in antiseptic soaps, liquid soaps (e.g. Ster-zac)
and lotions (e.g. pHisoHex). (cf. TRICLOSAN; see also PHENOLS.)

bisterigmate Having two sterigmata.

bis(tri-n-butyltin) oxide See TBTO.

bisulphite (as a MUTAGEN) Bisulphite (HSO37~) undergoes vari-
ous reactions with nucleic acids, and can also cause cross-linking
between proteins and nucleic acids. The reaction believed to be
responsible for mutagenesis is the deamination of cytosine and
(at a slower rate) of 5-methylcytosine to give, respectively, uracil
and thymine (resulting in G-C-to-A-T transition in either case);
bisulphite can apparently act on these bases only in ssDNA. (See
also SITE-SPECIFIC MUTAGENESIS.)

bithionol See BISPHENOLS.

Bittner virus Syn. MOUSE MAMMARY TUMOUR VIRUS.

bitty cream See MILK SPOILAGE.

bitunicate ascus (fissitunicate ascus) An Ascus whose wall con-
sists of a thin, more or less rigid outer envelope (ectotunica),
and a thicker, extensible inner envelope (endotunica); at matu-
rity, the outer envelope ruptures and the inner envelope elon-
gates — the ascospores being discharged via an apical pore in
the inner envelope. (cf. UNITUNICATE ASCUS.) Lecanoralean asci
release their ascospores in a similar way; they differ from other
bitunicate asci e.g. in that the endotunica protrudes only to a
limited extent during ascospore discharge.

biuret test A test based on the fact that peptide bond-containing
substances (e.g. peptides and proteins) give a violet/pink colour
when treated with a dilute, alkaline solution of copper sulphate.

bivalent (noun) See MEIOSIS.

Bivalvulida See MYXOSPOREA.

BK virus See POLYOMAVIRUS.

BL-type starter See LACTIC ACID STARTERS.

bla gene A gene encoding B-LACTAMASE. (See also e.g. Tn3.)

black beans Syn. HAMANATTO.



Black beetle virus

Black beetle virus See NODAVIRIDAE.

black bread mould See BREAD SPOILAGE.

black cat/white cat principle The principle that different mech-
anisms for regulating a given catabolic system are equally effi-
cient if they both (or all) ensure responsiveness to the substrate in
the context of the organism’s physiological state [EMBO (2001)
20 1-11].

Black Creek Canal virus

Black Death See PLAGUE.

black disease (infectious necrotic hepatitis) An acute, toxaemic
disease, which affects mainly sheep and cattle (sometimes pigs),
caused by infection of the liver by Clostridium novyi; the disease
is commonly precipitated by invasion of the liver by the liver
fluke (Fasciola hepatica). Death usually occurs rapidly.

black fluids Commercial DISINFECTANTS consisting of certain
phenolic coal tar fractions solubilized with soaps; their activity
is decreased by electrolytes. (cf. WHITE FLUIDS.)

black gill disease A disease of prawns and shrimps (Pennaeus
spp) caused by Fusarium solani (cf. BURNED SPOT DISEASE);
the gills bear many black spots and may undergo necrosis or
collapse.

black light Radiation of ca. 300-420 nm.

black mat syndrome A disease of the tanner or snow crab
(Chionoecetes bairdi) caused by the ascomycete Trichomaris
invadens [CJB (1981) 59 2121-2128]. The fungus forms
a dense black nodular encrusting subiculum (bearing partly
embedded perithecia) on the crab exoskeleton; non-pigmented
hyphae penetrate the tissues beneath [AEM (1983) 46 499-500].
(See also CRUSTACEAN DISEASES.)

black mildews (dark mildews) Plant-parasitic fungi of the fam-
ily Meliolaceae (order DOTHIDEALES); the organisms form
dark mycelium which, in many species, is setose (see also
HYPHOPODIUM). Genera: e.g. Meliola. (cf. POWDERY MILDEWS and
SOOTY MOULDS.)

black piedra A human MycosIs in which hairs (e.g. of the scalp)
are infected by Piedraia hortae. Hard black nodules adhere
firmly to infected hairs (mainly on the distal portions). The
nodules are composed of masses of dark hyphae which form
a stroma containing many uniascal locules; asci are spherical
and contain 8 fusiform ascospores. (cf. WHITE PIEDRA.)

black pod disease A CACAO DISEASE caused by species of PHY-
TOPHTHORA (e.g. P. palmivora, P. megakarya) and characterized
by blackening of the (normally green) pods. Pulp prepared from
the beans of infected pods contains subnormal amounts of sugar
so that the fermentation process (see COCOA) may be affected;
such beans also contain excessive amounts of free fatty acid.
The disease is usually controlled by antifungal sprays. [Black
pod disease in Nigeria: Phytopathol. Paper number 25 (April,
1981).]

black pox (black spot) (vet.) Ulcerative lesions, each with a black
centre, which occur on the teats, particularly at the orifice, in
e.g. cattle. Staphylococcus aureus may be isolable from the
lesions. Treatment: antimicrobial ointments or teat dips. (See
also MASTITIS.)

black queen cell virus See PICORNAVIRIDAE.

black rot (plant pathol.) A general term for any of various
unrelated plant diseases. For example, brassica black rot, caused
by Xanthomonas campestris pv. campestris, is characterized by
blackening of leaf-margins and often of leaf-veins, yellowing of
leaves, stunting etc. (Carrot black rot: see ALTERNARIA.)

black scours Syn. WINTER DYSENTERY.

black smoker See HYDROTHERMAL VENT.

black spot (1) (food microbiol.) A type of MEAT SPOILAGE which
affects red meats at sub-zero temperatures; black spots of fungal

See HANTAVIRUS.
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growth develop on the meat surface. Species involved include
Cladosporium cladosporioides, C. herbarum and Penicillium
verrucosum var. corymbiferum (Penicillium hirsutum). [JAB
(1982) 52 245-250.]

(2) (vet.) Syn. BLACK POX.

(3) (plant pathol.) Any of various plant diseases characterized
by the formation of black spots e.g. on the leaves and/or fruit.
Black spot of roses is caused by Diplocarpon rosae; irregular
dark-brown or black patches appear on both surfaces of the
leaves, and leaves turn yellow and fall prematurely. Bacterial
black spot of mangoes, a serious necrotic disease present in most
mango-growing regions, is caused by Xanthomonas campestris
pv. mangiferaeindicae [1JSB (1984) 34 77-79].

black stem rust A CEREAL DISEASE, caused by Puccinia graminis,
which can affect wheat (causing serious economic losses e.g. in
the USA) and other cereals; see UREDINIOMYCETES for details of
the disease in wheat.

black wart disease (of potato) See WART DISEASE.

black yeasts Fungi which can form dark, yeast-like cells (e.g.
species of Aureobasidium and Cladosporium).

blackeye cowpea mosaic virus See POTYVIRUSES.

blackfellow’s bread The SCLEROTIUM of Polyporus mylittae
which is used as food by Australian aboriginals.

blackhead (1) (vet.) (histomoniasis; infectious enterohepatitis) A
disease which affects mainly turkeys but also e.g. chickens and
pheasants; it is caused by Histomonas meleagridis. Transmission
occurs mainly via the caecal nematode Heterakis gallinae, in
which H. meleagridis is transmitted transovarially; the bird is
infected on ingestion of nematode eggs passed with the faeces
of an infected bird. Symptoms in turkeys: anorexia, lethargy,
passage of characteristic yellow faeces; cyanosis or blackening
of the head may occur. Initially, small haemorrhagic ulcers
occur in the caecum; later the caecal tubes are greatly enlarged.
Characteristic circular, yellowish, necrotic lesions occur in the
liver, sometimes coalescing to form large areas of necrosis. In the
acute form the disease is often rapidly fatal, but it may be chronic
in older birds. In chickens, the disease is usually mild (although
severe outbreaks may occur under intensive rearing conditions).
Chickens are commonly parasitized by H. gallinae and can act
as a reservoir of H. meleagridis; they should therefore not be
reared alongside turkeys. Lab. diagnosis: H. meleagridis may
be observed in scrapings from caecal lesions. Furazolidone
and dimetridazole are used for prevention/treatment. (See also
POULTRY DISEASES.)

(2) (med.) See ACNE.

blackleg (1) (blackquarter) (vet.) In cattle (and occasionally in
other animals): an acute (usually) fatal disease, characterized by
severe toxaemia and inflammation of leg (and/or other) muscles,
caused by Clostridium chauvoei; the pathogen is presumed to
reach the affected site via the intestine and bloodstream, but
trauma to muscles may be a predisposing factor. Treatment:
parenteral administration of antibiotics. (cf. MALIGNANT OEDEMA.)

(2) (plant pathol.) Any of various bacterial or fungal diseases
of plants in which the plant stem characteristically becomes
blackened and often rots.

In potatoes blackleg is caused by Erwinia carotovora subsp.
atroseptica; symptoms: yellowing of foliage, rotting of stems
(which become black and slimy), slimy lesions in the tubers.

In cruciferous plants ‘blackleg” may refer to any of several
diseases. That caused by Xanthomonas campestris involves leaf
chlorosis and blackening of the veins; infection is seed-borne
or occurs via stomata or wounds. Leptosphaeria maculans can
be an important cause of blackleg in oil-seed rape and other
brassicas.



In beet plants, blackleg may be caused by Pleospora (Phoma)
bjoerlingii; in seedlings, the stem blackens and shrivels, while
in mature plants brown leaf spots and blackening of root tissues
occur. Infection is seed-borne.

Pelargonium blackleg is caused by a Pythium sp; stems
blacken from the base upwards, foliage wilts, etc.

blackpatch disease (of clover) See SLAFRAMINE.

blackquarter Syn. BLACKLEG (1).

blackwater fever A complication of falciparum MALARIA char-
acterized by profound haemoglobinuria.

bladder (algol.) Syn. PNEUMATOCYST.

bladder infection See CYSTITIS and UPEC.

bladder wrack See FucCus.

blade (algol.) The flat or crinkled, essentially sheet-like part of
the thallus in certain algae (e.g. Fucus, Laminaria).

Blakeslea  See MUCORALES.

blanket weed See CLADOPHORA.

BLAST Basic local alignment search tool, a program for com-
paring sequences: http://www.ncbi.nlm.nih.gov/BLAST/

blast disease (of rice) A disease of the rice plant caused by
Pyricularia oryzae (see PYRICULARIA). Leaf lesions are often
e.g. bluish or grey, each having a dark brown margin; bluish
lesions may occur in the neck of the culm (i.e., just below the
flowering head) — often leading to breakage — and small brown
lesions may form on the glumes. The disease is favoured e.g. by
high levels of soil nitrogen. (See also HINOZAN, KASUGAMYCIN,
KITAZIN and THIOPHANATE-METHYL.)

blast transformation Morphological and metabolic changes
which occur in B LYMPHOCYTES and T LYMPHOCYTES On expo-
sure to specific antigen or to a MITOGEN; in at least some cases,
blast transformation appears to be triggered by the cross-linking
of receptors on the surface of the lymphocyte.

In B cells, within ~12—-24 hours of stimulation, the cell begins
to enlarge and develops a basophilic, ribosome-rich cytoplasm,
an enlarged nucleolus, and a large, pale-staining nucleus which
contains an increased amount of interchromatinic protein; the
transformed cell is known as a blast cell (= blast), and its
formation appears to represent a shift from the Gp to the
G; phase of the cell cycle. For ANTIBODY FORMATION, a blast
proliferates and forms PLASMA CELLS.

blastic conidiogenesis See CONIDIUM.

Blastobacter A genus of rod-shaped to spherical, Gram-negative
budding bacteria which occur e.g. in ponds and lakes; some
strains are flagellated, and some are pigmented.

Blastocaulis A subjective SYNONYM of PLANCTOMYCES.

Blastocladiales An order of fungi (class CHYTRIDIOMYCETES) in
which the thallus consists typically of rhizoid-bearing hyphae or
mycelium, and in which sexual reproduction involves the fusion
of iso- or anisoplanogametes; most species live saprotrophically
in water or soil, but Coelomomyces spp (which form wall-less,
coenocytic hyphae lacking rhizoids) are obligate parasites of
certain insects (e.g. mosquito larvae). [Coelomomyces: Book
ref. 190.] Other genera include ALLOMYCES, Blastocladiella, and
Catenaria (see also NEMATOPHAGOUS FUNGI).

Blastocladiella  See BLASTOCLADIALES and GAMMA PARTICLE (2).
blastoconidium See CONIDIUM.
Blastocrithidia A genus of homoxenous parasitic protozoa

(family TRYPANOSOMATIDAE) which occur in the gut of bugs
and mosquitoes; epimastigotes, approx. 10—70 um. B. triatomae
forms desiccation-resistant cysts.

Blastocystis A genus of organisms currently regarded as pro-
tozoa (formerly as fungi of the Entomophthorales). B. hominis
occurs in the intestinal tract in man and other animals; it is gener-
ally non-pathogenic, but may be associated with diarrhoea when
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bleeding canker

present in large numbers [Ped. Inf. Dis. (1985) 4 556-557].
Three morphological forms (amoebic, granular and vacuolated)
have been described, but the vacuolated form is the most com-
mon in human faecal specimens; these cells are non-motile and
spherical, oval or ellipsoid, (5—)8—10(—30) um diam., and may
be mistaken for cysts of certain amoebae. Staining of the vac-
uolated forms with e.g. iodine reveals a thin peripheral layer of
cytoplasm containing one nucleus (sometimes 2—4 nuclei) and
surrounding a large central or slightly eccentric body or vacuole.

Blastodinium  See DINOFLAGELLATES.

Blastomyces A genus of fungi of the HYPHOMYCETES. B. dermati-
tidis (= B. zymonema, teleomorph Ajellomyces dermatitidis) is a
dimorphic fungus which causes BLASTOMYCOSIS; in mammalian
cells and in culture at 37°C it grows in the form of yeast-like,
spherical, thick-walled cells (usually ca. 8—15 um diam.). The
cells reproduce by budding, a (usually) single bud being attached
to the mother cell by a broad base. When cultured at <30°C
the organism grows as a septate mycelium, producing smooth,
spherical to ovoid conidia (3—5 um diam.) on short, straight
conidiophores.

Blastomycetes A class of fungi (subdivision DEUTEROMYCOTINA)
which include the anamorphic yeasts; the class is sometimes
divided into two families: CRYPTOCOCCACEAE (species do not
form ballistospores) and SPOROBOLOMYCETACEAE (species form
ballistospores). In some taxonomic schemes [Book ref. 64,
p. 54] the organisms are included in the HYPHOMYCETES.

blastomycosis (North American blastomycosis; Gilchrist’s dis-
ease) An acute or chronic Mycosis, affecting man and ani-
mals (e.g. dogs), caused by Blastomyces dermatitidis; it occurs
e.g. in North America, Africa and Israel. Infection apparently
occurs by inhalation of spores from the (presumably sapro-
trophic) fungus, although B. dermatitidis has proved difficult
to isolate from environmental habitats. The disease occurs in
two clinically distinct but variable forms: the cutaneous form
(a chronic disease in which granulomatous, suppurative lesions
are confined mainly to the skin, although the pathogen is dis-
seminated from a primary pulmonary site), and the pulmonary
form (in which lesions develop primarily in the lungs). Pul-
monary blastomycosis may be subclinical, may (occasionally)
manifest as an acute, self-limiting, influenza- or pneumonia-like
disease, or may be chronic and progressive with dissemination
to other regions of the body (e.g. bones, genitourinary tract,
CNS). Mortality rates associated with untreated systemic blas-
tomycosis may be >80%. Chemotherapy: e.g. amphotericin B;
2-hydroxystilbamidine. [Review of human blastomycosis: CRM
(1982) 9 139-164.] (cf. PARACOCCIDIOIDOMYCOSIS.)

blastospore See CONIDIUM.

Blattabacterium A genus of Gram negative-type bacteria which
occur as intracellular endosymbionts of the cockroach (Blatta
spp). Cells: non-motile rods, ca. 1.0 x 1.6—9.0 um, which may
give a Gram-positive or Gram-variable reaction; they occur
within the bacteriocytes of the cockroach —and within the
oocytes, thus ensuring their transmission to the larvae. GC%: ca.
26-28. Type species: B. cuenoti. [Book ref. 22, pp. 830-831.]

bleach See HYPOCHLORITES.

bleaching Loss of the chromophore from a biological pigment,
or loss of pigment(s) from an organism — e.g. loss of chlorophyll
from a photosynthetic organism.

bleeding canker A CANKER which affects e.g. horse chestnut,
lime and apple trees; it is caused by Phytophthora citricola. A
brownish or reddish gum oozes from the regions of dying bark
and dries to form a hard black crust; dieback may occur, and
the lesions may be infected with other wood-decaying fungi.



blending

blending Vigorous agitation involving high shear forces.

bleomycin An anticancer antibiotic produced by Streptomyces
verticillus; it is structurally complex, consisting of peptide and
disaccharide moieties. Bleomycin binds to DNA and — in the
presence of Fe?t and O, — causes release of free bases and
the degradation of the DNA by single- and double-stranded
cleavages.

Blepharisma A genus of ciliates (order HETEROTRICHIDA). Cells:
ovoid to elongate, non-contractile, with uniform somatic ciliature
and an oral region extending about half the length of the cell;
usually pink to red.

blepharismin See GAMONE.

blepharismone See GAMONE.

blepharmone See GAMONE.

Blepharocorythina See TRICHOSTOMATIDA.

blepharoplast (protozool.) Syn. BASAL BODY (b).

blewit The edible fruiting body of Lepista saeva (syn. Tricholoma
saevum, T. personatum) (= field blewit), or of Lepista nuda (syn.
Tricholoma nudum) (= wood blewit).

blight (1) (plant pathol.) A general term applied to any of a wide
range of unrelated plant diseases: see €.g. CANE BLIGHT, CHESTNUT
BLIGHT, FIREBLIGHT, FUSARIUM, HALO BLIGHT, LATE BLIGHT.

(2) (vet.) Syn. INFECTIOUS KERATITIS.

blister blight A TEA DISEASE which occurs throughout the Asian
tea-growing regions; it is caused by Exobasidium vexans.
Translucent (sometimes pinkish), circular, concave lesions com-
monly occur on the upper surfaces of leaves; the convex under-
side of each lesion (on the lower side of the leaf) becomes white
and downy with spores. Only young leaves are susceptible to
infection. Control: e.g. copper sprays.

blister rust (white pine blister rust) An economically important
disease of the western white pine (Pinus monticola), and of the
Weymouth pine (P. strobus), caused by Cronartium ribicola (an
apparently heterothallic rust [CJB (1985) 63 1086—1088]). The
disease develops over a period of years; symptoms include the
formation of large orange blisters, and of cankers which may
spread until the tree dies. (See also PINE DISEASES.)

bloat (ruminal tympany) In ruminants: a (sometimes fatal) con-
dition in which the gaseous products of fermentation become
trapped (either as free gas or as a stable foam) in the
RUMEN — which thus becomes distended; the cause of bloat is not
always clear, but the pasture (or legume) bloat which may occur
in cattle grazing legume-rich pasture may be due to the foam-
promoting properties of soluble leaf proteins or of lipids present
in the feedstuff. Feedlot (or grain) bloat appears to be due to
certain factor(s) of microbial origin — e.g. extracellular polysac-
charides or slimes. One factor which may be important in both
pasture and feedlot bloats is the ability of some bacteria (e.g.
Butyrivibrio fibrisolvens, Megasphaera elsdenii, Streptococcus
bovis) to digest the salivary mucins which act as antifoaming
agents.

bloater damage (in cucumbers) See PICKING.

Blochman bodies Intracellular, prokaryotic symbionts which
occur in mycetomes in insects.

blocked reading frame See OPEN READING FRAME.

blocking antibodies (1) (non-agglutinating antibodies) Antibod-
ies which fail to agglutinate homologous antigens even though
antigen—antibody combination may occur; lack of agglutination
may be due e.g. to an insufficiency of effective combining sites
on the antibody molecules. By combining with antigen, blocking
antibodies prevent (‘block’) agglutination by homologous agglu-
tinating antibodies. Blocking antibodies can be detected e.g. by
an ANTIGLOBULIN CONSUMPTION TEST. (2) IgG antibodies which
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combine with allergens and which prevent those allergens from
initiating an immediate hypersensitivity reaction.

blood agar An agar-based medium containing defibrinated (or
whole citrated or oxalated) blood. It is prepared by mixing
5-10% blood (drawn aseptically) with a pre-autoclaved molten
agar base (e.g. TRYPTICASE-SOY AGAR) at ca. 50°C; the medium is
dispensed e.g. to Petri dishes and allowed to set. (cf. CHOCOLATE
AGAR.) Blood agar is used e.g. for the culture of fastidious
bacterial parasites of man and animals, and for the detection of
HAEMOLYSINS; since a given bacterial haemolysin may be active
against the RBCs of only some animals (e.g. horse, sheep), the
choice of blood is important.

blood clotting See FIBRIN; COAGULASE; ANTICOAGULANT.

blood culture A procedure for detecting the presence of viable
bacteria in blood. Since blood-borne bacteria may be present
only in very small numbers, isolation is attempted only after
a blood sample has been incubated in a suitable medium
to allow the bacteria to multiply. Blood (5-10 ml), taken
aseptically, is immediately added (aseptically) to 50—100 ml
of medium (e.g. trypticase soy broth) which usually contains
an anticoagulant (e.g. spS) and sometimes e.g. penicillinase
(to inactivate any penicillin in the blood) and/or PABA (to
counteract any sulphonamide drugs). (The medium is commonly
contained in a plain bottle whose opening is sealed by a rubber
disc held in place by a screw-cap with a central hole; blood is
injected into the bottle through the rubber disc.) The medium is
then incubated. Periodically (e.g. daily for 7 days) the medium is
subcultured to a suitable solid medium which is then incubated
and examined for bacterial growth. (See also CASTANEDA’S
METHOD; CLOT CULTURE.) [ARM (1982) 36 467-493.]

blood DNA isolation kits Commercial kits used for preparing
genomic DNA from samples of blood.

In the DNA Stat™ system (marketed by Stratagene), the blood
sample (25-200 pl) is added to a hypotonic solution in a spin
cup resting in a 2-ml collection tube; erythrocytes (red blood
cells) are lysed in the hypotonic solution. On centrifugation,
plasma proteins and lysed RBCs pass through the spin cup into
the collection tube; leukocytes are retained within the spin cup.
A chaotropic solution is then added to the spin cup; this lyses the
leukocytes and releases genomic DNA. DNA binds to the spin
cup, and contaminants are removed by two washing steps. DNA
can then be eluted into buffer. The resulting DNA is suitable for
use as a template in PCR.

blood parasites See e.g. ANAPLASMA, BABESIA, ENDOTRYPANUM,
LANKESTERELLA, PLASMODIUM and THEILERIA.

blood poisoning Syn. SEPTICAEMIA.

blood transfusion (infection by) See TRANSFUSION-TRANSMITTED
INFECTION.

bloom (water bloom) An abundant (easily visible and often con-
spicuous) growth of e.g. planktonic algae (including phytoflagel-
lates), cyanobacteria (particularly GAS VACUOLE-forming species),
or occasionally protozoa (e.g. Stentor) at or near the surface of
a body of water (reservoir, lake, fishpond, ocean, etc). Blooms
are often seasonal and may be favoured by particular set(s)
of environmental conditions, including e.g. thermal stratifica-
tion (in lakes and reservoirs), an excess of particular nutrients
(e.g. leached nitrogen-rich agricultural fertilizers), an abundance
of organic matter, etc; blooms of Chrysochromulina breviturrita
may be triggered by the deposition of selenium (apparently an
essential growth factor for this species) derived from coal-fired
power plants [CJFAS (1985) 42 1783—-1788]. Blooms may recur
cyclically: e.g. when dinoflagellates in a bloom exhaust their
nutrient supply and die, their decomposition releases nutrients



which encourage bacterial growth; the bacteria in turn produce
VITAMIN B3 (an essential growth factor for dinoflagellates), thus
triggering another dinoflagellate bloom. (See also RED TIDE.)

Blooms can cause various deleterious effects on the habi-
tat in which they occur, as well as causing problems for man.
The death and sudden decomposition of the massive microbial
populations can cause a severe depletion of dissolved oxygen,
often resulting in the asphyxiation of fish and other aquatic ani-
mals. Many bloom-forming species produce potent PHYCOTOXINS
which may cause illness or death in animals or humans drinking
the water or consuming aquatic animals from affected waters.
(See also RED TIDE.) Certain species can impart unpleasant tastes
and odours to the water: e.g. Chrysochromulina breviturrita
can cause a ‘rotten cabbage’ odour, while Synura petersenii
can cause ‘fishy’ tastes and odours. (See also GEOSMIN and
METHYLISOBORNEOL.) Excessive algal growth in a reservoir may,
in addition to the above problems, block water filters (see WATER
SUPPLIES).

The formation of blooms may be discouraged or prevented by
e.g. pumping to discourage thermal stratification, adding certain
algicides, preventing contamination of waters with fertilizers,
etc. ALGICIDES commonly used in this context include e.g.
copper sulphate (a few parts per million), although this may
actually encourage some smaller, more troublesome species by
decimating larger, more susceptible species. Phenanthraquinone
and DICHLONE have been reported to be effective against bloom-
forming cyanobacteria.

bloomed lens (coated lens) A lens coated with a thin layer of
e.g. magnesium fluoride to reduce the amount of incident light
reflected back from the lens surface; the thickness of the coating
is calculated such that destructive interference occurs between
rays reflected from the bloomed surface and rays reflected at the
fluoride—glass interface. In practice, blooming eliminates only
that reflected light (usually green or yellow) whose wavelength is
about four times the thickness of the fluoride coating. Blooming
of a microscope eyepiece lens reduces stray background light in
the tube and improves image sharpness.

blot (mol. biol.) See BLOTTING.

blotch disease Syn. BROWN BLOTCH.

blotting Following gel ELECTROPHORESIS: the transfer of nucleic
acid and/or protein molecules from a gel strip to a specialized,
chemically reactive paper, or other matrix, to which the trans-
ferred molecules may bind in a pattern similar to that present
in the original gel. Transfer may be effected by capillary action,
in which case the matrix (e.g. nitrocellulose, DEAE paper, APT
PAPER) is sandwiched between the gel and a highly absorptive
pad. Alternatively, in electroblotting, transfer is effected by elec-
trophoresis.

In the earliest (capillary) blotting, DNA was transferred
to nitrocellulose in the eponymous Southern blot technique
(see SOUTHERN BLOT; see also SOUTHERN HYBRIDIZATION); later,
blotting of RNA (Northern blot) and protein (Western blot) was
carried out.

After blotting, a particular target molecule on the matrix may
be identified or assayed e.g. by labelled probes or by enzyme
immunoassay techniques. In immunoblotting, the transfer of
proteins to a matrix is followed by exposure of the matrix
to labelled antibodies; the binding of specific antibodies to a
particular protein on the matrix may indicate the corresponding
antigen.

(See also SOUTHWESTERN BLOTTING.)

blower Syn. SWELL.
blown can Syn. SWELL.

blunt-ended DNA

blue bodies See EAST COAST FEVER.

blue cheese See CHEESE-MAKING.

blue-eared pig disease Porcine reproductive and respiratory syn-
drome (PRRS): a disease of pigs, reported first in the USA and
later in Europe, associated with a variety of symptoms, includ-
ing abortion/stillbirth, agalactia, respiratory distress (particularly
in new-born animals) and cyanosis of the ears; some strains can
cause encephalitis. The disease may be mild, or may be severe
with heavy losses, depending e.g. on the virulence of the causal
agent and existing health of infected pigs. Secondary infections
may occur.

The causal agent is a virus (genus ARTERIVIRUS), first identified
in The Netherlands (the ‘Lelystad’ virus); it is also referred to
as the swine infertility and respiratory syndrome (SIRS) virus.

Infection may occur via the airborne route. The incubation
period may be a few days to a week, or much longer. Following
experimental infection via the oronasal route, the virus can
be detected within 12 hours in alveolar macrophages, in lung
lymph nodes within 24 hours, and in spleen within 3—4 days. A
reduction in numbers of alveolar macrophages (the major target
cell of the virus) may be important in predisposing to secondary
infections. Virus is shed in the oronasal secretions, urine and
faeces of acutely infected animals.

[PRRS: RMM (1995) 6 119-125.]

blue-green algae CYANOBACTERIA.

blue-light fluorescence See FLUORESCENCE.

blue mould (1) (of tobacco) See PERONOSPORA.

(2) Any blue-spored species of Penicillium.

blue proteins Copper-containing proteins which characteristi-
cally absorb strongly at or near 600 nm; at least some blue
proteins are known to have roles in electron transport, and these
proteins have been referred to as ‘cupredoxins’.

Blue proteins occur in bacteria, e.g. AMICYANIN, AZURIN
(sense 1), RUSTICYANIN; in fungi, e.g. LACCASE; in higher plants,
e.g. cucumber basic blue protein, stellacyanin, umecyanin; in
higher plants, algae and cyanobacteria, e.g. PLASTOCYANIN; and in
animals, e.g. ascorbate oxidase (EC 1.10.3.3) and ceruloplasmin
(found in mammalian blood plasma).

blue pus Pus formed in suppurative infections involving Pseu-
domonas aeruginosa; the pus has a bluish tinge owing to the
presence of pyocyanin.

blue slime disease See COSTIASIS.

blue-stain A form of SAP-STAIN in which timber becomes bluish-
grey owing to the deep penetration of fungal hyphae; the
bluish-grey ‘stain’ is due to refraction of light by the hyphae.
The commonest causal agents of blue-stain in temperate zones
are species of Ceratocystis, e.g. C. pilifera; Diplodia spp are
important in the tropics. Blue-stain may reduce the value of
timber, but it does not significantly affect its mechanical strength
since the cellulose and lignin components of the wood are little
affected.

blueberry shoestring virus See SOBEMOVIRUSES.

bluecomb disease virus See CORONAVIRIDAE.

bluetongue An acute SHEEP DISEASE caused by an ORBIVIRUS;
other ruminants (e.g. cattle, deer) may be affected, but in these
the disease is usually mild or subclinical. Bluetongue occurs
mainly in Africa but has occurred e.g. in Europe, Asia, USA.
Transmission occurs mainly via a biological vector (especially
Culicoides spp). Incubation period: 2 days to 2 weeks. Symp-
toms: fever; inflammation and cyanosis of the mucous mem-
branes of the mouth, nose, and alimentary tract. The lungs and
feet may be involved. Mortality (in sheep): e.g. 5-30%.

blunt-ended DNA Linear dsDNA with flush ends, i.e., with no
3" or 5’ single-stranded extensions. (cf. e.g. STICKY ENDS.)
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blusher

blusher Amanita rubescens.

BLV Bovine leukosis virus: see BOVINE VIRAL LEUKOSIS.

BOD (biochemical oxygen demand; biological oxygen demand)
The amount of dissolved oxygen needed for microbial oxidation
of soluble, biodegradable matter in an aquatic environment. For
example, when discharged to rivers etc., sewage effluents may
consume large amounts of dissolved oxygen, and if dilution
is inadequate they may give rise, locally, to anaerobic or
microaerobic conditions (i.e. exert a high BOD); in such cases
there is a risk of asphyxiation for fish and other organisms
dependent on appropriate levels of dissolved oxygen.

The BOD test measures the amount of oxygen (mg) consumed
per litre of (e.g.) sewage, or a known dilution of it, in 5 days
at 20°C.

(See also SEWAGE TREATMENT.)

BOD test See BOD.

Bodanella  See PHAEOPHYTA.

Bodo A genus of protozoa (suborder BODONINA); species occur
e.g. in organically polluted waters (see SAPROBITY SYSTEM). The
cells are ovoid or tapered, sometimes flattened, ca. 5-20 pum in
length; two flagella arise at the anterior end (near the cytostome),
one being directed posteriorly.

Bodonina A suborder of biflagellate protozoa (order KINETOPLAS-
TIDA); some members are free-living, others are parasitic e.g.
in the blood or gut of fish. Genera include BoDO, Cryptobia,
Rhynchomonas.

body microflora Each of the various regions of the body
typically harbours a characteristic MICROFLORA (sense 1); for
microflora of the human body see e.g. EAR MICROFLORA,
EYE MICROFLORA, GASTROINTESTINAL TRACT FLORA, GENITOURI-
NARY TRACT FLORA, MOUTH MICROFLORA, RESPIRATORY TRACT
MICROFLORA, SKIN MICROFLORA.

body odour See SKIN MICROFLORA.

boil (furuncle) A skin lesion due to infection of a hair follicle,
sebaceous gland or skin lesion by (usually) Staphylococcus
aureus. A tender red nodule becomes pus-filled and may either
subside or break at the skin surface and drain. (cf. CARBUNCLE;
FURUNCULOSIS (2).)

boil disease (in fish) See MYXOBOLUS.

Boivin antigens Syn. O ANTIGENS.

Bolbitiaceae See AGARICALES.

Boletales An order of fungi (subclass HOLOBASIDIOMYCETIDAE)
that typically form mushroom-shaped basidiocarps in which
the hymenophore lines a mass of vertically orientated tubules
on the underside of the pileus (porous basidiocarp) or forms
a layer on lamellae; the porous basidiocarps are fleshy (cf.
APHYLLOPHORALES). Genera include e.g. Boletus (basidiocarp
porous, stipe central), Paxillus (lamellate), and Phylloporus
(lamellate). Some species are edible — e.g. Boletus edulis (cepe
or penny bun), some form mycorrhizal associations with trees,
and one species, Boletus parasiticus, is parasitic on Scleroderma.
[Classification and spore structure: TBMS (1981) 76 103—-146.]

Boletus  See BOLETALES.

Boletus virus ~ See POTEXVIRUSES.

Bolivian haemorrhagic fever A VIRAL HAEMORRHAGIC FEVER
caused by the Machupo virus (see ARENAVIRIDAE). Mortality:
usually ca. 5-30%.

Bombyx mori NPV See NUCLEAR POLYHEDROSIS VIRUSES.

bongkrek See TEMPEH.

bongkrekic acid A toxic, substituted heptaenedioic acid pro-
duced by ‘Pseudomonas cocovenenans’ in spoiled bongkrek (see
TEMPEH); it inhibits (uncompetitively) the ADP/ATP exchange
carrier system which operates across the inner mitochondrial
membrane. (cf. ATRACTYLOSIDE.)

booster (immunol.) A second or subsequent dose of a VACCINE
administered with the object of eliciting a higher rate of antibody
formation (see ANAMNESTIC RESPONSE).

boot laces See ARMILLARIA.

boracic acid Syn. BORIC ACID.

Bordeaux mixture (plant pathol.) An antifungal preparation first
used in Bordeaux in the late 19th century for the treatment of
downy mildew of vines; it has since been widely used as an
agricultural antifungal agent against various blights, mildews,
rusts and leaf-spot diseases, but is now used less frequently
owing to its phytotoxicity. It is prepared by mixing a solution
of copper sulphate with an aqueous suspension of calcium
hydroxide, and appears to contain a mixture of basic copper
sulphates (CuSOy4.xCu(OH),). The freshly-prepared mixture,
sprayed onto leaves, stems etc, forms an insoluble deposit which
gradually releases COPPER ions as a result of the influence of e.g.
atmospheric carbon dioxide and/or plant or fungal secretions.

border disease (hairy shaker disease) A congenitally acquired
SHEEP DISEASE characterized by an abnormally hairy birth-coat,
tremors, and poor growth; it is caused by a PESTIVIRUS. [Review:
Adv. Vet. Med. (1982) 36 (90 pp.).]

Bordet-Gengou agar An agar-based medium, used for the
primary isolation of Bordetella spp (especially B. pertussis),
containing glycerol, soluble starch, and 20-30% fresh horse or
sheep blood; peptone (1%) may be added, but certain peptones
inhibit the growth of Bordetella spp. Penicillin may be added
to suppress growth of the nasopharyngeal flora. [Recipes: e.g.
Book refs. 2, p. 132; 19, p. 145.]

Bordetella A genus of aerobic, chemoorganotrophic, Gram-
negative bacteria classified within the beta group of Pro-
teobacteria; the organisms occur as parasites and pathogens in
mammals. Cells: non-motile or peritrichously flagellated coc-
cobacilli, ca. 0.2-0.5 x 0.5-2.0 um. Metabolism: respiratory
(oxidative). Carbon sources include e.g. various amino acids;
carbohydrates are not used. Growth factors required include
organic forms of nitrogen and sulphur. Optimum growth at
35-37°C. GC% ca. 66—70. Type species: B. pertussis.

B. avium. Proposed name for bacteria causing coryza (rhino-
tracheitis) in turkey poults [IJSB (1984) 34 56-70].

B. bronchiseptica. Cells: motile. Growth can occur on peptone-
agar, and may be visible after overnight incubation. Oxidase +ve.
Catalase +ve. Urease +ve. This species occurs e.g. in dogs and
other animals, and is sometimes a cause of respiratory disease in
man and animals.

B. parapertussis. Cells: non-motile. Growth on peptone-agar
is characterized by the formation of a brown, soluble pigment.
Improved growth may be obtained on Moredun medium (see
WHOOPING COUGH). Oxidase —ve. Catalase +ve. Urease +ve.
B. parapertussis is isolated from some cases of WHOOPING
COUGH (q.v.).

B. pertussis. The primary cause of WHOOPING COUGH (q.v.).
Initial isolation is usually carried out by plating a pernasal
swab on BORDET-GENGOU AGAR or (better) CHARCOAL BLOOD
AGAR. The typical colony (ca. 1 mm after 3—6 days) is smooth
and domed with a metallic (‘mercury drop’) appearance and a
butyrous consistency. Growth is inhibited by unsaturated fatty
acids or colloidal sulphur. Cells: non-motile. Oxidase +ve.
Some strains are catalase +ve. Urease —ve. Citrate is not
utilized. (For toxin production see WHOOPING COUGH.) (See also
BVG GENES.) B. pertussis and B. parapertussis can be detected,
simultaneously, by a duplex pcr [JCM (1999) 37 606-610].

boric acid (boracic acid) (as an antimicrobial agent) Boric acid
(H3BO3) has mild antimicrobial properties, and is widely used



as an ANTISEPTIC for delicate tissues (e.g. eyes) and e.g. as a
bacteriostatic agent in urine samples. It is sometimes used, in
combination with borax (Na;B407), as a wood preservative.

Borna disease A disease of horses (and rarely sheep) caused by
the BORNA DISEASE VIRUS. Symptoms in the horse include fever,
pharyngeal paralysis and hyperaesthesia; death usually occurs in
1-3 weeks.

Borna disease virus (BDV) can cause behavioural abnormali-
ties (with aggressive and passive phases) in certain animals, and
it has been suggested that BDV could be responsible for cer-
tain psychiatric disorders in humans [Arch. Gen. Psych. (1985)
42 1093-1096]; the involvement of BDV in psychiatric disease
remains controversial, but immunological and PCR-based stud-
ies for BDV in psychiatric patients and blood donors in Japan
have suggested that certain individuals are infected with BDV
or with a BDV-related virus [JCM (2001) 39 419-429].

Borna disease virus (BDV) A neurotropic virus (family Bor-
naviridae) which is the causal agent of BORNA DISEASE; BDV has
a non-segmented, negative-sense ssSRNA genome and appears to
be a member of the MONONEGAVIRALES. [The coding srategy of
BDV: Virol. (1995) 210 1-8.]

Bornholm disease (epidemic myalgia; devil’s grip) A self-limit-
ing, epidemic disease usually caused by a group B coxsack-
ievirus; other enteroviruses (e.g. coxsackieviruses A4, A6, A9,
A10, and echoviruses 1 and 6) have sometimes been implicated.
Onset is abrupt, with spasmodic, often severe chest pain (pleu-
rodynia) and a brief period of high fever.

Borrelia A genus of Gram-negative bacteria (family SPIROCHAE-
TACEAE) which occur as parasites or pathogens in man and
other animals (see e.g. RELAPSING FEVER). The cells are motile,
helical (3 to 10 loose coils), ca. 0.2-0.5 x 3.0-20 um, each
containing up to 20 periplasmic flagella; they stain well with
conventional dyes, and are visible by light microscopy. Some
species (including B. recurrentis) have been grown in vitro;
cultured species require complex media and are microaerophilic.

Species were differentated by their arthropod vectors: e.g.
human-louse-borne borreliae B. recurrentis, tick-borne borreliae
according to tick species. Type species: B. anserina.

The 19 species recognized in Book 22 (pages 57—-62) included
B. anserina, B. brasiliensis, B. duttonii, B. graingeri, B. harveyi,
B. hermsii, B. parkeri, B. persica, B. recurrentis, B. theileri and
B. venezuelensis.

B. burgdorferi (sensu lato) comprises B. burgdorferi (sensu
stricto) and the species afzelii, andersonii, bissettii, garinii,
Jjaponica, lusitaniae, tanukii, turdi and valaisiana [Molecular
typing of B. burgdorferi sensu lato. Clinical Microbiology
Reviews (1999) 12 633-653].

B. burgdorferi [1ISB (1984) 34 496-497; genome: Nature
(1997) 390 580-586] causes LYME DISEASE. This organism can
be grown in BSK (Barbour—Stoenner—Kelly) II medium [recipe:
Book. ref. 219, pp. 570-571], although diagnosis is more often
serological (confirmation of a clinical diagnosis by detection of
a rising titre of specific IgM during the 3rd—6th week following
first symptoms e.g. by an indirect immunofluorescent antibody
test). Quantification of B. burgdorferi in tissue samples has been
achieved with a pcR-based method [JCM (1999) 37 1958-1963].
The outer surface protein C (OspC) of B. burgdorferi is possibly
involved in the binding of the pathogen to host ligands, and this
protein has been examined in some detail [crystal structure of
OspC: EMBO (2001) 20 971-978].

borreliosis Any disease of man or animals caused by a Borrelia
Sp: see e.g. RELAPSING FEVER and LYME DISEASE.

Bostrychia  See RHODOPHYTA.
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botulinum toxin

botches disease Synonym for freshwater RED PEST.

bothrosome See LABYRINTHULAS and THRAUSTOCHYTRIDS.

boticins See BACTERIOCIN.

Botrydium A genus of siphonaceous algae (class XANTHO-
PHYCEAE) in which the mature vegetative organism consists of a
globose to elongate (typically pear-shaped) coenocytic vesicle,
up to ca. 2 mm diam., anchored to the substratum (mud, damp
soil, etc) by colourless branched rhizoids; inside the vesicle is
a thin peripheral layer of cytoplasm (containing the chloroplasts
and nuclei) surrounding a large central vacuole. Asexual repro-
duction occurs by the formation of zoospores or aplanospores;
resistant cysts are formed under dry conditions.

Botryobasidium  See APHYLLOPHORALES (Corticiaceae).

botryomycosis (‘bacterial pseudomycosis’) A chronic localized
infection of the skin and subcutaneous tissues in man
and animals. The pathogen (commonly e.g. Pseudomonas
aeruginosa, Staphylococcus aureus, or Escherichia coli) forms
one or more granules in the centre of an abscess which is
surrounded by fibrous tissue. (cf. MADUROMYCOSIS.)

Botryotinia  See HELOTIALES.

botrytis (plant pathol.) Syn. GREY MOULD.

Botrytis A genus of fungi of the class HYPHOMYCETES; many
species are known to have teleomorphs in the genus Botryotinia.
The organisms include many plant-pathogenic species — e.g.
B. aclada (= B. allii) (see ONION ROT), B. cinerea (see GREY
MOULD, NOBLE ROT), and B. fabae (see CHOCOLATE SPOT). (See
also SOFT ROT sense 2.) Antifungal agents used against Botrytis
infections include e.g. BENOMYL, DICARBOXIMIDES, DICHLOFLU-
ANID, DICLORAN, THIRAM and ZINEB.

Botrytis spp form septate mycelium; dark, ovoid, non-septate
conidia develop in a layer on the swollen, terminal region of each
of the small branches of a conidiophore. Sclerotia are formed e.g.
by B. aclada, B. cinerea and B. tulipae. [Book ref. 183.]

bottom-fermenting yeast See BREWING.

bottromycins A group of peptide antibiotics, produced by Strep-
tomyces spp, which inhibit bacterial protein synthesis.

botulinolysin See THIOL-ACTIVATED CYTOLYSINS. (cf. BOTULINUM
TOXIN.)

botulinum C2 toxin A powerful toxin, produced by certain
strains of Clostridium botulinum, which apparently has no
neurotoxic activity (cf. BOTULINUM TOXIN) — but which causes
e.g. increased intestinal secretion. The C2 toxin consists of two
components, the larger of which appears to be involved in cell-
surface binding and (possibly) uptake of the smaller component.
The smaller component effects ADP-RIBOSYLATION of an ATP-
binding ACTIN molecule, G actin, preventing its polymerization
to F actin; this disrupts the cell’s microfilament cytoskeleton and
leads e.g. to rounding of the cell.

botulinum cook In the food processing industry: COOKING equiv-
alent to a 12D PROCESS in respect of the endospores of Clostrid-
ium botulinum. The Dy value (see D VALUE) of C. botulinum
endospores is generally taken to be ca. 0.21 min. (See also CAN-
NING.)

botulinum toxin Any of a range of related, powerful protein tox-
ins (MWt ca. 150000) produced mainly by strains of Clostridium
botulinum.

Botulinum toxins are differentiated antigenically into types
A-G, with type C being divided into subtypes C1 and C2. Toxins
of types A—F — with the exception of BOTULINUM C2 TOXIN — are
powerful neurotoxins which cause BOTULISM in man and animals.
The (plasmid-encoded) botulinum toxin G has been isolated e.g.
from autopsy material but has not been linked definitively with
disease. The botulinum C and D toxins are encoded by genes
from two different bacteriophages.



botulism

All of these toxins can be produced by strains of C. botulinum.

Botulinum toxin type F has also been linked with an
organism resembling Clostridium barati, associated with infant
botulism [JCM (1985) 21 654—-655]. [See also JCM (2002) 40
2260-2262.] A toxin similar to the botulinum type E toxin is
produced by strains of C. butyricum isolated from cases of infant
botulism. The ability to form type C toxin can apparently be
transferred, by phage, from C. botulinum type C to C. novyi.

All the botulism-causing toxins are similar in structure and
mode of action. Proteolytic cleavage into two fragments — a
heavy (H) chain and a light (L) chain (connected by a disul-
phide bond) — activates the toxin; cleavage is mediated by a
bacterial protease or an exogenous protease. The activated toxin
binds, via the H chain, to the cell membrane of motor neu-
rones at the nerve—muscle junction; toxin is internalized within
a vesicle that remains at the nerve—muscle junction. The active
part of the toxin (L chain) is translocated from the vesicle to
the neurone’s cytoplasm. Within the cytoplasm, the toxin acts
as a zinc-endopeptidase in a way similar to that of TETANOSPAS-
MIN (q.v. for essential details); in this case, however, the toxin
blocks neuroexocytosis of vesicles containing the neurotrans-
mitter acetylcholine — i.e. it prevents nervous stimulation of the
muscle, leading to a flaccid paralysis. (Compare the site and
mode of action of TETANOSPASMIN.)

Botulinum toxins differ in their targets: the A and E tox-
ins cleave (inactivate) SNAP-25 (see TETANOSPASMIN); the
C toxin cleaves syntaxin; B, D, F and G toxins cleave
VAMP/synaptobrevin.

[Mechanism of action of botulinum neurotoxins: Mol. Micro-
biol. (1994) /3 1-8.]

Purified botulinum toxin is heat-labile, being inactivated e.g.
by heating at 100°C/10 minutes.

Botulinum toxin has been used as an alternative to surgery
for treating some muscular disorders of the eye (strabismus;
= ‘squint’) [Br. J. Ophth. (1985) 69 718-724, 891-896]. [Uses
of botulinum and other microbial neurotoxins: MR (1992) 56
80-99. Therapy with botulinum toxin: Book ref. 220. Botulinum
toxin for spastic gastrointestinal disorders: BCG (1999) I3
131-143.]

botulism A disease of man and animals caused by any strain of
Clostridium (usually a strain of C botulinum) which forms a
(neurotoxic) BOTULINUM TOXIN (q.v.).

(a) Botulism in man. The disease is commonly caused by
C. botulinum types A, B or E, but may be caused by any
neurotoxigenic strain.

‘Classical’ botulism is a food-borne intoxication which
follows ingestion of foods contaminated with pre-formed
toxin — although additional toxin may be formed in the gut if
viable cells of the pathogen are ingested. In the mouse, the
LDsp of botulinum toxin is reported to be of the order of
0.1-1.0 ng/kg.

Foods of a low-acid, low-salt type are often implicated.
C. botulinum type A may be associated with e.g. improperly
canned vegetables, fish and meat products (Latin botulus =
sausage), types B and F with e.g. meat products, and type E
with e.g. uncooked sea-foods.

Toxin is absorbed from the gut and disseminated via the
circulation. The incubation period is typically 12-36 hours,
but may be ~2-8 days. The symptoms may include nausea,
blurred/double vision (due to effects of toxin on the oculomotor
muscles), dysphagia, dysphonia etc.; there is a progressive
flaccid paralysis, and death may follow from asphyxia or cardiac
failure.
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Wound botulism is a rare form of the disease resulting from
contamination of a wound by a toxigenic strain of the pathogen.
Incubation period ~4-14 days. Symptoms are similar to those
of food-borne botulism, sometimes with the addition of fever.

Infant botulism can follow ingestion of spores of the pathogen
which germinate and form toxin in the gut (= foxicoinfection).
The disease affects mainly infants <6 months of age, and
varies from subclinical to rapidly fatal; typical symptoms: e.g.
constipation, lethargy, dysphagia and weakness. One source
of infection was reported to be honey contaminated with
C. botulinum spores [JPed (1979) 94 331-338]. Infant botulism
may be responsible for some cases of SUDDEN INFANT DEATH
SYNDROME; sudden death may be due to weakening or flaccid
paralysis of muscles of the tongue and pharynx, leading to
obstruction of the airway and asphyxia.

Botulism of undetermined classification includes those cases
in individuals, older than 1 year, in which ‘a specific food cause
cannot be implicated’. Botulism in an adult may be due to the
synthesis of toxin within the intestine during a gut infection
with the pathogen [NEJM (1986) 315 239-241; Lancet (1987)
i 357-360; (C. barati) JCM (2002) 40 2260-2262].

Lab. diagnosis (all forms): assay of serum, faeces and
implicated foods for botulinum toxin and organisms.

Treatment. Any unabsorbed toxin should be removed from
the gut. Polyvalent antitoxin may be administered (avoiding
possible hypersensitivity reactions to heterologous components).
Guanidine, given orally, may counteract the effects of toxin
at the nerve—muscle junction. Supportive care will be needed.
(A prophylactic botulinum toxoid vaccine has been given to
laboratory personnel working with C. botulinum, but such a
vaccine is unlikely to be useful for treatment owing to the time
required to develop an immune response.)

[Botulism (epidemiology, diagnosis, treatment): RMM (1995)
6 58-62.]

(b) Botulism in animals. In cattle, the disease may be caused
by C. botulinum types B, C or D (see e.g. LAMZIEKTE and
MIDLAND CATTLE DISEASE). In horses, types B or C may be
involved (see e.g. FORAGE POISONING). Birds may be affected by
types A or C (see e.g. LIMBERNECK and WESTERN DUCK DISEASE).
In farmed salmonid fish the disease has been caused by type
E [J. Fish Dis. (1982) 5 393-399]. In animals, the disease is
characterized by progressive paralysis without loss of sensibility
and without fever.

Boucherie process A method of TIMBER PRESERVATION in which
the sap of newly felled trees is replaced by a preservative (under
pressure) in order to prevent subsequent fungal decay of the
timber. (cf. SAUG-KAPPE PROCESS; BETHELL PROCESS.)

Bouin’s fluid A FIXATIVE: a mixture of picric acid (75 ml
saturated, aqueous), formalin (25 ml), and glacial acetic acid
(5 ml).

bound coagulase See COAGULASE.

bourbon See SPIRITS.

boutonneuse In man: a mild disease caused by Rickettsia conorii
and transmitted by tick bite. After an incubation period of 1-2
weeks a characteristic lesion (the tdche noir) develops at the
location of the bite; this lesion (up to 0.5 cm diam.) consists
of a black necrotic centre and a reddened margin. The regional
lymph nodes may be affected. Fever, headache and muscular
pains are typically followed by a maculopapular rash. Diagnosis
may include the WEIL-FELIX TEST.

Boveria  See SCUTICOCILIATIDA.

Boverin See BEAUVERIA.

bovid herpesvirus See under bovine herpesvirus.



bovine cytomegaloviruses See BETAHERPESVIRINAE.

bovine diseases See CATTLE DISEASES.

bovine ephemeral fever An infectious CATTLE DISEASE caused
by a virus (a probable member of the Rhabdoviridae) and
transmitted by insects; it occurs e.g. in Africa and Asia.
Incubation period: ca. 2—10 days. Symptoms: e.g. fever, tremors,
stiffness, and enlargement of the peripheral lymph nodes;
mortality rates are low, but lactation is severely depressed.

bovine farcy See FARCY (2).

bovine farmers’ lung (vet.) A chronic ATYPICAL INTERSTITIAL
PNEUMONIA of cattle; it occurs, infrequently, in housed adult cat-
tle exposed to mouldy or dusty feedstuffs. Symptoms: coughing,
dyspnoea, nasal discharge. (cf. FARMERS’ LUNG.)

bovine herpesvirus 1 See HERPESVIRIDAE.

bovine herpesvirus 2 See ALPHAHERPESVIRINAE.

bovine leuKkosis virus See BOVINE VIRAL LEUKOSIS.

bovine mammillitis virus See BOVINE ULCERATIVE MAMMILLITIS.

bovine mastitis See MASTITIS.

bovine papilloma virus See PAPILLOMAVIRUS.

bovine parvovirus See PARVOVIRUS.

bovine pustular stomatitis virus See PARAPOXVIRUS.

bovine respiratory disease (BRD) A collective term which
includes a range of acute respiratory diseases of diverse aetiology
in which the symptoms may include e.g. anorexia, coughing,
dyspnoea, nasal discharge, pneumonia; cattle of all ages may
be affected, but young animals are generally more susceptible.
Treatment generally includes broad-spectrum chemotherapy to
combat primary or secondary bacterial pathogens. Specific BRDs
include: pneumonic pasteurellosis (shipping fever), a disease
which is spread by droplet infection, and which can occur
with high incidence in young stressed cattle; symptoms: fever,
acute bronchopneumonia and toxaemia. The causal agent is
usually Pasteurella haemolytica, sometimes P. multocida. There
is usually a good response to early chemotherapy, with recovery
in 1-2 days. Bovine respiratory syncytial virus infection is an
acute bronchiolitis and alveolitis which occurs in (usually) young
animals and involves e.g. fever, cough and dyspnoea; the disease
can be fatal. (See also ATYPICAL INTERSTITIAL PNEUMONIA; CALF
PNEUMONIA; CONTAGIOUS BOVINE PLEUROPNEUMONIA; INFECTIOUS
BOVINE RHINOTRACHEITIS.)

bovine rhinotracheitis See INFECTIOUS BOVINE RHINOTRACHEITIS.

bovine spongiform encephalopathy (BSE; mad cow disease) A
TRANSMISSIBLE SPONGIFORM ENCEPHALOPATHY of bovines caused
by a PRION; it was reported in Great Britain in 1986. Clinical
signs include e.g. nervousness, kicking and locomotor difficulty
[clinical picture: VR (1992) 130 197-201]. In Great Britain
there were 3.9 confirmed cases per 1000 adult animals up to
the end of 1989. Epidemiological studies implicated the meat
and bone meal in concentrate feeds as a source of the causal
agent; dairy herds were found to be affected more than beef
suckler herds, due apparently to different feeding practices.
[Epidemiological features: VR (1992) 130 90-94; TIM (1997)
5 421-424.]

Transmission of the BSE prion to humans, via the food
chain, is now believed to cause nvCJD (variant, or new variant
CREUTZFELDT-JAKOB DISEASE). This aetiological link is supported
by various experimental data which have accumulated over the
last few years. For example: intracerebral injection of monkeys
with brain homogenates from affected cows yields clinically and
pathologically similar CJD [Nature (1996) 381/ 743-744]; trans-
genic mice which express human PrP proteins react with identi-
cal clinical, biochemical and histological changes when exposed
to BSE or nvCJD material [Nature (1997) 389 448-450]; the
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BSE prion converts human PrP to the prion form in a cell-free
system [Nature (1997) 388 285-288]. [Review of BSE: RMM
(1998) 9 119-127.]

[Cumulative incidence of BSE in the United Kingdom during
the period July 1986—June 1997, animal-associated risk factors
influencing age of onset of clinical signs, and effectiveness of
control measures: VR (2000) /47 349-354.]

(See also CATTLE DISEASES.)

bovine syncytial virus See SPUMAVIRINAE.

bovine tubercle bacillus Mycobacterium bovis.

bovine typhus Syn. RINDERPEST.

bovine ulcerative mammillitis (bovine herpes mammillitis) A
CATTLE DISEASE caused by bovine (alpha) herpesvirus 2 (bovine
mammillitis virus — see ALPHAHERPESVIRINAE). The disease
involves severe inflammation and ulceration of the skin of
the udder and teats; stomatitis and facial infection may also
occur, particularly in calves. (See also LUMPY SKIN DISEASE and
MASTITIS.)

bovine viral leukosis (enzootic bovine leukaemia) A chronic
transmissible CATTLE DISEASE caused by the bovine leukosis virus
(BLV), an exogenous v-onc™ retrovirus which is closely related
to HTLV-I and HTLV-II (see HTLV). [Nucleotide sequence of the
BVL genome and its relation to other retroviruses: PNAS (1985)
82 677-681.] Natural infection occurs e.g. in cattle (Bos taurus
and Bos indicus), sheep, and water buffalo. The disease involves
systemic malignant neoplasia of the reticuloendothelial system;
in a small proportion of infected animals, malignant lymphomas
(mainly of the B cell type) may develop in almost any organ,
resulting in a variety of clinical manifestations. Transmission
occurs horizontally by transfer of infected lymphocytes — most
commonly via surgical instruments and needles (e.g. during herd
vaccinations, blood-sampling, etc); natural transmission may
occur via milk or colostrum or, in tropical countries, possibly
via insects or parasites. [Reviews: Book refs 105, pp. 229-260,
and 110, pp. 197-216.]

bovine virus diarrhoea (BVD) A CATTLE DISEASE caused by the
BVD-MD virus (see PESTIVIRUS). BVD may affect cattle (and
other ruminants) at any age, and follows infection by ingestion
or inhalation; the condition is usually mild and self-limiting. (cf.
MUCOSAL DISEASE.)

Bovista  See LYCOPERDALES.

bowel oedema Syn. OEDEMA DISEASE.

Bowie-Dick test A test used to monitor the performance of an
AUTOCLAVE. Essentially, two pieces of AUTOCLAVE TAPE are fixed
in the form of an ‘X’ to a piece of paper which is inserted into
the middle of a stack of cotton towels; the towels are autoclaved
and the tape is examined. A satisfactory sterilizing regime is
deemed to have been achieved only if all parts of the tape
indicate exposure to sterilizing conditions.

box-like bacteria Variously shaped, angular bacteria which
are found in hypersaline environments and which contain
bacteriorhodopsin-like pigments [JB (1982) 157 1532-1542].
(cf. SQUARE BACTERIA.)

Boyden chamber A chamber, divided into two sections by a
membrane filter, used e.g. to study macrophage migration; the
filter initially separates activated T lymphocytes (or their super-
natant) and macrophages — the latter subsequently migrating
through the filter in response to macrophage chemotactic factor.

Boyden procedure Treatment of erythrocytes with tannic acid
(see TANNINS) to enable them to adsorb soluble antigens; such
tanned cells are used e.g. in PASSIVE AGGLUTINATION. (Chromium
salts or e.g. bis-diazobenzidine have been used in place of tannic
acid.)



bp

bp BASE PAIR.

Bph BACTERIOPHAEOPHYTIN.

bph operon  See BIOREMEDIATION

BPI protein (bactericidal/permeability-increasing protein) A
component of the azurophil granules in human and rabbit NEU-
TROPHILS; it is bactericidal for some Gram-negative bacteria — in
which it increases the permeability of the OUTER MEMBRANE — but
it is not active against e.g. POLYMYXIN-resistant enteric bacte-
ria (such as Proteus) or Gram-positive bacteria [MR (1992) 56
399]. BPI binds to LPS and can apparently neutralize endotox-
icity, and it may also attenuate the inflammatory response [see
e.g. RMM (1995) 6 101-108].

BPL  B-PROPIOLACTONE.

BPV Bovine papilloma virus: see PAPILLOMAVIRUS.

Brabant mastitis test See CALIFORNIA MASTITIS TEST.

Brachiomonas A genus of unicellular flagellated green algae
which are closely related to CHLAMYDOMONAS. The vegetative
cells have a distinctive morphology: the posterior end is pointed,
and four backward-directed pointed projections extend laterally
from the cell body. Motile ‘autospores’ are formed (the daughter
cells acquiring the distinctive adult-cell morphology before being

released).
Brachonella ~ See HETEROTRICHIDA.
Brachyallomyces  See ALLOMYCES.
Brachyarcus A proposed genus of gas-vacuolated, curved rod-

shaped bacteria which occur, in groups (coenobia), in microaero-
bic or anaerobic sulphide-containing aquatic habitats. [Book ref.
22, pp. 137-138.]

Brachybasidiales An order of plant-endoparasitic fungi (subclass
HOLOBASIDIOMYCETIDAE) which form bisterigmate basidia either
in definite hymenia or in tuft-like fascicles. Brachybasidium
forms non-septate basidiospores on tufts of basidia which emerge
from the host plant’s stomata. Members of the other genera form
true hymenia — which emerge through the host’s epidermis and
stomata — and basidiospores which sometimes become septate.
In Dicellomyces, the basidiocarp is gelatinous (when fresh) and
the hymenium is of uniform thickness. In Ceraceosorus and
Proliferobasidium the basidiocarp is waxy, and the hymenium
is not of uniform thickness; Ceraceosorus forms intracellular
hyphae, Proliferobasidium forms intercellular hyphae [Mycol.
(1976) 68 640—-654]. (cf. EXOBASIDIALES.)

Brachybasidium  See BRACHYBASIDIALES.

bracket fungi (shelf fungi) Those fungi of the APHYLLOPHORALES
(e.g. Piptoporus betulinus) whose fruiting bodies jut out like
brackets or shelves from infected trees or rotting logs etc.

bradsot Syn. BRAXY.

Bradyrhizobium A genus of Gram-negative bacteria of the RHI-
ZOBIACEAE; strains were formerly included in the genus RHI-
ZOBIUM as ‘slow-growing’ strains (colonies <1 mm diam. in
5-7 days on e.g. yeast extract—mannitol—mineral salts agar).
Bradyrhizobium spp produce an alkaline reaction in media con-
taining carbohydrate (e.g. mannitol) and mineral salts. Extracel-
lular slime includes a neutral (1 — 2)-P-glucan. Some strains
can grow chemolithotrophically with Hy, CO, and low levels
of Oy; some can fix nitrogen under microaerobic conditions in
media which contain e.g. a source of fixed nitrogen. Species
induce ROOT NODULE formation in certain leguminous plants
(mostly tropical, some temperate) — e.g. soybeans, cowpea, sir-
atro, certain Lotus spp. One non-leguminous plant, Parasponia
(Ulmaceae), is also nodulated by a Bradyrhizobium strain. GC%:
61-65. Type species: B. japonicum (formerly Rhizobium japon-
icum). [Book ref. 22, pp. 242-244.]

bradyzoite Syn. CYSTOZOITE.
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brain fungus Sparassis crispa.

brain-heart infusion medium A medium containing infusions
of calf-brain and beef-heart, proteose, D-glucose, NaCl, and
Nap;HPOy; it is available commercially in dehydrated form. The
medium may be used as a broth or solidified with agar; it may
be supplemented with e.g. haemin, menadione, yeast extract etc.
It is used for the culture of a range of bacteria and medically
important fungi. [Recipe: Book ref. 47, pp. 644—645.]

branch migration (mol. biol.) See RECOMBINATION (figures 1 and
2).

branched DNA assay See BDNA ASSAY.

branching enzyme An enzyme which introduces branches into
a linear polysaccharide (see e.g. GLYCOGEN and Q ENZYME). (cf.
DEBRANCHING ENZYMES. )

Branchiomyces A ‘genus’ of fungi of uncertain taxonomic
affinity; strains of Branchiomyces have features in common with
members of the SAPROLEGNIALES, but it is unknown whether they
form heterokont zoospores or aplanospores [Book ref. 1, pp.
215-216]. The organisms have been isolated only from the gill
tissues of fish (see GILL ROT).

branchiomycosis Syn. GILL ROT.

brand spores See USTILAGINALES.

Brandenfleckenkrankheit ~ Syn. BURNED SPOT DISEASE.

brandy See SPIRITS.

Branhamella  See MORAXELLA.

brassica black rot See BLACK ROT.

brassica diseases See CRUCIFER DISEASES.

Braun lipoprotein (murein lipoprotein) A small lipoprotein
(MWt ca. 7500) which occurs e.g. in Escherichia coli (encoded
by gene Ipp) and in other enterobacteria; each cell contains ca.
103-10% copies of the lipoprotein — about one-third of which
form links (in association with OmpA) between the peptido-
glycan layer and the OUTER MEMBRANE (thus stabilizing the cell
envelope).

Braun lipoprotein is synthesized as a precursor with a signal
sequence (see SIGNAL HYPOTHESIS). The cysteine residue imme-
diately adjacent to the signal peptide cleavage site is modified
by substitution with a diacylglycerol, permitting cleavage by
the signal peptidase; following cleavage, a fatty acid residue is
added to the N-terminal cysteine. Such post-translational mod-
ification apparently targets the protein to the outer membrane.
[Cell (1990) 61 739-741.]

The activity of the signal peptidase is inhibited by the
peptide antibiotic globomycin (a structural analogue of the
cleavage site).

Braun MSK tissue disintegrator An apparatus for CELL DISRUP-
TION. The sample, together with glass or plastic beads, is placed
in a cooled container which is shaken at several thousand oscil-
lations per minute for ca. 5 minutes; cells are broken by shear
forces. The apparatus can break e.g. Gram-positive bacteria and
endospores.

braxy (bradsot) An acute, usually fatal disease of lambs and
young sheep; symptoms: fever, anorexia, inflammation of the
wall of the abomasum, and toxaemia. Braxy occurs only in
winter and appears to be due to the invasion of the abomasum
by Clostridium septicum — the ingestion of frozen grass being a
possible predisposing factor. Death occurs within hours.

BRD BOVINE RESPIRATORY DISEASE.

BrdU Syn. BUDR.

bread-making Bread is prepared by mixing flour (usually wheat
flour), water, BAKERS’ YEAST and salt to form a dough; other
ingredients (e.g. milk, sugar, shortening etc) may be added.
After thorough mixing the dough is left to ‘prove’ at ca. 25°C;



during this time the yeast metabolizes sugars (released from the
flour starches by AMYLASES present in the flour) and produces
bubbles of CO, which become trapped in an elastic complex
of flour proteins (gluten) — lightening the texture of the dough.
(Fungal amylases may be added to increase the availability
of fermentable sugars (see also PROTEASES).) In addition to its
leavening (lightening) action, the yeast contributes flavour to
the product and helps to modify the gluten structure. When the
leavened dough is baked the yeast is usually killed and any
alcohol produced by fermentation evaporates.

Sourdough breads are made by using a starter consisting
of flour (usually rye) and water inoculated with dough from
a previous batch. In the starter, heterofermentative lactic acid
bacteria (Lactobacillus sanfrancisco) ferment maltose (released
from the starch by amylase action) and produce lactic and
acetic acids, ethanol and CO»; the pH falls to e.g. ca. 3.8. The
acid-tolerant yeast Saccharomyces exiguus, which does not use
maltose, uses other sugars (glucose, fructose etc) to leaven the
bread. The starter may then be mixed with flour, water and salt
to make a dough as with ordinary bread.

[Gluten biochemistry: Biotechnology (1995) 13 1185-1190.]

bread mould See BREAD SPOILAGE.

bread spoilage Bread and similar products are very susceptible to
spoilage by the growth of moulds, especially Rhizopus nigricans
(black bread mould), Neurospora sitophila (red bread mould),
and species of Penicillium and Aspergillus. Preservatives which
may be incorporated in the dough include e.g. propionates, sorbic
acid, and potassium sorbate. (See also ROPINESS; ERGOTISM. )

breakpoint chlorination See WATER SUPPLIES.

breakage-and-reunion model See RECOMBINATION.

breakbone fever Syn. DENGUE.

breaking (plant pathol.) Syn. COLOUR-BREAKING.

Breda virus An RNA virus which causes diarrhoea in young
calves; it is apparently related to the BERNE VIRUS (see TOROVIRI-
DAE). [Morphological study of Breda virus replication: JGV
(1986) 67 1293-1304.]

brefeldin A A fungal toxin which inhibits the activity of the
Golgi apparatus and which, as a consequence, can block certain
processes in various types of cell; for example, brefeldin A can
block protein secretion and inhibit the development of viruses.

Breinl strain A virulent strain of Rickettsia prowazekii; unlike
the attenuated E strain it can be cultivated in human macrophage
cultures.

Bremia A genus of fungi (order PERONOSPORALES) which cause
DOWNY MILDEWS on members of the Compositae (e.g. B. lactucae
on lettuce). [B. lactucae—lettuce interaction: Book ref. 174, pp.

116-118.]
Bremiella ~ See PERONOSPORALES.
Brettanomyces A genus of yeasts (class HYPHOMYCETES) which

form single spheroidal, cylindrical or elongated budding cells,
pseudomycelium, or branched non-septate mycelium. Growth
occurs slowly e.g. on malt agar; species may be isolated on
cycloheximide-containing malt agar. Most strains can ferment
glucose; fermentation is usually stimulated by O, and acetoin
(‘Custers effect’, ‘negative Pasteur effect’). Under aerobic con-
ditions acetic acid is produced from glucose and from ethanol.
Only some species can assimilate NO3 ~. Species: B. abstinens,
B. anomalus, B. bruxellensis (teleomorph: Dekkera bruxellen-
sis), B. claussenii, B. custersianus, B. custersii, B. intermedius
(teleomorph: Dekkera intermedia), B. lambicus, B. naarde-
nensis. (‘B. sphaericus’ = Candida etchellsii; ‘B. versatilis’ =
Candida versatilis.) Species occur in beers, wines (see WINE
SPOILAGE), grape must etc. [Book ref. 100, pp. 562-576.]
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brevetoxins Polycyclic toxins produced by the dinoflagellate
Ptychodiscus brevis (see RED TIDE). Brevetoxins A, B and C
each consist of 11 contiguous ether rings; they are highly lipid-
soluble and are potent neurotoxins, causing depolarization of
nerve membranes. [PAC (1986) 58 339-350 (346-347).]

Brevibacterium A genus of obligately aerobic, catalase-positive,
asporogenous bacteria (order ACTINOMYCETALES, wall type
III — see also PEPTIDOGLYCAN) which occur e.g. on certain
cheeses. In culture the organisms initially grow as irregular,
‘lumpy’ rods, but coccoid forms predominate in the station-
ary phase; colonies vary from yellow to orange-red, though
some strains produce pigment only in the light. Growth occurs
at ca. 20-25°C e.g. on trypticase—soy agar containing 4%
sodium chloride; metabolism is oxidative. GC%: ca. 60—64.
Type species: B. linens.

Brewer jar An ANAEROBIC JAR which consists of a cylindrical
glass chamber and a flat, gas-tight lid which is secured by
means of a screw clamp. In use, the jar is filled with e.g. a
mixture of Ny (85%), CO3 (5%) and H; (10%), and any residual
O, is eliminated by means of an electrically-heated platinized
catalyst which is fitted inside the lid and which is separated from
the interior of the jar by a gauze safety screen. Alternatively,
the jar may be used for the evacuation—replacement method
as described for the MCINTOSH AND FILDES' ANAEROBIC JAR.
Anaerobiosis within the jar is monitored e.g. with a tube
containing a METHYLENE BLUE solution.

Brewer’s thioglycollate medium A liquid medium (pH 7.0-7.2)
used e.g. for the culture of ANAEROBES; it includes e.g. glu-
cose, tryptone, agar (ca. 0.1%), sodium thioglycollate (a pois-
ing agent — see REDOX POTENTIAL), and a redox indicator dye.
[Recipe: Book ref. 53, pp. 1409-1410.] The medium is partic-
ularly useful for testing the sterility of products which contain
mercurial preservatives — the antimicrobial activity of the latter
being neutralized by the thioglycollate.

brewers’ yeast Any of various strains of Saccharomyces cere-
visiae used for BREWING (q.v.); ‘bottom-fermenting’ strains (for-
merly called Saccharomyces uvarum or S. carlsbergensis: see
SACCHAROMYCES) are usually used in the manufacture of lagers,
while ‘top-fermenting’ strains are usually used for ales. (Top-
and bottom-fermenting strains can generally be distinguished by
the ability of bottom yeasts to produce an extracellular melibi-
ase (a-galactosidase) and thus to hydrolyse raffinose to glucose,
galactose and fructose, whereas top yeasts — which do not pro-
duce melibiase — hydrolyse raffinose to melibiose and fructose.)
Particular strains of yeast may be selected for particular prop-
erties (e.g. flavour production), but all brewers’ yeasts must be
able to ferment the sugars (particularly maltose and maltotriose)
present in wort, and must be able to tolerate the initially high
levels of solutes in wort and produce — and tolerate — high lev-
els of ethanol under brewing conditions; the yeast must also be
readily separable from the fermented wort (see BREWING) and
should retain high viability for re-use in subsequent fermenta-
tions. [Selection and modification of brewers’ yeast strains: Food
Mic. (1984) 1 289-302.]

brewing The preparation of beer or lager by the fermentation
of an aqueous extract of malted barley containing essential oils
and bitter resins of the dried female flowers (‘cones’) of the
hop (Humulus lupulus). During malting the barley is allowed
to germinate, and the grain starch and protein are partially
degraded by endogenous enzymes. Germination is halted by
kilning: drying (e.g. to stop respiration, preserve enzymes and
substrates etc), followed by heating (e.g. to ca. 80°C). The dried
malt is ground (milled) to expose the starchy endosperm; the



brick cheese

resulting grist is made into a mash by mixing with water. Other
carbohydrate sources (adjuncts) may be added at this stage.
The mash (pH 5.2-5.5) is subjected to controlled (variable)
temperature—time cycles during which starch is broken down
to fermentable sugars (glucose, maltose, maltotriose) and non-
fermentable dextrins, proteins are degraded to amino acids and
peptides, and phytin is hydrolysed to inorganic phosphate (which
acts as a buffer) and inositol (an essential yeast growth factor).
The liquor (wort) is separated from the spent grain and is boiled
(with hops) to inactivate enzymes, coagulate proteins, destroy
spoilage organisms etc. The hopped wort is cooled, aerated,
and inoculated (seeded or pitched) with a pure culture of yeast:
a strain of Saccharomyces cerevisiae (see BREWERS' YEAST). A
lag period of ca. 12 h is followed by growth of the yeast. As
oxygen is used up, metabolism switches from respiratory to
fermentative, and sugars in the wort are converted to ethanol
and CO; primarily via the EMBDEN-MEYERHOF-PARNAS PATHWAY.
(Fermentation is exothermic, so the fermentation vessel must
be cooled.) The formation of bubbles of CO, keeps the wort
agitated and the yeast cells in suspension. At the end of the
fermentation the yeast cells clump together — see FLOCCULATION
(sense 2); in ‘top-fermenting’ strains of S. cerevisiae the clumps
rise to the surface of the liquor, while those of ‘bottom-
fermenting’ strains sediment. Most of the yeast is removed (e.g.
by surface skimming of top yeasts or collection of sediment for
bottom yeasts, and/or by centrifugation), and the beer is matured
at low temperature (e.g. —1°C); residual yeast cells (a) carry
out a ‘secondary fermentation’ of remaining maltotriose, and
(b) reduce levels of diacetyl. HoS and acetaldehyde may be
removed by purging with CO,. Finally, the beer is filtered,
bottled or canned, and pasteurized. (See also BEER SPOILAGE.)

brick cheese See CHEESE-MAKING.

Brie cheese See CHEESE-MAKING.

bright-field microscopy See MICROSCOPY (a).

brightener See FLUORESCENT BRIGHTENER.

Brill-Zinsser disease See TYPHUS FEVERS.

brilliant green A yellowish-green TRIPHENYLMETHANE DYE which
contains ethyl-substituted amino groups. It has antibacterial
activity, inhibiting aerobic spore-formers more than anaerobic
spore-formers.

brilliant green agar A selective medium used for salmonellae
which have a broad host range (e.g. S. typhimurium); it contains
e.g. lactose, phenol red, and brilliant green (selective agent).
Lactose +ve colonies are green, lactose —ve colonies are pink.

brinase A fibrinolysin-like PROTEASE, obtained from Aspergillus
oryzae, which can hydrolyse fibrin and fibrinogen and can lyse
blood clots. (cf. STREPTOKINASE.)

British anti-Lewisite See BAL.

brittleworts See CHAROPHYTES.

broad bean mottle virus See BROMOVIRUSES.

broad bean wilt virus A virus which may be a member of the
COMOVIRUSES but which has a wide host range and is transmitted
by aphids.

broad-range primers Primers, used in PCR, which bind to highly
conserved sequences found in the 16S rRNA gene in all bacteria;
such primers can therefore be used to detect any species of
bacterium whose 16S rRNA gene is accessible. Broad-range
primers are also referred to as universal primers.

Broad-range primers are used e.g. to study bacterial diversity
in environmental samples; the products are sequenced, and
variable regions within the amplicon (which include species-
specific sequences) are checked against the 16S rRNA database
of known species in order to attempt identification of bacteria
within the sample.

Some PCR-based studies use broad-range primers (simultane-
ously with other primers) as an amplification control [see e.g.
IMM (1997) 46 773-778; ICM (1999) 37 2090-2092].

broad-spectrum antibiotics (1) ANTIBIOTICS active against a
wide range of bacteria — including both Gram-positive and
Gram-negative species. (2) Antibiotics active against a wide
range of bacteria which may include Gram-positive species,
Gram-negative species, or both.

broccoli necrotic yellows virus See RHABDOVIRIDAE.

Brochothrix A genus of Gram-positive, facultatively anaer-
obic bacteria; type species: B. thermosphacta (formerly
Microbacterium thermosphactum) [IJSB (1976) 26 102-104].
B. thermosphacta is common e.g. in meat and meat products (see
MEAT SPOILAGE). In young cultures cells are rod-shaped (occur-
ring in chains), in older cultures they are small coccobacilli.
Growth conditions: 0-30°C (optimum ca. 23-25°C); pH 5-9
(optimum ca. 7.0); all strains can grow in the presence of 6.5%
NaCl, many in 10% NaCl. Tests: MR +ve; VP +ve; indole
—ve; HoS —ve; nitrate is not reduced, catalase +ve e.g. on
APT agar at 20°C, usually catalase —ve at 30°C. During aer-
obic growth B. thermosphacta forms cytochromes and can use
glycerol or a range of carbohydrates as energy sources. Anaer-
obically, cytochromes are not formed, and glucose is fermented
primarily to L-lactic acid, acetic acid, formic acid, and ethanol
in proportions that vary with growth conditions [AEM (1983)
45 84-90]. In meat under aerobic conditions B. thermosphacta
uses glucose and, when glucose is depleted, glutamate; under
anaerobic conditions only glucose can be used. (See also STAA
MEDIUM.)

[Review: Book ref. 29, pp. 139-173.]

broken cream See MILK SPOILAGE.

bromatia See FUNGUS GARDENS.

bromcresol green A PH INDICATOR: pH 3.8-5.4 (yellow to green);
pK, 4.7.

bromcresol purple A PH INDICATOR: pH 5.2-6.8 (yellow to
purple); pK, 6.3.

brome mosaic virus See BROMOVIRUSES.

bromelain A basic glycoprotein thiol PROTEASE (EC 3.4.22.4)
obtained from the pineapple plant.

bromoaplysiatoxin See LYNGBYA.

5-bromo-4-chloro-3-indolyl-p-p-galactoside See XGAL.
5-bromo-4-chloro-3-indolylphosphate-p-toluidine See xp.
bromochlorophane See BISPHENOLS.

bromocresol green Syn. BROMCRESOL GREEN.

bromocresol purple Syn. BROMCRESOL PURPLE.

5-bromodeoxyuridine See BUDR.

bromophenol blue Syn. BROMPHENOL BLUE.

bromothymol blue Syn. BROMTHYMOL BLUE.

5-bromouracil (BU) A BASE ANALOGUE which, in the keto tau-
tomeric form (which predominates), pairs with adenine (A) but
in the enol form pairs with cytosine (C). Thus, during DNA
synthesis, keto-BU may be incorporated into DNA in place of
thymine (T); if it then remains in the keto form, BU will con-
tinue to mimic T and no mutation will occur, but if it switches
to the enol form just prior to further DNA replication it will pair
with guanine (G) instead of A, leading to an A-T-to-G-C tran-
sition. Conversely, enol-BU may be incorporated into DNA in
place of C, and a subsequent switch to the keto form will result
in a G-C-to-A-T transition on subsequent DNA replication.

bromovinyldeoxyuridine (BVDU; (E)-5-(2-bromovinyl)-2’-deo-
xyuridine) An ANTIVIRAL AGENT which is highly active against
varicella-zoster virus; it is also active against herpes simplex
virus (HSV) type 1 (but less so against HSV type 2) and



e.g. against pseudorabies virus, infectious bovine rhinotracheitis
virus, and herpesvirus simiae. It can be administered topically or
orally. BVDU is apparently converted to the 5’-monophosphate
by the viral thymidine kinase; the monophosphate can be
converted to the diphosphate by HSV type 1 thymidine kinase
(cf. ACYCLOVIR).

bromoviruses (brome mosaic virus group) A group of tripartite
ssRNA-containing PLANT VIRUSES, each of which infects a
narrow range of plants; mechanical transmission can occur
readily, and some members are transmitted by beetles. Type
member: brome mosaic virus; other members: broad bean mottle
virus; cowpea chlorotic mottle virus.

Virion: icosahedral, ca. 26 nm diam., containing a single
species of coat protein. Genome: three molecules of linear,
positive-sense sSRNA — RNA1 (MWt ca. 1.1 x 106), RNA2
(MWt ca. 1.0 x 10°), and RNA3 (MWt ca. 0.7 x 10°); ‘RNA4’
(MWt ca. 0.3 x 10%), the coat protein mRNA, is also encapsi-
dated. A given bromovirus particle may contain a molecule of
RNAI, a molecule of RNA2, or one molecule each of RNA3
and RNA4; these different particles all have about the same S%S
and all three are necessary for infectivity. The RNAs each have a
capped 5’ end and a tRNA-like structure (which accepts tyrosine)
at the 3’ end. Virus assembly occurs in the cytoplasm; crystalline
arrays of virus particles and granular cytoplasmic inclusions may
be formed.

bromphenol blue A pH INDICATOR: pH 3.0—4.6 (yellow to blue);
pK,4.0.

bromthymol blue A PH INDICATOR: pH 6.0—7.6 (yellow to blue);
pK,7.0.

bromthymol blue agar See BTB AGAR.

bronchiolitis Inflammation of the bronchioles. The disease
occurs mainly in infants and is often due to human respiratory
syncytial virus. Spread occurs by droplet transmission. The dis-
ease may be self-limiting or may lead to cyanosis, apnoea and
death.

bronchitis Inflammation of the bronchi; the condition may be
acute or chronic and often follows a (usually viral) upper res-
piratory tract infection. Bronchitis may be caused by bacteria
(e.g. Haemophilus influenzae, Mycoplasma pneumoniae, Staphy-
lococcus aureus, Streptococcus pneumoniae), by viruses, or by
physical or chemical irritants. Symptoms: chest pain, cough with
mucoid to purulent sputum, fever etc.

bronopol See ALCOHOLS.

bronze leaf wilt Syn. HARTROT.

brood pouch (marsupium) In certain ciliates: a cavity, formed
by invagination of the pellicle, within which ‘larval’ cells are
formed by budding; in suctorians the brood pouch is a temporary
structure, but in chonotrichs (in which it is also called a crypt)
it is permanent. In some species the larval cells are released into
the brood pouch, while in others the larval cells detach from the
parent cell only after the pouch has everted.

brooder pneumonia See ASPERGILLOSIS.

brosse (ciliate protozool.) A tuft of cilia, of unknown function,
which occurs on some gymnostomes.

broth In microbiology: any of a variety of liquid media —
especially NUTRIENT BROTH or any liquid medium based on
nutrient broth and/or hydrolysed protein.

broth culture See CULTURE.

broth dilution test See DILUTION TEST.

broth sugars See PEPTONE-WATER SUGARS.

brown algae Algae of the PHAEOPHYTA.

brown blotch A MUSHROOM DISEASE caused by Pseudomonas
tolaasii. Caps and stalks of infected mushrooms are pitted
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Browne’s tubes

with wet lesions which become dark chocolate-brown. (cf.
GINGER BLOTCH.) [Disease control by disinfection: JAB (1985)
58 259-281.]

brown bodies See LEPROSY.

Brown-Boveri UV-C lamp A source of high-intensity ULTRA-
VIOLET RADIATION; the lamp gives a radiation intensity of up to
ca. 1IW/em?. (Conventional sources give up to ca. 10 pW/cm?.)

Brown-Hopps modification (of the GRAM STAIN) A procedure
used for staining bacteria in deparaffinized, hydrated tissue
sections. Essentially, sections are stained with crystal violet;
washed; treated with Gram’s iodine; washed; differentiated in
acetone; washed; stained with basic fuchsin; washed; treated
with Gallego’s solution (an aqueous solution of formalin and
acetic acid); washed; dipped in acetone, picric acid—acetone,
and acetone; and finally transferred, via xylene, to the mountant.
Gram-positive bacteria stain blue; Gram-negative bacteria stain
red. [AJCP (1973) 60 234-240.]

brown oak Timber from an oak tree (Quercus sp) which has
been infected by Fistulina hepatica; such infection causes the
heartwood of the tree gradually to develop a rich brown colour.
The colour appears to derive partly from pigment within the
fungal hyphae and partly from extracellular fungal products.
Brown oak is somewhat weaker than the normal wood, but it is
valued e.g. for furniture-making.

brown rot (1) (of timber) A form of fungal TIMBER SPOILAGE
in which the CELLULOSE and HEMICELLULOSES of the wood are
decomposed while the LIGNIN remains virtually intact (although
it may be modified), leaving the wood brown, soft and friable,
and subject to cross-grain cracking. The hyphae of brown-rot
fungi (e.g. Piptoporus betulinus, Poria placenta) penetrate the
wood cell lumen and lie in contact with the inner surface
of the cell wall; a generalized thinning of the wall occurs,
suggesting a diffusion of degradative enzymes from the hyphae
(cf. WHITE ROT). A novel mechanism has been proposed for
the disruption of native cellulose by brown-rot fungi (which do
not produce exoglucanases — see CELLULASES): H,O», generated
by the oxidation of hexoses by glucose oxidase, is believed to
act in combination with Fe?* (present in the wood) to oxidize
glucopyranosyl residues, causing rupture of the cellulose chains;
this could disrupt microfibrils sufficiently to allow access for
endoglucanases [Book ref. 26, pp. 28-29; Book ref. 39, pp.
56-59].

(2) (of fruits) A rot which affects a wide variety of
fruits — particularly apples, pears and stone fruits (cherries,
plums etc) — both on the tree and in storage. Soft brown lesions
develop in the fruits, initially beneath an intact epidermis; sub-
sequently, whitish cottony pustules may develop, often in a
concentric arrangement, and the fruit eventually shrivels and
dries. Brown rots are caused by Sclerotinia spp: S. fructigena
in e.g. apples, pears and almonds, S. laxa or S. fructigena in
cherries, plums, peaches etc.

brown rust A disease of wheat and rye caused by Puccinia
recondita; orange-brown pustules, later becoming dark or black,
develop mainly on the upper (adaxial) leaf surface. On barley, a
similar disease is caused by Puccinia hordei. (See also CEREAL
DISEASES.)

Browne’s tubes Sealed glass tubes containing a fluid which
changes (irreversibly) from red to green when exposed to
certain temperature/time combinations; they are used to monitor
conditions at various positions within an operating AUTOCLAVE
or hot-air oven. Type I and type II tubes are used in conventional
autoclaves and high-vacuum autoclaves, respectively; type III is
used in hot-air ovens, and type IV for monitoring exposures of
ca. 180°C/12 min. (cf. BROWN’S TUBES.)



Brownian movement

Brownian movement Random movements made by small (ca.
1 um) particles, or organisms, freely suspended in a fluid
medium; the movements are due to bombardment of the particles
by molecules of the medium. Brownian movement causes non-
motile organisms to oscillate about more or less fixed positions;
by contrast, motile organisms change their relative positions.

Brown’s tubes A set of sealed glass tubes containing aqueous
suspensions of barium sulphate in increasing concentrations; the
tubes thus exhibit a range of optical densities which vary from
transparent to turbid. Brown’s tubes are used for standardizing
microbial suspensions: the opacity of a given bacterial suspen-
sion is matched (visually) with that of a particular tube, and the
suspension described e.g. as a Brown’s number 2 or a Brown’s
number 5 suspension etc. (Higher numbers correspond to greater
opacities.) The unknown suspension should be examined in a
tube of size and thickness equivalent to those containing the
standard suspensions.

Brucella A genus of Gram-negative, aerobic, chemoorgan-
otrophic, catalase-positive bacteria which occur, typically as
intracellular parasites or pathogens, in man and other animals
(see BRUCELLOSIS). The cells are non-motile bacilli, cocci or
coccobacilli, ca. 0.5-0.7 x 0.6—1.5 um, which stain well with
conventional dyes (see also KOSTER'S STAIN). Metabolism is res-
piratory (oxidative). Growth requirements generally include cer-
tain amino acids, nicotinamide and thiamine; 5—-10% CO; may
be essential, particularly in primary isolation. Primary culture
may be carried out on e.g. serum—glucose agar or chocolate
agar; on primary isolation, 48-hour colonies on serum—glucose
agar are typically 0.5-1.0 mm in diameter, shiny, convex and
entire. Optimum growth temperature: 37°C. With the exception
of B. neotomae, no species forms acid from carbohydrates in
peptone-water sugars. MR —ve; VP —ve; most strains are oxi-
dase +ve; most strains are urease +ve, but all strains of B. ovis
are urease —ve (at 24 hours). The organisms are normally killed
by pasteurization, are generally sensitive to tetracyclines, and
are often sensitive e.g. to chloramphenicol, erythromycin and
streptomycin. GC% ca. 55-58. Type species: B. melitensis.

Brucellae can be divided into smooth, rough and mucoid
strains on the basis of their reaction in ACRIFLAVINE solution
(0.1% aqueous): smooth strains are easily emulsifiable, rough
strains agglutinate, and mucoid strains form stringy threads.

The brucellae are susceptible to a range of tailed, polyhedral
DNA phages which have been divided into five groups that are
used in phage typing (see e.g. TBILISI PHAGE, WEYBRIDGE PHAGE);
group 5 phages include those which lyse non-smooth brucellae.
(Brucella phages are sensitive to e.g. cationic detergents and
oxidizing agents.)

The sensitivity of some brucellae to certain dyes, e.g. basic
FUCHSIN and THIONIN, has been exploited for between-species
and within-species differentiation; these dyes inhibit the growth
of sensitive strains when incorporated in media at concentrations
of ca. 1:50000 (w/v).

Differentiation between species and biovars is also achieved
by the use of monospecific antisera prepared against each of
the two main somatic antigens in the brucellae: the A and M
antigens; an antiserum against rough strains (R) is used for
B. canis and B. ovis.

B. abortus. Primarily a pathogen of bovines, but man and
other animals can be infected; infection of pregnant animals
commonly results in placentitis and abortion. All strains of
B. abortus are lysed by Tbilisi phage at RTD — a characteristic
which distinguishes this species from other brucellae. There
are 9 biovars, biovars 1, 2 and 4 being sensitive to thionin,
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biovar 2 to fuchsin. Biovars 4, 5 and 9 do not agglutinate in
A antiserum; biovars 1, 2, 3 and 6 do not agglutinate in M
antiserum. B. abortus ‘strain 19’ is similar to biovar 1 but has
reduced virulence; it is used as a live vaccine for cattle.

B. canis. Primarily a pathogen of the dog, causing e.g.
epididymitis, orchitis, prostatitis and the development of local
granulomas; man is occasionally infected. Only rough or mucoid
strains occur; these are agglutinated by R antiserum but not by
A or M antisera. Insensitive to thionin; most strains sensitive to
fuchsin. No biovars.

B. melitensis. Typically pathogenic in goats and sheep, but
also in bovines, man and pigs. Insensitive to both fuchsin and
thionin; biovar 1 is agglutinated by M antiserum, biovar 2 by A
antiserum, and biovar 3 by both A and M antisera.

B. neotomae. A non-pathogenic or weakly pathogenic species.
Acid (no gas) is formed from arabinose, galactose, glucose and
xylose. Sensitive to both fuchsin and thionin, and agglutinated
by A antiserum. No biovars.

B. ovis. A pathogen of sheep, causing epididymitis/orchitis,
or abortion in pregnant ewes. Insensitive to thionin; most strains
sensitive to fuchsin. No biovars. Smooth strains unknown;
agglutination by R antiserum only.

B. suis. Primarily a pathogen of pigs, but most or all
strains can also infect man; other hosts include e.g. dogs and
hares. Insensitive to thionin; most strains sensitive to fuchsin,
but biovar 3 is insensitive. Biovars 1-4 are agglutinated by
A antiserum; 4 is also agglutinated by M antiserum, and 5 is
agglutinated only by M antiserum.

An early proposal to include all strains of Brucella in a single
species (B. melitensis) [1IJSB (1985) 35 292—-295] has not been
accepted.

Brucella ring test ~ Syn. MILK RING TEST.

brucellin An antigenic material derived from cultures of Bru-
cella spp.

brucellin test A SKIN TEST, analogous to the TUBERCULIN TEST,
used for detecting Brucella-induced hypersensitivity (cf. BRU-
CELLOSIS).

brucellosis Any human or animal disease caused by Brucella
spp. In animals the reproductive organs are generally affected,
often resulting in abortion (contagious abortion). B. abortus is
the usual causal agent in cattle, B. suis in pigs, B. melitensis
in goats, B. ovis in sheep, and B. canis in dogs, but host
specificity is not absolute. Contagious abortion in cattle (Bang’s
disease) may follow infection via the mouth, vagina or wounds;
the pathogen has a predilection for the udder (resulting in its
presence in the milk) and for fetal and placental tissues (its
growth apparently being stimulated by erythritol present in these
tissues).

In man brucellosis (undulant fever, Malta fever) is an acute
or chronic systemic disease contracted from animals via unpas-
teurized milk, infected carcases, etc; B. abortus, B. melitensis
or B. suis is most commonly involved. Infection occurs via the
mouth, conjunctivae or wounds. Incubation period: days, weeks
or months. Symptoms: variable, but typically include headache,
malaise, and intermittent periods of fever. Untreated cases may
persist for years. (In individuals frequently exposed to Brucella
spp disease may be due to hypersensitivity to Brucella antigens
rather than to true infection.) Lab. diagnosis: (i) Blood culture
(usually positive if blood is taken at the height of the fever).
(ii) Culture of bone marrow or lymph node aspirates (may be
useful in chronic cases). (iii) Serological assay for specific serum
agglutinins. (N.B. Agglutinins against cholera vibrios cross-react



with those against Brucella spp.) Chemotherapy: e.g. tetracy-
clines with streptomycin. (See also BRUCELLIN TEST and MILK
RING TEST.)

Bryopsis A genus of siphonaceous green seaweeds (division
CHLOROPHYTA) which exhibit a heteromorphic alternation of
generations (cf. DERBESIA).

Bryoria A genus of fruticose LICHENS (order LECANORALES)
separated from ALECTORIA e.g. on the basis of the smaller
colourless ascospores (8 per ascus).

BSA Bovine serum albumin.

BS-C-1 An ESTABLISHED CELL LINE derived from the kidney of an
African green monkey (Cercopithecus aethiops); the cells are
heteroploid and epithelioid.

BSE BOVINE SPONGIFORM ENCEPHALOPATHY.

BSS BALANCED SALT SOLUTION.

BssHII  See RESTRICTION ENDONUCLEASE (table).

BstEIl A RESTRICTION ENDONUCLEASE from Bacillus stearother-
mophilus; G/IGTNACC.

BTB agar (bromthymol blue agar) A medium (used e.g. for
enterobacteria) containing e.g. peptone, lactose, glucose, yeast
extract, MARANIL, thiosulphate, and bromthymol blue; pH:
7.7-7.8. [Recipe: Book ref. 22, p. 421.]

BTEX Benzene, toluene, ethyl-benzene and xylene — a group of
compounds which are sometimes present as contaminants in
aquifers. (See also BIOREMEDIATION.)

BtuB protein In Escherichia coli: an OUTER MEMBRANE protein
encoded by the bruB gene; it acts as a receptor for bacteriophage
BF23 and for various colicins, and is involved in the uptake of
VITAMIN Bj>.

BtuC protein See VITAMIN Bj.

BU 5-BROMOURACIL.

bubble column fermenter A FERMENTER in which mixing and
circulation of the culture is induced by a stream of bubbles
introduced at the base of the column (which lacks a draft
tube — cf. LOOP FERMENTER); it may be used e.g. with low-
viscosity cultures when efficient mixing is not essential. An
increased gas—liquid interface can be achieved by placing mesh
sieve plates at intervals in the column.

bubble diseases MUSHROOM DISEASES caused by Verticillium
fungicola (dry bubble) or Mycogone perniciosa (wet bubble).
[Control by PROCHLORAZ and other antifungals: PP (1983) 32
123-131.]

bubble point test A test used to determine the physical integrity
of a membrane filter (see FILTRATION). In a wetted membrane,
water is retained in the pores by the forces of surface tension,
and a considerable pressure of air is needed to dislodge this
water and to force air through the pores; the minimum pressure
which can do this (the bubble point pressure) increases with
decrease in pore size, and is about 55 Ib/inch? (379 kPa) for a
membrane of pore size 0.22 pm. Using the relationship between
bubble point pressure and pore size, the integrity of a membrane
of given pore size can be tested by determining its bubble point
pressure. (cf. DIFFUSION TEST.)

bubbler Syn. ALL-GLASS IMPINGER.

bubo An enlarged, inflamed lymph node (particularly in the
axilla or groin) formed e.g. in bubonic PLAGUE.

bubonic plague See PLAGUE.

buccal cavity In some ciliates: a cavity, chamber or surface
depression which is typically open to the environment and
which contains, at its base, the CYTOSTOME; the ciliature of
the buccal cavity is typically readily distinguishable from the
somatic ciliature. (See also e.g. PARORAL MEMBRANE.)

buccal overture The entrance (outer or distal region) of the
BUCCAL CAVITY.
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bulgaricus milk

buccokinetal stomatogenesis See STOMATOGENESIS.

Buchnera A genus of intracellular bacteria found in the BACTE-
RIOCYTES of aphids; aphids and Buchnera are mutually depen-
dent — neither can reproduce without the other.

The chromosome of Buchnera sp APS is one of the smallest
to be sequenced so far in bacteria (a total of 640681 base pairs)
[Nature (2000) 407 81-86].

bud-fission In certain fungi (e.g. Saccharomycodes ludwigii): a
form of BUDDING in which the septum between bud and parent
cell is almost as wide as the widest part of the parent cell.

bud scar (mycol.) See SCAR.

budding (1) (bacteriol., mycol.) In certain bacteria and fungi: a
process of cell division in which a daughter cell (or spore) devel-
ops from the mother cell as a localised outgrowth or protrusion
(bud), the cell wall of the mature daughter cell apparently being
composed mainly of newly synthesized material; mother and
daughter cells are often physically, and sometimes functionally,
distinguishable. (cf. FISSION.) In the BUDDING BACTERIA, budding
often — but not always — occurs at one of the poles of the mother
cell. In some fungi (e.g. Saccharomyces cerevisiae) buds may
arise at any of a number of sites on the parent cell (multipolar
budding); in e.g. Kloeckera, buds can develop at both cell poles
(bipolar budding), while in Malassezia they can arise only at
one pole (monopolar budding). (cf. TRIGONOPSIS; see also BUD-
FISSION, SCAR and SPROUT MYCELIUM.)

(2) (protozool.) In some protozoa (e.g. members of the
Astomatida, Peritrichia and Suctoria): a reproductive process
in which a cell divides unequally to form a large adult and
small progeny cells (external or exogenous budding), or in which
progeny develop within the cytoplasm of the adult cell (interior
or endogenous budding).

(3) (virol.) See ENVELOPE (sense 1).

budding bacteria A diverse, non-taxonomic group of bacte-
ria all of which undergo BUDDING; they include e.g. species
of BLASTOBACTER, CHAMAESIPHON, ENSIFER, GEMMIGER, GEODER-
MATOPHILUS, Hyphomicrobium, HYPHOMONAS, NITROBACTER, PAS-
TEURIA, PLANCTOMYCES, RHODOMICROBIUM, RHODOPSEUDOMONAS
and SELIBERIA.

budgerigar fledgling disease virus A virus which causes a com-
mercially important acute, fatal disease in fledgling budgerigars
(Melopsittacus undulatus) and may also be responsible for a
milder, chronic disease (‘French moult’) in older birds. The virus
is apparently a POLYOMAVIRUS — the first non-mammalian poly-
omavirus to be recorded. [Virol. (1986) 151 362-370.]

BUdR (BrdU) 5-Bromo-2'-deoxyuridine: the deoxynucleoside
corresponding to 5-BROMOURACIL. It can be phosphorylated by
THYMIDINE KINASE. (cf. IDOXURIDINE.)

Buellia A genus of crustose LICHENS (order LECANORALES).
Apothecia: lecideine, black; ascospores brown, one-septate. (cf.
DIPLOICIA; see also ENDOLITHIC. )

buffalopox virus See ORTHOPOXVIRUS.

buffy coat The thin layer of white cells which forms at the sur-
face of the packed red cells when unclotted blood is centrifuged.

bufotenine See AMATOXINS.

bulbil (algol.) See CHAROPHYTES.

Bulbochaete A genus of freshwater filamentous green algae
related to OEDOGONIUM. The filaments are branched and bear
long, colourless ‘hairs’, each with a bulbous base.

Bulgaria  See HELOTIALES.

Bulgarian buttermilk Syn. BULGARICUS MILK.

bulgaricus milk (Bulgarian buttermilk) A beverage made by
fermenting milk with Lactobacillus bulgaricus.



bulgecin

bulgecin A low-MWt glycopeptide which, in combination with
a P-lactam antibiotic, causes bulge formation in susceptible
bacterial cells [AAM (1986) 37 181-205 (200-201)].

bullate With bubble- or blister-like swellings.

Buller phenomenon A form of DIKARYOTIZATION in which a
dikaryotic cell or mycelium donates a nucleus to a monokaryotic
(haploid) cell or mycelium.

Bullera A genus of fungi (see SPOROBOLOMYCETACEAE) which
form spheroidal, ovoid or elongate, budding vegetative cells,
and which may form pseudomycelium or true mycelium; the cell
walls contain xylose. On malt agar, the growth is cream-coloured
to slightly yellowish or brownish (cf. SPOROBOLOMYCES). Ballis-
tospores are formed on sterigmata of varying lengths and are
rotationally symmetrical, being spheroidal, obovoid, turbinate,
apiculate or ampulliform. Metabolism is strictly respiratory.
NO;3 ™~ is assimilated by B. piricola and B. tsugae, but not by
B. alba, B. dendrophila or B. singularis. Species have been iso-
lated from insect frass and plant material. [Book ref. 100, pp.
577-584.]

bullous impetigo See IMPETIGO.

bumblefoot An arthritis of poultry due to infection via
wounds — particularly in the feet — by Staphylococcus aureus.
(See also POULTRY DISEASES.)

bumper primer See SDA.

bundle-forming pili See PATHOGENICITY ISLAND.

bundlin The major subunit of bundle-forming pili (see EPEC) — a
19.5 kDa protein encoded by the ‘EPEC adherence factor
plasmid’ (EAF plasmid) found in strains of EPEC. (See also
PATHOGENICITY ISLAND.)

bunts (stinking smuts) See e.g2. COMMON BUNT and KARNAL BUNT.

Bunyamwera supergroup See BUNYAVIRUS.

Bunyaviridae A family of enveloped, ssSRNA VIRUSES which
infect warm- and cold-blooded vertebrates, arthropods and
plants. Some members are important pathogens of man and
animals, causing e.g. VIRAL HAEMORRHAGIC FEVERS or pulmonary
disease; transmission may occur e.g. via ticks, mosquitoes
or sandflies (Phlebotomus spp), while some bunyaviruses are
transmitted in aerosols. (See also TOMATO SPOTTED WILT VIRUS;
cf. ARBOVIRUSES.)

Virion. Roughly spherical, enveloped, ca. 90—100 nm diam.,
containing three major protein species (nucleocapsid protein N,
and glycoproteins G1 and G2), one large but minor protein (L),
and three molecules/segments of negative sense (or ambisense)
ssRNA designated L, M and S (MWts ca. 2-5, 1-2.3 and
0.3-0.8 x 10° respectively); the envelope contains ca. 20—30%
by weight of lipid.

Virion structure. The lipoprotein envelope, which contains G1
and G2, encloses three circular (but not covalently closed) helical
strands of ribonucleoprotein (comprising RNA and N protein);
the haemagglutinating activity and neutralizing antigenic deter-
minants are associated with the glycoproteins. Virions can be
inactivated by e.g. lipid solvents and detergents.

Transcriptase activity is associated with the virions, and viral
replication occurs in the cytoplasm of the host cell.

In the genus Bunyavirus, all three genome segments are
negative-sense. The S RNA segment encodes (in overlapping
reading frames) the N protein and a non-structural protein (NSs).
The M RNA segment encodes G1, G2 and at least one non-
structural protein (NSp,). The L RNA appears to encode the L
protein. (cf. PHLEBOVIRUS.) During maturation, the virions bud
into smooth-surfaced vesicles in or near the Golgi region.

In culture, some bunyaviruses can induce cell fusion.

The family is divided into genera on the basis of e.g. size
of RNA segments, size and nature of viral proteins, nature of
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arthropod vector (if any) etc.; the genera include BUNYAVIRUS;
HANTAVIRUS; NAIROVIRUS; PHLEBOVIRUS and UUKUVIRUS.

Bunyavirus (‘Bunyamwera supergroup’) A genus of viruses of
the BUNYAVIRIDAE. Host range: various vertebrates; vectors: mainly
mosquitoes. MWts of L, M and S RNAs: ca. 2.7-3.1, 1.8-2.3, and
0.28-0.50 x 109, respectively. MWts of proteins L, G1, G2 and
N:ca. 145-200, 108—-120,29—-41 and 19-25 x 103,respectively.
The genus comprises at least 16 serological groups, including the
Bunyamwera group (e.g. Bunyamwera virus (type species of the
genus), Cache Valley virus), the California group (e.g. CALIFORNIA
ENCEPHALITIS virus, Inkoo virus, La Crosse virus, snowshoe hare
virus), and the Simbu group (e.g. Aino virus, Akabane virus — see
AKABANE VIRUS DISEASE).

bunyaviruses (1) Viruses of the BUNYAVIRIDAE. (2) Viruses of the
genus BUNYAVIRUS.

buoyant density See CENTRIFUGATION.

burdock stunt viroid See VIROID.

burdock yellows virus See CLOSTEROVIRUSES.

Burdon’s stain A stain for bacterial intracellular lipid. A heat-
fixed smear is stained with SUDAN-BLACK B for 5—10 min,
drained, and blotted dry. The smear is washed in xylene, blotted
dry, and counterstained for 5-10 sec in 0.5% aqueous safranin.
Lipid stains black, cytoplasm red. (See also NILE BLUE A.)

Burgundy mixture (plant pathol.) An agricultural antifungal
preparation which consists of a mixture of copper sulphate and
sodium carbonate; it is used in aqueous solution as a spray.
Active constituent: the COPPER ion.

Burgundy truffle See TRUFFLES.

Burkard trap See HIRST SPORE TRAP.

Burkea  See MICROSPOREA.

Burkholderia A genus of Gram-negative bacteria initially
proposed to accommodate seven (group II) species from
the genus PSEUDOMONAS, with Burkholderia (formerly Pseu-
domonas) cepacia as the type species [Microbiology and
Immunology (Tokyo) (1992) 36 1251-1275]; the other species
in this proposal were: P. mallei, P. pseudomallei, P. caryophilli,
P. gladioli, P. pickettii and P. solanacearum. Two other former
species of the genus Pseudomonas (P. plantarii and P. glumae),
and a new species, B. vandii, have since been added to the genus
[LISB (1994) 44 235-245].

(See also CYSTIC FIBROSIS.)

[B. cepacia (surface chemistry and typing methods): RMM
(1995) 6 1-9. B. cepacia (pathogenicity and resistance to
antibiotics): RMM (1995) 6 10-16.]

Burkitt’s lymphoma (BL) A malignant monoclonal B-cell lym-
phoma which is endemic in parts of Africa where it is the
most common tumour among children. The tumours com-
monly develop in the mandibular and maxillary bones, but may
also develop in the ovaries, thyroid, kidneys, heart, stomach,
and spinal column. BL is associated with EPSTEIN-BARR VIRUS
(EBV) infection, but other factors — including the occurrence of
malaria — are also important in pathogenesis. BL cells contain
multiple copies of the EBV genome, and also show characteristic
chromosomal rearrangements involving reciprocal translocations
between chromosome 8 and chromosome 14 or, less frequently,
chromosome 2 or 22. These translocations apparently result in
the juxtaposition of a cellular ONCOGENE (c-myc, or possibly c-
mos) and the immunoglobulin (Ig) genes on chromosomes 14,
2 or 22; c-myc may be activated by the Ig gene promoter,
resulting in oncogenesis. These chromosomal rearrangements
can occur in the absence of EBV; EBV may predispose to
oncogenesis by its mitogenic effect on B cells, providing large
numbers of transformed cells and thereby increasing the chances



of one of the three chromosomal rearrangements occurring.
Chronic malaria depresses EBV-specific cell-mediated immu-
nity and stimulates B cell proliferation, thus potentiating the
effects of EBV. ‘Burkitt-like’ lymphomas occur rarely and spo-
radically outside the endemic areas, and only ca. 20% of these
are associated with EBV infection.

burned spot disease (shell disease; Brandenfleckenkrankheit) A
marine CRUSTACEAN DISEASE which affects the exoskeletons of
crabs, lobsters, crayfish etc; it is caused by chitinolytic bacteria
and/or fungi which form brown erosive lesions in the calcified
chitin of the exoskeleton following damage to the epicuticle (e.g.
by abrasion). Once initiated, the lesions may support a varied
microbial flora. The disease may be fatal, but recovery may
occur if the animal survives to ecdysis. Fusarium solani has
been associated with the disease in lobsters; the fungus may
penetrate the muscles and occasionally the foregut of the lobster
[TBMS (1981) 76 25-27]. (cf. BLACK GILL DISEASE.)

Burnet’s clonal selection theory See CLONAL SELECTION THEORY.

bursa of Fabricius In birds, a sac-like organ which develops
from the hindgut in the early embryonic stage; within the bursa,
precursors of BLYMPHOCYTES appear to undergo maturation. (See
also INFECTIOUS BURSAL DISEASE VIRUS.)

Bursaria  See HETEROTRICHIDA.

bursattee Syn. EQUINE PHYCOMYCOSIS.

burst size The average number of virus particles released per
infected cell following the lytic infection of a population of
sensitive cells; it may be determined e.g. by the ONE-STEP GROWTH
EXPERIMENT (by comparing the latent period plaque count with
the plateau plaque count) or by the SINGLE BURST EXPERIMENT.

burst test A test used for assessing the strength of the seal in a
RETORT POUCH; in the test, the pouch is either inflated or is filled
with water and then compressed.

Bursulla  See MYXOMYCETES.

Buruli ulcer A chronic, progressive, granulomatous skin lesion
caused by Mycobacterium ulcerans; infection occurs via wounds.

Buschke-Lowenstein tumour (giant condyloma acuminatum)
A large, cauliflower-like, malignant but non-metastasizing geni-
tal tumour of humans. The genomes of HPV-6 or HPV-11 (see
PAPILLOMAVIRUS) have been identified in Buschke—Lowenstein
tumour cells [see e.g. JV (1986) 58 963—-966]. (cf. PAPILLOMA.)

Busse—Buschke disease Syn. CRYPTOCOCCOSIS.

Bussuquara virus See FLAVIVIRIDAE.

butanediol fermentation (butylene glycol fermentation) A FER-
MENTATION (sense 1) carried out e.g. by certain enterobac-
teria, including species of Enterobacter, Erwinia, Klebsiella
and Serratia. The main products of glucose fermenta-
tion include ethanol, 2,3-butanediol and formic acid or
CO; and Hy [Appendix III(f)]; small amounts of DIACETYL
(CH3.CO.CO.CH3) may also be formed from acetolactate.
Organisms which form diacetyl or acetoin give a positive
VOGES-PROSKAUER TEST. The amount of acid produced in the
butanediol fermentation is generally insufficient to give a posi-
tive methyl red test (cf. MIXED ACID FERMENTATION).

butanol fermentation Syn. ACETONE-BUTANOL FERMENTATION.

butirosin An AMINOGLYCOSIDE ANTIBIOTIC.

butoconazole See AZOLE ANTIFUNGAL AGENTS.

Biitschli’s granules METACHROMATIC GRANULES observed
diatoms.

butt (microbiol.) The thickest part of a SLOPE. The butt of a
freshly-prepared slope is a microaerobic or anaerobic environ-
ment.

butt rot A TREE DISEASE in which the base (butt) of the trunk
rots. In e.g. elms (Ulmus spp) a butt rot may be caused by

in
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Butyrivibrio

Rigidoporus ulmarius, while in oaks (Quercus spp) it may be
caused by Inonotus dryadeus (Polyporus dryadeus).

butter A food consisting mainly of the fatty components of milk;
it contains at least 80% fat, up to 16% water, and usually ca.
2% added salt. Sweet cream butter is made without a bacterial
starter. Cream is pasteurized, cooled, and churned at ca. 8—12°C
to destabilize the fat globules in the cream. The butter is then
strained from the aqueous phase (buttermilk) and salted; it may
be stored for a year or more at ca. —23 to —29°C. Ripened cream
butter (cultured creamery butter) is made from pasteurized
cream seeded with a B- or BD-type LACTIC ACID STARTER. The
main function of the bacteria is to contribute flavour (LACTIC ACID
and DIACETYL). After several hours’ incubation, during which the
pH falls to ca. 4.6, the cream is cooled, churned etc. Cultured
butters are more common in e.g. Europe than in the USA;
they have better flavour than sweet cream butter, but they also
undergo chemical deterioration faster — the rate of deterioration
being higher if salt is added. (See also DAIRY PRODUCTS.)

Butter is generally resistant to microbial spoilage owing to
its low water content. However, proteolytic and/or lipolytic psy-
chrotrophs (e.g. Pseudomonas fragi, Ps. fluorescens) can cause
putrid or rancid flavours in refrigerated butter. A cheese-like off-
flavour (‘surface taint’) may be caused by ‘Ps. putrefaciens’, and
‘Ps. nigrifaciens’ can cause a black surface discoloration.

buttermilk Originally: the liquid residue formed during BUTTER-
making. Currently, the term usually refers to ‘cultured butter-
milk’: a beverage made by fermenting skim milk with lactic
acid bacteria; a BD-type LACTIC ACID STARTER is usually used.
[Book ref. 8, pp. 140—143.] (See also DAIRY PRODUCTS.)

button stage The (early) stage of an agaric fruiting body in which
the lamellae are not yet exposed, and the pileus is roughly dome-
shaped.

butyl alcohol fermentation Syn. ACETONE-BUTANOL FERMENTA-
TION.

butylene glycol fermentation Syn. BUTANEDIOL FERMENTATION.

butyric acid fermentation A FERMENTATION (sense 1) carried out
e.g. by Butyrivibrio fibrisolvens, certain species of CLOSTRID-
M (e.g. C. acetobutylicum, C. butyricum, C. pasteurianum,
C. perfringens) and Fusobacterium nucleatum. The products
of glucose fermentation include acetic and butyric acids, CO;
and H; [Appendix III(g)]; some species (e.g. C. perfringens)
form lactic acid and/or ethanol in addition to the above prod-
ucts — lactic acid becoming a major product under conditions of
iron deficiency. (See also ACETONE-BUTANOL FERMENTATION.)

butyricins See BACTERIOCIN.

Butyrivibrio A genus of bacteria (family BACTEROIDACEAE)
which occur e.g. in the RUMEN and in non-ruminant faeces. Cells:
motile or (infrequently) non-motile curved rods, 0.3-0.8 x
1.0-5.0 pm (occurring singly or in chains), or filaments which
are sometimes helical; the cells stain Gram-negatively, although
the cell wall of B. fibrisolvens is of the Gram-positive type
(see also TEICHOIC ACIDS). [Heterogeneity in cell envelopes of
Butyrivibrio strains: JUR (1985) 90 286-293.] Fermentation
of e.g. glucose or maltose typically yields butyric acid as
the main product (although lactic acid may be the major
product under certain conditions). Some strains are cellulolytic,
pectinolytic and/or amylolytic. GC%: ca. 36—41. Type species:
B. fibrisolvens.

B. crossotus. Cells are lophotrichously flagellated. Maltose is
fermented, but cellobiose, sucrose and xylose are not.

B. fibrisolvens. The cells each have one polar or subpolar
flagellum. Glucose, maltose, cellobiose, sucrose and xylose are
fermented.



butyrolactone antifungal agents

butyrolactone antifungal agents See PHENYLAMIDE ANTIFUNGAL
AGENTS.

butyrous Butter-like in consistency.

BVD BOVINE VIRUS DIARRHOEA.

BVD-MD virus See PESTIVIRUS.

BVDU BROMOVINYLDEOXYURIDINE.

bvg genes In Bordetella spp: genes of a TWO-COMPONENT REG-
ULATORY SYSTEM controlling the synthesis of various virulence
factors (adhesins, toxins); bvgS encodes the histidine kinase,
while bvgA encodes the response regulator. It is not known
which signal(s) activate the system in vivo; in vitro it can be
regulated e.g. by temperature.

BWD See PULLORUM DISEASE.

BWYV Beet western yellows virus (see LUTEOVIRUSES).

BYDV Barley yellow dwarf virus (see LUTEOVIRUSES).

byssinosis A human pulmonary disease, associated with the
handling of cotton, flax, hemp or sisal, characterized by acute

symptoms of airway obstruction; aetiology may involve e.g. the
endotoxins and/or allergens from contaminating Gram-negative
bacteria. [AEM (1982) 44 355-362; CIA (1984) 4 45-47.]

Byssochlamys A genus of fungi (order EUROTIALES) found e.g.
in soil; anamorphs occur in the genus PAECILOMYCES. The mature
ascocarp consists of a group of asci surrounded by a few wisps
of hyphae. B. fulva can cause spoilage of canned foods (see
CANNING); the organism forms extracellular pectinases, and its
ascospores can withstand ca. 85°C for 30 minutes, and higher
temperatures for shorter periods. (See also PATULIN.)

byssoid Composed of slender fibrils.

bystander help (immunol.) Non-specific help; for example, an
antigen-stimulated T cell may provide help (in the form of
cytokines) for another cell which has been stimulated by a
different antigen.

bystander lysis Syn. REACTIVE LYSIS.

—_

end of the Dictionary.

. Words in smALL cAPITALS are cross-references to separate entries.
Keys to journal title abbreviations and Book ref. numbers are given at the

The Greek alphabet is given in Appendix VI.
For further information see ‘Notes for the User’ at the front of the Dictionary.
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C (1) (immunol.) COMPLEMENT. (2) (mol. biol.) Cytosine (or the
corresponding nucleoside or nucleotide) in a nucleic acid. (3)
Cysteine (see AMINO ACIDS).

€ See C VALUE.

C’ (immunol.) COMPLEMENT.

1-C compounds See C; COMPOUNDS.

C forms See AZOSPIRILLUM.

C loop See BACTERIOPHAGE Pl.

c-onc  See ONCOGENE.

C period See HELMSTETTER-COOPER MODEL.

C-reactive protein (CRP) An ACUTE-PHASE PROTEIN, increased
amounts of which circulate in the body e.g. during inflam-
matory processes. CRP is precipitated by so-called C-reactive
substances which occur in various microorganisms — e.g. Strep-
tococcus pneumoniae (the basis of the C-reactive protein diag-
nostic test) and Aspergillus fumigatus. [Binding of CRP to
C-reactive substance of Aspergillus fumigatus: IMM (1986) 21
173-1717.]

Changes in CRP titre may help to distinguish between
bacterial and viral infections: a rise in the serum level of CRP is
more likely to reflect a bacterial infection because viral infections
usually do not produce such a change.

C-reactive substance See C-REACTIVE PROTEIN. (cf. C SUBSTAN-
CES.)

C region (of Ig) See IMMUNOGLOBULINS.

C ring See FLAGELLUM (a).

c strand (C strand) Complementary strand, e.g., the strand com-
plementary to the genomic (viral, v) strand in the RF of an ssDNA
virus. (cf. CDNA.)

C substances (of streptococci) A range of serologically distinct
carbohydrates — typically only one of which occurs in a given
strain of Streptococcus; C substances are used in LANCEFIELD'S
STREPTOCOCCAL GROUPING TEST. In the majority of Lancefield
groups the C substance is a CELL WALL component. In Lancefield
group A streptococci the C substance is a rhamnose polymer
with a terminal residue of N-acetylglucosamine, the latter being
immunodominant; in strains of group B the main determinant
appears to be rhamnose, while in those of group C it is a terminal
residue of N-acetylgalactosamine. [Structure of the C substance
in group B streptococci: Biochem. (1987) 26 476—486.] The C
substance of group D strains, a glycerol TEICHOIC ACID, occurs
in the periplasmic region.

C substances may be extracted from cells by various methods.
In the hot-HCI method (Lancefield extraction method), packed
(centrifuged) cells of the strain under test are resuspended in
ca. 0.3 ml of a solution of sodium chloride (0.85%) containing
HCI (at a final concentration of 0.2 N) and one drop of the pH
indicator metacresol purple (0.04%); the pH should be ca. 2
(pink coloration). The tube containing the suspension is placed
in boiling water for ca. 10 min with periodic shaking. The tube
is then centrifuged, and the supernatant is decanted into a clean
vessel; NaOH (0.2 N) is added dropwise until the pH is ca. 7.5
(weak purple).

In the simpler autoclave extraction method, packed cells are
re-suspended in 0.5 ml of NaCl solution (0.85%), autoclaved
(121°C/15 min), centrifuged, and the supernatant is used for
the test.

[Methods of preparing antigen extracts for Lancefield group-
ing: Book ref. 120, pp. 170-172.]
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C-type particles See TYPE C ONCOVIRUS GROUP.

C value (C-value; ) The amount of DNA in a haploid genome;
it can be measured e.g. in picograms or in terms of the molecular
weight or the number of constituent kilobase-pairs.

Co In the food processing industry: heating (COOKING) for 1 min
at 100°C or an equivalent amount of heat processing.

Cj cellulase See CELLULASES.

C; compounds (1-C compounds; one-carbon compounds) Car-
bon compounds which contain no carbon—carbon bonds and
which are more reduced than is CO; —e.g. CO, methane,
methanol, formaldehyde, formamide and formate; C; compounds
may have more than one carbon atom: e.g. dimethyl sulphide
[(CH3),S], dimethyl sulphoxide [(CH3)2SO], dimethyl sulphone
[(CH3)SO,], trimethylamine-N-oxide [(CH3)3NO]. (See also
METHYLOTROPHY.)

C1 esterase inhibitor See COMPLEMENT FIXATION (a).

C1EI See COMPLEMENT FIXATION (a).

C1INH Syn. C1EI — see COMPLEMENT FIXATION (a).

C, carbon oxidation cycle See PHOTORESPIRATION.

C2a pathway See COMPLEMENT FIXATION (d).

C3 convertase See COMPLEMENT FIXATION.

C3 cycle Syn. CALVIN CYCLE.

C3bina (C3bINA) Syn. FACTOR 1.

CS convertase See COMPLEMENT FIXATION.

C27 organisms See PLESIOMONAS.

Css lipid carrier Syn. BACTOPRENOL.

Ca?t-ATPase See ION TRANSPORT.

Ca?t, Mg2*-stimulated ATPase See ATPASE.

Ca?t transport See ION TRANSPORT.

Cabassou virus See ALPHAVIRUS.

cabbage B virus Syn. CAULIFLOWER MOSAIC VIRUS.

cabbage diseases See CRUCIFER DISEASES.

cabinet (safety cabinet) See SAFETY CABINET.

cacao di For diseases of the cacao plant (Theobroma
cacao) see e.g. BLACK POD DISEASE, FUSARIUM (F. decemcellu-
lare), POD ROT, RED RUST, VASCULAR-STREAK DISEASE and WITCHES’
BROOM.

cacao yellow mosaic virus See TYMOVIRUSES.

Cache Valley virus See BUNYAVIRUS.

cachectin  An early name for tumour necrosis factor-a (TNF-o).

cacodylate Dimethylarsinate.

cactus virus 2 See CARLAVIRUSES.

cactus virus X See POTEXVIRUSES.

CAD See APOPTOSIS.

cAD1 See PHEROMONE.

cadang-cadang See COCONUT CADANG-CADANG VIROID.

cadaverine See e.g. DECARBOXYLASE TESTS.

cadherins A family of CELL ADHESION MOLECULES. The cadherins
are large, transmembrane glycoproteins that mediate calcium-
dependent homophilic cell—cell adhesion (i.e. cadherin binds to
cadherin). The intracellular domain of the cadherin molecule
binds to proteins called catenins which, in turn, are linked to
the cell’s actin cytoskeleton.

E-cadherin occurs mainly in epithelial tissue (and in the early
stage of mammalian embryogenesis); E-cadherin is used as a
receptor for the adhesin internalin A of Listeria monocytogenes
during invasion of the intestinal epithelium. P-cadherin occurs
in the placenta and epidermis, and N-cadherin is found e.g. in
nerve and heart cells.




cadmium

cadmium See HEAVY METALS.

caducous Tending to be shed, or to fall, early.

Caedibacter A genus of Gram-negative bacteria which are
obligate endosymbionts in strains of Paramecium aurelia. Cells:
non-motile coccobacilli or rods, ca. 0.4—1.0 um across and
1.0-4.0 um in length, which stain well with toluidine blue;
some (not all) cells of Caedibacter contain an R BODY (or,
rarely, two R bodies). Cell division is inhibited in bacterial cells
which contain an R body. The possession of R body-containing
cells of Caedibacter appears to confer on the host Paramecium
the ability to behave as a killer, or as a MATE KILLER, towards
sensitive paramecia (i.e. paramecia which lack endosymbiotic
Caedibacter); in the ‘killer’ phenomenon, sensitive paramecia
appear to ingest R body-containing bacterial cells (and/or
isolated R bodies or toxins?) released by killer paramecia, and
are killed as a consequence. The ability of killer paramecia
to remain viable while harbouring Caedibacter is dependent
on certain dominant allele(s). GC%: ca. 40—44. Type species:
C. taeniospiralis.

The cells of C. pseudomutans, C. taeniospiralis and C. vari-
caedens — which occur in the cytoplasm of their hosts, and
which confer the killer characteristic — are sometimes called
kappa particles. C. paraconjugatus (see also MU PARTICLE) is
associated with mate killing. Another endosymbiont, which
occurs in the macronucleus of P. caudatum — and which confers
the killer characteristic — may belong to this genus. (See also
HOLOSPORA, LYTICUM, PSEUDOCAEDIBACTER, SPIN KILLING.)

[Book ref. 22, pp. 803-806; protein synthesis in kappa
particles: JGM (1984) 130 1517-1523.]

caeomatoid (cacomoid) Refers to an irregularly-shaped aecium
which lacks a distinct peridium.

caesium chloride See CENTRIFUGATION.

caffeic acid 3-(3',4'-Dihydroxyphenyl)-propenoic acid, a com-
pound produced by higher plants (apparently as a precursor of
LIGNIN). Caffeic acid may be a factor in the resistance of certain
plants to certain diseases; thus, e.g. potatoes resistant to LATE
BLIGHT have been found to accumulate caffeic acid on infection
with Phytophthora infestans. (Caffeic acid inhibits P. infestans
in vitro.) (See also AUXINS and CHLOROGENIC ACID.)

caffeine 1,3,7-Trimethylxanthine, a purine derivative present e.g.
in tea leaves and coffee beans. In e.g. certain bacteria caffeine
can act as an inhibitor of EXCISION REPAIR of DNA.

cag  See PATHOGENICITY ISLAND.

Cairns’ mechanism (0 replication) A mechanism for the replica-
tion of a ds cccDNA molecule: replication is initiated at a fixed
point, progresses (unidirectionally or bidirectionally) around the
circle — both strands being replicated more or less simultane-
ously — and ends at a defined terminus. (The partly replicated
intermediate thus has a ‘0’-like structure.) Bidirectional replica-
tion occurs e.g. in the chromosome of Escherichia coli (see DNA
REPLICATION); unidirectional replication occurs e.g. in the COLEI
PLASMID. (cf. ROLLING CIRCLE MECHANISM. )

Calberla’s solution A mixture of glycerol (5 ml), 95% ethanol
(10 ml) and distilled water (15 ml) used as a microscopical
mounting medium for the ROTOROD.

Calcarisporium  See HYPHOMYCETES; see also AUROVERTINS and
CONTACT BIOTROPHIC MYCOPARASITE.

calcicolous Growing preferentially in a calcium-rich environ-
ment.

calcium alginate wool See ALGINATE.

calcium nutrient agar (CNA) NUTRIENT AGAR containing CaCly;
a lawn plate prepared from CNA may be used e.g. for the
cultivation of certain bacteriophages.
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calcium transport See ION TRANSPORT.

calcofluor white A FLUORESCENT BRIGHTENER which binds by
hydrogen-bonding to B-linked fibrillar polysaccharides such as
cellulose and chitin; it can be used as a fluorescent marker to
locate these polymers in cells (see MICROSCOPY (e)), and can
disrupt CELLULOSE and chitin microfibril formation in growing
cells (e.g. yeasts: [JGM (1983) 129 1577-1582]).

caldoactive Refers to an extreme THERMOPHILE. The term is used
more specifically by some authors to refer to an organism with
a maximum growth temperature >70°C, an optimum growth
temperature >65°C, and a minimum growth temperature >40°C
[Sci. Prog. (1975) 62 373-393].

caldopentamine See POLYAMINES.

calf diphtheria See NECROBACILLOSIS.

calf pneumonia (enzootic pneumonia of calves; viral pneumonia
of calves) A non-specific calf disease, the causal agent(s) being
one or more viruses (e.g. adenoviruses, parainfluenza virus type
3, respiratory syncytial virus) frequently in association with
bacteria (e.g. Chlamydia, Mycoplasma spp); typical symptoms:
fever with constipation, followed by a mucopurulent nasal
discharge, PNEUMONIA and diarrhoea. Poor hygiene and housing
conditions (e.g. poor ventilation) and overcrowding appear to
predispose towards the disease. Mortality rates can be high e.g.
in acute RSV pneumonia.

Control involves improvements in housing etc. and chemother-
apy. (See also danofloxacin in entry QUINOLONE ANTIBIOTICS.)
calf scours Scouring (see SCOURS) in young calves due to any
of a range of microbial agents, e.g. enterotoxigenic strains of
Escherichia coli, coronaviruses etc; aetiology may be complex
(e.g. mixed bacterial and viral causal agents) and the occurrence
and severity of the disease may involve both immunological and

environmental factors.

Calgitex See ALGINATE.

Caliciales A heterogeneous order of (mostly LICHEN-forming)
fungi of the ASCOMYCOTINA. Three families [Book ref. 64]:

Caliciaceae. Mostly lichen-forming (photobiont: a green alga).
Thallus thin crustose or immersed in the substratum (usually
wood or bark). Apothecia (mazaedia) stalked or sessile. Lichen-
forming genera include e.g. Calicium, Chaenotheca, Coniocybe,
Cyphelium.

Mycocaliciaceae. Lichenicolous or fungicolous (possibly also
lichen-forming) fungi in which the thallus is immersed in
the substratum or absent. Apothecia stalked, asci thick-walled
(mazaedia are not formed). Genera: e.g. Stenocybe.

Sphaerophoraceae. All lichen-forming (photobiont: a green
alga). Thallus foliose or fruticose. Apothecia (mazaedia) often
globose, marginal or terminal. Genera: e.g. Sphaerophorus.

Calicium  See CALICIALES.

Caliciviridae A family of VIRUSES which infect vertebrates; cali-
civiruses were formerly classified as a genus in the family
Picornaviridae. The virions are non-enveloped, roughly spher-
ical, ca. 35-39 nm diam., and have 32 characteristic cup-
shaped surface indentations — arranged with icosahedral symme-
try — observable by electron microscopy of negatively stained
preparations. The capsid contains a single major polypeptide
species (MWt ca. 60000—71000) and a minor polypeptide (MWt
ca. 15000). Genome: one molecule of positive-sense ssSRNA
(MWt ca. 2.6-2.8 x 10°) which is apparently polyadenylated
at the 3’ end but not capped at the 5" end; the RNA is cova-
lently linked (possibly at its 5' end) to a protein (MWt ca.
10000—-15000) which is necessary for infectivity. Replication
occurs in the cytoplasm; dsRNAs (presumably replicative inter-
mediates), genome-sized ssRNAs, and subgenomic ssSRNAs can



be detected in infected cells. Mature viruses are released by host
cell lysis. Caliciviruses are not sensitive to lipid solvents or to
mild detergents, but are inactivated at pH 3-5.

The family includes VESICULAR EXANTHEMA of swine virus
(VESV), FELINE CALICIVIRUS (FCV) and SAN MIGUEL SEA LION
VIRUS (SMSV); these three viruses are classified in the genus
Calicivirus (type species: VESV serotype A). VESV, SMSV and
FCV are readily propagated in cell culture and do not cause
gastroenteritis (although they are pathogenic); morphologically
similar viruses which have not been cultivated and which cause
gastroenteritis in calves, piglets and humans (especially young
children) are included as ‘possible members’ of the family [Book
ref. 23, pp 133—134] (but see SMALL ROUND STRUCTURED VIRUSES).

Calicivirus ~ See CALICIVIRIDAE.

California encephalitis (CE) An acute, usually mild, viral
ENCEPHALITIS affecting mainly children below ca. 15 years of
age; it occurs sporadically in forested areas in parts of North
America. The CE virus (genus BUNYAVIRUS) occurs in small
mammals and is transmitted by mosquitoes (mainly Aedes spp).

California mastitis test (CMT; CM test) (vet.) A test, used for
the indirect detection of MASTITIS, in which the number of
white blood cells in milk is estimated. A reagent is added to
the milk, causing a degree of gelation which corresponds to
the white cell count; test results designated ‘negative’, ‘trace’,
1, 2 and 3 correspond to cell counts of ca. <10°, 3 x 107,
9 x 10°, 27 x 10°, and 81 x 107, respectively. The Brabant and
Wisconsin mastitis tests also depend on a gelation principle.

callose A linear (1 — 3)-B-D-glucan which occurs e.g. associated
with sieve-plates and sieve-tubes in higher plants and in algae
of the Laminariales (PHAEOPHYTA). Callose may be deposited in
plant cell walls e.g. in response to wounding or invasion by
pathogens.

calmodulin A 16.7 kDa, heat-stable, acid-stable Ca2+—binding
protein found in eukaryotic cells, including those of certain
protozoa and slime moulds. The complex of calmodulin with
calcium ions stimulates a number of enzymes (e.g. cyclic
nucleotide phosphodiesterase) and activates certain toxins (e.g.
CYCLOLYSIN and the EF component of ANTHRAX TOXIN).

Calocera A genus of fungi (order DACRYMYCETALES). C. cornea
forms an erect, columnar, pointed, usually unbranched, yellow,
gelatinous basidiocarp, ca. 1 cm high, on various types of wood.
C. viscosa forms an erect, antler-like, yellow or orange, gelati-
nous basidiocarp, commonly 3—5 cm high, on coniferous wood.

calomel See MERCURY.

Calonectria  See HYPOCREALES.

calonectrin See TRICHOTHECENES.

Caloplaca A genus of LICHENS (order TELOSCHISTALES) in which
the thallus is crustose or placodioid, usually yellow, orange or
red (containing PARIETIN) — but grey in some species. Apothecia:
usually yellowish or reddish; ascospores: polarilocular in most
species. Species grow on rocks and/or on wood.

Caloramator  See CLOSTRIDIUM.

Calostoma  See GASTEROMYCETES.

Calothrix A genus of filamentous CYANOBACTERIA (section IV)
in which the mature trichomes taper from base to apex and are
composed of disc-shaped, isodiametric or cylindrical vegetative
cells; a terminal heterocyst occurs at the base of the trichome.
Hormogonia are uniform in width, and young trichomes from
hormogonia each have a heterocyst at one end only. GC%:
40-44. The genus is taken to include members of the family
RIVULARIACEAE. Species are common e.g. on coastal rocks in the
littoral zone.

calprotectin A zinc-chelating protein released from dying NEU-
TROPHILS at sites of inflammation (e.g. abscesses); it inhibits
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CAMP test

bacterial growth (apparently by withholding zinc ions), and
this may antagonize certain antibiotics (e.g. P-lactams) used for
chemotherapy. [Zinc in antimicrobial defence: RMM (1997) 8
217-224.]

Calvatia  See LYCOPERDALES.

Calvin cycle (Calvin—Benson cycle, or Benson—Calvin—Bassham
cycle; reductive pentose phosphate cycle; C3 cycle) A cyclic
pathway used for the fixation of CARBON DIOXIDE by a wide
range of AUTOTROPHS (q.v.). (See also METHYLOTROPHY.) The
key enzymes in the Calvin cycle are RIBULOSE 1,5-BISPHOSPHATE
CARBOXYLASE-OXYGENASE (RuBisCO), responsible for the CO;-
fixing reaction, and phosphoribulokinase (ribulose 5-phosphate
kinase, EC 2.7.1.19), responsible for regenerating the CO,
acceptor: ribulose 1,5-bisphosphate (RuBP). For every three
molecules of CO; fixed, six molecules of 3-phosphoglycerate are
formed; of these, five are required for the regeneration of RuBP,
while the remaining molecule is available as a source of carbon
for biosynthesis (see figure on page 120). The ATP and reduced
NAD(P) required to drive the cycle are supplied by the light
reactions of PHOTOSYNTHESIS in phototrophs, or by the oxidation
of reduced inorganic compounds in CHEMOLITHOAUTOTROPHS.
[Regulation of the Calvin cycle in bacteria: AvL (1984) 50
473-487.] (See also PHOTORESPIRATION.)

calyciform Cup-shaped.

calymma See RADIOLARIA.

Calymmatobacterium A genus (incertae sedis) of Gram-
negative bacteria which occur as pathogens in man (see GRAN-
ULOMA INGUINALE). Cells: non-motile, pleomorphic, capsulated,
round-ended rods, 0.5-1.5 x 1.0-2.0 um. In exudates from dis-
eased tissues the cells are usually seen in the cytoplasm of large
mononuclear phagocytes. The organisms can be cultured in the
chick embryo yolk sac or on specialized egg yolk-containing
media. Optimum growth temperature: 37°C. Type (only) species:
C. granulomatis. [Book ref. 22, pp. 585-587.]

Calyptralegnia  See SAPROLEGNIALES.

CAM (1) Chorioallantoic membrane: see EMBRYONATED EGG.

(2) CELL ADHESION MOLECULE.

cam gene  See METHANOGENESIS.

CAM plasmid An IncP-2 Pseudomonas pLASMID (ca. 500 kb)
which encodes the capacity for metabolization of camphor
(compare TOL PLASMID).

cAM373 See PHEROMONE.

camalexin A PHYTOALEXIN (a substituted indole) produced by
Arabidopsis.

Camarops  See SPHAERIALES.

Camarosporium A genus of fungi of the class COELOMYCETES.
(See also LEPTOSPHAERIA.)

camelpox virus See ORTHOPOXVIRUS.

Camembert cheese See CHEESE-MAKING.

cAMP CYCLIC AMP.

cAMP-CAP See CATABOLITE REPRESSION.

CAMP factor See CAMP TEST.

cAMP phosphodiesterase See ADENYLATE CYCLASE.

cAMP receptor protein See CATABOLITE REPRESSION.

CAMP test (Christie—Atkins—Munch-Petersen test) A test used
for the presumptive identification of group B streptococci. (Some
group A streptococci may also give a positive test, particularly
under anaerobic conditions [Book ref. 46, pp. 1590—1591].) The
organism under test is inoculated in a fine streak on the surface of
ox- or sheep-blood agar; a second streak — perpendicular to the
first but separated from it by a few millimetres — is made with
a culture of a B-HAEMOLYSIN-producing strain of Staphylococcus
aureus. The plate is then incubated (aerobically) for ca. 12 hours



Campanella
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CALVIN CYCLE. For simplicity, the intermediate withdrawn for biosynthesis is shown as glyceraldehyde 3-phosphate. In reality, other
intermediates may be withdrawn. For example, 3-phosphoglycerate is a precursor for the synthesis of various amino acids, fatty acids, purines
and pyrimidines; withdrawal of 3-phosphoglycerate rather than glyceraldehyde 3-phosphate reduces the immediate energy cost of the cycle

by 1 ATP and 1 NAD(P)H per 3 CO fixed.

or more at 37°. In a positive test, a typical arrowhead- or
flame-shaped area of clear haemolysis — due to synergy between
a streptococcal extracellular polypeptide (‘CAMP factor’) and
staphylococcal P-HAEMOLYSIN — occurs between the two lines
of bacterial growth. [Conditions affecting CAMP factor-induced
haemolysis: JGM (1985) 131 817-820.]

The CAMP test is used e.g. for the detection of Streptococcus
agalactiae (a causal agent of bovine MASTITIS) in milk; milk
which is moderately or heavily contaminated with S. agalactiae
may itself give a positive CAMP test if streaked onto the test
plate in place of an isolate of the organism, as may a culture
filtrate of S. agalactiae.

A ‘reverse CAMP test’, using a known group B streptococcus,
can be used for the identification of B-haemolysin-producing
staphylococci.

Campanella A genus of sedentary ciliate protozoa (subclass PERI-
TRICHIA) found in freshwater and brackish habitats. Campanella
resembles VORTICELLA (q.v.) but its zooid is larger and it is a
colonial organism, one zooid occurring on each branch of a
non-contractile stalk.

Campbell model A model, originally proposed by Campbell
[Adv. Gen. (1962) 11 101-145], in which a circular plasmid
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or phage genome integrates into a bacterial chromosome by a
single cross-over between the two circular molecules. (See e.g.
BACTERIOPHAGE A; cf. BACTERIOPHAGE §105.)

Campylobacter A genus of Gram-negative, asporogenous bacte-
ria of the family CAMPYLOBACTERACEAE. Cells: slender, spirally
curved rods, usually ca. 0.2-0.5 x 1.0-5.0 um; POLAR MEM-
BRANES are present. (In old cultures, spherical or COCCOID BODIES
may occur.) Motile; a single unsheathed flagellum occurs at one
or both poles of the cell. Microaerophilic; growth is optimal in
5% oxygen, 10% carbon dioxide and 85% nitrogen. Metabolism:
respiratory. Carbon sources: amino acids or TCA cycle interme-
diates, but not carbohydrates. Oxidase +ve. Indole —ve. Nitrate
is reduced. Lipase —ve. MR —ve. VP —ve. GC%: 30-38. Type
species: C. fetus.

Campylobacter species occur in the reproductive and intestinal
tracts of man and animals. Some species are pathogenic (see
CAMPYLOBACTERIOSIS.)

C. coli. Closely resembles C. jejuni, but e.g. does not hydro-
lyse hippurate.

C. concisus. Cells: small, curved. Catalase —ve. Hydrogen
sulphide (TSI) +ve. No growth at 25°C. Hippurate and indoxyl
acetate are not hydrolysed. Occurs in the gingival crevice flora



in humans with gingivitis, periodontitis etc., but apparently non-
pathogenic.

C. fetus. Cells appear comma- or S-shaped or ‘gull-winged’.
(Loosely wound spiral filaments (up to 8 um in length) occur
in old cultures.) Catalase +ve. Hydrogen sulphide (TSI) —ve.
Growth occurs at 25°C but not at 42°C. Hippurate and indoxyl
acetate are not hydrolysed. Pathogenic.

C. jejuni. Cells: small, tightly coiled spirals. On exposure of
cultures to air, coccoid bodies form rapidly. SWARMING occurs
on moist agar (the DIENES PHENOMENON does not occur). Catalase
+ve. Hydrogen sulphide (TSI) —ve. Growth occurs at 42°C but
not at 25°C. Hippurate and INDOXYL ACETATE are hydrolysed.
Pathogenic. [PCR-RFLP typing of C. jejuni: LAM (1996) 23
163-166; PGFE typing of Penner HSI11 strains of C. jejuni:
JMM (1998) 47 353-357.]

C. pylori. Re-classified: see HELICOBACTER.

C. sputorum. Cells: slender, curved rods, appearing comma-
shaped, ‘gull-winged’ or occasionally filamentous. Catalase —ve.
Hydrogen sulphide (TSI) +ve. Growth occurs at 42°C (except
for subsp bubulus) but not at 25°C (except for some strains
of subsp bubulus). Hippurate and indoxyl acetate are not hydro-
lysed. Subsp bubulus and sputorum can grow anaerobically with
fumarate; subsp mucosalis requires hydrogen or formate (as well
as fumarate) for anaerobic growth. Subsp bubulus occurs in the
genital tract in cattle and sheep, apparently as a commensal.
Subsp mucosalis is found in pigs, apparently as a commensal in
the mouth and as a pathogen, causing enteric disease. Subsp
sputorum occurs in the gingival crevice flora of man but is
apparently non-pathogenic.

(See also ARCOBACTER and HELICOBACTER.)

[Book ref. 22, pp 111-118. Culture, media etc.: Book
ref. 219, pp 444-446. Campylobacter spp (genotyping: mini-
review): AEM (2000) 66 1-9.]

Campylobacteraceae A family comprising the genera ARCOBAC-
TER and CAMPYLOBACTER.

campylobacteriosis (med., vet.) Any human or animal disease
caused by a strain of CAMPYLOBACTER.

In man, disease is commonly food-borne, and is usually
caused by C. jejuni or C. coli; less frequently isolated pathogens
include C. hyointestinalis and C. upsaliensis. Typically, disease
involves diarrhoea/enterocolitis, but disseminated infection can
occur in the immunocompromised patient, and meningitis may
develop in neonates. The usual sources of infection are inad-
equately cooked meats, especially poultry, unpasteurized milk
and untreated (or contaminated) water; cross-contamination of
food, particularly from raw (uncooked) poultry, is an important
factor. The incubation period (~1-7 days) may be followed by
several days of watery diarrhoea, often with abdominal pain.
In severe cases the diarrhoea may be bloody; in some cases,
symptoms resemble those of acute ulcerative colitis. In a small
number of cases patients subsequently develop reactive arthritis;
very rarely they develop the GUILLAIN-BARRE SYNDROME.

Chemotherapy. For persistent cases: erythromycin or e.g.
ciprofloxacin.

[Campylobacter infections (reviews): RMM (1997) 8§ 113—
124; Microbiology (1997) 143 5-21.]

In animals, campylobacters are commonly found as commen-
sals in the gut. However, C. fetus can cause abortion in sheep
(and less often in cattle). The venerealis subspecies of C. fetus
causes abortion and infertility in cattle, while C. sputorum subsp
mucosalis causes enteric disease in pigs. (See also WINTER DYSEN-
TERY.)

CaMV  CAULIFLOWER MOSAIC VIRUS.
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Candida

Canada balsam A clear, ethanol-insoluble resin, obtained from
fir trees (Abies sp), used (dissolved in xylene or benzene) as a
MOUNTANT. It takes weeks to dry (harden) at room temperature;
the refractive index of the dry resin is ca. 1.53. Canada balsam
becomes yellowish with age owing to oxidation. (See also DPX.)

Canadian vole agent See BARTONELLA.

canarypox virus See AVIPOXVIRUS.

L-canavanine 2-Amino-4-guanidinohydroxybutyric acid.
also CGB AGAR.)

cancellous (cancellate) Spongy; reticulated.

cancer Any disease of man or animals in which abnormal,
unregulated proliferation of cells results in the formation of a
malignant tumour (e.g. a CARCINOMA Or SARCOMA); as the tumour
grows, it tends to invade and destroy adjacent tissues and may
shed cancer cells which can then disseminate (metastasize) to
other areas of the body, resulting in the formation of secondary
tumours.

The causes of cancer are complex and appear to be varied
and multifactorial; in general, the detailed mechanisms are not
fully understood. Oncogenesis appears commonly to involve
an irreversible change in the genome of the cell, such a
change ranging from a single point mutation to chromosomal
rearrangements. (See also ONCOGENE.) In only relatively few
cases have microorganisms been implicated as direct or indirect
causes of cancer. Certain viruses are known to induce tumours
and e.g. LEUKAEMIAS in animals and man (see DNA TUMOUR
VIRUSES and ONCOVIRINAE); others may play an indirect role
in predisposing to cancer (e.g. by suppressing the normal host
immunological defence mechanisms). (cf. PARVOVIRUS.) [Viruses
and cancer: Book ref. 110.]

Certain bacteria and fungi may play an indirect role in caus-
ing cancer by producing cancer-promoting substances (CAR-
CINOGENS); e.g., certain MYCOTOXINS (e.g. AFLATOXINS) can be
oncogenic, and certain bacteria of the human GASTROINTESTI-
NAL TRACT FLORA may be responsible for the formation of sub-
stances which may play a role in the induction of bowel cancer.
However, some microbial products have anticancer activity: e.g.
ANTHRACYCLINE ANTIBIOTICS, ANTHRAMYCIN, BLEOMYCIN, etc.

See also e.g. IMMUNOTOXINS and NK CELLS; cf. GALLS.

Candelariella A genus of LICHENS (order LECANORALES); photo-
biont: a green alga. Thallus: crustose, yellow, lacking parietin.
Apothecia: lecanorine.

candicidin B A heptaene POLYENE ANTIBIOTIC produced by
Streptomyces griseus; its spectrum of activity is similar to that of
AMPHOTERICIN B, and it is particularly effective against Candida
albicans.

Candida (formerly e.g. Monilia) A large and heterogeneous
genus of yeast-like or dimorphic imperfect fungi (class
HYPHOMYCETES). (Although Candida has been traditionally
classified in the Fungi Imperfecti, analysis of the genome of
C. albicans has indicated a genetic repertoire that could support
a sexual cycle [PNAS (2001) 98 3249-3253].) Some species
occur as commensals and/or as opportunist pathogens in man
and animals (see CANDIDIASIS), and some can be isolated from
plants, soil, foods etc. (See also e.g. CIDER, GARI, MEAT SPOILAGE.)
The yeast-like cells are e.g. spherical, ovoid, cylindrical or
elongate, and reproduce by (usually multilateral) budding.
Pseudomycelium may be absent, rudimentary, or well developed,
according to species and/or conditions; some species can form a
true, septate mycelium. Blastospores and chlamydospores may
be formed. Carotenoid pigments are not produced. Many species
can ferment glucose and other sugars. Inositol and NO3;~ may
or may not be assimilated; inositol-assimilating strains form

(See



candidate virus

pseudomycelium. The species [196 are described (with keys)
in Book ref. 100, pp. 585-844] are distinguished e.g. on the
basis of metabolic tests, growth requirements, etc.

C. albicans (a species which incorporates e.g. ‘C. stelloidea’)
occurs as a commensal e.g. in the mouth and in the genital and
intestinal tracts in man; C. albicans is the commonest cause of
CANDIDIASIS. Cells: e.g. ca. 3—6 x 5—-10 um. On e.g. cornmeal
agar, pseudomycelium may be abundant, typically bearing grape-
like clusters of blastospores. True mycelium may be formed,
and thick-walled chlamydospores are formed e.g. on cornmeal
agar at 20°C. C. albicans can ferment glucose and maltose,
but not e.g. lactose. The ability to form GERM TUBES after
incubation in serum for 2 hours at 37°C is presumptive evidence
of C. albicans. It has been demonstrated that C. albicans can
switch between at least seven different phenotypes (identified by
colony morphology on agar media); the switching is heritable,
reversible, and occurs at high frequency (increased further by
low doses of UV radiation) [Science (1985) 230 666—669].
Such switching may be important in the role of C. albicans
as an opportunist pathogen (cf. ANTIGENIC VARIATION), but its
mechanism is unknown.

C. tropicalis can also cause candidiasis. On e.g. corn-
meal agar, pseudomycelium is abundant and consists of long,
branched pseudohyphae bearing blastospores singly or in short
chains and clusters. True mycelium and chlamydospores may
also be formed.

C. utilis (= Torulopsis utilis; teleomorph: Hansenula jadinii)
is an important food yeast (see SINGLE-CELL PROTEIN, TORULA
YEAST, YEAST EXTRACT). On cornmeal agar an abundant pseu-
domycelium is formed, consisting of branched chains of short,
coarse pseudohyphae and oval cells. True mycelium is not
formed.

A few Candida spp have basidiomycetous affinities: e.g.
C. frigida, C. gelida, C. nivalis and C. scottii have teleo-
morphs in the genus Leucosporidium, C. japonica in FILOBA-
SIDIUM. Many species have teleomorphs among the ascomycetes:
e.g., C. ciferrii (STEPHANOASCUS), C. colliculosa (TORULASPORA),
C. dattila (KLUYVEROMYCES), C. domercqii (WICKERHAMIELLA),
C. globosa (CITEROMYCES), C. guilliermondii (PICHIA), C. holmii
(SACCHAROMYCES), C. kefyr (= C. pseudotropicalis) (KLUYVERO-
MYCES), C. krusei (ISSATCHENKIA), C. lipolytica (Yarrowia lipoly-
tica — see SACCHAROMYCOPSIS), C. lusitaniae (CLAVISPORA),
C. pelliculosa (HANSENULA), C. pintolopesii (SACCHAROMYCES),
C. pulcherrima (METSCHNIKOWIA), C. reukaufii (METSCHNIKO-
wiA), C. sorbosa (ISSATCHENKIA), C. sphaerica (KLUYVERO-
MYCES), C. utilis (HANSENULA), C. valida (PICHIA), C. variabilis
(PICHIA).  (C. hellenica, C. inositophila, C. steatolytica: see
ZYGOASCUS.)

candidate virus (1) A virus which is of uncertain taxonomic
affinity but which may belong to (i.e., is a ‘candidate’ for) a
particular taxonomic group; e.g. a ‘candidate calicivirus’ is a
virus which may belong to the family Caliciviridae.

(2) A virus which might be the causal agent of a particular
disease.

candidiasis (candidosis; moniliasis) A Mycosis, affecting man
and animals, caused by a species of Candida — usually
C. albicans (see CANDIDA); other pathogenic species include
e.g. C. parapsilosis and C. tropicalis. Infection is probably
endogenous in most cases; predisposing factors include e.g.
suppression of the normal body microflora (e.g. by antibiotic
therapy), impaired immune responses, etc. In man, candidiasis
commonly occurs as a localized infection of the mouth (oral
thrush) or vagina (vaginal thrush), and involves the formation
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of whitish mucoid plaques on the mucous membranes. (See
also NON-GONOCOCCAL URETHRITIS.) Cutaneous candidiasis tends
to occur on skin areas constantly exposed to moisture, regions
commonly affected including e.g. the groin and axillae (see also
PARONYCHIA); infected skin is swollen, red and pruritic. Chronic
mucocutaneous candidiasis is a severe condition which occurs
in immunocompromised or otherwise abnormal individuals;
the skin and mucous membranes of the entire body may be
affected, with chronic, granulomatous, inflammatory reactions
in the underlying tissues. Other forms of candidiasis include
bronchocandidiasis, pulmonary candidiasis (often secondary
to other diseases), and systemic candidiasis (involving e.g.
fungaemia, endocarditis, nephritis etc — cf. TORULOPSOSIS). Lab.
diagnosis: microscopical and cultural examination of material
from lesions etc (see CANDIDA).

In animals, candidiasis may involve the intestinal tract, skin,
and/or various internal organs (see also MASTITIS); in calves
and piglets the intestine is usually involved, and infection
can cause watery diarrhoea, anorexia, dehydration, and even
death. In birds, candidiasis commonly involves the digestive
tract — particularly the crop.

[Book ref. 103.]

candidosis Syn. CANDIDIASIS.

candle (verb) To carry out CANDLING.

candle filter See FILTRATION.

candle jar A container within which cultures etc can be incu-
bated under an increased partial pressure of CO;; the CO; is
provided by placing a lighted candle in the container prior to
closure.

candle-snuff fungus See XYLARIA.

candling (virol.) A procedure for observing the contents of an
intact egg by transmitted light. An EMBRYONATED EGG is placed
over an aperture in a box containing an electric lamp; internal
details of the egg — such as the positions of the embryo and
blood vessels — can be seen, thus facilitating the inoculation of
a particular membrane or cavity of the egg. Candling is best
performed in a darkened room, and should be carried out rapidly
to avoid overheating the egg.

cane blight In raspberry canes: a disease caused by Lep-
tosphaeria coniothyrium. Infection occurs mainly via wounds;
leaves shrivel and die, dark patches appear on the stem bases,
and bark associated with these patches cracks open.

cane-cutters’ disease LEPTOSPIROSIS caused by L. interrogans
serotype australis A; the disease is common among cane-cutters
in N. Queensland, Australia.

cane gall A disease of Rubus spp (raspberry, blackberry etc) in
which small spherical galls or elongated ridges develop on the
stems. Causal agent: Agrobacterium rubi.

cane spot (of raspberry) See ELSINOE.

canicola fever LEPTOSPIROSIS caused by L. interrogans serotype
canicola.

canid herpesvirus 1 See ALPHAHERPESVIRINAE.

canine distemper An acute, infectious disease of dogs and
other animals (e.g. foxes, mink, raccoons, wolves) caused by
a virus of the genus MORBILLIVIRUS. Infection occurs mainly
by droplet inhalation, also e.g. by ingestion. Incubation period:
ca. 3-30 days. Symptoms initially include fever, nasal and
ocular discharge, and listlessness. The fever subsides, then recurs
with vomiting, diarrhoea, and often pneumonia; signs of CNS
involvement (e.g. fits) may occur. (cf. HARD-PAD.) The disease
affects mainly young animals. However, persistent infection
may result in ‘old dog encephalitis’ — a condition characterized
by progressive neurological degeneration. The distemper virus



has also been associated (rarely) with a demyelinating disease
in man.

Effective anti-distemper vaccines are available.

canine herpesvirus See ALPHAHERPESVIRINAE.

canine parvovirus A subspecies of the feline parvovirus (genus
PARVOVIRUS) which appeared initially in Europe and then spread
rapidly in 1978, causing worldwide outbreaks of disease in dogs.
Infection may occur via the nasopharynx or via lymphoid tissues,
including the tonsils. Viraemia leads to generalized infection of
lymphoid tissues. Levels of erythrocytes (red blood cells) are not
affected, and panleukopenia is infrequent in the dog (cf. FELINE
PANLEUKOPENIA VIRUS). Infection of dividing epithelial cells in
the ileum and jejunum impairs osmotic regulation and leads
to diarrhoea (often containing blood/mucus); large numbers of
virions are shed during the diarrhoeal phase. The disease can be
associated with high mortality rates, but the severity varies in
individual animals — some infections being mild/subclinical.

In neonatal puppies there is no manifestation of enteritis. In
these animals infection may lead to death from myocarditis,
often at 3—8 weeks of age (but sometimes up to 4 months of
age). Onset of disease is rapid, typically with cardiac arrhythmia,
pulmonary oedema and dyspnoea; the myocardium suffers mul-
tifocal necrosis. Infrequently, infection of the neonatal animal
gives rise to lesions in a variety of tissues.

Canine parvovirus is apparently distinct from the ‘minute virus
of canines’ (sometimes also called ‘canine parvovirus’) — a virus
which is widespread in canine populations and which can be
isolated from the faeces of asymptomatic dogs.

[Pathogenesis of canine parvovirus: BCH (1995) 8 57-71.]

canker (plant pathol.) An imprecise term usually used for a plant
disease which is characterized (in woody plants) by the death of
cambium tissue and resulting loss and/or malformation of bark,
or (in non-woody plants) by the formation of sharply delineated,
dry, necrotic, localized lesions on the stem. (The term ‘canker’
may also be used to refer to the lesion itself, particularly in
woody plants.) Cankers may be caused by bacteria (e.g. bacterial
canker of cherry and plum is caused by Pseudomonas syringae
pv. morsprunorum) or fungi (see e.g. APPLE CANKER, BEECH BARK
DISEASE, BLEEDING CANKER, PITCH CANKER).

canning A form of APPERTIZATION in which, typically, suitably
prepared foods are put into metal containers (‘cans’, ‘tins’)
which are then exhausted, hermetically sealed, and heated; as
an alternative, the food may be heat-treated before being placed
aseptically in pre-sterilized cans which are then sealed under
aseptic conditions. Most cans are made of tinplate (tin-plated
steel) — see also TIN — but aluminium or other materials (e.g.
lacquered tin-free steel) may be used. (See also RETORT POUCH.)

(a) The canning process. Conventional canning involves the
following stages.

Food preparation. According to the type of food, this may
involve grading, cutting, peeling, blanching (see also INDIVIDUAL
QUICK BLANCH), washing etc; foods for canning must be as free
as possible from microbial contamination because the efficacy
of heat treatment is related to the level of contamination.

Filling the cans. This process must take into account the
fact that the efficiency of subsequent processes depends on the
correct volume of free space (headspace) between the surface
of the food and the top of the can.

Exhausting the cans. The removal of air reduces the strain on
the can during subsequent heating and inhibits long-term internal
corrosion. Exhausting may be carried out by heating immediately
prior to sealing, by sealing cold food into the can under vacuum
(vacuumizing), or by injecting steam into the headspace during
the sealing process.

Cantharellales

Sealing. The can end is added by a double-seaming process
in which the edge of the can end is wrapped around the body
flange to form a seam of five thicknesses of metal — seven at
the side seam, if present. (See also BIOS TEST.) (Concentric rings
(expansion rings) on the can ends facilitate double-seaming
and help to relieve strain on the can seams during the heating
process.)

Heat processing. Cans may be heated in a BATCH RETORT
or a COOKER-COOLER (see also STERIFLAMME PROCESS); in some
cases cans are agitated to facilitate heat penetration, and in such
cases an adequate headspace is essential. The temperature—time
regime used in a particular case depends e.g. on the type
and pH of the food. Following heat treatment, the food (i)
must not contain Clostridium botulinum capable of growth and
toxin production under the conditions of storage; (ii) should
not contain organisms capable of causing spoilage; and (iii)
should retain, as far as possible, its organoleptic properties.
For non-acid foods (e.g. potatoes, mushrooms) — except foods
containing curing salts — heat processing is usually to a minimum
Fo VALUE of 3.0 in order to destroy the spores of C. botulinum
(see also BOTULINUM COOK); for foods with a pH below 4.5,
an Fy of 0.7 may be satisfactory because growth and toxin
production by C. botulinum is generally considered not to occur
at or below this pH (cf. cCLOSTRIDIUM). Large cans of ham and
other cured meats (pH above 5) are frequently processed at
quite low temperatures (e.g. a centre temperature of ca. 70°C
for a few minutes); such cans are necessarily stored under
refrigeration — consumer safety and preservative action both
relying on the combined effects of the curing salts and low
temperature. Smaller cans of cured meats generally undergo
a higher level of heat treatment and are shelf-stable, without
refrigeration, owing to the ability of the curing salts to inhibit
growth and toxin production by (heat-injured) pathogens [Book
ref. 35]. Some canned foods (e.g. sweetened condensed milk)
are not heated after can sealing; this product contains sufficient
sugar to lower its WATER ACTIVITY to a level which inhibits most
species of bacteria, and pre-PASTEURIZATION of the milk helps to
prevent spoilage by fungi. Sweetened condensed milk (like many
other — particularly acidic — canned foods) is usually non-sterile
(cf. COMMERCIAL STERILITY) and often contains e.g. Bacillus spp
and micrococci.

Cooling. Cans are cooled as rapidly as possible to avoid
overcooking; cooling may be carried out under pressure to
prevent unnecessary strain on the can seams and possible
leakage. Water used for cooling should be bacteriologically clean
and generally of potable standard.

(b) Spoilage of canned foods. Spoilage of the contents of
a can may result from (i) mechanical damage to the can or
leakage of imperfectly sealed cans (permitting the ingress of
microorganisms), or (ii) the activities of thermoduric organisms
or heat-stable enzymes in foods subjected to inadequate heat
treatment. The type of spoilage depends on the type of food
and the nature of the spoilage organism(s). (See also FLAT SOUR
and SWELL.) Organisms which may survive the canning process
include e.g. endospore-forming bacteria and certain fungi — e.g.
Byssochlamys spp can cause pectinolytic softening in certain
types of canned fruit (the ascospores of B. fulva can survive
87.7°C for 10 min). Canned fruit and vegetables may also
be spoiled by heat-stable endopolygalacturonases (see PECTIC
ENZYMES) produced by fungal contaminants prior to the canning
process.

Cantharanthus alkaloids  Syn. VINCA ALKALOIDS.
Cantharellales An order of fungi (subclass HOLOBASIDIOMYCETI-
DAE) in which the basidiocarp may be e.g. funnel-shaped (as



Cantharellus

e.g. in Cantharellus infundibuliformis and Craterellus cornu-
copioides) or stalked and pileate; the hymenophore may be
smooth, wrinkled, or lamella-like. Cantharellus cibarius (the
‘chanterelle’) is an edible species which forms a deep yellow,
flat or centrally concave pileus on a stipe which tapers towards
the base; the ‘gills’ are yellow, forked and decurrent, and the
basidiospores are ochre, ellipsoidal, ca. 810 x 5 um.

Cantharellus  see CANTHARELLALES.

cap (1) (mycol.) The PILEUS of a mushroom-shaped fruiting body.
(2) (mol. biol.) See MRNA (b). (3) See CAPPING sense 3.

CAP Catabolite activator protein: see CATABOLITE REPRESSION.

cap-binding protein See MRNA (b).

capacity test A type of test used to determine the capacity of
a DISINFECTANT to retain activity in the presence of increasing
numbers of bacteria. Essentially, aliquots of a bacterial suspen-
sion are periodically added to a fixed volume of disinfectant
solution which is subcultured (to detect viable bacteria) at fixed
intervals of time after the addition of each aliquot. (See e.g.
KELSEY-SYKES TEST.)

capillitium A system of (non-cellular) threads or filaments which
ramify through the spore mass in the fruiting bodies of cer-
tain slime moulds of the MYXOMYCETES and fungi of the GAs-
TEROMYCETES. In myxomycetes, the capillitial threads may be
solid or hollow, free or interconnected, smooth or ornamented,
and in certain species they may bear nodes or encrustations of
lime (see e.g. FULIGO); the nature of the capillitium is an impor-
tant taxonomic feature. At least some types of capillitium may
aid in spore dispersal; some are elastic, helping to expose spores
when the peridium ruptures, while others are hygroscopic, their
movements in response to changes in humidity helping to dis-
lodge and release the spores.

capneic  Syn. CAPNOPHILIC.

Capnocytophaga A genus of Gram-negative, capnophilic GLID-
ING BACTERIA found in the human oral cavity and associated with
e.g. PERIODONTITIS, abnormalities in neutrophil function, and — in
compromised patients — systemic disease. The organisms are
flexible fusiform rods, ca. 0.3—0.5 x 3—8 um. Metabolism: fer-
mentative (glucose being fermented to succinic and acetic acids)
or respiratory (with Oy as terminal electron acceptor). Although
CO; may be required for initial isolation, high levels of CO,
are not necessarily required for fermentation or oxidation of glu-
cose [IJSB (1985) 35 369-370]. Agar is not liquefied. Optimum
growth temperature: 37°C. Species: C. gingivalis, C. ochracea
(formerly Bacteroides ochraceus), and C. sputigena.

Capnodium  See SOOTY MOULDS.

capnophilic Refers to any organism whose growth either
requires, or is stimulated by, higher-than-atmospheric levels of
carbon dioxide.

capped mRNA See MRNA (b).

capping (1) See MRNA (eukaryotic).

(2) The binding of a specific protein or agent to the
end of an ACTIN microfilament or a microtubule (see MICRO-
TUBULES), resulting e.g. in cessation of polymerization/assembly
at that end.

(3) In some types of eukaryotic cell: a process which
is initiated when cell-surface molecules are cross-linked by
multivalent ligands (e.g. antibodies, lectins). The cross-linked
molecules from different regions of the cell surface initially
cluster into groups or ‘patches’ (patching); subsequently, all the
patches undergo an ATP-dependent translocation to one pole of
the cell, forming a ‘cap’ (capping). Capping appears to occur
only in cells capable of motility, and it has been suggested
that it is the expression of a response similar to that given
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by a motile cell on contact with a surface. In Dictyostelium
discoideum, capping appears to involve interaction between
ACTIN microfilaments (which are linked, through the cytoplasmic
membrane, to patches of ligand) and cortical MYOSIN [JCB
(1985) 100 1884—1893]. (See also DYSENTERY (b).)

caprine arthritis—encephalitis (CAE) A disease of goats caused
by a retrovirus of the LENTIVIRINAE; symptoms include interstitial
pneumonia, leucoencephalitis, inflammatory lesions in the CNS,
and a progressive arthritis.

caprinized vaccine A VACCINE containing live organisms whose
virulence for a given host species has been attenuated by SERIAL
PASSAGE through goats.

Capripoxvirus (sheep-pox subgroup) A genus of viruses of the
CHORDOPOXVIRINAE which cause disease in ungulates (see e.g.
GOAT POX, LUMPY SKIN DISEASE and SHEEP POX); capripoxviruses
can be transmitted mechanically by arthropod vectors. The
virions are longer and narrower than those of orthopoxviruses;
haemagglutinin is not produced, and infectivity can be destroyed
e.g. by ether. The viruses in this group are very closely related
serologically [JGV (1986) 67 139-148].

capsduction A mode of gene transfer in strains of Rhodopseu-
domonas capsulata: DNA transfer from donor to recipient is
mediated by a phage-like particle known as the gene trans-
fer agent (GTA). Although the GTA morphologically resem-
bles a tailed bacteriophage (head: apparently icosahedral, ca.
30 nm diam., with short spikes; tail: variable in length, bear-
ing tail fibres) no phage-specific DNA has been detected;
the linear dsDNA (MWt ca. 3 x 10°) carried by the GTA is
derived entirely from the host cell (chromosome or plasmid),
and any region of the host genome can be packaged. Strains
of R. capsulata which do not naturally produce GTA can act as
recipients in capsduction but do not acquire the ability to produce
GTA in consequence. Capsduction has been useful for mapping
and genetic analysis in R. capsulata. (cf. TRANSDUCTION.)

capsid In a virion: a protein coat or shell which surrounds either
the nucleic acid genome or a nucleoprotein CORE; it commonly
exhibits ICOSAHEDRAL SYMMETRY. (See e.g. ADENOVIRIDAE.) In
some viruses the capsid is itself surrounded by an ENVELOPE
(see e.g2. TOGAVIRIDAE). (cf. NUCLEOCAPSID.)

capsidiol A PHYTOALEXIN (a derivative of 5-epiaristolochene)
produced e.g. by the tobacco and green pepper plants.

capsomer (capsomere) See ICOSAHEDRAL SYMMETRY.

capsule (1)(a) In prokaryotes, a layer of material external to
but contiguous with the CELL WALL; the term thus includes
any polysaccharide and/or protein surface layer(s) (including
the bacterial s LAYER) but excludes those S layers which
constitute the cell wall proper in members of the Archaea. (cf.
GLYCOCALYX.) In some bacteria (e.g. Beijerinckia) a capsule may
enclose more than one cell.

Capsules are commonly divided into three categories.
(i) Macrocapsules or ‘true’ capsules are sufficiently thick to
be easily visible (with negative staining — see CAPSULE STAIN)
on light microscopy. (ii) Microcapsules cannot be observed by
light microscopy, but their presence may be revealed by electron
microscopy or by serological techniques (see e.g. QUELLUNG
PHENOMENON); some bacteria which have lost the ability to form
a macrocapsule may form a serologically identical microcapsule.
(iii) Slime layers are diffuse secretions which may adhere
loosely to the cell surface; slime layers commonly diffuse into
the medium when the organism is grown in liquid culture, and
may be too permeable to stains to be observable by microscopy.
(Since capsules normally contain a high proportion of water,
they may not be detectable in specimens dehydrated prior to
microscopy.)



Capsule composition varies with species, growth conditions
etc; serologically distinguishable capsules may be formed even
by different strains of the same species (e.g. strains of Strep-
tococcus pneumoniae can be distinguished on this basis). Most
capsules consist of polysaccharide — either homopolysaccharide
(see e.g. CELLULOSE; COLOMINIC ACID; DEXTRAN; LEVAN) or het-
eropolysaccharide (see e.g2. ALGINATE; COLANIC ACID; HYALURONIC
ACID). In virulent strains of B. anthracis the capsule consists of
a homopolymer of y-linked poly-D-glutamic acid. Xanthobac-
ter spp can form both an a-polyglutamine capsule and copious
polysaccharide slime. (See also M PROTEIN (sense 1).) The nature
of the binding between the capsule and cell wall is largely
unknown, but may involve ionic and/or covalent bonding. For
example, capsular material covalently bound to peptidoglycan
has been isolated from B. anthracis; in Azotobacter vinelandii
and some mucoid strains of Pseudomonas aeruginosa retention
of the alginate capsule depends on the level of Ca’* in the
growth medium, alginate being released into the medium at low
Ca’* levels.

Biosynthesis of polysaccharide capsules generally appears to
involve transglycosylation from sugar—nucleotide precursors;
the subunits are commonly transferred to the exterior of the
cell via phosphorylated isoprenoid lipid carriers in the cell
membrane.

In nature, bacterial capsules have various functions: they may
act as permeability barriers (protecting e.g. against heavy metal
toxicity) and/or as ion exchange systems; they may prevent
desiccation, phagocytosis by protozoa, or phage infection (by
covering receptor sites and/or by immobilization of the phage);
they may promote bacterial adhesion to surfaces (see e.g.
DENTAL PLAQUE) and/or play a role in recognition systems in
interactions with other organisms (see e.g. ROOT NODULES); and
they may act as a nutrient reserve (see e.g. XANTHOBACTER).
Among pathogens, capsule formation often correlates with
pathogenicity; in an animal host, a capsule may allow the
pathogen to evade the host’s defence mechanisms (see e.g.
PHAGOCYTOSIS) [review: JID (1986) 153 407-415], while in a
plant host capsular material may be involved in the infection
process (see e.g. CROWN GALL). (See also e.g. VI ANTIGEN.)

In vitro, colonies of capsulated bacteria on solid media are
typically mucoid. Capsules may be lost on prolonged in vitro
culture, but may be retained if a selective agent (e.g. sublethal
levels of a surfactant or antibiotic) is incorporated in the medium.

A number of extracellular bacterial polysaccharides have
important commercial applications: see €.g. CURDLAN; DEXTRAN;
GELLAN GUM; XANTHAN GUM.

(b) (mycol.) Structures analogous to bacterial capsules occur
in many fungi: gel-like or mucilaginous layers may surround
hyphae or yeast cells and may sometimes diffuse into the
surrounding medium. For example, in Schizophyllum commune
a water-soluble glucan is loosely associated with the hyphal
walls and may be released into the medium; the glucan consists
of a (1 — 3)-p-p-linked chain with single glucose residues
attached by (I — 6)-p-p-linkages at (on average) every third
residue [Book ref. 62, p. 139]. Cells of Cryptococcus spp form
capsules of an amylose-like polymer e.g. when cultured in
media of pH <3.0, or (C. neoformans) in the tissues of an
infected host animal. In certain plant-pathogenic fungi, capsular
material may be involved in the recognition of and/or attachment
to a suitable host plant [e.g. Drechslera (Helminthosporium)
oryzael/rice: Phytopath. (1982) 72 285-292].

(2) (entomopathol.) See BACULOVIRIDAE.

(3) (protozool.) See e.g. RADIOLARIA and DESMOTHORACIDA.
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carbomycin

capsule stain Bacterial CAPSULES may be demonstrated e.g. by
negative STAINING: bacterial growth is mixed with a loopful of
e.g. India ink or aqueous NIGROSIN on a clean slide and overlaid
with a cover-glass; under the high-dry or oil-immersion objective
the capsule appears as a clear zone between the cell wall and
the dark background.

capsule swelling reaction Syn. QUELLUNG PHENOMENON.

captafol (difolatan; N-(1,1,2,2-tetrachloroethylthio)-cyclohex-4-
ene-1,2-dicarboximide) An agricultural antifungal agent related
to CAPTAN; it is used as a PROTECTANT e.g. against late blight of
potato.

captan An antibacterial and ANTIFUNGAL AGENT (N-(trichloro-
methylthio)-cyclohex-4-ene-1,2-dicarboximide) widely used as
an agricultural PROTECTANT; it is effective against a number
of fungal plant pathogens, and is used e.g. for the prevention
of apple scab and leaf-spot diseases (such as black spot of
roses), and as a component of seed dressings. The activity of
captan has been attributed to the —SCCl3 group which may
react with essential —SH groups within the fungal cell. Captan is
almost insoluble in water and is often formulated as a WETTABLE
POWDER. (cf. CAPTAFOL.)

carate Syn. PINTA.

carbamate kinase See e.g. ARGININE DIHYDROLASE.

carbamic acid derivatives (as antimicrobial agents) Antimicro-
bial derivatives of carbamic acid (NH,COOH) include UREA,
derivatives of thiocarbamic acid, NH,.CS.OH (e.g. TOLNAFTATE),
and DITHIOCARBAMATES. (See also BENOMYL.)

carbamide Syn. UREA.

carbanilides (as antimicrobial agents) Carbanilide (diphenyl-
urea, (C¢HsNH),CO) and substituted carbanilides (e.g. 3,4,4,-
trichlorocarbanilide, TCC, = triclocarban) are active mainly
against Gram-positive bacteria; they appear to affect the
functioning of the cytoplasmic membrane. TCC is also active
against certain fungi (e.g. Trichophyton spp).

carbapenems A class of B-LACTAM ANTIBIOTICS (q.v. for struc-
ture) produced (extracellularly) by Streptomyces spp; in addi-
tion to possessing antibacterial activity, many carbapenems are
inhibitory to B-LACTAMASES. (cf. CLAVULANIC AcID.) Carbapen-
ems are stable in aqueous solution near neutral pH. They
include e.g. asparenomycins, epithienamycins, olivanic acids,
pluracidomycins, PS-5, and THIENAMYCIN.

carbendazim (MBC) An agricultural antifungal agent — the
active derivative of many of the BENZIMIDAZOLES. Carbendazim
is used e.g. in the treatment of eyespot of wheat and barley
and (as a seed treatment) as a protectant against damping off
caused by Rhizoctonia solani. It is often mixed with other anti-
fungal agents — e.g. PROPICONAZOLE or PROCHLORAZ — for use as
a broad-spectrum antifungal preparation.

carbenicillin See PENICILLINS.

carbofuran A broad-spectrum carbamate insecticide used as a
soil treatment for the control of insect pests on a range of crop
plants. The persistence of carbofuran in the field is limited owing
to the wide range of soil microorganisms which can degrade the
compound [FEMS Ecol. (2000) 34 173-180].

carbolfuchsin A red dye used e.g. in the GRAM STAIN and in
ZIEHL-NEELSEN’S STAIN. Concentrated carbolfuchsin is made by
adding 10% basic FUCHSIN in 95% ethanol (10 ml) to 5%
aqueous phenol (100 ml); the solution is filtered after standing
overnight.

carbolic acid Syn. phenol (see PHENOLS).

carbolic soap See SOAPS.

Carbomyces  See PEZIZALES.

carbomycin See MACROLIDE ANTIBIOTICS.



carbon cycle

carbon cycle In nature: the cyclical interconversion of carbon
compounds (see figure); carbon in its elemental form appears
to play no significant role in biological carbon metabolism
(cf. NITROGEN CYCLE and SULPHUR CYCLE).

A major metabolite in the carbon cycle is carbon dioxide — see
CARBON DIOXIDE (b). In AUTOTROPHS, carbon dioxide can be
‘fixed” (i.e. incorporated into biomass) via several distinct
pathways; the energy required for carbon dioxide fixation may
be light energy (see PHOTOSYNTHESIS) or energy derived from
chemical reactions. Carbon dioxide can also be used in a
dissimilatory manner: see METHANOGENESIS.

The pool of carbon dioxide is replenished from organic
matter by MINERALIZATION, a process in which both oxidative
(respiratory) and fermentative forms of metabolism are involved.
(See also SAPROTROPH.)

In aquatic environments, at least some dissolved organic
carbon derives from phytoPLANKTON; in the oceans almost all
dissolved carbon derives from this source. (See also PRIMARY
PRODUCTION.) Some of the dissolved carbon is used for bacterial
growth and respiration, and it appears that, at certain times and
locations, the amount of carbon dioxide produced by bacterial
respiration may exceed that fixed by the phytoplankton; such
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an imbalance in carbon cycling may mean that periods of net
autotrophy (when autotrophic fixation of carbon dioxide exceeds
bacterial respiratory output) may occur at different times of
the year to compensate for periods of net heterotrophy [Nature
(1997) 385 148-151].

Carbon cycling is relevant to the GREENHOUSE EFFECT. More-
over, the evolution of the carbon cycle is an interesting topic in
itself [FEMS Reviews (1992) 103 347-354].

carbon dioxide (CO;) (a) COy as a food preservative. CO;
(5-50%) inhibits the growth of many types of microorgan-
ism and is used in FOOD PRESERVATION — e.g. for meats (see
MEAT SPOILAGE), fish, fruit and vegetables (in which CO, also
extends storage life e.g. by delaying ripening), and for car-
bonated beverages. In general, CO; inhibits moulds more than
yeasts, Gram-negative bacteria more than Gram-positive species.
CO, dissolves in water to form carbonic acid, HyCO3, which
dissociates to form H* and HCO;~ (pK 6.37); some inhibition
may thus be due to a pH effect. However, CO, also exerts a
direct antimicrobial effect which is largely independent of either
pH or oxygen concentration. The mechanism of this effect is
unknown, but direct inhibitory effects of CO, on certain enzymes
have been reported; it has also been suggested that CO, dissolves
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CARBON CYCLE: simplified scheme showing some of the major interconversions of carbon in nature (see entry). Bacteria have significant
roles, as both autotrophs and heterotrophs, and certain members of the Archaea have unique roles as methanogens; the methylotrophs
include methane-utilizing bacteria. Various microorganisms, including bacteria and fungi, are responsible for the essential conversion of ‘dead’
organic carbon to biomass and carbon dioxide; without this process the cycle would stop.

Reproduced from Bacteria 5th edition, Figure 10.1, page 256, Paul Singleton (1999) copyright John Wiley & Sons Ltd, UK (ISBN 0471-98880-4)

with permission from the publisher.



in the cytoplasmic membrane and increases its fluidity, thereby
impairing membrane function [Book ref. 29, pp. 335-343]. CO,
forms complexes with amino groups in proteins, a reaction which
is slowly reversible at low temperatures and under low partial
pressures of CO;; this may account for the observed residual
effect in CO,-treated meats subsequently exposed to air [Book
ref. 29, pp. 369-375].

(b) CO; as a carbon source. CO; is assimilated via several
different pathways in AUTOTROPHS (q.v.); in some algae, CO;-
concentrating mechanisms operate at low CO; levels, preventing
(energy-wasting) PHOTORESPIRATION. In heterotrophs, CO, may
be fixed in various carboxylation reactions (see e.g. Appendix II
(b) and BACTEROIDES). (See also BIOTIN.)

carbon disulphide (CS;) CS; (b.p. 46°C) is sometimes used as a
soil fumigant for the control of Armillaria mellea root infections.
It also acts as a NITRIFICATION INHIBITOR.

carbon monoxide (CO) (a) (as a metabolite) See CARBOXYDO-
BACTERIA, ACETOGENESIS and METHYLOTROPHY. (b) (as a RESPI-
RATORY INHIBITOR) Carbon monoxide can bind to the reduced
a3 component of eukaryotic cytochrome oxidase (see ELECTRON
TRANSPORT CHAIN), and to many bacterial terminal oxidases,
inhibiting the oxidation of the oxidase; a CO-insensitive res-
piratory chain occurs in the CARBOXYDOBACTERIA. At least some
bacterial CO—cytochrome oxidase complexes can be dissociated
by strong illumination (photodissociation) with light of wave-
lengths absorbed by the complex — with concomitant release of
inhibition.

carbon monoxide dehydrogenase See ACETOGENESIS and METHA-
NOGENESIS.

carbon monoxide oxidase. See CO OXIDASE.

carbonic anhydrase A zinc-containing ENzYME (EC 4.2.1.1)
which catalyses the reaction:

COs + HyO «—— HCO3™ +H"

Carbonic anhydrases are found in eukaryotes and in mem-
bers of the domains Bacteria and Archaea [PNAS (1999) 96
15184—-15189]. (See also acetate in the figure legend of the entry
METHANOGENESIS.)
The carbonic anhydrases are categorized in classes o, p and y;
members of different classes do not share sequence homology.
Tests for the ability to produce carbonic anhydrase have been

used e.g. to distinguish between species of MORAXELLA and
NEISSERIA.

carbonylcyanide-m -chlorophenylhydrazone See PROTON TRAN-
SLOCATORS.

carbonylcyanide-p -trifluoromethoxyphenylhydrazone See
PROTON TRANSLOCATORS.

Carbowax See POLYETHYLENE GLYCOL.

Carboxide See ETHYLENE OXIDE.

carboxin (2,3-dihydro-6-methyl-5-phenylcarbamoyl-1,4-oxathiin)
An agricultural systemic ANTIFUNGAL AGENT which is active
against basidiomycetes, apparently by inhibiting mitochondrial
succinate dehydrogenase. Carboxin is used e.g. for the control
of Rhizoctonia solani and of smuts and rusts in cereals.
Oxycarboxin, the corresponding sulphone, has also been used
against cereal rusts.

carboxydismutase Syn. RIBULOSE 1,5-BISPHOSPHATE CARBOXY-
LASE-OXYGENASE.

carboxydobacteria A (non-taxonomic) category of bacteria
characterized by the ability to use CARBON MONOXIDE, aerobi-
cally, as the sole source of carbon and energy [ARM (1983) 37
277-310]. [Isolation and culture: Book ref. 45, pp. 899-902.
Metabolism: Book ref. 132, pp. 131-151. Biotechnological

carcinogen

aspects: MS (1986) 3 149-153. Biochemistry and physiology:
FEMS Reviews (1986) 39 161-179.]

The oxidation of carbon monoxide to carbon dioxide is catal-
ysed by an enzyme sometimes referred to as ‘CO dehydrogenase’
(a CO OXIDASE); the cytochrome oxidase of one branch of the
respiratory chain is insensitive to inhibition by carbon monox-
ide. The carbon dioxide produced is assimilated via the CALVIN
CYCLE. In at least some cases it appears that the CO oxidase
is functional only when attached to a membrane-bound electron
acceptor (cytochrome bsey) — the ability of the cells to oxidize
carbon monoxide being lower during the stationary phase when
some of the enzyme is cytoplasmic [FEMS Reviews (1993) 104
332-336].

Many or all of the carboxydobacteria are able to obtain energy
by the oxidation of hydrogen, and can grow more rapidly with
hydrogen/carbon monoxide/oxygen mixtures than with mixtures
of carbon monoxide and oxygen.

At least some species are facultatively heterotrophic.

The organisms occur e.g. in soil and polluted waters, sewage
etc. Species include e.g. Bacillus schlegelii, Pseudomonas car-
boxydohydrogena, P. carboxydovorans and P. thermocarboxy-
dovorans.

The carboxydobacteria were once classified as methylotrophs
(users of C; compounds) but are now excluded from this
category as they do not produce/assimilate formaldehyde.

carboxymethylcellulose See CM-CELLULOSE.

carboxypeptidase See PROTEASES.

carboxysomes Intracellular ‘polyhedral bodies’ (typically ca.
90-500 nm diam.) found in many autotrophic prokaryotes:
e.g., in Thiobacillus intermedius, T. neapolitanus, T. thiooxidans
and T. thioparus (but not in T. novellus or T. versutus); in
Nitrobacter winogradskyi and a marine species of Nitro-
somonas (but not in Nitrospina gracilis or Nitrosococus
mobilis); apparently in Rhodomicrobium vannielii (but not
in green bacteria or purple non-sulphur bacteria); in most
or all cyanobacteria (in vegetative cells and akinetes but
not in heterocysts); in Prochloron; and apparently in many
cyanelles. Carboxysomes from T. neapolitanus each consist
of a number of doughnut-shaped particles (ca. 10 nm diam.)
enclosed within a single-layered membrane or shell; these par-
ticles are molecules of RIBULOSE 1,5-BISPHOSPHATE CARBOXY-
LASE-OXYGENASE (RuBisCO). Carboxysomes from other organ-
isms appear to resemble those of T. neapolitanus, and RuBisCO
has been found in all carboxysomes in which it has been
sought (e.g. in those from Anabaena cylindrica, Chlorogloeop-
sis fritschii, Nitrobacter sp, Nitrosomonas sp). The function of
carboxysomes is unknown. [Biol. Rev. (1984) 59 389-422.]

carbuncle A cluster of interconnected BOILS in which PUS is
eventually discharged via several openings. It is usually caused
by Staphylococcus aureus.

Carchesium A genus of sedentary ciliate protozoa (subclass PERI-
TRICHIA). Carchesium occurs in various freshwater and marine
habitats, and some species (e.g. C. polypinum) are common
in SEWAGE TREATMENT plants. (See also SAPROBITY SYSTEM and
SEWAGE FUNGUS.) In size and shape Carchesium resembles VORTI-
CELLA — e.g. it has a bell-shaped zooid: however, Carchesium is
a colonial peritrich — the mature organism consisting of a num-
ber of zooids carried on a branching stalk, each zooid and its
individual branch of the stalk being capable of independent con-
traction.

carcinogen (1) Any agent which can cause CANCER. In general,
carcinogens appear to exert their effect by interacting with the
DNA of the target cell; many carcinogens are also mutagens.



carcinoma

(See also MUTAGENICITY TEST.) Some apparent carcinogens actu-
ally require enzymic conversion within the body to an active
form, the ‘ultimate carcinogen’, before they can cause neoplastic
transformation.

(2) Syn. oncogen sensu lato (see ONCOGENIC).

carcinoma Any malignant tumour which arises from epithelial
tissue: see €.g. NASOPHARYNGEAL CARCINOMA and HEPATOCELLU-
LAR CARCINOMA. (See also CANCER.)

cardiac beriberi See CITREOVIRIDIN.

Cardiobacterium A genus of oxidase-positive, catalase-negative,
Gram-negative bacteria which occur e.g. in the upper respira-
tory tract (see also HACEK) and which have been isolated from
the blood in cases of bacterial endocarditis. Cells: small, pleo-
morphic, non-motile, round-ended rods (~0.5-0.75 x 1-3 um),
or filaments. Chemoorganotrophic. Aerobic and facultatively
anaerobic; apparently capnophilic. On anaerobic blood agar,
with 5% carbon dioxide, colonies are smooth and circular,
1-2 mm diam., after 48 hours. Strains are urease —ve but
may be weakly indole +ve. Nitrates are not reduced. Optimum
growth temperature 30—-35°C. Media which have been used for
primary isolation include e.g. casein-soy broth and thioglycollate
broth (each containing sps). No growth occurs on MacConkey
agar. Acid (but no gas) is formed from the fermentation of fruc-
tose, glucose, mannose, sorbitol or sucrose; lactic acid is the
main product of glucose fermentation. The organism is typically
sensitive to B-lactam and other antibiotics. GC%: 59-62. Type
species: C. hominis.

cardioid condenser See MICROSCOPY (b).

cardiolipin Diphosphatidylglycerol. Such lipids occur e.g. in
bacterial CYTOPLASMIC MEMBRANES. Cardiolipin prepared by
alcoholic extraction of beef heart is used in STANDARD TESTS
FOR SYPHILLIS.

Cardiovirus A genus of viruses (family PICORNAVIRIDAE) iso-
lated mainly from rodents; the true natural host is uncertain.
Cardiovirus virions are generally stable at pH 3-9, but are
labile at pH 4.5-6.4 in the presence of 0.1 M halide ions.
There is only one serotype, and the various named members of
the genus — e.g. Columbia SK virus, mouse (or Maus) Elber-
feld virus, mengovirus, MM virus — are regarded as strains
of murine encephalomyocarditis virus (EMCV). EMCV causes
encephalitis and myocarditis in rodents, and a variant can cause
a diabetes-like syndrome in certain strains of mice [JGV (1985)
66 727-732].

carfecillin See PENICILLINS.

caries (dental) See DENTAL CARIES.

cariogenic Refers to any factor, substance or organism which
promotes DENTAL CARIES.

carlaviruses (carnation latent virus group) A group of PLANT
VIRUSES in which the virions are slightly flexuous filaments (ca.
600-700 x 13 nm) containing one molecule of linear, positive-
sense sSRNA (MWt ca. 2.7 x 10°). Each member has a fairly
narrow host range, and some can cause disease in crop plants.
Transmission occurs (non-persistently) via aphids in at least
some members; mechanical transmission can be achieved under
experimental conditions. Type member: carnation latent virus.
Other members include e.g. cactus virus 2, hop latent virus,
HOP MOSAIC VIRUS, pea streak virus, potato virus M (= potato
paracrinkle virus), potato virus S, red clover vein mosaic virus.
Possible members include e.g. chicory blotch virus, eggplant mild
mottle virus, and groundnut crinkle virus.

CARNA See CUCUMOVIRUSES.

carnation etched ring virus See CAULIMOVIRUSES.

carnation Italian ringspot virus See TOMBUSVIRUSES.
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carnation latent virus See CARLAVIRUSES.

carnation mottle virus See TOMBUSVIRUSES.

carnation necrotic fleck virus See CLOSTEROVIRUSES.

carnation ringspot virus See DIANTHOVIRUSES.

carnation vein mottle virus See POTYVIRUSES.

carnidazole See NITROIMIDAZOLES.

carnivorous Refers to protozoa which feed on other protozoa,
crustacea, etc. (cf. HERBIVOROUS.)

Carnobacterium A genus of heterofermentative LACTIC ACID BAC-
TERIA found e.g. on vacuum-stored chilled meats and on meats
stored in a carbon-dioxide-rich environment. Carnobacterium
spp have been studied e.g. as sources of BACTERIOCINS. [Bacteri-
ocin production by C. piscicola: JBC (1994) 269 12204-12211.
Divercin V41, a new bacteriocin from C. divergens V41: Micro-
biology (1998) 144 2837-2844.]

Carnoy’s fluid A FIXATIVE: either (a) ethanol (95% or 100%) and
glacial acetic acid in the ratio 3:1, or (b) ethanol (95% or 100%),
chloroform, and glacial acetic acid (6:3:1).

carotenes See CAROTENOIDS.

carotenoid band shift A light-induced change in the absorption
spectrum of a photosynthetic membrane due, mainly, to a
change (of a few nanometres) in the absorption spectra of
the carotenoids in the membrane; this change results from the
effect on the carotenoids of the light-induced transmembrane
pmf (see PHOTOSYNTHESIS) and is sometimes referred to as an
‘electrochromic effect’.

carotenoids A class of polyene (isoprenoid), aliphatic or ali-
cyclic, commonly yellow or orange pigments; the class includes
the carotenes (hydrocarbons with usually nine conjugated double
bonds) and oxygen-containing derivatives of carotenes (xan-
thophylls) — see figure. Carotenoids are widely distributed in
microorganisms, plants and animals; they are present in proba-
bly all photosynthetic organisms, in which they function e.g. in
LIGHT-HARVESTING COMPLEXES and in protecting CHLOROPHYLLS
from photodegradation. (See also SINGLET OXYGEN and ANTIOX-
IDANTS.) Carotenoids may also be involved in phototaxis (see
e.g. EYESPOT), and a carotenoid derivative, RETINAL, occurs in
certain bacterial energy-transducing systems (see PURPLE MEM-
BRANE). The presence of one or more particular carotenoids in
a given organism may be an important taxonomic feature, espe-
cially in algae.

Carotenes include e.g. P-carotene (R’ =R” = B-ionone
ring, see figure), widely distributed in algae and higher
plants, and present in certain bacteria; o-carotene (an isomer
of PB-carotene), also widely distributed; y-carotene (R’ = p-
ionone ring, R” = 2,6-dimethyl-1,5-heptadienyl), present e.g. in
some bacteria of the Chlorobiaceae; lycopene (R’ =R” = 2,6-
dimethyl-1,5-heptadienyl), found e.g. in fruits.

Xanthophylls include e.g. antheraxanthin (found e.g. in
green algae (Chlorophyta), in chloromonads, and in plants);
astaxanthin (see PHAFFIA); BACTERIORUBERINS; diatoxanthin (in
cryptophytes); fucoxanthin (in brown algae (Phaeophyta), chrys-
ophytes, diatoms and prymnesiophytes — see figure); [lutein
(3,3’-dihydroxy-e-carotene, common in plants and green algae);
myxoxanthophyll (a thamnosyl-containing xanthophyll found in
cyanobacteria); neoxanthin (common in green algae and higher
plants); peridinin (in dinoflagellates); siphonein and siphonox-
anthin (in siphonaceous green algae); spirilloxanthins (in anoxy-
genic photosynthetic bacteria); STAPHYLOXANTHIN; torularhodin
(in Rhodotorula); violaxanthin (in green algae and higher
plants); zeaxanthin (3,3'-dihydroxy-f-carotene, an isomer of
lutein, found e.g. in green algae and higher plants).
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CAROTENOIDS. (a) General structure of a typical carotene. (b) p-Carotene (= p,p-carotene). (c) Fucoxanthin (a xanthophyll).

Some bacterial polyene pigments (e.g. FLEXIRUBINS, XAN-
THOMONADINS) resemble carotenoids but lack the methyl groups
on the hydrocarbon chain.

(See also SPOROPOLLENIN.)

carp erythrodermatitis (Polish INFECTIOUS DROPSY) A FISH DIS-
EASE affecting carp and certain other fish (e.g. goldfish, bream);
aetiology: unknown. The disease is subacute to chronic, with
variable mortality. Inflamed skin lesions become necrotic and
ulcerative, and generalized oedema follows. Secondary infection
with Aeromonas and Pseudomonas spp is common.

carp pox (epithelioma papulosum) A benign FISH DISEASE affect-
ing the common carp (Cyprinus carpio) and other cyprinids.
Multiple transient hyperplastic nodules (up to several centimetres
across) develop on the skin and fins, and occasionally on the
eyes and gills; the lesions do not become necrotic. Carp pox is
apparently caused by a herpesvirus (see HERPESVIRIDAE).

carpomycetes Fungi which form fruiting bodies — particularly
the ascomycetes and basidiomycetes.

Carr medium A medium used e.g. to distinguish between strains
of ACETOBACTER and GLUCONOBACTER; it contains yeast extract
(3%), agar (2%), BROMCRESOL GREEN (0.002%) and ethanol (2%
v/v). Gluconobacter strains (which typically oxidize ethanol to
acetic acid) produce colonies each surrounded by a yellow halo;
Acetobacter strains (which typically carry out ‘overoxidation’)
initially form similar colonies but, on further incubation, the
acetic acid is metabolized and the pH indicator reverts to its
original colour (i.e. the halo is lost).

carrageenan (carrageenin; carragheen) A mixture of sulphated
galactans associated with the CELL WALLS of many rhodophycean
algae (e.g. Chondrus crispus, Gigartina spp); they appear to
prevent desiccation when the alga is exposed to the atmo-
sphere. Carrageenans have the general structure: -p-A-(1 —
4)-a-B-(1 — 3)-p-A-, where A = D-galactose 4-sulphate or D-
galactose 2-sulphate, and B is any of a range of sulphated
galactose or 3,6-anhydrogalactose residues. One component of
the carrageenan mixture, K-carrageenan, is precipitated by KCI;
in K-carrageenan A = D-galactose 4-sulphate, B = 3,6-anhydro-
D-galactose. k-Carrageenan forms gels with e.g. KT, NHy*,
Ca’*, Mg?t, Fe3*, and with water-miscible organic solvents;
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it is widely used in industry e.g. as a gelling and thicken-
ing agent in foods, pharmaceuticals etc, and in supports for
IMMOBILIZATION of cells and enzymes. It can also be used
as an AGAR substitute in certain bacteriological media [Book
ref. 2, pp. 144—145]. The KCl-soluble, non-gelling fraction of
carrageenan consists of various polymers in which B =e.g.
D-galactose 6-sulphate, D-galactose 2,6-disulphate, 3,6-anhydro-
D-galactose 2-sulphate, etc. (The term A-carrageenan sometimes
refers to the whole KCl-soluble fraction, sometimes specifically
to the component in which A = D-galactose 2-sulphate, B = D-
galactose 2,6-disulphate.)

carragheen moss See CHONDRUS.

Carrel flask A squat cylindrical glass vessel which opens, at the
side, via a straight, upward-sloping tubular neck.

carrier (1) (med., vet.) An individual who harbours a particular
pathogen but shows no clinical signs of disease; such an individ-
ual can transmit the pathogen to others. Carriers are important
reservoirs of infection in certain diseases — e.g. DIPHTHERIA and
TYPHOID FEVER (cf. SMALLPOX). [The carrier state (involving bac-
teria): JAC (1986) 18 Supplement A 1-81.] (2) (immunol.) See
HAPTEN. (3) See CARRIER TEST. (4) (virol.) See PSEUDOLYSOGENY
and CARRIER CULTURE.

carrier culture (virol.) A cell culture which is persistently
infected with a virus (see PERSISTENCE) but in which only a small
proportion of the cells in the population is actually infected by
the virus. The infected cells may release virus (e.g. by lysis)
but only a small proportion of the remaining cells is then
infected, and so on. The culture can be ‘cured’ of the virus
e.g. by treatment with virus-neutralizing antiserum or by serial
subculture using small inocula. In e.g. mammalian cell cultures
a carrier culture may arise e.g. because INTERFERON production
may render most of the cells resistant to infection. (See also
PSEUDOLYSOGENY; cf. SEMIPERMISSIVE CELLS.)

carrier gene See FUSION PROTEIN.

carrier-specific T helper cell (CTh) A T LYMPHOCYTE whose
TCR recognizes a specific epitope in the ‘carrier’ part of an
antigen — another epitope (the ‘hapten’) on the same antigen
being recognized by a B cell. (See COGNATE HELP.) If an antigen
carrying a particular hapten—carrier pair is used for primary
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immunization, then the hapten must be paired with the same
carrier for an efficient response during secondary immunization.

carrier test A type of test used to determine the ability of a
given disinfectant to disinfect an object (‘carrier’) which has
been artificially contaminated with microorganisms; the carrier
may be e.g. a piece of cloth or an instrument. (See e.g. AOAC
USE-DILUTION TEST.) [Evaluation of carriers used in AOAC test
methods: AEM (1986) 51 91-94.]

Carrion’s disease Syn. BARTONELLOSIS.

carrobiose A disaccharide: 3,6-anhydro-4-O-(B-p-galactopyra-
nosyl)-D-galactose, a degradation product of k-carrageenan.

carrot black rot See ALTERNARIA.

carrot latent virus See RHABDOVIRIDAE.

carrot mosaic virus See POTYVIRUSES.

carrot mottle virus See TOGAVIRIDAE.

carrot red leaf virus See LUTEOVIRUSES.

carrot soft rot See SOFT ROT (sense 2).

carrot thin leaf virus See POTYVIRUSES.

carrot yellow leaf virus See CLOSTEROVIRUSES.

Carr’s medium See CARR MEDIUM.

Carteria A genus of green algae which closely resemble
CHLAMYDOMONAS but which have four flagella instead of two.

carvacrol See PHENOLS.

Cary-Blair transport medium See TRANSPORT MEDIUM.

caryonide Syn. KARYONIDE.

Caryophanon A genus of Gram-positive, asporogenous, obli-
gately aerobic, chemoorganotrophic bacteria which form motile
(peritrichously flagellate) TRICHOMES of diameter ca. 1.5 um
(C. tenue) or ca. 2.5-3.2 um (C. latum). Both species have been
isolated from cattle manure, but their true habitat is unknown.
[Book ref. 46, pp. 1701-1707.]

Caryospora A genus of protozoa (suborder EIMERIORINA) which
form oocysts each enclosing one sporocyst containing 8 sporo-
zoites.

Caryotropha  See EIMERIORINA.

casamino acids Acid-hydrolysed casein.

caseation (med., vet.) A type of necrosis in which diseased
tissue breaks down into a dry, amorphous, cheese-like mass (cf.
TUBERCULOSIS).

casein A phosphoprotein which occurs in MILK mainly in
the form of micelles, each micelle consisting of aggregated
molecules of the 3 main types of casein: «-, - and k-casein;
the (Ca*-precipitable) a- and B-caseins in the micelles are sta-
bilized by the k-casein. k-Casein can be cleaved by various
enzymes — e.g. by pepsin (EC 3.4.23.1), or by rennin (= chy-
mosin; EC 3.4.23.4), an enzyme derived from the abomasum
(see RUMEN) of suckling ruminants; these enzymes cleave k-
casein into an insoluble N-terminal fragment, p-k-casein, and a
soluble C-terminal fragment, ‘glycomacropeptide’. Cleavage of
micellar k-casein in milk destablizes micelles and leads to the
precipitation of a- and P-caseins and p-k-casein (i.e., the milk
coagulates). (The proteolytic enzymes of some psychrotrophic
bacteria can cleave k-casein and cause ‘gelation’ (coagulation)
in stored UHT-treated milk.)

Enzyme-independent coagulation (‘clotting’ — see e.g. LITMUS
MILK) occurs when the pH is lowered to ca. 4.6 (i.e., at or near
the isoelectric points of the caseins).

y-Casein is a product of the enzymic cleavage of B-casein by
a trypsin-like enzyme which occurs in milk in small amounts.

Caseobacter A genus of aerobic, non-motile, asporogenous
bacteria (order ACTINOMYCETALES, wall type IV) which occur
e.g. on certain cheeses. The organisms are pleomorphic or
coryneform rods, ca. 1 x 2—4 pum, which give rise to coccoid

130

forms in stationary-phase culture; on yeast extract—glucose agar

the colonies are grey-white, pink or red. Up to 12% salt (NaCl)

can be tolerated. GC%: 65—-67. Type species: C. polymorphus.
caseous necrosis Syn. CASEATION.

caspases See APOPTOSIS.

cassava common mosaic virus See POTEXVIRUSES.

cassava latent virus See GEMINIVIRUSES.

cassava vein mosaic virus See CAULIMOVIRUSES.

cassette mechanism (mol. biol.) A system for gene regulation
in which a particular gene is removed from one site (‘active
slot’), in which it can be expressed, to another (‘inactive slot’)
in which it cannot be expressed — another gene being inserted
into the ‘active slot’. (See e.g. MATING TYPE.)

Castaifieda’s method A form of BLOOD CULTURE in which the
culture bottle contains an agar slope which projects above the
level of the liquid medium when the bottle is standing vertically.
The liquid medium is inoculated in the usual way, and the bottle
is incubated. After 24/48 h the bottle is tilted so that the medium
washes over the exposed agar; the bottle is then incubated,
vertically, and subsequently examined for bacterial growth on
the agar. Tilting etc may be repeated at intervals of one or two
days. By eliminating subculturing this method avoids a source
of contamination.

cat (parvovirus infection) See FELINE PANLEUKOPENIA VIRUS.

cat bite fever A disease caused by Pasteurella multocida and
transmitted by cat-bites; an abscess develops at the site of the
bite. (cf. CAT SCRATCH DISEASE.)

cat diseases See under ‘feline’.

cat flu virus Syn. FELINE CALICIVIRUS.

cat gene A gene encoding chloramphenicol acetyltransferase:
see CHLORAMPHENICOL and Tn9.

cat scratch disease (cat scratch fever) A (usually benign) human
disease (more common in children) associated with the scratch or
bite of a cat or, occasionally, with injuries from thorns, splinters
etc. A local inflammatory skin lesion develops after 2—3 days,
and this is followed, in days/weeks, by enlargement of regional
lymph nodes — which suppurate in some cases. There is often
a general malaise with low-grade fever. The condition usually
resolves spontaneously within weeks; however, in some cases
there are complications — which may involve e.g. liver, brain or
eyes.

Various organisms have been proposed as the causal agent of
cat scratch disease, including e.g. Bartonella clarridgeiae [JCM
(1997) 35 1813-1818].

(See also CAT BITE FEVER.)

catabolism The metabolic reactions by which exogenous or
endogenous organic compounds are degraded to simpler organic
or inorganic compounds. (cf. ANABOLISM; AMPHIBOLIC PATHWAY.)

catabolite activator protein See CATABOLITE REPRESSION.

catabolite control protein A See CATABOLITE REPRESSION.
catabolite inhibition See INDUCER EXCLUSION.

catabolite repression The repression of certain inducible enzyme
systems by the presence of a ‘preferred’ carbon source (e.g.
glucose in enterobacteria and Saccharomyces cerevisiae, certain
TCA cycle intermediates in Pseudomonas spp). For example, in
Escherichia coli, various operons concerned with the degradation
of substrates other than glucose (e.g. ARA OPERON, LAC OPERON,
TNA OPERON) are repressed in the presence of glucose, even when
their respective inducers are present; thus, when E. coli is grown
in a medium containing both glucose and lactose, the lac operon
remains repressed until all the glucose has been used — at which
time the lac operon becomes derepressed. (See also DIAUXIE,
CRABTREE EFFECT.)



Among the bacteria there are several distinct mechanisms for
catabolite repression. Thus, e.g. one mechanism is characteristic
of E. coli and other enterobacteria, while others are typical
of AT-rich Gram-positive species (e.g. species of Clostridium,
Lactobacillus and Staphylococcus); each of these mechanisms is
regulated by signals from components of the PTs (q.v.). Models
outlining these mechanisms are described below.

(a) Catabolite repression in enterobacteria. In these organisms
the key regulatory molecule is the IIA component of glucose
permease in the PTS; note that, in this particular permease, IIA
is a cytoplasmic (i.e. soluble) protein.

When glucose is absent, phosphorylated IIA (IIA~P) does
not undergo dephosphorylation via IIB, and under these con-
ditions IIA~P activates the enzyme ADENYLATE CYCLASE — thus
stimulating the synthesis of cycLiCc AMP (cCAMP). cAMP binds to,
and activates, the so-called cAMP-receptor protein (CRP) — also
called catabolite activator protein, CAP, or catabolite gene acti-
vator protein, CGA protein. (CRP is encoded by the crp gene.)
The cAMP-CRP complex acts as a transcriptional activator by
binding in the vicinity of promoters of certain operons (e.g.
lac), allowing them to be expressed in the presence of their
respective inducers. This explains why the inducibility of the
repressed operons can be at least partly restored by the addition
of cAMP. The precise way in which cAMP—CRP promotes tran-
scription is still unknown. One early model for the lac operon
supposed that the binding of cAMP—-CRP displaced RNA poly-
merase from a weak promoter, P2, to the primary promoter,
P1; that such a mechanism is unlikely to contribute significantly
to the transcription of the lac operon has been inferred from
the failure of inactivation of P2 to result in activation of P1
[Mol. Microbiol. (1992) 6 2419-2422]. Studies on e.g. the lac
operon suggest that the presence of cAMP—CRP is not needed
after the establishment of a productive open complex, and that
only transient interaction is required between cAMP—CRP and
RNA polymerase [EMBO (1998) 17 1759-1767].

When glucose (or other rapidly metabolizable substrate) is
present, unphosphorylated IIA binds to the permeases of vari-
ous sugars (e.g. lactose), inhibiting uptake of the corresponding
sugars; as these sugars are involved in the induction of their
respective operons, this phenomenon is called INDUCER EXCLU-
SION.

Note that, in some cases, cCAMP—CRP may repress rather than
activate gene expression. For example, in Rhizobium meliloti
cAMP-CRP blocks transcription of the dctA gene whose
expression is necessary for symbiotic nitrogen fixation [EMBO
(1998) 17 786—796]. (In fact, CRP — originally associated with
activation of catabolic operons — is involved in a much wider
range of gene-regulatory activities.)

(b) Catabolite repression in the AT-rich Gram-positive bacte-
ria. In these bacteria, transcription of some catabolic operons
is at least partly regulated by operon-specific regulator proteins,
each regulator protein having two phosphorylation sites; each
of these two sites is called a PRD (= PTS regulation domain).
PRDs can be phosphorylated by certain intermediates in the PTS
(IIB~P and HPr~P); one of the PRDs can be phosphorylated
by IIB~P, the other by HPr~P. It seems that phosphorylation
by IIB~P is inhibitory, causing the regulator protein to inhibit
transcription from relevant operons, while phosphorylation by
HPr~P promotes transcription from those operons. The activ-
ity of a given regulator protein thus depends on the mode of
its phosphorylation; thus, when phosphorylated only by HPr,
the regulator protein promotes transcription from all relevant
operons, but phosphorylation by HPr and 1IB, or a lack of phos-
phorylation in both PRDs (i.e. in the presence of both inducer
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and glucose), causes the regulator protein to function as a repres-
sor of transcription. Induction of operon(s) therefore occurs only
under appropriate conditions, i.e. when (i) inducer is present and
(ii) glucose is absent. [PTS-dependent control of PRD-containing
regulators in induction and repression of catabolic operons: Mol.
Microbiol. (1998) 28 865-874.]

A PRD-containing regulator protein in E. coli, BglG, is
involved in the control of the bgl operon (a B-glucoside catabolic
system concerned e.g. with the metabolism of salicin); in the
absence of P-glucoside, BglG is phosphorylated by the IIB
component of BgIF (the B-glucoside permease) — thus inhibiting
transcription of the bgl operon.

In AT-rich Gram-positive bacteria, catabolite repression
involving HPr and the enzyme HPr kinase occurs by ATP-
dependent phosphorylation of HPr at a site (Ser-46) which differs
from that (His-15) phosphorylated by enzyme I in the PTS; when
HPr is phosphorylated at Ser-46 it can form a complex with
catabolite control protein A (CcpA), and this complex can bind
to a regulatory site in target operons, inhibiting transcription.
(In vitro, phosphorylation of HPr at the Ser-46 site decreases
the ability of HPr to accept phosphate from the ‘routine’ donor,
enzyme I; thus, phosphorylation of HPr at this site is likely to
inhibit uptake of sugars at the PTS permeases.) HPr kinase is
a bifunctional enzyme (HPr kinase/phosphatase), and its role
as a kinase in phosphorylating HPr under appropriate condi-
tions of carbon availability is not fully understood; it is possible
that the kinase function of the enzyme is stimulated by fructose
1,6-bisphosphate (an intermediate in glucose catabolism). Inacti-
vation of the HPr kinase gene (hprK) in Staphylococcus xylosus
resulted in abolition of repression in the three catabolic enzyme
activities examined [JB (2000) /82 1895-1902].

catalase (H,O,:H,O, oxidoreductase; EC 1.11.1.6) A tetrameric
ENZYME, consisting of four ferriprotoporphyrin IX-containing
subunits, which catalyses the reaction 2H,O,; — 2H,0 + O3;
with low concentrations of H,O, the enzyme can act as a
PEROXIDASE — but this ability may not be common to catalases
from all sources [JGM (1983) 129 997-1004]. Catalase plays a
vital role in detoxifying HYDROGEN PEROXIDE produced during
aerobic metabolism; it occurs in the majority of aerobic
organisms and is absent from most obligate anaerobes (though
present e.g. in Bacteroides fragilis). The enzyme is inhibited
by e.g. H»S, HCN and N3, and is inactivated by SUPEROXIDE.
Catalase is obtained commercially from e.g. Aspergillus niger
and Penicillium spp; it is used e.g. in the food industry for
removing excess HyO» (used for cold disinfection) from milk
and dairy products and from irradiated foods. (See also CATALASE
TEST; METHYLOTROPHY; PEROXISOMES; cf. PSEUDOCATALASE.)

catalase test A test commonly used with the object of determin-
ing whether or not a given bacterial strain produces CATALASE.
One drop of H,O; is added to a bacterial colony, or to a bacterial
emulsion; if the cells contain catalase, bubbles of gas (oxygen)
appear immediately or within one or two seconds. Such a (pos-
itive) reaction may indicate the presence of catalase or (e.g. in
some strains of Enterococcus faecalis) the presence of a PSEUDO-
CATALASE; certain bacteria can synthesize catalase only if they are
provided with haem. If, for the test, bacterial growth is obtained
from a blood-containing medium, care should be taken to pre-
vent contact between H,O, and the medium: erythrocytes, which
contain catalase, can give rise to a false-positive reaction.

In carrying out the catalase test care should be taken to avoid
exposure to the AEROSOL produced by bursting bubbles; in one
method the test is carried out in a non-vented Petri dish: a drop
of H,O, and a speck of bacterial growth are placed at opposite
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sides of the dish which, with the lid in place, is tilted so that the
H,0; runs onto the growth.

(See also SUPEROXOL TEST.)

cataloguing (of 16S rRNA) See RRNA OLIGONUCLEOTIDE CATA-
LOGUING.

Catapyrenium A genus of LICHENS (order VERRUCARIALES) which
differ from DERMATOCARPON spp in having a squamulose thallus
attached to the substratum by rhizines. The genus includes e.g.
C. lachneum (formerly called e.g. Dermatocarpon hepaticum).

catarrh Inflammation of a mucous membrane, with excessive
production of mucus.

catecholamides (in iron uptake) See SIDEROPHORES.

catenane A complex of two or more circular nucleic acid
molecules interlocked like links in a chain. (cf. CATENATE;
CONCATEMER; see also GYRASE.)

Catenaria  See BLASTOCLADIALES.

catenate (1) (verb) To interlock circular nucleic acid molecules
to form a CATENANE (hence noun catenation). (2) (adj.) Of e.g.
spores: formed in chains.

catenins See CADHERINS.

catheter-associated infection INFECTION (sense 3) associated
with catheterization of the blood vascular system or of the
urinary tract; in general, the risk of such infection increases
with the duration of catheterization. Catheter-related infections
account for a significant proportion of nosocomial disease.

In catheter-associated bacteraemia, the source of infection
can be investigated either with or without withdrawal of the
catheter [current methods for the diagnosis of catheter-related
bacteraemia: RMM (1997) 8 189-195].

In catheter-associated infection of the urinary tract, a sig-
nificant reduction in incidence during short-term (<3 weeks)
catheterization may be obtained by using catheters that have
anti-infection surface activity; such catheters may be either
(i) impregnated with e.g. nitrofurazone, or with minocycline
and rifampicin, or (ii) coated with a silver alloy—hydrogel [EID
(2001) 7 342-347].

cathodic depolarization theory A theory proposed to account
for the microbial corrosion of iron. In this theory, the spon-
taneous solubilization of iron (by ionization: Fe — Fe’t 4
2e~) is promoted by (a) hydrogen formation, the electrons
from iron combining with protons derived from water ioniza-
tion, and (b) utilization of the hydrogen by SULPHATE-REDUCING
BACTERIA. However, it has been reported that the primary
cause of such corrosion may involve an extracellular (proba-
bly phosphorus-containing) product of sulphate-reducing bacte-
ria [Book ref. 155, pp. 619-641].

cattle diseases Cattle may be affected by a wide range of dis-
eases, some of which are specific to bovines; different species
and breeds of bovines may show differences in susceptibil-
ity to a given disease (see e.g. FOOT-ROT). (a) Bacterial dis-
eases: see e.g. ACTINOMYCOSIS; ANAPLASMOSIS; ANTHRAX; BLACK
DISEASE; BLACKLEG; BRUCELLOSIS; CAMPYLOBACTERIOSIS; CON-
TAGIOUS BOVINE PLEUROPNEUMONIA; EPERYTHROZOONOSIS; FARCY
(sense 2); FOOT-ROT; HAEMORRHAGIC SEPTICEMIA (sense 2); INFEC-
TIOUS KERATITIS; JOHNE'S DISEASE; LEPTOSPIROSIS; LISTERIOSIS;
MASTITIS; NECROBACILLOSIS; PARATYPHOID FEVER; RED WATER (of
calves); TUBERCULOSIS; TULARAEMIA; ULCERATIVE LYMPHANGITIS;
WHITE SCOURS. (See also COWDRIA; LAMZIEKTE; MIDLAND CATTLE
DISEASE.) (b) Fungal diseases: see €.g. ASPERGILLOSIS; ZYGOMY-
cosIs. (See also FESCUE FOOT; 4-IPOMEANOL; PASPALUM STAGGERS;
PENITREMS; SPORIDESMINS.) (c) Protozoal diseases: see e.g. DAL-
MENY DISEASE; EAST COAST FEVER; NAGANA; REDWATER FEVER.
(d) Viral diseases: see e.g. AKABANE VIRUS DISEASE; ALLERTON

DISEASE; AUJESZKY'S DISEASE; BOVINE EPHEMERAL FEVER; BOVINE
ULCERATIVE MAMMILLITIS; BOVINE VIRAL LEUKOSIS; BOVINE VIRUS
DIARRHOEA; CALF PNEUMONIA; FOOT AND MOUTH DISEASE; INFEC-
TIOUS BOVINE RHINOTRACHEITIS; JEMBRANA DISEASE; LUMPY SKIN
DISEASE; MALIGNANT CATARRHAL FEVER; MUCOSAL DISEASE; PSEU-
DOCOWPOX; RABIES; RIFT VALLEY FEVER; RINDERPEST; ROTAVIRUS;
VESICULAR STOMATITIS. (e) Diseases of unknown/variable aeti-
ology: ATYPICAL INTERSTITIAL PNEUMONIA; BOVINE RESPIRATORY
DISEASE; CALF SCOURS; WIMMERA GRASS POISONING; WINTER DYSEN-
TERY.

(See also BOVINE SPONGIFORM ENCEPHALOPATHY.)

cattle plague Syn. RINDERPEST.

cattle tick fever Syn. REDWATER FEVER.

Caulerpa A genus of siphonaceous, tropical and subtropical
green seaweeds related to HALIMEDA (q.v.). The thallus consists
of a horizontal green rhizome with colourless rhizoids and erect
fronds. (See also ELYSIA.)

caulescent Becoming stalked or tailed.

cauliflower fungus Sparassis crispa.

cauliflower mosaic virus (CaMV; cabbage B virus) A member
of the CAULIMOVIRUSES which infects various brassicas. In
e.g. cauliflower (Brassica oleracea var. botrytis) symptoms of
infection typically include vein-banding and/or vein-clearing;
enations are occasionally formed. Transmission: chiefly stylet-
borne via aphids.

A CaMV virion consists of a capsid (composed of a single
type of protein) and the dsDNA genome. In the virion, the
dsDNA is circular with three discontinuities at specific sites in
the molecule: two in one strand (the P strand), one in the other (o
strand); these discontinuities are neither nicks nor gaps, but are
sites of triple-stranded DNA in which the 3’ and 5’ ends overlap
by ca. 8-20 nucleotides [FEBS (1981) 134 67-70]. In the host
plant, CaMV DNA appears to occur in the form of covalently
closed circular, supercoiled, histone-associated (chromatin-like)
‘mini-chromosomes’ which are apparently active in transcription
but not in replication. Only the a-strand is transcribed. Viral
RNAs (which are capped and polyadenylated) include a large
(8.2 kb, 35S) transcript corresponding to the length of the
entire genome with an additional 180-nucleotide terminal repeat;
this transcript may be an intermediate in DNA replication:
a molecule of plant tRNA™" binds to the 35S transcript at
a 14-bp region of homology, and this tRNA may act as a
primer for cDNA synthesis by reverse transcription (see RETROID
VIRUSES). [Evidence for replicative recombination in CaMV:
Virol. (1986) 150 463-468.] Viral transcription occurs in the
plant cell nucleus, while virus particle assembly occurs in
rounded, amorphous, electron-dense, cytoplasmic viroplasms;
the site of DNA replication is unknown.

CaMV is widely studied as a model for transcription, DNA
replication etc in higher plants, and as a potential (non-
integrating) vector for gene transfer in plants.

[Book ref. 80, pp. 17-48.]

caulimoviruses (cauliflower mosaic virus group) A group of
PLANT VIRUSES characterized by a dSDNA genome (ca. 8000 bp
long). The virions are isometric, ca. 50 nm diam.; the capsid
is composed of a single type of polypeptide (MWt ca. 42 x
10%). Type member: CAULIFLOWER MOSAIC VIRUS; other members:
carnation etched ring virus, dahlia mosaic virus, figwort mosaic
virus, Mirabilis mosaic virus, strawberry vein-banding virus;
possible members: cassava vein mosaic virus, Petunia vein-
clearing virus, Plantago virus, thistle mottle virus. (See also
NON-CIRCULATIVE TRANSMISSION sense 1.)

Caulobacter A genus of chemoorganotrophic, strictly aerobic,
PROSTHECATE BACTERIA found e.g. in oligotrophic waters and in



soils poor in organic matter. Type species: C. vibrioides. GC%:
64-67.

Most of the studies on this genus have been carried out on
C. crescentus — to which the following account applies.

The non-motile, mature (‘mother’) cell is a straight or curved
rod, ca. 1-2 um, which typically has a single polar stalk
(PROSTHECA) — the distal end of which is adhesive; cells may
adhere, singly, to the substratum —or may occur in groups
(‘rosettes’), each group consisting of a number of cells radiating
from a central mass of adhesive material. Many strains contain
carotenoid pigments.

The mother cell gives rise, by asymmetric binary fission, to
a daughter cell (swarmer) which bears a single polar flagellum.
The swarmer subsequently loses its flagellum, develops a
prostheca, and can then function as a mother cell. In stained
mother cells the prostheca may show one or more cross-striations
(crossbands), each of which is thought to mark one turn of the
cell cycle.

The molecular mechanisms involved in the process of dif-
ferentiation and asymmetric cell division (essential features of
the cell cycle) are beginning to be understood through stud-
ies on the intracellular localization of proteins using techniques
such as gene fusion. In some cases the targeting, or activation,
of a specific protein has been linked to an essential aspect of
differentiation or cell division.

Cell cycle regulation involves various TWO-COMPONENT REGU-
LATORY SYSTEMS. One response regulator, CtrA, has an important
role in the control of initiation of DNA replication and in the
expression of many genes [PNAS (2002) 99 4632-4637].

Following initiation of DNA replication in the mother cell,
levels of the phosphorylated form of CtrA (CtrA~P) increase,
CtrA~P (and/or CtrA) then promoting transcription of certain
genes — including ‘early’ flagellar genes and those regulatory
genes needed for expression of the later flagellar genes. The
regulation of flagellar genes may be more complex than was
previously supposed [PNAS (2002) 99 4632—-4637].

The FIiF protein is targeted to a specific polar site in
the developing daughter (swarmer) cell, i.e. the MS ring in
the swarmer cell develops prior to septation; the mechanism
responsible for directing FliF to the appropriate location is
unknown.

After formation of the septum, the FIbD protein is activated by
phosphorylation — the kinase, FIbE, occurring near the septum
in the daughter cell; the activated FIbD protein (FlbD~P)
promotes transcription of ‘late’ flagellar genes — resulting in the
development of a polar flagellum in the daughter cell.

In the daughter cell, CtrA~P binds to the chromosomal origin,
thus inhibiting replication; hence, unlike the mother (stalked)
cell, the swarmer does not divide until it matures.

Under normal circumstances, the role of CtrA (i.e. the unphos-
phorylated form) in the mother cell includes activation of the late
cell division genes ftsQ and ftsA — whose expression is neces-
sary for cell division. If DNA replication is inhibited, then CtrA
is not synthesized (thus blocking cell division) — lack of synthe-
sis under these conditions reflecting failure of activation of ctrA;
as activation of ctrA is normally dependent on CtrA~P, it has
been suggested that inhibition of DNA replication may inhibit
phosphorylation of CtrA — constituting a cell cycle ‘checkpoint’
which blocks cell division in the absence of DNA replication
[EMBO (2000) 19 4503-4512].

[Control of differentiation in C. crescentus: Science (1997)
276 712-718. Signal transduction mechanisms in C. crescentus
development and cell cycle control: FEMS Reviews (2000) 24
177-191.]

CD8

Caulococcus  See KUSNEZOVIA.

caviid herpesvirus 1 See BETAHERPESVIRINAE.

cavitation (1) (med.) The formation of an (abnormal) cavity or
space in the body (as e.g. in certain types of pneumonia). (2) See
ULTRASONICATION.

cavity slide A slide (somewhat thicker than a normal microscope
SLIDE) which has a shallow, circular depression about 1 cm
across in the centre of one face. (cf. RING SLIDE.)

Cavostelium  See PROTOSTELIOMYCETES.

CBP Cap-binding protein: see MRNA (b).

CBS Centraalbureau voor Schimmelcultures, Oosterstraat 1,
Baarn, The Netherlands; yeast division: CBS, Julianalaan 67A,
Delft, The Netherlands.

cca gene  See TRNA.

cccDNA  Covalently-closed circular DNA.

CCCP See PROTON TRANSLOCATORS.

CCCV  COCONUT CADANG-CADANG VIROID.

ccd mechanism  See e.g. F PLASMID.

CcdB toxin See F PLASMID.

CCFAS (compact colony-forming active substance) A heat-sta-
ble, acid-labile carbohydrate, present in the cell walls of
certain staphylococci, responsible for the compact morphology
of colonies growing in serum soft agar. (Strains without CCFAS
form diffuse colonies in such media.) CCFAS exerts its effect
by interacting with fibrinogen in the serum agar, promoting the
formation of fibrin. It is distinct from, but has been confused
with, clumping factor (see COAGULASE). [Book ref. 44, pp.
551-552.]

CCM Czechoslovak Collection of Microorganisms, J. E. Purkyne
University of Brno, Tr. Obrancu Miru 10, 66243 Brno,
Czechoslovakia.

CCNU  See N-NITROSO COMPOUNDS.

CcpA  See CATABOLITE REPRESSION.

CCPs Critical control points: see HACCP.

CCY medium A medium containing casein hydrolysate and
yeast extract; cultures on this medium are commonly incubated
under a CO;-enriched atmosphere.

CD (meaning of) See CELL ADHESION MOLECULE.

CD2 See IMMUNOGLOBULIN SUPERFAMILY.

CD3 A T-cell-receptor-associated antigen consisting of three
transmembrane polypeptides (v, § and ¢) which occurs in all T
cells (both aff and y5 types) and which is part of the so-called 7-
cell receptor complex. CD3 is not covalently linked to the T cell
receptor, and it does not bind antigen; however, when antigen
binds to the T cell receptor, serine and tyrosine residues on the
three polypeptides of CD3 undergo phosphorylation, and this
initiates part of the intracellular signalling in the T cell which
follows the binding of antigen.

CD4 A CELL ADHESION MOLECULE of the IMMUNOGLOBULIN SUPER-
FAMILY which occurs on some off and y8 T cells (see also CD8).

CD4 binds to MHC class II ligands on antigen-presenting
cells (APCs) when antigen is bound by the T cell receptor; such
binding stabilizes T cell-APC contact, and causes CD4 to act as
a signal-transducing molecule — this involving phosphorylation
of its intracellular domain by a specific kinase.

CD#4 also acts as a receptor for the human immunodeficiency
virus (HIV), allowing infection of CD4™" cells.

CDS See B LYMPHOCYTE.

CD8 A CELL ADHESION MOLECULE of the IMMUNOGLOBULIN SUPER-
FAMILY which occurs e.g. on some off and some y8 T cells (see
also cp4). CD8 binds to MHC class I ligands; like CD4, bound
CD8 acts as a signal-transducing molecule.



CD11a/CD18

CD11a/CD18 (syn. LFA-1) A CELL ADHESION MOLECULE of the
INTEGRIN family (o,f2) found on most leukocytes; when acti-
vated, it binds strongly to ICAM ligands (see e.g. INFLAMMA-
TION). (CD11a refers to the o subunit, CD18 to the f subunit.)

CD11b/CD18 (syn. Mac-1) See INTEGRINS.

CD11c¢/CD18 The CR4 receptor on macrophages; it binds e.g.
the C3bi fragment of complement.

CD14 A protein which occurs either in plasma or membrane-
associated on macrophages and fibroblasts. Cell-bound CD14
binds exogenous LIPOPOLYSACCHARIDES (LPS); such binding
(indirectly) stimulates the synthesis of cytokines — including
pro-inflammatory (e.g. IL-1, TNF) and anti-inflammatory (e.g.
IL-6, IL-10) molecules. The activity of LPS is greatly increased
by the ACUTE-PHASE PROTEIN lipopolysaccharide-binding protein
(LBP) which promotes the transfer of LPS to CD14.

CD15 (sialyl-Lewis x) A carbohydrate CELL ADHESION MOLECULE,
found on leukocytes, which binds to ligands of the SELECTIN
family (see e.g. INFLAMMATION).

CD16 (syn. FcyRIII) A CELL ADHESION MOLECULE, found on e.g.
PMNs and NK cells, which binds to the Fc portion of antigen-
bound antibody and is involved e.g. in ADCC.

CD18 See CELL ADHESION MOLECULE and INTEGRINS.

CD21 A CELL ADHESION MOLECULE which occurs e.g. on epithelial
cells of the oropharynx; it acts as a receptor for Epstein—Barr
virus. CD21 (= CR?2) is also found on B lymphocytes, and is
involved e.g. in antigen-dependent activation.

CD23 See EPSTEIN-BARR VIRUS and B LYMPHOCYTE.

CD28 A cell-surface molecule which occurs on T lymphocytes.
During presentation of antigen by an ANTIGEN-PRESENTING CELL to
a naive CD4* T cell, so-called co-stimulatory signals — which
promote clonal proliferation of the T cell and secretion of
cytokines — are generated when CD28 binds to certain molecules
on the APC —e.g. B7.1 (also written B7-1; = CD80) or B7.2
(B7-2; CD86). Co-stimulatory signals generated by such binding
(which are necessary for T cell development) lead e.g. to the
synthesis of INTERLEUKIN-2 by the T cell.

During presentation of antigen to an activated T cell,
CD80/CD86 binds preferentially to the cell-surface molecule
CDI152 (found only on activated T cells) — the affinity of
CD80/CD86 for CDI152 being greater than that for CD28.
(CD152 is also called cytokine T-lymphocyte-associated antigen-
4, or CTLA-4.) Unlike the binding between CD80/CD86 and
CD28, binding between CD80/CD86 and CD152 generates a
signal that is inhibitory to the T cell’s response, e.g. it inhibits
the synthesis of IL-2 in the lymphocyte.

(See also CD40.)

CD31 (syn. PECAM-1) A CELL ADHESION MOLECULE of the
IMMUNOGLOBULIN SUPERFAMILY which occurs e.g. on endothelial
cells, monocytes and platelets. Binding, apparently homophilic
(i.e. CD31-CD31), is believed to be necessary for extravasation
in INFLAMMATION.

CD32 See B LYMPHOCYTE.

CD34 A marker present on haemopoietic stem cells but not on
mature haemopoietic cells.

CD35 Complement receptor 1 (CR1): a glycoprotein present e.g.
in the membranes of erythrocytes (red blood cells, RBCs) and
of various nucleated blood cells, including B cells and some
T cells; plasma contains low levels of a soluble form of CR1
(sCR1).

CRI1 belongs to a family of COMPLEMENT control proteins.
The molecules of CR1 on RBCs bind immune complexes, and
these complexes are removed as the RBCs circulate through
the liver and spleen; CR1 promotes cleavage of the C3b and
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C4b components of complement, thus protecting the cell from
complement-mediated lysis.

The SI* antigen of the CR1 glycoprotein (an antigen of the
Knops blood group system) is associated with the phenomenon
of ‘rosetting’ in falciparum MALARIA.

CD36 See MALARIA (vaccines).

CD40 A cell-surface molecule which occurs on B lymphocytes.
During recognition of a thymus-dependent (TD) antigen by
antigen-specific B and T cells, CD40 binds to the T cell’s
CD40OL (gp39) antigen; such binding generates part of the
stimulus which results in clonal proliferation of the B cell and
class switching of antibody (IgM — IgG etc.). (The physical
interaction between T and B cells also generates signals that
activate clonal proliferation in the T cell: see cD28.)

(See also RNA EDITING.)

CD41b  See INTEGRINS.

CD44 (syn. homing-associated cell adhesion molecule, HCAM)
A CELL ADHESION MOLECULE found e.g. on monocytes, neu-
trophils, fibroblasts and memory T cells; it is apparently
unrelated to other CAMs. CD44 binds to e.g. collagen and
hyaluronate, and is apparently involved in ‘lymphocyte hom-
ing’ (i.e. translocation of lymphocytes between blood and lymph
vessels).

CD46 (membrane co-factor protein, MCP) A cell-surface mole-
cule on macrophages which acts as a receptor for COMPLEMENT
component C3b. (CD46 can also act as a receptor for the measles
virus; the binding of measles virus to CD46 inhibits the ability
of the macrophage to form INTERLEUKIN-12.)

CD48 A macrophage cell-surface glycoprotein which can bind
the type I FIMBRIAE of Escherichia coli. In the absence of
opsonizing factors, cells of E. coli that have type I fimbriae can
bind to CD48, initiating uptake into a phagosome which is not
acidified in the normal way and in which E. coli can survive.

CD50 See IMMUNOGLOBULIN SUPERFAMILY.

CD54 (syn. ICAM-1) A CELL ADHESION MOLECULE of the IMMUNO-
GLOBULIN SUPERFAMILY which occurs e.g. on endothelial and
epithelial cells, monocytes and fibroblasts. CD54 binds to certain
integrins (e.g. LFA-1, Mac-1). (See also INFLAMMATION.)

CD55 Decay-accelerating factor (DAF): a glycoprotein present in
the membranes of blood cells (red and white), endothelial cells,
and epithelial cells of the urinary and gastrointestinal tracts; DAF
accelerates decay of the C3 and C5 convertases in the classical
and alternative pathways of COMPLEMENT FIXATION, thus helping
to protect cells from complement-mediated lysis.

The DAF glycoprotein bears antigens of the Cromer blood
group system, and also acts as a receptor for Escherichia coli
and enteroviruses.

CD56 (syn. NCAM) See IMMUNOGLOBULIN SUPERFAMILY.

CD58 See IMMUNOGLOBULIN SUPERFAMILY.

CD61 See INTEGRINS.

CDG62E (syn. E-selectin; also known as endothelium—leukocyte
adhesion molecule-1, ELAM-1) A CELL ADHESION MOLECULE
of the SELECTIN family which is inducible, on endothelial
cells, by certain cytokines (e.g. IL-1p, TNF-a); it binds to
sialylated carbohydrate ligands on e.g. monocytes, neutrophils
and CD4™" T cells. CD62E is involved in the tethering stage of
INFLAMMATION.

CD62L  See SELECTINS.

CD62P See SELECTINS.

CD66 A category of cell adhesion molecules (of the
IMMUNOGLOBULIN SUPERFAMILY), some of which occur on
polymorphonuclear leukocytes (PMNs) and/or e.g. epithelial
cells. Specific molecule(s) — CD66a, c, d and/or e (not b) — can



bind neisserial OPA PROTEINS and, in at least some cases, mediate
uptake of bacteria by the eukaryotic cell.

CD69 An antigen detectable on immature T lymphocytes (thy-
mocytes) during the process of maturation in vivo.

CD77 antigen A B-lymphocyte differentiation antigen which
is structurally equivalent to the globotriosylceramide (Gbsz)
receptor for SHIGA TOXIN and the shiga-like toxins. These toxins
selectively kill B cells expressing IgG or IgA —so that the
immune response to infection may be actively suppressed by
toxin.

CD80 See cp2s.

CD81 A protein of the tetraspanin family which is found in
the cytoplasmic membrane of cells in many human tissues;
CD81 acts as a receptor for the E2 envelope glycoprotein of the
hepatitis C virus. [Three-dimesional structure of the extracellular
domain of CD81: EMBO (2001) 20 12-18.]

CD86 See cp2s.

CD95 See Fas.

CD102 (ICAM-2) A CELL ADHESION MOLECULE of the IMMUNO-
GLOBULIN SUPERFAMILY found e.g. on endothelial cells,
monocytes and some lymphocytes; it binds to the integrin LFA-
1, and may be involved in lymphocyte homing.

CD106 (VCAM-1, vascular cell adhesion molecule-1) A CELL
ADHESION MOLECULE of the IMMUNOGLOBULIN SUPERFAMILY found
e.g. on endothelial cells, macrophages and fibroblasts; it binds
to ligands of the integrin family, and is involved e.g. in the
adhesion of leukocytes to the endothelium during the flattening
stage of INFLAMMATION.

CD120a (pS5) See TNF.

CD120b (p75) See TNF.

CD152 See cD2s.

CDC Centers for Disease Control, a division of the US Public
Health Service.

cdc mutant  See CELL CYCLE.

cdl gene  See COLICIN PLASMID.

c¢DNA (complementary DNA; copy DNA) A DNA molecule
obtained by reverse transcription of an RNA molecule
(commonly an mRNA molecule).

c¢DNAs prepared from mature mRNAs are useful e.g. for
CLONING and expressing intron-containing eukaryotic genes; if
the genes themselves were cloned in bacteria, the presence of
intron(s) would prevent their expression. (Introns are removed
during the formation of mature mRNA — see SPLIT GENE.)

Most eukaryotic mRNAs [and some bacterial mRNAs: Micro-
biology (1996) 142 3125-3133] have a polyadenylate (poly(A))
tail at the 3’ end (see MRNA). To synthesize a cDNA molecule,
a short oligodeoxythymidine (oligo(dT)) strand is hybridized to
the poly(A) tail of the mRNA, and a REVERSE TRANSCRIPTASE,
together with a mixture of dNTPs, is then added; using oligo(dT)
as a primer, the reverse transcriptase synthesizes a DNA strand
on the mRNA template. The mRNA strand can then be removed
e.g. by alkaline hydrolysis or by RNase H. The DNA strand syn-
thesized by reverse transcriptase often folds over at the 3’ end
to form a HAIRPIN structure, thus providing a primer for the syn-
thesis of a complementary DNA strand by an appropriate DNA
polymerase; following such synthesis, the hairpin structure can
be opened by endonuclease S1 to form a linear dsDNA molecule
which is suitable for cloning.

CDP Cytidine 5'-diphosphate.

CDR factor See METHANOGENESIS.

CDSC Communicable Diseases Surveillance Centre,
Health Laboratory Service, Colindale, London, UK.
CDTA A chelating agent, trans-1,2-diamino-cyclohexane-N,N,

N’,N’-tetraacetic acid. CDTA complexes a range of cations (e.g.

Public
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celery yellow spot virus

Ba?*, Ca’t, Mg, Zn?"); complexes formed with either Ca>*
or Mg?*t are more stable than those formed by EDTA or EGTA
with these cations.

cea gene  See COLICIN PLASMID.

cecidia See GALLS.

cecidization GALL-formation.

cecropins A family of PEPTIDE ANTIBIOTICS; cecropins appear in
the haemolymph of the Cecropia moth (Hyalophora cecropia),
and certain other insects, following exposure to bacteria. (cf.
SARCOTOXINS.)

cedar apples See GYMNOSPORANGIUM.

Cedecea A genus of bacteria (family ENTEROBACTERIACEAE) iso-
lated from human clinical specimens (pathogenicity unknown).
[Book ref. 22, pp. 514-515.]

cefamandole See CEPHALOSPORINS.

cefazolin See CEPHALOSPORINS.

cefepime A fourth-generation CEPHALOSPORIN. Resistance to
cefepime has been associated with diminished permeability of
the outer membrane in Enterobacter aerogenes [Microbiology
(1998) 144 3003-3009] and with hyperproduction of the -
lactamase SHV-5 in Klebsiella pneumoniae [JCM (1998) 36
266-268].

cefixime A third-generation CEPHALOSPORIN. It has been used
e.g. (together with potassium tellurite) as a supplement to
SMAC medium (see EHEC); this supplement has been found to
increase the rate of isolation of Escherichia coli strain O157
by suppressing the growth of other non-sorbitol-fermenters (e.g.
strains of Proteus).

cefmenoxime See CEPHALOSPORINS.

cefonicid See CEPHALOSPORINS.

ceforanide See CEPHALOSPORINS.

cefotaxime See CEPHALOSPORINS.

cefoxitin A CEPHAMYCIN which, in e.g. Escherichia coli, binds
preferentially to PBP-1A (see PENICILLIN-BINDING PROTEINS) and
moderately well to other PBPs (but not to PBP-2).

Cefoxitin is active against a range of Gram-negative and
Gram-positive bacteria, including anaerobes such as Clostrid-
ium and members of the Bacteroides fragilis group. It is
resistant to many P-LACTAMASES, including extended-spectrum
B-lactamases, but may be sensitive to metalloenzyme f-
lactamases produced by certain strains of anaerobic bacteria.

Cefoxitin is an inducer of P-lactamases, so that it should not
be used in combination with another P-lactam antibiotic.

Cefoxitin has been useful e.g. as a systemic prophylactic
agent in both gastrointestinal and gynaecological surgery; when
combined with doxycycline it has been used for the treatment of
pelvic inflammatory disease, while a combination of cefoxitin
and an aminoglycoside antibiotic has been useful for treating
post-operative infections.

[Cefoxitin (review): RMM (1995) 6 146—153.]

cefpirome See CEPHALOSPORINS.

cefsulodin See CEPHALOSPORINS.

cefsulodin—Irgasan—novobiocin agar See CIN AGAR.

ceftazidime See CEPHALOSPORINS.

ceftizoxime See CEPHALOSPORINS.

ceftriaxone See CEPHALOSPORINS.

cefuroxime See CEPHALOSPORINS.

celecoxib See PROSTAGLANDINS.

celery crown rot See CROWN ROT.

celery mosaic virus See POTYVIRUSES.

celery yellow mosaic virus See POTYVIRUSES.

celery yellow spot virus See LUTEOVIRUSES.



celery yellows

celery yellows A YELLOWS disease of celery which may be caused
e.g. by an MLO or by the fungus Fusarium oxysporum; in the
latter case the main symptoms (stunting and yellowing) are due
to vascular occlusion by the pathogen.

celesticetin See LINCOSAMIDES.

cell adhesion molecule (CAM) In man and other animals: a
membrane-associated molecule characteristically involved in
cell—cell or cell-matrix adhesion and (often) in the signalling
between a cell and its environment. In the latter role, incoming
signals modulate various signalling pathways within the cell;
signals transmitted via CAMs influence various aspects of cell
physiology, including the cell cycle.

Most CAMs are proteins which consist of (i) a hydrophobic
transmembrane domain; (ii) an extracellular domain — which
can bind to a counter-receptor (a different type of molecule
on another cell) or to another extracellular ligand; and (iii) an
intracellular domain (often linked to the cytoskeleton of the cell).
A CAM may be normally present in an inactive form; under
appropriate conditions, activation may confer the ability e.g. to
bind a counter-receptor. The extracellular domain of a CAM
may act e.g. as a receptor for invasive bacterial pathogens (see
CADHERINS, INTEGRINS), or as a means of cell migration during
INFLAMMATION.

In a given cell, the type and number of CAMs depend on
factors such as stage of development, function (or change in
function), and the presence or absence of viral infection.

A CAM may be referred to by a ‘family’ name (see cross-
references, below) or by a CD (‘cluster of differentiation’) num-
ber. A given CD number (e.g. CD54) signifies a specific antigen
which has been identified by various batches of monoclonal anti-
bodies from different laboratories. An integrin molecule may
have two CD numbers (e.g. LFA-1 = CD11a/CD18); one num-
ber refers to the o subunit, the other to the f subunit.

See: CADHERINS, IMMUNOGLOBULIN SUPERFAMILY, INTEGRINS,
SELECTINS and CD44; see also separate entries under ‘CD’.

cell-bound antibodies Antibodies bound by their combining
sites to homologous cell-surface antigens, or bound by other
sites (see e.g. CYTOPHILIC ANTIBODIES) to cell-surface receptors.

cell culture See TISSUE CULTURE.

cell cycle In prokaryotic or eukaryotic microorganisms: the
sequence of events which occur in a growing cell during the
period between the cell’s formation from its parent cell and
the division of the cell itself into daughter cells; this period of
time includes (i) initiation of DNA replication from at least one
chromosomal origin, (ii) the replication of chromosome(s), (iii)
the segregation of chromosomes, (iv) the formation of a septum
or intercell partition, and (v) cell division. These events always
occur strictly in the same order. The events which constitute the
cell cycle are regulated by both extracellular (environmental)
and cell-associated factors.

One event regarded as an important juncture in the cell cycle
is the initiation of DNA replication; earlier workers proposed
two main hypotheses to account for the regulation of this stage
of the cell cycle.

In the ‘G; event model’ (devised primarily for eukaryotic
cells), triggering of DNA replication, and subsequent cell
division, is dependent on event(s) which occur only during a
specific part of the cell cycle (the G; phase — see below).

In the ‘continuum model” (postulated to refer to both prokary-
otic and eukaryotic cells), a hypothetical initiator of DNA repli-
cation is produced by the cell during all phases of the cell cycle;
initiation of DNA replication occurs when the concentration of
initiator, per origin of replication in the cell, reaches a certain
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critical level — the concentration of initiator (per origin) then
falling sharply owing to the abrupt doubling of numbers of avail-
able origins at the start of replication. (It follows from this model
that a cell can govern its rate of division by regulating the rate
of synthesis of the initiator.)

In both models, initiation of DNA replication is a key event
which occurs late in an empirically defined phase that follows
cell division and precedes the next round of DNA replication.
Once DNA replication has begun the cell is normally committed
to continue replication to completion; the point at which a cell
becomes committed to DNA replication has been called the
restriction point (= R point, or R) or, simply, start.

(a) The eukaryotic cell cycle. The typical cell cycle in eukary-
otes consists of the following sequence of phases:

S phase. DNA replication.

G, phase. Gap phase 2: the period between the end of DNA
replication and the start of mitosis.

M phase. MrtosIs and cell division.

G phase. Gap phase 1: the period between cell division and
the start of DNA replication.

The total period (G + S + Gy) is called interphase. (In some
lower eukaryotes, e.g. Physarum, the cell cycle apparently lacks
a G phase.)

Non-cycling (‘resting’) cells are said to be in the G phase.

A given phase in the cell cycle is characterized e.g. by the
cell’s PLOIDY; thus, in a ‘diploid” cell, the ploidy is 2n in Gy,
2n—4n in S, and 4n in Gs.

Typically, when variation occurs in the rate of cell growth
and division (due e.g. to nutritional factors) it is the length of G
which varies, i.e. the other two phases remain relatively constant
in length over a wide range of growth rates.

Regulation of the eukaryotic cell cycle. The cell cycle can be
regulated by signals from outside the cell; thus, cells exposed to
e.g. certain growth-inhibitory factors or sex pheromones become
arrested in the G; phase. (Those cells which, at the time of
exposure, are in the S, G, or M phase complete their cycling to
the G; phase.)

To investigate regulatory mechanisms within the cell, studies
have been carried out e.g. on the yeasts Saccharomyces cere-
visiae and Schizosaccharomyces pombe. Particularly useful have
been the cell-division-cycle mutants (cdc mutants) in which the
cell cycle is arrested at specific stage(s). The products of some
cdc genes have been found to influence more than one point
in the cycle; for example, the cdc2 gene product of S. pombe
(Cdc2) affects the cycle in late G; and also in late Gj.

‘What kind of internal regulatory mechanisms are involved? At
certain points in the cell cycle there are ‘gates’ or ‘checkpoints’
at which the cell makes a decision to either continue through the
cycle or stop cycling; one such checkpoint is start (mentioned
earlier). Continuation through start depends e.g. on the nutrient
status of the cell’s environment, i.e. the cycle is arrested at the
start checkpoint if nutrient levels are inadequate.

The effector molecules involved in regulating ‘continue/stop’
decisions are certain types of protein. They include PROTEIN
KINASES and PROTEIN PHOSPHATASES; a cyclical element is con-
tributed by the CYCLINS (q.v.) which accumulate intracellularly,
prior to checkpoints, and are cleaved on passage through the
checkpoints.

(b) The prokaryotic cell cycle. In prokaryotes, most studies
on the cell cycle have been carried out on bacteria — particularly
Escherichia coli; the following account is based primarily on the
cell cycle in E. coli. [Cell cycle in the Archaea: Mol. Microbiol.
(1998) 29 955-961.]



In bacteria, the cell cycle typically involves a period of growth
followed by division into two similar or identical daughter
cells (BINARY FISSION). (An atypical cell cycle occurs e.g. in
CAULOBACTER (q.v.).) The daughter cells receive equal numbers
of chromosome(s). Chromosome replication and cell division
are related in a manner described by the HELMSTETTER-COOPER
MODEL (q.V.).

The cell’s dimensions during growth. Cells that are growing
rapidly are larger (in both mass and volume) than those growing
more slowly. If the doubling time is less than ~1 hour, the C
and D periods (see HELMSTETTER-COOPER MODEL) are more or
less constant; at the beginning of each C period the cell’s mass
(= initiation mass) is also virtually constant for a given rate of
growth. Under these conditions, it follows that the faster a cell
grows the greater will be the increase in cell mass and volume
during the (constant) C 4 D interval prior to cell division.

Cells of E. coli growing at a constant rate increase in size
mainly by elongation (the diameter of the cells remaining largely
unchanged). If the growth rate is increased, newly formed cells
are larger than those formed at the lower rate. During up-
regulation of the growth rate, the cell’s diameter increases
slowly, but the increase in cell length occurs more rapidly and, in
fact, initially ‘overshoots’ — cells being longer than appropriate
for the new, higher rate of growth; during ongoing growth at
the new rate, the cell diameter increases to its new value while
the cell length decreases to its final value (which is still higher
than that at the lower rate of growth). If growth rate falls, the
cell’s diameter, as before, adjusts more slowly than the cell’s
length — the latter exhibiting an initial ‘undershoot’ [JGM (1993)
139 2711-2714].

In Bacillus subtilis, determination of the rod shape appears
to involve helical, actin-like filaments within the cell. Filaments
composed of MreB protein may influence the cell’s width. Those
of Mbl protein influence longitudinal growth; they seem to guide
the cell-wall-synthesizing machinery. These types of protein are
found in many species, including Escherichia coli. Some bacteria
(e.g. Corynebacterium glutamicum) lack these proteins; in these
bacteria the rod shape may be maintained through polar growth.
[Bacterial morphogenesis: Cell (2003) 713 767-776.]

Synthesis of the cell envelope. During steady growth, cell
envelope material is presumably being synthesized more or less
continually throughout the cell cycle. Studies on the turnover of
PEPTIDOGLYCAN in growing cells of the (Gram-negative) bacillus
E. coli suggest that the lateral wall of the cell contains a
monolayer of peptidoglycan and that multilayered peptidoglycan
may occur at the poles [JB (1993) 775 7—11]. In Gram-positive
bacteria, wall growth is believed to follow the INSIDE-TO-OUTSIDE
MODEL.

Holtje [Microbiology (1996) 142 1911-1918] described a
model for the mode of incorporation of newly synthesized
peptidoglycan in the growing sacculus: see THREE-FOR-ONE
MODEL.

It has been assumed that synthesis of the CYTOPLASMIC
MEMBRANE proceeds passively (secondarily to the growing
peptidoglycan sacculus). However, it has been reported that
peptidoglycan synthesis is dependent on the synthesis of mem-
brane phospholipids — a finding which suggests a novel mecha-
nism for the regulation of growth of the cell envelope [Micro-
biology (1996) 142 2871-2877].

DNA replication. As mentioned, co-ordination between chro-
mosome (DNA) replication and cell division is described by the
HELMSTETTER-COOPER MODEL.

Regulation of the initiation of a round of DNA replication is
not understood — although a link between the timing of initiation

137

cell cycle

and growth rate can be seen in the Helmstetter—Cooper model
by comparing the start of the C periods in slow-growing and
rapidly growing cells.

Although the precise mechanism of initiation is unknown,
several factors appear to be important. [Some similarities among
the initiators of DNA replication in Bacteria, Archaea and
Eucarya: FEMS Reviews (2003) 26 533-554.]

One factor is the intracellular concentration of DnaA protein
(or possibly an activated form of it); thus, replication is
dependent on the initial binding of a number of DnaA molecules
at specific sites (DnaA boxes) within the oriC region of
the chromosome — such binding being followed by localized
‘melting’ (i.e. strand separation) in the DNA, a prerequisite
for replication. The concentration of DnaA molecules within
the cell is therefore critical because replication is delayed
until the DnaA boxes have been occupied. Studies with in
vitro replication systems have identified mutant DnaA proteins
defective in opening the duplex at oriC [Mol. Microbiol. (2000)
35 454-462].

The link between initiation and growth rate, mentioned earlier,
possibly involves guanosine 5'-diphosphate 3’-diphosphate (=
‘guanosine tetraphosphate’; ppGpp) — a small molecule whose
concentration is inversely proportional to growth rate; the high
levels of ppGpp found during slow growth can e.g. inhibit
synthesis of DnaA protein (at the level of transcription), and
this may result in delayed initiation.

Another factor apparently involved in initiation is the Fis
protein (fis gene product). Like DnaA, Fis has binding sites
in the oriC region; moreover, it appears to regulate genes
which include those encoding DnaA and the B subunit of DNA
polymerase III [JB (1996) /78 6006-6012]. Fis binds at oriC
in a cell-cycle-specific way [EMBO (1995) 14 5833-5841],
forming an ‘initiation-preventive’ complex [NAR (1996) 24
3527-3532]. Nevertheless, the way in which Fis influences the
timing of initiation is unknown.

Initiation may also be influenced by the degree of methylation
in the oriC region — a certain level of methylation apparently
being necessary for a functional oriC. It has been suggested
that, after a round of replication, the oriC region in a daughter
cell may be left temporarily hemi-methylated (i.e. methylated in
only the template strand), and that the time needed to achieve
a functional level of methylation may affect the timing of
initiation.

Decatenation and partition of chromosomes. Newly synthe-
sized chromosomes are catenated (i.e. interlocked, like the links
of a chain); clearly, prior to partition, the chromosomes have to
be separated, and this process is carried out by TOPOISOMERASES.
(If decatenation is prevented, e.g. by mutation in an essential
topoisomerase gene, the result may include the formation of fil-
amentous cells, containing interlocked chromosomes, as well as
anucleate cells which have no chromosome; this can occur e.g.
in cells of E. coli which are mutant in the parC gene which
encodes a subunit of topoisomerase 1V.)

On separation, each chromosome forms a compact nucleoid;
this may involve the binding of many molecules of HU protein
[Mol. Microbiol. (1993) 7 343-350].

The way in which nucleoids are partitioned to daughter
cells is unknown. Various mechanisms have been suggested:
(i) attachment to the cytoplasmic membrane — the nucleoids
being segregated mechanically; (ii) mutual repulsion between
nucleoids; (iii) the extrusion—capture model, in which extrusion
of DNA from the ‘replication factory’ (replisome) provides the
energy for partition [GD (2001) 75 2031-2041].
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In Bacillus, the oriC regions may be drawn apart actively
[JB (1998) 180 547-555]. In B. subtilis the Smc protein
seems to contribute to nucleoid structure — hence promoting
normal segregation. [Segregation (primarily in B. subtilis):
Microbiology (2001) 7147 519-526.]

After the report of ‘mitosis-like’ partitioning of plasmid R1
in E. coli [EMBO (2002) 27 3119-3127] it was suggested that
actin-like filaments of MreB protein (a ‘cytoskeletal’ element
associated with the maintenance of cell shape in rod-shaped
bacteria) may mediate a similar process in the segregation of
nucleoids; dysfunctional MreB inhibits chromosome segregation
in E. coli [EMBO (2003) 22 5283-5292].

Septum formation. In E. coli, a cross-wall (septum) eventually
divides the growing cell into two daughter cells. This process
starts with the formation of a ring-shaped structure composed
of FtsZ molecules (encoded by ftsZ) circumferentially on the
inner surface of the cytoplasmic membrane — mid-way along the
length of the cell; this FtsZ ring (‘Z ring’) marks the plane of
the forthcoming septum. (Expression of FtsZ may be influenced
by ppGpp [JB (1998) 180 1053-1062].) Binding between
FtsZ and ZipA (a cytoplasmic membrane protein) is reported
to be necessary for cell division [Cell (1997) 88 175-185].
[Interaction between ZipA and a C-terminal fragment of FtsZ
(X-ray crystallography): EMBO (2000) /9 3179-3191.]

Assembly of the Z ring apparently begins at a nucleation site
and proceeds, bidirectionally, around the circumference of the
cell; development of nucleation sites themselves may involve
the Era protein (product of the era gene; a GTPase of the Ras
superfamily) which seems to be a key factor in the control of
cell division [Mol. Microbiol. (1998) 29 19-26].

During cell division the septum must form mid-way along
the cell — not at alternative polar sites; the Z ring is guided
by the min gene products. In one model for this guidance
system, MinE molecules form a circumferential, annular band
at mid-cell. This MinE ring oscillates, i.e. it moves alternately
towards one pole and then the other; this causes the MinCD
proteins to oscillate between opposite poles of the cell — so that
the (inhibitory) influence of MinC on FtsZ polymerization is
minimal at the mid-cell location, permitting assembly of the FtsZ
ring at the mid-cell position [Science (2002) 298 1942—-1946].
(During oscillation of MinCD proteins, arrival/departure at the
cell’s poles involves binding/hydrolysis of ATP.) One report
suggested that the oscillation of MinD may involve ATP-
dependent polymerization of MinD into fibres [PNAS (2002)
99 16776-16781].

A fluorescent image of the FtsZ ring has been obtained by
means of gene fusion between ftsZ and the gene for green
fluorescent protein [PNAS (1996) 93 12998-13003].

An FtsZ ring has been reported in anucleate cells, indicating
that division sites can develop even in the absence of a
chromosome [Mol. Microbiol. (1998) 29 491-503].

The Z ring also occurs in members of the Archaea; this
suggests that the apparatus for cell division was similar in an
ancestral prokaryote [Mol. Microbiol. (1996) 2/ 313-319].

In the plane of the Z ring, peptidoglycan grows inwards to
form the septum; this begins very early in the development of
the division site [JB (2003) 185 1125-1127].

Cell division. The septum is split into two layers, each of
which forms the new pole (end) of a daughter cell; this process
is carried out by the EnvA protein. The OUTER MEMBRANE grows
inwards to complete the cell envelope.

The morphogenes encode those products, such as EnvA, FtsZ
and the MinCDE proteins, which ensure that, during the cell
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cycle, proteins are synthesized at the right times and targeted to
correct locations within the cell.

Control of the cell cycle. The occurrence of a given event
in the cell cycle could depend directly on the occurrence of
the previous event in the sequence. An alternative view is that
the cell cycle is a sequence of independent events that are co-
ordinated. Co-ordination was suggested [Mol. Microbiol. (1991)
5 769-774] for reasons that include e.g. (i) The inhibition of
certain cell cycle events does not necessarily inhibit others.
Thus, cell division can occur, for example, without proper
partitioning of the nucleoids — i.e. division can proceed in the
absence of a ‘signal’ from the event that normally precedes
division. (ii) There is no evidence for direct coupling between
chromosome replication and cell division. However, there is
evidence for indirect co-ordination: damage to DNA (which
may inhibit chromosome replication) triggers the so-called sos
SYSTEM which, among other effects, inhibits cell division.

More recent studies on e.g. CAULOBACTER show that the cell
cycle has checkpoints: stages at which, normally, a given event
must be completed before the next can begin [see JB (2003) /85
11281146 (1135-1136)]. (See also essential TWO-COMPONENT
REGULATORY SYSTEMS.)

cell disruption The breaking of cells — usually for analysis of
their components. Methods include: (a) Exposure to physical
forces (see e.g. BRAUN MSK TISSUE DISINTEGRATOR, FRENCH PRESS,
HUGHES PRESS, ULTRASONICATION). (b) Enzymic digestion of spe-
cific cell wall components — e.g. the digestion of PEPTIDOGLY-
CAN by LYSOZYME or LYSOSTAPHIN; cells thus weakened can be
lysed osmotically. The morphology and structure of a cell influ-
ence the ease with which it is broken. Cells most resistant to
mechanical disruption include yeasts, bacterial endospores, and
Gram-positive cocci; Gram-negative bacteria are less resistant,
and the least resistant include protozoa and other animal cells.
Once cells are broken, their components become susceptible to
the action of e.g. AUTOLYSINS. (See also CELL FRACTIONATION.)

cell envelope (bacteriol.) The CYTOPLASMIC MEMBRANE together
with all layers external to it — including the CELL WALL and/or
(where applicable) an S LAYER.

cell fractionation The separation of cell components. Fraction-
ation is preceded by some form of CELL DISRUPTION. Methods
of fractionation include various forms of CENTRIFUGATION, CHRO-
MATOGRAPHY and ELECTROPHORESIS.

cell-free ice nuclei See ICE NUCLEATION BACTERIA.

cell fusion See e.g. HYBRIDOMA; see also PROTOPLAST FUSION.

cell line (fissue culture) The heterogeneous population of cells
resulting from the first subculture of a PRIMARY CULTURE, or from
subsequent serial passaging of the cells. (cf. CLONED LINE and
ESTABLISHED CELL LINE.)

cell-mediated cytotoxicity Lysis of specific or non-specific target
cells by certain types of lymphoid cell. Lysis by CD8™ cytotoxic
T cells is triggered by specific antigen present at the surface
of the target cell, is subject to HISTOCOMPATIBILITY RESTRICTION
(involving MHC class I antigens), and is independent of both
antibody and complement (see T LYMPHOCYTE). Cytotoxicity
mediated by CD8™ T cells is important e.g. as a defence against
viral infections (antigen-specific T cells can lyse virus-infected
cells which bear virus-specific cell-surface antigens). Lysis of the
target cell requires a single collision with a functional cytotoxic
T cell — which can kill repeatedly.

For other types of cell-mediated cytotoxicity see ADCC and NK
CELLS.

All types of cell-mediated cytotoxicity appear to require
divalent cations (Ca?t, Mg?™).



cell-mediated hypersensitivity Syn. DELAYED HYPERSENSITIVITY.

cell-mediated immunity (CMI) Any form of immunity which
can be transferred to a non-immune individual by the transfer of
cells (including e.g. LYMPHOCYTES) but not by (cell-free) serum
or plasma (see DELAYED HYPERSENSITIVITY), or in which cells are
directly involved as effectors (see CELL-MEDIATED CYTOTOXICITY).
(cf. HUMORAL IMMUNITY; see also AIDS.)

cell membrane Syn. CYTOPLASMIC MEMBRANE.

cell sap (1) The fluid in a plant cell vacuole. (2) Syn. CYTOSOL.

cell sorter See e.g. FACS.

cell wall In most algae, archaeans, bacteria and fungi: the struc-
ture which forms a (usually rigid) layer external to the cyToO-
PLASMIC MEMBRANE and which is responsible for the shape of
the organism; it protects the protoplast from mechanical dam-
age, osmotic lysis etc., and it may also serve as a permeability
barrier to ANTIBIOTICS and other substances. Microbial cell walls
differ greatly in structure and composition, according to type
and species.

(a) Algal cell walls. Although a few algae (e.g. DUNALIELLA,
PORPHYRIDIUM) lack cell walls, the majority have a cell wall
composed of one or more layers of microfibrillar polysaccha-
ride embedded in a matrix of amorphous polysaccharide (cf.
CHLAMYDOMONAS); in many species a layer of mucilaginous
polysaccharide also occurs external to the cell wall.

The most common microfibrillar component in algal cell walls
iS CELLULOSE, which occurs e.g. in members of the Phaeophyta
and in many members of the Chlorophyta (e.g. Chaetomor-
pha, Chlorella, Scenedesmus), Rhodophyta and Xanthophyceae
(e.g. Botrydium, Vaucheria). The proportion of cellulose varies
from species to species but is often small compared with that
of the matrix polymers. In some green algae (e.g. Bryop-
sis (gametothallus), Caulerpa, Halimeda, Penicillus, Udotea)
and red algae (e.g. Palmaria palmata, Porphyra umbilicalis)
XYLANS replace cellulose as the main microfibrillar component
of the wall. A (1 — 4)-B-linked MANNAN is the main structural
polysaccharide in the cell walls of e.g. Acetabularia and Codium
spp; a mannan also occurs as an external layer (cuticle) in the
red algae Porphyra umbilicalis and Bangia fuscopurpurea. Xylo-
mannan is a major component of Prasiola japonica.

Matrix polymers in algal cell walls are many and varied; they
include e.g. AGAR, ALGINATE, CARRAGEENAN and FUCOIDIN.

The walls of some algae contain inorganic materials such as
silica (see e.g. DIATOMS) and calcium carbonate (e.g. as a surface
encrustation in the CHAROPHYTES); calcium carbonate occurs as
calcite in some species, aragonite in others (e.g. HALIMEDA).
Many unicellular algae of the CHRYSOPHYTES, PRYMNESIOPHYCEAE
and ‘PRASINOPHYCEAE' have a cell covering composed of scales,
each consisting of an organic base in which silica or calcite may
be deposited. In the Prymnesiophyceae and ‘Prasinophyceae’
these scales are synthesized in the Golgi apparatus and are
released to the exterior by fusion of the Golgi vesicles with
the cytoplasmic membrane. (See also THECA.)

In those algae which have a heteromorphic alternation of gen-
erations, the different phases may have different cell wall struc-
tures/compositions; for example, in Derbesia marina/Halicystis
ovalis, the Derbesia phase has cell walls containing mannan,
while the Halicystis phase has walls containing cellulose and
glucoxylan. Gametes and spores may lack cell walls.

Many algal walls may be stained for light microscopy with
e.g. ALCIAN BLUE (for acidic polysaccharides), PAS, or TOLUIDINE
BLUE (which gives a pink colour with carboxyl and sulphate
groups).

[Review: Book ref. 38, pp 278-332.]
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(b) Bacterial cell walls. Although some species are wall-less
(see e.g. MYCOPLASMA), a cell wall is present in the majority
of bacteria; moreover, there may be layer(s) external to the cell
wall proper — see e.g. CAPSULE, M PROTEIN, S LAYER.

Traditionally, bacterial cell walls have been classified into
two major types: the Gram-positive type and the Gram-negative
type (see also GRAM TYPE). However, while generally classified
as Gram-negative organisms, the cyanobacteria commonly have
cell walls that exhibit features of both Gram-negative and Gram-
positive species [JB (2000) 782 1191-1199].

The bacterial cell wall is a target for certain ANTIBIOTICS (see
e.g. P-LACTAM ANTIBIOTICS and VANCOMYCIN).

Gram-positive-type walls are relatively thick (ca. 30—50 nm)
and appear to be largely homogeneous by electron microscopy.
The wall consists mainly of PEPTIDOGLYCAN (up to ~80% dry
weight), and this polymer accounts for ~20—40 nm of the wall’s
thickness. The backbone chains of peptidoglycan run parallel to
the cell surface; they are orientated perpendicular to the long axis
of the cell. During wall growth, new glycan chains appear to be
intercalated between existing chains (see THREE-FOR-ONE MODEL).
Various acidic and/or neutral polymers (e.g. TEICHOIC ACIDS,
TEICHURONIC ACIDS) are covalently linked (via a phosphodiester
bridge) to the C-6 of N -acetylmuramic acid residues — either
directly or via ‘linkage units’. In some genera the cell wall
contains lipids (see e.g. MYCOBACTERIUM) or carbohydrates (e.g.
C SUBSTANCE). Some compounds (e.g. lipoteichoic acids) are
closely associated with, but not covalently linked to, the wall. A
hydrophilic trans-wall channel occurs in STREPTOMYCES and in a
species of Corynebacterium [JB (2003) 185 4779-4786].

The precise composition of the Gram-positive type cell wall
may vary with growth conditions and with the degree of
maturity of the wall; thus, e.g. in Bacillus spp the presence
of teichoic and/or teichuronic acids in the cell wall is influenced
by environmental levels of phosphate, while (in various genera)
the degree of cross-linking is greater in mature than in newly
synthesized peptidoglycan. (See also INSIDE-TO-OUTSIDE MODEL.)

Gram-negative-type walls are thinner than the walls in Gram-
positive species and they have a distinctly layered structure; they
are ~20-25 nm in thickness, of which the peptidoglycan layer
(the innermost layer of the cell wall) may contribute less than
~6 nm (being less than ~10% dry weight of the cell wall). (It
has been suggested that the lateral wall in Escherichia coli may
contain a monolayer of peptidoglycan [JB (1993) 175 7-11].)

External to the peptidoglycan layer is the OUTER MEMBRANE;
some of the BRAUN LIPOPROTEIN molecules of the outer membrane
are covalently linked to peptidoglycan; in e.g. E. coli the 6-
amino group of the C-terminal lysine residue of the lipoprotein
is linked by a peptide bond to a DAP residue in peptidoglycan.
At a number of sites, the outer membrane apparently fuses with
the cytoplasmic membrane to form ADHESION SITES.

(See also CELL CYCLE; L FORMS; PERIPLASMIC REGION; SPHAERO-
PLAST; ZETA POTENTIAL.)

(c) Fungal cell walls. Cell walls are present in most fungi
(absent in Coelomomyces) and they consist chiefly of polysac-
charides which vary e.g. according to taxonomic group.

The architecture of the fungal cell wall seems to be basically
similar in many cases: one or more alkali-insoluble, possibly
microfibrillar polysaccharides (e.g. CHITIN, CELLULOSE, other
P-glucans) form an innermost ‘structural’ layer, while other
(commonly alkali-soluble) components occur throughout the
wall — forming an outer layer and also permeating the structural
layer. The various wall components may be more or less
extensively bonded together by hydrogen, ionic and/or covalent
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bonds, and the wall may be surrounded by a gel-like or
mucilaginous CAPSULE. [Survey of fungal cell walls: Book ref.
38, pp 352-394.]

In (mycelial) basidiomycetes, ascomycetes and chytridio-
mycetes the main structural components are typically chitin
and P-p-glucans (usually containing (1 — 3)- and (1 — 6)-
linkages in varying proportions); these polymers are closely
associated (possibly covalently linked) to form an alkali-
insoluble complex. (This association may prevent the formation
of crystalline microfibrils of chitin in the native cell wall [Book
ref. 38, pp 355-357]; microfibrils of a-chitin readily form on
chemical extraction of the B-glucan.) Alkali-soluble components
of these walls include glycoproteins (usually containing mannose
and/or galactose in ascomycetes, xylose and mannose in
basidiomycetes) and (1 — 3)-o-D-glucans.

In zygomycetes the cell wall typically contains CHITOSAN
closely associated with poly-anionic substances such as
polyphosphate and polyglucuronate (cf. MUCORAN); glucans
appear to be absent.

In oomycetes the main structural component is cellulose,
occurring  with (1 — 3)-f-p-glucans and/or (1 — 6)-B-D-
glucans; in some oomycetes (e.g. certain members of the
Leptomitales, Peronosporales, Saprolegniales), and in some
members of the Hyphochytriomycetes, the walls contain both
cellulose and chitin.

In yeasts the cell wall tends to reflect taxonomic affinities.

In Saccharomyces cerevisiae (an ascomycetous yeast) the
wall consists mainly of alkali-insoluble p-glucans and mannan
(as phosphomannoprotein) in roughly equal amounts; chitin
is only a minor component, occurring mainly in the primary
septa and bud scars but also dispersed throughout the wall.
The glucan forms the innermost layer which comprises two
components. The major component (which apparently provides
the rigid framework of the wall) is a f-glucan containing mostly
(1 — 3)-linkages with some (1 — 6)-linkages, while the minor
component contains mainly (1 — 6)-p-linkages with some (1 —
3)-B-linkages. The mannan component in S. cerevisiae is an
extensively branched polymer (containing (1 — 6)-a-, (1 —
2)-a- and(1 — 3)-a-linkages) covalently bound to protein. This
mannoprotein forms a continuous layer at the wall surface and
penetrates the inner glucan layer to some depth; it may have
a role in determining the porosity of the wall, and it can
e.g. protect the glucan from the action of P-glucanases such
as the Z-glucanase ZYMOLYASE [JB (1984) 159 1018-1026].
The mannoprotein molecules are linked covalently (e.g. by
disulphide bonds) and by hydrogen and ionic bonds to the
glucan and to each other. (Mannoproteins with specific functions
(e.g. INVERTASE, acid phosphatase, molecules involved in sexual
recognition and agglutination) also occur in the cell wall and/or
periplasmic space.)

The walls of other yeasts may differ from those of S. cerevi-
siae. For example, while the walls of Candida albicans yeast
cells are essentially similar to those of S. cerevisiae, the alkali-
insoluble PB-glucans are highly branched, having a higher pro-
portion of (I — 6)-B-linkages [JGM (1984) 130 3295-3301].
Schizosaccharomyces pombe contains no chitin, and little or no
mannan; instead, it contains (1 — 3)-a-D-glucan (PSEUDONIG-
ERAN) and (1 — 3)-p-pD-glucan. The yeast Sporobolomyces (a
basidiomycete) contains mainly chitin and galactomannan in its
walls.

Different morphological forms of a given fungus may show
differences in wall composition and structure; thus, for example,
in Mucor rouxii the hyphal wall contains a high proportion of
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chitosan but no melanin, while spore walls of this fungus contain
much less chitosan, more glucan, and up to ca. 10% by dry
weight of MELANIN.

Wall structure also differs between mycelial and yeast forms
of DIMORPHIC FUNGI (sense 1); for example, in Mucor rouxii the
transition from mycelial form to yeast form is accompanied by
the appearance of mannan in the walls. In Paracoccidioides
brasiliensis the yeast-form walls contain (I — 3)-a-D-glucan
as the sole glucan, while mycelial walls contain (I — 3)-p-D-
glucan/(1 — 6)-p-D-glucan in addition to the a-glucan.

In addition to their role as structural components, some
fungal wall polymers can be used as endogenous sources of
nutrient (for example, during carbon starvation or fruiting body
formation — see e.g. PSEUDONIGERAN).

Certain antifungal antibiotics function by interfering with
cell wall biosynthesis: see e.g. ACULEACIN A; NIKKOMYCINS;
PAPULACANDIN B; POLYOXINS.

(See also GROWTH (fungal).)

(d) Archaeal cell walls. Distinctive types of cell wall occur in
members of the Archaea; there are also wall-less species (e.g.
Thermoplasma).

Archaeal walls include those which consist mainly or solely
of an s LAYER that is closely associated with the cytoplasmic
membrane; this type of wall occurs e.g. in species of Desul-
furococcus, Halobacterium, Methanococcus and Thermoproteus.
Heteropolysaccharides occur in the cell walls of Halococcus and
Methanosarcina, and PSEUDOMUREIN occurs in the cell wall of
Methanobacterium and Methanobrevibacter.

cellar fungus Coniophora puteana. (cf. WET ROT.)

cellobiase See CELLULASES.

cellobiohydrolase Exoglucanase: see CELLULASES.

cellobiose A reducing disaccharide: P-p-glucopyranosyl-(1 —
4)-D-glucopyranose. (See also CELLULASES and LIGNIN.)

cellobiose:quinone oxidoreductase See LIGNIN.

cellodextrins Oligomers of (1 — 4)-f-p-linked glucopyranosyl
residues formed by the action of CELLULASES on CELLULOSE.

cellular (1) Of or pertaining to a cell or cells. (2) Having the
form and characteristics of a (single) cell. (3) Composed of
two or more cells. (cf. ACELLULAR; see also UNICELLULAR and
MULTICELLULAR.)

cellular immunity (1) CELL-MEDIATED IMMUNITY. (2) Aspects of
NON-SPECIFIC IMMUNITY mediated e.g. by macrophages and other
phagocytic cells.

cellular microbiology A branch of microbiology concerned with
the interactions between microorganisms and eukaryotic cells at
the molecular level. [Science (1996) 271 315-316; Book ref.
218.]

cellular slime moulds SLIME MOULDS in which the vegetative
phase consists of uninucleate amoeboid cells (myxamoebae)
which aggregate to form a multicellular pseudoplasmodium from
which the fruiting bodies arise. Classes: ACRASIOMYCETES and
DICTYOSTELIOMYCETES. (cf. MYXOMYCETES.)

cellulases Enzymes which degrade at least some forms of CELLU-
LOSE. Endoglucanase (endo-(1 — 4)-p-p-glucanase, endocellu-
lase, (1 — 4)-p-p-glucan 4-glucanhydrolase, EC 3.2.1.4) attacks
more or less randomly at sites within (1 — 4)-p-D-glucan chains
in amorphous regions of cellulose or at the surfaces of microfib-
rils. Exoglucanase (exo-(1 — 4)-p-pD-glucanase, exocellulase,
(1 — 4)-B-p-glucan cellobiohydrolase, EC 3.2.1.91) releases
cellobiose (and, in some cases, glucose) from non-reducing ends
of p-p-glucan chains. B-Glucosidase (cellobiase, p-D-glucoside
glucohydrolase, EC 3.2.1.21), hydrolyses cellobiose and water-
soluble cellodextrins to glucose. Many cellulolytic organisms
produce a number of isoenzymes.



Many fungi, several bacteria, and a few protozoa (e.g.
Trichonympha) can degrade cellulose, but their activities depend
e.g. on the degree of polymerization and crystallinity of the
cellulose and its association with hemicelluloses and LIGNIN (see
CELLULOSE). Crystalline cellulose is highly resistant to enzymic
attack; most of the glucan chains in microfibrils are inaccessible
to enzymes, and any (surface) bonds cleaved by endoglucanase
action can readily be re-formed owing to the stable orientation of
the (hydrogen-bonded) glucan chains. Degradation of crystalline
cellulose requires the synergistic action of both endoglucanase
and exoglucanase; the exoglucanase rapidly removes cellobiose
units from the newly created ends formed by endoglucanase
action, thus preventing the re-formation of glucosidic bonds. The
two enzymes may act consecutively or in concert. Alternative
pathways probably also occur — e.g. the progressive release
of cellobiose and/or glucose by exoglucanase action only.
[PTRSLB (1983) 300 283-291.] Both exo- and endoglucanases
are inhibited by cellobiose, and P-glucosidase action (which
eliminates cellobiose) is often the rate-limiting step in cellulose
degradation. (Cellobiose may also be degraded by cellobiose
phosphorylase, EC 2.4.1.20, or oxidized by cellobiose oxidase
or by cellobiose:quinone oxidoreductase (see LIGNIN).)

Cellulases are subject to induction (in the presence of cellu-
lose) and to catabolite repression; SOPHOROSE (formed e.g. from
cellobiose by transglycosylation reactions) is an effective inducer
in many (but not all) cellulolytic organisms and may be a nat-
ural inducer — at least in some fungi. Repressors include e.g.
glucose and other readily utilizable substrates. Cellobiose can
act as inducer or repressor, according to concentration.

(Reference is still sometimes made to ‘C;” and ‘Cy’ cellulase
activities. These terms derive from the early C;—Cx concept [JB
(1950) 59 485-497] but have subsequently been used in different
ways by different authors [Book ref. 31, 290-292]. The terms
are thus ambiguous and are best avoided.)

Cellulolytic bacteria include e.g. many actinomycetes (e.g.
Cellulomonas spp) and RUMEN bacteria, Clostridium thermocel-
lum, Cytophaga spp, Polyangium cellulosum, Pseudomonas spp
and Sporocytophaga myxococcoides. In general, bacteria produce
endoglucanases and P-glucosidases but not exoglucanases; they
thus have little activity on highly crystalline native cellulose,
but are highly active against amorphous cellulose or soluble
cellulose derivatives (e.g. CM-CELLULOSE). The endoglucanases
may be cell-bound, extracellular, or both. In e.g. Cytophaga
and Sporocytophaga, which grow in close contact with cellu-
lose fibres, the glucanases are associated with the outer mem-
brane. (See also CELLULOSOME.) In rumen bacteria cellulases are
retained in the GLYCOCALYX surrounding the cells, and the prod-
ucts of their action may also be so retained prior to their uptake
by the cell [CRM (1981) 8 303-338]. Bacterial p-glucosidases
are typically cell-associated (e.g. periplasmic) or intracellular.

Cellulolytic fungi include many basidiomycetes (e.g.
Coniophora puteana), ascomycetes (e.g. Chaetomium spp,
Stachybotrys atra) and deuteromycetes (e.g. Trichoderma
spp). (See also NEOCALLIMASTIX.) In general, the brown-
rot basidiomycetes produce only endoglucanases and P-
glucosidases, while ascomycetes, deuteromycetes and the white-
rot basidiomycetes produce (extracellular) endoglucanases,
exoglucanases, and P-glucosidases (see BROWN ROT and
WHITE ROT).

Cellulases are not produced by animals; herbivores must there-
fore rely on symbiotic cellulolytic microorganisms to digest their
dietary cellulose (see e.g. RUMEN, TERMITE-MICROBE ASSOCIA-
TIONS).
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cellulose

Isolated microbial cellulases have relatively low specific
activities and are costly to obtain; they currently have only
limited commercial use. Pilot schemes include the use of
cellulases or cellulolytic organisms for the saccharification of the
cellulose in waste materials such as straw, sugarcane bagasse,
sawdust, newspaper etc (see e.g. INDUSTRIAL ALCOHOL and
SINGLE-CELL PROTEIN). (See also ENZYMES.)

(See also PAPER SPOILAGE.)

cellulin granules Granules, composed of CHITIN and (1 — 3)-8-
and (1 — 6)-P-linked glucan, found in the cells of fungi of the
LEPTOMITALES; the granules are composed of alternating concentric
layers of chitin and glucan. (cf. CONCENTRIC BODIES.)

cellulitis A diffuse, spreading, inflammatory condition affecting
(usually) subcutaneous tissues and characterized by oedema,
redness and pain. Common causal agents are streptococci and
staphylococci. Orbital cellulitis (inflammation of the eye-socket)
may be caused by Haemophilus influenzae. (See also ERYSIPELAS
and GAS GANGRENE.)

cellulolytic Able to degrade CELLULOSE.

Cellulomonas A genus of aerobic or facultatively anaerobic,
asporogenous bacteria (order ACTINOMYCETALES, wall type VIII)
which occur e.g. in soil. In young cultures the organisms are
slender, irregular rods (diam. ca. 0.5-0.6 um) and/or filaments,
with or without primary branching, but shorter rods and/or
coccoid forms occur in the stationary phase; the cells are
Gram-positive, but easily decolorized, and cells which are
apparently Gram-negative may predominate. The organisms are
non-motile, or motile by one to several polar flagella [IJSB
(1984) 34 218-219]. Growth occurs e.g. on peptone meat
extract at 30°C; all strains require biotin and thiamine for
growth. Typically, a yellow non-diffusible pigment is formed
when growth occurs on nutrient agar. Glucose is metabolized to
acid both oxidatively and fermentatively. Cellulomonas spp are
amylolytic and cellulolytic (see CELLULASES). Species include
C. biazotea, C. cellasea, C. flavigena, C. fimi, C. gelida, and
C. uda. GC%: 71-77. Type species: C. flavigena.

cellulose A linear (1 — 4)-B-p-glucan. Cellulose occurs in plants
(it is the main structural component of the cell walls in most
plants), in the CELL WALLS of most algae and certain fungi, in
certain cellular slime moulds (e.g. in the sheath surrounding
the sorocarp stalk, in the spore walls, and in the slime of
migrating slugs of Dictyostelium discoideum), and in the cyst
walls of Acanthamoeba spp; extracellular cellulose is produced
by certain bacteria: e.g. Acetobacter xylinum (see PELLICLE
sense 1), Sarcina ventriculi (most strains of which form a
cellulose microcapsule apparently responsible for the formation
of the characteristic packets of cells), strains of Agrobacterium
and Rhizobium (in which extracellular cellulose is involved in
the adhesion of bacteria to plants), and various floc-forming
bacteria in activated sludge.

Native cellulose occurs largely in the form of (crystalline)
microfibrils (‘o-cellulose’) each composed of stacked sheets
of parallel, hydrogen-bonded glucan chains. Each chain is in
extended form (held rigid by intrachain hydrogen bonds) and
contains many glucosyl residues (e.g. 2000—15000, depending
on source). In plant cell walls the microfibrils are embedded in a
matrix of HEMICELLULOSES, LIGNIN and PECTIC POLYSACCHARIDES;
regions of amorphous cellulose, infiltrated with hemicelluloses,
also occur. [Plant cell wall structure: Book ref. 38, pp. 9-46.]

Cellulose may be stained for microscopy e.g. with CONGO RED
or CALCOFLUOR WHITE — both of which also inhibit microfibril
formation during cellulose synthesis. [Biosynthesis of cellulose
in microorganisms: Book ref. 62, pp. 85-127.]



cellulosome

Cellulose is a vast and constantly renewable potential
source of fermentable sugars which would be valuable feed-
stock for various biotechnological processes. However, the
lignin—hemicellulose—cellulose (LHC) complex is very stable,
and crystalline cellulose is very resistant to enzymic attack (see
CELLULASES). Thus, before it can be used as feedstock, cellulose
must be released from the LHC complex and its microfibril-
lar structure disrupted by various (costly) mechanical, physical
or chemical procedures — e.g. grinding or treatment with steam,
mineral acids or alkalis (cf. IOTECH PROCESS); this has placed
a constraint on its extensive use in industry. [Lignocellulose
hydrolysis: PTRSLB (1983) 300 305-322.]

cellulosome In certain cellulolytic bacteria: a CELLULOSE-
binding, multiCELLULASE-containing cell-surface organelle. The
cellulosome appears to be composed of parallel rows of catalytic
units; it has been suggested that these may act together, cleaving
cellulose into pieces as small as cellobiose — which can be taken
up by the cell [FEMS Reviews (1993) 104 340].

cellulytic Able to lyse cells.

CELO virus See AVIADENOVIRUS.

centiMorgan (cM) A unit for indicating the distance between
markers on a chromosome; the number of centiMorgans between
two given markers is the (statistically corrected) RECOMBINATION
FREQUENCY exhibited by the markers. Thus, e.g., a corrected RF
of 10% gives a distance of 10 cM. (cf. MAP UNIT.)

Centipeda A genus of Gram-negative, anaerobic, rod-shaped
bacteria; C. periodontii, which has HELICOTRICHOUS flagellation,
occurs e.g. in human periodontal lesions.

Centraalbureau voor Schimmelcultures See CBS.

central capsule (protozool.) See RADIOLARIA.

central dogma (mol. biol.) The dogma that genetic information
can be transferred only in the direction DNA — protein. Orig-
inally, the dogma specified that information could flow only
in the direction DNA — RNA — protein, but with the discov-
ery of REVERSE TRANSCRIPTASE this was modified to DNA <
RNA — protein.

Central European encephalitis virus See FLAVIVIRIDAE.

centric (1) (of a chromosome) Having a CENTROMERE. (cf.
HOLOCENTRIC and MONOCENTRIC sense 2.) (2) Refers to that type
of nuclear division in which CENTRIOLES are involved. (3) See
DIATOMS.

centrifugation The use of a centrifugal field for the sedimenta-
tion of fine particulate matter — or macromolecules (see ultra-
centrifugation, below) — in a liquid medium, or for separating
different types of particulate matter, or macromolecules, within
a given suspension or solution. (See also CELL FRACTIONATION
and MAECT.) In the most widely used form of centrifugation, the
sample is placed in a suitable container at the end of one arm
of a spider-shaped motor-driven metal rotor which has a cen-
tral, vertical shaft; rotation of the shaft at high speed subjects
the sample to a centrifugal field which causes particulate mat-
ter in the sample to move in an outward (radial) direction, i.e.,
towards the bottom of the container. (In practice one or more
additional samples of equal weight must be carried by the rotor
in order to achieve a balanced distribution of weight.) The appa-
ratus described above, suitably enclosed for safety, constitutes a
simple centrifuge. Specialized forms of centrifuge are used e.g.
for refrigerated centrifugation and for continuous centrifugation;
in continuous centrifugation, which is used for dealing with large
volumes of liquid, provision is made for the continual inflow of
sample (e.g. through a hollow rotor) and the continual discharge
of supernatant (and of sediment in some types of centrifuge).
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The strength of a centrifugal field (at a given point) is
given by:
G 472 (revs min~")2r

a 3600

in which ‘revs min~!" refers to the number of revolutions per
minute (r.p.m.) made by the rotor, and r is the distance (cm)
between the given point in the sample and the axis of rotation.
G is given in terms of acceleration (cm sec™2); since (for a
given mass) acceleration is proportional to the force producing
it, G gives a measure of the force acting on a body subjected to a
given centrifugal field. The centrifugal field may be increased by
(a) increasing the number of r.p.m. and/or (b) increasing r. Since
the acceleration due to gravity (g) is ca. 980 cm sec™2, G/980
gives the number of times by which the given centrifugal field is
greater than the gravitational field; G/980 is termed the relative
centrifugal field (= relative centrifugal force), RCF. (Since, for
a given value of r.p.m., the centrifugal field varies with r — i.e.,
may vary from one centrifuge to another — centrifugation data
should be reported in the form g/time, e.g., 1000 g/10 minutes.)

G gives the acceleration which a given centrifugal field would
impart to a particle in a vacuum. Since particles subjected to
centrifugation are suspended in a liquid, factors in addition to
the applied field must be taken into account when considering the
effect of the field. These factors, which greatly affect the rates
of movement of particles, are the size, shape and density of the
particles, and the viscosity and density of the liquid in which the
particles are suspended. For example, the rate of movement of a
spherical particle in a given centrifugal field is proportional to:

5

Grl%(pp — p)/viscosity of medium

where 1}, is the radius of the particle, and p;, and p are the den-
sities of the particle and the suspending medium, respectively.
Thus, given a mixed population of particles which differ e.g.
in size and/or density, separation into homogeneous populations
may be achieved on the basis of their differing sedimentation
rates in a centrifugal field (differential centrifugation). If parti-
cle density (pp) is equal to that of the suspending medium (p),
the rate of movement in the centrifugal field is zero; if p;, is
less than p, centrifugally accelerated flotation occurs — an effect
which has been used e.g. for the purification of GAS VACUOLES. In
general, the time taken for a spherical particle to move a given
distance in a centrifugal field is given by:

) 9 i) R,
= ———  log. —
20720y —p) Ry

in which w is the angular velocity (radians/sec); n is the viscosity
of the medium; 1y, is the radius of the particle; p, and p are the
densities of the particle and medium, respectively; R, and Ry, are
the distances from the centre of rotation to the positions where
the particle started (a) and stopped (b); and t is the time (sec).

Density gradient centrifugation. In some types of centrifuga-
tion (e.g. isopycnic and rate-zonal centrifugation) the sample
is initially layered onto a column of liquid containing a solute
whose concentration increases with increasing distance down the
column; solutes used to prepare such density gradients (which
may be linear or stepped) include e.g. caesium chloride (CsCl),
sucrose, and IODINATED DENSITY-GRADIENT MEDIA. An important
practical advantage of a density gradient is that it militates
against convection — which can disrupt a liquid column in the
absence of a gradient.

Isopycnic centrifugation (also called equal density, equilib-
rium density gradient, or equilibrium zonal centrifugation). The



sample is layered onto a density gradient column, and centrifuga-
tion is continued until equilibrium is reached, i.e., each particle
has reached that part of the gradient which corresponds to its
own density (its isopycnic or equal density position). Particles
in a heterogeneous sample are thus separated on the basis of
their individual densities: particles of different density can be
separated even if they are similar in size and shape.

Rate-zonal centrifugation (also called band, gradient differ-
ential, s zonal, zonal, or zone centrifugation). The sample is
layered onto a density gradient column, and centrifugation is
continued until the various types of particle in the sample form
layers or bands at different levels within the column — at which
time centrifugation is stopped. The separation of particles into
bands is thus achieved on the basis of the differing sedimentation
rates of the particles.

Ultracentrifugation is used e.g. for the sedimentation of
macromolecules, for the determination of molecular weights, for
purifying plasmid DNA, for characterizing viruses, and as an
indirect method for estimating the GC% of bacterial DNA. The
principles involved are similar to those given earlier in the entry;
however, while the common laboratory centrifuge can develop
a maximum field of ca. 5000 to 10000 g, the ultracentrifuge can
achieve fields of the order of 500000 g. In an ultracentrifuge
the rotor is housed in a refrigerated and evacuated chamber,
and the instrument incorporates various optical systems (e.g.
the SCHLIEREN SYSTEM) and photographic systems so that the
progress of sedimentation can be followed and recorded at all
times. (See also SVEDBERG UNIT.)

If a species of DNA is subjected to isopycnic ultracentrifuga-
tion in a caesium chloride gradient, the DNA forms a band at a
region of the gradient corresponding to its buoyant density (Bd);
the Bd of e.g. chromosomal DNA from Escherichia coli is ca.
1.7 g/lem®. Since there is a linear relationship between Bd and
GC%, the value of Bd can be used for estimating GC% (q.v.).

Ultracentrifugation can also be used to separate cccDNA
(e.g. plasmid DNA) from linear DNA or from circular, nicked
DNA (e.g. nicked chromosomal DNA). cccDNA can incorporate
smaller amounts of certain INTERCALATING AGENTS (e.g. ETHIDIUM
BROMIDE) than can equivalent molecules of the other forms of
DNA. The incorporation of e.g. ethidium bromide decreases the
Bd of the DNA molecule. Thus, if e.g. a plasmid-containing
bacterial lysate is centrifuged in a caesium chloride—ethidium
bromide gradient, cccDNA may form a distinct band of higher
Bd; such a procedure has been called dye—buoyant density
centrifugation.

centriolar plaque Syn. SPINDLE POLE BODY.

centriole In many types of eukaryotic cell: an intracellular
microtubular structure (see MICROTUBULES) which is involved in
some types of MITOSIS and which, in some cells, can develop into
a BASAL BODY; centrioles do not occur in e.g. some types of fungi.
Essentially, a centriole is a hollow cylinder, ca. 300—400 nm
in length, whose wall is formed of 9 longitudinally arranged
triplets of microtubules; one end of the cylinder contains a dense
intracentriolar material. The structure appears to lack DNA, but
RNA may be present. A centriole is often surrounded by a
number of dense pericentriolar structures which, collectively,
are sometimes referred to as a centrosome and which can
act as a MICROTUBULE-ORGANIZING CENTRE. (‘Centrosome’ is
also used to refer to the entire structure, i.e., centriole(s) plus
pericentriolar structures.) Centrioles are often formed from pre-
existing centrioles, but they can also be formed de novo.

Centrohelida An order of protozoa (class HELIOZOEA) in which
the cell typically has an eccentric nucleus and a central body
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cephalodium

(the centroplast) from which the axopodial axonemes appear to
arise. Some species lack a centroplast but have a large eccentric
nucleus. Typically, a centrohelid has an outer ‘skeleton’ of
siliceous plates and/or spines embedded in a gelatinous outer
covering; some species have organic spicules. Genera include
e.g. Acanthocystis, Gymnosphaera, Heterophrys, RAPHIDIOPHRYS.
centromere The region of a replicated eukaryotic chromosome
where the two CHROMATIDS are joined together; during MITOSIS
a KINETOCHORE is formed on both sides of the centromere.
[Molecular structure of centromeres: ARB (1984) 53 163—-194;
chromatin conformation of yeast centromeres: JCB (1984) 99
1559-1568.] (cf. HOLOCENTRIC and MONOCENTRIC (sense 2).)
centroplast See CENTROHELIDA.

Centropyxis  See ARCELLINIDA.

centrosome See CENTRIOLE.

centrotype In NUMERICAL TAXONOMY: a strain regarded as that
which typifies a given species cluster on the basis of its position
within that cluster.

centrum (mycol.) The totality of fertile and sterile structures
within a CLEISTOTHECIUM, PERITHECIUM, or locule in an ASCO-
STROMA.

cep Syn. cepe (see BOLETALES).

cepe (cep) See BOLETALES.

Cepedea  See OPALINATA.

Cepedietta  See ASTOMATIDA.

Cephaleuros A genus of obligately epiphytic (and/or parasitic)
algae (division CHLOROPHYTA) closely related to TRENTEPOHLIA.
The heterotrichous thallus is composed of a discoid system of
prostrate, compacted, branched filaments and an erect system
of sterile, multicellular, uniseriate filaments and specialized
zoosporangiophores; the prostrate system grows between the
cuticle and epidermis in the leaves, fruits and/or young stems
of a host plant, while the erect filaments and gametangia
protrude through the host cuticle. Although the alga may cause
considerable damage to the host plant (see RED RUST), there
is apparently no evidence that it is nutritionally dependent on
the plant. (Cephaleuros also occurs as the photobiont in certain
obligately foliicolous lichens: e.g. Strigula spp [Book ref. 129,
pp. 190-191].)

cephalexin See CEPHALOSPORINS.

cephaline gregarines See GREGARINASINA.

Cephaloascus  See ENDOMYCETALES.

cephalodium (/ichenol.) A discrete group of cyanobacteria occur-
ing in or on the thallus in certain lichens whose main photobiont is
a green alga. Cephalodia appear generally to arise by entrapment
of free-living cyanobacteria by the mycobiont — usually via the
lower cortex of the thallus. The cyanobacteria (usually NOSTOC)
carry out NITROGEN FIXATION, fixed nitrogen being transferred to
the mycobiont.

Internal cephalodia occur e.g. in species of Lobaria,
Nephroma and Solorina; they typically consist of colonies of
cyanobacteria which lie in the medulla and may be apparent as
swellings on the surface of the thallus.

External cephalodia occur e.g. in species of Peltigera and
Stereocaulon; they may occur (e.g. as warty protuberances) on
the upper or lower surface of the thallus, depending on species.

Some lichens (e.g. species of Lobaria, Peltigera and Sticta)
form well-differentiated, fruticose or subfoliose, cyanobacterium-
containing structures which arise (usually) from the upper
surface of the thallus and which are capable of independent
growth. These structures were originally thought to be epiphytes
and were assigned to distinct genera (e.g. ‘Dendriscocaulon’),
but are now commonly believed to be elaborate cephalodia



cephaloridine

or different morphotypes (‘phycosymbiodemes’) of the same
mycobiont. [Chimeroid associations in Peltigera: Lichenol.
(1978) 10 157-170.]

cephaloridine See CEPHALOSPORINS.

cephalosporin C  See CEPHALOSPORINS.

cephalosporin N Syn. PENICILLIN N.

cephalosporin P1 A steroid antibiotic structurally related to
FUSIDIC ACID.

cephalosporinase A P-LACTAMASE active mainly or solely
against CEPHALOSPORINS.
cephalosporins A class of antibiotics each characterized by a

molecular structure which includes a p-lactam ring fused to a
dihydrothiazine ring (see B-LACTAM ANTIBIOTICS for structure and
mode of action). (cf. CEPHALOSPORIN P1 and PENICILLIN N.)

Cephalosporin C (the first to be prepared) is produced e.g.
by Acremonium kiliense (= Cephalosporium acremonium); this
antibiotic has poor antibacterial activity.

A range of semi-synthetic cephalosporins can be prepared
from the 7-aminocephalosporanic acid (7-ACA) derivative of
cephalosporin C. When introduced, the earlier cephalosporins
(collectively) had useful activity against a range of bacteria,
and were typically (particularly cefotaxime and cefuroxime)
less susceptible than PENICILLINS to P-LACTAMASES; moreover,
compared to penicillins, cephalosporins were found to be less
frequently allergenic.

When introduced, the first- to third-generation cephalosporins
were characterized by antibacterial spectra such as: mainly
Gram-positive (cephalexin, cephaloridine); good activity against
Gram-positive and moderate activity against p-lactamase-
negative Gram-negative species (cephalothin); Gram-positive
species and e.g. Neisseria gonorrhoeae and Haemophilus
influenzae (cefuroxime); limited spectrum, but some activity
against Pseudomonas aeruginosa (cefsulodin); Gram-negative
species, including Haemophilus influenzae (cefotaxime). (Note
that cephalosporins (and e.g. the cephamycin CEFOXITIN)
have little or no activity against enterococci.) The earlier
cephalosporins (and some of the newer ones) are commonly
susceptible to extended-spectrum B-LACTAMASES (q.v.). (See also
CEPHAMYCINS.)

Some cephalosporins can be administered orally, while others
(e.g. cefuroxime, cefotaxime) are administered parenterally.

First-generation cephalosporins include e.g. cefazolin,
cephalexin, cephaloridine and cephalothin.

Second-generation cephalosporins include e.g. cefamandole,
cefonicid [Drugs (1986) 32 222-259], ceforanide, cefsulodin
and cefuroxime.

Third-generation cephalosporins include e.g. cefixime, cef-
menoxime [Am. J. Med. (1984) 77 (supplement 6A)], cefo-
taxime, ceftazidime [Am. J. Med. (1985) 79 (supplement 2A)],
ceftizoxime and ceftriaxone.

Fourth-generation cephalosporins include e.g. CEFEPIME and
cefpirome.

(Note. In the literature, the names of some cephalosporins are
spelt with either ‘f” or ‘ph’.)

Cephalosporium  See ACREMONIUM. (For C. lecanii see VERTICIL-
LIUM.)

Cephalothamnium A genus of colonial CHRYSOPHYTES in which
a cluster of biflagellate, non-pigmented cells extends from the
tip of a single stalk.

cephalothin See CEPHALOSPORINS.

cephamycins Antibiotics (7-o-methoxyCEPHALOSPORINS) — pro-
duced by Streptomyces spp or prepared from cephalosporins.
Compared with those cephalosporins which lack the 7-o-
methoxy group, cephamycins (e.g. CEFOXITIN) tend to have
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decreased antibacterial activity but increased resistance to p-
LACTAMASES and improved penetrability of the Gram-negative
outer membrane.

cephems Compounds which contain the cephalosporin nucleus
(see P-LACTAM ANTIBIOTICS). (cf. OXACEPHEMS.)

cephradine See CEPHALOSPORINS.

Ceraceosorus  See BRACHYBASIDIALES.

ceramide See SPHINGOMYELIN.

Ceramium  See RHODOPHYTA

Ceratiomyxa A genus of SLIME MOULDS formerly classified with
the acellular slime moulds (MYXOMYCETES); currently, the genus
is placed e.g. in a separate class, Ceratiomyxomycetes, of the
MYXOMYCOTA, or — in zoological schemes — is classified with the
protostelids e.g. in the subclass Protosteliia (see EUMYCETOZOEA).
C. fruitculosa is a widespread and common species found e.g.
on bark and rotting wood. The vegetative PLASMODIUM is almost
hyaline. Prior to fruiting, it produces copious amounts of a
mucoid matrix, and plasmodium and matrix become extended
to form upright, usually branched white columns (1-10 mm
tall) which solidify on drying; sporocarps develop on the surface
of these columns, each sporocarp consisting of a long slender
stalk bearing a single round or cylindrical spore. The spores are
deciduous. On germination of a spore, a quadrinucleate ‘thread
stage’ is produced, and this eventually gives rise to 4, then
8, flagellated haploid cells which can apparently function as
gametes; a diploid vegetative plasmodium develops from the
zygote formed by fusion of two of these flagellated cells.

Ceratiomyxella ~ See PROTOSTELIOMYCETES.

Ceratiomyxomycetes See CERATIOMYXA.

Ceratium A genus of DINOFLAGELLATES in which the cells
typically bear 3 or 4 horn-like thecal extensions: one arising
from the epicone, 2 or 3 from the hypocone.

Ceratobasidiaceae See TULASNELLALES.

Ceratobasidium  See TULASNELLALES.

Ceratocystis A genus of fungi (order OPHIOSTOMATALES) which
include various plant pathogens — see e.g. DUTCH ELM DISEASE
and OAK WILT. (See also BLUE STAIN, PINE DISEASES, and IPOMEA-
MARONE.)

C. ulmi forms erumpent perithecia (see also ASCOSPORE), and
in the imperfect (Pesotum) state can form individual conidia on
simple conidiophores or chains of conidia in a drop of mucus at
the tip of a dark, bristle-like synnema (ca. 1 mm high).

C. coerulescens forms superficial perithecia, and in the
Chalara state can form cylindrical or ellipsoidal conidia.

Ceratomyces  See LABOULBENIALES.
Ceratomyxa  See MYXOSPOREA.
Cercophora  See SORDARIALES.

cercopithecine herpesvirus 1 See B VIRUS.

Cercospora A genus of fungi (class HYPHOMYCETES) which
include many plant-pathogenic species — e.g. C. beticola (causal
agent of leaf spot of beet), and C. apii (e.g. on celery). The
organisms form septate mycelium; conidia are characteristically
thread-like and multiseptate.

cereal chlorotic mottle virus See RHABDOVIRIDAE.

cereal diseases Diseases of members of the Gramineae cultivated
for their edible grain. Some of the common diseases are listed
below. Although some diseases are specific to particular types
of cereal, others can also affect certain wild grasses; thus, e.g.
the causal agents of HALO SPOT and LEAF BLOTCH can both grow
on cocksfoot (Dactylis glomerata) and Timothy grass (Phleum
pratense). (See also GRASS DISEASES.)

Barley. See e.g. BROWN RUST, ERGOT, EYESPOT (sense 2),
GLUME BLOTCH, HALO SPOT, LEAF BLOTCH (‘thynchosporium’), NET



BLOTCH, POWDERY MILDEW, SMUTS (sense 2), TAKE-ALL, YELLOW
RUST; see also LUTEOVIRUSES (barley yellow dwarf virus) and
HORDEIVIRUSES (barley stripe mosaic virus).

Maize. See e.g. CORN STUNT DISEASE, MAIZE WALLABY EAR
DISEASE, SMUTS (sense 2); see also MAIZE STREAK VIRUS.

Oats. See e.g. CROWN RUST, ERGOT, SMUTS (sense 2), TAKE-ALL,
VICTORIA BLIGHT.

Rice. See e.g. BAKANAE DISEASE, BLAST DISEASE, SUFFOCATION
DISEASE; see also FUIVIRUS, RICE DWARF VIRUS, RICE GALL DWARF
VIRUS, RICE RAGGED STUNT VIRUS, RICE STRIPE VIRUS GROUP. (cf.
YELLOW RICE.) [Engineered resistance to Rhizoctonia solani
(sheath blight): Biotechnology (1995) 13 686—691.]

Rye. See e.g. BROWN RUST, COMMON BUNT, ERGOT, HALO SPOT,
LEAF BLOTCH (‘rhynchosporium’), SNOW MOULD, TAKE-ALL.

Wheat. See e.g. BLACK STEM RUST, BROWN RUST, COMMON BUNT,
ERGOT, EYESPOT (sense 2), GLUME BLOTCH, HALO SPOT, KARNAL
BUNT, POWDERY MILDEW, SMUTS (sense 2), SNOW MOULD, TAKE-
ALL, WHEAT SCAB, YELLOW RUST; see also SOIL-BORNE WHEAT
MOSAIC VIRUS.

cereal striate virus See RHABDOVIRIDAE.

cereal tillering disease virus See FUIVIRUS.

cerebriform Brain-like in appearance; convoluted.

cerebroside See SPHINGOLIPID.

cereolysin See THIOL-ACTIVATED CYTOLYSINS.

Cerinomyces  See DACRYMYCETALES.

cermet See BIOMIMETIC TECHNOLOGY.

cerulenin An antibiotic — [(3R)-2,3-epoxy-4-oxo0-7,10-dodecadi-
enoyl amide] — obtained from ‘Cephalosporium caerulens’; it
has antifungal and antibacterial activity, but is too unstable
for clinical use. Cerulenin inhibits fatty acid and sterol
biosynthesis, inhibiting e.g. the condensation reaction between
acyl and malonyl thioesters and thus preventing fatty acid
chain elongation. It also inhibits lipoteichoic acid synthesis
in e.g. Enterococcus faecalis, prevents the synthesis and
secretion of certain extracellular proteins in some bacteria
(e.g. glucosyltransferase in oral streptococci [JGM (1983) 129
3293-3302]), and alters morphogenesis and autolytic activity in
Bacillus subtilis [JGM (1985) 131 591-599].

ceruloplasmin See BLUE PROTEINS.

cervical cancer (cancer of the cervix) See PAPILLOMA.

cesspool A watertight container for the temporary storage of
sewage. (cf. SEPTIC TANK.)

Cetavlon See QUATERNARY AMMONIUM COMPOUNDS.

Cetraria A genus of LICHENS (order LECANORALES); photobiont:
a green alga. Thallus: either fruticose and erect or foliose
with upturned margins, growing on soil, bark, wood or rocks.
Apothecia have reddish-brown discs and are marginal in foliose
species.

C. islandica (‘Iceland moss’) has an erect, branched thallus
(ca. 2—7 cm in height); the strap-like branches are curved to
appear more or less tubular, the inside surface being greenish-
grey to dark brown, the outermost surface being paler with a
scattering of whitish pseudocyphellae. The thallus margins bear
short black spines. This species forms cushions on the ground
in heathland, moorland, and acid woodland; it has been used as
food e.g. in Scandinavian countries, and serves as fodder for e.g.
reindeer and caribou.

Cetrimide See QUATERNARY AMMONIUM COMPOUNDS.

cetylpyridinium chloride See QUATERNARY AMMONIUM COM-
POUNDS.

cetyltrimethylammonium bromide See QUATERNARY AMMONIUM
COMPOUNDS.

CF (1) COMPLEMENT FIXATION. (2) CYSTIC FIBROSIS.
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CFygF; HT-ATPase See PROTON ATPASE.

CFA/I, CFA/II  See ETEC.

CFP-10 See ESAT-6.

CFT COMPLEMENT-FIXATION TEST.

cfu Colony-forming unit: see COUNTING METHODS.

CGA protein See CATABOLITE REPRESSION.

CGB agar Canavanine-glycine-bromthymol blue agar: a medium
used to distinguish between certain strains of CRYPTOCOCCUS.
On this medium, C. neoformans var. gattii hydrolyses glycine,
raising the pH and causing the BROMTHYMOL BLUE to turn blue;
the few strains of C. neoformans var. neoformans which can
hydrolyse glycine are inhibited by the L-canavanine. [Recipe
and method: Book ref. 100, p. 95.]

Cy region See IMMUNOGLOBULINS.

CHs() See HDj50
Chaenotheca  See CALICIALES.
Chaetoceros A large genus of planktonic centric DIATOMS in

which the cells are often joined together by long setae.

Chaetocladium  See MUCORALES.

Chaetomella  See SPHAEROPSIDALES.

Chaetomium A genus of fungi (order SORDARIALES) which form
evanescent asci in perithecia which bear long, curved, coiled
and/or branched hairs or bristles; the unicellular, commonly
dark ascospores are discharged from the perithecium in a
gelatinous mass. Most or all species are strongly cellulolytic
(see CELLULASES, PAPER SPOILAGE, SOFT ROT (sense 1), TEXTILE
SPOILAGE). (See also COMPOSTING and OLIVE-GREEN MOULD.)

Chaetomorpha A genus of unbranched, filamentous, siphono-
cladous green algae (division CHLOROPHYTA).

Chaetophora A genus of uniseriate, filamentous (heterotrichous)
green algae (division CHLOROPHYTA) which occur in freshwater
habitats, usually attached to rocks, plants etc. Long colourless
multicellular ‘hairs” extend from the ends of the (branched) fila-
ments. Quadriflagellate zoospores and biflagellate isogametes are
formed. Related genera include e.g. Draparnaldia, Fritschiella,
STIGEOCLONIUM and URONEMA.

chaga fungus The sterile fruiting body of Inonotus obliquus.

Chagas’ disease An acute or chronic, often fatal, systemic
TRYPANOSOMIASIS of man which occurs in Central and South
America. The causal agent, Trypanosoma (SCHIZOTRYPANUM)
cruzi, is typically transmitted contaminatively by blood-sucking
TRIATOMINE BUGS (family Reduviidae): metacyclic forms in the
bug’s faeces infect via wounds, abrasions and mucosal surfaces.
(The pathogen can also be transmitted by blood transfusion and,
via the milk, to breast-fed infants. Transplacental transmission
occurs in over 1% of cases in endemic areas.) Reservoirs of bug-
transmissible pathogens exist in domestic animals (e.g. dogs) and
wild animals (e.g. anteaters, armadillos, opossums, certain rats
and primates). [Book ref. 72, pp 161-182.]

In the patient, T. (S.) cruzi occurs as non-dividing trypo-
mastigotes in the blood, and in the reproductive amastigote and
epimastigote forms in pseudocysts within host cells. Symptoms
may include cardiomyopathy, grossly enlarged colon (‘mega-
colon’) and oesophagus, and low levels of certain hormones
resulting from damage to endocrine glands. Autoantibodies to
heart and skeletal muscles, and to nerve tissue, have been
detected. Lab. diagnosis: microscopical examination of thick
blood films; XENODIAGNOSIS (using e.g. Dipetalogaster max-
ima); a CFT and/or e.g. immunofluorescence tests. Treatment:
chemotherapeutic agents, e.g. Lampit (a nitrofuran) and benz-
nidazole (a 2-nitroimidazole), are commonly used but are asso-
ciated with significant side-effects; moreover, this treatment may
or may not eliminate the intracellular forms of 7. (S.) cruzi.



chain-termination method

Dinitroaniline herbicides such as trifluralin (oo ,0-trifluoro-

2,6-dinitro-N,N-dipropyltoluidine), which inhibit certain proto-

zoan parasites by affecting tubulin polymerization, have been

examined for their potential as candidate antimicrobials against

T. cruzi [TIP (2001) 17 136-141].

[The disease in Mexico: TIP (2001) 17 372-376.]

chain-termination method (of DNA sequencing) See DNA SEQ-

UENCING.

Chainia

Chalara
DASE.

chalcomycin See MACROLIDE ANTIBIOTICS.

chalk-brood A BEE DISEASE caused by Ascosphaera apis. Infected
honey-bee larvae become fluffy and swollen, and later shrink and
harden; death usually occurs after the larvae have been sealed in
their cells. Some of the dead larvae remain chalky-white, others
become dark-coloured. Infection occurs by ingestion of spores
of A. apis. The spores germinate in the gut; mycelium develops
in the gut lumen and penetrates the gut wall. Fruiting bodies
may form on the outside of the larvae.

Ascosphaera spp can also cause chalk-brood in wild bees —
e.g. A.aggregata in the alfalfa leaf-cutting bee Mega-
chile rotundata [life cycle of A. aggregata: Mycol. (1984) 76
830-842].

challenge (immunol.) The exposure of an animal (or other living
system) to a pathogen (or other agent) — usually in order to
determine the state of immunity or resistance to the pathogen
or agent; for example, an animal may be challenged with
a pathogen to test the efficacy of a previously administered
vaccine.

challenge virus See INTERFERENCE (1).

chalybeate (of water) Containing iron.

Chamaesiphon A genus of unicellular CYANOBACTERIA (section I)
in which the cells are ovoid and reproduce by repeated budding
at the apical end; the buds were formerly known as ‘exospores’.
GC%: ca. 47.

Chamaesiphonales See CYANOBACTERIA.

Chamberland candle See FILTRATION.

chamois contagious ecthyma virus See PARAPOXVIRUS.

champagne See WINE-MAKING.

chancre A papular lesion formed at the initial site of infection
in certain diseases (e.g. SYPHILIS, SLEEPING SICKNESS).

chancroid (soft chancre) A VENEREAL DISEASE, caused by
Haemophilus ducreyi, characterized by one or more ulcerative
lesions which are usually confined to the genitalia. Incubation
period: 1—14 (usually 4-5) days.

Changuinola subgroup See ORBIVIRUS.

channel catfish virus disease (CCVD) A FISH DISEASE which
affects cultivated channel catfish (Ictalurus punctatus) under
4 months of age. Symptoms include e.g. abnormal swimming
movements, haemorrhages of gills, skin and internal organs,
and necrotic lesions in liver, spleen etc. The causal agent is
a herpesvirus (see HERPESVIRIDAE).

chanterelle See CANTHARELLALES.

Chaos A genus of large, multinucleate, freshwater amoebae
of the AMOEBIDA [Book ref. 133, p. 145]. In C. carolinense
polypodial forms may be 0.7-2.0 mm in diam., monopodial
forms up to 3 mm diam.; C. illinoisense is generally smaller
(ca. 0.5—-1.5 mm).

chaperone (molecular chaperone) In most cases: a protein that is
specialized for folding/stabilization or direction of a (typically
newly synthesized) protein. (See also HEAT-SHOCK PROTEINS,
FIMBRIAE (type I) and VIRULON.) A chaperone may bind to

See STREPTOMYCES.
See HYPHOMYCETES and CERATOCYSTIS; see also MURAMI-
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a nascent protein either co-translationally [JBC (1997) 272
32715-32718] or following translation.

Although most chaperones are proteins, a membrane lipid acts
as a chaperone for the LacY protein in Escherichia coli [EMBO
(1998) 17 5255-5264].

Chara  See CHAROPHYTES.

Charales See CHAROPHYTES.

charcoal blood agar A medium used for the primary isolation of
Bordetella pertussis; it is reported to yield better growth than that
obtained with the traditional BORDET-GENGOU AGAR. Beef extract,
starch, peptone, NaCl, nicotinic acid and agar are dissolved in
water by heating; charcoal is added before autoclaving. Sterile,
defibrinated horse blood is added to the molten agar at ~45°C.
[Recipe: Book ref. 219, pp 470, 471.]

Charcot-Leyden crystals Microscopic, colourless crystals often
present in the stools of patients suffering from certain intestinal
diseases (e.g. amoebic dysentery) or in the sputum of patients
with asthma or other chest conditions. The crystals are diamond-
shaped or shaped like short, double-pointed needles; they stain
with iodine.

charge-shift immunoelectrophoresis IMMUNOELECTROPHORESIS
used e.g. to distinguish amphiphilic from hydrophilic proteins.
Differentiation is based on the fact that when amphiphilic
proteins bind non-ionic detergent at their hydrophobic sites, their
electrophoretic mobility is changed by the addition of (positively
or negatively charged) ionic detergent; hydrophilic proteins are
unaffected.

chargerin See ANISOTROPIC INHIBITOR.

Charon A type of CLONING vector derived from the genome of
bacteriophage X; typically, a Charon is a REPLACEMENT VECTOR.

charonin An ATP-dependent protease which may also function
as a molecular chaperone.

Charophyceae See CHLOROPHYTA.

Charophyta See CHAROPHYTES.

charophytes A group of macroscopic green algae variously
regarded as (a) a distinct division (Charophyta) [e.g. Book
ref. 123, pp. 303-330]; (b) a class (Charophyceae) within the
division Chlorophyta [e.g. Book ref. 130, pp. 36—132]; or (c) an
order (Charales) within a class, Charophyceae, which is broader
than that in (b): see CHLOROPHYTA. Charophytes (e.g. Chara
and Nitella) have several features in common with bryophytes
(mosses and liverworts): e.g., the plant is structurally complex,
being differentiated into root-, shoot- and leaf-like structures;
the shoots are divided into nodes (each node bearing a whorl
of branches) and internodes; sexual reproduction is oogamous,
and an envelope of sterile cells (shield cells) surrounds the
antheridia and oogonia; asexual reproduction may occur e.g.
by the formation of bulbils (‘plantlets’) on the rhizoids, or
of AMYLUM STARS on the lower nodes, but apparently never
by the formation of zoospores. Charophytes are generally
heavily calcified (hence the popular names ‘stoneworts’ or
‘brittleworts’); they occur mainly in fresh water (lakes, ponds,
etc). (See also GYROGONITES.)

chasmoendolith See ENDOLITHIC.

Chattonella  See CHLOROMONADS.

chauveolysin See THIOL-ACTIVATED CYTOLYSINS.

che gene In e.g. enterobacteria: a gene involved in CHEMOTAXIS.

checker colony See DRAUGHTSMAN COLONY.

Cheddar cheese See CHEESE-MAKING.

cheese-making Cheese is made by the coagulation and fermen-
tation of MILK; differences between the various types of cheese
reflect differences in e.g. mode of manufacture, microorganisms
employed, and type of milk used (e.g. cows’, goats’ sheep’s).



Initially, the milk may undergo various treatments: e.g.
PASTEURIZATION, homogenization (i.e. reduction in size of fat
globules), adjustment of fat content. The milk protein is then
coagulated to form a solid curd in which milk fat and solu-
ble components are trapped. Coagulation is usually achieved
primarily by adding rennet (rennin) or microbial PROTEASES; it
is aided by stirring, heating (‘cooking’), and the addition of
cultures of selected strain(s) of LACTIC ACID BACTERIA — which
lower the pH by fermenting lactose to lactic acid. Strains of the
mesophilic bacterium Lactococcus lactis are commonly used,
but thermophilic strains (e.g. Streptococcus thermophilus, Lacto-
bacillus bulgaricus, L. helveticus) are used for cheeses cooked at
higher temperatures. The bacteria primarily carry out HOMOLAC-
TIC FERMENTATION under the conditions of manufacture, but they
also form small amounts of other important flavour components
(acetic and propionic acids, ketones, esters etc.).

The curd is cut into pieces, and the liquid (whey) is removed
by pressing and/or straining; the curd may then be treated
to optimize pH, reduce moisture, increase salt content etc.,
according to the type of cheese. Finally, the cheese is ripened
by a controlled storage during which flavour and texture develop
due mainly to the action of microorganisms and milk enzymes.

(a) Blue cheeses (e.g. Gorgonzola, Roquefort, Stilton). As well
as strains of Lactococcus lactis, Penicillium roqueforti is mixed
with the curd before removal of the whey; during ripening, the
mould grows through the cheese, giving the characteristic flavour
and blue ‘veins’.

(b) Brick cheese is an American soft cheese. The early
stages of manufacture resemble those for Cheddar (see below);
subsequently the cheese is surface-ripened: the relative humidity
is held at 95% to allow a succession of microorganisms to
develop on the surface of the cheese. First, yeasts metabolize the
lactic acid, raising the pH and synthesizing vitamins etc.; this
stimulates the growth of micrococci and Brevibacterium linens.
The microbial growth is washed off before packaging and a
further period of ripening. Bel paese, Limburger, Port Salut and
Tilsit are made similarly.

(c) Camembert is a high-moisture soft, French cheese. In
addition to lactic acid bacteria, the mould Penicillium camem-
berti is added either to the milk or to the separated curd. The
curd is placed on racks to maximize surface exposure and facil-
itate growth of the mould — which forms a cottony white mat
over the surface of the cheese. Yeasts (e.g. species of Saccha-
romyces, Kluyveromyces, Candida), and sometimes Brevibac-
terium linens, are also present in the surface flora. Brie is made
in a similar manner.

(d) Cheddar is a hard English cheese made from raw
or pasteurized whole milk. The milk is clotted enzymically,
inoculated with (usually) strains of Lactococcus lactis, and
cooked at temperatures of up to ca. 40°C. (A genetically
engineered starter culture has been used to control the pathogen
Listeria monocytogenes in Cheddar cheese [AEM (1998) 64
4842-4845].) The curd is cut into small cubes and allowed to
settle in the whey. The whey is drained off, and the curd mass
is cut into blocks which are piled and turned (a process called
‘cheddaring’). The curd is then cut into smaller pieces, salted,
pressed into the desired shape, packaged, and ripened at 2-7°C.

Edam and Gouda are semi-soft Dutch cheeses made in a
similar manner.

(e) Cottage cheese is a high-moisture, unripened soft cheese
made from skim milk. The milk is clotted with a B- or BD-
type LACTIC ACID STARTER. The final cooking temperature is ca.
55°C (cf. QUARG). To improve the safety of cottage cheese, use

147

chemiluminescence

has been made of a starter culture containing organisms that
produce the BACTERIOCIN lacticin 3147 — which inhibits Listeria
monocytogenes [JAM (1999) 86 251-256]. Cream cheese (for
example, Neufchatel) is made in a similar way using cream
instead of skim milk; it thus has a higher fat and lower moisture
content.

(f) Mozzarella is a soft, usually unripened, Italian cheese
formerly made from buffalo milk (but now generally made from
cows’ milk). Its manufacture is similar to that of Cheddar but
involves higher temperatures (50—55°C) as well as thermophilic
streptococci and lactobacilli.

(g) Parmesan is a hard, low-moisture Italian cheese; its
manufacture is similar to that of Swiss cheeses (see below),
but e.g. propionibacteria are not used.

(h) Swiss cheeses (e.g. Emmentaler, Gruyere) are manu-
factured in a way basically similar to that used for Ched-
dar; however, the process involves higher cooking temperatures
(50-55°C) and uses thermophilic bacteria (Streptococcus ther-
mophilus, Lactobacillus spp). Strains of Propionibacterium are
used in the inoculum; during ripening, these bacteria (i) con-
tribute flavour components (e.g. propionic acid), and (ii) produce
carbon dioxide — which collects in pockets, thus forming the
characteristic ‘eyes’ in the cheese.

(See also CHEESE SPOILAGE and DAIRY PRODUCTS.)

cheese spoilage High-moisture cheeses (e.g. cottage cheese)
are very susceptible to spoilage by a wide range of bacteria
and moulds, while low-moisture cheeses (e.g. parmesan) are
much more resistant. Surface spoilage of cheeses is commonly
due to the growth of moulds — e.g. species of Aspergillus,
Cladosporium and Penicillium, and (in high-moisture cheeses)
Geotrichum spp. Bacteria may produce off-flavours — e.g. HaS
(produced e.g. by clostridia), rancidity (due e.g. to lipolytic
pseudomonads); undesirable holes (‘eyes’) may be formed
during the ripening process by gas-producing bacteria (e.g.
coliforms, Bacillus spp).

cheese-washers’ lung An EXTRINSIC ALLERGIC ALVEOLITIS assOCi-
ated with the inhalation of allergens from Penicillium spp — e.g.
P. verrucosum (‘P. casei’).

CHEF See PFGE.

chelating agents See e.g. CDTA, EDTA, EGTA, NTA.

chemical shift See NUCLEAR MAGNETIC RESONANCE.

Chemiclave An apparatus used e.g. for sterilizing surgical instru-
ments etc; essentially, it consists of a chamber within which
instruments etc are exposed to a mixture of the vapours of alco-
hol, formaldehyde and water at 132°C, 20 Ib/inch? (ca. 137 kPa).
(cf. AUTOCLAVE.)

chemiluminescence The production of light as a result of a
chemical reaction. The term is commonly used to refer e.g.
to the emission of light by phagocytes and other specialized
mammalian cells under appropriate conditions, and to light emis-
sion in cell-free experimental systems, while BIOLUMINESCENCE
usually refers to the emission of light from whole, living organ-
isms; in all cases the emission of light is O,-dependent. In those
cases where the mechanism is known, light emission involves the
oxidation of a particular type of organic molecule — the result-
ing unstable, excited molecule spontaneously returning to the
(unexcited) ground state with concomitant emission of light. (cf.
PHOSPHORESCENCE.) Chemiluminescence in phagocytes is associ-
ated with the respiratory burst which occurs in e.g. NEUTROPHILS
during PHAGOCYTOSIS.

Experimental chemiluminescence systems employ light-
emitting substances such as lucigenin (bis-N-methylacridinium
nitrate), lophine (24,5-triphenylimidazole) and LUMINOL.



chemiluminogenic probe

Luminol emits light in an alkaline solution of HyO, in the
presence of a suitable catalyst; catalysts include e.g. cytochromes,
horseradish peroxidase, MICROPEROXIDASE, and even Mn?* or
Ni%* jons. Other agents — e.g. lophine, lucigenin — emit light in
alkaline H>O, in the absence of a catalyst.

Chemiluminescence involving the (ATP-requiring) firefly
luciferin—luciferase system (see BIOLUMINESCENCE) has been
used to detect small amounts of ATP; e.g., very small num-
bers of cells can be quantified by measuring their extractable
ATP [e.g. in studies on bacterial adhesion: JGM (1983) 7129
621-632]. LuMINOL-dependent chemiluminescence can be trig-
gered in mouse spleen cells by interaction between spleen cell
plasma membrane and the HN and (particularly) F glycopro-
teins of the Sendai virus; such chemiluminescence is appar-
ently associated with the action of unstable oxygen species
(e.g., HYDROGEN PEROXIDE, HYDROXYL RADICAL, SUPEROXIDE) on
the luminol probe [Book ref. 87, pp. 451-458]. Immunoassay
systems using chemiluminescent labels may offer a useful alter-
native to RADIOIMMUNOASSAY systems [PHLS Digest (1984) 1
58-62]. [Reviews on applications: Book ref. 96; TIBS (1986)
11 104-108.]

chemiluminogenic probe See e.g. LUMINOL.

chemiosmosis The phenomenon in which an energy-dependent
transfer of protons or electrons across an ENERGY-TRANSDUCING
MEMBRANE generates, or augments, a transmembrane proton
gradient whose inherent energy (proton motive force, pmf) can
be used for chemical, osmotic or mechanical work. A pmf can be
generated e.g. by the operation of an ELECTRON TRANSPORT CHAIN;
by the illumination of a PURPLE MEMBRANE; by the hydrolysis of
ATP by a PROTON ATPASE; by the hydrolysis of pyrophosphate
by a PROTON PPASE; by END-PRODUCT EFFLUX; or by EXTRA-
CYTOPLASMIC OXIDAT