

WAW
Sticky Note
مع تحيات    د. سلام الهلالي

salamalhelali@yahoo.com



cdilks gllg Gl sl euenyill A7l ]



P> PRI WENPY W L NE gy

salamalhelali@yahoo.com

https://www.facebook.com/salam.alhelali

https://www.researchgate.net/profile/
Salam Alhelali?ev=hdr xprf

07807137614



mailto:salamalhelali@yahoo.com
https://www.facebook.com/salam.alhelali

Cmave s Tk N

R WEN]
by G S A

3
-

Yo g&}&’\l:__{j._'l;*'_h_'l

~

T R

B gt A

:3;._‘:."\,:._‘
E1EVVAT Lol ¢ Olhe ¢ o By

he reproduced

R

All rights reserved.No part of this b
in any forn or by any means without the prior permission of

the publisher.

aeashcaniadily

PN




bl uu=lls e

- N |

d..ngnm_.s:n;_ue:_,m

NKd



_J




el

LA 5 op B e e
J‘a—‘:—ﬁj/dj)q_e%s_j - .'j
. a}):}b

J}jUUJ

RN

e ( :J};_:LH)) ;SL;:}

2as B Bl ef u,af B

s gl e e LS eV ks e O L
- i

CN POV CHVA PR IEEIN I (g SYPS N S e
' f‘ﬁj‘ S5 i’é‘:’ PR Yj Q}r}\j




dadeall S FENWPCE )

17 _ — HEIN| B PRTN
v 0)shaiy A odad pladl o gedll 1 JgYI il
21 D N WP
22 e I e ) geb e Tl
25 LA fb?b Jat .
35 ~ et RS Bl ) Add UL
35 gl Laad ) Ll pldl o8 )
41 Bl o) L8ty L) oS 5
45 S D DS eSS el
47 dadda -
47 L sl
49 , . Qt;jﬂJ\ _
52 S — Ol
56 , _ R PN W YVAT S
56 S FCH O
N N A A
58 el LS
59 , e Sl
60 S gyl Lol VI
S —— P O DO
64 ol s b g el (o Y S
65 ! LG 3 Lyl LolesYT L5
65 DNA L_gﬂji ool a5l Oyl

9



67 . 5\}1\ @\} DNA L_gﬂ,ﬂ\ ua,au-t -
68 . RNA 3.3)'}_.-_»;5\ 499! yu}\!\ -
69 1.;.15»\ Z\M\)JL;BZAM| éjh)‘_g E}G"’-'Y‘ s EJwd M‘
7 o L L el _Aa
72 o _ . 7_;5\_4:\

L @;\ L,rajsﬂ;\_
6y SN
T SNy el edl o Gl
81 el el Sl g
88 oSl b Gl

88 o adslsl VL fa S
9. o PSS M e e
94 S Lol ki B b -
9 _ AN C S PER I RU g  PRATES S

01 SRR N WA uuﬁm

103

[ . - - e dald___aas

o4 — LA Lo (g et amddl
109 - e gL S i
m. o - — Jl ey S Ciy; -
114 e Mg gl s
120 e
124 sl U e Lz bls)i.
27 B o elzad ity

10



128 sy et -
129 e e S R S e
L OO 53
131 B VU-S 5Y
B S DI
132 - P C A
133 | . Ty = VS N
134 e S
134 e by aad LY s

138 o I Bl Gl
138 o ERRUAN I

R el I

139 I v s Dl sl £

141 . L Lt Ao VI el Ladll

11



170 R - byl -
171 . Cilag Sl -
77 L el SIS s A
179 - ;uyw/_ﬁ_
LR J e Sy leggeg I
e WY WTYTICN U~ TIPS
183 - — sl sy
184 e — DNA (gagdl jaeldl sl
%2 NI
193 M gl Al 'CL..;:J_
198 BU gl Jaeld 'CL.*;:J_
199 e el el
203 o Bl sl ol feaddl
205 el Fe-
205 GmSall Sl ekl amdl -
22 \,J:u}s;@_uad; Bl GBI

216 Sl stz el

20 . Luseld Lgf'-fqﬂbj_
220 — — = usall el
21 —— — - s el e
7 ] IR V3%, 0N | ERU L1 I BOPY:1 |
2 B i oae
226 bl Sl T -

12



42 el Q:jrﬂ LL;JJ :LQJ-J:J‘ -
249 R SCTE D LR R B IPN WY:1)
251 -Gl VI Sl Ty DIl
L TR S WA [P Sl amall
26 R Sl S s

257 R SR TEE D S R VP

261 .S fu.?ijijx‘?:,;&@w&m

- o ] e daldia

263 , . I J>-j5 JIPES Lgfgéf el
266 - LA e il
268 e S ke SLaSTE Ll

o A e sy
275 'QLQ.._..S_L.:.?JQ J-| cL.....:L‘ L s L?_»Ul” J..a.cl”
277 , U (:L..q-\ﬂ_
287 - —— slenSy i

291 @))‘Uﬁu‘ ZLE:S.LH ij...:.»YI_g QU;.::.U| L s I uLa.&Jl -
293 o i_olda _

294 o ) 3.&.,_._3.1.]\ QL_._JL:.:U‘ -

13



297 A g s A
300 S el bl eLaYl F
301 L el Sl GLNT
RN EINCE RS W PR
R "Z.E,.SJJ\ sV
o BT AU DEF NN (R0 P
09 . MJJ.A-\ uu\_,mm ors cw,)\ Jadd!
S I e
. S -V € SR
M g CL.,_;.J\H L,.a}wj\ aasdl Sl

e Sl SR
313 b 6}5;._“1 u)‘u.!\ ;\L’L?-T -

S 1 7 S-S - LFEF S BT
- [FUUR-P9-2 PRYSEA T
—— - e Solad gl
318 [ f;v;):iux Pl
K] b e () 2 e rujm _

319 T T T T T éw.- = ‘ )\jv\j‘ -
319

e e
o el

320 e Sl i
21 e
T LI == L

2t I P [ FYEWOES YRY



S Ml jelall
B T N

e N rLa.” )}hﬁ _

_ f‘ijY|)}‘aﬂ_
L}.MWJ\ skl -

_ JjY‘ JLALY\HM‘ -

JaVi L{JL@J‘ el

S Y pls Y
S RTE IR TRV

S Nl

S Hlas Yy

S Sl i
P -T2 LIVE S [ -1 [
Lol Sl Ay NI ls i

a2 Vil

Qbu‘déu}l}:}\"r\.@\'\

15



S dauda

F37 g Lade o ol A WL ST Al NPTy
ol W gl plpn| &‘A’J ATl R
ey - L"’L“’U)J"U’UKJ"‘J"L";‘J; o ol bl o s
Ll ol ybig Lot e Ll o S o) ol Lelooliss o) Ll
&ﬂwww}a il 2y e DL s e S o iy
£ LML Lol aa 3 Mbwt(,buu\ 3,81 ol 65 Y sl
ol LoV S e e oI w,&mﬁ;t sl lede Gl
Al 0L w sl Qlﬁw e LTy anas oM J_a;;. LU e G
¢ 3L LRl e s e e s 2 s s sl B aze A5 sl
apmal LU peas L e DL Lot e Jead) 06 U
sl ol 23S e sy ey Sl G S5 a5 Loyt
pall e STt slene M By e s ool assnd 23U 2as )
Ly Lo SV S B 5 2 Yl dadl slall 5 ni

y;&&p@@ﬁf&\&,&w\@@qugbﬁltgw\m
Sl s s A el AV Al oA B aeaill ) all
it L S oy ey A s 2 A S Lol Sl e

Clad sl oSV s el 5 alaxst <lis,
J b_j"“"d g_}': [P, j.‘ A L.';g " .

.osude

P el Ay OUS s I e i s i Labar ol T 4 5

17



J\._J.-\A.SLJ g_&.,L.gJ\ fia J.:.A_.A Lfﬁ °U3jjj fu-bjjlj sl L:.JQ.H r}l,'..“j BL:.;-‘ r}iﬁ
VP JECTET/ NS NI EEp WA E Y

Ly

ansipy oS 1 e e oty paeld NIl S Sl poLisf
é&MLwyuﬂMMQUﬁMQUGva&iPmﬁﬁj
RRGNE L SN VRN

bl cope Gamdhl As o
L)J)Y‘..L)\_A.P

V444 / ¢/ ¥Y



J9¥1 !

b)phady Gkl ekl plal poasl

Cytology Concept and Development

19



DAed G

Ce ]l R T LA LN 3 il S s PR NESRNER
. Cytology 441 (..,La @.s Lo s b de ds LS 55 LY sl e

ey N A @J_ﬁ o ke I (..L,J\ NP uj Sl ssay
C AL psle s e 5 a8 aph B S LA L

IV ot el ey 81,00y 1 235 B3 LU el of s
Il 204,55 LI aLsT 5 ide L) 0 el e el Ly UYL ~g
oLl L?J‘L:_Si \,.L,Jl At o U e sus! LY PRSIV
A e Y LB e a Y N s zoss W B o o a
. Lﬁjri«j J.x».a_j J.:Q\:.Mj 2.3).’.2.5'\.; »._j'a} FL:EJ r..i: Q:J‘ QL:NU

Bpns Aglay Ol ol Bl 3 w8 ) oS N adatle o dIn Yy
Sliasls Aolb W WS e LIl LY Jsg e s L_).:J‘ V!
e CST BVl B W

iebally Ll BUA 1o 5: S i aal JWl g 0L ClW

L ael



: 1—:5‘-‘('1‘))-@5&"1:-’2)‘\33173
iy 5t 1,5 ey LA psle B AoVl gy pdll oo &5 ol o
Sldall GLEST S ay5gb 3 Ladll sems JECPS SRRV

vy \_»ui&},a Q){j)L}?_;L}ABJ_A incella_:l}éhwfmﬁ
Slwde sloszal 35 1665 ple il s Sz aadall ols A
WWCG crg,a
&wwdwﬁagu;waﬁ}pw%ﬁf@;ﬁg
R T P P O e e del Wiy e Ol
DL ey Ay Al 250U WO Lasmd Lidis le Bde da by 5
W ww‘j u\....; L'}L—»)%u b ywﬁuw;& LbL-:WJ;LA

P ,,,_:._ — ‘.)&j Utriclex T

Vesicles u}L«.:.:}.ﬁ-b uLp\J_;z_,

2
~
3

C:,,,J S e sgj,a_ﬁ b}\}- A.A..p\ S LRt .Aﬁ u.a)ou (1674) .’_)ﬁ.u:._a

'm
o=

Sef o W oy S aidinll Gillae 8 TR Bl aiog 2
eitey st..?\" e dde Jip PSEARY
pudu S i ;}\_,JM\\_»_A.«L-J s S .AJ_.VDb-j
e it 4,:}\ S g Ol o B D5 cndy 1839
Schwann Ol s Schleiden CasMs & Ll (,_SL:« 3 e S5 Lgo:;Jj LM
s u.qs el DS e el L &t il e e
Oke A__Sj Iy Mirbel. b cledadl laDs Lpas 1 \LUJJ,.B
Turpin.1826 -,s5s Dutrochet. 1824 <oz 525 Lamrk. 1809 £, Yy 1803

. (,.:.pbj Brown, 1831 Olg g
G i DAl g e S e e el G ER RN

22



A L aale s plesst e las s s 0f ag il oda s
ey relil s G Ll M 2 s s S FEt i
Von Mohl, Jgs sds oS g 320539 O3yl 93 092 LI ol 1846 ple i3
oy A QL;;_QA A—>| Ciwos Dujardin, Schulteze | Purk&nji
- 1831 ple Oyl Ledoy A3l Loy (A a5 050 5 L

Vi ('Ju) Virchow 35,5 45 1l a5Vl (._!Lc el 1855 els q_s
Laplly ol Olpdt Los st plontll i jslany 58T O =5 Kolliker
C ol YU e ddee M N

hloolss Remak Sl o & 1875 2> 1855 s szl il I
L?_J Amitosis UL rL.....B.JY! iy ‘ye Strasburger @_,...«JMJ Flemming
LLialsy Schleicher [1878] ;2L ol s tay o Ity Lty Oy
1890 ple 3y . Karyokinesis sf Mitosis UL & sl &Yl Ciwoy [1880]
4 Lgmyjgs sl s PTINY| Ty laswssy SU Waldeyer 5y Ciog
oAl Ll Gl ells s o e e U e gl IS,
Oledl 3 e Uyi oS Ul Boveri S22 Van Benden Suw CU LS -
1890 ale Bendalauy Altmann

Leeenly B e 3 5Ll S lodall e La08 Slls OLS TSRS
Hertwig 720 ol 31 05 1380y ber 02 s am b Slis il
S LUV sV L) 2 LR iode dlas 20 1892 ele
ooy Gaflas i ol Loldl slall 2. bl sl e LI
FAS i o zoly Ol e Jlall sds WSy ity Lo S 5y
T gl e i

Lol Gy ope eVl lsa VI jslat ey sy WS IR Lo ) gl
P 1895 ple b AT Lrs 3L sl e !l Choy e slelall oS

23



e LI s agy WO oD Leall Chog Overton O, bl
w.wa ..,.AL@ o.)&wajl898(’b \}.;-}5 (,L..a-\ eSS . wa'J,:_Zzl\

[

Ay L3 e slasd Mg Sl el e islozed PSSR
Sy 1935l PR loy 1925 ple Jd g »5y5ms 1933 ple sl
JPEARNETRPICRETS sy Loyl wlaa] e 1943 0L
gl UVl e S S 5 gy Sl 3 Opall (e 2SS
s ey W o ety lesbell oy (0 2SIV e 93 PR
s A el bl e S Sl laeVly iV B
U mol pllall iy slade oo S o) gl ol S
P e e o gy WA s iSOV Ly
iVl e bl Sleglall 25 S el g5l Jaisly Slagawges S a5
e o el s lede S LaS L B U e o1 2]

L ygatey ply JKE o LA el daal s oSO Syl
el eV LS Al s e agdall B JETN NG - E
L._».U CJ;'A}: J,U.ng . UJ.__Pj Jd a_..)\)‘j Q\.A..:_:_,.JN_._'\: ‘%)-L’-L—gj—:;{u‘j

g_,QPL.A:j Q‘L;:ij;‘ ;\-'.gj c\.?l&-\ v,..m_; d} Q\.C_J,:Y‘ )32 * aJalS 4.._..:: UJ_’..A
LSS e g DNA el gl sl



S SV ey S eV 3 W Sy e il
S 3 WM pnsly plply JCET e YV Sn OF 2 Lot aiaed
Cedly A e Sl e Sl aml

by gl o 3 1S D e Wy mag,Sle 1000 10 g s
Ol dorg 13y i) 1oy e i oS anl w3 4zl jon
LG, el il ey woe ) o L iy agLaall LI
Bla> b lgza By bl 3o ldl et amban s 04SS aeda 4 A
Lf; sdeelacd Ll L@.,_._s a)ﬁjl‘ ;‘}J.-\M‘ ‘T"'—‘fo:) éYJJY‘ J..;.,@.....Z.J d.._.b\.&‘
S o gmadl gl o LISty et el ekl il S L
Wb ey 15 [RCSIE 500 PUTORY UV S P [ S PP T
DS eSO Sl o g A ek ol DS S BUREES
B 5eUS 5ol 3 18 sy wnly K80 1da b sy O, 5 el )
W S 3 i I gk Gl 5 i T )0 Jpa O
NSO Lﬁ"’}l"j"’:‘@'j‘ L}} oj,.i._? E P 4_:l>=~U 4...1).»-\.3\ Lﬁ}\.;—b . L,@.w;
o S AU s 228y pno il oty IS8 iy 315500 il

25



D oblA S Leselas
el 3 1,258 bl Lol Logmmy YIS sl LI il LS
3535 Lo Bams e apmanll WG L araall Bl 85 225
L o lai ush 55k 255 2y g BN Bl o (o 33 025 L)
r&;\jdg.u\s@wtwu. ;iqu;\wczséfiw
il Wadlg) UM e gy arand Sl e YV B ez

G amandl UMD jyloe n GYNT e a5 5 0
u}éﬁwguﬂvmyu),}uﬁ}wm%@w
A“U-\uﬁwj_m..i BUPY \aj)jrub”_.mjjj R RN Bl s
JL@Y\CJ&N\’ a | oda ubwu}tj o 515 .\?—y JJJUAY.L;) Lanl

R VLIV aanl J.?L.ajj\

L wdalie S Ll WIS e el S8 ank Yy
o i il LS sy Skl Sy e dinll LU
’L,.,;j W‘“\iﬁ}\ - LS Sl dels CAMJ Lets ysb LB UL
Uy astind s 0 aalandl LN w05 gl e i pllad
L ielaadl WO LS e ail Laadl C;sywﬁfajdmomwj

Lo LT ST e ol Zunl WO Je B3U1 LD s LS
S s 3 SR A Sl e iSO o S 35

el UG L bl oy UL my oy (S5 3 LaS
S bl b Jadl sl e pite ey (K5 0I5 S o o Sl
EAER s Jomsy Jae il edial dze JEBY) gt [ Lakds
u;uburwujdwu,wd\vﬁbvwﬁg;\ JUCSVRT

26



Lo JLl 330 0 251 JSosad) Wl 3 Lo fomy 35 45 L2l gl
LS o idisis LS plonaly IS i Las . bl Y| SE
Bt A iy all iy B g sl g podll LI a3 I
el mg ern ey oda LI IS i o LY g

C WA s a8

wanl) gllau¥t ey sldll oM aal) Jralt el ol 10say
sle S w*—e—\‘ Wy e pdl bl el JJ.?‘:U srdly adilly LIS )i
Liby pass U JKET e b by sl i3y slasVlg alsg)l acai
WM am OF Gew b WY 03y . 4y 35 25 1-1 D) UM o
Loy Loa ¥l s 3 I g LS il et wpline IS S
Quwﬁmv,}www&gwwdz@%;w\ ol
by ahand O a3 JU g LS Lzilsy

SRy o i f L el 3 AL B Lele OF a2 U1 ey
pd WG s 5 Lobal g ol (5o Jalge 2lls OF VI U
A SLLBYI e AU 5 JU T LISy w5k 04
o ontbe e Ala Ll sy f o e 3 e e 2L 2l
QI 3 amdly addadlode jelisy ) pomlandl oy LSRT 3 0350 5L
J-EARUCTRNIRERRR TS o e smle colan aeadl WL ¢ gLl
by o5 byl ple] e el 332 ldl e AL aes Je WA ol
. Léngagb_)‘ Sl s

Liloses Lokl la Lokl S Llas Vi ELRUIT VAL FUU RO
gl b i Wl 555 sy a5 e a5 il
Ol Sl b Il g LSl aslondll 55l 3 aidl GBSV
25l B g i Lo e &gl B0 WD L ey dslonie 005

27



il byl e el Gl gt o adlie ey A 4kl
il b saall ol ol oS L e alaidte o o s L
. gradl
ijiu@gwcmw\sﬁgﬁgu@gwoiw
il e il Sl s s LS Lt ST sy mlaliss O eda 2

Smoouth muscle cell

S e Ol
Sperm e AT
Q\S&S\S\SS‘&QS\

o e L

Q'
x \I pRT L PHE

k’\/’—/——# Adipose cell
9§

2

Epitleial cell
P ¢ QQ}{

C it 4ol
/ - & }// Nerve cell
\_,.. ‘/‘ - h '

Aneoba cell

L ekl L e e gne JISAT 1SS

28



4 @J_s
/ﬁgrve cell process

=
'._f""ﬁd‘ J.i.ﬂ‘ LY. e 4._.1.;- L}.aj;:.i.SY|)@.§b 0) 42 |

coas il Sllgdly a4 r.....i-



Vacuole Vacuole )
%\ Cell well “ Cell wall f*
1 Cytoplasm [ Cytoplasm
] Nucleus
e ——
Meristem
S L Parenchyma
Sclerenchyma
" Companion cellf’ fibre
LEHJA PRES
Sieve cell
Perforated
sieve plate
Phloem
' Annular
g tracheid

Xylem vessel

i s‘_f«j

@u‘gw‘yﬁ‘;|,plmtij;i: 3-1 g

30



mitochondria

LS 5ule

Golgi apparatus

s e

nucleus

51}_;

;j.éild.?ﬁ;_dzcl&up&iu&.;ﬂ: 4—1JSJ-

Rod photoreceptor cell

31



ace i Y1 sl ol ol el b DVl adalie (S LaS
Lerlisl e aZW LI I e Lz ST G2 5 Gi Al je 5 LSS
L sloe p pLiiS) 22l ol 1 9 LS JUsiY U3 sy
sl LthJL{ e smladl oo B35 eal & el Loy sl dgsy
C Yl o oda 12s5 Of o Els Wy LR 0

imsly pis V1 et WAL 0 pme 58 o M Y eda gl
U NN U L PR g B bl IV i
ol oS iy WA 2Ll eo% sl s s LLs YL
LA£ o La aenl aa bl OF sy, atadl CL....)-YLJ SRS S
aSlAe slgag 55 p}bfab il A LML . UMl eda o>
aorg el Sl j,LU CUISy Slas Yl B e yys LanY IR
MUCREHHPURE AU [JUCE ) RUSHISEVES IRS Y
il e L Al w\p‘ lagsay SU Lgodhrul slzz o,
L el L s Yy sVl clgt dad aie jem )50 OY eyl
N

I e by s lB VTR K5 3 MV e Ss S LS
odp Lokl U gl 3. el B 44_;.;\« Ul 2855 Lles ala>Ma
lsls s Of els ¥ 43,8 3 ,0ies L;J\}:}Yi Pli VIl ades (e elgm¥l
Bl gy B e e s Dt gy

O U b ety S B 2l al- Ly bl s Bl
Lo oSt 905 gacdl ALl WAL L 2AdS dsﬁ-\ )35 USRS
J R o R o T S T Lzl 251,
o prl iy el JuaVl LelisuY o wlhly ol YL
-z aabs psdh sl



Jolgld 00 LA JSCag oo e 35 A el e G U L1
Ll Jalgadl j95 joaziy Yo SLSH 2T 0 L322 C)pd gy Lo U
. LS}J‘WL{L;J:)ﬂJu‘qB”JL’L%JJQM‘J'{JJV»%&qB
L)LJ@-).LE.A L@W)fal;\r)%);br»)msirﬂv»ﬂxm
S5 g o ol gl womy ey SO A U] (g5 o
(’J'L’.Ub' 9y . \.A)\)u j.AJL«JLé.AAJ}\j u\.ﬁ)—«l}.ﬁjjﬁ‘ JJ&M.AK;}LJ—‘
ez Oy sl s osioms 4l o3 la 5 s eal 13315
UAA.J‘ éﬂ) p)&.:}:.iu‘ 9 B‘)“J‘ C..» u:-’ 4_:.;\3 ct.,...;u 4._.....: O"L; JaﬁL‘u \13&.4—‘
O'S‘ L_S-’}i “:":N \@_A)%).‘li\.« (..» BJ\U' )T \3'3\_4—‘ e EJLU' O_H lpu-i rL...E.J\
O'H OJ}.A.H J}-‘Y rL.*E.:Y‘ O'H \3_3&-4—\ °'1-€-f CLL’,' La LT @L.J\ 4-\_....\5‘ I
C A el
Al sy il A U e Sl b B 28T & =Sy 4Ll
gy W ada 5 s Ladl) Bl alo ancd 13 aslol Llel 5o g
. M‘r.;-‘ b)‘é—i 3 OJ}?-}A

Loe sy 43048 Gl ades slga e Lilfs WM LILE & 20 _Hpu-u
JB P e apeandl 4 xS OB 1Sy sl a8 Ol ad ] b, e
sl Vhoda o (o VYT 5 JURT AUAS s ey ad | I VI I ISLET
Ol gded ol plald el LT an bl JSCall danl bl oda b Yy
Jsedi = I.x_.w,.SYi Syl OU g s LA oS anl 2l
ol plill e u)mtrswj Leatlas &Ll S [eue: ,sw uu),mx S
Sl pldll o isbael) Ll C«ﬂ‘) T)Uf#" AN sl Sl by

33



(5-1 JKa) . Bg,all ol
Lok Oy Jalge 3uas 3w LET JISCaly plonnt OB Gossls sl s
55y W aglize sty JISET 15 il WA BT (e Gpre e

z

Lo Lo slaad atedl asSUall LG . C.JL aols g ady hall iy

LM 0555 Loy LS wigwgw\@@j@w&gds
oY C\yiwwp 11y gmparr aselas il Al




: Eukaryotes & Prokaryotes &l Jt 51 adly 81 41 Lia> LWL

iy e LIl oo d a5 IS8 cnys RE I EN P
AT LB Sla OF V1 asladly adly bl UL 3 DU s Las o3zl
b 3 IR g LaS L agDu sl P aBly ot lei oeom ) A
3 w‘j} 03k 3‘).3 L}"L“ L_S}':-’E L}:J‘ Lg_)\.;-‘ St BJ..,a'_'SL-\ ;UJ}J‘ g,JLaJnJU
dids U s ley sl dda > WL Ly ol Oy dbles
:\_,._j‘.b ;L:)YLJ Lie L)j.) p}bj:.ﬂL..Jl L}" 4_.:3‘)}“ LGJ.JLA J...;._LJj 3‘)’“5‘ .))_>-}j
3l gl

addf il U oo xesesl Gula Gy 6 YT B4l ey J=Y5
Doyt ik | Lol pladl S )

Wd&.ﬁdb@)&;;»@»g&;%;%@@&!@kx
SelaS. cla el WS Gamg o bl LVl 3 U go LasS el
WAy el otk padl L 5 U s LeS b UKD IS LS 55
. QL..J_H LY (..E.a.aj 4__');_\\ Qb\ﬁ.;-lj ‘L:..*a.xj‘j 5L

WL gy pas 1 2ab gl gy e Ll sz LT K2 0L gl
el Ao g3y LA sl w2 T by 25 IS
54499 4_:.1.44 i e LM} a)jLs'H Lg_y_;-‘ e Ja.l.....i\ u.g.:.;K:..U .Ja:..«:.”j
CRele U IS gl b aids apal LS 5

Bl Sl by Je JUI Jow Je cla ) Gpedl LT a5 Of
REJUETE SRS SRR INSSRP IRV B TV RV TES P PO E s TP
S VIV CAUE B [Py SUNJE RS NS STV ST I vy GO A
g sl AV 5 sy e ISl

ija...n % Jtl'; SAe N :uzj}o \.G.:T).G.lﬁj Q)LJ-‘ o.l@J Zg‘ﬂ_s'ﬂ QL.psz“ ol

35



s 144 o Lo gl 5 50ais e (Al Lily LU 01 Y
ol s als UM dn adliis b 93 0l Lia LA e O
O VI ol ezl o sde o oo by gﬂ‘ ssekll o5 & JE-1 sa LS

il ol e SOl ani e Wl sy Vs (g g2 WIS oda (lans
S| QL.J\HMQM\WQL gl LU e e LY

e ey, Sole 15,000 1200 o L rgl5 oy Ui jaks OIS e 1,22
’ 7(\'(7‘
Ui

L(6-1 Ji‘)
A Y
lM {([( s
®

ko
a0

e

(1)
‘&I
| -
)
®

i,
B




o W e e a4l Lasy LB LM e 0B ple Sy
OVl Jyodhfy O3l 5 Lplins Lase St ST 5T ST UM O gl
&H)UM}UQ)&;—‘JM&M@&j@ﬂ\j‘dﬂlwbg
-G B LWL

bosl B s Wl ek wU e dl c il Lads W Lams ae
o8ty g o 5528y oty amsly wpdng of S alp e LY e
e A B a5 B Lo Lo e 3l Jaisy. Ol
sl die 1Y Al Sl sl el e gmd ¥ aslsY) 2
o A e olazel LSl Gilis ol )b el Lelstls gl Pl S 4 i
s legagey S el Yl ada o5y aal ]

el ey mbene Bl e Lafaledl a2t I gy2d
ks by sS ol Lee ot dilosis ol LT e gsmmmyy 315l Jam,
eVl lls Opal

e JS Lo gl LS LN a B el e Gk
O O LIRS UL DTS NN S L SR (Pt
Syoms Uy S| L3,1>'-U\.'\ 2 sn i 0S8 ety . Ectoplasm SEETESR N
- Endoplasm 3™, 5.5%0 ey ey gl Dlaall (‘L,u e

by ooy (3 slii ablovs by 51 S LI e gl
Ma Slow, WIS i aaga Cilhy s DIl elaidl oy Ll s
il bUE asl b WG e w;sfji e - R e
Ll il a8y oy Sl ol wdalin oS Wy GV s 22 i3,
skl Ljuﬂw;.,, L kel 52 4 Ol jglats asll LS|
WIS el ez 3 0 Slalll e oSG el oy UL 0o ods
“ LSl

37



clae Jo gy WA 0L eyl 55,28V o2l wlogons of
ameyh s V1 oSt Lt Jendll oAl paalin S ¥ 5 oDl
AL DL Slymdy S ploary loprsmy My s gy s
e e ly Slaghan 59,2V gl 05 5y Jaid ALl L 3 oaper sl
s 1S B ealy L2 il e ) B3 5l oS
S Ll o sl e ol Ll WA Jamy gpad. WU e Lo
b I p LS L gy 85 Lo B Lead of oSl Uil puasins Jyd
I ) by agpdl Ul ly Sanldl sy i) ol pal) Lha Ll 3
(897_1

38



Fad

Py

geoNslie

)

. Phagocyte

39



endoplasmic
reticulum

e

% complex ‘i'% 3‘.“.‘ A 54 NIRRT

B pey

‘€.

\ e
%: 15;9«::»_

\.J)-\J’S’-"-J\.O R4 .
smooth
0 v Sy g endoplasmic

reticulum

//"f/ PREARYIE \%'
+pblasma meInbrane el

e slls

.B‘ﬁi%b@k#l&\gbjﬂh:hﬁd: 8 _1 s

40



Dol gl L L) oS 5

32 Vg syl g UM e Lo il LS 51501 2210, UL
U AL 230 Lgole Sy (599 OBE Sy pe s fete 31y o
s &yghatdl Wl e sl e il eley 0585 4311 Ll
iias WA Lgte o pdsul ! il ST s st U
o ¥y B o 25T sy 2l lagle e il el 31,0
o I L U g sy Ly B 3,0 2514 LS Sk
" RECI UL PRI GOV P ¢

OU alpall iy 4l WM o N YT e 28Tl sy s
O e sl el e Loyasy Lagiy Blad e dyiadl Slia
Loaelyoi Ja Lol By bt BLAT L a5 glally U, et g ST 2]
CAShs) Laglay

Breree W gag 31l 251 WD e a1 sl L oSOl s
It Cileos, amty e Sl g sy e Sl 3 o Ledebs 2l
s e JCET 33 Ly wgar 6 24y (69,5 Ldnsd Lpagomm s L 2
s (G, Zore adkisis 3o L xSl o LeS aals JISLaT o
ol ssiie 4ty Lgan

PR LS Ly adlate e B WL el o LS s el
oda o5 Wy Ul 23S Jast ppngag S e il 200l el Lgd
oo e e gpee A rj}k_,);_u\ s> 29 Nucloid 4 4lS o Jb aglacl
i gLl s laanl e S L xSl azis L sadackl lagwg
c;__»jygj,u\!\ a2y by oS el e syl e aas L s Bas
Aol e S e Sl sy Lty lege Sl S Sl
e LS YN Tl Jan (g2f a3 LS. liaall ol gy i el

41



o oS Eeal LI e DL e el 5 Ll DNA ol
a5 sl sae Gl AL Cblall Las a2 el
e BYT iy doly aeid (o sl Sy sas L

WO e Gl S 5 b bt oDl sl L xSl s b
Vo B S B LAl L ganl 251 Gty SO Y1 B, i
ISl ) il e VI e sl e el z ¥ L0580l
(1059 _1

O.;MS.OQLO_,_‘H)

;‘#\)‘D e -

3l B LS B el oS 0 s



I

L?:-é}d 'élj.'J‘ 3.:5‘)4-‘.1};143.:13- g.:_gj:.iJYl}é_#L 8)},.,0 10 1 J..i.:
g sl 5 e

43



O g T O LS Pl e b A Ll Bl
b\..,aT Q}AJJ\ ji QL:JJJJ\ C:: eda..Jfa LR B C-JL.’.JK""j L:f_‘_‘jjj‘f B u.r\:.._:‘ L_S'U‘
) o U LSO s, LS 3 GO s e il S sl
ey, S iy e A 3 iy (S G 05l
S etS el ads ot Loty lgndimy oo oo Sih By 23
ias DS e il T Sli L sy ol el el LAl
san b etlal (s ik el A3 LS. i 4y 0oy encs
Uud;@};:ju,.ﬂisyjibtjbfw&g;&g\ $s2f Les =
Casdaze ol et staed )
U alem VI g e la 2N sl 230y LS Flpl phns S8
o et g D3 il el gl 3 sl s e 0
el i UYL e U e sl B e i

44



A i
glal LS A1 5l

Chemistry of the Cellular Components




Pdad 4
sdad ped o LRI oy ey iy L S Sl of
1ol e B SEBU e o5 m) b Al Al sl A e s
e g el Wopey Lasl B LS| s Slapdly LS

REN
ol 5 alisy o 1 U OB Lty gy LI Gt | s
SloSd S A Ll s pall s i sy T W

%90—quj.>-Mt\g@@ﬂl@;&s@iwhm&q
I B Oy AU s s gy S 5 Y Jam L a5 60
djt.’.i;...aj . Lbj,;&j Zu_j*a,d\j :ti}—.a&\,l_" \;“5;;“ V(’LC« g.......,..” L};L @).“Jj . Lij.;-‘
6;"\“ dj_..a...:\ p.«L;-_i v&:"fj UL;<.~ k_A_._ wt.ﬁ J.?AL}' u" QLSJ,U oda

- daalall
c Water 4441 5 .|
ddase Al ds J_.o\j‘\{ @ as ‘asl s ol e el JL:J
5)5 L)? . &j:}j).l__&,é_.” o L)UJ.AJ U?L”‘Sji 5).) Jpn Ale 5.1_>-‘}.” ‘;‘-ii)—;'l g_,.SJ_ZJj
Liall oda o Sy sl sl Ll 13 LUl Ly 0SS uJi
odes ISy £y Al Lol Pl AU S L LS Ul £l
o il Jroad oy LA e Gl oy Bl s 4,0 L,
Jix5s Sle bang = L_gj_; eVl eteladl e a6 L g LSl

47



Sl Fe S e sie oS5 b ey 0l LS sl e 2l e e

by Ol Dl Sl
icanl 13 55 Sl W Chaasl a3 LW Dl A Wl oS ol dseg

CHJTNURN PP U IENUE JIV

S 5 ot 51 Byl DLl e o s SAS ST g G
sl e dady o I S S

Ly () Aall sypall ag 1551 20 &y ypo O B o3gy 2
S ALy ()

L sdly 4l d o C‘Eﬁ( s ol S edmly Bl o oUWl iy 3
S a3 LU Aeal DI Bdle Ao L)l fan sl By
“ RVIAREN S PSR

del b s s gtd 0 o an SO0 LT e 02 1 2l 4
gy LAl s A s S S el e 240 oLl

il BLs| b ol Ol el s il L s i) e

e e

Dorys oLl i LA e 45yl il e (e BES L5
g A S ay oWl e e 2T OBb ek e goy 5
A Sl alasil eBls w2 g N BTl

LR bt ALl 2 5l GLol e 2l asdan 55500 sl 6
ey s e leuux_uo@dlp\oﬂ Sellads sy
G Ul CMJLGQ‘}..-.;JWMJL&,U%?AW';@ 355 5dalio
O sl il (MU gl

LT s xS 4 Blo] Sl i i Jas] e sdeldl el Zasls OF 7

48



L iddsis iyl Ll O o plr Yy
Ggeanl ohpald Loaal LA 281 e ma b b0 Al A aill 8
- Proteins =l 5s ]!

U“‘g'*'i 3 LM U ij)\ RS Y 85-80 e La Qt.:.}'jﬁ_j‘ J}?
b 5 an Y

FN 5y, Sl e eds s e b e il IS <l
Z\JM Lf_a_a .Za..JJJ Ll Q}J)LS a).:\_g d_c«.,U a‘_')j}_ﬁ Qij 3)5 e u.ﬁ_li
P A A B U A e el Legemns L s LS, LS
R 6 e

H

NH: ¢ COOH

R
iz SJ—}A.%-‘ odn djii i Q‘J}J;Jl S L“}.9 GM=YIR S\;}_A_?Lﬂ Jifj
o LS e i 10 1S Bl T eI 5 U g8 LS gl
a3 gl S L ablo it 5 U o8 LeS G it L2 sl ey Ul &

. - R Nl - foos
Wjﬁw‘jvb-‘/wvé@uj)\ul}

o el oS85 g s L sl el S
Sy ks 2 05 O S R Fesemad . BM 3 Ziliss slyie US

49



eV sl 5 JU s LS Oppadh 5 0Lyl p adely e cLall
oY1 sS5 Ge o l P L Gl uﬁ” Lot o ol el
(12 JS2) deglly Oy Ally el (B I s LS s
LS Bl e b anlie eVl Jaeldl SR depenms 0555 15 LS
Q}L 25 gl o eV el d, LoS Ll g_;y PRGNS e
Canle 8

S s LV Sl SR pslons Gan OF JHSLS] s
peldteds B SO gl oo dileses & 00

Al ey S a5 sial SlpeS LoVl oles VI e e Oens
Calsladl LI Valaze 0555 ol

bzl Lty o e W alam V1 515 e din )l s alder A

Larlodd eVl e s o el el LSS R pems Lo
C ) el Iy dl Y eds easy JUN el

H H
| % l
NH2 lC__C OH-H| -NH-C-COOH
\
R R
oo i

L5 LS gt s Balate oy Lpnms e ol e LS L5 53
I e s 355 o sl e plat PN e s

50



DS A o Jeliall e B0le 105 55 gl Jad oS A s S dla 2
aspo 515 amy oy gl sy AU b Sy 5,2 Y1 Ly
LI 5l o8 LS asliag S0y a3 JUL s
A e G Bl B LS Gpas b ole T DLS e
B BRSNS P PR AR ERUSP EIOST FACTh RIS PNV AT

(B Sl ) g

NH, NH,
‘ A\
CH - COOH CH - COOH
| l
CHy (‘}Ii; NH - CH. - COOH
| > >
N 25 e Y
[ ; ‘__./'» \?[ e 2
\\\_,-—” &\,/J
oot OH
O 9 N
NH, - CH- - COOH NH. - CH, - COOH
2 {
CH, CH
; N
CH CH
o gl
NH- - CH. - COOH NH- - (—‘;‘:’COO“
] .
CH, CH,
| - I
SH C=0
|
NH, OH
.“.. H =
o> B

ssan bV (ol NI e sie 3R A gamee O 122 IS
AN S A e e linlly ol e 3l 3,05 (s

51



: Lipids O g—a Al

TSP PR LB 100y Laiss ks oI Slujr 29
Jodlew e 0l Gl iy 2V O e hgeaall Sl
55 oS V15 gyl 0SS 5 B s Ak A5y 900
sy Sy piangill Je 6 5 ol Lgne B

Dy il B3 M Ol s

ikl ol dsladl Ogadl 1
el Gl
Q}Q J..sj -x,.,J:_L\ ,pw\ﬂ R J..J w R -CO OH Mb e \.é_..SJ,J

2

djg.: j\ A_AMA \v:,g,u .LJ.LJ« d,o_.wi N’ U u)).,b Lt_M.._A L@..J d}))\g_,‘
4;_..1.“ },_J‘« d}»ﬁ.l.)v:;,uu.-& JAA.«-)j oJ}J v_-’.'j/“':“ c).> Ca \a.,qj.,a L@..J dv)\.{.,\
(202 8)

W pn sy Lo sty Sy 0 e DLl Oppll S5
D gl Bl eV S 5 B s Y Blal Y5

Lol ol e o Jpmadl () &nge S8 s Dol ol JEe
Q}AJ @w;j\ ;,.J_xj (Y E\_A_Lx: j\ 5 Q\L_LJ Q}AJ Jb u;_“j Z\_J}Uj 3\15\.,.55
. (1\-2 L<.-:> ;_>~_.\_,u L.,Lﬂ}\.vldﬁva J.\,\M...:j slaze

A - | s N Al uyuj\ oL u\.,b)_,...,.L? FESU L:a.:p-)j ‘J.mj
. MJ?uﬂ CW j\ A,JM 3400 Ll 3 8347 4o Lﬁ—'\ J; ULSJ,U



OH

C=0
CH
CH,

CH,

AV

CH,

CH,

C,sH,,COOH

o h2
sl 2

SN\
Il o
T

o
O
o
N}

@)
an
9

0
o
N}

CH,

-

AAA

@)
ot
.

t.

0
o s

@)
T

CH,

CH,

CH,

® O
/ 2 2
0
T
T

C,, Hyz COOH

Qo b (BB
RYCUIONS

Ciazll by Bl Dl e Ol 222 JSKs



C17H35COOH HO - CH, (lZHz-O—CO(C17H35)

C,7Hss COOH n HO - CH, > CH OH

C, Hy5 COOH HO - CH, CH, OH
! el U8 ek Sl d ek
(ol jo 3)

CHy-0 - COC 5 Hag)
l 3
L“H~O-CO (Cy5Hys)

CH- OH

o et >

CH,-0-CO(C - Hyo)
| ;
CH-0-CO(C-Hio
i
CH.-0-CO(C-Hex

LR
Mgd_wl}l;;:;;bvbjm,ui;,mw‘y;&;:372 1S
~ - < . - - L - - [

. Jij:i?':\ - -:Ja-;:‘;&‘* ’—v\)\.:lmjl\ v...iso- NJSERt R V,LS—
o LS B3lall GObIs Bl VI B p i N Dans as Al Ol U
fadl 2Vl bt LVl oS 5 ¢ s b sl Ol B JUH
I T
ieyat LS| Laadl oLl e oLty Jo ol e Opnadl o ite
C;J‘ tigds . Lasll i e Y ;—_,.L..?U\ N J-l s S ooldw s
35§ e LSI"Y‘ zxij,'uv-\ :,L.,J/I:J tﬂ LUJY\ V(\& 3}:..{1\ 5).).1’_3\ d}ﬁ.ﬂ\ N
it B e s 55 Ay Wilr P A

54



Db Sell) oy S e (B JoS gpibgdl B JoaT A3,
o Y eV eSO oy O 80 LS 2 SCl Oppadl 35 (S
Lyt Lale V) i iall Ol sds plpl e 42 01 Sy Jg e
eIty

Ly Opall LS 5 3 bt ¥ AynS OLS o g oy el ol
£ BN 5 e g JgyiedsSI 5 DU g LS wlinall b Lol
- ik el

B lalS Al g las 5 Bdle S5 Sy s e Sy il
s a8 (5 51y elald oo Bl 35 S AT 0485 OF Sy el S
(302 JsH) dy SIS 5 B JH

CH,
CHy . CH,
} CH,
CH, s
N - K
CH; !/ ' v CH, CH N CHy
\/\\\ \‘J
o < J
f Ny
S

g iesS eSS -2 S

55



- Carbohydrates &) ) Jo 4,5

PICE NP IR SRRUTINP S NS il sadae Ll oS o
o ally S e Lt

B e i o WA BBl plas ST 0 RIS P
CATP ity 38 oy Ul e Bl ke JUI Jor e 301y 558 sl
oy T L2 S5 By oy Ll J55 LS AT s DT LS
U s e dypde DS e e bl Y B2

s B L 5 GG i S i e Iolezely
Nts

RS (R BV PSU CS PR SW
C Al LSl

sl oL S 3
S SSUUN | INCH PR |

i sds 0555 0 £ SKgg OgplS 3 - e il S
it e sl elesl s S oo o LS Qi A e Lohe
JUEREICE sl S t_:-ﬂL?;—“ N Ly amliw olal>
568 gkt ol S el ity oS gy egs oS0y laalNT Lzl e somes
(52 Ka) bk jSharly 8 4

[

|89

56

H H O H O
|2 NI o 7
@ C-0H o C ©(
P | |
IC_—_() H—lL-()H H~1C-0H
HO-C - H OH-C-H OH-C-H
\ | |
HAF OH HO—|C-H H—C|—OH
H—F-OH H-C-0OH H-C-0H
@ CH:()H @ CH:()H @ (,‘HZOH
7955 s JYCIPEY 385 gk
it BN D S Dl e C\jﬂ i IR TU S



DaAda oL

JUT g LS a1 Sl e ol 422 o Bl Sy S s

) 5555 il 58 AT m itz e iy AN (5, S) ) S

535N 5y Syl S Bt e Gl U T Sy (5154
(6-2 JS3) 5585k (i on il g1 (55a) ot ey

H (@) H 9]
N 7 NI
C C
1 I
H-lC—OH H»lC~OH
HO-C-H HO-C - H
| + | —»  CpHyn 0+ Hy
H-Cl—OH H-CI-OH
o |
H-C-OH H-C-OH ":j‘
® CH,OH ® CH.OH v
195 > )95 s>
® CH,OH ® CH-

P




35 Jdacll QLU.K.JI

sde il 55 U Lo puasty Tl DSl g0 B3t Sl 29

13y (CoHDRO6N Zamall W o S LS 5 5 bt lldl 558 A4 ;‘;Uﬁ}z-

uﬁ;jhﬂiﬁmoﬁ@ﬁw@j@@jﬁ\éag,\,\m L, s s
(72 1K)

o
Sy LB sl b S saaall ol Sl g1t g 2T ey
sty el o SOl (o laslly

CH,OH CH,OH
O
N o7 ‘>( e $55K)
O
{
CH,OH CH,
S ‘
O |
N o N/
CH,0S0, L0080,
> 3 COOH CH-080; COOH Ot

o)
O
~
/
[
//
c
AN
/v
/
®)
\\,
(/7
o)

\ (
/ \\ O / AN ;‘:;;3&\
0 O Ll S

Casdackl DL S s Takisa C\}ﬁ 7.2 (s

58



: Enzymes oo Y|

5l Loty b oo 2y 2oL Selisll 35l by eV
. rlaz;? o odeladl Lf’ J= O Ogs Activation energy L i

Bddae gy e g lman ST VTGO 6 da Dl eI
Ok oo 28T B2 5y Jom

by dtdn gt Lo gere po Lbla)l M Sl Yleds oS 5 dns spm
‘:_J'JTjJ),@_SL{/ L}»Li_‘l danll ewsy Apoenzyme (.:J'JT){YQ S gl gl -
- iy Ul )T aall -y ijj._‘l 5 eyl sy Lediey . Holoenzyme
Prosthetic Ll Lo yadl e iy ate s don OF S w0l g, )
eV Gl e it 30 S iy w5 Ligmas bLs, Y1 OIS 13 el . group
Slaalndll e Lguae 3l i35 8 LS L0, e Co enzyme
5le pe ilie L—5;:.?5]1.}\ 2 S 06 Lete Co - factor delLldl Jalallg
ot s ey Sl iy odly b Dbl e Bgde 8

Lo el Ll Lalpally NADP e5¥) 3 B Losled g5V e 50 g
430 5 C pySsuldly Sl Opl Jo swmm (61 Carbonic anhydroginase
&:)LEJ"‘TJ )y\.i” QLﬁT S92 g L_..‘:..._{ L_S*O J_.:..L:.OY‘ f_';“ij J‘:‘."\—;" ul; é};_sf u.:.”
sl 5 oo gyl Jyos a3l ppectill DU gl spry o 50 S
U
W}U Lﬁj QLEJJY‘ alss . Substrates J.&La;j‘ Lﬁj il J‘}U Lﬁj 8345 4
I Urease 3] (:J'ﬁ oo saly Adelis ol Sllas a5 95 lgaanas
Glas anass 5 Lpaany 0g) S0 S5l 565 el Tt U2 e fany
g,.st L}._I'j; (.)i; JA.’.J_ é.lj\ G6PD ﬁ)”i J;a ijj‘-"{'lw :\L;z;....,a wole \,..Ual._v

59



el ol b eVl jam . NADPH, I dgoz NADPT S 1
J s> s Lactate dehydrogenase e 9y Ly xS (-J'JT N
& mﬂ;u&; o Slepl Lo lats (uSKadly 5l by Izl
g5 ki Nead . 2ylaze ieyares o delill bolpe 8205 e lid

Ladl uuﬁ.ﬂ}SjU-\ C}J\ T J.,Lé Alpha glucosidas jdulweS gl LAl
el il e i elad basles wlza bs Julse N olepVi cins
Car- a1y Estrases o | Qh;)'.si‘ dsLe g Proteinases jwigg !
i oyl cdie WS s g Phosphatases 3l sally bohydrases
s 1964 plall 3 daaidl 23Le Sl el 25l e PE

Oxidoreductases d\}b‘-\J\j S Y QL{}}‘L

Transferases  aisl 1i e Yl

Hvdrolases q:\ll guesy QL:_)'J'T

Lyases  wo™l QLgJ'_;\‘

lsomerases  wesp Yl ol

Ligases rb-cb'l QL:J,,,\

LJL}J\ a.juh \}_:' C,J;_.:_...af i3 QLQI’Y‘ o LSJ"\‘ t;.ﬂ\)r_a gJLZ_ZS\L s §
Ll Lol Yl

e SN bl Y s Tl 3,58 s Bl sles VT cinss|
5552l Qu}w S WT P aqu;(,u&;i NI (1871 )ﬁu

. dadsed

e iua;J el o Lo Ly b (3 W) 25 1924010 5

60



los b e LS 65 3 DNA S5l anld] B LALLM
. ule L‘IAJ- QL.SJ,A Mjg,a DNA L_Sjj‘“ u.a.au-‘ L}} EJ?}M QLﬁJ'i"“”

IO et e lognsas S o Dlacall Gob LS M el o 1l

Lyl ALV e laS sy WY oyl et sl sl
Bl e Dy sl LSl &gty w390 L) 5 835

by los Bl 3 L Sl SO LYl s Las
e )l e S e il e o o Aol
o e 194 ale azelamy (5T L)L 1928 ol &5 ) il o 5800
Al et el T Sl e 10525 s, ot ool ol
Plgedl olexNI LS 5

il

Jvﬁ UL ;..é.JL,.:.A (Q‘J&_:J}J> ;,“.«?-j_v S s - -UL.....L.A L}.ﬁ a.ij;“.” VJLA}Y!
Al il cslbylly s NERUTEANSICES RV Y BRI s JH
ol B Ao Llaie iDL ipan P SV R U U N zo aalie
ok o B b Al e RNA (g5l aslal cally Ly DNA gy, 1
.Ql.b-jﬂ
S e 2ilis DNA (g9l 2t Slis oS s oL bl sds ey a3

uwj)@qujiqﬂu}J&tabjww;Y‘ u‘}i‘“’q“u"

61



N RNA (g5l aeldl OliyldS oo 0L s LS. RNA (555l el 3
s DNA (g3sdl Sasldl clas, S s 553l el sae B sk Lsr_ﬁ
’ . J.:.d\mjb_ oda Jaus

e S B e iyl Golam Y e 3L SO bl el 0
Lilosn 25l Goles VI 3 Lty 2l delpll £ O Lt Lo el
AT AV e gy a5 el e e i

ey @ gl e o in 0L Ll 2Ll el o g o)
sda Oy oty ly 0ol Jomelyslly s aldly sl o i 2l
sl o Al Sl e sl e pemms B 5 Aoyl
(9-2 JSK2) ity ol e A el Jemlipedly Gl

Eorey Aona 4l Lyl Golex VI LT il Sl S el Jas 5
Op S 835 o diglS pod Al Bl 9 Ll A ypigi)l Ao gesl las s
il sl S e (10-2 US2) . U ag s o S 2
LA liplS o s JoShd (5l spall 27 ay 2T il
L g Al

.L_”;l\u,éLquj.x._;ﬁSrJ\gf.:S;: 8-2 IS

62



- :9-2&5\;

o 7: }{(47 o]
2 . N PUREY | . - -
3l : T u\‘{\\ PESY o 5}”““!...' | "U"}'d‘
2 ¥ Ny =
W - .
NS NI <7

.F '/ T S i s - \ !

h\\.. . i Rt _NH

w7 NH ~—

: e 5]

ot gl e g b

o9l aed 53 Oanilall sel o8

A plS s S it L S 0 i 2 Ze pemas LS T O
A b e ares IS ol S B 05553 s

el Sl sl i i iyl 37— 503 e 5
Ll (B S gpdon Lo sammay sl Glgdl & S P Lo peans 475
A

gEREN u’) LoSlae gl Sixt el ql@u_,_'; Shle i,
AWl L ledl e Lt Ll JgVE a2 oy S (DNA (5550

e A el IVl 2 B el W e T L

oAl il ade Tlar beoaas Al 1L

oo tlln &Y RNA (5320 asld] 2 oladl gl saslas, S Y,



D10-2 s
5”-end 3%-end

deusLail) clalasy

P OH :
) ) el all a.xoj_.‘.t.y
5 3 T...A ————47P 5 5 a3 :-“ - Cfﬁﬁ""”
P 3 5” Jﬁ_i_uj_i!l ol gl
% 3 P: 5 .13.4.:.” g \}_‘.\Lﬂ

B 3 ’ Ao iU (5,331
37-end / P ey Aegane Jia Ladn

p i cg—a—nall 5-P
o s JS1 2351

: é_}j—'.” u.a)ab‘-‘ L:‘J Z.-.'.?-_gf‘.'.’.ﬂ .LP‘}.E.U L‘SJY}M}_SJ.:J‘

Sl e e posl 1949 e Sy las Wl il o
S A 0L et Slem D U ey 2l Gy (S8 S)
. e R SO C_J..L'Li_ [] Q-:..Aj::_.w\.: R ] é.)\)"j J&‘}E.U @)Y}l\

s e ot dela) (sl Sl el S 5 L

[G] +{AT=[T]+[C]

L rmsillls sl S 5 2lASy (gglene caglll cesVl S 5 002

[T1=[A]
A sl el oS 5 e el Sy
G]+(C)
=G, C




etV o il LSy as ol gl 15T 5 anl il eds s
s Lol oy 050 Y sy s Sl el e 3 5l O
L il s sy ol odn b il By 3 IR VESIRNTEoR pis

) L ganll S BM 13 8};\“5 dg bl tly'\/l &

DU B Bl sl Y S

oot e GUS seas Lt AU Ll ple N Dl > s

Lo sl sy Kolaze LS 5l lild S E5LaS L

O S0 8,00 iy il G yams (o el ) 2N L e ) Loy,
o IS S B 0 0 85 e S s S Al
e el o (a8 sl LS LS 12 255 Laly, pa Ll
ezt ) 5V dslis

S

«,:SLG 3)‘;-" (‘_)L>.-).‘« Jleas! ;}j‘ L?_«._...:>_:._j IA\“ CL:.?Lij s> SJ..,JS .L@‘j)

o® 100 I s
L B isp sl GLS M s i s DU S o T daulyy 5 3

) éj}i\ u..é.ab;U u’f;" uLi:.J\ s o 5L ngli-\
: DNA q‘j};}‘ el Cj)}l‘ 055031

B e 1953 pladl 5 DNA (ggantl deloll =gl Ogplat 2358 s

Sosdl ael1 Ol sl 15al ps 3at Lo i 2 2 S5 ols DUl
_'?2,.5;3 G Al ;u:.JijL?‘ 5\.5{;;:) \A..;..u:vu L}"L; d\.a.:.L_‘ C/:la{;i N g,ﬂ.‘}a DNA
(-2 ) Ll ey sl A i el

65



Ll e st I OUL OIS axss S ol Oyt 2342 Aoz
S Bl I s LS Lo iUl e sds 0 ELESONEY]
;@_}L} u"’d v':“ \SJJ\A g_BL>-)L..:u ('._,sz Lh..m..) ;f"‘ duﬂj.«.\ ..DLA.)->L Y;&

.wL»;LJ\;)S \@.,a',udl\wjm‘.)&\w_ww

D\\..\AL._ SJ._>-\\_~\5 ‘uq_>- LL)j\a n.l.i)b_eu)\_;-’uw \SLJJJ&
A.AJ)}— JMJLM.J_’_SLA db Z ;J o —\.u "\\j v,._fl E\.x_,;'.n“.m’:u
o) L@JW Ly 251 i:ij;i* it e e

g}.f\,lj)j.w W‘A.)\j) Jj.ii Co .l‘M: o : s ol _a,.'])J QT;,:\;\V\,_J}?XS%,J\
< ~ -
Jb \.L>-j LJ dgu,._vq . uwwu‘ Cja ) \.J ;u '»__JJY\ .Ycz,;;i C

et il gl Oy

lo 15 0l (s 2) 0T 130 1 o515 5 e im0

v

3..\;,\2-5]_:.;“ .,LP\}L" :Lx_.:.: N ajjl,....gl\ 34 JS wA,_\_ =..:..>7‘ e J’/J{ d\:J

3

8yt J.J\_E_:j NSO :a{;..‘..: Jj'é J)& ),}‘-Kj Cj) JS B \pj};*..\_\ 3 dsl s
. a)\.);,w\; JS UL:.; b&,‘a;u ta .Lﬁ'\ji_!\ N djj

uijJA\\MwubYJjJMWJ}\&J\UJ \M_L.J
s eyl Ity NI &y

hm p e ks Ans Je DNA s o Bl aes Les
eV s LS oS A ol pllailh e 3500 Jre Y S 01 YTl i

) il L DNA gyl Gaslol] B Dl pdard mase! 25

66



DNA I b 50 e day 3 IS ey S Ciebianll e 45,055 6 )T pes
Cieladl o bgas Lz 2y pl yd e gl ledel B Lad
G S35 skl Lt Fapaidl By Les L (1222 JS3) ilsl e
Tl 5 IS e S5 o cppbtld DU A0 o oS el s
w2 Jans OL Lol 130 Sl e YV by s S ol e 4l
L0 e Jpadl Se A Slll sae O s 25 500 g gl

BIRUES PPN W EH S S FOVERS VS 1 R UVEH P YOS [ 71
celds ey ekl 3l Lo 2l del gl
1315300 )l DNA (55501 aald|

b o5 DNA 35 el Sl Al ol oy el il s
o.:\_@{ ol QL.,_._z.A Quij"" TS J:‘-Ej p}k.;j;'.iu\ Lfs C._..J a_:.A)M.:}_LlL.A
. ‘L_J.:;i.}\ QLL:A)'}LMJ Q\.l:;u)u‘j L_‘).«bjsj;gm UL':.A QL_WG.JJ‘

100 - 5 i Le djﬁj Q\Juu 3de ods DNA L‘Sj}u” u.ax\_;-\ Qt._)_/} uLo.é
cielasy syl B asorshl sasdl SaslH DU S ol e S 55 25
CRAL A U U el e, Lt

LG-*“"‘% QL;,:jj).,.J\ % aﬁjw QLQ)_;-\ ol V(’LP U}S"-‘ QUJJ)UJJL.:J LS
el Lgnand 0550 Lery Ll b denl o 2 Y1y landl 2a by ooy
clelioy Lab

il Sl e saa) a2 Lgﬁ.U)SjJiU! DNA ng);Jﬁ sl s
e AL SLAl daglie gy 425 Lay B30l LY day3U
U3 e Sl bl Sy s e DU DNA 3 e b paSl B

. Q‘v\.:.:.«dw‘ DNA

67



T RNA w590 Lyl SolemY)

% i_.d},a L) LM ) ‘l-ljfu“ u.o'L».;-Y‘ e %10 J.oLAJ-\N ola s

ool NIl ys UM e oy 3] LI e G s L Al N
o s il s RNA (995l el dl e siie bty Sl O &5
RNA oy 1 (555l 2ald) a5 Adlis sy ol eI s i
el a5 o3 80 - 70 ae Blhe s S il e SYT R (e dilse
STYTMRNA Gl U (sl aaldl Jib Cilosy L (RNA BLF 5552

t

C?,a_z- OT ('_;f“ le.&) . L;.A}....a%;_” Sy~ V,.AAL?‘-\ ‘_\-"‘i;-} o * .a\: SUS Co
aby o Lot VI il

s Lamer 5 oy Tl Sl g e 41 L ol e i

e o IR ~- NI P '
QL,.{)} y’:’jj"““ ;L.,?.,‘ -_a;\/»‘v\ WY‘ e = VL»V.J. \ﬁj_.c..)j \_,’\_A;_Mj_a.if\

slles 258 UV NCH VTN -SSR UNE N T PRI UL v

I " - t S ..” - o
RGO NUULE U : Su ; ww(
- S o N ‘-_> - q\, M

N .. Gt . -8 R re -
L_A.,V:J DNA _.'\ \)ﬁ JA}U \:,'V‘wj;iu.“ v»‘.a‘_!., v\‘..: .A}-j CER] &_}J L;l; Gj\)\&j
" v . . . R £ . - T ' . L=
. i - - e . [ | s . ! L L
;_S)j“?i;“ qjja. A e o e o.L_;-U o L“5_9 L:J\Jg_,l L.‘_..:L,a L,L“

» ~

RNA

6%



L eadd)

Sl (9 skalg O ]
Dl Gl 2 b

Instruments and Methods Used
In Cytology.

69



Tded__Ge

L.,pq_~a_>-j :-a,uJ Oy &J}\ @J,J )}iﬂl-} N :\_,_\15»5 MPJ}EQJ} J,_*Ja:'" JA)
MT} J:Léﬁ _(..isaj j Z\i‘*a.?.";\ ;u_j,_..‘._f\ ,.’LC« ,.AL.A Ais, :u_/wa.'.,”, ;"u“' |q ;\,\M_{_Ss

JWMuMWJﬁG\JM ui)aﬁ....l\.u'ﬁ L&J‘JJYSQ.}J

=yl B By L DU ] el ads o5 ail S 4l s
LTy DUl ads 2By oS 5 s e Wisls 31005 cosl
Al bty el sl S oty sl e 06 4l el
LS. i oSt 2l ol 5300 Sl SO S 2 0 me de il
5 el spns Borgdulll sy Lp;u;j e s é; [5S caal
b}LJ-—lewJﬂk”LMj i p el paadl Sl S B s
CHUTERITI S BISTRCUNE R S 2D “—:U'" e e 0
Uls fg plall sins Fe e ol 2l s Vs el e sy

71



. Microscopes als

e Sy 23 LoV &Yy Be S selas et Y 4 n ) el of
et 25 (s58Ts adl pa Lo B315dt Opnadl

Yt e syds il canld Ll e VI 25, 350 O
LM\ (L»\ g,.it«\ C@j \.AJ)J-jJ uj_x.: JJ‘ ;.L_.»\)‘ ,.,M_<.H Mj)tla._..}
Lol e Loty (e, S0l 100) ;e dle 511 wu‘«“ Bls lLagan
(13 1888) Ty L

I R Sl s gy (§5580 o el 15 SO
@MHH\& duj)dbuwu)\) c)ijbL;‘)}é_ij A.LJ.LH LL_..»\)‘
ja.\_....:j,h La L...A J:.LS\ u,a C}J\ ahe u\)‘ W}-U\ 6.LSJ5}_~JJ stL..w o\j; u\
%MQJQJ&@%J@EM(IT‘@ J"'\'L’.'M};L‘LMJ
S5 deas sl Zuj'.,wo.:J\ B),u"z)\ il 2ol 0.2 e s N obles
- L_.Mﬁp Mmm ,L.d\ WLA)A il Sleasdl A s A m.»LLJ\
Jjb ub o;Lp\ )JL.a.a a'.))_.,«b. }.2.3 J‘JJ.: w.?‘ :;..p&‘).l..al u)-}H lea,‘
‘.}.M J,.ai é.l\\.,__';@y\ L";"j"‘aj\j"@)"“‘u A\Jr_._.o.ﬁ B ‘L/ Sl ),,a_, fy
wx S iyl ("*"':*‘i

ISLEll i (53 Bl B e JIBL 555 lan plasead U
Sladall s g ;\J;M RO Lg-\;})\ Slwdal Lslze Lganl
\_2_53\7- e \j 4_»}_-.7J\ I ‘:‘v;." g lm_f 5,0 500 (\jy- J,"\ (‘\M\)l ;:-:~<5
: LUJ;}S;QLU} a5ty sl sasti



Al 5,08 gy ailisis ol LM Pl by blosia 1 13 IS0

S an Al U Gl s gy ey Sy 2551 Pl VI,
Lo.s. Qbyﬁ,ﬂ Lj, du‘}b LAS C_}M’y }AL&‘ o.:\.A CA; L@.’lﬂjj U'<€ Y 4.3_}&‘
2100 G WS DU S oy g S e S Y
ol g e 28180 100,000 oo 280 1ol N1 S5 e Jors g 55 Y
Jeotiliada e Al Lilis ol

530 3: LY e OIS e iy LS df-n‘ e Al el o
ke plasiiils os LY cas clas al of TR by xSl T st of
A3 AR o O LS. 0l e il 25T s e Jaws a5
gl S e Jend e Slade il e oS e b laas
Leblasdl o 5l ol Gamisy L 2 Ll oo Sl acal of zised
ST B Sl il 2y e

. L@Jb}gﬂj 4.:15'—‘ Lﬂ‘).} j plSeLLS Jl.,” J.AL%Z‘ ;‘j}\‘ La e
. Light Compound Microscope gAY q.;j..aJi gery

S ey Ocular Ladl vl e anas Byl e dl 10 Lifls

73



Objectives it il ladall e Tsie ooy Bmezs 510 0,3 pe grany
X100 _2 o 515 oSG o als

blaul J_L;L‘Mu:&,aa}k_gj CJ_...VU J.L.»tta._{ujbj_éf CL,._‘.A.A L:“':’.Jlaup
(23 UK3) il e e ats e 23580 22N

p
N
Fat
—

evepiece
;t?'-:.IJ\J_-lMJ\

objective lens

PUSSS PSR T

condenser
-SLON

wJJ\o;\F“L:lPLW}A gﬂj‘ﬁmﬂhﬁm 2_3%.:

74



et el AU o ode 01 Ml Tyl e g 1 s 2 s

seloVl bl Wf o b =2 (I Darkfield M. (..UA,U JaA e Lgte 5 3~all
ety pliae Jaon blovey 2ot wadl g5 & 230l e Bl S,
EEE D ST (N0 PSS A [ S, s-Ul Phase contrast jlybV1 Lo
oy A gl s oy ol sl e sVl b
A oy A L R L B AW RS e LS Do

(323 [2) selo ¥l s la weadl ol

o

b

I

Al el e Ll ¢1 5L 85 b e b 5000 33 IS
e - O A bl 420550 0B 1B YI e 440550
'("LE'UVLE"‘L‘;W



Jtmd ilie s o chiz Al egall Je daza i Polarization M
;—é—%\j 4_3_:_:_.1.5\ QL,..-'J.,!.H j_>u L@_.@_:})Jj 4__;,:_*)\ N A Sl QLGL«_.ZY\
St an Yl bla i e A -l Fluorescence M JESRBVIS L
o el el il I s el (e Je VI e i

Cdall

\:,.:5;55 Qu}wﬂ}.s‘ VLLO d_:l.;-l Qk_;}il a_as "_".,L,"\ J,:ﬁpu_:.!\ e J’-‘:"’Q‘ V‘T

S S el el Ly oS Y by il oS s eS|

Lﬁ;_u s IA\_#‘ oda a).LB C)L} CEJ ;\J._>-Y5 ada OV e o)}l:_:\\ JALAZ\
) J,':\;;,U

e eV oSS e e g 5N JORIR SRCIEAL

SV s a2 sl fadl ps e 250.000_100.000

(43 K asadi st

. Electronic Microscope ?JJJ;SJY\ 4=

0.002 e J L lir 4 le asinf oyl 59,550V bl e
u‘}"p L@J J;J\ ijJ_:_i)\'l J_L; BVSE Y B;L.ét)m r\.l;::....u‘y 1.;:..:2.: J.:.:.Afb
(e 0.004) Tdor asd s

Lo Seal e il ) S a5 s R
\'J}.%.H C,,pj,a Cii .L;j Q\.MJN—’J‘ L—@—:b ‘)J.FY‘ LfM 4..:.5 B;L.JJY‘ )M-«“ U}g-i
jf Transmission E . ML sta! e;j,uim ey gs JUH e LS bl u
. Scanning E. M. C..JJ." 99Nl A BB s LS N o

76



el e LoV ua. il
3 S st e L 59
2L jac b L(581) “*L“ ks
S 100 oo o oy
Sl M.n(cﬂjp 100.000) <J,3
s g e JLal Sl
SERE R Ry VRO SR NIPA
s A b e s
2 s Ledhb sy e wila
DLl sl L s o 5 o
srelldghliol o sl oy
Y el ST s by O

Al ype 43 IS Lﬂ}&uﬁjgwu&s@u
- P9 Y! A an Sl el
v‘j ;\i_)v_foj_?:_@_n.fvua \‘wcu_«‘.l_ﬂa_‘_ .,a‘x..&.a.z_‘wuﬁ..a}‘

SU @l e by o SV S a1V el AR
Quj;_ivw wcwwgwhumw yuqu@tﬁy
cdadid uj.m o btlaas i bl oS0 i sl S g Sl
jiagk};\,uxwuﬁw;&wﬁ;‘j;mt Lt of
g DAl e it dis 5 5L oS Uil 6F b s e syt
S Lol bls day, Sl 4 Lo
S uujwuﬁs L.“J(awj Qyiu,udi) uw&)\ uunuu

..)a_,<.) ﬂ_g 4.:\.5 M.Lx.j‘ .A:ZJL«G 4_4.2,\_; ii;b ‘.95. &:Jjj.lgy| 4_“.1_1_” g_,J.J)_.Ja

-

Uh;.__f.(? SJLU‘). r)_i_:.‘ J.n_..ﬂyl L_fj L_M.:_x_\ a_w O_H )jf S\.,.:.a.U a).?_i,a s

77



it 23l plegs oy e Leblauy

BT oSl 348 52l3) Ol s Ol Bole iy 2SOV pleadd OL S
(5_3 \K3) Projector Lens o S amdally o5 L o Al awtal]

Sl g SN gl %%———b RIEos




el el o b e iSOV e gl oy s o
el Ll ( FIAI el 5 e I S el il 23) il
St IEENTICL N SR D W U TV

i Gl e 9SOV el L i) 55 e ~hs
Al b L all g oledd bilalole s Sl
S i e Gl e et g SOV s sl g s
SCH RS Qubq;)ui Vi

e L LS C JCH NNE U S UNS AN SO | 0
DG IS el s N s e e g o
R .= RS- U PN PNV A

I RUSTIE. ) ([ D N | e
1 el e s s Slpe ol L L Sl Lgaliba s
M AV G oy iy iz Ly wesaall DUy =SV 0L oLl les
o8 S1o el a8l s OB Sy N1 s ds DIE By a ] as
S5 Ll acall 5 6LS BYI ST Gl e Y1 Lt el asley
LG Lo Lyl Jiw W tmdndl e st e a0 e Ly g 2SOV
ilelas Gojb e adlle ),y all ool Sy sl e
. (Lf-j,:ﬁﬁw eI Aot bl A3 el

IE;JJJZQY‘J@#—U L}J}.é.”}@.é'-f g:.:LBJJ.aJ‘

('—M Loa 3,lanig Al 4 o= Cneedl s e B3 dde Sla
Iu_aj %J 4_3;»539‘.-1 g,Ls}L‘:;—Y‘

A ol Vl el e Sl b eelaYT e Yy

79



e Lo La A LLMY\Mj)t‘LJYjLMMI««AJ‘M)ﬁQU
dazmy Lats Lo U8k a Bl el Yy s pLLS 2 100
Electron 05,2 SV A34) 53,25 3elsl jdan e 59, 2SIV s
b e 5 \ﬂamupjf.ﬁwuﬁwuuuxw qun
S0 U T aad g 2SI ol kel 0550 iy, 1lyal uju

b S e D 055 g, S el el
05,8k dols e S e S i3 el

ke o e il el 5 el e Sy L
Cile e il iy mSOVE sl pain Loy 05055 o >l
100 _ 25) pond! dilases wids Sl b3 ol sl e By SleS
s iy s S Sl e aht e (A JEBWIIL
PSR OR p Lol as s SN bl
u)j,‘a.}lﬁ_é\ Slode B ope SO ws is s 5. 250.000 d_ﬁ\j)

Db e iAol el gl e 2l amd ([
Ll e B el OF VL il sl Sl I
Cj_jk;LPL_éﬁL_a-_u\Mc—j_Aab 1555l oyl O S by I
o epall pasy deta il el 5l Dby, e 21,5558
L:}_a ARSI o e absl I Sy S sae e L};jjzﬁwl ey

sl e b oypall s datn led atpadl Sles s 135 JS
il e oSl TG Al Bls e

LT oyl el lads wnlsl 3 gl a5 G Y,
u\}__h.ﬂ\ 3 U SV S el e epmy ey Ly S
Ll a3 YT el e L o e S e

80



et L bl 1 sl 43, P Slgmall e 2 Als o
piiis b el Lamall 5o lis sl i) e U el Leslass
L@,.a.x.;t\....,aY‘ °J~“uﬁmtf‘u‘r-¢l L,Y‘).sj...:j Aol ULM
Sl e Ul Sl 5 5l et e s JUU L e
AT A BV BLST s GV a8y elsg i Olsg ol Liis,
B AL e sl Uy SV Lt Laasts

M AU Lead el 2l all L3 asle Loy L e~

\.AJ..SU Lj.aj\ vj ‘\ L.‘_;L_.,a r.L:« L)Lo.,yaj CJL».J‘ W_M.,J Ll J..S‘ 3 LaSs
JoS L..aq_;w:.p ijlumujcgwi wlax,quhm Jjww
. ( %95 70 e ilists ;'-"’ ;J o @, ) J}JQY‘
u; oj_;-‘ C:JL;] - .la,.af L}"H .L..:‘LA.«U;\;;.»‘}J: —A.f_sﬁ-LSL—A)}-Q—H Lﬁr&?— 411,:_..:..\.”
.Xa.{) ‘;LG L@Ji} e JA_,Jj i_:.o.AL..J J..,.o\j; \;w_“;;_,\.u WY‘ uﬂLa..;-Y‘
Cean me sl Sl A

Wy Lpmad conms L Sl 8 s JpL gl an O
4.,.._&)‘ C_Lz;ﬂ ‘in S 4.3‘\_5 CUA ;).,A_U o3l ;—A—‘.’j «.i.\_o_..» Lg.;y LJJYI
nKeedl 33 Microtome LA e ;umb U U R VE S

10_1 o L}J}«.a.” j.g.s‘ib \J.a.xLU WL_J PO Cg\.ql\ Sloew ngi Caaldd

81



il Lgabais e s ¥ Sy i 0y pls UL;Q;:%j i NI
JUESV- RS RPNV UL‘L:J o P Embedded s b Y5 o S C\J_...lb
.&Q_EUL;AL? S sy ) et aan o I

eV 6 Lolatl pan B el Gy et Sl gl an O
o Y b b pasns &0 ClU by ol s Ll Jgasd
’\M dwad o glall C\.A.Jl dexw . Rapid Freezing 3l damdl ag alall
P By Cryostat yols »lile B i3, = JE[RCINLEREY C‘mu o
. ;\.l:- 03yt d...:.aLS

b a STl Slo ity asBH ar Ul ibecd) il Ll
Mﬂcsw«ﬁgzu;uwwxopquwumwwm
e e oSN g2l aspodll 3Ll DY S Sall gt
- S9SN s

Osmium te—.,\_._.,..Sjlj:J (HJJY\) .L_»_Lh.U\)U}l:LL WY‘ C.)Lc J.aLnJ
ot by Sloandl 5 Oeaddly syl - PR UL>-'Y troxide
d._,:_>=.3b asls & C,:_......H U3 S JAL»..{ Lé_:\.i.o L}J @_....U 4.3},\.;‘ ;‘JJ-Y\
G’-’“d‘ Jem leall Slad e b ol C..ﬂf.,b Monomeric resin
100_50 e L@_i,«...d C)‘f:.i ‘..l?- 4.2.:.3) Cf‘r;).:.p.)r_:) dalall ol CA.M: k:—\.:?-
e il i aagede ol Ll 5 Ll S o

e 05 s 2SOV el sl U 3Ll ol o
O ey, anm ol L (ol jld il oAU (o)l sl e Ll 553 ez
S rs e adahy oSy O )lS e SN B adlie Sl 2 eda

82



Ljijj:..ng\}‘g_sf-‘ o< 5\.:;,-}}}4_\,:.5\ QL‘.{_J_;-\ uﬂbﬁjﬂi L:LG.J é)ﬂ| sl Ladses
‘; e,

Cswa oo i3 bl 5 5 Lo bl oledl s Bl J=Ys
Eom (ool iy gl wS) Golo s pilsedl e 128 0ol
ﬁu@w@mw)@@w\@k}bww\oﬂum
et el Y ikt Lt

Sl G asy) Lr ot el el s diles o5

Jow Wt Ll s Lt Doadl e a2, Ao S mo e (Shadowing
] = -szjv— [, ) AP S . =

~
Tl Sl allbl RS ALl abazkl mla s Dadd
st e S aldlal Q?}JﬁUi CJLQ.J\ R 3 ta,u o3> SVG IO W 38

-
D LeS il Wdlasl e DUy 2SOV e Sy Sy T 4l
\t/A . . { . :%‘*‘;—(."“-;” .l .‘( s .
O CMA?'E;}-\} B st wall “i}*’"‘ “‘:“*“N‘) uwjﬂu_,\ C.,L j
el 3Tl LIy Al el Be mos SO B 1 00 ey Al
St . ' 1 ' - - ot . PR LT : .
Ced A > =~ Replica o s 2 2 Ll o ~3led
LR e PHCR G it 2 oho Xa
SUU-SE T SUSTPUN FETNUN V-1 DEJU-SUS SN DU SEEI S SUFS- B S-SV

et ramd SR ol i e s Jass op S
(63 ) Y

ﬁ\lJLJL;MQuL:}/\J w)juj', L—Sjj‘; ..,L"“E:Jl "\‘L"L‘j‘:}“":;":i"““’d‘
TJ‘L}.JT L@.:szi LL' 4.)}_{;&‘ o)j_,..a_“ “:<_t£ J}‘\;’J v‘:;..<: J.,\ é.‘«}_z_ ‘s: f}.i)i - i C.»}.A..;..

Sb s sVl el il aslsd polall am) A5 LI 23y ald Bl
Freeze fractures Ldddl eSOl &b Lot Il Loa & szb Ala
Z\_fu,.b)\ oda L}J "‘:‘i . 5\_.:,\.;-\ QLU.Q_A., L.i}‘.i.“ WY u\wd CM p(‘.ﬂ
o;u&wsw 3)?'}) 2 96 JJL.... Ojrj\jbw‘w
S s e Sl s Ci Cryoprotectant g, 5!

&

(98}



;uﬂqw),.svj&dﬂzut;@a;@wswwsqur&_

POl e L Odat apd e SO s Gl el Y I

L_g/_@_%l il I;_,:L_g- LAl C,\A_J gaal Sl e el T
(0.8 3 I

S\ NN Y
o> ¢ el T o el Prverastt SNV

v_"n\a-ul\"'r *~‘ 2

NESBESL B

5 okl G pdand1 31 1415 |

S ik el A I N

Csr;)(u\..'n')\ QG)}JJ)\JM\@GM@ : 64_3‘}_{..:
. JJJ;QY|J€,§L: el J}‘Y ké)'.-}JJA'"‘L:

84



Freeze fracture s 4o S A s aSIONY gl een T3 IS
Sl UM Ll Mg S s Espt ol Js ) Sl del

i gma ol a1 5 L35 Odias o o2 50 2 ST L s

~— -

G dlie adss o LQSU_A@QJA\@UMJCJMJ

P T
ol pdsans . Freeze eieh NWERIUN LN V-3 OV S, i b
GS%;J‘ LM 45 Jall olds = dot b fe LA A eV Lol CILAH
A S i U e el BL g SIS -EENY
elald S5 ol b e WM e e Je LS @mﬁfu&gb

85



L el Y o B e o ( Freeze - drying)é}_é.;ﬂ e R
)-G*‘L'Lu"“ivjd)‘)w‘u‘ @bwbwdw‘ g;h“.'“.’.j aJJbU&.H

("p-269) BLI pykall WUH ded e o2 654 O b drg LS
B 2y b B ey

Freezing Cutting Etching Coating
Specimen in Knife Sublimation
iceat- 100 C . oiice
\ | /
' :
"_‘7 - o -— - - —
S { vacuum
Specimer. e taeuda
SUPT
knife . -
Poh o the knife edge
S e —
- =77 Plasiaiend & N . 5“‘ i

CS\.& g3 iz Freeze_cteh A LS s Olghs N3 S
. dij,lﬁ\” &;J_é.sf-?‘ v...:.>=iz.5\
V) Q\j.hp'-_ a
. CJ}A—” u.ﬂ o.L.q.é‘ Li}\.?bUriﬁ ‘j"’-"b

86



Freeze fructure replica 4y Ad> o8 _J12) L_;Sjj;_ﬁ\” A=L o) s0
. J:.;J S ele g )‘.LJ;-

87



g S s G b

SO L glsh g0 Ll > M g Lak S i)l Slles Of
Sl uaf Lal by Loapdhsnldl olaaall s ge 4dds 0 alall Ledoolis
Sy oyl el OF VI 2 filge 3 S ol s 5T iy
Joe 0 L L Uy A aSTl LS My jeobiadl B jmn 0 LiSEY
LU el b LIS e et Adkosis s G I gl Sl s
L S gslalie udd oy Lpeam (8
PR el Yy WA b 5 b

WU dpe W o 2 Gl (e el a B i 2 35
LA Lhad o Wl s GO b S

S5y Al 2L Gijb o el Jr Y ST s Jpeatl 5
(51 pr g5 Lyl i USUT (n dly ryd 2pads ailont OIS o
e elleds B W e dgead! oy al G Lo g0+l WIS
PRV I IO JUP R - PR A 2

O O B B R it
S LT e J,e..;u eyl o all CM.W B B
NSy e St e W add dal e iV g pa
s ¥ gy Cokgdl S5 ps A gl N LT EDTA Jons g
LSS Al et e e Wl

Tl O s S0y B gl e Ledle Jpashl o b S L
RIS VPP

s Jally Lpam b slazel Liday e WHT (e el Las o Ss LoS
Jie e Mrad s el by WA J5ad s 2T 56 35w S M

88



Aabre O Lt gs i Zosgo SIS plisiaal (54l e e s LD
S g Laaass Wb Lyl 1 (oh Gy 31V gy sl WA
31 gl U 55 5l plasinilyy . Lo (glpe Cpllall LA 3050
LT e aa el LI Jais Flourescence activated cell sorter £ a2l
s WAL (g e o 5l e gl Ll Jelediiin Llen 5,V
glad e WL ) LU C\);T oan e abad Ml ol bz
Lorgey Ll adl g8 Olail e Gl s LR 2 (5,2 Y1 b ads 3 1
Lo adbos Loy 4l UMY ez &> (255 2000) iy all ile
o Sl VD amy (225 ¥ 3g) g a5 2 VI e
oot sl B L g o ol W 2t Ly, (00
b el 8 WO W 1S aad on LaSt (65 dpl 3w dlly

(1023 sy addl a sl

() €— 6=

O,
Neliat et gy ()

el ans il

®
loodad O, T el
a9l s D ® D o gl e
@ 210 3 J..(.‘
A e s

+ O
O
O,
/G\ TATERNEY
2
’.‘ .

PHIEUI AP

T e i

e idl do ol! G
3]



v L\L'.A.u_B MMD\B&N( w\qw%w\_ﬂ. VL@,\,‘ La_.z_)
J):).,é _,a,o—_.\ aM \;,L)—‘x dalaa ! (-B \.4.)\)4)\'0 J\b\j L\L}\ ijd)b

;\l Q‘V.J_;.z g‘wwajﬁvmhv&\}%w _A.AA;LA A\M

PR _ywwsf:s;:ll l- X\Ucﬁ ’_pb\k_;-l bl)dﬂaﬂﬁsw

3.2," ada o ‘. ol ,.p._x_. ,.M' MHA MHMM’-‘ “\J“*“’ﬁyi
< [N

Ty SV Sl s I 2N e Ly O o sls

! to- ;

. " ‘ .
<al \13"_7‘ R 4._-\- u_,‘_,_a_ ;,_A_>- v}Lia“i,JJ\J.\AJ_Jj J;-a_f

. *\ng‘\ el .>-\J V\AMUJ ooV

slL, | : . -1 - R N S RPN < 1 ..
JJJJA W, s 4_,_‘,4)3‘\{}..1,_....3\ Sl ,VLAJ j S ;U JJ_a.)\ (’-'\-’L'“"‘"i
1000g JJ.‘D °j"1’ \\i}-\f;—‘ C\,o.'a.ﬁy ._\,_7— JJ:,L;-_,: .:_:;‘.~ ;.ELL,<.:\JA \,,_>;:’-‘ L;/LF \_}L«:_pi

I PO TR TS i : -
NPV _(),O()U‘:‘ 3aks 50 0l vu‘\;.‘ S S Nt v‘\«.,q-a \5%.3\ \TA,:A..-:;J

JJL@'«\. aes e FU BN R o DleS sl loemsu S 3 LS
5 al @9}‘ sty Sl s SOU o 20 80.000g 552 431
et 53S Aokl (PRI (S U g S-S o il sl NV s
US el 7o eSS Gk 2 uﬁpj odall Lad o Ss LS. 150.000¢
GpslS e sl iy S e e B 555 sy 2oty B S
sz

e Joloe e Tolazel sy fuains (802 B3 U5 ey
RvICEV R T 80.000 552, L;S;ﬂ Leas b L Sedimentation coeficient

o il i RNA Iy DNA L Jos 2 Slgs o 5 55 S
S e O ol Jalge sie Akl sl ol
S Al skl st o, el (B 05N LS dlidozcs olaks
J.,p\.)- S3\w (FC) $55 2 3,08 sa2! o (1) Wkl Chas o5l s o0

i sl _;’ 2> jE u.i.c wep ) >kl Jloms u} (m-)ads P

90



m =G Bl oD &sle me & seall (o 2128 O oy Fe=mow?r
BUS o Py emel] ol 8T el v O 1o v (55l sl
RRPY

Jolad (38 A bl 35 (g5ls e el Aoy sl b ek o)y
DS o 7 e OB UL ) IS

V=Fc=m(l_v-p)wr
t :

>all Jlns 35 o Lo b ol iy e 2l B O i Ly
e A8 e O il g o ol e datay o 21 Ol (g5
) o SV Ao s Sty GBS e Ol iS55
L Bls 3Vl

Jolaed s fall Jplome 3 ammmyilaa s e 35 cop bl S O Les
O LS L Tting 551 e SV s o BT byide ok 82V
Jole 055 Lee D3t ey (P) 1 BLST e s ol e
Ssbomy Lakis 8515 Vg S5 s ST OLS 130 pgmsy doly e J3T VP 5 el
o

SV Y5 5.6 paieedl LSy 20 5 05 55, gl iz
oy SLSU Gany it ety Slandl fadd pasias Al LA
LG (555 s fall plasinad die (s,
S S L fosd 3

b deziny 1l e 1 oal S £l S L LS U S m
s iy 43l SN DS A1 & e 3l adn M e oy B LU e

9



ool il S Jradll G b sy bayod sl il ol i
e Sy g bt st s 281y Gl Lt asl 40

sl S sl hadd e ool 3 LB ey Sl sl
el e ot LS iy 5 3 eVl LY LSy ok
L ! Bl Y1 s o by iy S oS sl L
Partition dnomatourdp 1y A el u\ﬁfuhﬁu r’“‘" IR et
ol ! JB‘L....)‘ =S 3

ool Gy Ll e Ll e ogt o el g5l S dk b deas
kbl 5T WUl e i b Bl o of (2235 L3l 2 5ley,S) o5kl
Sl ns Sl 5l o 7o) i he (885 35 Ll glasS)
il of 3yslt e et DLy Al e e e (DS 0 ladds) Al
Sl e e e il Sl Dl e Sl S IS
Ciid, Bl s ata e Bledl B oS A fals o nd DS e
e sl LS M e e Laal danaly fonals SUS s st Lol
o5y dpadll as Yl oY1 &t ) Ninhydrin gl ploea.
G el ety et 3b s LS. LSl Bl il
O s e
UJ\, sdas V! Ly & 3l VL Jadll | o;"{ Las 3 b P LS
T e

.wjm a.l.p L.:.w " \_JLS—U ; \J,.S\ duj},..M u"t‘*’wjubﬁr‘rﬂ”

o,\.;\_,,lob,',).mg_s\.@r.» "\J}Apdl;\jm L_,jrj\cfataf
Q\}i&u M\c“\u ‘3;:..?— \_,)o-uﬁds,_;-b UL_:J,J\ ubf
gt,.}.:—\d\ La i) W?uw @M}M@QL.SIA ,AA_LJJ,A

Jzuwb b\.....) w\...wa ks sl ;,G..u UL ITY 5 fadsirodd u\m‘

92



ey Gem e Talezel asll oda IS iy ol oty 25 oy
e 055 S Wl o e oozl sl ol Lty U3
. RRTI= | SRS C R WY CECTRPFIO JACRCHER FU L e
sdxS hadll ides il g, Lelyse Sla 00 Cliss, ol
LV e e b SIS (g S0 o ey 50 10K sl 2
il Dl pe les
Sl siesl e LSOl fadll G b e (65 15T OV pain sy
by el e sdasly
s AVl ples Y e adlis e e e olss Gl
e Gyl B deny e o Al 4l g8 Sl Vi Sl Yl
st adlo el lugs, 00 Gl eVl sl Y sl sl 2l Laoes
e olezel Sl ol s oSl e il s I bl disetll dy
Ay dall sda 5 oS eS L a M e 3L g8l )l A8 bl Ll
- Cleeit Al Lt Sl L
L e lazel Byl Aol b e 230 oS00 s gl 22 b dazas
Copmgll b e S pas dl Jdt Lkl Sl
JUt5 e dazn SLeS Jlms 9 (V) el Slti 5 oee 2o O
() D8N Jolnag (Z) sl oS0l amil Gl Jo 2liss (B) 2L oS3
SESCH S P TR T N TS P e L

V=EZ

F

.,b_l‘w.:j}S\ téjﬁ r}‘mj JJJKD-Y\ L@_&.ﬂ:\‘ d_:,‘....:jf“ Em_,“ jﬁw}: P \P.L}‘L:_......:



s o agpdl olem VI e i 281 gl by OF L Sl
Lins e iy e dinae &Luﬁmmw\uﬁuujri\

rw‘)‘;k’ﬁj‘}‘@" dbg,U.U \@...J 4....3),5),./:\5\ U“')SJ u}.au.ce.lwu.;
u\”rwj .xé_s\ja..ﬂjr«a.ﬁm}p _ij-g.‘ﬂa.a.:b}aj\d}wu}{.ﬁ
-+ Sodium dedecy! sulphate (SDS) S ¢ sall Ll s RIS r}&.a
Mercaptoethanol Jj;\.':J_T}:{LSﬂ.a S A Sy g ol 2 P
RRPCTPR UYL I RVEY2Y S e MY S gl S s

Lﬁs‘kﬁju’u)—*"-@-’wuﬂ”f &JM‘LM&MLM
'\Jj o i)l Dy e 3 f}\@\jdubu.;\ sy el e
el Ll o oSl . R gy o YT Dl el
oo e pgl dyases) Lela s asslis slpe plasizal (Ko leS - Amdly
C ol

}xé.ﬂ Lg_,w:\ L§J>\ J,.ae.l&dyxjsfuj =S -.uu..‘_i.“ ;’%—ML};}’&.J)}L
By s> 1y Two _ dimensional electrophor: asis oLEYI A3 5L K

olgs Cf o staed S u’ dels i [soelectric focusing u‘b S
. a.l}-‘j o0
ol et Gk

DLy e bk e s p o8 S Ay B0 5 Sl
ai b A5 4 Solid phase immunoassay Gl s bl ey Lyl
P AFga i3, d)& 8¢9 HF xSl &J}U‘M u—:Jjj_.U slaa = C‘éf’

94



Ay s aw 43)4.\ L...u PN u;lall rujf.j‘ e - (J\J..a\) salall
Aol aemss sl U a 431 Jolw . aas e by ol
IR T FIRgaT D LEI ROV | IV P - sds bas g daia ol Je gyns
Loalt Bessrdlag iy, dl i aS e pa sl CL,_M 555 .3
uw‘_g S5, J“J‘ s Al 22l 2 A (13 J&M\). PPN

St e ay s Alkaline phosphatase Lg.»_;l_o.,\ JU| S BVl ;‘,\
J;ﬁ}m Al 2L e e K = L:;.wu @5 as il slasl
J___AqELIg\ i ey A5 el s Coen i N B9 an SN 53l
Enzyme Linked im- g3V Jas A thl\ olaaYi LS \,MY LT

Lot [T TR oy A v~ N
RS -UU S N [ S FRUES R W V(12 -3 L&) munosorbent assay

i e Akt els enas s Westren Blot O,y aasy g2 ooldy
jjl:jg.diw.\ UJJ VJ:_tJ ij-“"u)j “ P\l ‘\ ,,AA.S.L..GJLU uL...Jj}.«.HJL)
ol s Lebast st (A8) anasiis sl s sligs ) AU
Jjﬂ :\\ .l-uLv-lj "'\(é_,j L...w um .Laﬂ;—_ij)_,;(ta"a_?};iﬁ_ﬁ:}

sl reps S Dl B ST aall e dass oF alag e sl

95



J9¥ioldal ! ped!

S\
L b D b D

() 9k Joredd s+ o gl i &89

&.. Sl g ) dads dBLo

soleoolesl §Xg0k

Bt I il g ) 1Y ED ) ) e ‘L

2 R 222

Yo 1253 gl iy s b1 il Sal e BB l,v

OO i i ii @)
O 0QRQORQY moo&

Aelinl] ok otdall plew> Y1 po il &15Y Jud

BESSE]

MQ@Z&{#\oiﬁjaﬁ_}JB‘-‘ju‘ww“11_3J..§.$-
ji J}_:J\_gi\pJJ\ ;a«;._.f—u.'aas\...&l\ CLMJ'Y‘S..:&.{}T A.Pj.:ji ;;:.';j}?.!‘

NRELTIERS =BT

'g_;""'-""")}l'.’ﬁ f\z...i\ J,...:-uf‘.).z.‘;«b L?.;.:Sj}.g Ll

96



dri ) gb 25000 - S AE\A) 1l g} »

b MY \W\A -
W A\ W ‘Ef__ i o1 A >
st ) ———

- |

2 2

J

i 9V i
Je¥iaotallpud

ot o ELISA ¢5V0 ks b1 sl elall adg)b 1 1223 JSs
salall (L...>-Y|J..:._.«:J q.gJ.aY‘ J.r—\.a.:.!\ e q..._wo)"b "}")’:’j;

Acid phosphatase g.é»Ud o law 42l (_-).J é}.& LaL 143 s
Sle JF o13 pdl @1l 313 B ol JI 0l Sl

97



) ‘U\_}Lfiujnah QJJTJ‘%%}#‘MHCWTSA
Blelad Luslie oo plasiand (Se a8 (1423 JS2) (il o elopor aajs
VL..._;._S ij}ejwvﬁrw‘wfrw\yubjubjfj‘
\}ALMJ‘JOCWPWJMLJIQQ‘ M\ubwuldwuu\

Lloal Gb s ol Jualy e B aagdl S/l o 6?“
9 Jaw,.‘szJJ‘.ﬂqu ‘Lﬁﬁ‘aﬁ;@l‘wu‘@‘ﬁ

(

R

saxr | |
gl | — ‘i
. > [ >
ada b — A
» iend —— ;‘\"?:3«""“&2‘ ‘ o
dolals SV @, s
SDS S = |
B )
5 ! ol

et o gl (i g o)) g g

gfé c-bj...” MJ.;-‘J.@.EJ} OJI.....:J 144.3_9 &th@}f“d&s 14—3%.5
EFESPCIN | UR Py | YU S e e

98



Pl Sl 1 B Rl Sl el s
oF u_..ab L;‘L’—:" bLles o0 Joviees _» Radioisotopes Lzl sladl
i ffa:”.ﬂau‘ o a3l Azl r:u NI S0 B FCACPIEL S I P
b oladl e a ey o in s Db ol Jliaad e dezll sl
oy ol o gyl il e S el bLss ol 5 gl
(F2P)32 jshmydlt jlony jpinsdll Jlbizialy (H 05 ,2ll) SN o)l

35 oSy 131 550015 14 gy (S 5 15514 cpom g 2l 35 plasizal SIS
gl poliall e Yy 45 ppaslSly

Bl DS A 3 eV Bl 3T e ) dasll gl 225 G
W el el by LV lplly Sdelinlly otely poliall 45~
el sy plad VI BUS B pme SN 0 DS oliall ST o1l das
Scin- BLJl slaadly Geiger counter ol sl Jro UL aols 3613 054!
L Jols g SISt 5L s e S Steas | tillation counter
(1400 14 Syl bty pote by 3 5,240 el W 2l IS5 oo
4l L2 ey S Ll Joady Sy Db S am podhnd o
Sl e Gb e 14 0y U1 s L piad 2SS L ayady
SUasy (33 8)35 co Sl plasinad e Les . (15 -3 IS2) ol
DNA (595! yaeldl Caelasy oLyl dul)d (N1 NT3) 15514 oy 2o
Llosh e LRI UNE Ly 5 I e ISy a 2 e S piles sy
il g nF adlis

e el Sl 51,008 datll Sl OV sy
e dddzsn pdad 3 Aae SUjpe whoof dpdmd) Gaeld g lles
Lde £ b iy DNA Jf Caslds oMelis 2531 pains LaS . DNA
el gilye ddy eyl LY Tagliay Slagegay, S e b
LR by

99



B %3 .gg'“
ﬁ E&x ? ‘5&;
% *&W

ards oty asdly e S LS A e w2 &g o) g0
3 AT U 3 (HT) S sy gl i aen sl
CAdises sy o) B d
LSS e B el I e
Ll slie oL ol aiaeS o1kt 531 L2
M )l e gl ot il 13023

L:«Lwi dan bl D11 J22 215 gl BN 5

100



o) ) ]

Al Gl ¥

Cellular Membranes




D e d Bae
L sl yn s Yo i L Jile Glay, 141 LS e b
ij?‘;ij . L@_; ih?_ﬁ" SJ‘.,E_I_.,..U ;—;J; 5«,:_1:_?,“\ ijla'.” o :\.:i:;-‘ :t_i‘».oa- VA‘L VL""‘:’j
A df«..l.i . E\_A_.S_,o \_cjlu:j) rL:.E_W L}J‘\ a\.,u:,i UL;. L:J.:L] @L«)— .tj.l_>- J'LQA_H o

<1l
b2 i

Jxes Plasma femma s Plasma memberane L_gjl.'a'-i sh e e Ll Blad

- P T T 1 . -5 R - v " s
L.SJJ; 4 s o \_5“"$ °,’?"<’t‘ J\)..\pYi ol S L3'>L>-l R Y

JRCESNE UES ET N ) ) Foel e el TN LS s

sy e Sl Sl VS e el s Sl
il e as udl sl s L AV T L VT a3l e U

il WL S 5SSl ay

—

. . 2 bj-flj - :‘ij’u :k_gj)- ij @)}Lﬁl" : . = ;V‘ \"_i_; ¥}_,’i -:\_EL&YLJj

IV Wy el e 5L S At de s ST g s

Sy iilns Bal e gand UMt D5 B Dl e ol

F ISV S S S V- IS -G B G (U PN U g WP P
T e T) ST RS PR S S VPR
Sl sl oy (gl (ggadl slaall 55 5 SN L L Ay

Cssd R O

il gy SN aslOlanst L el s N i Ll cols

e S ST S g s SO bl e W e L
' Y - - - . - T N
;«_zj_w_j J_J\_.,‘ .‘,‘A_A_ij Z\.,___,.i._ﬁ\j :,L,: \_,.,:_fj_f ...,‘"; il S 5)9_.,,9

s =l oy Bt Vleds e IY salme VI Jpall ot o A a2y

103



125-70 \a.?-L@.g»__.thq \L.Jj)k;_lﬁj_ALé:\o.L_hJ__,a
'UI"‘""{)\
gl Bt (5 e el

J__@__%\ g}—i)‘a F 5,__2_,_,_51.5\ L—i;—%—%\ U‘"LLM J)_la CLL_>'=_"_-\ e
s e iy a3 dsasi dl Gydall ol a2
FUNEY

J.o..f.:j z‘—ijl-"" WY\ O ..Lg_.l.xj\ UAM Z_ﬁ.i}.‘.a_n sda f\.l_xi..wb £ Ja)
. Z_Ah.é:\ &_:»)%;QLJ\ Q\.:A,J\ Z\_:..I.P\j 2\_:,«)3&._!\ WY‘ ol

Sl i i Lol L2V Sl i B b oY

S ssm Gyl sl ey O iy iVl eda oS 5 B Sy Ay

e Ladads A8 o \w\’uw«_bu,ojuw\’“}h)\
L}_e LpLJ.LA p\M\ dos v.u)‘\.u j\ uj-b 43 L;.M djb.l.“ L.am}j \_@Ljﬁ,a
Y sl e s - O f\w\ Je j\ iieN ad

JE\ Sy J_3 ‘Lij—é—;" QL,,p}_x.ﬂ.f\\ 6;;.; éﬁ Jj}_a_l\ TS u.a_,w O \'\
e L ol ol s of L2V Jan oS5 B O
Zx_:_j,u-\ :\_:..:..9\" \T,V:SJJ dj" )9 L;:..M E\.A_?.ﬂ M\\M ,.a;q La ,pJWj

N

L LS Ll S b

2N e dalos O i) A s wfxmﬁ; PR
LS s il piib o e fete M CUS 5 e A Wl 25l
O e b3 eSST A 25 Joom Lagia JS o dy
L sens Gl 221 e Csu b D e gl 5y g e SOTA 20
e D0 U by G olidall sda S O Ll
(2 - sy 125 ww&\ 72 el wily Al

104



i ) K /// ik ) el
= &

S5 ey e lall S el b -4 s

dakaisll d pSaud) iUt ddds

-
%“

—» ! o | dadalt

£l pasr 2l a0 Sl )N sl

() Sty (1) 2 )it i g gt A2y

iV e sdad 33t Ul 0y oSN g2l jpm aad adass 12 -4 S0

[

g el S S el Sl

105



MLie gl oS 2l ol e Bl Ll ol e s !
iy e 2l eda e Al Zidall B en 3 T sy e LSl
.J\jl\

2.5...19 S42m 9 3;:..‘;9\1\ o.l.@.j Q.L?-T kf:J\ 3.,_.;5),:_{5\)‘ JAL&-‘ I8P WJT LS
A A B Aradnagh et Ul jan B e il i s das,
b ibe Sl s 1L Glycocalyx & Sl WISG ikl sds coes
eSS

piledl a3 el Loyl Db 5T Wls) 2y Bl el o LS
L g LY LR el ST L e a5
T T B T bl Laty
I L I WU S I B FYUNO U LV TR PR IS S
P Islazel ize NVl Slew il e 22V Lad e LSl
Cmezel Jpe et bywsS el o Bl bl A

YU PN EHWRRE SU ISV S N o T
By Q)_éj? L}J. E‘i}L;'i ox e L/‘JL._:..<.'\'T J_.g_%‘ )52 05 rgiﬁ L_;.,U\ J_:)}J\
. dizsta ng,>-|‘

G505 of b 3,8 Sland o pe (55 e 2y 2 sl s o]
DS a sty L e LIS W ey Ol e el S0 A
WLl g oyl eLiall gy S oS 2l ol O oy &l sl e o]
Zilpe Bonall Blo ol siezes ol i 332U jpall B RSN s S
@A}L_f’j Lg_..au..ax.) “_}j U.i.,.\.ﬁ}.k?}j i_z.l;):xd}lm ‘L,:J_A 5\.1515 Q\"\"jw
sl aSlen B say 25 SO oS Al ol izeVlsds Slew OB Jlg- Yl

106



oty Uik Lo L5020l 00l 23500 (STl ol 22V b o se
LtV 3y, SOT O - T Lo s oS ol g ST 22 V1 e
o 09SOl 7T - 62 5 3tll o U Ll 3 g 2 SST 82 - 72 5 a5BIL

.(3-4J,<.:)¢”4_ﬁ¢\,¢1 Lzel

COCOOOO

s (1) it 2y SO el plla Jadasts 3 - 4 (L
izl and (O) &

107



P RTCRET IRV EREH EVEI W PUIRIC JEA W UE WL RU R
L el oontll U e 0 35 L 5,5 W AV o LS 5
bgp ididass Ly S wliey e 8ilie Ll La b of AL Ll
F L T NN R WSS e Cj._la.....“ oy 8y, e AW Sl g Ly
B 520 5k Gagy Ay S Syl e a5 e (e B e e i
o Ayl sl iy el Eo Lt B il Al anlys B by
(4-4 12 &S

e o) Laliss Sllen 5, Sl A Sl sgms 0L diaa
b iy ol LS n L) s slesl) Ll Casibs il
o Bdges Atg s, Sl sus gl Ao @Le,.j\ 3523 O I b, bl (T
St dleds @ p sl q’.Ul bl & J\:« BUCIR o1}

olensl G oS 2 et 35,08 Tgs Sln O e e LSl
CimiS Slasles WS Ll e 12 ] L}L;w,xmﬁ;aﬂ_@ e
S o W et pamd) Y A Sl ad 35 1L iy 2l

ws,-JsJuu\,Mvd o an S 2BV U ae ]

L},\ﬁu«.‘}-u‘uw —l v3 .~=a -..u;- wy‘warahdulﬁjdu}\
eVl dgadt aze Nl Je JUt s s eV u‘"‘“‘u’“j (\.a.: ‘e _.S\

Jév("-?-QY‘elﬁw;waw‘;J'jM\j_L;I:pjw)'w\

) _‘u-‘:,.‘v\ C};‘\\

‘_,LA_._,J_.. a.i...L_’J‘ AJL_,.J.U‘ el V1 Se>99 .Jj_i._j\ Y ...,_A S i)
WY\ a.,L{_ Jjw\ UL:.L&:.H "‘)"" T LJJ‘ U:C.;-LJ ‘\-_‘ji"\ L:_&}Y‘
aodas 38 b B Al &t el o]y Ll pKe B jmay

108



E | .
gz D QPR ITIEARCARY
5l

> gl e e L m

5kl LS Wt o
/ B é:l}—vl _-> - 00 A
—»

1A
Hi

118 AT

RN IS B RV I AT F R RTIT
\{"A} _a. J&c a0 e t M}:J.‘l 4VL§A,J

hw < -

:.3;-‘2.* :'/' : - C.‘«j.o.\..‘ Ca L/(L>-‘ I..DJ:‘ATZLA e Ll

DLl e LSO Ll
2 - e
Opnddly Slegg, I e ailns Lol Lals i mesy 2L K Ut

BN T . . A . ..
~ | e YN D s a0 e 2
ileN z> LfﬁL@_MJJA cJ.a;.,w..vaand\dv gty
2 LS e W ey a oSl 22N i
va-’jb.._) ,AHU‘J‘:MM\M w\\o-@ ;,»..Jug_,.@ o ‘Lf” w

&.\.?_,.LJ «:_.ZJ«‘ uﬁ @)Mw va}wd‘j ULWJW \_,;.,, ;«A.:.. oo 13

CEREN A oy Sl SV B B 0, el e

109



s Of o Sl LS Slper e &l DL Dby Ol drg
awugut;}\wwﬁ;useﬁuubﬂuﬁ@u@m)s@
gy b SV s SOl spmyy Opp il e Bl sy e dkadl
oS QY\ u‘-“};" jsji.‘.? S ;b.?-Y\ oln L}.B EJ}Q-}U i.ck:.cY‘ uﬁLo;-Y‘
035 Loy ga il o3l 3 DUty Il e 0N e 5T S
Jre aly A lSo)ls Shle o3 il Jolexl o Ll ol

Wl Llesdl Slsy 0 e copt A LSS el coy Les
W&&Mﬂdﬁ@d&jru}hSMB)Mbﬁu\‘ﬁ

Dsas e I 3 dilga Lol dmg dis Opaal] Slesdl JREEIRY
e Ogpadl e g N1 pls NI s % 60 - 50 el 3y 5 i
P DUV R CEL B SO e RS J gyt sy &, i Oga ]
i a1yl Syl sl i eV e e Tolenel 0pp gl
g dtdl e 5 Lay %80 (e ST L Al 5 il Ogall
Osaa My Sphengomyelin el ggalis Cardiolipids i Jall eaddl
A1 D) Jg Sy 45

oy it 8N e (YN B Ol e At glel L
eV Al e s A dl Dl o g Adlne
eoly ol LS ol il ode b o1 LodS g Led 53425t A5l IV
Lt 2L atdi 0ga e idlad 28T A2l b a0 ity Lats
LLsjl b e e Lo &by Ltz pslef ol 2! Caf.pu\ PN
S PRSP - PO SO PO WHE S VR OS2 4 b4
TS w N .Li)J Léa\ VL) ﬁj}Y\ QL"".’.J';-\ Ca f..a‘jY\ JL>:_)_1 Lfl; @L&:JY‘

110



sVl &5l e oldl e 5065 slall e lia Ll Lo el
oSl Gl S g o 4 ST el e il ) 4S5 )

Oppdl oo eledl an S sl N1 0l 35S el d Ll gl
i) BLAL a ol e Tony Blize S basgry ol Lm0l ol
o e s a5 o s bl Lbail 5y 3 adll Sl A
A0 gl Ayl 23 SO lnem pladd & Sl ST 2 ASCis 245
L2Vl Gaed

OF 5 Csbll sgor 5 91 g2y Sy ol g e O iy 3,
Lds> Ipd o Dlssl Wi o a5 5 o s S el pllas iy,
0 he LSl UVl Calis . andl leda o2l sda LS 5S1 e suze
Opp ) bt bl e Leb Lyl e sl e i sda L3125 5L
SOV NPT VI

Slydaa e, WY | O T syl PN
15 35 55 RN
6 64 30 i\l
5 25 65 okl o
25 76 | (LksSsbs)
40 20 e
2 40 58 iar

LoVl 5 LSS DUy s Jome 0 1 -4 Jgdr
- dalzsee LD 2l

111



Ay gl eV ol L A aladl oo dodoall 55105
ez of S & #\wvsuuweuu}\mhu)\@&u
Sty Sl e B Sl Rl o s e Dolenel Lalais
s s Ak b Jpm VL 5 sy s - 2y POV Dl Sl
i b gyuwﬁaﬁwr}\w&ﬂm&‘ LNt LS Sl
S £ il 3Ll e sk L Jglintey Rpgdd BN S

sy g
CRINTE NI SO0 WY\&&MJL_MS LIZ Llee i
iUl e andl i e S5 2 Oppddl e il A Sy Sl oda
e Lilhe 055 ey iasNleda OL Lol Nl I 1898 ple O yadsl Jual

('-‘j \.é,...: \.A.Jj u})U-\ \.@Ja..uj Co ‘-*‘L"’f;‘ JJ\.M.; \JM Co....a e ags d}ﬁ.ﬂ‘
CaeNl S 5 ds UL,J”J\ jJJ w\ Qf}aj\

LS izl WSJJL;;J&,\JJ)-)JJJQ- La,u-jv,i\ Ogn i ices of Y

il LzeNl esls 51 Lo b, mwwdgu Jiij el oz ("U\
.v;s»wa‘J?f@N\:Uﬁw}“MJ\LASa.L}‘ija
WH\,L_.JML*L Caaddl o uydsuswm.&jf\mwj
Caaddl e eledd an i) ;\FY\M s cpiib e il Lol Lrdy
s OLS . (635 - 4ql§.a L}}de\;;ww\;\;-wcmw
Db s Sye Lol 433 m}l}- WY\WSJ.JJMJ dj\vﬁc.)j_a..J
.CJ}AJ\ I u’ sUly lisg, g0 ISR

C«W\ 4 \-}g‘ﬂ

4.:;,5.)3& Qul.,:.a_\ ijﬂ
wﬁ) $J-> . -t .
el e 58S a2 éﬂi

. ‘?))w\ cLiadd J.)u')g-j



— O— 7
O T &
| [g%]
@]
jas)
(3]

H
C

0 —0—0—w—
an
o

om\ |
/

C O
I
O-C
H I
\ CH, el
0O—C i Llgdl
CH2
-y CHE - ]
ol I X —» Ci
CH2 £) ) |
I clodd dn ) CH,
CH, |
| CH,
CH, |
| CH,
CH, |
| 17 CH;
- CH, B

Leod beadgo 3 2 all a2 DUt 6 -4 (K2

Slih BN e e D80 Ly e el oL SN e 2y s
055l abeidly Mslag Devdlls 2342 Lpenl bl s T e 1A
. QSM\ "’\5"“)‘&?’5}"""’ ng:j ./\.:\J,’;u?j g_f“jjj 5)515 C.)Lr.'j 4la

113



D Hlas O g dils 38
Ui, Ol gl n S ik 2y I gl Hs ]
i slasd bt A g SO gl j5m (B b Ol s 3l

(8574 JKs) s

ke Lo s 59 il ame Bype t T 4 S

114



Ob g5y adl M 5,2

o ilge Blaugl Ogaall 2ils
Sl e oalisb i
e e Ll LAl
ARV afwt Ogall
S B ol dleds 5w
gs‘ﬂﬁt blas Gy niall
sy Ldstls e Lald an WS

.t

b G s | 5 oaddl
. ~ ) s , . — =
;ra wjjﬁad_ﬁdﬁ)>u\ ;L:ULH . 8‘4,\).{“ e “ ‘bu y‘ .
< eidall pe LGOI e S
P S B W IR CHL N A Pl PR SRERY
J')ij;A UL:A)% Q\LL.:& . h -—.g -“ : _.j ) \_j.};j)*‘” e

;..JAJJ‘ QLL_‘J;- g_e Ssj_g}l\

ORI T U REN L S P VR TE U

JAU'DJ’;"U CJM.J SN wcjwt s - L W £ ‘L;‘ .la;-)l LAS}
NS S

Al e B e U I S S e “'*v’w%
‘Q}A;-‘ MY‘UMJMJJB\_MS.LQL“j&)M|L ijf\ﬁy1
CJN‘ fia Ol Y‘ )L..';:.:y‘j J‘j_mU LSJ Y‘ V—L.._J L_A el fda L@_) rj_.a_:

Case Yl o psi U Jladlly ledi il blas L).“JM_QJ(:MC.GMJY
B g Dl gall Sgal s 5w S

115



ol r e o Al Bli e gl s oz
Moty Ogmdils #3552 Bl LY Sl o dedall

;La.Uu,..‘d\;",.}\

M)w‘ G‘}?Y\
Bl e slald

.qu;bjoygué;;;ﬂh;,m §5;~“J‘39'4J-§'5

PRl e Base s PR o ey ol g Ol B e ("A‘

ooebl LS L aSane L LAy g, O LS L S sl s Ao
oL Lt aale ,...44\,);,.#)}4_,,.*: JEVES (U VIR p i JJ bl
LL.:.A.M J;ﬁ L/;U‘ f:.;’_l,_,.a t;fj,a ;N«.o.ﬁ; - ,_,.:.JLM c:.».?‘ J.A...lj ?_: \,'...a.g_s‘ L:La.f«
L A (g ) e oF o i sy gL an L Ly

. ' : I T -
) u‘p:..a\.rj J&\;‘ P Usj‘\;é A a._u.a.d QL:.?E‘.

QMULJL;:;‘;LPWJEME\i.:hywjlw\_‘.?jw@s
Loocs 30t 2 Jeg g s e L ULMBLA(._.L;JWWl
r Sy S a2y el e Ll LS Ll g 055

. Oligosaccharides szt A3 ol Sl

- - - - PN CE - [ PR S . - ! 5\ .Y

i 2t LS 3yl ety oS 5 ad bl sl Blsl abds

116



él)ll oA e geif Oaddl e A Ao gnpe AiD e Calfe Ll
i) Blot Ll lly Aoy Slsy 1 e laed 54 g BLS| 423, I

(1044 Jss) @l

”%’Mﬁ
Ay mi iaﬁggimm

000 0 0 0 00

.JJJZ.‘A}?- 9\9.;15‘\ éJJi q‘JM‘ el Ji.a\_;-‘ C.Ej,o.'”: S 10-4 }_(..i

117



Jom sy DYNE Lpdn 3 cblaliie ol pdpadl e Jub a3y
ol 3l Gl Lagr3gd b dags Vg5 Jod Les dnd ol e paloes
e s e lgte 1S Gl ssaane 55 Sl gy 43 L =l Ol
syry o Aty Lide bl o, sl Ll ol ol
gt W5y 8 S Sl s 2l el ot e 2rsos olab
LoV g e L;:J! Slolely s@aj\”dk..: JURG FCALRE S OL Lagrded B
Juint e 5,0y ey &y Al dorgo dl el Sl faas Loty Zu}l.;-\
L;>-) mdco\.z.:bj 3

(LA Adlosis 23U SN e Wl gy ey 2318 or JS 28T LS
Q,J‘ ixeNi wdj,.i.\( ey Jjébbdhdwdﬂ)wi
g sy Logr bt A5 e sl 5 ke gy S e e Wil5e il il
s YD e dbles TIPS VI LRIV RN iile 49,5
N GRNTERET U P e Islazel GS)A;JE BEN sl 1K ez
ey Lol dtg 055G Lake s Al ae s L it e
S ) dh SV Sl e

Ll gy sty 250l a1 A &g S et ot s 14 1L

118



RPREESR I NER I PN BN P IR ERUERINEC PN S W B )
eLaidl e A Do gosll A2l il &gl el OF 0 3 a
r s oo B gl A s OY bl 5 dr s e gl S5 e ls
A e gl Gy sy 0L A (6 sV A il Oadl L aid
an O g Lele lim sl sy it Lesss e Iolez ol il
QL..._JJJ.J\J RS L}";'Uj JA.U‘ 12..19 djl.xi Yj el ch‘d dl; CZ} QL._JJIJ‘
e Blesl padl dib Sl I aa B2 Lany L\

;_}'.9 839 doma Q'I:.._.AJ JLK— BUSE Y] Jo Lf";jfﬁj‘ L}\,:;—Y\ e F d‘b Ao LoS
J:.E SJ.Q.:_..“JJ,:.‘; :\.:L>-\.> 21.113‘_5).{ QL&.A.; D29 ij‘ Zs_sLal fds . clasdl I—L:_A.:S
Zogedl s LaS L R s AL A W A g0 Ay diD
sl Sl g b 2o S Ty i s Sl asy
(124 1S5) L2Vl g e ST M filss 87 LU

119



R FCA PPl

IR RS TAVIRE R VON USSP R eVl cilss Y
Y olisll SV ads L Gty Ll Lo gl e O]
' il St

L3 ol 281 e sl Ul Jw\ Zosedl OB ol Lol Ls
sl e SISy oyl s Tty L a2 eV oS
T T S S lan 0B oyt Al &
Nasgry Al &S S sty g WS Baall 555 a3k ok &S Lo

2l sds OF V1 sl oline 3 Lkl ULSHT (anl ool Sl
s Jull e prs i gall LM LG . LM — u’ sl 05T Y
el A el Sl Jets 3 S Dby DL 5 Loles LS 5
08 Loy - el ada e 223U L AN e gLl ety ¢ 25wt
(13-4 J£2) L.J,u\mu\um»wxdus ges

S Al sy Bl o 5 LIS Dby, L
Jels azt adsh b e s \@J e e e lall e ol
e st b Uy ASete sl (0SS e ey LS sda o3l
(14 -4 1S2) =STalsasls byuSale e sl

L e im0 s Ll el el S lmpm e el
oemtt 0L sy ol slazal e faned 5yglonte 3 s o ar e
PR N G SR 5 & pall 23 Lo astasdl
e Loslama Y Ll Bl Jo ollalsds fond o Lemi by el
sl J Cu: G ékjll sds A Uk 5S sl e iy Lo g8 ey D]
LAl by oY B ans

120



Microvili

w2l N
NS Tt Jiaiod
' N .\ )4 ™ - B Q\‘/ S \\
PN N 7‘ = N\; J \ ‘
T g >),1 N

&;M\ Q)\}:U L;o))k..” lzald L}"-JL;‘ CJQ...UL.ZQ‘ QL_JQJ\ 13-4 L}'i‘;
il

8i jot g

s\l oildall

&J\@h—.ﬂ&a‘
sllall _\

e sl e Bl b T a1 -
ks L saeldll

s bl B s LS wadlys Gaa 5 o sLaidl fisy 1
Bl pdlye b SISy £l ol Sble 3 S ol LU
dlsis SMaay S llin Yl sde e g5 ¢ Manl po manll DLl
A Aanl SV Dol bl 285 el 65220 0 s gl 5 il
i 5 hes Sl S0 O Ll eV sl gl Sl e s
s oyl S LS Las 315 Ot Lol i sl B lu ¥l sl
Lol 3l i 550 555 0S5 L Ly oS sl e e o a2
- (15-4 ISKE) L dandl

121



ke g dmnciad) Ll

iae AJd Ll a2 C\.a.,d‘ D5 -4 IS
RPN JUREE EERINE

2815y I g e sle Al Al Aa ki AS Les
LS smbald b1l 2a L Lt U s LS Bl Wam Y L i
S L st L LI T a5 5l G )
SR SR W RN

s e oS5 e i g, xSV g8t oS LS el gl
JQ;J i e il Laad sy bty s cndlas e il
LSy o il 3,255 by Slsy ol sLail gy 25 LeSd)
. Cristae Q!J;—Y\.g o k5 5 A e

el Siim e gy elds o g iSIYI At o Ol e N gl
Ut s B G b pr) NEEEY

Lot Wl Il o o B san o il sl o U
S e idans yam Bs Lé.A.’u i3, Lamellaeut‘u_,.a i le s
e As it il g Y - spdo iegarme \S Las gy Grana YR —.
S U8 sl b Al el sy A el Y
eal pradts Bl ;-yg;t Een sl e Slaal sl sielos e
- (16 -4 JK3) 5laS 2S1E gem

122



Y S G b e oty L il sy aaniy Y
o)s eI el A B3e o o Sl omn UM e OF Ly 2,
S5 535 Lald 281 azill & penll LT 2ak2Y s sl S s
Lg)L;-‘u:J._J_.L-;J d)‘u-u3ﬁi.9 MMC)L@L)LE_A J..)..L-;-‘U.AAJ.:.‘.S
V1 sl gyl oL an b Yl s glayy . e gl Zgen)
Lf; LN;S‘ c«—ajj Z.AJ.GJ‘ L:}LJ'-‘ BLLASJBQ:} Lgx;-‘ :\SJJ—j L}'L?L}”
o entadl Ble 06 G U BTy L 258l Dgal 2o g1 b oLVl 45,4
(174 JS3) gV

Stroma
0 g

Thylakoids

R Stroma 8 guidh
A Granum  © e
e — .
Granuf Membranes
i Inner
e - Quter
£hana)!

Granum
thylakoid
Stroma
thylakoid

S LAl 55 a8 Tond e 5z oS 2 bt 16- 4 42
55 (o) Jaks ros Loty SIS S b o s MU

123



dui Mot slll Grapum S

5}3\

Stroma

Thy Likoids

St 5o asls sua ) s iSOV eslsn 17 -4 1K
PRESPICH NV NSU . S VP RP-N S

a
¥

D3kt UM 3 LW e Y1 bl

e Lo CeaVi e St mamns o sl IS0 LU LS
UM SUVEP- 1 - S S VU A - Y S PR EY o ezl
L g g3 o ST 260y SL OV g all e VIO oy Gl
sl Y EDTA e 250 S ohse LI b OF o Lleall ol
mosl SN £ 0T LS Ledm e WU Lad I (son Yl
L2V e Al el YU LU e 52 Liliss LT pilis s g
sl Al Bl o oS Sa i re e 85l D Ll

LeS L o lindl Ay colones IS )1 (g 5 Blos & bais ofeb Y

124



Bl eV 35 s Sl by Lol sla ol SISV gt e ol

—

. - i soslt oLoaNIg ! 1 - St - & - W .}
. @}\Jﬂh«" ;_53 ‘j‘\‘f""" y ! K)s Jl}ﬂ uJL?...g QM CA.....: s o)Ja’Lav_Jd Li)‘od_}
£l OB B S S el g S o,

RPN B T O, ERI T
ey s ey S = el Jall S U ad G U B g q

H . - 1 a . tr - N
N Ao F oaole s Lo CULL v:sj :)jo-wu
) 5 E A
- - : £ [T : - '
& sandl A5 f LA e oo i 2 g sl - oo ;

Zonuta Oc- gladl Glall g aaall i) Blae 83 1 e S lul s

Zonula ad- .M 3Ua iy Tight Tunction Sl BLS )V 546 of cludens

(19518 -4 L5) Desmosomes &b g sawddly hacrens

é..a)UiéLh.’J\

P S gomrd

Ao ablge 1 18-4 S
L2 o bV
ipglnte i ddi
A5 g el LS
LSS

P S $0med




)
|

NN VAN
R ANNTAT AN
Ia.vmml wl ”a o
>

J "

7] 3 &

,

i
|

o BLs VI il by a1 19- 4 IS
Coygloze LR Dl 222V

et n e JLasls gl cponidhs i oy Gladi¥ s Ty
eils kS ol o asly clis LaglSy claddl jghay Sy Jlas ¥l dikats
35 o ab ey 0SSl oF Bl s el (L Sab &3
BLL 5 ez i2a Jo oda puat¥I o Sl VI dikate 1l 5y esils - 20

L6 e Ao OF i Y s padge o g B Jeaks B ol ns

126



Lerls Lo gl GBU e U el Jam 3 JlasVl ddlas 5558 455

- 555l LS (g oladl CJQ.JE e
e slie 1S Bl Bl s o WU A sV Ladss
Il sda e duds agl 25 Ml Daes Bl Legin Laks Az
4350 ‘\}}JS faakedl sds asf . 4_:;\,...,‘ e ub&i wlie o S Bl
Muuu s ey Jlass VU (oliadl e om0 dhate ey gl
e cpilaad] g SO f,aap G LSy dd s Dot dauly
e el 250 e b fly Sleprsenall 203 & plr]
Wy o a3 5 pslonsll SR e IS e 20 NWESCCH NPT
ek L VAl WA B, g DU Al el s
S sl (L xSl Ly e s Dl s
L it oy sl pBlgs dmy 3 35l T UM (amy B 0
H0-30 e asE dadaize s ho B3 S50 Dkt LD 28N
g :,L:kf.uj CS\,,U sda die e s STl S 2agil
eIy oL an L by @‘jl i35l . Gup Junction Q_L.pL,.J LUV
L & Sl s LS ldn e Ll s aostsl of gl ol clles U
PR IO ESCUURE-SUS ( S VU AN SR YOS NS JER UUSC S U S0
s il s 5 Ay Eo ez s 20 sl LDl
o BLayT e 35 Legin 40 Abls lya 5oy o el l s Liadt st
Lily, B JUH e oS Zegma 220N porlem (o 2T D 2l LS L

-

M1 3 Plasmodesmita blews go) S

. j)M‘ e LA g.nj\.bj

;.L,..._x,l \UL},JI}\MJ\;A/\_-_I:“ Lw...x. \_,-_A_.)JJL«..J W}’dw‘w
‘L:_>'-)L>-‘ @\G&L@j‘@f_q.&! ;}\Jﬁg@\wj ‘by}kjﬂ)wk

127



S W\g)@d\y,\a—jw.daQ»dwjg}?jy@Yqui}
sydhe L sl o Jbi by bl ol Wl L, LaeVl e oy
b Lt ) iy izt ey LR Ble 3 Ll Lgmihy e
sl Ll

RERERRS PRI AURE

S D il Sl L2

O S ORI

LIS AL 4

sl LY B LS

Cagp Y oMeladl e oA By T
R CR I RN RER PRSP
: Diffusion 511 ezt = Yl

b3S 5 J\p’bwf N Aol e 25 Sl o elasdi ooy
Ll e sl s B Sl Ay SUa Vi el B I s Les
JUNUETN

Osmosis  &sa3 ¥l - 1

Dialysis -2

e Bolexel el s a3 1S Ty et el el
Selective Permaebility dd.olés jf Zu_)\::.i-f L3\ 93 PRGN PER A
RPVIN]

o sLial e ety S ol Dl et ides o LjsasVl

128



o i e L2V e OV s adsull oS S Aies s
e e Baades Adanllode e L2V S25,05 06 G ASLS Lile

s J

(-

o Al é(nl;m.a el ::\L>- __5)}‘“,\’: haal T NaN _;:/W, "L‘;‘Q'Ui "\J'};‘S
\Fll.l.>:l.~af\. SJQ:M..: 5.4;; f")’-i‘f )L':'...:_}\Yi JJW ‘12_3)}: -13;&.» v&j Celiadi L}D'-ll.‘«
CidloWw Ll o1 aned
DA W
L3l e blazel dl2all e ol 3 Lide wlypr Lasl s 2l
o Ll Gy LI s OB Tiney YU eLeall 0,50 Lodas . oLER]
055 Lo cLedll e 38 AL st 85 pdans ¥ Lty 25 g U1 l2Y)
8 AN e 8@l ) Sl e el s 06 S
S sy DY Sy DB lasl 5 U s e Bl 055 e Las)
Lzl uﬁjgdbjx\yn)wl u\\ w,:-\ Cvj
: Transport (,.q&-‘ S Ll Dl L_..SU

LMJM‘ULJ}\J_@L}; L...A_S\LL....))MY
: U’J?;J QL-‘JS""“J U.‘SJ)'.J‘ CJL“’.;" Ji‘ s 3/~_~¢«<-"‘ ;_,«“»i-_‘l‘_z-“ _,L’:‘J o ;,_(A:J_

J.i,._fu ] La L;‘f.)'l’ s L@_}-\JJ-\ 9l QL.i.g_j_;-| s s JL>-JL, il r}_&_i
Active and Facilitated transport .l Jadis dlddl

: Facilitated transport ol St

e AU A WD b L Lo el JAJDLJ\ sl S

Dol ede ol ada U dems LI N ; 5 a3 mseve acall e
-«_n_/.;.a\__,\.\.:;z,o.).»’huk{a.?zm‘v.,?g v...:z_pg_eurm)dk,:..h NSIE:EV=S

129



gy ol 0550 Ley Fladl e doend Lagin Lol hbline (8 oy
L&Sr._:ll J.E.;j\ 5\.:.,\,4.:_» QL:erj‘ oA rj_a.? . b‘j £y 0 w}nj sl 6J,>-\‘
Lt gl s ST ol s ) ¥l 41 sy 1 g5 S Adny
AV EYT o Lot s 3 ol il e Wl

Coslall S e LlaS bLs) VU salall &yl ol o Loy
a4 kb d.»;wi sloadl B ass 2V LEVL e dsas - By W5 s
Dyor! SNWb] 2l g Aleadl Llg J Lss i SLledl dolm Eome 551Nl

dﬁj,_,.S._bL@_._.ﬂl P =4 O35 a5 e lee 0L G e 2D
Qkiw LU W Q\.g;ﬂ J"W 4_:.1,6_&,\ CL_._é .L_Bj Ukﬁ c._éj_.ﬂ L)j.) \)_1)- j\ UUQJ\
S(20-4 J2) el Blo Y|

Outside
o~ =T : X
crnn ./“\% |

Il Py
'\(;A ".r

Mgﬁ

;\..:.LUQ.‘..M.U\@&..H Inside

Outside - f‘\b’:i":‘f
i ‘»WQWM:

sliall o>yl

A}AA

t pan|
PR 0o S S WY [ dj\’;?- — 2 e [ o - [ - VORI N ——
- N
N

130



- Active transport L 2l |a|

reall 8 S lp J Dan, L8 Ly i
i3Sl Je Db S e el i 3 o LS ey S 5 S
dosiza Gay sLiddl e Jan Yl oy el whnos) Wby mS UL,
UVl e Lelpl (a5 Sy (Japddl il SlUisy U faddly LesVis
CL o Sly Na pgussally Cat™ oy ISy KF oy sl l T L2s
BV gy lrS s Sy

S sy e 05K ol oA o A Bl el s O danay,
gl iy Sdll oot Sl ISy sy e Lidge Boas
pognall (525 oS ol dds Lla 0pG oo Ll 5 it i
bty sy

O Y s Sl o385 oo sl i a5 il ods 0Y 1 34
CoSWl ¥l sl Lt &)l Bl LAl sds Gy

ile LT OL oy 4y By me 6 ods 120 leal 2054 ol of
e UV s S e e sl e el S8 Jas
355 015 0L gy o Sealuddl 015 Y1 o i Wy diay S a2 2
Gla| ool ya Lol ey ATP B30 Sl oy e LS e
' bW Bend La Ll

L Gyme iy WU Lleallada Jpm Joslitl e dyuall I, S U3 9
: Endocytosis s sd-| C)LL,YI A0

S sl il Gl e Lalisis &y ey &SI Sl aay
Jo o T.Jb_,a a9 Vly Ly aadh U UL s > ol ST Y

131



PRV Gk s Rl Jre sl gl Aol L3 oS5 eSSy Sl
Pl daledl ol dab e blezel PRV o (o 5?53 - S5
e lall 1A sl @uj 3 Pinocytosis (sl 20l ek sl
el SE myby inehendl WIS a2 55 Phagocytosis sl pleVl
- Sl
st sdgd 2l LoV gl ileall iy oDl sLaidl 52
e Joad b Boin sl 50 808 DlaS Jo Jpuad b VL Ses o
NG Il LS
lee OL dizagy Lo sl ol & K WA ssle 3 stll Gaasls
[es 4,50 AU 28D Lo S 21 STl sy iz oda Glazl¥l
Ll S, Sedly ol Y éi»_i)»:-“) S sl S Legs
S slall es Ob dimayy Bapns L3LasS psloes zw<,.;‘\
B Dol b 2 o5 @,i_m A by dia sl oy 0
Caianlll sl 2adal b, Al ST
A ol bl e 281 2L Y ket 25Ul @L—.J > g Wl
S e lasy Loy
PSRl )
Gy ol i gl U il e b e LA
s VL <Yl ge bl dony sy LYl oL 3 rall ol el s
‘uﬂ«w B0 e L Sl e il e e oL [
da B g Cu s Jﬁp‘d\ Aadll demle L5 320 Bl B BICRUNEY
Ob oy AL sl ol St s 5 0l el ¥ wligs el O
B e Leenl Ko 1ol ol e oo

132



LS A pleY!

3 ernall L3I eyl ol eSS Lall 31051 51l @L—J o
oo Wlanl aw Uomyds llas o) sLaadl e iz a3L2s Lelas,
pMgmldl oo e Laadl

S Ty WA gy e Talasl (gl plg V1 Gl il
Qb;r_a.n.: Z.LM L”}JJEKJY‘JG;‘ s Q)&;—‘ oda JGJ“JJ i.:.jbdj LLI...J a:*,_JJJ,Jl
sda ) Ol pleall Slally (5,20 5O Ll dl WA oy Ly 2313
My lalisdlly 23Ny Spally ol e Lgslgioms LI L3I
LA otall ads sy Jams ¢ e Ll LT s OF iy Lgas 5 A LA
bl ol Lgedl Lo gD o dl 235l LN psis LaS . (gpalll (5,2
eV AR by Ly e

Lol o oyl ods O3k g les IR Sl gl 22 o 2T LY 3
s Bg3 2 L3I olgs waigy pyds WY am 0L B f Led L
Srenl amdl e I wlemdl (e Coe st uds 5 0S5y ol
3 g9+ ola g g DI jT Jd rL...}-Yl R O i E staels (...a.@,U Lawat
skl L) Lable el e alad b L3100 3yoeill i) p5i5 ol Yl ods
el e Of Ao Dl WgilS e a2l 213l
S bl ol daglll 1A slge iy LS Gamy pyis LaS
.«_sjL@bbéig%}ﬁ}mdbwqﬂlupﬂlk)\}gﬁJu-‘f

133



\_._:__AYQ L_:_\)\_>- QJ Z_LAJ..Oj EJ..__?S 3)}.4:.3 )9 L;‘J.d‘ Q‘)}LL-H ._:).LA)_.J
LAY UL e el 5 tngs S elaad il 25Ul L3I

: Mobility 15 &1 : L],

Loghdl elze e lslacnal oa &3S pluBYEL 25,40 5 4,3 plsY|
LS o dpir Bgn S Al S L iy iy g s,

bl sl Lagallh LA I UST eY dad ianl iVl 38 >l

iegVI Gl o U sl e 45 ads dauly 3. DLl e

Lf; Z.S)_;-i s la e &.pr 5)}&_9 B.X_:_x_.;‘\ WY‘ Lf'” J)_Q,J‘j Eu_)_’.:..ﬂ\ 3..3).0.1.“
e clad)l e b Leme OBV Lyl el YL LY

: Signals transport & &3 iaadl o)WY |55 Ll

LN i B W t\jﬁ LN el Jaa jaass
ol L5 ey aall RS 5 U e LS iy Lanll

gl s b ‘s, Jl Rhodopsin newgog )l ol 1o M

sl s paaadl epall Al bl Al s o3
i gl Ol L2 b = a2li o g3 el r)‘d&.!\ s+ - Retina
S G5 3 els 0L sdus . UM 8 Lol e adas - jekay ety
& cpemsng 0TS s LaS sl b dae LS S el
BU-SE Ty .;_)\J_JLEJUU‘ U"a."“fj ._'_)LULE.&_“ (,.E:.A u)._J« j L;M‘ ;)..AJ‘ i_x....,p
i i s ) Al o el Bl JyF e fess daall eda 0L
Leadl WY LS el e rgag i aBse s Sb gy pledt

134



Chkealleda fre 3 iy BMe JOpall s

L-,,,,gw Lyal Q)&_i-id\;c,i)_g-\‘uﬂi Ll Sl o 1)
gzl B e il e e e o U dadad LS edgd 0L LY
“J:»‘ e 3 P ASIV etl jpo n elgapall dgal
Dl L bady VG oy 50 Lomilanall gl Y1 e i e
NERUCSRVU IO i Ll milinall oda Glew il . UQ-OW
CLMJ\ ‘o ,,JJSY‘a.,LAQ\L«S Jmu\w}uaupuﬁwdwj\ Lo
OL sduy ade gilar o s ;wawwfmwuwu
LSS aa sl ,,:L.MJ 7}.@ e it il G gog Il L s
Bl hyd B aales By 0550 Uy sy xS0l LS 3y &y adliois
SleS Ll u-" < y5 il
VO e e ey 4
S Jy sy Ll ST
as P adsal SUgal L
55 BB LU Bl 5 300
Ll U 5 eyl el
DS ade Jlaor Yy bmily 4
(234522421 -4

u,-b;gmﬂ;jus)ﬂ; 204 LS
LYt s skl X 20000

e oS o PR
.‘,2-, o W o
et i e L edean e
[N E- S DS R O N LT

BNy 5)}.4._ Lt s Lol e

el 3 X200 PRAY




S dadadll
) D

o>

NI

P P N

J@#\B)}.puﬁj@k} )

22-4 K2

1

1
K
i

datadl

b

]

Lo

IS 9

u

PRESI]

-t

~
o/

4

BIESHT

Zakaal) (X32000)

23 -

136



Shadl & e Jom L oS eleidl 00 andl LT 3 L
cliadls . 4 ,\“j‘y_\(\ SALY > o o b ¢ Nerve impulse 'L:_.Ma_d\
O3l Lo ol Layy Uai s 000 21,1 b 3 anl UL ool
SV G315 s &) s L ook e 30, it
s B3l S Y1 ke Calsy . cLai o e Ly 2L
Celeddl Ol &3l e :,; Lage g3 _paphll el

S Ly pabydl DUl p Emse Ul e (28 andl LSS
Sl o 2 el il pgsgally LIS Syl 2 0,55 &
Lol bl SU T Gy OB oo e Ll 230 Ty gy
S ezl B L L}-jl‘ ol ij'.? C L;?)L;J éﬂ“j‘}}u e
sdg &;A)M‘ el J”“"‘i Lo ahe VL>'-'-‘«.'\ S E\_JL.A) Ao gn A iy C)L;-l
O R . LT ST PRI i P S VEN
LT Jyam e 3l s 3 200 oSl Slmsll Ko s s e
‘1..?:..;..” u«.{)..’f djy‘ éj».U )JQL‘;-"-! 8}1‘ ué J)—\.LM )"u \Pﬁ.‘«jﬁaﬂ Q‘Ujiy j'>"
Sl WSy paspall Clvas b e Il e dadadl pr3sall Syl
e e P P T T NP PN LW P-4
Cipgbe A s

s e oo eV stanad 3 Uil ol Syl s Las

137



Lol UV 58 5 5l 3d slal) oy el yous ol ol e
Juasl e m il (L gy 5edl) ol gl LD ool LaS e
CUMR 22 OV daadl ladl

i i fy a5l Ll U Sl ol s
illy oyl LSSy el joball G oy s
sda BT JI5 Yy b by Lopadhl (55imey Sbiodlly (SIS laially
. AZbs sjwﬂiéjﬂpb <L

: Energy releasing &3\l SN Lusta

Jelay Leapduy b Jorls 50l GILL A WA (s py &5
by by gS el i b xS e A s Jam OF NI Ly ,8 sl
ki 355 bladi g ps L i Lzl O Sl Lgs sn 4o ya
Jadl sl B s s L_,-AJM\ aolzs b L ensCl FSNE LY BCAVIN
Cvtochromes ey, S oLy Flavoproteins gl s 9SSVl
dops e oy oDl sl ol el b S LS e s
e L D3t Blall s FADHE s NADH S dawgl Blall LS
DSl e 1E L g ATP Dl A

: Signals reciption ol ,LAY) JL.L’..A : LuL...,

LN s e Bl 35S Leal b il ede ae

e g Y L e e g e s L
JLP 3.:,«.,...;-\ \.3‘)&;‘-\ )‘JJY SUs Samia . 2‘*‘1;"’ ‘\.i>'u>.- g:,\...m.:.f‘j AR Q}&? 'Uh),._:xij

SVl Bl » duls oEs ol Sl e Lersbl
sias Bkl Sligg e Ay WY cn s s L Lol e Lol

138



sVl a8 5 S aal Ly ey S Gl Sy,
LRl plan plosiy IS Rely) oo Lo 213 oV 3 sV,
(2444 U b

J5 Lol dandl e dalss g 1T s M Ll (g, LS
glt) (o el oy ez by LA e WL LU &
it o B LAY & 55,008 Loanl 43 (moldls 1
dgly o by lpa el ol e Syl e SO SR - Sian ]
JE - onn T BLSS 5l oy sl U ad 5 el Sl L
Lyl Ol e 055 Gib e BRI o L) el il s L2
Gb of MU eda Las . cAMP ) Uil oslaf anl e
WAL k‘*j‘ chdl e 62 e Sl

gl e oy da sl o cAMP (s Ll 11 sllas, St
s—) ATPase gP Y Aaulyy ATP 4> J.J)J- A e Laal] L;L>'-|.JJ|
Joe (il o ey SR 06 S BT cAMP g
JoHo e Jllsgs ) gl Gy 35l 5l UL sy JlanY s Bl
ERNEY
 Eccytosis U] 15 Goxilf 51401, 2 : Ll

B s ol 3l g b Lean SLS LT e e S
.Ju\ugwuja WS o s ely SLep V1515 5 I s Ls
Lol 505 Lete bl Con sl 8 st st 8ls £l 21 Lan dly
W

by a5 35l Sl s 5 jes W PR SU BV IV SO
g alsddl b 5 Ty

139



Cell exterior

a Lipopolysaccharide

NESERTINN {

cllald
Protem

|
membrane

et % _ %P}m:ff
M@MM%M sy

Por ins
R layer

Peptidoglycan with
bound lipoprotein

e LAl i e e sl oSl s 244 S

R A o T L e B
o e sl B e Lo b o PR RUNSUSTSS
L) s of b pE pllall sl S oadl pet Bl B o)
.wutaqgtj\auﬂ\dtggpquéﬁ@@wuﬁ
I g o 1325 o Laslie G 25 a3y el Syl ks
. LS;""‘ é‘}‘

e Jips Y A sl AL S s Aol saalie s
[ RGIC Sr i e g Saal LY s L o) S et
- Sas

Letdyam aomi o iz plonsly (Sl o s
e WS e ) 3 Bl e gt s Balts RECTRI
el sasdly 13, ;@xj sl sy Sl susd 451 Y LA
et



ﬁ

M\&\J—aﬂ\

gl Gl ¥

Cell envelops or Coats

141



D ds Al
05 e s LT Lalista slye LU L W roaedl shane s
REPRES L{;@,@oﬁgjwh”u);k;uqujw
&\WY‘@MMQ\ L)&}‘@.ﬂw&aw \&YMK-GJ‘LQS
JaL@.JHupi,..Sbbi “Lﬁjbwwbijtubwuﬁ.H

Ll sl

ol Led 2 2 gz bl Ll e LVl ods S 5 -yl
-ARI(EAY Q,L;\ sbecel LMo il il o aids Sy Laels
u.euLﬂ-]J»sL«S«e—ﬂ@@dﬁdlﬁ@leﬁd\&&ﬂ.LG_:_B
;.;j il Sl el ¥ 5 A all LMl B £ L ikl
J1 e s Ll o 235 aal qu ol kel 5 JU s LS ls
NCARIRVIPR RN W H P mn L ke
Pl WA 5 2ale Y

LRSS S-S S S O S R @;Tw dodoall cb.u\‘;h;;
Sy el LSl A 2 A L bl e saaa ol Sy bl sl
Stalic acid S 240> Lo hol Laas e panes

'

id UM s o CA«\U O.Ji Glveocav v Losl Lidall _na

oda BF g Silis Bions Lole Lasl el dss z_;>w

s B A il s peadl U SULS B 5 cans 230 1,
lan e Ll

sl el ey Fuzzy coat L;& e laxl /_..:. raleis s

(PIENEIE e il | e SEAUNAVELS] rn.u-_a_g“. iidall ods P ;,\JJ)-&

d”j \_.‘X _,._Sli WWJ\.A_, A.E_AL:.J‘OJA ..m ‘lJY§ iosls ;Aj M}le

143



LS Y e 8 DL G s OF S a1l e ob
sigh . UM el 5,8 dnenl ld AU Akl a5 yslld sy
.Mura_g‘jqujlﬁpY\fwtbw\bmevf:&.E.,«'\aj\
oyl u\.c,;ﬁju_).,dejp-q mul\ LS o L\LPAMJ@J;_.U.U

.’J:.,.GALJ \“"‘j Zu,uu‘, ft"""\)‘j

Sl sy bl (i g 0T S il eds 0 O Las
kel sda e faom L UAST elis ae VLI o3 UM J e a0l
il eal sl ol

iy L Lz N sgm I3 mhand AJES Y asladl 0L dia g
o atall o BV o S Bl ol il el S 2 S S
ubzm.a);,ﬁ Je L.Aa\ ,..AL..-_:) rj......u&.,\j ﬂwua,.ﬂj ﬂu..e...a.ﬂ uL.,ua ubf?\

j*  sda U\)\ oL L}jjm il els Loanl 22kl u@ Ob dms ui
\_é,j A_,J«LA J\j.,a .339-}5 SR \L‘J g_.UJ Q\J M‘l . \.#A);u AJ}.A.U\ ujv\ d‘r)-
) qu\ sl BN

\.;_W/ j)M\ B w“ B Q\},JL"\ ;-.i_,o.)- f ital A I oda uLo.AJ LS
\@.‘..n u_a.kﬁ:ﬂ\ V(\.P Q}‘\}'-\ A V(LC« sUs s J_a.a;; L@J_ J,,.::;JJ S 2"“;:.9)
SVIRERTSD

aduva\JWQJ‘Juywbw‘Mw\ku
L5 asll Calls L dedaally Ay manll LIS i A il Sy I

pr b Gk ol B o e e Ll oyl g Oy Bl

144



. Chondroitin Sulphate 5,0 sl Sldle Logeasts L35 aali LbET 35U
e - £, . . £y - K . Lo
Clives g anl Lgase o C}\_Al o delaall LS P SE Loe

Eonl Ly dalandly L3y aidll WS 110 as T Sl sds o L pa IS
b s gl A i W & s Al slael

\/‘wu&.bk.é__ﬁtm u}b LM ‘| X L,@_;LB AM.,a.,..H L\{_a-\ Ll
Sl ddlie dicaall UME j5loe L,,aii UM sda Lo Neuroglia ef &l
wrld . e ddl eV N dvaadl LI Loy e Lgts aa Jronas ;_5?*""“”
ol ¥l el gaa5s Lmandl SYL (B 31,258 5601 23l LY
I3 @Y (oot GYGS U eds an i Vg L3 0 deandl Lo
ot L....ASJ,,\@.;‘&,«.;,_@JGJ );L..}Jl&ogbum‘b)\.;-‘w

. Basement memberane e lall e Laadl cL2adi lds oy & g3

ies¥l de 2ssl 50-15 u e ooty sl Ll Slen Liley

Lo Jo— el 330 tLd R Lasy' as 5‘...:‘7.'* o Sade ey 2\5/“,0\

BLAT o VsS s saelal ;L.._xjtww Sl gt S K
Deasg dalie Laals DL S

el Laadi L w55,V gl plai ol (5 gl amdll O
_ou L u»pLJl RS REFSR Y il e ihe AdEs =
C@ idds delais o by s e dalie Basal lamina Lueldl A i all

o &g (o ARl (Zaall A5 W 3) el 0 - 30 Lny LeSa
LS e e sLa a1 O ddnmgy - alayl, G Y, L)

il By dolinly Lol asl oy 250U

Lomddly oo Lo e ol b e sl 31 U



iy [enas 0,80V 6 33, GV e g4 Lladl Lanll LOILY,
dteaall M ) L_SJ_FUJ\ clialy Lueld)l dmaall OF S S
(5944534525 15KV Extrnal laminae VSN

252 55 Olag Ay 5 aiate s aSN1 gl Bado 5000 125 IS
LA e s dses Basal lumina (B) Ldeldll dwaall ghsg X 5100
Ayl SRS e U

146



iy deas u’ c\a.al (X58000) qufz.ﬁ\(lﬂ_s'p el 2-5 J.(“
22l bad (BL) Lusldll dowiall jglisg — Jlall 2JS = Oley dis
. 44> Podocyte

147



AL a0 325 S5
oy ey (X42000) 9,250Vl
ros sl Ao Lons L
Laally (L) Gyl deinal
() o

o),.:.} CL?— M L-;-.a)f— d'a.ii (N 280000 é_)j):&.sy‘ J,@_élb 5)}*’ c4-5 L}g'.;
Br b5 wee VL LR le ML (BL) Laslill dial lele besgn

148



(Se &Rl T (e 22l (X 81000) 5y 2SOVl el 5,000 55 J
q_g-)k‘;l-l éa_._lij JEacy ol Soxall aaill Lalall rosal mesothelium)
o355 @l 25 eV (B) daeldl dmdiall e bns yo ot
S L e 1 W i

D Cell Wall (glsl 1 k|

-

Wiea BM Y s J«a_ij J,)’-] L)'H QL.AJ o s é}'L;-l )U.j’.-‘ g,.cfjj' ks

. S ! ; N .

AT ! . R Lo t e e ' oy -
ubj.ik c.k;-ij 81900 [y x_,.i.l.:-‘ Lemeall o ale Gl . .«.7-‘).‘1 ;7;,._" L Q_,H

(-5 st ok s

et sle LS it U | b St Y
38
46 B -
8 30 38 ekl Lt
8 : - oSl

6 42

(%)

%
E'\
v
£




Acerp- ol i s deyie WG &g Ohas AL e sy 05
s wslaly bl Iy a oSl ssuadl L S s oL seudoplatanus
(25 Jyr) gt DL 255 s

oo ddless 1Y Gl Ol e ol Al Gl slogmill oy
e 15 AN OUINE e 4235 s e ilge yladt 1 O 5Ll LI
S.A_:.SVLSQ‘\) A})JBJL@M@QL:JY‘°MEJJJ‘;VM€M‘WER
SV Sl e e e ddlbe 4230

b 034 7 SHRSY

34 acnS sl B L =
10 Rhamnogalacturonans

6 Homogalacturonan

Y Arabianan

9 Galuctan and arabinogalactan

24 Sl Glast -
19 Nvioglucan

5 Glucuronarabinoxylan

23 )}:L.« s
19

Hydroxyproline - rich glyco Protein = >

ol FEE VR I S !\_iE"\_;‘ v:;_'l_;-\ )\_L_;.-\ ij__g_,a ©2-3 Jj.l.)-

. Acerpseudoplatanus



Jabde e s Lol sl L CHAN J;L“_&_H PRES wjl
sl LW ey sy ekebe L5 2OOOuJ|}>-u.a4.4J)ﬁ didy Lt s ofy
103 S 5,55 6k ot 53 Led Calill 5l 0h wli U ey o f E
bl OF s Gy . ol U sl 8 skl Ll U gl
s-—I Cellobiose ;g 4l .l BT CUNCHN RPN Sy rladl 5L
(6-5 JS2) 3585k — el oo i sl e il

085 e -y ?
~ cnyon oo A L sl lls
(|> _ gl e LA GV 282, ol
e asaaddl ol , Sl s bl
CH.OH 0 o AT e sd BLST Lignin s
j,;“,iu__, t 2o A Pectin Sl s LSl
-y o

=N
Spbsbdisa>=y: 6.5 1 gy m Mol Aoy el Y s
ol j °),-<~‘ Cellobiose u':'” Hemicellulose ol Gla ~\‘j
. { -

PTIn . S .
by el s Ll 5e s U e Gl

S et e aldSSyS slpa e B OLULT e 5404 LS
PERELRCH U N pammritlls o ST ““)LS J—*’ A das C}UY sl
. Chitin

oo Al Ll WAL 5 Jlaas s 250 S g 1 jiad) L,



Loy LomrioaS Vil e 2ol Al ol Leliaosy 0 el
U ey ps pleV1 e 2510 LS Jlasi ae Middle lamellae
s Primary cell wall _JsV1 (5| St G Sladall Ldis by sduad!
s LSt iy gl LIV ey g ) sty oo
Blosl 3k e Secondary cell wall g5l R PR AUy T Lo
I G b gl 1 Sy el Sl Sl s

G e el sl AUE 5 SV Sl e o (725 15)
RFSPL WPR TR U qﬁjy\;\ sliadl e ddelogs L?_;..)s My o

LIV e A el u.!-jS oMy s fg_ij Algae skl A
Pe- 213yl dale e slse stz 23y ey Ll 2012l 223
Glycosyl ;JA saelcs Silver methenamine iaslt Laally riodic acid
Sy CA...., JESINPUNE FEINCIN Y J;LjS oy g p o5 transferase
. e

e sLaall o J,_.;}J\ Sl aas 2B g NI S B Ll
)Mo s Y A2 u}ﬁs Ha s 5l) BLS

USR] deamary Bglor bl l3 Bt WA e AL L
sda (4. Plasmodesmatas olewspo it 2oy e bLa Yl ida & il
&oo)u 3 a)jbr_.lﬂ LSl L;:,U-\ ARENY =3 L el JRUNEL \ JyoweC
SV sl e et et VA e Ll o A iy
s 51 el el 3 U ey Ly ellly 3 oS s
- Cslsld ALl s g e U

)‘JJ-‘ j\ LS}‘L;'\ L_BM‘ U‘ V y_\‘ ;'v Javj)\“ \.l.h 3)"} C R ..9 "‘\ g}k“j
}Li.\k \.,\_;-\\,\AJ..:J\LD&}- L,\Mdl_s«.a\_a}\u_eu_@_ﬂﬂswdjﬁ-l

152



) Y
ol Aially S Ll e bese B30 BME Llais: 75 1SS

: Bacterial envelope &, 231 22l V)

Lprer 122 oSl Ll Blol Clahll e Lo game b, bLL
HCERNYS

o et e DUk e 5le g Mesosomes oleswe Al 2
oda g3 _?,Ajw\ sl JL RRURSINEEDELRY L_}b‘-\.U\ da..” e AE
Q.i.g VLS. L-}_»)'>\_TJ\ il P et g s bl ké" oLl
B Lol LS gl abis e o5 e 3 Ll
b s Bl Ll clad b as Ll 8L ldall ods pabs . ol
e B PAAVE VR R A UL SR Ui (AT S JEESUNTIS C NP
- Cell Wall L1 jluoe e Lodo QU sl by asC

sy Murein )4l godl AdlenS LS s sue e ikl s e

o rees e Asle sl e «alj Peptidoglycan u.;}_ipk)- Sdae

153



. N-acetyl muramic acid g N-acetyl glucosamine DU RN IEH IR IVEN

e L e Bl Bl Db (S8 ol oha 5
S 5 sy At s Slew (e - Teichoie acid S oS5 eVl aels
Sl e S el
a3, Oy Badane Aib 045 ol Taoa) I S
b sy Ll S S LAl e dedate ol T 2Ll s e 5429y

A CRTIEPR JV- S0 PRUICE] Lipopolysaccharids sl 33zl b, e

LALRD

5555 055 B3das i O sl daal Lyl LSl U

DS B ety S S sl a5 5 2 e s S o
C(8-5 IK2) b sy icaddl ssaaddl

< 1?01_\ Lipo-
Saccharides

Phospho -

il Lipids

~ Lipoprotein




] S e ey L U 4 oSO UM Ofyus LS

. L_).j:.li..n) ‘Uﬂ._.?:ﬁ S—‘.}j‘a’ LJL:S
Capsule Extracellular &30l Lgaley L o5MA N L dall LS 5 Cilisy
ilie 0S5 Lo nSll et Gam 85 L nsSll g e slazel . slime

. Laa Qt.,:jjr.”j (B.JJ.&:A QLQ&..') Q\)J:&){)L_g‘ j\‘ja_b Ql)“ﬁ)&j\ A

she el pleadVis SlepVl e Lenlean o U pnCO 24l Jans

Capsule and Extacellular Slime 4o Mgl 82U g dladel)

idd) jlas
Cell Wali

. &zt wlidey Cell envelope 4, xS0t Al GMe 9-5 IS



: Viral envelopes & i 22l Y)

Lat als (o V1 LVl e Laalaa e 0 3 ol pladl caliss
e s E Yy L dlae -l A alal sl ol e s)le
Lol Ly 53ls e 5522 Lot VI i ymlo olinas ol oo snlu
Caalel sae ol By

e iy Capsid LS 2311 52UL Loy (M SW 2ty
2l 0 5 il . Capsomers ol e sl SIL (245 8 000 5y, ol
Gy s L eyl L L gl 053 9 iy sl e
RSISAL UK g JOHER RS glolade d s

Pl B e o S BN Sl p Ll an 552 A3
¢-r’ G - sy ey s Sl lS ol S e s A5 Envelope
oSl e ds Sl o ey g pladl LalEY Aol el
Jut Sl oda J2E ATy Ashidag)lS Sldae iy Spikes
C(10-5 s diall LU oMi ae ol p ]

Jeans Sl g gl dasd . g pldll b 2N e s i3 b il
shll Lt Ladn +zy o5 Ad-all Lok Jsls Lgmaled slny 005 e
Yy MI3 gl 5 JUbl g LaS &aleNTada Jorls g pldld 33050
e .65 AIDS 50! ;,djﬂ\éj Poxivirus (5,4} 5,3 (LSl Cad)

R e Jbassl 3k o e Je dpadl 6 el o oo Lok
i allennaly 751 o WS L3l ool el L lall Ul Lepdidt eles
b e S W) s oil o M A S Blal Ld OYaS gl
;bjﬁw\j Toga Vs. brsll los Ly Paramyxo Vs. SLLI Dl
ogar 2l

156



— ——————
PAPOVAVIRUS DNA genon} RETROVIRUS RNA k*enome
f
[ icosahedral protein shell (caand) T . glycoprotein spke
B ‘ - 1
A nucleic acidicore com-
‘ . plexed with Hasic protein
o nucleic acid core ! A |
‘l ! lipid bilayer (envelope)
I
LY G ‘
' double-stranded circular DNA | 2copies of sin-
5,000 base pairs ! L gle. stranded i
T ‘,_ﬂ_ 5.000 to 10,000 nucleimdes

HERPESVIRU.S DNA c’enome

[

|

J glycoprote' "
r sp:ke
f

|

l

| -

I

Ix
! i
icosahedral , 100

1
L
j
f protein shell .l
| (capsid) i
e N !
| et i
| / \ protein fiber | ]lpld‘bllay(‘r M
! ! | {envelope)
; [ ’ ;
1’ double - stranded === uble - stranded icosahbdral protein shell (capsid)
linear DNA < . :
150.000 base pairs |
30,000 - 37,000 base pairs ]L\t* = —
d.a.l&\h CjJL@.,J.la:-}Lj ULMJJJLQ_H (’k"""\j Cf\ IO-WJ.{..A

DR LY Sl

BlyNly SVl Jos Slisde Jo W1 #1al e aall ol 5524
Ll e ety Jn i

WSS 5l glas Ao gy Sl 20000 UM e sl s
IS A UG pasy Wl O e e

OB il gy ol sV ok Za L) sl UM 5 U
Ll il slaa V1 £, il e sl s
dnyJ\LrSJlj)Lﬂlajbj\ FO{NES YU vb,éjpwjku
Jre LR iy Ul S lgaatlis o Se 2 bl WLl el
iy ol 2k 0S5 X b L2l U,LFJ.L_JW\

157



st e Tty b Bl e o gy e B LS
bl 3 FEEPS K- DS La)&r\cla..uu\_ivi;«)_.w

L adelllly A5 1 e LM eds dels o;J._u\_JLpuj_i» s gl
- sl ik

(11 -5 JSa) anldl aooall il (e dl oo 2l iy
L Kinetosome sf Basal bodies &466 ol 1 Lo blewlly OldaYl
A e elnal e Gty Rl i e Jp e

Sl s S O el o il et S
752525 isLal 1?35 12 -9 Wasde idghll Sl ss VI (e e (e A 02
Lilge Copent S 0L gl sl el ms . (1255 JS2) 555
Lo ol 6.5 Iy LS oy 815 Loy Ablomn St e
gl 25&,}'3‘9” i_iL:L\J_]a:tL.

| pe LapdrB s iy eyl s o) Sbgosl
AN I PN R I RO e & JONE S PR WR WIS

e A3 Lol gy oS 0 e Ayjlsne Sebo oo dddye Lol
i gl oL L aelil i iall iy L dl LY
eyl e Lty LS5 ey Lty e SV s Layy e i o
s o)l Bl gy U EL e gl aky i 4 g
Ler oyl 223y ots (S0 sl 2 Lgiliombey sl sinall O
Loty bl Vls lss s oS 2l sy bS5l e shasl Bale
ms Letg SN oS 5 S 3 e ) o oo (REE 1
o slbe clisy laaY! Sldr s dee oS 5 B Ogaly oy o1, LS
R T e

158



255 paZl (X 150000) g, =SV a#ls, s 1125 (S
b Y 2l oo A el s 2 e e e gad
e Q‘LvaL,JJY'i .‘a>—>*\4_ LS . 6;—§;° Cj;_ -:_H..a\; 5_,_.;-__._;’| 5_,:,}4_'

s LS v SISy Al LUy

~—

159



A

&

(| NG

N “%’\‘\“Q
WV CAERR RN
e AR NAWLERS ;
i \N\V\ AN N

{ne . - . o &
‘\_._‘31;-“ ‘R_ﬁ_.d <_A.Ff v./&_):\‘t VL_:I d.;jj,:)/\)\“}_@ﬁb O)j_J . 12~3 vL_)\M
b R ot et =

;«_Is.'a..-._ L;)‘\.\aj\ \._13\.;-\5 (X 11000) (/v\ FUSUWE TSI B -«_.»ua,.: 5_:5}\39_""»

CEX 33000 (1) i s il



k},ﬂﬁd‘m _@mw}bﬁu\MY\wsfppH‘wsf 4.;\..‘;:.:
.m...; Jw\ va?js‘wjm}j,&\uu\”umuw! ,.Ag_,njj.am\.:.bg.....u
e .«.».9—a>-g_ du.LC«b s} S_UJS \J.A}ULASUW} a.l}\.ej.k.a.}.b),...l)j
\JL:." e é.A.u ﬂ*w\‘a Q»MY‘ JAJU -«L?'q.) LS. Lw u,E.BL; \.u).L;;.S},:)L'U
STV ety S b GBI sy b pddiy Bl e D5
Yl e o Les WUR e 21 ek gV STl
adl Sl S5 oo )il fB domie delgd e el JpddB L bleuNl
Lokt 5 V1 A B pdl s lly D el Lt e 2 bldy
ISy s o el e j? s i oS el Les Jesue
L}J; Z\i}al\Q j..._é- u.ax uu,vuL,é_J )j.?LAJ LS. J.;JJ s A q,:— L_f’jfx}
AL_},;U \_-’,L;},__;\ Jﬁ..: 5.{\..@... JaJ_J_._"J\ L}-"LJJ\ )Ua..';.:Y‘ d} LeS dakisen Q\_i_:ﬂ:
(sl ) Bladi S

Jﬂ‘gz‘.u —bw;——“ubb\" e dodalt 2 -’~=“°J¢-“u‘1-j’L~‘5TJ
anles .Awg.\ qu\.lo‘j.w\

161



odbnd| i

51 e

Nucleous

163



-

D de Jde

Jos s‘fo.;-\ rJJ‘ QL.{JS sm‘b - 3‘)_,.5‘ 3\.:.3:5_;-‘ ;\:J-Y‘ L_J_)KJ- @&7‘):-&.:"
. W‘j 3}7«2.6 3‘33 dl; \b;\}fb-\.g_ 4.3'}«4.1.” e AV IV g’_Uu\Sj ol Vi

iV St 3yf5] L ey U 3 158 e Lasga il a1l Jats
SOUR e ff addt ClaslasT 5 Lgaales Ko oS58y 5 3y 50m
S S 5y ol sie il 3y SIS 3 Sty LT e L1
U LBl e sl p5 sl 06 o Ll DI 5 JU e
a2V e ol al gl 0wty Sl dand LA 5 Lol
VPSS NPT oW vjﬂ;{H adeanl GV 5 g s o)™

M@u\yﬁ;b)&&\@dfdbdbﬂl&@\@
d.Ja..H ct_...J}Ua.” LM\) ;L....LU u}L.a_a_S\ L)&.}-&M 6))-\ J&M‘

Wvuak¢&w6wb&dhéy\u}§;hﬁj;ww
J&M\)mdfamijj}\!&d\bbuus slagdl el WA 3
e g W ey O 03 jhe 8l WY Jlims 22 (45352516
Calics ;,_\:\Jddl;k_s};ij\.,lj\ué&?}qx?ﬁ\ LI jaas CUs e (2S]
b el VI G e g LT UM sl eda Joo dmy LS
L DY s B I e LS wgline b ol 0055 g b
dsdrj\;.udd.uj ng,Jh,u.u;uwa,uuMu\taCW\fJ\
LBl S Al W 5o e s L Mt...S\.b—L>L4—\uM
315100 Y sy

)}k_,&\Jywd}ﬁtaujwubj}\umuadgbmu\
Lo Loy . saly 3y Laindy bl daas Aads Of sda &b ¥ S UM
.w\y‘dl‘y\ﬁb Sl 345 055

sy ) L Rl Aol sy 20 S0l 2503 (o Bl oo 512
YOl aas Ll ag el byl 2l ALY

165



L) & 3l 3l 1 2 6K

%

agmEl

W3S e B daliy LS Al
3 o ;L.é.:.g(:&,l.>'-11~6d.§.: S955] ;w;ﬁ@w.;ﬂﬂ‘
Ll gy Sl LS PRSP Pr I
CAS e .A&‘}JL

CU:J&MJL&.L&.L&-I4_6J.§J
C},é_gcaoj‘..:f :‘ifﬁ 3‘_};.3 r.B.'.”
&;.55‘}&’(34-:1-"':3_6%——4 .;,:Su_gj.iﬂu‘.a\s
JS.J KRR 3\}'..5 @jY\ J}\IU
ey w3 53 PV
L

166



: Nuclear envelope (5541 M)

= )3 Nuclear envelope (356 Gy e sl e el fads

Outer nuclear membrane >, ng};J‘ sLiadl Les o enn 2 c8LEL

Inner nuclear \{‘l;‘-\.,\.‘l Syl slnadlg SRSTEA L_f_)u_x b -l U
- Nuclear sap 55l pandl J5 asdas 451y (U membrane

Jj~\J\‘ 45l 4o .La.p@)}b},q\...l_i a4l ngw\ ey éa..wj.@jaz
.aL_"J*u .AL.J.‘.“ &Ll&uJQWjuuwy)&;dew

o S i L g 40 e (5l G e 3L
NZTe .,o-d..d\ya E_-’%—“J*‘-“j;“‘yb 10 6QJ‘)_>- aslie
C sl 25 15 as s d..l Cisterna GJ.@_.a.M of Perinuclear space

Ve Yo s Y S adly Loyl 22N LS 5 = aged aze Nl 4 lis
i 05 A el Dl e Oga il s 3 Olidosy Legs!
;,)_,.- Lo eVl B aads o i Jie M\; as9adl aze Yl
" o oY s L e

Uiy el e Ll 28t ol ol g el e
e e 2l el s ai s Dl e L5_J.>-\JJX aselan I LY
P i e L RSV RIVSE LI SR SR Y S A
man Slipl T panl By ol e Ll Wl diiay 5y, 2SOY)
shebtlall e il aa bl sda ous . sy s o I e Sligy i
c S olag S e Slae o oy L 54 Fibrous lamina a_.a. |

s e ;.E\u j A5y :...:_Z_...._A)_..&a ng},'..“ el 4\.~~U ‘\.JA—.J w\ﬂ
f’jﬁ"'"“"‘)ojﬂ‘ u-uJLaa\ LLQ.)L;L;-L;L*J \_)L;J} as)'a‘).”d)}
- Nuclear pores a3l o2l Sl oda S

167



315l j e a3 u}uﬁjw il

100_40¢m 3l ple J52y a5y odmlyl
agpdl Cgatdlsde Calioy LaS. 2 asl
e lexsl a1l wlaw e Lensj g by
Lo ae b aes La NI LU A
60 .,> NPT NS ES VS WO

20 ()0 V‘j t.ﬂ M.na._N\.A/ w

Q\L..:.j\u\._:.ly‘ LS}’. u} C;—A )_:_,:_Aj;_‘)\_i‘»_ﬂ/

LMo e g Sole/ B 1510,
ales oI lay . Al b sl adf o

PPV JPS R
il 42 (X18500) g5 2SIl
g W ey L plS A

- N N \.‘ ‘/:"‘“ A_;ll“l.‘ . a -
AR L;LG L.S_Q}.J‘ JM‘ e VL)\'“JJ A s \‘—39‘ S e u5—-’?-5‘

<. - . I AUl Ce30 ? o> \_)a_ﬂ_»..,\
o5 S o e : o e

N
. Freeze_ fracture i o LSyl SY ca_w‘

—> =1 sle azi. Diaphragm b el sds ey L:;)>- ol LlS lwlel 3
Qdi LI R RVI R PC TS q.swb u},)w ng\ PN
(6.6 JK3) cslaadt

—

. . . . £ g it . L~ ! ! Al .
g_,..:.>-u¢1x.¢.3\ Jrad_\:_u;\@b. uj_a,l, H}_\LW\.'\'\ é;@';‘ u..a.>=.»:.)\ ;éja-ij
Sasl B eds . AR A adin LS5 a5 58e ol lods gy L0 3

(7_6 &) Pore complex wadl diag 4z 30 ailisdag

Logis JS jkb CL) idiws Lde ol o i e diadl el e
J.gjj J,:_:.O}Jb?_() %C:‘V?_i ‘;j,"‘" \_,,.i_ C}M 7-)L>- L}\),.vj r.‘m.ui._() L}_HQ?'
i Ul iale a adis 2 i imeiall O L3S e ail> Lagis

168



e Trelan 24,0 D land S el L ey 25,0 UL,
=5 el S0 e ks aly 455 s il e Ly 3 Laindy Uiyl
O T G sl lasas to adb GLIL Lgan e Ol | Ol il
SR el Gl oL u}b%q&wwm wle e il
PRV Lt wilgan V1 ) Lo Ol sdall (i G Llinll dm i)

L By

Q:j)j*d . 6/_6 J.i::
X93000 < b) T 5 ,.5s
AN (XT114000 : a
N Ol 5 g

 ; . MJ_};M ;.J}E.‘Jb 4.:_5)'_”

S50 SN (X0 000) 5 250V gL Tir 5,80 5,500 1 7 6 LS
LA LA 1 Dy gl L gally

169



3ol il s Aidosis Ul & g8t Dlogmdll an 4l 15 LS
gl are N (s uﬁ o

56 G sl ot i b sl 222 Y el oS 2 O
sidall VT aS 25 LS. bl D3l oSl e 8l ke Y ey
Y o W wls gy I ar i iVl e o5l e Sl oes;
o B S e gl Jbl e Ll oyl ez, il
3l iy sam e ol SLEe VT e Gy Lo g agilly anipaV) el
Lyl ity B3 & B O L o i apall Sliall B e peas
Ples LoAd £ adb. Lyl oblas syt GO a2y 0b o L
UD- 5 IDPase 3 GDPase olepVl e sVl e SlepVl Ll
Call SLls 2 BYe e g 51 Lgames TTPase sPasc

e Nuclewr sap s Kurvoplasm (g58 Ble Je =l 2 el g2t
gLy E\.:_;,_J‘_»LN\ DUl e dtiin gaom SLLS o S9F s
CJL:-L;;'U da '_Yl 5{\}._” )L..'.'..;.:y .'a.,.eJaS vL.Q—X-_{j QL:JJJJU aj_,,x..,aj_' f Q"L,,_,_A.:’-__. -

: Nucleoli & !

2ol i ‘\-‘j-—f A_A...ASOLLJ J..:\UL Lolubj.) °\}'J\ J.)—\.b .L_>-u

a
4 -

Q\.ijﬁ“ 2l 5. :L.AI_G_S\ L{)L.;-\ j w;‘.;aj_,:&j\ 4_:.4_:}- Jjg.) .«\Jj ‘*—ij—"*a-':i

L1 e i LSy st RNA (a5l paelb s Sl

Q‘u_j,u\ LLE Y LS. QL;J\ s AACs Gles 3,050 J\:LM_.Q‘» ol - DNA

e oS 3 A“&‘—JV““‘ i L;“JJ‘&N\H—# S U wb
L},:.B.)M -«—~4-*-’ Cj:.aujq L..J._,._ 23, M&\7DO\A.AJ;LL.) dujfid QL,.:,_:-J

170



5,5 ks Atz b of £l Casdis S iy 05 Lo U 22l
Bl P bl eda 0L Jloasin ) Llonnll iy aSSis by
& Sl Ribonucleoproteins 19951 53S g g I P dalye aiss GL
e by S5 5 lauell, Nucleolonema sl e Gl L a
s 2>l RNA L;j,ﬁgx Sl et CUE o Jeboedl gl LS o0l
- Lyl S P R el Yl e gy &4

Sl i S (L1 ) W 0L el o 58 enl Dl peld O
3y bl Lon, Y (g5l oLtV ek 2 LS T, Shb ms Y
AN e e Sl ST Y1 2Ll AP sl Jo Lo s Sl O 4,
sl s Al ey Sl el e sl Yl s Ly 5
el 2 By ) Slagen Sl e faas il iz, Ly
st B A el VIOl dane s eiMgn Ll (550l
Syt aeldl Dl r\J;‘-;,Jj S el e lewr da i leg ey,
pismldls sl o DI T 5 s OB Uiy L s a1 DLl
el e DR L S L Ll Sl B et Il slla Ol i s
S, sds s ed AEL gl 20 n> s dy aids DL S s ey
Doy et s Ol ‘UW” IV I RN
a3 VSl e ey RNP 50l sy I 22 Lol o ls et
,,}_i s 3 L wloendlada 00 Linas Uy sS ey aad
e LY P A s e f\ Al
- Chromatin (Sl y )

S S5 man SE UM 55 00 a Ll U Sl LT
O P e 2D Sl s el S o) ol S
A5 sl by S S =5l Gl (el eSO et 0T Y
(8.6 ISL8) e b fudas

171



s 55 b e S el
UL:_S )‘ CE.; A VAF ~;.-‘_ “\ )jia.}‘
iiliss Gy gis il Lilesa

SIS S sladt s

uL:_{ ol aﬂ,—@-’."'(‘j ailanS eyl

~

Lt et e Y
— A v'_‘““’"jg“'

< s S Sl

5)_,\_3 Qb ialss JLB\ }*_;_gf el

o
L ty .

— 2 ¢.;4<_Sa
(— -
s LTl IR
b LSS ey
L. Cooetn Nt
—— — e A D
oo -
SN PR NI U DAL
- - ”

~ 1 . [N »
LS it leioais e SN Lalaald LY S 2 IR LU
- 47 h P PN ¢ [
*s L e oyl iludlde Al arls il ‘w&:p‘bgo\.-’u_.,_,aé,.}‘-xw_:w
= 7 2z
- -
- ! - B N - <Y - -1

V'_\,mj‘_.\_ V(& vw 2 2 -d by T“uj, ! ;/,» ‘\J_J._l‘._n ALt s .:}>-5
PR N . . . N . .- < Soah
isles Pyl Crolag SO s Hloto Chromaln  oocim Jrdesy ey Ao
i < . , ..y 3
(v 6 &) Euchromatin i uj/_i,‘

ot

S - S e SN s b el
A 8 w2 :JLIV).P\_AJ_JJ&;‘ Lfajr.g_)\\ﬁ_fbvuﬁwr.&z



&;@w}»@:ubﬁysgp ‘"““’\’;Cﬁh“dﬂgs,w‘iwﬁﬁ el
Aol 1024 o L"CJ‘JJJ Hlst 15 Za sl Lo eV GLIY! e Alate 53

WO

- . e e e e . ' : . : .
ol ailais oo gliS Ll dads e s e de U saxs 22l

“ - . T . . T . \ qooL oo
i & L y A L30a] .
O u & s Ay ala e j_, &_AM P gt S > j
¢ - . . L T R E el IS < - <
L}}wwﬂ e \_eyu._;u wall Sl € s [ - K WER V- S
> T T o B
- - -
- i i . 4 - 1 - -
oS, 3l L as bty a3 A0 s s AT L Araal PRSI T
- " i ~
‘ h i L ! U N - T - L !
olal L}-x,:., s S P Flas samr D L 8T el L f a2
~— : - ~ 7 - vTE -
. . < “te e A ..
RIS S S Ao T R O R S R . S [
) < 2 P N R -

P

L.
i
N
b,
\é,
}
b
‘(EL
&
.
i
b

s a5 eyl
S -

S owdes A8 islened



e ol st (bl ople ) flbao VI (sl ey S (85
) aagh 10 2 5 o Ha Bls gy Lgnny 8 akaais ¥ e 8L
(i ctg,S0) elansly B 331 0rilag S0 (o L 15 i B
. sl 75 JM? logn BLL fadd
Dkl ads s g M sny abllasl 5y Galey ST BUS 0L ey
bl slaet 53l Pllas V1 sl S iy SISV S e
e bl e e baolazly Ly 3020 B dsl A
IS e ot A BenS olly ileS gl ol iy
oo ke plsly Aelalls IV el ol 3Ll O wujﬂ\
Lo Vi s oLl e i aly om0 e iy 2l Gl e
sda Qb gduy . el o Lsle Y 7>\A~\ = ldalie Gow JJ\ LAl
SlepVL Ll Lo 320 e cdn s sl e B CHBBEE
eV B i) g SN el il g s sl
LN e B s i.LaLv.U‘J.N ileg SOaS 2l e 35 Le 0L Aesly
PP 655.‘:;}:-58]“,4“\.;6 4L}J‘j,>-\_€.~_.w _a_yj\ L5:.5\ sl
A A Vi e 2 gl e Lo s e SL 5 GLYS

QL‘{; Ju: FVIVIY e w‘

ol dis g e ot A S gl ot o LS

Lo gng Lilols o ine UL s s\ ol SJ\ Kl vans lz=! DNase
gl il dnsley SO A2l A LN O szl e Gy
Lo sle i 2zl eda e il Loy DNA (5 NSV PR g
2l 200! e il O slize Nl Sy e RNase g5t Lol G}L‘“*j‘ =
A_a). DNA Y e dalslly a2 SLIY 5554 p8l pe 2 e RNA (s
ksl s ey S awy LA WA 8 Dl goed oS
o (- s T8 (pkae) L il iy el

174



Wt V! ggad el B LSl e 5y gis5 H2 _wuw&:wﬂ adll
) wauutg o i by S Bl 55
A U ke i wduu,w}dw\wubﬁ&w ey
-4 ke S

Dt 3802 0055 sl S A 10 081 0L s e o
iy S ulydsuwj&ﬁuuwuxuuﬁw 5 Ly DNA |
BT et il S il 0L by S5 0 RNA ol iad
3o S Sla glir Loy RNA (55,01 aaldl ol FliaY ks
T,.M,,.Ncuimut t»wwwgwwméwut
S e A ol S S 5 s W 3 Y1 DLl e
U gemms Dyl &)jdii‘;.;q”l\gbjwdiwlwi TS s

sl gl Sy, g a1l s sy
o o0 B Dl Lo el e dl Ly sy
(PH7.0) dolacll lacs )l 5 iy

;«4\2-;\1“._9;“1 %30 _20 ‘\M_&-\__M...Ja J_" S S

. (_ f\}{; “‘-:’.'}" Kf:"‘ ‘u‘—w .:J;p.-:) \‘_‘_7_:_:;5 J.s el 5\...>'—}.U ;’_‘M%BU\}

Ll dj e s G sl EENPESNEL U I TN 0555 Lod
VL,<_..3) DNA ﬂb\./‘ ..a.abbd u A.Ju_.<,_~ e L.C—ux_;ll ./o-uj u.)La...U

9 H:;lj Hg Cnonn 4.‘.:).1..*@_” QL_gjw e £ hee ","9 S UA. ‘_\;()*G

-

!\i>k~;-i ;L:..’LML) E‘Jylj‘ Al 2> ;u}-\i C:.A.}' L?_s 4..1:\5 k_faj H4j H}, B H:b
Lyl

,.._,<;..'L:a Jw‘ u\JL"j Ql ¥5'H J.>_:_" JJLC' 5‘-‘&5_5‘ ',.:L_:'.U '-\.-J.LAG_{L,‘ )
Yuwgulwug‘ LJ lv&wﬂﬂwu‘b‘&
-L......J\ .L! Mwulujbyal‘—uba \_,‘ '.,A(()() ,Ja "<l ‘ L.,aj
a2l 4 gLt UYL b 00 e 31

175



| | I Sl el

v-.—-:U\JAAL)

(=

RS C RV || PP W Pe B WP U VIV [ T R
Lol Laeldl faall ] o 5 Al &8 ) bl oS

3 :
. k.i\,v‘d-q oA

N - . -

:.,LAJ.L.&,.:J Su2l? 5 ed ool L S S s S oolaed S ilames laad
- — - 4 s - - - ~ P - -

- ~ <& B -~ ! - ot

IS DRSNS} »_,_:a.._\,}ﬁ »\JLAL,_,\_ O N - | Mvu\ws
- - ~ - " .

. S

Sl sta 80

-

v

e b s bzl ALCe U med S Szl Phiviohacnaes suinn
L1 N ! I < 3 . - LT v~
& o 2l -J:\’u v’_\“”j;-\' Jj a2 NUIIE NSRS

A
Ll

- i3 < b PITAN 38 oL ) y - e s
V;_:.». J._:A_.)- v:‘;u:j}_. \3.9\,.,4 P,T\ Ve 5 M:. N D AR
- . T ~ . /'\ L - . W -
A Sa T a s 2t s L D A e R e I R FREISSS)
B ~ R ~_ ) -~ - .
—

i <hoge : - - < \ : < . al
-t ‘.‘;L,ﬂi_\_\‘r \ < L I Y ' & . (L; P &" 2~ \ ’V\La‘s‘
~ - - ~ - L - - - ~ - - -4

~



s 3245 o 0055 Ly o5 il LAl ey SO s ki

s 5,0 045h el 5 ekt ol SO L sy it oley S

Wacatins J)_Lb:U u_CLAL,.Ql C,Mp.l s~ PHAv 35\.{ B\j_Z_U @\f\l L}J !)‘\_-,L‘

. u.uz;‘-—\ Cila g S alls, BiSin (635 0 25 - J s

Finileg S S S A

O IRl Sledadl s Lo W S I sl ey all O

~—

iy il o el l 3 OGN 202 e il il ST
Lt G b les 3y e el wlegdall bty ol SO es e
oy i g Gl BT 55 2SNT ey JleSa gl Jlas Ul

et (G AN asl Sl SO s e ) (655 el

. LCINY ' : . p 1o - - = <. N - .o
J;JWQ‘\.X‘ ;—é—‘.;l Q\ﬁ.::_:-_e jﬂm AL,_.T.:SJ.) ol aas «Ll>w_ DNA L?jj.__a__il
Sl B s Nucleosomes e edS ol o e s S

A <o LN
. ij._xg, a1
g b .

- . T - L L oo T Lot v o
I DU - \JL)LJ.PJM.\J\(W(‘V.Lvuq pa Sl 110 olem Lila
~— —— BB - “ y <47 N vl A (S ~
. 11 H | 11 - '\‘ [ s R RS, < le t
Fl.oo M=o Fl-n o T-a v alawgdl D i e e e 2 Sl s L as o

- - =2 oL B A < P .

e ,j) 1(7()'* 14A Ja_l‘ﬁ_J DN ‘_;‘-.N EIRE S N e s

— . - - - ~
- N
L . - 1 . - L i - -
SN 5 GRS ) :&}‘ L RO ULE NV N T - ) e w5 e
~- - - ~ - - - - ~ - ~ — - - -
) ; /_\ '
Y Ealbi e -3
~ (g ~

P
S 1 | . v ., . . - N B
. - N i - - < I n . N

S MM:..J AR TR \_;G::.A.. V@AQ =T e 5 e A=
o L5 . P L .
BEENE - a@wt o -G D U N e .Q.a)/.a.r"'b)j*l I S
- P PR © e = - b [t E
S .o e e 0o i . .
CCos B et L N el e D Lioses laot 03 DNA ¢,j;~\‘

[ N -~ - P 2 /2



735 2005 ogies Sl g oo gy IS ol Al s il

g sl s Ay (gl il eSS ) sl
st I8 pp IS ol Sl s ) e s O s 2T 200 Nl 22l
L2l Electrophoresis  SU S L2l 3 b Aol Sl Ll
;_}JJ._;QY\ )-G—%‘ u.a.>u1.5 QL’__A.:J-\ L/L:,‘Lé_ L;‘ij QJL:_,Q_:S};M_@JU \‘j_j\._:_a_:ﬁ‘
iiie sy e by Sl el el plasia N ool B s ey
g—;jﬁ ""ﬂ‘)"‘"“” \'7:.:_.,6}3 L_f’ Q.l_;\_w &5;‘(‘ Q\_A},L'.U S ;_,__;Qi J\\;J\ L_}} w\—\ﬂ

diloddl DU gt L

“ails,

,,.,:15',?3\5»3

Sssd! el dn o D B p g S 5l ;.,.._SJJ_T e e
b anwlG 4l o QL}J&.....@.H e A0l e QJ& —d JJv-
. d}}—'-“ V..i,.-.;'-'i oW e

s ol S LS e 8 ! ey B sl o



: Chromosomes s g g9 !

P UM S lgialis Sow e sleg SIS el ansy
Lo Ny gy el U SR s (5 Lo )
Lo Lasds iy L e ity ins e adyb ay ol
el bl plaaVhods ens . L e o3 U SLST —
s by SO Al B OL sigs . Chromosomes ols gy ss S f
s S i gy S S Bk S by SO e
Lo am sl il S A oS 00 wlagagag SO Jp b OV Ll
Sl I Ledests e Lglaliny lagangny SO =p s 005 - Ll il
lomilly oSV a2 Slod e u g gL Y e
i s s B e il Lol Sl S e gla S in gl
Sloaes it e ubeg S Lgds> L5 Nonhistons Scaffold &0z .
i S e o L A L e e R
S ala ke Dl sen S aSI e El Lpamd e S lagngey S
_ SRS RIS R AU
.1_;-'-T i ?:_.,,;__AL_,/\' — :_,
Lt St e 5oSO el ol S L 2wl

P \_‘/_A_a_h;.“ adea 85 S il
L.:..'u' -\_3\\:5 “;4:_.:.‘(.’2.2.‘)_ \.: Lé_?.—‘ QLA}J}.:K}.:J‘ '\J’d L,_JLP -:«_BL.:S J})’/J :\JL,QT

-

ey Ais ol S l_;i}_a = olbaestliods LS 8 e 4

e Lghs da 2ol S 3 5las SO £ e sasls
"‘—"'i,"‘"’. WMV l.t_.--’.:_érl;_.a fv?_)ujJ . }‘bﬁjj‘u

; : - or C andding |
C_El}_ﬁ;-ﬁ.ﬁ.)pu:}'b—;_)l.d_« —r S e ((J)I(_B dd D)Cj(]r)_ﬁ

2 L . . ! "Wos o Lo T ' L [ ST
\:_31;./0 J,_,:Ja_; LQ_A:J CL.MX\ iiale g LY f& __\;,‘h...ﬁ J_ut_»jrﬁl

—

(146 52 Ll G e A e it sl S



5,5 by gent 120 K2
sdnd s AN gl L
58 i;’;};,;'u}...»}a}}_ﬂi&a
B 2l i
SUY chall gl
: Q:\A}«jﬁjlﬁl’

DNy L - ~ o1 :
Lo ol LU

Sl adl ol g

~ . AESE RN

e vwd “uu:ub «_:; \
. . e vg.J-P C)j—e DN A

.
N

. Tolbet {
SNy A H e s gay ST

;':'-’j'"‘“’ﬁ- Y \:J‘-:.::}J,J



o = L e = s, Ty - LR . . = A -
R R I B TR T S I
g ST N A SV B w SRR o

SRR O I B S L N O R A B

S LE 5 < L A S A AL ¢

4o 2o Lo D T T AT R s, WA
' ...M FLA u ,V -4 ] o \w, ) Aw .V P

- .&u, L% Doy a \ = m ) u AT ) b MJ “ Ji

= 5 ) ?) STRZE T WS M oAy o T

LS )
v
<2
rom
T
-
..
A
g
B
o

39 RS BN I

SN R EET RTINS B R
t|;J w L) /\ﬂ ) ~ 1\ : Yo 5 v o ,vv ,W - ) \\M Q a4
; | 1 N NJ . voom ve IRz ym.~f - _ »l\_s, ......

|
(]
—
3
L
T SO NS
S
E N
32a
i
T
thenolnes
s
J
[

< -
ao
<2

P

~ 1
|
P>
-
—
i
S BN
—

Pe-
s
)

HE o NIMX BRI — -"l na n 1wl < - v,.
FEECEITTS T Xr mAW. - WIml S .

L } ) : e
O. 3 ) bY gu ,y& .\u, - ) a J D ,

e |
1oomIEL e mAREr o on T Yo N o Py 2 | A VA
R TT I - ax - . /\W Y, : 2 }, ;!

A N ' ~_‘ 1 /\, v J H ﬁ\_
-y ay ay . N C 9, - 3. . P

S LT RTINS TR L 20 FoeoWLo , R O A N J _
T I RN T Bl v — e »y i 2. v.,* ,w. - L y
AV S

e
(I Ul

M

7

L
i

1
 n
- i
;J\.Aj..vus_«:
. <
J e P
o
-
t A

i) mAL N,
[ TR Y U .,ﬁ\.

EY
[
-7
L
e S
par
[y
. .
o
-
R
.
=
. :
| -
JA& <
o

e » vy oo vy . “
TR y L A R \_ ! VoD o RN
“: ) r’ _w _ oy K ] -y * \
. oy ¢ *
TIERTE L R gmAN om0 .M * __M.A _,w ,‘“ ”C 9
[TIRENI ¢ L W BT REw momil Dman : a ) “.. L,

o>

'
L}
N
-l
e
L e
- B e
3
P

1

By

e R TTERTT S LN BCAPUT T R a2 ..Jv M
Ta.

BI0 G awRF) Wi X pNEm R

P

~

(W e N

~t

R



i8Sy 18 ISk s DNA D}.Ljvhﬁ,ﬁvk,@ g e S Ll
q’s ol e Condensed state 2aSU -l oy Lo sng o gy S| =
OF . Diploid Sleymny S o adolS sy Lo yarma 315l Adim slm ¥
PR S RN ISP L DI U PR VTV RLIP [ [
Sl ey saelill o e iy sl BV el Vi s e S|

(1.6 Jsdo) QLY L Lo ST Sl L O G eVl

. ;L_J-Y‘ QL.:_N u.a;u 1_6 Jj.l}-

N (S4B 73)) sl pono
olsl 10X 2
Sy, - agSUITLS 10X 12
RRRTEWE 010 X 4
Ti_sw! SI0N 2

— S TN AR
s {

ol e S s SO sl (el

rresnssS 7ah ISe eelt B e Slesmpay S oo nas S s

C—\jj\ ;—':': ot C j\G_ I ij_\..aj.ﬂj«,_v/\_,"‘\ C:_,“a.? ¢>’L>- o C_Ja;_,w, g;.:z-_)
'_,;’LT_;; 3 j_:_ipl-“ ;—J\wj);\_g‘» p> \_"‘;J 5«.5_3.}9 islazel QLa}.ﬂj,ajj,<“

¥

. ch .- Pt R R R { g
v':_..;\.ﬂj;,\.)‘w ) ¥ 4_:.,0.."&\ g Léﬁf» S \_f-\ U_L.m..‘ u;L.?L,J\ ol
HJLAJ.?J'! ;é\u }K» 5.:\.“ s ,,,'w Sl Hi_ ...»u.dv' Al st T
-~ —~ yJ - - - — s .
S te\jh 3D L—}J RNA éj}._i A Zamma f:« v‘.,«_i\u: R JL_JJ—‘
PR I Rt Lo ol S0 Wil b g
e \JUJ}U e ol ;;“)j" VL?)AA_«\ ol A

J-:‘é Q:‘LN_‘CA.:_H Cj-..: Lo_,.:.: J;"—“‘:‘} ;—_J'Jj(.i_j'l v'alo\._,o L)J CT’J Lg_..vil oF ;.:MJJ\
G el B bl o U ol Uy de a6 gls ikl
\‘5;{)'; JL:, IS ool sl :..:;A Js Ultracentrifuge Sl L_;}SJ_H sJJaJ\

182



RNA - DNAs DNA- DNA (5350 _asldl gy Mo G b 0 LS 554
ooy el b 2Y a3 il pladl plasnad e sz 2
adle )l Al i s plmb Reassosiatio .laL.J)l aalel ades Js aal dsezol ~_,
w,uuuumjjl fjjyu Q_JLA,&M L G b ol (o las 5
(DNA 35l jaelhl slals & Sl o dS i Cj)l = e g il el g3l
Sblae o ol b dalises Sl sy e o5l Slaghas sl U5
_ _ ol J‘u_;l rikag S

_—>9 Repetitive DNA s, Sl clay bl e spdadl Slis 0L s i
P Lebne py gl L LI 5 el e %5020 Iy > a2
IS adle g e yne Sl Sl 06 LU BTy plall ol S Bl
el el o Bl 2 e il slaledl L bl eds
6,;\‘ Cui S JTles . %80 _40 ;J‘F oy ol e e a2
JEPIPE UL FCHVHEEI Y EURUNBTILS Yt R S N PHESS IV
JUNT e 50l L 2l sl s 5157 Satellite DNA Ll
. Transposable ¢lements 45;’>$
Dl gl

Ul e el b WIS (gt b2 s S e sl
£ a3y Ly sl o Wiy e s D5 ol s s Ys 2310
I e padoam bl ggpdl Dol e JlasVl s oyl bm 71_@_7
Sz R JEECID PSS QRSP I PRFSPEE ) SERY sl bl
eV sled &gV el gVl 1t S IS e s s oy ey sV
ool Laalaz oLl iV slpdl (5528 el add oo sy e
B CE NP PRCIS B N PN BESRE U PIPVYEL E PO RN FIES

Jf_ﬂ QKI_J.;\;Y\ a.u: J_A Cj_vb A_,:;.G 4{))"‘-" Lo)w\ QL{ u_..:,,ﬂ J_:Uﬁ.;_,l (’\J\’:_:ML

183



E

sl olgply DNA Polymerases - DNA Syl el Gaelas Sl
asb> s =lesly RNA Polymerases - RNA Lipm ) agedl ole Yl
s 5)_5-1‘5 Ligases 4o QLE)'JB ATPase a3lb QL:_)JT) RNase,DNase
<5909 Singls strand bindingP. s Helicases (Gyrases) Topoisomerasws
C SIS el e Sy (5 e g

Ol L o b Sl a3 0 G ol s s gl
u.ﬂL_.o.)\'\ r-\.l.{ P 4_,_.1.6‘- ajja.:_...ﬂj ‘J.a.l\ﬂ L u" B\j,'.ﬂ 09 F QL.A}LJ_U
. RNAyDNA &4,
: DNA replication DNA (535 jaeld| Caelias

o asSe Slpr e le g oSV o site Gham 5ol el

(5,50 wldg e (ge3F i o) (polymers) 3,8 olds
Laly it Lo parman 0t Sl bt (S s s Gl Sl sl 500l
(Pyrimidins) cludee Ul - ps L:.).A detedll ada o SLEL aimg 2 dslys
(Thymine) sl Loag sa>ly o Lal> e e d 2l

Sl e lags b =Y Dl 2 OBl Ll L (Cytosin s Ll

P

Cole =l (Adenin) 2oV Leag i il e 92 d i (Purines)
. {Guanine)

J\MS\X'\ NEIV I S e B ;'<--‘:‘ s -\...M.>-Ja S AT b.JJJ Lo, L=V
p 2 b Db i . ~

ceaucleonde) Lo dS ol e LS U555 LB (deoxyribose)
Pead et 2 LA ot bbbl .
(156 1K) fnucleotide)
, J)
- . co BRI .. - - ; r:!‘.,
Ll e e sapdl anlet S0 s i el dnl e J

] =3 ;,u_..v';_.,.iS;_w\.'\ e C\y\

184



VLS = S (deoxyadenylic acid) -

Copledl B = s (deoxyguanylic acid) -

o Bl = &Mt (thymidylic acid) -

el LS s == Ml (deoxy cytidvlic acid) -
RUSELEARCH R TR ECA AN OV B SR

[

A e u'l.,\,:?ﬁ.‘gsr.\l? oA L;\& L}Ua.i LS ;-{-—j e a-l._&_-jji:;.ﬂ
N

("d _ AMP) dcoxvadenosine 57— Monophasphate )
{"d _ GMPideoxygnansine 57— Monophasphate)
("d _ TMP) deoxvthvmine 57— Monophasphate)
("d _ CMP) deoxyeyvtosine 5 — Monophasphate)

Sd_x__s .;2.:;__.,2 J‘U"{:‘j L_;jj_J\ u.a»\_ﬁt-\ Ja Ql.«\_:j}__lfj_?j sda Ja..JJ,J
LML}VJ J}{J&j‘ S).J Cﬁ ;\.12.\:.“ ii)wj_i_}l S_Pj_,o_é:‘ J‘ C~:_>- Q\J_:.‘J‘j_:lSj_:—'J‘
NN PN SN = Seadd ezl og ol - 255 a e Sy o S
J—L""Y“ \{;Lj )j_n_.,_a_ﬂ L{\j)_{ ).)/\....J‘j )j__ﬁ_...._,ill ;:_1 .'a..:‘fj;_.““ ‘;;_,U )_>-Y‘
a3l 0y S50 bloyl SN O (16_6 [SK5)(phosphodiester bands)
gj i dags om0 duas (polarity) il Wy b 5723 5 Ly 2l
Sled) Lo sadl OL b)Y Dl s by a0 i by Caslan!
( (5_p) _phosphoryl ) bysiwsd -5 issams 5 A8 e s by o S
ol ,;&:_:)}_a_.,u,” 4L sems mo .,\_.Jj.lfj.,w fal] Q}Uﬁ\ 3,0 .IQ.JJJ o>
g J.ﬁ ( 3_hvdroxyi 3 OHY) e S0 8 3 deama aad Lot Ll

~ p—.
M S S a L éj},‘J‘; u,é.aL;-'! u’”‘:‘"‘ ool o el

vafy !

LA v'.w wLAJ A.JLG..JL) J@M "” mub JjY\ L.:...._. AJU\.J e)j&‘ m\G_JL

185



(176 J55) ( Antiparallel) stadl giled ade 5l

AEY Slas oL UV o 20l b g ol seledll OF e Jy 1y
LY [P B SNV I

e CH, PN
; i | I cytosine
;,//L N C»\O (% C\I\% No H
© : - B
H i H H o H
z P ] N
!TL &\ ©RA hydrogen
i 3 bond
& '/N N
adenine / vuanine
N e
\\H ,/ \}I

o S s L)V ey ml a1 156 S
. DNA ) &b,z

b oS pd g Bk 1166 1K Ty
JYs S| P TN PR PSPV RCH P UL Cw\ ©

DNA Lo s o Y g 0 CH
< - OAFO rv);\ 2

D TN
CH;./ 0- \]\‘I/m O

186




e = sugar-phosphate
/%/'J‘« ! \‘\Q\ ﬁﬁ “hackbone ﬁ
£ g ‘\)Q la l\ ></'L/ .
[ }/ >\\ t [T’ ‘ . \ \ //,/!/,'1\ PN
G /{/ \' G ﬂ \ G
LAY R “I\ q i
| '/‘;‘%/ mse N IAD DA X

—-— —-- 1 helical turn=-34nm

minor major groove
g9l BLil x5 DNA (5531 Ldaldhl mps5at 176 S
el uh‘-f‘:*! sladl syl sdly ol s oS o P g~ el 53l
S8

S At Bl A gy paebell 0 SIS e Gt é
it e LB sl Eos 2 s Mu.\w\,im
C—‘hromoto) sy el s csblas p o S0 e iasl
UIMyW&wwl sl 1940(-L_a Cosdmow! =l (graphy
ple Glor )25 ol Lot o ool gyl bkl o] 2m s iy
YV I S O el (59l skl e By e i (g U 1949
Oy Lt Rilisen a2 sda & O L gl del )l lah ik
LS o VI e g (55 el e i o
P R TRE ST S T LI WAPRY u;jj.im s pdzan 1950 sl
20 LgSo by Dlogy 2 SOVE o SYYI a3 i Dolized

187



http:c?)".:.1

w8 Ues oyl 5 ot L plal o A Rl s bl gy 2 G
ele S35 el 5 AT ST AR g bl ggpdl el
oF ale qu}*-“ el oL aelyg, b g g WSS 3 Jb 01952 01950
G geand Lo S clide (222511952 (:Lp IR b Y N z°r 09k
an - Lo s L_5‘,};}\ oaaladd Ll s IS, 2 oL C).,AS sl 5
QU}LA‘ oda S L:S;‘h-j] .‘.}A.’J‘ Z.K.:.AJ;.AY| s\ QLQ...«}S .la.g‘j) ila.wlﬁ
=y 1953 ple @l Sy bl leandy Al mssill Ogh 234 & oty Laar
Sy by e OBy Cplas 3 e 5)e g gyl el 0L e
a5yl el o Ly da A

Li,;JSLG__.ij\ Lb\_._ﬁgﬁéj}-;\ sl Caellar & e O
o.l.b CLL; lm ,...I..'l O,aS.b.L;- e t..,a:JJLES QJJJA-J ‘Uaj,&l N LAM
N u—um _......\ J..a_a.j J_P\)_LH e osjjjh u«:—-j).Lﬁ_@_H .ld.;\j) rJa.; 4_..Lo_’..3\
Q-_l_r-:-u‘ &~ ijl J.,_\g....) L@.na_J d"{"“) w)\n Q‘J—:@j—:lSj.:.a-:J' ).5}45 Lm@_.a_.u
éjj;J\ sl JL)J_.,J YRS IPUCUE SR U I PR s (I )L;LaY\
sl . J.A]).’J‘ A J.J_.,L.’Jl :dad‘y Jmﬂi :\l-é-'v'j w L@-J/\} Lol i__._py CJ'J
byl DY sl asy Il Gl el g ok

) Aol Al DS g Ol 3 Sl S 5 IS e
55 5 A DM dS o OB (G e €l T e A 0555 018 9) (I oy
o SVl S e 3 s e Sl day ) e 1S0ay L g5V
Js CA Lasls A L5}_,\ Aig 2 5 0 Lg\ (Semlconsendme rephumon)

188


http:4i\.;~.k:J
http:J-oI.rJI

Qx4 o
£
-
O— » 4

OH» S

/O>'—l>

55D L ¥ Al Zb Y1 me A ol uS S el Bl 1846 K
B el Gelal) b s ds Sk

GeelV) delyall -e fsde (Kornberg . 1980) s A Wl e
..LDBE.” a.lﬁ-j k;?\.._a- {aUa.; é‘ j éjfjl v..é.a‘o'-'\ elas :\._.Lo& ‘_;J&Jla.:...: Lf-‘ﬂ
e
Ll 4 Blee o ielanl des 01
Gk e il a5 syl Gaal k3 eSS 012
5737 @l Ll L Al Ll e ol plS LS

A1 3 (continuous ) jerwe K2y S (595l aeld! aelas 3
o Ladaizs 0, Loz (Leading strand) Jldl e sl ib—2Y
. (Lagging strand) el Ly 20 eny (ol Q;'L"Jl Ly 2l

189



dj}“‘ UAAL:LI Mhﬁt.@;u>uawéd}dwu_J‘wui 4
cie b idasd (Primer) 2oLS Loas
Ss—=F A3y (Origin} 1oVl ods ona pdee o Uy iela 2l 01 S

~<‘ax

-

. R4 Lt . !
iy U i) tb},a J‘A.G L_SJ}AJ] v,.a.ab-f
QL&H jAj v—\ﬂ:‘@" ji uo-‘lj o\;b uLﬁaY\ x.;;vﬂ vy‘: u.f«lk,,a:._s‘ ‘l_,\..._:‘ - 6

5\.:.‘1.«_9 &L}c{\ &.IM J\;).} o :“\;- L....albw\ﬂ .,LP'A.E_H oA e .Ju)-‘a 3 S ol
J,L;_J._Sj;/w_bia, l;—*—’t a;@‘dﬂsjwu\wMY\J\&)w¢
AT eas gyl Gaslat iz e db Sl e pday 0 1S OL qu\j
&ﬂy\j.buo- 7&.) w‘ﬁﬂ%-«& J‘a.iriu.claﬂ

ik, 210 ga ol Dyt Ayl Bl mlel 2 elad
s L0 gl s i ey d 1S psdy S a1 Liad S Oyl
Gk 2y gl b S e gy 1S gpte Ampaill Al SN e iy
Sase el Caelas 5 Al o \_).:_5\ el Lyl Bt J B
waelbadll Sy QU! E. r.L.>-V\ 2o J} eladl e C),J‘ [Ja J.La d}.x.o-
1957 (L_F Juj).ﬁjj)q)uu ;(_A.A)Jl LJ -A ~w uw}&hﬁ&lw
Gy el caal i e sladadl £ Yia 20 (Tayvlor & Woods & Hughes)
walt gl il e gamee SUS ans e (Vica faba) «SsLi
5) Lt 3,90 ye J.,\ s, nadg HY L (Truum) Sl g gl
ZJ}_@_...J e sl L_S)};-H u_a,a& Jﬁ i Sgomgs h'/_._‘.,k_,:gL"J\ SLNSUE (QLFL.,:
\Ldsj E\Ju\ ,.&.5_3\ b)&?— Qw L;l.c« ',,;.L.CLL‘\ CSu u,aﬁﬁc.ij) o_,.i.x.? e

Leds dm jsdl dall (,,Q.... et C.‘:i\ el LT s ey
st asley ol Yl pa sl e (oo uju_o by e <UL

190




Lazll claall pg e Jpall bor 85 18,a5 450 S 53L] Coliechcine
Sl3 W Je dpaadl o3 ey (Anaphase) Jlas Vil s Iyl e
oy [SHabeg S S Do 6) 3oy Ll 590 35),80 Slas
a5 - (Cyele of doubling) sdo-ly &gl 3,540 Jawedi L b sadl LS
daulp W e o S Ledias Aida Lol C:\,;:-JJ\ LM e
Je=Ss (uzLJ\ LT asls-)(Glacial Acetic Acid) ael 4 - =
b 3150 3l e ey ke LU b i Iyl Y]
et d S gl i e il ol e ladS
JUR= (..LA\ Sl é)_,e sdalie = e (ML{ slasll Lol c:lj_:.J\
(19.6JS5) &b piy IS5 e el anly SIS Comg g

Sy ga dnnidll ai ] SU Lol 2l o) (g e sl il ol
OF . sl e Vlsusley SO Jo iy o b sty sasleg S Jib e
el o oslor 18 Tl g e Tyl el S Ol a3l il aa
s ol gl e gyl 1A by e Loz @ Al S5V Y
Ll e Cieladl e el a3 aslll sigleg S Ll T Cpom g g
e Sy S Ly iy V) R 2L BI OIS S DVl ey SU
L gale sl

Hﬁ H i '< Llssi19 6 JSs

U | el e
ol aaldladstad lgsa¥l pdalt O . . T
sedaiy dall o) ae Je¥l U8 S 9 e UAJ\_'LI el o o
H to2 gl eSS E gl

1 ’Hﬁbmb‘%-—"'

Eﬁ — > > Dyl 5y 5asley S

o T 5 gl b il il e
i Ll L (20)

Cdaeladll s usby S

191



: Transcription ’CL...;:W.\J!

L.__>-\.'J\ NS s Y RNA L‘.S}}:J‘r u.é_ﬁlt_;-\ ;"\...{ 3..31».9 Sl N ,,_pj_"\ \_519
Ohea s ideall WSOl 2 DNA apdl Laalsl el e 5L ST
caa bl gyes o Ol el VL Loladl
V,.MIJ L».A.:J L._J\)})‘ QU}L&A,U L;r:.ﬁ‘j LB’-";J J.ﬁa M g_A.PLﬂ:J{I 5._.:1“.5
j,':Sl gill?j PR F QU)}MJ.:.QJ J}-Y QLA)JJ.“ S <~:...J CL.....:...»Yl les
C.JL'L'I E;‘J_; QL..:‘)J A Q;\J— Qujl\ J.,:..’J J}:- L.Ju}l)u (,LJ.A ol LL._JL:J
5),4;,\.5 QL‘ZJJ‘ L-"}*-“"j C\.M’;..»Yt (JEJ uﬂ‘ Q\;.:Jj),,}lj DNA L_Sj}*—” u.,a.ak.;-!
LJ_”_J EI.:J.g QLQJJ iy} J.J P CL.....:_,.»Y\ Z\_:,\.A_D J_l.p Ejl:._u,..j\ —
JjY‘ L__S)}-“:;-’W S 4] ,v..é..AL;L\ 5/._0.'&.3 'f,.‘;l"f Q\{l‘.}\"‘ o F il s
¢ty (RNA Polymerase 1) L—}_:L_Jl 5oL £:5ly (RNA Polymerase I
e e olepYieda 1 of e (RNA Polymerase IT) &Jlall 5 ol i
Loyl oo Il gty S R L 3 N
Les . (gl ylaset b Sy Sl WLl el o ey (Nucleous)
Pl e Vgpa JV1 g5V 00Ky o Lagia 1S 24 By s
N bl sdmy 1 S) L (185 - 28S) (rRNA) copmpn! M (556 aald
J.a._,oL;L\ u_.pj.} r.,\_>'r_2_....5} ESJ.S}‘U >J_Jajl Q?_A g__,b:_uj..l” VL_AL’.J L}J\ S S
\_553-""(““ v..d._ﬂ‘_;-\ I \153_...,: Qj—ii u_:L‘J‘ (._-_J._JYU (Ri\'A éJ}JI
C{tRNA) Ll S35 EZIE PN ;_5,‘}_..4},3!))1

e

192




} (M RNA) Jl Al g5l Saaldl Flozad

Bl 01 L DNA (535l aalhl o |olie cod 2a¥1 S5l Y1 0
oS gl ke A B W) ALVl 5 e Joond Bday 35kt
Jlaisly dadtoda L. (Sb)5l) DNA (555l Sasldl pls b oais pa
s s lmal oLl 3l 5 andl lgdny 2 DNA (555 Gasldhl 2l
DNA (533l yaaldl 9350 o Ay 5,00 Loy & Fln V¥l ddes bt
(DNA coding or sense strand) bl Ly 2l of aell oy, 2l e
3l ek B 5 el s ol (g5 el (S e
e Gy Y oV Las i asll Loy 2l sy Lt
st b idh ey @l gL 20 e Laty 3T D) 0a oo
- oUydl as (Anstisense strand) Lol

Sl sl lay il gl sl DUy gy e b2l eda foF 2 )
Ses! el g o5 il b dauly C'—'L.“;;_u\H e daj_a_..il
Jls CUL L3 e loes MBI 3 A fall sds coaiin ol . 2
b, 2l fas ddy k)l oda L}J o (H;;H & Spiegelman,1969) QLAJ.-(.:_?_..«}
Joo S 5sl5 pliind Ay, Lediny (e DNA (gyp2ll Gasl 4
el gl b5 by o Bl 35 20 gl pguogaall LSy
s gl Al SOl el Jons G (Tp 25) 3l 5> A (g5l
st AT s Jas L Bl Lt end e a1,
sl Je B a5 > ) @,L;ll Lhaeloy . Lgdlasl Jhasis
S dw b, 2Vl bads . 555 BLIVE M Lpnge Ogo dlaite b 2V
Lo Aol paieadl sl ehe e plasiznly Jad 538 AT Al A
e Ll il 1SS el S legan e Ol 2 fady
S @ B Yy pad e Oip ol g el e A3 e Y]

193



Lol aalall b el by 20 e G LB 5 035 3,
Ly deily s (H) it oy 20 23U e 3l (L) i Ly 20l
o Jeitl 200U b, SV g s e S e
o S e G s g L ¥y i el
Jaine 1808y g O e dinidhly LA £ 2V Of L delydl oda
Uit ab 2V 2a b fad S5 5 RNA oyl aal 41 as
o e LS A b S Comen e Lagan e Al
@WULSC)_»LAMV_.J b Laes pld izl q_zl_l\c.x_L\
3l A ol ey B g e e (595 aels
u\_muj_i.»wv_xl;r\_».} aly prlie JS0s 0t e
(206 IKE)(RNA _DNA) a9l ol
Aels il als b LS A5 (RNALUDNA) oo 0sS
CRNA gl aaldhly DNA 550l Laoldl oy b e IS 3 oy 20
fie 2 el 5 RNA 52l Al 2L 4SS il Jya O
S0 el e L O e B S DNA et el by
o b 3180508 Uil aliiaoty oy i iy ol
Lt sy g) ool oS 2 il s it by 20 22 0L
oAl s i’—.v;-“ B o) 85 e EL pla SN e 5 S
s e Vi spmd Vit by 20 2 b 3L Lany RNA g9y o
JLJ_J OL bt s 1 oS el VI blel i s

d_..‘_,ga_.u‘.a_;m‘ ,_,.:\‘; L.LM}-— u_au: }_J_Jl
. J"““)‘ A_.‘_....., ¢ lM ‘a_:l_.,.JLa A._:JJ— ,\}_l_zm_ L»rg.k‘g RNA L?’j}—'*”

. ' . N ' . ! Es
o Sa QL .,L>-j Q\M}‘W a g_J-..«L,a._{A;J‘U.\j e
. . . - . ~ - - - ~— -

s ﬁ
sl J'_:'—A uf—; (L‘p b.d‘L,..._;-\ ,“'—“é .'a_;_/_..i,'\ u‘*‘" 5.)44,_2-)_,: BJ__,L..L;H Qu)}_LI

SRS 5 s Al NI OU U

194



el ib o4l fads

CT b pe Sy ) Jellims FUE S e
‘ I ol LRSI SET R & és i
G sl (NaoH) gusd sl db pid) p o e | s 0l
ploa pludeiuls Gl
b5l (ile

L
e
‘H-RNA — CoH
olall RNA iy N ek
1 &t (L) dnd
3o 8 ke e A i (ye bk el . RETR
2 3 1 dntilt o S5 0 o S Bl
- R g 5 335 10 2+ &zt ()
S 105408 b
/
/1 /
A_V’_(____,'/

—

[v )

AP AR Berd S e hm ot paal e ddad) D g2 g Lo S i el (ol ity

QJQMQ\&@M,QA\,;,_,}Q\ Al e d]l wic o) gud | Dolae)

o8 3 83203, 5> e H () e oy i g
fL.:.,a.iimJ..u:ga.a_;';\SJ

el s 20 e U (RNA L DNA) Gemgdl A2,k 120 6 52
S A gl aalhl Flaad Bdes B Al Jay 20

L Jpb e 5 3 elEL o Sl N S eV e
oaelHab Ol e Al Ll s adl clu s Sl Gl e
S5l sl oy 5 S -CLM:MV\ L1 O LeS 4eSlazs DNA (95
o bl 035 06 37 2l Sl 5T AUl ALl e 05K RNA
3l e Ty

RP-EP TS| SUSCSU% IS WP V-1 U 00 - (m RNA, DNA)

195



o deled) Laae delg e gl Jaall) Ll Ll g5
LUl e o Aol pyrgn 3 3 gl 53l aonld 42020 220
e A oY e M e Jl (g5 Gl

srs Yl (aatdl Laaldl Wk 2 Bl i Gty Jgl sda s
a;.uu Gl e 5 Y pyapnl u, Lowlis dibis 3 eeall bLSY
Lles Gl oo pazs LI Lledl 3 Lol &l oo daldl Ll (s
o el ae o ZU I3V JUa (9501 Gl 085 der 2
FN B pake b (6,5 Sl dbls (Exons) sl eds 5 aie olals
Sosdl Sasldl B oMUl 5Ll sae (e L (Introns) Mt lasdl
oF sl sl J_.a_:u A I LS e (Primary m RNA) sV
ol u_p.x_, J._H Loldl Sl esae dauly oM a sl
iles & Lw.,)) I)j_a Sl sdgd OL diza . (Consensus Sequences)d jall
ah el alad e aloe sl oY IV L U (gl el Ay 2
L 3ike e olaladl

UL Slalasllada INS e 58l e DA Lad ddes 03
ol eda SOl 131 Lad S pall e edy el LT 22 Ll sz,
i LabU SlepY bl Ju

550 £lea Ol Sl Y 5 B _ globin ool Lty &g 5 Niah
5104 3, L_};.:.AH da,aL;-l: Lokl ezl B i r‘ LS e
iVt ol e adssdl sl bl sae 0L Lde105 a1 jasld
il s Slalaal Al aces . 149 &l gl Loy U....LJ YePLN
s 105 L300 o a2l ys jgloncs 104 L3100 2 a2l gs OB (oMll)
0L jdall o il IV s st ‘LG-*-“ ol 55l aal
Ll Jus ,xﬂ;sﬁ 7564 oo O3S sl \.L@J 9 (gpsdl yanld

196



3 e gyl A sy b oS e g 3l
L}_.':—.E Ay AS e 1872 e M ‘U\)'; J= (Mature m RNA) C_L.,aL.J\
Laal>386 pks s Ganddl Y5 cpg,d 2555 4330 431y 3,02 386
Ll

D gdS 5 1589 52 gl gl s AL M L
Llgdl e opysdl Aled (Capping) Lad BLSI 2 AW e
Lol e o J M gy nlondd LYl npgin o sl
oVl Lol e 3 L1 AULS . L iyl Loyl Jyam (05
e Jrens sVt B3 BLsl 0L a2l Lledl 3 (Poly (A) tail)
S Ly iV A2l aee Jlo 1 (655 u,;,,u_i Ll by
odeldll 19 day (7 _ methylguansin (m 67) ) gewilsdl Lad BLSI 25
Bapgin b sl il o5 s ol Il ikl oY1 2y o
s oYl e dmlane a s IS s 200 k_}_Elj;- il — Locd . i aaYl
et e Jiull gyl Gaslhl Gt e 5p22 V. 2 206
Lo sy (ol dgie Jgod e aed o J ol LS LW Lt s
558 W ol JlaxST L el eds Laky uad Cnall e uL’*""
JUl $5l Ganldl day 5 05 S0 131 Il g9yl Al Al e
(2126 JS3) sl Y a.g,;f;ﬂ e 5l el A3 sl

by S iyl (el e 55l ol ey 2L
oAl s g peas s o o Ol e
et e A el Gaela b sl eds 5 gy,

197



FYRINPNEY

LAY e

m RNA spilicing

ds,...]\t_.a.ad\é_.h.u D [—EJ

GT awAaraanns A G PAAAAAAn A G

! = [
1 D R i L
_____ ==
1 fipey
| .
ENPLITRVE PN PEP WP E AP PRt PR |
o P UL ORI UK
re mRNA :_;;‘\.‘;\;_‘;\é}.‘w”“.'a.ag\

STV gl bkt B geedls st Slkes 121 6 JS
C el Lide LR

(- RNA) BUE spedl aald] ———

6\ .L.>-f_\'-x_;u \:JL_M.JJJL}__; \_,L...:.ﬂ 65)_,\:1 uniwkj_l_“ d\_._\ji)j)‘
hpie i AN LVl sl erL:J\ s i Ll

s u“\_: S o ;_Nuhx.”‘ 2l 2N vL}--L_,\) ._9-‘ 2w g ()TN dj LMJ\
uuls)w- 80 70& ol s Wl L (4S) ppdie Dlig 4l

sslalls 2 = P delyalh W Sl slesYisds L».s"- Yjp

108




gl el ,LQ v@r" ol e C)% J\ -3 5403 t’f’dj (Anticodon)
5\_;—2_5);9 v,._ﬂ_,_; (PIC . t RN \) ay LJL.,“ 6}}_..“ u.a.ﬂk_'«L‘ CL.«..M\ o]

s, S e J_N\ s J_::_,u e L,LMJ,.U L_Sjj-:‘j‘ uzuu-'. C‘W\

cal, -, B cea ; T . S | asl o\
ﬁz’”wff"’{v (08} K?j/ u..a.ab A_TIJ)CL“M [ g}_j U\_..axb
,_’LLA'L;N Sl asldlis > Ol JSL':J\ ey S gl Al s L
mature t) ,:?ét.l" Bl gl aalal LSt el S bl ] JJJ M
i sl wlad les b3l a2l e Slaledl Al as (RNA

~— [Nl - ~ - - e . < .

;.,__S.; QwLLIJi SUS Al Ji/ﬁj e :\__‘L.g_._,‘ i ACC J_,C—‘ _y\ LA.A_A_) wlas
S A Al S el e gty s U (55l aall el il
L;lﬁ Ju;._s:i 5 k]l slaas

é:"';ub-\ _ww il a>“":‘"‘“"'i
/

do L A_J,QJ o Cee e Saedl el L;l’ Aeedl g0 as IR

Moo veas oVl BU coalt aaell 2 le v 2 s NI
/,_hé— JJ«\},; ._5':\‘ ‘L:,.,-v{s)/a.i ¢ v:ubo—c v—:..»;_ZJ_L,: ‘ \j‘uJY\ ULL: iasln! _\_9‘4._54"1 _,"‘i’“'f
)5 s dou ooV e Sl i s (lonisine ) (1) awig VI Joe dails

sl e s Al b el s Lo X VL a0y ST

th&jm‘ L;.Ju‘ vw\};-ljv«)-am_. jw JERSI v;b/\_"
P o - - PR 5 "

. B . v " . [N ‘ PN
< | e 24 e ‘ -, i < o
Al B ohedl i 0 Shee o S5 ,\_’...:_AL>-| UL\.:))_- P_S St 2
- = =
R e . . Q?T—T = 1l M « - - 1
kel TAR Ay om LA e L)_A},wg.?; ol &jw N»@Q\} w->' e e
- to g - e . . =0y .- - - SN
,_Q.JL}" \J—s:\.’ A S o i e ‘\))Lﬁ_ﬂ \:J‘Juq.pm_ i | u‘:"‘ \_,X ./\_)' ,A
- 2 = = o~ A i

[ * B . t . ' . ' s N , . i K
cso g leiel Jw il Saa Al U calist e BL S

199



st ol S syl allhl O S agd o aal ey s 2l sl
Jibl dsb wieas YE (gl Y b a S5 1872 e Lillyy (U5 2l JY)
L ey oo LBl A8 Ll O s I gyl e s e
s sl g sy Shm S Sl Al Dl s
Svedbreg Cj_..;ﬂ..d 5 e M1y (Scdimentation cofficient) L 5
L}ﬁ Sl sds g e OVl sl L (S) o Lad ey il
lagwsu Jlcioy Ley (Sucrose _ gradient) éJ—i*‘ C).,Ll \5}5}1 3;')2_‘\
ol sy IS 01 (S) B sl daspa I il
QLA 48 S 308 gy 508 simsll d Lany Ayglone 8 Coiimy
L.;-—\’\ 2 e el L T0S e 3 Lagly (g b AS0 s LY = e

. 40S . 60S Slaslh s s ;,:i:ij S0S ded 93 a5l (g5l A

DU 2 piems) Borgll falgall Lo 5 U3 A g1 O Ly

;,-_:_A.ﬂj: Lj_e \5}—“}.&1# <S> E‘A.:__—a v\.ﬁ J_«S\j.ﬁ Q’}J"-L"j—(\ \;..43 BLQ (g> ‘1.,4).._:_;
:i__J.A; b &:ﬁ-{‘ 5_._\_5_,__.1;-) &rjl «L,;LL“ ;L__>Y‘ SS ﬁj PR (5) :L_,o_t_._g
JGJJLL .Ja__.-.—-/._ﬁ!\\)j:u UQ.JLJ ~_~._>-u_)j§) Lj-“ u.)u C—wy
éj}_;:. V@Q\ SJ,_A/\J. 6}.) (ﬂ}_ﬂ{j . &5#: N \_}_45_,.4}_,:.)_\}.\ L_Sj}—"-ﬂ u.a,aL_;-b
3 el 5l ps Lis 18S - 288 Q_twh‘,’\ V@L;\ szl L;jﬁ_\,‘u\

' = t it

;\_Alﬁd\jg ;\l‘____?‘ _;'-‘ :;\42_.':._11 \_j‘” ;’—‘ — Y‘ J\_,l.l k_ﬁ (‘_)L?l.u (._5'33:"
sV e LAYL Sy Y
,.::.~{>-\ u\-k..w‘ i e .._..J\.,\. L}_....U t..aw ialol Godow

200




B e by A58 S H0S Sl s 378 8 S5 ok
e Lo oty ) aashs | |L5>ucpwwmuuw
Sl 285 25 Ly gl 6 Ly 185 paresn S (55 el
B g Sl Al o DU A e il
éj:.w _a_,aL;-b sl ULJ)),U t,..d tbj LA_A_A_>- LM u\)j)\
Nucleolur) gyt oibag, S Lele Gllay ol SIS (3 popsn )

) Sas {._:h_g Ll cebldbis st > = (chromatin

(Nucleoiar _ organization.) (O

201



http:b�~~...l

&ald | ]

ilally U juioSguld

Mitochondria and Energy




-

ded_3s

ekl e sl ol U el e 34,0555 Ul g
Za e pidopnldl B iasy U sSUIS syl L300 LN aa s 0LV
rp_?ijfai%j@wj@\wsd.(.:yufd_;.u.t)'ud&;\‘
Y IV me B LSy WS Lol s Loy LS iy e
DU e gl 3L 5 IS By s Sl 10 o8 g Ay
5 S L oSl e S s Blall e 8,08 LS Do) UMA s
el oLl 2 W 3 I s LaS oS saially g
O Ll Ol WSy £ Jal o3 aadl Uy suadl 3 Sl 5lS s 0 4l
ot M e s gyl il 5255 e s 2k LS
laadls (PH =1.0) sl meanll oo PH _2omgpde o VE 5 G5
S Bl e W ods 0L sl ._(PH =7) sdaal g,-lx.u S
Lo w0 o5 (gl BLally Jolonll Leall O LeS . 58 2 5 G ,all el
L D 3 W sl s ens Bl LT 2l Loy 20301 502
s eVl asad sl dnas e Dl Bl 3M0] e e BU
_ Dl e Blsd gt Ll

L Gl e 251 JIL e e 3 LS nlsae Ly 15
CGplaelll WY Jne U 8 e 2L 0SS Ly sl
P58 sulel)  SLeSUl (5 gt pasedll

S VU Sl il o sl 0 s S U &S, S
Sl S gle gl plasand die i dmesly ol Lot Y1 s ple g
reop il G5 ARele Ulel dms (g5l yroes S L B i sy

(127 52)



aedly gl Ld sl ST O 5y mSOV) g8 pases s Ll

0y sl BUE L Ll S 2l Sias cLial g LS 5

el el T gsy T e > S T U e
€70 o ST Dbyl Jaks Opadlly Sl ol e il Ll

e ..._,..‘—-

o
-1
A o e

CIOWA R AN

- ""&%)‘fa

-

Ay AN W%""'*Wq w-'"v-'“"""”"

Matrin g geadi ~ I

EESRPRE]

Inner IﬂCIﬂl\]"lﬂL 1"‘\

u.?)\'é\ £ i } X ' \~“’4
Quter membrane ’

dnn V1 e &1 il

Inrer memhrane space

-

)@_s‘-ua)J R L,\..._'ﬂ

‘j’-'\ d.:_L.GbL..aJA o)j,.a.U .“:z,:a}Jj

(L) LSl

....\..J

L elsl Ol 22 Laz,
Jy eSOy 5 a il Dpau IS
G30-23 Jsm

= Monoamine oxidase QL:)'_;\
= Cutechrome C reductase

Succime de- 3 COA Tagase

. e hydrogenase
- ) <

PRSI WY
L«u»._fv s ke Sy el
Mo P i il
Lo el 0.5 LfJ\JP- SV
Outer space Lf'JL;" C{J,JL
JEUCI R SRV P Y|
e C'f&% e A el


http:iI:"~l..otl
http:L;;..Lj.r5

. L_}_;L_'S_Ni J_E_A.H il O WO -8 -2 U J\Hj QLL:J_:T Léd.a 5}_:.:5 ZLM....:
A el el any b8 > e dles oy
s e Gy o s A Cristae @LA.H st eV PSR U

. Inner space 44558 g ledd (ol tlja.‘l

Lofaally dadl SlepVi s S .m.;u,l;«&b-!,dl SELEL T
3Csb ijrj,u_uj Co- enzyme Q 3 NADH dehydrogenase Jxe sae Ll
3 NAD?Y 5 Iron-sulphur proteins 3 Succinic dehydrogenase g a45a 5 C
ilsl s JBUJ\ t)_n.\ a5 sdadl Gl eV e ssle sds 58 55 FAD
: erj (’3’:’*"&“ sy ol sls e Lsasy CB‘ui e ]

il Doy L Sl F s o el el Ot el s
sl Lo s prs Ll e W g Lasses Lgza b Gy L
L e ol AalS ST aelS L2 sjpm Wl azz SLLeIL a2 Lol oSt s
edm e Bl S Al 2T A e 5 Ul eV
e O s
T e e e s T T NP R FR e ae
las Jsae il Jagsse L@\ PN PEAPRE CJ_.Q_J Aol e ol
o lean e ddladls aalla U Ol eV G s L
LS el Il S ias B ddeas Lidn = Ablall Gl eNY s
e LS 1S Maases Sy i e 25 SheNltualis S LS

ol

i El oAl Las Lo Sl
Ol Ly, Sents Slgaai s S i sVl eV LT
- \;M&-i d} L;>=M_u W\.\ \43&}-) WV\ (,.,..;"v-‘a i__;_,'a_,Ql _‘..Uz_j‘j QL;‘.L:{Y‘,
L‘!_,?J “‘-""*“’-"“j 4_J.L_~<~“ J‘j A_M...)-,Mj O)L>—JAL %.U :«_A.),_z,‘ L\\}\j

s ieals o8 A e 2Llis u,‘__ﬁj\ 83, is wb\ wv_lpuji;

207



S RUs L R I (FEIEE Sp C U U ER (P
ST NS W COP N P SUICI - 0N

by sS sl s Opedl planie 1o g sdatis S WA any
Wl gt (g5of L Lys S5l o 2o 3 L lasy BLS L b
CGheY e LB sue e

2 oSl e TN G5S sl oo b e 5 gaa asle Ol e Vi AE
J} JUbl g Le s i aadl Ollail n &yl 3)s ay a2 O eVl e
Lo, Ol e dile lalazal saalin - Koy el Olauadl Uy sS 4l
Lty A e Mant LY s U e Senle o dlile &by
Sl ;J-V_V.L;\ Y]

LS snle i3 Ll Uiy Sl 3 syl GVl sie ity
B0 s LS, 15l _—,u}_,;\j-’uy_p dabatfy LIS N 5 a)
SleVhsae 85 LIS Ll Sl VI Uoy pdl 805 ae Uy
LMy Lt DR 3 Lf L LS W B8 s s M (RO
AL Ol LéJL.x“:.w ob il sl ada i Loy S

g e i e and Lol Ged 5 mSOVT 4 50 4l
eVl b o) At DLV S 5 pdlpe (2 AW oy (e dilge
s o Slp¥leds et LSl Dl gl coy o (451
Elementary 5/ Oxysomes s s SV e 55 S yds S olbs
NSTEEES TP T NS L_).uj;ﬂ‘wu 1 814_5\ Sy - Particles
P el S i e 2 S Sl e 5 Lsis 3
Lol dazay . Intmr—nitochondrial granules &1L, 5,8 el QL_.,ou
eV plans e LS gl 53 (522 oS o SIS Ul ol Bl
gy By ST DS sy DUV BLST Byl 2

208



2y 558 1 Sl Slhgusn ) o 23 Wy L) Ly o le Ty
. (2 -7 Jg..:) LU.,L»)SJ@_LQ.U :LA)>U| QL:JJJV_H )__J}; ‘_}-9 RS

Cy1ochrome a5 maegp
Cytochrome a

%
CyLC ey

FAD =
\ S W Sl

Ly o el el

phy==

AW Sl o

2 ad) e AN Dt ie o)

s @Lw’y LotsS el OleY Gl s 2l 27 s

209



2t i e e mUDNA Lg Lol L35 30l L)yui.9 e Ll

£ S nU DNA o i Dl 5l e s o o 0 B s0pa

e g Sl 3 3 Ly (bp) sbels 35 16,596 DL VI LD

P SsSsule e ST s (4o 55 50,000 ) U3 ol
- dackaell

e Lt sl LSl s e OB VI S SO
kst e e G020 10 Ll Ll Ly i 5 aall L oS
e sl ialas A e S5 sl aedl Jaslal il L5, oA

2S5 o DS B0y oL cagansey, SOH ST aallo s
el il o8 1699 L Byl e/ 1683 I rﬂ.s
o GC aelydl plgji e Lle B o (gpmom &1 LeS . il (55,1
sl e it s 5 Ssull gl el Laelaz L %040 CL.J
NIRVREI SESONV IR W IR WS WN PRE U0 W I -JPCL U SIS PR
Loy Dl O s e ey L WS plisl pe e VJtu,Lp —aelas
Sl ] sl fetsin 12U e Lt Sl il sl
sl

S3sl A il Ales i LoolB spmy e e o8 ey
3» sz G i 1 LS L aledl e ARt va) i W1 YT (5,055
calalS A sl e C 3 e 2ST galy S LS

| -~

sl V2 Y SV (66058 5mll (gapll aeldl ame e 0o ey
Syl dslt e Dot s <‘,~.~A>‘ Dy ) Dl e LB
mand LA U (g5 el DA aeeay (2185 1SS) pepens )
50 s el B 251 24) Sy s
20) bVl el g5l ol pisSsnll b abniad s ) Ll

210


http:Jj.,s.i-:.L.U

&ij\ u,a.aL:-‘-\ CL““;‘"‘“U weloas QLCJ‘.J\ th L@...‘_s. EJ))}_U (i_iaj_>-
Jx....ﬂ_)\ Lbj |umul&¢>}>-)~°ubj)}ﬁ& 7_4M_AL€4L9&JJ.XJ)S)_¢LH
‘J.A.S ,AY\JM La U.Aj L@.}BJAI.S‘).LS}.JU.\ u}ur»ub S ;;'L“j
AC.A.:_Ap-pL?Y\j )_a...l\ S uL&JL;.:.“ J"‘Q‘ JPJUAV.:«JJ‘UJ;U.N
ey U_Q . _—,y}'u;klj (Satellite DNA) &}}Jﬁ u.a.aLi-‘ ol J..q: wj,Jl
sl Of uJL; ad 3, Q\,Aut Jdos O G LD s sjjlm
se>-5 00 l_,_.jl.L_?.H ng;j\ Y- :.L:.;-Y‘ u_s ;,,L,U,L..Jl sda J__A >L>;il u.ig
dwlys d’ deln @,\;sj;;l L_Sjj’:-n umu' Js ifji)jji Qiji]a,U uJLaJl Jaadl
5 u,ﬂ\ il ol bl Jyas OL o wzs L An b Colid ] ae
&:}5...._, @JLW\ AJ.S) (..z;-\ Jw LA.)\}B‘ > (petltt) S LAJ\J_H
= (;:f,abr‘u. Sohe S g sgom g V1 5o Vg Ol Sapdegll L2F e
Sk __54_‘\ (Cytochrome Oxidase) CJJS}:J_L,J\ sSt o 3l bles Olaas OF
el s el e SUs el i als e DL UV sl 4k ]
;L_o-y\ V.Axﬁ.' &_.>5J}:J_L.Ji ._“)L..:\).L"‘ oS Ejj‘u Q\_..AJ u‘},a)- Je L;aa,..ll
il jan 2l u’ LA-@-‘ STEREITS EENIE RN UEISIEASY £y FNIN
\;—_.w_uj:;\ﬂ L;:»J—-‘ sLall daglaeS
an P el $95l Al o 58 T gt Al il

&54,;,"! u.a‘,aU'-' wlys e .L:-j Jis ., U\)Jl BJ_A_:.._S\ 3l 3 M LS bl
u_su)_,ﬂ 2 o;‘.ﬁdﬁbb‘ _Suwaw‘,,;.!jquwu;@x}sﬁm
el gLl a5l el e legd ()5S el (g5 pdt L aald|
SE Oliws VI da L_g),ujjj,:_iﬂ! L_;»;J\ u.é.aLi-\ v_a_s . Ml k_55};.1"1 Jé.nb-LU
sa e bl S LMY el UL

Clogn s \_;-V_A\ JmLzUJM STy iy 5,45 Cond UGA 5 200 ]

211



WS e (65058 sl Obsn 2 (gaadl sl o s s il slaas 0B A,
i, W1 i i il UGA 5 UGG (e

Taoly Mol ity L AUA 5 AUG Laudy 125, il ooy2dl 2
. AUC 3 AUU 5 AUA 5 AUG ol 22

St s Bls) o VI 2 E N AGG 5 AGA ezl 3
g Dbl S sl Il M gl Gl oy 5 (e
3 AGA 5 AGG 5 Lyl sS ol T bl dn )t sgmy A (goh 1ls
Bl il (5,058 5ol U sapl (st O glas . UAA 5 UAG
bty s sty Lo Y1 U (gl Gl Sl e Lo
L_}é OGN seomg JS G s (Mitoribosomes) (g;455S ol (}#ﬁ.ﬁ)}l -

Cazibyy el gyl Al Al L
Py S gl Blali GUbI

Lo LUl e Ll Jalpndly SN namr pBsa L), S s Ul 22
Aediy o S 590 ol TCA 3V sV s I e 23Ul 350
SR PR R E I I e Dl glhas L}Jjj_:_Q\T\ L
;,,a ST AREE e ATPS &J ;s Adenosine tripllsp-hzxm ol g al
RECHV- SN C.ﬂbu BN 5 Sy fu.)- Sy oyl oY Baels

I ADP Slingill JUS i al O ey Ll e s5an s s
AP BN ;,_w,_;;f S M Jsmns sl Sl ss i ganes Blol Ax ATP
Lulyy Bl U s oDs Dl e see BloTan ATP I AMP
(307 JSKE) st e i s 2 il

sdn lgtasy T By buame ATP _JWAMP 5 ADP oS L1 o2 O
el ATP N Sl W - Ll 38ln o by Jb Sl 4

(O]
—
tJ



http:l:?j..li

&JA_S . Ss_?-j\j:l‘ Q)LPLQJL Q‘)&_PLL:.S\ oA J_Ln uj_’d . 4 :\._il@.;_.wc
. L:.;-\ VI L}J ATP i QL“‘-’-J" L E.)LDT} r.L@.) 3l 5y90 Sla ols

N
N ;
o ClLO - @@@

OH OH

Pi Pi

ATPJigsi  ATP <—L~ ADP <_-/-—— AMP

A el @6 A LlaziBoie
oo ok =i

ADP T ONTP
2, Mo jeldd
/ 5,1 s
B Jelizisats B Jelaiggy
€ 9 b et

e e LS Mgy s di by ATP Bllall 2 0 3-7 S8
-SENE

213 -




el Gy e ATP Sl 45y 83l L5 ddes o5
Bsle 5ol analy Upmsie ale s 09, xS Ol O JIps g sas Y
o Gl e Glalleds a8 wazas . 5l ST Clban 50_S'5
(O, dada ) S dly (05,25 Lalyll) Lpatt Ul 5,0
s E g SV Al e e gy DU SO el e
Il g, SN Al 3 sl e alLasl s IS sy S
Dl Sl DU, SV dlanly . aasell haall 13 spdh
LasWia il b e ATP Dl I bsd o) - pin
(407 U52)

oS OF i adly Bl e 28T 1y el sl Ll Gl 0
cady Eo Lalladll Bl e 2 T ATP QL:-J_;,,? L gl Al
SULAELD S SN P ST PRI - S B @J....L;i\ Lilall o lons
il g S

s S 686 3y Sk A b gy S s
oS 409 s Lok ATP &ty 38 sl Lgte s ,m 418 277 odinld
DR S =S s e

el st Bl g s> e JATP A o
Sty S, Sl g Ton e e L sl Sl
UTP &Ly 4l v_ou et ie el de Dy dess oty e
Guunosine tri- G'-FP Ql__@j_é)\ Q_DU sl s—29 Uridine triphoshate
ATP & Ob el & Bl «_4.‘1 iz S bty 0 8LsT L phosphate
SO 5 Bl e aall i

214



C @Od l
proteins 'polysacchartdes | fas W
no acid simple sugars ‘ fatty acids
‘ammo acids e.o. glucosa;J and alveerol |
N

vlycolysis

pyruvate

acetyl Co A

O
|
v
i Ko

\ — J
stz producty®

Blall oY 5, & il S o) Bl 11427 (S
ST s Al Y

(S
—_
‘N



: Glycose Oxidative Phosphorylation ;¢S ol q.)....SU! 3y

S o I YT b iy Lo S 1 s 5,8 gl e 23l SOB] oy
=2 el B (Acetyl-co A) Acetyl-co enzyme A A el 55 Jed
ed SO jT Gl — Ol s S L5l S Ml o se

| glucose |
LAT ol
‘A )

glucose 6 - phosphate

o

——e Vo ek

5

fructose 6 - phosphate
AT
Labp—| 3
:

“fructose 1.6 - diphosphate
E r

felveeraldehy Je 3-phosphate <2

3 ériy‘p}{osphoglyccrmc x2

ADP—, -
| e

3 Phosthogivoerate W2
17

E‘:’WZlf‘fvﬁrégﬁbog_l)‘cera[e x2
lﬁ 8

Fﬁbsvﬁh()enolpymvme x2

|

_J 9 oxaloacetate \Z

(5-7 &) Glucolysis
JEE N R TPV N (N U
Lt o 0l esls el
S ) L= B
= 6 35S o oS e N JgYI Jelasl)
Sldy b = 65528 13 [y
S S Jeladl i dymsy
gy Sl 615525 5 Sl
CATP e ot adeladdt uda
TN AN P (TN
Jypmder SO Sl e Ols s
JERE u_:j oliwgd = 3~ aulad
S lemle 5 des sl el
Y (gLt Gaels) syl
}*—*5 COA Jozul Jdymz Ol &ls
Syl b Al sl

S Uy s I3 il
SIS g e 527 g5

5T Bpanle = Ol jlas IV 5
. Glycolysis jd eSO




NADH Zarwgll Bl LS 1y ATP Sl oy sae COA L

H&yi@ﬁﬁ@ij_ﬁ}U&L@J\M\oﬁb@%lu.,a,ud,a
;)L;;L;us.um;'j@ubgjouﬁmjdﬁmg};mujﬁu sl

Com S 3580 jT Ll =13, COA LoVl Sl
st Citrate ol 2y s Lol blesN1 e 5y90 o L Jemesy
(6-7 J&“) Oxaloacetate & Y35 s VL

pyruvate " [3C
+
NAD CO-
NADH +H*
met»l CT A PC

. %"—\X\\

.’»;'fx]ﬁ)é;g[ute@ \\
- + 7 - =
NADH +H™ < >/ gmultcﬁ(;
NAD* T
mal 1lc ,‘_ﬁ
\#
isocitrate (6C
Wm”’i’fﬁf ‘ NAD™
FADH, « CO,e~] 7 NADH +H*
FAD U, P d A= '»:c?t()glutzlrmct@
7

ST e H

GTP <
GDP

@ Cco, .
T PN e NAD®
succinyl CoAl4(

NADH +H™

Lt ds Al S 5550 5T TOA 2 ol Y5 pe 0 027 S

AJLQJ ‘\_.._‘,ad.a.ﬁ.k_ﬁj k‘t.a_;' Mu)&bB’CO\ MY‘ g_)LA.J»>"

. FADH2 3 NADH k..

217



e B g o Blall e i e S Eatiede I Gl
oS . FADH2 5 NADH dhowy G SUS L 05 GTP 5 ATP Slsys
s S e Isde S a0 s ple = Odsl e M 3l
12 anih astall Sl ,_A*L_d.wu 4\4_.5 \_&\au)_)JLQ\A.,MS\
il :_,JY FAD « NAD o\.S e 2= leans 25y gy L0
Lol s e gade gy FADH2 ¢ NADH a3Ua!

J : ; % -
\ :7;.:;.}“ ...«A_ﬁa ‘-_}_J‘ j_&_}ﬁ' L».J\ Al sl jﬂ.ﬂ.«j - LLQ.J;U S

LS bl ol e Laill Sle ¥ a0l i ol e Lslay S gl

vu‘a.a\_._ﬁ,«p-j.,\__uhaw LSML}_JQ._A_X,YI LE_J\LLM..LMJD}LJ

Ca '<‘AI’1+\_A>M S g A
SRS ol T 0

SJ.} C:A J‘_'a.:...}\)v“ v——f' -:\_ﬁ—.u\ v:u.?-j).l.__é_” QL_))_i\ Lfa u’_‘j—i‘ VLS ":—'.‘J;i
L._._._,: T e _"‘.;L.a a_iiJJCL;_:Y (;}_j\_‘é') bL_._.‘_,\_...._,o. a s )sblj;r\_)c_.‘.___. <th
v_.__...‘v}\._?- ,.Ad_,\a_g s—’,, oy Li.l‘ L,L,JM;.,._;: QLJ}F:&J\W

ij_ﬁdj}('_.u' UM‘ ,.A 4...&5 A J—’J"}-‘ i pjﬂﬁuujr_i.Y|
Ay ATP A 3 20 UYLy u—’ﬁ ATP S, s
il alen i e Sdelia S s ie el ol

CATP L Peaws Cegn i ATP 45, 0 & !
e ATP ity 5o Sulants b o in oy ATP L5 > 40 Lo ]

L \TPL..:_)— 38:;.1_“5\]‘ \_4_,.L£«va_~a_>-\ \é_;‘a‘_a_.\\_}_e

-~


http:L;----..a

Gliucose (C() H]2 Ob>

E)

‘1 G‘cholysis

2 pyruvic acid
2005 o 12H5?——
2 Acet\l - CoA —
1 Hl—> 34 Lﬁ"
AT SIRIS| }::@, 6H,0
60, —»
thOﬁ/ -
R NADH Lo QH, o vt evt eyt ,
-+-H+ \ /,/ ‘t:\ ‘\ ‘( L \ // {1 n a_; / ()
{ N r/ rd r N red.
ADHZ/\ "\\ A cvt
R H- COE s “” \ / e Y
- NADT £ / / 4y \
i'educed Oxi. rcd. OXI1. O -
JJ"}"“*SR \DP+ Pi ADP+ P1 ADP+ Pi Y+
g | ‘ ) :
PRl e ‘h\TP \TR ATP L. H:(
Thae A T
Sv-1e 2] ’\
J‘A—I.ILA-{L-I
S
il |
e

ydﬁj‘;jgu: $-7 18
(g i

31309 S8 ple = Ol s 5 gyl 15 G
caalall e oSl GALY L_}JJI:QW JLJ\MMSJj,d&»)'WleS

219


http:l.,;fi".r

DS uleld 52 il
by dls OV Y LSl aas I ab g Blall BB zay
o 25 e 2SN IS Ol 5 5 e 5,80 L0 e W pods (g

el Sl La ey ey

s oA e 28 3 dels LalaS (5, 4,5 Ul oS p iy
P A ol A ok danay . alel ey LS allis i g2
s U Yleda (550 ails a4, 058 ol 00

oo ol DL Slepy e sdos e i pS gl i 20 (5528
sEze Nl jim bo oy DNA I s D goje i 20y tRNA U (a5l el
Slkend LWl psliiy p pamy JBVE e a0l )58 el 0
UybsSymle 3 sl miliall jan cdagd LS b by Uzl sl
ol by By U8 L LAl Gan by

v A oVl Gan e (6eng Lyl S Wl 0L S LS
ol L9 vy S e gy Sl e Ny e IS g
LepV oldeldl asd gy mall Ladl el e L Ob ddae Les
LT e 5 S 59 Ly s Sy el 0L et Uty i
‘ . Apotosis GJ_,?JJ
Ty LS eulll Cislas

Vi W e Jall plem Y e eSE i 33155 2l L0555 g lal)
el NI B 3Oyl il e Gielasll )5 o U DNA s OF

Leisle 555 S Binary fission Sl U 2530 L) 48 Ul Cielias
ol U LA e oy il g e sl A A1)
U SG Sadny oF myaie 5ol L pSgnlll s iy (2o JH s

220



http:li.,s.8L

PREENS [ WE PETEISCCIN PRV DU SN L UNTR JEAI o T8
LSl SIS 2 Jhamm Lo ae Ly Sl SIS 3 Jeaosle apling . oahall
-V Gan

el 5,S Lae RS g g O a8 sl ooecls
Cels s 254540 o a5
:\ﬂ)x_,Sj:ill\‘L.:.:.a

g el S Lt e tadl 34,058 oWl s
eV O3y spaa 3l e Obsnd ¥ LeadSG L sl L5 LY
S i Slial BLSI e L bz gl L3 Lagnle s ¥y sl
Lo LS JUH gily b o LSyl o stize VU s Ly . (551
et (il OV e el S Byl 5y gem WO Lo cliabes 31,1 51
LI Lot e WWpas blie &)l SBT3 ladois USERT o pa e
Cslize Yl s e aV1 sl Jandi pLasyl e s.c,-\;u\ PEJRURNCI ST
s o . damahe Alid Sy oo 3L Uy, Synll Oh an ) adza
oany oMbl o AR Alases oo 315,08 A3LAS Sead Jpr s slaze Y]
Lo rol (6,57 A5L2E 4o Joi1s  JJ DNA Jly mlo g I 0 a3l g2ms
Sl 3 oS e oy Ll sl o LT el (605 S
u@,@’w.g)x,sﬂwquu\ RERV R R RERN AU HEED
Jond LU Dleps Vel 3 conle DNA 1 i g lagnsn 3 OL slaze V|
Loole sl amgs Y @l VI NERRVITER Jio B Gl sgery pay . indalloda
Cels SN BBV e

221



el |

i s

Plastids

223



-

TAsd_Gs

B O R L s B ST KEES
Bl mllaall Schimper jan Lede Glbly 1883 ple Slian DU cizes]
JICEL LA & A L e B TS a0V s,
- ilsse Olglly planly
3 Ovoid (g 51 Spheroid (55,5 K3 s 055 OF (S lazwdIs
WA 5 cub LdKs Sy Clup - Shaped 4550 9l Discoid i
B b oy 2y S0l 614 o IS o iy ol i
- Bl gl

Polyploid s g sey, S & pastl samzs UL 5o N A5L LG
L3 UL Wt b Lemm o Be o 5008 bz adl o
ok St B bl 3 e e 01 LeS . Diploidie ot
o 0985 Lol e 2l UL B il Bl S LS
5 L U Sy e oS el 25l e YT S
RLaYUALE g e all 1l 2

WS ool 3 S 3oy Sty e b sl 0 P JOR N S
2o pny - S SULAN W (34020 I gap DS 3 I e
Lo baste S am gl Laeg 5 L b ol
UM G b i s Lokt ol Lol y\, P olaadls sl

Eis55 A3 ey (sl Sludt ez ol Jom uu R
e WA B DMl e omn . dilnne B pna e yuldt o
el Yl s e Slan Sl L AV AT By pd e Ll &S >
Sl Dl g e D)l B el s epuall 5l

5 pis M g3 Crvstal Lattic & e olgks Sluseadd Las

225



S a0y eyddl sy g pe e Al B SSONELL Y e A
LIVl iz st elasdt Ty . Proplastids £9V1 cldezwSUIL
: {.}.;.J»‘ st b Lu\r.,a Lilasin Olgar o L?,L;\.)J! aj.ﬁjljh) sl YL
e 5T Al il el S Tsy LI wlslase Yl G dins
I S B i o e el 22n

S5l Lo 3 milio M Ugoeze mhanall sy Lleay g | el VI s
2eloY Lo Al bl S L el s bl e clamadidt s,
Bt o Tl 255 50 dygh A e B3R 3 oS Lins
5 s Sl pddl e o) Slaed At e om0 eda Sl Y df
e e 3 g epnal] DL
Dleelaoly ool A DU C‘-’j

Ol S L LB UMY i WSl e ey s
Sy S psiig C...,,a\ e s q‘J‘ c)\.l._._....»M.,,l s*3 Chromoplasts il
—S—< . Leukoplasts sLa i o Gl e Sl Aidases 3510
B Ss bl Bl b ke ol 1 dymll G5l 8 Slae
ol e I Joms S (.lobual! HLad u" Lwlj ezl 1da s
el eds madi e Oglll sl e o3 gl el s lazl I \b\

Loagd Al UM Y UM 5 05 U dcue Sl U iy
JUTCH VI W PV V-1Y A_JJ.&U =t ALl ) S sl ALl
o Ll 0 B w6l bl e Lt g L sl
9k iy Owosomes o Elaioplasts Ogaal) 455215 Amyloplast
Sl i Wy Sl el s e i 2l S Proteinplasts
I EWCI RN SN LK YSR -V R W |E S B VI EP R CR S WO W
S e s s B U L O e s )

226



= Ol N 5o a5 Chromoplasts (5,51 0ls 3L, & 541 o) Chloroplasts
e des o Leal 5 Pigments Slaws 2529 M & Sl
. Photosynthesis 4.4l

F5Y1 e imenly Lo 2 2SN Chlorophyll Sl 2o o5
eSSty Jgdll el 5 age 55 e W Dlall e (s Y
i e S en 8L iy TaLH 2l e Bl (55,030
2 opylSeys 1Sy e s e oS | 5,0 IS 0L dazayg daall
:}_;M‘a;&}s}_q_ﬁ.M\e.‘aﬁdwbaﬁ@ﬂiﬂjv\%yuw‘
L;-L‘ yrsn o2y LSl Gany el By ALl sl pad el VL
b ods sy Dy C By A g)dlS a gl e plh daf At
o i (-8 ISK3) ddlims Lo s JIgbl s gall g ol
5 Ly Cloedally 23101 B LS itzadl 3 By A s IS0
. Cyanobacteria &1 = el nadf L o u’ DyCsyA dji\ﬂ

Solur spectrum — 7 RN

4 S Rl l
| iy
1 ‘ -Ton ; ‘\
\th\‘:rupn}lf‘h\;'\\s ‘/\ ~.. ‘
‘\ 1 r‘" Jn /“‘ \ ~
. ! ‘ \/ Y\v 4 J/A\ i
g - earotenoids a
o= . | ‘
SN
—g \ “. ‘ // | \\
Lo : e — - .
400 S00 600 T00

wavelength rnanameters

Liazw Sl 2 e J‘L—‘Al{ ;},‘a'l) R,:p-}U J‘v}'b\” N Kl
- “:AA}. - 'Da

227


http:ol)-\...l

LaSO By A Ldgyels e d5U el adl UM Sliaadhy (528

o Ge it 0555 byl gl IO e 281 A gl ey 3, S

A Jednsh S Jos B obg) S 5 haas j Ao ae i)l O3l o

Liall B Ly, ol L ey Cos i 05 No Mg sl Zial
. CssH7 Os Ns Mg 5Ll

Hydrophilic eled e of) o (5528 s Ly ol aflsy
5,5 G o i - ias e Pyrrole rings Jg b olid> ) o iy
Idag . (2-8 J3) Prophrin (3 oS e 658Ke 43S 10 Mg f yooriios
5,3 2y il Sl Sy on pr@\vuyyﬁu Bl S,
WD ES &S (‘r‘-:ﬂ*i‘

Lo JJPBMCGL&& Sl Gk e gl S e s
S s SBoeA s, dS _iase s Hydrophobic phytol Chain elel]
JJ CHO Wi devommag A 3,5 s~ CH: e e samme 35y
AU B eagers ol Gl e Jeg)s S e Vs B Ly ls
75 S e g LA LA oA S e
Olarb s Slnmall sdn iV g oM s 513l Ol gy ST oLt 5
R T SIS RUSS RO RTJPLN

bld S3y &y LS po pltsii s eo a5 gy Lsg Sl oy
Sl B S g¥l5 et 's 05 ) WL L A Ay 20
o) LaslS Ul by e Ul Leniy ol Sl e B idg g5
el e a2l 2 S s of oda G iV g Dl L Sl
gy o geially G gt DUl apegd BLSEEUS Sy Sl B 5l
by pial st g Chlorotic b 501 gl Gy pall LA 40U
25 o O oS (o gy ills gy oy il G2l s by S

228




H,C—CH FH,
J3 mldl lals

(w s 217 0
é

o7

HC—<3 H }
C -

cou;,O

_Ft(

H,

Q-7
'
0

|
CH,

Phyto!l

) Thi—- 7y
stda-cha -~ -
!

Cri,

CH,
CH—CH,
i

CH,

|

CH,

1

CH,

{

CH— CH,
!

cHy

Chlerophyila

A by els

/(47<\TJE> _—

s oS5 A

Muﬁ\ u\-&w&."
.->-.1' uJJ.\ "J}Y“ LAJJ‘} U\)\jw i J";;Y‘uﬁw;—?';\-ﬁ J}«Yi

oyl ol JI (3% s gald L
LS e
S s o 4
o e gng SIS L eI
- Etiolation _geMall gt
Sy, A AL
B e it
ol Js g, Dl
Carotenoids 54,
Carotens ol 550 Sl
Xanthophylls &M 34251,
- Anthocyanin (aibw & ME

D ,S s deds e 44l

3 —A 9: a8
J

= - —

e, e L%;Lwaj iy S
sl e 552y elall dals
& JeS gl aelos e
e Lebao Lt 3L, 5130
Lol laalt s v . e lol)
sl g8 e adl
g dols S e

RTESY S RSVOSPN [ - S

j)}l_iﬂf& e I e _guﬁ

o h.53 L_\'copenc L\J—A}" CJ\J‘-‘::‘“'M“ j

229

§



NELCHNVEIR) W [FP-FE- NN IEN 7Y [ R VOF S RE A 00 - 00 CA R VN0 !
. Phycocyanin <B,3Jis Phycoerythrin sl o dasall e ol Slhn
Lo Mo Glycosides &pde LS 1o 2y colwss VI Slinw S e
Sy éji.;-‘ FA:J\ \2.5 ‘-L"J..A Q\@M\ CJ\B- A4y )}S}L:L\ )_i_.u CLUY
.3)9-}.5 ;’."-;:J‘j LL@_UU gTA_.;x_Hj :LL.AJ'J‘ Q)L’.JJ ;U);Jlj ;‘Iq.dy-\j ‘L:"““L*'J\ J‘}E\J‘
. (Ur_u\\:adj:u\j\) Qlu....,aj\ ol
Colase M Al s

Freeze - &4 o, 5 adl llmwd i 23led g xSOVE 21 s b
saacklg Envelope OMadl s el &3 -1e &8s 302w M O Fracturing
(3-8 &2) Thylakoids olds S5 Stroma or Matrix

Granum o udy

B i M | i

B s v 2 LT

Said!
L -
te—=—""  Stroma
=

i mSa

Thy lakoids

3-8 J..i&
P3SN a2l ) 50
i LSl B
Sl SL e
Sl o 5 s
Nl 3_,..‘._4-‘3

Ty



cladl Jtlog o amgnge Gdlis e sl G 0,8

Jals Ji.d oS el Oy ey Lal gy o U1 050l

iy gl A3 Wje dlsin il 5 1l ol sladll ot Loy
C(4-8 JSKS) sl Lal ey

5 et Thylakoids
Stroma Stroma 33—-‘-3"

" Granum ®s=4

Membranes .

- Inner
- Outer

Granum
5 thylakoids
Stroma

Granum

g —. __ thylakoids
=== Stroma

It —————-. -9
4 '

. A —
Q:l;-UJ‘ Lzl 95 4._..5 bz.p),a s w‘ v.:sfﬂ bl 4-8 ,J.g,."»
i () Bl oy by Sl A Sl b s
C ot el Al L

231



e Sl s A S e S gl AL S L e il ey
slad 1SS i e e w5, Opms %55 e Ladie Ll 28Nl olda
Jor s o2 LS5 09> e Opall oda gy V) e s i
Olab gy ek B0 5, iniey Bod 45,50 Osndg D41 AdgSEAET O gallf
S A O Aot 28 8ypea 225 gyl Dlanndt e sl sl
Oyl y i a5 B0 G W et L B3l 128V g pLad
Ol oo Lol gy ) ol sd 0l SlaS Lol o Las
s %21-&_19 $52E Ll g Syl JMJ B 5enS Aanl 03
ealdly Slig) S Slans e B3 5 bl Dlas

ot all Sl 2 e La by Sl sl s
i, olS Cldas s Opad Dl o 8l sy el
5-8 152) Ly g

Uil ool liine e ikl ads e e Jy s ¢ 24
3 P700 wlyd Jeladl 581, 22 =l Phytosystems complexes I« I
Light - harvesting chlorophyll - Prote—in com- ¢5all sla> Ui xsy P6RO
T gl RV eyl 35 18 e sy gl plex LHCP

il £-ba sy, Sl Lalust Llay (6,50 eoldine Jjs £ LaS
Aiae (g pd BBLSN ALl b Adns 35y (39S B dede Opps (e
sy olidal Do e . ATpase 3lall GU D! e300 s o 5]
ety ot e Jordl 5 6




Outer
Surface

S B o1 [ el pladl Jolds 15 e
o 31 g a1 06530y

oI T padt pllad | dine
1T plad) Jelds o5 re

«<—
<
«— IT plail) ¢ pudadi Sl diine

il s Ly iy SO eLte (oS 2l by 60 548 | S
il i aVl e ey s - 3y IS sl

k_:..ﬁ u’_‘_—-’-))—“'” .ja__,aqq_...:.?jj: —q_\_:.éj)}ls.,\_fuu—g'_)
L2yl ol

233



5 SR S pSs bd LoV ad Bl e san MBS (s
Sl e %50 Jm 12 2 by 0 e Gl eyl gl a2 d
ol Dlagugn, Jesptdl gsnf LaS . oh)aas S Opasy sa L
d,UlSj (-pL);J_LJ Slegngn, = L \as Lpem ey e s 2L
ijj.'&JY\ Jj.;j Ll Qkf_).:b :t_._'j\._..“ Qk:_).:YL: 5}.;_}...9 5)_.:._;‘ )‘ LAJJ_L..J‘
ey

il e Lodlive Slaed Lt e sa s U s g S s
LS Lpndn o 05,5 Lo 3 dmndn 60 - 40 o milio pet JS sy
Granum 3 by Sl oda ya E S e Laadl Gy Y co
Slerall o s it it gl s phas oS 5 aed IS e gy
T

0Ly 9oy Storma Lamellae & o35 Cwb oda Ayl I ST s
(458 JS2) sl el sl e ile o pilially ol A

QL.SJ,U t_»_g—j -1_?,'.._.3))_'._5‘ Q\.U:.xl\ u" aL.su du_xl.oj JJ_)SBL;J\M
el B laadl ©lae Saall fiendl Adead 2oy

- Photosynthesis _Jsa)i el ] 5 3]

Q\J\_:.;.H e ;.\}ﬂa'_g-l ;lj-_;,»\ﬂ u} Sods u.“J\ v,,_fjd,a.'i ;\.;.?_,"i idee J':'E
A SV Oy L

P55 e deall a3 Lol 135 sy = il IS laall s
syl Bl Lolsl e Jons 2 iyl LV e e ldiall sda
. QL:J,{,..JU u_o:...S}Y\ CLDY \AﬁJ.U)

[§.]
)
PN



oAU L A2V 3 i il el Yl e
e oda Janiy DU sy ) 2SIV Y ST pey Bl 2 s
' SR UPIRAT
6C0O5 + 12H,0 + 673 Keal ——yp CgH7Og + 602 + 6H,0

S L ySoolay o8 Jeladl oWl i 2 S e LSy
- S Y BBl St il B s gty oo

diadl el o Ahdes 150 Shelis e Syl oLl e O]
il s a1 ST i 4hnS Ldm iy Y 3

SALY J:.'sj),\:ﬁ! ol g e gall Bl Lolal g o= A Light reactior;s

ATP Glall ol o el g Lol oM lial) Il Db g Iy oS 5
k] U gyl e solaxa VI (g = \é;.il Dark reactions ()LEJI oMl
S S 5 Y 05, LS5l by Bl s L858l e lazll
el Dl e sde Ly

S A=A s e ladlsda e il e 5d S eseall DNl
S Lgansendiy by oSl Sl (5,5 e L3 pal Bl joladl peds
Yy ATP Blall wlujer 3 050 BaS Bl sy i8,al V)
(6-8 JSa) Lsaall Lol s Wl Jusl 00 sy s gesll i

Sl oty o5 Loy 2l Sl I L ond ol Al L

£ Jdapsdl s b 2 Bllall plasie ol LI o2, Photolysis

c oS gV 3BTy <UL e (HY) Oty

Sl Ly m 3 et BilanS oMl o A e Ui Lol
Saedd e eall plad Yy gl A d s obash Lendlas sl

235



stroma

thy Likoid
meinhrane

ADP+P, ATP

NADDPT + 2¢” + HT NADPH

Vel
1S

. JHT() _—

s

- . .“,\‘,H <.‘ ""'l"‘_. 1. . P

e A C:A -U.J ‘,If,\& S ol \J)b sls u‘)&.y\......” sl \_}J (,_.__»
e e Ol cvele SN - o 1 -5 dinhosphaie -
e (Cy - Calvin cvele -20S 5,53) Ribulose |- 3 diphosphate ,\_}_.A_u

- . . - 4 Lo V& < T
der Jam 0 3-Phosphoghvecriie ooV e Co WX Ll S Ly

L LS e e JHINADPT e« NADP HI Ogsy Lgadhaud

- - [

i i s o 2llens) 3-Phosphoglyeeraldehyde - PGAL O S

R (LMG_” Q:"&u; <.9 ‘\A}L;{ \_:A—M A“\TP

-

ot o B L e E - S S S ISYe S . z
:’w‘ j‘ HL@...‘ ;_}3 Q;f L;_ﬂ.. - s e I(I:\I- -;_,g_;.?l' o~

(78 L) 5



<N
<N
<N
—

i \
RELIBT
el

photolvms

ATP clol) (A g0 Sl

IS5, 92
\ .
/ + |
A O Ml

| Y

Sl B2 A ()‘\Eilj seall oMelis 0 7-8 K8

237



Ribosomes

e g




FEN e PR TN

e gl O Bl B eiissTites 25 o plal Blopayy ]
2317 o ditms poy il Egleta o6 Slil i e 2S5 gl
)l ¥ BLal WA ¢l ez pi3gle el Vleds o5 2apl
i 25 gl s L ansdd LDV Al Y LB el e
RIS T S WIS PR WP 5 Polysomes &> s it o
SO 5 L autliss slonal pls Vs e 4,558 52,

Ll 34 Ergustoplasm <=)">\_3}.:_....>.-j RS EREL R\ T
el VL (T Lo 35 Nissl bodies ol o L aall
. Basophilic bodies 4 e\l

Wl G pall e 1 Y1 el (S0 Slogns Il el 02 (oS Gy Y
e 255 degine Dl ps TRNA oy Sism) S350 2ol il
SNl g rr.?;;i\ C_)Uﬁf et Logeans as Slal S Subunits (nde g Of
. ;,»Q'Ju_\'\ VS Jj.) e

15580 S S5l oy Jolos 1yl Bdie W Dlagy I 0L g
JJL&A g_SJL“‘-i aj__‘._,s m‘.l)\‘ £~ 32 JS e J:J.bj CE ngﬂ Jlas Vi
G135 3S 5288 Ljsny gy Slel 2> Lo 5of 60S s
188 yp el A e 52 08 w5 el b e

S s el DU a5 U Slapgs S 2l L
.BOSSMUSOSS;:.Q/J‘ \.@JJ}}Q.ZWJJJALM&%M7OS&1

sl Loes B ey 1 oS3 3 il pstns 31530
o5 - S placgly p syl LAl G Haslad FLoVL Ay polaas

241



i Ll lez 3T 2o Sy, ol e el logns
dezas . sdelly ABLY Sty ity Slen VI o Lalisvs slied o Cidhe LU
Q\}_Ez_..".ﬁ\ YN r.’»' JL...»J,.U L_S));-“ u.a_aL;L\ ‘XaLJJY Lglasy Cod J.,\;'-\J.“
13g)5 o e S0 Ly o dal oot ade dgad] 23150
oo J.J_.,LAJ\ 2\_:1“_3\ sla u.s (..AL..J) . Jb:.i...‘.“ dode J—.—:L CL:.)Y Q!J_a_,.'.'._“ u_ﬁ
ddkss STy BLI 55l ookl o sl i Judle st Jalys
: u:.'o'_ng‘ slog l.o;-):.”

JL.JJ,U L_s_,};.ﬂ UA.«L;L\ ih...«\y_ PREY o ey A JS Cw,m ides O

u.ml.;-\ CL....:...«‘ ~ Jﬂ\ Q‘)lﬁ.';-‘ N S 3..:1.«*.5\ Y JM:J ., m RNA

D lea J:.'J.>f4 JS..Z u,h; Q‘).iﬁ.;-l oda t.a'j Q.i.gj JL»J,U L_Sj};”

22\5 a0 Wby Information - transfer Sleghall JUast A Y
Il sl paedl g aly e blezel LYl LYl

v,..éb;)—ﬁ'i ja.u L@.bb ol S L_JL,A_:ﬁl ;,;.Lo_x.” U?-J_A .Y
ey - (Translation) des U G MRS 05y Lpan, - Y
e BLSG 58 m La s sl 510 U Ayl = Slepsn  i2s
[PPSR BY JCP T FEU RCHI-IS-E St I SO, PPN P C RN 0073 G,h.,
,‘é,‘:) . :\,_\...:»Yi u.pLo.?-\J\ oy 3.3.,\.;.:.._\.” Ja.i]j}_” u'ijgﬂ ‘1'3.)5)"“5'3‘ QLQJJYl L;\.a
A ggad el BLs,Y et oSl

5\“4._5)» C,.......:.S :L.:...:_A\" u.pLo.r\zH ot IRNA J.ZLJ\ L_S)j'.““‘ v_é_p\p‘-\ o
o Dl e OF L an i iae Ade ey T e G adl o L

242



NENERRPIPRTIEL [ ENPE DS FYOU SN NPENC Y IS 0
- B ggpl

pldsiial Sl Al (gapdl anldl wlal3el 5 e ltsdleda (Ko
JS bl S 23,0 A lslae oS . aded ol 5,40 sl
cdd JeSe s andd slae diae L31)58,00

(Aminoacyl - ol szl - J.SL;J% ng};..“ el S pie okl o
ol blijl e Jogedl Dl p VI e G games IR (RNA Synthetases)
Lpr g oV el b ol BU gy pasl D55 e ol
ey azs LU e L L5 Tl o ol 5L (sl Lael ]
(-OH) LS g, gll Lo gams po oa¥i Gasldl 3 (=COOH) JoS 5y U
= Lol 3oV S o Y B (55l el R e I G
el Al b VI gy, C S A 00K BLL gapdl Al A
isWily (ATP) ol sall J\JL LY a’ L Bl el g J\._AH
IMbls nlell B gaydl aaldl it iz a1 Jaslhl bl
e sy i IS o5 (AMP) Sl st 003 Lyl S
-9 ‘_}&.‘ L sel B el LAl S —

Sen eV BU (gl e o DSl Sen SO Al O
KA s s S oSt o st e e el s
et el Il Al gl Gaslal 3 demeall 5 400 5 e Sl
el sl e

Rdse e iy IS ot A e aldl by WE o
) e D s g Piptidy s Py s 1 s Y
A_.J;@&“OU( »Mxﬁ\l ol puﬁyuawu

243



Slia e Tslezsl A gl olyil = 535l sl Sl s
es JUoll gl el e el 10 580 ey 20 3,280
AN ety xS el - B 555 sl ULAJ}} Obs s
Sl el Sl B e 1ilag . Jlw 1 sapall aalsld 231
NS RN e e

éj}"““ J.QJ‘L;-\ Qu‘-’-)'}j JL_..«JJ_U L_Sj}"j‘ u,a.AL;J Qb,.z_..-» —ng} -iJL.:.Jj
é)};J\ sl Blsl als Lod & gl dmllall by 2 48 > S UEL'J\
@@M}ﬂjiﬂwmw‘&ﬂuj Yl@k&y‘ﬁﬁl"dﬁu‘
(Meth- o & jo 0 sly BL (55! el Ly e ol esol daly
S i geoma - g ll AL L5 LS lony - IRNAF) L RNA fmet)

+ ATP

I
mal il AMP + (RNA

‘ (RNA Jo! ivalp !
|

\/
e

!

- RN+ ANMP

PRI o PERUSNAY vgﬂf};,a\’\ S IBTERE 0 1Lz

RN - v;_.u_w\”




u.'a-al&l

St (k‘/\\j 308 potor ol 2l

MRNA— (g

jav]

RE VI )
508

tRNAser

. tRNAgly
O e - JIUI S 9 it Sl ) N

Crammmt N - SIS ¢ 41 el d |
e emlainal = BU ool Gl l CS e bl bl 2-9 |2
Gmr = B 50 (el S Vpite A pudll 0 gy ppmnse )
by o e = B a5l AN S e Va2 P adsll 0555 Lo
o e = BU el oS e e b o ol e S
A A bl B Ll gal = BU G s bl CS e ki P sl
Ll gyl aaldh o )4

el s A el e oD e 01 1 (g2 U5 O
(Ll Sl ) st =Yl
ol BLAYL, s I ae Ao s le sVl a1 fady
el b ats LB b Dl Ol dory 9 oyt e = BL sy
= B RNAL @ ey cnppddl dopeoma e LI 0086 (o9l mlinis
T UOH E U ER TRV SN P EI (E
el po JpVI UL Jelin g 5 (IFL 5 1F2 5 [F3) sy 0l sle Jslye
oo JS @ <Vl (Elongation Factors Ts, Tu) EF - TS 5 EF - TU JbLY|
L L_;;,J\ el A8 dae Jad s gyl B s 6l A8l (LYl
oo e M (gaydl el pa s pmansall Bl oy U g -
geREN & Jiudl Lakais L;L L_}:J\ el el 2l = LlsN b
AUG 0555 Ol Wl g elun ¥l 5,a SO delsill sda o5 Jla Ll (552
Cileld BLSYL \;Jss Gl Jalge BLS Llaall eds 222 . GUG 3

245




S pler (N dsmad et g o2y N (GTP) wlaws dll S
= B gl jaaldl -5 aall as ol oFf ddae Jixy . GDP olaw, il
- Bl gl el e mea i S sigll of Jan! Ligt s
s o ez V1885 s O pyes e (P) 5ll o e gt oo
u.a.au-lu;-upujwwbbACf}llqujlts.)yPnyus 5 el
oo gy Jeda LN e 2ld L L i Joudyial = 3L (55521
EF - TU 5 EF - Ts Zka¥1 Julge 2pms) BLOYYL Slisilh S ok
spadl 39 . (el i LY 3 EFIBeta - Gamma 5 EF1 alpha)
Lpr e Uyl 1 nlond) B S S Tl Loy, o2 LI
eVl deg oo s =P C’ﬁ“ o Ao Al Jolgial = BL ggpdl Lasld
P detsl - B gl et inpe e dpedl aVT Gaalsl)
— RIS SV-PIC SRV SRV a,;T S A Cfﬁ”
1.); Pl o e iser il Pipuidy ] ransierase) \;_J;;Yi b
Sypl aall Aty sl LU sad ) a5 Tl S eda et b
s P el A gge e Azl e Al e ila oy — 3L
I &30 5,am Cits il el o Jll syl Saald 2 ]
EUE TV ;;vg;qf\,:. A Ll sl 2l
el sds 2 e Leda ol L ll = BUIE gppll aaldl ol
EF) EF = flaza VI Jale SliSy livsill S culedl R oo ol 5
Gy b S & Ll skt ey ) S (6l e £l ! u"
JenSt o omlsil = BU 50l Gaaldl Sl e S 55
i e G i o Dl (35l el B ol il e
RF) RF1 - RF2 5 g) 5 (Releusing Fuctors) 3y, ol 5U550 b e
s el pgnss M Lo O admy Jheas (sl Lide LYl o
15 Il iyl AT St T 0 Sy ) ey ) e

246



Sl aom cdgll s g (Olepasdl JLo M gapdl Janld] 25

SHesS L e ol e oL JUL ) S35 el e Laghas 1> £ o322
(deformylase) feaysddl 01 Bk o Gogidl Jaels 3 sV Ao sonma s

(309 )

- e shea - tRNA

Eify. el
. . ~
10Sou>glcaa 1, 4352&..:.;&!5»5-“-'—23
elF, le;l;}TP
;L\GTP—Jaﬁa-IRNA

Sadgica - IRNA - 438 5us sht iz
mRN.—\/;~mRNA M"\

B N _! _ATP
F,  ATp ADP | YADP
’T i gtea s RN
-ms‘ mRNA el
L3S sus gl wina
Nl e Iox \\{
OMenRNY
mRNA 7 ""*
ALG

I LY 2o dleln b Ller 320 1K

~—

. W é‘jﬁj 6}«.“.

247




s (2 | 2] |

e g | S

Endoplasmic Reticulum

249



Py Y1 S gl Ty JIS

Ml A e gl Bl elinal LA UM e (5522
Ll ey S LSRG WU 0 L 30t s e iy
eyl s Jais 50 S LDt 802 ol 5 T el o lally
SSe VL oA L Ll GUINT e Ll led Jiw L
I NV N R L RSE IR RVIOITRE IECARS R
RRCTI IR P PR JJ US| S US| N BT Y }@5;\ oL el
Slste SlelgVE 28 s e slie e depdhadi VI el i
s °M~~°uwwf=~f~ Imlalie dmgage DML 1SS
ER.Lumen a2 FlAA e L.,o-b Lck Clibllsls s di b JS S
MU R S PNt [IFCSUCU TN BV S A ey J isLsl

N—

- Cyvtosol Jewan L

[ -‘-uéj—g C,"uu-; Q,‘b R RN I S ._.‘AJ‘!.“ "‘I DLQ,LAN l ‘-' ‘ W J..a_E LL.J
T m -y NN e o
-SSP SO VPN TR ;v{&gl Lbﬂ_, u , Le SRS J-‘,

t

2wl 50 -40 (o b CJ‘SI—‘” e oS

~ : (
ey
S VA O\
o )
¢ : - . N O R - t
MG ‘;.:.A)\/‘\.{jwl 4\,9\,_,....\ B T 5L NPV L DUV-Iy oA 22
T s : L . N N V. .
_M.OJN\J FIONE- wwm}-jﬂ;;ﬂ@‘ﬁwz:w—u\;b
b = — = =
- - A -~ P T T - -
Ll gl ws AR g Lol fames fdan ! L e
% > : g > A : e
I S T T e o e«
L T e LI T S e
. b e s P
' .-
A ol 2xs
RY




558yl e Jas 5 e o) Dy W1 ASCald sgm sluzal 22 b g
e b2 5 el LS. o aally (small) &5l WDl e il 51 s
NPTV qﬂ‘ Mt b e el L;.L)S e - swls o
S e

T
S
Sagmgt, s oD T
Wm\

————a

- *
Ry :
PRI R “ ; o
» - 5 \o/ ~ e
’ Ry . &
a e T .
= C e, <
-»
- .
‘\ v
T

Al MY DS s Ak JSCEY Llass  1- 10 S

252




Tajhs 5Y1 RS (g el il
St e Sley Sla 0L UASU 59 2SOVE (g g 1 ame all | gla]

it i VT A al Laay d;)u_l b gl Ly sy ia)Dh iV
Smoth E.R. LU L3 55N 255201y Rough Endoplasmic Reticulum
Lot VI el ede 2oy Sl S 3l 5 sl Sl o Y
PUNIEE S EAES R A LL.;-\ i g J;QL_U b e Ol s
ol padll e ey Slegn Sl e 8 S slael e o UR Lesla
S Oy i Plae P Al L g Slagesn e da ub LS il e iy
Jaza oS Leds rL,o-Yl o CI.;LUA..M PYIRY o.)ﬁdﬁ Lol i
B R O e S T IR N Ll

(2-10 J2)

VL.:_é i o.wj_,\S Jli e A ds L_L>-_.ap‘_k_>hv.d\ub.1_>-j.)_a_5

v," S8 M\ - QLJA_'-H}_AJJ,H bls TS i.,\,w':.ﬂ L ij_.dj,qf‘\

s s ey wbpb)\puub}.ﬂj&}.gﬂ-ﬁ-a“w 5»—\o_»‘¢hu‘

;_.;_;Jwa-\‘;‘.},ljo_,w\.‘ Obﬁ|u®wf-u.«_;iﬂw:_ﬁyu&&
o

«> % . Ribophorins s v;ﬂ,\ S e e ,»J,.}Y u..u..q O

SN eda LY AT G o Y

ISP £ SE R S AT e e SRS NN (E R I
i Shle ol dsdalie of i g UL L J;; Bl ez Lo
\.l,o— w ;u: }’
g)‘}‘.é}_,”'lwu_. dﬂxd&iwyﬁiwoﬂwbj
i e 0T b e Sls e Gl com LUK LU S
EHEN VNN Blal s et el sl e SaF S s Jru=

S lS Lt s e e s B LS L elan e Bl aght e o S

253



2 LS el 5 e (S5 e 5l vanl LU 3 U
(slaea V) aslaly A TSNS RIS

SRy WYy .
f\'_'}":" ﬁ-r; ;‘«\,’{ 2% Yo Ykt !
A B (PSR WR - WS VN TR

oo S ke sl
ceaaliaaadl o

RGNS FUN

-COA : ;“fvujw’*-;’ ~
PN LY IS PR TR

IZSTJJ M o ais v,,\& Q;&J Ay el v\_{;’_{ ar xe Lal s
A0 IS Al Ao [LES
e N Y v oV Al e s i by LS s Elly Y

L\...GJL.\ )"‘" —r w.‘,,.z_!.. = m! c}a} L..:._"
= Z) g « ) A N

' R - . o t
- [ PRl

- L ‘.;‘ 1 o L B

.~;.>-o—...vj‘c\-u..4_.\, T S AU Wl

T palheiia : g

A - . B - . SNt - Z - o
g it Sow LA L wé&;jyu\,ﬂ il oo s U
CEPAEV CREINE- M < EEAVRS g P =

3 e - 1 - . t
RV RN NN SN \;_4;.44.,\,'\.‘\";) J:«Ju 4.>~_>-\ ul;y-_,a \_’,»5‘\_,.,1)4}- poL
_ DunalP et ~ 23 o

‘..._,v\. . "\'\2/ Lt . -‘-:4_1,{ . ) . A H
Dgom gl Al k.:.ﬁ)j).j./u R i sl uu}w@;&_m Sk A ag
ot oL A.{‘\u‘ - <l Ly i e - s :

P st e dob S '*,""'f)’\'-"" bk Cuz,w, s e

vt
o SR

-

z 3 . . B, ¢ ] ¢
Ll s ie & w;}bﬂw = e s O G sl s e g

254



el el W g LS enllly (358 plosl e Ll plisiand e
oy Sl Wl 2t ol by 55 (s3s il ASLAN e

Ly sV Bl s ms lks Dlags Sile e Jpuadf o2y 6l UL
4 A eV Al Lo LA A2 OY A0S L ram‘p LA
(54-10

obab u,i:; o~ L_SJSJU JJ_E.SL Logan F ij..ﬂj}_ia_u‘ S um:.._;
Q\.a}.ﬂb.i_:m J.‘.E Az Law iz by LU QLA}*A)J&J_UA\ J;E Y IEES Z_ljlp
Az

BRSO,
&

’S;té\(;y..‘ W Hed el -3
M &MLL. ;;;LQ

S bt

£, eV L s 0 51,31 b sl LS LSl 30

Celldl LY Al il s 0 - 10 IS

255




dobs pla 9l s o) )
Z%\\\Lt/‘t\\\\\t\\rv

B A =
Q:\';_ p/(‘ 7 \
(\)/\\C AN
Sy A ) A e LV A BT 5 - 10 1S

cdaal Blsly palss dbead 2oy o S 2

R T e e S e

s BT -5 g s e AL 20 TS0 - 33 Lasadly %70 - 50 s

i Loy st il (5 Bl gl T il Smly
bl e I A ety Sl e Blas sl

EYYE I YCPRRIN P EICESCIR GUCR - r-S R VN | WESt S A TR
SSTies el aall slie o G 2L Gsaall LS W s =
e oyl e Alle s e Bylas IS s Al Ol
crieze ST bl G Lasl STV Ogaldl e BT (Sammny dzihl A 2]l
S NADPH 5 2 il et e g5 nSOVE i sl s Lo,
Sliles et Vs awa! 2ot QIS PA5S0 5 C ey S sl NADH

e

s paemnndl Bsgliag Oane l_;;xj islia i3Me Lé_ﬂ ng'.fl'_z_f..? =

256



WS PR ) b,

Loeas Lol Loapdug bVl sl zey qsw\ Jelc e s
AR SP Y KU ST - SN I SN R TN C O R JO
RERCIER N S R U U DU N T Y JOUE S PR WS VIR EES
‘f—‘,.?'\ |IMbAML€.J\' ;l.).l_.’u)w\ MYL) &L}\.«ujj)bu,ﬁ
e il S ASle Al S Mmoo e S P eLaadl Jhasiee
:Lg_g-\fa S ug».:j 4_:1.'>—l ULB g,U.LJj e (..’::JJ S iRl >0 f;%;&g\@‘
Ce elae By L BLT e Lo 15 2l £5500V) Lorali ol

L0l IS s Sy gl e il Al Aty s LS
Rn RV Al e U sl e Gads ) e 1
G ] b Algdls a S uae L CL:;\; e e Jess
Loy AL S o gl pdsmldl 15T L3 Vil Ll o
Vg d} &Ll ("M‘ AT i deall sis —=a5s Glveosylution ea s

SRt Dl

Ol s I Ol pae @ s VA Al ey LS
Lo Ds V1 Al elid sl a3 sl all o 435y Sl
el s e W U e T e

055 LSS gy CL;;T EASTTEN BRSNS IR (RS SV
) Ay p el Al gl 2T Ll et Lt YT L
f'uu PESE SR VIS & )WY EHENCREStY L SEE N Siasl

S(6-10 LS

~



CL'“'" Glisy L d Al s et Al S A ol
sty gl il Oy peddl s Lnddl SN oy b e
bty paandl LLE UM el el 232l S ul) BT s
;,_._5 QL:.SJJ JJ“ il QL:S;U uL-‘}"Z Jl; ucj -1.:4\9-‘_,0‘ Ql‘.g)JY‘ Juud JT

bl Ay Sy el SLS Al e oS0 aalons ) Gl 8 Dol
sl g o S i 6t s ol AL 4 S Sl s LT SULS
J. Lo Je=Y oLl e m.o_,..ﬂ o Glucuronic acid &b gy6S gl
el L b il Lol bl S5 A odeland e A
el eSS e 2 S jsu s Ll s N Al s LS

L. osame

Gogl comlpex

L Ll 6410 2
slesl e bebes 44

UL NP WO BRI LR
ey i

[vsosome

Microbody

F

Mitochondria

258




sLda 3802 LMall LI 0L U ol (6, M Lgllanls Lpobiansls
B LT 3 8l ods psds LS L U s 3 50 Ll pom ) s
Leleal Lol lyg, el 2ol (anllly padd B st L
S 523 U 5 ol deds e Lal 55 eS| adt Sy o
_ IR
Ak fas 5 ey VA E OL g SOV gl lopms ooy )
LoVl slaNl mlles 55 WL s S oAl e sl
L el Bl g dlan W e At eds s el s s

Al CManl et 31 ey AISC shlandl s Al LY

Dl kit s L e 2apdUsb Y1 2802 0L Ly sy 4!
L Catt r:rJ@‘ el jdas B i asal of e i
d;)r.: Chl oV i nd s sy eladdl B ol L easin s
Sl U e L S Bl IS U] s
NS> IIR ]



b $ O ]|

NP pludl 9 Jeky

Golgi apparatus or bodies

261



Tded_G,.
1898 ple (S oS MV oIl Jo5 (e S Spr bt

Glass . dasll DA Aol 43 hay ag Ml AoV s deaaseS
el cpe 01 Glbodies J;js fLMo,-lg o Golgi Complex J"J‘S Adxg /L@_l
wlio o LSl Ll Y Sl g d L amill i 208 il Biales
Mol Lo dbas s wanlins S wl Y ALl LSS bl
Slsreilly o ybgmally Sl eal o 328 Sl gy S sV T Lad
L Uy sl e A Bl A Sl i O 281 IS L
giﬁ. . Lg)L;-‘ t},\.j lu...] u}).aj aJ_@.‘a',a g,»:i:)u_j QJSJ,U f‘u...;-\r‘ u}j \.@.5}3 tii
LS. wt WA 5 e Jaow Leig 31yl G Sled! ol 231391 GO
e ey et Al Lasts o BRSO ISR PRPE SRR o
L S sn e e B T 4yl Sl I U Ll 8
QM}.;-‘ J.n dLi..Z‘L la.f“.t :\'L”\?Lﬁj LL.:)&'\ L.é,:LC« j'\“':-i \Jv —TJZ;LJ La.bu -

(1T ) Llesd
LSS ek et el

Js JL:.:_j J}fﬁjy\;—‘?—%‘ ll:z..«lﬁ UMLSL’ w: J.>'-:_§)1_>- ,_.3.4;"_
Ay el G Jeates VTGS Aty Bl el e S e sl
i o Je Cisternae 33_;4...4:_'\* 2 eyl 3020 L TS Blos

W\} Qb-u.b?u st /_>'-\" Ci:,...J\ e \_')_z\}v_,dj Cj.la_..J'n Sl e pmia H’Jjjb

£
Lie z t ol [ DR - P 5 -

- 3 i . AN | L ealS s 2 3 Gty
Al 18 Lo e pa P LSl Al A S 2 2 S5
N e P T R S At ! N e s
e AN A (A e pr_f«u&J P e ey RO 8

-7 - - ~ — -

;L:,Jf\.: 10-7 ;A:L'-“ :::2_““" e ,\').AJ;..:A)A)"Q 76 j)‘i v.kﬁ'\ Ci‘gmj\

263



05 by ot a0 el el A5 e Ol el
5SS (UL INNCI S R ([ ( S SO R DR PRV PN
Ut
bl Al b > L oy lgaall o il
Bl ade dlh) a1
(Dictyosome  py oy 2S00
e el a Sl
bode fas A3y @JL@_.@ "

k_}_ﬁca_r_ﬁ_,.a 30;,,aJ,_i_§Tv_‘|

—_— )
. Q ¥ -, N .
Ly dldae> © — e dx_,_.(a\}.” a‘j,J iz . 2> Q}L>—

PR S Saaid v
R e (-1 K8

et DTSSR LGl

Vs S S s s

(,‘/:" el R\\ u"‘[‘ Saccules S g VI e

T’“’)‘g}ﬁsi%wzl‘“ﬁ My by mseall G a2

sl = ‘*——:\"”L.JJT} °“L—?T ad JES P T | PR VY
| g

&

) .

. - ~ N
e 3 A A U g
z z RAPE

q:.'\ Vesicles QM};-\JA

S0 e ajad aly 25LE8 (ST s mepall Gt Ll B

LS BV Al e )30 ISy mslgall Chle 8 mens 2e gl

leloas dm @J\L@_@H Ll e dglasdl M ay g ey St el
N S IUERITE RS FEAREANT

3

Secretory Vacuoles L3 Y1 e it 0B L5 S a s Je 3e
4. | - | PR S, - o 100 i . e -
C_JL&_‘QJL“}A’&V&LJM& L-),A..J;_,w_va:; 1000 L}_‘Ja_>- _;b;a., ::\_,‘J_Lf_,\_,

L_g:.l.ﬁ:« &_)JL}S PR &5_: \{(aj>‘g1.5‘ Lzl e VJ._.EJL ij.,.a;-)

264



(3-llum)w)%‘wuﬂmsffﬂgw&c

St S oRanydt e bl 2sS mlee oo ol el i
sael gl sy ot LaS . a by iyl e ks Lol Ll
Jaom Lo sy Lo sV AKa e Loolal 45 31 S bl e 5]
S i las L2 Jann s Gom Jlenily any il e A0S Sle
GeP oF eVl eda Gaupny sly (g Sl i g Sty ol gl
Ry Y A Sl Jod 2 B 0 el

olazel sy LS b lapenponSall of o leal ST s Lo,
L U Uy LS WS G5 YT UG W e by e

lOO—lOu_uLaCJ\J.:.:u,U.SY\ OMJAI?ASJJ}Jl&L-Sj;;;LMYlZJUQJ
Q}\A—‘e%(.»uﬁipjjf?‘}xﬁ)uﬂﬁ

& )@Lé)raiz-ll(}i.i
¥ By S ol s
sy A AL ga

~

L daksl ) By

MR


http:l,;.L.:S

DS e il
u"'ﬁs e o of
LRSS L SR ER (LA
$o obLo s, s SULS,

. q} EJ”HY\ o.:LA U’A"‘"S
il s \33&_9‘»‘ u.é;u
- )

e L (55!
L, 5t s O slae Vi

ER DN E R NEC N [P I SVPRE I  R TS
3] e 3 U el Lkl (5 bomedd o
L0 Mas g () D planly () A58

CND AT E s V)

4_§)\.;.£ L.“_A)")‘\.gj.UY\
WY . Bl}_;.H =
DSBS Uy U DO NVIPES JUOIEVERS SN gl NG £
J_;)Lv_;i u‘—:‘}-"s ‘,;-‘L‘ QM}_‘;—‘ WY J_MJ . ‘._5_;'4‘5 )Le_m i_g.,.f;.”
NUPVICH WV VU (P L V% - P W - SR - S|
DRSNS PN IS SN NI W PR W bl sV ol s L
Sl dte Vi s Wed s Ol A Sile > i eb L5 gls
a-“\—i}’.j . 3_§...,:.J‘ S ;.,._4_1_3 C_;}J k_}J L..@..A.x.a tﬂ \4_>L1L’ é—i‘ QM}_;-\
\{,'_)!.-}_5 /‘\_ﬁ} J._@.]ég ‘,'._3 ﬁ)w\ J,@.L'a: I 3\_3)‘}..5\’\ QM}_;-\ SAe

ST LS gl s B e ks STl Y gAY
(,._>L.‘JJ d_'.ﬂ QM}}‘ — i a) L:—“)'>ij-JUY‘ 3._,<.‘_...i..‘\l QLA)_«-#}.'\-:J

.(J—HJS..'Z)A_,._A

~h6



http:il.""]~'t�-'.'.c.i

R PG
S ey Ay A o sl T U Ladas 4 1 S
23 BT BLST 2 Y1 e gt 1S el 3 ool o e

d
HEAEN

A s B el SV g

o ian cals b e b iz U jled il sl B3l e Ul

e e b u}}s S sty pf e his ) 5L e ey Sl i

S st to
. k—iv\-’“ \'-5., ..;:._?- k_f-‘ay l.:.A.D-

Sl s S L e 3 U e sl el s e gl

SVl S ey Ladls Vi 25 Loga s el
stacel Lolasul oo b lagm 2l 2Ly 2l o M 5V
slasl Salassl A4S e e 35 DL Y e
sda Ls LAY a2y el e s 2l ol sl el aas

w\ L}} C.a'b J‘)&.La._...a? J..a..}- G \_ﬁ_,& e £ J':'H QL\}‘A_’J\
do Y gy Ll s DT e Sl Yy S Sl DY

CRleda St e slel

267



Yo b &gl oles VI oY date slye LWL alas 0L Ay Las
Ut e s a2 el ek S e IVmanst I LT 0
1o LeusSS an ey et s w‘u,@ Ol slaze™ pday 2l Of L aly)
BUAL 2 DLl by Ol ae byl sy o o8 35l
T R N
S Sl Sl o)
LnYleds o BLVI £ sl a2V SLa SO o)l syl
Sl bl oS 5 Ol s ST Lyl ety BapDls V1 aSCadl sy
o eV bty Lo s s ¥ Al Ll S 5 o s a A S

G602 e &ylaa Dd6 iy S e sLnad gl Opad S 1l
2t 50 R RS ]

- oo f e P T N o ! PO
sdaall »aa ] ;,fs N WBJ“A,\.)‘ R LIV e R
- - — - - - - - - - = - -

Ee oy ilemt Gl sl e LAl e  pall

Y1 e 0sS ed die sLAL pla el e il Chia

3

e T U S oS ALV RS I
Q}‘_..a__a_y?’ [T e J:': 2 ;_,_A\)\.MJ_,YI &.\_.L.U Ll )L;_;' @)M
4 \ = 2 - s - . A o4 G ny
i._..;.&f L}'e JJA.)').A U. :\L'Lf 5\._\451;.{\." l:;fj Sl :; &»&J‘ o L«;‘;:_“ 5\,.;3?’
o Y laash gl SUCs o slaze VL g 2 O
inel Bl 5 na G b il OL.J! ioreN o e e Gl L
S e 2N A~ el e slase i s ek L O

268
-— s



el a e ey s T e se e U gl il e
5 NADPH BUall Sls L 2221 C oy S onldl Slepl e 23yl
rad e spmee U dglin St Laf Argi WS . TPPase ¢y NADH
B-leucyl naph- 5 5 - nuclotidase =le3sV| Fe LDt e i
e o’;-"'“ QLEJ'Jf 53¢t 85L51 Thiamine pyrophosphatase s 1hlll&£]lidil$€
3 ATPase 5 G6. P 5 Galactosyl transferase 3 N-acetyl glucosamine ﬁ}s\(l

- Acid phosphatase

£
i

ub}iiu.&&ﬁ_} \_SbU‘JLA—Q_ﬁSW MPE_J‘ 5 "‘J‘ ‘L».S
b){,}"uww\.fu m->- W\u}mxu waw!au MQ)\&J'
M@EWW<Woa«l!A@.L$\7mMJ\MuL5ILIadeé

‘M.l.é:‘rjud.wﬁwc;.&l‘ WW'7}G_~‘J|

?JL@J j QL,S}U sdn LS t}é o ,_;- _.a_ u..,.;-_:. s C_Ma*
- [Ny

Z ol ! . a2l | |l
fu_;.uz..c. L Luaw :,q_aa.abﬁ uijl .us.ﬁsf.ﬁ e

s A . v,

(R N B - R

B R A i Y
- B = 2

- Dlaa bl adise Dlewn N aslagn oYY ds e
u‘Pz [ -jd\ - . ‘;d u‘—’hﬂv

el s Ly,

: ;_5""‘-'}? J\.é} *-’ajué}

f_llubh..l‘u—.u.. ;—-’5}5—4 \—4—>M \u_:',:'j.“\)i
| e J‘Jl bt Dl e Ul T VIS PR R A |
SPRE NEICH VUG- S BV LMedite e Las ul il ad
SV Al e S s ey ed s At Lene g,
oda Oy EoS il nel AWM S5 SO s
P R SV T S W]

269

’{51,.(




LSS e e e Al e 5 F Oy o Y Sl s i O
u\.\_..ajj_\_j\u\}-)_._.ﬂ\ta . ubjiu.!mf Lh]a)_ﬁ(,..awt}j_s LG—"
i u.!:bp—lﬁ S S FHI) SUAS s sl AN s V1 ASS ) e A
c sy el Bl
Wf;—:-.f;;i‘.oﬁﬁ Qtéﬁﬂ‘v%)r%uﬂ‘ o&ﬁ-«“ C‘:ﬁ‘bﬁhﬁ
obﬁw L_sf&-o\af@' g’ful‘d*éﬁr“uﬂ*féﬁ-‘bw-mh\e
. N-acetylglucosamine sl 555 sl by sple S e jpll a2 AULA
e e il L Sl Blal saa st Al oL S Gl L
o mesl o G ULl dal i 1B 5p2S S ey

SOV SV ICH U GIUV PRS- SIS U IR A L LA psis
s e S S Bl s WSy ges e Al s e
. Q\.c_fY‘. A e ‘_}J\ oldaall sda C;&j J}'T/"S v,.“.l_\f = gD C,LFUJ
(g oy S 2l idos 06 Tall sl pliciad Lyt2 1 ol
L5y S e e ol 905 A Gaelsy S jy'\l‘
g\.cj,:\\ ua.:ufs....\ \_Jw_..ad...\ s ;.‘.a_ o w)yujx\’ &mﬂ ;“
olo g 4l Bl e il &.,_:.J RS f\g 34,,..\ ke akal
WU 358 ey e D stV A e ool ol A5Le Syl
S sS At plory el sde il LS SlepVlods fre spos 080
u-;'ﬁs e mlee sl 2 bib s s Galactosy | transferase 5 iil 5

270



S S S Jay e ez W 5 2SO g2l el O
s g0 Ol gl emd 8,20 (H) Il g pigdl iy s e S
-V AL 5 0,55 S

qewjhjl r\w\.u,w\);}b L.M\Jlji,ﬂcs}»x.u‘;

el g SWE g LS F e oS Sleay LD iV IS 2l
ez Batll pladl plisrd )2 e LS L 28 e b el
Blas A Gasl 5 458 jlear sou "B VPR IS SUS EPRC O PY
S sl ol dlast Alee AU e WU s il
;,, falises bl I 5ledt e LS 4235 60 - 30 Uy 3105 10 Ml
L

o °;>le‘ Syl iy 502 e A S Sl Jes pani Y
S M e 2l Laf TSP NESE T S PPR Y| C
o ilase plpl il et B g e sl sl ST
s ity wT;;S)B“ ol Blaadly pslisisnly cosltl e eVl
=5 pheale I Bl ol Al gy lasldl sl il GP
' .ux.,‘j,,» SER SIS SRRV RN

a1 Bl S LWl LS s 2 bUE ) s O
s 58 o el Lo a5 ylen vyl g bty
s e s WU el LB Al OF L LA el s S
ol 35S st oWy 52830 s DL S sl e e 25
I aal

s 35S M iy e Linsiaal o2 Sl S eds s 0L dazagg
U L B AV e s o A S e

271



ol i oS Ly Ll g et 0L iz il UL BT
o S S 5 e slaze N e UL e Bty oL, S
o o 80db 25 oSl g (el Gamill u o S ez s
CUSE A 1) A b,V ey o, S rl.\;;;.,ﬁ L

e snll e by eslyn 2ol ool &51,5VF LR e sl OF
o el plee Sl o ety Jeads Lie S e i e
Sl Cp gl 3 sl ey 5 Las

LAyl e pias) Lols 500 Al oM gl yams ot
A slaadl gl s ol i b dsb oMasdfeds e 0L U
ke D A DIV Gan e B Ll groee - et as ol
oI LA ey Ol SUse el Gamg oMl 5 I e s
- : La)‘!;éf; ebloi Jle

sha o Aeaigy daglloda no e il ail ULl 06 g
k5SSl 00 A s demnlll Va2 E2 2L 6 gl el
N U S PR ENVSURTR 05U [ VN T UCIY Y SO P
e b iV A LaalenS L o Lad a5 ot LS
LY a5 e it el e S Sler

g e A8 el Dlle e Les s oMa s Gan
oLl slad ra,\,;_M\‘y g AL A Al Ay eyl
s o ety i 5 Dbl e gen M Al ada e il
et Fda) Lysosomes sls e W ol DT sl VU W ay g |
e eVl e plel e e £ el 2 Vel plal e sl
B-granules Ly olbewso Tirosimase jowg o Lally Hydrolase 5dg,001 0

— o



Sl A ESleS gl Dlsgmddl oy aa) . Peroxidase jdeanS s, iy
Ll sy W ke 2 Lo TS 5 ln 0Ly 2SOV g bl
S LS U LY a0 aSy b b yS a}@?{@w HIRY|
LSS VeS|

J22 O el e 2y bats UL 55l SVan | A Ceased LS
il f quq_\—uu = W Lgedsn s LT 850 Sl
— CiSle Sy L eds B s

poogmall DU Y Jladdl [2il) pilse ooy U 2L il LS
o o el iy danll W 5 S ST el 5 e
PR SECE [ O U SO P S IER W g JERCI PR PP
s imand SVL Jad dep



J

\
e A\ ]| i

Lysosomes &l aluudl
Peroxisomes  lbudin prrll)
or Microbodies dudall r}lﬂ@‘.’il 9?

275



oAV e Al oy PRS- SONCN U ST LT sy Yl
5oy ol dlsda IS e o o W)L i SO Ll B3 L 1)
bl el U Ll Slepl oM e lis 3 oaxie 8 55
Slalseias p\4>'=:....,T e u_c_)u'\(\ Lled d} e Bl Cdoew sas . wzuu!
J}lx,av‘_scu‘.),u uLA.lM‘ fw-”w MLA.A‘-LUJB‘U‘-LA A.J}Jo-
Qw (\J\Ml S qgf&l Ll H;’ E—LQ_;)\ Jze_,.d LS. L))'}M L_5)_<_u
Lol Dlalsa u’ adses Bl - Gylie el e sd) Lehaas e
- .52..\3;5 sda qj;:_a_:_i.l\ _'aj.l_':Ji oY= e ;,.;\5 aal. ..«_..é._>=:,” asad!
RERT o o (L.a-\ —ly

1)-‘ u")JJ- V‘_B dujlo- FL......J-\ Sa g ‘.a"»;:.é"‘ \;“ QU:;-}\.U oA Q.J\‘ A
55,1,,.) S il S bofe s S Sl el lles qé
Cild sl B adasYe gl

o > ~_~;..¢..5 U,.b\jm»M cle ,@ﬁ'v&'—rb&‘a.& fun) L,Jj
5 KL Al L)_:_5\ Gomort e &b o2aig boers Je OV
\_,\\Ma_, \-x)-‘ u.pL.,o “ ’,_A v:.,_/.;; -‘; WL_;-\ j_.:JlL.ﬂ_..dj_&J‘ (:)_;\ JJA—?'}
BITIRRTN L sl aSlaS gl

(\.L;:w\ oY= MJJX' u))LDLA.J‘ j,j.)._...... f.......: ;oo S ix:;,\fj
LSt eds g a5 OF LU s Lide gl &yes L lualis
adsll 1S e 550 J 1S 5 sl Dlep Y Sy ole g e S
Ol K dghmn 3 LI 5T 2udl Slalsndi 3]

Electron - CatSH 5y 2SOV on 2 £y b plasinnls 1915 ale 3
S35 \ghogy gl Lgodalie o g (95 Ola S SE dense Precipitate
il Sl YU Al s e i S M p e Bl Ll

=77



u).uww S pall S ol Sl e cansTl S Mol plasiaaly
LC)J\6OU.AJ,5‘ J?)L}&UJ&J\:L/‘J)J”KJ\“)@J‘:\J d;@f—\ u.a;:.ajbju),\tra
C o Ma okl edd LU L b Aaa ! Mu e ol g gy S dﬁ LA.-.AL’!

()Su__HO" vuuujmcjﬁwjld&wwwmj)wlm
ub)S LM.»\; qu‘ UU).;—‘) L..:J..b u\}._é-\ \JB)\.;-\ ;vwo_>- J’JMj)ng

dk.:«ct_:l;-\k);-- ialisea QL,...:AJ ¢L>=>-L AU rL.)—Y‘ "L’.'j‘"]‘*-;" C.U‘
b e b U gl gl K e TSl i 3 S
(1212 1) st

aJud <=L...;.-Y\ S FBE S u" I RV T O o
JESVTRTON J&;ﬂ 35 e s o DU 3 Primary Lysosomes iJgVi
bas desly gy Jw Letenmlg Lglem A)O_;MS(L..} ol By Lgams
dU»—‘(aL...;-Y el JufMdLuc_@Lé&jMJpjﬁu
o \J,_;S JRINVEEGPR-ICE abo-tj BIL SR 3 Secondury Lys. &gl
Lo ) e s lps 3 Lpalis Sy Y1 U1 2L
Sl o 510 St = gl 2:5\> plo Pl s d o G Yl
et bty Lad s, Slde

oy T i 0 ALV o G Y A
Q_>-JL> »Lé._il JUSEP NIRRT FEE S IV YU A MMQJs
L5 sl Sl ol =l e (""‘;‘ S aole g ~—> Phagocyvtosis
Hetero- Jw‘ (’J—‘“‘)—““‘-w j\ Digestive Vacuole & _a_a gllis = 4L
e By b - 2 gy ¥ plll - e A ZW il o5 Ly . phugosomes
e lay s gl L )nssS s szl s Autophagy 513 sl =l - e A£G
. Autephagosomes qﬂ.U! r)w)w_wp sl Sl aall

278




(212 K2) Multivesicular bodies o Moway gl 53date plw Yl 42 35

s d il Dl SUL LT ols SIS e Aes oo
JECPSU-VLRCI V=Y B KR OSS, VICH U PSR- VST PR WD IR AR ER Y
Bl ALY ey gl pawa DU WLST s Pl e sl ALl
A O mant Slesw Wl oda 1S el deya gl
. Residual bodies izl ¢L..>,-YL{/.15J.;9 SN el

IV Y Sy GRu) S

LAY D ey g

YA
i

33 e e I PV 5 o mady i 1 1 12 1SS
C s sS plarly a1 A




pbe (gl p g goa¥
SMH
P P.'J\

Db p g gt ¥
iseiadd gaxd ol
Heterophagosome
Digestive Vacuole

Phagocytosis

1 p e g ¥
Autophagosome
Autophagy
pLE S 9L p g g r .
Generalized Secondary
Lysosome \
Sy 41 3 ne e OO
Multivesicular body o

Rexrdual body

81 p g ¥
Primary Lysosome
. 4.&-‘ | \‘a-‘ ‘ ..A.»-L..q L;D(‘

ekl WAy s
P el S
G il p Y
sl WU L il
oda Cfb o a5y
s Uyt 5]
Stk Jldze L bl
e ot s 21 Lo
Lol Sl (5 lgaes
Lol LSl e 2y
Joo AL Lesy
LM e suaadl IV oda
L pei ban Al
Bl e _alonill (5,1
elii s Ly b
el sy (g
LRl o Ll LYl
RS R SRt
e

Pl VI (ST s O
LA pd b 3 L)
o ks M eos—

ELREXY S N GOV | NER I, [ v S5 ety Lol bl L
B ohadl Gan . onl L s U e st g 2l o b
oMeaadl o.l_GJ L)\_;'\ z\._.;.\_;l‘ fL.M?Y‘ Q‘Ls S L_vL}-\ e A ma dfy

280



b 55 8ol Y ohpllods &allas o5y Ll s Homss ety dyadls
SlepVly SlepVi oo ol Oh LSy LIS L8k DS 1o e Lglay
das polie Jo 5928 dan )l Bl LS Lag sas Ll Lalgally sue Ll
el L9

Sl 55 SIS e8 Lpamiy Liblos dy il sl VI ol
dau‘fuin s3r g 2SS A Cpnll et LEy Do dblome L2
Wy & dall coMaall 3 ity gdas Lipofuscin awsdsed da o
ol b aaaill 2anl

A Gy gl T qﬂj} Ao é.) Spie slin Al b2

g el O S LR L VIOV Ty 4,8 sl 2 e LY

SRR U RPNV JOVRCH SVIEL R S8 JUET S RV RCH PRS-

Sliaoy plas a8 Ll Ul BT g wu Jk Y
Ll elze

s dege olsl 188 delig s 3 s liol s K sl VI L Gl
ATP &5l ._;L)J;- Jed pizies ets 2l e giw Laadl L Sl
s (PH .01 5 gag Lhond s oy s b eVl Jylows g3
S et Sl o s IS SR JUSH JU NV SN
eyl 5 ISy lly Sy DT e Slep DU B g5
el Vs s by 5l S My Sy el
s e At by wial Lo, o gog 0l of 0l i LgblLas iy
Y as o (’j}l\{};iu! s
25 L Sy wly SlesNW sl e U L e oS

Sl e lie jn aSd lddl il - rm\u. ' — dLaasis
Bl ¥l ans 5 0F Je dos cleadl Mgd i 3 sliall eda J2a O

281



_an Sl sl VI ( J;LAS )La..aw\)l.@..au lquw\HvSJ.J
SOV e s Ak}J\ io\d) Sl gl

as Pl JGLSG L LI Zegza gl A pLar VI als
S e Lo 190 gl 06 23l 2yl slpe gu;j SRS/
gty W e

068 ey Eey Sy NI A2 LM gl Sl e i O
LS LIS LT o lems e il L oot A 1ot e OF 8 a2
LT 0L UL jealy poanlly 2 f':L-NL. LV oY 5 JBH s
bl Db e by ,madl loaadl o5y adi e > V1 s alsall 3
onagr ps2d AL pla Vi s ool S oD salt LedMbly slas
. Crinophagy MU plexVU o plell Lles o0y . Lgte absially

Sy 530 1S Ay el ol 3 gl ple Vi saalis S Les
325 G Corpus Luteum J_WYV (,M_;ﬂ UL s s o S
A s (6355 sl pdl o A B LN e LSl e Y
M A Vg ol Zeslell Slep V1l Les . by ol
SV ST BVl 2 dl BB de]

3 le dmes 230 e ool A LS gl Sl gl U
slap bl dpb fesl 3 A Lo Nlsse 0L oy poliall 2B, L
s 5 e i s S s LS
Cobll by Y SB L s st Bl J U oL Y

J;jspw\uﬁwrsduwsu «,i!uuq_.}lw)ubd
S Ut eV a5 S A S e Saton UYees _»}_.ﬂw\f L
KRN C,_N:‘J*“’r Y S I U RCH W-
ol A e @. Acrosome saw, SV Lze 0L Sl Jls 420

282




Slat ol s d Ryl sLiE pa oty (52 Dlgadl 5 alaV]
Pt Gl nt) e el e VI 33Ut Loy Lyl sl oyt
Claedl s Jdeadl wly

bl Aol el ddoe i 3 ety OF U3 L@rxuu&'\:ﬁm'
s R Sl Gl @L las¥lled oS Lyl dyr
s Byl Sl o had Vo 1 daeasits e Y eVl i e
SR g e d Lo gy Bl Sl (osedl G b ol
o s Rl Sl 05 e e o Aedlel e demai
ol g S 55 Lgn 588 Lalony i SToms Jlas VI Adee 0L U
Ll byl (g 5

Osteoclasts plaall ol ,mlS 2B 5 Toe..éb Sl g gt S 595 50 LS
sl do g Al deall SULA 5 lslept 50 Blanisde oo o
plaall e 4 ae U =3Vl o VS L ity 2 e Jonis g i
OLV g deazll Lo.pYij Oada fae gy el ST
G i pllaadl AL 5ot e ng plandl ST Lkes sy s
i\

In 0 gy ol by 5 Lns | os Logos ool 30 Lz
sl i gl UM e kel e LS LS e S e LU
Byl ol J__>1 Apoptosis E{BU J._.ll sl g Ll L
VPR EX NP PERCN Loal oo Y OIPRR VRN REE L AR
ez AV el Glaly eV B30T b s Ll
3t Loty 31,331 LR 353V s e 1 sl VI s
sladll day 3V ades i LU LT 3 el el LY s oasd
el Sl Y s 3 e bl LSy A

283



U ada Szl o 5Ll UL 15 b s sslely Ler bl )
S el s e B30y 3V G Y de A e gl L3S
L—;ALAW o2l W ks Endocrine cells ot ladl 5151 s saGd U
* " bl sl

Mty Slgerell jam pluly el 5 MU g I Ve 35 Les
e S T3 oyl S8 g s Ta S5 ol AUl o 52

S SlupS BV Lgoase i g plil) Bliay 1 WA o5
S (oap SO B e Sl eda OS5y WIS oyl Ll 3
. Thyroglobulin s slg G4

n Je 0485 e e G 5 A sl Sl ol U
$(T2) 2a! J::\.U 52Uy Trisiodothyronine (T3) st S35 oy 06
Jism sl b Ja Ta 9 T3 L?Jj,ajn CLU“ o Tetm-iodothyroni-nc S 3
o Dl S ol S LIV Loy ML - L D5
sda Jobs e e Sl GGV a3 S Dl b At e
el sy sl 2 o) Sl gl 2l

e e Y il W Ll Y1 s e sl
o el ul\ Proinsulin _Js¥V -l V1§02

belad ool g el 25T ios Ly 2 IS0 -0 A L r
Sy o e D et Ll VI LG 6y gy )OI
DS o gas = gn M L gy S e JUL e e p
s e Jeadl L c.@,_wj Low-density lipo protein - LDL dad5ca
e O abls)T A eV i e Al
gty bty Sl 8 o e et Y o L

b o Ly b stddl e Oyl b s g e S

284




I S\ ("“”H LM Olaas &5 Hypercholesterolaemia Jg, = Jyo<Jl
5 s W Jpot ol ez, O Ggs el B S M A S LDL S, s
s (o5 el s, e 281 S B Y 3 et pll G elyzs
: \IK.,., el g250 Atherosclerosis 2 ¢ 4La™

P Dl @ 05 (G 3l anl LB L g LY e B>y
Oy fages mslnl SLS e plaly el 5 45 Lally aa by 51 8Y
sy s O L Lty 3 oty Ln L3, Lo 311 s 2 tal
e S e 2 SLL (625 e S 5T e o sy Y
folys a1l LS A s O ey ikl g5V e Lesys dazay
ibls i3date L, X)) Glycosaminoglycans s ol 355 bl [ 2a
Oenny Osndy SLUsSKOM >y iy 54SOM > Mucopolysaceharides)
PSRRI JE I P R AR B N (PSP ERPR I S A
gt Ad e Dl gl JI g% e LA &S sV

sy WL 8,8 2 ey LUl ns ol
e s Je S u_,v\ el Y e e N gl ay
@ ¢ e sasty . Mucopolysaccharidosis o Lgaas gos I 510V
Sea o ea oo mblall U5 a5 Hurler's dise:;se JS YR
KD ol 35 1) b B3l oy Sl om0 iy
) rUé_,d\ P u‘J 0523 o eda (555 sl =+ (Glycosaminoglycans
e 55 Alas cowMy s o il LS dely s (s oo
SEULESENUEIR S IEU S SETRE VPN ST BRI Y
dey . bl U S o O Sl el elazstly Lgzag Lol
e sy e Gt 7 Al 1 Lol oyl S ) oS
3y A MU 5 g3 dll e Y Jae g - Leiduronidase iy, Yl
o o A gl g5V M 5130 pys doadall LT O s

285


http:1.r":1I:..r

e bl aalasi Ly S aa e aale sl a1 LY e
VSR SR{JELTINR(
2 oleply Clos W as Jas s 2l VI3 STV as]
dl.c FEgNT L;l:- oA e Llali U s Teeell disease T Al 5 s
e 3alan N e - S Y LSy Alphu - L-iduronidase <Yl 381y ey
e A 5 S Y LaS L oV s LG WwlaawgsV Jdots &

JJ\.’J LA.m ‘.)LLJ,AV‘ ;é)bdsujwﬁdr%\\%@)jﬁa\ ,J\a.)LM\

Loyl S .ia.q,})l - 5};3’\ BV SPINTE w Loadall g VT
el e ssla WV LLAN WML 5 18 DS D S slas LM

.Mi ) ujt ogylijhvz,.e uSl,.U ible ey \~\ . u.alx:ﬂj

d.;L...:.J \)\_;—‘w_,ua :J.JY\ .a\.v\u‘ sl 5.4L~_-.~"M—~.« F@'Yi

N e . ) . [
.;,_‘1{‘;;».‘\_1;2-}%>L>\ .NE M ?-«_}.«SLJLA&W‘S.&_\ ..,)»Skjpr

=

s _a.l;-M Alphu -L-idroniduse .:)'.Ji i Tlawe oo 20 s e s

{ 5 oA 2 - . oz . st T eyt
J")j‘"ﬁ B ﬂ__...ada\i)‘x) J)J,_AJ L B Y —\_:w..d_JbL; 2y
L‘j—-—:«” Jj—’“-*-" - g_-;_l\ﬂ ;,..{fj W‘ +;__> _.‘ “) Sl el osle

Alpha -L-1duronidase \;_'J'J\jl USSR UUP - -

o Ay NI 0L TCells Bl WIS e 5ot 2008 e o Ll

Mannose - 6 - Sliwed ~ 6 - (5ls L;Xp Sy O',U\ 5ol Aldal b ,_imjl
Caslaal oYl - ¥l Ts bl Cew ke gty Phosphate

s
i

P o ilas WG s il s L LS T LT s
azsLsl e Alpha -L-iduronidu MI ety o ROy -
&_w J/"‘“'i;" Ub .l}-j .L:L‘ . \;ulﬂ-a, 6 ‘};LU ;§-‘ LS)"“ ‘.L,w\ \..x.a...,aj L)J

-

286




L das J/wﬂ-yw’v eV oM E i ae s Dlagd - 6 - 5 SL
WO L s b il eds e LUV e ol 6531 Sl
AP ol Y e Dpadl LLAl

ol S e I slagd - 6~ e S BLt ol 1 Las
e L@J 5;}) _s*——all Alpha -L-iduronidase ;J'.Ji Seo gy i bl LM
Lans Lg Sy ;J.J\H Sl JUssl oo WL Teds sy
L

WAL S e 5 Al -Liduronidase g1 Ol s 4l QU Lo
= O,J Sldwss ~ 0 - ele JSM.\ I azzs 1-Cell disease 6 5 &Ll
s Bl e Y VIOl el Wi Gl ol fge
s blo N e e 33 Ve b B
> pblx J‘;“‘L"ﬂ)} )Mr&wwﬁk}l&‘dw\u&Yj L_v}&:}-\
. i,_o.-)u-‘j Ll tadl Sl
D bS5 Il ol 223 W ol !

-uw:ﬂj! uflsuuw‘:fwﬂﬂcwwj‘uwaj !
‘XJL.....J ._..Jj Lﬁ06 0.15 '_\JAJ_&:jﬂQL:ﬂM‘JU\j\M 22 -S|
IV s

Sl Lt ey oLl gD sV A e plr Vi ads 225
CM C,.:.>u aj'.,_..f E\J_JLﬂ_) ATLL; 4.1 QL Lh:-wj.?.o./l;_ . Lﬁ._:L.A_L)T ,VL.._; 5 <\J’\
S5 M W 5 ML 55 Sl Dl a Lae o STe 28
EJSE ¥ Lé_;a JLg ‘:’L@j FONELE Sy ants -L_JJ_A ais \ﬁ.:).U‘ V(Lp \AL,.;.-\’! s J’SI,,A
e d Bl seme b oS e el 1S U gae 25 ol
CISN STl B s 2L

J" /wj_p ) LSJ}! L}"“ b_}b [ SER 5\_._2.:_;.4\_.!\ (L.)_-\‘\ >3 Sok A

NEaE ¢
1

Slal e 2 Gyl sy

287



\‘>/({ b_}\_,’.d_é.,‘q-ji _~Jjj§¢¥\.ﬂ\ (W Lo «_LJV\J AL&\“I—Q o
S e Vlals e g el L ds LY CUE] SU s LU,
.:a.wju}c.)}..er,_‘,q_b-fk.i\}k}j.)\.q-f J.I_(‘i_aﬂ., s> Nisue “‘u' g
AN ST E S e IR VIR S ,w k¥ ‘uu\,&_ﬁis 2855 6,
- ' . | € /v‘ L ey vt .
. ¢—_...A.,U u,&\.o.?'\}‘ gl V};-Q\db kng— L?J.L& “2uni § \_}_3

4

'
[

i 0 ol v . - - -
;»_VJ\J _,L’<"'“"j‘ P és Q\M‘WH>‘J\ ):: %_J.U'\ fkm_a—\'\ a

\j ,,.,.a_z_‘ Jj 593 M.».." nL...Jv—‘,U VW,J:

£
|

. vt ety - 1 . . - - __,.‘5‘-\ M -
4 S oS Asus J\; bayas 150 Ry Dyt gl & et

)
A e
- : ; . e Lt -, L
D-amino 5 Catalase 5 Urate oxidase ;080 co0 s su SV kgl o0

(212 S acid onidase
A

{éf SUBNELS IR ER R
J: v , . ) - L

= ng;_ﬂ;,.a%m e S
Lyl somd by s SVl
ﬁﬁ 02 A 05 0.2 M PRI RIS S L 1
| , : :
o R ! -
i Ty e A
r\jfﬁjwwm 3—12,L\~2 V'—_)'_‘_“sj\yi (lJ'_DL:“‘”L’
LQ_MJ M Y! g,b A)—%j u,“...“.,..\; - J_‘"?'ﬁ)')‘—:éj U\)\J \é—:i;';'\
PR M w\l‘u&Wuw it LS VLL; @}3 _rax

“«L«,«_M.SAW_“ :‘E\.::AE-‘A.';wU\‘\Jo-“ b Se o >l \_JBL_;L\
= = T - P = ST > -

Pl 2 b F~O) - x

_;‘5‘ 8 sk H-O: o aydag

RH2+ 02 g R+11202

P ) - .o - L ey -
: SN e maiiad e Dt RSN e A 22 D0 34
) 2 = b N

e e
— - Pa = v -

C | ot . : N, i Lo . . -
ovetia B addl A el N e it Lians e oo S A s i s
P - - “ [ - - - v ~ . o ()

288



H202+ RH2 —3 R+2H20

H202 — 3 2120+ O

S A S U L2l asl D s SN e

F g ol hel- 4 lad e AU Acervico-enzvime AN gul S Laul

R | . oo - ' - o
Succinic actd Dol - P! Ra _,;'l ke v’_‘-"j)'L“G’J LS ROV R

" - m - i .
[SV- IR NN S a . s asiall 7;}"@;;._,.\.' — S e Al
B [ bt h
(3 - I3 2
. P AT RN TR . .. = N T
Sl ~ LD et aslalt 3Dl L5t s Al Al e 0 Y eba
J — ,' / g - - ®,
\ PEYTIRT
‘mxp 481k li
P - T f I . o ) .8 . P \ Lt - B
a3 20l DL.,.._}X\;..A Siso Loalu b eJdaas il P
= , . - - -~ . ‘z.”
L P A : - w , o F
7_,.;\ P, L{J'.«LM_\, ! L LR S T E LT I B BRI
= ~— = U K

JERCPE v }Yij Photorespiration  gewall wiis aws UV Soase IS
P . | S I o N i . . ¢
e A3 ._;,-Lij.g,ﬂ s el ALl ol bp— e e el

N S S T ! .
ek g k_;_....._g);_\;‘\n_ﬁ;- g S ai .ol “n__._‘:{--\}'! g ;Ji}g

;=;f_f2:. Gl 1\“\\ late ¢ w.l.ij ‘)‘L#— a)j = A ‘” L:\ a.,U 1\\(\\~,\')rn'

=

L ara O D et i Ty
€ L COM Lol e 7-L~.9'u 2ol as JERESIEE Cals Y

. i . PR - Yo “
Pam akSn o aml L Tl Bl G D e e LSS e ) 559
. ARV e < v - - T’ ey .
2 Y gty e 3t ‘m:,;:,“,ﬁt)ﬁ_zw 8,93 s ials . o390l s auig)

FaR P R N EN
R S SN S U U ‘)‘\>\
. . T !

-

T,




CH,
O:é—S%oA

Aoty CoA

oy Carare
S narhare

e

COOH
)

¢=0

coow
&,
HO--C- COOH
CH,

¢ &
COH N .
Aconitase

0
Do CHOH
\
ho —
NAOH o " Lo
Maltute L
§ ol
ot s
N
s jsocitrate
- H O
v e e
' COOH e
amie Ty ate

N Mo

() vmorare ?H,—COOH
CH, Ct},—COCOH
0=C—5—z2 Secanaie
Acetyl CoA

Lol ye JJ\ Glvoxylate Cycle codeS oM 5595 0 4 - 12 K3

Ll SV Sl L il 5]

290



in I |

Al |l e 219 sl
p g

Cytoplasmic Microfilaments

and tubules




TAed__de

= L_5;4‘\ s e 1S as o 2 cddh buyl SPNTERR LY,
,Ab/uwu‘_‘wulﬂm A.VL;-\ AL\_;-‘LL.«)SIn L\.\AQJ.A_@_J aL.p—l
QL_._..a.xJ “—';" L/(Lf» c)j...a. sda ?_5 ey ("’bL‘“'i) asla k;l 4\,__/:)‘\:-’: -t_;-)J 5))’“4
ao g J;M ;‘\}l\j

J,_..o\.;x_‘\! \‘,.LQM jL; a:\j_,}‘ Q,'& \A;‘/b}_:_iLM.,U L—}.TL:_A.,:)/\H uL:l?r_:_H Cc:é},_»
il Lol ol aa >y A5 Sy SV o e 1 SN

! [ J- [ -7
Sty Bl Sl S Y e el

u‘u'.,:...)/n P RN Sem 9 C..x:un Oﬂ_ﬁ\ H Jl G4 «Jw\
e ol VK_.;.) sl bamMis . j.av‘\,” e ;J\;_:AJJ ;—_\q-)o/\_i’,\K_p"-i W e
o i S diess S5Le S 3 aisins . ddaa]ly LU s s UYL
Ls del ) Periodic - acid Schiff - PAS &4 5 s it o olds
v JLJJ., z Mol 1.9‘\.,...9. iﬁi}laj u‘:)'“‘:ﬂ J..é_fll\.» vwa.>bi_,"* e ;:q—é}k_;.-{
-:-J..:.:‘-\ L.j“-; lea\\ c.x,h j V:}}{_‘,“)l\;-l u;j\_é.u ;é"“ﬂj . \;j;l_i.,\’lj_@_;{b \J_a;g_a_ﬂ
DO A Bte B0 45 ks Dlaed

3()-20@ PR 7o\ S Al st s oxall O&EUJ S
S0 \}.>- dal;v.a(h.Ha,...._i,\ wm)&;—\ e végJM Mu\.
RPUNSTI J_:p bl ol ‘.4,4.1 PR ;L_J/alu

5 S L ael s ses ool b Ans e a2 i Sl Ll
P AN e AT s a5 sl Sl e L e 0555 0
ol e sYl (”‘A’U sl sl s e s W s &0l LS
B R e e RE V- CU ST N VST § RSP\ V3 ) LN
CLAS Gy UM 5 o SO

L.JL_JY‘ A S.LEJLAj 5\_5.._.3— &.& d’i; d,..,.« IR (-pbp_L.J\ (5):""!

293



Lo UM aas debante 8y dddistn 3k 5, LYl A2 3
Comeos! a5l LA Lales gy Ledotls Sl g5 e aelsy ol
Micro- &30 b ss N1y Microfiluments 2330 Sla Ul Las ds 05V

. tubules
: Microfilaments a3 U} Ul

oAb Sl s Sadacs gy s WD el s (g
LS Last e A Lo siasty danll WD sy dddis LSl

\;M\ v"a :\S/_;-l \,.:J R \;ﬂ-:-;-)j J'...‘a..d_» J../<..LJ Nl SN </..2_H sl \_@_:_s Sy
|

Sarcomerae UM s CELT aal s et T e e IS
- N

4o NN Lol ! < L3 T .- < =
s g f\[u.\ah fr0er —l J.) \_,j..o \;”j' /v/._\..d Aalls sA-g L‘_.J uL' uLJ
5° A e _ i

+

e les LS Lan oM s aars o LS s Ul
Bdans e i e ddas e S s Perimy s dee ¢ Y

Endo- 22l desy, b 5 s =N e lge LS e Muscle fiber

[ -

CEpisin At des or ) ik Lgaes Liiaddl 5SSy ivsium

B v - o X PR . . . - . [T T -
Cahe S a? 1t L GLSLIm Y e & R & v e {L,Jw:ud i) amme Ol
- ~ . - e o e - - —

- [ [ R - - - - —~ . PR .

/- o, e (._,\Aa_.\ POV U S-SR SR S SUNE- S - S I O‘;—‘a

) LS » LN 2T ‘ - PN ) D J

. - Sy S o - . e . o

iaso i gt S s wand e s i D S 0L dome Al
- - - ~— - ~— - - LI, . 2

SN onaments \-_;- Lidsdidae b eeds \_,':J‘L:_?j NMvolibrils

.- L= PR T T (R -

1; - 1ﬂ L.‘,._‘;J__I« 7=\\ ) - :<,b»~_~...' \1\<'\l[1 'r\_.ﬂuu.\‘ "J;_,\) \._:.\A Yﬁ.:.a_;-\
- - ~ - L//M:JA‘ - - " - ) b.; R ~ P

. [ A TaoL L - a4 o-x B ! . e b - i

E=3® L“}_A,‘ alant e alaaa Lol j AL Yj._u St [ 50) 3 :h,:,a}_)\.
T S I T T . L

PO S S vu:;“ﬂ QJ [ e S Actinge VC,\S\H la/.;_?}j A g_%)_?-k;. “_é_,‘

-~

20



U R CE eSS (RS- NS U

- ~

s Ol C@ i ibds e il e el ol b il
ozl . 5)‘).@_” iy J,,\:. Lé_\ J};J’ Las S\L:A \_;ILP J},S:Jj S00.000 'x_»..@_;a J_,Q

WMEM\%W&pPﬁU\NJMJSGJ

) i g g gy

ek 2dSa Wand (X15000) 53 28N 42 5,80 8y50 0 1213 (82
Ciesly (Adiand Siie o) Al (eSSl e

o il Ll gl SV el by il o iy
e S5 180,000 252l Ly phoy Aol Loalal (i ple oty
Aalya \pb oSy b Lol Ul bt sl OMSE5 150,000 25>
Sl spaall Lo g xSV g ory Sl e g8l BN
Tropomyein Gebog s 2 sy (oo 250 Jau s B Je 0505 byl
S(2-13 JKX2) Troponin (e g, gy s

o

u__js__{ . G- __;‘\.Z_g\”\ ‘-;'_\':L-"fj t-- uv_\;_in u’_":jj—’ L}Jj a :k_.ij}l‘ QL._:JJJ,_..H

295



s sl I Legean Jy> OLizls odddw F g G- oSV

BLZ o iy Aol Wil xS by iy a iz
I UETE VRSP0 S S S5 WS BPUCY U UOUI SOM N | ISPy V- S
W Slrad danly Gomleg s, s xS Pt i 5 b
Usp o A deditie o ULes Jdd s b e dsgye Ly S
SUSTIE

23 g Ol gl e gt B3 e g e iy
Pt Ut pe bL )Vl L3Me oS 18,000 252 03y 33 C iy 5
35 okl Ul i e ey 22,000 55 O 55 T 0 5,
s 033 82 T Uiy oSV st 9 6oLl n e s
- b)Y e Jgis Aol i Y Ltz iibdl g, aa £ 38,000
Iegelogrg Al

sy e spnd e GVl ALl iy U Ll
canll s dnp s Alpha - Actin L ST Sy e oo
e ﬁ_m,)_;;;).,: s 555 15200000 L 35y ol a,___;_ﬁj‘.
D s e L)esrm-n Cpoomnd (S8 0 Lu;_:u Llad ao U dyb
M- b= bl L_gj_:_é LaS . el s’ oyt el s ,,_h,.,a

avie Ni- T s SR e - S a ek ;
J_;.,«\_J e R (i g e ) 5§ it ;_.__.C‘ =3 u,_L.C D i L—;J

- -
e B ot



http:It'-\.;a

Y T e e T Actin
{1 J filament
4 SN A

L SR ES

Myosin
bundle
yu\b’o
i R o R — ~5
S e P G Y/%l Y
e e L)
L e gy )
e 943
Sl Gl B i gl BB S Al 213 (S

s 2le ol e ol S il il (5,481 il O
blie s 5t Sy 22N AL G Sl el b e e
ungu‘bj M‘_ > ‘3.,\7—9‘@

: (A-Band) A 4 >

L&MWwQMML&MFHQ};Mu@M
e Ly 3 H duj 5p2d . (HBand) Ho dsimy (oo Ul L
(M- Line) M- k> sl Hensen's Line el B Py ls sl iabs

(3-13 4K3)




e N ) o A ey e el bl il

§ = oSVl byt Sl 5l pall Gl by 5
e N LT AR
o fend H- dojpm il Loz« (S Y1y gl o i)

T by o U VNG R BRI A AL |
Ly 3413 K 3= e sl Al e 4

A S
g sy b a3y bes e aflid M- b L

Lot Lol Ho Gkl sl e Sl acs

et g3l Il e A UL Ty e byl e L Rt

Bladl 5 fenl s M-l GLI 0L gy - (413 JSC2) el U

A,UQQJCLMJ\(UL;\.ALJQM\MWH.u;\ LM e

Bl a

BJJ},U Wﬁu‘ kj_\:”“'j—'“—h" UL:M QL{L_!‘.J YQ_JJ qé ‘..AJ«J:AJ_J &_s\_~a$ LLA

T IR




. (I-Band) I- & ;>
by e o e iy Gy sf O 26 Laj ng
143 SV GU e (b ganme oo - Las il L Z- L g gl S L2,
Gl (B gl B &gl gl gl ot amBy 7 o e Lt IS

gre JEIAm S A- ot daali

i b LU w,bu;w@uvsw Ul u,.;)wubL@., Ja.JJ.,
- oygbnall Candianll cpsd U 1 u.ab&bm

B iy Z bt ede iy day B 6al) B patece L sy ) LT
' Bl Bz B 5y n e 2hdall B AUl b

azz T-fibres T- GLL o5 Lblae GUI Sl 06 xSV by L1
Llaall samglly Dadl gl S L2él Jay) 3 ool M- Jast o 70 Jas (e
Syodll o Blaall Wl 1 e Lk 330351 (M- Jast 4a9) 3a gl Jasy s

(5-13 I3) el e
@ .
M - de s>
e - ,?‘“‘ k- I ‘t‘f‘—‘ /
= : ED = 4’/5/—!/%

'\ Krause’s membrane
Z- Ja:'a‘,i

Landl el 51 awdl Sy A
TSy 1 2yl wﬁj‘; vgj;‘

299



S laall B bl GaLuYE Al

Y Sy e GLI oy ol ddead 22500 Lo lish O
Hanson & Huxley LSy Opeils OF V1. L Zig,ne 18 blosVly alecl
bl u;,L;aﬁ\ LIV )yas phans Oy I b g 308 Lasy
il i g LIS Alan)

B 5y el ly lslissl 0,85 M g caxS VI b i1 bLs)l O
Aol Yy oLl Vi oda po ISl Gyl gl o3l Aoy rrgslll gt
B ey L gl gl g3l 55 alid sty L alisll Ldas 2Ll
L by oSV by S lelin, Yy S Loliss VI Ledsiies Z bylast oL 4L
byt ol i s ot = S e s 2
g daid o () KD 28 2) ATP A e Yol Leblsl dy el
SV il me fhansd gh l BBlall sds 2255 ADP A2 5 e 251l
Ly 535 ai ) OB B e Jpuadkl jlezaly. iz s 45 ey j5La|
33 LS ol Tyl s s Bl alis e fan)
ADP i Lgh, £ ATP i55 (,.Jaﬁ e adlall £ &> ATPase & 3Uall
s lis e gaomss

DS by o G0 20 00 el Byt ), A5 LS

~

S e £ S SO et YOS el ads 35 Ll i 2
P ideasll GUIYL Jo 58 58505 r}._,__SK_S\ gl 2 s L?_?,a,dl
S e oy Sl e DLV e eda Jansy il e 10 e 2]
Lt o Ko Grglagg Al Ab 30 & o SUB Jby sl b S
Szl sl pannn Sl DUl i ez lgsl ey wplll by >
b2l asy e LSy Gisp OLS Bape ok b iy S Ll

A St gt lendse B rembegy Al

300




:da...u‘ﬁ daall kfg BJo-j JS LSJA_:J < q“‘aﬁj_su- daxll 5)U| CAJJ
= el Sl U, dlaall il sl e F dly nas s
Op 43 o tlj.e bl u A9 Myoneural junction i Synaps Jl.a',-.)\
¥l Jema > S 55l ods 2259 Acetyl choline udj.S S - W
g AWl e a3 Alaall aladd Y u.a.i: Y ATP &> e byl Bl
el s dlaadl Ut blas 28T Bl jaias sems e b Y 6B LB
ADP i - SLEYH e S (sl Creatin phosphate (54 S @ lawgs
N aJ)_s—LU u‘).l_..hy)&_“ sl S| d")‘b o WLJQ‘ QL&-«I}J d)'.>- J&.‘.J
BV oF J_s)_,q s P (,.K«JJ\ th'j daall Q_B ij._ﬁ’ﬂ yﬁ;)‘\ﬁ\
rJJ‘ 2344 d.;_\_.aj (a.,LG N .l.:..,L....J‘ u.aLL.\,U 4.:3\5).:& L.G.J\ NI dlasld L}fj’u\
Bl Sl e Sliia o KU st DU suces U Lol Gl sl
23 L;ujul [ o S.J.)a_:l\ a3l o\ as oo (..i«;.“ QJ.; Ja,\.i_:U aa Ml
ol Jaels eSSy ol SO i Wl e s Sl s SYL
. g_eLS '\?h.Sj‘ D44 Le -o-;__.\. Ao «_...g.; u)m .>Lu LS-U\ Lactic acid
Ll Sl 4 Aladdl LYY

C IS adl Lo qe JUE o8 LS s = Camalogg 2l
B)lie T AL 57— b ldinay el 2 O Y
Qﬂ|@u@¥|alﬁ&.§@)¢uﬁ>ﬁw@Sv‘uu‘jubw
Lo Ay 3 Lagee Hahl VAR L e e o L (LA L
ql.>'-|,\5¥ cla_..J\ ke LA s 25 Dense bodies 4425l (L.._z\lb

301



s O)3 oS Desmin oy A Ly e cidly A LT
p3lsn ploxVhada [225 500,000 2ja 039 I3 Filamin ¢aekidly 50,000

(613 JSK3) LI s sV Gl g bLs )|
Intrmediate Filaments ddawall byl o5 650 O ) a5 Lay S
(c_'.LEJJ LL.:,_A.H 1_?1:7\2.5 SJL_:_J'J t;ka-i.u‘ 4_>=1a...-» u.‘f— .l..:.fj JA)M‘ &L.:-\_A.S‘ L}J
LGl e ade Blisd) Salidl e o Laadl st

L s aske el ol ool Ole s 2l s e oDl
sl et Son sl e Y oy il 1S o)
Ul 35 g9 Aranll 53 e Talazet LU 2Laul WS GU alis
L’,_\...ay_u\ QLL_J)- «._53 Q\I:JG bt JL; JM b SeY) .LB). Q:.,..«}._»\.U U
il ¥y . ATPase Blall GWb1 eyl e Ll el 5 0 Joms Gy
WO 5 Lo Gtk G 2 2V e 1258 U ol b el 3l
LlVly palazll Lles ool e Low (g0 Lalil drg U3y LAl
LAY LR b Aaadl U

i Llaal e W e S0 i e N Sl - e et 30
I sy S beleas VI LT Lt oo N1 AS o g W S g dalg Y
s e A
WA Jorls il s UKl oy CIGS B a1 8a 55 Gl sy
sl Y e ke Gy il 2 21 pn il Logaa sty

302




TR BYSESE-0 S NCH U VRN T A UK S SV P I Y P R PR S|
ladgn e e s a5 gl Spectrin 2K o e WO

ddo o g et

Ao (e ola polis ia filamentss , .

“ 10 mT) dia hlamemsq\ N , densé body
thick-myosin elephents o N T
I RRNCT 4 B PP S U P == gl

bundle of thin

actin filaments - g
prd
SLis plasma._-
e ;31 membrane-x_

Celalll Sdaal L akan byl Ll 613 (1SS

A B ol e e A Lo paaty WA i e s
B e r;_;-! oda J;_A S ‘L_,U-\ Z_:_.;_GYl C)L>- Aof dbalast s rjad
. Sheath fibres GMadl U 5f Stress

Ul Ca,.d e S A e LYt la el &S LIV oda 2ls
. ZLS);-\ OL;Y &SJ}A v&.ﬁ;{ gJL:.}Y\ s)a S S ap)}l\

o5 el Lol A e olazel ey pall SUUSH alas
SV e Zallh GUIYE -0 a5 43y b e eda sualy alandl des
e Ly b S SLLEN e GV e s o gl
UL:JY[ 2> ol QLL“«JJ‘ AT 03 el . :L.-pj_x.LM g_BL._JL) L}.A))LJ‘ el
Junctional Complexes a,ld> ldisa - PRI P U (-t
(7-13 L}iu) boaiy LV el 3 (..AL..J

SEIES IFUEICL ) | FUIER) L £ o5t MG Ly ) 2
.JYQL.JJY\ E.JL;" J"‘ r.wa..:J 5))L>LS.M Q)\o‘-\ \4?') QLA}..A}MJJ‘ QLC«‘JJJ_J

303



LY o.ﬁug_\{;ij\l UFL.,&;U}V_AL.:JLL«S@)_H-(
el Gl b ey LA oo s ux Neurofilament 4wanl by
C A eV s Aandl BE) e LaslusaY DLl

)

&

T

Z!:i

it
/o
S

1.3_;:.“ QLLPJJ\U,»J.LA.B Jj}lﬁy\}.@}"-b E)j..pl 7-13 J&.}

o A s 3l A andly Al GLINT L bedye (1)
Coble

el Sl 3 O s e ol s (O)

-_— s



: Microtubules 423 U1 &b 40V

Pl 30 g b s Lopal de pine b A d5Les 8 ole
b Zalie 8500 o Wl 283001 by V1 g5 - U $10 e b 223
Cen- 435 A1 el <13 Axoneme Ulaa¥lsael 5 JUH s LS
09 dupnldl Sbaaall Gan e OpalL el B 2 sl trioles
Lo oLl bl Loyt y Baidll 22291 (a L

B o i (3233 Lopest IS OL WM 23led 25 4l ol s
120,000 52 O35 b> Tubulin (gt o5 £y sd>g 0 f 2o
o e Lol Sl y el sl AL Sl logmeidl coy 4a] L e S
iy Wl les L0 sV DUyl e e g

gy d AN s G b e UL i Sl b VT 00K
el B G o b o LIS e 20 01 e LS )
bsSe LSy Wiy oL e

3,5 e bl ¥l Ol 0 IS dasudl Db VI s
sds Aniy (g5 e dant ‘-1=~>v= Ly bl s B8 5t iy
B s @ ) Lpaels e Tal e ¥l dib e sVl 1Y)
ol 29 JS B b s B i IS8 Cla VI 3 da5 s Y]
oot Ty edmy S e LM e Citie jhaall JalS gt s
ot re ool e ity il sl 8 gl e Jas 5 Subfiber - A
Llg) adll Al Dby sV e 4zf . Subfibre - B oo 259, 54>
sae e Blad el il bl xSl 8 DbVl s 4t )
. ATPase Blall 1y o5t bLis 93 Dynein (ool il 0 n e Sl

Wty Ul s gl 1) 2l 2 30 Dy s C\;j L

305



L3S M bV s 5 Lozl laoly W a6LsT . Jasly, Lans lasie Spokes
. (8- 13 JX3) Centeral Sheath (555 M Gl os & 51> il

S L DLV ik e (658 M Ol S ey g oz
o el 35, 3 lega 9 B35 00 by W gt ol i - Lyl
P R S Tl DU RUIEEY B JCAIPA) IRV
bl g oenlidl gy d ATPase bl r\.u;;,fp Loy = qiﬂ G\l
. S}\ Sy L_}J)M‘ cliadl E.LDL...C_j q;y_\H J}L\;ﬂ & EJJ};.“ Bl

Loy ol il Ll Ol 3 2250l Sl W 5ga o) DL
CL...Q-Y( ol oSl ddlaie B e G Mitotic spindle polasNV Jyaald
- bas o azE OF bVl eda b Yy L Al el S 43S
. UUQSY‘ cL;L 3\._.12»-‘ —ratie Eﬂ\.p j‘ Qur&fjJ&j\ Q‘.L“.ibjjs

iale e (a bl sl a5 ell sl e S Sl 0L g )
Heen b Ol B ol sl sy - Jo1az Colchicine ped S
5 é}k}v-\ ‘;-LM..LY\ u\b_b JJMU 3..5._5.0\ Qbhay‘ f_.cJu'

@MY\ g,_:_S\}_;_H LJA Cj) a.‘ﬁ.;.ﬂ‘}) L_S,J‘;-\ \AL*.E.JY\ J)Lx_n 8}.‘ J.L)L:._J_
L q,o)‘x}_;_\_.ﬂ Cf’}_ﬂ u’ ks q:J\ Centerioles 1355 AL sle it 42 5.
x5S g el e el Cytocentrum e,

S a3l Slps W e A Slaad das e S0 IS iy
il Sty el Vo lgan Je Ot IS0 Slaeadl sda 5,55 00
(9-13 JS2) DNA P s by o slinal b3S e 5

306


http:y.:-"J.:S
http:ul;,.:.1

doans (Seld| rL.._aN\ Ll g
325 Bty Lpam e IS
,u,:; \_4_;5J_> ey d)_m il
sy \-+—vﬂ—~. - o‘}%—“ im.f'
c oVl g SIS M sl

g_A:.i.')'j 3‘}-.“ cLie lansd .l.:l.:j

a5 slael Wes b f
o il s 8- 13 S oS 5 ey gy S
g e . ity s A g 3l b sV
g..csjij]d.csbupjnu.a\kz.iﬁbu} =
g g bedn by Il oL
59 Dlasmges, S luslag, S
OU 9wy . Centromeres si Kinetochores ildsbe s, St oda bls i 8‘3‘
sy S dad 35,8 il Ul GLY Gty A Sby s
Lleddl 35 3 Ty9s Led O ST LSS o 3 o ylamY Tl — |
(10 - 13 JC5) Gigall Ll U s | 2 g
el iblks );j; t@;‘u L;,,pu\ cLesd) y_,,m mﬂw -2
sl 4s,> U Lol eisls L:)j Juu
eVl gyt Ladb s LI Jam 35 - 5 L il ld -3
IR B el LDl a5, A il g Lt LS = Leasen i blg Wy
REVE SNINL

307



O3l Laddl L VI 2 G gyl pL BV G oS 90 LS4
hagngny, S Sy, S b 3125 alosy . Ly Jiadly sl

Al s s kil (X300.000) s SOV gl dypm 0 9413 1SS
cad A Gl A Slaesadl L= g Centeriole oSG A

.Lla“_ .=\@j};j\\.4:§b=.a‘fa@\}?>1?u-aiﬂm3)}~a: 10-13‘_}{3
S B elae 3l A GBS s

308




r

i gl 1 Jnad!
! iyl

Cell Divisions

)




-

Asd 26

L Sy elets ¥l 4o Lok guul Gy lly Jalgall e dydadl 4225
SV OV Gy o gl I Yy by ¢ Gy ally Jalgall sds jan,
LA LBV, Be L
Slg e gl 3smay el i pnldl dles B3L5y B gt 2y o g3
S LS agdl plisly L5 Y1 43541 53l (PS3 s Ja) 55asl
AL Cm S Bl G Y Sy LYl s 3 1,5 Ld 0L s
Sl gyl fdos oS LIV Y, s apeall LoV
LS sVl
. Cell Cycle il 3,45

Jexs o Gl o sy pLB VI L3 Lyl Iy ol sday LA 2
L gyl Sl aS sl pm pLesi S L dtgs e a1 oda I UL
e lela o Ao Ll eds 3 pandy (gl s asldl 528 5 5l
il gy by L pg e blesel Sl

Lessle cislas e il e S- Ao s Ul a1 b
o bl ods posy mgmoglly jsglall 3 Qu,.,j,;j_ﬁ\ fusy DNA :\__;\ﬂjl
ol o Wi A Aleda Ble 3 laggay S el Dl 8 Iy
5 -2uﬁu@|ﬂ 8 e 5 ) Aol eds d A3 ST lasag S
(L.._LY\ Ao e L3 Laday |55 G2 i 5 o Ll s o5 el
foeeid | LU Jlaiily 32 g0l pleil adyy (1 - 14 JK20) M- (gl
(C- A pe) luam 0

L rL,.z.;Yl & et Sl ad sty
Jskas uﬁ (..al__.._» qﬂ‘ Ll N e Ladl LA plwil 33

311



i o S Taals O Aoy 3yl 3l ) iy Y
rL._a;Yl ides 2 JHblasl 25 (0% idalSoe Lo ol Sl
e
Pl g g0 SN ) g

LT e 8l gt sy el BN L3 U & bl Lo gl O
sda OV YV Dby vy e ST s>y Je Jus Ol (S dh 2 L S5
A 5 ey, S Lol iy s Wl il LaS s lopond
Gl Sl LVl La a3 osa ol SO 0T am Le b 5 15
Sl sl e 5l e Sl U

o day byestS a8 Y il U 5 by oy Sl
Slagmgan S iy Ailey S A0 Al Lant Ledn e b
Slye e gerd i Lhib ind) bys e 2l £l lada 3
a3 Ol o s Ll y Wlaggny ST 5 Sy LS 2]
b e s

3y iy Slasses S Llas DNA gyl panlsl Cielar Ay
Leins e iag b b S e s e Lgie S il Ly 251
s Gk e

2 Ly STy il a5 sl Sl
SSeyzlyl s Jo bl iimatae G oo SN Ll
e sl Y day . il Ll olis 3 (oslall (5, gl am il
(FUCHC AN U B ) SO O DY BV ER I
Jom i 2 ol S LSt Lilg Lpmg on L2y Jily il
s o 1 W1 B3 g Sl S 23, 55 Vg ple ¥ g
Ca




Dsasdl ML elanst

ot ) glgadl jphall Bl e elinm Vg el (55501 GO T

oyl 5 Sl O jslall s 3 659l GO Je oo >l 2l &l Dlo i
Y. 350 YA o B e e il 2 T by e Ll
plowtll I Lo5e Bodans aBlsn e (595l A B OL Jiall At s
JICEYY e ol AU A Gl (gl BN Ll 2 2Nl
b Ly Uz LS eidan Ll 2 ods 2y aondhl il losay o

)\.Q)- e taj' EJjL".L" RS @)%jvb\“ M‘! & Li) (,_>=Ll3 Lg_:\., Ay

G2 52
/‘\_ \,‘"\4
nd ™ \IO &% -~
N 254y o / Y TN
b . A / eyt

' N 04% | = { L
- . ‘r N Sl agan F
(...._L_‘ < ; : 1

LT AN
! e ' ~
\ | - ‘\\
A ) S
B anet ram AD_ 43 sienags

33 A

[ \ 5
~
o ctend ] § N
. S
\ B R T I BT S ) 4
M cpe sl AT Al ST N
S -
- [ i
U S AT



Inerphase

Telophasa

. rL_ZuY\ R :-LG.ZJY‘ BE ¥ L_Sj}"'“ Ml LL\J EJLGl L}j

o 2 e (gapdl SV el sl S pLBYI e clgm Yl U
oS A i e Lnil Ledadll bV Sleggag S bl as )
Vj B‘j;,U FEE NI L:J}a -l - r_z‘.LT Ol sda &b Y, ng};J‘ M

St MR B8 Dlepgag S e ool 1V fiads
b & it s o g s lalioviad G Y,

Sl OO e Ly 2y LBV n el BV g pay SUL

‘)j-’ Quj...d},ajfﬁl .,}J/\.i Jéj a_rﬁ)mj.bY| Z.K,.,:Jl o L}:...'-J ‘Lé.JLY .VLE.:.N_ a5l Y‘
21 ) el b
Pl OSSN 4eb

shydl e oIl o s Lo tS dabte o3 A A LS s =
e 6S A (,.._J-_-\ il . Centrosome S (..‘.._:LL 5L sSe o sl
st o e Lagie IS 080 L OISO AL DUy (2B e
el 500 - 300 Lagie S Jybg 2easl 160 - 150 Lagio IS a3 odisb
Ayeall 1S L s ’@_J_E: Slasslaz Daughter centerioles & sl o585 AL

214
M



Bl L VL e

Sl VI e AW Slaed Lad 550 0,53 ol G LaS 50 Ml
o S e S S Lpean e Dete Qi o m A 2aSI
. DNA g5l Jasldhl o Oloza Loy 3 e (6924 50 1 I 2 dasS a5k
325 Lgmne S gl Jeads o3 LV Sl dsby e d (55l
LW A.AA.A.U‘ ub)....av\ o Lalises sluel g,.J)N '. OJJ},BJ 4...U-| u\.laﬁ‘

oo C_j) u.lﬁ 5,\.1.4\_;-| L_)LJ-\ e J-S LJ}-4_> L}J‘ r\_....._.a.aY‘ slg =l é)}g_
V.S.ig.c.:_gja.v.djb Uﬁvw%fq C-)\jgi}-‘ JJ)JQ\ aM@Y)Q‘é}‘
i)l Obes VN adsn ol BLadl O ddza al V& e dl 1S AL Ly
= J.,l u..»JhJ\ r .uy\ﬂ ulji;jll @ (a).:u L5.JJ| L;AL.J.;W J};.U el Loy
DNA g9l ol caelias - e 30 uBg LlaN! LIS A ely Led
sl DS ) LW G gl A SN 5
il Ll Jpall el

i S ity S (AR 5500 el Y il sl 5u 2
el e dp L Wige 53550

gl 3o S L3S U el VI 5SG e e Al a2 L
Lon o Sl W ok sy SIS e Lalisin plen n adate 22,55
adpall LU il DbV Las (S G V. chdll S ey Lela
B PV o 5 g Slagis e L2 Ll a5y
slasly DNA &jg) oS35 RNA Ly &gy olast oo OIS
S gV O Loganty Slogurgs a5,

315



sy o Ky 30,0 2n e KM n 2a 3l Sl VT
A3l das . (G Al ) LY ol S 82 e gl
o 1 sdin 5 Jpall ehiny clexst 5 B0l sV 0085 241 sl s
e Al LYY (S8 AESU sVl e 5anS el e ille
P e o b ey S me lasp 01 090 el o Lends,
haits jslonty Bge M ladn da LaS L Luagga g S Sl ey 2l 815
g il DL Il GLY B LGl a0 Ly Y sy il
Kinetochores &5 > S1IL ods Slogwang SIN e 3o Blye s il
g gl L S
IS et e IS e il Lol 0 aSKOVE gl w2 St L gl

. St .o .- P .
S S ab P g_BL_J P o o m..,_J..L” Q\ur.:.:Y| R Sds 4

Bl 2 a5 ! SLH 0L Caa S8 U i am &
e s e LS - S e st e Dlagnsng SN Do e Ailina
. C,-Lﬁ‘wlujﬂ‘ J}b

CEWIRPIEIE I N1 | S TRt it SULF IR EPEL) | RS VPSUS LI SV AN )
'\..M.u s 5\_;4._34...: ;J.)- iakd) sda e _;.,<..':Jj d(._x.ll ,.'5]‘ JJ Qur.,_qy’
(J/._A:Ll B mctns k_}j asls s );51 L.E_:_SJJ\ \;yu}o\.o_\.n\ajll J.é.hj . a_hﬁ).x.;_..«..ﬁ B et
\}"9 Sdaadl 1da u,a.w Lo....:J d).x.u J§7es C;}A uﬁ \.@__o.la.x,a)fj.;;_ 1700 u-”ﬁ—"
700 e J had JlaxVi Ll

ou\g Q\J}_M)Jjjiﬂ % B LL_..LU\ QLHY\ U.AJU JL FEs] LS
Ul St s 3 Slasmsas S g bnsly iy LA LY
Y ol \LUJ;S . ;L,__>-\'\ RS JJ Q\J‘_{_U,U S>3 r.,\_x.‘_v Ky QL,;\,L;;Y‘ rL_._aJ‘
Lh,jj,a Q“’"}"‘“}"j}'{)l ;—éE} “‘}’.'lj J)_x.u J,"J:" L_f“" J.g.;/ L@.AL..JLJ‘ g_fj'@'h'i

316




uL_AL_.w_LJYl rla.,\_ﬂ ds g_aj)_xl\ u—‘pﬁj—é" J.g...ﬂ N Y.L; L.)‘).]a,..:‘ )\_{...-»
RPPNES

S oty Al A2V sk 3 el e L dlas VI 2l =

s b L ey as VI LE g ma 6 ikl GL alis 2 les o
Sl i o laa bedt ali 5 las U Bl 2l GLIW
6-‘U‘ J‘""-’J Asp A 4_.1Ju Q).ﬂ LC w,&mh)»..o‘.- S g 4_>=.- L_,J_,_ﬂ
U::.JL; J..A.U uLJI .bj)a L}.ﬁ ba: h@)d‘j ATPase Uu.a >La‘ : Y M
ng..a\.i-‘ u.alA_Ji “ ,....a.; LS. L@_.a,u ,\PQ\J Y\j MUJ'JU\
5-uuf.hlj‘ wibufg\ﬂuy H_@_.Luu_/‘dj_;uﬂg_a\_:ﬂ
alis
: Synaptinemal Complex SGLi! saall

s s Diplotene S a.dd_a LSl it i
;&_..:-J_L"' ;,'uwujj.i."\ o NJ.A:_\T 2o s Lo Miosis 1 _,a\."" j__;)Y\
e i LSOl Ciddas Crosamg over jeadl gty Sodow u_.d
sy Bam s e e ASGLET] L sl e Chiasmata Le; LS
J..:.S i ui_:« C.B),U | h{‘_5 ij_..ﬂj,aj)ﬁ‘ A g_BL:Jl .JL;fj QJJM} 3\..__)).'\9

ol s Sy Al e 3 )5l Ts oldaall eda OL g

ya ;_u;,. Ll o=l «;ﬁj L ldaaal) &_;.w ufs,:u PR

317



: Cytokinesis ¢y 45, L! (L..Iz.ﬁ
sl oo Lo ooVl i iy sy (g ibl plais Vi e 12U 2y )
- SatiVly Sl

o L aler ol ey A llarad e 3Ll el 331,2
el ¥l e Jpall jeme e 30 5 g Il o oS sl LD
o ol o Jpaeld s StV el LS uuslsm VI oda sasess
L (555 3 ally Jall e oo e Aol VI e iy ¥ o LS
SEYE Jpadd il s o o3 Ll p L]l ezaly sV Gos oy
SVl sde 3ol s DL Lopasty S5 5 b 50 o380 el OL dinny
Y1 g e 31 el Yl a3 225l

BLST elisy sslt sVl sy opdpmldl sl @Vl ol Gans
e e Ly dia s s 5l A0 Slelad 5L LR
U e VRPN E S IV E [ A RSV VRIS 4

sty Aakll g e pnldl Jof e Lt sV Gans G,
st s Lgmam gy LY CLle Ol e aells A sl I
Nedn g oY Dbl plonddl B oS oo i 580 sl Y]

LoaS e Tolamsl sV e LAW & )l LA o il
sda G 5l Goa Yy JladVl |3 ade o i pidusnldl
C ALl
- Mitosis U1 o (L..Ez.ﬁ'l

N RGN RSP ISNEE ARV o rL.j_;\H e @J lda &l

318



L Sleoggay, S sde b5 o bogis IS (592f dodin L5 IS (0
(314 UK) L) Lol
Loy ool dgs IV (o ples DU ol Al o s 21 el |3
U U ada 3 LT 50 el solll ool S5 od oy dkoall
o 3 LMJ-\C..‘»-J:L}ALJ -1l QL:..A.JC_.MJJ&L_S);;} Lslw
DR Spee Jolpe B Jpradl L3 T W ENLRTRUREIE IR
: Prophase (5 dogad! 551 51 & degadll U L
e Slell o Bogpars A odn Jorts I U ey
Lazke oot dady gl Ao Moda 3 gisy sl 3 lagensng SO el — 1
L L UGN L VU VU P2
ol elast - 2
L gope Mlay,S o Aifhe Slagurges S jpebs sl sL2s 2 &1 -3
ey Gab 8 lean pe i
Al by U el - 4
: Metaphase __;!::..Nl PEEVIII O e PIERY
STSURRTR R R L RO VY]
slral e Goery P S5 LMY by 5 Dlagsey Sz —
Aty
gl e o Slaggey Sagry - 2
: Anaphase L_}JLa.&.S\H 59l ol Adlass VI > L
Z45|)'__:£

. u}I.C«},w E\.i.:h VA.GJI-.U e\.;{.f Q‘\.A}.J}Ajjg‘ .’_SJ,; -

319



Sls ¥ A Tl by e i aBlie e lagange S B - 2
c by S 2l Jlaisl i dsge alilly A L oda 3

- Telophase _JSlgd) ot o) 3lgd) ALl

: ‘u(}:.c
el Olbiee LA Ol 5 Dloganyey U1 s Ole pasen 54y =
. LS;"T Ej.a S‘}.'Ji )34_1&{ 4.;5}4

- ! ; .t ; : A . A
eV 4,:1;-‘4 Couees  Ladl ;.—:5'-;.5» Jro At al clral ol - 7

- L. T .. ) G IR ;
i s e N lr i’ e Coltamaas N e gl Aty
- - N ; - P -

Coandi Lean de i das,

3 . . B v .
R S L 4_}0-,,:: L sl gded T 4
P o Ko c = R

B

=z

g )f ! i > Bl R Ve J_.;:\_M —F PSR SN P ¥
j‘ IL.._v}L:-— foA - s o _'JL.GL« 3.1 = _:“}‘__','-“. ‘A‘\......,.._,‘-‘.‘? _}M' 3 IUWLJ—-
- - - - -

b V'g_}.LA.‘ ».4.......» ”@@. ‘:‘Lrﬁlw« L&))i ] ,.:.g
- T

w

- : * - - H - 1. . . . 4 .
3 F S el S N (:_.,..g_\ 2 a s ;)L.{ ‘a;-—‘i:g
. om N g P i R E : .
t_{,& ‘k.;*’LJ! ‘u_}\_:‘-n o 4\_.:0- \5 ;A‘Qﬁ._...ﬁ» N ‘;‘7"_,\.& ;‘__,H.SS- ,,,:,. s
N « e

L,q.;:.f . ;-Y A.,L;I ‘)?MQS Q.,u uuw_,ﬂj.J\a Sk e .-...él.u Pl N s
‘,_,; \,1 a_,‘-.m.&:» L,J :uéAA..- J.AIAP d 9“)_3 o L,,ua rl_fu\,..J wLLL.H w‘

Wi P f .o\ L E . ~te H i
ey Wi ds i) ;,uw_l\" AR I g Y .Jj?‘nj _».Lt.h-, ,;_5.3;‘;1 Cedehdt Sar Lo llag
- - - R N < e s £ -

- o - L

T - . N < - b L Ny e
PRI SRVESE N sl i O VD O.J._L PRI | BSOS M
3 R . . - (- = - i



Prophase w/ // Nucleus

Je¥l el /

Spindle fibre

Y Y ie
Metaphase //

L g ***7

N

()

Anaphase '\ [* "4}
I gl H -
W y/

\_/

Telophase N
Al e '

J;-\ —14J.§..»

Mitosis JuLTJI_J« rL..JuY\

: Meiosis iy Y1 LYl
P s [EE NI W
3% A LS sl of &
eVl sdall Cinan s W s S5

s bagsag, S e
gy S slael it sy
3lydd cadlsia ol il UM o Chnal
Sy lagmsns S s s ploit Lglliny
sdoadl ity Lgs LS U3 dn)f 0, S0y

- 14 JS2) Dlagmgos SU e oY)

. Meiosis I Jo¥I JIy==Yi CL....E.NI

JU_a A;Trl BV e 3y
Doy el dgam dmy By 2l Dl g gny S
N EPSOVR URINE I 1PV I U

. \DL.,.LXW vb‘fa

rL..Jz;\{\ >l Jjbf ekl lds s Prophase I JyVi s agedt 5l

SRl e

S Ay digb laguwgeg, SNl ab glasg 1 Leptotene oMl )shll

Fbsgeg Sl Ll

15489 Leals s Dl gy g S 87 : Zygotene  SLtdl )kl

321



}.g.EJ) L@..A.:u VA‘ L{ﬂ‘ QLAP}A}}Q\ uJa:_J : Pachytene CLA-” )).Hl
sl S e LaS . Llasley S 1F oy Lol o515 LplSy o

Ngdny olny O1BYL Esl J 813

$3X | eproneme

chromatides homologues

S
G

Zygoneme

\\
\\ chromatides homologues

PROPHASE |

pll Pachyneme

I Diploneme

ANAPHASE ] -

;//f—\\
INTERPHASE | fj))/}

ANAPHASEIE .o 0 7o L e TS L
T D <
N TGN TN T
GAMETES ' ° ( i Y F L A
' R L7



dl::\..» )}'@‘BJ )j-‘""n ))JQ.H i L_}} Jo«d-?:g_ :Diplotene q_z-b.:)'Y| ))_h_}l
. Eﬂ\.a.“ Q‘.L:JLAJJQ‘ g,..]LaJ

Jaisy jyeadl Sogd skl lda 3 g=n @ Diakinese |zl gkl
s gapdl Ll iy Jpall G sy jasy alizsy Ll ey S

s il a a2 Dkl o ald Sl 0l s s
— : L-}j\):...‘\“

Sl gnga s S glall fia s i : Metaphase I Js¥1 g152¥1 5.
I b e fas pgsn S JS e o Bl Grate 5

Slaggag S pslall 14a 3 Joais : Anaphase I Jp¥1 JlaiVi 1
L Ol T Zegezes IS Cads s 8 bl 5l 4 3l

{da u’ s gngn g Sl C.:_.»Lqu bl<£ : Telophase I JsY! P (WEPRT
P W Jais Ay ez Ny Bl Slagugag S sty sliiy )l
Ao s pleds Yl da e REL LMEL O ple iy &l VI S WSTE 4,
.)tg;ﬁjw) N BTN ER S I e rL.,L\”TJq- Sy g 8,5

. Meiosis 11 L:‘.'.UJI qu;:.:-'-\JI CL.....BJ\JI

oo R W Slagegas S Sligilag S sl ples Vi L 35
oo oVl e LI a2 LY Jy ¥ S5 sVl Y
P Jlpe ada pLB Y o Slegensay SN

5 panad jehall 1Aa legugag S a5  Prophase I Sl el 5501
s 8 b 5,240 jeball 1 pazny A as

03529 S JS widsles S pglaiy - Metaphase IT Sl gt p2n Y1 s )
B Dlssas S gy Gax pa Lebls,l dalaia e Jall U o s e
C Sl ggay SO by S sV sldazad LA Cavatis

323



dleg, St gl i 3 Jdaxs @ Anaphase II Sl JlaiiVi Wl
Sl G als oy £ il il L2 gy 5 IS0 222
VPR T

(laslag, S ol g gag S fas : Telophase II I VELSPRN
sselly sl ples Tuyg Jadt (el M sl a3y lpndm e SLazVL
sl e &l b bk O LS ol Yy Tengagns, S dsgome 15 Lo
i1 b S ikt S e WO iyl e Jya b Dope
- S
O PYE T Y R B (e

bl ol Llas ol Olpodld fnd i 50l pletsVI s (g
GL:;T e U ple s s (g md UL S Lol ol 1 ol &yl
CEeY

. Spermatogenesis & ¢dl Ul 43! G—_\:.;Y qll}:..-;-w fL..E.;YI

Ul sl B s pli Y s b eLas e LS
SV Y iy g e il s Lt Sl sV ER LYY
Al eV o LS ek L AT WM e i b 85
Lot 25 e b WLl vy legmsns S e JolS sde 1 0S5
JS s Y Ul Lz Lol &gl &g 2ot IS s . B4l g0
LAl LYEL WS eds pand Dl sy SO (0 Slo VTl ey Logis
chan W d )l Y gl s Ve Las Y A s s & sl
A O Ny ol 0y W ads e Sleggag, S s oV sl
(514 K8 W&i};ﬂ\ﬂdéu@q@mﬁu}ﬁ

: Oogenesis —l.a gl G\:.;Y ql\}:..:é-\ll Y]
S5 a0l 3 V1 il WS 3 p LV L ey

324



Lo oY il b Ll iy Slegpgay S n JalS sie o5
Jaids S JYI QJ\)-_:_;-\J& rLﬂ..zs\Jl LA eds s . gl ay
s logge, S pa ooVl s ey s WY By A lagangag S
el 082S LaS Lplhina ¥ oad 15,5 085 (i (ole (g
(’“"L’L* V”F;" Bieall A e e b Al La A AL s w5
i Bl e I A s ST S gl (g lg JgYI o lad
25 o U W T Lalsl 251 el ol Wiy 2 gl Gl LS
% Lok S b ooy Sl o o5 Ll G50 Lay A S e
N O =LV A s~ P CS B[R

gt A ¥ sl a5 Lyl dnan 3 JS O 1isa,
e ooy (5- 14 JSK3) Lpl e st MWy Lol ol 0
cDlagangng S e LoVl saadl Chas e L1z

J o

-7 spermatogonic /285 oogonie

T T (ﬁ

/@— % MULTIPLICATIONES, &
rew 3 ﬂ:’\ N h ppaed ‘f:::
&) &5 & = = Z e e
\:) & \\:// = . 22 \\,93 (@, ;;‘9)
ACCROISSEMENT __/
spermatocyte | (@D j @3
/“\ / oocyte I
spermatocyte 11 @D @
P o2 AT(&RATIO O \@ l. pol.
spermatide (Q) C‘Z\l) (9 (@ Q /X)ocytel
el (D ek
spermatozoide ? r? Q;\ -
gl. po
2 OOtldC =ovule
\

T Y u;g,uu.};\j Lyl Syl ySS ales 1 5414 IS

325



Pobldl g ) el Yl

oo kT ST Sl b (i) il W S5 s 2

o T S Sy o s ol il S . bl s
P e Ve VO s Slognsag SO e LoV S0l G
it b oSl ey il Aa ) Ly Y1 (sl L m Y]
oo S sasdl e sanE W e L il G o LIl
Bkl WA 85 L3 oy s V1 LBV OF s gy ST
Jors bl e g1l Blag ¢ Dbl (s oo Lo 4 e g2y 3,50
Sl eSS e ons Ladt ia U (U)W\wawsuu

G Jlam Vi Dol oy b et Lol o WL 2310 SBL 5 U
o gy V1 LVl e Lty gl S 2y 000 ULt
isgast) LN LB WA 6T e oy foony sl Ll )y S
(Sl sdls Al Cpom) (o) il sl 28 2y ds ey ST
iy (5,5 550 (W) el jshall usSS e e Jlas Vi sy
C e sl Rl sk JS O fﬁ)ﬁbﬂu‘&“."

J_._..é« dhle L & d &8 _)’L" iseslh (‘L_;J.ﬂ L’.._.»L;—/\! CU:U? i L_S):*;
N e v Bl s Ol S5 Cblwy i
q’) ;&_,:_A_:.J\ 2\_,_..13-5 E‘}} tﬂ Ao 5 u_\,__.:J_JS.u Q’_‘ﬂf““ &.,\}i ol ((J.E_S\ JJ)
n,_._..dj.b'y} E‘y' ca Z\_.JL;.H 5\.;4,5.,\_“ 5‘).'.5] Ao Ty ZJJ_J e U‘ijg:‘: <JA:_71|
(pMj.fux\ ma_ﬁ\ju\ ) ':*';'\j"“"SL_SJj}"AJ‘ rwj.,\)v‘c:_...);\.;.:y
23l Ol Yl 5o VY e s
RTINS e | Jemdl e A S s
)'L_J:jﬁuj i_i;_g.Ul JLAJKY‘ Laa J@AJ’»Y\ e d\_f«}a BJ.:LH QL—u J._,o_xi . \1—:-5

326



A5 demy b)Y

5 gadl 85 ke 1) g Al oY Wl G 00¥1 s L i
CLEJ i JS 3l g (,...J.;Jj . rL...._Z.’\” foa J>_,U PN TS JS e L_\.Aj_..u)_»:jjﬁ\
ol Y LS 5 S e sy (a5 ) BV ily oY il e L]
codels Gals M s Of o

JA?JCT@}JJ\JA?TML{}&}“S&U&?BJP@J&?J&LJ
i) Lge BN e e LS G Y Jps Ve lsV s i
Logasl Ralof (59 Lsled p Y 500 LBl B3 105 ey L

w ,_a_,._.,.l r,,b CLQ.U‘ 4....;- 4.\}&...” ‘U};\“ d)’“""’ uLa:—Y‘ dra} .,L;j
ol ekl sl CL.;Y ia Jl - MS.L‘ adabdl m)_;Y\ o.,b-\ r;pb
fwj-b\ﬂ \j-’ uLJl A.A,L.JL.._\ ch,_ NSW-E ) \.A.....: u}_uj,ajjﬁ‘ uj.wi\

(i W1y gt o) &UOL.J

)T
&CL‘DYLG—JF‘ULAD‘/ \@\;:Q E;y\ ' ' 6 _ 14 g 5
,j (\\’ '\\\_‘
P A : ol

P oL

e
(& dy g —> (o e .
cl g béjgﬁu‘na?l M—!}*’\o\‘? ' D.,\\~ L_}'e 2—_\.”):}?‘
23 bl

PP ) p o g TASY
c C
:»:J»A.Pj

.OQ() x/),...x\uJb.._-.wfo_.mw\ @ yww
N % L';\.;?‘-‘ J.:}Q‘J

[PUES NIl f

K\) S (9 (#5:t 15al)

NERY

35V

e
[

ielils ekl Aelds
327



inalr oljgpiie . Aty Bl . 1998 Cuge nwd ] s ¢ faadll - 1
\T”:J_QJ""'_L_SM‘

Sl ol L il Byl L 1999 Coge el e o feadd) - 2
C05,Y) - Oles - LJaY!

s olyptiie . A3 Lwiighl 1999 Couse Spmdl s ¢ Joandll - 3
,C)JJY“‘QL&F_&_Q):J‘

75 Al O gtis . A Ll ol olwlal ¢ 1998 Wk ¢ S - 4
.qu.:“_

3 ey Kl ) A GO oS N 1982 o J WsS WS- S
LGl = gl drelr o) gt aslezy i fad gl

— s = Gtes dmalr gt L Bl 1997 L el 0Lz - 6
) g

et e s ke Sl e 1985 asley o Y5 - T
L3l - ol lelr o)) plie L axelos

329



I - Alberts, B., Bary, D. et al 1983. Molecular Biology of the cell.

Garland publishing, Inc. USA.

2 - Ashwell, M. and work, T.W. [970. The biogenesis of mitochondria.
Ann. Rev. Biochem. 39:251- 290.

3 - Avers, C.J. 1986. Molecular cell biology. Addison - wesly publishing
Co. USA.

4 - Baskin, T.1. and Cande, W.Z. 1990. The Structure and function of the
mitotic spindle in flowering plants. Annu. Rev. Plant Physiol. Mol.

Biol. 41:277 - 315,

5 - Bucci, M. and Wente. S. 1997. In Vitro dynamics of the nuclear pore

Complexes in yeast. I. Cell Biol. 136:1185 - 1200.

6 - Carr, K-E and Toner. P.G. 1982. Cell Structure, An introduction to

biomedical electron microscopy. Longman Group Limt. U.K

7 - Chan. A and Cande. W.Z. 1998, Mize Meiotic ~pindles assemble
around caromatn and donot require paired Chromosomes. J. Cell

Science 111: 3507 - 3513,
8 - Cohen. N. 1991. Cell Structure, function and metabolism.
Hodder and Stougzhton pub. The Open university. UK.

9 - Daive. R.K. 1998, Meiotic chromsome Organization and Segregation

in plants. Annu. Rev. P.ant Physiol. Plant Mol. Biol. 49:371 - 395,

1,0
f5)
<



10- Darvil, A.G., Albersheim, P. et al. 1985. Structure and function of
plant cell well polysaccharides. J. of Cell Science (The sixth John

Innes Symposium).

11 - De Robertis, E.D.P. and De Robertis, EM.F. 1987. Cell and
Molecular Biology. Lea and Febiger, USA.

12 - Ellenberg. J., Siggia, E.D., Moreira , J.E. et. al. 1997, Nuclear
membrane dynamics and reassembly in living Cells. Targeting on an
inner nuclear membrane protein in interphase and miosis. J. of Cell.

Biol. 138 (6): 1193 - 1206.

13 - Freifelder, D. 1983. Molecular Biology, A comperhesive
introduction to prokaryotes and Eukaryotes. Jones and Bartlett Pub.

[nc. USA.

14 - Gao, F.B and Raff. M. 1997, Cell «1ze control and a cell - intrinsic
maturation program in proliferating Oligodendrocyte precursor cell.
J.of Cell Biol. ;138 (6): 1367 - 1377,

I5 - Gaglio. T., Dionne. M.A. And Compton, D.A. 1997. Mitotic Spindle
poles are organized by Structural and motor proteins in addition to

centrosomes. J. Cell Biol. 138 (5): 1055 - 1066.

16 - Hopkins. C.R. 197&. Structure and function of cells, W.B. Saunders
Co. Ltd. UK.

17 - Porter. K.R. and Machado, R.D. 1960. Studics on the endoplasmic
reticulum. I. Biol. Phvs. Biochem. Cytol. 7: 167 - 1RO,
18 - Roberts. K.. Gr. Ef. C.eta) 1985, Cell well glycoproteins: Structure

331



and function. J. of Cell Science (The sixth John Innes Sympo sium)

105 - 127.

19 - Salmon, E.D. 1989 Microtubule dynamics and chromosomes
movwment. In Mitosis: Molecules and Mechanisms. Ed. J.S. Hyams

& B.R Brinkley, pp 119 - 181. Academic press, Newyork.

20 - Sato. H., Nagai, T. et al 1997. Microtubule Stabilization in Pressure

overload cardiac hyperophy.
J. of cell Biol. 139 (4): 963 - 974.

21 - Sciaky, N., Presley, J. et al. 1997. Golgi tubule traffic and the effects
of brefeldin A Visualized in living Cells. J. of Cell Bio L. 139 (50):
1137 - 1156.

22 - Shaw, S L.. Yeh. E. et al 1997, Astral microtubule dynamics in yeast
: A microtubule based searching mechanism for spindle orientation

and nuclear migration into the bud. J. of Cell Biol. 139 (4): 985 - 994,

22 - Solomon, E. R., Bero, L.R. et al. 1985. Biology. Sunders College
publishing - USA.

24 - Strver. L. 1981, Biochemistry. Newvork. W .H. Freeman &

Company.

25 - Szalal, V.A. and Gary W.B. 1998. How pilants produce Dioxygen.
Am. Sc. 86 (6): 542 - 551.

26 - Thorpe, N.O. 1978. cell Biology. John Wiely & Sons Inc. Canada.

27 - Tian, G.. Lewis, S.A. et al 1997. Tubulin Subunits exist in an

332




activated Conformational State generated and maintained by Protein

Cofactors.
J. of Cell Biol 138 (4): 821 - 832.

28 - Voet, D. and Voet, J.G 1990. Biochemistry. John Wiley and Sons.
Chichester. UK

29 - Waterham, H.R., Russell, K A, Vries, Y. de. & Gregg. J. M. 1997.
Peroxisomal targeting. import and assembly of alcohol oxidase. J. of

Cell Biol. 136 (6): [419 - 1432,

30 - Yang. S. Ayscough. K.R.. and Drubin, D. G. 1997. A role for the
actin cytoskeleton ot S. cerevi siae in biplar bud - site selection. J. of

Cell Biology 136 (1): 111 - 124.

333








