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(.S'i- 577. 1(07) 
tl-lFl- 28 .072 g7 
't, 966 

U2!ulllUlWU£1[! hwl[wtiml}JWU t lllll<lwtiwgtl <!.lllJWUU1lllUP, UJ.hU1lllltwG 
Ul(lJllll!llllJP,U hWUUllUllll1WUll qllUllllltlllti tunp.hp.qp. 4.nriill1g: 

li:wquhgpu' 1.J..q. 11., u11m1>bunp fi..q., ~wuwuwfil! 
l.J..q.p. q.,am. lfwpUWpJWU{! 

l1-pwtunuuhp ' l.J. .q.q., uwn1ihunp '4_. QnpwfijwG 
l.J. .q.11., ll.Jlln1ihunp lf. Urtw2wfint.l 

q.q.q. U.U"wpqwfiJWfi 

i_, 966 ufll'lilbl•'t.,U[<}[il-fll'ubPf• liUfi.fU·54..UGRC b'-l j)fft·'t,li5ftU
't,l;f'Q. (lt-urnulhul}tuli i.'. lmtiwpl}. - \ ;11. <!.tujwumwtip UJ.hmwl}wu wq
pwpw1l1G lHUlltutUlUjHUli , 2005. 56 t2 : 
Ot:il1Gwf14C! 6wGnpwgGnul t tiG1JnruwgtrnG .Jntb4mtGbf1jl 4wnmg4.w6Qjl I.. 
1JmG4gtiwGbptJ hl:Jt.n : UwGrwowuG G4w11wq.114.w6 bG Gm41bjlGwppmGl:J11ti 
mbuw4Gbf1[! , rwwug wG2wt.nliwG b11wG w4GbpQ, 4in11ob11Q. nrnug 4.riw 
htiuG4.w6 t:;G w1111'1 t.nb111:J4mpJmGGbf1Q Gm41bjlGwppmGtipjl 4wnmg4.w6fll1 
I.. 1Jm[14grwGl:Jpti uwurG Uztuwt.nWUfl[! pw114wgw6 t L[bg uwurg. npnG
gmu Gtiri4wiwg4.w6 bu Gm41bl1GwppmGb111l 4wrimg4.w6Q[1, dwnwG
q.wljwG tiG1JnpuwgrwJr 4intuw1111m.JQ, 'ililcl-jl nl:JUJL'14wgtiwG, uti2Gnp
lfWJjlG nura-ti l11f1LUUU4JltiuigjlwG , q.bGl:Jt.njl4 4n11Q L. UJlW Lnf1WliuuwgrwG: 
Ob11Gw11LjQ oq.t.nw4Wf1 t 4tJGUWQjllitJwjjl t. q.t:;Gl:Jt.n'14wJjl hjlumG11GbpG 
mumuGwutiririutJrti hwuwri: 

u 1903010000 2005 . 
0173(01) 2005 p 

q. Ul"}. 28 .072 g7 

D n .. C"\..~lUUlULJlU!l, Q...3m.U'lupLlWJ1JWU, 2005 fl . 
1D .l,m.iwuuimUf1 u1buiLul1tu!l wqptuflWJfl!l htUULULUll.l[Hu!l , 2005 fl . 

1. umy1bbuw@@muhoh yw12mgyw6120 L. l?muygbw~ 

ut11wamp1mu 
ctwliwuwl.jwl.jjlg l.jbuuwpwuwl.jwu qjluinqa1muubpmli l~buuirnuwl.jwu 

uitri t qrw4.mli umy[bjluwraramubrti lintbl.jnqfl ywnmgLl,waeti L. lJrn ul.j
gjlwubrll mumliuwutirmllo: UJrl u.iwl11.6wnm{ wiu ybulflJlnuwywu l11tn_ t 
qrw4.mli pntn11 uf126mriw1flu l.jbuuwpwuwyw(J euuwl.jwu OJlWqpbjlntiJ. 
StlJWl hwuwrmui eit12uw114fl uu.iwuiwl.j(J t [nLUWpwub1 mumgL~WU UJJU 

t.iw11L.n11 puwqw4.wnti ul.jqpmuewJtiu hfllimueutro. wu.iwhm.lb1.n4. mu
t.iou11f111ub11f1u hwuwu.iwuiwutuwu f1ulJn11uwgflw1n4. L. w11w2w114mra1m u
ubrn4. U,/Jlnptblifl hbuiwqw mumuuWUflflUWU hwuwr: 
:.:>b12uw114o pwri.ywgwa t 6 hbuiL.1wt uwubrflg· 

uml.jtbfluwraramubrfl ywnmg4.woeo 
uml.jtbfluwraramutro L. ctwnwuqwl.jwu f1ulJn11uwgf1w1fl LJ1ntuw1111muo 
'"lura-11 nbu.itf14wgf1wu 
srwuul.jrflu.igflw 
ctw11wuqwywu l.jn111J 
srwuuuwgflw 

2. umyrtbuwro@mutmh yw12mgyw6eo 

:::iuw1wo urwu nri umt.it bfluwraramutro hWJLfluwpb114. bt bu .'b11flri11flfu 
Uflzbrll t.inri.uflg ribn 1868p .. urwug efluflwu L. ybuuwpwuwL1wu uzw
uwymra1muo U,/WJlqWpwLi4.bL t liflWJU 1940 wywu ra4.bfljlu: <f1Liuw4w
umli uml.j[bfluwraramub110 pwdwu4.mli bu brl.jm Ulbuw~r· 11bqn£>urwti
pnunt4Lbfluwraramubrfl Lt nf1pnum4tbfluwraramubrti: um uf1wgmra1muubrio 
pwri.ywgwo bu :j>nulJn2wew11w1flu l.juwri.eflg Lt 2wew11w1flu liwuflu llf1wg-
4w6 orqwuwl.jwu hflueflg: 

-zll.l!)W[l-:jlnu4Jnf1Ul4WCJ raram- 2WJ1W[1-:jlnu4Jn[lW4WCJ raram-zW!)W(1-4Jnu4Jnriw4wCJ [<J[<lni 

I I 

htiull hM11 h/ille 

Cri.rawJti 4fl4u4.nri lif1w4.n110 wu4wu4mu t uml.j[bnUlflr}: uml.jLbnmflriubpQ 
t.iwu.i4.mli bu liflll1wug hb1,.11 lJnulJn11titurab11w1flu t.iwu.in4.: 

<f1t1Rfif10." uml.j[ bnmflr}WJflU hfluebflO ub11l.jw1wg4wa bu li./flfll1lil111fluw.1p(1 
l.jwu u.imrfluwJflu oriw4ub11n4.: 
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0 
N 

'lura-mli hpliuwljwumli hwu11rl4mli bu l.nru mwrpbr hpLi.Qb(l' w11buru 
(A) , qmwutiu (G), gpmnqru (C) Li. ratiuru (T). u11w2ru brit.imuo L4m11ruw
ru hflli.Qbfl bu, l{br2tiuubro· L4l'lfllllill11ruwJru: nura-mli rarurur lfintuw
flbU ub11LiwJwgl{wa t mriwgrm: ULnnru ub11LiwJwgl{wa bu u11wug pw
uwC'lL.i.brio : 

N5 OJ'N I 
H 

C)' lvSll"IC" 

adc-nmc-

0 0 

HN:J 
0.J.__N 

01)CH, 
H H 

ur.actl rhymine 

pyrim1d1nc~ 

0 
II ,,,cXN 1 I ~ 

H~N N N 
H 

,guanm~ 

purine~ 

cytosine-gflmnqpu, uracil-mrwgfl[ , thymine-~rliru , adenine-w11bupu, 
guanine-qmwuru 

Pwgfl hpuuwt.iwu hflli.Qbfll19 'lura-mli u nura-mli hwu11rl4mli bu wJu
LLjbu t.inl.l{wa "Lipunrw1tiu h!'lli.Qbf1": Uul{wumuo Ulf1l{wa t urwug ul{wq 
hw6.wttJwljwumra1wu LljWU16.w12nl{: 

CWJ2Wf1UG{1[]: 'lura-mu ubrljwjwgl{wa 2W.QW[1U t 11bqo_gup11ppnq[!, nrinl{ 
Li. LljWJLiwuwl{nrl{wa t u11w wul{wumlio: nura-r urw4 2w.Qw11u t 11ppn-
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qo: 
"'lbqO£?U!'l" (JwtlJw6wugo U2WUWljmli t WDWUg [a[dl{WOU!'l: bfll.jnL ZWP-W['l
Ub(lU tt L4W(lmuwljmli b(J 5 watuwaru, n rnu_g hwruw(lnLfd)WU hwliwri 
u2 !{mu bu urpwq6p4n4, hpupb11r wLnnliubrrg Lnwripb11b1m ul4wmw-
4n4: 

HOH,~H 

OH OH 

ribose deoxyribose 

ribose-12ppnq, deoxyribose-11bqopur12rpnq 

l.mt111tnqftqubf1: brp h!'lliP-o lipwgl{w6 t 2wpwrir lintbl.im1r hbm 1Jt1l1.J· 

gmraJmuo wul{wul{mli t umlj1bnqp11: flppnqp 11bL4P-nLli 11w r1 rpnumlj ~ br> · 

qr11 t. 11bqo£?ur12rpnqr 11bL4P-mli 11bqo£?ur11rpnumLitbmnr11 t : IJ\mrf"luu;
Jru hpupti 11bL4.Qmli 2w_gw110 t.iwl4l{w6 t w1uL4bu t.inll{wa qt!1Lrnqr11w!:,:; 
LiwL4r lir2ngnl{ L4m11rur 9-1111 111'lf1.Qmli qmul{nri wqmnr hbm, rL•· · 
L4l111tilir11rur 11bL4.Qmli 4b112ruru 3-1111 wqnmr hblI!: 

N~NH
2 

~ 
I I e'j-H 

H--"::::N ~ N 

Hor~~o" 1 l . 

~ 
OHH 

Dco"yadcnosinc 

0 
II 

HN)rH . I 

HOkdCH,O.)._ ~ H 
' ,.. Q , 

1· 

HO OH 

uridinc 

l.mt/.;/lincnf1fJubf1: b[db uml.itbnqr11ti 2wpwrru Lipwgl{w6 t '.jlnu'.Pnpw:.i..uu 
[dfdnl WJf"l li!'lwgm[djnLU[! WUl{wul{mli t umlj[bnu1p11: lmLlj[bt1UW[d[dnLL·tr1t ' 
ljwqlimli '.jlnu'.Jlnrwljw(J [d[dnLU Lipwgl{wa t tu~bflWJ!'lU YWL4nl{ 2L.i.; J::>l i 1p i1 
5' t.iwu 3' watuwaur hl111rnpur1 tulippu: Umnril.i. pbrl{wa bu uml;t;;n
Ulpf"lubrr orruwljubr: 
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NH 1 

0 ;) 

II ~ HO-~-OH 2C 0 

OH 

OH H 

ufll(//l:inq/1!} f}/1- u tn{1f1!pn!pwtn(Jl:i{1: 1...mLljtbnl.Ilj'l!lUb['lj'l ~nu~WLnj'lU yw
['lnri_ bu llj'lWUWL Ultirn~nu~Wl.IlWJj'lU YW\llnt.l lil{u uby ywtl b['lym ~nu
~WUlWJj'lU tuupbf'l wow2wgubtnll umlj[ bnqtiri 111'1- L. lnf'lj'l~n~wmubri: 
Oqlnwqn(10b[nl{ N lnWO[! umlj[bnqj'l11 pwoj'l L.flntuwribu WJri tlj'lwgmraJmU
Ub['l[! YWf'lbLl'l t \llWlnljbf'lbL hblnuJWl ljbf1Ul: 

y ~ ~ 
OH OH OH 
~ I J 

HQ-p-Q-p-o-p-Q-CHz 

I I I 
0 0 0 

OH OH 

NMP 

NOP 

l\"TP 

u2l{w6 tlj'lwgnqaJmUUbf'lQ ljbuuwywu !lbf'l bu tuwri_mtl P221'1 tlj'l2wul.jjw[ 
LIJmrawl.{lntuwuwljmraJwu Ulf'lngbuubrimtl: 

lfJn1/1um (// l:intnf1f}ul:if1 u um(// l:if1uwppmul:if1: 
'fln[j'lumlj[bnlntil'lubrio Ii um4Lbtiuwraramubro wow2wumtl bu umy[bn
lnl'l!lubriti ununtlbriutrtig 2un11htitl 2wew11ti u ~nu~nrwljw[J rarallti Llti2u 
WQw2wgnri. ~nu~n11Murab11wJj'lU ljwll.lbrti: 

6 

,.,_ H 

l " En<1 

ub['lljWJWgl{wo \llWl.Illjb['lmtl brumtl t , nri ~nu~n11j'lbUU1b[1Wjj'lU YW\ll[! 
w11w2wumtl t tlblj 2wewriti 5' w6tuwouti wuinllti L. llJmu zwpwriti 3' 
w6fuw6uj'l wmnuti Llti2ti: ~wuti nri wubu wuqwtl pbrbl WJ!lllltiuti 

yw11mgl{wop hwritlwri ~t. 
U['lWUQ ub['lljWjWgl{mtl b[J 
hbuiuJWl b11bQ eiu.n4· HOlPllllp = ApGpCpCpUp = 50

AGCCU3
' 

v(Ob "p"-[J quiul{mtl t hl'lliQj'l ~Wfu ljnri_uj'lg W\llW UW 4WUll{WO t 2WQW['lj'l 
5'-M w6fuw6uti hbln, tiuy brab w2 ljnri_uj'lg' 3'-1111 w6tuw6uti hbLn: ~wuti 

7 



r1f1 UpWUQ hWl'iliJfuWl.jh b(J oqmwqnp6l[mu ruwum mur QW2 6wun
faWUW[ w1u hw1.4wl[muut11r hbui: 

3. 'luk3' l>hqhldw4wu u pbl'ihw4wu hwl.Ilymp1muubo[!: 

Uupwmnulo: P22wJru uum2ub11mu hruuw4wu tuw11um1111u t u1.4ruiw-
4mmr UJu hbnwgublm hwuwr oquiwqn116mu bu :j>bunt u '1uk3-u 
uumbgumu bu uwnl::igl[w6 tldrl u1.4r11uinl[: UJL P22WJru fuw11um1111ub110 
hbr.1wgumu bu u2wl!blnl[ '1uk3-u lrl4wqut11nl[ , L411nuil::iwqub11nl[, wur
[Wqubrinl[ l.t rlu-Wqnl[ (nrpnuml.j[l::iWq): '1uk3-r WU2WLJ1UWU hruuWl.jWU 
1.4rinplbuo. yw1.4L[w6 u11w pw11~11 untb4mlwJru qwuql[w6r hbui (M,10

7 

ywu wl[ttru), 11w u11w ui11nhmuu t : '1uk3-r tun2n11 untb4mtutrr 
1101.4pmu ratymq utriu 1.411ngb11m11wu 011ruw4 tm6mJrah Liwrangrlnl[ 
hwl[w2b10 l.jw11n11 t pt11t1 '1ura-r mpnhuwuo: 

<tnJpw;/JO l;wqtlD: '1uk3-r untbl!mtr QWJQWJuwu hwuw11 oqmwqn116L[mu 
t:iu bril.jm unmbgmu' 1. 100°C-ti L4WJUWuul::ipmu Q[n[lWfa(dl[nl[ u2wl.jntUQ 
pt rirnu t '1ulcl-r1 l'ib'lQUWUQ urull.t U[lW ub2 L4Wf1nLUWl.j L[nri. hhUQb[lh, 2. 
:bbnubuLnWJjlU uzw4nuj ('1u-wq, llnu~n11rturab11wq Lt WJLU), n[lQ pbflnLU 
t 'lura-r Ln[lnhuwuo uml.j[bm.nr11ut11r: 
Ur1w2wgw6 uJnqab11r tuwr.1um11110 l.jw11nri. t pwctwul[b1 911nuwLI'lnq11w
:Phw1r ywu ttb4Ln11n~n11bqr tmwuw4ut11nl[ l.tJm11w2wu~m11 pw11w1111w
tiluur nrin2l[h pwuwynribu : Oqmwqnp6b[nl[ uuwu unmbgnumt11 '.:>W[l
llllJ:PQ Lt wztuwuiw4rgubrio 1940-wl.jwu ral[wl.jwubrih L[b112mu u2bgru. 

g 

1. p22t1 '1uk3-r hru2wJru 4wquo pun11n2 t l.Ill[Jw1 011qwurquru 
2 umJu O[lqwurqur P2r2ubp[! Lt hjmul[w6gub110 mul::iu uuwu hru

QWJru ywqu 
3. UnLn l.jWUQUW6 opqwurquUb[l[I QnLQWfl[lnLU bu UUWU hhLIQWJrU 

l.jwqu (WJll hwLnl.jnLfaJnLU[! oquiwqnp6mu bu uwuptwpWUnL(djnL
umu grurwl.jWU UlWQUnunurwJh hWUW[l) 

4. '1uk3-ub11r ub6wuwuumra1muo 1111ul.tn11mu t nrin2w4r Qhurw
l.jwu ywunuwl[n11mra1mu, n111J uwhuwul[mu t n111.4bu '.Jw11qw~r 
qmqwygl[w6 hru2trir l.jwunu (hhli2b11r hwuw11ctb2mra1mu):UJu 
W['lLnWhWJUll[ntl'i t U[lWUnLU, nr WflbUhUh QWUW4D hwl[wuwr t 
raruruti, hUl.j qmwururuh QWUWl.j[! gruinqhur f>WUWl.jhu (UWhll 
wrumuw4tJ): 

'luk?-r u11buru Qmwuru 9ruinqru k?ruru 5-ubrarl-
wnl:!1mnn c::ihuinahu 
4m[r rarumu 28.2 21 .5 21 .2 27.8 1.3 
4mlr 4'1w16wtu 27.9 22.7 20.8 27.3 1.3 
4m.[r u1.4b11uw 28.7 22.2 20.7 27.2 1.3 
unubU'lr 28.6 21 .4 20.4 28.4 1.1 
nul.j11nu1bri. 
sw11btur 27.9 19.5 21.5 28.2 2.8 
wun11~rub11 
Om~wl[nqur 32.8 17.7 17.3 32.1 1.1 
9npbur ubru 27.3 22.7 16.8 27.1 6.0 
k?rafuun11 31 .3 18.7 17.1 32.9 
E.coli 26.0 24.9 25.2 23.9 
Mb. tuberculosis 15.1 34.9 35.4 14.6 
FX 174 24.3 24.5 18.2 32.3 

urw4 pwgw11mra1mu hrueb11r hwuw11ctb2mraJmurg ub114wJwgumu t FX 
17 4 4rrmuo. rum pwgwmpl[mu t U[lWUnl[ n11 U[lW '1uk3-u UhWL4WflnLJl1 
t: 
0(11/WJOmp;mDD u d!Jo: 1947-ru mumuuwur11blnl[ '1uk3-u nbuuiqbUJWU 
6w11wqw1rauwu 11r:P11w49rw1r brtwuw4ml Uumpt11ru ufubuwmr4n11tu 
gm.Jg uil[bg hbU1uJw10· 

X-ray 
source 

diffracted ", 
beams " ,,,. , 

I 
/",:,_..--

~==-~-~ .... ---~ 
---- DNA','...... ._ 

crystal ' ~ 
'.11 

b11p r.1tumqbu1wu 6wriwqw1raubrr tum1160 pwful[mu t pJm ribri.r t1 bl.jm
pnuubrnl[ fuhUl mtriwuwur hbU'l U'lbll.r t mubumu llh:Prw4grw: 
'1h:P11w4grwJr buraw114L[w6 6wriwqwJrar 1.4wLI14tro ramJL t uiw1ru 
nrn2bl wLI'lnuubrr 11wuwt.1nrt.lw6mra1muo p1m11bri.mu: UJu tri.wuwl.jnl[ 
Uumptpru bqpwl.jwgpbg, n11 '1ufa-h unlb4ntlmu wubu 3.34A rg hbuin 
l.jW l.j['ll.jUl[nrt hWLnt.lw6: LiJllU.Jrur urumbuwuiry l.jf'll.jUl[nrt JnL[lWhW
U'll.jnt(djnLUQ pwgwmpt.lbt t n['lU.JbU "pjnt[lbrtWQ[lWJhU 4rl.junri.mraJntU" l.jwu 
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"uuwumraJWU LL!WJ1pb11mra1mu ": :ti11wu4ttiuti , <nuttiuti , nLtitl.Jruuti L. 
w2tuwmw4rgutriti (1953) hbmwqw hbmwqm.nm(dJmUUbJlQ gmig 
Lm~tgpu '1ura-r tril.Jm 6L.r wr14w1mra1muo· A (p1mribr1.w1ru 6L.) L. 
B(LLjWJlWPJnLflbrtWJrU 6L.): 8mjg U1J1t.lbg, nri A 6L.mu hrupbJlQ (dbpi.J.w6 b[J 
mrtriw6tiq wowugpr uywmuwup, tiu4 B 6L.mu, n110 mumuuwur11bt tri 
Uumpb11ru. hruebrio 11wuwt.tn11Ltmli bu mriri.whwiwg hw11(dmra1mumu L. 
ruuibJlt.lWlQ ywqumu t 3.4A ( lOhrliQ LLjWJ1nLJJ1r lib4 Ll.jU1nLJU1jl t.lriw): 
<tiuut.tttnt.l r1bumqbu1wu .1Swr1wqw1raw1ru 11M>riw4grw1r l114Jwlubri'1 L. 
Jwriqw'.f>r htiuet11'1 hwuw11cttemra1wu ywunur t.triw nLnl11unuo L. 411'140 
1953-tiu Wr1W2WJ14l:igru '11.Jfa-jl Ljwr1mgt.lWOQQ n("lLl.jbU 4J1l.JUW4r Ll.jW
J1nL]f1: UJ11 b114m LL!WJ1nLJJ1'19 ywqu!.J.w6 2wew11-'.J>nu'.j>wl11wJjl[J l.jwr1nLJg
[JbflQ l.JwLL!t.two tu utiuJwug hbm uriwug ubriuo mbriw4wLt.two hrupbflr 
ur2L. wow2wgnrt 2J1WOUWJjlu ywLLjbJlr ur2ngnt.l: C[J11 nrimu lib4 21'1.(dW
JnLu uibrtWYWlt.lWO A-jlu(WJ)buru) hwuWLl.jWU1Wutuwumu t UJnLU 21'1.JdWJjl 
T-Q((drutiu), tiu4 G-pu(qmwujlu) C-Q(gjlmnqjlu) : LiJ'l h'1llebrir ll'12L. 
wr1w2wumu bu hbl11L.JWL 211w6uw1'1u l.JwLl.lbri: 

O {llym•Ot 
(Ur~'111n RPI,!.. 
.,.JllOul CH,) 

qmwuru gjlmnqjlu (Oufa-mu mriwgtil) 

~wur n11 b114m LL!nltiuml.Jtbnl11r11w1tiu 2ri.rawub110 yw11nrt bu mubuwt 
uiw11pbf1 mri.Ltw6mra1mu '1ura-r Linlbl.JntlQ l.Jw11nri. t hwu11bu qwL bri4m 
huw11wt.tnri ynu'.f>tiqmriwgrw1nt.t : '1riwugjlg ubymu 2rirawub110 mubu hw
ywowy mrit.twomraJmu, nrio hwJmur t nriL11bu hwywqmqwhto 11wuw
LJ.nriLJ.w6m(dJmu: 8m1g t mrii.J.wa, n11 puwywu '11.Jfa-ru pun11n2 t hbug 
WJflLL!tiuti ynu'.f>jlqmriwgtiw, nrio uLLjwul11w t.tnri t uriw ybuuwpwuwywu 
'.f>muygtiwJr tiriwywuwguwu hwuw11: 
"lw11m111w6L. 4nu'.f>rqm11wgjlwu 4w11nri. t ouflmubt bri4m l11buwyr mw-
11woew1tiu flWUWt.lnJ1t.lWOnLfaJnLU. ubl.j[! W2 1 ujnLUQ 6wtu Ll.jLnnLJL11 mubgnrt 
LL!WJ1nLJri: Swriptrimraimuo briymujl u'12t.i. hb2mmra1wup 4writtr t gm-
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gw11ritt oql11wqnriobtnt.l b114m Ll.jWJ1nLJJ1, n11nup Lfiw(dwrat.lmll bu Liw
mrl11r 2nlJ12[! hw4wr1Wl.j mrtnL(d]Wllp, ru~Ll.jbU gmjg t l11J1l.J.W6 u4w11mu: 
brat uw1bup ratil.Jmuprg 2ri.!dwub11r9 llb4o 4mubuw ctwuwgm1g'1 uLwer 
mri.m(dJwup (flbLl.lr w2) Ll.jU1nLJL11 u1muo hw4wr1w4 dwuwgm1g'1 UlWf1'1 
(6wtu Ll.jl11nljm), wuywtu UJ1Wujlg (db 4womgt.lw6pr nJl OWJJ1r9 bu 11'1-
mmu: 

~~ ~ 
i i 

~ ~ 
G 0 .. ,._,,.,.. ., .... ,,,_ 

Swriwopwitiu lln11btub11r oql11wqnriouwup l.jWL11WJ1t.lw6 hbmwqnmm
(dJmuubriQ gmJg L11t.ltgru hbmwqw1mu, nri '1ufa-jl llntb4mLmLi ywu bri4m 
Lfinriwy , llbl.JQ Liw4bJ1bUWjjlU (-12A) UJnLUQ wt.lbLti tun11 (-22A): Uju JnLJ1W
hwl11ynL(djnLU[! ywriL.nri t wowu6jlu hwywprnmjlyubriti . Lljnltiutriwqutriti 
L. wn uJm(dbJ1r ywll.jliwu hwuwri: '11.Jfa-'1 ywr1mg4waeti wr1wugewiru 
hwl114nqa1muub11 utubuwmjll.Jnritu Ll.jWL114b11t.lw6 b[J umn11L. pt11t.twa 
Li4w11mu: 
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uwrtJ4tiCmul gmJg t lllfll[wo, n11 Ll.ti11mu FX17 4-tig wu2wllll[W6 'lura-u 
ll'i hwliw~wlllwurtJwumli "htili.ewiru hwuw11ctb.emro1wu" LjwunurU: t-ilJl
~bu u2L[bg l[bflbl[mli flW Ljw~mli b[J UflW li'1W~WflnLJrlnLJdjWu u nl 
unflUW[ b[lljw4ti our hbl.Il : 'lw u2wuwljmroJmCJ muti UflW rib~['1Ljwgliw(J 
(~Wl.Il6bwhwuliwu) Ouh hWUWfl: 

4. nura. :bhqhywyw(J Li phlihwywCJ hwuiynqotmlJubno 

Uu2wlllmli : Uu2wUluwCJ briwuw4o uuwu t 'lura-ti wu2wlllliwCJ brtw
uw4ru: nura-r un11nhliwCJ 4wurtJLiwu hwliw11 wuhrwctb2Ul t wl[biwgCJbt 
ur2wL1.wJf1 nuwq-ti wrqbtw4tir r UlWflpb11mraimu 'lura-rg, n110 qUlCJo
L[mu t pn[nfl P2h2Ubflmli .Ehl rob 2WUl hnunqbCJ Ll.ti.Ow4mli, nura-CJ ubfl-
4WJWgL[w6 t lintb4mt ubriti QuUlwutiJ?nl[, n11nughg JnLflWJ?WCliJnLJlO UlWJl
pb11L[mu t hrbu 4wnmgL[w6QnL[ L. '.j>mulmtiwinL[: UJ'l~huh pwquw~r
umro1muo ~whwu2mli t nura-r Wr1W2UWJ'1J'1u lf1mth hbUlWQW pwctw
UnLUQ urw pwriw11rwuwub11r: OqlllwqnroL[nri ariwuw4ub110 hbunL.1w1o 
bu· (w) gbuUlflh'.Pmqwgmu rtJUlmg1wu QflWfl'1bCJlllmli 

(p) tinuwLtinrtiwuwljwJhu .e11nliwUlnqrw'.Ptiw 
(q) qb['.j>h[lllflWghW 
(11) t1bljUlfln'.Pn11bq 

</11Jpbf1/1 [/wquo: nura-r wu2wUll[wo untb4m1ubro 4w11nJ1. bu un 11nhLl.bt 
.etiutiw4wu (w14wth) 4wli :PbrlibuUlwJtiu bJ1.wCJw4nl[(nuwq): Unw-
2wgnri hhu.ebrih 4wquo n11n2L[mu t tiui~bu u 'lula-h 11b~Emli : <hli
uw4wu UlWflpbJlnLJojmuo 4WJWumu t UflWumu, n11 nura-r 4wqumu pw- . 
L[w4wutiu lllWflWOL[wo bu lihunflWJtiu hhilEbJlO L. Wju hwuqwliWU,EQ, nr 
11b~.eb11ti ubowuwuumro1wuo nura-mu l'1 u2L1.mu "h'1U.Ebr'1 hwuw11ctb
.emroimu", tium ~w1uwuwl[n11L[wo t u11wunL[, n11 nura-ti Lintb4mrn htiu
uw4wumu lihW~WJlnLJfl t : t°'Ui~bu u2L[w6 tfl hWurtti~mu b(J pwgw-
1'1nLJdjnLCIUbf1: 011tiuw4· nwmgQwJhCI l[bfl.Eh 4wu uljwu bCJgb'.j>w1n4w1111h
lllti Ll.tiJlnLUUbflh9 WU2WlllWO nula-CI gmgwpbJlnLU t "h'1U.Ebflh hWUWJl
db,EnLJOJnLCI", tiurn 4w1wumu t u11wumu, nr A-ti J?Wuw4o hwL[wuwr t u
ti. hulj G-tiuo C-'1 QWCIW4hCI: UJ11 L[h11muub11'1 rtb~Qmli dwnwuqw4wCJ 
hCl'.j>n[lUWgtiwu ~WJlnLUW4L[mu t nuta-'1 4fl4UW4'1 ~WflnLJflWJhCJ Un[b-
4mtmli : 

Of1l/WJilmp;muo b. d[JO: 
On1nqa1mu mubu bflb.E q1rtJwL[n11 6u'1 nura· ntipnunliWJhu (rinura), 
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uiriwCJu~nJ1UlWJ'1CJ (Ulnura) u uti2un1111wiru (unura): '111wu.E hwu11ti
~mu bu pn1n11 qtrtJwL1.n11 4bu11wCJti oL.brimu wn UlWflPbfl nura un[b-
4m1ub11h hbUl, nJlnUQ ni WJll,EWCJ mu'1Ll.bJ1UW[ b(J: ntipnunliWJhu nura-u 
4wqumu t P22h oCJ11hwCJm11 nura-ti Linlll 80%-o: Uju Ljw~L[wo t u~h
UlW4mg'1 hbUl, wnw2wgub1nL1. ritipnunuubf1'1 wul[wCJ lllW4 hWJllluh 
9hUln~1wquw1ru uwuCJr4CJb11: 4b112'1CJCJb11u pwri4wgwo bCJ a114m, LibO L. 
Ltin.Efl bCJrowlitiwL[nf1CJbflh9: OJ14muu tt ~Wflmuw4mli bu 65% nura u 
35% u~tilllw4mg : rinuta-u pw11011wun1blJmuw11 t u uJmrawlf1nrtJwuw-
4w~bu 4wimu: 
nuta-'1 n11n2 Lintbljmtubflh uljWJlWQflUWCJ flb~QnLU oql.Ilwqn116l[mli t s
ubOm(djnLUQ, nJlQ gmjg t UlWLhLI wriwCJotiu Lintbljm[Ubflh UUUlbguw(J 
W[lWqmroJmCJo gbuUlflh'.j>mqmli u WfllllWhWJUlL[mu t UL[b11pb11qh utiw
L[n11CJb11nL1. (S) : "lw11q t , nri WJCJ Ljw~L[wo t lintb4mth qwuqL[woti. iwlf1ur 
u our hbun: <:bU'luWpWfl UnLJU qwuqL[wo mCJbgnJl. lin[bljm[ubflh9 wL[btti 
WflWQ LjUUlllh wLl.bth LjlnQJl iWLflUGJl m(Jbgnrio: 

Ob 309•.0unft+)\ 
\.__} aos ewunlt-v 
front view elde view 

l.Ilbu£ wn2L.hg unbuQ 4n'1..Eh9 subunit - bCJrowurwl[nJl 

UjmU U1WJ1WOL[W6 nura-ti unbuw4u t U1flWCJu~nJllllWJ'1CJ nura-u, n110 
4wqumu t P22'1 oCJ11hwCJm11 nura-r unUl 15%-o: u11w lintb4mtWJl 42tirio 
wl[bt'1 gwo11 t . .ewu rinura-tiuo L. hw6wrtJ u2L1.mu t n11~bu 4S nura: 
t°'CJi~bu LibCJQ LjUlbUClbCJQ Ulllnflu WJU un[b4mtCJbflQ qnJlOnLLi b(J nfl~bu 
w11w~Ulbfl wutiCJwroromubflh hwuwr u~timwljmgh 4bCJuwutiCJrobqh ou
rowgQmli u qnJnL(djnLU m(Jbu wriwCJ6hCI wurCJwraromCJbrih JnLf1Whwmm4 
lllnura-ub11: lllnura-ti lint b4mrn utiw~w11mm t , uwljwJu 2rirowCJ Ltiw
rawral[mu t huQU hflbu 2nLf120 qwuwqw(J oub11nL[ (uW'1fl u4WflO) WJCJ~bu 
n11 LjwnmgL[w6.eh Linlll 50-60%-o ub114w1wgL[mu t qmqw4gL[w6 h'1li
£b11nl[: P22'1 uCJwgwo nura-r ubowuwuumro1muo 4wqumli t unura-u. 
n110 tm4w11tinunub11h unm wriw2wumu t LjnJltiqmu u wugumli t ghmn
~1 wqu u~rmwljmgh utiurabqh QCJ(dWQQnLU (CJW'1fl Ulllnflu): unura-u 
pw11611wun1b4muw11 L. iWLflwqwug 2w11dmuw4 Lihwgmraimu t: t"iui~bu 
ubCJQ 4mbuubu£ hw2n1111 uwumu , unura-u uwuCJwljgmu t dwriwu 
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'""°) 

qw4wu tiu:PnruwgtiwJti t../lntuw1111uwuo L. t.QUUjflbutiwJmli (w11unwhw1un
inLf'lJWLiQ), uw ~wunwutuwuwlllm t P22ti unw11pbf1 ull.jtilllw4mgub11ti 
wutiuwrarat.l.wJtiu hw2n1111w4wumra1wu hwuw11: Ewuti n11 unuia-ut11ti 
lWL/1Ub(1[! UlWUlWut.l.mli bu Uf1WU.Q lm(Jb(J UUlnLJQ ~-ubOnL[ClJnLUUbf1 : 

5. umlJ! bbuW@@nLUbOQ L. ctwr.iwuqwyw(J bul>nouwgbW!h Y,ntuWUDnLU[! 

nLUmuuwutiruwu IJUjwlllwL1u t · 
3nL(1W.QU~nLf1 mu4Li'1tif1 Ujblll.Q t muw4 [puti' 
- uywrwqrti w11ut.1.wqu bflb.Q wuywtu w2tuwunwCJE, n11nugmu pbrt.l.wo 

bu Limy[ btiuwraramu b11ti ctw 11~ uuqw4wu tiu:PnruwgtiwJti Ulbri.wlfintuuwu 
~(lngbumli uwuuw4gnL[ClJWU W~WgnLJQUb(l 

- uywrwqrbt ou11hwum11 wr.iliwup Cl11ti:Ptillluti (1928) L. tt.1.b11titi L. Vwy
Lbn11ti (1944) ynri.utig ctw12wuqw4wu tiu:Pn11liwgtiwJti mbri.wlfintuuwu 
t.l.bflwpbrJWl 4wunwr4w6 lfinr~bf10 

- .QUUWf1YbL (b112titi L. '.Jbjqp 1953-mu 4WlllW(1WO lfin1160 
- .QUUWflYbl (b122titi L. '.JbJqti lfin116tig p!l.Jnri. bqrwywgmraJmuubf1[! 
- pumrawqrbl qbunlllti~ti4 L. :Pbunlllti~ti4 t2u~11tutiw1ti uti2L. tri.wo 
mw11pb11nqa1muub110 

vbf1wamp1ndi:. S4Jwt uwuti u~wlllw4u t tmuwpwubt umy[bpuwraramub-
11ti L. ctw11wuqw4wu tiu:PnruwgtiwJti untri.wt../lntuliwu uti2L. bri.wo 4w~o: 
<w2n1111 UWUbf1[! ut.1.ti11t.1.w6 bu WJfl lWL/lwqwug pWf1'1 ~rngbuti UlWf1pbf1 
t../lmt t11ti lintb4mt witiu tirw11w116mra1muub11ti liwurwuwuu .Quuwr4uwuo: 
Unt.1.n11wpwf1, bflp tunu2 t qumu qbutriti L. ctw11wuqwywumra1wu liwutiu 
ubu.Q hp2mu bu.Q bflbtuwubflti L. 6unri.ubf1p uuwunL[ClJWu uwutiu 4wu 
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4wtu4w6 u4qpuw4wu qpunbttiEubrtig 4wrnri. buE hti2tt Vbur)bltiu L. uriw 
[npwqqp pmjUbflti pWf16rmraJWU L. qnLJup uwupu: Qbubunp4wti WJ!l uw-
4Wf1flW40 hWJUlUp t nf1~bu :ptumnti~ti4 (EU~f1butiw, bflp WUhWLilp '.Pb
ununp~Q Ubf14WJWgumu t tirtutig pwgwhwjun L. 6wuwl4nri. pumraw
Qf1bf1, n11nugn4 uuwubg4mu t wuhwuno: UJI) liw4Wf1r)W40 W4b[p hwuw
~WUlWUtuwu t l)wuw4wu qbutunti4wJtiu L. pun11n2 Lti utr ctwuwuw4tiu: 
Sl{Jw[ uwumli tunuEo 4quw wiu ctw11wuqwywu qnronuubrti uwutiu. 
nrnu.Q pun11n2mu bu wm 1m11whwunymra1muut110. wiutiuEu P22w1tiu 
qbununti~ti4 t ELI~11tutiw1ti uwutiu: Qbununtill.jo 11w ctw11wuqw4wu 
u1mrati L. uwy11nlintb4mtub11ti yw11mg4w6Eti t../lntuhw11wpbrmraJmuu t: 
WJI) 4wll.jp munu.:iUwuti11uwlip qpwri.4mu t lintb4muw11 qbublllpywu: UJu 
t../lwULilQ, n11 brtri.wu uuwu t 6unri.ut11tig lib4tiu 4wli tr4mutiu tunumli t 
ctw11wuqw4wu tiu:PnruwgtiwJti t../lntuw1111uwu uti2ngti w124w1mraJwu uw
utiu: UJI) trL.mJraO hWJLilUP t humg, uw4wJu utiwJIJ 4b112tiu hpumu 
Ulwr4w QU[ClW9EnLU hw6nri.4bg hwuub[ QQWLP hwqnri.mraJWU WJfl brL.mj
rati pwgwhWJUlUWU hwrgmu: U11w2tiu L. PUEUPU 6wqnri. hW(19[~ 4W
jWUnLU tr urwumu rat "nAf1U t ctw12wuqw4wu UJnLf'lti PUnLJ[Cl[(: Ujl) hwrgti 
ll.jwunwutuwuo lll4tgtiu hbUlL.JWl t../ln11~uw4wu llll{JW[ubro: 

(/)nru1w{1wf1w[/wu [/buuwpwump1mu: 19-1111 11w11ti 4t112mu t../ln11~w11w-
11w4wu 4buuwpw(JubrQ ULI'lnLJQ ub[ClnflUbflti uti2ngn4 QnLJ9 unt.l.bgp(J, n(l 
P22ti ctw12wuqw4wu qn116nuut110 unbri.w4wtt.l.w6 bu 4n11tiqmu (wJuunb
ri.tig urwug wu4wumuo· umytttiuwraromutr): 

M ···-·-·····:a remove nuct.u•-c•A die• 

~---·-··--.,..remove eome cytople•m--c:ell •urvlve• 

'• 

UJu~tiun4 gmm tr lllrt.l.bt. nr bf'lb 4nrtiqo hb11wgt.1.mli t P22ti9 t.l.l:i112tiuu 
uwhwumli t. uw4w1u brab hwuwlwlfi gtillln~[wqliwJti owt.1.wt t hb12wg-
4mu p2ti20 qn1wunL.mu t: 
Vti wn t../lnr6brmu gmJg tr lllflt.l.bt. nr bf'lb ynrtiqo hb11wg4mu t L. ~wun
t.1.wulllt.1.mu uti WJl UlWrpb(lt.l.n'l. P22P ub2 (unw(lpbr :pbununp~nt.I.) t.l.b(1-
2PLIPU unr:Pntnqpwu uuwut.1.mu t 11nunr p22tiu : 
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UqtJbgmp1wu UU{b[/lflfJ[J: <wimuti t , n11 nLllll[lwliwumzwywqmJO liwnw
qwJramuo wnw2wgumu t qbubintiywywu limuiwg11wub11: <buiwqwimu 
gm19 in11l{bg, nri ummwgtiwJti wuml1liwuo ywtul{wo t liwumzwywqmJu 
liwnwqWJfdUWU Wll1J?ti b['l~WflnlfdJnLUtig: Ljwflbtti t ~wnmgb[ UnLLnW
ghwJh w11wqmra1wu L. mtm11wuwum2wywqnl)u liwnwqwJraliwO wtti2ti 
b114wrimraiwu Lih2L.. pun11n2 l1wiu4womra1wu 4nfl L. wOLJ.wubt w1u wy
mtil{mra1wu ull.jbym11: tirip WJ'1Ll.Jtiuti w4mti4mra1wu ull.jbyinrio hwub
Liwuil{mli t Cmt4tbl1Liwraramub11ti 4lwuliwu uLl.jb~tnflti hbm WJ'1 Ull.Jb4-
ino11ubrio UlllnLJQ hwliuyumu bu , ri.11ubl.J.n11btn4 YlWUUWU uwgutilimu 
260uli Wlh2h mwy: 

o-o ~tion 
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uuw[J Ltinf10CTflnLU LnWf1pbf1 !j>tiqtiywyw[J L. J?t°lul1wyw[J UnLLnWqb[J qn(l
on(J(Jb[1 nrin2 oL.ml i.timfintumraJmuubf1 ttiu wnw2wgCmtu umy[bfluw
roramub11ti ub2: <binL.mrdJmuo WJU w2tuwmwugtig WJO t, n11 um4t btiuw
raramub110 4Wll.Jtlw6 bu qbubintiywywu ummwgtiwJti hbin, n110 1111 hb11-
ral1u YWLl.Jl.J.WO t ctwnwuqw~w[J tiu!l>n11uwgl1WJti t.flntuwrwuw(J hbm: Um 
wnmunl.J. qwriuwuwtti zt, n11 uwriri.ti4 wuhwqumwgwo bu oqnuw1tiu 
zb11mti ul.J.wquwup: 

'1u/O-f1 tnW{JWOt/WOnLpjnLU[}: 'lura-u hWJLnUWpbf1l{WO t pn[nf1 Lnt°lll.Jl1 
P2t°l2Ub[lmli, Ub[1Wr1JWL pmuwywu, yburi.wuwywu, uuywJtiu, 211unww1tiu, 
UWU[ltWJl1U L. 4tiflnLUWJtiU P2ti2ubf10 (UlllnLjq wuwo nz pn[n[l P2ti2ub11mu, 
UWt°l[l t2. 20): 'lufa-11 [WJUWYt°l LllW[lWOntli[J pbf1nLU t WJU bq(lWyWgm
fOJWUQ, nri uw twywu r].bf1 t tuwri.mu P22ti !j>muygtiwJmu: 

CJf1f1JJ/unuf1 t/m{Jt1bf1[]{1928): On1mra1mu mubu umw4>titn4n4ti bri4m w
nwuotiu qtio, nrinugl1g ub411 ubriwriymuo uyub11tiu pbrimu t uriwug uwhti 
NtiflnL[bULn ql1o), tiuy lljmuti ub11wriymuo [Jywtnbtti i.timfintumraJmU zti 
wnw2wgumu (nz 4ti11mtbuin qtio): tiri4m qobriti ywnmgl{wogwJtiu 
lllW[lPbflnLfOJntUUbflO YWJWUmu bu U[lWOmu, nri nz tlti11mtbULil qtioo 
q1144wo t P2112C! Ll.JWtnnri. tnriow111u Ll.Jntl1uwtuwri1111w1tiu 4wll.JumtWJh9 
(uw1111 u4w110): 
Oflti~l1LI1U0 gm19 ml.J.bg, n(l LJ.jUbLllinynyo yw11nri t otmg pb[lbt ctwnwu
qwywO JnLf1whwinymraJmuubfl Ull.JWuLtwo 411flm[bum L. ni 4ti11mtbum 
pwyinb11l1wObf1ti tuwnublm ul12ngn4: uw ub11w114bg uyubril1u l1bu11wuh 
uwgril{wo qoti ywll.jumtwJtig q1144w6 Ll.JUbl.J.unynyubri: !2wuti nri 4wll.J
um1wu 411rinqbULilnL(dJWU twywu UWltJWr].[lJWL t UbflWjlynLUQ zW4Wf'1Lll
l{bg liyubrih uwhnl{: Uw4WJU b[ab UnflUWl ywll.junqwgl.J.wo qoti Ull.jWU
l{wo Ll.JUbl.J.linynyb110 ou11q11yl.J.mu tl1u ub11w1144nri. uimrati ub2 uyuorio 
uwmymu ttiu: ub11w1144w6 uyubritig wu2wmLJ.wo ybu11wuti pwyinb-
11tiwub110 un11uwt 4wll.Junqwgttwo ttiu: n11Ll.Jbu ummqtiz Ull.JWul.J.w6 
YWLl.JUnll wgl.J.w6 pwymb1111wub11ti tuwriumriri.o ub11w1144mu t 11 uyub11tiu . 
L. r].W zt[l pb[lnLU uriwug liwhl.J.wu: <buiL.WpW[l ULl.jWUtlW6 4ti11mtbUUl 
pwyinb11tiwub11tig ni Ll.ti11mtbuuiub11l1u wugumu t tiOi nri UJntfd, nrio 
oL.wl.j1nltJmli t UflWUg l.J.t°lflnLL b[J LllWJt°lUti: 
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pneurnococcu• 

0 
non-vtrulent atraln 

0 
cleoM orvanlema 

(•nc:.8PSU .. ted strain) 

cleoM org.nlama 
(enc:epaui9tM ett"llin) 

-

tJtf/Jf1f1 l.i Uwqf bnfJ (1944): 
bLl.bllhh L. LJw4Lbnflh 4WLJ1U;pw6 Ltin116p tnqajntUQ, jlUillJbU 4bf1Q u4w
[1Wqf1Ll.W6 t. 4WJWumt.'i tri PW4Ulbf1hnLli llJUb4lin4n4'1 bri4m rcbtti4'14tW
(Jt.'iw(J lll11ngbumu: u11wue gmJg LilLl.bgjlu, n11 L1.ti11mtbum pw4LilbflhW
ub11hg WUQWLI1Ll.W6 L. UW.Qf1Ll.W6 aL.ti WLl.btwgmt.'io ni Ll.PflnllbUUl 6L.h 
4nqLilm11wubritiu pt11mt.'i t u11wug t.'ih t.'iwujl 4briwMwuo 4hrimtbumti : 
Liw11L.n11 tri lllW[lqwpwLibt rab u1riri1ne WJU ehli'1w4wu UJmrco. n110 
lllWLilwujuwuwlilm t Lilf'lWuu:Pnrit.'iwgjlwJjl (Ll.briwlflnjuuwu) hwt.'iwfl 
wLl.blh 2mm hwurihuwumu t '11.Jlo-u, ewu nriL.b wn juw11umririw1hu 
qn116nu UlllhLI1W4mgwJjlu, LhlllhlfWJjlU 4wli w6luw211wmuw1jlu purnJra'1: 
LiwUlWf14w6 Ltin11ab110 gmJg LI14bgjlu, n11 '1ura-u itfl ll1Wflmuw4mt.'i 
ullltimw4mgr u2tt'1 ewuw4ubri L. uriw p2'120 4briwt.tintunri. hwUl4mrc1wu 
L1.11w itu wq11mu ni l'1lllwqub110. ni wlihtwqutrio. ni llJflnmbwqubrio L. ni 
tt njlpnum4tbwqubf1o. uw4wJu wq11mu t '11.Jla-wqo (Liwhri Li4wrio): 
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0 
non • virulent 

+ ~pases -------------
dead organisms .: • - • • • -

(encapsulated forms) • :: •• 

· .. , ......... 
' . . . 

... , .... , ' ... . . . 

amylases 

proteases 

A Nase 

DNase 

}-~ 
~ 

(bLilL.wpwri bqriw4wg4bg, nri P22r mriwuu~nrit.'iwgrwu ll1WJt.'iwuw4n11-
L1.w6 t '1ula-'1 t.'inlb4nqn4: lJ'1ui WJu 4wJtiU 4wu4woubf1, n11 Ul.llPLilW-
4rngw1'1u luwriumri11'1 LflnI?ri 9wuw4ubrio 4wrinri bu w4LI1'14 qnrionujl 
ribri tuwriwu: 

<Julp/Jf1f1 qwqtlf1 tf/Jf1wp/Jf1JUJ/ :Jw{1qUJ.'/J/1 t/mf1d/Jf1o: UJu Lflnri6bf1o L. 
Uf1WUg WflflJnLUQUbflO 9uuw1144bt b(J 4bflO t2 5 mu: Ujlf t.tin[labflp Wfllf· 
JnLUQUbflp pmu jlt.'iWUUl[! WJU d"WUWUW4 wuhwu4WUW[p tfl , LI[lWUQ [f"'lW
gmgjli WllJW9nLJQ tpu hWUflpUWUnLU '11.Jfa-p Un[b4nt[jl pu:pnflUWghnU 
PUnLJ[Cjl 4bf1Wpb['ljW[ L. lljUlfmt.'i tjlu, nri uliwu OflQWupqt.'iub[lQ m(Jbu 
ut.'iwu '1ura, tiu4 ni uuwu oriqwutiqt.'iubriti '11.Jla-ubrio hw6wru 111wripbri-
4mu bu: 

<1Jf12/1 &. :JtJ;qf1 l/?nf1dbf10 (1953): P2'12'1 4w11w4mlio 4'111mtbuUl 4'1rim
un4 pbrimt.'i t 4'1rimuw1tiu liwuujl4ub11h t.'i 1.w4liwuo liuJufJw4gnri. Lrw 
uwriew4n11t.'iwu Ll.briwgt.'iwuo L. ti Ll.bri2n Lnpfln2 P2'12h liwh4wuo: 1953-
tiu <bri2'1u L. '.JbJqo mumliuwutiribgjlu E.coli-r 4wriw4mt.'io t.J.hrimtbuLn 
pw4mbri'1n~wqn4 (~wqo riw pw4Ulb[lpw 4wriw4nri 4.rrimuu t) . nrio 
.QW2 hw1muh t nrillJbu T2 ~wq: Oqlllwqn116L1.w6 hwliw4wriq'1 w11w4b
LnLfCJnLUQ 4wiwumli tri uriwumt.'i, nri 4rrinwo .Qjlt.'ipw4wu Ulbuw4bLiljlg 
wubuw ll1Wf1q 4buuwpwuw4wu aL.u t , nrio pwri4wgwo t 1Jtiw1u Ul.ll'1-
Ulw4mghg (w11w2wgumli t 4.tirimuw1tiu rcwriwupo , llJnrn L. lllniti rcbtti4-
ubf10) L. '11.Jla-jlg: ~wuti nri UllJjlLilW4mgutrio lljWflnLUW4mt.'i bu Mmlip 
(Mmt.'ip llJW['lnLUW4nrt wlip(Jwprcmubrir· gjluUlbp(Jp L. t.'ibrctJnupup 4wq
umli), tiu4 '1ura-u ni. huwriwY.nri t u2bl UllJjlLilw4mgo, pwJg ni '1ura-u , 
pwquwguttn4 4.tirimuw1tiu t.'iwuuti4ubrio 

35
S-ubratinutiuti ubri4w1mra1wup: 

<w4w11w40, 9wujl nri '1ula-u llJwrimuw4mu t '.jlnu~nri tiri ,'.pnu'.jlwUlwJtiu 
jut.'ipmli, tiu4 UllJjllilw4mgo nL huwriw4nri t u2tt utiw1u '1ula-u w6bg-
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:Of) iufeJ1uomhmtJLlu6m4 4uqai;i44 4h4lqel Llmuioqr;iq lln!:Juh mufri lqLlb 
aoq uuLlmh nqtnmo4r;iom aoqr;i Oo1ufel1uomhmlJLluom4 4Llqar;i44 4h4lqel 
hqr;i ~ QmflLlm qelq Liu '01Jqui4b 'l al)q lqhLlmui4u oquLlm aoqr;i L1Ll1uf 
-?omamLl1uf 546omt.it; :flu5uo4r;i LjLlqlnmh o4fml)QmLl6 l.Ju6m6mam 110 
-4r;i (J-8 11 i- V) 4Llqai;i44 1J4fmuiubm l)q Qmfl6m4r;i 0Llq1Jh4lqel rnhLlq · £ 

'64Llqol1Ll u6m IJQ 
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fll19W (mf1 ljnliu.it blibulJ1Wfl {c)btl1l.J Lil1urabqbtm hwliw11: 
n1 qn{Jul:i{1t./Wlf1/11[ LntlJWL m11l1Jm{'lura-11 puwqh11 tlntbl.Jmto LflhLl Ln(lnh-
4.mtl t L. Lnt11l1 t mutumtl bf14nt unri lintt4mtubril1 uru(c)bq 
r'Jf1ullllif1U/1t./' (lllwf1wtm6wJhur w1u 11bummli 'lura-11 puwqhri tlnttl.Jmto 
lllWf1Wtm6Lfmtl t ljwli pwzNLtmli t un11wuLnb116 211{<)wfJb11n4.: 
0Wj{1-W0-0Wj(1' '1ura-h puwql1fl lint bl.Jntl[! hwuribu t QWLl1U n(lli.jbU tlblj 
2'1.(c)WJl1 ljbUQ, hulj ljnUUj[btlbuUlWfl 2r\(c)WJh lijntU ljbU[! OQlllWQnf104_ntu t 
b(lljnt unriw611u ratth4ub11h ururatqh hwuwri: 

Owunpmp;m u · m uwfmrz ubfl[I /jwflnrz bu fJ/1lI1Wfl/fbt obll/f /1/jwguwu 
U/JWJU b{l/jnt hUWflWt./n{l o/J.b{l[] (WJU l/JWUlnb{1[], n{1nUE 
/unum tJ bu U{lwug oqUJflu qwiJ !Jl:iU): 

nbti.jthljwghw111 5 huw11w4.n11 dL.bf1Q u'1.Jbliwllll14nribu utri4wJwglfw6 bu 
LlbflQ pb11Lfw6 uljwrimtl: 
<DwuLnn11bu '1ura-u r.ibll.jth4wg4.mu t LJhuwLJnuub11Lf wlllh4. dL.nlf E.coli-11 
L. pntn11 pw11d11wljw11q 011qwurquut11h P2h2ub11mtl: 'lw gmJg t Ulf14.bt L. 
tmljwril1nlllh4 P2112ub11mtl. wm {c)Lf nttl uwriri4wfJg P2l12ub11mli 
h1mulfw6!2WJhfJ 4mtLnmf1wubrimu: Ur.iw2hu Ljlnrido. nrio pwgwhWJlllbt t 
WJu ub'1.Jwuhqlio wug bu ljwg11bt Vbqb1uou[! L. Urawhw 1958(<).: 
Ul:iql:i1unuf1 &. Upwht/1 t/mruJo: 
1. UflWUJ2 wlSbgumtl thU E.coli 15NH4CI (WJUl1uJ2U wqnLnl1 OWUfl 

11qnlllnu.l) UjW(lntuwljnrt lih2Wlf WJ(lntu : U11rtJnLUJ2Q brtw4. wqnU111 
lintl11!2Q fJn(l Lihurabq4_w6 '1ura-h Lintbl.Jmth tlb2 (hUtUjbU UWL. WJ[ 
wqnLn UjW(lmuwljnri lihwgrn(c)JntfJub11h ut2): 
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2. uf1WUJ2 w6bgflbgl1u P2h2Libf1h tll1 EWUh ub11mu11 WJUEWU, n(l wtlpnri2 
'1ura-u "Owu(lWfJw" (WJUl1ueu wupn112 wqnlllQ 4_b(lw0Lfl1 15N-'1) L. 
mutuw un(lUWJl19 wlf bth '1.Jlllnt('Cljmu: LiJl'l "6wuf1" '1ura-u 
U1Wf1pbf14.ntu tr un11tlwtl19 gbuUlf111~mqwguwup gbql1mli Etnrillrth 
q11w11hbfJlllmli: llju 11wri.11nwljLnl1Ll ttfl: 

3. UUjw P2112ubf1[! Ulbrtwljln'1.J4.bgl1fJ 
14

NH4CI Li.jW(lntuwLJn11 tll12w4.WJf1 L. 
U1Wf1Pbf1 uwljwJO n11n2w4h d"wtlwuwljwJhu hUU1bf1LfWtub11nLt 
4_b(lglfbgh(J UtlmzUbflQ, n11nCJghg tJ2Ulllf1WljlJl4_bg '1ura-u: 

4. Sw11pbf1 (Jumzubf1Q h11w11hg wuljw11 gbuLnflh~ntq4_tgl1CJ CsCI-h 
q11wriraulJlmu: a:>n11~h w11111mueub110 hbUlL.Jwtu tru : 

2 3 4 

UjUUjbU, '1ura-u, nrio t!2UlJlf1W4ghWJl1 t11 buraw11ljlf bt ljnt[ Ulntf1WJl1 wr.iw-
2hfJ ub11uril19. 

15
N lih2w4.wJf1119 

14
N lih2w4.wm Ljln'1.Jw1111ttnt9 hbLnn 

(w1ul1uJ2U 20 11nll.jbl1g hbLnn) lllWf1pb11Lfmtl t11 "hhPf1hf1.WJhLi" '1.JLnmra1wup, 
w4.bth ulllnLJq WJU ljwqtlmtl t lihWJU 15N L. 14N UjWflmuwljnrt '1ura-ubril1 
ljbu[!: <blllL.WpW(l wtlbfJ lintbljntL[! UjblllJ2 t LJwqtl4_w0 thCJr ublj hhLi L. 
ublj Un(l (c)btl14hg: 'lura-u. n110 tEUUlflWljlJllfbt t11 4ntllllnt(lWJh9 hw2n1111 
ub11u1111 w6hg hbllln (w1ul1uJ2U 40 (lnti.jbhg hbllln) pw11 ljwgwO t11 
hhP11h11w1t1u 'lura-h u "rab(c)u" 'lura-r hw4wuw11 ewuwljub11hg: t"lurnwu 
w4.bll1 b114w11mu t11 awtlwuwljwJl1Li l1CJLnbf14.wto w1u2wu wlf btl1 zwLn 
"rabraL." 'lura t11 ljmlllwlj4_mu: 
Ubqb[ unuh L. U(c)Whtl1 Ljlnf1~h Wf111JnLUEUbf1Q ttl1u hwtl(Jljumli n~ ljnu
ub114.wLnl14. (lihWJU 14N-'lura lJWfln'l. t hWjlJlulf bt 20 f1nll.jb wug) ljwtl 
ljnuub11LfwLnh4. (L. 14N- L. 15N-'1ura 4w11n11 t hWJlllLi4.bt 20 rmll.jb wug) tlb
Nwurqul1 hbUl: uw4w1u Ln4Jwiut11C! hwuuljumu tru uuwgwa r.ibUjLl1-
LJwguwu b11b!2 ub'1.Jwurquut11h hbLn: 

n11Uj11uql1 LSzUlbu r.ibu.itl14wgliwu ~L.Q Vtqbtunu[! L. urawhm ljwLnw11bgl1u 
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Lflwgrngjl~ t.flnri~ . nrimu uriwu.Q t.lb11g11bgjlu 20 11nll.lb hbuin 
14

N ujl2w
t.tw111 uibriwt.flntul[w6 'lura-u, WU2Wlnbgjlu uriw [dbll14o L. t.lb112uw4wu 
uum21J buraw114bgjlu CsCI-jl q11wrirtuuirnu gbuln(ljl~mqwguwuo : '1jlu
ll.lb11urt.l L. "6wJ11-w11-6w111" ubtuwujlquub110 uwtuwlnbuumu bu ujlwlj 
hjlp(ljlflWJjlU b!14Ll.lW!1nLJJ1, jlulj LjjluwljnuubJlt.lWlnjll[ ubtuwujlquo UW
/uWlnbUUnLU t tr4m b114Ll.lw11mm. ub4o rabraL.. LiJmuo 6wu11: SL!JwL 
L[ln11~mli hwJlnuwptril[bt t t.lt112ru lnWJlpbriw41J. hbuiL.wpwJl '1ura-ti 
11bll.ll!i4wgjlw(J Ulbrt!i t mubumli Ljjluw4nuubril[wlnjlt.l Libtuwujlqlinl[: 

fJbu.;1/1{/wgtlwD tlb/uWD/1qtl1J: 
nrnuiunu[! L. li11'141J !iribug 1953 f'l . w2tuwlnmra1mumu w11w2w114bgjlu 
'1u0-jl Ljw11mgt.lw6.Qjl hWUWl1 LjJlljUWLjjl Ll.lWl1ntJ("ljl Unr).bt[! , bq(lWljWg
Ublnt.l hbuiL.1wm· "Vbr lnbunrimraJmujlg !Ii 41111Ll.lbL WJU t.flwulnQ, n11 Jm-
11whwuim4 qmqwt.lnrimu[! Ll.lWJuwuwl[n11mu t dw11wuqw4wu uJmrajl 
lllwui/Sbuwhwuuwu ubtuwujlqu[!: " '111w hblnli.wueu t '1ura-ti rat1r4ub11!i 
C211rawub11!i) m1111w411 Ljnull.llbubulnWJlmra1muo (hwuwll.lwmwutuwuw
lnt.lmra1mu1J), ublj 2rtfdWJ!i hjlu2b11jl hw2n11riwljwunL[dJWU Ll.lWJUWUWt.ln11-
t.lw6nt[djnLU[! UJnLUjl hw2n11ri.wljWUnlfdJWUp: '1w LjW(lb[jl t Ll.lWU14bJlbL hb
Lnli.JWl utubliwJnt.l : Uwljw1u, WJU utubuwJjl rab11rnra1rnu1J 4wiwumu t uriw
umu, n11 W11W2jlU t.flmtt1 , WJU/lU.QU b!14Ll.lWl1nLJJljl pwgt.lb[nL hWUW(l Ll.lW
hwu2t.ln11 tub11qjlwu w1upwC1 C!UJflOl1 t, nri ral[mli t wuhwt.lwuw4wu: '1w 
burawri11mu t. nri LijlwuqUJLijl~; pUJgl[mu t ujl L[ln211 hwlnl[ w6 Li. w11w-
2wumli t 11bll.lL'14wgjlnu Ll.lWLnWPW.QW'l. jlU~ll.lbU Ll.lWln4brit.lw6 t Ulnn(lL.: 
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Ujulntri. jlu~Ll.lbu L. pnl n11 4buuweru!iw4wu 11tw4gjlwub11mu. oquiw
qn116l[mu t .tit11ubuln: E.coli-jl ritummu 11w '1ura 4wtuiwL '1ura Ll.lntti
ut11wq Ill -(J t 4wu tuun11wuuljWJU '1ura lllntjlubowq 111-o : 

"ln[jlUb(lWqjl LinLb4nqub(ljl '1u0-jl l[(lW WQflb[m Ll.lWl1QWqntJU utubuo 
r).W rabl!i4Lib(ljl OWJJlWJjlU uwujl(J UjlWUWlQ L. JnL(lWQWU~nLJljl LjnLill.l
LbUbUlnWJl fdbt!i4'1 UjlU[dbq(J t: (jluuw4wu PWJll)nLfdJnLUQ 4Wll.lt.lW6 t11 
UJlW hbln, n11 Ll.ln[jlub(lWQQ qn116mu t ujlWJU ujlw4nriuwujl, WJUjlUQU 
utiurabqmu t '1ura-ti un11 ratL'14o s·~ 3' mririmraJwup: '1w Ll.lWJuwuw
l[n11l[w6 t u11wunl[, n11 uwm rabtti4ut110 (4n~l[mu bu uwL. w11w2un11rin11 
rabt!i4ub11) 4w11nri tu Ll.lWln6buwhwu4bL ujlwJu ourihwuit.tnri ~Li.nt.l. 
n11Ll.lbu '1ufa-!i Ljw11.0 pb4n11ub11 (-1000 h!ili.12 b114w1uenl[), n11nue wu
t.lwul[nu.'i bu 04wqw4jljl pt4n11ub11 (uwjlr UlnnJlL.): Ul[bt!i 4wri gmJg t11 
lnJ1l[W6, n11 Ll.lntjlut11wqo ti11w4wumu -ill rirramu Ljwu de nova ujluuihbq 
!i11w4wuwgumu, WJl Ll.lwhwu2mu t 4w11.0 4114uw41i Ll.lw11m111wJjlu 
4w11mgl[w6.Q, n11ti l[11w hwl[wemu t hwuwll.lwlnwutuwu rabt'14ub111J: 
1°'(1W4WUnLU UUln(lli. ll.lWU14bf1WO '1uft3-jl 11bll.l[jlljwgjlWU QUl)q(lljntU t 
w11ul[wqu 1 o lnWf1Pb11 ~t11ubuuiub 11 u. ull.lruiw4mgub 11: 

ll>\o-rr'"""""' .......... _ 5 , 
~ ........... UJ-1,~3· 

nbll.lt!i4wgjlnu ll.l(lngbujl [[ljll[ UWU(lWUWUUnL[dJntuub(lO r).nt(lU bu Liumli 
lnLl.JWt O(lWQJl!i uwhliWUUb(ljlg, uw4WJU hblnW.Q(12f14n11Gt11'1 hwuwr 
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ll 

4Ji6ml)mhmLll/ ~ omqtn Llmtim4 iulqt..!1.Jm~ut.ti l)mfel1ul)mhmlluucm4 otlr 
-mf1elelm1JL/tim 64-eJ'LG om46mtiL1u¢1J4 1Jmhmbl)mllm.p :Ol)1Ufel1u6mhnm4 
,.mell.JZ 1JL/fm1JL/mtnqtn4luhl hqri - l)qb h!:lti.. lqQLlubmmbo ~ L/lq?mmti 
4lqf1m Llmtim4 4Llq1Jhmmmhlo 4nmri lmflim f)fmhmn :p1uoumZ omfel1uQ 
-mf1tnLlqhmtibmh 1JL/fm0Qmfl61ul.lmh L/fm46mpuucto4 omhmbf)ml.lm.p 
Llql)1JlUfel1u1JLlmd ?tJ61u6mLll l)L/6ql)mdmbLlmtn OLlql)lmflim Z1u 4lqf1m llfm 
L/Bmu :uqomell.JZ o4fmlll/mtnqhl4lutn ?u lfm Llql)liuhqlu!;! 4-eJ'l.ULil timh 4 
-eJ'l.U!;l 40Qmfl61ul.lmh 1Jf1u1J114ti l)q tiiuuuflm1Juh Llql)qb Zuuu Liu 4oma 'H 
mhql.luh omol)fm l~ 1JelhuLl1J 1.Jfm 'Ol)mfel1uLlmtiLlm4 mull Qmfmoc : .. mell.JZ 
ol/fm1J4mtnqhltllutn h!:lti - l)qb hqti,, Liu 'lqnm ~ mZ49 4lqflm '64Llql)mellrZ 
l)fmll4mtnqtn4lutn JJL/lqf1m 64hrw oq Qmflribmh Llqo61uhmm4tnn f1tlmhm 
oqLluomdmnoqh mmZ Llu L/oma 'IJfmhmn :61uhmm4tnn h!:lti ~ tiiuom~ 
-nmmmtnmrim4 1JL/1Jqb hqr;i Liu 'll1Jmti6mLlqhmmtn Llmr;it..lm4 6quqd mti 

:mtl6mpuu¢1J4 
L/bqel1J4n 461uhmml/hln hm4ri ~ ri1uhm1J1ut..lmln OLlu 'mq4 L/ol)fmhLlq 
4-eJ'l.G Qmf1Llllml.Jqm mull L/tiUl)qb ~ tllU1JhfJO!;lm4 Onmpml.Jqm L/l)qb pmh 
lll)qb Liu '6qf1Llm 6flu6 Z1u L/lqfln : .. O!;lLlqn U1Ull91Jh pmh Llulh L/w::in4n r;imh 
llcf?m hmml/lnn !;lmh Ll4!;1Llmh L/ -2j!ljdOSOJQ l)q IJ4n4tn?l)L/ Llql)l)lUfeJ1uh 
-mm4 lluflZuuuod l)qLluht.1tn4mu1Jqct 4n4tnorm ~ tiiuLluflmomrirmtn 11 
f1u119 4Lluflm4ri IJ4Q1Jml.lm ti1uo6meJoO L/bufq!;l n4lmb ~ nq1Jl)m4 OLlu 'nmti 
-mllqm L/!;!Ul)qb,, nqtnt..Ju U!;llUZUUUl)d 4oqb ~ Llurit..lmh 6L/mqhmnqm urn 

:ti1utnt.1muoq<t hiumm4mu1uf p1uflmfm4mmum 
oml/6mpuucto4 QmflBomt..Jb ~ nqtn?ol/ qel lqht..lmm4u ~ oLl4el1J~ Llqn 
:flu6u64r:i L/nq5ut..ltn omp6mh4ltnqll ol/Llq1J646d l.Jubl)ml.lmp lqfluuul.Jm4 ~ 
l.JuLlmh 11 tJlU-eJ'1.G ~ ri1uf14mhl Otnl/U1Ul)qct ol/fmc6d ~ Qmf1Lluflmompfmtn 
f1uuu 'om46mtiLlu¢1J4 l)mhmbl)ml.lm.p Llu ·aomnqm olJqtl 6tlQmflZIJ OLlqti 

m46nnomum mt.16tnl/Llhn1JmLlm 
61Lihmml/hln <- eJ'LU (-- ml/6mh4ltnql.l L/-eJ'l.G 

:hlLlqh lmfrimq4 LI~ ti1uflmfm4mmum ti1uomhm1Jdbhn Ot..lu '!JmpbufJ 
f}m/]mf}UUU1!J!/'7 6qtnt..lqhm'1Q llhl/Llt-, 1JL/Ll~11Jhml)mtim.p llfm nqtnmuuflmm 
-un :641JlU{hl)mnqU1 1Ulml)mhnm4 4nq6uLJtn L/fm4nqLJtnno~ l)L/fml)qb l)L/~ 
mqflm1J1ufuum Bl)mbmt.tim? Ouqnqh L/Llql)1Jmhmf1el OS6~ :!)1ufe11u9mtlqrz 

Onq6uLlhl 
4fm461nl/Llhn1Jmt..lm lqubmt..lmhlJ flu6u64ti L/fmriq~n l)mpZIJ bLlmtn -
eJ'LU!;l tiiufl bqell)L/n mLlfl 4fm6L/Llmmti 4-eJ'l.G f1u6u64r;i L/bmLlqpl/lutn 

9l 

eJ'LU 6L/Llql)mmctnuctl.lqll4muqlh1u1Judl/l.l ~ nqtn?o4 qel lqLlllmLlmZ -
Llql)Lluf1m4ti nqtnLlu tiiuf1ubmmum 

OLlqnmti 9Llrnh 1JmhmLlqdmLlm4 L/-eJ'l.G oq nqtn?o4 qel lqLlbmLlmho -
m!;lbmltnuml/6 tiiuf1~ut.Pmlrqm 

6L/btlLluh f1u6u6tlti 4-eJ'l.Utl om46mtiLluctlJ4 ~ nqhl ?ol/ qel lqLlmm6md -
01JlLifel1umZq.pmLl40m omti~ut.tim lrqm L/fm L/6mr;n.lucto4 

mtibmlhlum46 64b4Lluh Llmtim4 L/bqelo4n 461uhmm4tnn lqLlbmLlmhlJ -
mq4 t.1rm64Llmmti 4-eJ'l.G Ohlmh tl-eJ'l.U-ti -

DLI qu t.1-ei'I. u-!:l -
umnmtil/ l)mfel1ul.Ju6mhnm4 m46tnl/Llhn1JmLlm lqLlmm6md -

.41J4l hmo1u 
6tJLlqr)tl1U61)mLlb Ll4 1ulqf1mbo 61)mam ~ omqtn lrul)mmu Ll1ufSl)momLl1ufE 

:mQ6mQO~n1JmDs ·1 

:ss 6~ Lll/mo Llmtim4 l)mfel1ul)m hmLlb 'l L/Llq1J1JlUfel1ul)nmtimLll)mn 

6q!;l 
ompt..luf1mbt..lmh 4rmt.1nnqt..ltnnaq 4oqb lltilLih 
-Llbul)O 4uqo61uhmmt.1tnn Hm ~ p1uumumll 

64p1uelmelmt.Pmt..lqfl nqtn 
-m64p1Jm 1)-eJ'l.G Qmfl6md ~ !;11Ul)mtn4mhl 

OLlfluLlmtn L/hmht..lq t.1-eJ'l.G ~ tiiu6md 
QLlfluLlmtn 4hmhLlq 4-eJ'l.G ~ p1u6md 

oml/6h1J1uct 
Dl)qt..JtJ l)q tl1UU1Llmflm ol)mUI) dLJq '{lll)qddfm) 
OLlql)l)mZl)ml)dbhn 4-el'1.U ~ tilUl)6ml.lq4 

Odb4hn 
omfel1ul.JUQLlub L/bmLlqp41utn eJ'l.G ~ pl UZI) 

uLlqo61Jm 
4aumtih ol/fmmmctnuct-LlmomZ ~ ti1u1J6mul 

uLlqctoom 
omfel1uomhmllLlucm4 ~ tllUl)6mLll 11 OLlql) 
-lm~n ~ ti1ul.Jlr1u OLlu 'L111J!:ltit..lqct llubuLlu'I. 

m l)q ti Liq ct l.Ju I) 6mh L/ltnq a 

u61uhmmt.1tnn epp 

61Uhmm4tnnaH 
bmLll/6 eJ'LG 

bmhtllq4 eJ'1.G 

H bm eJ'l.U 

bmLlqti4luhl eJ'l.U 

bmbl/l eJ'1.G 

1 bmLlq!;!4lutn eJ'LG 
111 bmuqr;i4luln eJ'1.G 

:Ouqotiiul)m ti om 
4Llql)U11)q!;1Llqct Lluflm~lb lluf1hLlblll)0 r;i1unq6uLltn urm l)q tiiuf1Llqd 11Llumn 



briljm w11wu<".iru pwJg ubljo u1muru hw2n1111nrt lll11ngbuut11: '111wu.E bu· 
1.m 11 wuug11r~gtiwu, nrti ourawg.12mu '11.Jra-ti hwliw~wmwutuwu qbuti 
ub4 rabtr4ti Lt11w utiuratql{mu t nura m11wuu4ritilllmo (~wm6bu) Lt 2. 
mriwuuuwgrwu· Linura-mu w11Lnwq111.{w6 tiu~n11uwgtiwu rawrquwuLtmli 
t wuruwraraltWJjlu hw2n1111wljWUntfC!JWU, w11w2wgubtnlt w11wuaj1CJ 
lllnttilllblllmti11w1tiu mraw: nb~tti4wguwu uliwu w1u ~ringbuubrio 
uljqprg lljwml.jb(lwgl{mli tru n11~bu zwm lllW(lq L. m1111w4ti. uwljwJu 
tiullllbu lJ.lwriql{bg 2wLn pw1111 ~11ngbuub11 bu: 
UjlUz l.Il(lWUUl.jfljllljgjlwjjl UWUflWliwuu ul.jWf1WQ[1ntli[l LjwriL.nri t uzbt, n(l 
ulljbgr:Pr4 ulllrLnwljmgti uouratqti hwliwri ~wLnwutuwuwLnm qtuti 
hwLnl{w6Q ubri4w1wgumu t P2ti2r qtunuti l{ln.Eri Liwuo: Uuwgw6 
UWUbfl[l hWUWf14ntli bu z4nriwl{nf14W6 hW2nf11)Wl.jWUnL(ajntUUbf1, pwq
UWl.jfll.juLtnrt hw2nri11wljwumra1muub(l Lt WJUUjjlUjl :pmul.jgjlnuw1 nl.Jta-r 
Lintb4ntLLib(l jlullllruru bu mn"ula-(J L. 11nl.Jra-u ujlu(abqnfL JnlflWhWLnmlj 
mbrtwliwubri: UJl'l hwmljmp1muubf1[1 lljWLn4briwgl{w6 bu umn11L. 
pb(ll{W6 ul.jW(lntU: 

co11trol r"9io" for ll•M A co~trol ,..,n '"' v-•• B 1 •nd 82 "'ult..,_ copiH DI 99.,. C 

1l!iiiiillltrre ____ DTI 

TRANSCRIPTION 1 1 1 
"'"' .... rnltNA mRN.l 16 ~ ~~ 

l '\/ TRANSLATION 

® v [JI) 

non~odlftl 

prol..,, A proleln B (d-rl llQ1'11f"C4• 

un ura-/1 uflupbqfl wuhf1wdtizU7 U/U1Jilwuubf1D 
s 11wuu4 11rlll9r1wu rul~tu ubu.12 mbuwuE ub11Liw1wgumu t '11-!ra-ti qbuti 
l.llbfLWUWUjl UWLnflrgwJh l{(lW Ljnli~L blibUl.IlW(l nl.Jra-ti Lint bl.int Lr uru
pbq[l : U111 ~11ngbur hwuw11 lllWhwu21.{mu bu nl.Jra-ti hrliuw1ru 4w11mg
l{w6.Ew1tiu p[nljbfl[l, USl>, OSl>, 8Sl> Lt nLS.'.b '11.Jra-ti Lint bljnLtti WJU 
uwuti hbm, n11Q ~wm6buwhwul{mli t; l{t112tiuu wuLtwul{mu t '1ura 
LiwLn11tigw: Llju lll(lngbur hwliwri P2r2Q oqLnwqnri6mli t '11.Jta ljwtu1w1 
nuralllnLlilib11wq 4wu m11rtw4ti nura~nLtilitriwq : <rztu.E. nri ~b(lubum
ubfl[l mubu 3 LjwriL.nri w11wLtb1mra1mu· 1. qnriomli bu, nrilllbu l/buuw
pwuwqwu l/UJU7UJJ/1QUJU7nf1ubf1 w11wqwgubtn4 Ljbuuwpwuwl.jwu 11bwl.j-
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grwutrio w11wug pH-r Lt 2triliwumr6wuti 4Lnrim4 4inl{lntumraJmuubriti. 
2. UflWU.E um.J.nflWPWfl UU7nLjq UUjbgfl.fJ/11/ bu l.t LjWLnWLjlqmli bu Lijlwl.j 
tutiuLn Jmriwhwmm4 11bw4grw Lt 3. uriwu.12 bupwqw bu huqtfwu: 

Uw.12ril{w6 m.AalllnLtilitriwqti hbLn ul.jqpuwl.jwu w2tuwmwu.12ubrimli 
gnljg t l.Ilfll{bL, nf1 brat 4°1nttJl.{mu t[1 '11.Jra LiWLnf1rgw(J WlljW hwuw
lljWl.IlWUtlJWUnf1bu l{lntuLtmli tri uwL. WQw2wgnfL nl.Jta-ti hrli.Ew1ru 
ljwquo: UJri 1111miratig hbLnL.mli tri. nri '11.Jra LiWLnfljlgwu lllWJLiw
uwLtnrimli t nl.Jra wriqwur.Eti htili.EWJtiu hw2nri11wl.jwumraimuo: '1w 
wlljwgmgl{bL t <nLr Lt CllltiQttliwuti ljnrtutig uzwl.jl{wo WJl'llllbu 4nzl{w6 
tfn1bl/ntJU1J/1u hf1pf1ft!J/1QUJguwu brtwuwl.jjl Lih2ngnl{: UJl'l b11wuwljjl 
tmraJmCJo Ljwiwumli t u11wumli, nri huwriwl{nrimraimu t LnWttiu htmL.bt 
rat w11w2wgw6 nura wriqwuti.Eo muw4 t rab nz 2riwouw1tiu ljwlllbfl 
w11w2wgubt '11.Jfa LiWLnfljlQWJr hbLn, WjUjlU,!?U (anlJl t l.IlW[jlU lljWf1Qb[ 
uriwumu LjnlillltblibuLnwfl 2ri2wur w11ljw1mra1muo: UJri gnLJg Lnl{bgjlu 
l..!bjUQ Lt w2tuwLnwl.jjlgub110. nrinu.12 WU2WLnbgjlu ururabmjll.j nl.Jra, 
oqmwqnri6btn4 32P-uzl{w6 QrpnumljLbnmr11w1tiu uwtunririutri L. pwl.j
Lnbf1rn~wqT2-o. nf1Ujbu '11.JfaliWLnfljlgw: CsCl-r QflWl)jlbummu gbum
fljl~mqwgliw(J uti2ngnl{ wu2wml{b1 tri nl.Jra: nura-tiu wLtblwgLtbl tri 
nrinz .12wuwl.jnt(aJWUp T2'11.Jra Lt ttJWQUnLfll'lO '11.Jra-r bf1l.jlljWf1nlJf10 pw
gb[nt hwuwri Lnw.12wgl{tL tri 1 o rin~b 1 oo0c-r ~w1Liwuubrimli, w~w 
riwuriwrt uw11bgl{bL tri Lihuzl.t 40°C L. hwl{wuwriw42111.{b[ 12 ctwlil{w 
ourawg.12mli: ULnmqhrn burawri44bt tri unLJu lllringb11m11w1r 
PWQW11nt[CljWlip LnW,!?WQUWU 4°1mLQ : uzl{w6 ~flngburg hbLnn 
tuw11umri110 turaw1144bL tri gbumrr~mqwgliwu CsCl-ti tummraiwu 
qriw11tibummli, uliwubgl{mu tru um4lbtiuwraramubriru 
hWLiWlljWLnWUtlJWUnfl OW~Wl{blJUbflQ . l.t zWl.{11.{ntli tfl 
11w11rnwljmjll{mra1muo: U11111mu.ECJt110 hbLnuJWt u ttiu· 

ULnmqrz: Ut4 ctwlljwl{tuo hwuwlljwLnwutuwumu tri bf14lllW(lntJf1 '11.Jta
tiu w11wug utizti 
U1muo hwuwlljwLnwutuwumu tri u21.{w6 nl.Jra-ru 

<Dn11<".i : Ufll.j~WflnLJfl '11.Jra-ru hwuw~WLnWutuwun11 ctw~wl{bu z4W 
ljwli 2wm .Erl t 
l.JmJuQ nl.Jta-ti ul.jwLnliwup 
ut4 '11.JtaJnl.Jta hrp11r11w1tiu Lintb4mttiu hwliwlljwmwutuwun11 
u2Ltw6 ctw~wl{bu 
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T 2 OMA 
~ 

~ + 
T2 hybrid 

omit hut coot 
~ tlNt + --+ ~ --. -s~p 100"C slow I' 

.--... , ............. 10' + ,, .. _,,. ---
T 2 AHA ~--........... _ .. ,,, .. -... , 

L11wgmgti~ Lfin11abro gnljg lllt.lbgpu, nr htip(lt'l'lD YWJnLU t nua-ti (Jywm
uwup u, nj'l hppf1P'l0 ~ti wnw2wumu, b[C!b T2')1J!a-ti LfinjuWf1bU OQLI1W
qn116l{mu t wwrpbr P2ti2ul::irrg wu2wllll{wo 'u.i11wJub11' {wJppbu): 
lfl11wJub11r muwymroJmCJo ynuu.itbfluwt.1.n11t.lbt T2'1ula-ti hbm hwulllw
uimu t, nr hw2n111).wywum~JmCJo wupn11.2nt.l.tiu yw11n11. t ywu.iut.lbt: 
St.lJW[UbflQ uwu gmjg bu lllWttiu. n(l T2'1ura-r b11ym fdbttii.1CJbf1CJ tl 
qn116mu b(J n[lll.jbu UWlllflt'l9W, gwuti n(l lipwfdbl ')ura ~ti hWJlll
(Jwpbflt.lntu ywu hw1muwpbrt.1.mu t ~u~tiu gwuwym~Jwup: 

UJu 1m11whwlllm4 Lfin11ao wug t ywgt.lbt in vitro. orob w111u.itiuti Lfinra 
ywuiwrt.l.r in vivo u uliwu bq(lwywgmroJmCJubr w11t.1.bu yulllwgl{ti, nr 
Lilf1WUU4flt'lll.19tiWU wutiublll(ltiY ll.j(lngbu t, WJUtiUflU nj'l ')ura-ti litiWJU 
Lib4 roblu t u.iwm6buwhwul{mu: UJ'l roblQ wyuwryLJ.mli t nru.ibu qqw1mu 
fJbf u wJdli uwhuwul{mu t. nr qbuti Jm11wewu~mr lllb'l.wliwuti hwuwr 
'1ula-t'l utiWJU liby ~b[U t OW11WJnLU n11u.ibu UWlllfltigw unula-ti utiurobqt'l 
u.i11ngbumu: Uwyw1u wlibubl{ru wuu.iwJLiwu ~t, nr qbunuti b114w1uent.l. 
mw11pb11 qbub11r hwuw11 11w ltiuti umJCJ roblD; 

Sf1wuuf/f1f7U/gf7w1f7 tlbfuwuf7qtlo 
4b110 j2UUWf1yl{w6 w2juWlllnLfdjnLUUb(ltig ub(Jg mbuWUfl, n11 Ul(lWUU-
411ru.igrwu flW Lit'l ll.j[lngbu t, n11ti QU[OWggmu qbuti qqWjnLU [Obtti t.l(lW 
nurau.intrubrwqr uwuuwygmraJwlip utiurobql{mu t unura: St.1.Jwt 
{>b11ubUlllQ t'IU~ll.jbu u '1ulau.inttiob(lWqQ qn(l6mli t 5'-)-3' ntrt'l.nLfdJWUp, 
nro hwliwL4wmwujuwumu t unuia-ti utiurobquwu mrtrtmro1wuo: u111 
ll.j[lngbur ubjuwurquo hwuywCJwtm hwUW(l hw(lywl{n(l t tiuwLIWL WJU 
m11.ru, n11nl{ 6wuwiLJ.mu t JnLflWQWUHnLf1 qbuti uytiqpo: ')u!a-t'l 
uu.ibgr.l>ri.1 qbuti uyqpuwywu uib11.wuwub11ti hw2n1111wywumra1wu 
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munumwutirm~Jmuub(lpg u.iw11qt.lbt t. nr urwug hwrmulll bu 
Wr).bCJpunt.l u ~tiutiunt.1. {AT-rich bases), n11nufl lllb'l.WYW[ l{wo b(J uti 
gwuti htiue t.lbr unuia-ti lll(lwCJu!.111tiu.illltig tiu~u.ibu gmJg t lll(lt.lw6 
ullln(lu: 

-fd C T G A C T A T A A T A G A C A G G G T A A A G A C C T G 
-T7 A2 T G C A G T A A G A T A C A A A T C C G T A G G T A A C A 
-Lac-UV- 5 G C T C G T A T A A T G G T T A C A A A T A A A G C A A T 
-SV40 C A G C T T A T A A T G G T T A C A A A T A A A G C A A T 
-E Coli Tyr T T T G A T A T G A T G C G C C C C G C T T C C C G A T A 

t.RNA 

'I u/CJ-f7 tlntp r;wzr.nb{l/7 hf7tlpw;f7u hwpn{lf1-Wf/Wunt{Jjnt (J{Jb{ID Ub{ll./WJWg
l/WO bu n{lu;bu TA TA- Wfll./'1 1.twtl lfJ{lj7punmf7 Wfll./'1 U/{lnl./wflf7nr.nubflf7 ~ 
<nuf7uf7 Wfll/'1 tml./Wflf7nr.nubf1f7 tlnr.n: Umtnpw1f7u l./btnD utlwubglfwO- t 
fJWt/Wtnwom/, untjn{lwpw{l 6-7 hf7up r;bll.//7 tjWJfl u1.tuwrf TATA- Wf11./l]/7g,· 

nLLimgwun11.ub11r hwuw11 w1111Jmuwt.1.bm t euuw11yb1 wJu 2112wuti yw-
11un11mroJmuo mrwuuyrtiu.igtiwJti 1111rcuwuo: Uriw2tiuo AT- htiuebrt'l 
qnLJYD ywu.iut.1.wo t br4m 211wouw1tiu ywu.int.l hwlibuwuiwo GC qmJyti 
b11bg ywu.ir hbui u hbmuwpw(l AT-hw11muui uwuo wt.l.btt'l hb2m t bu
~w(lyl{mu pwguwuo. wriw2wgub1nt.1. P2llltiy: LiJ'l P2llltiyti wriw2wguwu 
wnwt.lblmroimuo ywJwumu t urwumu, nr wJCJ oqumli t nuiau.in1tiub-
11wqtiu 6wuw~bt qbut'l uytiqpQ, hb2mmra1wup QUlilflb[ qqwjmu [Ob[[! L. 
tirwywuwg(Jb[ wurublllflti4 uru~bqo: 

nurau.inttilib(lwqo 2w110LJ.btnt.l. qqw1mu fdbtti bflYWJUflnl{ utiwdwliwuwy 
Ubf1Unt6mu t UflWU hwliwu.iwmwutuwu hpUflQ un(l upurabqt.ln'l. fdbtti 
ywquo: srwuu411ru.igtiw1ti 11w11w11uwu ubtuwurquub110 uiw11pbrt.1.mu bu 
qbutig qbu: nrn2 qbubrt'l hwuwr hw1uiuwpb11t.l.bt t lrwgmgr~ rho wu
t.1.wuuwup Ull.jtilllwymg, nj'l[! 6wuw~mu t hWlllUWU yblll[! L. ywuq
(Jbg(Jmu t nurau.inttiubrwqti qnromubmro1muo: LIJt ubtuwurquub110 
YWJWUnLU b(J AT-hw(lntUlll lllb'1.Wliwub11ti uti yn11.urg GC-hW(lnLUlll 
Lilb'l.WUWUt'l ywu ll.jW[t'ILI11(lnUWJt'IU 2(12Wuti uwhliwuwyguwup: UjU bj'lym 
11bu.igmu ti wriw2wumu t P2llltiywuuwu ywrimg4w6fl. w1u 11ruit.1.mu t 
n(lll.jbU {>tiqtiywyw(J W(lQb[fl, n[lQ ULiltill.jnLU t f1ulall.jn[t'IUb(lWqt'IU 
QUijhWlllb[ Ut'IU[Clbq(! (CJwti(l UlJln(ll1): 
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sriwuu4rirn.~grwJr ubtuwutiquo 
uwtunri11 t2r uLnnriLL: 

8. ctumwuqwywtJ ynnn 

3Jmriw.12wulJmri muwunri ~bLn.Q t wnwug oqLnl[btm hr qriwugmuubrit"ig 
muw4 1hur' 
- PWQWlI1[1b[ n[1 t°IU~n("IUWQ[lWJt°I Ut°IWt.lnf"l[! 4nl)n(J(J t' Un1.1ia-mU JnL[1W

QWUlJnL[1 wuruwrarat.lh(J hwuw~wmwutuwunri. b[1bQ h[lli.Qbllt°I hw2nri
l)w4wumraJmUQ 

- hwl[wumbt, nri znriu hruebrir l)t°luwg 4w 64 huw11wt.ln11 4nl)nu 
- <'luw4b[1~bl, n11 pn[n["l 4nl)nUUb[l[lU hwliw~WLnWUtlJWUnLU b(J WUt°IUW-

raramubf1 4wu 4bLnwl)11w4wu u2wuub11 
- mw1 ctw11wuqw4wu 4nl)r hwm4mraJmuubrih LiwuriwuwuumraJmuubrio 
- 4wufuwqm2w4bt u~rmw4mgr wuruwrarat.lwJhU hw2n111)w4wunqaJm-

uo btubtnt.l unura-r 4wu '1ura-ti hru.12wJru hw2n111)w4wum,aJmurg 
(ctwnwuqw4wu 4nl)r hw2n111)w4wumraJwu ~wm~br oqumraJwlip) : 

ufJ{1W(Jntpjmu: <w2n[11) uwumli libU.Q 4.EUUW[14bU.Q WJU Libtuwurquo. 
nrir oqumraJwlip unura-mu qriwugl[wo ru~nriliwgrwu oqLnwqnriot.tmu t 
U~t°ILnW4mgt"i u~bgt"i~t°l4 wliruw,a,at.lwJ[lU hw2n111)w4wumraJwu ururabqh 
hwuwri : U1u hwrigo hruuwl[nrinri. 4wriunri 4nugb~grwu 4wJwumli 4nrir 
pUnLJf<lnLU , nrio ,aw11qliwumli t u nula-h ht°lli.QWJt°ILi hw2n1111w4wumraJntUQ 
~nlt"i~b~Lnt°ll)WJt°IU 2rirawJh wli[luwra,at.lwJt°IU hw2n111)w4wumra1wu: UJu 
4nl)Q 4nzt.lmll t dw12wuqw4wu 4nl) LL m4Jwl uwumli ubU.Q 4.12Liuw114bup 
uriw oul)hwumri hwLn4mraJmU ubrio: 

uwfu LL Wl2W2 ~bl.Il.Q t hwu4WUW[ (db t°IU~~bu 4 l.IlWf1pbf"l LnbUW4t°I 
ht°IU.Qbf1t°l9 PWr\4WgWO Untb4mLQ ~WJUWLiWL[n11mu 20 wliruwra,amubf1h9 
pwri4wgwo 4w12mg4wo.12r wnw2wgmuo: 'l)wriq t, nri nura-r hruebrih LL 
wuruwraramubrih ur2LL ~r 4wrinri tt"ILibt 1 :1 hwriwpb11mra1mu, ru~~bu uwLL 
2: 1 hw11wpb11mra1mu, .12wur nri l)W 4w11nri. t pbribt urwJLi 16 mwripbfl 
l)WUWt.lnrimraJmUUbf"lt°I (4X4): brab, UW4WJU, wub(J Lit°I WU[lUW(d(dnLU 
4n11wl[nri4.r b11b.12 ht"iupnl[ huw11wl[n11 m11h~tbLnub11h pwuw4o 44wquti 
64 (4X4X4), t°IUlQ ramJL 4LnW Ulilbfl.Ob[ pwl[w4w(J[l(J 4nup[l(Jwgrwub11 
wub(J u[l wuruwrara4.r hwuwri: Sf"lt°l~L bLnWJt°IU LnbumraJWU oqmru 
pw4w4wutiu lfiwul.Ilbfl 4wu LL ubu.12 4.12uuw114bC.1p l)f1wup: bribe hhuebrir 
hw2nril)w4wum,a1wu wut.twumuu t [/nfJnu: 
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Sf1/1lJ./L bmWJ/1fJ {/nr//1 WlJ./Wgm;gu bf1o: 
S11fll.1..lLblilWJj'lli l.jn11'1 ilwuj'lfJ 44w1nul bfJ 4£1'14'1 L. w2tuwlllwl.jj1glib£1'1 
w2tuwuiwugf.Jbrio. nfllllbrt limlllwgj1wub£1 Wf7w2wgubtm lil.l.lWlllW4n4 
oqlllwqn110Llbl bu wLi11'111flli liw11ru2wqm1f.Jo L. Ll.lfln.:PtwLt'1fJo: UJ11 
fJJmrobrifl wq11bgmroJwfJ libtuwuj'lquo L£1'14 Ll.lW£1q it. pwJg 4bri2uwl.jwu 
wq11bgnL[djnLUQ l.jWJWfJmil t [flWgmgri hj1il.Qj1 lllbrtWf1flliWU l.jwil '11..Aa-j'lg 
n11L.t hflilQj'l hwfJilwfJ ilb2: 

UJ11 mumiluwuj'lflnL[dJnLUUbflj'l Wflf1JnLU.QfJb[1Q WLl.b[j'l hbzlll hwul.jwuW[nL 
hwilwri 11'1libu.Q Ll.lWflq iln11bt'1 L. mumilf.Jwuj1£1bup u11w L{wri20: UJULl..lbu 
QfJ!lmfJbliQ, nfl n1.Ao-j1 hw2n£1f1Wl.jWUnL[dJnLfJQ hbuiL.JW[fJ t ' 

CAT - CAT - CAT- CAT - CAT - CAT
lllbf'\WllflnLU (insertion) 

i 
CAT - XCA-TCA - TCA- TCA- TCA-

CAT - A TC - A TC - A TC - A TC - A TC -
t 
C-r hbt?wgmil (deletion) 

Uj'lwl.j ilmlllwgrw1r w1111Jmf.Jeo ( h'1li.P'1 lllbrtw1111milo l.jwil hwf.Jmlio) 
w12w2wgf.Jmil t hwrinri11mil 11bl.1..l'1 w2 mrtnLJOJWilp, n110 utuwt t 
Ljw1111wgl.{mu L. pbrimu t hwilwri1w lij'lzlll 11b:j>bl.juiw1ru ULl..l'1lllwljmgj1 
uj1f.Jrobqj1: l.mLJfJo uibri'1 t mf.Jblimil 2 hj1ligj1 uibriw1111ilwfJ l.jwli hwfJuwfJ 
11bl.l.lQmli (gmgw11£1b.Q j1fJ_pub£111): 'l11wilwmj1l.j t [j'lumu 3 lllbrtw11riuwli 
Ljwil hwfJilwfJ hbmL.WfJQQ' WULjWlinfJ lJlbUWl.jj'l :j>bunUlj'll.l.lj'l Wf7W2Wgmu: 
uWj'lfl UUlnflL.' 

34 

lllbf'l Wf1£1nL u f.lb£1 
ii .!-iii 

-CAT - CAT- CAT - CAT - CAT - CAT
t t j 
hwf.Jmillibfl hbf7wgmuub11 

CAX- TCY -AZT - CAT- CAT - CAT- CAT-

ACA-CAT-CAT-CAT-CAT-

t°'liil.l.lbu lllbulinul bCJ.Q libli.Q Llb11w11wri~wli_p linriliwL lllflflU..Ublllub£1j'lu : 
St.l.Jwl !lbl.l.l.QnLU l.jW£1bL'1 t QUf1mCJbL, n£1 ~L.wlflntUL{WO lI1£1PLl..llblllQ(libflQ) 
iMibli) l.jwf.Jtumu LILl..l'1lllwl.jmgj1 urf.Jrobqo L. brob t£1wgmg'1i wuj'lliwrorom t 
lib11umoL1.nul 11w i'1 wuriw11w1?f.Jmu u~j1lllwl.jmgj1 .:Pmul.jgj'lwJj'l L1.11w 
(f.Jliwli t lllfl'1Ll.lLblllj1 hwf.Juwuo): 

Um hblllwqnlllmro1muf.lb£1mu gmjg t m11LlbL fJwL., n£1 brob ubup 
lllbf'\Wf1£1nLU b(Jp lflWgmgj'lj_ hflli.Q, WLl..lW hbt?Wgumu libl.j WJl hj'lup 
hw2nri11wl.jwumroJmCJmli lip Lflnpfl hb1?wL1.n11mroJwCJ Ltriw. wri11JmCJpmli 
ulllwf.Jmli bf.Jg hwliWflJW um1fJ btWfJJmroo (gmJg lllLl.b.Q j1CJpum11mJCJ) : 
St.l.JwL 11bl.l.lpmu l.jwriL.nri t. n11~buqj1 lllbrtwrwmlio L. hwumlio 
ibqnpwglibu ubl.jo ilJmuj'lu ('1.liim): O.n1mro1mu mCJb(J l.jnlipj1CJwg4wo 
limlllwgj1wubri'1 pwqilwror4 mri'1ub£1, uwl.jwJu oCJ11hwCJmri w11111mCJ_pfJb110 
tunumil b(J '1 oqmro lllfl'1~LblllWJj1CJ l.jn11r: U1u wri11imCJpub11u tL CJmJLil.l.lbu 
triwgmgri WLl..lWQmJg bCJ hwu11j1uwumli l.jn11'1 rowriquwuuwCJ brtwf.Jwl.jj'l : 

<wpnf1fJ.W(/wfJ pt; qni.qwhbn 
O.n1mro1mu nuubfJ hwrin1111liw(J ofJrob£1guwCJ bfll.jm hfJwriwL1.n11 brtwuwl.j' 

CAT-CAT-CAT-CAT-CAT-CAT-

CAT-CAT-CAT-CAT-CAT-CAT-

L. WJL Ii qmqwhbt? 

2mqwhbl7 l.jn11nulibflj1 Wl?WlJ.blnLJOJnlUQ l.jWjwCJmli t U£1WClmu n£1 WJU pw
Ll.WflW£1Ll.nLli t l.jn11wL1.n11nri UJmror uj'lwjCJ libl.j b£111n1111nL1.: nrin2 l.jbUlWjj'lCJ 
limuiwgj1wub11j1g ('1CJi~bu ~wllll.jt.11L1.wo tri lJ.b11L.mli) l.jwli hj1li.Qb£1j1 lllb
riw4wtuwu ilbJOnf1UbflpQ (WJUp(Jp(J in situ WqnlllWl.jw(J JOJOlJ.nLI. W17W2W9-
Ll.WO hj1li.Qj1 pj'lilj'lwl.jwli LflnLflntumfc' mli , n110 l.jWJWCJmil t C~U) b11L.mu t, 
n11 ilflwJu ilbl.j, WJl ni rob bflb.Q, wJfluw,.arom t uibriw2w11ctlJ.nul flu!IJ.lbu 
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Ljw(lblti tri u1.4wubt iow11quwuowu qmqwhtm ~L.4.tig : 
(buiL.wpw[l hwri.nri11muo oupb(lgl{md t hw2nri11wpw11 dblj OWJ(lP9 
UJnLUO b(lbQWljWU tuopb(lnl{(Ulf1PL4l buiul:irinl{): 

l:Jwot;wq{1/1 (l;nr;/1) lfbf1owunullJ (qb{/nqwtf nf1nllllJ): 
Owoljwq11ti Lll:iriowuowu 1.411nPt Mo LjwJwUnul t Ljn11nuutritiu hwuw1.4w
uiwutuwunri. wutiuwioio4.witiu hw2nri11wljwCsmtoJWU 1.4wriqwpwuuwu ot<r 
Ulibuw W(lrtJmUwl{bui bri.wuwlj(J t hwowril{mu Lbrtl:i(lp L. up(lbupb(lqp 
Ljnri.utig uzwljl{wo aftpnumlw1/1u l;wlJ/tlWu bqwuwl;{]: UJrt tri.wuwljo uti 
zwre wn ubpn11ub11ti uowu htiuul{wo t utiuiol:iuiti4 unura-ti oquiwqn110-
uwu l{(lW, n(lQ Ul4JWL rtbl4QnLU pwri.Ljwgwo t utiwJu b(lbQ htioetig, L'ipwlj 
Ljn11nupg: "lw(lq t, n(l hWJUlUp hw2n1111wljwumtoJWtlp unura-ti oquiw
qn(lOUWU w11wl{l:itmio1muo Ljw1wumu t uriwumu, nri hbzuiwgumu t 
uuiwgl{wo ui4Jwtutriti ubljuwpwumuo: 

ntipnunuw1tiu Ljw1.4uwCs bri.wuwljo ou11qriljmu t 11tipnunuub11ti hbUl uw
QnL(l utiutol:il11ti4 4n11nuti uomzti tiuljmpwgmuo L. wul:iu oti u1.4til11w
Ljmgw1tiu wotiuwpioLlti I nrio uwtun11nlj u2 l{md t l?W'ltinwljliltil{ wuind
ub11n4.. Ljw1.4muo tiri hwow1.4wuiwutuwu lJlnura-ti hbui(uwtiri t2 39): 
3m(lWQWUi]nL[l tuwnUnL(l'10 .fltil Ul(ll{mu t L'itittil4n(lWJtiU '.ptit lil(lti uti-
2ngnl{, nrti l{[lW uumd bu !?ppnunliUl:i(lO L. nrinz U(lWUg hblil Ljw1.4l{wo 
utiwgmio1muub(l: U1.4w q(lWUgl{mu t '.ptitlil(lti 11w11tinwljl11til{mio1muo: 
bpb ubue nri1.4!:iu oritiuwlj 11tiuiwriljmu buQ UUG lI1!"1P'-4Ll:ilI1D w1.4w 
lilbuumli bUQ, nr 11w11tinwljuitil{ ubritiu l4W(lmCswljnrt uom20 LP Ljw1.4Cs-
4.bt '.tltiluiriti hbu1: unLJuo lI11"1til4lI1n'.pwuti. qttigtiuti, L'ibppnutiuti. iotirin
qtiuti L. WJL wlipuWtotomCsb(lp hWUW(l: <DWUlJlnribu 11W'ltinwljlI1til{mpjnLU 
.fltillilllti l{(lUJ hWjlJlUWpb(ll{mli t lipWJU WJU rtbl4QnLU brip oqlJlW
qnrol{mu t tbJ9tiuo: <buiL.wpw(l ljw(lbtti t bqriwljwgubt, n(l Ljn11nu UUG 
LJn11w4.nrmu t tl:iJgtiuo : 

~-· 
+ g--

A AC 
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Llju l{l:i(lO pbril{wo l.4ringbuo Lj(lljUL{ mu t pntnri l11f1Pl4l l:ililWJtiu Ljn11triti 
hWUW(l: Llju l.4W(lq, UWLjWJU pW(l~(lWWl"lrtJntuwl{blJl L'ibtonrtti (n(lnz Utiun(l 
~uwlflntumtoJnLULib(lnl{) oquiwqnriomdQ tonLJl Ull{l:ig utiwuzWUWLj l{l:i(lW
qribt 64 huw11wl{n(l l111"1Pl4tbuiubritig 61-o hwuw1.4wuiwutuwu wupuw
totomutritiu u QUlfnLUl:i[ UUln(lL. pl:i(ll{WO ljn110, 

SlCO~OlEnU 

u c ... G 

ULl'J l UCO UIW I l>GU I v ,,,. Tn C:•• uvc ucc Uo\C l.KiC c u ... 
uu~ I UCA UM L,KIA A 

1. .. 
UOG . UC(j UACi IK!G T~ (j, 

cuu CCU :t CGU u 
cue 

... 
e 

cx;c c« i c ._. ~ ... 
CUA cx:A ::1 CG.t.. A 

cue:; CCCi 
Q!I!! 

cGG G 

.AUU ~u 

=i A.Gui v 
.AIJC 

..... .. 
ill N:.C ,t.GC. c ... T .. 

AUA. AC>. ::1 A.GA' A 
L.11 ... 

~ua ... ACG AGCi G 

ow GCU GAU! G<iU u 
Gue 

... 
Gee: GAC GGC c 

G Will •ie Q"' 
GUA GCA GAAi GGA "' a .. 
OuG GCG GAG GCiG (i 

h.Jb!/W{JjnL{1l/WO l;nqn{J(J/;{1 
l>Ull4bU Ul:iUQ Un(l Ull:iUWUQ 64 lI1(lPL4LblI1ti9 61 l{briwq11mu b(J wnwu~tiu 
wotiuwioiomub11tiu: l>aulmu t Ljw1wumo ouwgwo briber· UAA-ti. UAG-ti L. 
UGA-ti '.pmuljgtiwu: Uljqptig Cs11wug wul{wubgtiu "tutri.wiomril{wo Ljn-
11nuub(l", UWLjWJU hl:ilJ1WqWJnLU gmjg Ul(ll{bg n(l U[lWUQ LjW(lL.n(l rtbri bu 
tuwri.mu UL1jpU1WljmgwJtiu utiuiol:iqmU nril.1jbU 21'1.iOWU QUf1hWUlnl'l. wq
'lWLjubri: '1(lWUQ WJU Ljn11nuubriu b(J, nrinUQ lill:i'll:iljwg(Jmu bu UL4ti
lJ1WljmgWJtiu utiuiobqti hwuwljw11qtiu, n11 wow2wgnri. l.4nttil4bl4l11P'1W
Jtiu211raw1ti utiuiotqo Wl{W(lUll{bL t L., hblJluWpW(l, WJU Ljw11nri. t WU2WlJ1-
LlbL r?ppnunutig (uwtiri t2 43): 
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Lm1//7 tJUfJhwumf1(Q//lJwlf nf1} hwmt;mp1m uufJ{1[J 
4.brio u4w11wq11l{wo lflnri~trirg Lt wn uuwu hblllwqnlllmtaJmuutrirg 
4n11r ou11hwumri hwm4mfdJmuub11rg 4w111.tnriwg4nul bu hbllluJWLutrio' 

- Lm110 hw2nri11wljwu t ('lJlW WLljwgmJgutrio ri.rmwri44w6 bu t2 34, 
35): 

- ~nrlQ WJLWUb[1l{W6 t : ~n'lr ljW[1un[1WQnLJU hwlllljmpjmu(J t WJU, nri tlr 
ZWflf? wuruwrafdmUbfl Ljn11w4nri4mll bu tlbljrg w4btr ll1Jlruab1J1UbJlr 
L.inri.urg (pwgwrmtrawu p ubrarnurur u m11rlllmn:t>wur): ct>wu1.11nribu 
wuruwfdfdmubrir libowllwuumpJwu hwliwri 1m11whwmm4 bu L.in11nur 
llrwJu Wr2W2ru b[1ljm hrlif?GflQ: LiJ'lLllrur mrlllr Ljn'lO ljni_LlbL t WJLW
Ubr2l{w6:'lf1WUrg hblllumll t. n11 tlrliunLJU wtlruwpfdnLU 4w11nri. t 
Ljn11w4nri4bt libljrg wl{blrU mnura-r Ljnri.tlt"Jg: 'IW hWjll1Ur lflWUU1 t: 

- ~n'lO hWliWU1WflWO t: ubJlljWjnulu lflnJl~uwljw(J lll4JW[Ub[1t"J hrtlw(J 
4riw 4n110 hwuwr4mtl t muti4briuwL (hwtlwlllwrilflwlj): Ortiuwlj , 
LtiUJliwuo u mritizubrio oqlllwqnri6btn4 tullnriwuuljbf1, llr411nljn4w1tiu u 
E.Coli-ti mnura, tiwqw11r r1bmti4mlngrmub11r nt"Jpnunliubfl, hbtlnqtn
pt"Juti unura gmJg bu llll{bt, nri lf1r4 unrllwt, puwljwu mbuw4r9 i_u!ru 
ll1WJlpbf1nLfdJnLUUbf1n4 UUJtimwljmg t Wl?W<j?WUmtl : <bmwqWjnLtl, uw
LjWJU, WJU oCJri.hwumr Ljw(Jnurg nrinz pwgwl?nLfdJnLUUbfl uwhtlwul{bgru 
llt"JlllnQnU'lf1rmuubrimll , LbJ4bllt"Jl.j P2r2ub[1mtl li nrinz (dWJlfdt"Jj_wJtiu 
P2ti2utrimll : LiJ'l hblllwqnlllmfdJnLUUbflO 11al{WJ1 LjwgmgJWU ub2 'l[1b
gt"Ju tl{numgtinu mbuwpwuutritiu: 

t 2. 55-mli pb114.w6 t hwliWUjWU1WUtuwu QflWljWUnL[ClJWU gwul.j hwrigti 
w4blti tun110 mumtluwutiriblm hwllwri: 

9. Snwuu11wgh1w <@woqllwumtl) 

n LLimtluwutiruwu UUJwmwljubrio · 

3JnL[1Wf?WUlJnL[1 muwunfl Ujbll1.Q t Wr2Wug oqml{blnL rJl q[lWUgnttlUbJlr9 
muw4 [t"Juti. 
- hwumwmbt, nri ntipnunuubro UJWlllwutuwuwmm bu llnura-mtl qo

riwug4wo tiu.'l>nrillwgtiwJti fdWflqliwutlwu hwllw11 
- ul.jWJlWQ[lb[ nrpnuntl(Jbf1r, U- li llln1.1ra-t"J, Wtlt"JUWfdfdnLUUbflt"J ;t>mulj

gtiwubJlO fdWJlqllwutlwu UJringbumll 
- U4WflWQflb[ fdW[lQUWUUWU Llj[1ngbUQ OQl./lWQn[lOG[nl{ Ljn11nu, hWLjW-

4nf'lnU , UJbUJlllt"Jf'lwJtiu 4wlllti wr2w2wgmtl u ou11hw1J1mll (mbriuruw-
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grw) mb11uruub110 
l.JfJ{1WGnLfiJJnL (J 

ULljr1.11wljmgt"J urupbqmtl nura-r tlwuuwljgnL(dJWU ljnfltluwl.jr WLljW-
9nLJ9Ub[1 hwJ1.11uti tru 'lb17 40-wl.jwu p4w4wuub11ru wJu lfln11~t11tig, 
nrnugmtl gmjg tri IJlf14bL, nr nura-u w4bLr IJlWflWOL{WO t WJU 
P2ti2ubrinul, n11nu2 tiulllbuutil{nribu ULljrmwljmg b(J urupbqnut U4btr 
m2 P22mtl IJ1Wf1pb11bgru b[lbf? lllrlllti nura (ll , ll1 u n) u 
hwtlWLljWU1WUtuwu lflnri~briti ur2ngn4, nrinu2 UljWJ1WQ[14W6 b(J Ull1n[lu, 
hw2n1'1Llbg UjWflQWpWUbL U[1WUQ JnLflWhWlllnLLj :t>muljgt"Jwub[lQ 
UUjt"JlllWLjmgr urCJfdbqmtl: 

mnl.Jfa-fl fJtlf1[J UUJ/1U7w(/mgf1 {/t;uuwuflDpl;qnuJ 
8mjg t IJl[ll{WO, nJl ULljrmwljmgwjt"Ju wtlruWfd(dnLUbflr li tlnura-r tlt"J<j?li 
jnLf1WhWlllnLLj tuuwtlwljgntpjntu qnJnLfdjnLu j_ntut"J, rCJj_UjbU UWu 2WEWJ1-
.'j>nu.'j>Wll1Wjt"JU 4tlWflEti Li htili£trr tlr2u (uwtir u4w11): 'lw w1u 11bUJJ?U t . 
n11 tlb(JE j_bUE 4wrinri. pwgWll1[1bUE ll1[1WUULJWgrwJmll, t"JUj_UjbU f'lW W[lb
gruJ? nbll!trL.iwgtiwJmtl Lt mriwuut.i11rUJgtiwJmu: 

UJU tuu11rir [nLOmtlo 4WJWUnttl t Jnq1whw1J1mlj wlltiuwrara4r u tl()ula-ti 
tlr2u "Wf'lWUJll1nf1 tln[bljnt[t"J" tlr2ngn4_, nrt"J f'lb[lO l.jWIJlWf1nLU t lllnula-u, 
n! nLflrJ.Wljt"J LjWLljt"J UlllbrJ.OtlWU llb<j?{UWt"JJl ul.jWJl ): 

lllRNA~ 

,X6 no re•ctlon 

--..9Cido 
mAN"~O .... IRNA bind• to mRNA 

o-~nd• to •mlno •cld 

uuruwraramu l./lnura-ti hbm 4wUJ4blmg w1?w2 Ll!bll1£ t w41lltil{wgl{ti: 
'lf1W hWUW[1 UJWhwu2l{mtl t Ubl> u wurunwgrL-llll1ura-urufdbll1wq 
;t>b[1tlbUU1Q: nbwljgrwu QUfdWUnttl t b[14nL lflmtn4_' Wr2W<j?t"Ju lflnt[nLU 
wtlruwppmu w41llti4wumtl t. tiu4 b11Lirinri11 lflmlmtl w4mtil{wgl{w6 
wtltiuwpramu mbflwlflntu4mll t tiri Jmrwhwlllm4 lllnura-ti Llriw tiU!UJbu 
utubtlwmti4nrbu gmig t lllf'l4W6 u1J1nf1li pbJ14w6 u4wrmtl: 
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en.2y1Qe 
{un.llered •tend 

of re.ctlon) 

AMP 
CJ 

7-
r 

"111:dqi1Mf" 
~11Cl4-enz,_ 
c;~p .. ll 

uurunwgr1-mnura-uriurabmwq ~brubulno, pwgr 11bw4grwJt"i ljwmwir
qt"lg, rirut..nrmli t uwl.. pWjlOjl Jntj1WhWln4nt[djntU UjlWumu, nr ljwlljnu.~ t 
Wr.!Wuaru WUt"iUW[d[dntU Ulnnl)q rrbu hWUWLljWlnWUfuWU mnura-riu, W
ll.jWhntlblnll pWjlOfl 02mqjllilnL[djnLU [dWjlQUWUUWU u.irngbunu.'i: Uliruw
raramubro ljWLljUl{ntli b(J mnura-ri 3' 6WJ11t"iU (pn[njl 6Wjjlbj1Q ntubu 
CCAoH hw2n11riw4wumraJmu) r11tug ljw11pn2ut"il (-COOH) fulipr ur2n
gnl{: 

Uu;/u.nwqmgw;f71J uf71JtatJqf7 mrzrzmfiJJnLIJO 
rawrquwuliwu ll.jjlngbut"i t"ii1WrfWf10nL[djntUUbjl[! UWUjlWUWUU f!UUWf14b
[nLg Wl2W2 Wjldb l'lt"ilnWf14bt ll.jjlngbut"i mrtrl.nL[djnLU[!: unura-r flbll.jf!ntli 
hwrinrriuwu 4b116wumuo ouri.hwumu t s· 6wi11rg rfblljr 3' 6WJf1D. 4wu 
hwljw12w40, L/lm./lntu4 btn4 oum uu.irmw4mgr: Unw2wgnri u.intru.ibu.i
mt"iriwJt"iu 2r[faWJr flbUjf!ntU, njlQ ntut"i rr nll'l.'1nlf3JnLUQ, W]l'l lJlbl'l.t"i t mub
UnLU N-OWJjlrg flbll.lt"I C-6Wjjl[! [db hw4w12w4o. [db WJrf untjull.jbu Ljln
Ljlnful{mli t ulljrlnw4mgt"ig Ull.lt"ilnwljmg: 

U12wug WJU hw11gt11r lntuwpwuuwu 2m1120 ljwmw11l{w6 Ltinratrt"i uwu
pwuwuu w11awuwq11mraJmuut11r rit"ilnwr4liwu , pbflbup pn1n11ri LJnri.ut"ig 
ourimul{ w6 bq11w4wgmraimuub110 · 

- unura-u raw11quwul{mli t 5·~ 3' m11rimraJwlip 
- u.intru.itu.ilnt"iflWJru 211rawu ururabql{mli t N-OWJjlrg ribu.it"i C-6WJf1D 
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/aWflQUWUnt[dJWU QU[dWgpmli lnb'1t"I mubgn11 rf1WrfWf10nt[djntUUbjlQ ubjl
ljWJWgumli bu ri11tugt"ig ~wLjlwqwug uwu11w4114rm t.. turum L'it"iL'iJwug 
hbm 4wu.il{w6 11bw4griwub11t"i hw2n1111wljwumraJmu: Uw4wiu m4Jwt 
ab11uw114r uu.iwlnw4u t euuw114bL L'it"iwJu w12wl{b1 LJw11t..n11 ljwu w4u
hWJln hWln4nt[djntUUbf1[!, n11nug ur2ngnl{ 4Wf1blt"I t QUrfhWUntjl ll.jWln
ljbjlwgmli UlnWLIWL rurgt"IWgt"IW, ttnuqwgrw u lnbf1lit"IClwgrw ll.jjlngbu
ubrr L'iwuriu: 

ur1ura-mu u.iw11muwljl{n11 riu~n11uwgrwiri 4b116wuliwu hwliwr oqlnw
qn116l{mu tu b114m huw11wLtn11mraJmu· 4wu ubu2 uljumli bu2 unura-ri 
hb11wl{n11 5' 6wmrg t.. ourabrgmu tu2 s·~ 3' mri.11mra1wup (uwr11 
l{b[luntli) uru~u [!UrfhWlnUWU wqri.w4[! (uwt"if1 Ulnn[lu) 4wli u4umli bup 
n11t..b bqwljwu im11whwmmlj (t"iut"igt"iwgrnu) uljqpuw4bmt"ig t.. ourab11gmu 
bup hnri.n1111muo wm 4tlnrg: Uiu hw11gr mumliuwut"i11L'iwu uljqpuwljwu 
w2tuwmwupmli u.iw11qwpwul{bg, nr hw11n1111mlio t"i11ne ourabrgl{mli t 
bqwljwu u4qpuw4tmrg. nro ubr4wiwgumli t AUG, utrarnururi 
4nri.w4nrliwu ln[lrll.ltblno: <bmwqw w2tuwlnwupub110 gm1g ml{bgru. 
n11 WJU uljqpuwljblnD ljw11n11 t lnWf1Pbf14bl L'iuwgw6 pn1n11 AUG 
hw2n1111w4wumraimuub11t"ig (n11nue 4n11wLtn11nul bu ulljt"ilnw4mgubrr 
ub112ru ubrarnuruubro) uwtun1111n11 hw11t..wu AGGA hw2n1111wl.Jw
umra1wup (WJUll.jbU 4n~l{w6 Cw;IJ-'Jw1qwn1Jn-/7 hwtlwdw;IJt;gqwa hnpn
f1fJWl./WIJnL{JjnLIJf llJ'lll.lrut"i [ntOntli[! mut"i [jlWgmgr~ w11wl{b[nt[djntU WJU 
w11mun4, n11 AGGA hw2n1111w4wumraJmuo owuw~l{mli t 11rpnunur 
L/lner burawurwLtnrr 12nura-mu w114w uccu hw2n1111w4wumraiwup t.., 
WJ'lll.jrunl{, LljWLJ10Wl1 t l)Wl1Untli 11rpnunlit"i L'irwgliWUQ nt'1t"i'1 unufa-t"I 
uljqpuwljbmru: 

5'~AGGA.........-AUG~AU~t.UG.,...._..._,.AUG~3' 

l 
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3mJg t11 llllllltL uwL., n11 WJr) tqwljh AUG-u Liwl.llmli t hwlllmlj wlih
uwraram (YWL.lll.lttml. h11tu hwliWL.llWUlWUjuWUnrt Ulnufa-h(J hLiil.llbU uljw
[1Wq(ll.lWO t 4 trL.nu."i, t2 40) : Ujr) hwlllmlj wlihuwraramu t ubrahnfJhuh 
Liuwgnflr)Q , n(lnLU WlihuwjumlipQ muh hfl hbLn LjWL.ll4W6 :PnflLihl junu."ip(
CHO) L. wu4wu4mu t N-:Pnrlihtlibrahnuhu (flibra): ll.Jr) [flWgmghi pwr
lfWgmuo muh WJU w11w4t[nL(djnLUQ, n[l fdnLJl t UlWLhU t:pbljlllh4nf1bu 
l.llw2w11tL wt."ihuwtumt."ip[! L. wrqt[wljmli t urw Ltlntuwqritgmraimuo, 
mrittm.L WJr)l.llhun4, l.llnthl.lltlllLnhrJ.WJhU 2riraw1h uhuratq[! N-6WJflh9 
rJ.bl.llh c-owmo: tmywrhnlllutro i.tCJ oqlllwqnromu :Pnrlihl tumupo: 
Um <"iL.n4 ubue Liwrnri tue w11w2wgubt uljqpuwljwu Ljnlil.lltbLiu. nrmu 
11hpnunuo Liwlll4wo t unura-h uLnmJq Ulbrtwt."iwur hbLn L. ubue mubue 
w11w2hu wlihuwraramu hfl rJ.hremu, Liwlll4w6 hwLiwl.llwLnwutuwu 
Ulnura-h htm: 

t1 nuqwgj1w (llU(lnL uwljm u) 
Lll.llW hw2n11r) wuhuwraramu, nro hwliWL.llWUlWUjuwumt."i t AUG 
hw2nflr].WljWUnLfdJnLUhQ htUln qlllU4nrt Ljnr)n(Jh(J (ljflljhu n[1l.llbU WQhl
Lilnufa) hwug4mli t fUtra t."iuwgnf1rJ.h Ljnr)Eh flhf1!:?D WJUL.llbU, n[l UflWUE 
Liwrnriwuwu w11w2wgutu l.llbl.lllllhrJ.WJhLi 4wl.ll: 

VflYnL wlihuW(C(CnLUtflh Ljnur].tuuwgmuo LjWLnW[hql{mt."i t l.llbl.lllllhrJ.hL
UlflWUU:tJtriwq :tJbflUbUUlh 4nrtt."ihg , n[1Q Lita 11hpnunt."iWJhu bU(dWlihwl.ln11h 
ut2 ourJ.q11y4wo nura-ul.llruiwljmgw1hu 4nlil.lltb!:?uh pwriwrJ.flJWt 
LIL.llhmwymgutrhg utlju t hwu rih-uwumu: UJul.lltu futra-o mtriwltlntu
l{mu t Litlj WJl WUhUWWgh[-Ulnufa-h 411W (Ljnll{mli t "oqU1Wqnf164w6" 
uinura), hu4 hrtu mnura-u wu2wml{mli t 4nlil.lltt!:?-uhg: nhpnunuo 
2wrictl{mu t t11te hhli!:?h bfl4WJuen4 Ln(lwuutnljwghw (mtriwltlntumu) 
ljni_l{nrt l.llflngtuh Lih2ngn4 L. r)W (dmJl t lllWlhU hw2nflr) WUhUWW9hL-
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Lnnura-hu Liwl.ll4bL unura-h 4rw quiu4nri hr LinrJ.nuh hblll: Unwu<"ihu 
wuhuwwght-lllnura untbLimtubro 4l.!Jl.ll4mu bu ulllmJq LjnrJ.nuutrh 
hw2n11rJ.wljwumra1wuo 211wouw1hu 4wl.llbfln4 2un11hh4 uinura-h hw-
4w4nrJ.nu wu4wu UlWLj hWjlllUh hw2n[lr)Wljwum(CJWUQ, n110 hwLiWL.llW
LnWUjuwumu t (4nlil.llttlibulllwf1 t) 4nrJ.nuh hw2n11rJ.wljwumra1wuo: Ui::Snrt 
2rirawu lllbrtwl.flntu4mu t unmtgnri wlihuwwght-lllnura-h Ltrw l::i11411n11rJ. 
l.llbl.lllllhr)WJhU 4Wl.llh UllltrtOliw(J t."ih2ngn4 L. unf1h9 "oqmwqn[lCH{ WO" 
Lnnura-u ht11wum Li t ynlil.llt t!:?uhg: 

Sbflu/1uwg/1w (wi/Wfllf1) 
li4w11wq114w6 l.llflngtuubflh UUlmJq hrw4wuwgmuo 2w11muwlj4mu t 
lihuiL. Wf12L.-mli nril.lltU wulihLn ljnr].nubfl u24w6 ljnr].nUubflh9 lit4h 
hwurJ.hl.llmuo (uwhr t2 37): um LjnrJ.nuutro i.tu LjnrJ.w4n11mu wtJwfJ('ihCJ 
wuruwraramut110. WJl OWr/WjnLU b(J n11l.lltU Wqr)WY 2rirawu QUr)hWLilUWU 
hWUWfl L. Wfll").JnLUEnLU nhpnunu[! wu2wml{mu t unufa-hg hulj Lllnth
l.llbl.lllllhrJ.WJhu 2rirawu hhrJ.11nthqLtmu mnura-rg : 

Ul.llhuiwljmgh ururatqh [!U(CW9EnLU :Pnf1Lihl jumlipQ i::Strie4mli t lit
rahnLihuhg rit:Pnruhtwq ~trubumh wqr)tgmraJWU Ub[l!:)n: OfJrj.hWUflWL.llbU 
Lih 2w11e wlihuwraramubri umJul.llbu ht11wg4mu tu N-6wlf1h9 Llltlllmh
riwqutrh wqrJ.tgmraiwu utren: UJu mhlllh u2wljmuo (l.ll11ngtuhuq) ynl
Ltmu t htllluiriwuuuwghnu ('JL.wl.flntumu: 

S11wuuuwghnu Lllflngtuh wlil[lnl[lmt."i[! Ln(ll{WO t hw2n11rJ. t2mli : 

lfJn1/1unuubf1: 
4burj.WUh P2h2mu unura-h ratw un4nf1WPWf1 urwctwliwuwlj hfl 4flW t 
4rmu wnwu('Jhu 11hpnunuutri, JnLflW!:)WUlJnLflO LIL.llhLnwljmgh uhuratqh 
UlW[lpb(l L[lnqb[1mu: nrpnunliubflh WJr)l.llhUh julipbflh ljnLjUlb(lD t."inufa-h 
2 m1120 Lini 4mu t l.llnthnhpnunuut11 4wli Lllnthunuut11: "l nthunliw1hu 
litjuwuhqliQ Wl.llWhn4mli t unufa-h Lintb4mth QUl").Q(lljmli[! wnwu<"ihu 
ul.llhlllwljmgh lintt4nqutrh uhurabqhu t."ihCii. urw ewrnwimuo, n110 
Ljwutu4mli t wm LinLJu LIL.llhmwljmgh lintb4nqutrh 4nrtlihg: 
U4bth uwurwliwuu q11w4wumra1wu L. ouratrguwu ('Jtnuwr4ul::irih htlll 
owunrawCJwtm hwuwr UWhfl t2 55: 
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lnhlatlon t•rrnl,.•tlan 

~ · ...,...,....,AGGA....-"UQ• 

l .~ti 
l '"'·· 

5~ 
~ l 

' 

"-t-1 

Ob 
s~q 

8 "" ·-pne-..,..• 

I (.S.::- .-0 .. 

5·~f2D • 
\~' ! . ' ... :,t""-r,• 

.. .. ..... .... "" .. 
10. qhlllb1hgCJtmh aCJhwlllnuln: UugwO hwogbno u w2tuwlllwCrnw1hu 

onhuw!Jubno 

~bDUWflljr WDWuaru UWUb(lnLU mumli(JwurrLl.nrt tuul)r(l(Jbflh Wl{bth 
liwf.lrw4ri4rlll ,gu(Jw(lljntliQ muwun11ubrru ljnqur ni urwJ(J hw(Jqm
gWJhf.l hW(lgb(lh JnL(lWgliWUQ WJL UWu [CnLJL ljlJlW quhwlllbl Ul.ljWULl.nrt 
W(ll)JnLU{?Ub(lh liWljW(ll)WljQ: 

'2uuwljwu hwuauwcrnrinLl.(Jbf1h9 2wmbro h(1WlllW(1wljmli bu wug4wg-
4wo 2f.lunt)<}Jntuub11r hwrgbrh liwurwliwuu Llbritm6mliQ, nrnug m2w
l)rl1 ourcb11gmuo Liw11n11 t pw4w4wuru Wfll)Jmuwl{blll Lh(Jbt: 

~bDUWflljr WDWuaru UWUb(lnu1 {?UUW(lljl{WO hw(lgb(lh ub(lljWJWgUbtm 
hblll urwuru u2L1.mu bu t2b110 . n(llllbrt Liw11bth t qlllubt urwug UIWlJlwu
tuwuubro u tuul)r11utrh tmomliub110: 
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untljL bruwrarcmub11h ljw rmLgLI. w6 I?O 
1. (w) '1u0-h lintb4mth 4wquu bu i."illlf.lmli Lnru hruuwljwu hruebr, b11-

Lim U1mrruw1ru u br4m U1hrrur11hf.lwJru: 
'1(1WU{? b(J' 
Ujm(lruwjrCJ 1. 2. _____ _ 

2. _____ (4 ur2) 

(p) 2wew110 1. '1uta-mli 
2. nura-mu (2ur2) 

(q) f'"l
0

f.ll t umljtbmnr110 -------------

_________________ ( 2ur2> 

(b) '1uta-r hrueb11rg uttio ubr4wJwgLl.w6 Lr nura-mu: n~ 11u t wJ(J u 
he(Jl hruenLI. t Lflntuw11ruL1.wo: 
'.Jubr4wJwg4wo hrueo ______ _ 

{q) UUlhlilWljmgh ur(Jrabqhf.l Liwu(Jwljgnrt nuta-r b(lb{? lllbUWljQ. 

1 .. __________ ~ 

2. __________ _ 

3. _________ (3f.lr2) 

cw>-r Lmamuo lll(ll{wa t t2 4. (p)-ruo t2 s. (q)-ruo t2 e, (1))-h(Jo t2 10, 
(b)-ruo t2 12 u (q)-ruo t2 12 u 39: 

2. SWL '1ura-r ljwDmgLl.WOI?O (5(Jhz): 
(lm6nulo lll(1Li.W6 t t2 6-11 ): (5(Jh2) 

3. '1uta-(J pwriljwgwo t (Jm4tbnlllrl)wJru lirwL1.n11(Jt11rg: lflw11q l)rw-
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q11wliwJti Lir2ngn4 gmgw11rib12 4WL40 bri4m Lib4o LiJmutiu hw2n1111n11. 
Lim4tbnmti11ubriti Liti2L. (4uti2): 

(Lm6mlio m11Ltw6 t t2 6-7) 

1. UmnriL. pbrit.lw6 11tiwqriwuo gmgw1111mu t L4ntrLim4tbnmtiriwJtiu 
211.(0WJti ur UWUQ 

(w) li2b12 Lib4 Lim4tbnmtilfQ 
(p) t-i"Uz mtilllti urwgntroJntuubri bU uzl{w6 A, B L. C [Wmtiuw4wu 

mw12b11n4 

(w)-ti [m6muo' uml{briwow64 mwriwo12u t 11tiwq11wuti t.triw 
(p) -ti tm6mlio mri4w6 t 3-6 t2b11mli 

5. (w) nlira-ti n"11 aL.u t qbriw4212mli P2ti2ti U/lW ou11hwum11 t.Pmtntli 

(w)-ti imomuo mriLJ.wo t tS? 13-14, (p)-tiuo t2 10 L. (q)-tiuo· t2 10 

um i/i ti/10W{J{Jnt UGf1[J b dwowuqw[/w[/wu f10/)n{1t1Wgf1WJ/1 LnGfJWl/m
/unt tl[J 

1. (w) Libuuwpwuubrio 4wl4bgtiu ctwriwuqw4wu uJmrao· 
1. P2ti2ti 4n11tiqti , 2. £11nlinunuub11ti Li. 3. 'llira-ti hbm 
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r "uz LPWUUlb/lr hruw(J L{/lW Ur"!WUQ b4WU WJ!f hWUnQUntUQti (12 utiz) 
(p) ruz htiuuw4wu L4Whwu2ub11 bu ub114w1wglj_mu ctw12wuqw4wu 

u1mrotiu 

Pwgwmribt rab ti"LizlllbU t 'llira-ti 4w12mgl{WOEQ pw4w11wrimli 
wm L4whwu2ub11tiu(8 uti2) 
(w) 1-ti tm6mlio mrit.two t tS? 15-16, 2-tiucf 4WL44w6 t Uburibuwu 
qblJbmti4wJti hbm, nrio mrit.lw6 zt U14JWL Qr"!QnLJ4ntli , 3-tiuo' t2 19: 
(p)-ti tm6muo uwtiri t2 21-24: 

2. PwgwmribE ti"uz t U2WUW4ntli "hrliEWJtiu hWLiWL4WLI1WUtuwumro1mu" 

mb11utiuo ------------------

tm6muo m11L{w6 t tS? 9-10: 

3. li4w11wqribE <bri2ti-2b1qti t.Pn11ao: Lmomlio mril{w6 t t2 19-20: 

'Ju!a-/1 ntiut1/1i/wgf1wu 
1. rui htiliuw4wu L4Whwu2ub11 bu ubri4w1wgl{mu ctw12wuqw4wu 

UJmiatiu 
Pwgwmribt iab ti"LiiL4bu t 'llira-ti 4w12mgl{woeo pwl{wriwrinul w111 
L4L4whwu2ubritiu(8 uti2) 
lnt6muo mril{wo t t2 21-24 

2. li4wriwqribl Ubqbtunu-Umwhtti t.Pnriao L. lib4uwpwubl umwgl{wo 
w1111JmUEub11ti uzwuw4miaJmuo 
tm6muo m11L{w6 t t2 23-24 

3. SLlbt> 'll.ira-ti L4wrimiriti hw2nri11w4wunqa1muo . nriQ hwliWLllW
mwutuwumu t 'lli0-ti umnrit... pbril{w6 hw2nri11w4wrmqa1wuo· 

5' GAACGT ACTG 3' 
tm6muo mril{wo t t2 9-10: 

S{1WUU[/{1/1ll/{//1W 
1. (w) Umn11L. pbril{w6 11tiwq11wumli gmJg t mril{wo wqnmw4wu htili-

12briti hw2n1111w4wunt(OJntUQ 'lli0-ti L4Wr"!nLJr"lti Liti Liwuti Llriw L. urw (Jg 
hwliwL4wmwutuwunri. Linlira-ti L4wrim1riti mbri.wuwuo: Oqm4btn4 
U1Wr1WJtiu pwuwttinl{ uzbE 11tiwq11wlimu 4nlil..4tblibumwri hrliEb/lQ, 
nrinuE 4hwmul{bu unlira-ti L4W11mmti Ll11w: 
PwLiwttiff A= wributiu , G = qmwutiu , T = rotilitiu, C = gtimnqtiu, 
U = mriwgtiL 
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(Lmomllo ouui 29-30 t1?b11mll uir4.w6 11u:PnrllwgflwJti' 
U U UC G CA UC) 

2. Pwgwui11bt "wuflubuirl14 uirwuu4rl1L49tiw" uibrllfluo 
( Lmomllo ui114wo t ti? 30-31 ) 

3. Qbuo ouri.hwumr qbunu11 LlflwJu 4inEr Llwuu t: Ub4uwpwubr 
( Lmomllo uirlJ. w6 t t2 27-28 ) 

4. ff 11u t nura-ll!nLl1Llbrwqfl 11b110 
( Lm6mllo uir4w6 t t2 28) 

dwowOqw[/wO {/nfJo 
1. (w) t"IQ(Ji UlWflpbfl nLl'J.11ubpnlJ. 4wrnri. t 4°ln4°lnfulJ.bt 'lura-u qbul1 um

Lnwgf1WJl1 lfbll!EnLLl: ra4wp4bE br4m UJnLfd, nrnCJE Ull!WUUlnLLl bu 
WJlfll!llul1 LlmlI1WQf1WJl1u(4 ul1z) 

(p) Pwgwui11bL l1Ci!~bu t WJlfllltiul1 umuiwuui 'lura-11 4im.flntu4.w6 
11u:Pnrillwg11wu wurw11wrJumll unr u~11uiw4mgl1 uf1urcbql1 4.rw (8 
uf12) 

(q) orab u11urabq4.nri. LIL4f1LI1w4m.go '.jlbpabuui t Li Llmuiwgl1wu pbribt t 
U("lW WUl1UW[C[ClJ. WJ11CJ hw2n1111w4wum(OJWU 4°ln4°lnfum(OJWU[!, W~W 
tiu!~bu L. l1uim wiu 4wurw11wnuw '.jlbpubuuil1 w4uiti4.mf'dJWU 4.rw 
(4 ul12) 

( Lmomao uirlJ.w6 t t2 34-35 ) 
2. (w) <wllwrmui pwgwuipb[ (Ob 11

4

uim t hwawrlJ.mll, nri hl1Ll9b11f1 
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11wuw4np4w6mroJmuo um4tbl1uwraramubrti 4wquma uir4.mll t 

"uiriti~lbLI1lllJl1U 4nri.f1" uibu,QnlJ. ___________ _ 

_________________ (3 uf12) 

(p) 1. t°'uil1u 4wrnri. t pbflbl hl1ll.Rbriti hw2n1111w4wumroiwu Llb4 
4in4intumra1mun (1 ul12) 
2. Pbpb[ WJ'l~f1uf1 4°ln4°1nfunt(OJWU Wr1W2WQUWU nrub 011f1uw4 
________________ (1 uti2) 

( Lmonulo uirlJ.w6 t ti? 33-34 ) 

3. Ll1qngl1LlD 129 wlll1uwioio4.l19 pwri.4wgw6 UL4tiuiw4mg t 
1. ~wufl 'Yl.Jra-ti um4Lbnuiflri. t ll!Whwu24mll wJu wllfluwioio4wJtiu 
hw2n1111w4wumroJmuo 4nri.w4.nrbLm hwllwr 2. 'lura-11 4r4uw4fl 
ll!WflnLJflfl Lrf14. ll!UlnLJUl[! L4WflnLUW4mll t 10 qmJ4 hflllE Li mufl 3.4 
ull bf14WflnL(OJnLu: 'lura-11 LlnLb4mlmll f1Qu! bf14WflnL[dJnLU muf1 
lflqngfluo 4n11w4.nrnri. qbuo: 3. ~wuQfl ll!UlmJuin4. t ubr4wJwg4wo 
'lura-11 4r4wu411 ll!wrmml1 w111 uwuo (3 ul12) 
(1 4bUlfl lnLOnLLl[! UlfllJ.WO t t2 33, ll!WUlWUfuw(J(J t' 387; 4bUl 2-fl 
ll!WUlWUfuWUU t' 131.58(11.l, hbuiumll t 4bUl 1-11g; 3-(11') 4buifl 
ll!WUlWUfuWUU t 38.7, nf1[! hbUlunLU t 4bUl 1-fl tm6mllflg L. 2 4buifl 
uit.lJwtubrflg) 

4. <buiuJWL wrumuw4mu ubr4wJwg4w6 bu nura-11 nrn2 4nri.nuubr 
(hf1llEbflfl Ulflf1ll!tbl.I1Ubfl) u UflWUQ hwllWll!WUlWUfuWu 4n11w4n11lJ.nri. 
wlltiuwraiomubro: u, c, A Li G-u nura-ma ubr4w1wg4wo hl1llEbrti 
wulJ.wu wrJw2l1u uiwnbru bu : 

uuA :t>bufl1w1wuru UUA Lbmflu 
UAU rarrmqflu UGU 8flulI1bflu 
GAU <tiumflriru CAA 01mmworu 
AUU rqn[bJ9!1U AUG Vbraflnuflu 

Ubriflu 
"l11n1tiu 
uriqfluru 
Srbnupu 

AAU uuu.iwriwqflu AAA Lrqflu 

UCA 
CCU 
CGU 
ACU 
GAU Uuu.iwri wqflu wraram 

GUU Llw1tiu GCU U1wuru 
GAA <ltmlilworuwraram GGU <lll1gflu 

AUG-u 4n11w4nrmll t ll!bll!uif111w111u llnLb4mtti u4f1qpo 
T-u 'lura-ma hwul')f1ll!nl') ral1Lll1u hl1llEf1 u4qpUWLI1WrJU t 

(w) t°'u! wlll1uwrarc4wil1u hw2n1111wt.iwumroJmu t 4nri.w4.nrmll 'lura-11 
hbUluWt llwuo· - GCA GGA CCA
_________________ (3 ul12) 

(p) Uw1111m ll!b~uif111D u4u4.mll t hbuiuJWl wllf1uwiof'dmubrn4.· 
Ltiql1u - Qtmuiwlltiu - uirbnuflu - wtwu11u -
SwL 9pnllnunumu wiu LIL4l1uiw4mgw1tiu :Prwqubuuil1 huwrwlJ.nr 
'lura-11 t.in110 
_________________ (5 ul12) 

(W)-11 ll!WUlWufuwu(J t ' Wflqf1ul1u-~f1ntl1u-[11q11CJ: 'lura-11 UlflWUU4f111P-
911WU 4uiw Llnura-11 CGU CCU GGU hw2n1111w4wunqa1mu, n110 
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faWflqUWU4nul t QULn t2 37 Wl'lJnLUWljmu pbfllj_WO Ljnryjl: 
(p)hw4w12w4 u.irmgtuu t : <uwnw4.nn lirlula-u u.itLne t Ltiuti 
AAACAAACUGCU, nntiu 'lula-jl 4nliu.iLMbuLnWfl ll.!WflnLJflnLU hwuw
u.iwLnwutuwunul t TTTGTTIGACGA hw2nn11w4wumra1muo: 

5{1UJUUUUJg/1UJ {fJWf1QUUJfJm tl) 
1. Swt P2ti2mu uu.itiLnw4mgti utiuratqf'\ hwuw12nLn u.iwLn4tno (1 o uf'\2) 

(Uju hwngti tm6muo (}Uf'lqf14mli t wutuo f'\U! 4tnwptptlmli t Ln(IWUU-
41'f'lll.I gjlWJf'\U L. LnflWUULJWQf'\WJjlU, UWf'\(I t2 26-32 L. 38-44) 

2. uljwpWqflbl rat f'\Uill.lbU npL.t :PtnutuLn· OfljlUW4 ll.lflnLnbWq(} 4Wflnl'\ t 
uf'\urctq4.bL P2f12mu (12 uti2) 
(lm6mliQ Lnfllj_W6 t t2 33-44 L. hWLj_WUWpW(I ll.!WhWU2nLU t OWUnJaW
gntli Ull.ljlLnWLjmgubflf'l hblilLnflWUUUWgjln(J ~L.wl.flnjuuw(J ll.lflngbuutnf'\ 
htm, uwtin t2 32) 

3. <wuw12nLn PWQWLnflbl rot jl ~U!LL!bU b(J umljtbjluwrc~mubflQ 
uwuuwljgmu uu.itiLnwljmgti utiu~tqmu (7 uf'\z) 
lm6muo uwf'\n LjbLn 1-mu 

4. (w) n~nnue tu J, K L. L u.iwnm1rutntiu (JabLtnf'\u) mn4.w6 wumutno 

J~~-~~-~-~----~~-~--~-
K_~~~~~~~~~~~~~~~~~~~-
L _________________ (3uj12) 

_________________ (2 uti2> 

(q)t-i~u~ tu uzwuwljmu PL. a u.inngtuutnru Lnr4.w6 wuttwumuutno 

p~~~~~-~~~~~~-~---~---~ 
a _________________ (2ur2> 
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Th.- d'•cr•m ,ho.,,, • autnmary o ( thit pr<l c;: e-u Q 
("an W M-qL.len<..t J-6) lhal Q· thou&tu 'c !olh::n411 
11hc ptO(.(C::U P -.. nJun &he cell . 

. 
. 

v 
I 

nuckar 
mc:-mt->111nr 

(J'l) utUbLntl P-mli Ln(ltlW6 jlu:pnnuwgjlwjf'\g ljWflbLf'l t W(lrt(ne ULL!WUbt 
Lnnuia-ti untb4nqmu tn4m hw4w4nrynuf1 w12w2wguwuo 

__________________ (2uti2> 

51 



(b) uyW(lWq(lbl Q-nul UjWLI14bpw6 Ll.jflngbU[! 
[(w)-r Lm6muo· J-u 'lura-r qqwimu Ll.lw11m1ru t (uwrr t2 30-31 ), 
K-u Uflura-r LilflWUUljflrl.4LI1U t (uwrr t2 28), ru4 L-o 'lufa-r 
UjWflnlJ(lU t, n(lQ 4nLill.jL bubULilW(l t qqWJnLU UjW(lnLJflru, 
Lj1wul1lnrbu TATA L4wrmJrru (uwrr t2 31-32): (q)-r hwuwr P-u 
(Jbpljwjwg(Jnul t LI1(1WLIU4flrl.49rwu, ruy Q-u· LilflWUUUWgrwu ywu 
JOWflQUWUnLU[!, nrmu.12 QU UWl144 w6 b(J hwuWUjWLI1WUl1.JWUn(lbU t2 
26-27 Ii 38-39: (!l)-mu br4m uUjwu4nri 4nl)nClubru bu· AUG Ii 
CAU, ru!UjbU ljWf1blr t bqpwywgClbL t2 43-mu l11(14W6 
jlu~n11uwgrw1rg: (b)-r Lm6muo uwrr t2 38-44: 

uzmu· Lm6muub110 4wrnri bu mubuwL ub4rg w4blru l11W(lpbrw4 

11. Lwpnnwlilnn wwnwwumuputm 

Micrococcus Lyzodeikficus-flg 'J u/0-fl tl/Ut.n{1Wl/gflw(J l.i. pfJmpWq{JnLtll] 
~wur np 'lufa-r LinLblJnLLO pw4wywuru 4°ltu11mu t UflW WU2WLI1uwu 
b11wuwyub110 Ujblil.E t Lj1wlflmy Lrubu , nrLllruqr l11b'lr !nLubuw 2riraw
ub11r ob11.12mu: 'TlblilJ? t tumuwl/1bt 6w111whbrt L4WJuwuub11rg (pH-r 4wu 
2bruwul1lr6wur) u oqLI1wqnr6bL uwu11bub11rg 'lurD-r WU2WLI1UWU 
ULiln[lli UyW(lWqf14W6 b11WLIW4Q: nLLI4LI!lrf1Ubfl[! Ujblil.E t nl2Wl)rl1 
q11wugbu pnLnfl LflnlflntumraJmCJClbflD, nrnup yhwul)rLl.lbu ubranllr wubCJ 
t.flmtmu u Lflnrdbu quhwl11bu wiu: 

Ul:ipnfJ (1of1, l:if1l/m dwu) 
20llt 0.15U EDTA-mli (pH 8.0) umuUjbuqbt 0.5q Micrococcus Lysodeikti
cus-r uw11bgliwlip !n11wg11w6 P2r2ub11: U4blwgClbL 20uq Lrqngro Ii ru
l.jmpwgubL 37° C-r UjWJUWClUbflnLU 15 (lnUjb: U4btwgClbt 1.6UL 25%-ng 
(w/v) UWLilflrmo l)nl)bgrl ULL~WLilr (SOS) lnL6nLJ(d, tuw11ub[ u ru4m
p1..ugCJbt 10 flrlUjb 65° C-r UjWJOWUUb[lmu: Uw11b9Clb[, w4btwgubt 5.5UL 
5V UWLil(lrmu UjbflQLnflWLil u WUjW 25liL Q[nf1n~nrli- rqnwlirt UL4rl1LI1 
(25:1 v/v): tvw11CJbL 15 rnLl.lb u 1 o pnUjb gbuuirr~mqb[ pwr611 wpwqm
raJwu mwy: 9.qm2n11bu QW2bL UjWUU'lb(ljWU L4rUjbUln4 4bpru 2f1WJru 
2b(ll11Q u Ulb'1WL/1n11.Jbt ubrt [Wpn(lWLilnfl pwctwy ywli obCJqm(l: 9.qm-
2nf1bU wL1.btwgCJbt(2bfll11W4nrbL) hw4wuw11 6w4WL uw11bg4w6 wpunt
Jnlil uL4rflLI1: Uw.emr wUjw4Jw ~nrir4n4 hw4webt 'lura-r uul114W6J?Q 
pwctwuuwu ow4brburg u l11brtwlflntubL ul4rf1LI1r uwemr Ll.ln11grw1r ub2: 
LLi.WUWt 'lu0-(J ~n11r4r 4rw Lj1wrawrauw(J Ii 4brwl/1wrawraliw(J ur2ngn4: 
Sb11wlflntubt 3lit 0.15 u NaCl u 0.015 u Na-grlilflWLil, pH 7.0, UjW(lnL-
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Clw4nrt L/1n116wunrar ub2: fanrtbL LnL64r uru!li hw2n111) qn116uwl.jwu 
UjW(lWUjUnLUQ[!: 

'J u/0-fl hwt.nl;mPJmfJDl:if11J 

</1U/Gf1.Pf1ntlwt.n/1l/nLPJnLfJI] 'lura-r WJU hWLilljnL(dJnLUO LjWJWUnLU t urw
(Jmu, n(l bpp bl14L4W(lnLJf1 'lu!a-(J l)bUWl11nL(lWg4mu t (WJurup(J UjW
f1nlJl1Ub(l[! wu2wl114mu bu) 4lwumuo 260uu-r LI1W4 twLl.lbu pwr~rwumu 
t (40%-rg w4blru) : 

<ruewJru 4wquo· 'lura-r ii nura-r hruew1ru 4wquo mwrpbr4mli t. 
rum yw(lbLr t gmgWl)(lbL JnL(lWQWU!JnLflr (Ju m2r hrl)llnlrqwlilubrr 
.1211nuwl11nq11w~rw1r ur2ngn4: Uu2wl114w6 hrupbflr tumgrwJr u 
UL4b4l1111n~nl1lnubl1111r4 briwuw4n4 1m11w.12wu!Jmrr pwuwyo L4W(lq b
l mg hbl11n 4wrbLr t hw24w11l.JbL ti hwubuwl11bl hruebrr hwrw
pbrmJOJmuo: 

Ul:ipnfJ (Of1 Gf1l/nL, 2.5 dwcl) 
unU(lWQUbl 10 WUqWU 'lufa-r UUnL2[! : b('ab UUjbljl1lf1n~nLI1nUblilfl[! 
muwy t qpwugbL UV 4LWUUWU UUjbl.jLI1f10 Oql11wqnr6bLn4 SSC-Cl npUjbU 
Ul11mqr! (4wrnri t Ujwhwu24bL hbmwqw unurwgmuo): SwpwgubL 
unupwgrw6 'lura-r uum20 uru!'-4 c100° 15 rnUjb Ii WflWq uw11bgClbL: 
unrrg qpw(JgbL UUjbl.jlilfl[!: 

sb11wllrbL - 2ouq 'lura u nura ii ~br 'lura-r Lmom1rao (1 OL4LI1r4w4wu 
11.JLilm(djWu urw4nl1[! 260(Ju-r LilWY hWuWUjWl11WU11.Jwumli t 50uyq/liL 
uimrar> w11wu~ru uwemr L/1n11~uw4wu L/1n11~wunraub11mu u w4blwgubl 
0.5liL 70% HCI04: SwpwgubL 211w1ru pw11 ur.er 4rw ub1166nrt UjW
hwpwumu 1 crwu4w ourawgpmu: Uw11bgubl. w4btWQUbl hw4wUWf1 
6w4WL 2m11li4wrabgClbt 10li4L Clum2 .E11nliwl11nq11wur 4rw 10Li4t raruru . 
Wl)buru, qmwuru, grlilnqru u mpwgrl UjW(lmuw4n'1 uum2ub11: Uug
ywg(Jbl e11nuwl1lnq11w~r1wu, oql11Wqnp6btn4 n(lUjbU Lm6r! 65% rqn
Uj(lnUjWUnL: 16% 4nugbul1111r4 HCI : 19% 2mr: 

Ul:ipnfJ (3-111) 011. 1.5 ctwu) 
'lrlilbL ppnuwl11nqpwuo UV-r l11Wy Ii Liwl11rl11ml. q6bt hbmpb(lO (b(lbUQ 
6w6ybl llruw4n4): :iwlj1bL Rf ub6mraJmuubf1Q u yl11(lbL w11wu~ru 
hrupb(lr hblilQb(l[! uy(lWl11n4: npUjbU UU'lmqr! Oql11Wqnp6bl .Ef1nUW
LI1nq(lWUr hw4wuw11 yl1lnf1[!: Sbrt wlj1n11.Jbl liw.emr L/1nr~uw4wu L/1nr
~wunraub11r ub2 ti hruebro t.eumrw4l11bL 1 Olil 0.1 N HCl-ml.: SwpwgubL 
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utiuiL. c 45° 10-15 rrnu..ib L. uwntgubt: Q.11wugb[ JnLflWEWU!Jmr tumwLnti 
uv 4twuuwu uu..ib4LnflO L. hwzt.1.w114bl ynugbuLnrwgtiwutro. oqLnw
qnr6btnt.l LinUWflWJtiu tELILntiliE911WJl1 qn116wytigubro: 

LwpnrwLnnr wztuwLnWliECJbro ywLnWflbtm hwuw11 wuh11wc:tbzLn t 
uyqptig LIWEflbL ynubrgtinu ()ufa-[J L. uzw4bl hbLnliJWl hw2n1111wyw
umra1up: 
1. 1 Oq tuunrwuuyw1tiu ()Ula (BDH-yeast) tm6b[ ranrwo 2111"1 n11n2w4ti 

6wt.J.wtmu hwugubtnt.l pH-o NaOH-nt.J. 6.8-7.0 
2. <wuglib[ 6W4WtO 200Lit-ti ranrw6 211nt.J. 
3. UCJtm6btti uuwgn11110 hbnwgCJb[ gbULnflti.t>mqwguwup (5K for 15min) 
4. burawr4bt 11tiwtl1qti 2t uwngw1tiu 21111 ri.bu brbE wuqwu t.tim.tintubtnt.l 

w1u 48d'wu4w ourawgEmu 
5. UULnwglibt 2 6W4WL 95%-ng tratiL uu..i1111unnt.J. L. Wt.!b[wgub[ WJUEWU 

i_nfl Na-wgbLnwLn, n11u..itiuqti uLnwg4ti 2%-ng tm6m1ra 
6. uuLnwgub[ ()ufa-u gbuun11ti.t>mqwguwdp L. [nLOb[ 200Lit ranflWO 2f1nLU 
7. burawr4bt 11tiwttiqti ranrwo 211P r].bu 24 d'wu4w QU,.aWgEnLO 
8. uuLnwglibL 95%-ng tpwlintmd (2 6wt.J.wt), wt.J.b[wgubt Na-wgbLnWLn, 

nru..itiuqti uunwgt.J.ti 2%-ng tm6m1ra 
9. 8buLnrti.t>mqbL L. uuLnt.J.w6EO t114m wuqwu tt.lwuwt 1 :1-ti trawunt

brabr tuwrum1111nt.l 
10. nura-ti uuunt.J.w6Eo t4wuwt trabrnt.l L. ln11wgubt wyuntit.l rawt.(iw-

hwruwup 

IT)whbt uwnuwrwumu, oqunwqnr6bL 8 zwpwrat.J.w ourawgEmLi 

<bLnwqw '1ura-ti L. nura-ti .ti11ql14w4wu L. Etiutiwywu hwmymra1muut11ti 
hblll ywu..it.J.w6 t.(inf1~bf1Q 4wrnrt b(J w(Jgywgt.J.bL UUWU ~L.nt.J. WU2WLnt.J.w6 
ywu 4nubrgtinu '1ura-11 oqunwqn11Mwup: YnU4f1bLn u..iw1uwuubrmu 
t.(inr~ti QUpWgEO u..itunE t l4LWUWt.J.n11ti 11wuwtunuo b[ub[nt.J. brtW6 UWf1-
EW4n11nu.lubfll1 wnywJmraJmlipg, 1.4whwu2t.1.nrt 6wtuub11tig, wli4LnWU
qmraimutig L. hwLnywgt.J.w6 d'wuwuwypg: ULnnf1L. pb11t.J.w6 bu n11n2 
qnrouwywu l4WflWl4UnLUEUbf1p wu4wumuut110 hwuw1.4wmwutuwu 
qrw4wumraiwu wri.pJmrubrint.J.: IT)rw4unti4n11tu tiul t.J.b11wpt11t.J.mu t 
UnLYL btiuwraramut11ti .t>muygtinuWL wu1.4byLnubrti mumuuwu1111uwuo WJU 
4w1.4t.J.w6 t 1m11whwunm4 uwrEbf111 4wu huwrwt.J.nr t.1.Lnwuqwt.J.n11 
nw11tinEtiutiywLnub11ti oqLnwqnrauwu hbLn ywu rawu4 t: UJri. 11bu..iEtrmu 
4wrbtti t 11tiubt hwuw4wrqlti L. 4tiri.tnywutmubrti oqumraJwuo L. hw
uw1.4wmwutuwu q11wywumra1wuo, n110 ptr4mu t umn11L. (t2 55): 
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