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R:nzyrmes <ln*;!t

jEilb JJl .J! f.)9 4J!^slt ':)oUIl .-'' 'ib :l:'i a-''ll \-'')-ill -3 ':r': -*

,.r. -,+S rr. J! it+,.Jl ..:t'S. ;Jl Jr-" a;t+oSl ':)-cLull o$ +1::j 'oS!b

4.iXl 4iu.l\+ \-t1l:: ,a..,lill c[-,i.3 'knU.v a-'tll eld L-rrr":tt 4-'.:A'J1 oLK';Jl

.;ri.Jl ,.iLS.;Jl 
'U.3 QdGlr 3!iX

alsJl a-.,Iill , i"'! os a*L^ +o;,*r l]I k$:+\:'\l U!^Sl ':)o\'nll o:l ;\-r^3ri$

4-t jrii U::' U.f,: 3i ;t:* \$! t"-< ,(PH)L:JrJ! u!'lt {5;3 .''j- .p
.\++1i ll arlJl

.nt^rjiY\r -rJ,: L^ .*: -yJi .x -,+S 
r:c '-L-+ a+Ell d c'')ci'cll o:a .-rr'''l li

:diLl.r Y I Lir

,,,j!i.:1i,ra,.Ln$SJl .:)L'!ull c..,Y:,-o eJ.J,+ a!",i L-jC-= 6:c:.1,.* J^bt,+

u5.o :t:l ;.".Xq -Jyl ;G,-:ti-,:-3;,Jt e^ ia;gS3 'tillJl lij,l ;\',s:--:r
.$ri\l +)c J^ >si ,i aj**t k+ up oF Ll'Yl .pL"=Yl ;*

C ,J., U^ CJI ;$ ,--,-E &+,* -Li d: J-)t-Jl oir i-j {!'*Yl t;L=Yl 'r:! I

.! o-E g!.11,6.:3)= eJ,,i,+ u:ilI .x eJyl JS4 r:'-;!s','J!i -i! t+\'dll

4,J"c JYri ,',*'-,<l c+- (in-veast) ;J+^=11 os)o.'1 4+In"Y a-K3;jY\ I
.U+Jl aLbp ,J:J,Jl ;.(lJt ;""-r

.,SrJ (ix :+Sr)rt'-'tl ix Jsr JF *

C e5ts \.6ii i! .L,J:Y1  J:\+^5tl o:clJl J'Fl y kU' t' nl^.,-}yl a-'Lli 3 I

,jill sl-Yl k ;r -J! l-U:ff q\p *i rJ': Ui +;i 'a:1n: aF il.., ji .l:t &U:ll

.:rl;-Sj e+ t" l*-i +.+ &\4 4SJIJI g \p<a L" &\niil o:1 ti$ +Jo cslS

6rcL^^ll j^!Jl dp jlid l{-iS .&\,irll o-i ofrf +='.*i U'.,lI aSJL,i*ll+ e;''Yl .t^ a{$

al\-ll \<ieUsi csiYl

JL,= 1*+".,rs,Jl ,Ji---:11 ;*+.JUl Q"J\t .9iY1 6:cL,J1 J^Fl a- j\:,li txl I
!?

;:Ul Q.Jo .sll+ ;s! alc\ii^ ;:Lo ,;a.+ CJ! JSs .&Lilll Ly: aL\"^ll ;rLIl
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# o.#l.:,i.oJl l!*.ll ai^ 6ll-sj 4c.J,"-=^., *!Y I 
"a+ 

S , ,Substrate .i*ll
., , 

,j(J-'\l

aLlJl ;t^., kL;S:r E,=,:c,.j{ll ;lLJl i)L-L iL-;,r)l ,-i)Uil .J.4X-Yl _9,J-

JraJb ,-r!+a:r<\! c,\ni os !++Jl Af..,L,lbi {fi-yl AhL,ll 3i +rr:.r(,\.rl

.d!ill ,.b crr-r+tly

a-oJ =^ LiL;i '''-'- elJl a.J. UF "ii*:! aLlrl JJ a+ ,:)cl,rll orA g.r-o.s *J ,J

..giYl U.ll Jl -H,_r+U,ji ei iL': L.,=e;;,::Jt .gsl _l) -OH rJ+-S_i-l*a

.-ltdl i)-tiL Ailri- iL-_;Yl ;i Vt a:>Ut iyl..-l *j .-,)L;rcJl q,,-s 4-:

:Abl (J

:1pYl j\S-Yl ;*;:-=!e ct a-_lyl ,=r:S+

d*)L ;rc al ;rsb 4LJ- ;* -dB: :;L1-Jt at+-il|';)" j-$fr o;Jil at^riyt - \

.jCJ-Yl -J,lj 'l'--ldl A;l :+lL^11 c.rL--;Yl ,-E^ ,4+++

4-st Jb _;yb ,&t Lat^i :;Et oF Ofi slt at^,1yt \

..-$:4]-Jl.il -JYl k+lj-:.9;si .:i:jS"3 ++$:: &)L J^.nti] c..,1-;Yl ;=a -i
+:.ll .-E- AJr.^ll ;f\.lJl r=i .4;y I .3sL*11 .t:! U,*=b ,Cofactor 44ill1 \*l *
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,r-,,*11 -)yl u #:t l1 r!!., ,ff: \ILnJl l]^j! o j:S-y .ltrib =Ij:
&li:ll e), ., 1;tc o+q-$l ,pjJt e+ -Jyl u^ gj r..l:_.4UoSnzymq -J,h!'=

.;=,ltsl r_:l 6 +-s.Jt j.-
.L ,Coenz)rme efrYl .:\-cilr .r-^; ;:L- +..,3;c .:1..,;+ Jft.., i:S j ,i -=
Acetyl Ji- . l.ii &\ill ..ir cJ,.,yl 

",^ 
_-1prJl ,cg-!t_ Lry d : (B i^[u) i,r*:ri

. 6,qr-Jl L-J";,ll nl-rl_!b a-$l o\:;,-ryt ;:;*rjl )iSl [t:-i ,.iL-;yl r:.,] ..r.:-: .CoA
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-J.I
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fl n*n p rc'tei n Fe:rltim n ).

s$-J h stratE3

hal*enrf slle
',{urt h m l'ra err r'y, r'-rr e }

Proenqvne 4,iyt L,J.b les:
l:G Proenzyme 3>Yl {+t r^-+ L i, J1o JSt C y:i Cr-: U nL-J)l g,^ X

o. p> ,J]i Ok ,4rSj ; J";-,1 ++: e.iJi   eJ)f lu L: G ,r.Jl a_=L=Jl .:_a:

. Active En4tmeLi; ell J) ,Ili &s+ ,41 4!s"ll ,-,i,'i\l ,jrc alJ-
J+*Jl ",:{ll L^r-}l aJ.^ii ,u- U:.: ; qt:S- *_rll .iL-;yl .jlc a-L^yl .r^ : )(

.C!ill r.r! . ir+;:*.,.r.., j c rt-,-:-.:i+-+;lj-.-J. Y3i ;l'u<r=, U.gs i:*.,l;l19
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e,i;Jl -ls.*4JUJI goJl
.r:-* ,r;!s oQ _l^ X

.4t+ -Jyl e\+ d1' , Li^,*ll ror -isi ,i"o! J'i 5y -Jl r.JS J ,r t: X

.aiL, js!^ eJi ol ;,..,-11* ..,J! alii X
.:=! JLA ;Sy -& Lr_Ji.+ -r-!l ,-J! X

Sub strste

,4r:fn'rr 'ii,{c

En:yme

Enzyme'$ubstrste

f,onr pl ex

lndlced-fit tr,lode{ - The eu;vnii actii,e $rte fnrnrt J tomplerr:en[af,,

rh,rp* tn the subslr''lte altet hinding

-: irAAL*i iLly *:UqS i-oeotn diUl
,ili_, ej}l r,p+ J! c.rU-jill a!^ 4-cJ^--" *U! ot-;)l J^ J=uS a.Jcts ;,li .
,+l+"tt J^ pYl Gs 15.-o o-.,1^i ,,;-"t=3 +-ca*i Jl oJA r1.r1 AJ^aU AhL, 

"L^lj!
.eJ)l 4hL1,., ,, - -J)l ;*LU C L,-ir ji ;.:t;.l! l:r gr;;:

;p:S.J+ C}! *l! il.r*.r,cJl a-cJ^-- +lL:! +nr_;ul ou -Jc. a-L^Yl Us .

ar+yS.JJl ec9_j+ eL: .,lc ,J^,: cg:Jl Gelycogens phosphorylase j-'[" -lJ"-:s

"-r'il .'*,-iU-s i-c.o-:,-o \4+l! -rL:3 L:-'c ^|'rYl 116 Li'iri.-:oSA i\.l'r__+ _-l!' '-- t 

.;i

*t ! Glycogen Synthrlase ,:s- :S:I..ll CuJl 1>Y1 l.LtA i-e,*i.n ,J"S,lLj .
I .ciU-3iJl a.cJ^s,^
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Activators ct LL,.i,taJl o

;* a-ca^-^ elbo ;i Yl r+€l+ JS -r:-:! Lll dy,,Jc .:L--;)1 ,,1,- g9"3'.,-., '
6s:Jl ol: .':L-;)tr ril-4Yl ora ,r-osry L,r,i d*r^ U^ J:Si ,+ 6JL\: i:L^r;)l

Allosteric Enzymes .4r-Jtu Yl .:L--;Yl ,i 6Y1

JrYl d:dl .slc L,ui 1-+ ..i*ll 5:1Jl ;* c-gt-5 aknll Calll :.=i .,Jc Liu: -r '
.i16.;Jl d-E lLUl €ne : ( i-,^iLn ;pi 4+,-: ,.L!t ;;,- ,r:t+^S J:"
,.:Yr,-. ,# dllJ ,.+J ,l-.,L-c, 3i ;:.U f;)l LUl C JJ-., *ll ao1:.:<\l

.FYl drJl & ktls.:l i+r:i -J-Yl t\-ij .x $ oJb .Moaifiers

Iso enzYmes +l:to:nJt aLtr:iY I

;rL -lc. ",-,-Jl .p, {-ilI a;lcEll 9.l U: ;.ili- ,J\S,i,l+ -:=j,., Jl r:L-;Yl ,ra

le\ ^i t+.o1'Lr^lb ^J=t-;.tcu Ul+:<tl tar-.il'^r.J k+ 1--,s .t,t1j.: (.-ir4ll)&ldl

CJI dll .;e atr^Yl ;*j electrophoresis &tr=ll C itJ+SJl ;$l ;;ul-, ,',--,

c.,\-.,Jyl .gLlYl p: -L- C Ji-C,i 4*.^- 4r^ :;, .9:J1LDH f+su:.*.r: -r1.S)

Jl+ll C ;g1S i, t& ,+-*.Y1 
"F C c-llSr LJ,,J1 ol+L,1l 3-!J *)e-b 4-\:1*Lli

.ui"!^Yl ge u,i,:,Sl ,j+H1

ri'- U3S" (S) Gr+ll ;rtJl 6- (E) C;)lJ.s.;Ij.+,pl J-t,l ,fi e:J:Yl rrl-\1

(ES).:r3t5 -J)l .++
E+S _+ ES

Active L\lrll JiL;'rtl nsr.tl .+ -j)l ,,':!. c L)5* e,r,* Lli.JYl lu 1+ _:

site

air-rJ+dll+bjl J:" a4s;11 .srrll ;^ +c.3,"s^ 4SJ1.i+ -Jyb .jr.dl gsJ.L;.;Y1 
3..,1e

.o.:- gyb

.elyl ,;n:"J &1i.I1 6.,,$ O:S.9 ri*^ll Jtit :a"':\:11 ,r\^r\l

ES _-______>E+P
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alrtiyill

;."iU-t-l -'l*til Ji*rs J*^1 J+.-,. a-G-)Qll oLo iu-a3:68'L^r! rlifl 4+;i:ySi

CUL Y! 4-iir Y tJlll d;nl rJr 4+q f-;Yf e-tU.JYl d:^ il ,-l.-rsl '"':' .:L-jYl

Lii 4j..,,- c,Li..,t+ ,;,l J! g+ \* lraj , Jiill 1:.r .:LJti^ ,ilc 4lSJ ,i+tll 4l L,-.:i-
..lrr r . , -rl.aJlYl \4i++.Jir .:)-.r'oill efJ +t.]l 4IG.Jl d-r C Cly! l.$JYl &l"rr
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rill

[:] C\:i.Jl J Jrill 4*;i a,s, il:.^ t-y ::)+S CJsl :c,;"en..ll p*X.ll +*rl :!rE

g_i^ C a++!Sl &)U,tt ;i 
";;rr1 

,',J- s a-,niJll &U,rj+ll ;.S-J= JS.YI uI+

aJ+S$l &);f ou UI \-"( ,-il:rYl ,-r;.*., !1,.,.;l 6eXJ t{#!* -,,+ Ci GI"LJ -tLnJYl

e!^Sf J.UJ1 j$l JI .J+ L" giJiJl 1-6J^c ,-\e ,n 4i"-:r +,r\l klS; i oi
. -.,jltJl
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t .-1 -',. )- ,, t, .-1

-LJ 
gi,.rl 

lits

:-r-t s1 L.?

kt:il ;l-.:-Yr
i:l'j.,Yt 3i9r:,,1i:

{ r-Yt _Jt} (t - -

i-Jrrr
J>r; ar-5) . tu):fl
lJr , r.Y1 ulr

CDlel,iiJl 4e

L"l-l -jYl J-r ."+ )iJ1 a+;::rr.i 6JHl €J 4-\,,,- nt^rj'ryl :U]Fl a-=.;: -\
$c a:JJi.J! f_rYt -Ltil J[-.,J .BJFI +-=.;: g]l:ips ggii U^ 4-t\-;n +,n-+ Ci iSt:
l^S .l,bJl 4-:.Jr e;a J.L;r ,Ji.i:j..,J (-*Jl ub- ++t$ t.-fv u:i Cr];+., 9!Jl a-=.;:

4,J Jb'Il dI:3 el;lJl ++:r $c \-1-i 4rLti.:rg,.-r-.,-= a+iJL CjYl l"Lfu &i:t:
.c>Yt

1.4:.,c al\-:n ,lJ* *-\o. PH 4;J,"= a-.-lr C>) j( :PH L dl a,:J^- 63i,,r li't, -t
cl. ,..,;Yl -b fr!; LJ clhJ lGrriijl ,i t-Urt PH a-=.;r g: 1r! 4!L:,j ain_J aS"J 1- JSi

:lJl -l-,,-i d,\-t .,J|r.t+,-dl aLLJ 4jJSJl a-.,j..,^yl 
";"l-=Yl 

4ji )+:nl .{Jr3 }iJ .J * J e J v;J5

-jl)l -).Li,i 5J+ alcUr^1l

:!,^ll 
-,,..,(- 

j 611-,) !+ &ldl o-y _$:&[u]l 4cJ*.;c ]U:ll ;:L ,.,5-> ]'E -f
abl&J1 :!*.11 r..,S- j lU L"# &Uill a-c;,- br*., r.,-;,.. Y q-,..,,- a-c;,* 

-U J,:t .r:= alcU:.Jl

.,-t.-ill aq;JL o-JJl ora ,r-o*n3

:5>;.\-.,r-s &bll a-y cr* a:$ *)b cl[a :&E]l +ry.J. f-yyl _:<; j't-., -t
aSi, c[i-e ,&li:ll 4-;* ,-.r^ ,i eJYl A-.,; ;:1-.,j jF al;tl:Jl 6rul cr ;r-L: ::,=.:+ 1_;yl

.&t8ll o:L ,.a\>: uU. ,jlt-
e_)YlJ"Lii C crUi:t 1-or:+: .-J' +-l9 nLSy -.,1-ts^l\.., , ^q :c.rl.till ::+: ;g'L -o

:;a^i ftr: .4+lS e>)tLl-l: -;q:1 ,fU-Yl cF+ CJ
LnJl JU .,+ 4ltii,->)l +:.,=,.{.,= .,-.-}yl }\-r,ill .ulc ,-,qjo jE ol J3yl 31r..,J1 

:)3i

.L,,iJl :+i:jUl 4J.t:u,--;)1 :,,:*., X 1-rYl ,rJc a.rl: ;;,l\: U c.,U...,1^:l+1.
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(iiiYl k+U j* r#l ;rl^X a-.,\.L,,'j(J-'al L.'''Jl ct:! a+::u"s\$l! aLl^ll rljJl -l
JrLlll db, -;}1 $,- .!.acr: i1L: ,: 1.S. i ES^ alcU:-ll ;:lJ\-., Lil:.yyl ei ,',J-'i

-rui a:c &;:: Y 4il1- LU+ alcur^Il :pl e klL;l -JYl e^ ,-',i ;'LiJl ;:L.ll ;li
.4e+:,,*ll &lirll ;rL 'rS:r 6:1-ry i\-tn^ll .r- a:Xt lrA iii rJ^ Lh)syl aS-J .4-t\,t

.:bJl 1.gil^iu. Jl elb;,ti dtr C diy! Lrri.:lL.io J-lr:--,el-Xl Lri'-'\l -Y

YJ &ti:ll ;:L J*iLi Y \+i ,',-,- fu*4if1l gJ1 .:U+..1\.., ,*-;, (aJ.;Jl jSlvJl) al'Lr..,-Il

4jJ$ -E .: 
=J\1\-.,., 

3.,;,.,)U -.p$l yj)'\lll ','j(J-'\l :& -r-l ,S-t f->Y! l4lll.:l ,-l ;;
d*: &Ulll ;rL ;"S- j ;r11;,.., .:Gs^Jl .x a:11 lrA 4-.Ul JS"J YJ ,iL;rll 5Fl srbSj

.tiA !..,i^ll S; *.U. Lr',.i\l as.rr

-I.ilI:-I-bJJa-:'lr J++..,-.r- Ulill +iJl e-.,Ut-,:! Ur:c .:)-jr:$Yl g-.,tJt ,_;+t.rc Lii-,\l -r
.&Ell Li+ a-.,J$l ,.:l_i"Ll J<t+i *JSt, e-l..Yl y ablni.ll ;rLJl-tl".;l oa3 J:Yt

AL4) (4t.LLAJ

,brJ+J ,& ri U.c  rr-'t 9^ a-a:;^ it,-. rl-i d+t-i r:L^r;)l ,',U. L:i. lrl

d.S"rC,-*U1 J+'iill CJ! ,}^

(ase) (;1) +rt;! C. (.j-\dl)&Lull ;:L cx p:)l r-l Gril i %

(iipid).:t':,rrr1 .,Jc J^+ +:ll (lipase) '**,Xl 
3->l J^ o

:uuSr i].sY jEr Srl -Jl =Lr-dl 
.s\<ar Jrll i-;:Jl f-,,! .

:\-'.,Y1 y: i r.$l .s-l4-U C-;l! u":iSi .r=r:.:L-;Yl ar rll liknsl .3*.,j-$u

.'* -dio,'oLi *l ^rul ,\Sl -f,ql .',,- 4.r^*Jl :Li ^Uii 4.,,"'-\l "\.-.Sll l":llJ \ \_Jr- S - v \ -J- *J

(1t) CU:t 4-{1*:l e &ti:11 Ly: -rreJ1 3t
-: ai--l ftfi a-:- -l! fu;ll lu ,--r-j,o.r ,-,"'.!J 't],;

;:L ;^ c.,l:q_r..,SUl &+ l3r: ,r,03 :Oxidoreductases j$rYb 6r-SYt ,-rL^y)-\

.DehydrogeflaSess Oxidases gfu :a-Lll ,J.,=:, j3Yl r (rri -=i J) .jrdl
4cJ^.- Jil ;. J^,: *Jl i:L-;Yl 6:^+ ,J^;l3 :Transfera5s5 LhJl ,JL^y! -\

-J! ATP JF nlr*.-eill a.c.J,"s^ -hn _Jl iL-;Yl J^-._=l -J! ,-* ;* q,!-=S

. jslJl
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.elll 441-;! l+bjl Lt,r -t.=+ l:6 =+: 
:Hydrolases ,iLIl gllJl .:L-;l -Y

g!.r^ r+r,j,ii\b 4-,-j*y|, q::-:S-)t-ll -hbjr -[=i Ji .-i=u"j *] gl.,j Cl .:L-;Yl 1-6i^3

- Sucrase j . Amylase C;,..)

,-ir,ll ;:LJl g'" a.6!a$ a-oJ^=- L;rl ,+ ,[,: :Layases ,-ir-ll ,i ;Ut t-rL^y! - t

J-s -L r;.-:..3.:_)-;L,,! a.c,riJl 4oJ^+^ll c..,!: j- J+ d.l1.',r-1ll aiL:! .t:.
.U-r^i EJJ- os ;g^Yl a-cJ,o--

;:Ul ,_[:-, J- J^,1 oll .:L-;Yl eJ^+ al^jfu :Isomerass5 ,-\<,:Jl ul-y! -c
4t-Lp.lu.ua -1-',:5j .sJ! .:LL,-.i -1- iSlJl -b-: -!i.F] JSri^ *l! j+11

p ho spho h exo s e i s o m eras e ;-r r; D *,S+o-:i-yl 6r-i I

U 6+r+aL.! 1L:,r! .,J.e J^,t .,Jl i:L^r;Yl 4:^+,JhjiJ:Ligases-tli.JYl r:L5:l-1

j)U -t-:*ji c--1s :.J 4i::.Jl {ELtJl --lr -{lr :.J )-o:*]j .;g"c]|- -*Sy
.a-'Ell C rr-" dl 'q os .-[+ sj]l RNA ligase CJI .-\:^ ,ATP .:tt"ll
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