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SUMMARY

At ihe mol6u]{ Lvel, lhe pdhog.n sis of chold is a nulid!.ldi.l pllBi S.!dl

s.nd 4codirs virul@ fa.toB .id $e parhogd ir irs 6ldizrio4 @tdin Ld

cxpEsion ofvirul@ hctoB, ed roxi! &tion sh s .hd@ toxin (CD and dE roxin-

@agulat d pillN (IcP)- Chol@ Toxin is primily Espo6ible for rhe potus s.crerory

didh.a whil€ the toxineEgulat€d pillu is m .sotial coloniation f&tor and ftepioi

fo! the phage m@ding CT. Ii addifon io pot.ni CT, thqe de olhr putativc toxic facroE

such s ecessory cholen 4r.rctoxin (Ac.), anul! @ludens loxin (2o0,

hcmolysii/crlolysin md h@rsglurioidpotas (vibiol'sir). N€ubdiDida$, !
sialide, is ale .mideEd a vinlde fa.roi It is ! ley glJ@side hydret* lbat

6t{t6lhc @!v6ion ofhieb.hdd elngliosidA to nonosislogogliosid., which is

th. chol.m loxin l@plor. h hls t@ hypotksized lhat n@inida* may lddly

prcdEe high conc.ntratior of lhc GM I tueltor for CI, thmby €nnscilg ih. birding

dd intemalialion of CT dd €sulting in grcat r .fllu of water md eletroltl€s.

The pEseir study cobFiss ihe e.lysis of toxin prot es of / cholel@ in o et ro

hlve a b.tter udeBrandilg of parho8d.sis sing moleuld biolo5, dd bioiofomarica

r@ls N ihe signalins ce.d6 idolvcd in th. indEti@ ald rceularion of hucosat

inflt'Jl|miory Bpong ro infdrio! by Uchol.@ e niu largely unlIDM. th.

pDpos.d wrr is cmied out in $o pbs.r. The fi61 phe d.ak s ! thc nRNA

€xpG$ior oI proinidm.rory, mti.inllMaiory dd ldiou olii& .rlokin6 in

inicatinal issue ad bone n@w cclls upon infection with puined cholds Toxin (CT)

alone ed in conbimtion with puilied neudiiidae fom /irtio choletac in odq to

ehcidde the m@haoisns of $e Zctoiera? indu@d poinflmmalory rcsponse s Mll rr



ihc eficci. of Cholea Toxin in CT-induced imbe Fspo6e for the .levelopnot of

sofc, life afi€nuat€d v@ins. Th. .tleriptionat prelili.g npor CT inf@tiotr in rhc

intcstinri tis@ and bore |rr@w ells at 2, 6 18 &d 4E hs *s ffii€d out by RT-PCR.

Among rhc 15 cJrorides (ILlq, ILl9, IL-2, lL3, lL-4, IL-5, IL{, IL-?, [-10, lFNr,

TNFa, OM-CSF. TGFp, MCP-I, &d HIF) involv€d i! pminimalory, sri

inflmmatory md otigen-sp€cific imw €sponeq ih. nRNA of tu eiglt clrokjnca

(ll.ld, ILIP, IL-7, IFNI, TNFo, TGFp, MCP.I ed HIF) weF foud io b. expn$s€d iD

int$iinal tissE ed bone lrEow ells upon infcction *he@ €st of th6e clrkir.s

sE cillt* doM Egulat€d or .oi .xpBs.d lpon infectiod

'nE s@d phe oflhc s1rldy dcds wirh thc pEdiclior of3D nodels ofroxir prcr.aes

of U chobrce i.e. Acl:.sry chold . cturoin (A&), anula @lud.ns toxitr (Zor).

dd h.mselutinii/prole!* (vibdolrsi!; HA/P) brs€d on c@p6adv. homology

nodeling in od€r to b.ve b.nq urdcRts|diig of pafiogd6is Bing biobfomadca

l@ls. T1E pEdid€d slructle is discuss€d wirh sp€cial @fq€nce to l!. activ. sirc dd

cofacior binding sile. IlE €nzymei.]ibitor model ea also constructed spe.tcly in

odei to idqfiry inpond t sidues thar @ntibut to ih. mtive rire int€raciion of thc

cnztr. silh tbe ligmil, nE honolog)t model w6 @lsllucr€d in lb. pBcn@ of

inhibnoi HPI [N-O€boxy-3-ph6ylprcpyl).ph6ylsldyl-dpb+asp!4ift] b&*{t or 
'rs

s.qMe hoDoloey wiih P*utkdoq ldsi.os .l4t s eaE). coD!€rien of (h. 3D

ttMluG of PAE and HA/t Evqk a mdkrblc simildity lFvirg a @nsd ! + b

domain. I]:te inlibitor shos siDilar binding f..tes 6 $d in orLd nehllopor€a$s of

M4 Fplids. f@ily, The sludy 6bo highlights ln. tey c{tal}ric Esidu€s a w.U d rh.

r.sidu$ ai rhe sl ad s'l bindiDg 8ub{it s, 'nle simildili€s belwen tie fwo pot ios



pbvide suppon for die hypothesis &ar lhe rwo ..zymes

smclures dd a colmon hdheisn of acdo. The fdcl
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IFN-t aner CT irfdtion alon .nd in @hbinadon with n.lmbidre

Fig3,2,5. TNF{ mRNA qpNion in boie ll1lmw ells fouowing cT 36

iD-felion: (A) A rprsdtaliw agee lpl Mlysis shows 2, 6, 18 & 48h €xPrcsion of

TNF4 snd cT inf€dion dlonc dd in conbinaiion wiu .ellminidae.

t1g.3.2.7. TGF-9 nRNA €xpEssion in bonc nmw @lh followi4 cT 38

infectionr (A) a iepresnrative aaNsc g.l dalysis shows 2, 6, 18 & 48h dp6sion of

TGF-P dfter cT inJecdon alon€ dd ii onbinalion wlh neudinjde.

Fig3.2.8. MC?-l LRNA €xpcsion in bon mdow @lL followine CT 38

infationi (A) A FpBdialiw .gm* s.l ddysis slDws 2. 6, 18 & 48h dpEsion or

MCP- I aflq CT inf6tion alore and in @nbiBdor wilb nc@inid.*.

Fis3.l.9. HIF-lq sRNA.xpr6sioD in bon F.rrow elh followiig CI 3E

infsdon; (A) A EpB*ntalive a$G! 8d eilysis show 2,6 18 & 48h dpEsion of

HlFnd atrCT inf@lion alon md in @mbin.rio' with ne'|@irida*.

Fi&3.3.1. nRNA exprc$ion ofdlcytokin€s stldicd in intcstinal iissue to

following CT i ectio.. A repEsentalive ag@s g.l @lysis shows 6h qpE$ion ofall

cybkines !frd CT infeclion alone 6d in combiBlion wilh neuminida*.

F193.3.2. nRNA expr€sion of all cltokins srudi€d in bone IWow ells 40

fouowirg CT inledion. A Epr*Dtaliv. agllo* 8cl dalysis shos 6h a\prcsion ofall

crlokiB lnd CT iDf€dion alonc lrd in @mbiDtion wilh Etuinida*.

iie.,.l. tlig"nen|ali file ns.n b gst6^. allga2d.ali & olig,2dryp 61

fi16 for @mp@dve nodcl buildins of Hcmagsludnn'/pDrciN ryibnolysin) ftom

cry$.r sEudue ofPAE (lem).



Fl&2.2. TIE sqipt nl. (a/,sn2dr'r) @nt iN coMds for MODELLER

10 produe s.qErcosrwfie aliS rtcni $irg th. cO,stl coordimt s
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67
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Tle ali$mnt lilc cont i$ th. digrndr of th. chplate s€qMe (1.d) with th. targa

sq*@ (vibl) tla st ndad orc-lcn r dim &id .odcs e !sd. '/' spahrcd rhc

s4q@. foB rbc *ncr nd.qld rnd HETATM| '.' R.prc* !d thc lotal nmb.r of

*alcl moleuld dd hctatom {Zn) *ith '.' nE}.ins il3 @d.

Fg2.l.TL$dplfiL(modcl-l'gEd.py)@.iBalltbc@Epd$r) 7r

@I|lfuds of MODELLER to Fod@ dE homlogy nod.k uilg lb! cryslal

@rdin 16 of dE &roM 3tuctuE,

Fs3.l.l. T.r8.t (HA/P)-T.dpl.c (IEZM) digntMr by BinS Tl

AUGN2D @mad of Mo<Llld (9vg). Coo5.rcd ..tiv. siG (Ed) .d Ztr-bildi'g

(sren) €sid!6 @ hjgDligDr.d. TIF G!io!. thd @ thowht to b. Inc &livc sit ald

1l

11

Zn-bindhs doroiE show slrone eim eids hoFologi.s.

Fig3.l.2. nE sh.nadc Eprhiclion of hotulogy modcl of

vibdolysin showins mns.mms of 3@ndr!y strwtuFl.lcn6t! nr N-tcdirlt Cen)

domin of rh. pmr.in is @Etiuctcd priMily of stipadLl 04t e&, whilc lhe C-

tcminol (ddr) domain is a-hclical. Cotral a-hclix is dloM in @8cni!, which is ai th.

botlom of @live lit clei wih th. qtaiytic Zd io. (y.llow sphcrc).

Fig3.l.3.r Sctlsbot of PrcSA z-@F plot of HA,/P showirg thc Z vatuc < 0. El
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O. rynd lniri4 of PAE (blE). n stuturl difiGM duc |o ils.nions in loop

a8i6 e ildi€td by (i) & (ii).

Fig. 3.2.1. T.4cr (zoTlTanllrl. (IPXD.lign|Mt by Eing AUON2D U

@m.ttd of Modell.r (9vE). ' r.p66l! tl€ con5.d.d 6idB bcnEn $. ts

ritjrl.'nE sdwtic EF.$rdion of thc homlogy mod.l Ea

Zolslbwing!fu8@ of qri,r..y sEuclunl cl.D6ts.

FirJr3.: S.@tslDt of PESA a$@ plot of Zot 3howirg lhc Z vltl|c < 0. E

Fir333D: S.lqs[or of PbSA plor of Zol slwiEs tlE olcrE/ gn0l of E

BidE sc of . rdis preLin stnsle

FlA3l.a. SEuctlnrl suFrpositioE ofcd ltols ofzot (nrgnct!) onto 88

thc crysld stuctr of IPXT (blu). 'Ihc dlFtud ditrgqF.s du. ro mising Egions

G irdicdd by (i) & (ii)

Flt33.l. TarSct (ACE)-T6pbre (lCKv) .li8nlMr by uing ALIGN2D 9l

@nnnd of Modclld (t8). + r.!|lsans thc co|)$dcd 6id6 bctG! tlt tso

FisJ3,2.TlE sclm.lic rlpBc ltid of tlF h@dosy Eodcl ACE 9l

slEeins .mglnan of soi&ry sltucru.l d@nts,

FitJiJ.t S.ffihot of PbsA z'e@ plot of Ae slDwing lhe z v.lE < 0- 9,1

nsj33b: S.@Nhot ofPESA plor ofAe shosilg th. c.gy Sriphof 9,1
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r.T. NTRODUCTION

vittio Chote (.ls KodMbsill$, i. ! higbly @tilc, fa.ull,liwly anr.@bic.

ry3 j!y|!!!eiq!9S4!& (1-2.) soorosabut cw.djrd shlp€d bacrd@ with a

pord flqerru (34.) which b.lo est tlt nbnowe@ t$ilr 6).

'Ile fmost $sistance to E ogrizrd cholcn w nad€ by physicid John Sno*

*ho onSimrd the linl bctwen chol.6 ed @ntmiMrcd dinkine yaier in 1854 duing

the fourh Mdeniq In the s. yd thc b&iqia w 6Bi ielate4 deedbed &d

|€d.d r.r,/./2. by lilipro Peiri (5). bul hft di@v.ry B lor widely knoM u il

Robqt K@h, s&in8 ird€pcnd.ndy $itty yc.rs lrld, dpoed the LmwLds. rnd

ide'Iii€d u aab@ a @nW bt illE" in t8E3 (4). Chol@ Toxin (cT), 0!c

cdsalive Foteid fa.lor ws frs:r disoqld by Robar Koch ir 1884 (5).

Zcrrlme is ! wll deftEd orSois d ih. b6sis of biot@ical ters €-4) ed

DNA hmolory studiq (4). It is subdivid.d i.to !.rcgrouF @ 0rc b8is of99g4&.la

4ifq (3). A sorypils $hnc. lh. cdlotiomt hcilod Bd Io.t*;fr uchoterue

stlaiB, w6 first sludied by Gadncr $d veil(airde (6). ftis nethod is ba!.d on

6ilopi. difrdce of ell sufae lipopolys@chdi& (LPS) (7). To d^8, r.Chohtae ha

ben dained into about n@ thr 200 s@sreups (1,3) or lhe b€5ir of its $sr.tic

dtigtu (o arig6) (3,E), of vhich orty irc @srooF Ol a.d Ol39 $r.ios hare ben

sboM ro ctrE:g@b of clblcr., t s.vd di.dhcsl disa$ (7-9). rte mjor difr c

bct@ lhe t@ sogrculs is lh. oc|llr!@ of dEF liDopolyscchdide (LPS)

&tis@ a.d a clp6uld polrshdid. ( l0).



All sitliB $.1 *rrc id.niifi.d by biochniel csrs s ZctoLr@ rhli do @r

agelutrtr|ll! vith ar'rti€n'n wft @lLciivcly Efdld io s mn-Ol V. Chole@.a;lEy

*e rls cdl.d norchoLn ibtio3 d M{e8lutinbl. libdos (3, 4,6). 154 l@gbups

of lon-Ol vr'rrd e ln$n. Thc bi@hmicd ed norpholosicsl chafutdi3lica,

F6$ss.d by th.e y,rr,6, e .ologo!$ ro lhos. of thc choLE vt .io bor @

noEgSlutiEble with Ol sii*ruln. Th.s rirr6 @ agglurimblc by ln.n oM sarim

(4). TIE non-Ol *ogmups" &spic rh. f!.r rh.r rt! lor r.lsrsl to chol@ 
'rcid@, 

6
be ps$ogoi., dd e @ly r.h cd with smsll ourhr!&s ofdi.rrno..l dis.e (3).

.2Th. Ol sgm!?rdbrs a $o biottFs, Clt!.icrl ed El Tor (3,8) 6!1 6 b.

di$imin .d by ;pDlyile dil!.r! bi@h@ic.l tBrs r... .$)6 or henotrsis,

hdr€slutinaiotl phr€c ard poln ai. B $sitivily. h lddilion, p|tsaE of biotTe-

speiic sacs (cs, ,cp.r, 
"rC), 

i5 l[c l Gst lppt@h !o dinilguish ba*!.s llF tBo (3).

It* q bc tmha suhdivid.d iiro lw tujor s.rorype,gq:ed t!.b., qtich

h.w difiadt lipopolrs.iridc (LPS) sltsrc (3,11-12). StiiiE of $. s.rerrT.,

OStw @ sdd 1o pt!d@ A .nd B 3 igr6sld.s.ll.mu of C orig.4 q[.r.rs

In$. str.ils cxpB only A .nrl C arigcB. A thid *rdr?c, d6igdr.d Hitoiinr

.xpEs .ll lhc thG edgcor but il i3 dccption l 6d uslbL (3,11). lr brs ben

€v€alcd by thc aDlysis of th. ch.micd llnFits of th. O sriSm rh.r n is cmpo&d of

r hoDopolyn r, hav. dr mim $ga D Frormim subGdurcd wilh 3.d@xy-L-

8lyc6t uoii. ..i,r Both IDh. &<l og!s! rcmtyF3 dtriD thb slrucrE .nd 6s n

My b. thc A aiigd while |. utu of B sd C arigds is urlnoM (Fig.l.I) (l l).



--r-tttlrll
os$! rdb. (r{kojinr)

A, a, c)

Fis.LL A *oq?irs $bem ro d4it yCMa@ *.i on rh. bsis or O uris.n.

'ntc clssical biotlF @ r€sloroibL for the ns1 six epid.oics while rhe El Toi

bioiylc w6 r$ponsibl€ for th€ wcnih ?iddic which bega i! l%l dd is .nduine,

Si.e r 992 in Soui!6t Asi4 alan tlo O l, rh. new chold pathoe.n y. chokrc. Ot3g

h.t e!s.d cpidcdie. Buq plelrly thc El Tor bioqF is s.i[ rbe tuin p.rhogo tuiig
cDid.mics (E).

It *.s amed *lid, rhal for chot@ p&ddiG ed aI @jor epid€nics onty ,/.

c/rol.fa. Ol stris q@ EspoBibl. and rh non-Ol 3trais were no!-palhogdic and

.cspoBible tor only periodic casls of gdhodrerith dd qlra-intestinst ilfcciions. But

thcn thcrc wE o outbreal of chole. in India dd B&gtadah iD 1992. Ir w rcportcd

0'at il w @ued by a nov€l non-Ol nnii: Z ./',laa Ot 39 BoBal (4.



''Two significst Fopcni6 of y. Choletue e r*. i,nro ?@bt with esp.€r lo

litul€Mi (i) Ilt€ podudion of cholm ioxin (CT), *tlich is rcapocibL fo. tbc svcE

dieh.a, dd (ii) $e Fcs.nc€ of thc Ol or Ol39 etisc|! which acls 3 a Mkd of

.pidmic For.nd.l. On 0F othd hrnd, nolcculd ealtris has @catcd thlt in addition to

CT tuod'ns g.n$, alt ;tr.jnr coDFt€nt of c5lsing chol€n ale carry g.n s for E

colo zdjon facior kD'M a rone@rc8ulaGd pilB (TCP) ard a ceulatory prctcirl,

Tot& *hich o€Sulalq lh. qpcaior of CT .Dd TCP. Il'c syagidic cff4t of a

nmber of palhos.nic frdoR pbdlccd by toxiSdic Z CtroLf@ 
's 

EspoGible for $e

p6dosd6k of cholcd. (4). 8i q{
6, 51

II.HASITAT , I t, nLl
h"&,tp14 ,:'/, tt vo

Majorig of ,4r',o 3pai8 .E .vqeh.F i! 6rurd* .d qu.dc e.vircm.nt' dd . . , ,
rti53 -r :\s

e al$ foud 
'n 

fi6h mid. 14 cral..@ i3 dr6iv.ly di!p.B.d ii ni'bic.l ad llt tb
nodede .quric svnom. s. VdioE .biotic factou irclding tlE o€sic ord ';

''.im4eic @ .nrs of wlrd .d s.dimnis, vei.rio$ in oxyg.n rtuio., 0etuldry

rdF6t@, slinity, pH, &d dposw to rh. slnlight dt*t irs disEibudon (l3)-

L Ctolsus, a h&i!|. nicroorgeisd (l4), is an .uochttonols inbbit ofc.lsrrl

Dditu .nvibmdt (1,15), ed is q!.bl. of th.! trssittinS . dis.s io hult@

lhrcugh infecled *da ed @kcd or ponially @k d sefood (14). Thi! I/'r.ro 3p*i.

not oily slays 6liv. in.ive.in., cstwin , ud co&slll v!Lts aroud dE wrld but also

suNiv. ed nuhipli.s in hdire cnvi$mcris by adhcdne wi(h @pldldon dd

phr'loplmkton (l). lts c.p..iry lo forn biofilms on bioiic ed abiotic slrfees phys

imporiant rol.s in cnviomcnial suryival 6ough it is still nor und.6t rd.blc ihat ro whai



qr.nl iI* ndhdis G cstablished disiindively in toxigoi. Ol ed Ol39 si6ins.

Vdious €nviroMlal $Fc$ have ben s$cidrsd qirh €rclic cholda epidmhs, but

th. @ftldrions of g@etic ad bi@hmicd ddmimis e stil uidcntifi.d (16). as

this humd palhoged is pnnc'pally d i abibnt ofthe narin€ enviomenr, war€r plays

n inFariv. rele ir rhe sp@d &d @idmiolo6, of dold (17). y- clnlu@ .{b.iB
thc Satointesrindl trei, whcrc it sticks io villi. Iuth€moE, it prodws tw diff.r.ol

ptoGa €Ued chiire &d Fwira$, dich feilit lG the au!.ht\a\of V.clolq@ ro

aqu c orgtujsDs. Z.rdeldd h6 LrE abilily ofto drer @p.pod! with the hclp of

chitit8, TIB sbtae to €ntry into lhc hl|!@ gNlro-iDtetiaal lr.4i i5 f&ilitatcd by a

ro-rpccific prct e, neil@ 0 3).

13. PAIEOGEI{ESIS AND YIRULENCE TACTORS:

-Aff.r oral lmasud of corL@@te! wLr d tu

colonizariotr is aid€d br 6lm!!oG mrcin ssuhtr

(rcD 4d pte!.b]lb!-s4.r @ldudoi frQ6 sEh a th€ aec$N @lonization

chol6 .d€oloxin (CT) lb.r i3 sned &6
€rtac.Uula d\ircnmed and o.nub ion tre$on bv mtcsriral eoithclial celb(13) Th.

@lrlc olclDle! tori! h d. inFsrinal .DitbaliD Bdca itr Lh€ *tv.rion otad€nvl e

rqlq[s in rhe ircEiltd *rr,on of Cl md .vcnruuy lo$ of 6

of *e &d €larrolyrs ps dly (18). Thc qtur rehrDis of



establishlg a prcdlllive iiJdtion bv I/ .roL'4 @lonizlrid b a Drc$qubilc Sev€El

/"rrl* * p.*"t. 
"t*a.t 

(4) 
"tt""" 

*ht*
t$o idporvr44.ric elflen6 of the 4.tolsra? chrcmosome in whi.h semlenodf g

!!. vinr|@ &E!9r@ clutrad ftActlEt, Irr* irclud. lh€ CTX g@lic .lMi,

shich is the senomc of a lysoge4qlc!tslioirhag., desigraied cTxa l.!ai Mid thc

dxl wry virul4c.

tstoo,(!4-^d r.s" vi@@ese!!igtll4!9 tttggegrsi*:gcdCgl$

!=ptgr (4). oths f&1o$ thal have b€dl $eciated wifi the Pdthosfl:sis of cholela

tetldc zt'"I' @""r-" lo )'

Hesasglutinis. neuldinjdsc {naiHi. outer m€pbr&e prctein (onPtD, RTX toxir'

vm ikc b\in (20) &d ! TolR ttgulddt pmt in. (21)

. mdu|{ *Etd @DDo6.d of two Fcriqgufl!i$!!!I@4!L!E-!9!3d Rs2

esions (18). The CTXO e.nomc had bd thoudr odSinallv a a itmsposonlike gen€lic

eleme . A dlMic 4.5kb @e t8ioL Go.d thc virul.E clsn mod6 fo. bolh

"@
a. la$ 5ix sFEs, includins .trA (s.odine i!. A dd A $buits of CT)' uot (.n@dine

-At thc ruleubr ldel, rb.

so6 cncodc virul@ edoR dlll dd 0E pallaosd,4iE-s9l!!g41! @tdi..Ed

expre$ion of inilence factos. ard .oxii dtion l2l The Min \irulence Senes in

pilN Gcp) eoe dus!!441!ncrioB s b6ic olgDi4qtr..lBegIlgq]lllxo

, CTxo 8enon. (r4br hs bei qrsi\.lv <hset nzed q'lich paled dw it hs



enul. qixld@ losnr, a.. (ooding eesery . hole8 lntetotorin). .?P (encodrng

sr.+ftldcd pilin), dd orlu(emldiig r Foducr ofukrom firfttion) Th.llElgio

0"1.*"d* B.l9- !!{l"d f", 
""1icaLion(Bl,,|tbb 

5t

ofcfio(4,r3).

ry
the t , gele clst€r, wlich conlains a g.oe that encods r.' the T.!T F"ftlod .bt in

d wll s wml ofid dusL6 of !@* dt{ .n.nna ryrdFr(.f Lll{'w nflr n.L..\Yl

n!rcdons (19). Ilrc p@@ of goups of virulo@ 966, ! tguLld of litulcre s@q

a trspos cene. dd sprcific (ddike) iti3cbment sit€s flo*ing @ch end of lhe i3l&d

m lom€ imDotut sEudural latus of Uc VPL lhc CTXO ug TCP a thc c.Fs

(t. X h6 bm Reakn lhet dF

on a large DNA reeion Ef.drd 10 d ih. TCP padBgenicity hlmd, which ircludd the

@._
'fh. str,@ oI @e v.chot.rue snair hrs bcer seqMc.d cooplelely (20). Its gcnome

is fldked by one or n@ @!!ie qf s 2.5kb rcpclitiE s€qwn@ .lesignaled 6 PS2 Egion

duin€ infction Ar lc!$ l! !S!!ery pDr.is ft Equitld fot t!. biolpBis of tcP:

$e msjorty of dEn f,eGs ar lo6€d in $e

mjor subuil of TCP is.M<led by th! llzl!€rc; tht poduq! of a nwb.r of other

cqes ddr m Equi!sllb-!b9r&q4&!!!!L!4qj94-9t]IE-pj!El$9s!J4!oS!

rq and acl sere clNk6 (4,. b brieid!! t4 c/EL.a. lalho8djciN island (vP!, conuiN

8d6 rlarcd wirh virul@ ocP-AcF clE!6). |If cedatiojS|fildffi (oxT ed

icpP/H), rhe rcsrnatio. of ch€noh{is (bpl oi @fB), ed mobility (int dd ofrD (21 ). l!.
Tckn@ding geres e clBtcrd wi[rh a Egion km*! -g:-b!Llhe vibdo

(ompnas M . hrcmosom.s. of q hich cluomosome l. the leqd chmmoetu. habo6



d!r4es&!eF 4sicb8l1 ".d trlelrs.c-4g4rlg-glLl2 Bli*-
1he rwo €hrcmo$nB there b Mted iftSuleity in th. di$rbulion oi gd6 kmu lo

is ald @*tt. Cbbno$m. I o@dcs sec for DNA

r€plicaiion ed rcpsir, tEns.riptioq irslalio!. ell-Mll hioshihob ed a vdieiv of

€lr.l cdabolic ed biosynth.tic pattwys. M6l 84?Lh(M lo h. g!4Lir

bactcriil Datho{mi( J m also loqlqd on ctmmosonllie dFse €ncodins @xin @_

glsls'@
or chronMne Il FuilhmoF, chroi@rc I @.da l@v id6@diar.s of

r.4. IMPORTANT TOXIN PROTEINS

C[ol.n Tori! (CT)

Thc m1 esa ar virul.M prepeny 6 l/.cho19!92!tEggl],

(cT)edbeabiliwloadl.sio rlddffi (8) @jt
kD. CT belonss ro dre suF fuily ol Al toxrns and is e ol'gorcric prolein conPosl

of. h.rqodiddic etalr'licdly lcriv. A $buit (CTA) ellfirc B submia (cTB)

ctivelv (8.23-24). Ihc ll.6-kDa CTB is a nodonchcodcd by drA sd .40

proretiv. mtis6 csposibL fd lu€diatirq tdin bidlins ro tE nol9li4geenglioside

(8,23). clrold toxi! tav.ls from th. pl$oi

mmbme of ittcslii.l all5 1o lh. adoeL6pic ..lic!tu! (ER) slFF a @tion oflh' A-

subunn, lne Ar chair cu*t rhe ilmb@s i49 !&ll$g!.lpt t .hottu @tory6



lhc amsll boel Nrns rCP ed inr@tr $'th c.PrgB otr the iMsLinal .pirh.lim Oncc

9nach.d, ttc b&leriM sEtls ir3 b"l" which i3 '-'_"""r'n h' iie rcl.e of

This dit&clluLr HA/pretele is 6pd!itl. lbr

e sLlv @l@l.d bv a simlc dbulfidc bond lhis Dosl-bachdontl nodiftllion i3

.diicd for tull &ijvitv of tt tojr- le.dins 10 e ilclEe in cAMP-prcdu.tion This

i4tE4lnal tMelr pa.llcleil by

Zciiola@ !.ll@i!ida*, a sistidas., b .l$ c@id@d e virule@ frclor (26). Li:
. kcy glt@sid. hldrcbs en d.l etah/r.s thc @v4id ot biatd.dd s.peli6id.s

l,o npmsi.l@risi.r. 'AieLi DEjhlslqias@r ! h_!9t_!E d*,"d

nicking rbc CT-A suluit !. Ar8l9, iclding disdL CT-ar 5nd cT'Al $buil5 vhich

th.Eby.nntulq4liu !Lj!g in cMtlr cmux ot

wgq-!44i!s}!rl9&s44' 26' 28).

,a crtorqa€ p!q44$ *re6l h@sslsrini$, *hich!4lq!ryqlglllgEltnc. or

cror..ar, one of Od is ln. $lubL Z!d.!.!d.ot rut loproteas., *ttid vts onsin Iy

id. ific{s ! h.ms€lldiridFtlt a.. (84/P) G@dcd by tLe e€ne h49A Q0'32) Atl

por.ol{icallv acrvaie Cl A subur bv nickipg n rto M r Ar ed A: I pepride fiagn.nE

lutin.dor .nd Dot olytic 4rivities tllJ. llA/P q

t!1. itigd-ryrg_lP!9Clsl 4iivity (3t) It @n ,r$ aciivale th. Er ror



phFiolosicdly ihpon4l pmteic soch a nw

cyolrsin rd h.molrsir lTl,15J6) ed is qDauc or bdrclvnns $v6.1 orlfr

! (30,36,17).

Miqodray sludies of ihe elobal lrs iption p.ti€o o{ Z 4rot€t@ hlve shom ihat th.

hemc4lulmin Nrw r r@r een€ 
's 

onc of th. 12 aenes thar beloq o tn. pathogGis

tpslgld&suJ38).

DrMal Dhbtde ooteh Ttee

ic cclls by Ftrbj'8 hol6 ir th. plasd

lEg(40,4D.
Z!tr r c|!d@ loti! (Zot) .!d A.cclrory chol@ .rtdtoli! (A@)

poly-ftp{r4ltd is lociLd imnedirt ly u!.tF!p of dE cc,{ s@ (4) Zor 8d is kmw

to be involv.d i! pha. Forploscn si, (21,13). tg: bls heo dsib.d !5 a lbird

vcrair@ hddvstr/Molsin aHlvA,. d ext a*llular ndbEnc dmrgr!8

pd.in wi$ a mtiv. nNnqic seirh of 65kde h.lo&s to ! siorc clss of dinomhic

peieins thd c.n ensl i

@'iwdy kIoM s @rc.fomirs bri6

Mhe .nd e EL.$d 6 mter-elubl. lDN@ic proLiG bv ! wid. widY of

padDgqlj!@ig l]9.aol rnlA is sth6izld s g:!}pllllFohdoltEin b)

/"rrl"* *d 
""p"rt"d 

* m" 79-

Zot, dd M.ssorr ctolere emroxir (Ae) (42). Zor inoecq Lhe p.mcabtliry or |ne

smaU in!€srii.l nucosa bv afiecliDr llc slructe of dE teMlluld tir}'t jucton, or

t$r Zot gN is ot 1.3-tb. which dcod.s . '14 8_tD.

l0



enr.roroxjn, whi(h 'naes$ 
po!9n!!al difTerene across the inteslinal epi$elium dd

al&qs ion tuspon (7) Etend'ouehAeis'hou r ro be. ninorcoal Dorein of cTxo,

I.5. CSOLERA II{IDCTION:

Cholm is d a@te bsclerisl waieFbohe itfeiion ofde i eslift l30l th.l Fsultlt ii

e csiiroicd 100,000 ro 200,000 dea$s dually porldwide [23]. choleF still rmain3

e impctative worldwide pobleh, cspcciauy in developing couri€s (2). Ii is

ch4ste.ized by the los of sisninMl nuid, volminous stool dd &hydlttion ed l.t4s

|o dath ilbn utqted (44). IL curoirdry faclo6 that e invohd in lhc Ea$mi$ion

of choleF e contanimted *lr.r supply, p@r sitairoq idisimimtc d€fodtion &d

poor Feml hyglde (45).

Srhprom re gmedly dpid 6d @nsi{ of qtcry diehoa dd vomitinS ancr d

incubalion pedod of about l8 h md 5 dsys. The distiieuishing feanre of cholera is ile

paiil.$ .ddicaiion of volMino6 stools Fsembling lice.qater. havinc a Iishy odor. In

gen€dl rhc vonit is uually cled. Micry, slkaline fluid. In addrs ine rat ofdidhoca

nay preoprly.xceed up ro 500-1000 nl-/h wilh e* cbol€6 &rd l4dire lo *v6€

d.hydndon. srbpt(m of ecr dchydFlion irlud€ ddetelabl. blood Pnssur€,

abssl or low votme pqiphqat pule, sunld eyes, p@r skin ru4or, dd Minllcd

nonds dd fet In ihe dly dars, pati.nrs e tidgely and domouly thi6ly; ilcy

b.com. ley ed may los consiosness $ thc sbock pogEss. Tbe lo$ ot th. fluid

msy b€ s npid thgt within a few hou6 of infcclion the patidt is al tisk of d€alh, dd

most derhs o6ur during rhe lisi day. Conv€sely, dE paliol may liv€ on for fi€ timc

tl

nddlv El€a*d Eon Y. crala



b.ing if rchydbtiod fluitls @.vail.bl. in iiad.quat qMriti6- In gen€61, fron the

imFop€! tr€artnent of cholm infecrion s.veral conplicaiiom @ @cur. lf insumcient

nuids @ giv.A aqn€ ren l failw from pFloneed ht?oleliion Eay @cu, lf thc

inFav.noN nnidr @ @t in atpbprid. @nentr.lio6, el6urlr'L inbolaft 6 o.cu,

dFchtly hypotd@i& As r dil.!|W of shek ad poor Ffrsio of thc plamt,

missiagc or p'tmtur delivdy @ @u ir pGgrnr wma In lddition to $e
sy6Piom, sd€re nuscle mps of m3 ard lcgs e cl)mon dE to rhc cleholtr

idbalanc.. Replacing wter od eledrclt,le3 !3 f.* s rh€y rc beilg lost is thc simple

rannmt, Ar clectrobtes solulion is Sivcn to pali6t5 int &voouly follovrd by 6n or.l

Ehydriio. elulion (ORS). As il is tnom $!r sug6 e @nllsportcd with Na'@er

th. lpicd mdbtuc of rhe at@ctlB lhcEfoc for noe etretr ahorDrio of

cL.troll€s lh. OP-S is supplmbd wnn c$tohyd'!L, (4O.

I,6. EFFECT OF CHOLERA TOXIN (CT ON INFLAMMAMRY

CYTOKINES:

A crucial oail of lbe hoir rcsporu. 10 infetion wilh nimbisl patho'6 i: !!9

49Cur39y

!$. (47)

dirdEn! solps, s@h s int€ eutis (ILl io IL2l), inlerfercs (lFN.q IFN-1), colony-

srimuladne f.tu6. h'p.r Mpsis la@s tINFsL nsor m*th f&bb aTCF-0). ud

ch.hokn$ (MCP- | - MIPrl l r

nrcrio!, ldlr.lv il ba b.etr dcm.nr.d rh.r cl1olim re dodEcd.xclBiElv bv

"SlEglllLielgg: 
ry.'*: tt'oush Nw. n is ai<t nr rh"r mtr i@@ c.lh ircluding

ines @ b€ !rcdEed by individud els rnd ce b. cl!$ili.d into

t2



disrbs'"shins ch@lEislidLl&lssjldEd-@e (49-50). Tlpush chol@ is

@th.F,rtwbu
rcports suegc$iqglb4 !@_b jl]gqgE

disa&..(a9,51). IrE pEsde or lymPhoc)46 dd nononulcd {n1 !9ryryqf!$

tuor t|.@sb f&tor (TNF-q), (5?-5!) iis@

att@lsl prot io nacrcphe€ inl'ihii.ru lhrnn (VF q !t'_{ec.i.oql&d&of I

.roie'4d previd. sirlin@n *id.nce of cxbt nc of iln'llmbrv qonDon nt (49_50)

Rcpo.rs hM .l$ docu.rr€d rt induction of mi

E tLLd ellas ,or.rc id*tion slch s ILld.Ir-18, IL-6, lL8, MCPI, GM-

cSF, 'INF{ ard cpith€lial roLophil.ctivltilg Fpti.l€-78 (ENA-?8) with ttdEtiotr or

v*ls .nd th. i!filtd,otr of FlytrDlPlMsl.! lculcydlllDl, in th' bmid

FoFia 6 Ell s elcvaLd ld.l of LT&, hid s€tu ri6 of Il,{. lo..lizcd Elca* of

, ard the Eutophil ch@o-

md'ilflamatoly cytokrrc!]@{mins sroMh factoFb.ta (TcF 9) (49).

The rol. of Zcro&rae in initialin{ dd $ppo[ing tbe iMLe inn dnabrv FSFN

h intAliDrl .pirhcli.l €lls 4 *e[ s 0F poiati.] @trtributid of 4.cific v.cholw

6noma lo cvb!.ine inrndm is slill I

.rs., CT dy als 3tinul!!!3md.e id€stinal iallaryBrory rspoN

includc li!oroty!..ch&id. (LPS). ey s.6.i.d preieiNfl.irltro.. includbg cT' rnd

thc Daior sufacc aFtei4 of rclu/efa. ll ha! bd rcportd thq!4l4dilion 10 cetuin

(54). TIF adjrvoticity of@
of preinfafin tory cttokiG non v.riou! of e[s Ua cMt e i@uologiol

niclMvibMc surlable lo.lhe iDduction of svst @c sd n@sd imnue 6pols

I3



(55). cl0l€6 brb has shoM sipifi.et imuno-nDdulatory Prcpenis.nd srinulal€s

Thl/Tb2 els wiih a pejudi@ towsrds Th2 c.lk. ftN, lh. ndheis of .hol@ toiitr

in addition to indEing d acutc influ of PMNS, ,/4!q&r49!f4t€d inl€slim!

e4!r -isht

oaniciDdc (50r. Lrcrliad Drcdsrion of oF-irflsmmarory ct4blin6 a ! ce.eral fearu

@D@ GpoM to mimbi4llq'rogd l4diDg b th€ inlu dd

idecliop. Esulling i!

pmvidc lh. unddlybg o@r wilh @ly sigdk vi. th. Fl.B ot FD-infl.tr@lory ad

ir0lpn rw cv@rilA fd 0!. rutc E@nl ir bontrory EroN. Tbe bt€sriel

BpoN @n inte!@ bv p.lhoglrts cb!@gi6 . @Eplat inl@.lion bctwn M-.

EpidElirl celk brcd@ p@intbnn.r6 c!1otiG .n r.xoo6G to pfEroo t[d @

rtd,t dd act,ve inflm.tory cdh. Epificli.l ells erpr€s! em gRsory

mobcds, in adCnio! to producing rolubl. f|cloa ihat slinuhle the adh@n@ dd

6@trse bv tralsducb! sicnNls fton lmiDlt Dal.\oceB lo .di@nl imue ed

infldm.rid 156l- for inr6d q! @E4 site of ery dd

sFcifrc inflamalod o6hdist$ sDd in'lhumlosidll

alrivarion or imm &d nfldd.lory 4lk. ThB. epithel,al ells rg 4e rhe hoi



r.6. AIM OF THE PRESENT STUDY:

Th. pt snr ptojscl s,ns iowa.d! tbe ltudy of toxin Fot des of v. choler@ in o'dn

b have bctis udd.si.lding of paihogcncsis utinS biochenical ed bioinfomarics

1elhniqu€s d the signalirg c.scades iDvolved in thc induction lrd regulation of m@sl

inllamnalory Fspoes io in&4iioo by v.choktu e sri,ll lagely uikmq. The

propGed Mrk is cari.d olt io two ph!&s. Th. lirst ph.$ d.ds ihe dehinalron of

nRNA .xpllsion of FoinllaEn iory, s.ltlinli.|lmtory rnd odH cltokind i!

incslinal i,ss dd boft n).rcw eur lpon irf@tiotr with puifi€d Chol@ Toxin (cT)

aro& ad b lEbilrli@ wilb puifiGd Gur|Ininios. fron tir'io .holerc i o'dd ro

eleid.L itc nEltaiss of tnc Z.r@le@ indu..d poinfl@lotr Espoe

TlE dleiiptidd pofling of difrctld c}rokine i.c l!-lq ILlt, lL-2, IL], IL-4,

IL-5, ILq ILT, ILlo, IFNr, INfa, GM{SF, TGfp, MCP-I od tflF, upor CT

inf@iion in dE irasriial.rd (e nr,rcw ells for 2,6 lE.nd 48 hE tu cMied oln by

Rw€& Tltenpta$-PcR (RT-rcR).

l5
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2.I. REAGENTS:

All @garts us€d *@ ofnolduld biology 8ndc, TlF <teLjh of mI Easmt and buffcr

pFpdali@ m givd in Appc ixL

2,2. ANIMALS:

wislf mrs of both cxes *iding 200-2209 w.r€ used in rllexprimots. Rals wrc

obtained fton fte Aoimal Feility of Dr. PejwaniCenter for Mold'na Medici!. ed

Drug R€*rch, Inretutiodl C€nEr lor Chcmicdl dd Biological S.ien es. Unive$ity of

KMchi, Kdehi. fte rats ll@ houred in o cnviremdlll oom al 220C ald 58"65%

Elalive hmidity wiL nE a@s 10 wai.r TIE 6te ww deprirtd of food for 2, 6, l8

.nd 4Eh6 and ilMuiatiotr All .xFrimdB *4 pc.fomed with lhe prior alprov.l

liom the l6al rerch edic.l 6@illc.

23.IMMUNIZITION:

Aninals !@ divided into tM gouF. Rats of grolp I wr€ onlly imuiad wit! lnl
of stedle soludon cont ining lous of CTA and 5us oi CTB subunits by blunr 6d leedirg

nedle. Rals of group Il wft imurized sjlh lnl lolulion cortaining loug of CTA.

5us cTB od 44ul (lms Pmleidlnl) of ncuminidae. Rals innuiad with or wiihout

stdilc PBS swed 6 controls.

2.4. ISOI"ATION OF RNA FROM INTESTINAL TISSUE AND BONf,

MARROW CELLS:

t) INTESTIN I IISSI'E

Ra$ B@ killat by c.ojcal disl@lion ar intcdals of 2hrs, 6lus, l8hs and 48h6. Ttc

aMon€n was sterili-d wirh ?0% ethsol. A. incision ws nude in th€ midlin€ of rh.



abdotun. Thc Mpl.G logth of m.U int6drc w Ehov.d ed flu5h.d wili PBS

Bins 3bL synngc with 25-8iug! nedl. for.t le.sr 5-8 riG in. Fti dish Sn.ll

inresrifl *a s|n op.n lonsitudilrlly ald cut itrto pi4s of2.l nn la|glhs. Th. smPl6

q4 iM.di.r.ly put itr ttc RNA hcr R.lgan (500{000b9 /l00ul).nd .toEd ai -

Thc loid RNA froh 0E intBtinrl rbsu. wls cxi'flcd usrg gl@diu

thiocy&d4/plEnovcholodfm nahod ehich is th. modifi.d rEtllod of 'singL{te!

RN.A isoladon ncthod d.vclop.d by ChomzyBti .nd S&..bi', (19E7). Tord RNA wu

ieltr.d fiom (hc RNAld.r-prcscd inr.srinrl ri5s6. Tisu! etnpl.s (5Gl()ond wr

homosmiad in lml of IRIzol 6€!r ains tisu. honog.nia. Th. $Fd.t u E

@llcr.d by entritusarion.r l0,0ooryn for lomiB ar 2-E0C. Snll.r wF imubacd

for 5nins ar I t30oc to p.mir lh. colnplelc disi.tion of nucl@poLin @Ddq6.

0.2nL of chlorofom p.t InL ofTRlzol Fag€rr E add.d to lhc spLs. TubB l@

opp.d riShdy ad slElo vigo@lrly for l5s .rd ircubdt.d .r ls-.looc tor 2-lhiN.

The 6ixrut! *!s 
'lrn 

c€ntifucd .r l0.00OrDD for I Snins ar 2{qC 6d s.Fsr.d i o .

lowc. r!4 phcnol{hlomfod ph!$, e ircDhrsc, rnd ! colods upFr aq@u phe.

RNA Md..d qcluiEly in lhc aq@a ph$. Thc !q@a phs *$ $cn ttufcdd

b a tw 2n[ cpFndorf t!bc. Th. RNA s p€ipihlcd &om lh. lqu@us phe by

ldditrg 0.5F! isopropyl .lcohol. Supl6 rd ituubltcd .t l5'30!C fd lomiB rrd

@nirifrlg.d !t l0,00(npn for lotnin8 at 2-8'C- Th. RNA M ob36&d in $! fm of 8cl

litc FlLt on thc sid. .rd bonom of rhc t!b.. RNA Fll.r M s8h.d o@ wilh lml

75vo.thrnol6d nir.d by von xhg and 0l€ dEifr€.d d 8,000rpm fd 5ni!s.t 2-

t1



80c. Tne RNA peu€t s dried bicfly fd 5-lonis. Tnc RNA p.u€r 6 di$lv€d in

30'50 ul of RNaFfte. wata sd stoEd al -20"c

b) BoNEMARROW CELLS

Bonc n@v els weG isold.d frcn dbia ed fcmu of vishr Eil bv flushirs the

borcs with PBS nsinS a lnl srringe with a 25'eaug€ needle. Calls {er€ pip'ned up ed

doM to bdng thd inio singl4ll suFNion &d @ni.ituged at 1400 rPn for 6 nins'

Tll€ ell pell.t es coUe&d for RNA ilolstion

Toral RNA ws ql,zclcd &om rhc bone msdow @lls uing th. RN6v nini Kit (Cat

Noc?4124- Qiagd Inc.. vrldi4 CA, USA) si.8 spin @llm m'thod eording ro the

iduf&rudk inslructions. Bricty, I x lO' cells wer. lvsd in 350u1 RLT buflet The

tyere 6 dic.tly piP.ncd otrto ! QIAshEddr mini spin dllm enblv Gnpplicd

with kir) dd centrifug.d to! 2 nin al ndinm sp*d 350 Fl of 70% erh&ol M $cn

r.ld€d to lhe lyete, ud nixed weU bv pipcni4. 700 Fl oflh' spL M lr&sLrr'd io

& RN*y Fini column Pl&ed i! a 2ml collecion nrbe, c'dituged for 15sc al

lo,ooorpm. Subeq@l steps involvc addiliot of ?00 Pl of Buflcr RWI dd 500 ul or

Bufid RPE to the RNsy @lMn ed spiming th. collm ea'h tinc for I ts al 10'000

rpd. 500 d of BufIcr RPE vd sgain added lo the colum ed @niritug'd for 2mins al

10,000 tpn. The @lum M c.drifuged for tnin d finl sped 10 mov' 6ll t'es of

cth&ol. FiMlly,30-50 plRNde'ft.e waler Ms didtlv pipelted onlo RN*v @lMo to

elul€ RNA dd entifuged for I nin at 10,000 tpn Elut d RNA sdlpl6 \"ft slored at '



QUANTIFICATION OT ISOLATED RNA:

Ihc @@!!rion sd puity of RNA sdo s@ d.Mined rp.ctlopholom.ticdly.

3'rl of RNA stl6 *@ dilurcd up !o 6{Xhd Or00) wirh &iorizd x?rs. ft.
€ruentrarior of RNA w6 dehincd by !bso6.ee at 260@.

IRNAI uslnl = ,c{e x Dilution x 140.0

WheE: a{d =.brorb6M ar 26tun.

' An ah6ort6@ of I air at 260 M @Gpond. to 40 ug of RNA Fr ml.

'fte d6orb.fte raio (Aa/Aso) of all papmrioc of puified PJ\IA B b.tl€a lE ad

2.0.

2.s. FIRST STRAND CDNA SYNTHESIS:

fi6t situd CDNA *.s strtBized t n 2ug mpl6 of br.t RNA Nilg RelertAidtu

firs1 st!!!d CDNA synrb€sis kil (Fmnta!-lifc s.ides) wirh oliso(dT)r. Find
(o.sug/ul), accoding io the lfuufeiw! iNrruction, 2ug of lot6l RNA ws ued for

The folloqing ra.tio. mix$e 6 pcprrd.

. Tot IRNA 214

. oliSo(dDr Fim€{0.5uS/ul) 2d

. DEPC-TEaLdw!1d 24ul

'fte ni{t@ ru iNb.tqt a. 700C for 5ud!$, cbiled or icc rnd @ll6t d by bdel



Folloring components s@ tio add.d lo $€ minN:

Ribolaktu tubon@lee inlibitor (20utl)

( lonM of each dCT?, dATP, dTTP, dCTP)

'flr r€aclion mixtw @ bcubated 3lC for 5mios dd the. the 2ul ReEnAidrM M-

MULV Reves. Tr@$iptatse (200uhl) ws lhcn .dded. Th€ reaciion mixtur M

incuhatcd at 420c for 60min. Tbe tlciion v.. stopp.d by helting at ?o0c tor 10nis od

2.6. PCR PRIMf,RS AND AMPLINCATION CONDITIONS:

nCR PRIMERS: PriD6 ued i! rhis study doig vith the4 s€quere,

rmEr.ru6 ad Dmdrct sizrs e slDM in T.blc 2.1:

2tl

'nc olieonucl@dde prin€u for each ofdE elet€d.Ioldnes $@ d€sisned \$ins

p@sm Pnmsl (hnp:4ftodo wi.nr.ddpdnd34. Olieonml@ude primd kr
synth$ized by Cdlinl !nc. 2ul ofcDNA wd uplifi.d in ! 50d reeli@ volm. usin

Golaq Fl€xi DNA Polyo€ra8. Kii {Prcm.ga Madison, USA), conlainine 5X Grcq

coTag Flexi Buf|d {lonM Tn!-HCl, pH8.3, 50iM Kcl), 25trivt Mscl2, lonM of

NTP nn ed Golaq DNA polynce (500U: 5t'/ul). Glycqrtdehydee3-phoehatc

dehydngme {CAPDII) e4 us.d a a F&Fncc g.n h all dFrin€ s Hot sbri RT-

PCR *a u*d ro ilrl:lte speilicity ofMplitierioD.

20



PruMf,ns RECONSTTTUIION: TI|e vdum of the IE buff.r to h. atH.d sls

c.lcul.r.d by mutiplyne rtc "mol.s" ofdch Fi6q by 10 to ser lo0pmolvul ofstock

solution. Thc prineE wd dilucd l0 fold to Flpare a lopnob/ul. 2opmoyul prirna M

rcR a.lions 96 Micd dt s follos:

corDo!6r F.uDL Fi!.1cc!@L.tio!

lldiBuJfd loul lx

MeCh solutior! 3ul l.5nM
(2snM)

rcRNFlcotidc Mir, lul O2oM@b

UFtaDPrimd lul

Downrt {rn Prind lul

Te!)plllc DNA 2ul

Colag DNA

Polynae(sdd) 0.25u1

Nul€..-FEc*r&. ll.75ul

Fi..l Voluc 50ul

<0.5ug (0.2-0.3usy50ul

125u1

2l



Trblo2,l. Prid.6 6.d ir ati. ltudy .loog rftt tneir' t 4o.r..' .tuali.8

t o!.nturc! rd Prodoct 3126.

PCR

('c)
(8P)

lL-ld(F)

lL-ld (R)

5' -GTCAGICTTTTGCCCTCCTG.3'

5I -CTXXTITGGAACCCACAGGA- 3 I 60 179

rLlp(F)

IL.IB (R)

5 I -AGGCTTCCTTGTGCAAGTGT- 3 '

5' -TGAGTCACACTGCCTTCCTG- 3 ' 2.]0

rL2(F)

lL2 (R)

5 ' -A.AACTCCCCATGATGCTCAC.3 
I

5' -TCATCGAA?TGGCACTCAM'3' 54 221

rL.3(F)

rLl (R)

5 ' -ATCCCCACCATTTACTCAGG-3 '

5' -GCACCTGCAGT.\TACAACA- 3' J02

IL-4 (F)

rL4 (R)

5 ' -TCCTTACGGCAACMGGANC- 3 '

5 I -CAGTGTTGTGAGCGT$ACT- 3' 57 209

rL.5(r)

rL-5 (R)

5 ' .GTTCACGAGCAATGAGACGA- 3 '

5' -CATCACGCCAAGGIACTCTT-3' 250

rL.6(F)

rr,6 G)

5 ' -GCCCTTCAGGAACAGCTATG- 3 '

5' -CAGAATTGCCATTGCACAAC-3' 55 240

lL-7 (F)

rL-? (R)

5;arcAAcrccl\caAccAAcca- 3'

5 ' -GMACTTCIGGGAGGGITCC-3 ' 51 203

lLl0 (F)

rL.r0(R)

-- cAATTcccrcccAcqcAAcc- 3 '

5 ' -CGGGTGCTTCAATTTTTCAT- 3 I 55 2t9

IFN'1(F)

IFN1 (R)

5'.AGGAAAGAGCCICCTCITGC.3'

5 ' -GGATCTGTGGGTTCTTCACC- 3 ' 58 245
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T}lF{ (r)

TNFa(R)

5' -ACGAIGCTCAGAAACACACG-3'

5'.CAGTCTGGGAAGCTCI G\GC-3' 58

rcF-0 (F)

TGF-F G)

5 ' .TTGCTICAGCTCCACAGAGA -3'

5' -I@IT6IAGAGGGCAAC'GAC-3' t82

MCPN G)

MCP-l(R)

5' -TGTCICAGCCAGA1GCAGTT- 3 '

5' -TrccrrAllffi TCAGCAC-3 I 56 t19

HIFIa (F)

HII ld (R)

5 ' -CCCAAIGGAIGATGA'?TCC- 3 '

5 I -TG6IAGAAGGIGGAG'@-3' 5tl u3

GM4SF (F)

GM{SF (R)

5 ' -GGCCCTGGAAGCA1GTAGAT- 3 '

5' -G6IACI@T@CTAf CATG-3' 58 221

GAIDH (F)

CAPDH (F)

5-GAAAccrcrccc6?carcc-3'

5' -GTAGCCATGAGGTCCACCA-3' 6{l 114

2t



PCR AMPLIFICATION CONDITIONS:

rcR Mptifictjon @nditioE wE s follos: 30 cycl4 of rcR wft perfm.d

St p T.ulinlore Time

Inirial ddluarion 95oC lmin

Dtutrnrion 95'C lnin

Amclling 5647rc4 lnitr

Extension 72'c lmin

Final ExrcNion 72oC lonin

' A$..lins rdp.sne fot elch prinet 3.t 6 bascd or Tn of thc primd, *ttich

wss calculai.d 4 T. = 4 (G+c) +2 (a+T)

2.7. AGAROSE GEL ELECIROPHORDSIS:

PcR F.d@ts \@ selanad by 1 70 ages. g€l el*bopho6is o aining adding 4 tn

lore / mler,\idim bonidc (0.4 us / ml) in lx TBE buficr loul sples of the PcR

poducl3 r@ .ppli.d onlo thc g€1. Elctopho6is B c$i.d on at Tovolts for

90mins.Thc gel M visudiad, smcd {td l@ded uiry a g.l d@uenlatior svsGn

(Mod€lcdecoius S.No. SYDR l38. Slng€n€ s!tuptb Co UK). nE int s6ted

d€sity of 4h bsd s mmd4d io thc coGpondrng GAPDH bdd.
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3.I. TMNSCRIPTIONAL PROTILING OF CYTOKINES:

The nRNA lcvels of diffcrcnt cytokiM wcr. ea\zd in id€slind lissuc upot tonn

i.fedon .l wiou timc Poids by R.vN TNriptePCR (RT-PCR) Ihe

cr,1okin6 belone to vsi.d nnEtioml caiegoti$ i,. inle euki$ (ll'lq, IL_6)

chdokinB (McPl), iit€rfffi (FN-l), iMd n4rosis f&1o$ GNF- d) fite

@n@udion of sll RNA spl6 s d.imined by thc tbsrb3re !r 260nF IIE

ab$!bd@ latio (Ad/A,N0) ofall prepda[ons ol puiti.d RNA smpt.s sds b.tw@n 1.8

dd 2.0. For @h splc, 2ug of total RNA w LEd for CDNA stnrhcsis <0 5ug or rhc

ienplale DNA @ @plifi.d in a 50ul @tion Dixne

The sene cxpresion ponlca wrc dalyed for tlE dde Pcio& of 2, 6' 18 ed 48h of

CT inft.tion alone or in combinadod silh !€Minid.s. Th. prodN$ wet M on a

l% age$ gel dd staincd qiih elhidid broud€ ad vtuudiad od scd.d bv gel

docMenraion syslon (Mod€lcen€ceniu SNo SYDR,2I3S. Svnscne srno!1ica

co.UK)- Ih. itrr.sd\id d6i9 of 4[ bed m @6ped sith llc @cpodins

GA?DH bod. we @uld ioi q@tiry 0F .xp€sid of .xp€s€d c'lokincs 6 qe

analr*d th.k expEsion by Rcv@Trss.tiptas PCR nthd lh€ R*l_Tin PCR The

lsl of .rpGsion of @h nRNA wrs &temin d in -@rd,ne lo dE lcrcl of

expBsion of GAPDH nRNA.
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3.1.1. Ef.ct of CT rnd NeuraniDidrs. irfection otr th. erpltssion of

cltolinet in ret iot6riDd ti$rc:

!) GAPDSI

CAPDH Ms u.d as int€ml stanlard ed w.s ealrzed in 6t irtcaiinal h$ues after

vdiou toxid ti.atrnenls d well s in connol. ftc linle vdialion in density ofthes bards

shows rhar rh. idial afuur loadcd on to rh. gcl a mt uifom (Fi&1. L I ).

b) bt rlotin-r a0Lr a):

Th€ po-inflmnaiory IL-lc DRNA exprcssion w det@l€d s dly a 2h fouowi4 CT

inlation whil. lcry lor expmsioo w6 obsdved 416h, 18h od 48h .tur ittection

Sinilr qpEssion pretile B obs.d following CT inf$liod in conbination with

nellminidlr (Fig.3. | .2).

c) Iored.lkin-l! (rLrD.

SisnifiMr uprcSulation of ILIF mRNA {4 dcist d at 2h and CT infcclion Tle

€xprcsion incllsd at 6 @d 18h aneFinfc.liot ed lho d€clin d .1 4Eh. Sinild pattem

for lLl-P nRNA.xpBid M ohdtd followilg cT inf€.tior in @nbiMlior wirh

@'|minidr* (Fi8.3.1 . 3).

d) rDLrlokt!-7 0r-7):

Rats reatd qiih CT alone ed in coDbindion wilh @uebidae idduc.d lL.? nRNA

expEssion in lhe i *linal tise difomly at sll tihe poinis ie 2,6 IE dd 48 h

(Fis3.l.a).

N



Il85r.r. CAPDH 0RNA .xprsid in ina.rii.l lis. in @nrFl ed folloqins CT .id

CT-Treated Neu-Trcated

t-

2hr 6hr 18hr,|8hr 2hr 6hr l8hr€hr Con I

CT-Treated Neu-Treated

Zr dr 18tr 48tr 2tr 6hr 18hr 48hr L Con

Ik!.13 tt ld $RNA dpGion in iftaiDl li* follo*hg CT i.ftdtu. A E0|ellrrdw

rsNs s.l utEL sts 2, 6, 18 & t8h.r,lr6ion of lLld rftq CT i'rfa.rid.ld. {t<t i.
.@biMtioo vin lcuminidls

CT-Treatcd NeuTr€ated

L 2h 6h 18h ,{8h 2h 6h 18h 48h Con

ntJJJ. lLlt mRNA.JaKion in inErind ti*u follovi.! cT iDf*lid. A E etidt.
|g|@ g.l rElysir sl|ffi 1 5, 18 & ,lth .xpGlin of IL.l P da cT inidim .lorc ud in

@nbi.did wid n.lminid4.
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4 Int€feronl (IFN- r):

Ite niRNA lev€l of imNo-rgulaiory clbldrc. IFN-1 m @kcdly irc@€d al2, lE

ed 48h ans CT infenm enib thc low.xpF$i@ r3 ohd.flcd .t 6h lna i.I6don.

'fte expession wa delEed st 2h ed 4Eh stril. ir w6 up-egult€d al6 dd l8h alier

inrmtion when CT ws adninjslercd in combiMtion with n uminidac Gig.3.1.5).

t IuEo. Na6tn' Fdor GNF<)I

INI{ slsw€d incFr..d qpBi@ al 6, 18 ed 48h antr CT itrf.criotr sinild crrokift

erpresion profil. ws ob$Fed upon i.fctio with CT in @nbindion with

neminida* (Fi9.3.1.6).

s) Tn$romhscrc b Frc6or-p (TGF-0)'

IrE nRNA dplrssim of dri-ino8mllory cltoki!€ TG!-0 ras d.ce.s4d ar all lime

poinB ai.r i.f6rion qifi cT aloE or in @mbin tion widr t|€llminide s @np4!d

n) Mo@crl. ch.nol.clic prctei.-l (MCP-l):

Indeas€d €xpF$ion ofC.C cl|.-"li@, MCP-I nRNA B obsdvld at d[ rim poinrr

opon CT infdliq qept l8b .n r CT inf4tion *t!@ rhc qpFsion 9s slid{y

deces€d- wlt n CT E adnift&rcd in @nbination with ncllminide. low€t

exprsion wds obeNed 2 dd 48h a.ff.r in&clion od uPrcgul6iion id eipEsion 6 &d

I 8h ano infeiion (Fig.3. LE)-

2A



2hr 6hr 18tu 4ahr 2hr 6hr lShr 4ahr Con

IlgJ.rn lL-7 mRNA *pKiotr in int iirl issrc iollo*ins Cr inredid, A dpEht tiv.

.8.ros g.l dal'sh shows 2, 6, 13 & 48h .xpF$ion of l!-7 6 derdined bt RT'rcR .tur CT

infetioi alde and in @mbirolion wilh ncuEminida..

CT-Treated Neu-T€ated

2h 6h 1ah 1Eh 6h 18h ,l€h Con2h

Flg,3.l,t lFN.,| mRNA qpE$ion in

ag!rc& gel alysir shoss 2,6, 13 &
@mbin.tior *ilh n.uminidre

int$lin.l lku. fouowing CT init tion. A rprc*ntstivc

48h qpEsion of IFN 1 afte. CT infedion .lon. $d in

2h 6h 18h 48h

F1g,3.1,6. TNF{ DRNA expE$ion

rgarcs. 8.1dlysis shoNs 2i 6, l8

@mbir.tion wirh neuminid'E.

L 2h 6h 18h 48h Con

in inGnin.l rkrs following cT inleclion A rcprcsnrative

& 43h *pB3ion oiTNF{ anr cT infcclion !lon..nd in

29



i) ltrp.i.Indd!8r.do.la( IF-lc):

Uprcguladon of HIF-ld dRNA m obsdcd a erly B 2h .td inf*ton. 'nEcaftd

uilom d6line ai 6, l8 dd 48h alis ilfation w3 obsery.d. Sinild exprc$ion ponle

B obs€d upon CT inf€.tion qhd ftat€d in @mbinalion with trcur.binide

(ti8.3.1.9).

3.2, Effect of CT .nd Neura|ninides€ inf€ction on the exprelsion of

cytokims in rat bone mrrlow celb:

To ohain a DoE d€t il.d ar.lysis ofrh.loxin indMd cyrokin. nelwdk lpon inferio4

ile expre$ion of clokines belorying to vdiou isciio..l cat€godes wd ealyred

&nlB in borc |]r@w alh folowing hferion alo@ wih CT dd i! obbiurion *nh

rcuminid,s.I!. mRNA ldek of diff.mt c',loriB *E !.aiyad 
'n 

borc nmw

cells upon tori. infedion at vdiou rime points by Revene Trmedpra$-PcR (RT-

PcR). ThcF crtokiB b.lotr8 to veied nltIioDl @resolis i.c. interle&ib (lL- tq, lL-

6), chmotine (MCP-I), iddftuB 0FN1), tMd neresit fsctors (lNF. d). nE

concardtion of all RNA tuples ws dctcmined by fi. .bsrbece ai 260m. Tne

absorbd€. rario (Aad/Ano) ofall pepara{otu of puified RNA snples w b.rwen 1 .8

&d 2,0. For e.h spl., 2W ofrohl RNA s used for CDNA synlhBis. <O.5ug of rh.

t.nplate DNA wN dplified in a 50ul rcaction mii:tu€.

TrF s.ne exprgsiod Fofiles wft erlyad for th€ rime p.riods of2, 6, t8 ed 4sh or

CT infetion.l@ d in onbimlion wirh iellmiri.lle. The prcducrs wr run @ a

l7o ee@e gel ed $.ined wilh elhidiun brcmid€ ed visuatiad ed *m.d by get

d@unentation sysleh (Modefcd€ceiiu! S.No- SYDRzl38.Slngoe Synolics

l0



Co.UK). The i.l€galed deroity of ea€h bdd vas conpd€d with the conesPonding

CAPDH bod, w. could nol qumtily thc expBsion of.xp€sd ctlokines 4 wc

anulrzed ihei expe$iod by Rev€se-Tro*ripise PCR ralher lhe R€al''time PCR The

lcret of expssio. of dh nRNA M dclmined in ac@d4@ lo th€ l€vcl of

oxpEssion of GAPDH nRNA,
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2h 6h 18h 48h 2h 6h 18h 48h L con

Figj.r,?. Tor'0 mRNA cxp€ssid in inein.l ti$ue rouowins cT infeion. A Epreenl.liw

.glros Bel analysis shows 2, 6, I 3 & 43h exprcssion of TGF_F sfter CT inf€rion alone md in

.oobiMrid shh neunminidde.

CT-Tfeated

CT-Treated

CT-Treated

Neu-Treated

Neu-Treated

L 2h 6h 18h 48n 2h 6h l8h 48h Con

FtJ.lJ. MCP- l mRNA .rpresi@ in inlctiill ftss following CT inactio!. A EpEsdirc

agms gel urllsk shows 2, 6, l8 & 43h rxpF$ion of MCP-I .frlr CT infection done 8td in

ombinalion sllh ncud'ninidase.

2h 6h 18h 48h 2h 6h 18h 48h Con L

FlEJ.l,9. HlF-1! fiRNA.xpr.$ion in inlestiitl lissue folloqins CT infcction A reprc$nlclivc

ag$osegeloalysislhoss2,6,13&43hexpa$ionolHIF-lqlnqcTinlalionalonerndin

conbinaiion *irh n.uminid.*.
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.) CAPDHI

OAIDI{ w us.d B intmrl 3rddrd Dd eis .$l}z.d i! r.l bo@ m@w spl.3

an r vgrious tr.rtncnB $ slll a! in coft!|. TIE liliL vuidio! shoe! in d.$ity of thes.

bsnd! show rhrt rhc ilirid 
'!)Mr 

lo.d.d @ ro rlt scl *i! mr uifm. (fig.l.2.|).

b) r!l6|.d.i.-l q oLr !):

Th. pGirfmtory IL-lo ttrRNA dpBio! was d.LcLd s dly c 2h folloei.g CT

id..iio wbilc v.rr low .xF.lsion s|3 ob!.rv.d .l 5h, lEh &d 4Eb snct itf.ction.

Sinih dpBion preflc w ob$rwd following CT infetid in co!$i.dio with

Minid.s. (Fi8.1.2.2).

.) r...da 
'i!-r ,0r-t t):

Sisriftst lFFsuLlid of Fqidrldlory cForim lLl9 DRNA E ob6cw.d .r 2I

!ft.r iDft.ri@. Ttu qDBid d6Ea.d i 6 .!d l8h .nd iofelid &.1 lh@ sliddy

inqas.d n 4Eh rncr inftcdon. h conmst sia rlls we tlllsd *ith CT in

c4birutioo wit! lralminidrs., ILI-0 hRNA lbrd unifoin uFrcgul.tid at 2, 6 &d

l8h aftq irfcri@ wnib th. o$!r$ion sss d.cctlcd r. 4Eh an r inf..iion (Fi&1.2.1).

d) rn..d.urh-? oLtl
Rrts traLd qith CT rlon or in conbilaion siih n.llmi!id$. tliSbdy indued IL?

mRNA aprdion in 6. b@ !|l,mv c.lk uifoBly tr dl tihc poids i... 2, 6 lE ed

4E h (Fig,3.2,4),
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rFIr--

-2h 6hr lShr 4ahr 2hr 6hI 18tu €hr Con L

FUTI.GAPDH mf,NA dr6id in r.t td! I|!'rw allt in srd . foll*ing qr.nd
MmiDid.r i.Ldion .. mbzcd 6y RT-PCR.

Ct-T..ated N.GTEat d

2hr 6hr lAhr 4ahr 2hr 6hr lshr /t6h. L con

Fl!JL2. ll.la DRNA .xpr*io in b.e nl@ ..rlr fotl@ing CT i.fetion. A

EpF6r irc ogatw g.l nljEis sto% 2, 6, I E & 48h qpGsion of lL- ta .Itd Cr in&crion

!lon. iid in mDbimrion silh n.umiridas.

CT-T€al€d

2h 6h laar €h 2h 6h 18h ,Ah Con

llg.3rj. IL-lp tRNA .xprcsid in bd. n1!m* c.ll! following CT inferion. A

EP'FnutiE {ses. g.l ulj/sis slm 2, 5, I E e 43h .4aion of lLlo .ft.r CT inf.cdo

.lm.|n in@bin rbo di Eruinid&.



.) Itri.f.ren-l (lrN- r):

The nRNA Lv.l of imucEgulato.y cylokinc IFN-1 6 ndlcdly incuscd upon

inf@1ion *ith CT at 2,6 dd l8h and infElion wbile it dec@d a14Eh a8s infstio!.

In 6ntrsr, when rats w.F traled wilh CT in combi@lioD with newminiddq the

expession ws incMsed at 2h dd incrq.d frmhd at 6 ddlSh afrer iif€cdon- It

dal$d aglin al 4Eh (Fis3.2.5).

0 lunor Nedn Fr.ror (INF{):

INFa show.d irc@.d dlBsion in bonc nmw cells aftd 2h of CT infection tud

then declincd thercand ar 6, 18 ed 48h anr inf€clion. Vbo ftaled with cT in

cotubination wit! n llminidas, the D&NA of INF{ m uFEgul.t d a1 2h, inrea$d

tunh€. ar 6h ard l8h lld {tecEaed slie}rtly ai 48h and infcdon (Fi&1.2.6).

d Trufo@ilg Grcrt[ Frctor-t (IcF-!)l

The nRNA l.lcls of diinflamarory cloki.e TcF,0 M alnosr simitd ar .lt dne

points s @mpa!.d lo onhol wh.n tr.atld wiih CT alone or in conbimtion wilh

r€umiri&$ (Fie.3.2.7)-

h) Mom.tl ci.Dolrclic pmt i!-l (MCP-I):

Relatircly low cxp€sion of MCP-I nRNA B oh6€.€d sn€r ir CT sd rcuminida&

infection. MCP-I cxpresion ws slightly idee!.d at 2h followi.g CT infdtion dd den

d€cE$ed thct.and at aU tine poills. Vh.n realed with CT along with neminidse,

d.tEre<l cxp@sion .nd 2 and 4Eh sd iFMsed dpGsioa .nd 6 dd l8b vs

l5



Neu-Treated

Neu.Treated

2h 6h tgh 4ah Con

2h 6h 1ah 4Sh Con6h 4eh 2tl

Fisjl.a .lL-7 mRxA *rE$ion in bd. '|ft* rollowing CT infcdoi. A Ep|tgr iE

i8ms g.l tn.lysis shoqs 2, 6, l8 & a8h expE$ion of IL-7 !! d.temined by RT-PCR.

1Ah

CT-Trcated

6h 18h €h Con

Fi|.25, IFN-r oRNA qpE$ion ir b.n n.l@ fotlouins CT inf.did. A cpRnbtiv.

i3.6e Bcl e.lysis sho*s 2i 6, t 3 & 43h exDE$ion of IFNa.

2h6h2h 1Eh 48h

CT-Treated

6h 18h 48h

rig3.2.6,TNF{ toRNA cxpre$ion in bon.

EpEst iv. r8alw gel d.lysis shous 2, 6, 18

0lon. md ii combin.tiotr sirh n.uEminida.

n8ft* celh lollowing CT infectio!. A

& 48h qpE$ioo of mFa lncr CI inadio.

2h
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i) gtpoxi. Inducibg F&toF1a (EIFId):

H IF- l d wa detected at 2h follow'ng CT inl€cdon

all tihe points In conb6t, increasd expressioh

infetion s codpded to 2h dd 48h rncn

newdi.idae (r_is.l.l.9).

dd rh.n d4resc sliShdy thc.cand al

ws obsened at after 6 fld l8h afier

CT $s administeEd alone wirh

)7



2h 6h 18h 48h L 2h 6h 18h 48h Con

Fis3.2.?. TCF-B nRNA .xrre$ion in bone ham{ ells following CT i.f@tion. A

erEmllirc .sm* B.l oabsis slD{s 2, 6, I 8 & 43h .xprBsion of TCF-p cR.r CT infection

rlw and in @nbiMrion * n ne||minidle

u t- feateo Neu-Treated

Neu-Treaied

L 2hr 6hr 18h ,Ehr zhr 6hr 18hr 48hr Con

Figjl.3. MCP.I mRNA .xpasion in boic Domw ells fouowing cT infanon. A

EpEHtat've agrrc$ g.l ma\sis shovs 2, 6, | 8 & 43h apresion of MCP.I aRer CT infation

alon. and in onbin|lion }ith rcuminide.

2hr 6hr 18hr rEhr 2hr 6h latu /atu Con L

Figj.l,9. HIF-la nRNA qpre$ion in bon. mdmw @lls follo*iig CT inf.clion. A
Epresmhrive agaoso gel amlysis shdws 2, 6, | 8 & 43h expre$ion of HIF- ld after CT infection

rlon..nd in ombilrion {iltneuminid@.
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33 No.rplt r!0r of |I'1 tr 3' trra' tr 5' n q tr-ro, scf & Gl[-

CSF:

It &vrl of 
'RNA 

dq!.dd otIJZ n-t,IJA, nr', E.4ILI0, SCF & CMSF
ould 6. d.r.d.d r@! i!&.lioa rltl CI u sU e wb! CT q,a.ddilir@d dong

qitb lelsbiriilrs i! hoth i ntiul d!!u.t dd to!. Daow @lb (Fig.l.3 l &

Fig.3.3.2)
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!.k!,u !, IIr r4ItL rr !I |LfmrFrEfit I.cI

!U. !!1, llt II,il IIl. Il, [, [t LI|ImCSlllclEltcf L
€

43.LL nlt{a .rFiia d.l qdi.. d.d b -td l-. db,iq cT i6dd.
A rwEld$ gs C -td ttorr 6l +t& of .[ qtdn . rts cT Li&l
.ld od b qodnid!tr ri6 Ebidr

fu33.4 traNA drF$ioa od .I ryts&'| .o&tl h !.r. DFow €lL blt wir8 CT

l4.doo, A i{t drdrc .s@ t,l i|tdr 1-r aL qi.b ot .n qiolL d.. cI
iidi.16lili!chi!&rfl d..

|o
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4.I. EX}RESSION OF CYIOKTNEgCHEMOKTNES IN RDSPONSE

TO CT AND NT,URAMINIDASD.

Epifielial cells e lhoughl to checleriz! & inleeml @npon nt ol ducosal immune

syst€n, 4 lhey povid€ fie udqlying E@s with tbe 6lv siSmk for d infdion

lhrougl lhe gcute ioflumalory r€sPoos. via lhe El6e of inllalllmlorv dd pro-

inflammalo'y crlorines (50,54). The intestinal nucosal epilh€lial cells d€refoe act as

$c fisr barid for idldlintl pathocos. Thc ov€hll EspoN of intesli.al cells involv.s

e day of i.letutions betlrq isflmnaro.y ed imwlogic ddts ihrcugh

fwciionnl c]lokines, V&ious EPorls bavc d.Eonslated that th. production ud *crction

of in0mouro.y crlokiocs @ shmulaled by vsoc I/ ciblel4€ strains s well ts CT'

thG iNlilting a nod6l i .sri.al iDnamaloly tsloN (54). Thc exer rehdis of

how individnal Z Crot /a. iniliat md sustains lhe i.na& infltshabry Fspone a Ncll

d hoB its conponents exen th€ir effecl tltoueh cttkine exPEBsion in incsinal

.pirh.lial ells is nill ldgely unknoM (49-50,54). It ha b..t hlToth6iz.d Cholen

loxi. bind !o the morGidog&gliosidc (OMl ) t@ptor on hosr incsliusl epithelid c.Us

ed ncu@inida$ nly Prcdu€ locslly hiSh @n*ntation oi lhe GM I teceptor for CT'

tho€by orhddns the binding dd inimaliztion or cT (24,26,28) ve theEforc'

.llcmpr d io oslr* th. LaNdFiotul poliL of pGinlluh ory cvlokirct in r.r

inlesiinal tise rid itgeslion of Puificd CT alone o. in @nbimtion *ilh

n.uruinidae in oider 10 ide iry the sp{iflc cytokines lhat e inlolved il the proc.ss

6 *ll 6 !o €lucidlte the clt4l of ftlllminidae in inducine rh€ c)1ohne expEssion

whcn adninislerEd {ilh CT. w. studi€d $e ctiokirc qp6sion in bore ,la@* @lls 6

s.ll .tur ingestion ol lhc loxin d tlise @lls could @ ribute ioqarG the imunologic



Espo.e or sub$rntiale dE bl€ of inksin l ceus in is innamabry Gpotue towards

infelion. Tlte qPl€sion of the cr,1oldn6 beloneins ro vdied tunctioial goups seh s
IL-tc ILlp, IL-6. IL-?, TNF d, IFN-r, GM{SF (ibi.O.mrory), MCP-I

(cheDokinc), lL 2, lL-5 (AcquiEd sF.ific imu. 6pone), ll-4(sri-innllmalory,

Acquncd spccific imw 6pd$I lL-10. dd TCF- p (diiiri.maro'?).Ou studi.s

dmonstlc lhat amng U. 15 crtotiG inrclvcd in pmin0ii-i"ry, &ii inneDEtory

ed etigcn{psific imuc Esponses, rbe mRNA oflt $ven c}rokin6 ll-l.q ILlf,

IL-?, IFN1, TNId, MCP-I, ed HIF wr€ expEss€d in ile intestinal iisue and bole

mmw c.lls wh€ls Est ofrbe cytoti!.s s* eilhs doM Fgulared ot not dpEsed.

'ne inducrion oI th.se cltokides M als iin€ delendot. Id c6e of.xpesion of fie

ctloljn q the atr€at d @ntol slbvEd no dpEsiorr suggsriq lhrt this cfl6t is ml a

e€n€ral inoamabry r6po6e bur is dE 10 cT infdrion. I1l cxpcsion of

inn&nmatory group of ctbkines in m1 i e$in l epitlt.lial tissue sd bonc lMow ells

@ signifidt €mph6izing rhar lh* crloliB [av. a mjor @ ribulioa i! r\c

inidarion ed mplific.tion of the i.fl@malory rBpone du€ lo loxin inf€crion.

4.r,1 Effc.t oD the erpreisioD pro-inllsmm.tory cytokiner ILld &
r|-r0:

Tne DRNA of ll -la !'_!! lqodemreb cxDrssed upon CT adninisl{rion rlone or in

@mbindion will troMinida$ borh in i siinrt ri$@ s klt s in boE n1hw ells.

Tne dpE$ion @ mdirul at 2[ ancr inf4rion aod dm$.E w a slight Edudion in

r]'e expE$ion ol II -lq at all Um. poinr. tr cu ln*torc be slggesrd rhar ( I is lhe

'*I9!!fSLellLlq-LQldj_!1 $se6t d rhar in lddirio! ro ct orhcr

fturs/onbon€n( "f ,/ .!c&.." "E ale cqured lor irs e^prcsion.

42



on0Eorherban4@
b.@'"P'fi|'
of ILjE @alcd dEt it ws ruin.lly induccd io int sijtal tsue upon ilf@rion {iih

C f alone 6 wll b s @dbin tioo with tuuminida* wbgEs r boE n]mu ceus Lhe
-:: :.--

exprssior *s iniemediare upon CT i.f.cdon but nsinal upo! cT ad neuminide

alminislraton. Asah th€ exprcsion in boih smples w6 alt!61 @nstan! il suelai.ed till

by .ther f&lorJoolon€nts could not

b€ rul€d oul. Ihe cT bduction oflln B is id aer66.!t with @li6 Eports

Po-i.nsDnorory crrokind IL-la {d ILI F e Prcduccd by ney cel typ6 ituludbs

fibtubl.srs. dacreph.gEs PBMC, tnd inr6rinal .Pithclial eus l L l ( lL l d & l L l9] s

inde l[c pnduri@ of ney lddilionrl cyrotiF, irludim IL2. IL1. IL-4, ILJ. IL

6, lL?, lL8, lL-12. TCF.P. IXF{, CM-Csr 44 nsliaEsEilgqel9q{q.- !4,ich

wc io nndd dp[ry e inflmr4o,ry -6poqsc 
(55). L-lp, a potenl imuo_

oodulalor, is knom 10 nedide ! wide mg. of i ldmDtoiy and imw 6ponF i,c.

ihe @liation oI B md T cells (55). IL. I p is .flcctive for cherulaxis of leuko.'tes which

is crucial for i.naMdlory respons in th. in!€sline (52).

4.12 Efi€ct on th€ erpr€sdon ofILT:

whi.h {gul.!.s d.velopm€trr. m9!!!!!4!qdd

yffi. lt 7 infllm6 cell

ditr anrralior at extlthlmic sitcs (59). 'IlE prcent srldy dFs tbal rlc lL_7 DRNA

B sltghlty '"d',"-t 
t" M,r' r"4"''

n subsided. ft€s EsulB clearlv rcvcal $at CT is e etrecriv€ inducf

4l



poinrs. A{tdirioml sii.s rilr ind@ rh. prcdlcii@ of IL7 irclude k@ti.oclat

iniBtinal epidEliM, icral liver, adult liv.r, d.n&itc €ells sd follicubr dotdritic c.lls

(60)Prcduiion of IL-? by intestin l epihclid ells is @Bid4ed to give risc io a

populati@ of 16 Gm{elia) inta.pioElial T ells tlEt prod@ gro*tl factos

involrtd h balinS.pideli.l cells d.6.g.d by 
'rf{ti@ 

or inllsnndi@ in.ddilion ro

fight pothoseN md kill inf€cied @lb di@tly {59). TGF.p dd IL-7 she a Eciproc.l

cllliosbip s,lEcin *h is capable ot doM-lesiJdins Lh. q

ftus, lhe preld mlts Erqled lbsr CT is Oc nodqare ildu.cr of IL7.

4.1,3 ElTect on th. expKior of pro-inflannltory cltokims, TNT-a &

IFN-Y:

(49,58,6D.

Th pE*d s$dy d.rloNtde i[c idu.rion srd trlMiptio of TNF{ in E poN ro

A mdtipo&ntial pbinll.dMlorr crrotift, tum. @6is faaroR OliF{) is pFdued

by nomyr6, bDph@yr6, Itrlmphago ud eutrophib. 'IlEsblb$4i4plic5cd in

lipq the baccdcidal adivity of lculoclg

$c CT ninulE. np .xpEsioD prelile of TNF{ EEal€d

in bo& iltdtitrlt cpith.lial tis@ ed bo@ nlm{ els upon infe.tion rljth 9T ,tr@ 6

Ell G itr @birali@ {ft

ib (58,62). Although CT qhibi$ no !v!r.nic mifestatioo of&

eul.-phe @tior\ smc of the syDl'tms @rld he de io th.

ba3e s a poinflMtulory c}loLie, n inii B fi. rd.+h'e '.di- such s fck,

nd.ie. myareia dd lgllelbcr&ebblirrd (6r ).



Ou srudy lhows thlt rhe dpBion of IFN{ w6 i em.dirqLut uitom rhDughou

rhe 6tirc D€riod of analvsh in both the int stinal tissue ed borc t:)mw elh. IFN-I is

Ou

cults indicd. th.r tlolgh bodqa$, qD

which mighl b€ oDc of *v€nl othd fubrs fi.t tgke pdi in ihis proes.

4.1.4 Eff€.t on the expr€ssion ofrnti-inflrmmstory cytokine, TGF-0:

ne p'!st Bulls dhor*are rb{r rhc dpBiotr 9t ltc dri.irn nMtory cyrokin,

TGF-0 *s dom-Frulat d lrotr itr&dion witb CT. ln @otas1 !o the @inflamsbfr

il'. whjch ca4 exbbn potent i|mDosuppEsiv.

ed eti:t4Es!4eq3s::l]!q(51-sa) w€!$a in iitBtinal epiUeu.l $ue

in Es?ds r.o CT ir !.dor ed rhdforc ir aids in ihc inflmturo

rcsqg!!9!t!9lirt€s. In cont"st to i .sriid .pin tsl ii$!.,lhc expBion piofil. of

4.1.5 Etre.t on lhe erpreslion ofC-C Ch€notir. MCP-I:

MCPI i5 a poEnr ch.hor4ric agd for nonettcJ@qoplry.s, @simpLits, dd

subpopulalons of T-c.lls (49,53-54). Chmkircs e inpon. bioch@icat mediaiols

of the inflamaiory rcapone of tte ircstind m!@e (63) ]&_glEEignsllaof

y inducd i. bod ilqstilEl tisle a4 boe !!mw
ells upotr i etio! yith CT rlos,,a Ell B in conbinadot *nn t|Gll@i!ida*4! alt

linc poi.ts iN$ligaLd" MCP-I is a pot ntial rcgulaior of rnonoctle recruitmnt in

,nAmadoN (58), It hs ben do.mdt d rhd rle Droduction of c

TCF-p h bone nlEqllllirjbBlsl !!ldo3t io chdre itr l cF-0 qeBsion

c9qlgllglby po-4t4natory cyrolind or by Tbl ard Th2 cyltiE. rL-t9. lL-6 rnd

INfu, 
'ne 

primary @id!!!orrra



IFNr and TNF-a my indu.*

includiog chcnokiB (54). 'IlE pltgt t€sults Evel.d daI craoldtus $Eb_!!L:!!,

whicb in tum Fiqcr ard

Hypoxia inducible racroF lc (HtI,l) is a poesios€nic rrlnlaiprioo frcior srabiliad dd

acrirded edd hr?oxia (65). rF,lyesl,llLdms!$lfg4jlllew$qlr.i.d
upon iilqtion with c]. Though modedc. the Hlf-la q almocr @BrNnr rbd4!-rh.

aU line poi s bolh ulDn CT irfeclioo alorc dd in @hbidtior wilh rcu@inid4 in

ini.sd$l lpirhclial Gs@ ar wll B in boi. nl'm* @tk. HtF-la dpKion is 8@.nlty

induc.d by oxidadve sll€$ ctNd by a rcd@ed elluld oxygen level (66). 'ft€ €sulrg

e sesqriE of 
'& 

l4r rtLthqbilllr be a dird or 
'id|Er 

ml. of rhc roxin in rh.

.9qt!Iq!9I1!!re,iy8..o &Er_lolleliry a&,-!ien.

4,1.7 f,ffe.t on thc crpressioD of lL2, IL3, U/4, ILs, lI-6, ILl0 cnd

CM-CSF:

In the p6enr lrudy we colld not debcr ih. expt€sion of sev€El cytokin* sch s IlA

a{g:!:Spgrfi9 acqujred immuitv. Ib. pr€sot csuli3 sugSesr rhsr CT plat eid€t no

As ctlokiE sigaling involvcs a netw!* of etfecls betsm celli oE group of crlokinca

(i.. ILlo. TNF) indu6 prcducrio of odh c',toki!.ychmo*f6 by 0rc* elts lh.t

58). Il -10 Md T\F-a d. knoq ro rnhibjt lt-6 indurion

(67) wtile

druil elk from Lhe moneydn&mphaSe lineare ro 
'ndue 

inJtapnltoD respoB

4.1.6. Efie.i or the sprc*lion ofTrrns..iptionrl Factor HIF-lo;

lLJ. lLlJLLlltL rL- 10 ed GM4SF. Th.r cyroldrr m @monrv irrclvcd wirh

sielell-pq_qj]!!E!!!!14esut.tion of &rir.niesrein hu@el imue
rspobjgr n rcquiFs addidonil paLhoscn codpoMr ro .x.fl irs ctrdr.

is kmM Io ind@ lne plodElion oflL.6.!dljIL-lq



, !rysp5!!i:1110-lllnjv_as8is' !!qE!!pi
why IL 6 . Simildly, IFN-I is tnoM rc inhibit fte

produclion oflL4, a in sided wi$ $c Tv.e 2 F(lets.



coNclUstoNs:

Iollowing @nclusios 6 b€ dr.M fion lbe prcsnt study:

. CT alone or in onbilation wilh relminida* iDdn€ th. cxprcstion or

cfoldms/chtutitr* in i e$tidl iss .trd bore 
'!@w 

eus dd apP@ to be

involv.d in immEgul.to.y, poinn.|'fuiory dd slrs Bpo.e, The

itr ludc ILld. ILI p, IL-?, TNF{, IFN-y, MCP-I .nd HIII{.

A.coiding to fte p€ht study, CT h the .fr61ire ind'M of IL-l p dd mod.de

inducer of lL- l a, lL-7, TNF-a, IFN1, MCPI dd HIFI+.

T}c qpFsion of s!.cific .lr!y of prc-inflmtory ctlotind suSgcns thil

th* cttokirB et alolc o! in @dinrrion *ifi ach orha i! ordq ro $n!d ud

r.tivde n@Eoplils dd EoMtlyh.cmp|'lg.q key en trp6 of inllammiory

cspoN fiu prDviding e ihpoi..t c..ly siglrling sF:ld for th. initiadon ad

inplic.tion oflhe Du@sal innannatory Espoe-

Thc qpression of po-iDflmslory c'4oki!6 .pp€ds to b< e imponel

conponent of the elllld rcstDrse to cholm inf@lior md provid.s funlE!

.vidoe Iowrds lle dbto@ ofih. hnamrn lory @mporot itr Zcroi.da

Thc dprcsion of sp€ifrc d8 of cyrolines by intesin l tiss show inai 0E

rorb play a moc signilidr roL in iniri.ting dnd Eguladng fi. inndc hucossl

inlLtl@1ory Espoe rel.tiwly tie eti8.n-sFciEc mwosal imw GAoE.

h conlrast to lhe pcinlltunrn.lory cyoldn€s, €du.ed expression of lhe anti

inflmtutory crlokine, TGF-p ed no €xpssion of &o1hd major dti-

inflmnatory cr'tokid, ILlo prcvidc evid@@ rowds 0!. inflamarory
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11 n.y b. pcrible $at fq rhc .xpBin or IL2, lL-3, IL4, Il-5, lL{ and GM-

cSF, thar besidcs CT sone other omponfr(s) ofth€ pathoeen should b€ pEs.nt

dtal wuld l€d lo cxpBiol

Th. srudy cMd dclin src l[. rcle of sp@t aB of Ducosal iurfa€ or vill'

dd crypls lhat oay lead ro dhritul response bs"rds th. .xpesion of

ctrokjn€s/chmokiEs arxl help in dE inLrpEratim ofden sFcific fDctiod ,s

&c arudy wd dotu wirh rhe yholc intcsrinal risE dd bone n,now

Incced exprcsion of TNF-d & IFN,7 GLI cltokin t ard no *pr6sion of

IL4, IL-5, ILi & lLlo (Il-2 cyroki6) suggeL Th-t r}?c elhtr Es!o@,

Ior a nr-2 g?e of imu.e EsponF, olhq @mporcnts nighr b! ne.ded.

As 0E djuver adivity of cT h3 b.d Nciar.d with irs 6itig io indue ldsl

producrion ofc}{okin6 fron @ios @I rypes. IFN- r &d IL-? e t oM ro

modllat€ i@ue rcspohe in infatiou dis.s or tMor nodels, ed thfttoe

may pl.y a lcy relc in fie CT adjuv.miciry.

TIc ptu-inn@atory .ciion oI chol€ra toxin cs cxpose inportl appMching

io*&& th. nehdihs ofCT .djult iciry.

A s$iling simildity B ob64td in the datd of th. cyloldre ery€sion pan m

followine CT iifection in L\e i.tesrinallis@s ed borc lr@ow elts wher CT

wa admini{.rld qirh rcu@inide $gg6ri!g iha neMiddr* ptay m

significml mle in rhe .xpression ofclrokire sndicd.
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I,I. HOMOLOGY MODELING OR PROTEIN STRUCTURE

MODELING

// The tnowlelse of lhe t rriary sln&iw of a prclein @ b. d.ali much norc suce$tuUy

io undGrdd lhc protein's firdiotL ncharism of elio!, dd fts saEtuE-fisction

rel.tio6, tha squac. doe (69). Und€Blandins ofrhe 3D srrucnE ofpror.iB is al@

ctucial for engin@ ng iheir propediq or for lhe nrioml dsign ofsile diFcred mutations

and dru8s ini€rfqins wirh ihen biologic.l fircdoG Euch s eligenic Fopcni6 or

biidirs s!@i6ri.s (69-70). /,

Two very wll knoM exF.irental n€thods for obraining 3D stMrm @ X,hy

dysldlogmphy & NMR spetrosapy. Thce methods nal| svailable @oprch.6ive

ed pGie slnEtuial i @adon. h f.d X-dy diftetio! ed NMR slerdsopy h.ve

cnheced lhe quahy sd sp€.d of sLuclural srudi6 (71) but th. Foblem stitl lica tha

bout lhese l4hriqucs @ difficult, dd Equie expsiv€ .quipnenr dd conplicdr€d

t chdcst prcc€dE, In addtiotr @y prcle'a fart b 6y$atlize, a lgluimcnr for x-

hy crystlognphy, or d innd.qurcly $llble for NMR $di.s (69)_ Y€r, .umt

statbtics slill show rhat ihe lnoM poain equenes hugely rising lhn rh. avaibble

Strrclural Biolop mw f&6 the hlonoE signl@t of ch@rdzilg lhc slEFs ed

dyndics oldre o@d.d preieiB to m.k po$ible the pdceptivc ot lheir tuoctions sd

nah.nisns of &1ion (?l). Millioos of prot.id tbft havc b.d scqu€nced to d.tc cone

inb sighr ro bave domlins thd e tihi.d in thc bpology dey become l@gnizbt. ro

posibly only a f€w rhoui!&l folds (?2). Domi$ rirh sinild s.qmc.s 
'nd 

$lcrws

@ b. clarded into 6 r.larivcly sn6ll numbq of fMilies on lhe bads of evoluiionary
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relalionshits, which cmble Lhe use ofconpltrional neL\ods 10 plldicl ihe slructu$ of

pmt i! s€querG seh d ihMding dd @mp.hrive pocio sluctuF modeliie. In f.ci,

ney sr.uclulal gmni6 effotu m.rg€ oblrtlrional dod.linS techniqG ud

eiperimdlal sttut@ deredimtion mdhod! ro del@in sough suilably $lecLd

structws b fiai a Sood nuber of oiler kroM prot€io equencq ce be pl@d wilhin

modeling dislcr* ol at l6t o& kros slEcllE (?1). Compddliv. nodeline, al$

c.lLd hoDolo$, modeling, rat6 rdveteg€s of bpologically @npsoble expqimental

strwtuG &d 8.n BUy k tb€ best netiod for obraidng a mo€ acc!6te nod.l ofa

'CoDp@dve Fo&in nodeling is phyirg s key Dl. in prc1eh od p.ptide *ienes d@ ro

tlE iD!rcrMst5 in modcliry n€'t[o& ard th. huge doui ol biologiol d,rl h.coming

.siLble. Modeling lools 6 oft6 us.d ro pEdicl fic $turw, fNrion ed irs

uderlying necb&bn. Il co ale app@ching to d.sig exp.rimcnk ed @otme

potentisl lead for drug d6ign ed ued to lem b'ochenical proc6s6, such s enzt@e

Mcrios and clccEon tmsfer. 'fte entiE illcrution @ b. d.picring by uilg @nput r

sinulations Ihlt kidge the sp@ b.lwn.xpqimdral dara dd deortricat mod€ls Ir is

exlensively docM€nl€d $at @mpantie. pol.in modeliq is a crucial @npoftnt of

modm mol@uld bioloey 03). nte citic.lobjectiv€ ofForein modcling h to ptdicr a

structm liom ii5 eqE.e wilh & aeucy that is .n logoB ro rh. b6t expdinenlal

Gdls ln lddilion, if cxFri|mlal techdqcs fail. Fotein nodcliig h rh. only wy to

obrain srrucnEl irfomadon (74tl
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I ,I.I. METIfODS OF ]D STRUCTURE PREDICTION.

Thc most coomonly 6ed ed b6t-dev.loped nethods for teniary sttuctue pr€diction

e orttu tujn ryFs (73).

a, Ab-ltri4o M.tbodlr T.l s nethod pEdicts a prorin stocruE bed on physic,

'chcmicd pin ipl€s diEdy (?5).

b, TeDplrte B.!.d M.rhodr: This nerhod use tnoM prctein sracrws 4 iedplats.

T.dplare bascd n€lnodi ircludc.

i. Fold Recognition via Ttuesding. _

ii- H@ologj, or CoDparads Modelin&

Honolos/ Modelingl

Homolo$/ mod.lins is rlc 6i*t L@wledee ba!.d ne6od eons ft oft€ mjor

approrh€s lo prcdicr lh. dreedindsional sbucld. !t is bascd on two mjor

L The $lcnft of a prelein h uiquely dd.mined by iG dino fid $qMc..

2. Ai l€a51 h th.ory loowing ihc squc@ should sufiia b oblain fi€ structu. (74).

r.1.2. Principles of Eomolog/ Mod.ting:

Mod€l building on r\e basis of a knou 3D sh@tule of a homotosou poGin in tlE

lbenc. of d exF imdr.l sfetr for . pmt in i3 deudrd s Knowledget6ed

nodeling or Conp&alile nodeling {69). tl depends on rh€ facl lhat the srructuc is sor
sr6u. ad chd8.s much sloE rhd dc s.qENc duing evolurion, $ rh.r sinit&

sequencB adopl pracliqlly idcnri.at slructues dd disrdtly lelarcd seruenes stil fold

irto sinile shErues (?4)-
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In 1960'! th€ iddal homology Dodels qq. built using wie dd ilatic mod€ls ofbonds

dd abns. In 1969 |he firn availablc homology nodel $ructurc a of $e s@ll

globulr polein d-lacblbumi4 whi.h wa buill on rhe bab of tb. lD sfu.tw of hen

egg while lysozync 6 thc tqlplale p.ot.ins, lhese tw proleins sh.Ed 19yo sequence

iddlity- t .r or wh.n lhe X-ay crys&iliad srrunrE of o.l&talbwin ws soli€d,

apan tun d. cdboxy-temiml erd lb. mod.l tEed oul to be 6stially &d.rq

which js diflerent in stucrw ro r,\at of lyezyne (69).

Tlrc nodel-buildirg poc.d@ of noE closly Flaled s€quM oIrhe targ.t ! the

tcmplatc co.sists of siopl. scps dd E$rlls in mE p@is. model, The accMcy of rhe

modcl Gnds to indetse if bolh seqEnces bare guter thao 90% sequence ideltiry ed

trr{es'vc m$ de oftc. made if the s.qucn@ iddity falh b.lo* 25-3e,4 169,11,74). b
genml. thc addirion l cxpqimdial d.ra is pr@quisit i.quimor for modeling

proedlre thal6 help in dermining the 3D staclu€.-tn honolog/ iodeli.S iqo most

impon&t suppositiou e made. Fi6r, il is suppoed dut ldplat€ dd tlrgel h.ve

ide.ticsl spatjal c@diMr€s if th€ rgiom of poltFplid. bacloone e coneryed

bchv..n tben. Even though this Nsmprion is satisfacrory for modeting. but it is not

rigoreEly s€cud.. b@B uually Oe coNNed E8ioro bave non,id.ntiel

coordiEcs. Fu0pr, n is hDorhesized lgl iDFrioE a.d d.tcrios of rh. $q@.e

aligMc.t will fall bainly i. loop Eeions, Th€ loops pedired lo be more elasric in the

mod.l thm the @tueped c@ ad hale difr€Ed odomatbc berween brger dd

tcmphtc. Th€E rc $mc addidoMl @ndary slnrtr cldcnt. iserl€d ir loop egiois

even for close honology (69).
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r: STEPS IN HOMOLOGY MODELING:

Honolosy modeling cm bc d.fm€d 6 the st.p-wis convdion of the slructurc of on€

Foi€in inro rh. struci|r of&othd potein.

1.2.1. T€nplrte SeirchiDg atrd Initi.l Trrg€t-Tehpl.te .lignm€nt:

Tbe idlial sllriine step is th. i4rching of strciual homolory to Oe t rg€r potej!.

Potetu Dsla B{D} (PDB) (?6) @ntain€d dE mosr qperirenr,lty elv€d shalues Thc

a.cMcy oi the nodel dcp.od. otr the sequ.n@ aligMcnl berw€d iie protcin to be

mod€l€d-$e rar8 r strEiua &d rhc prei.in lhal is used a rhc kmplar. (72). Tbe

sque@-eeh Foslus srch 6 BLAST (77) or FASTA (78) align the tsgei equenc€

willl all th€ equ.n@s in rh. PDB .latab6. of lorm srrucrw' The situturc sith th.

hieh€sr sihildity uE &d rhc high€sl sqrc@ ilelriry i! chos 6 r.mptarc (78).

1.2.2. Alignment Corr.ctiod:

Aiq elcding rh. $itablc t nplste proLin, d oprinal aliSmnt b€rwd rhe hrgcl and

hplate sequence t ne.dcd turlhd lo .onslr@t a 3D nodel ofthe rarg.t, The aligmenl

is the no$ inpon&t si€p in ho@lo6, hodcling ba,u* th. model of. polein !s iic

3D r€prcsentlrion of the s.quen e slieMdi (72). IE mh.lismr will buitd lhe low

qu,lity 3D structure. Ev€n th. nisplalsctrl of singlc Bid@ in aligMe @ Bulr to

iMft.r inr.rpreladd. n!. .ligmot q be c@re bend if tbe iNnios ed detedotu

shoLdd not fdl in th€ niddle ofse@nddy stucrft elehenrs (69).

1.23. Brckbore c€nerltiotr:

TlE nodeling of lhe backbonc ed side chaiN occN simulrm@usly i! nosr honology

no<leling plo8ms. By @pyin8 th€ bocldonc @diMles of 6. rmplatc nodel onlo $.



l!4cr nod.l rhc blckboi. of thc l.!8ct nDd.l it gsmlcd lh. sid. ch.jn o .le b.

ori€d ro $. modcl *hd ! cidc i! c@erv.d (?9). Tltc b6akbom @fottu on should

bc iBDeGd for tgiom of i.*rtio6 or d.lctions sd aSioB lhlt wete osid.Fd !o b.

difficult to .lign (69).

1.2.4. l,oop Modeli4:

Th. cxist @ of a l@D @lts wha 1!. nsdcl cont.iB m@ EsidEs lh6 thc model

Thcrc @ *v@l appioshcs ro cGtc l@ps. Sonc of l[.8 us. libEie of looPi enh ih.

sc Bidws, cE.rcd oul ofall stucturts in thc PDB. Othd apFo&h* ttv lo build

c@pl.cly rcw l@ps. Th. ofid mior F!.cdur. vhcn t sood .ligMat hE b.cn

ehio!4 is no<lcling Uc l@ps. Th* E8i6 uu.lly 6 lin iNdiols oi dcldic !d

.r! th. m$ wiablc Friols in 6. s.q@M (69, 74).

1r.5. Side Cb.h Mod.Iirg:

In @np661iE modclirs of pror.in lrtu.nE thc si& ch.in mo<Llins otr 3 fu.d u|.in

chlin @m@ly disa!, whd fic injtid roiD ch.in @nfomation fo! $. brget stsruc

is ohain d frdn @pyins th. hlin ch.i. cootdiEGs of. cbpl8t. srrude (?9). h nolt

lh.n 90vo of$c c5s lhc sid. cluirs hls tc sd. @dotMlioB i! rhc t$rt

honoloeoB protciD9. Itr sotrc c!*s r!..nd lih{ics @ !!.d to Pcdid Oc sidc+lr.in

@nfd@liotr, if t!. rliSn d GidE @ mt idaiicrl. (69)

I J.6. Mod.l Oprinizetior:

Mey m6 e 
'lLoduccd 

duitrs te g€rcElion of tt nbdcl To imFow lo..l

8!oheEi.s, rtomic ini.ElioB and ro dldiatc btd bond 68Ls elob6l dctsy
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ninidialion is Fron€d (69). Sevqal ets of 6elgy futction pa@ereB hav. been

devclopcd including CHARMM end AMBER (73)

1.2.7 ModelVrlidltioD:

Evalu.tion of thc pr.dicted nodcl iNolwd dElyst of g€onett, sr.@huisuv' ed

6qgy disdbutions in the nodck. It is e$cntial to v6ry the validation oflhe nodcl' dd

b pEdicl $e @s.nbl&e 4d meDiud. of por€ntisl dor (69.?4)-Reliabilitv or the

homology nodel 6 be €dying onl by $e ploems PROCHECK (80) dd Whal-ll

(Sl), Tbe csult of lhe comPlet pMes is ! nodelofln unknom sltuct@ $al ce be

u$d for sfucturrt a$lysG mut lion ealysis, .xpqimmLl dcsgn. elc.

I.3. TOOIS TOR COMPARATIVE OR PROTEIN MODELING:

1.3.1. Sf, QUENCE ASSESSMENT:

lJ.l.l. Prifrire Sequcm. Alignmert:

To find ihe po$iblc homoloes fot a Prctein in sequoce databsd such 3 Slv.aSt_PnOI

(82), plioie *qEn@ aligMcnl is th. tu9 inPonad st p A PaMe sqE@

aligMcnl @mpes two prci.in sequenes BLAST (7?) ed FASTA (78) d€ th. widelv

Gd pog,zm for &t€cting lhc sq@ne tinildiiid- BLAST (Bai€ Local Aligm€nl

s€{ch Tml) is $c mosl qi.siv€ly us.d l@rl olignnol lool BLAST givs m

.xFchiion vale, which calculat s apPrcximlelv lhc ch@e such aligmenl cd b€

eipetcd. -lhe BLAST Es s pdnit lo dd.rnine lhc qlalitv of pbtein atigmcnr

qumrit tilely (??). FASTA Mimize nmbd or alisncd Fsidu€s bv allod€ imcnioB

or delc{o6 duing lhe aligm.nr pte dd edc for globd .ligrnent (?8)
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1.3.1.2. M ltiple SequeDce Aligtrm€nt:

To ati.in rhc €x@lLnr digmdt amng sequo6, a multiple ssllde digmot aligtrs

s.veEl sqen@s. ln multpl. scquence .ligomenl thc @n$fled egions (molirs) on€n

h.rc biological inporl!@ itr rquisite of tunclion .nd smdrc. PbgE$ive n€lhod is

lhc broadly uFd al8oriihm for global aligm€rt. Il constuc$ a l@ on the bais of

paisiF simildig sB. This alsorirhn ha b€n d6utcd i! ih. nost a@pt d

prcglm ro, Slobal ouliiple *qucnce aliennedl i.e CLUSTATX (83).

1,3,13. S.q'rence Frmily.Dd Don.tD Parsiog:

Mulriple seq@e lti8M€nt c& ctNiii.d prctein $qemes into hnjlics. A f.nily

amliaiion onen sp4ifi6 a nncdo.al, sEuctral, and €volutioftry relationship.

Clsifi@rioi of pbt.in fdily @ be b6€d ethd o rt€ sliSnnenr of lons sequcncc

domains or lnall osewed motifs (84-85). Pfm, PrcDom nelhods mainlv @ncentnie

on thc .lignm@t of tong scql|€@ d\tMis (E6). Tle cleisifciriois of prei.in scqEnc

in PROslTt {8?). ?RINTS (86), dd BLOCKS (86) dalaba$ aic b€sed on nneeryrin|s

ofsnrll@nscded nolifs in s.qwnes.

13.1.4. Phylosenetic Chcaific.iior:

I. difi@nlor83niss phylogen lic Elatonship mong polcins is lossibly b€ dBM

Iiom the pro|ein *qucMs TIE .rolutiondy rclationsliP mong a fdilv of pol€iff c&

b. iUustrsted by a trce structe of prot ins, The nost poPul& e uhihun dktM4

ndintn pztimry, ud minw lik2lihood E4 
^ 

qr.t i i@, u*d to PEdict lhc

phylogeftic rclationsbip ihat is build on the b$is lo rduce the iottl pai he sequenc€

din@ or ltljadt tt4 nodd is 
'@sniad 

s "A minimm di$,@ m.thod Thc

oth.r two dinm pNimny ed lMinum likelihood mcthods de bas.d on tuhjpl.
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sequence lligme.r (73). The witlely scd compulq l@ls availablc ror pbrcin tre

consiructioB N PHYLIP (88)

I3.2. SEQUENCE INTERPRETATIONS:

13.2.1. Hydmphobici9 Prolilc:

Hydoplthy scsl. is a physi@hoical pDpqty rh.r cmplr6 the hydbphobicity ofan

di@ !cid. HydFpl'obicity prcfilc plots e a4siblc in evenl com.Fiol prorein

nodeli4 p.crlgcs, i.c. lEishGll pactase (89).

1.3.2.2. Pr.dic.ion of Sigrrliog Sir6:

In sirnalilg prel.is, thc sisruling sir€r illsftt pafliculd par.N s|mu|dhs Uc

active sitcs dd ar th€ bourdli.s of rh. 4tive sn€s. Tlr wid.ly ed Sigr.lP sd (90)

&d Sig..l3l (91) prdict signrl Fpdd6 in $.crdy por.iru and rh.ir cle.v.ge sn s.

1.3.23. Serrch of Pmibl. A.riv. Sit6:

Pan m cxtr&t€d iioh notif d.r.bes such 6 PROSITE (E7) sd PRINTS (E6) helF itr

i.v€sligating po$ibl€ acdve sit s. Som. paltcms e Fllt.d to kloM por.ir fuclioDs,

for lhis tten, a tutcb lo . patr.m n.y @mmcnd a frbdion of thc isga ptudn.

r3r.4,Secodrry Structure Pr€didion:

d'helices, p-she.t, and coils d. t'. mljor typ6 of*condrly slructuE that inspdcd for

sequence v&iation. A co@btion b.twen mirc &id $qrcn@ ed $condaiy situclue

s $e basic ashprior in all econdary slrudw pEdicri;n PHD (s2, ed rhe

Conscnss Sccoidlrr Smclue Pcdicrion S€ry€' (93) @ $e nosr @dno y used

secondsy $ruclue pr€diction pro8rms.
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I33. COMPARATIVE PROTEIN STRUCTURE MODELING

T(X)LSl

To cosnul a lD model non 8i!eo lenplaics ed .ligMols diff@nt @mpaaiive

nodeling n€thods uF difls.nt appoeh.s. SVISSMODEL (94) wnAIF (81), ed

MODWEB {71) de few conp@rive mod€ling !ook, Th. nosl wid€ly usd coipqrative

modelins rool is MoDELLER (71). This pogru is cohpletely automlql od is capabh

ol g.ndating €ndey ninimiz.d prol.in hod.ls by *tisftin8 spalial reslraints on bond

dislaGs, bond l6g1h, bond sgl€, dih.drd 5n8les ed oon-bonded int mlomic disranes

.xracd fron rh. &nplare PDB filc. 'ne lin l 3D Dod.l k op{inizd thnugL rhc

6mbinad@ of @jusa& gFdi.nls &d mlculd dymics wnh sinularcd ann ,lins-

I3.4. STRUCTT'RE ANALYSIS:

nE quality ud lelrey of fic prdictcd nod.l s bc sFs€d by veioc oodeling

bols fd analtsis based on tbtein stactuFs,

r3.4.r. Visualiz^ tioD Tools:

StretMl visualizaiion prsnis a 3uitable way ro srudy spatiEl ssialions of alons,

Esid@s. seconddy siruci@s, donains, &d subuits. Th€E @ a nMbd of sonwe'i

both liee ed comercial, vhich h.lp in vbualizinS bionolccules. VMD (95) hs ben

ued 6 a lool for ide@ri* visuliation and alrlFb of biono nn€s. h @ Eld

st ndlrd PDB files ed display $c srrucl@. RasMol (74) is a nd@uld enphics

pogm prcpoed to visudi4 rl8 3D strucruc ofl)1!mmol4ul6 ORASP (96) is us€d

lor visurlizalion of th. prcrein wt c. colorcodcd wi6 clelctalic pohrial or

e@n€tr poperries. S*i$-pdbviM (9a) har* hid qu.lity imass uirg ny rracins



nefiod. Irsidt-ll (89) is . @m.rcid pr}lsc fo! procin nodelins nondly inclnd6

visualization lools with h@d f..llE,

13.4.2. Ceometry irve.tig.lion:

Ffitd infodnion .s.!!chr.d to lhc confom.do ard 4rsai6, a wll .! tnc

.x@ll.M of trEd.l of a 8ircr pot.in sEEre @ h. Fovid.d 0loug} g.ornelry

&.lysir. Th.* e.l's6 o b. F eiv.d aiDg pm8llns sth !s, PROCHECK (80) dd

WIIAT-CHECK (EI ).

13.43. Stroctur. .lsocirlior erd Stmcbrc F.dily:

A@ding io 3tructud dd mluriomry Fl.lioEhiF tF a$o.i.liq b.$ng| tlc

FotciB in a shrl@ drt b.$ d bc cl..sif.d .r ditre hidrcbi.d l+k. A bre.dly

us.d chsifrcnion cdpri$ hnily, supdfrmily, dd fou. CATH (97) b . hi.ntiiel

claiforid of For.D doodn srerc. SCOP (98) 
'$.s ihplo!.d idut

cl$sificrdon eio tlr. hiaehiql ldck of ds, bl4 3up<frtriu ed &nily of dc

13,4.4, Molccul.r Dymni€, Qu.olun Mech.ricq .nd Ele.lrccLlict:

Molecul.. dt Dica simuldid b r wll @n$tiorul DcIhod lo 3tudy ! dyMic plGs

ofFo&in. CHARMM (9), )gtOR (l00) .d AMBER (l0l) sr! r.clsibL FDsnrD!

for mleubr dynmiG 3in'n doo. SIDU confomrdo!.l cidgp .nd .dcrgcrics sDh .s

te @ig, ditr Enc€s h.r*!ct trc pretci. slllls @ h. cdcuLild by uilg mdculf
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r,{ OLIECTIVF,S OF THE PRFSBNT STI'DY:

Ttc Fet sludy &als wib lh. plldictio! of 3D hodds of toxin Foras of ta

crrla@ i.- Aa6$ry clDld ot Flod! (ae), 4!uh @lurL6 klxh (zoD, ltd

hc@gellnilii/plo1es (vihiolFin) bdr.d on conFtdive hodolos/ nodelins in od.r

to hsvc bet&l mdersLddiry of pdhoSsr.sit usi,lg bioilfolutatid 1ools. The snldv has

bs ceied our with the sp€ciat Ff.Me !o th. &iivc siL &d 6fd.1or binding site. Th.

wyne-inlibiio! nodel hs bc.n @sr!!t!d scpdat ly i! ordd 10 id€ntiry imporr.nt

r€sidB that @ntdbul€ to llc .ctive site inic@tio! of ihe en4m tith lh. lie@d. Ihc

pc.d Foj@t ais rovEds ttc b.lta ud4l.ldiag of EioE aspol5 of 3lru.l!61

fares oflbe$ roxin prec.!.s,
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2.1 Homolo5' ModeliDg Methods:

tn this study rhe po€in stnEtuE Fedictio s €Eicd out wilh thc @mp.fttive preLi!

slruclu€ nodelirg. Conpdalive nodeling relllts in tbe nosl acuale. conprelreN'vc'

I
&d @biglous nodels of Prclch slreoE.'

Compdarire modeling is d efiiciot wv to oblain infomalion 
'bout 

the protein of

incGsl sh d int€rpEtation ofrhe existing fttulional dala" ida{irying etiv" fltig'nic

propenie or bidine sFcifiri4, desis of ligdds, dtiodl d6ig,l of site didl.d

nutatiod dd dru8s, &d constr&1ion of nut&ts dd chim@' proteins for tesline new

tun tioMl h,?oth6ts. Compdllit protein srnEtr nodclins of a lergct s'q@c'

consisls of fow bsic aleps (,) Idotricldon of knoM lirucnres rel't'd lo rhe tglgel

seq6e (.np1.16), (,4 AlirlF.nr oI lhc t bplaLs with the targ't Fqutuq ('it

Buildins a nod.l bse<t on ih. .lignnenr, md (', Evtlutior of$e no<Ll (71)

aThc Fe"or study ."p-mls sc'nt* pEdiction sludi.s of g€dagglutinin/proGinss'

(vibtiolysin), Zod @ludens loxin (zo0 dd Ae6$rv cholen mt'oroxin (ae) ftom

,/ c,rlrrae by comp@live or Honologv nodelils l4hniques'

.lAIl slcps of honology nF&ling iftludne s.qlrc disllretrli mod'l buildinc ed

.lahations s€t q@uted on a ?entim Iv PC. Model bundins wd done bv

MODELLER. A sw$ion of oulcone of vdiou ptugr@r m oblain'd 6on Wodd

Wittc Veb senc6. The sligmoc @ pEertcd in ApFdix tl -nE sftwE Weblab

liewo, Ds-Vicw.. {d Aslx viwer for Sdphictl displav, shlctuol insp€clion ed

visualizdon, wft !&d-
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2.2. S.quetrces R€trievsl

Duing the cou6e of cuftll studics primdy seq@ces of f cholerae pbrees i.e

Eetugsludnir/ptotein4* (vibdolysid) (Swisttor ACr P24153), zoe @luLns roxin

(swkPtot Ac: P38442) &d Ac*ssory cholda ent€oloxin (SwisPrct AC: P38'l4l) wde

Erri€vcd fion rh. SMSSPROT (hip://w.N-qPdy.o.s) (E2) &d PIR

(hnpr/Nw.e@tseroM..du) (l 02) dalabrs..

,r3r Ser.ching Templrte:

S.qE!6 honotogou lo lhe t rgct s€qen6 w qlad.d ton PDB (?6) dat ba6.

BI-AST (PSi-BLAST) algoriihn (77) aeaitut Prcteb Dlto BaIk (PDB) M u$d 10 c.rrv

out thc sequencc honologY eaEhcs.

In rhis study th. tdpl.re we choen on t[e b4ris of hiSl$l s.guc@ iddtni6

b.r s*n lhe wg.lq nd t mplares shoM in {App.ndix III

/2.4. 
Prot€in 3D Structur€ Dctsba!4:

'IlE cryslal slietle c@tdimles of lEzM, lU'lG, IPXT ed lCKv hd bco seleded s

knplatca for @.strucdng th€ compMtirc nodeh of Z Crolrlea Fottes Thc 3D

@rdilates of tcmpldcs ee qladed fion thc BMUlvGn Pmt€in Da1a Bel

6np://w.esb.ors/pdb)

t'.i, Mulriplc S.quence Alignment:

In ordc! to id€ndry lhe furcionally impotunt Fsi@t buildins s€qGn@ P@fiL' pmrcin

fdily clGsification dd phylogenciic reonsLlclion, nulliple seq@oc. d*ment wa

di.d od uing U. pDsrd CLUSTAL x (v6ion: l.8l) (63) with dcf{ult Pa|lmLs

dd mually adjuled wbee nec.sy S.qE@s honologos 10 th€ iegd eq@n@s

\|@.xFeied frcn SVISS.PROT (62)
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.6. PhJlogenetic Atrrlysis:

Once thc dultitlc sqn€n€ aligMe has b€ed construclad, a Mlrix of paiNhe

simildity sEs is calculat d ed cnploys to construd a tre lo exprss ie sirucluar

€latioNhip mong tbe t@tein *quenes in lh€ fdilv- Phvlo8€rcric linage M

cdc ated Bing lh. phylogeny ltf.Erce FoSrd PhyliP (v.6ion 3.6b) (88)

?.2 Second!ry Structure P.ediction:

The sdndey sltuctr F€diction of rared scqu6@s m csned oul bv slbmitting $e

*qbc4 b rh€ ConlsE S@nd.ry SttuctuG PEdiclon S€vd al

hrp://pbil.ibcp.ftNPsA/nPsa npe.hlnl (103).

?,& Model BuildiDg and Refiftnent:

Th@ dihcNional honoloey modek of t4 Croletu a PDreas wE @nsrnded Bing th'

crysral coordirales of templ5les on the bsis of aligmdt b.tween iatg€t ed lmplstc

squencas. All sLps of homology nod€li.g ed refinm.nl w* c.aed out bv lh'

ppsd MoDELLER (v6ior 9 (ft8)) (71) Tlc nodcl buildi4 proc* wa

a. Tdget.i.mplale.ligmenl.

b. Model Bqilding.

a. Target-T€nplrte Aligrnctrt:

To obtain the t&gei'leftPlate aliSnmen! fot constructing hodologv modeling, the

t.mplate stDclrtrc sd tu8e1 sequdce *e @ligdql bv lhe ue of fte ALIGN2D

coMdof MODELLER,

This slep is optional, a honology nodels ce also b! consltuci without uihg lhe fiIsl st'p

by prcvidi.g s aligm€nl file a & inPut to ile MODELLER

64



MODELLER tnput Fil€s For ALIGN2D:

Th€re e thE l(in& of input lil6 for dins AUGN2D omdd of mod€l€'

. PDB aron @didcs fle.

. Sdipr o. ommed 6le.

o PDB Aton Cootdirlt6 File:

Ir is lhe Boo*nlvcn Prer.i! Dai. B!d( stoB filc thal cotrtEiB thc coordinald ofkmm

strucl@ o tflphi., Each stom file is lmcd codc.db wh.t codc is a shon prcG'n

co{e pffmbly th. PDB cod€ e.e. I EZM pdb

o Alignnetrt Filel

Tnc aligmctrt filc @ntd$ lle sligmnr of thc tenpht sttuic wil[ dE ittgcl

scqMe, nE pefcdrd foma! fd @mpfatirc nodeling is Glald to 1he PIR d.la!d.

fora1. A smple of aliSmenl6l€ is shoM itr Fig 2l

Thc ti6l lin ontliB thc *qe@ cod., in thc folmt >Pl: l€n TlE s@nd lie witb

r.n fiells sp.6tcd by @loN gqF.lly @lti6 infmtiotr $out lhe sructun

@onlinales fiL, TlF rcst of the file coor.jns fic sqwre of lce, wilb '1' nakjng iis

.nd. Th€ stddard onc-l.ner dino eid cod.s @ sd

the alierodl 6t6 for oi[q two !10&.!6 Zod @ludd toxi! (zot) &d A@ts.ry

chol@ .nt mroxin (Ac) c pffit d in (AP@ir n)

3. Script or Commrdd File (.ligD2d.py):

The script fi1. conlaiN.oDmdrds for MODELLER in lhe Ptahon ldguge This sritt

Iit pmvides .ll lhc @Epul$ry coMds to lhe MODELLER lo pEdue seq6ce_

65



stutur aligme uing $. crysLl coordimtcs ofth. knoM st uclu(.- Tn rtgn2d.py

nlc for vihiolysin is prcsi.d itr Fi8w 2.2.

To M MODELLER with tlE $ipr fi|. .llg!2d.pl, thc mdcUcr @l|)lMd Fompt w6

opencd &d lyped il'c following coitnlnd at ilE @mnErd pmpl:

!.r<r9s0 a1i9!2.I.ty

MODELLER Oulprt Ftl6:

'ftc alic!2d @t|trud w eur.d ro .li8n lhc trc s.quo@s, finally' the digwor is

mind ou in t{o fortuG PIR (.lis!2d.rli) rnd PAP (.Xg!2d.p.D). 'fte PIR fomt

(.ligddrli) is us€d by MODELLER in rh. subs.qo.nt nod.l buildill soge, whil. 0le

PAP .ligmdl fomar (rlt 2d,prp) is c!ri.. !o insFct vi$!tly.

'-U, Mod.l Buildiry:

Ona lh. r&ga-cmplac i5 @nstr&t d. ihF.dimcBiond homlog/ mod.k of 4

Cral.'a. prot rs€s i.e HemgglutiDidprot.ims. (vibriolysin), Zon occlud€rs toxin ed

Acesry chold .ntcotoxi, }@ @Ntrucr.d usitg cryst l srr&tE oorditui.s of

lEzM, lPxT.nd lcKv EsFclisly by Eing ptognn MODELLER (9vE). This

pbgrM is @mpl.rcly aulomlred .d is @ptble of g@rain8 dEgy rinini?td pmt in

modlk by edsryils spati.l r.sitains on bond din46 .rd diHrd sele qt&lcd

Iion th. tmplat€ PDB til.. 'I1. crys:ol coordimt€s of t mpllIe q@ ohlined fioh

Brooldav.n Pbr.in Dar. Brik (PDB). Mey Ns of MODELLER w.d 6i.d out in

order io obirin $. nost r€.son.bl. modcl sa{sryin8 thc stcFchdical prcpeniB. It'e

nod.b build by rh. MODELLER, at crch stcp, w.F .h.ct.d by PROCHECK lrd th.

liad dodcl w $lcccd thll nG or mdly fiB th. slsdad of rh. b.{ and s.cdi.



cr a sanFle aliqnnent in lhe PIR fomatt

st.ucturex: lezm: r: :295! !.14ta.e:P3eudonona5:
AEAGGPCGNOXIGTT]tSDYGPI]IM{OR- - --C'XO!G|fMIVNTiSSTDDSI{|TPFnl
ACPT- - - -NTYXQVNGAYSIO{DAHFFGGwlXLrlOfl TGTSPLIEXIYXXVHYCPIVEN

^III]GTAXI,IGDGATXIYPLVSLDVAAI!!\'5IGr1!QI{SGLIYRC'OSGC{XEAFS 
II{ACE

A}EAIXACXI{DIIIGYDINGSGALRY DOPSADGISI DXISQYfl GII)uJHSSCVYNNA
FYLLANSPG{Mfu'AIEVTVDIIiR'YSJATSIIYI{SGACGYIiSAOTF.XYSIIDITnlIST

.equence:w1bl: : : : :vib.iolystn:Vibrior I
ATGTGPGGNOnGRnYGSI{GI,PGF?IDnGTTCT x sAvmvNLlGGT sGsTr'rSY
ACNNSTNYIIS\'XT''T{GAYSPII{DNIFFGXWTIXlYQQI{INTsPLTTCLTMRWYcXNYEN

9II{IVSIIGFTIQNSCI,!'YRDI{SGGINEAIS DIAGE
AAI THrcNVDVIVGADI FKSSGGLRYFDQ! 9RDGRSl DIIASQYYSCI D'I/'IIHSSGWIiIBA
rY!IA *SCCI\AIn'XGFET''F'AVAXQLYIII!NSTFOQGCCGWXT.AQD',N

FV2.1,,llisnMLai nb \d ro g6.r.E alAt2.t. t ohsn2dpq 6t* for cmFitiw hodcl
buildhg of ficrEg3luti.i./pot ire (vib.iolr5ii) nvn c.,.bl sdrfu orPAE (lcd).

.nv,Iib3,rop.rosy.r@d (f e.'9 (LrE) /top_heav.Ilb')

* R..d arrqned Elluctu€(3):

.Ii,.pp.nd{t e= aliqnbehi.!li', .Iirtr_codcr''1ea.)

t R..d arryoed sequene {3) :

.Ii..pr.ndlf e= arigrert.!1i., .ltgr_@d€=.vi)l')

t stllcture sasitir. v,!nb& q.p D€Mlty r.qrene 3equene .rigreDtl
.rt..Iigd2dlove.h3ng=0, 9!D_D.tr.1tiB_1d'G450, 0),

s€p tsmrti6_2d-{0.35, r.2,0.t, 1.2, 0-6. 3-6, r.z, u., a.t,
atiqn brak=lrn block)

ah.u:te (f e=,6rrsnzd.ari, i .li9M.nt_tod.t='PrR')
.h.uite(f i€:ral1sn2d.p.Dri a!i9n!.nt_lor.t-'rar',

ELIX s6rA ll|rrcmEs9 l + \
'act!tsIB!Llrr cdsEMrroN' )

Fta2.2xh. sctipr frte (alisn2d.pr) @nllins ehmdds for MODETIER to prcd@ s.qu.nc.-
xrucllE llignnd. Biq d. crysr,l @did$s of tnc [noM stu.
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MODELLERInpUts filcs for Model BuildiDg:

'nErc e rhG linds of inpDr files tor |mi.g model buildins tudd of

MODELLER,

PDB alon @dio!l!s file.

. S.npi or @Ijll@d fil..

l. PDB Atoln Coordin.i.s trite:

It is the Bmoliaven Prctein Dala Barl ailm 6l€ th.r @ ai6 ihc @ordid6 of tmm

stt{ctw or l@plale. Eeh .r@ fle is Mrd cod..pdb wherc c.d. is s shon prorcin

code prcfdably t\e PDB code c.g I EZM.db

2. Aligrm.DtFile:

The aligm€nt ille contai.s ttF aligm..t of dre r.mplate sqw.ce wilh rhe trg€t

s.qEne. Ttc F.feEd fomat for @ormrile noddinS is rclaLd ro r[c pIR &t ba$

fomst In PIR folmt (.lig2{Lrli) 6uli.d 6 m oulput ille of alisi2d @mmdd is

us.d by MODELLER h th. subscqwnt dFd.l brildinS stlee. A mptc ofaligM.ni fitc

(!lign2d..li) is rhoM in Fig. 2.3

The fb1 lile @niai6 rhc s.q@ne @dc, in rhe fomat >p I ; I eh, Thc sond lir. with

len lields *padied by 610B godlly onraiE inforna,tion abour thc $iutuF

coordinabs nle. Ix€ @si of rhe tle conrains the sequence of lmt ihe slandsd one,

lcticr uim eid codes e ued. ./ spul.d Ihe sq@e fon dr ura mol*ul.s dd

HETATM; '.' R.pesded rh. rohl nuDbqr of walq molduls ed hclarob (2,) wnn
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'nrc aliernenl.ali files for all th. rh@ pre1ees i.e Htugglutinidpo!.i6e

(vibriolysin), zo@ @clu<lc6 torh (zot) end AGsory cholm cnleotoxio (AG) e
pEented in (Appcndix Il).

3. Script or Comnard Fil€ (Dod€l-ligand.py):

Itis $ripl file prcvid. all t!. @dpulsry @Dnfuds lo thc MODELLER to prcdue rhe

hoDology modcls Bing rhc cryst l @rdir.ls ofthc kroM sttlct@ or lhe bsis of

.ligM€ h.rwr lhe ratgcr dd tenplarc s.q@nes In ord.r to buitd atl hydog.n lrom

nod.ls wjrh wal4 nolecul* ed olhd nod-prct€in sloms (HETA'rM), the follosing

pa6rcre6 EE uiiro in Dodel-ugud.ly fte.

t a..d in attatla !aco!d. r!6 tdplat. !DB!

6v,io.h!drog€! r dv. io. h.latr = 6v. io.rr!.r = IR.
'Ilis w6 6ed for reding rbe HETATM coordinalB fron th€ pDB lile. nje ho.tet-

lig.Ed.p] fle for vibriolysi. is pehred ii Fig.2.4

To M MODELLER rirh rh. $ript 6t. 6o.t.ltig.!d,py, rt€ nodGllcr conD,nd prohpl

wd opfled sd ir?ed the followins @m&d at the cohmmd pbnpt:

&r<l9v8 @<!.I-Iis&.l.py

MODELLER Output File!:

As lhc MODELLER prfteds tu buitdire rlE hotulogy bod.l, a nwb.r of

inierdediary file! EE produ@d. Th€ fi.dl €.g€r model is winen to file

vibl.8999000l.pdb.Ih.MODELLERoupur ielud.s



i. Job.logt A los file i... model-lir.ad.los

ii, Job,int Initial confomtion for optibiuation i... vibl.ini

ni. Job.Fi R6t!i! fiI. i.e. vibl.lsr

iv. Job.D00000q,l: PbgFs for optimization i... vibl.D00000001

v. Jobch A shedute 61. for $. vdiaue brSct nmdon opdnizrion (wFM)

vi- Job.v999000r: A file for liolado plofil.s for th. rcwly buitr mo<tel. i...

vib Lv9990001

vii, Job. B9t900l,l: PDB alo6 filc for rhc nodct of t rget slqme. i.e,

vibl.89999000l.pdb

2.9. Inhibitor Modelitrg:

ln ord.r to iddrify Oe Esiducs rhat conrribu. to irdividual 3Fcificiry subsir* and ro

udasr.nd the mehdiM of its a.tion lrrd pblein in&s.li@s *itb $bsrrnc udo.

inhibiror, a 3D mod€l of HA,? @mplcx€d wirh N{t-*bory-3-phcnylpropyl)_

pbenyldeyldpf.rspargire (HPl) 6 cor$rirt d by uins Plosu MoDELLER Th.

3D cltri.l srructw of €lad.s anplded wiih N{lqbory-3,phaylpropyl)_

phaybldyl alphsp6aic (HPI) (PDB id: IU4c) *rs u$d s r r.hptaG ro nod.l ihis

inhibitor into th. activ. sit ofHA/P.



FX.13,1t8Mdtttt !'d 6 stu mnpDriv. mod.t of HmBsluriii,vp@iie (vibriorylin)

tom .r)$l tu of PAE {t6). Th. .ligmdr fir. Mrhr d. diFtum of ltl. hple sqm
(ld) dh rh. @gd r4uhe (vibt )i rh. !6ldld d. leiq mino dd @n6 e u&d. t, s@Gn 6.
!.qEK fom e Md mlal6 sd nmATM; .. R.p'Babd d. Mt Mb.r or tu e|euks
.ld hdbh (zr) sirl ,. n*ing its .nd.

rr&4., TL *dpr fit. (modet-tisod.Dy) .d@ju . $e onpulory.onMds of MODELLER ro

D'ldue rtu honolos, mod.k EiD! rh..ry*l @6dj0e ofrhc knom suucre.

I cod.r of the t.trDrate3

, (d.isni!.. bo, rny rod6!
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'2.10 Model Vbualiz.tion.

I. o'der to p€oe the rcliability of rhe aliS@dl &d nod.lilg of v.dable sufaa l@ps,

stucluml inv.stiedions on thc gEphica $Eo uing lD visualiation progds, Ds-

vicw.r {104), Wcbr,b viewer (l0s), Swi$-Pdbvi*d (94) dd Aslexviewd (106)

9w p..fmed. $irturl vbuaEadon h.lps io srldy sladol assiadoN of !rom,

Esidues, seonddry Errnci@s, domiB, ed subuits,

-Zll Model Ev.l ior:

Evaluation of the predicted nodel irvohed &alysis of g@meiry, srercocheeish!,

@rgy rtisrriburionr in rhc hodels. Thc Encrg Commd of ilt MODELLER

cdicd oul the !€liability asessnenl of the conpaiativc modet.

(71)

Rcliability of ih. hoDolosy lDdel rc @ied out by rh. ptugtlhs pROCHECK (E0)

(Ve6ion: 3.4) ed IVHATCHECK (81).

.r.-fl.I PRocHEcK:

'nie pdrciple of PROCHECK is to evalui. th€ over.nl !&@-ch.mical quatity of a girn

oo<lcl. It chels rhc gon !ry of lh. ciducs in a giv€n pretein lltuctre 6 @np!d

*ith welf€lined $rerrcs ar th€ s€ lfflulion, To walqre a shucln, ihe

PROCEECK m.l<6 N of . nmb€r of ptur6 i.c. R'fuhmd&r plor qu,lity,

Peplid. bond plMity, B.d non-bondcd inr€rerions, C{tph. tcr6lEdnt dbtodion,

ovcfall c-factor, Main cnain hydrogs bond *rgy (80). Thc ilpui ro pRocEEcK is a

sirgle fil. @naining the @rdinat s of pblcin srtuiuE ir B@ldraven fiI. (pDB)

fomai. For homoloey nodelbuilt strsims, lhe reelution of ihe strucludt o. vhich

rh. nod€l b6 ben buih B !*d.
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To M PROCHECK thc fouowing @ltltmd wd typed ai thc window olmdd

Plo.b.t
PRO vibl 2,0

Tbe output of PROCHECK is a s.1 ofposis.iipl fi16 with gdph.

Ihe inpul fl6 for PoSA e rh. rareer ed r.mpt.rc Dodek @nraiiing itr. @diutes

orprctcin sretue ir Brcokhven file {PDB) fo@r. Thc ghedrion of energ/ snpbs

;L:1r.2 PtoSAl

TrE qdSenc dchiecnft of porei! folds M del.mircd by 6ing rhc tool poSA

(Protein Slirt@ Aralysis, V6ion.4) (107), lt cd 6sist ir pror.in sltuciuc quality

@nbl. Ar odgy gmph cdcllat d by preSA pbvid€s diagnostic rools to ndk

probl€naric sgmdrs. E ergy Srgpbs d@onstrre rh€ endeetic dhir€ctw of prorcin

folds 6 a fiDcdon of dino &id eqene Fsilion, It catculacs a sE for inpur-

srrncrw. sorcs of mde ptot in folds c 
'n 

a dkincdve @s.. IfsoE i! ouiside rhjs

tuge tncn str@t@ Day hav. Foblm.

The proSm PrcSA w3 iBtall.d from hrp://Bw,cme.sbg.ac.!t and sendinS e
ilsrrllaiion rcquI fom sd gcniis lhe lic.N key, Th. pC sysim physiql add6 *E,

requisitc fo! insl.llaiion reqrcsi which ws mred for $e window co@md ptunpt by

giving th. followilg @hpnrd .r rh. virdow cmn6d p@mp1.

ipoonlis /aII
Ite lic key for iffiollilg Ptusa B *nd vi. €Dait which M evcd jn ASCII

fo@t &d lm€d $. lile 6 .LiceGeDB'.
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od calcul.tion ol z-ser6 w@ done br following thc @Mds m.nlioned in PmsA s

mdulonpageno.l?& 18,

,/2ITJ SUPtrRPOSNION:

h addilion, the vdiabiliry eorg ihe nodcls *s evaluakd by suF.posirion ofc alpha

lF@s.nd belboB @1o ihc tdplatc crysral si.Ei@ tob shich thc RMSD valu6

for positional diflffies bets€d €quivalat alonu wft c.lcutaleA Thc flruct@l

superposition wa p.rromcd by Bils i& SUPERPOSE @mod of MODELLER

fte MODELLER inplt fil€s for lMing !upe!po&.py coMd eeE N fouom.

. AligM€nt file i.e alien2d.ati

. PDB co-odimt€s atoms lil€s of Tse.t ed T.nptate nodlls.

. Comd nlc i.e. $p.rpoepy

To u MODELLER w'th th€ sqipt fite 3up.rpdoty, ihc mod.lta @m.!d

prenpl € oFtrcd 3nd typcd th. folowinS "^--,"d .r tL @lt:l@d prmpl

bd9v8 lut .!tF.. , py

The MODDLLER outputs r.r:

. ,loS log ouipul prcduces by rtE MODELLER ren.

. .fit fitr.dFor.insfiEnGinrt pDB fmar

2.12. PROTEINS-LIGAND INTERACTIONST

Pogd Lisand EiploEr (hnpr/9w.kut@l.onrjs.nd) {lo8) . Ligplor (to9) s@

ued to nudy the Prorein Ligand intera.riors.

2.12.1. Lig.d Etplorer:

ft€ Ligod ExploEr is dGigacd for quict adiMdon of prcicinnisand inteactioro,

seh d hydrcphobic inre@tioB, hydrcphitic inLturim ald th€ id€rurio$ wnh



od@d glo mol6ul6. Ligald Eplorr hls ben in orponted i o th. RcsB Proi.in

Data B6nk (PDB). Ii @ al$ be M .s . *p.6te spplictrion d &stiop ro @e!s lo€l

3bu€tE filer ard fiLs o! PDB'S w6. Th. input of progm is s sr.cat0rd Prc1eia Dd.r

2,12.2- LIGPLOTI

Ligplor w dAigtr€d to D|l. DGsiUG rhe npid i.rFclid of n@y .izJft eDptqcs,

blt @ also b. Ned to slEw otha type of inr€6.1ion in poieis &d nucleic eids, Th.

FoC@ autonaticaliy go@tes *h@atic diag@ ofpbtcin-liged in&n rio6 tom

sre&d 3D @din.r6 in r PDB file inpur. ft. oupur prBar a sinpt. .nd inforuriE

EpEsmtalion of lhe idemoldlar ilr.rdaions md lhct saengths, including hydrcgo

boEds, hydrcAobic intcrutiM !d ald! 
'.esibiliri.s 

in rlF f@ of 6loa or bt&k-

ed-whitc PoltsriF fl.,
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3.1. Hf,MAGGLUTINTN/PROTEASE IHA./P ryIBRIOLYSIN)I

3.l.r. Sequ.trce An.lysis:

Sequence honology s@hes for the qu.ry h€nasglulitrir/Fordse HA," (vibliolysin)

w$ mied our by uing BLAST €lgolilhm ssainsr ProGin D.t Barl (PDB).Crynal

sfMt@ co{ldinar€s of Prsldo'ohas AtrSinta Elstas. (rEzu.pdb) was €hos.n s a

r.mplare on thc bcsis or hidest *qEie sinildny seE ald loB6t E-value for

coostNclins rhc pr.dicted 3D s1rucle of vibnolsin. th. BLAST 6utt is pBcnt d in

Thc dign2d @nm&d of MODELLER rcal'gned !h€ brgct and t€Dplate eq@nccsr s a

lesult rcduced the saps in vibriolysin eqrcn@ while shined rhe gaps b.rw6h Asn6l dd

Ituo2 in E lmplale I PA!) s€qlfu s 3hoh in tig.l, |. L

3.1.2. Multipl€ Sequerc. Aligrm.nt:

CoDpnim of h'ndlb s.+els (t8 seq@et shos @Bid.6ble s.qum

similrity uong pnnDry sttuctws of all knoM neu$at prot€es of M4 fmity, Ite

etivc site ed rhe mecal bindiDg r€sidu.s e higuy @B*€d. HEXXH is rh€ putltive

sigtutw ofzn-m€r.Iopot e' This horif cor.ils all of th€ csidEs thlr havc b.a

posilively identified 6 pdi of the &tive lit . HA,7P aho coniairs ihe lypic€l HEXXH

diio eid morit -nE Esh of Clusr.l X pr.gring muttipL $qwne aligMoi is

presnled i. Appcndix IL



E@

Nr..rd@

fia3r.r: Tisa G /Plrdd& oFzM) dEn'd ry ai'B 
^LIGN2D 

onNi orMd.lld (ev3).

conwod div! iir! (Ed) .!d Ztr-bjndltrg cE ) aidE. m highliglicd. Th. rgions rhd e
d.uli b be d. diE siE !d zriiDdhl rhmios dd @C uim ai& Ismbsi6.

tt3.It Tn *hddic EDMdion of honolo€J nod€l of vlbdolv6it inorirs @rgdd or

*.dd4 :@! .L|6 ft. N'l.miul 0.fr) &din of th. !.ei. it otur.d p.'wily of

diDralLl F@.d* *bile th. c-&mitul (righ) dn h is !.h6ll.n. cdlrl o-h.lix is sbom in

h|!an, *nich i5 a dE bdm ofdiE siD.l.n vndr th. dllyri z! id o€lloe sphdt)

11



3.1.3. Phylogenetic Anslysisl

A lhylog.nelic tree rBdB sho{ thal vibnolysin flon both ta.ro,laf, dd €lastlse fen

P,aeruginoto q. d.i\ei fr6n comon ec€stoB ard @ homologou to e'ch othd

&@rdrng to dollnjoolry Poinl of vie*, ir al$ shows dal lhev betong lo $e see

subf@ily 4 shoM in APPodix III

3.1.4. SecoDdiry Structure Predictiotr:

T!. outpul of @esB Sc@nd.ry Stru.tu ?r.diction w'r helps i! iddiryi4 0t€

s@nd!ry slruclual .l@6rs i-c. c_hcli6, p-shels, 
'!d 

6ils Thc Esult of s@ rv

stetu€ predidion is Fes.Dt d in App€ndix iV,'Ibe s@sd!1 sttDte of l{Af ir

oloely c@bLd io its tedPlaL sirEtue

3.1.5. Topology of PredictGd Homolog/ Model of HA'/P (Vibriolvsin):

IE oEr.ll teniary slluctu.. of |hc HA,/P stonglv !*obla thll of ils lenplar' PAE and

olhd dtal tn€ialloprol€ls, who$ siocnc e t@M' Iig 3 l 2 
'lcpicrs 

lh'

schdaric r@@nl!rio! of l!. homlosv nod'l of HA/P stovins al@scmat ot

sod.ry strdual clmdis. Ih. tcnisry 3tu'tu! onPds tN mjor donains wilh d

+ P slrwtual ropolosy Thc N-lmiDal dondn @ltains Elitlv FdE ts' stt.6 lhc c'

t dinal doMin Pr.d@i@rlv oniails d'heli6 Th' domi6 @ @tr@Ld bv a

6tr.l a-bdn, fte &liE tr|! is ldlc'l in lh' clcli b'tsdn ihes' two do ins TtE

elsl'ticaUy €sldrl Zn_ion dd rLe @f.l h'lix se lo'ahd at the bottod of th' acliw
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3.1.6. Model Asssmeot:

Tablc 3.l.la shos Rm&hedre plot statists of lh. HA/P nod.ls obtaided wilh

PROCSECK. R.j@haldm plot indicates that 8E.7% of l,hc Mju'chain dih.dlat 4g16

de foud in the dosl favoEd rcgions, I0.5% i! lhe aldiiionallv allo*d, md 0 E% in rhe

g.n.olsly allovld whil. no rcsiduc is fo@d in lhe diellowed Egions Tlc slactual

m omatio6 of t\e prcdicled HA/P Fo.lel is sinild to X-ny struciw of PAE TabL

3.l.lb shovs RM&hdd!& plot st risde ofLdplalc PAE nE R rla bedrd Plots of

tagd ed rdplatc e ptst d itrAPp.ldi v-

Fis.3.l.3 (a & b). Show the.nd6, 8E!h of tlA,? calcula&d bv rrosA in t'd of z-

src G7.89) {hich ildic.ted the ovqall qualitv ol Protci! stistw.. The enasv g'apb

fo!?AE (T€Eplatc;lu4c)nolccul. (Z_$orcr-8 63) is!..!e ed in APPcndix vl

Tlr ovenU dNription of siniletiri4 ud difcdcs ddived fi'on b&kbone

sup.ryosido! is givcn i! Fig- 3 1.4. TIE RMSD val@ betq@ t'nplaL ed thc Ftdict'd

no<Ll sins all Minhlh aroG E fou l io bc 0.'16?40 &d 0 0916C h da'n@ 3!d

pl!s@ of inbjbitor HrL espcctilelY



T.bl€.3.1.1., Tablc shows Reehedrd plot srafi3{6 of lbe HA,aP nod.h obtlined

*irh PROCHECK.

T.bL3.rlb. T.bl. shos RDacbbdtu Plor s:t tistiB of LDpla& PAE obLined lh

PROCIIECK.

s'1|h]'u4h!td
s.! n&unthd

hrit' oi lic'riihL'd
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&Jl&: ScEtuhd ol Pbs^ as! tk'! of tirvP .ho*i.! d. Z v.l@ < 0,

l!a3.r3b. SqdlhofPtls pr*otE^/Pdd{irg|t.G8,gEpnofFddDdEof.

I
I
I
f
i.

8t



ll l&2rcFr|

ll& !J.( Stuc{dl $Fpo3iti6 ofcd.Iff! of H,A/P (n €na!) dlo dt crttt l

d!.dc ofPAE (}lE). IL $!.nml did&r@ it lo iDsrid h lo.? ngi6 e

indic.ted by (D & Ci).

8,t



3.2. Zonr Occludens Toir (Zot)

3.2.1. Seqrence Analy3ir:

scq@e homology s@h.s for lhe qu€ry Zooa Occluds Toxin (zot $4 ceied oui

by Bine BLAST dgo hn agaitsl Prt€in D,l! Bant (PDB)- Cttslal drucnE co

ordiMtes of chain A of Pdoxisnal }K.lo&yl'Coa T\tole ot SaNhqontt s

Cd4isrr€ (lPXT.pdb) *s chos.n s a t€mplat on lbe bdb of highesl squ€ne

sinildity sE ,rd lo*cn E-utE for @nsrru.ting t[. Ftdided 3D slrucnE of ?ri

Th. BLAST !€sulG show the aligrn nt ofonly 108 cidrct out of 399 (AIPENDX Il)

'IlE aligl2d comed of MODELLER @li8,ed $e full ldgth *qu€nc6 of larger dd

rdplarc, 6 f612? Biducs e noi crysrdlied in the crysi.l sautuE of IPXT th.F

wG delekd ton ttE lenpl.c s€qwrcq s a Esull 8.pB e rdEed in bolh brg€l (zo0

ed lemplat (IPXT) squence a shoM in Fig.3.2 l

32.2:MoltipleS.quenceAlignm.ntl

Comp{i$r of mulijpL s€qEnd (7 s.qm6) shoq.d @dideablc seqEne

simildity Mol8 thc fuily ndb.6- Lide is ljoM ahout the Zot tuelios &d iis

biologiol etivity lhal\ vhy no rcsidu€ is foud lo b. conwed s scll 6 no signilicanl

nMb.r of stqMes is foud to b. closed homologuc The 6dt of Ctuslal X pesti'g

mulliple $qe@ aiignmor is FEenled in APFddix Il

3.?J. Phylogenetic Anrlysis:

A Phylogodic ftc rcsu[s sho*d rlt?n zar frcm Vtn v.choelarc ad Pdxisonal 3-

Kcr@yt{@ Thide Aom SC.t titift e dqivcd tun olMon ecsrols dd e

honologos !o @h oth€r &@tding lo evolttion ry Poinl of view' n a|9 shos lhal lhcv

b€long lo th. diFerenl subfmilv as rcPrcsent in AtFndir III

8l



rbI-r-TIgd(zqryTad&(lPxDdiSmrlyuinSlucN2Ddnrddof
Mod.|Ia(9!'8). r ard dE.Gv!d lddE t6r.a th. lre *q|E6.

fi!32.2,rb rdadc lttrst en of 6c h.,oobry ddcl Zor do''i.s.Etrg.'@t
of @d-, dtt ilrl .|ffi.

l,t



3.1,4. Secondrrv Struct ure Pr.diction:

'tE outpd of colMsu S.@Dd!.y Srr8ts PGdi.troD se d helps in idc iryinS tt

s@trda.y structr.l €ldats i.c. a.h.liccs" FsbeL, ald @ils lre 61nt or snd.ry

stNct@ pEdiclion is Fent d i! App.ldn IV. 'ft. sMrdary stlet@ of Zot is

closcly 66bl.d lo its t mplai. str@t@.

-3-3.5, 
Topology ofPredicted Hottrology Model ofzona Ocdrde s Tolin

(zat l

1l€ overali rediary srutue of ih. Zot stmnSly rcsdbla tbd of its tedplate I PXT ed

oth.r prct &s b.LoDg to $p.ddily lhiol*clik€, who* stlctud m ktoM Fig.

3.2.2 depicls the eb@lic eptsat tion of tbc homology nodel Zor showinS

amgcncnl o{ s@ndrt sirnctur.l al.mdts, 'Il. c.ti.ry shuctle @Dtris *ilh o.0

siructunl topolosy, Minry edparalLl p*h€ts (b.ta-dph!-b.ta uits)

u-12.6, Model Ass.€sment:

Tablc 3,2,1a shos Rarehandm ploi slalistics of the Zot models obiained with

PROCHECK. P@&hedre llot sdicat s i.hat 85.9Fl of the tui!'chaln dihedol an8l.s

d. foud in thc nosl favorcd Egios, ll.l% in thc addiliolsly allo{€d, 2l% in th€

g@..osly allo*€d vbile 0.9% (l rBidB) n foud in the disalloxtd rsrons. 'ntc

stehEl @nfornarioc oflhc lr.dictcd Zor hodcl is sitoild to x-ny siucnft of 1PXT

T.bL 3.2.1b shos Ril@tddr& plor slrlistica of ldttac IPXT. 'Ite Rr|t@hltdre

Plot5 ofiargct and tdplat e pcsdl.d ii App.adix V.

!i9.3.2-3 (a & b) $hos the aqgy snph ofZot calculatcd by PosA in tem orz-$orc

G0.09) which indiated rhe ov€*ll quality of plotci! sLact@. The enerey slaPh fo!

I PxT (Tcmllare) oolecde (z{@Ei -8 2l ) is prcscntcd i! apFndix vl.



I.bLj.2.l.. Tsblc ahos Rabah.ndtu Plol sslistiB ofih. Zor md.h obltin d *ith

PROCHECK.

Trbh.3.2J b. Tabl. sho$5 Rm&hedre plol s1ltislics of t mplatc I PXT oblaircd with

PROCHECK.

,'5|h5dt'hbd
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? |.J.'.n S@.hr drPtoSA z.E! tld otz.t tuwitrs d. Z hlr < 0,

Itj.2-* sd.da of Po6 rlor of A A.,irs 6. es/ srrh of si& ffi or.

I
I
f
I

g



The oveEll dMiFio! of siEibriti6 !d diftrnccs ttdiv.d Aon hd.kboc

3uFpcilion is 8im in Fi& 3.2,4. Th. RMSD EIE bctl@ tenphr. .nd th. Plldid.d

Do<Ll uilg atl miHhlb dobr eis foud io bc 0.54124 ',

(i). Aet 62-ctn17t

(ii). Aq192-A42oI

Fig3r.4. Sttuc$61 $F.p6idon of

sructue of 1PXT Ol@). The siru.tual

by (i) & (it

(MgEl!) olto rhe cltslal

!ri!6ing Feioc @ bdi@ted
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3.3.Accessory Choler! Erterotoin (A@)

>.3.1. sequeoe Amlysi!:

A sq!@ hotulogy s.eh for ihc qu.ry Ae.s.ory choLn .nkiototin (Ae) 6

cei.d our by uine BLAST .:goritbm againn PoGitr Dara Bant (lDB). I13re wa only

a singl. crystal s1lrctE of t\e SohbL Mcth&. Monooxyee@. Regulatory Prctein B

(lcKv.pdb) of tscrerErid .oli that showcd 3l% s.qudcc idatity, which t6 chos

s a tenplaL otr tte bsis of seqM@ simildily score ed E-val@ fo! coostucting th.

prcdicLd 3D structu€ of Ae. Th€ BLAST Fsllts $bow ihe alie!,aor of only 35

Esids olt of 96 .*idEs (APPENDD( 1I).

TtE .lig!2d @D@dd of MODELT ER r.lligrtd tbc n bgth Fq@6 orhgcl and

tdplat , 6 66145 6idu6 did mt shov ey aligrE@l with the ll4et seq@ ll'rr s

why th* w@ d€la.d lion th. Lro,pl.r.'s crystdlizld srrutE a w[ ton ihc

s.qucn@ a shoM itr Fig.3.3.l.

33.2, Muldple SequeDce AligrmeDt:

Conp@etr of ndtipl€ sequenccs (4 squ.@s) sllowen @sidenble eqMcc

sitoildity donc r.\e fdiLy ndbd. Litil. is bosn about the Ace nsctions ed ils

bioloeical &liviry $a1\ vhy ro Bidu. b fosd io b€ @M.d 4 w€ll a @ sisrifi.dt

nubd of s.qlne ; foud to be clos.d homloglrc. IlE esdt of Clulal X prddting

@tliple s€qnre aligmat is pEs.ntld in Appcndix II.
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1.3.3. Phylogeretic Analysis:

a Phylogcretic lre rcsults show that Ac@ssory cholda enreobxin (Ac.) Aom boLtr

2.,,@lzr. ed Mdoxyg€w non A@li d..Ldlrd fton @@on eesrors 6d d.

hoioloSou to e.n othd &ording lo .volujordy lDilt ofview, it rle show lhat thcy

bcloiS 10 thc difi€@t s$&nily (App6dix ltr}

t3.4. S.cordlryStnctu.ePredictioD:

Th. outpnr of constuu sdonday St@te PFdiction sflq hebs jr iddtifying thc

s@ndary sllwrual €lemmls i.e. o-hclic.s, 0{he.ts, dd @ils- The sult of s.@ndsy

siranu. pEdiclior is pEsrted in App.ddix IV. Thc s@rdary stnEt@ ot A@ is

clos.ly Es.ubl€d to its &Dpl.r. stEre.

3ra3 TopologJ, ofP.€dicted Honolog/ Mod€l ofACE:

Thc orcdU cniory stirtu& ofth. ACP stolgly Esedbl6 that ofits tenplat lCKv

&d oth6 prctees belong to srpedanily hy.lroxyldc Fgnldort protci!4 {ios.

srrctu€s e k!oM. Fig.3.l.2 depicts thc $hcmatic Epr*nlatior of {r. honoloSy

modd ACE shoping aElg€'mt of s@nd$y smclual eleddts. TIF idtidy stretuF

conpries with o-\ I stetual topology, b.inly aotipdrllcl p-slerr (e8r.8at d slph!
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FffrE Eorttlr.oruru

rclv !rr!G!DO r vl4oalln[EMrx! t6

fig. !J.r. T&gd (ACElT.bpla! (lCKv) .lisDnenr by uir8 ALIGN2D @Dnurd of
Mod.Ud (9v8)- . 

'!'lesalll 
llt. @Nded Esidws betwn th. t$o 8.qene'

Fi83Jl. The s.lErolrc rpr$€ stion of the honolory mo<lcl ACE shotilg
adugcrmt of soDd.ry sficttf.l cloMii

9l



.-/3.3.6 MODEL ASSESSMENTI

TaU. 3.3.1a shos RmachEdru ?lot rr.tisric' of tI€ ACE modcls obr.ilad wilh

PROCHECK Fada.tadr& plot i4lic.@s tbd 64.4% of the min4blin dihedrrl &gl.s

e folrd h lbe most favored 6si@s, 2?.6% in thc addili@aly allowe4 ald 8.0% in th.

scffiBly lllov€d whil€ tu re$idrc is fosd i! th. disauowed egiou. ft. structu.l

corfomation of the pdicted ACE nod.l h s'nild ro x-dy sructE of lCKv. Tablc

3.3.Ib shos Rmshaqdtu plol slatisti€ of tcbplac I CKV,

Fig.3.3.3 (a & b) shos r!. @dey sr.ph of Ae c€lcdalql br ?bsA ir rdE of Zsc
(-0.U) *tich indica&d tu ovqlU qu.lity of Focin srru.tE. ltc @gy guph for

I CKv Ctdplare) (asc: 4.28) 6ol@ulc b p$.rr.d in ApFndix vL

Th. ovdall &sliltion of sisiladii.s ed diff.rdB ddived toa b&kboe

sup.lpositio! is givm in lig. 3.3,4. 'Ihe RMSD lalE b€tvq implare ed ilc predicted

mod.l using .ll mildail atohs ss foud to b. 0.75774 '- 118 tlis valuc ald ihc

sndl v{iabili9 betm Dod.l ed th. €nphr. Eoer the p|!s@ of sirong Estuintt

in nost EgioN. As qpeted 6oE thc low s.q@ i.lcdity, rbe t*o siiErus N not

Ell suFibpos€d sld but [aE 3iEilu foldins to!olo5, and ha* difr.@l

cohfordt{ioE ai @ndn cgiotu.
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T.bl. 13Jr. Table shows Peehedin plot slatktiB of dE ACE modcls obt incd

With PROCHECK

61 ce Gt

hbt. 33.1b, Table shovs R,l@hddre plor sratisiics of lqnplate ICKV oblain d

*ifi PROCHECK.

?''.td'd4ht.d



n4!.. scqdot.f Pr!&A z.md.(.f^s dne l[.znla <o

ng33Jt' SoMrhol of PtoSA plolof r@ snwirrd..nr!/ gnpn of F idD l.c of .

?
r



Fl833..' SEunEl supqpodiriod of Cd .roN of A@ (nrsdu) onio 0E crrsrrl

struciN of I CKv (blE).
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4.1. Hf, MAGGLUTININ/PROTEASE IHA/P (\'IBRIOLYSIN)

4.1.1. Biological Inporttnce:

HA/P (vibriolysin) b.looss lo a fuily of D.t lloFor€ls (M4:M04 003) which h

ldgcly ditrib !d amry pathosctric b&ldia (34J6). tlA,? d preleolt{icdlv divatc

CT A subuil by nicting it into two (A, ald At FFide t''smnls (l4ll0) and

inc@ing its biolosrcsl @tivity {35) li crn ale &iivlte the El Tor craolvs'! atld

hcnolys,n (ll, 36) ed is calable ofhvdrollzitrs s.lcnl olhd phtsiologicallv inponel

protcins such 6 nucin,6brcn4lin dd lsciofcriD 011.32) Ii h3 bab dBcnb€d

pGviously ihal HA,/P roy play a viial reI. in int stinil @lodzaiior! &d $c in virul'ncc

(2,112), dDush th* is no clw didoc. of ditst iivolY€ddl of HA/P in tht

prlhosoesis of chol@ 04)- Both i|5 hcmsslutjlaiivc md pre1@ firnciios aE

inhibitcd by . vdiety ol ct lating dg.nts md iihibiioB lblr e larticdslv d6ign'd Io

inlibir zinc m.taloptul@s (33).

Th. pEsdt sudy deals with ihe Fediciion of lD nodel of hemaeglutinin/Prt*s€

tHA,4 (vib.iolysin)l b.s.d on comps.tiv. honology nodclilg The EuvD._ltrhibiior

mo&l M ale co.strrc&d *podtcly in od.r to idendry important Esidrc3 tu!

@firibur. |o the acfte sit ofrhe .nztrc,

4.1.2, Sequenct Arelysis:

'nrc M4 f.nity is ale kmm s Il dolysin litc pot .s OrPs)- Au ndbcE ofthis

fdnily e sy hesized s pFpcE mcs md proe$ed lns *fdioh of lltle iMcdve

prc.eE m€ to $eh resFctive active naturc cnzlme lt h4 b€6 shoM that th' prc'

sqMc. &t 6 a mol6d& chaP€bnc to suPPon in PreFr folding dd pcv@xng

uqered pololtlic &tiviiy in the crloplM by &li!g 6 a sp€ific inhibiior (ll3)
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EA/P is synth.siad s d inetivc pFpro€izlm. of 609 dino &id Esidus, l-24 mino

acid rcsiduc &l 6 sismt equcnc. {h.rcs the proscq@* conpis6 2!196 rcsidB.

The Miu€ ptutein h4 413 &nino lcids !tur Ploc6sing. S€qMe simildtv seshes of

HA,/P (swissPrct Ac: P24153) show.d 6270 iddtitv witb PscudonoN Amsnoe

Elsr.* (PAE) (Swi$ Pot AC: Pl4?56) with irc i enions ai posirios h€twem Arg29

md Cys3O &d b.trcd Ib60 end Asn5l in th€ t mplat !AE. fou gals in 6h

in$nior ed onc iNnio! oftrc lrps in r$8.t equ.!c. .t positior betwd Tb248 ud

sd249. 190 uino &i& (62%) out of 303 Esid@3 e iddti€l .td o.dditional 103

Fp66t @I|sdatv€ .rnino aid suh.litulioB.

AIIGN2D is bes.d on a dyrmic prcgtlmilg n tho4 it i5 div* Aoo sland.rd

s.ql|€c-sqme .ligl||Mr n rhods bcas n !.quiG irro 8@ut slrudf.l

idqbado toe l[. GEpt.t *td cHtirg & .ligt||Mt, .s a 6!tl, lhe sligDnmt

ms e 'EdlB. 
The aliSD2d @mrnd of MODELLER Flig!.d thc t&get ad

renpLte scqu*€., 6 a r.sutt tdk d tbc g3p6 in vibtioltsi! s.q@ wbilc shificd tlc

gaF b.t@ .t$61 ard Thr62 in U. t nPlaI. (PA!) s.q@@ s sloM in Fig 3.l.l.

'IlE ii6i 20 @im &id rsidrcs of lh. N-cmin l o{ te prct is slEEd 65vo iddtitv

Ibe lds,ry stret@s of boih pret is sho* th.t lh. !.live 3itc Fsidws (Glul4?M &

His22fM) dd the m.td (zn) bidins dirc &id €litlucs (Hisl46w,ltislsoM, tnd

clul?dul e @Nded.Inthcs proi.in! 53%(l.140) oflhe rcsid@s @id€ icdin

the Nr€minal donain, ft.E is 8Qel. e$.n* id.nlity in thc Fgioo sunooding th. two

eliE-siie h€li@s (l4lrEt. In the Gnaindlt of thc tao pdeins (F24l5l & ?14?56).

69l. orlhe $idu* (186-30l) @ id.diicd. Trt a.tiv$it €Ln G hjehlv corwed; N_

reminal dodlin is the l4! while fic Cr€minal is int mcdid€ly @Mdcd
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Conpdi$i of multiple seqE@s sios @si&hble s.qu@ sihiluity m@g

primfr sirucrms of all lmM EutEl prci6es of M4 fdily (App€ndix D. rte acdle

site ad tE nelal bindi.g BidEs .r€ hiCy co]sftd, llE)OCt b the puldive

srgnanre of Zn-De&llopbi€ei. 'nts motif @ .ir! all of rhc rcsidB rhat nw. b.o

posniv€ly iddined as pln of thc adive 6ire {lt+l l5). H,A/P als @ntains lhe rypical

HDO{|I eirc &id hotil Ir hs bcn slDM fi.r rh. trc @ttwed His ed a ctu fou.l

idtheuique sis@lue (HDo(H) de crucid for rhecalatrric acliviryofnc lalpror.ses

(116-114. In addidoq th€$ €tr4D6 slso pGs$ E]OO<D morit Bot[ mlifs e
l@at d b $e helical Egio4 wbich onpde the ca|'ldc domain (ll8). Ir is cl@ fion

thc ndnple s.qwc dieudr lhat lhc sqlace iimilariry eong rh. feity €xtcrded

b.yotrd thc HDOGI motit Within a l0 .[im acid sderc! .xicnding tom tbE dnino

acids b€fore rhe fi61 His io two Mino aci.rj after the sM&t His. th€l! is no chdged

mino aid othd $o His dd cl[ Tw hydrcphobic mi@ &ids e to.lred lna ihe

sond qis (114). Prcvioulr t\c uiquc putative sisMlw thar hs b.o Edefirc.t s
(ucbarg.dxucharycd)-H,E{ucbrgcdxetaaed}H{uchrs.dxhyderhobic) is

comoh to znnep.nde n irtlolloid* ( 4_lt5).Using lhis sienaiurc the sinilf
Ggios d@trg lhe rcdral psras e found 10 b. @i*ned 0 l5)_

4.13, Topolory of Pr€dict€d Hondo6/ Modcl of HA/p:

Th. ov.rall r.nisry stadm of ihc HA,? 3trngty r.&Dbls rhar of its r.nplare pAE ed

oln.. *uF.l nelalloprcrea$, eb@ strucrre e kmM. Fig,3.l.2 dcpicG rh.

schemtic Fpresenlation of 0r€ honotogy model of {briolysin showing arfug@ot of

s@drt sFucnral cl.neols, Th. Gnidy srud@ @mpri*s rwo mjor do@iDs wirb a

+ p sLutuBl iopology. 'nB Nneftinil dodain codais tuinly p-sheeis, whe@ ihc C-
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t.minal domain pGdomimuy @ aiDs chclices lhe domi$ ec @meted bv .

cdtd d'helix. 'ftc .cfve site is l@t d in ih. clcft bet@n th.sc two domi6.

Thc @ralytic.lly *ntial Zn-ion ald thc 6tEl hclix m ld3r.d at thc botlon oI llc

&ti!e sile cbn. cohp&idve lelys of s.q@ digM€nt dd 3D strEtD6 of PAE

dd H,A,? rsulcd in ihe id€nlifi.ation of &tire sit rcsidues (Glul4?M dd

His229M), ed ih. zinc-bildins Gidues (Hisl46M, Hisl5otsr dd Glul?du5 that

e loqr€d in l[c a-hclicil Esim Ci&4.1). In toth DreteiE lb. hclies thar 6€ the

a.tiy. site dd zn-biidiis 6idua N..f.n d to d _,'rrivesic heli€" (l l9). nl.s.

Bidues 3 wdl B O. loops @mecijnS tbo* (compdsi.s Esidu€s 14!230) e idettical

in ldgtb. Aloihc structral cdpoDeni th!1 is foud to bc sinild to th€ knoM

sfst6 ofba.teid idtd pmr.as ir thc p(wre offou-h.ln budle virbb dE

EsidB orlLc C-Gdinrl do@ir Scvcid ofihc F{ta& a wll a the sinele d-hclix

in the dino-reninal dotuirs ofth€ prctli$ src sinild (Fis.3. l2).

4.1.4 Qudity oflhe Modcl

Urirg difr.Hl Eliddion rools ess.d qu.liry of th6 bod.l. ft. PROCHECK

pegm rc us.d to venidde th€ Dodcl bed on stq€o choicsl prop.ni.s of @in-

chain dtd side chain rclidu.s md s@nciiic @6identions. 'Ihc lmehodtu plol

shos lhc Min chlin N{d &d ca-C boode for @h BidE ir potsin kooM B phi

ed Fi bord. Thc homologJ, mo<lcl of vibriolysin sadsfes th. n.6{h€bical resfaints

ed pssd all crilcri! inplemmt€d in PROCHECK to th€ mc dcgcs d lhe crystal

sttute @lined at 2,5/{0 Eslutio!. tuhachandrm plol indicar!! Oa1 88.I/, of lh.

m.iH!.in dihednl agl.s ft found in thc mosl favoEd FgioB, 10,5% in lhc

!.ldiiion ly allowd, 0.E% in the gdmlsly .lloxrd *hile no rsid* is foud in 0E
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db.lloEd Egio$ (Appndix V) to Mordocq th. modd show dlativ.ly sood Fol€in

g@ncuy, and nosr of th€ qudity p@beLa rc bencr thd or in ihc i&ge of tol.me-

'nt Fforc fie Dodck cd b. coBid@d 6 sEuchrally rcdinic.

'nE .nds€tic d.hitdt@ of protein foltL w6 .tdmin.d by uing the prcerd PbsA

(Fie.l.l-la & b). PmSA c.lculaGs d ov€rall quality ME tur. sleific i4ul srFnls

ed dtplay€d in a plot rhar sho$ rhe sB of all cxFdnorally dctemined pror.in

chdN cl|@dy .qilabl. io thc Pmreh D!r. Balr eDB). lf this sE is oursik a r.ng.

ch&adaistic for native pror€ins ilE siiuchft ptubsbly @nlains .mrs, In g.n El,

Dosiliv. v.lB @cTod to problenaric or €l'rr@s ports of rhc inpui srucrre,

Id.rlly fie z+cor. should b. below th€ Z.m poinl sugg€slinc @ significdt sl€sscd q

s!!in d folds eid! high mcrgi* (107).'fte eMs/ Snph ofrh. pr.dicted nodcl B
exploEd to obsd. lhc .rcigy diflemcq EndW difr€m@ in rh. ESior bc('d
6idEs 10-100 migln be du. to sukirurion of mino eids in tbis rceior Zscor. w
uscd s ile n lsN of rhis .Ggy, eiich indic.t d lh. qu.liry ofpmrcin sru.n!!s. Ih.

z.eor c?.89) indicdrrs ovmu no.tet qultii)i {FiB3. ] 3s). Iis value i, dispray.d in ! plol

th.l @ntairs thc :-sB of sll dFimnrally d€r€diFd !rccin chrii in qcr !DB.

In this plo! sroups of slrucle3 fton diIlcrenr sows (X-dy, NMR) de dislinguished

by dilIctui 616, 11@ b. us.d b c[.ck *tethq thc z-sE of lh. i@d srucllF is

within the @8. of $ors lr?ically foud for nariv€ protcins of simil{ sih. Fig.3.t.3b

shoes local 6od.l qu,lity by ploftirg 4rgi6 6 a tuEtio! of dho &id slqu.m

posiiion. In g.c6l positirc valu€s onespond ro problcmdc or don@u plns of tte

input $n&nE. A plot ofsilgl. 6idue cncrgis sualy coniais tdSc fludulioN &d is

of liDn d vrlE for nod.l dah.rion. Hoe rhe plor k smthcd bt catcutaliq ite
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avcng. @rs/ovcrc.ch 40-Fid@filg@nl (Fis.l-L3b, lict liE). A s@nd lim wih

a sD'lld window sia of l0 Eidc i5 shoM in rle bekeround of the plol (rig.3.l .3b,

ihin lino. ar is €vide ftom th. Bult, th. aa$r ssphs (Fig,3.l.3b) @tondcd to

highly stable stuctw &d the vdc of.idry, for ib. targd mol-ule. {eU bclow Z@

poi4 wnic[ va i! @Fiste@ pi6 {E lrlG of qpdi|M&Xy foud TmpLle

nol.culc (z-soF: .8.63) (Appedix VI) . 'nr!l is *dy, Aom th. @qsy slabiliations

point ofview, thft leDed b b. no probl.ms in the modcl.d siructue ed on ihc b6is

ofthj! sE!6, lhc nodclcd 3n *ld@ s b. rakmwlcdgd.

Th. debon betbon$ ofehsta* dtl HA,P w.E sliCn d for cohFrier ft. ov!6ll

desciplior orsinildiiica ed difd€@s dciv€d fron b&kbon. superyosition is gih
in Fi&1.1.4. Ite RMSD vrl@ betsE! ampl.lc ed rLe p@dictld sDdel Eirg rll miF

chlin .toms w foud ro b. 0.467A0 ald 0.09t 640 in rt6d@ .rd prErc of irlibiror

HPI, Esp4dlely. Tls this ldue ad rhe lhall vsiabilig b.r@n nodel dd lhc

tcdplale rcfler th. !6de of rtrole Btdnts in nost rcgioir. A exp@r€d tom lhe

high.cqn6F id.Dtity ih. teo sflFnB @ wl sup.ribpos.d nd bavc 3iDitd

folding bpoloey bu1hw. diff.Mt @.fomtios ai erlain cgioB..& in Egiotr 29-34

ed 70-72 betse of fi. insnios of amino lcids in the* loop Egios. ft€ !cri!. lite

ad mclrl binding 6idue€ e w[ sup.ii6pc.d i'in'd"g rhlr tlE &liv. sics of tbc

lwo Ptut is e id.ltical rith sinil{ gom.lry. TlE milo *id EsidB th.. oislirul.

thc aub{ite reCion ihat migbt intqet diEcily wilh the substrar€s ddor inhibiroB e.

also idcnlical ud EU rupqinlos€d. Cig. 4.2)
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Frt ,r.r. zn-biidirg rcsidB (lift cpr.&Mid), Hnr16. Hi!r50. sd 6lnr

Gl!r47 dd 1lio29 d l6.r.d i!.Er h.lic (lir dbbo).

-_'/-'...

{''

"--\.

Fr& .(1 Th. div. sic rcitud md @tl bindi.s aidB (lim Ept*dim) G wll s!rdnF6.d.

TbG aim *id 6idG 0f..zyfr. ..:Fd thd c bwlvtd h rh. btdDphilic d bldFphoba

iil.dids (liF lwandiotr) *im $. 3uh!tu attor inhibid (si.k) e wll $Frinpo!.d.
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4.1.5. Active Sit€ and Proteir-Lig.nd loter.ctionsl

Bolh IAE 6rd HA/P e n tdloprot r&!, @ntaining onc zinc arod Fr !|ol4u1e $al is

4snrial fd th.n el.ltlic *tivity, th. Zn lton is t t lE<lElly co-@rdinal€d wirh

thrce liglds pbvidcd by HA,? Hisl46 (NE2), Htl50 (NE2), Glul7o (OE2) and with a

urer Dohcul. providins th. foqnh li8lrd (Fig.ai). Tle crys|l stetw of thmlysin

ton Beillus thmoFotcolficls, with v.riols li8!nds, ha be. sMicd not

@mprchsivcly mons th. n utai n.t lloprcra$s (120). On ln. bais of

dy$dloghphic &dys M.tlE*s rnd ow*cs lusecn.d a por. ial b..t@is of

qlllysis for fiis .n4m (l 16l l?, l2l). On thc b.sk of higi s.qw. dd sirucluhl

honolo8' wilh PAE sd o{!a n uttl ma.lloprcGes in lnc ESron of !.livc siL ed

Zn-bindirg mvireMcnt ir hay bc pldicrcd rhrr Olul4? &d His229 e th. criric.l

Bidus f6 rhe eblytc &rivity ofrhc tlA,? !s i! th. c!* *ilh the &alogoN rsidus

in PAE dd 6mol'sin (l22- 123).

A n4hrnism of cn lysb popo6.d by Md$* .nd @Nrt.r$ for lh.molysin a.tivity

i3 a gcrcnl be typ. m6hoh6. According ro this m@heis th. wbonyloxyga of

thc in@bing sbsuaic !o b. hydrolyzcd i. @dimtcd io thc Zr-i@ of pblcin. Thc

rdd ndedq no6.lly 6. fourih liSrd to lhe 2iic, is displ&.d loward! GIut47

(Glul43N) foming a F a@rdiDt d @mpl.x, but is not lot lly *clurt d liod lne

zinc @didlion sph.E. Th€E is . nu.l.opilic dla.t of this {ai6 mol*ulc or 0'c

carbonyl qbon of rhc subsi.at io fom a t ndEdnl llsitioD-stli€ i .dediar.. Ihe

attaekins wat r Doleule i! !.rivar.d by thc combiNd influcM of ih. Zn-ion ad

Glul4? (Fig?.). Tlr. lresilion li|tc inim.dide h stlbiuzld by irrctulions wiih ihc Zn-

ion ed by hydrcs.n bonds frcn His229 (His23lrtN) &d Tyrl6l (Trrl5?rN).
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A@rding to th. popo*d Dodet the &livc sne glutsnic acid (Glul4?M) ets s a

"Pmlon shutd€", trtuf€ring o proror nDm d€ atbcking wald @lcuL to lhe lilrog.n

ol r.\e scissile p.ptid€ bond leading to brcakagc of the bond &d subequoi r€leN of

p.odurs (128, 133) (Fi8.4.4a & 4.4b). In dc er4fc inlibilor onpl.x zn-ion is p€da-

coodin.red by firee pret in lig.nds ard rm atom of rhe iftibitor HPI noi.ty, Etb.r

fid threc potein liernds pls a wal€r nolecul. (Fig.4.4c).

1[. inhibiior (HPI) is 6si.r.d with 0!c eEyh. ssh. by hydsg€n bo.ding.

hydrophobic dd ue* Ve det Vad\ intc6ctioN. In PAE, foning eleven hy&oscn

bonds {ifi eoync slabiliz.s HPI; simih hydrcsen boids wF obsfl.d h HA,iP. Ir rbe

cnzym innibitor smpl.x, AstrllE, A1.ll9, Ghl47, Chl70. tlit29, dd A4204

GlA," numbeing) padicipat in a nMbq of hydrc8o bonds with dt slvflt and ln.

inhibilori rwo niircgd atoDs ed ihrce oxyg€n t(oms of HPI noi€tv fomin8 hvdrogen

bonds with rhe pdein (F 94.s ).

R6idu6 Tlrl14, ttisl4o. vall37, Il€186, Clyl87, rEul97 of PAE Padi.iPates in

hydrophobic inr@tions with th. innibitoi ln HA,iP sde Esidues (Vall43' His146'

Glyl93, t u20l) e involled in hyd@phobic inict!.tio6 eilh thc bound innibiror

€xcept Tyrl l4 ed llel86. whjch e Epl&ed by ?hc l20M ad VEII g2HM rqpdirelv

(Fig-4.6), In addilior to th* inleFdions Clll 17, Trpl21, Glul4?, AsP227. md His229

also incrad with the lieaad HrI by ned of sdd moldd€s (Fig4 7).



Kcl

Frl3.Tt liold E sbos n ii!*is of lEl id {2r) *id rh. iLD *n Eidc.rdE

9ditr ]{n tu ol z! horn *ih . 6@{die 86.y 6 N Hnddirs Gn!6 & lto) Dd .

Glulrnr. (Clul70t *ith tra Dlcut prynidgdt ftdh lia.d

!r!,a.a (+ s.l6dc 'qigldd of 6c r.y ftdB of ri. ldun d n d6is of r6n of

rlElhlyi' 1r *Un' F....& bt r tdn hG.yF t!.cb ! . ddlt" b' M'h" t

€&*.8 tModif.d fw r.irni.*t (l 16I. sidl' t!*iE c hhlv.d in ri""lti diviq 
'f 

HA,,P

'!.€. !d by nE Mbs tifi |!r#i'. HArP

'|(

(t) (.) 0
Fh. {r

lo5



I

/"\?r;n
%ii1i

,,.-il-if*^.r,,

nr.|

0w)

ni,a,a O): r{n di!. 3ite Hi'229 bor be! Fqo€.d b idiliz. lhc tolilio sld. ir

qt ly3tu by dording . bydeglI hdd to rh. btdn&d p.taid. tAd$.d i.6 M!d.s
(l2lr.(c) zn-i6 i! Dal!.@di.rld in |b. ..qe idiibib @dpla
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ln TLPS fou substare bidi.s pocrc$ 6! Sr, Sr/, s/) have ben id.idned (l lE, l2l)

fte Sr/ sub-sile G a dd? hy<lrophobic pock.t (112,123) thai cd a@modlte side

chai.s such as vali@. leu€ine md phenyl.tdin. (121). s" suLsite h mainly coDPosed

of Ph.l30, Leu?hell3, valll9. ed 1.u202 (Tbmolysin nmbsins) (112,123) l!

HA/P, PhGl29, L.ul32, valt43 !d t eu203 @Bdnn lhe sJ sob*ite llc hydlqhobic

sl $tssilc is oE of Ihe oajor dd.dimis of $e substrare speincry or lh.molvsin

ard Elatcd M4 pcpridse Imily (l 13, 124) Subsirll.s witb Ph€ Esidre at Pr/ fit wll in

tF Sr7 sub{ie (l 18,124)- IIE Sr ed S1 sub+ircs @ panially hydmPhilic Pockci3 The

subltrates qilh benzyl grcW al Rl subsiliiMt ori€nl€d lowd.ls !h€ Sr birding sub-site

ihat is conpos.d orAsll2, Phctl4, .nd Tyrls? (fttmoltsin nmb.ring) (ll3) l!

HA/P, $. Sr rub*ire is @bpos€d of Asl 18, Ph.l20 & Ttrl6l. h .nztE. innibibr

@mpl.x of both poleins Gi^./P & PAE) 0E i.libi(ol [N- {(1<&boiv'3_ph.nvlFopvl}

phenylaleyl-slpbi-aldsine) (npDl eupies thc SrSr' suosrtes.

4.t.6. PbylogeDetic Amlysis:

A phyloeenedc tree w6 ceneFted by siry $e nu]tipl. eqmce diemcnt infomalion

of .is)ll.cn t qu€n6 wilh lh. help of PHYLIP prcgd for €xplqins O. .voluiion ry

El.rio8hipa do.s lrEdobsin $bfmili6. Thc re cl@rly indiet6 0E divag.ne

of rh* ciehic@ oFalionrl taxorcdic wits (OTU' fion a cl)lMon 'lBtil 
g!rc s

indietcd by the nid-point rcot. Ihe pttylogcnctic te for r$,/P e4c h prcsnicd i!

Appodix UI.

lich b@cb id lhe dendrcere rcplee ! a point ofdivetgoce *h€E HA/P 8ct. ha

€votvcd 1o a ftw ftnction. The distee b.tvH the breh6 coftspon& 10

evolution ry distal6 6 n6lrEd by how nuch $c @ioB squd6 dilId froh onc



st...It cd otsv.d ftn6.datogntld tb EAa dd P,.E tsa! cbEld

in r r€ceotly Girlwd bE!.t A$&.c ob.(vdio. Drd. A@ lb. d.odoSrs L &d

HA/P aod PAB S.o!€ e mr. clod.ry ttlrcd b G&h ofrd lh& cilb.r oft l.$nioc3

intt !0., Ilow!v.(, ii d tG 6 cfdly i! S6 ddog@ tld HAiP rhr! a c@!D

a.d 'tt th. PAE ndry .' ttF!..ed by ri. ilbl loil'

t0t
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i

-arrr Y

ll'/(.. Ih. hhd&q of IPI i.i|,|b. (S&9 ridr ri. dttu -{'d (Lh. t?rs.dd) b, btdDgE

baiilg Pia!.|Hrt ao hd&nFEd.d.tdl;

P*'.L

ll a !|nbo .dl Eil- 0b rl'|s.dd) fi G inihd ir bdina.tic ldd ri6
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II&a.7, ft€ Uiding of iilibitor (HPD m lh. a!&@ ofative lit of6. HA/P no&|.

Ilsdd Do.do-iohitid, Frld6Fieh d F..tr slvar \^eoga b.d. @

s[oM $ ddh.d lic.nd iilibitoi-Drltsr id6!.1i6 eil! wdq ml4d.! @ dtlM
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,, 4.2. ZONA OCCLUDENS TOXrN (ZOt)

4.2.I. BIOLOGICAL IMPORTANCE:

Zonula o@lud€ns roxin (Zoi) is m enteotoxiD ofa sinsle polyPePlid€ chain of44.E tD!

(125-126)nE 8€m dcodi.g z.t is ldacd on ln€ cTX g4tic.l€benr im€diatlv

lpslrlo of crl gflc (12?-128). In addidon to Chdw Toiin. Zot ha ben Fpon.d .

wo d l,rxin of a V.choLtae vinrloe cs&tte, tFt could conllibut€ lo re&togc.rcrty

susS.st€d its role in ilF caE ofr e dehydatins didtea tFicd of chol6 (129_130)

zot rIlet lle siEnr. of cpi0Elial tisbt jwli@ dd inc@s lhe pmobility of lhe

snrll iniesiine. nE n@heis of actiod of Zot on tight jMctio6 involves a

Ilgmg.Dent of th€ epithelial cell ctlosk lclor de lo proiein kir$ c alPhdepcnd.nl

Falin pobmdizalion ( 12612?).

4,2.2, Sequence Ad3lysisl

Sequence sinilditt sdch$ of Zot shostd 26% idcnlity sith chlin A of P@xis.mal l'

Kcto&ylcoa 'Iliolae of Sd..rao,4€.r Clre,,riae tilh lw iGenioN ll posirio$

bet*tcn Arg274 dd Tyr275 and b.1w.d val28l and Gly282 in the tdpl e lPxT.

$rcn eaps in €ach insenion dd one in*nion of eidt eaps in rdgel sequnce a1 posidon

belw6 Val356 &d L.u35? a slDm in ApFldix II. Thc wo scqu@6 show€d rc

signifiMi sequ@6 sin'ldily only 108 Esidues @ toud io align oul of 399 Gidues

Only 25 tsidEs @ found to be oneFed it both the *que@s but these rcsidu$ plsv

no signifidl biolosrcd dle (Iis.l.2.l). fte dino &id s.qude of &t sh@d no

signiti@t homolog 1o s.q@s norcd in SwisPm! s wll 6 to lhe Prctcin p.nem

food in the PROSITE md PRINTS dalabses,
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Comp&i$n of nultiplc $quences shows poot sequence simildily mone p.imaly

strlrctues of all knom homolosou pdeins of ptoteobacle.ia App.ndix II As therc is

3@r of rnowLdg. abolr lhe piMy s.qE e ad irclion ol Zol ptol@ $ no

oougb infomation @dd b. dnm fton thc equff @oPaison of fw s€qEnes

be@se each sequ4ce belonss 10 the sepdgt feily. only lhree Fsidues e foud to be

161 corw.d dong evm equen@s of muliiplc aligrmchl.

4J3. Topolog/ oI PrEdicted Homolog/ Mod€l of Zol:

Ite olerall teniary structft of lhe zot sEongly r*nbls that of its tcnplale I PXT md

olher protedes b.long lo supqfuily $jolsetite, *ho$ slructues de knoM Fie

1,2.2 d.picts the eh@tic rcpreenl.tioo of the hoDologi/ model Zol showine

!fugdeil of sconddy slructuil cl.m?nts. nE Lrtidy structe compnFs ailh a/F

sinEtural 1opolo8J, n.inly mti!€nllel 0-!hc.ts (beta-alpha'beta 6i$}The dtugd.nt

ol seondary erfuctuial eleDdts in Zot tniuy slrucift is thiobelike consists of two

simild dodEn ed afuge in th@ layeB of or'plc.

4.2.4. Modcl Assdsnent:

R,mhddrd plol i i6lcs (table 3.3.l4 $!i 85 90,6 ofthe m.in{biindihedal mel.s

@ foud in lhe nosl favorcd rcgions. ll l% in ihe additiomllv sllo*cd. 2.1% ih the

gen€loNly allowcd while o.9olo (3 Esidu6, L.u2l, Len97 & I1tr300) w6 foud jn ine

diellokd egions (Appddix v). fte stuctottl confomtion oflh. Pr.dicled Zot modcl

is sinilu lo X-Ey sltuctua of IPXT. It a@d,ne, ihe model dbw clativelv good

potein geomelry, ed ftosi of th€ quolity Pd@elds @ benft $d or in ihe mse of

btetue. nEEfot lhe nodeh @ be considcFd 4 slructurallv E.lisiic

lt2



'I1E 4reelic uchitertuE ofpolei! folds ws delemined by uirg ln. pr$grdn I\oSA

{Fig.3.2.lE & b), The energy 8!aph ofthe Prcdici.d nod.l ss 4ploEd lo ob*ne th.

cnrgy diflwre- zs@€ {s ed 6 lhe 6ease of thh cFsy, which indidld th€

qu4lity of Fotein srructu6. The z'sF (4.09) indicsrts oveEl model qlality

(Fig.l.2,3a). Fi8.3.2.3b sho* local model quality by plofting dsgi* a a tunction of

@im &id $qEne pcidon, I! g€DeBl, positirc r€lEs onespond lo prebLtrEiic or

crc@B plns ofth€ inpui st!!ci@. A plot of sirel. rcsiduc dergies usu.llv @nlai.s

ldge l u.lutions ed is of limited val@ for nod€l .val@lior HeM lhc plol is

smeded by €bdadng th. aveEge €MBy ovq 4b 4O-GidE fiaeD..t (Fig-3 2 3b,

rhick line). A s@ond li.e siii a snalld wi.rlow sie of l0 esidues is shoM h the

bactcound of $e plot (Fis.3.2.3b, thin linc) As is €vid€nt ftom th. Esult the drsy

ghlhs (Fig.3.2.3b) @dPond.d io le$ st ble mldws ed th€ u]!cs ot cncrs/, for

the resel nolecule, is abov. Zcrc pob! *hich is nore lhe lh. valEs of expedm@lsllv

foud Tdplatc noldul. (z-sE: -8.21) (ApFdn vl). Ihu fiom lh. @e4v

srabili?dons point of view, tbe s*m.d 1o be problems in thc modclcd nruciw which

my b€ b..aG of th€ low $qu€ne idenriry betren liF t4.g€t ed Lnpble *q@c6

but the oveEll zj@e is < 0 sugig.sls lhat ihe pr€dided hoNlogl, nodcl infill lhe

critei! of a good mod€I.

Tne o{arbon b&kbores of lPxT and zol s@ aligned for @npdien 'nE ovdll

desipdon of siDikili€s dd ditT@i@s dcdv.d non bekboE $FrPosition is giv.n

ir Fie. 3.2.4. The RMSD valrc b€twan tcmplat ad lhe pcdicled model using all main"

chain alons *6 loud b b. 0.5432A '. ThG thjs val@ 4d lhe sball vdiabilitv bet@n

model ed th€ lenplat€ refl4i the prcsence of sto.g Esltainls in nost legiom. As

ll3



uexpeled from lhe low *{NM ido0ty, th. tN stNt@s m wll suFrimlos.d sd

hlE sinilar folditrg toFlo$/ but h.vc ditrffir @nhm.rions at drain egioB bcaus

oflhe ditr@@ i! loral nMb€r oftesidu€s b.rw61ar8€r (390AA) dd t€udalo (443)

aligN@l 6 EU d b€lrc of thc nissing of f.r crtsbllired €sidu€s in th. crysral

s|rEtN of tenplarc OPXT). Ir t mpld. ]PXT crystalli*d sautu€ rhee e 1hft

resions (Aer6r'chr74, Asnl92-Ar8.0t & Prc241-clr275) of whch th€ mino rcids

@ not crrstdliz€d duilg tE pDccs ofcrynllliation, so fd r.\ee 6idus e bissing

irom ihe 3D saucture of lenplll. IPXT, @ lh. bsis oi which rhe honolo$l notlel of

4.25. Phylog.mtic Allrlysis:

A phylogendic Ed *e draM by Bir8 thc multiplc s.qutuc dielne i omario of

$m s€$m6 for ch{ting lh. mlulionsry elatonshiF. T[. ae sD$Dns ttE

diEeere of the svcn op.drio.al raxorcm'c uit' (OUT' fton a @mon dc6tral

gde s i.dicaled by $e mid-point mt. Th. phylogenetic t e for Zo1 hs been prsted

in Appddix III. Fron th€ toplology ofd. Zoi dendogm lhe Zor gen€ is egrcgat€d i!
a clade thal includs GIP_BPPHL ed gcencd to have $pdated ir the €volulionary

pr@ess, It @ be obw€d EoD th. dddrcgrffi ih8t THIK YEAST (Tenplare) sened

to hav€ segrcgatd in a slightly distirct h&ch, ihal @uld be attribuied be.aue of its

rrxononic posirion N b.irg ihc ody nD8i in thc tE,



43.ACCtrJSORYCHOLER ENTEROTOXIN(ACe)

4.3.I . BIOLOGICAL IMPORTANCE:

Acc.sory choleE EniNloxin (Aa) ha bco co6id{ed th. thi'rd to\in or 
^ 

v chol.t@

lirulc@ 6sttq Thc !.rc 4codins Ac. is ldared on rhc CTX gcnetic dm.nl

imcdiat ly npsllEd of th. 966 en@ding Zol ed choler. toxin. AcDs inlstinal

epitlclial nembhq Acc incrcdes the pototial diferenr sd alles ion i!6pon tnay

cs. didrner (12?-l2E). The nebdis of &lior of Ae b still l&gelv ulnoM' but

its sim'lety wilh ! fmily of ioFtasPdtitg ATPas mv pbvi& .vidde Ae is

nuch smaltd proreid s conparEd to th. prolci6 ofthis fmilv but thc g@lest sihildiiv

of Acc dd th€ ion-tssponine ATPes is in thc hvdrcphobic tesm€obtue do@''s

A@ is mainly a hydrophobic prolcin (l2E).

4.3.2. Seqoencc AD{lysis:

Scqu.nce siniltity sesiches of Ace showed 3l % sqEM iddiitv wilh €ry$.l stndure

of rh. soluble Mcrh6€ MomxySde R€gulaiory Potcin B (lcKv pdb) of

Eshdichia coli d shom in Appddix ll Tlre tw eqlmd sho$€d significdi

s.quencs sinilety but with low eq@* idcniit s onlv 35 Esidues oul of 96 Fsidud

show.d seqMe id.Dlity. Tlt tlignzd @Fndd of MODELLER Ealigned th. tull

td$h seq@ of t €cl (A@) dd t mPld. (lcKv) with inpturcd saqu.ne

siDil{ity. only ninc Fliducs @ foud lo bc @hw€d in bolh sequetres bll l,ts

rsiducs play m significet rcle in is tunciior (Fig 3 3 l ) Tle ei@ acid $qudc. of

Zor sho.d rc sienjfiqt honology ro eq@6 slor€d in swisPo! 6 wll a to lhc

pDrcin p.trer6 foud in lhc PROSITE ad PRINTS databss

5



No !?pEi.bL !ub.c of cq@nes e found fd @nsaE{ng lhe nuhipL i.qlE@

atigmedt, ODly sq@es of fou speics e found lo be honologos with A@.

Cohpdien of bultipl€ seqM@s sho*5 Foor $que!@ sinihity mong ptindy

strlcies of all krom homolosou proteid! of pre1eob&1eia (Appddix ll).Only sincle

cidue (Gly?l)b foud lo be @M.d mons th€ seqM.e of lhe* fou sFcica, *hile

only Gn sidus e fou to b€ I.$ consitd ald o.ly fou aid!6 e found to b.

l6t @Npcd. As th@ is ro aoud infomation is a*il$lc aboui th. p.in ry

sequ€ncc od fuciion ofA@ proieM so no siSniii@t infomlion could b€ d8M

from th. s.querc€ comp&isn of few sequ.nes b@aEe *h seq@nc. b.longs to the

4.23, Topolog/ of Predicred Honolog/ Modcl of ACE:

Thc ovdtl G.li.ry sliEtr of lh. aCE srrcngly csmbl6 that of ils r.mpl.c lcKv

dd other prol.ases b€long to slperfmily hydrcxyls @eulalory proici6, whow

snactu.s ae knou. Fig.3,3.2 d@icts lhc sch€nEtic epEsenlation of ihc honoloSy

notlct Ae 3lrcwine arugdert of s4ondary st uctudl eldots Th. teniary smcturc

is compris with a + p snDnlil topoloSy, mainly mriPaEJcl p*h..G (s8rc$ted

4.3.4, Model Assessnent:

Rmachandd ploi indicals (Table l.3.la) ibat ?5 9rl" ofrhe nain-chain dihed'al eeles

ee foud in th. most favoEd re8iotu, 14.970 in the addilionolly allo*€d, 9 2% in th€

edqousty auo$td while 0/. is fowd ii dE d'sauomd rcsio6 (ApFndix v) -nt€

sErctual @nfomdon of the pldict d Ae nod.l is sinild to X_Bv sltulur of

I CKV. In a@rdee, the mod€l shov rctaiiv.ly g@d proreir g6n t v, md mosl of lhe

6



qudily p€lam1e6 N b.tld lhe or in th. rrnSe of lolem4. ThcrcfoE lhe nodcls M

bc @Nidqed 4 shlctually rcalislic,

Th. c@rgeirc archildt!rc ofprct6h fotds vs d.Lmin€d by usiog th. plogm ProSA

(Fi9.3.3.3a & b). TlE.Grsy slsph oflh. F€dict€d model vls.rplor.d (o ob*nc lh.

mrgy difreEne. Z-s@rc w6 us€d G rh. ncsw of this .n r8t/, whjch indic*cd thc

qualily of poteir s:tructm. The ,-soE C0.17) indiqtes ov@ll nod.l qudily

(Fis.l.3.3s). Fis.3.l.3b shos l@al mod€l qlrtiry by plonins .ndgi6 d . fwliot of

di@.cid sqll.M positi@. In g@nl, posiliE valEs @cFnd lo prcblddic or

mn@u pans of dr. inpul structe. A plot of tinSle 6idue 4.rgies au.lly contains

ldg. flrctutiors dd is of liniled vale for mod.l dalu.tioo Hdce the plot is

s@th.d by stcul.ting the aqage d€lgy oG @h 4GGidw n gnon (Fig.3.l.lb,

rhick lire). A smnd linc wilh a snaUer eindow si4 of l0 residEs is shou itr thc

backgroud or the Ploi (Fig.3.3.3b,1hin lia.). A3 is evidmt fron ih. Esul! ihe endgv

gdphs (Fic.3.3.3b) corsponded to bs n blc llret@s ed th. val@s of endr}, for

lh. rcrgcl nol6ute, is.!ovc zcrc poinq shich is doE rhd ta valu6 ofexpqinc rllv

foud Tdplale moleulc (z-sE: 4.28) (APPndix vI) Thu e.n ihe dcrgv

srabilialions poi of vi€w, thee Fded lo b€ problms it ln. nodeled slruclu. which

tuy bc b@N of th. low *qude idcnlity b.twn the L18.1 dd t€npl.le seq@4s

bui th€ oEEll zsE i5 < 0 sugg6B $at th. ptdid€d homlo8)/ no<lel nnfil th.

Thc q<ebor baclbon.s of IPXT dd Zot werc alig!.d for compdi$n The ovmll

&$ription of siniluili$ and {tiFercnc* d.rivcd non ba.lborc suPeryosidon h giEn

itr Fig. 3.3-4- fte RMSD valE b€t*d ldplae &d the pEdicad nodcl sing ,ll najn-
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chain atoms s's found 10 be 0.5432a ". Ths this vale dd the snaU vdiabiiilv betweo

mo<lel ad lhc lcmplat€ E0€ct the prcse of stong Efainti i! most eeroB. as

ddpe&d fion rh. lo{ *qEre identiry. th. rm stiuctrG d *ll supcnmPos€d dd

h.!e sinild folding ropoloeJ but have diflercnt confomatots ar €najn Fsions beaue

or rhe diirercnce in total nub$ ofrsid!.s b.N.en rarser (l90AA) ed iemplate (443)

aligmsl s {€lt s b.€w of the dising of few crvstdliz.d Gidc in the crystal

stru.ruc of r.npl.te (lPXl)- ln templ.tc IPXT dvslali4d sr$tE rh@ rc rbE

EsioN (Asnl6l-Olnl?4, Asl92-ArE20l & Prc2!J-Gb215) of *hich fie dino &idr

@ nol clyebllized duing th€ poces ofcryslalliatiorl $ fd L\.se r€sidu.s @ missing

Aom lhe 3D sir{clG of lenplale IPXT, oD lhc basis of shich thc hobologv model of

4:S. PhylogeDctic Atr.lysis:

A phylog€nelic irc. w4 dram by sing lhe mulliple *qunce aliSrment i.fomalion of

fou sqEnccs for sludlng the .voludonary ElationshiF. Tha i.ce supports the

divasm. of $6c fou op€Etional |xorcmic uits (ouTt aon. comon &estral

goe 6 Ddi@lcd by L!. mrd-pod ml. Il. Phylogdelic E lor A@ is p(enr.d in

Appqd'x IIL Ftuh $e bpoloe/ ofrh. phtliP dendDelm $e Ae gdc is segegated in

a clade lhat induds SYFA-METCA dd e.med lo have sep{at d in the evolutionaT

pD6s. tt €m b. obsded non the d.ndbsre rhat MMOB,METCA Gdplale)

ffied to h!rc $grc9tcd iI a sldtty dinincl btuL lhat @uld bc amibu&d b€aN it

beloncs io dift@t subfdily in the te.
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Colclusionl

Th pdrlry dsnlF of bot pre|iDs ibs stlns biro rcid houDlogi.3 iE Uc

FgioB lhnc$ougl lo bc lh. @iis sit€ !d Zd-bindinS dotn n!s-

Comp{is of multiplc s.qEnc6 of dl }jDM mtd lElllloFoG!$s of M4

fdtrily shos6 rignifiql s.qll.@ 3iniLdty .!d $tporrs rhc s|ily of rh.

Frr.liE ligDhE of zr-hct lloprot.'g 0lE)0(H). Itr ddirio4 [&

mcllllopola$ fmily slso contiiE mlhd @rsEd E)OO(D motit Both

da @i.crr!d 6od8 otrtiir @i.l Eid!6 tlll nig]ll potoli.Uy pLy s
impotlr relc itr lhc mch.nim of celysb,

TI|c oEnll lopolos' rnd s.oDddy 3rructud clcm.n|s sr! quite co$.rsd in thc

M4 hmily. 'ntcy @nFis. ! lw{onain srrEtu, tb. N-r.tni l doElin

@nFis s46l F{tatdr rnd r sin8L d-h.lix tnilc C-cmiMt ddDin slDw

a-l|clix hldlc .Dd r 9{hct TIE domils c @nn61cd hr ! entrl o-hclix. TIE

Clul4l .nd Hb223 &! 0E kcy Bidq fd ttG cialrric etivity of t P

On tlE bsis of hiSh !eqE@ !d stuctr.l sioildiry eith P augiMa

elasu.c nrd otbd tmu TLPS il Eighl h. Ptoposd tbi tb! @3pondins

Bid6 Glut47 rnd Hi5229 in han sslutilirv porc.!. !.r cltsllri.dly !.rirr

lrd sppon ihc lrodcl for th. mEhdis of..rio! oflhdmlrsin a prepos.d by

Mlnhs .nd coeortds.

thc hydmpbobic Sr/ birdils stssit. ir t[. n jor.Ltaniirm of the sublEe

sFili.ity of TLPS. 'Ihc edy3! of lig&d i!c@tio$ .rd .s!.ssnc of

l19



h h6 ben shoh thll Ma hel,llopror.t!.s h.!. .lno6t iddtical $bstalc

ptef.t!re .s thcy h.v. it nd6l EidB rl p6iriN l33ru ad 202u. h fld

suh6d ion of . lingL dnim !.id 6 @wt cddlri. ch@tcri.ri6 of orc

frmily mmbq inio lhn of .notl|.f. TlEEfor., o ihc t€sis of ida ifauc dim

&ids in TLP! sp@ific blibiloa to bG uscd for bl@*iDs di5.eEld.<l Gmbq!

ofthc n lallop@G's fdnily o b. d6ig'l.d.

It My b. F!dic{.d dtn dE hdnrg8lujrjlvpda$ my bc in}ibird by thc slm

$l ofinlibiloB d8t @ 3pccifically d.sign d to inldbi zn tul.lloFol.ascs.

Bofi d.sosc &d h.m.gslulinidDrclc& rlitrq rderly in 0rir 6bt o@ ro

h.d ii!.liv.tion; ! comDariso! of thcir stnctur.s lnly prolid. r ch.nical blsis

fo. qpl.ioirs l[c diffccs i! d.n 6d lst bihy.

hyd'ophobic Sr' snovs thd $c difiaacc$

3ub6t!i6 do mr 
'ssialc 

*iih s.qE@

nmb.r of id.otifi.blc uim &ft|s.

in ,p.ci6city of Ma fmily to*lrdr

v&i.tion but rt pcr.b on ! sndl

Tlc slructunl infonndid oh.ii.d fron tlc modcl My feilitatc cfions .r

d.sisrirg mE sl*tiE irlribibrs thd m b. usd to nldE pnb. th. diniftt

biolosical rclc of th. tuhb4 M4 fanily &d ro.lplor thc pot6li.l of lh*
na.mnol4ular slccica $ thop.uti. t!tg€t8.

Thc ovcEll l.ni'y strwrun of $. Zot A aCE stbngly Embl6 that of tb€ir

€mphl. IPXT & ICKV BF.lircly. ThG rcnirry nDctuF of Zot @mpris

wnh o/9 saldlral topology, $til. rh. rcnisry sr$ctur. of ACE b conFi$ virh

d + 0 s1ructu.l iopolosy.
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. ftc plrdi.Ld 3D bod.L ofzo. & Acc tulfill thG riteris ofa sood quditv mod.l

. T!. nNdd dd biolocic.l rol. ofzot & Acc @uld @i b. F.di.r.d Aa tu 3D

pi.dict d *utG 6 l[.F i5 @ info('ddid.tilrtlc @$cn!.rit sit

6iir6N.ithdtt itcidBsbowev.on!.rElionwihrhe&lirclit

6idc of {Fir BFli@ ldrPlal.
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APPENDIX I

. ChoLd Toti!$ A .!d B (SigD., S.int laui!, Mi.louri USA): CTA (tmg/nl) &

cTB (0.5n9/dl) subuiti fiod Z.nole.d. we omritured with lnl of s!€rile watei

@rding !o th. nnufactlE iElrwrioa ad weF k pi at 40C for up ro 6 oo.ths.

. NcunEilld.e (Skm., sri lbui.t Mi$o!.i USA): N€Uminidde frod

z.r,l,'ze B in the fom of$.rite-fili.rcd lquoN elution, pH 5.5 (lme prorcin/nli

. Pl6pn.t. Dufi.. S.li!. (PBS): ts rabla of pBS B dis$lved in 800,,r of

d.ionized waler. pH w6 adjsted up to 7.3.7.4 by usiDs lN HCI or lN NaOH. The

volu. B adjusbd ro I linq *irh deidized wra and rhc elurion ws alroctav.d.

. RNe.Jy Mili Kit (Qi.sd)

. 9-M.rcrpro.th.nol (9-ME)

. DEPC Tdr.d wr!..: lnl of di€$ylpytokbomr. (DEPC) w.s ad<ted ro I litc. of

deioniz€d wara, incubar.d ovmidi at 3lC tud aulocLv.d.

. Iloprcpyl.l.ohol (M.rck M..t.r Pvr Ltd)

. C onfom (Mcrck M.Ikd Prt Lld)

. T.izol R..g.nt (IDvitrcS.Flirc T€chrolosiq, USA)

. Tri EDTA (tE) Bur.'r 0.t5769 of Tris (l0bM).nd l8_6tg of EDTA(lm[0 wE
dissolved in 80nL of deionized wat€r dd pH ws adjusicd up to 7.5 by usihe I N HCI or

I N NaOH. Ihe rclmc @ adj6t d up !o I O0nL wirh d.ionizld wald and ,ut@laved.



. TrbBor.c EDTA (rIE) Bfi. (5& Trir B{. (51d, Boiic A.id (275g) ed

EDTA (2.9s) i'r.! disol''d in mhl, of .ld..i!d re d dl w dj'd.d b t 0

ty u.i.g lN rrcl d N N-E Tb y.dD !l|| t{obd lp to r tF rih ddoit il
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APPENDIX III

NPRV VIBPR

EMPA VIDAN

NPRE BACAU

NPRE BAG;U
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NPNE BREBE

NPRM BACME
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THER BACI}I

THER BACST

NPRE BACCL

T}IER BACSO

THER BACEL

THER ALIAC
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uirtrr Dtrborjdi{ dit E...rod rfib tty'ip FArs.
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