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These results show that South African variants of the CCR5 chemokine receptor have a 

range of phenotypes in vitro that may reflect altered chemokine responses and susceptibility 

to HIV infection of individuals who carry these alleles. 
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CHAPTER ONE: INTRODUCTION 
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SUMMARY 

Human immunodeficiency virus type 1 (HIV -1) infection of permissive cells requires 

binding of the virus envelope protein to CD4, a cell surface protein expressed on 

macrophages and T helper cells and a coreceptor belonging to the G protein coupled 

receptor (GPCR) family. GPCRs are surface proteins that mediate intracellular actions by 

activating one or more heterotrimeric G proteins. The involvement of a GPCR in HIV-l 

infection provides a target for treatment intervention. Several studies have demonstrated 

coreceptor activity for many different chemokine receptors or orphan. chemokine receptor­

like molecules but CXCR4 and CCR5 molecules remain the principal co-receptors for X4 

(T cen line-tropic or syncytium inducing) or R5 (macrophage (M)-tropic or non-syncytium 

inducing) isolates respectively. CCR5 is of particular interest since it is the coreceptor used 

by the viruses that are transmitted. 

Topologically, CCR5 is arranged with seven membrane-spanning domains, an 

extracellular N-terminus, an intracellular C-terminus and alternating extracellular and 

intracellular loops. High affinity ligands and high potency agonists of CCR5 that have 

been identified include MIP (macrophage inflammatory protein)-lalCCL3 and IP/CCL4, 

RANfES/CCL5 (regulated on activation normal T cen expressed and secreted). 

LD78ptCCL3Ll and macrophage chemoattractant protein-2 (MCP-2). Binding of ligand 

to CCR5 leads to activation of the Gi family of G proteins and inhibition of cyclic AMP 

production and the resultant effect is chemotaxis. Domains of CCR5 involved in both 

chemokine and Env interaction have been widely studied by analyzing CCR5 chimeras and 

site-directed mutants, comparing chemokine receptor homologues from different species 

and using anti-CCR5 antibodies. Even though the results of these studies are complex and 

in some instances. contradictory. most evidence points to an important role played by the 

N-terminal segment in Env interaction while chemokine binding to the N-terminus of the 

receptor seems to facilitate interaction with the extracellular loops, in particular, the second 

extracellular loop. 
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1. INTRODUCTION TO G PROTEIN COUPLED CHEMOKINE 

RECEPTOR 5 (CCRS) AS A RECEPTOR FOR THE CC 

CHEMOKINES AND FOR HIV 

This review will focus on the structure and function of the chemokine receptors as G 

protein coupled receptors and HIV -1 coreceptors. In the first part, G protein coupled 

receptors will be briefly reviewed in terms of types, ligand diversity, structure, ligand 

binding and activation. GPCRs in disease pathogenesis and in particular, the chemokine 

receptors in inflammation and in HIV -1 infection will be overviewed. Particular focus will 

be on the interaction between the CC chemokine receptor 5 (CCR5) and its ligands and 

HIV-l. 

1.1 G PROTEIN COUPLED RECEPTORS 

G protein coupled receptors (GPCRs) are glycoproteins which mediate their 

intracellular actions by a pathway involving the activation of one or more heterotrimeric G 

proteins. These receptors are activated by several different types of chemical messengers 

in the body including hormones, chemo-attractants, neurotransmitters and paracrine agents. 

GPCRs are the largest group of cell surface receptor molecules comprising more than 1000 

representatives that have been identified and classified into more than 100 subfamilies 

based on genetic sequence homology, ligand structure and receptor function (Ji et al., 

1998). Seven different families have been recognized based on their native ligands, 

phylogenetic analysis of clustering of genes in the human genome and by certain key 

sequences: rhodopsinl~ adrenergic related receptors (type A), calcitonin receptor related 

receptors (type B), large N-terminal family B-7 transmembrane helix, receptors related to 

the metabotropic glutamate receptors (type C), Frizzled/Smoothened, taste 2 and 

vemeronasal 1 receptors. (Gether, 2000; Kristiansen, 2004). The rhodopsin-related 

receptors are the most widely studied. Despite the differences that exist between 

subfamilies, rhodopsin-like receptors share a considerable structural homology reflecting 

their common mechanism of action. Studies on more than 100 members of the rhodopsin 

8 
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GPCR family have shown that they are characterized by an N-terminal segment, seven 

hydrophobic stretches of 20-25 amino acids which form transmembrane (TM) alpha helices 

and a C-terminal segment (Strader et al., 1994). The a. helices traverse the membranes in 

an anti parallel manner and are linked by alternating extracellular and intracellular loops 

thus forming three extracellular and three intracellular loops (Milligan and White, 2001; 

Mirzadegan et al., 2003); (Strader et al., 1994; Ji et al., 1998). A fourth intracellular loop 

is formed when the C-terminal segment is palmitoylated at cysteine (Ji et al., 1998). The 

N-terminal sequence is extracellular and the loops on the extracellular surface are short 

whereas the C-terminal is intracellular (Milligan and White, 2001). It has been 

demonstrated that the extracellular domain of type A GPCRs is the least conserved, while 

considerable conservation is displayed towards the cytoplasmic side (Mirzadegan et al., 

2003). GPCRs have been shown to have a number of conserved cysteine residues and at 

least one concensus sequence for N-linked glycosylation (Strader et al., 1994). 

9 
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f igur,· 1. 1: r,~m" I')' , lrlldulV "f a ",·prl.-",·n" u i .. · mcmhH 1)( lb.· rh"oI"p,<i" (" ",i l~ H( 

G I',n,h'i" ( ""I, ll'd ((Hlor o. s (lll- ~dr('IIHtk n'O."t'IIIOn sho"mg liS 1mnSIIK' lI'='r.;," l' 
~1T.'.l\g,'rnenl "ith 1he N'1cm, illILS on 'he e~ul>Ccll lllar and lho: C-lenni IlU$ ,~, the 
incr~,,"' lul.lr sid" o r Ilk ,,"''''b .... m.· '- T h.: '"",C C{I",;"r\'c'd R'~ld~ uf "..""h 1ran<n":I"Ior~"" 
donull n ~"IOIlJ; most 01 tin", l) f\ 1\.~.:plorS is Ind icated (blad.. clrd'~l , (),~uUid<.' bndg .. · 
Ibnn.:J bclWCCtl c y.td"c, ;It ~"[I;"cll uIJ" 10(1)' 1 and ~ i'i ;l1'i0 dq,ic l ~d (Kri<ti:!,,;;,:n, 
:0(4). Th" ""lui \'al~m r.";iJ",,, fOf \i1c' c(:n ~ ('h~"",~ ill~ '''''''rIO' is J.,.i<'I~J • 'II fill"'" 1.5 

1. 1.1 GPCR numbcring sch ('-Juc 

Dlle tu Ih~ di n"""llce~ th;n ""i,1 am''''11 In.: !eng.h, " I' th" };-(~ 'm i ll,, 1 ",ginn, an!llh~ 

I .. ,ops connC'l:ling chc heltcC'S 01 d,J)crcm n"'t ll b.,·,, 01 lhe (jP( R lamil>. Ihcl'll i< 1he 

t)Cl:c»i t~ rur a numbering ~C"'"'HC Iv allllw cu'up,"'s"" of .:qllhalml ro;-<,dlll.·s ill Ih n"renl 

r'C'\:,'p!ors, Diffe ...... m mc1 hoJs of nlLtn hcn ng h;,,, ...... """ r"'p{lsru (Baklwill, 1993: (jl"eir~ 

1.'1 01.. 1~'J.l.l hili lhe", h;" ,,, a drawha<:'k in lhal lhey d,.'P"'"J u n lh~ ru.~i !:t1Ln"'nl o( tI", 

1lI'P~ '~"V(slimaleJ s\art of' ~~,'h lratlllll. ~mhrunc !lei [K. A oonc"nsus Illlmb"r,ntl 1I)'s!cm ha. 

h<.~ I' p'Qp.ls<;d by Balkstemll ~11<I WdmMil1 (!9Q4) ,n which po;;110t\i arc ~11()Caw! 

inilcp.; ll(kll\ (lf lhe p" I'~"iwJ slart "I' I h~ Irun''''~lllbrtil''' (TMl. lnlhis gCllcmilllll1,h,:rlll¥ 

'" 
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'ch"m,,_ amino aC Ld r",id"", ar" L J"nli l i~d rdal'v~ 10 a r"kr~nc'~ r~, i d"" " " lh,n lh<; TM 

whi~h i, lh" mo,l {'()n'~ "e'd re,id"" (Figure 1 I) w,lh,n lhc' p~rli c, Li ~r 1 \,1 and 's ~ss t g-nLd 

lhe numh<:r 50. Th" nlLmb,'r or lh<; h"li" ,,11lch lealun;s lhc' particular re~td lle lS al l,>eakd 

f,r'l 1"lln""d hy lh" ro , ilioLl rdali,'" lo po,llion 50 in Ih" hdix. /\ny r~,id uc hc:1<lrc lhe 

conwrv"d r",idu,' lake, ~ numh"r h<;low ',(I and tho w that come af1er the c"nserved re~idLlC 

lak~ a nlLmber ahoy" 50 in the' ri gh t nrocr (Ralk'lero ~, 1995). An ""l"l1<k:d nolati,>n I,'r 

thi s numbering 'yslem g iv~s ~ num ber in I'arentlwsis "'hich id~ntifi~, the 'I,"cilic seqlleoce 

rosition of Ihe ~min,) ,1cid res idLlC in H 1'011 iC lllor recerl"L ThllS in the e(RS molecule, 

Asp3.4~ (125) repres~nts ,1t1 A'I',lr1 ic xid residue .1t posi ti on 125 in the nnJi llo nc id 

sequel>"-~ c'f(h~ re''''ptor i1lld is positioned in hdix 3,1 re sidue bell're (he IH ost conscrved 

r"s idoc (/lrg 3.5(1) in that hd,X (Kristianscn. 20(4) , ril is llOm~ncl atur~ is used in lhis 

lh<;",. 

1.1.2 Ligand binding to ,lI1d activation ofGI'CRs 

GPelh "r~ th~ "d l ,uri",',' r~~~pto" wilh thL !lw, l di\'~r"" mriL)' oi' ligand" Th~ 

jitmily is known (0 bind nnd re,p0l1<j (0 ngonists mnging Irom rhoto ns, nmino ~cids. Ions, 

1I1Or~nL1lC oJorants, nuckosides, lluck01 ides. pepticies anci bionctive lipids t,) large 

gly~op"'kim (Stra(kr el ai. , 19(4). GPCRs are involved III lignn ci binding. s i g n~1 

g~ n~ration. transmembrane signnl tnmsdu,-tion and signal Irans fer t" cylopb,mic efl"clO r 

moknLk , (Stmcin e/ "I" 1994: Ji f l aI., 19n: \1 i llig~n and \\'hi le, 2(101). 

rhe r" is a di,lindion 1J..;1\\'~~n li ~an d bind ing anci I'~ceptor ~'-tivalio" "hich is 

s UPlx)rt~d b,lk "xistenc-c 01' antngonists tilat bind. hut do Iwl aClivale the rec"pl()r ami 

Ll\hibit ag"ni ,t binding In le racliom 01' ligand, and r~c"ptor, are lilOUgilt to involve 

hy<jr"gen Ixmds, i,)n p~'r' and hydrop/1obic c'onlncts (Ji et a/" I ~n) , I'he wide slruct ural 

ci iller"I\(,~ among th~ eXlracd lll lar lig~nJs of rhodopsin-lik" GPCR, means that each 

recept,)1' mllst ha\'e "volv~d 'pc:~Ltic 'lruc-\ural dl.1mC1C ri ~lics 10 link Ihe ~pecifi c 

rec"gnilion oj' its ~()gl\ate Il pmu to whm is [X:licveci to wn,lilllle a ~ommon ~c'tiv~l1()n 

pnK''''' (Gelh~r. 2()()()), s.c,'eral dist inct m{)del~ have hee n ohs~rv~u I,,, h l ~h nfli ni l} 

lignnd·b inding to GP(H: small mo lecul ar \veighl ligands II11aact prderell1ially " itlo t h~ 
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tmnsmembranc domJin, wbik the rdatively high molecular weight li g,'n<15 lel Ki 10 bind to 

lhc e~lr~~ellll iar loops ~nd l'\ -lermin'" (YnLLn N al 2()OI), I'he il,-,,,lrenerg Lc receptor. 

which is u protolypical m~ml"Crof fn mLly A GPCR, is onc orth~ most c.,lensivcly stuuld 

reccptors, lhL>.< CWI pro\'ide an cxcellent modd for 51 udymg li"and inkraction and 

meChalli5l1l of reL ~ ptor adi",t ion. Sll~jie'i using site dLTecled mutag~Desis. rnolcClIb r 

lll(xlcil i n ~ (~d\l\iq LlC, ~ nd spectmscopic analysi s demonslrate,j thot the bin u in ~ site, for tbc 

5mall molecule agoni slS of t]-;;, p:-~drenergiL r~ceptor ~r~ situuled in a crevicc oct\,'i~el1 

1'\13, HM. T'vl'i, TM6 and "1\17 (Dixon er ai" In7; Slradcr, 1')~7: 'l'ot~ ~nd Str~d~r. 

1')90). Thc positively charg~d amil)e group "flhe ligand wos shown to form a sa lt br idg~ 

\\ilh tbe carboxyl side ch~in ,'f Asp' '\111) in 1'\13, Ih is rcsidllC i5 conserved amon~ lh~ 

biogenic amine receptors ~lxl is also hOUlKi by the p2·adrcncr~ i c rcceplor antagonists tot' 

thc sa il bridge formali,m (Gelher, :!llllll). Other imp;,rlam intenoctions of the ih-adreneri!-lC 

reccptor incilLde hydroge l) bonds I"'twecn tbc paw anJ melt'l hydroxyl grO\~lS of lhc 

c~kd)o l rin~ anu Ser' -I'(:!04) ~ml Scr''''(2117J. both in Tr-.15 (Slrader eI Ill.. I'W)), 

Ser""(203) has ~ I so hecn sho,,'n to be ~cce,siblc on the suri'a~~ ol'll", hinding-site crcvicc 

aoo was su g-g~s t~d to form a hydrogen l><'nd with 1m, hetero~y~ li~ ri~ ~ of Ihc l'att i ~ 1 

agonist, I' indoloi (Liap"kis ('( til., :!OOO) A hydrog~n ho nd l-,.,;twc~n Asn";'(29}) in "1 \16 

~nd t]-;;, r -hydro xyl of epincphrine has l"Ccn suggesled while l'hc" " '(2 '!ll) "150 in T\16 " 

thollghll" sTuhdize tl-..: ~alcch"l ring I\Vielanu el,Ii . . 199(;) 

In CO I11r~STlO >m~ l i nl<'lccul~ ligW1 U,. ll ltO binding ., iles " f moST J1Cl'li(k recc pto rs hovc 

occn mal')"CJ lo Ihe ~xtracclluln r domains bUl ,orne cvidence of tm, invoh'ement of 

T"1l1 smcmbra nc res idlLe, h~\,~ he"n r~portcJ (;,'Tb,,,'. ~ ll()(): Kri,tiollscn. 2()()4), For lh~ 

lripeptide. \[-fonny l- r-.-tcl·LclI-Phe, stud,es havl' sho"n lhot the N-fonT1yi 111 0i ,'T y billds 10 

lht' TM cor~ ",bile Ih~ C-Tcrmil1<l1 region of tlltO liganJ illleracts with Thc r--. -tcrmlnai nlxl 

~xtr"ccl lll iar loops I anu 2 Oi d 01. . 1 99~). Mut~Tion a l anahscs oft l>:.; human JltOurok inin 

r~ceptor., havc idcntitlcd rc,idlLcs LI1 the N-lerm lnlLs that are imrort~nt lor lig~nd 

intcmction even lholLgh some residues in 'I'M), '1'\15 anu "1\17 were (OlllXllo alTecl hinJing 

of the lig~oos to the receptors slLggesling the pre,~ nce of a binding poc~ct similar to that 

1;'lUlxl ill hiogcn;c amine reccptors l(jctllcr, 200()), Other ("m ily A peptidc al1d 

glycoprotein hormon~ r~CCl'tors tbat have occn stud ieJ inc'luuing r~ ceptnL< for 

nelll<'pcpliue y, gon~dotr"pin ]'elea.,ing bormolle ((jnRH). ckmokines, Iyrolropil) 
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rclCJsing hormone (TRH) noo angioten,in, lhl'lT iLgands were sho'''' lo imerac.t d iredl}' 

with res idLles at t I..., '\J -lerm Lnu s alld n trJCe! I ular loo p, (Gether" 2000: '" ri ,tiansen" 200 .. )" 

All ngoniSI ligand \\·as IIrsl thought to be tl..., re !,:ulalor whidl sciects nn activc 

c'un lo rrnaliull of the reccplor (De [,ean e/ ill., IY801 but 'nodcrn theories ha,e rkl\\ 

proposed activc rcccptor stale, lhal can exisl eVCn LL'l the nbs~nec of nn agonisl Thi" 

n rrren l model "'as hased on the tll'1dings of Samama el al (1993) \\'ho shuwed thnt 

I"ulali ons ill the lhird imracdlulnr loop of the ~_adt'~nergic receplor r",ulled in ii, 

aclivalion lL1 Ihe "hs"r""e 0(" a lLgand \cuns(iwtivc activation) l'i'lt,se mUlanls wcre also 

dcmollstrated tu have high amllity for agoni.<ts in lhe absence of Ci prolein.< but not 1,1[ 

Qntag,onists nlld nhibiled illcreased polen<."y of a~unisl stimulaliun of secr",d me>sengers 

and Lllcreased i mri nSil" aCI; \' it y I'or parlial agolllsis (Samama el ill." 199~)" 

A gro"i,,~ amount 01' biochemic'al a r,d hiophysil"al dala are now ava ibble Ihal can 

help idcmil"y lhe key a'pecl> o l"rL"'Ceplor adivaliorl. The tmIlSilion Irom all inaC li ve 10 an 

adive "Iale ofa recepl()t' r~'llJire" Ihe reorgani/alion o l'lhe lran"membrane hd ix hl.",:! I,," II 

has b"en "ugge"led Ihal lhe cyloplasmic part" 01' the Tvt helices move aparl 10 d"close 

cpitopcs of thc rcceptor to intracel lu lar signal ling molecules and ill the rhodop sil1- li ke 

fJmil}" ofCi IJ("R s" molion.< oflransmcmbt'anc helix 3 (TM3) and 1 M6 during thc process of 

neti,alioll havc becn idcntificd" Thcse TM mo,emcnts were thought to be c!"lcctcd by 

d i""ption of ionic inremction, betwccn Ihc highly conserved Arg; "'c Ill) al lh~ 

cyluplasm i~ end 01 T'v13 \\ilh adJacenl AspJ ,j'(130) and "ilh Glu':I0(268) al the 

cytuplasmic elld on Mli urtlle ~:-adrcnerg,ic rcceptor. Chargc Ilcutralizing t11llt:niolls oftl'IC 

(rlu"" "{2(;8) al1d .>\'1')';)(130) inlh~ Il, -adre roergic receplor eitl..., r alone or ill ~oHlhinmioll 

were shown to ~ause an increase in basal and pir,dulol-sliJllulntcd l"A\IP a~l"lunulmiuL1 Lll 

lransli:cled COS-7 cells (Ballesteros "I "I" 2(01), Addition,, 1 cvidencc orTMri movemenl 

cwnc from thc cysteine ncccssihilily sll.xlies or Javild, el ai. (1997)" TI...,se aulhor> 

demonslraled. using a l"ormilLili ve ly aelive I:l,-adre,oergie rCl"eplOr, lhat a ~harged" 

hydrophilic" slIlihydry l-specilic rcagcnt cou ld sigllitkmnly inhibit antagonist binding 10 the 

rcceptor. rhey suggesled Ih~t Cyso'''' (285) in TM(; may be r~spon,iblc ror Ihe 

sus.ceplihilily or Ihe l"omlillLlivdy aclive receplo r 10 lhe sulfhydryl-opec-rile reage"L The 

aCCeS>l bil ity or Cys' ,j, (2gS) L'~sllltcd from rotmion or ti It ing of TMIi as a result of activat ion 

13 
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of th~ r~~c·ptor. a rcarrang.ernent "hich could bring Cy,"i(2RS) to til<' lllargt!' of t~ 

hindin!! "ik cre\'ice "here it becollles acce>sib lc to th~ >ulfhydryl-s!",cdic r~a~~nt (Ja,i!c'h 

,'1 "I., 1 L)QT)_ I{ igiJ-body mO, er!lCLlIs 01- TM5 ami I 1\-·17 h~ve occn proposed for aeli "ated 

rCC'''ptors (GClh~r. 2()()(l: G"'~nls d til .. 20(13)_ 

1.1 .. \ Moi\ds of rcccptor :\(~ti\'nti(ln 

~veral theore li cal modeJ- h"Y e l",en rlLt I" rw,,,d lo eluc id.'t e the I'roc~" or 

(lc.ti\ati ()11 ofGI'CKs, (lnc of the fir'l lllodeis th(lt \\(lS propoIC'd was tlK tem(l,)' complex 

model ILk Lean CI al.. lnO) \vhich suggC\t\ that upon rcc<:ptor activ~t ion. followlIlg 

I i£~nd bind in£. the rCL~ptor ad ,) pt> a contormat ton ,ilat jjcllnatel j ls Interact,oll \\'ith Ihc (; 

prolein Thi, int~" , d"'n l>eh"'",n the agoni,!, rt'eepl(' , ,mJ Ihe (i pmleil1 le"ds \0 lho..· 

j,'rmalion oi a "ternary "ompl~x" (Dc Lean CI aL lQ~O)_ This nwdd did nol accomnwdale 

sub\equent obscr.ation b) ~alnaln(l e/ ai, (1'-J93) that sOInC reccptors c,)uplc to and acti\'alC 

th" (i pmklll ill the ab,~nce oj li gand. rhe>c aUl II0r1 dCIn,)J\StL'at~d that H rerl~cemcnt or 

the C-lerm i L1a l rl'glOL1 of thc lhi rd llllracdiu la, loop of lhe ~2-ad rcnergic rTl'~ptor- " , itll lhat 

or Ihe "I wadrellergic rec~rlor leads 10 agonisl 1 L1Jq,<'lldenl acti valioll or thc rccepto r. This 

Inulall l r~ceplor J ell1on>lrateli all oncreas~J ai'tillny ror a~on r st eV"n without G prokin and 

an incrcas~d imrinsic aClivily for p~rtial agollisu. '\0 prer""'L1ce "as obscned lor 

antagon ists (~alnama el al. lQQ3)_ 
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A , , 
H+R+G • HR + G • 

, ) 1 1) " , 
H+R'+G 

,. 
HR' + G H+R+G • HR + G • • 

M) 1 
"' 

I) oM M) 1 
"" 

1) oM 

H + RG HRG H + ftG • HR'G • • 

Fig",,, 1.2: I"'0l'0,cd Illodel' of rC(C]llor actiutioll, (A). I"he t~rnary complex 
ImxJel oj' D~ I.~aJ1 "' (11 {19RO) d~p ic ljllg the il11~raclioll of the hormone. II , til.: rec~ rtor R 
","Kllhc G protein. (J (B). Th~ exl~nded (ernary Ulmple~ model ill whi~h II. und~rg()e~ ,Ill 
allosteric transit ion to an lnlcrrnccilak R' R' (ncn intemu, with Hand G {Repn>Ju~ed 
from Sarnama {'( al.. 1493) 

III IJ~h\ nt" this. an cxtcrl<.kd lernary UlL1lplex ""lc>d"l was proposed Whl~h hOlh 

a~~()mm()Jales the phenomenon oj' agoniSl-irxkp"ooent recep tor activity ,Illd the comrkx 

ht;h,,, J or oj' Jl Ikrenl ~ la,,,,, "I' Ii [,ands {agonisls. p"rliai ag-onisls. inverse agonists. neulral 

anlagon; SIS) {Gelher and K ooi I b. 199R. G~I her, 2()()() ). Thi~ t ",o-~tate model , ugg:esb th;Lt 

th!.· receptor exi.,b in an elju;librillm oct,wen an in"eti,'e conform;ltioll (Il) ,md an a~ti"e 

cnll f0l111,llion (I{ ') ;md in the a I=n~~ of hOlLlld Ii g:'llld . th e ill"ctiv~ stak preqi I, r~sllitill g 

in low baql k'·el, of sign;lilin g- in Til<: absence of ligand Ag-l)niST in<le l,,-,"dent 

(constituti\'~ ) "cti"it} h,,, be~n descrih.:d for ~~v~r,,1 (iI'ClI.s and ill InO,t C.1,e~. ]nutations 

"I'lile (,lutamic/A,pMt,c .'cid I"id"" ,n Ih;: GI""Aspi\rgTyr llwtil has been nl1l'lic3Terl. In 

one Sl udy, rerl aC~tnel11 of the ASp' '\ I '12) of the AspA rg- I yr motif oj tl", "I R-;Idrenergic 

receptor "ilh alan ine ('(\ll]"rred I'igil C'ol1Stilllli,'c a~l;"'ly 01' lilc rcc~ptu r (Sclwer <'I (1/, 

]')'!6). Anolher .,Iud} "ith 0J',in shclwcd lilal rcp lac~!l1ell1 of Glu ' ·"(l:; .I,I of the 

GluArgTvr Jllllt,f " .. ith Gin l~a(l ;, to il1crea,ed "cliv ily ill th~ "b<;ence of lig,mel "ilil~ 

aSl'mic ;!Cid m Ih~ s;lmc posilion inhihited thi, aeli,·,ly (Coh~n <'I "I., 1993), ll.asl1lus'~n 

and col laborator> also mutalcd th;: A,p r~'J d OX of Ihis motif in th~ rj .,-adr~nergic rec~rtor. 

Asp''''(130), w A,n and Ala and found thaI hoth mutall1 r~ceptoL' ,how~J ~onslilllli,c 

"ctivily (II.'L'Olu,"en e/ 0/, 1(99). Th.,,~ r~sulls sugg~st ll-.c lmlXlrtancc l)f tl,~ negativc 

~harg~ 01' ,-\,'p/G I u in stahi IIL,ng the Lilacli,·c stat~ of GPell. s. 
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Agoni'l' are I'redLct~d to hind with high affinity to and stabilize tfl,;, R* c"nf"rmation 

th.:rcby ,hiti ing thc cqllilibmlln and th~ proponion of rec~plOr' in the I,· wnf"l'l1mtion, 

ILlverse agon i,ts lnegat i v~ antagonisl') me thought to mo,e Ihe equilihrium away i'r()]11 lh~ 

R' ,tak hy stahili7ing trn, ina,;;tive I{ ,tatc (Gctheralld K,.bilka, 19n; Uetfl,;,r. 20(0) while 

lleu lral an lagonists ar~ compound, th,~t bind with the samc afftnity to both the R alld thc R¥ 

and have occn ,ugg~s(cd not (0 haw any cllect Oil the equJiLhriuLrl (Geth~r, 2000) Th~ 

cxtcnded tcrnary compkx modd L> cUl'rcmly thL' mos( widely accepted nwdcl ror GPCR 

activation but a "HKld which represcllts on ly two cOI1I,)[]natiollal stales or the L"eCCplOr 

al(JIlc is Ill" sui"IiciL,nt to explaLIl the complex heha "iour or many GPCRs 

A multi,tate modd has h~~n pWI""ed ill which the re~ep l or is sugge,le'd 10 alt~l'l1ale 

bel\V~en multiple anive and inaClive COnfe1rllhltions (Kenakin, 2004). In this llllldel, tfl,;, 

wnformmion 10 \\hich iI ligilnci bind, with highc,t afftn ity detcrmincs thc bie.ic.g;cal 

rL,spoll,C and pharmacological properties of the lip",d (G protelll aClivation. 

intcrnaILtatio[l, dimL'ril.ation dC.). thus rtlkctil1g the dil"fcrcl>l ki"d, of drLcacv that 

diffcrL"~ I,gands can hav~ (Kcnakin, 20ll2), riwrc is ne' requiremcnt for a comme.n binding 

mode for ilge.n; ,t Il1 trigger rcccpte1r acti viiT ion (Gcthcr, 2000). 

1.1.4 GPCRs as tlnlg targets 

~even tr"''''"~mbrane r...:~ptors that cOllpic (0 U proteins h"vc proved to be 

~xtremelJ importal>t rrotein targ~t, for tfl,;,rap.;utic ,ntervcntion and man) drugs that targ~t 

thc,c rrotein, M\'e ra,,~d cl i ni~al trial, and are 110W ava, lahk on the rnarJ...C! IOnulfer and 

llmuk. 2()(J2 J. C urrentl}, rno,l 0 r the drugs that arc' i I> the market Target Thc biogcn i c am incs 

rccep(ors. slich as the 5H L hi,TiltnillC, mu,carlnic "cetylcholine and doramine r~~~rtor, and 

adrcnoccpton , K llOwlcdge drilwn li'om til;, dev~ lorm~nt or (hese categories 0 I' drug, \\' Lll be 

~"enli al for the d~,'elopmenl of small mol...:uk al>tagOJu,t, 01' othcr rccL'ptors e.f til:! samc 

rami I y L'Sr"" iall y tilo,c 0 I' peptidc al.:1 prot~i" ,TcL'ptors. Chcmok inc l'eCCplOr, have atTract~d 

inTcn", inler~,t '" target, jilr drug devdopmcnt ,ince they have b~trl shown 111 rial' iml"lliilll' 

rol~, ", many d,,~a,c proecs , cs sllch a, in chronic intlill11[1'iltion. angiogenesi, and 

16 



Univ
ers

ity
 of

 C
ap

e T
ow

n

I he",", prn1ein~ haw .,I.,n been e~pll" tcU h~ 

pathogen" the ]}1I,,;1 ,mportant ~'~lho!!:Cn b..-inf!; Il1e hUlllan irnmun',dcfll'icIK} ",nh whid, 

U.<I;' lilt: d'k:llll,l.i n. rcceplo" CXCl~A ~nd ('(R~ 1<' t'''in emry im" ,~11~ Ih".' ,m,,1) 

Il1nl~t,,'e I:he mol; in<: reccplor j nhihitOI'S th,lt In ''£~1 these r~ccrl"'., C"U Id b<' u,.u as !LnLL -H I V -

1 dr\J gs I" ti ght the dis.",. Man) dll:lllol.irx- re~cpW r anWgonis1s 1h a11" rg~1l"\ ' I, ~ :m, 11"" 

,,1 ~ n advancC<l ,lag' "f tk".1 opmcnl (R ih.; m unu Horll!; . .2005: LSlc and' 1 cknli. 20(7). T r", 

,tru'.-Iun:-(undl<'n rcl~ti,'nshil' ()f 'hese IC~I'Il"r., amI Iheir li)'.anJs and Ihe ~onll"'nUII''''al 

~h,Ul~CS Ih~t occur aner ligaoo bin..l illg :lItJ 111 V-I-);I11 ~O interactioll OC'Cd to bo.' ~,'ns,dcrcd 

\\"h.;n JCsigl"'l£ Ihcs<: small nlnlcrulc inhihitul"lI 

1.2 I-IIV - I II\'FECTIOI'", 

The lJum"n irnmllJLoOCiic icnc) V;I"\IS (111 \-'). rr.,., ~'i()l()g;L "senl 01 the "~'l l1L rcd 

il>lllll lnnddicie n,'l s:.ndrome (AIDS). Llnk,w\\'11 to Inedical scicnc. b<'j(' r~ \9R2. 11." L1I'" 

inlcctoo million> of indi" idua l, worl uwld~ (Farun eI al. !')'J7b: McC\I(chan, ::!(IOO) 

(urr~~I( dat~ ~ho" that 3'1.5 mill i,," r~"pl~ a,." Ii I' ''~ witli H I ViAl LlS 'I I1h J . ~ 11' illio ll ""w 

i"I-':(·(lon. III 2006 (C-':AI Ll~, 2(10(». fh"re ~re 41\" t) pc~ oi II IV S cl.:l%itk .... lI~~,lrdinl'- 10 

).'\'neuc noo Sl;'ml"gical di fl"n:IlCe~ .",d ~ Is" III the" !!:C,'graphic distribu, JOI1. • II \ -I i~ ll~ 

,, ~,.,t COrnlll,'n 4~pC found world"ilk LlItJ HIV-:? " found n"1SI1~' ill \\C.<L ,\Ihc" 

( ~rcCutcl~1rt 2000). H IV-I is divided inll>th"", ~mllr"_ ~I , Nand U ,\;th ~I""I' .\1 bcin~ 

n:"p"ll,ibic fur ,,1(,.,1 of ,he disca't I,wldwide. ,\,jnc ""bl)PC, ~nd lo""'e~1l cin;lIl,'ljn~ 

rceo,." bi ,,,1m fom' ~ " f group Iv! Virll.'C.' I ~ I "C been chnraclc l'iz.d. 'I'he di ff~r" nt .,urn) pc., MC 

nlll 'I 'enl} dist rihUlcd in Africn bill in C.n l.r.II Eq ualorl,,1 Africa wh~l'c II I\-, I ~" been 

,,"o l\'in!, 'hc longes, almo ~1 "II -Ubi»),,", I ~LVC occn identiflcd ( Ilu"i!crs 'I.I1U Wi llLallLson, 

2005) In "o"lh Afrt L~. moS! in!ecti"rnl nr: rr~-d"llli Mntll with wbt}pc (". '11)0: hi~h 

<lcgrec (>f vir~r di\'~rsit) i, assc'cmtcd 1\ Ith hi!!h mutalion ~nd r<:e<>II1bm,uinll ra.", ('\,urled 

"'"h r.l(lid tumC"'cr of ,r.,., vin,,; (M~('uld"'n. 2000_ Burgers an<l \\' illi,lm:;:"'tl. ~()(l5). Si","\: 

the d;"ro"~ry " , ,hi~ hi~hl} i n l~li,'c "nod d~rK.lI~ \ jfll~, TeS<'3rch ha& bI.."\:tl fOCused "n 

\lnders'~ndi n~ it- bi,,',,~~ ,,00 ils IllIcra~IINI whh h051 celh Jc"din~ 10 pos'Jl"~ W,'~5 tl' 

"S hi Ih" vin" II"ou;.I1I"" \l5C "I' dr\~5 >Inti YU,·~j ",.:,. 
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1.1. 1 l\1('chanism of host cell infection 

1-11 V cnters CD4- T -cd I, hy a ca",ade 0 I' mo lecul ar i I1temcl ions bel",,,,,n the \ 'irion 

~nwlop.' glycoproteil1 and lwo 're~ilic receptors on the h."t (-"I I s urf~ce All we ll 

ch~l'"cteriled I-I IV-I is< >lotes h~ve been ,hown to be' lk r en(knt on CO"~' thc prirnJ ry "ir~1 

recertor, but e"press ion of CI)..\ alone is 110t er,ough to e" r lai n "hy different III V-I viruses 

can in feCI differel1t ,ubse(s of el)4 expressi ng cells ill vitro (Ilrocier and He,s er, 1995: 

Wd,mann Cl al. 1\195 : [Jerger'" ai., 199\1), It "ns latcr fou nd that til" receptor (C04) 

could rendcr cells permissivc for Env-rnedi~tcd fusion, cntry nnd infection only dl"n 

expresscd on a human ccillype. a iil1ding thaI was supportcd by cell hybrid cx pc'r imcnts in 

whi"ll a concl"sion was drawn on the need for a cofactor (co-rc'ccpto r) that is specitic to 

human cdl , (Berger <'I <1i" 1999) Thu, infec tion of host cells inyolws Inc' complex 

il1(ernction l>et\V~en t]-,;, vi ral enwlor gl}TOrnMil1s (srl20 ar><i sr4 1), (,D4 ,md a 

cor.-ceptor, A straight forward model s ugg~sts thn t gpl20 hll1ds CI)4, on tl", targel cell 

surt:1ce and th is ini tiatcs confonnational chunge, in the gp l20 glyco protein and l"lSsib ly 

CD4 cxposing a previously hiddcn corcccptnr bimling sitc. The C1)4-gp120 COJTlp le, tfJe n 

1",-,,], to the corec,'pIOr nlld stabiliLcs virus binding triggering" further confonn'll ional 

change, "'hich leads 10 the apposition 01' 11", ,iral and host rell membr~ne s Jild n p'hure of 

hyJrorhohic gp41 i'U>IlHl peptide. Inscrtion of Thi s fusio n r epti de illto the h"st ce ll 

Ilwmbrnne then il1duce~ memhmne d~,tah ilmLtiol1, Ill,xing and hencc fus ion of Th.' virus 

"ith lk target ccll (Brodcr and Col lman. 1<)97: Iloward eI (II, 1999; \\'elSs, 1001. F~rocr 

and Berger, 20()2). Once thc virus enlers the ce ll. il r~k~s~s ih RI'A and the cllzymc 

rcverse transc rir tase I'hi, en/yLll~ is kLXl\Vn to calalyse the Pln<iuctlOn o{"iral ])1\,'" from 

vira l Rr-<"" The vLra l D'l\'A thcn cnters til" ",-'Clem of the h("T cell and j, incorporalcd Into 

ce l lu l ~r DN.--\ by the integrllse en/yrn", l'h ~ rmkin synthc"s rnachin~ry of the c~ 1I Theil 

rnxiuces Ihe r rolci n G~g·Pll[ which together ",jth II1 ~ gag and lh~ em protei", lS ck~",d 

by the v irus encoded aspartyl pro tease (KaL.lllL~rskL ~I al .• 2006). ]'Ul'\her en/ymali" 

clcavage gives rise to funclional rroteins thai ar~ uecessary for the structu re of IIIV 'I'he 

fusi on/e ntry proc~" th"s prescnts Ill"ltiple pmtein tnrgets for cfl"motherapeut ic all ack I"" th 

on the vir"s (gp 110 and gp .. l) and til" host ta rget cel l (C1l4 and coreceptors) I Farocr and 

[krger, 2002) 
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1.2 .2 Chemotherap~' of IIIV- l infection 

In Ihe ab,~nc~ or polenl anli-HIV vaccines, olkr prevenliw methoJs haw to be 

employcJ 10 lighl Ihe ol1goil1g J\ I DS panJemic ('1eurath <'I ai., ~()() I ) Thi s wi II il1 c1 ude Ibe 

developmel11 and application 01' sal0r and elleelive chemolherapeuli~ agents against tbe 

"irus 0" againsl key processes tbal lead 10 infection by the virus. 

(jr~m progre", in Ihi, itl'" was achinnl by II", disco,,,,), orp()l~nl inhibilor, of Ih~ 

vlml rner"" lranscripla,e nnd proka,~ enzym~;; Sub'~'luenlly'. Sllod l ~S pro"ed Ihal Iripk 

combinalion Ih~rapy' or highly' a~li"e antirelroviral Iherapy (H;\;\RT) ami other In pie 

combinalions Ihal incill<ied Ih~ non-l1lldeo;;id~ r~''Cfse lransniplase inhibllors (NNRTIs) 

"ere elliciel11 in redu~ing mortality and suppressing viral load (Pomerantz and Horn, 

~()o.'l. I hese combinalion drugs markedly suppressed viral rep licaliol1 in most lrealed 

i'ldividua ls thus restoring thei r immune systcm funcl ion ( I'u rber 'll1d llerger. 2002; 

Pom~ranlz and Horn. 2(03). 

DeSl'ite the use of Ihese inhibitors li),- HIV therapy_ lh~r~ is slil l a g"",ing n~ed for 

improved therapies (St"izki cl al. ~OOI: Takash imacl a/" 2()0 1: Farhn al1d Bn~er. 2(02) 

due to I'roblems thaI Ii mil Ihe ellrrent regimen. Thn~ is Ihe cUrr~l11 problem ofr~sistance 

to the inhihitors whicil is mai nl ~' due to the low fi deli ly of lhe HIV rc',use Irall,criptasc 

coupled wi th t roc lac k 0 f assoc i ated proofreadi ng fu netiol1. This ereale;; the p<.,,,i billly li)[ a 

mlml~1' ormlltati o l1s in the gen<:s ol'H IV to ~mc'rge and tx xkCled dllnllg drug trcaunCllt 

as the pr~dominalll ,train (Wang d ai., 19';<); Kim el af. 2(01). Apan I'rom the emergence 

of resistancc 10 most m ai I a b!c anti retrm'iral d rugs, there is al so Ihe d i I'ti~ully of adhni Il~ (() 

certain tre~lmel11s thm reqllire high pill burdell'. mult ll' le daily Bdll1 il1 istration and 

,omclimes dl'>abling ,ide dfCns (Strizki el aI., 200 1: hcrber ami Berger, 2(02). In s"me 

countrics. ]'{1rticu larly in Africa where the pal1demlC is spreading m "all alafillillg rule" the 

cost or lhese drugs arc ,Iill nol nfi"rdablc (I--arber and Ikrgel'. 2002: I remnichl ('I aI. , 

2(02) 

Doc to drug resi,lance of J IIV 11,m ~rc now asso~i~led wilh the currenl anlirclrol iral 

drugs. mosl rcseorchers ,ugge't the devdopmenl 0 1' al1 ll-HIV drugs thaI w ill larget 

]9 
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comp,'I..:nlS of the h., ,,, cd l m.1c llin~ .... ~ I.l$SCnroal lor ~ir.d rcplic., ho". In lh l.'! CdSl:. ~lIdl 

rn"l~uks ",II not mUlale II I HI<' 1" " ..... ,,,.<,) 01 \.1'001: prc,-,urc (Farber uu<l flcl ~cr. 2oo~ I. The 

"",d .an"lu b~ "hich HI \' ,·nll,.,. IIIl" h.:,,\ " II" pmvmg prumi'itlf; atl<l i. rt.-':~I' iug ~I~~[cr 

~n~ tlII O tl III tnc Cllrn.'nT s<'arch 1<)1 11 ~" anti_viral a[':Ctlh (Fark,- mid lk r~ "f, 2002; ~""hcrl 

utld "akma,-. 200-+) 

Fusion 
Inhibitors 

Reverse 
T r cinscription 

RT 
Inhibitors 

Integrase 
inhibitors 

Protease 
Inhibitors 

Fil(" n ' 1.J: HI\' -1 .'nl ~~' ill I u 1",'1 ... ·11 " " ,I t h "wlccnl.t r target. "or Hil l i-II I V I h.' I·" 1'.'-. 
Intt~ru'e i nil ihi 10'-' a,,' al an ".I, a, IC" ,j s taJ,;C "r lkvciopn,cnL hut llot cllncll il y ,wi,i i"hl.' rllr 
cllill ca l ~c "hi lc i'uSinn inhihiwr, :.r~ ,·,,,,,: nl) in " iinicaiuw (LlJ5so. 200~.) 

<;~,~rai .. mr) or 1I",n" lohll.,tnl"' \h;.r :lIC lnu"," Iu bl •• e)" <l.rf~r~m S\Cp5 "I lho.: 

IlI'IIII,'Clull r ""' '''''' hy IIlk ra.: ling "It It Ihe' "m'~"'JIC protCIil !lpllO ()[ ~p41 nr wilh lit.: 

tw"~'t'[ .,'~II pWlci ll'>- Cl).l or tltc ct)·!'«.q>1,lT U' ·C nlm .,i lller in cl inic:!1 ,,~ or n~ ,mdcr£'" n£ 

Pf,,-cI inic:!! <I, cliniC:J1 Ii", dnl'm~n1 ( I)e ( '!e' l"! . ~002; s.:ib"r( and ~a~m(lr, ~()(l.I; L-.[c an.! 

"retcnli.2o(7) Exampk, "fll",sc r"sion "I(IObl[0('5 inclutk r-~o (cnh,,,n,dt) " 1\I"h,, OIl 

clin!c,,( u.;~. bu\(h 10 gp4 1 10 pre,'cnl liIS.ot1. T- (~4') "hiLh ha, a ,;milar m"oJ,,: (li"ao: ('OI1 m 

T.20 bUl \\ith enhanced pol.:,,<=)'. 1'1{l1 $4~ "hid! tnl~rf(;,-C' wtlh lh ~ ~pI2U·CnJ Interact ion 

' 0 
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ITliwla eI aI., I'NS) and [3~lS8()6 anJ B~lS .l7SS06 whi~h hir>d to gpl~O to inhihiT the 

intcradion OClwttn srl~() anJ Cf)4 (L,n a "I., 1()113) 

Two majm dl<:lllOkmc re~~p[or' ha\,,,, r.,ell imrlic~t ... d ~s nl-r ... .;eplms in Thi ' IIiV 

fU.,ion ~lld entry rn'<'es.' l0,<,chi CI (11, 1<)<)5), lhe "inll S11'~ir1S th~t arc Imnsmitted alld 

Whl~h pred(1min~le durillg th ... dl )l11tommic ph~s ... oftoc di seasc (Phase where thcre arc IlO 

/\IDS ' yJllJXom, and at limcs (hcrc is normal CD4T T te ll ~ount) wUe ,llO,,'nlO bt: umble lO 

I11fcct CD4+ T cdl lincs, but could infc~1 primary ma,' rophaS~' Th.'s~ arc known a, 

mac.ropilasc (\11 tmpic HIV is<llmcs anJ ha\'~ nuv. bcen ,hown to u,e thL CCR5 d,,:m<lkill': 

rccerlor as a torc"cptor (Dcng cl aI., 1996). TIl<: e.,wn[ial role of CCR5 inl!.' fUlldion a, a 

COL1:cq1tor l;lL- HIV ~nlrv Lnto tli<: I~).'I ,,~11 ha., been supported by th,- finJings that human 

Cf)4 alma: wa., LnsufJicl~nt to r~nJe r celb ""rnli"ive filT mCcd]()n_ It w~, ~Iso J"'''''' cl1:d 

thai the P dlemok[ ""'. I ,I ) no:, I ,I ) nfl (lmth i sojlmllS of ma~ "'phage i nt1~mll1~tory prole i n, 

MII'-I o: [CeLl. ( :CULI ]). J\I II'-I W( :C L..J. (m~.;mphage int1~Il1fl\~tor) protein' I ~) and 

R.-\l\TF.SlCCL5 (regulaleJ on a~ll\· atioll normal T ('ell c~prc."eJ anJ .,,,cre\cJ) ~ou l J inhillil 

LIlI"" tion of macnlphagc tnlphic st rains ancl I10t I ~ell tl'Ophk III V-I isolates (Alk ilanb eI ,,/ , 

19%: Dcng fI aI., I 'J<)(,: Dragi~ ~I aI., I ~%)_ 

Chemokine-m ... di~ted inhibiliml of HIV ell try is thought 10 r~sLllt from .,t~li(' blm'king 

(by the d Je llloli ne lig~nd) ,,1' int era~tion b ... tween the vira l prolein, gp I ~O anJ th~ w-r~t~plor 

or f rom lig~nd-induc ed inl ... rn" li7aT.ion ofr ... ~ept()r (Ar~ll?ana el al. 1996: SnnmoJls cl al. 

1~97)_ I her" i, al,o ~vi,l~nce of ligaj,d l[Jt"L'fcL'''nc~ wilh reccpwr r.'cyc-ling. As levels of 

chcmo~incs in~rcale. mure CCR5 are tilled pr ... , el11ing II IV from gain ing an'~s., to th~ 

rceeptor (Am~r~ fI ai, 1<)')7: Alkhatib cl ai, 19~7; BranJI c( ai, 200~1. Brandl arK1 

('ullaborators showecl that tl,.. efflcicncy of intcm~liL~Tion ~al1 calL.,e differ ... n~~ 111 

slLsceptibiltly w cl1CmokirlC-indu~ed hlock ing of IIiV enlry_ rh~y showed that a CCR5 

ddeeli" ... of rhosphorylalion ,il~., diJ rM)1 mtemal ize in L'~SPOllse 10 ch~mokin~ and showed 

res istallC~ 10 the bloding effccts of dlemo~inc 10 IIlV- 1 cntry (Br~lldt CI ai, ~OO2l. Aller 

rho,phoryialion ancl imernalizatiull, reccptors may tr~ftl~ 10 endosolll~' r~"dling 111 

cl iss"c i~lion ol-ligand and r ... c)ding of the re~e ptor ha('k to the ('ell ,urfate. A Jcfetl in tl,.. 
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p['oc~sS of rccycl i 11 g leads in d~"'~3seJ 3n1(lIJnt of receptors on the ,tLrl'oce of the c'e II cOllsi ng 

a d""rcasc in the amollnt of'''-''''plOrs avail.lble for use by IIIV. 

Cn~')1oki"" 11lwiation "f IIIV innibit;on and cncll10kine lin~ to suscepllOl liTy to 

infection by HIV has IxX'n associ'lkd with copy numocr of chcmol-i lX: gcnes. /\ dircct 

corrd:lTiOI1 bcme~n !h~ cn~mokil1~ gene copy Llumber and IIIV _I susceptihility w:os 

~stablish~d by (joozalez and collaborators (jonzalez e/ ai, 201)5)_ Their study involvcd the 

hLgl, amnity ligaoo ofCCR5, CCL3LI which has bc~n sho,,·n to k a 1ll0r~ poklll inhLbilor 

or HIV-I Hllection thUll RAI\TES (1\ Ibbs e/ ai, 1999). Go"zala anJ ~o l lalxlrator, analY'~J 

"'!,m~llial dupliLali()llS of the CCI.31.1 gen~ ill people from Jiff"rent ethnic' grou ps ani 

li)lLnd Ihal th~ copy num b~r 0 I' thi, ~O;,mokine varies from one person 10 onother. Tile i r study 

r~v~aleJ Ihut this diflerence in copy nUI1l\x:r on its own did not d~terlllilX: sLiseepTl bility but 

the geoc numkr rclativc to the av~rage LlLL!I1\x:' for the ethnie group ",a, th" del~nnLrllllg 

factor (jonzakz eI aI, 2(}()5). Thus looi, iduals wilh 10'" copy nUl11kr of' CCl31. 1 comporeJ 

to th~ average Ii" th~i, ethnic populat.ion wi II be more suscepti h Ie to III V _I than ind i v idu"ls 

wilb higb copy llumber from to;, SOlne mcial Of ethnic populntion. Africans Ilave a 

signiile'll1T ly high numb", of CCULI geoc copics cOLl1par~d to IlOll Ali-leans (UOIlZ::tkZ cl 

(1/, 2005) 

l'unher e,·iJence of CCH5 involvemenT;1] 1llV InfectiOI] was hosed on pop'liation 

genetic ~l uJi es which sho,,~J Ihot g~nd;c vo rian ts of the CCR ~ genes reJUce IIiV 

susceplib ilily andinr pro!,r~"io" to AIDS (Howard el o/.. 1999)_ The mo,t "idd) ,tLlJi~J 

varialll of eCR5 (CCR51i.32) ha., a .12 b",~ paL r Jdnio" willlL[' Iht' ~odong r~gion or lh~ 

c'or~c~p l ()f gene which lea,:h lo t.h~ production of a InmcateJ n:c~pt{)f (L,,, eI a/.. 19%. 

S~I1l>on et a/.. (996) Individu..lls wl,o ar~ ho,,-,ozy!'ous Ii" lhL' Jddion mulatHlIl ",cr~ 

sho,,·n 10 \x: highly rcsistant 10 1llV Illknio n. 1n the heter(1/ygOL" ,tate, t.he mutant alle le i, 

a"(lCial~d wilh partial protel'iiol1 again,t HI V -I ,nt\::ctioll and dclayed progrcssion to Al D~ 

[n s~ropositivc il)(lividuais (Liu ~I u/., 19')(;: POAton ('I,,/., l')')(i; Samson ('I (I/., 1~96). 

Geographic ona lysi, ofthi, mulolion show, t.hal 10;, mutation is present almost eXl' lu,i\'~ ly in 

I':urope "ith up 10 14% in so"''' northern populatiom 01' Eurasia . .--\ l\'ortl, 10 Soulh ciLne 

di,lnbulio" oflh" allele has be"n rejX)rteJ "'Lth Sardim, havLlJg Ihe 10wCSl fr~qucncy (4%) 

onJ I' inland, Th~ higO;"t. (1~_W~{.) (I ihen eI al. 19'1~; I'awicki and Wila" 2()()1). Du~ to 

n 
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miSla. illn and ",11 1"'''1<"111 "r Fu."pt'" .. n~ and the'i . dL'SCCIld:lI1lS III o .h". p,"!.' "I" tilt: ""rid. 

dle.c '''C c\·idet>Ccs I. r thi' mnl :diun our o ( Luropc. r hc lTlutal;.lIl " ah-.o.·m 11\ indi!!c"",1S 

\I~'i\,,,,' hUI pre,;cnt.11;o. f'\.""<i1>C'IC) 01 abo!W 4A%;n H'~l"'ni~ \k,;ca n ~ (A frequcncy or 

~'" is observed ill Spainl_ S.",1C nrn C1urasi~ ns , lIch a, Im\;"" , "nd CIlI'IC'" h,,, c hecn 

rCJX,ncd to carry this 'l1\l\ ~tioll and thlS liMy he a, it re,ull "I' gen~ inll"", It' (mccslr~1 

p<lpn lat ;ol1' (/awi,"ki and Wil;o.\, 2(l(l7) , TI\'Il mUI~I;on ;, ab"~nl in i\ lr , <.~. S,wlh Ameri(a . 

i\s.i:.ul the P~cilic lsla ,)o.i,. 

Th" a~", of this m,,'at;un "'-" ""i,natw \" b<' :lppr{)).imald~· 700 )can; (lIld it \\ as 

SI!!!J:cslcd th:n a 'trong ~d""'t i, ,, p'e,~ure imp"-.ed by :I (,..,tOl in I"uropc "hicll glWC 11~ 

~arrlc" ""nk kind ,,1' ad,·ama~" ml!>1 h;,',e pu,fled If..: (rCtj..,ncy "r lhi~ ullele 10 it~ pn:'<eIU 

day di,(rihulion (Stephen' el ,,/. 19911) The IIb~k \)ea{h ,,( 1 ~48 which ~iI"-d (niH",", in 

th~ Eumf"'~ " ~ ol1l;"e'" \Va l :l" obvlotl< ,·nl,d id al~. Thc hllbon;c plague " as:uSQ a ~tlita blc 

~u nd ;dat~ . TI", plague ~~C]11 W .. I known tQ infect CCR5 calTying m~~ropll:!ge, and thus 

t~"'( wa, ""'~l"Iion of tnc CCR5f'132 It) pr~\'~11l Ln I(,"lion 

"s 1-11 V_I inf"';llun prOl:n'sscs. l'iL'uses Ihm ~mcrg" pro"ed lPI.1blc tn ",fCl"\ 

"l,'IC",phage>. bUI 3~-q""" Ihc' a t'i)"} 10 1"1 .... 1 J)-ml'hoc} ICS and CD4 T ~"lIi. Tht-se 3rC T 

~ell (T) tmp'c 'SObl..s. ,~hich usc Illc C XCI(J chcmolmc rcc"'pU2Ir cil h"r in t'la("C o f. (lr U1 

aJJi{iull lu_ C('R5 (U, <;ell"b. em!)', CX< IU " 4~ Ih" 1,,-,,1 Hl\1·1 cur..c"pIOI lhal ".1S 

iJenlift~xl h)' Fmg and c<ltlaborllwr-. who ... ,..,d a cI()n;n~ mdllO<l 111<'1 \,~\~ based (In the 

l,b, I Lly of a cI )~/\ I; hmry T(l .. 11"w f!l~irm (,f .dl s c'rre"i n,; 1 ,n " r"'L11 l"buri!I' " ~ ,,-dark,] 

str,,; ,, " w;,h:l CD4-cx prc,, ;n)! murin~ (;~ II 1, ,,luli,,n an,] ,e'l ocm"~ '''H'Ii), i, " I l' si T\g le 

~D\I" ~hDwcd th"l II", prulcin b<'IO il);crl 10 lhc G PC H. f1lll1 i Iy of tr'"!lSmem hr.,L Ie re.ep loL" 

(1'~11g d ,,/.. 19%: [Jcrgcr " ~I ", .. j'jojo)), ) 11;~ prole;n wa, nanwd ·'f" ,in'" ~I\d "·;lS bl~r 

~h{"'n 11' he: a l"h~m"kjnl> rc"t:cpto. Ih~1 b",tls anti rc~pl",ds 10 the C;\C clV:ll1l)k , r>e. '>111'· 

IH."Xl 'L12) (Olcu l ('1 nJ . 19%). 

Structurally tn"dilied a);ontstS or uK'''''S{ <knvat;~-es of CCI( 5 ~nd ex ( 1~4 hUlC heen 

slx:,"o 10 compete wilh HI V tiJr hi " ,liog to rhe rccq.{or and {hl!> cantril-u le t" inhihiti"n "r 

iufecl ron by the "irus (A mMa ~I "I, 19<17; Arcnr.ma-Scj,deJm and l>;mm'lIl;er. 2(1)6). In 

~dd i li , )n, h;n,]",!! of II.,., natuml [j~an,i. ;In,] ll,."c d~r;\-ati,' cl CQu se ;L11.'m:.li7.tI; ,'n ,,1'11><: 
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rce~plors Ih~rchy r~<lucLng (h~ am"unl or r~c~pl.,r presenl on Ihe surface of thc cdl 101' 

in\~raniorl wllh Ihe IIiV ~ nvelope_ illCSC chclTIokine derivatives such as amillooxypclllanc 

IAOP)·]{A~'j'LS anu AOP-LD78j:I(AOP-CCL3LI) havc occn ~xpl(li\cu as HIV hlodmg 

ag~n\s due I() their c'ollcnive c'lpocity lO hilld thc reccptor and do"n rcgulm~ r~,,~p1llf 

expression (A ren7.ana-Seisddos and l'al"ll1cntier, 2(06), The maior set ha~k 1'0f Ihc uS~ 01-

th~sc moditid lig;ulds as 'I11ti-lliV drugs is their ill,tahility. pll<lr ph~rll1i1<:okinCli~s 'UlU 

high C.,Sl which outweigh Ihe bencfit. rhus chemokines ~nd "hcmoki,-lC r~"ept()rs. tl1 

part icular CCI,S ~nd CXC]{4 Il~~d 1ll he ~_~plllit~u I"urther iilf lh~ir rol~, in IlIV ~l1l ry. 

i nil i hili()n of cntry ~ncl dru~ dcsign, 

1.2.3 HIV-I Vac-cillc dcvelopmcnt 

rhe mo>l p'lw~rful and l() a gr~al exlenl lh ~ mllsi c"sl eff~c'li\'e l11e.1Sur~ to comb~l 

I·IIV will be Ihe uevclopmenl aOO us~ lli" an efl"nive prophylaclic alld p r"l~ni\'e vaccine 

agoi nst the vi rus. t 'ak ing od vantage ()f thc t:lct thot IIIV - I transmissi on is pri mari Iy through 

1ll1lc"sal-ass'lCiated tissues. and the kno"ledge ()f the Lllll~,'sal illllllllllC system. 

clevc lopmclll of~ mueos~1 vac~ine is no" in pro grcss (Yuki <'I al.. 2007), The principle of 

v~nine d~vclopment Iwlds that a vaccinc should cOlliain immunogcnic charaCTeristics of 

til\: prcvalent 1-11 V su htype( s) ci ,-cul at ing m ~ gcogmph ie area (II e) nd ric h fl ai"~ 200ll), A 

"accinc which hl-1Cks replication "I' thc virus has been proposed sincc infection by IIIV 

Cilllnot be rewrnecl oncc it has been est'lblishccl, In thi s casc, hlocking replicatio" wi ll 

pr~V~1l1 IIiV from ~Ill~ring and infecting fr~sh larg~l ~clls_ This app['()a~h r~~ui res 

neulr~li/.ing '\l1lifxxli~, uirceld againsllhc viral ~nvclopc protein, 

"],,, date. tile developmenl "f an cffkad.)Us vuc'c ine agaimt II IV-I slil l ]1<l"'S greal 

problc-ms ill llw "llrlclwiue tight againsl HIV alld AIDS. Thc rclat ive ly il i ~h level .,f 

gcn~lk divcr!(enee ~nd thc 1;1ct that the correlates of a ,a~cinat~d in,l i, iullal ~r~ unknow" 

(Andernon fI "I" 200ll: l-tc)'lldrid x CI a1., 2()()()) r~ rn~in lh~ maillr ohslr",\cs III \'accil1~ 

deve l opl11~!1L rhus, it will h~ D.,ecssary to haw a l'O~kl ~il llf cliiferent immunogens TiloT 

me represenlative of ca"h gCllll\yp~ ~nd ph~notyJX' or th'lt arc adapted 1.1 ,ilft"'~111 

geographic regions or oYer time (Ilcyndricb el 111" 20(0) 
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1.3 CIIE.v10KIN"ES A ... "'m CHEI\WKIM: RECEPTOR S 

In the process of in/lammalion r~.,ulling Ii-om injury or inJeclion, lhere is scJcctiv~ 

recrui lmenT of leucocyles indlLding T-lympn.'C)' le'S \Yhich traverse t~ va>cular 

endl,thd i Uill and m igrak LIlto lOC pcriph~ra l Ii ssu~s in response 10 a gradienl of chemotactic 

fador., slL~h '" c'ocmokine.' ('vknlen e/ aI. , 2(}()2)_ Chemokines are a group of small. 

mosll y basi c prolem mole~lLlc., 0 J' R-14K Da ,md approximale! y 7()-8() amino "cids in length 

which h",'e been .,hown to "dopl a similar fold e\'en ",henlhe over"ll sequencc idcntity is 

I,,,, Fr~ctal kine i., lIn umls,-wl membrane-bound member of The family (Stantcile v and 

Broder. 2ool: Unuffer wid Ilorul;:. 2(02), 'lll<' ch~Il10,-il'" t:lmily is chamct~rizcd by the 

conservalion of tour cystd,lCs and has oc~n classifLed into four slLbfamLiies Jcpcndlng On 

til<: mOlif ~xhibilcd by l h~ nrst 1\\0 cys<c incs, Thesc ar~ the CXC l'r alpl,,\ cocrnokill~s 

which have an amino acid res idue oclwecn the Jirsl t,,·o cyCl~il1es. lh~ CC Or bela 

chemol;:i l"'s w ilh t~ /irsl lWO c)sl~in~s ncx110 each olher. lhe C Or gamma (r~pr~sel1kd b, 

lyrnpllotaclil1) which has 10Sl Ihe tirst and Ihe lhird cysleines and Ihe CX3C or delta 

cocrnokir.-.: whi~h ~Xhlbils th re~ amil10 ",cids oclwecn The (ir.,ltwo cysl~ir.-.:' and li-aClalkinc 

or neurolactin is an unusual memhrane-bound member oj' the f"mi ly (Rossi and /,IOlni,-

2000: Mellado dill., 2oo1: ~leillen e/ aI., 2002), 

A different c'hemokin" nomenclalme pl'escnled 'll lh~ Keyslone Cocrnokir." 

Symposiulll. This nomenclature is based ()fL lhe chemok in ~ I'eceplor nomenclalur~ ",hid, IS 

be ing used at present. I'he chernokin" r~cerll'r t"'rncn clalur~ use, CC CXC XC and CXJC 

with lIn (, (for receplor) al th~ cnd 1()II,mnl by a '"Jillocr. Thus the nC\\' 1l0meilctaTure 

prop"scd tlL~ 1I,e oJ'L (for l ig~lld) 10 rep lacc R when naming a ch~mokinc_ In lhis re.'pecl. a 

CC Ch~lllO,-iJK' receptor -' ",ill b~ designated con while a ckmokin~ iLgand \\'ill oc 

de,ignaled CCl. and" 11 urnocr wh ich rerr~S<.;nls the gcnc IHlmb~r cncod i ng T h~ cocmo kine 

in qu.;.;,lioll (ZlotLli~ ~IKl Yoshie .. 20{)O) 

Ch~moklne s shar~ a cons~rvcd ll10110meric fold charaCleri1ed b: a di"ord~ l'ed shml 

amlm' tcrrn;lH_s bdorc th~ first 1\\0) cY'ieines, a conser\'ed Core r~gion wh ic h IS mad.: up of 

lix; .,0 cal kd "'~-loop', tilrce ~nti-p~ ralld B-stmnds ,eparaled by sh()]t loop, al1d a carboxy I 

tcrlllin~1 a_hel ix I"tantchev and Broocr, 2001: BlmdlL~ eI 111.,2002: Bianpaill e/ ,,/. 2{)()3) 
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Chemokine, arc cOll.slraLfled hi disulfiJe hridges between cysteine .. e" idll~ > (Stantchev and 

Broder. 200 I). 

I 
I 
c 

N-IOOp 

C1 %i" 
"~ 

C36 '." 
N 

F igllrt' 1.-1: Tn'inti ~hemokine fohi of t he "inti m~noph~gc inn"mm~lory p rult'il1- J 
(,-I\JlI'-J) showing .,n ~xteI1J~d f','- termil1 ,,1 segmel1l Ih"t comail1" Ihe 1" I-.c[ix, three anli­
paml l el ~-sheLt.s, the et-hel ix , truclurc.i ust before the C-!Lnni 11.a1 .and lhe cystei IIC residues 
timning JisulliJe li Ll kage" (Il-om I_uz C[ a'-, 201J5) 

Chemokil1e" excn th"'r cfkn, h: il1teractiol1 wilh sf"'cific G protein coupled 

r~ceptors l'res~m in Ihe memhrar~s "ftarget ~ell" The l'hemokil1e [~ceptor faIll. I, i.s the 

large.st .suhfami I) of pcpti ,te hi nJJLlg GPCRs thm have beell deseri bed 111 date. l'hey belong 

to the class A GPCKs "hid l ,how high lev:l or hl1Illl1logy \'iilh rllOdl1p,>in (OnlLffcr al1d 

Horuk, 20(2). Sequence hornoll1gy among chemnkil1e rec~l'lor" may varv t]-om 15% to 
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1l(1't ... "OIllC chara<.""icriSllc f.:atHr('S ("0111 " 1011 anlOIlS ("h.:mo\.. ' ne ' ("'""-ll1or. LllClu,k ~II aciJk 

1\·ltrminal Joma,." Ih.: DRYLi\ IVIIA s..'lju("ncc or a "Hi .. I'"'' "r il in Ill<" '<~'M,d 

(t1tmco,lliular loop, propo.-.cd to b<., i", 0) 1\ ~J in G pm[cin inlel ;I<.· li (m, a ~","I has;" Ihird 

Jill! rlCdl lllar loop and the prcseIK'~ or ~ ~) ,tei 11 ~ ; n em;h or Ih~ li)ur c ~tru~c I hda • .t"ma;m 

(M",,!,h). 19%. Slanlchcv '111 .] fl l"<1dc r, 200 1"1. The con>erv e<l .yste;"" re , ;clL K: in the first 

~~t.a<.;cl l ulal" loop i, known lo t01l1l .. di su llidc Ix>nd "ith the q~lci,JC ;n the: second 

c.'(tmc~llular loop. J his d,su lJjd~ lin\.."'l!c is ,I ~'''n m')fl J"mur~ ;n lh~ Grrr{ ,'''!",r_ramil). 

Onl) cl~mokil~ I"\.'C('proJ"5. 5har<' the second Jis"It.']c bond ,~hieh is Ji>f m.-J het' .... en th ... '\­

lenu"",J mu the thml e , lntceliular 1, ~ >p (Opf'<'rmann. 200·t). CIM:f11,,~ in( rtc.1'I"1")C can 

"I", he: "nmpc,] ' r,lt> fuur fmnil i\!.' d([I<'ndi ug on th" <"h"m"kirlt's ,,,Ih "hieh r~) inlcract. 

i ~ C~ . ' CR. 'X('f{ and 'X3Ck " hkh inlC""'1 '''' h the C. Cc, exe, ;\IIll eXJe 

~'l'e'l"l('\..;nc, resl'c<;{i," cl~ (o\1 l{ rph~ ~r ,d" 2Q()(J). At Pf"C'>cnI, more than 45 d~mQkjlle!i and 

almost 20 che nl()l.; ir.e I"<'ceplors haw l'Cell desc ribC<.1 (Onuffcr and 1101");. 20U2), 

1.3, 1 Ligand hinding and adh';rti lill of c henwkine receptur~ 

Sln,eture-fur>ct iQn sll~ l jc, ~Ilo" lhat ~helllo);i'~s ha'e t\\ O mOJo, SIlt'S of intcracti"" 

wilh Iheir c.'~nalc re~cptors. tho" t1<!,(I hl~ ~- tcrminal ponion thai pl"("(edc:s lho" lirst qSleine 

an,1 Ihe n ,;jd loop Ihat (o l1o"s the secol~1 c ~stCtnC (OnlilTcr and Ilornk, 20021. I IInctrol~,l 

anal) si~ of di fferent d l<' n>okinci h.b Ic:.l !O (hc gcncral eOncillSiQI1 IhM \\Ilereas thc N_ 

tcm,jO)al domau, of the-.e protei n.S is nl'Ces"'1r)' for ! riggerirl~ recql!(>r ~igrl,'ll il'e .. Ihc core 

dl)]"a;n o i" lh< "Hl t.'<Oulc , C{)nI~'],"" rt ~l\if, th,n ar~ c,"cn li al lil[ Ih,,, ;,. tiKht hinding t() the 

rl'crplO rs (L.1<rr~ncr er ,,/, 2(00), 1"" C1\ though "~ri~ li ons exrsl ~ JT1 o n G the dlttCI'Cnt 

chenl<lkirK: and chcmokir.e ,,"eeplo r's III t,crlll S of dom'l;n s i,)\'(l I\'e,1 ]n b;ndl"!:' arlll 

Jeti,'uli"n or intr""dlubr .'i~ .",l. a g~rl<!r .. l ruo..ld .\l'ggcsts Ihm ChC (f] O t.. 'l l ~S (,Ion!:, "nil 

ut h,,:1" C) ",I.",,,, :m.! 'mall ~pl rdcs bind 10 Ih~ '~~'Cplor'", "-t~nn inus all.1 ,"-.c or !>lOr.:: of lIS 

C.\frJtd tular loops. Th ..... " r~ a lso a p'>ssib.lity ti)l" i nt~'U<"hon., hl-I" ~..,,, li !i''''w' s (' -t"' ",,,,u, 

anti Ih" t ... ~"sm"mhr.m" <"on: uJ"lhc rtn'plor (AhUja .'1 af, 1996; Ji "I ,,/., 1998. "tl\f\tcho", 

ar~1 1Ir<~kr, 2001 i . Th" ",I ~ ur <,hcmok rne hu.di ,,>," 10 th.: :-I- tenmm6 or I h~ rCtcpwr S«<IlS 

I" fad li lm" the ",u~q trC nl imer..cliQI rS of the Ugllkl "ith thc cxtraccllul.tr 1(~lps (Stant.-"'" 

lind B ""k., 200 I ). 
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COllsiderable evidence suggesls Ihal chctllokinc, l'~n ~cliY~le l1e~rl y all of I h~ 

downsll'c'ltll signal ling pathway, associaleJ wllh (irCR, but f~ctors Iha( dctenn ine Ihe 

palhw,,} that will be pre ierenlial ly or predominaml y J.Clivaled nre l10t kl)own (['~\"ie\Vcrl b} 

(Slanlche \ '!I ,J 8roder, 2nOI) Chem"kine rec~ l'tors Me oncll g.iven as eX"lIlplcs of 

(;]'('I<,s th"t associatc with the rxrlu>s is toxin (I'"f) sen,,(ivc Ci l pro(ems. Ihe" slihulllt, " f 

which arc be,1 know n for Their "hility TO :iUpprc,,, "denyhte c}da"~ (AC) till"ily 

(llnggio lini ('I (1/ .. 1<) '17, Bcd:ner, 1'197: l\"epfune e/ u/. I Q9') ; St.mld.cv and 8!oUcr, 201 0 I) 

Thus iT 1; wel l ~Sl " lol l shed in cel l, c~ rrc" ing ChCtllOk ine r~c~l' lor' that chemnki ,,~, call'~ a 

reducTi oil In lyck .'\"-11' I~/\Idl') (rev l ~ weri hy MlLrrhy. 19%; flaggi" lini er al.. 1')97) 

1.3.2 C twmnkin cs, Chcmukine recelltflrs and Ii IV 

A nllmher of olher human chemokmc receptors and related orphan r~ceptors haw 

b,,~n <knWl1,lratM tn sLlrporl inf~ction by OrKO or more III V,I strmns in \'Itro ~nd th~ ,e 

inc ludc thc ci:clnoJ.-. inc reccptors CClUb rDonmz ,'I (1/, 19(6). CCR.3 (Choe ", (li. 1946. 

Domnz eI (1/,. 1<)%, Al~hmib '" u/.. 1<)')7 ). CCgg (ll()fu~ e/ (II . 1949; Jil1rll' el (II. 149S), 

CCR.9 IChc~ ,,' ,,/., 1999a), CXCR I (Rucker clu/. . 1997: CmJl h aJL ~re d <II.. l'In} and lh~ 

r~~eplor' /\PJ (Choe ~ I al.. 199~a: EdH1g~r ~I<lI., I'!')R). HIV-2 and SlV ~nv~lop'" llIa} 

Ll'" , 'lh~r ~me~epl, '" in ;illJil ion 10 CCR5 incluJing S I RI.13/CXC I{ 6 (l.i~o el ar. 1997). 

(;PI(15 ROR (Far7~n Clar, I 997a), AI'J anJ (;PI{- I 

A v~l inc 10 isoleucine mUWTion wiThin The tir>l 1TanS lncn lb r~I1C d(lrn~ i n of ('CR2 

(CCR2-V64 11 has heen Lkscr i h~d rhis mulat iOI1 ,)l'curr~d al ~n all~ l ~ fl'~qu,'nC) of 11110 

15% among Ca,,~asian, and /\ii-Lean Amcrl cans anJ LS 'LS,o<';; ateJ wilh a 2- to 4-year <kia" 

in progrcss ion 10 AIDS r5mith e/ aL 1497: Lec el u/,. 199Bl. Lee and col1ahorators 

inwstigald the Ll1~chanisLl1 of the protectivc ~ff~Cl of th is polymorph i,Ll1 hy compa ri ng 

~xpl'c"ion nnd coreccptor acli, ities oflhc wi ldty-po: nnd VMl mutant form ofth~ (TR'~ 

i,oform, CCR~h. Th~y ~Iso ,tuJ ieJ the dl;'cls of exrr~" i on anJ agoni,( binding (0 lhe 

wildTy-pe and mutanT CCR.2b rccerlOrs on the function ing of Thc two major HIV- I 

coreccptors, CCR5 al1 d C,('R4 , I"hcir r~sull, ind icak Ihal lhc pl'otedi\e ~ff~ct ma} b" dll~ 

10 an indirecl rcduclio n of'it,'llall ing by the lWO mJjor c o r~~ep lor, inJlI ~e d hy J.J dilion oi' 

lhe lr ligands (),CG el ,,/., 19n}, Subsequcnl study on Ihe V6--11 hy \1cllaoo and ~ollalx,m1OrS 

2X 
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pn.'p', ... ·d hc't"rodi!l1<;ri7:lth,n utlhe 1'( l{!hVh41 wilh CClt ) anJ CXCR-J (\1dIJ<.k' '" al. 

I ''')'t) "hieh tn.1), ,,:'Uts.! ~ " 'I.lu.ti,,n in ~urfa<.:c nl're<;.,i, ltl "I' Ih,' I "0 tn~i'" '\lIt'Ceplw~. 

IIi V CllH,tdUCl'<l .il!l l~ lI inl.! (>r n It~ .lnd CXI'IH ha,e ""en "'P,nt ed (Da,,< ('I af. IQQ7, 

W('i~$It~'" <"I (,I.. 1')<,17) ~"d .i, lCe n 'ccplor ~ign3lling Iu, hccn ,us!'e .. t, ... i to pia) " nIle ttl 

>lJrla~~ ,','P''I,'SSlc'n " I 1'I, ....... pl<.1 ,,,1<1 ,,] po~t"('n1ly C'C"tS in "ir.ll rcplic,uion (Ch3~lCrl.ln <'I 

ai, 19Q7; Ldill£,<" "/ "( , 1')<)/), Ihe IJIll brtw",",,, ('('Ie! 300 Ih~ m3jllr HI\·I rcc.:rlllr, 

I. X (,]( .1 and Celt S "1<1) pr'" .de' a """",;tlle' '" "Iamll,'" ii.'r CCR2 c"'e'~Cplor act" It)' II...:c 

,'/oI,II)QII) It lu, ~hll b,,'cn .Jt" ,'n that i .. Ih(' p,co;(' I>((' "I' hum3n ( 1)..1 , Ijl /, (e'II, 

t« 1'1'IlS.,i"l! CCR2h ,mol CCR3 bo.h , ,,ppllrl _ynl:ylhium lorm:l1inn h~' lh" dlLll llnl'i~ III V .. 1 

~",dl!rc. 89 h W~sc""'l! Ihe l)'" IIj' a "a"d~ 01 rd31Cti ,'nlry (otaclors b~ ",m~ p"m,,,') 

,irus 's<' I"I~1 (f)Ol,lIl/ CI al . 190.)(,) 

I he lI $C 01' rno as !J." HTV .. ! COT('C('Pll" "a, Inltwlly COLlfin ~d to 1ll 'crofl i.LI 

il11',,<,li on h\l\ il ,,,.,,, 1.1l~1 a'II<J1Ir.d 11Iili ('(,10 Inay commonly be used in ch,,,,,, i( mi"c\I"" 

0 :113 us,' wns , ,,,,·,tig.i.l~d h) ('h,,~ ",,<1 W "l,kn, \\lho Iho\','('ct th ~ t H c l ,~ "c-II , ,h,,1 "e,.~ 

cotr:t lls rcd~ ," ith pilI.",,,], ~,pr~,.\I't~ human (,D4 J nJ cue c,"u lJ be il1l'"{'k,,,\ b; II,,' 

"Ir"i><.~ ,\U,\, YU2. ~11d HX II ~: :ulll nLnJ lnl! "I lh~ lCiU ligauct, ,"('I1.1~ i n i"\,,ht(oo 

infection b~' Ih~- i",I~!"" (CI",~ "~I al. ('/%t, ('on"istcnt "i th th" ,.",,,It "rn",... f( ~I, 

Alkh~tit;. ct ~I (I 'N7) ~I.<" .h""ed lL,i n).\ an KIV· 1 .:n,'c(orc d~pc"JcAI f""'1Il :1.""') Ihal 

CCRJ cnn in\cr,1.\.'1 wnn Ftl'" I '~'m .... '''',' "I·'rupic slr:uJIS (lJa · 1 " J I{.I'\ '. 'iF· 162 aouJ ,\1),,). 

I,,'ropic bt>l"al<1r~ "Jurl",l s(rJ IUS l lilU and I,AV) and Ih" dl)31 t .... ,pi" prn"a~ is<.!lalc. 

:'19.6 CCK 3 ulo.1ge by III" en'ch)I"'" w"'~ ~h,,\\'n t" b" 'lwngJ~ dcpcnck At on iI, ~ .. rf"".., 

~"prcssjol1l~'cl l " ,j .h :.1:..rgc: numh", <'I "orJl E .. " prottln~ being able to u,,, rrR~ a'!1 c,~ 

r=~",,, Ilnl~ ,,1 hil!h~r k'~I~ oJ l surf:lc" '-:<p"""inn {Alkh:mb <'I uJ. 1997; ]{uck"" i>I (1/ •• 

1 997), 1(~Ccnl 'Iwics ha\'c ctctlloJ"slrJ .... 1 cllici"nI u'" " r CCR3 b) H I' ' .. I "TI\'dnP<'~ ffUlIl 

, iru...cs at acU1~ tnfl!(l;m) ( Aa"" .. rtmp"mn el ,,/ , 2(06) 

(( I(~. "hid) i. :, rcccp'"' Ihal bimh Ih~ CC ~he'mo~;n~ 13-f)Q, ha" "I!.O Ix,,'n 

impliC!J.'~<l in HIV i1lf,,-c\"'l1, II Ius been ,hown that CCRS Can s"rn n, ~ cO",,":Cpl'" lin 

\li"cr", T .. e" l! tt'0l"~. dua l tropk ,,00 nl,,",,'p! "'gc lwpic H IV .. I sn~il" ~nd thal ii, ! ' g~!\J 

1)1)<) "''', 11l-1~ 10 i"liibil H! V .. ! Clh 'cil1p<;'Il)(,lhlCd fmion and ,im, Ill rettil'" (Hwuk " ~ I "I .. 

1998), Tlicr( li a;, ~I. " been ~ suggeS li OIl 0 1' Ce RE l'ullClil'rJ a, a cor~c~ I'!Ol' lor HIV .. I 
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IIllC'ctioll ILl hraill-d ~nved edls as well ~s T cdls (Jinno d ill.. 1~9H), Man) oliler 

clwrn"b[lc re~c'rto" and orphan '~~eptors of the ciX')l)(lkinc family h~\,c JCL!l(lte,traled 

corcccptor ad ivity Ii" different HIV-I. 111\"-2 Jtkl SIV strains (EJi tlgcr ,,/ <11..1998. L"lU 

('/(li.. 1997: Ch(w '" (I!.. 199Ral. 

Despite [he lLse Df [his diverse repertuirc ofrcceplO" b) HIV as co-r~c"rt()r', CCR5 

remains the mos[ important cilenlo~inc rcceptor lIlVo[ved in HIV-I Lnt<x,tion, Tht almost 

~ompkk prOI~ct ion against HIV-I infection of individuals v.,ho ~rc ho L)lOZY!lO US I(lr lhe 

A,2 C C I{S m utalion (I'axton el ,,1,. 1 9'}6: S~mson e/ ill .. 1 'J%) and thc fact that JrlJiv iJuab 

wh" bck CCI{5 bUl Jl'e infected with 111V- l. carr} only the strains lhat lLSC CXCR--I 

(~lichael el al,. 1')')8: l\~if e/ oi.. 2002) is evil\cnce I'or the Irnr<lltan,,,' ol'CCR5 LIl HIV-I 

infection. 

\.4 TilE CC ClJEMOKINE RECEPTOR 5 (CCR5) 

l'11e CC ch"J11()~JrlC rec.'ptor 5 (CCRS) i, a member of the d",rnokiue r~~"plor 

subclass 01' G rrokin couplcJ r.'n'plor sLp~r-Etlndy, It helongs tu the CC r'''1\i ly oj" 

dlc'rn"l..i nC r.'cc'pto" whie h HllCntCts wi th the pmiullaL!lJ"'tlory ~henlOkin"", M 1 P -1" \-11 P­

lr-l, LDnr-), R.'\'\ITE~ and MCP-2 (morK"-"yle ehcmol"clic prukit>-2). CCR5 is etlCod~d b; 

J gCt'lC located on chrornosom.' 31'21 aJ,J sharts 71% idcntity with CCR213 (RJp<.lrtcl al. 

lq%), It is expressed il l lymphoid organs sllch al tl)C th ymus Jild the sp lecn ns well.1s 

Jl"Lphnal hloud kLX'(oCyk, 'lL~h as rnaerorh.lg~' altd T ~~lb. CCR5 wa, lhe iir,t naLl1 l,k 

u I' "human Ch~L!lok i [It rc'c~plor thai ' ignab Cll r."pon'~ 10 M 1 P- 1 1-) and it, fClJK lions rile Iu<k 

aClivat ion ~nd e i)Cmotaxi, of vario us leu~(x:/1~ populations tu ,i le 0 I" ",Ilammation (RaporL 

1'1 (if. 19<)6). CCR5 LS the major co-r.'cq>tor for Ibe lll~crc>plJng" Ir"p ic STrams ot tne 

hllrnnn imllWIl"Jetic icncy vi rus [ype 1 (I i 1 V- I ), 

Th.' involvClllent of CCR5 in chemolaxis has heell detTlon,tr,rted in intlalllll1aTOI,) 

disea>cs such as lllUiliplc sckrosis, dJ<:L.matoid arthl'itis and diabetes " ,here r ~ells 

expr~"ing eCRS and uther dWmok,m' rcc~plors ",\wr.' I'ound to he incr.'as..'J, Variatiolls in 

CCR5 anJ Lis lL~~nJ s haw been shov.n in these diseases. CCR5 WJ' detected on 

.,0 
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Iymphoc' yti~ ('elis, macrophage; ~nd 'nic['()glia in activcly dcmych[]~ting mull]plc ,derOlic' 

hrain I ~.<ions, CeiL, expressing CCR~ were high "' ccrcbro>pinal tluid . It h~, t;"en "Lggc,t~d 

thai the f'CR5i\J2 mUTation does Ilot conlCr prolection froLr] n,ullipl~ ,dcm,i" ho,,"'tr, 

tl,~rt 1.' an :J."Oci~li,nt Ixlween Ihi, mUlalion and low ri .,k of re('lJrrell1 clinical <ii,eas~ 

~ctivity. A hlc onset oj' dis~a", w,,, .,f~)\\'n for imli" id""l, \\·i th lh~ Cl' R~t't.J2 allele ( I{; l-,.,iro 

and Horuk, 2005). CC L5 ~xpr~s.,ion ha, I""en llnpl i~aleJ in rn.,um atoid arthrit.is. 

],h~ ligand hind, both CCRI ~nd CCR5 and thu, atlracting T cells and monocyl~s 

]1110 joints during tl,~ OnsCI oi' dj,eas~. This m~ke, CCRI ~ml CCR5 I")~ntial candiJal~' 

involved m Ihc proc~ss~s lhat lc~d to rilCuLllatoiJ ~rlhrtli,. Il has h~en suggesled tll~1 Ihe 

CCR5JJ2 n,mation is ~ gcndic mark~r relatcd to seVCnl) ot Ihe di,~,,,~ wilh inJivldual, 

carrying this allele bcing at high frcqlLcncy oCnon SCvCrC compar~d wllh 'CV~rC p~licnts Ln a 

,llLJy involving rh~um~LOid ~rthriti, pali~nts (Quinot"ie' ct aI., 2004: Rihei"" ~nd Ilmuk. 

2(05) 

Sludk, on 1ll()\1'~ mo,kl, h~\-'e d~mOIl,lraled an iL1U~ilS~ ill In., CCR5 ligillld~< eeL3 

alld CCL4 in diabetes, sugge;ting a role of CCR5 in the developlil ent of type I diabetes. 

(li ffering r~Sillts haw h e~n obtai ned for an association l"'tw~ell diabete; and the CC 1,5/\~2 

mulation. Wfule p~rti~1 protcdioll l,ol1l tyl'" I Ji~btet~, Ius Iwen suggested Ii " I'XlnlO/.ygous 

illJividuals. oth~r sllLJie, E,il~J to ,how any :J."ociation in patillls with tYI"" I alld II d,ahcte, 

i I{ibeiro ~nd H,lruk., 2005). 

There have heen stuJi~s which ,how an in llll ~nc~ of ('('Wi ~lldes ami tl", high 

amllity ligalLd (,CL3Ll with susccrtJbility to Ka\\asaki diseasc. a systelilic \-'~scL.lliti, of 

d,ildhood. cotl\rnon L1l Asian population witil p')tenti~1 infectiou, etio log}'. Using CCR5 

llilplotyp"s. it \\'as shown that ~hildren with th~ CCI{5t't.3~ all~l~ \V~re assoc'i~lnl witll 

,-~duceJ K~\Vas~ki discasc susccptibility. Increased production ofCCULI as a restLiT of an 

Lncrca,C in the ~opy L1umber ofth~ CCL3Ll g~ne 'vas also assc,tCiated WiTh prOle~tion against 

Kawasaki disease (.t\ren7a-Seisd~dos and l'arm~lltier.. 2()l){\1 

III ~hronic illlbn"Jl~tion sllcll as cndometriosis. no ass<:>eiation was !"ul1d t(lr the 
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CCl{5A1~ polymorrh ism, A cflLcla l rule 0 [' CCRS ha" bC~Ll SIKJWn iJL lhe rcguiallULl ui' 

llJlmUnC rcsp()tlS<: .l~a i nSl WGol 'Jik Vinrs (W~V) Ln Lllicc , Iniection by this v irus c'''scs 

GJLccrha lilis ill sc\cral orgaJL i,,,,, Ltleluding man an d "ns sho\\n 10 lLl ci u(T ~n incrcasc in 

Ihe cXrrCSSLOlL 01 CCR5 aLld LIS ligand IC\I\TCS (CCLS) (Lim'" ai, 2()(}{i: (ilas' ," (/1. 

2(05) GI~ss an d Co-worker" showcd that gcnct ic disfUI'liol1 oj CCR5 grc~tl: reJlL('eJ 

a~cu!JwlaliuLl oi CCR5-Gxprc"ing I\K cc ll s, rnacro l_'hagcs an J CDr and (1)8 ' 

agains t W~V m icclioLl aLl J ra;,exl lhc r<-",ibiiL t}, that inaividmis with tllc CC\{S,YG 

Lll\lt~tion J\l~) bc ~t high ri sk of the Ji,e'lSC_ Consis",ll( wi lh (IllS .,ugge.'li"Ll_ a rollo\\ Lip 

study by tllc,e aut ho I's ~n a l:ysc J ,amp l ~, hu m \\"]\V infened and cOnlml paliGJLls Ii-om I\H) 

difk rcl1( US state, (Co lo radu aJL J Ari zoJLa) . EveJL lhollgh the CCR5:'132 homozygous;t:' 

wa.' 1 % of a cOLllrul gru up of heallhy l.-S Caucasians, 4"~% of symptomatic V .... NV infcctio" 

in (he sl"dy wCrC hclitlO/ ygmL'> ii.)r th is all ci G, ThGrc was ind ication o[ i l1c,c~sC d~ath ill th~ 

CCR5 ... \12 homozy.~,, (CS parlic ul arl~' in the Arizona gl'OUp, Thdr rcsu lT COl1fiml that \\i ld 

tyf'<' CCR5 mcd,a lc , res i,tance lO "ymptornatic IIlkctioH wi th \>'--NV 

'\parl ii-'-'I" its cruc ia l role in \\"\ V ,nfect i,,,,, t)() knu\~ll medical LOJ Ldiliotlll~S l1CGn 

,ts.,o(:L a(eJ ". ;th Inc k 0 I' CC R 5 0 1' r~d ucfl Oll ,,1' t hc r~cep l ur (l.imrnol1lan el "I, 1907: L i Ll eI "I. 

1996) This may Ix: Jue to (llc fact th~t mall Y olr." chell10kllle recGr lOr" al'G p r~SCll ( in Thc 

body lhal ~al1 pcrr()lTIl (he saLllC fU I1<:t iOll as CCHS (Carrmglun cI "I, 1997: I',-Clllack anJ 

Schal l.- 1 Y96)_ S l"dlCs on til<: CC R 5 ,:\32 mutatiun ulHkncorc (ilG JLccd for CC R5 al1l~go, " , I, 

wh ich could r., th~raf'<'uli " ally usefu l in muny c1rllical s ituati un,. a l lhG ,~rnG limc 

r harmaceulical cOll1panie> ,hould ~sscss th~ potential ,ide e lfe ct, 01' lhcsc untagoni,ts with 

r"lX:cl 10 W" V illten io", 

I. .. U Stnu:tuH' uf CCL{5 

CCRS has lll<: ,;aJ\lG primary structu rc as mher G I'CRs, III lllc rhodopsin fml1 il) 

\·lodcls based on (he crystal strud" ", of rhodop, in haw 1_'rov idcJ an insighl tIltU lhc 

s lrLXlU l'C of o(hcr 1'~('Cplors in iI, lamily 11<J\\'cvcr, local structural mol ifs like (huse seCL1 II ,. 

rhodopsin hc li ces lhal CUJLla Ln glyc iJLe and prolinc nccJ lu I", re-examiJLcd in thc contcxt of 
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CCR5 The"relic,,1 C;PCR m,>deb, ,ite dirccted nnLlagetlc,i, or lllo lc,'ular modd ling 

te~hniqu~s haw been suc'ce."fuliy u,ed for struclure val idat io 'L determinati,,[l ,,]" lig~nd 

hind ing sitcs and form u] alion or hYf",tl",si, on lIw m(.'C.hanism "I' receptor acll\Wum 

(l'aWrlini , 2002: hmo el ai., :!OOIi) A m(xkl of human CCR5 ",as bULll b\ FalX) a[ld 

Gollaoo,aT OlS IIsing Thc Cl'y<lal stI'U~lU'" of hoviLI<: rhodopsin. Th i.< homology-built CCI(S 

Lllodel "."., validilted Through exilausti'e conformal iona l ."lmpling and ils yuali ty and 

rd iabi lit, asscsscd hy analyzing four low-energy conformations I'elating to availahlc 

llllLl~gcn~sis data (Fano el ,,/.. 2()()6). 

In addition to the seven hdlCl'S that traverse lh~ mcmbranc. CCR5 ha'> ~n ~ighth hdix 

formed at the C-terminal "I'lhe rece ptor. A founh immc~llular I,)(,p IS al'>o formed "hen 

the C-t~rJ1linal is palmitoyliltcd "t ~ystein r~sidue< (.Ii et oJ.. 199R) Even lhough lhe 

sequencc idcnlil ) ool"c~n CCIl.5 and bov ine rhodopsin i'> low «:!O%). when ~()]"iderin~. 

onl, lh~ transmcJ1lbmn.;.: hclic.cs. ,>equenc.c identity inneases lo apprnx imalciy -'0% altd 

CCR5 mchit~dur~ and limoio[l ar~ J1l~Jntaincd hy residues th"t arc conser\ed among lhe 

I'h,,;Jopsil1 fami ly (hndli 'md rJc Rcn~dcllL 211115) 

1..1.1.1 The Extracellular Domain 

Th;, ext racellu lar d"maLn core,i .,ts oi lil~ N-tc rm ilLU' and the lhree extraccllui:J,- lo"ps. 

Th;,rc i., cio.'" pro.\Jlnit, among thc c".tl'acelJu l"" dOll1a ins which may be due 1" lhc 

pres~nc~ oC ")stc,nes, The role of cv<teine.' in (jl'( 'Rs hils been Sludi~d and sho,,·n to i:x' 

invol,ed in disulfide b!'nd rormali,'n rlCccssa,"-\ ror ",~intaining tlK' integri ty oflhe l'eceplOr 

which givcs a slrUClural conformation lhat "lIows fol' ligand binJing (Blanpa Ln "1 "I.. 

1999b), 1\'0 conscr\'cd ~y.<te i nes "I lh~ Ilrsl and second c.,trac01lula r loops (LCU and 

ECL2) of GPCR,> form" di.<lIlfide bridge lhat app~ar,> to be ,,,,poti~nt for packaging 'Illd 

stahilization of Ihe sev0n lransm~mbran~ COrC ISt~ntchev "nd ll r(xkr. 200,) Two 

"ddi li"nal ev.,teir,.,;s are prcsent in c/wmokine receptors. lo~ated in the 1\'-le rJlljn ~1 do,,,,,in 

(1\",) alxilh~ lhird nTr"cel llll", loop (ECI.J) and havc ooen shown TO fm m disulfide bond, 

which provi d~ additi"nal stL"lLclurai GonSTminl contrihuting 10 r~cepLOr ,l"hdlly and 

coni,mnalion, ,·\ Ian inc '>uh,tillilion of any ~ysl~ine on lh~ 0.,lraedlular dOlll~ l ll of CCR5 

r0sult~d in dccreased ce ll surf,,~e 0xpr~s.,i on and complct~ 105'> of cj;';J1lo,ine hir • .Iillg 

" -' -' 
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(lIbnpJm .,' "I, 1'>9%). In _.(!<.!ition to ,I-.-sc di~,ltjde 00,,';0;,. I..,.. ..-t ~I """"L-d. n5in~ 
UIO'lOClon.ll :lIIliix>Ji", Ih"t I ~$ I 7 I ano:I 0 III I 72 ''''In pari o f 3 ln idS~ I>.:t" ~~1l ~ ~ " .. cellular 

toup 2 (EC'l2) "mJ ""oth~r c~I'':Iccllulnl' 1"01'. "ilh ECL I I>~"'g the mo.<l !O ld} c~ll.;Ji,blc 

( r.~e . '1 al .. 1999). CpnsiS icni wiTh TI1;1. the mOe!";1 of Fano d Iii (20[)(,j ,114,1w~d ,1 .Ialt 

bri <.l!;~ b.:twccn Lys 171 and Asp95 ~lId h)·';rn!>cn bo nds betwecn 0 1ul72, i'yr 1S4 a t).;.1 

"snl7, '" wel l as bCTwecn His lSI. f.ys 19 1 a"J (il nI 86) (f'a1l(l '" '" , 2(jUf,). '11l\: c harge'; 

or !,ol,lr si<.k group~ of .hpl l, T), IS, 01(11 11. 1)"522 Jnd l},2(. w':l'e propos.;<i w k 

'U\(>II.:.:I ill hydrogcn-ioon<illlg (side ,'M,"" ,.r Asp!1 and Lr,26, (jllllS ~n<l ly~22. 

I'hcno~~ £n'up O[ Tyrl5 and I y'<2o, ,"nollgs! ! hemsd~C"S Or ~<alion ink'I:"'1,O,,'_ the 

ronnel ~ngg.:s[,.:<i [0 b.: n..'l,\?s..ary f' " "'~lIlu'inlllg lhe f'I -l,''''' inus "r I h~ f"C("pIOT III II ~'3hk 

n"'lif for ~I.lblrale Itt"!>nili,,n (F ''''<1 el "I , 2(106 J. CCI{~ is pom" ' llslalionaiJ) n",J , lied 31 

II ... ~.\'r:lccl1ular ';o",,,in hy glyco.<>l:tnon ~nd W)I~l io n. ')crt> and S~,7 allhe N-l~rn",,", 

",cr~ ~ h<",n:o r.., O-gl}c(>'yl"kd in cel l lin~~ nnd ;11 pli m'l ry maC-roph.l g~~ The O-l:Il)"c~n' 

"cr,' , I .. " ,,, to he imporl anl for ~ 11 1'.lo. ~nJ :> 111'-11:\ bind ing 10 CCR 5 hill tht: ir ah,~ n c~ 

h~'; m;"i",,,1 ~ ft" l'1 on 111\' _1 Clllr)' ( I! nll t).;;rt 1'1 al.. ~OOI) . .II TY"""I'" mh ro !(i(m ;, 

11~I~m :u th~ N-terminlls of the '.:o::c [,!or 1'1\'''''"~1 \0 th~ (jrst ~·y3\':'i" .. "hich .'1'<: cri t;,',,1 lilr 

III \' c(I-"""'pwr Jeti "it}" and chcmot..i,lI.' inkrJ<:toon (Far£.;ln e/ (I/. . 1998). TIl<''''' t \"1'<." """ 

h~\",· l>e-..-11 shown 10 b.: "nL}'I'I~'icall~ Sul" nJt..-<l in 3 ~("p"i,~ m"nl1~r " itn 'lyrl-' ~nt.I 

l yl'15 !x-ing ~ulrhal.::d li" I IOllo\\"d b~ T:-rl03nd Ji ",~Il } T} ,3 \:<'~ih~ " t'lul. 20(2) The 

~1I1 pl131c m, ',el ics "C," <l~n"JJ"Ir;'h:d to WlI1rihlll" 10 1"'-" ,,'-'ilil) ofCCR5:<> fUIl~I 't"l ~~ ~Il 

111\-1 eorn~ptor sille.: l)roSJl)~ wll'hllcd pCJ'li<!~~ hi,,~d on lh;, CCRS d"m.,in could 

r~dIlC~ I IIV- 1 ~ nt 'y and "I,,, les, cfTlci~ntl y hlock 

( l'aI'Zan el "L 2001 : l' ~rl,lII ,'r ,11 .. 

M II'-I (1 'l s'>0C;~TiOIl " ' ;110 Tll C rc.:c pTor 

1002: Se ibert d al. 20(1). 
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Fi):lIrc 1.5: A Iwo-tlirllc""i,,"ai "",tid "r CCR." TtK Slnlclur~ (krl~l-' llic N-l~rLnlnaL lhe 
e;::tracct luiar 1""l's (I.'(,L), the seV~1l tmnsmcmomtlC h~ l iccs (rM), th~ int l'acellu lar Il)(\rS 
(leL) :LtIt1 the illtr"",~lllliar C-k l'ln ina l of' th;, c'o-r~~~r lor. Th~ mosl C()m~rwd I'e., idl", I"l' 
cach TM domain [used r"r COllsen,us numbering by lilC Ballestcros sclicrnc (pageIO) [ is 
illd icotcd in block w ith its Cl1tICCIlSUS number indicat~d ar,,1 thc rcsid\ICs sludi~d in this thcsis 
ar~ i nd i ~akd in da rk grey. AmlW' po in ting to I'e.,idu~, al Ihe ~-krm inal deric.t tyrosine 
resLdl";S that arC involvcd Ll1 >u lphali"n while arrOw,> r"imi llg W rcs idllCS al lhc C-lellY]]llal 
aL'C CySt~illC rcsidu~s involved in ralmitoylation. Th~ tour S~ri l lC rcsidu~s al lllC C-te rminal 
(" hik) ind ic'ate l' hmpl~"., lalion sile.' wh i l~ lho,., al I h~ N -l ~rrJlina l arc gl y~osylation SilC'>, 

1.4.1.2 T ..ansmcmbmnc domain 

I 'h~ lransmemlmme domain 0 (' CCR has becn ,lemollstatcd lO be ;tnpNlarlt tor tk 

bind i n" or the .,mall mol~~ule antagoni.'L Ti\ K 7 79 I Dr"gi~ e/ al., 2000). It was 01 so shown 

lhat lhc CCR5 transtnell1bmne hdix bundle intc["Octs with lh~ N·t ~rmillus of iI., ch~mokine 

lig,md 10 LllCdW1C activation, Hydrng:cll bolld f"nnoti on, hydror hobic illt~r""tioll and ,,­

slading arrallg~m~nls have becn sh"wn among rcsiduc,> in the tronsrnctn bra rlC domoin of 

CCR5. in the lo" .. ctlCrgy conformat ion study by 1:~IlO and co llaboratol's, tl", rhclloxy 

grou r of I-.,- r lOR wa.' "hown to be hyJrogell-bond~J to lhc ~arb(!xyl group oj' Glu283 

"hich al so ill t ~rach in a fa"e-to - I'ac ~ ,, -slacking arrangemen t Wilh the aromatic ring 01' '1'., r 
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251 (1""10 a ", . 2(06). TIIC. .... tllf~'" n:.~'lIlICs "ere pf<:"i"u~l~ sl1o\\1\ ,<, I>e ,iul ill 

co" I",,; ,,!! CCRS its bi"loSic~1 rille as an 111 1/ mf<:~"pwr (Ora ... " <!I "i.. 2(1(1(1). lhe 

cUII'Ill, yl ~m"p "I' (,I u:~ 1 ,d 1;11 <'uilcum:lll ly h}'IIII) .. "," -lx,"J ~ 10 ,he ,,;lIe ~ h~; os of I hd 77 

JIlU "i~r l 79 ;n F.CL2 \\'Ilh the 1,lller I1h s~ rveJ II) hc t'<> "ing a I1cga l.iw ~h"r~~c, I he h) urOl,'c n 

h(' lld i nlcract ;o n hclwcCll I , lu2 ~ 3 ~ Ild th c LC L2 n.-s ici uc, .. hr 177 and S(-r I 7<) "'e r~ ~ill!WIl 10 

Il C 't:Tained aftcr a ,ide_chain 11 ,p "hll c 'I s ,.,I~ractio n w ith Tyrl08 was ~,,<o l ~ torQlCTl 

SUl!:gcsti llg: all l e U clmfon n31iol\ Ih31 is CO''5lStCnt ',"ith a ll earl) a,li"~I~d $lat~ 011he 

It:ccptor during ligand bi ntljng. T hus. (;1 112 ~ .l is slIggcstc-d to be inlpol1am in Slab ih~i ng 

Ihe rcctVlor~) tighll ' pile ~il1J: I \13. I M6. T\17 a"d ITL2. 

Ot hcr ' In'CUlraltCalUrcs Ih.11 are 1,'<1111111(1111) 10<1l1d III CCRS includc a "). 1' II)OIi l ill 

!III? sce,lOci lrall~mcmbraTlc hdi.x III wh,ch u siglllfkalli corn;'polldcrlcc "'ii , SI Il!"'1l bcl \\OCrl 

Ihc IIlllodulalLT\g effcct Oil lh~ PI<! kink ~ t)g l e " lid helix c()llh)rmulil)!J~1 l).-xll')J:;ly fly 

Ihreo llTt tC ,' cT>us olhcr ,-cSLduc, ill the TXI' Ill olli' (GO\'ucrl' el a/.. 2001). In lhe lIloJclot 

F:lIl<' ( 'I ,II (2006). thi s moli f i, ~i lua'eu in <I ~<I\' ity l in~J "ith jhe rd,,, umt h)dn>ph(]hi~ 

re,iullo;:' I~',.n. TrpS6. T~r~ 9. l. .ul04. l r.-2~" '!lid M~12S7_ ,\11 :,rornallC r<x kcI 

con~isting of highly conse rved r~sidl.lCS I')-cl 09. " he 1 J2. p)., 11 .~ and I rll,NR is I",,"cd illSl 

',do" I)., cavil) comatntnll l h.; r ,\I' m,~ i f(l a"" ,'I ,,1_ 10(6)- ("Wll~rts anJ c~ >- ""'~ ~rs 

I)/C\ iousl~ showed 'hat lhc.s~ aU) lIlai lc rt'sillllcs fo,," p."U1 nf an annna"" clllSler Ih,,' l!",,,nl 

lhe UlcclL111t>m " f Jett<1" o f CCKS « ,0\\lo:I1 S Cf .,f . 20(3). CCR." ~I$O f"ul Urc ,he NII":'I:) 

' rlQI, f ill Tlvli \\,Il,c ll has 1=" POSUlI arC<! 10 be the maior det~rlll i n alli t"r d~\';:t!ion 01 hd ix 

i fr0 f11 ioJ.:al ""Ii~ity (F~,,,, l l i all<.! De riClle dctll . ZOOS), 

1 ... . 1.3 Th(' Inlracl'llular OOI11:I JII 

I he J) ~ Y ( .... Sp-I\ rg- I ~'T) mul, ( 10l"ilted ~I lho: i nt"rf~ce ""1\, e~1l T \13 !",d Iflll' II'\"Ilul.". 

loop 2 i., In£hh l'onscJ"\"Cd JlIlong Ihe rhi'Jd.,ps,n famil) 01'( ,liCKs " i lh T~ r ll(1Iltt 111c k;l~l 

,,,nscJ"\'cd among these th",e amino a~id~ t \ l ,r<';l<kgan el (II. 2003) In CCR" II " ... , 

~ho" II 1 t..~ 1 mub l ion "f the I\~ " , " neUln,1 A,,, ,,,,,duc abrogate, aell ,·"ti .... ,) of G proteins 

:,,1(1 (\_a rr~<tIlHflcdialcd ~ hc mola.\i s (L..tg~"e ,'I al. NOS). \'c ,, ~atcsa]\ .,,,.1 ~"I1"[.,.''''Jh''' 

\,,)r ~ i t1S onl.,C C-lenniruilJil 01 CCI{ j Jcfh' •. "<llhrc~ ,\ Iruc:tura l ",~uir~Lmlu, Ln (I", I"q;i"ll 

36 
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"hli.'"h ;m.' 11,~~'Ss.1ry lc,r c~U iUr1~,'\' "xplt'S'liol1 ~ Ihe 1"l1glh of lk C_lail. J mcm l;"",,,,_ 

ptc'x inl;.1 basic ~11l 1l1" nc,d rich domllin lind CY'lI,·;n.,' clllS~ (\' enka(6JI1 "/a! . 200 I f 1 he 

C-lcr", illllS n"HUII1~ T\lrl h~1 StrllClllr" l mOli h which arc .-:nll<·" p~lm ilc'yL11e<1 CIr 

ph~rh'H)I~lcd 1'~1 "' 1f\l}' I~l ion (>rlh~ C-krn.inlls of n.an~ (j I'CR ~ hlI~ ~n ~ull~C<I('<I I" 

1"0\ id~ a I1I~Ulbrollc u. ... ·h"r I" 1m, (' -u:nmna l dumam and neal,,:> a 1"lIrth inlrac.:ll"br I,,,,p 

(Ji CI ul . 199:1: Rlanp~", ,./ ul. ::!OOI). III CCR 5. pahmwylallon ('f Ih<· C ·1,·rn.inliS ('CCUr., 

III C)~lcil\C .... ,ill",:, ~md " .IS ,1'0'\\11 Ii' "" imjli>rtant Ivr mlra..., lI lll~r IralTid.m;; .." lhc 

rlX~pl"T Un(1 f"r ii' C~ )"'I'linl! h . ",'m~ Ol ll, .';j.i11.111i l1J; ca'>Cadc (Ul nnpain ." al. . 2001). I I) 

",~ Iili,'n. uhmiTl( ~clIl1ninl! nna4i~))~,i, ~l uJi"s on C-Ke,mi na) !>.-:rin~. Ilm::onillC~ ond 

Iyro,iroe~ ha"e i(kmir.cll '~TiTl( 1.,,;<1""$ UI jli'sili.1Il.' .'-'t> . . H7. -'42 and .,../9 a~ til<' ~xcllls"'c 

ph,,! phQl'y lali o ll 5i l e~ (OI'p.:rmm1l1 cl al., I ?'N) 

1.4.2 CCR5 as a cli Cllloki n\' r\'c\' ptor 

1.IKe' (l11l"I' { j pr"t ~ l n cO \lpkd ~c~ptor~, CC I{ S is i"<",,I,'ed in signal !ransd uCl i.;on "~ ( , 

prOI~"' >, Oro:.;il ~,lJ )'. CCR.5 ""5 ~ h ~r,cte riled ~~ a r~ccplor \h~\ re' pol1d, Ie, :11".1 f'\ I1 .:.: \ic,ns 

ph) ,j"I" gi,~l l y ~, II r~~"pllll' 1<'1' lh., 13- dl""'ol<il1<-"<. uns" (\W'-!,,:'(TU). MI?_III 

(CCL4) and RA'I(US(CCI.5) (, uignmd ci aI., 1995. Wanb; ef al.. 199'1; Kra ft . '1 ,,1.. 

!O(II). Many 11l~'!V CC clh::!!1okiroe, (1.1l7XIVCCL'LI, M('P- I!('CJ2. \ICP-~'CCL:I. 

\lC?-3i(·CL7. \1('1'-4ICCLI1 mu] c,,~ a.~ tn) ha,,, I>t:en \lw"n to illltTdct ""h CCR5 ",ilh 

di n"n'lll a mM,CS ~' IIJ ;'O bi hli<'s \(1 ~C. i'~~l~ (he rec~plor ( \1 udk.- <1 ai, !.OO2; IIlanpaill CI al. 

1,)')<); I( UtTIllgCI :,1 , 199ft). I.D71:[3. i\ IC?-2. and MCt>-4 df<' rull as .. ni'b 'mc~ Ih,') "w" 
-.hO'~11 In ,-nus<' nil jncr<',bC il) imnl".,I1u1ar ~3kiurn in .. d l~ transkc .. :<1 "ilh CCI( 5. \ ICP-3 

is I n J nl"~llnisl ~i "tc il "3~ 3bl~ 10 bi nd CCI{) '''Ih high ullinil) hul .:ould Ik">\ indu~-: 1111) 

,ignifk""1 ne.",m.'c ~nd "a~ ~lsn ol>l~ 10 inh ibil u,li",ni.m 01' CCR 5 by \ lit>· I JJ (t.knlcn ~I 

Ill. 2002; t.l,,<'lIc. el ~II, 2002; Bldllpa;n ~I al. lOW,); RutTmg cl aL ).)1)/1) T htt (,C 

chen'nk;nc~ Ih" l h~\\'~ h~n ,»(>wn 10 IIl!CI';lO " ;lh C Cl'! 5 (an k di,·iu.,d Inll" I" II ,11i);!ffiliPS 

[1,,>(d un :,m;ll" ami Hkmily, MW- Ia. \ 111'- 1['1. LDiSI> and RANTL'i "hi" h a .... ' ilill 

ng<'nists lim" ill'C ~ lIh~m\lp " hi le M ep- I. ~KP-2, t.Kt>-J an d MCI'-4 "h;c~ , h~r~ 6[1". 

"m;nn add i<.km;\y wi l hilll h~ g. rn up ~ n d aprrnxil11~lely 30% "kntil" with ~ tl f'- l(l. M II '_ 

I II and RANTl..:S IN '" UTlOlhcl' 'UD)lrolJp (MllC lI ~r d ai, 2002) . 

17 
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Uitxling of l'l'HS I" " clW II1l' killC li gand iniliatcs a IIlllo):,.,r 01 c'v~nls: lirslly 1"'" 

<1,,,,,iJ ti"tl "f th~ rcc~plOr \\'nh IlCl~Wlrinwrie G prL'lCilLS kadilLJ' 10 acli,alion "C 11", (i 

pr"tei ns \\,h,eh in turn leads w ,1C1L'>'"1;on <Jf ;;;gn~I; Jlg "ld, as calcium Ill;,,: '~dlJxlly. 

ph0\ phoryla l ion" 1- lhc r~l',CplOr h,' " I'am dO' oj" r, prole, n coupl~d r~('epl,}r k i lla,~s ((i l< K,) 

I~"ding to assCkC iat i l'n l,f lh~ rcc~plor " nh "rr~sliL" and dC'Cll , ill/.alion Ihrough Ull COU P ling 

oC r~~cptor alld t~ prolein (Kr~f\ N aI. , 2(11)1 ,1- I'-unctioning ,,, "dapT,)r prOTein', 13-:""csl in , 

may al", kad to r~~eplor i lll~mali",tion hy facilitatin g dalhr ill-meJiakd enJ""yl ,lSio 

1...1.3 Ligand binding to CCRS 

Th~ slrUellLrC limcl ion rclat;ollSllLjlS of Cl' chcmokine rec ~ plOr' and their hganJs in 

general lu\'~ nol hee ll \V~II ,tuJied_ I'he mul lip le ligalld spec,ticity p"'pcrty "r 'Ome 

cho.:n10kin(! r~ c ~pIN' is i ll Jicali \'~ of tho.: c~ is t~nc e "r a ('ommOll structural mOli r \\'i th \\' h i~h 

dlClJwkincs ftt. l ' lwr~ ha\'c ken link cvidcnce It) "lppOr\ Th~ c,}nccpt thaT lkspite "hvi"IJS 

sim ilaritics in primary and thrcc di m~ t1Si,ma l structure ,)1' the c-IlCm(jkin~ liganJ,. thev 

inter"ct with their resp~cliv~ receplors in Jiiferent way ' (Sam"", ct aI., 1997). Even 

lho"gh d;fr~rent stru~lura l delcrmillants 011 CCI{S app~ar to he re'-luLr~d by thl' thrce ma l or 

CCR'i cho.:mokille li g~llds (MII'-I". rvl1f'-10 and I<A I";TI;Sj . all l hr~~ ligands il1teracl 

apparc ntl y in a sim ilar way with t ho.: r~ccp\l}r (Samson ~r al. 1')'J7)_ A L1"xl~ 1 j(,r 

chcmokinc hilJdillg to CCIl.:i p"op",es a two-step me(' hal1 isnl which illvo lves an inil ;,,1 

illteraction ):,.,t\\een tho.: core or Ihe c]",nwkiL1C an J the cXp0>cd aLnLl'L<J Icmlin ~ 1 I'cccpt0l' 

domain and th~ assoc iation wi th 'f~g.io ns belol1gil1g to th~ secol1d extracelldar loo p 01 

CCW, (Sal",,,n ~I a/., 1997: Op)ll'rmann, ~004)_ Thc frec l\' "I~rmilln] dom" ill "rllx: 

d"'moki"" lh.: n interacts "'ilh lhe lra rlii mclllbmne 1x:lLx bundlc which thell Iriggers 

adival i<J n l,nhc n:ccplor (l3Ianpain d al .. 21)OJ; (j,wacrt, N aI. , ~OIl3: 0p)ll'rmann, ~OO--I), 

Of al l the CCR'i-bil1Jing prote ins, 'vlll'-lll is unique since il ha, liuk l'" n<J flillCti"ll 

on olher rel',~p10" making. il p0ss ibl~ \I) ulxlerslanJ thc , lrliClul'al fe~ tur~' re']X'l1sihle ror 

CCIl.S hi IId i IIg. In try i ng [,) ,klenn i ne tho.: e e l< :i hilldillg J~l~rm in anls oj" MII'- I 11, Bl'nJu~ 

alld collaborator, J'e n~ral ed varianls l' I" 'vl 1 I' -Ill wi lh mulati l,n, lhat "h~ ngcd Ihe c harg~, 

-,~ 
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Sllc :ulll I I-"'ondln~ pwp,:m~." of Ih.,; ~,d..: ch~ll'Is wilhin the I\ -Ieoop "nd lhe 1 ,. 10m ,,,,d 

lh,,~ founJ Ift" l Iftn'~ b"si~ n:sidu<'s 1'\".;I:i. Lys1 9 and I ~'s~~) ceonl rihut<!1.1 u. Ih~ CCR5 

bllhh tl g of ""11 P- III by inl~r.\d ;nl! through 11)0;\ r l'Usili\"~ charg~. ''reo] I 1\'~,"cJ ",lh", 1h. 

l l) 111m w'" <lIsco s ilown 1<' '''"Ir1hut. t () h"t(iI" ~ c.1 :\111'_ 11110 ( R.'i ( l \lW,Jll~ ~ i aL 2002). 

,\ In,l i"i' "c, le co l' II....., aromat ic siue chain ,,1 ' l' l ,~J3 in Ih. N"I<x'p or ~ ll l'- IP ilnd hasi ~ 

r~'1-.J,.rC\ \A ' ~ I(> and l.y ,4~) in Ihe .o-c~lkJ "40', I<.><,p" it! ( ·( ·R.'i h",din~ h"s bwn 

d"nollsu::ncd (Laurcl1c~ cl "I , ~OOIl: BI>,,,lu,, el .<1, 2002). 

I III,k,' :\·11 1'- 1 p. :\,111' - 1 fl (I 1 nil" I h:~, hccn ,flo" 0 I" bmd olher c""lnd;ioc rc<:~ptOr< 

"' ~ddil ;,>1'1 III (X Wi . I 'Hd"nce ur Ih" c~blomc~ "I,m ,,,,,IOJ'" l,f \ II 1'- 1 Ct h~s bc~n llbt .. m~-d 

r-.."~!lO e/ ai, 1990). Th" i~ol" lln which h~$ a 94% scqu~ncc <i", i l"ril~ '~;lh r 1)7R,,_ 

Jift~titl~ ,,;Ih <'nl} 11"", __ am;,1<' ,,~ids h~s bc~n d~~i gnal,-d II >7M /\ ~'nd h;" b,:,:n 

d~j)wn'lrJI~d 10 he tft<; most polenl n;!lunll CCR5 "gc'ni~t Ih~1 has bc~l1 ,lc<crib!:d (~' I C l1t~n 

,./ ul, 1~\I!11. :\ pn, lil1c rcsi<JlL~ " I p\"ir ion 2 "ftll .. - m,,\Ur,' LD7SrJ pwtdn w~, sh\'" n h' be 

r~'I1<II,"ibl"lur ,h,' ~" h~ncc<:l p",~ncy \'fLIl7R [1 ('\;bb, el 01, IQQ91. Add";c"l.11 s! l.(di~, of 

11 )0; 'l-kNlitlu> l,f This protein wing 111:ulIne 'ub,tituu(lns r<'\"~"lcd th~! A<r6. I'ro!! "nd 

r h,.:j 111 "JJ,t'UII W 1'ro2 ,11\: cr;,;c.ll fnr I 1)7111\ hinJing 1(1 CCR5 (\"y:.~n\\a ,'I "I, 20M). 

RA \lTF<, i~ "I ... > a ligand fVl" 'h~ (,'( cktl1('1ki"" "'''''pI'''''' CCR I. CCRJ Jnd ( CI{ '. 

S~, ~ I "I modiJ;cmi,,,,, " f lhe amino termi,l;)1 of Ihis prol"in howe b",:n ~h()wn to pr,'Ju~" 

pn>l~itl~ ('I I "iff~ r~n l "Ilinili~s for CC]{ .~ , 1'''''11 fun a!!(lJli'I' lhrou!;h 10 rull "n!a~(lIliSI' A 

1((L11\:« t l un ,,1' 1I1i 5 p,."Tei n by Jel ~!I('1" "r Iii,' TI f), 1 ,,;glll ami Ill' ~cid S ""~ , d"\(lw n 1\' pr, ,,- 1 1I ~~ " 

p r"T~1I1 Thal cOlL ld n~i lll<. __ r TlI<.,hili .G'· <;akiu ttl nnt" induce <'h"""'la~i, via eCRS (Lh.,nU ~ txl 

1{L1 llin,. I(95). C~'upl ing <,1' a t'\'c-c:trro', a l ~ yl d,,,;n 1<' th~ amiTIO termi"u> or RAl\ TE'. 

"In .1('1 o~ ,di7~'{1 ~erin" re,iJu,' II". bWII ,!loWtl 1(> c<",r"r Ihi" p",("in w;lh " IUIt ~!;"nist 

rrur''ft~ <:on CCR'> (rwudl. 'ulel at. 1')')(/: Simmon" ,'I <If. IQ97) . 
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1 ..1 .• '.1 St nu:lu r.i I feu I II 1"<:"<; (If C C 1{5 i IIII IOf"la n I f fir ch rmok hw bind j n g 

SCh'ral different approach, .... haw becn used t., .le i; n.: :.h.: J1'lflS of CCk 5 I.ha! .v~ 

import.1nt for ligand bil\d'ng. Tht's..· ~pprom:h. .. s incluJ L"" <;tc..Jircrtro rntuag'·.....,sis, 

3'1I1!)ody ~tud i~. ci"li"I~'Tic .,XC-plor 5tud ics. n:" kcu l:p d) m illie <imubtions :lnd IIg""i~1 allli 

"'''lr ... -.: I II~ ar -"Irl.,l..., "J CCR5 ti"lm c<)nlribt,le t. , b,~b 3J1,m,} bin,Jmg '1-I~f11UI",,1 

t:"1.lro:;minlt ~rod ~lani"'e ~ul><li\ll\j"n studi"!' h:"c idcnliii.,-d ~\"erar ch:u!lcll and ar"nt"I;, 

r::~id,lC"~ 1111\1 pia} int PMt~Ht wlc~ in ch~I",>kil)c h;£h nfiinily h ind ill£ . A I:min" wl>sti tuliolt< 

"I' A~[Il .. J )r3. I )·rIO. As p II Jnd GIl! l ~ and tnH"£JlioflS invo lvi ll£ Ih~ 105< of "lie or tl"lr~ 

of the<~ r~sid\l~ '~d 10 partial or tot~1 la')l; af binding and tunctional r,,·spot"lsc to 

clWllloI.Ln~s. '0 aromatk r"" due is dir~Clly ad.la~"'m to Gillig wblcb IS a Ilc"~t'vdy 

d\al):cd r~.i<l'I ~ at the N-lcrrn Jnll.'. ,,,,1 il \\"3' ., I,,)\\n Ihal rnul~lion or· ,hi, r~,idLIC al'll 

A.'pl l ILl uli\\lll\e "nmplelci)· hlucked RA,\ rES hinding: "hil~ alanil"le ,"h,lilll! iol"l of I) ,·15 

"", shown t il ll ~cr~os~ ~!J l'- I a bindillg (Dragic <'I al .. I \I'i~: FalLan <'I al. , I <)~~; BiJnpain 

,./ "I _ 19-'l9u). Thi., r",ull indica l~" Ihe im[lortal'oC" of th~ ""gativ~ c h "rg:~< of the nlu a,ld 

A.lr ~,ld Ihe 1~' I !!r ~'\"'r "rlhe I ~ r in chc lnuk i..., binding. 

1:;, ilkn.·c I '\1111 J,ltih"d~ ,~uJ ,,,,, implicate ' Ihe "",.md ",,"u-.1<;df ular I. "'P {I t (CR.~ '" a 

pril"ldpal hindill!!" elemcnt r.rt KAN f r:S. "tH' -I" and Mf r - I j\ An antibudy I" It,., .,«",,,t<.! 

""-Irocdlular loop (ZD 7j "lIS !.h0"\1 10 milihit billdill!: o f tl~>c clu:'n IVhtncs 

\\hcr~'":\s ,"onoclor l:ll anti b<!di~ 1"C("~ " ' zi ng ti lL"" 1\'_lernunus " .. '" j·..,ffe<:l j,,, (V." <>f 01, 

l'I'Ii). ("on.,i,tcll'" ieh ,t,., .... Iindill~'. 1.. .. ., er . <1 (I '!99) in m.!r ping Ih .. ~pil0PC 5 ..... -cI\i.,:iucs 

of lit t .. CJtS 1Uonoclol ~'1 3ntrbod,.;s ldcntlfiro tiu"cc J ,fl"c' Clll g""llJlS of all"b"di~s 

~I)t ; b"(;hcs thai \)(.u,.,(t to th~ N-IL, ·n" " ,,1 "pito"". Ih" ...... tbal bound Iu """ Imed]u],,, ]Ollp :! 

(ECI.2) cpiu'JX' und th",,~ Ih", I>o"nd 10 rn-.• lt, ,,k domain., on lite cxtr:1ccll"l:u ~"rt3CC 

(mult, (I" I"1I:, i" ~PHOp..:,). Th~) ,ho",,\1 that mA~ 10 l"CL' wcre more ctkCliv~ JI bhlClins 

dlCnlo kinc bl))d')1g thJn t: nv bi ~ ding "iJcr~:>.'l mAb< to th~ '\-t~rm ill") du m:>,)) \wn: """c 

dkclive III hlc...: k in!; gp 120 \,i nding with lit! Ie d'f~<·1 un CCR S_d", tTl() k ill~ jntt:r.lcljO",' (1."", 

el"r. lm). 
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VOlin and eollabonl1 ors won.il1g ,'itil CCR~iCCR I chimaa., ~ho,,,u lhal T~!7l"b)', 

l critical role in MII'· 1 P bil1Jiu:;; lild Illghhj!.hlOO lil.: rok or~kt 187 in lhoe bi l1(hn~ altini(} 

for ~1If>·lp, I 'inS CCR5'CCRI cru m<.T-'-' (1m,,,, =plor< bUlh hiod \11i'.1" "nd 

RAI\ TES wilh hlSh alli uil} hut only CCRS has hi~h 3ffir.it~ Ii .. 1'. 1I1'-I Jl and CCR I I,a< 

high alllnily for IcIl~Otac l in· l , lloc} dClllonst rak-d Ihal Ihc receptor ,~ilh a CCRj b;.d.bon..: 

h:" illg iIi s,"\'cnlh Itanim,'lubmnc domain replaced wilh Ihal of CCR I ,110" <...! implllr,...! 

~igr.;.lin~ uM II) and bindm1! aninil)' li lt 'II r'- I Jl- Th"Y also ,h",,",,d Ihal mll1u nt chiltl<!r:I~ 

wilh (,:CR5 r..kt187 r~iduc re,to.~'d in 1\47 show.,.j pa.I ial .~_<l"rali"n or i"nrlion I Vnll" 

t'I <II, 2001). 

1.4.4 CC R5 acfi\'afioll and signalling 

I ,ig;""'] i nJu~'(d acti vati on of r~c~ r[()r~ I ~ad 10 rec~plor-(j protei n U '''leiali "n ' ( Wlli "g 

"' lcl ivoti,,,, "r <ig r~li ing, pilo,phory lalion of receptor which <ubsequent ly lead to 

assoe iatk'n of arrcSTIO WiTh the rcc~ptor and desens itization (Mueller CI ,,/ ,2002), 'Ihe 

rli okeulM ' 1 I c~ harti s t1\5 th~t \l1td~rly th" trans itions ocl,vL'<On lh~ i1l.1ctivc and the aeTil'e 

(Onl'onll~liQn <lfGI'CR, hil'hl'll.ht an important rok pl ~ycJ by (h ~ highly cOlhl'l'\cd EiDKY 

1IIQ(irt,",:aloo hc!w~~n T'13 and l h~ s~"o1td intracellular loop. This highly coltScn c,d IJRY 

SUlU~II(:~ '"Ql,fin (h.: s..'.;ond intr:'cc!llll;,r loop or CCK5 h ~s [>cen iml,lica(cd in (j prot~il[ 

intcr3CliOIl. l\h~ ~ lion 01 the firs(l\:s,du~ ot this 1Il01l l ga'<~ agonlsl-ind,:pcnd.:m a"(il'lltion 

ill nUnh:rooS r~c<"Pl"r5 "hile nIUMi ,,,n of . h~ Ar.!' residu" generally ilnf'o~i" (j I'rot"," 

d~pendenl si.!'nu lill~ (LslI.anc el ai, 20(}5). \ I ulug~re~i~ stodic< un th", A/¥ r",_,idue ,11\,,, 
th"l ,.u"'~ uf lhe .,truclllnd Jt1~rm u\;lllls "".,.J.:t/ fOJ CCR~ · m.,.J ,al.,.j aCU":llion OJ (i 

prol~ins lin.' a lso r,-qo, r,'d l<lr J}-arrcsl in mcdi<lled chemOla:>;is but nOI ror .tterlur 

dcsen$i li,;oti"!1 aocl int~r llil h ... wi"'l lI1Ulwion of lhe ,\rg r".,idu~ '~lIS ~ho"n 10 bJod 

act;, allon of (j pT<lkin lind ~hcnll.>l nlC dCp.:IKlcnt aCIi>· al ton 01 da,~ic "<Cconol me,,":n~er •• 

m!tacdlul:lr tultium nux lind cdlu l~r re.<pono;e of ch~mm"xi~ IlUl p.«<:n (U 

ph~ph<lryI:lTJon und Int ~r:lclj<.>ns wilh fJ.-,orrc.<lins for e nd"<.'~'l",i, . Jl.-"n~.'lirh '''~ iO\'<Jhcd 

in CC R .~ -m(Jiut~d ch~molaAi>. bm (hi , pr~"c,s ,s abolished "hen Arg- 126 i_ "'ulJt~d 

({iosilng ~I ",. 1')1.)7 ), "'li\,,,tioll of C(Rj cau'x, "cli""li"n of Ihe rerll",i" (<1>,11' 

sensi T' \' ~ (j , I u,n li y of U protein, ~ I" o~~,.' lhal in\'ol\'~, ~xdmn~e "I' bOll",i (jor lor (iT)" 
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Th;, !.-;lIb 10 Ihe di.sM>Cim ll1D (lflhl' (jQ .. "hunn of the G J'T"le", 1'",,,, Ihe ('Ih ~Ub"";h 

H~n"111 ,'I ,,/, J ~""7h) ,\Cl;' ." j"" "r the I , j J'",lcJIl b}' CCR5 Cdll'>C~ lull1 l>IIIOu 01 Ihe 

a\!e'l>lule ~ydnse r()l lm "~', In lh ... 1' ... Ihwal, Ill.: (;'1 1'-1""",<1 (;"j ;"11 ;).[1,, the ~\~l"lly ,'I 

il,bl:131~ ~~'C I.1 ~c thereby in~ihl1il1~ lh,~ pl()(k .:110n or <'yeli,: \~lp (e,\ VII') [.,,,,Litm); 11 L 

LI,IL':..:cliLdm· calc ium mobilizatioll. I' ro.;\ .. d ' Oll llf in,,"i lll l-1 .~.5- tr11,I,o'PhJLc Ill', ) anJ 

dh"}I)(I),,crol (D'\G) 1m, bttn .1.soc,al,'J \\J1h "oj\'~t ;"n 01 rho <rk"li p:1..<C: (' (1'1 C) 

acli\'a' i.lO h~· Ih. Gfl'( suo,mL!. II' , hll'\d, 10 .L, '1",,<:;;1.<: r,"<:;cp tor on lito: 0:n.1<.lplaW'i( 

1~l inlllJlI1 ~, ",,,bi li,,, ..,ale.um {\ 1cllad, ' ~I ,,/ , 2001). 

ATP cAMP 

l 
chcllIol:txis 

Fi~urf 1.6: CCR5 11cti\"llti,," ~"d ,igll!lllin!! I'ia (; i pnol<"in: IkLdmg 01 RAI\ TJ;S 10 (,C l{~ 

le:HIs t(l actiV~li()n or Ihe re~~pwL' ~"ll,i Ll g nn e:>.c h.1nge 01' GI)I' t'lr (,1'1' hy ti ll:: II "~b'mjl 
((;ui) ,'I' the (,i pr" tcin and dissocia(j<'''1 ('I G<:r i f,.,m the Cr'f subunit. Th.: GTr' 001111<1 G«i 
til,'!! bind a.1enyiate <'),<'ia;.e inhihiLill ~ III ~ r"m1"lion 01 cAr-IP iru11l A I )' 1 ~,IUill~ I" 
d~1rIO~l~i, 

,\ hyp"l hc"',~ h,,, bc..'11 put f,'rwlIro (Ill fht impurtant r.,le .. 1' 11 ... • mn>Cr\''Il ,.:\~ tllOlit' 

ill 1\12 10f dk'mol;jne r«,eplor fuuc(j" u, 1h mtoi IIIuLisenl,>;is 'lu<I,o:~ Ollhe T Xt' >:eqll"f)<"e 

(I\(I1il t :O\'do:r15 "I al ~h"wctl Ik.l "I! ,, 1,'UIII,' S(lbsl .IUlion of Ihe p",lIne C,lI)",., " d~"' f\"c;C '" 

t-,IILHll,; •• ffiuily 10. d.cm,'I.. ",("S nlld ohnoSf (0(1 rn,,<liotl.ll T~'JV"l.'~ o f th,' mlllln,',1 receptor 

Olllhc otl ... 'r hand . .1 change from lI"~ .. m;1"IC I,) \ ',,1, ilia. Cy,,' Or S,'] h::id ne> ~ 1 1i-ct))1 bm .. hog 
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I 

om nity but i"unci ional re'p(Hl'" Jid def"'nJ on the t YP" of sid~ chai n sub,tituti'M1 (Gm- 'K'I't s 

<'I al ,200 I), 

11 h~, b.;'en prop",~,j that ~on'~rveJ arommic residlLc's do playa role in th;, aelivation 

orGPCRs (Javi lch d "/, 19')~) -I hi s \H88est~d a possibk inkral'tioo betweenTI><: s~,ond 

nmj third tran>m('mbran~ domain:> or chemokine receptors that haye high density of 

aromatic re,idu..:', al th~ lOp or the'''' l wo heh~e,. Govaens and c(}- workers investi,:aled the 

dk,ts of Thex aromaTic clmw's Ott adiviilion "i" CCR5 by mutating them to thl'lf CCR2 

counkrparb eith~t' individu,'lly or in com bination. Th~ir eAp~rilllental and l1!(lle-cuiar 

111 0clc lling r~sll its demonsrrale a cruci,,1 rol~ play~J by toc ,e arommic re,iduc, ILl causlng 

conformmional chang(':> of CCR5 leaJing Ir01n IlganJ r('cognitwn [0 receptor aeli,at](JI1 

IGoya~rt' C'I ,lI., 2()()3), The,~ dilkrent eflects 01 CCR5 mlLlations on binding affiniti~ , 

and runctional rC'sponsc's to cll<:Ll1okines highlight th;, imp0l1ance of 'Iffected residue' and 

domaLns in th~ Jimcliol1il1g ol'the CCRS rec~l'lur 

I .... ..:; CCR5 (Jhosrho~' lation and arrcstin interac tion 

Studi~:> OLl the Pl'otoTypi, 13,-adren~rglc receptor revenl That, agonist aClivntion of 

r~,eptors kad to Thdr phmhol)'lalion wh ich is an essential step in receptor internalin[ion 

I'hosphol)'lation in lurl1 promotes hind ing oi" members or th~ ,ur~slin Ji(]nJiy. thereby 

preventing lurth~r hind Lng of G proteins. Like other GPCRs. CCK5 is phosphory laled by 

t"" major cla,s.:s of prolei n ki na,e,_ (; pmtein coupled receptor ki nase (GRK) anJ protei n 

kinase C (PKC). Se,-en mammalmn (iRK, have been identified (GRKI to 7) bUI oLlly 

GRK2 mtd GIU";.3 h.1V~ been sh""-n to pia} 3 pwminent rok in chemokinc induced CCRS 

phosphory lation (Oppermann CI Il!.. 1 ~~'). 1 our di Itinct serine r~\ idues (Ser ,3(',,,-17, ~4 2 

at1d ~49) that are located in the C-lerminus olTCR5 hay~ ocen shown to be' phosph()!ylat~d 

upo n agonist hindin~ [0 tlK; r~ceplor (Oppcrmwm,;1 ai., 1999), Tlw signifkmtce oftbcs~ 

phosphorylat ion sites j,)1' ability of receptor to int.eract with p-arre,tin:> and ul1dergo 

dcsensiti/mion and internalizalion has h;,en >1uJ ied, Re:>ul\:i :>how lhal l3·arrestin binding 

to CCR5 mtd rec~ptor intel'llali1at ion are related m~chanisms and bOlh re'-jlLire the presence 

of two C-terminal serine phosphory lation ,iles (Kraft ~I aI., 2001. Hul1~nrauch ('/ ,,/.. 

43 
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~(1I12)_ ),KC I"" becn ,hown tu cxclusivch plwsp/lOrylatc Scr-337 ,,·hik GRhs 

ph<"pho" LM Ser -3~ (J (Po ll ok-Kopp ('I "I , 2tl(3). 

PO>l-tran,lationol mod itlc"tion of li protcin coupled I'cecptOl's by palmilOilalic'n al 

carboxyl tcnllil",1 eysteines mooify signalLng in ways lhal vary among rCTeplors (Rlanpain 

eI ,,/ .. 2001). CCel5 willains lhl'cc carboxyllcrl11L[]al cyslellles thaI conl\",l1 lo predicled 

palmitoylalion siles and ",ere StKmn 10 he involved in lronspm1 of the re(eptor TO The 

plasma mcmbranc and al 'c. slimulat ion of ~nd()c:-Iosis (Bianpam cI a/., 20 11 1; Kraft c/ ,,/._ 

2001). Clrboxyl tCl'1ll1nal <;erinc rcsiducs have alsu becn dCIl,onSlralcd 10 k croLi~"lh 

invoh-cd In CCRS endc.cywsis nnd a Iyl'c"ine I'csiduc ITyr-297) in TM7 has becn SIIO\\[] W 

affecl eCR S signa ling and agc.ni q iJ>Juccd scqucslration (hran ~I aI., 200 1 ) 

J .4.6 III\'- J co-receptor function of CCR:, 

IIIV- I enTers h",t cel l, b, dir~ct fusion of the vir,,1 o11d t"rgeT cdl I11cmb"ll1C'_ This 

fusion procc,s is mcdiaT~d b) th~ viral enwlopc g l )C()proT~ in IL\p160). ('1)4 ond " co­

re~erlor_ H I V-I em elope gl ycoprOiem " ma,le up of l WO suhu,-" IS, an eAlen", gp 120 and a 

lran'l11emhrane f(p41. The crysla l ,1rUClllre of llw corL or gp 120 complexcd with a lwo 

do",,,in ('1)4 ond the Fah fragl11~nl of ll", gpl20 l11onodona l anlihod, lhal hlc,,;ks 

chcmokinc rcceptor binding.. 17b hos provided lIlsighl illlO the pmc~"es oi'lliV enlr, 

(K"'ong fl 01 .• 1<)'J8). I'hc gpl~1I core i, mode up of fo lded inn~r ami oul~r domains lhal 

are conncncJ by a bridging socct wilh diseonlonul'u, resid,,,,, fromlhc'c dc'lllo in' forming 

the ( 1)4 hinding sit~ (Ciuo cl ,,/., 2{HI-,; f'loll et aI., 20m)_ Thc conservcJ r~siducs ,wilin 

th~ CI)~ binding ,il~ 01' gp120 form" decp hydrophubic rockel and im~mcl "i1h 

plwn) lalanine 43 residuc or CD4 (K"ong e/ til .. 1<)98: (iuo ('1 aI., 200-'1 ('('I{S is thc 

maior co-receplor lllvolved in lhe HIV-I i'u,ion procc". Residucs in the gp1~11 hridging 

shecl wh ich is (0l11po'cd of cnn'ervcd region 4 ((4), the Vi/V2 basc and dk: V3 loop 

compri'" thc co -re~eplor biml in ~ ,ile (Kwong el ai" 1998: f'lall fl a/., 20115). Lftlciem 

hi[)din~ or CCR5 tu ~p 120 i, high ly dcpcndcnt on the presence of Ihe V1 loop_ Soluh l~ 

,ubt)'!," 11 gpl~1I binding lo ('Ci,S MS been stx)wn 10 rC<.juirc l'\iO i'unClionalii di'tind 

regions of II", V-, I,,\)p, lhe slem and lhe Cl'llwn, w'lh dk: erc',,·n alonc dClcrmining co­

rCccplOr spec il'''ly 01' lhc vil'us (Cc'rm icl' and 1)l'ogic, 2(112) I'hu, the curr~l1l '11(~leI of 
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HIV-I ~o-re~eptor usag~ ,ugg~ 'ls lhalth~ V.l loop ofgpl20 diet~tes th~ ~hoic e oftnc co­

r~c~ptor wlliI~ lh~ c()ns~rv~d hridging Sh~~l r~s idu~s wl1tribute lo binding comacts with The 

~oret~ptor (Suphaphiphal el aI., 2(X)-'). 

StLldi~1 on Slru~tLlre-fLmetion rel~tionship" havc not been able !o d early m~p out thc 

dislilxi domail1s of CCRS "hieh are essential for fusion of j IIV with host cellI. Several 

different ,tudi~, lindudLl1g mlltagenesls. chim~ric al1d antlb<X1y studles) Ilav~ ocen ealTLed 

out to ducidme the r~gioll ofrhe co-receplOr involved in ~nHlopc inlccadion. De,pik lh~ 

complex alld contrad,ctor} r~s lIlt s. t h~re is greatcc ~vidence whl~h sugg~sts that lh~ 

envdopc probably makes illill al contal'ls willl the nlra~elllLlar r~gi()l1s (Fl~rg~r ~I af.. 

1(99), 

r,lulag~n~s is sludi~, on l h~ N-l~rminat domain of CCR.~ have idcntified sever~1 

eharg~d al1d aromatic residu~s which w~re f<lIll1d to play importam roles in both chcmokil1c 

~nd Lnv hLgh aflinity binding. rhes~ I'~,>idu~, LIlclude Asp2. Tyr]. 1',,1'10. Aspll ~nd 

Glul S (Bl~npain e/ "/,, I')<)') a; Lee CI a/., 19,)')), In one study ulillg monoclonal alltibodicl 

dJr~ct~J against the ~xtrac~lIular r~gion, of CCR5. tile aUlbor, found that the ~·tcl'minal 

mAbs recognized ,peel fie r~s i dues that spall the lir,t 13 am ino ~cids of CCR5 whi Ie almost 

all ECL2 mAb> re~ogni/.Cd '1)1'-18--1 to Ph~-189, Residu~ Ly,-J71 and Glu·177 in LCU 

\V~r~ r~~ogniz~J hy all mlL lli domail1 anlitxxiies. rh~se results SUgg~SI the importance of 

lh~ '\I-l~rminal [[1 En\' binding and tlx: extracellular lo()p, in illduc ing conformalion~1 

ch~nge, in Lnv that lead to mcmbrane fusion and vira: il1f~diol1 (I.e~ el ai, 1m). tJragic 

al1d collaborators also working ()n charg~J residue, LI1 the ~-lerlllL[",1 of CCRS 1<1\lJld th~t 

alanine lubst itulions of Asp2, Aspl [ ~l1d (;Iul~ cilh~r individually or inc()mbinalion, 

redLlced 01' eompl etel} b I()ehd ~l1lry ()j" lh~ '..-1-1ropi~ 111 V -I 'lraim .. '\' D.'\' anJ .lRFL and th~ 

Juallropic strain, DHI23. "I hey abo demonstmted impaircd gpI21)·CCRS il1t~ra<;riol1 ji)r 

lh~s~ mlLtants (Dragic' N al.. 199R), 

It was ,h""l1llial a iyros in~- ridl '-~g i{)n In Ihe N-lccmiLlu, orCCRS is illiport~nl for 

IIIV-I ~ntr)' lo hostc'ell> and mediates assocLation betwcen gp121) ~nd eCRS (l-'ar7al1 el 01 __ 

1998). It waS lakr shown th~t su lfmion of rhclc tyrosil1~ r~s i JlL~S ~o\lIJ facLi Llat~ 

eleclro,tatic jnt~ractioJll with posilivdy charg~d r~,iJlL~' in llx: bridging ,h~et al>d the ba,e 
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O! (he v:; loop. d",s (Hosill': snU:I(ion " :In "pllmnl n:qui rcm<'nl f, ,, HI V_I COn;('<'p1or 

fllnc( iQn(I'~rzan'" " I. , I')'i' ): So:i""r1 cl r:J, 2002; Lu.w, lOO6, 

Chimcric st l .. 1 y ,)1 n Trac~l l lIl ~ r k .. ,p tw • ., In d i~ atc s that r~, i dll~s wt,,·"...: " (j I} ] 73 allli 

Ly!l'L 1( 197) wili~h contain S l ~ r<: s"h...; s IIL3t an: d"ng~ nt bct"n:n Ih" hU"""L lInd lh~ 

ITH) llIC rCHS pl~y a cri tica l ro l ~ In \IT ~ j"lcm~lion WJtil ~Lwdop<: g,IY"'i,,'() ldll (1\3,"not d 

(11,2001). lnteoad;,," between HIV-l CI" d "f": ami CCR.~ i_, " ot ""I~' c"mplc~ hUI ;., al", 

."'-',Ie.-I In maned HI \' - I i,u]ah: dC[1<ndcnl ' an~li",,_ Blcnia,.,.. ulld , ,, lIabmaWnll!C>Wlalt"tJ 

hllm~nCCR5ftnnu...,('CR ') ,hm,cr;c ((H"~, ... p or .• by indi~iduall y ~1\bsl.i(u ll n.l!l [he tir$llhn:c 

eXlr~celll1l11' dc'mal lls of hUlnJnCClU flIl 111 a mouserCR5 j\lJ Cc'nte.~( t IiMM M. 

MI IM \~ lind M \ III \-I ). " ""y cu·cuUun.."(I Ih~-<;c CO!1srn le(~ " im e~lI ~ e~pro.:'>IrI!:: the M­

appi( I(lV"1 !>{)1ate<; (YU1, ADA ,1nd lJal}, the dll :l11l0plc i .... , latc. ~ '!.6 c>r the .. ·tropic 

1 S<']OI~ 1I1ll, Tl...; y lilULld tl\11 wh~r,'A~ som~ HlI/-1 strains C<Jllld cilcCTJ\'ci ) utili ze 

chLllt~r~, co Ll ta in LHg any single hUIMLI ,' .<trocd lul m domain . o thers r<Xi llir~ un) 1\'0 a L1d 

,Ii i] ntkl .' ~nuld t)nly ; nl~m" l ill th~ rOC.'C I",:~ nl lhree h Ll m"", nll ".;elhd lll d[)!Il<lim 

(tl icllias/ ~t QI.. 1')<)7.1 In ~n<>lh~>J" .'Iudy b) R\"hr ~tld ,',,..,,,,rk~,,, . il "".' okmnll'I':.LkJ 

usiu!,! CCR5iCCR2b chimcm~ anJ "himcri~ II'IlWnlS thaI Ihe finl 10 ammO amh olTCR5 

\j'll'nninus in a CCRlb /eceplm cuuld SUl'pbr1 c llwlopl: [UMon. r \ln lier nrl(l l)si~ LI T Ihis 

I:h;mc'ra rncal."j {rot ~siducs ' \ <;1'2 1" Val:; "\:~ Imponan( fur .\1· lrop;" ' irusc$ ,,·hi lc 

Scrti _ (1\:9 "...:rC imporulll! lor liM: dual !nl(1i.; 1I<..i .6 " ruS (Rucker e/ <If, 19'16) .'\ntilxxJ~ 

,tuJit'< "It CCR5!CCR2b chirncrd 11" ,( al" ... Jm"-,,,stmtcd th" UlI POrtrol1CC <,I Ihc N­

Wm'ILIUS "rCC R5 in I IIV-I rn fccl i,lll ( W\I r l a/ .. 19'17), Other chim ~ri~' sLud i.:-; in \<, I,et1 

l h~ intl'oduct ion of thc ti rSI lwent}' ~mino acid re_, ; d ,,~, 01 CCR5 111 other dl~m[)kil\~ 

r.:-o.'(pto rs. in p;l.rt ieular . CCR I. CXCH 2 ~lnd CXCR4. The ch imeras ''''~ te'tt"tJ ti" th~; r 

~l t>')i 'y 10 med iate fusion of the "I,!r.'pJc ,wlatc m-j'!. and lh~ dual tmrie "inll i!, ~ ,Lk, 

~9.6. Rc~uh~ _,how IhJI The t\.- I~l1n illa) d"OI,n" "I' CCR5 in II'M: COI1l<::<1 01" t hcS(: OTner 

thcmokint- r...:~ptnr_. resull. in tiM: ir llbll il) In ",<-diale iusioll b} both isolalc$ (U(Jl;lnz t'l 

(1f ,1997). 

Comp.1rint: gp! 20 hinJin.l!l am llilies ano.! Inr<:Ch ' lty or R5 ' IruSd U!illlg humaA and 

/\ II i(~LI gr<:c n monJ.9 (AG.\ 1) CC R 5, :, j c di~n " nll<t wllaho lator> sho"c(\ th~t (, Iycin~ I (, -; 

is cssc llti~1 101 the binding ,) t R.'i !? p l l 0 ~ 11 i.lIfl(d;~ [ion o i" il1f~CI;o n b~' R5 i,,(,lutc >, Tl"';'e 
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two receptors diller at r'osition 1(,3 "itil an Arg lor AC~1 and a (;Iy lor the huma11 eel{) 

receptor, AGM CC!Z5 lac>:ed co-rcc~ptor activi ty but mutation of fU(,3 to (;163 conter, 

cO-Lw~plOr activity "hile mutation oi hU1l1a1l CClb 1i0lll CI('3 to !Zlti3 aborts acti,it\ 

(S iciliano e/ ,,1_, I<)<) ~), Otiler single mutatiollS across tile CCR5 protein have shown 

varylllg eI1,,('), on HIV-~ore~~ptor junction_ glanp"in and co-\\orJ...ers silo"ed lower 

hindlllg oi gpl~O lor RtiOS, ,\ 73V alld Rn3Q flluian( CCR5 duo.; 10 10\\ ~xprc>sioll, They 

al,o sh(med part ial co-receptor activlly by CIIRR (Hlanpalll ~I aI. , ~ono) 1.0" oi n'­

receptor fu nc lion w,,, demo11'traled i"r 112T and C~OS (Howard el (1/., 1999) 

i'ogether, lnutagellesi,. chimeric and ep itor'<: tllappi11g at~liy,e, have reve"led the 

iml_,ortant role of the e~ (racel lular donlai t\, of CO, 5 ill it, co-re<'eptor Junclion 10m the role 

of the (ra11SI11em br''''<: andior CytopLlStllic reg iOl1s can"ot Ix <'omplddy ,!,mord_ The,e 

re~iolls oJthe co-receptor also critically intluence activity, probahly hy aIled in!! di'play 01' 

the ~xlroccilular regiolls (Lkrg~r e! w'" 19'J'J), i'hough each e~ t race llu lar regiOI1 1m, been 

implicated in <'o-re<'eplor h n1<:tion, '~veral ,Iudie, ha\'e ,ugg~Sled a partlculal' important 

role of the "-termi,,,,1 'egmel1l (Hlanpain el aI., 199910: I_ee d "i., 1~99: Picard eI (1/., 

19971. Tl",relore th~ ~-termillal domain tllayhe more important i'lr [,lp121l hLmlLl1g whereas 

(he extra<'cllular 1001_" are imporl'Ll1t i'lr ind l"'ing C'OI1I;Ll1mLtlOnal l'hal1g~, 111 ell,dop~ that 

lead to membranc fusion and viral iniedio,,_ 

1.4.7 NaturallJ occurring Illutations of CCR5 

Several nalurally ,,,,cuning mutalion, across the CC!Z5 recq.'tor have heen stlKlied for 

th,,;r ..,r'I"cl' On r.c~plOr arid co-receptor function_ I'he mosl widell' ,Iudid CCR5 Inu tat ion 

is (ile CCRS.-\3? m m" li 011 di,<"lIO",d On pag~ ~O- ~ I, Carril1gron and co lla borarors idemi Iled 

,i"leen CC R5 III lRatiolls lhre~ of wh ich were ~i I enl m lIlal iOl1s populatiol1' of diff~LTni ~thn ic 

orig i Il (CaLTin!';lOn <'I "f..- I ';<)7). In tlx ,;:ar~h lor i'unctional con,eq l/Cnc~s or lhe,;: Ll1uulin"s_ 

Lllanpaill a11 d co-\w""ers showed thaI mulmiolls Lll,olving cysteine residl.." al tr., 

extr"~ellu lar ' Uri;Ll' e and a Ii-arne shift "hich re,u lted in " mc<_hILed end oi' T\17 and lile 

"h,enc'~ 01' th . C-termilkll resulted in poorly expre"ed rec~ptor' (C20S. rS2(9) Ol nQ 

expression at all (CIIll X_ ClnR) 'IS a r~,uli 01 l[ ltmccilular tmpping (llla np"il1 CI ,Ii, 201.10) 
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C20S ". hich dJsrupt> lh~ (I [sHI ti(le bond Ii nki I)f; thc N·t~'mi rd to extra~c II ul '" Ic'or . \ (LC U ) 

did ll01 bind lll." resl)<Jnd limetiunali) to dl~mo~il)Cs (l1"wJal CI al. I')')') : Blimr.lin i'I ill.. 

:()()(IL Thi, mutalinn \\·a, l,b.>er,cd in Ie", than one p~ re~nl In Cauca,si,1[" Ml(1 ah" ~ nt 111 

\ Ii-ican Am eril'a lb (C'mnglon e/ al. I '!'n J. C I 0 I X ,,.j,ic il Hune.,k, thc l'eceph)1' 10 j ll st two 

ll"illbmembranes b~havd li k~ lh" .\32 n,uta111 wilh olll) Il'ur lnlll>llL~rlL bran~s, Tile\ ootil 

,Il(}wcci 11l'Llhef d,enwkL,,,, roccplllf 11M HIV·I cu· rOC CplllC 1;ltwtill n, .\ 10,., lh;lrl One pet'ccnT 

I;-~'luen c.y oC lhi.' [[llLwliu" \Va., 0b'~fVCd in Altican i\m~ r icatl.S. An a la nin~ 1c1 '~I'in~ 

mul ation al ll", ~·lerminal (/\29Si ,ho""d Slmil", exp ressiun a, lh~ "ildty pc r~cep1c11' hut 

lo w~r bindin g: and impair~d funclional respons~ 10 I\.IIP·llt nO I'unclional re'pun>c 10 MII'­

lu l'H ll c,)uld bind ,md resr,md 10 onolher CCR 5 lig,md. MCP·2 .,usseslmg lhal dilTef~ 1ll 

ch,-,nokines eon intera<:t with d i fl(,r~nl residu~., 0 I' the .,ame r""eplor (Howard e! aI., 1999; 

Blanrain e! aI., 20t)()), This llllLlati,)1l h,,,l " L:i'/Q freq"ency in Afric,m Am~ri c'ms 

(Cmringlun e! aI., 1997), i\ mo,lo;oratc decr~ax iTl fUllctiorlil l nos[X'nsc 10 MII'·I ~ wilh no 

chan ~ e Ln bln.Jin~ al1i11l1) wa, ob,~rv~d fur a TI\.l mutatioTl, L55Q while 1421' and /\T\V 

both showed si mi lar r~.'ronses and a 11i111lie, lo I\. II P· I I) a., lh~ "i Id 1 ypc reccptor (U lanpa i n 

'" (II .. 2IH)()), Bolh the 142F and th~ A73V mulalion, wCre aIle" lhan 1% in Cauea,wrlS bu t 

abs-crll in thc AfriC'l n American ","rulot ion The fr~l]u"n~y of lh ~ L5 50 111uialiun ,,1 

Cauca.,j"'li W,'l, :>bout 4~,;, whil~ il occurred in k,,, lhan 1% in the \Ij-ican ALlwrica n 

A ,,'ltur,lIl) occ"rr in ,~ mut,llion in Ihe lir>l illlfocellular 101'p or CCR) (R60S) hn.' 

been proros~d 10 ho\'~~" a11alog0lL., ~ n ~(;1 un receptor ex p r~>sion ,l" the IH')(' mUlation 01 

the DlLfj)· r~~eplor ,,'hich con lCr, P,\)t~ctioll agai""t 111o lori" (Clrringl<Jn "I al.. 1997, 

Twna,aus\.:as (" 01,. 20(1), rile I<WI C lmll,llion \Va, ,llI.'''m ll' cause a 5·fclld d ~cr~" se in 

c'x]1rl'ssi,)n of lhe Ilufl) receplOr in lm11""nlly l", ,,sIC cT~d cells . Replace111enl ul' 11", 

"rginine r~sidu~ \\ilil ,1 "umlX'r of diff.:r~nt ,llni"o acid, , ho w,'d Ihal ,)111" ~ I y, ill~ 

",bstitution w"s I'ull y e~rre"ed as the wilJ l" re r~cep1c1r. This imr li es 1hal lhe rosrLi v" 

eh,"' Q~ al lhis Jl0,,, lion IS mur~ impot1ant fo r expression lhan di.,u llide bunding, SUldies on 

lhi .' lUulali0n (R60S) ,ho\\ that the re,e rlor i., les.' well ~~pre"cd lilan "ild type CCR5, an 

cxrr~' Slun lhal wa, associated wilh r~dlLc.~d CCRS rcc ~ plor and c,)·recer lor i'<melio" 

(Llianpain <'I aI., 21 ~ lIi; '['amaSiu"k", el al. 2()(l1). Similar 10 Ih~ re., ull 01' the Dull, 

recertor, only a ,ub,tilulion with a po,i ti,~I) charged I},ine wa, able to I'cscue surf"ce 
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CXpLTs,ion to wild (:l'" (RhO) b'e\, (Tamasau,kfts <'I (1/" 2{IOI)_ A 1% 1'r~'ll",ll~Y "f(m, 

R60<; Illumtion wa' observed in Ali-i~an ;\m~riean popuhtion (CwTinQtnn el ai._ 1fY!7) 

Othcr nBluml'y nc~urrillg nlUlal iUll' lhal havc been sTUdied inc ludc 11'21 (llo",ard el al._ 

1999), 11 21., R12-'Q, S2 15L, G311IV. R33-1-Q, R335V, Y}3<Jf alld a K228 de lelio" 

(ll l mlp~in ci <II., 2urlll; DOllg a 01., 21H15) wuh var)-'Lllg effcns on cxpression, chcmnkill~ 

receptor Bild IIIV ul-rec'~plnr i'urd iun,_ Tht. R223Q l\1ulalion WftS obscrved in 1.6% of 

CaUeaSLallS and as high BS 3-5'Yo in A;;ian populaliolls. Il O~~lIlTe.d ltl Ie" lhall 1% "L 

;\tl-i~an Amerkans, More Ihml 2'YO of tnc R3J5V ~nd Y339F mutuiolls (>c,'urr~d ltl lhe 

;\!'riean ;\m~rI~an populal LU1\, ICarri n~lOn CI ai, I '!,)7) ACe I{ 5-893(- ) 111 1Li,uiOl1 i "vol ving 

a "llgle nuc l ~()lide dddio" "hieh pnxtuccs a CCR5 with LIO C-tcrmin,11 t~i l IVBS ob;;~ l'wd 

in /\,ian, (Ansari-Lari e/ 0/" 199 7l. ;\nalysis of (ilis C -lenn i nal d ctCel ive CCR5 showed 

ll Lal expr~"i()n Oil ~~ll surh,c" alld H1V- I eu-r~cql(o r aeli\'il)-, "ere unpaired but 

Lll1racell ular l' xpres",m was ~ul\1parable 10 lhal or wi I d ()-'p;.; C C R5 _ T I1<:,e resu lts suggesll'd 

a p<lS"hle Jde~l m ltllracellular lrallidillg ul' (his mutanl r~~l'plor ami pOSS ibly afJGel> 

J II V - I trBnSI11 i;;si on (Sh i oda ('I a1., '211(J I )_ 
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Fi"lIre1.7: CCR5 mutants and vari~lIts. The tr'lllsmem b"lll" org~nl/,Utioll of' (,CR5 is 
sch~matical l y repl"e'emect. Natur"lly (Kcurrillg CCR,; .. a"anls "hleh have ben] lL, lLd 
fU!lclionally. are represented .. \K2SB ",dleat~s th~ dddion of ,) full codoll. I he 
palmilOyblion and l.'hQsp llOrl' lati()1l sik, by th~ (j prolein-co(lpkd rec~ptor kil1" 'e' :ire 
md i catn!. as well as rk two d i sui fide bOllch Ii l1ki l1g together the eX lL""c el l"br dOl"'" '" or t l l~ 
receptor r>IUi:lliollS circled ill orange resu it ill ulKi~l~l'Labk ~XpL"eSSiOll oCth~ rnq'tor due to 
major J(l ldmg ami trat"iid-:irrg defect. Thes~ mUT'lllts "r~ ~nti rely l1on-fUl1CliOl1al. '1 he lJlutants 
cirel",1 ill hlue 'l[~ vcr} p(kul:' e~pre,,,,d ,uthe ~ell ,,,dace. alld bOlh lh~ ir r~eePlOr alld co­
rec"eptor rUl1C II mrs are sLH ll1 gll' IJll pair~d . (neTll C Lrcks hJghl i ght variants t hat aff~cl ~ither 1 he 
1'1.1 rmHcolo[!.y of the receptor ( A 29S) or ils internal '7"t i()ll (IU,()S) . t h~ other suhs!it ul;ons do 
1'101 seem to atT"el S!glliii~arl!l)' ttle flLlK'l ion of CCR5. I'he popul ,ltiolls Ln ",h;c"h eac"h 
ddelerious mutJ1ioll i, predolllinantly observed are in d ,~a!~d " 'llh an eSliuWk 0[' t lw 
trequency \d",n ~v",bbk (r~prodll(ul Ii-om /\r~JlL"I~l-Se i sdcdos and 1':"-1l1emier, 200(i j 

Othe .. CCIO Inul:lliom th,,! have bet·n f"UIKI i l rd lld~ th~ K26R in .-\"an I"' !,ubli()n 

whie"h dispbyc·d nor",al wild typ~ hmctjon and th~ U IOill, which "a, aho '-~portcd to k 

d~lic;~nt in rederin[!. c"~ ll s I-,."mlls>ive I()f HtV mtry (.--\r~JlLaml-Seisctcdos and PannelllieL 

2()()(;J. A cysteille to ph eH:'- lalaJlln~ mutation at position 26'1 whic"h disrupl' 01'1e ()j' lh~ 

eXlTal'd lubr JL,ul lide bOIKis was "I';{) shown t() be poorly expr~ss~d, \Va., not able to bilxJ " .. 

5(1 
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It has bc~n hypotl¥;si s.c<1 that variali.,m in lhc I'nHl1olCr rq~ ion ,\CCCR5 may ha,,~ an 

ctfe<"l On AIDS progres""'L This ma).' b;, Jlk 10 Ilk fact that this reg ion ~(mtrnls Ihe I~wl of 

CCRS e"pre"ion al any gi,~n time A numher of CCR5 promot~r mlilations JI>J rh"i, 

c'>rrdalion with HIV iniie di"n and AIDS prllgre,sion h a\~ I",en d~'nib;,d_ An alanine to 

glycine mutalion (5'Xl29 has~ pair, (,en han k \JQ 5<i26) found in th~ first mtron of eCRS ha' 

be~l\ assoclated "jlh dL>ea>e prol!res>ion_ Ilonl(}LYl!olL" wjldt~pe (A/A) individuals "ere 

rqxlrled to progress rapidly lo AIDS in lhe ahsence oj' tl-", CCRSAl2 or Ilk CCR2-MI 

mutations (McD~rm"tt d al , '99R). It was shown that lhere wa, a reduced transcript ional 

""tivity ror the promoter region enc,xling tlk 5'K)29G variant which was associated with 

lov.'Cr CCl1.5 ~xpression in PG'vlCs (Aj'enzana-Sdsd~dos and Pmmcntkr.. :2006: Mdknnotl 

~t ai" 199~). \lUOllmidi and co llahoraton hav~ reportcd a C to T mutation at posi ti on 59653 

(lknban~ U'J56261 locat~d in intron:2 ofCCR5. '1his mutation "'as found in I ll(l'~/(. Iill~%" 

discquihbrium with til~ CCIU-641. Gecause tit,: CCR2-641 mutation is protectiy~, it is nOl 

certain if protcdion in indivici1mls "' ith this mutation is coming fmm tl¥; cCle mutation 01 

from the CCR5 proLllotcr mUlation, Olher mutations identilied Ln II¥; promolCl rcgion of 

CCRS In Calocacians and Alrican Americans i r!',; I LXl~ i\58755G. G58934T, CS9353T, 

C59,51if and A59402G (lduL1lmidi c/ al., 1997. 'vlumluldi e/ a{., Iq98: Carringlon e/ al .. 

I')')')). Ihe'<C mutations and the two I'romoler mulations tkscrihed abo\'c distonguL,h COtLr 

common promokr alld~s designated (:CR5PI, CCRSP2, CCRSP3 and CCRSP~ Tbcse 

.. lldes w~rc observed at frequenc ies of 0_56, O_IIRS. 0_014 aoo 0.354 lTSp...'ctivdy ill 

Caucasian, «( 'arrington c/ aI. , 1999) 

J.(l CONCLUUIJ\G REMARKS 

The re~"gllit;oll thaI CCR5 is II¥; mokcul .. r factor Ibat m~diale s ent r)-' 01 lhe 

transmitted macrDphage tropic slrain of HI\T-l came Crom the dlswverj-' of a mutall! CCR5 

allel~ lhal has a _12 basc pair ddetioLi in r~gion of th~ open rc ad ing li-ame cncoding lhe 

sCWlld cxtraccilular loop (CCRS L\}2), Thi~ ddetion 11lutalion causes a Cramc shill and ~ 

pr~maturc stop codon in the Iiflh transmemhrane domain of CCR5 giving ris~ to ~ 

lruncakd protein which is not exprcssed On tlK' cell surface (liergCI el ,,1.,199<)) ar..t thu, 

-, , 
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pwt~C1> aga iJ L;,t III V infe ction, Pl' I_,ulatiun ,tud ies uf 11K: t.32 CCll.5 muta tiuJ L re .. eal that it 

is mo,t COlnmon in caucasian individmls of I~uro pe and the L.nited STate, and ah,enl or 

\ ~ry rare in black African" Japane,e alxl VeL~Z\leian iX' puiat iulLs (Broder and Col lman, 

1997; i'eleL'>en ('{ a!., 2001). Se\-cral ulher mulation, uf the CCRS gene do ~xi,1. bUl are 

Ie" common lhan lhe tl32, Sume oj' tl-..;s~ mU lations have been , 1LLd ied LC' "itro and thc ir 

cfJi.:cl, on C-(J-re~eplor-l'ulL~tiun d~t e nnined (I3InnpailL e/ <If.. 20(0). 

AJ Lal y,i, of n LUlant rcc~pwr, in r~cnm hi J La nt ,:-'stems can kad tu hetter ut"l ~rstandi ng 

or CCR5 rcccpwL' fUlLdiulL and ilLdicate rhe su,ccpti bil ity of cmrier, to IIiV infecti on, 

D~spile lhe apparenl absence 0 I' the tl32 m LLla lion in Alj-i~an'. lhcT~ ar~ olher m LLlmiun, un 

lhe CCR5 gene, "hi~h polenlially prolecl agaLn,l or enhance HIV elLlry LI\ tl)'; Afric~lL 

I,(lpu !ation_ .--\ single- nucleol ide I)!l lymorphi'lll in lhe' ~Olling rc~ion 01' CCR5 ila, ocen 

nssociakd with de('reas~d disea>e progression Ii-om HIV-I inlt:~lion 10 AIDS in an AfrL~an 

populalion (I tayes cl aI., 2011:) 'I h~,e aUlhors ,hm"ed tha I a nmservali\'~ aJllino ~CLJ 

cfl.1JLge from abnin~ to valine al posilion 115 of CCR5 had an alld L~ lj-el]LL~rn;y of 4/30 LL1 

, low progres,ors n, opposed lO li l6 in normal and O i, ~ '" fasl I'rogre"or, wLlhin lhe 

Ali-,ean and coloLLred IXlp ulation, Otilcr muwt ion, of CCR5 have also I",en i dcnliti~d in 

lh~ di v e",~ Soutil Afri~an IXl I_'u lmion (p~kr>en <'I w' _ ~11t) 1 ) In lhis sludy_ 206 H1V 

'~mr()s i live plienl , 11 40AI·m.an" 52 ColoLLred, and 14 Caucas ians) and 176 I IIV­

'~L'On~galj\-C ooJ LT l'ol, (In Afr icans. 144 Coloureds and 4 Cauca,ians) were analy/-"d Il'r 

CCll.5 mutatiun, Six uf th~se lllutations (L55!), S75_ Li32, R223Q, A335V and Y339F) 

haw Ix~ n pr~vi"u,ly rq:<>rlcd (CarnlLglOlL"' ,,/.. 1997; Howard eI "i, 1'.1')'): Illanpain cI 

a/., 21~)0, Dong el "/,, 2005), Th~ L551) Inutat ion was seen in one H1V- 1 posili\'~ 

Cauc-a,ian "hilc the S7S l'ccu rred in one HIV-I po, ilive AIi-i~'ll1 . The tl32 mutalion 

occur red at an allele ti-~qlLen~y ,,1'0.035 m HIV- I lLegal i v~ Culoul'cds but was s~en ill one 

11iV posilive' Colour~d and one HIV pu,itive Caocasinn. The len!) mulanl was had all 

allele frequ cucy uf 0.1)1)7 in negali ve Coloured, "hi Ie l h~ Y339F occ lJl'l'ed at a frequctKy of 

1).008 in II IV negati ve Ali' i~an' (Pe'k"~n ('/ uf., 2(0 1), A, with the STudy or Ilay~, and 

collahnralors, a high i're'l]l",ncy ofthc A335V mUTation \vas s~~n in the Ali-icanl)(1jl\llalI0n 

(0.029 H1V IXl, ili\'e and 1) .0 16111V negJTi ve) II a lso occLLrr~d in one HIV ru,ili'~ and 1'\0 

HIV n~gativc Coloureds, 

'j 2 
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Sc'~n (02V, 1'-'5. YR9. 1. I07F, 1'1 62. R225Q and R225X)w~re nove l "ll1tJTi ons, I he 

D2V mUlati()n was "'~n Ln one HIV-I posi tive Afric~ n (l11ct o n~ II IV-I ncgative C"lourd 

Th;, sil~nt mUlat ion 1'35 occurred at high frequ<,ncks in b()th ,.l,Jricans and Colour~ds 

(ll,tltJ IlIV-l I'0,i ti \'~ and 1l.07 H1V- I lle~at\'<' Africans ~nd 0.1 73 I-I IV-I positivc Jnct 

O.1l69111V- I ,"",ga tiy~ C"loured) but was not s~"n in Cauc~sian', YW) and 1'1 62 \\,hid , ar~ 

also sil~nt mutation< w~rc seen on l: in Olle HIV pm iti\'e African and OIl<" HIV l1e gativ~ 

Colou l'~d res]X'cti'c!y, The I Ift7 F and the R225X mutations occurr~d together Jt J 

iLTlj",'nCy ofO,0()7 Jnd O.1l11i inlilV positi\~ aL1d HIV ll~gatj\,c Ajricans reSf>;:ct ive ly, II 

wa, ab() S<,Cll Lll On~ HIV posi tive Colour~ct, R225Q mUlati()n oc~urred in OL><' HIV n~gatv~ 

C 01 o ur~d. Li t tie i, kr~)WLl about lh~ cons<'lj u:nc~s of T h~,c "1 ulati om for; lllnact ioll oj lh<' 

CCR5 rcc~plor wi lh dl~l11oki,,,,, 0'- I-IIV-I, ~o'm' ofth~se mutation~ mJ: ultimatei: r~,u lt 

in structural changes in lh;, CCR5 pr()teLn, which ]Ilal afkct interact iom wilh ~h;,mokille, 

o, l llV. 

[-' ou r oi' Ihc un iyue Soulh Aj'-L~aJl "ulat i()ll\ I~ad to chJnges ill 11'''' amLno "cid 

s<'l] lIenc~ 0 i' CCR5 lhal p"t~llliall y an~CI lh~ st .-)Jctu re of thc protci n and will I", slud Ld J n 

this proi~ct. The li rst l11LJl,,1](lL') i, at codon 2 ((JAT to GI I) \Vhi~h .-~sulh '" a mn 

CDnsel'\'m iv~ amino acid change i'L'OLrl Asparldk 10 Va lill<' , Thc second mumlioLl. ,,' codon 

107 (CTC 10 'j rC). inyol\'es an amillo aC Jd ch,mge from Leucin~ 10 I'hcnylaLt""",_ th~LTbl 

JIlci udi ng Wl aromatic side ~hain, which ma~ h~v~ an efi"ct "nlh~ structure ami lunction of 

the I ramm~l11 hra,,,, dOLnain ()fth~ CCR5 rrotein I'he Ll~xl IIlllt~ti()Ll Invo l\'c,; a l.ut>calion 

or tl~ ~ o -r~c~ plO r through a COllvcr,ioll oj' all A,-ginill<' at posiTion 225(CCAl l() " Stor 

(TnAl "nd tlw la'it, J llOll c()ll,er\-'at i ,, ~ wuin(J acid chJnge abo "l p(Nlion 225 (CGA) ii-om 

"r~i lu11<' t() gl\lTJm i nc (C A A) (pel~rsen el ,,/ .. 200 I). Slud : 'i n,~ ll'''',e Cl'R5 lllutallH ill\, itm 

will kad l() heller unctersla lKlill,', oi' mol~uJia,- i"LlnC-ti()[l of CCR5 and illd,caiC lhc 

susc~pl i hi I itl of c~,.r ie rs of th~,e Ji le l~s to H1V i nt"ction, 

Thi, n'",s is aims at i llVCSTi gat i ng tbe e 11~l' of the", JiJU r m LI(Jlioll' oj' tl", ch~lll ol-.. in~ 

r~c"plor, CCH5 Oll hoth clwl1loki,,,, r"" cpTor and HIV-I c()-r~l'~plor hmc,t ion u,ing ill "ir,-" 

mCThod, 
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CHAPTER TWO: MATERIALS AND METHODS 
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2.1l\1:it('rials 

Analysis of ihe Jnutant CCK5 receptor funcJJoll W<l' focu<.Cd 011 lh" In v1lro , Iudy "i" 

the elI"e!> oi"muiatLons on chcn>o>:inc binding, (j pl'Otein :Ictiv:llion, ,i gll~llran.,ducli'\l1 all<i 

IIIV- I inreclion. Genomic D'\JA oj" a palienl "Lth hVJnVlygOLIS wildtJ]X' lTRS g~IlO1ype 

",ts pr''''i<id by Dr V. Haycs Ol'lh~ Uni\'~rsily of"klknbo,c h, II!IS"CD..I nllrl IIOS-CD.j­

CCR5 ~clls wCr~ oblained ll,rougl' lhe AIDS Rcs~arch and Rdcrcnce Keagent ~ .. ogr<lIn. 

Divi,i(lll "f AIDS, NIAID. l\'IH from Dr, l\atl,aniel Land,,,, (Lanrl,lll ~nd Liltmall. 1~'J2: 

Den!; el aI., I 996), CI~Th""yn CCR5 cells wCre also obtained through the AIDS R~'e,lrch 

<lOO Rd"rene~ Reage11l ['r"gram, Divisi(lll oi" AIDS, NIAID, NIH h'om Lk Talib Mirzabc>:lw 

:ll1d Dr. Joseph SQdroski (ld irz:l!xkov ~I ,,/,1999) ['lasmids ~n"(H><ling r~Y . lal. and LTR­

luci f~ras~ genes \verc provid~d by St~ph en Jen ki nson of Crla~QSmilhKlin~ f(es~ardl m><l 

Development. Kes~~['dl I' ri<lng le Park. l\mth C'lrolin~. III'X 29,' cdls 'labl) ~xpre"ing \h~ 

d llLllcrie (j prolcin, (juqi (IILK-Gqi) :lnd hUJnan ('1)4 UJI:X-CIH) were prepa red ILl lh~ 

laboratory hy Valhis\\'a Pap", (j[(qi cQnt<lins the (j"q h<ldh(Hle with :1 lllodilLd C-krmina] 

"(,,,lailling lh~ Inst l'c" anlLno ncids ofth~ Gai (Knighl ~nd Grigli:l1tL 2(1(14: KOSLen" cl u/ , 

:'(05), IJU 5 1 sublY l),; C cm'dop,.; !;~Ile was frolll Dr, C. Willi,"nSQll 01' lh~ I lliver,iL), Qf 

Cap~ I,)\\n and Dl:l51 b""uloVJrlls W~rG W~~Merl in the lab by lkrhard I-'rnlllLl1e TI..., 

suhtype 11 envcl()[l<' {YI '2) ",ts I.. indly pr""ide<i by 1.-LShun SU of the lLnivcrsity of ,,<onil 

Caro lina alJd suhlype C rVhl le 1 Ln r~Vll1 "as from Thumbu l\'dung'u and I\-lax IcS'n of 

1l00sw:m<l .lnd ITav~rd Scl\(~,] "I Pu];lie Heallh, R~coll1hil1ant IIlV.I lIlil gl' l :'O (b.le') was 

from '.TRSC. HnIElni,hire, \.:K, 

2.2 Primers 

I'rill1~r s COll\:lil1ing lhe mutallon, I'm aJnino Jcid change' Asr~Val. ID,I07Phc, 

Arg225(; ln a,Jd Arg2:'5SLVp w~rc d~, ign~d W i,,,,lud,, J silcnt r~,lriclion ~ml,,"u~kas~ <ilC 

an<i the d~,ircd lllutations 
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-"""' C;N , , 

1 

-"r."'_1 1,,,,"_, , 

, 

~"C,""'22"J ; , ""r.", , ;',x c_ , 
, 

, 
"cc·"_,, 

Fil!ure 2.1' Hellrtlelltafiotl 01' fhe POSifiotl, 01' lht dil'ftr~tlf primtrs used for 
llml'lilicll(ion. Tk ",lid horiz('Lllaii"h: Itlarkl'd 1- 1059 L'l'))l'l's~Jlls lh~ CCR5 ~ l' LX, ThL 
tl'rwa rd " rrows r~p r~s~nt the d i ff~ rent scn,~ pj'i lll ~rs "!ld l h~ backwmd arrows i l ldic"l~ 

lh~ r~v"r,'" or all li-",n,,, rrim.".,_ 

hCCRfi- , : 5 'CiCGCGCAAGCTTA T GCi ,\ TT A TC AAGTCiTC\,\G TC C3' 

t vlDYQVSSr 
Himllll 

hCCH5-~s: 5 'CCGGCCCT C GA(;'I C \ CAAGClTACACA' 1 A ITTCU­

t 
Xlwl 

h( -( -R5·1l2 V·s : 5 -GCGCGCAAG(T L \1 'G0-THAI 'C AA G 1( ,"1 CAA C J-
t \ 1 V Y Q V 0, 0, 

lIi"d III 

hCCRS·L1071;"s: 5'1 G'1 CAA"Il'(; '1 [AACACCG ]"I'("I ATITI'AI'AGGC1' 
C () L I,t 'I G I, Y F I C 

Hl'al 
hCC R5-L107F-"" 5' AAAA TAUi\ACCCTGTTAACAUT IUAC\CA'1 TG IJ-

h( : ( : 1~5-lnl~()-" 5'C I Gel' l CGAI '(;CL\AAATG/\G/\,\GAAG3-
L LR C Q ~LKK 

hCCR5·IU25Q·as: 5'CTCAA T I ' I G (;CATCGAACCA(,AG'I I 'I'I'~ ' 

t 
SraN ] 

hCCR5-R225X-. : 5 'CTU CITC UGTUTTG A T CAC A CAA G A A GAG(;~' 
t 

Hell 
hCC : I~5-IU1;:;'(-a s: S-CCIC' I'I CI "ICTCI'GATC\ACACCGAAGCt\U3' 

1059 

Figurt 2.2: I'rimers used rm' amplificatiun [k,irul Itlulalipns "LId the ,i;"lIt [,~slriclion 

xql"nc~s arc shown ill bold, Am),,"s h~ l ()w '~'-lu~rh:cs lk p l~ l 11,,' r~'l ril'lion siTe of Th~ 
~ll/J m~s_ 
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2.31\Iu' :tn l r('{'(' 1J10 r CO ll sl r u c lioll 

WilJly~ tTR5 ,,:os :unplotiN h) poll'lnemS("" cham r.:acti"ll (!'<. R) fro", ~ell""l1~ 

!)"\I.\ "r a p;>l i .. m wl1 h IwlU\U}guu~ wildl~JIC CCR5 u~illg a s,'ns,' primer 1 1~11 c"nraillcd a 

Ili n,ml ,ire :u>ll :" , 11nli-<en"" lIrilU~r Cmlllll IlJ llg all Xhu ' ~i ... 10 '"ri1i\al~ ~"h CIOlllll{!. rite 

" mplified J'rr"Jn.;t "~L' d lg"h1C;1 with lIindUI and .\1>0,1 (Am .. "ham. "\IJ. 11<; ... , und dun,oJ 

imo Ih~ expresSIon r'a'mid pc!).\1'" J.lt.) (Im·jlnlg"m.. San I)i~~(). 1 ISA). VltI~lI1t primcr~ 

werc Il.cd Ii..,. pel( I:>;!Scd ,ilc-direcled m[ll;'ge ... ,;',. I w" meLIl()d~ or mtIL:~."n,,~i~ m!r" L~,~d. 

In the !1rst P.cU, ,,,1 (Drnl melh,lI1). primcr., containing lhe de,i,ed mu,aLion ulIlI a 

high iiddit> lll\i\ pul)ll1erasc (DcepVcm. New England Bi"la bs, l;") we,c u'c<.l fnr 

:Imrliti cutinn 'I, ')~"r f,'r 5 m"IUl~'. "i ., I""n cyd", or ')4'"(: lur 5 llli""I C">.. 55"(: t\!r ~ I) 

scco lKis 7:"(" Tnl" 12 minute.l . and 72"C I(, r 10 mi nute., . T Il~ prod ud ui" ll", r r:R ,<,aclio], "' .... ' 

incubut('d ', i1h 2.lJ I OT ])pnl rc.lt,.i ~ l i"n e"J"n"d~" ,~ \\ hi~ h d,g.~~ts only mdhyl"l('d D~A 

lN~w L.:tl~ laIlJ Il i,' lahs) t"N nne hour :<1 17"( Fiv~ fli. ol"l h~ dig~sliun ,~acliun \\"~, Ll scd IL' 

tmllSt" ..... 111 CO lllpe[elll 1) 11 10R c~lI , 

"1 h ~ s<:<:,' n.1 mctflod ( flriJge lOCK) involvN 1m. rounh or [,( R. 11\ the tt.."t round. 

1"'0 r(:oCli",h w~(\' ,,'I up. une using n primcr ~"mpbll<'nl"'~' 10 II ... ;: ... I .... 01 CrH5 

(h(TllS_,) mtd Ih" mut:,lJ( m.uSCIl!io,; prill' <X m~l lhe "Iher u,ing (he mul:ont "><,n.'<, prilll(' aud 

ll", pruncr c,""'pleJl"' ,'lUM), I" !he 3' end of the ("cq.>(.'r (h("nt5..,,~) . A",plllic~hOII w,~, 

r","fonnoo ;"I! WM( )(,r 2 m lm~,"', I hin~ Cl ct .. ~ 0' 9.t"C for }U s..-eond<" 55<(" t;".10 .;cc"rnl~ 

",1<1 71~r lur 2 on inute-. and a final e~teJl3ion :.t 72''(' ,i .. 7 minu'~~. The product:> ortlns firsl 

wunoJ " r rrR 11 111. C'Ilc hl 'I">.' ..... used as I."lnrbl~ I • ..,. !he """,,,d ",unJ U,"1I1,' l»i lll("5 'h~l ~'e 

cOlnplemcnta'} 10 flo.h Ill" S' ~nd lhe- }" ,,,,mimI of C(.It 5 (I>CCI( 5~, an.! hrrRS_.,,) ~ nd 

-.:Jme te'"l"'nuul ... c\!nJ itlulI~ ~s for Ihe ('I""I ,,'undo I he p,i",,,,..,, ,,,.,.c addL-d alter r,\C cycles 

I he "n.~)\'~m s .. n"rotC'd \las digeste.! "ilh l lin.J l1l and Xhul and 5ubclowol ill'" 

lXO.'IA). 1 ( .) 000 u,~d 11> Ilml,luTlII COlllrewll DH I Oil cells. 

I' b,miJ )'iI. "~I ' 11l<'1l c)(tr~cted fr" lll resulTi"!.l ~"I"" i"s "sing t h~ I> "clcuh ... nd P(:~ IW I ki, 

( \ h~~~ry . l\ (.scl, DU'Cll. Germ:",} ) :md arlal > z"d 'Nn~ t h ~ '~'trictio" c"Jom 'cl e~'e' (or I Ill;! 

si le llt s ite:; . I'o~i l i\"e .':Imrie , "w~ ""'1 ,l('nccd to cunfi"" mulatio" 
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2.4 Cell Cultllrr 

HEK ~91 "elis werc ll1~intain~d in Dulbeco'" 1\10dlii~d Fagle', \kdium (l)MLM) 

(Gitlcoj nm!aining 10'>" fctal calf,~rurn {I'CS) (HlglwdJ Biologic'al,,_ .lohan ~s burg_ SouTh 

Afric~), HLK -Uq i and H EK -CD4 cell., \\'er~ mainlai n~d in I lr>-I EM "ul'rkmentd wilh I O'~/o 

FCS and ~(){lflgimL G4IR_ 1I05-Cll4 andIIOS-CD4-C('l.I) wcre maintained in D"1L~l 

suppkrn~nwd wilh 1()'>Ol'CS, 41H;1!.lgimL (j41S ~ ILd l,IlgimL puromycin, Al l mamlmlian 

cdls werc cu llul'~d ~t 37"C and 10% c~roon dioxide (CDcI_ Insect c~li, (Sr2I ) were 

lllainmin~d m 27'C in"lC 100 (llighvdd L\iologic~ls) c llnl~i ning I (l'~." H 'S and In k r adapted 

to Se rllm Iree Sr900II(ULbco)_ 

2.5 Trallsfectioll 

Tram;"n! tra",lh!ion: Cells ""Cre Ir~nsicnlly tran,fected using the FuGE'IE6 

rc~~~nl (i{ochte LM Indianapolis, (;S.-\), For IOOrnrn cllltul'e dish {Corning, Cambridge, 

USA). 6ilg of plasrnid DNA and I Ri Ll ()f )-uCFGE6 reagent wer~ mixeJ Ln 600~11 of s~t'um 

flw mcdium (llMFMj_ in""baLed li )r _'0-45 n,i""tes and dLi111ed "ith IlImL ()f 1l\1 EM 

I m'oFes ocfor" adding 10 thc cel"- Cell, w~r~ th~n cullurd for aN'roximatdj 42 hour, and 

tilen u,ed for aSS~j .. 

St~ble tran.d'{'<;tion: Tw() day' a fl~r FuGE"-jE(; lransiCl'lion, ,cleclioll ~ntibiOlic' 

were addcd to lh~ lllrtlium al the l'Onc~ntratio n Ihat was found 10 kill cdls thm were not 

lran,fe eleJ_ Di~~rele ~olo ni~, w~ re >' i ck~d. plmcd into 24-well cullllre plates, propa~ated ,,,,d 

lhen d,"Tacte riLcd usillg ~n ~ I'rropri~k ~,',"ly_ 

2.6 Inositol Phosphate (IP) assa~' 

II' ,,,say wa< p;.;rforrnd I(lilowing th~ m~thod of{\1ill ar_ 19'.15)_ I IFK 293 ~dl, stabl" 

eApre,,,in~ a chimeric G prolcin, G'Ii ["hid, couple" CCR5 slin,uia!ioll to activation of 

phosphol ip~s~ (' (Knight and Gri gliaUi. 200411 were >'Iated (6 X 10' cdl."di .. >ill into I()()mm 

tissuc CUllUt'~ Ji,he" (CorJllng. CaJllbml~e, USA), Cell, wcrc tr~nsienlly l ranslc~led with 

wildlyp~ Or mutant CCR5 plasrnids and phted into I~-we l l plates one day later. The cdls 

w~re lkn ~ulttLred overnight ~t 37'(' in nr>IF\1 ,'"ppl ~ment~d with 10% FCS beforc l ~l",l in ~ 
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"itn 2~lC ,iml of l il-myoinosito I (A mer>ham Li fe science>, B u~k mg h"mshi r,,- l.'ngland i in 

Mc'dLlIm 1f19 with 2'." FCS. Thebbdcd cells ""re illcubated with Imliwdl bun"r I (1.1Om:Vl 

~"C I . 4m\I KCL 20",ld HFPES. ~m ,\1 glucose. Im\l CaC l" ImM MgCh. ll. l% LlS". 

Phenol r~d_ 10mrvl I .iU) fol' I~ 'lUllulc,. Cdb ,,·cr~ th en ,timulal"d wilh diff.:r .. nl 

concentralion.< of dtne r ~ lll'- l u or I{ANTES (Pcpro l e~h_ Roch ifi lL 1\'.1) 01 37"C tc.r on .. 

hour Cell., were Iys"d "ith 101llr>T tonn ic ,Kid (Imliwdl) Jill' at k",t.lO minutc" at 4"C to 

e\ ,mct ino>ito] piJosphdt". S"pnr'-ltinn of mo,ito] pho 'phatc i'rom ~dl ".xlr"c( "',,' dOlle' on 

cn]ullln, with Iml IX8-200 DO\\TX-I mll ex~haltgc r,,>in (Sigma, IIdlefoltt", liSA). Tne 

column., w"re cho rged with ~m I 3\1 alllml)]l ium 10rlllat .. "ith ll . l:Vl f om)i c acid and \\lashed 

" ith IOml di st ilkd water. Cel l extrnds \\'~rc load .. d Oil to thc chnrged co lumn,. wa,ocd " it h 

IOml H20, ]{,lIowed hI Sml SmM m)oino'itol with 0,[r>1 formic acid, Towl inositol 

ph""pnale., "'nC eluted wilh 3ml 1M ammon LU", ]{'rLn"l ~ ", ith 0.1,1.<1 fOnllic ac id i,,!o 

scinti ll ation vi"!,, ~()ll!ainiltg 16m l 01' MOLnli llalion Il li id 17m,.,er Allah tical. Fnm~i'urt. 

GcrmJny) ,md the r.ldiooct ivity w~.' count<'d with J scill1 ili'li ion counter. 

2.7 Chemnkine cnmlletitiun hindin!! assay 

2.7.1 Iodination of :'>111'- 11} 

A 7 .~ fL g "l i'1uo t of MJP- Ill (I!J,LL , Cylo lah l td, Rchovol, [,,-a,,1) was mixt:J ",iln 

IllflL of ImCi "al."1 and ISpL ofO,S:V1 phosphat" bufkr 1,1'1[7.4), Chlormnil1i' (lll~l, of 

Img/ml, in 0.51d ph",phate hulfer) Wa., addcd "nd the reacl;ol1 incubalcd I'm onc' minulc. 

Th" reacl ion was stopped hy adding 50.ld . ofs.odiu!\\ melabiMlIIJd~ ([mg/mL ill pho,phak 

hurkr). The re""tion Lll ixlure ''''I> appli"d on 10" pre- pa~ked G - ~5 ~olumn and dult:J wLlh 

PI IS conlain ing 0. I % B SA F mclion.' ",ere collc~led a ller "vcr} 9Ost'C, Each Ii-aclioll I, I O~ L L ) 

was dJiulcd in a 1:100 rmio and counted using a gamma counter, Fractions with high 

radioactivity (fraclion., 10, II , 12, 22, nand 24) ( IL gur" 3-') wCrC le., tcd I,n 'f>Ccilic !limIL"!; 

lo CCR5 u.,ing Ih)JIlocytc cells slabl) expre,sing high amOUn1S ofCC]{S (Ci2TIl/,ynCCRS) 

I-'rJcliollS that were di,p laced by lIllbhdlcd .\-l IP-IIl wcre used for subsequent comp~tili(1n 

binding aosa:, 
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2.7,1 C""'pelili"" hind in:! ll .' ''l~ 

IIEK 293 ~db or Il [K.CD4 celis were' tr~[1sicntly Iran,kd<Xi with wlldtYl'e or 

mutant CCR5 in J(k'm dishes. Allcr twn days cdb w~re ddadlCd frl'nl dishes with ~ ("~" 

~nd Mg" liTC det.';dlJLlg I>ull"r (5mll.! l,:m A. SOm\1 IIl':PES. lOOrnY11\aCl), pdlcted 'LI)d 

rcsuspcnded ill bind ing bulkr (50mM IILYI ':S, lm MCaCh 51ll\1 MgCl, 0.5% llS,\), Cd Is 

wer~ incuhated with lahelled cheillokille li gand "1.MlI'. 113 (as 1raccr) (50.000 cpm, 

iodillmcd by lilc chiofllmillC 'I' IllClilOd) and \NioliS concen1mtions nf ul1[aocllcd chem(J~'flL 

['gar-.:[ (M[P·li3) or gpl20 (D!: 15 [) JJl a r~acti ,m vo l lime or 0.2ml lor nne I,our at 2TC. 

Round tracer ,,,a.' then separated bo liltration throllgh g[as., f, hre Iillcrs (GFiC Whatmal1, 

IVlaidstorJ<:. Eng[and) presoaked in 1% RSA. wash~d Iwi,'e wilh a hull er ~onlail1in!i 50mM 

HEI'ES. ImM CaC!:. SmM MgCIJ and 0.:111.1 NaCi and counled in a gamma ~O\lllter. 

I3inding parameters were Jet~rmined wilh tile Pri.,m s" ft war~ (GraphPa,t) usi l* n(Jn[iucl1r 

regrcssinn lix a onc·sitc C<)111r<:l;1"1I1 (1lnwl1 l'd <'I "I.. 1 ')';<) : H bnpain el <li , 1999a). 

2.SI<ACS Anal~' sis 

Cel ls tr;\I1si~l1tly npressing \\,i IJ tylX' or mUlant r~ceplor.' were detadlG,t I'r,,,,, \iSSUG 

CU[ \ lIr(' dish('s usin~ del,ld1in~ h\ltIcr (Sll1M IJYI A. SOm V111L-OI'E:, pH 74, IOOrnM NaCl) 

l1nd tr,1l1stcr",d TO l S1111 lU l~,. Cell s \\ ~n: ccntrif\lg~J at I ()()() rl'111 filr 5 n)] nuk" S, SupcmataLll 

W.1S rl.'t110verl anrl the cells \\~rc washed with 1'llS ",mtaming 0.5 % BSA ( [Orn[ PBS and 

cenl ri tuging al 1000 rpm I(lr 5 mil1l1lcsl ... \llGr ",asiling. <'clls werc resuspended in ~OOili of 

PBS 0,5 % BS.\, 20p [ "' cell SUSlX'I1S ;(H1 wa~ ioc \lba ld with Ip l 01 p["L'oc0thrin (PE)· 

<'onj u gal~d ,mli CCR.S anlihody 12D7) (PharrllL[]gen) Il.r 60 minutcs in The din k, The cells 

wne Ihen wa,h~rl Twice \'i ;til f'llS·IlSA ,- I .S ml in to each t\lhe ~nd spllmitlg for In 'llltlll\C.' al 

2000r l'm I lo re1110ve an} ,mb(l\l nd ami hody Cells wer~ rcsuspctllkd LH 5 OO~" of PB::' ·B S.-'I 

fw a"<j\lisi lion ~nd ",wlysi., IISing a FACS ca[i bur (BcclOn DJ~kjnsol1), Two paramCICrS \\~rc 

lLscd for ~ ~q\l isi li otl, ",hi,'h arc Ihe cdr SiL.c (lil'Wl1rd scaner) and ceil granu ll1rit)' (s ide 

scatt~n .-'1 gl1tc bcl\'iccn cilallllCi Ino and JOO on lhe t(lnvmd sc~tln axi., w~s sel 10 ~apt\I'" a 

dislinct cell fJO,'lIiation. IIEK 293 cclls transtccteJ wilh em pty vcctor, nOlh st~i r",d a,-,J 

ltmtaineJ we re used '" a llegam·e ~()]llr,, 1 and to SCI lhc gaLC. rhc lhresil<.l[d tllr cells 1hm 
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"'{'I': 11It>.:lcd wil h I' li ,,~s S"" III ~hanncl 100 in th~ I'L2 "1l\·cI~ I1~ lh un" tdl$ Ihat ''''re 

p"illl~ for PI.. labd " .. ,e "k"lili~J J' ed l~ nuor~!.I.I1l/; abO\~ 100 in chaJll)("1 I t..:!. 

2." o UI51 BaclIl!ni"lIs (1IV) :tmplificalioll 

~i~ million SCI cdl , g.rO"· LI i ll III,·tlt"m .'"ppkmenleJ wil h Ii)% fCtil1 ~'a l f s<:roJl'l 

( I (" I 0(1 Hi~h,elJ R iql"gica/>. s..'Ulh Atric~) ",1"1' pial.,.;! into 6(~l1m ,""I I", ~ d"I<", (t.<,<.Unt(. 

("allll_iJ~~, l'SA) and all",,".:d 10 ~ul~ at Ih.: bonom ollh.: dish IQr apI'Ul."",.1Id) ,,, ... h""r 

i'l a ~1'(' HlclloolUr. "I en JlI offi~1 r~tk'rmIOn OU 15 I hi,~"I", 1[11, "a~ adoJ .... l t" Ih" cdb and 

,no;\lh:ued III ::l"C for "P 10 fiw .la, '. " he" n""" th,on hill f of the cdl, \\ere J e-Jll The "jru~ 

" .. ~ IpC\~slcd b) pircltill~ .he n,~diUln ,'ff Ih~ cdl~ and c<"Tllrif,,~i,,!! dl IOOfupm I", 5 

n,i l\tM~. 'I he ~"rcm.11 aJll ,,":IS r.:1a'I'cd as So.'l'Olid ~mcratjt>1l Dlll~ 1·II V tlt.ll '''" u...:d fllr 

" ,f,""'1 ,,,, nl am pi, il,'31 10n 

~r.:! 1 L~II, 111 '"'I""",on L"I I "'~ (TC I UO wilh I (fA> rcs. ·1 :'O,n l ofO,5x I0' ce ll " IlI I) 

\\l:re c(mnfu~,d (1{I()(i '1'''1 Ii" 5 mlnUle, al !'~"" 1<'I11I'~'al"n:) a"d ,e ""I~I"kd III 2",1 (It 

:-(,CllnJ ~~IX'ral;"" lll.I51-1J\' sioek. Aller in.:ubal i"" with ,iru, (,,"" ~"ur. 27"(" on" 

Sh:ll.;"'g I1btlonu. :'0 '1'm) cell~ "'en'" <l iluf,-.J and centrifu~ed al I UOO rpm f( .r ~ mmUk (Co 

['(mo~c c:(c~s!o virus). I'cll."s "'ere resu'J'CI"I<k:J '" 450 ml fresh gllt\Hh medIum (TeIOO 

cOllllllning I~. I CS. I OOUfml prnidJim and l OOll!!!ml 51 ''' I'IOm) . in. lliiOf" eld Bi, ,I',!>ica)... 

Sp"lh Aftie;I). -, h~ ~d15 w~'" .. Uowed '" gro" for "I k"-'I Ihr~~ day, (.,h.,ki'lg III Ion rpm. 

21'(') b.,for. "in," was h"r>~_'h .... l h} (cillrilugJlIg Ihc .:ells ~I 10()0 ,. pm for 5 11l111111CS al room 

lcn' l.lC rUlllrc. I'he SUrcrnalant wa~ reta; l1~d as IhirJ gen ~r'lI;"n IIUISI . II\' and SI<l feJ aI4"C. 

l.l (I Expr(:.~~ ion a nd purification of gp 120 

!)f2 1 cells "en'" a<laj,led to ""rum Ir"" medi um (Sf 900 II. (Gih.;o) sUI'I'IC"UI~mcd "nit 

IOOU.ml r~nlc ; Ui ll :md 100].lg-'mI."r.;ph ~"~,,i n) 10 3 d"n~l l~ 01 2 x IO'cdls,ml ," 500ml. 

(" dr~ "cre trunsfcm:d from 1\ lissue cuhur.; fl~~k 10 a ~1~riJe :,00",1 Cel"llri rll,lic 110111 .. 

Ilkdmm, J.\- 20). c~n\r;fugcd h~ 15 nlillll1e5 at I (')()() 'rm al ronm !~mrer .. 1Ur~. r~$u',.,.,nJ~.,J 

'n 5f) ml (If llaculo,'irus ·gp 1:0 (D['·15). Th~ cd!. wc,~ ",,'uool~d "ill>, I(tIS lor !Inc ho ur ~I 

:7· (' ,1 11 ~ ,haking rlatfonn (50 rpm), 45t) 111 1 orSI'90()1l'" 100 lJ im] po.:ltiCl lh n ;111(1100 
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,luiiml of sl t'~pl()m}'ci n wa.' i l><:n add~d io Ihe cell> al)(1 incuhallxl tor lhr~e Jays al ~7'C 

SIILlkillS al 1.10 rpm 011 lh~ lhi rd day ofil1fl"<.'iion, ce ll s '\~re ccntrifugcd aI 2()1)0 r~~n Jor 15 

mi nules at 4 u e. Su]X'rnat~1l1 was lransferreJ 10 a sl ~rilc h()ll l ~ 0l1 1 ~e and prllt~ase mhibilor~ 

(1' 1) "dded (0, [:"1 P _~SI' and 10 pg,im l lcupq11il1) _ Thi , "as L rnrn ~Ji Lll:d: luaJeJ 01110 ~ lenti l 

I euin Cl,llIm n (4 "C) th~1 has kCl1 ~qutl, lxakJ \\'il h I ° vo I UtJl ~., () i' ~'1 " 1 Ii hratiol1 huller (2 11 

01~ 1 Tris I'l l 7.5, 05 :"1 '\aC I. I rnM \In'- . Im:"l Ca'-) COl1ti Lnitl)' pru(casc illhihi!ors (0_ 1 M 

I'MSI' 10 ,Ilgiml leupeplin), l'hc co lumn ,,," waslK-J "ilh thc samc hufier Th" gp l:O 

(I)UI~ I ) "' ~s elUlcd ,,·itlt 5(1Ln l of 1:"1 IL-m~lhy l - m'\Ilnopyratlusid~ Ln :OlllM Tris. 0.5'-'1 

NaC], 0. 1 % I x 100 pH ~ . O"·Llh pl0t~ase In[11bill", . To ~Otl~ell lr"lc" the dllteJ maln,a l, tl", 

50 rn l e l ll~l~ \\'as diluted "';lh ~O ml Or Sl~lilc "'<iter conlainmg prokasc i"i" bi lor, and loooeJ 

(15 [Itl al ~ - ti l n~) "1110 ~tl LlI:ll icon ultra ~~nl rLi"ug al li lkr Jn L~e (\hl liporel_ Thi .' "'-I., 
~~nlrtrllgcd cach tim~ al 4~()() r pm Ii" 20 rniI1LJ1:~s. The ~ol"'~nl rateJ mak,ia l W'l' l'o lleded 

,mJ al ie] lx,tS " 'eTC sloreJ (-SO°C) 

2.11 S ()S POI)'~l c rylalllid(' gel ('Iectrophoresis anti wesh'rn blotting 

SDS polyacryl~rnidc gel clcctl'up!->Jrcsc, ",GrC pcrl'urmcd ul1d~r rGducmg wnditlOl1S. 

T>\u l ay~rs uJ' analy li ca l gd3 wC rC pr~par~J , Thc lu w~r h\)-w (the r~3,' lvillg gel) cUl11ailX'd 

S% acr:l am [ d~, 3WmM Tri, pHS_S, 0, 1% SDS, 0, 1% ~ rl \J nolliu L I\ ]X'r, ultalG (.\.\1PS) and 4~!1 

of TL'\1lll (1\ .l\.I\\~ ' -T dramethy Icthy kn~d ; am ill<:), I'll<: s.:colld I ~ycr (Slack i Ilg gel) had a 

laL'gcr IXlrc S LL~ arxl conmi l'iCd 5% a~r)-1~m i de. 1 2~ ln~·T I ris pIT6_S, (1.1'\, SllS, O_I'h, A~TI' S 

and T~:\'I Fll I',otein samples were mixed wilh "n cqllLll volumc oj' 2X LaC!lL IL ,olulion 

(~+,$ I )S, 5%viv 2-m~r~apu "'lhal1 oL 10% gl y~croL 2~m:,,'-1 Tm pH 7,0 and bmnwphclw l 

blrx:) and ",pmat~d olllhc stacking gcl at 70 V"lt3 ~nd on l ll<: l"esolvillg gcl al 1211 Voir., in a 

ntl JIli 11'& buffer ~Oll1ailLin g 24, ~m M T ris, I '.12 In \1 gly~il'" and (I . I %, Sll S ;\ Ikr sepamllOn b) 

SllS- PA(; ~: . we.,krn blnll il1 g expe ri mcl1t, wGre po.;rionncd to ~unl i rln thc Inlegrity and the 

size or th~ pmkln. TllG sepamlcd prote in Oil the S ll S .PAU1~ ge l "'W" ekclrohlolled ('or one 

B
- - T\i IlOur at l Oll volts Ol1l0 a P\-' ll l' m~mbran e (1Iyl><mJI' _ ;\ TlLersharn [().\~lCIl~e . 

RLLrk il1 ~hmlL shi re. Englarxl) tTl elGdwhlolling bufte r ( 1 9,g 4m~ 1 Tris, 1.5.~ glycinc and 20".-i, 

mel[wl1u ll. ThG [l)cmbnlllc was bl0Ck~d f,,!' Olle hour \\' ith ~ '>,,(wiv) lal ii-ec milk p",vJ~, tTl 

Tris bu l fcr~d saline (]' IIS. 20mM Tr is 1'11 7.5, 1 5Ilm~'1 "aU) anJ incubaled o,ern l ~ht tTl 

62 
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'!.5~ .. lal I~..: Jml~ powder In I B~ coma .. " "...: I If!,OOO di 'lnion of IWf\<.'1-adl,h p,·w,,,J .. ,,, 

llll{I'}-e"llj"!,;aled a"li·IIIV·1 ...... d"r~: anl,il<,</) llli{lgcncsisn1 /',.,Ie. I n~ l~ndl Tt..: 

mrmbfO,1<; "J.' ",,,,:<1 "nc~ "ilh IllS. Ihc-n C'!lr~ ,,,:10 TIl~·O.~~'" Tw~cll 20 f"r 5 mmllle' 

(Sh,1~ l1lg). [h',iuual Tween:>0 "a~ rell1o\~(t b} "dShing i"ur lime, I} mililM ea~M) wiln 

l l \ ~. f'rmein< \\~rc dClccled usi ng ~" I:CI.- ~il (AlllcrshamT\l II"Lkill~~''''hin·. I ngl;l1ldJ 

" hie l1 cO lll nj ", <In IIRP '(1 b "r.ll~ rea ge nt. The I'Sil l pro.JUl·CJ when IIRI' "II Ih ~ mC1llbf;J 'J<: 

~"n,,' " ," """lad "itll it.- "lJh,lrdlC ".I, '·~p!l"..,d "n a lighl l'<'mili\e film (hypi:rfihn \ '11' . 

~IlICI'<I~II11n.', fl,ud,"inl!han,~hil\.·. F;,,~lal1d l, , · .... I"i .. _, ""<'r,, dekd<-J atkr de,'clnl'm~ and 

fi~i ,,£ <If Ihe film_ 

2. 12 1![I 120 - CO'- binding aS~ lly 

IILK 2'1} (cll, ,[ahly e~I"C'SL"); f D-I "cr~ plaid (I.OXIO' cell ~i\\"d l . I:> ·we ll ]llat~. 

e"]1 ,]1 );, Cmllb , idg~. LISA) mo Jay' bcf'''e Ihe ~'M-" A, cOlilroL II LK 2'13 ~d l , " ill",,,' 

(,' I)J "'~I ,. ,.1,,_ P 18IL~1 a[ !f!o: 5am~ densil~'. ( eJl' "cn' ",~ ,hL>ti ""c,' ( I" til" ell) \I illl I II I'U;· 

I) \ 11-.\ I « ,ih",,) Puri[ i~xl i'P 120 "J5 <l ll (ll~,! 'n H L I'I'S, O \ 11 .\1 10 ~ final \ olulI,e of" :'(11'1, 

Itl" d,hlte<! ~12U \La;; add" d will .. cdl$ lind ecll~ "cre inCUOOlcd al ~ ;"t (,h;l~,"g..t 90 

' I'm) ' "r 60 m[m.1~'"S. Cdls "\'1\.'" I\n,hClt Iwke (1 1f'PI'S· O\ IEr.. I) ",liublhl_'" "ilh :;On1\1 

T!I~ I'H7 -I . I~·~ T ,ilOIl X I 00. 1m'" LI) I i\ com .. mmg prnlt'a", mlub"".." (V. I t-.1 r\ISI· Jnd 

."Omgimlleupcplin) 1l1~ 5{lllI l>ili~cJ Illalcrj~1 " .. s centrifuged for 20 nlin\ll\"~ III 1-1.000 rpm 

(1]1\1 It-..: ~upcmaW I1: wns rctJi'k:"(1 f(lr SI)S· PAt"iI n"J we",'fI) biOI analysis, 

2. 131;:p12O ELISA 

1 1 ~If"arc.:1 fla[ oou"", h'gh hUld" '1:! 9(,·".:11 1 I.ISA pl~le' (Cu_,lar l , ("': Se,,;n,,,) "ere 

~",!.:lIed "itll anl, HIV·I ,g pl:"!O caplurt'" alllibo:,.J~_ 0 712--1 L-U t" BioR<:~g..· "lS. [)"hhn. l ire) 

(5I'g '1I1 ill c.;arbo'I'lIC buffe,. 10011,) 1 ",d, u,~ Ci,rOOllmc fl118 ,5. {" "rJJ'~hr ~[4 '('), Thi~.­

ha'iCJ ,_11 j)lC"i"LlSly de 'crih<.:J ml"lh"ds b~ .\ 1001\: alld .lJrrctl (1 ,)SII 1_ TIlt plUI( ":b< """hed 

lhrc.: tink:' "i1il PBS conlain illg 0 I~;, T dlom '(· 100 I PBS· T X). ., II.-, biOI: kmg "Jlh .;.-~ 11",\ 

I, )r h,(> hOHr~ i r{l<,m Icmpeml"...,), :;.:ri;,l!> <1i1ul~d (in PIlS-nS/\) sl~ ndnllJ wnlrol ~r 120 

til I Ii. I II (I \ gp I ~O_ INA 607. '\ I H~(") (111(1 [,' >0 \ (p lir i li~d) gp 120 wcr~ ndJ~d (~()I d \\ ell) und 

6, 
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inclIbilied ill ""ml Tell1rxratUI'L' Ji,,' t\\U huuh. Plates w~re w,,,b;;d three lime, w ith 1'l3S·1 X 

,,, ,,I lWf'-wnjug"ted nllli -HIV- I gp l20 (H i ng~ncsis'\l )'ouk. Eng l"nJ ) was addect to L',1<: ll 

well aT 5!1g./1l11 and inelLbilied "t mom tc lnpcmtu;; Ii" I h(\ur. rh" plat." was "a,lled li,e 

times with PIJS-J X al,,1 I MR su ['l,trate C<'IlI<liJllng a 1:1 miXlur~ (\f 'J MIJ and 11,0, (Pi~ rce) 

\\',lS actctd. I'he re"~t i Dn W.1S shlpped "Ikr 30 m i nul~s bv "ctctition of 2'-'1 I I,SO_ ,,,,d the 

nbs,or['lance "'''S re"J on J pl"t(: I'~adcr at 450" m. 

2.14 HIV Fll Sioll assay 

rills a.",,:, was baseJ Dn Tile m~lll()d cteVc' lopect Ily Jt'"kms(\n c l 1.11 (2()1i ~) and it 

m(\dels llw inlcrad iDn and fusion ,'f HI\' wilh t ile host c,d l (Jenk inson el (II, 21)(13), I ILK 

2'13 c~ II S WCl'e tran, feetect \\ ith Ih~ meJllbrane- bn und pre~lLrsor or TI.., vi 1' ,1 1 cnv(']oj'X' rroteins 

(gpl~O atld gp·. I), gpl60 (\"112. \1(\le!. DL' I'iII. the vira l prDtcin k.cv and the cytoplasmic 

viral lran,nipli(\n I" cl",. l'a1. Cells we re cu ltu red for two day, to nllow I,'r prot~in 

e 'pr~"l('n. I I uman oslc,,,"r,nm,, ( I I US) cd I 5 sta bl}' expl'L'ssing. C [)4 "er.' ,lahl} lrar"l'ected 

wi ih n long lcrmll1al rcpe"! (I TR)-]ucitcrase rcp"rtcr cunSlruc\' T l lc,~ ~clls "L'rc t h~" 

Ir"noientiy Ir"ns i"eCleJ w ilh ~i ther wi lJtyIX (1[' mutnnt CCk.5 in pcDNA3 I (flYl?o+) 

e"pre,sLon Ve~I(\L Artcr CCR~ transfcCI,ion, cd l, lN~r~ ,u l tur~d in [) 'v1LM slLpplemenkct 

with 111"/" I''(:S anJ 2 (i () .IL~/mL 11''-g.rom,,'ciLl G (to sdtn j()r celb that "er~ ,,"ecesseul l: 

Irall,fe~1eJ wi th ('('In). 411 0,ug/m l (AI~ nnct 1/lg/mL rurornlcin (TO select for LTR-:lLC 

expl\:ssing cdb) tor t,,'o d~:-'s, Alter two daIS. !Jas ~el i s ",ere harv~'l~d alld plmed"t a 

lkns ity of(,()~X) cd l, per ",ell l)f a %-v'iell r ink in a " ,>Iumc ,>f~O.uL 01' D\1Li\--! containing 

2';-;' res, HEK 293 cdls expressing lh.c envelo pe. R~y and Tat we re als() hane,ted al a 

cten,ity of 12. OOOcdls p;;r "ell In SOpL U i' Dr,,1 FM-2% F CS and laye red on 10 Ihe II OS cells. 

Cells "el'e "Ilowcd i() fuse over night Ixfor~ dcrermining the l u~ife ra ,~ a(ti, ity. 

l,ucifem'~ activ it} was Jet(:rmin~J using ti", luc ikraS(: assay S:-SkJJl ()'r"megn), 

Cel l, "ere wa,hed once wilh co ld I'HS and Iy",d wilh Ibe ~el l culture Iy,i, buffer, rhe ce lls 

"Cl't Iransferred te> 1,5mL tulxs nnct ccntril'ug"d at j2,OOlJrpm 1",2 minlLtes, Tlte 

' upernnt"nt was trarl>/crrcJ t,> a \\hit~ Il~t bo.>Ttmn % -v'id l plme ([)yllCX 1Lcfl twlog:-) I,,], 

lum i n('m~ter ( y' eri la" I 'rom ega) reading. 

1i4 
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CHAPTER THREE: EFFECTS OF CCRS 

MUTATIONS ON CHEMOKINE RECEPTOR 

FUNCTION AND EXPRESSION 
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_,.1 Introduction 

' II", ec ,he lll o~inc r~~cl'l"r S (eeRS) billJ, anJ res[,,"ds tc' the cl)oOmo~ ill''; he:ilLlds. 

\llP- lcx J\. IJP -I("I anJ RX\ITFS. in "dditi,,". it 1L11~ra~b \\'ith tl", III V- I enve lope 

gl) cop,.. ~~i n gp I 20 r~ c] uireJ f. >r vi r,11 fusion (mel ~t11ry . Sitt' direel cd ","[agenes;'. chimeri, 

and atlilboJy ,luJies hflve shown th,1t th~ itllCrJc.liotl 1X"I\\'e~l1 CCR5 anJ its chemok itx: 

liganJ, il1\ol,es The second cxtnl<;clluia, loop or the r~~~l'l() r. i{ e,iJu~s al the in tr".xlillbr 

surf:lCc ofthc rc,~ plor arC Lnvoi' eJ Ltl (; 1'["()I~in ~~I1\'~ljon. re~ert .'r I' h' ''l'h.;Hylnr ,on :l1ld 11 _ 

,,,. restin bi lldillg. lour novd (eftS mulalioll' i()ulId lt1 South Ai'rl ~lI re,u il in ,,,,, ill ., acid 

c h'''' ges (Asp:? \' al. Lcu I 07 Ph~, Arg~~ SCi 111 ~lIJ Arg2~5Slop) ~nJ i [ i, not kll . 'WI1 whm effect 

Ihe,~ c.h:mges m~)' hav~ on binding and ,eSlX'ndlllg to ~bcnwkinc ligand,_ 

3.2 CUlistnu:[iOIl 01" CCH::" mutants 

I h~ rour e Ci{ j ]11L ltnnlS (I, I kh) "ere gcncr:lkd by 1'01\ mCrJSC ~haitl rcaction based 

ll1ut"g~ne s i s ~s dc s<: ri[>cd in rnal~]'ials and rnclh"d, and Figure 3 1_ Tk lUulalll gClles we're 

analyseJ r,»' 111" presence "f desired mutm io Ll [>, digcstL"" Wilillilc L"C \lri ~li,," cnLym~\ lha! 

rcc."gni", (hc ~rcalcd ,LiCll! rc'tri~ !i,," ,i tcs (Fig 3_2) and doneJ lL1 !O p'.;D~A -' I (+ ) 

J\.lulalion, \WL"C coniinll~d b) \Gqllcnc.Jll~_ 
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tA) First PCR 
1 ") 3 4 5 

(8) Second (bridge) PCR 
12 3 456 7 

=
== I05') bp 

- 105%1' 

673hp 

• 3 ~ 6b p 

Figun 3.1: Production "rmutant reccpt"r,. (A) T; pical g.e l picturc orfir,t PCR rcadiol1 
(Gel sh"' .... s product i"n "I' lhc (w" Iragm~l1ls of th~ Arg225SlOp l1lutant). Lancl i, til,' 
mol ~cll iar wcight markcr. lane 1 is thc ' ''''gaLivc ~on(ro l. lane :l i, I"u ll lcngth wild typc CCR5. 
1059hp (jx)si li w ~ontroll. lanes .. Jnd.' are tlw two I"ragmem, 01' L1 .... ' j\r!<~25S lo p mUlan\ 
(673bp and 386hp) (E) Ful l leng(h 1'0, products of mutJnt rcceptor, I"wm scc"nd (bri d~c) 

PCR.. Lanc I. nwlccuiar wClght marhr. Ian;, ~. neg-ative contl'oL lane 3 wild t;'pc CCR5 
Ipositive contwl). bne, 4, 5, 6 ami 7 a,,' fu ll lenglh PO, products of all four mutJIllS 
IA,p2Val. Lc" I 111 Phe, Al'g215G IIl wld Arg125S(opl 

(i\) 
(II) (C) 

r i~un 3.2: Rc-t,.,ct i" n CIJr.} mc aDaly_,I., or mU!lI nt rccept" r8 : (A) I, ndi ge,tcd (I ancs I and 
-'1 and Ilpa l digclh (ianc, 2 and eI) of wi ld typc and Lcul07Pile mutam rC'iXclivdy. 
Dig"sti"n or wild tyJX' CCR5 with Hpal had no cn;.,C\ on lh~ rcccplO r (laM 21 hut wl· ... '11 \h~ 

mulant ''''" dige,ted, Iwo j"agment, (n'll'l) and T!Obp) wcre obtJincd IlJnc 4) (B) 
Lndigc'>tcd (lancs I and 3) and SbNI digC,l or wild ljpC atKl ,\ rg225Ci ILl mlLtant CCR5_ 
Sfal\'1 cut, the wildl:'pe I'ec~rlor to give threc jl-agmcnt, of ,;7CS 675bp. 206bp and 1 7~bp 

{lanc ~), Prcs...'LX",' or t ile Arg225(iln InutcHioLl aboli,h~s one re_,(ridion ,i(~ and lwo 
lI'agmcms ofsi7cs HH lbp (lnd In bp wcre obTained, (e) llcll dig.esti"n or",Lld type ( lalK: I) 
pL'odu~,'d lhrd li-agmeJlls, 4--19, -'85 and ~25hp whLle dis~slion of II", Arg~2~SlOp mllT~nt 
( IJtle 2) gave two ti'agmclll, of sizes 610 alld 449bpl. 

(,IObp 

4490p 
385bp 

225hp 
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3.3 I( ffect.~ uf III ut:lIions on CCR5 si!::nalling (rP producrion) 

liEf..: '29; c'd l, slahly ~xpr~"i11g the chimenc G prolcin. (iqi (COlLpieS CCK~ 

slimtl l ~l i on lo aclivalion or pho'pho lipa", C) "'ere Iran,Cected wi lh wild l)PC and mUlanl 

CCR." whidl w~re lhen lL,d i,'r ino,ilo l pho,phale (IP) awlvs, This aSS~\ \V~s used to 

cl elCl'lnille Ihe funct ional resp011'e of lhe mlLlanl rec'epl"", lO c'hemok ine 'l,mlLlalioLl Two 

difkrcll1 CCR5 l i g~nds . .\111'-1 <1 (l'igul<' :L;A) and RANTES (F'glLr~ 3.3R) w~r~ n~d 10 

'li mulal~ receplOr !ranSkClcd cells. Addil ion of il)Creasing concentrations of ligand leaJ, 10 

an inne,,,~ in LllOSilOI pho'phale prodlLclion by fhc \\' ilcltype recepwr (LC50 - H.XI 2.5 11~1 

and 'J,')S I (,<) 11~1 r""" ~lIr- l " ami RA'jTF,S r~,pc~li vclv) (Figm~ 3.3 ~nd T~hle ;,1). 1'10" 

Asp2 V ~ I muta11t ex hi hi l eri a decreased func lional r., p on,~ 10 ~ 11 P -111 ~nd KA I\TLS with all 

lC50 01'265,:1 '" 17~ 11\1 and 2(,1 .. " 170 n\1 r~spe~!i\'ely ~('mpmed ""th lr.c \Vikltype, Il1 i, 

mlm"ol r~~eplOr ~Iso showerilow I:max for IX' lh liganJs at O.I"M , lirnu lalion (7506 J Il(i 

5499 ~ PI!1 lor MIP- 111 ~n d KAN TI 'S respecti\'ely) ~ompard wnh lh~ wilcilypc (14.05? ~Ilcl 

13.991 cpm rcsp,:cti\'~ly), Thi' sllggest' thai If><: mUlanl r" cep!or may he poorh ~Xpl'~ssccl or 

it may ha\'e a I(}w l"(llLP ling eflici~l1cV 01' d~nc,'sccl ~ftini ty j;)r t f><: I iganri 

The l.euI071'he l11lL!am had ,imdar LUO (13,09 ± 4,9 n\1 and ~ 7 0.(, n~l, Table 

J.1l and I ma~ (IR799 ami IS582 cpm) lor wlh MII'- Ia md RANT I'S respeclively ,~, lhe 

wi ld t,,'pe CCR." recep!('[. Com para bl . Ir rcslL lts wcre obtait'led F.>r the Argn.'j(iln with 

lC500f7.1 '2,(12 11M ami IIl.05 '" 0.25 n~l for ~ I1 I'-la ~nd kA'\n;S re'l>ec' li \'e ly Tr.,re 

was no.) mcasumble resl'""e for the j\r~2:S:--'!O p mlLlant. Th is su~gcst, that rhi , mul:ml may 

be pOc)ri:-' expr""eJ or i! is lLnahle 10 bind chcllwkine ligand, "" il may nOl be ~olLp l il1g 

dfkienllv. 
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Fil!U re 3.3: Slim ul at i"" of inositol ph"'llhat<' I"'od uet in" b} 1\111'-111 (A) ~"d R.\ v n :s 
(B), H EK ,'"lls stnb ly C\ pr~ s,i [1g a ('hi meric (, rrOl~i n, Ci'li wcr~ m"'_"~[lll y lran,lCC'!cd with 
"Llcllvp<: CeR5 (LI). Asp:>V~1 ( A I, [~lIl{)71'h~ (co). \Tl'nSGIIl 1_ ) etr i\rg225Stop C ,I 
mUla;,! en,s ,-c~~plurs. LIlclIbmed with 'Jl.myoinosito] and stimuiakd will, Yariolb 
c'Ollcclltrm iOllS of "'·111'- I Cl or I{ A l\TES_ Data rr"s~JLkd arc !i'om s i nglc ex peri mel1ls that are 

r~l'reS"" l alin: uf- al leasl lhrc~ ill d~>>ClldcI11 experiments peri(ln""d ill ,\upiLl'atc . [t"[(or but's 
indicate (11" staJldard e,,-ur J(n l'a~h lrip iicmc: 

II "m 1l0t~d lhat CV~11 thollgh the i\rl'~25(;]JL mutant sh(t\\wi the some maximal 

t"C'POt1'''' ,,,,,I fC5 f1 vail"" a, IlK; wLicilyP'" ['~c'~pl0l', il ~xhibiled om incr~J..'~ in h",al acli,.Lly 

(r~spol1'~ in lhe absl'L,,"l' ul' ligand) c'ompmcci 10 II;;: wildtyp~ (rigllr~ 33 :1 Thi, suggl',l> 

l'Llh~r lL"T~,,>c,,1 c"pr~S,i(tll 01' th~ receptor mo.} c", l'"",lilulivdy aCliv~ . .. \n tP n""y was 

>""rI('rm~d to compOlr~ lc", hasa l adivil} or al1 l'mp ly \·CClor. the mutant ",c~r lor and lhal or' 

the wildtyp~ "'C~rlOr. Analysis 01'11", r~sull, ,howcd lhn11hcr~ \U, 0. ,l lghl HLcr~a,,, ill Ih" 

iusal at'li"il} ur Ih" "i ldtylX' rcc~plor (rigure :;.'1) . A slali" inlll y si~n ilic'nnl innea.>e (p 

,o.lu~ I~" Ihan 1),05) "a, ob~l'v~d in the sigm\ll;l1~ aui,,;!, "I' lh" j\rg225G]n m"t~nl 

6" 
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cnmp'-lred lO Ihe \\·ildTjpc r~~~plllr (p 0.0::"1') in th~ "bscn~e ol'lig""d. In U", prescllcc of 

Ii galld, (!>,;re \"m, no sigm IIcanl di n~"'n~e ill the sigLk,11I ng adi viiy () I' both (hc wi fdt\·p<: "nd 

the f\rg225(jllllllulal1l rcccpt()rs. ('dis tr"nsl"Cled \\·nil elllply weio t' (l'cU'J i\3.1) ,,·hid, 

E 
~ 

2- 20000~ 
c 
o -U 

" "C 

~ 10000~ 
a. 

80 RANTES 

Figu,,, 3,..\; I-'nhanccd bOls'l1 :H'lhil~ of Arg225Cln CC]{5. IIU< cells swbiy ~xpre>siLig 
(J'li w~r~ lrami~!llly lran.,fect~d \\·iTh ~mpTy v~dor (dear bars), wildlYl'e CCI\5 (s()lid hal's) 
or /\rg22~G lrI CCK5 (ha.,bcd I",rs), incubaled in 311-myoi tl(lSi lol ~txl .'1illLuimed "ilh cit!>,;r 
bull'cr or RAi'- r ES (10" \11. I':~eb b~r represcrlls the Illean oi' dupli"'tk \ah . .,s Ii,,' ~ac h 

sam pic. Lack (\1' error bars in SOL1le (J I' lhc bars ren~Cl.' the cl(Js~ Il~SS of (he ctUI' I icate \ '~ lues. 
80 Ll1dicak.' b,e, al 'ignalli ng r~sF'0nsc (si gLIal I i I 19 ill (he ~ bscrlce of I iga ll<.11. 

3.4 Ligand ilinding of CCR5 lllutant receptors 

A competition binding "s>~j ,vas ,,"cd to dekrH11LlC tk atlinilics (\1' wild lyp..; and 

L1IUl"m n,ccplo", ror Ii gal1d (/I, HI'-1 f1) \ 11 P- I fI V'ias rad io-iod i Ilal~ct i II the I~ lXlrmory usin~ II", 

chl()ral1ljn~ T mctil(xI . R~dio-I~bclhl JX:plidc W", purilied lbrough a Ci-25 column al1d 

1i",,'li,,".' \\cr~ coll~ckd at>d the amoullt of r~dioaeti\'ilj dcl~nlLJI);.;d using a ga L!lma counl~r 

rhe dution proiik (\1' ~ Iypica l "- li P-I ll labelling e~p"rill1~nt is shown ill J-igure 3.). 
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i'melioLlS iO. I I . 12. i3. 22. 23 aad 24 "~re l~sled i"r CC I, ~ bindiag u,ing C!2Th/syn CCR5 

.;dls (th)mo~ytc, stabl) e·xl'r~." in],; a high "mnulll of ('(' 1< 5:1 by comp"titi"n wilh 10 'M 01' 

lInlab"lkd M II)·II), f ractions 10. II . 12. and 13 sl"",d bindillg (lab~ l bi peptide ) (F igure 

:Ui) and wer~ u.",d for ~omp "li lion binding as.,ay (0 ddcrmme' blL1dill],; oJ' m"l~11l CCI{5 

Frilctions n. 23 allli 24 did not biad CCR5 Ifr"e ;,xlill"). 

Spec i II C b; nei iag wa.' I Ilcasur~d using a ,in~ Ie l'.olJ<.·"alral;on 0 i' (ra~"r (12 ' 1_ldll'_ I II) ami lh" 

cone~nlm[iOll of th~ ligalld that ,howeei fllil' pcre';'llt displae"menl 01' Ih~ Ira~e r (IC50) awl 

If.., aflill il: of \111>-10 fo r tfl<, IVi kllYP" anei llIutanl r~ceplOr., "we dCh',.,Il I!lC·d 

\ 
I 

, I 

I~ I \ , 

o 30 

traction 

Fj~"rt· J.S: Profil~ of n"lio-jodin"l~d MIP-1I3. 7 ,8~,g 01 MI P·li:l "as mix~d widl l (ljjl, of 
1 mCi N,,1251 and 10pl, of Im],;"'m l of ~hloramin~ T in a r~"~li on \()Ium~ I'r' 45 _,d, ill 
pho.'phal" buffeT. Tlo" "'anion wa., slo],],,'!1 ";Ih 50flL. 01 .,OO LUIIl J"~la bi,,, lfrde' and lhe 
I"hdkd p,'pti ci e W,lS puriti"d lhrough a (, -Y column_ haetiollS \wrc eo llec-t.d <1'xl eoumed 
Oll a ~al11l11a Wllllicr. 
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Figure 3.6: Fractious 01' label te l ff ll for hinding to CClt". CI'2Tl~/syn CCR5 edb \\~rc 
ill,:ubal~J with laf>clkd MIP- lp in th" JbS~lKe (dear bars) Or pr~su":c or 10 '~ 1 ~llP-I~ 
(solid b~rsl, 110 I'erre'~nts no "Jded ligand_ 

Addi l;,'" "C incr"", i",: L"Ot1<'Cl\lT~lJOns uf lIlLlabelled MII'- I D 10 III K2'J:' "el l, 

~x press; nl;' the' wi Id lype' r~cepl()r l e~lb 1.0 Ji'pial',u"t:lIl of the label kJ V1II'" I [; \\ ilh ,1n IC _,() 

l'f IS.]!> I 6,~7 nt>1 (l ' i~LH~ :, _7 ,mu T"hl ~ 3.11_ TIle' .\sp2V,,1 mll(an( s huw~d boTh low 101,, 1 

hil\dil\g and lka~ "S(;J .~ftJ njty for />.1 11'- 1 [J (JC~O ll f 6~ _2() ,- 20.4R n~vl) _ B<'lh the Ll'" I (71)ILc 

a,xl :\rg225(i ln mutanr .• ftlil itics \\,'r~ c()mp<,,~I'le lo lhat or lhl' wild typ<' fl'ccptll l (IC'iO 

12. 3~ '1 ~7 n\1 :mel 7.12=1.41 11\,1 T~' rL"lJH'ly). No hil1dill g WJ' ob"""ed ro, IlK; 

Arg22 -';S t<,p ml'lal1llrigllr~ 3.7 and T~hlc 3. 1) rhis ,ugg."ts thallh~ tTlIrl<." ,lt~J I"~C~plO" 

may 1I( '1 b.... l · 'PI"~ss,'d un tl>c c.,' ll ",Mile" 
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MIP-1 ~ { log M) 

ri~urp J. 7: C Otll llClition bind ing of .'111'- III 11f-.Kl ')3 cel l s wne lran,ieml y transkl'l~d 

\\illl "ildlYPC rCt~plor (fl.), As~2VJI( & ), Lcu107Pllc (e), Ar,,22~(;ln ( e ) or Arg~~5St(1r 

(0) mutant r~"cplOr;; or untnmst\;clcd jj L,,2~3 c~ l ll {. I J nJ incubakd willl lal-,;,; Ilc-d 
cl;,;mokine liganJ ('''! \-np-I ll as tran'rl ami vari()us concentrations of un lJbc llcd li gJnJ 
(M 11'- Ill). Data ,tisplay~d " rC pre ><:nlali.-c expcri nlcnt of thr~~ i nJep"ndent ~xperim~nls 

perl(\rmeJ in lri phnLk. 80 rcp ,-e ,~nt bulk,. wi tll no MIP- ljl Ll'ro r burs r~pl'esent slandard 
crror, tor ~ach t rirl i~ate. 
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Talll.· 3.1: Summary "r chnnolJne bindin:! nlHl si:!"aliinl! of \\ild ~'PC an,1 mutant 
CCHS 
]{~s"lis are me m~ans an,1 ,LanJarJ errors ~aklLlalcd limn lllecC ~xl'c,jrn~nt s pcrtcmned 
inJepel),kllll ~. (EC50 lS lhc c"n~ clllralioll of liga'KI that gaw 11"11' ' ll<lximal ,C'IXiIlSt,) . . A 
"hum-WiIJley tWe' tajld t telt WilS do nc w Cc.n lrare "nlues ohtained for e~~h mUlant ("~c'c'rl 

for tho: /\rgn .'; SHlp) wilh the wilJ lype I'h~ I' val lies ar~ lL1,Ii('alc'd in b.,IJ in b,,',ckcb 
(_tat i"l ical differetH'e. r - <IIJI5). 

EC50 (nM) binding ICSO (nM) 
Receptor MIP-1o. RANTES MIP1~ 

Wild type 8.8h2.5 9.95±1 69 15.36±687 

Asp2Vai 265 3±178 (0.022) 261±170.3 (0.028) 63,26±20.48 (0.042) 

Leu107Phe 13.09±4 .9 (0.7) 8 7±O.6 (0.8) 12.38±3.S7 (1.00) 

Arg225Gln 7,1±2,O2(1.00) 10.05±0.25 (1.00) 7.22±1.41 (0.7) 

Nomeasurable No measu rat 
Arg225Stop response respons~ no bindillg 

3.5 Expressiun uf\Vilcl type alltl mulalll n'<:l'pIOfS 

I'hc lack elfb illding alld signallmg h; lhc' /\rg22:iS lo p mutanl ,,,~g~s lcd a p,y>sibl~ 

lac~ of recert"r expre" i"n on ill< ~ell suda~e To d~lermil>C C>.,pr~ssion or wild type und 

nnn~nt CCllS rtc,'p!"" I'ACS all al;'s is wa, perform~d rh)'~o erylhTin-nllll"gmcd 207. a 

nllOl'e~ce nt lahdkd monod"nal a11lil-,.,dy agaLJl,1 CCR5 which rccogni7CI J ~onl;'","atinn~1 

epi lope lo~awJ in 111<' sr~(),.,d ~Alra~dl"lar loop 0 1 Tlw receptol' was ll,ed to Je\c"d CCR5 

Thc' level "i' rcccptor cxrr~Slion wa, al'essed 11; the inlen.'ll), oj' IllLoresccncc of Thc 

all!ih"dy, The "ilJ t;J'< r~art"r "'iI:< well ~Ap,cs>cd al the ~cll surt:J~t "ith a me',m 

t1l1ores~~nc'~ of approxlmald : 33 I\'hich givel an itldi catH'" 01' lh~ a~eragc' HmOUIl! "I 

rt'eeplC'T> cxrre%"d On 1l1e c~1 1 ," rfa~e) and n"'r~ lhall g(l% ot cc ll s ~xpre" ill l; the re~epl"r 

(l:igllr~ -'.X) This re:<uil j nd j "a!~s gr~ater th~n 811'.~{. trallsfedion ~ITiciLIlq'. B"th thc 

l,eul(l7r'h~ anJ lhe i\rg 22~(jIJl wert exrres,ed at similar Inels (gr~mcr lilan 90')-0 "I' wild 

Lype ~xpr~,sj,,", table ),2) 10 the wi l dt;T'~ r~"eplor, while the j\sp2Vaimutarn w~s ~~pr~sseJ 

at a lowcr level (66'\-;'. Tahle 1.2) ~ompar~,II" wltd lypc CCR5. rile Arg22:iStop mlLlam ",as 

not de1ecled o rl lh~ ('el l SlLrI,,~ ~, 7,8±1.8H" of cell, ~~pr~ssing T~ cepl()[ ami a LlIcail 
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JlumeSl' e l1~e or 21.S. I .·t' (Figure 1.S al1d I able " .2) whKh i, ('()lnparabl~ to the sla ; n ~ J 

ve~tar tral1sf",-,ted ~e lis, I 6.02 . (, . 'J -' "/" of ce lls express; ng re~epl ,w and m~"n illL, >rt"cel1~~ ,' f 

.t, 'J6 2,n '\ •. r~sp'-''' liw l y, 

A c , 

D F 

Figu rr 3.8 F ACS, Represemati ve dol pi ols (luI' pand,) and histograms (hanol11 pane Is) 
of I II ':KL~ lis ,hind w ith anti bud} U\). Wi Id typo C(' j{ -' (II). /\sp2 V al (e) L" lL 107Phl' 
CD) Ar225Gln (L) alld Arg225Stop U·) llllLlalll eeR5, 
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III order to J\1ea>ur~ mt racdlulal' expres>ion "f r~ceptors, cell, were pel'llleabi l iz~d 

with O,05',!', &1[l<lI1in. laklled " 'ith 2D7 and unul yz~d us ing FACS. R~s\dts sho\\ed iJL~r~ased 

expr~ssll)]1 tn rerm~ahi l ized cell, (compared to \Lnpcrilleab i l iy~d ~~II,) ~"pr~ssillg the wild 

typ~ r~eertol' and all mutant., ~x<:~pt for the Arg2~SStor mutanl (dala nol shown), TIll'. 

sLlgge.,ts thm th~ Arg225Stop Illutant is n~itber e"pr~s.'ed 011 the cell surt'oce nor "n 

i ntrcl.c~ l lular meillbranes. 

100 
. ; ~ • 

0 -0 0 
u 0 
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u n 
• n 
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0' -?9 <t "'~ "e &~ ~ .... o~ ~ ~,. ~ .... ~ .~ ," ,,~ ,,0 )..0 ~'$-

"" 
,. 

'" 
,,~ 

eO i" "'~ '" " v "'~ receptor 

f igure 3.9: C,·II surface upre~s ;on of" ;tdty!," and mutan t CCR5. HEK ~9J cdl, wcre 
lransiently tm nsted ed with plasmid., ~nc(J·d i ng V'-ild Iype. Asp2Va l. I ,eu It.I71'bt.. ArgnSCiILl 
and Arg22SSlop CCR5. Ce ll s w~ re sl ail1~ d with 2D7-PF. and analysed by FACS. l~l1slai r",d 
and stained WClOr tran, red~d ~elJ<, were u>cd as negativ~ "mlrob. Tbt. l~t1 Y-aXLS (mean 
n uor~scencc) l'ep resents the i nt~ n si l y a r the tl uor~s<:~m label l'eeorded tor each rel·~ptor. Th~ 
right V· a"i.' (%, of cdl , e"pres;; ing rece pto r) indieures the !,al ~d ~wnl t'or each receptor. 
R~pr~<,entali vc of three ~xperim~n t.' pe r f{)fln~d L1\depcndemly is ples~ll te d 
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T 3 hie 3.2: F.ffcct. of umtatio", 0" edl surface txpr~ssioJJ or the CC It:' reccptor 
I\lean Iluores~c'n~~ is the mc~ n intensilv "I' til e l1u",es~C Il1 I~bd recun.kd for ~ ach r~<:crlor 
" hid t give, an indication of the a'·crag,· num ber ° f' ,ec~ pt ors ~~prc >scd. P"rcmwge (%) <' f' 
re ll> e>..pres> inS rec~pl'" i ndicat~s lh~ gnkd evenls and gtHS an inJication of tl'an s f~cti o" 

dfkicllcy, Value., ~rC c ~pres.,ed as pcr~C lll "ge of ,,·ild tYIC"C and rcsuli, are meam anJ 
,tamlard errol'S calcula(cJ l'rom litree mdqJendent e ~pcrimCIl1S , .. \ Mann-Wilnei Iwo tai led l 
tcst w"s dune 10 Cl'nlpare \'alocs obtameJ for each m111ant (~ ~~crl1 fo ,.th~ AI'g22~Stop'l "i1h 
11", "lid t)'pe.Th~ f' ,' alu~,; are inJicated in ['nld in bracket> (>tali sticnl dilkren~e, p -«HIS). 

Receptor 
Mean % of cells 

fluorescence expressing receptor 

Wildtype 100 100 

Asp2Vai 58.6±3.47 {0.040S) 66.1±10.56 {0.004) 

Leul07Phe 86.1i4.89 {0.1) 92 6±6.60 {0.405) 

Arg225Gln 70.3±O 1 {0.22) 936.l.332 {0.179) 

Arg22SStop 23.8±1.45 {0.002) 7.87±1 81 «0 .0001) 

Vector oj- Ab 16,02+6,95 496+278 

J'(. Summary 

~.futant r~ cer(ors wmtl'llcted w~re allaly,;~d by rc'; lric ti"n enzyme dige.,l ion and 

~"nlirmeJ by seq llC ncing, Citemokine l'C<:eptnr lundion wa,; dd errnlIlcd by a ., ignalling. ass~y 

(IP )'n:xl"clion) and a ~oll1retiti on binding assny. Rc,u lt.< "how <kcr~a"ed J[> resrunse and 

decrC<l",d al'fini ty I", the ,'\sr2Vallllu(ant. This tnumm al"o showed I<,w l('lal binding. 130th 

thc (.cu l07Phe and the .-\rg22SGln sbo ,,~d ll t~ s~mc II' resronse and hinJi ng aninitics as tile 

wild lYlxo reCeplOf. Tl tcl'~ was a sign ificalll increa.,e in basal rc spon>~ for the Arg225Gln 

n,utam compurcd to lh~ wild l:'l'C r~ cq'tur. The AI'g.225Stnp nnl1alll Jid not hmd iLng~nd and 

did Iwt show an)' signalling l"Csl'onsc tu ~ithel' ~·111'-1 c( or [{ ANIBS, 

Cdl ,url"a~e expl'css ion of th~ di fferent mulant l"C~erturs w~s analy~d by FACS 

Results sl1l'weJ litat both tile l.~uIfJ7 I'h~ and the .-\rg22SG ln wcI'~ ~x)'re,~d at the ., ame 

Icwl a, th~ wilJtyf'<' re~erlor. Thcre wa.' decre~sed cxpres" ion for the Asp2Va] mutant while 

tI.,.,re was no measurable ,c ,jXlnse for th~ Arg22SSwp mutant both on tile cell s\LtT~~c and 

i Illra~ell ularl Y, 

n 
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CHAPTER FOliR: EFFECTS OF CCR5 

MUTATIONS ON HIV-I CO-llECEnOR FUNCTIOr-o 
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~.1 Introductioll 

<;inc~ the ltis c<>wry Ihm CCR5 acts "5 ~ cl>-receplor t'or HIV·l entry into hOot "d is, 

~e\'(~ra l ,Iudies ha\~ b~en carri~d oul to map out the region on CCR5 and s)}C"if,c re"dues 

i"vohe'd in Lhis en'ry pW<TSS. CCR5 ;s known to ill1er~cl directly "'lh the envdope 

glywpro(ein. gpl20 bcl()re rus ion;s eff~cted, Site directed Illutagen",;" Chll11~rl C Sludi~s. 

«)lnp~riso" 01- cI~nj{,k i n~ r~c~ plor homoioglJCS from different species alld antibody ,IlKiies 

have revcaled Ihat gp 1211 interacts most! y with resid llCs at lhe N·l~rlll ina l or lh~ r~ceplor, I'he 

other three e>.lraceilular regiorlS 01' CCR5 ha,'~ been shown lo Ix invo l,'cd in the IIIV·I 

fusion/entry proccss but e..-idellCe sugge<,\s lhm tlJCse regi()!" are imrx)rtant for mduc'ing the 

cOll lonmll iona l changes nec ~ssary I"r membrane l'uSl(iIl (Blanpain e/ al.. 1999a: l.ee el "I.. 

I ')')'))_ III thi s study, co· rcceplor funct ion 0 1' II", I'our mulanl CC R5 wer~ Sllldic,\ u,ing a ce ll· 

cell Cu,ioll assay to detennillC their elfcc! on fUs ion effici~ncy and a gp 120 bmdillg a,,,]} 10 

del~nm '''' in., etred, or the rlluwtioilS on i meraetion with gp 1::>'0 and Ihe ir hi ndi ng al"liniti~,_ 

~.2 CI'II-CI'II fusion 

Fu,ion "f lIIV wnh hOST cells is mcdiatcd by lh~ em'~lol'" gl ycoprole l~ _ gplM) "hidt 

is 1l13de up of 1\\0 subunit., (gr 1::>'0 ~nd gp-t I), A " iral Ii-e~ cell-cd I rusion a"Hy ,yslell1 t h~t 

mo,kls the interaction and fusion of HIV wilh lhe hOSl cdl "as lI,d 10 detennillC thl' dle"'t 

or the four CCR5 mll1ations on fU<1on cfficicncy (J~nk;",on el ai, 20()3)_ Inlhis asqy. the 

virus wos rcplaced with a ce ll lin~ (HEK 29.1) Ihal tnlnsielllly e>.prcssl's the HIV envclopc 

glycoprotein_ gpl6(), lhe vi.ullra",criplio" luchH', T~t ~nd the \,',r~l r rotein, Rcv_ I h~ largd 

cell w,ls a human "steosarcom~ (IJOS) ce ll linc stab ly expr~.\sing lhe human CD.! recl'ptor 

and I.rR · lucif~rasc r~port~ r. lransienll} Iran,kcled "ith wi ldiypc 01' mutant CCI{5. Mix ing 

of th~'e l wo cell I y P'" aliows bi nding of Ibe gp I ::>'0 to the (1)4 ,1nd CC I{ 5 reslLlling ; 11 I'lL';O" 

of tllC cell., on which lh~ d iff~renl prokins are expressed, Whcn fusion occurs, there is 

nlix;ng of the lwo cyloplasms alld lho.: Tat protcin frotll the llEK ::>'93 cell c,--topia\111 hmds to 

lhe LTR on the protllotcr oCthe 1\K:ifcrasc in the HO~ cdl and aC lival~s lnlnscrirlio{l of lhe 

t\lcifer~sc genc_ I'he aCli,,; l y of II", IlLC i I"ras~ i s tll~asured as an end poi Ill. 
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4.2.1 Generation of cell., for fu sion :lSS:l\" 

Stable LTR-Iul"lJl;ra,~ (I.TR-Ioc) cel l lines we re g~[]erated ill order Ie' perfe)rllllillS 

,e'''IY· HO" cells expressing both humJ[] receplor, (CD4 ,Illd CCES) and Ihe L'IR"luci fe mse 

w~re lirsl pr~part"d Genet lc'lll (G418) Te),icity was ti l'st te sled OJ, HOS cells qal'ly 

express ing CD4 (1I OS·CIl4) .1nd IIOS cells smbly e"pressing bOlh CO .. allJ \\lltllyrx: CCRS 

UIUS·CD4·CCR5) plJkd III 100m disks. Tht" n'lls ,,,'re trealed "Llh varying 

~O[]cClll rallOn' ( I()()p~/JJ\I. - IOOOug/lll i.) ol'lh" anlibioti~ and monitor~d I,'r cell death 

Coneentr"lion, gr~att"r than 700,lg/m I , ki I k d all ce II" ailer i"ur Jay., ill .. 1 5(lOu g/m I aikr ()l"l<; 

m!d. Conccntrations less thJn 300f'g/ml, cl,uld completely kill cells an~ r ten da},. Fur 

stJbk sdeclion. 4()()f lg/mL of (;4 I ~ was used. 

110" cells sT:Jhly ""pre."][]g hOlh C04 and wildtypc CCRS (lIUS·CD4-CCR5) were 

trJ ll stCctcd wi til the ncom}ci n re., i,tallt plasll1lt1 (I'~ONA3, 1+) ~Ilcod i ng the L TR -lucifer".,., 

g~flt·, TraJ,sfected cd ls were selected " ,ilh 400f'g/ml "fG4 IR ami )x)Sili\'e clones were 

idenli li~d j(,r IlLcil~ra-;c aClivity by. uansieml" tl'all s/Coing them with I<ev ,md Tat and 

:JssJyed using lh~ iucii"era,e as.,ay .'ys lem (Promega) . Folll' IIUS·CD,", clones "ere positive 

tl)f the presence of lucifera,e (CD4-8, CD4-1 O. CD4-15 aJod C04-16). Uf the foUl' positiw 

ci()t"K:s, CD4· 1 0 showed highest "clivity (Figure 4.11 ,lilt! ,vaS later used liJl' subsequent 

C1..pcl'llncnts. Un ly Olle IIUS-CD4-CCR5 ~I"n~ (CCR5-1 3) wa, po.,i tivc I()r lllcikrasc and 

thi s cion;, was lI,et! as po., iIi, e conlrol lor al l fusion experiments (I:ig ure 4. I ). 
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Fi~"rc -',I: Lllcif,-ra,,' activi~' of cell, ,tahly tr"mfcctcd "ilh I .TR-Lucifcra,c. HOS­
CD4 and HOS-CD4-CCR5 wer~ lr"nsrel'l~d ,,;lh pd)N .. \.1,iil'<(;()(-) pi"SL llid c rK:ml i n~ (Ix; 
LTR-lllclfcms~ g~ tlC. hansfcclcd cel ls wcr~ se lected arxi rr0p~gawd 1t1 mcdl llLn COl1lain illg 
4()(lpg.im l ofG41~_ Posit ive clon~s wcr~ trCltlsicndy tmnsfcctcd w ith re' and tat and afler 
l\\() daO's the cells \\~re analy.,ed ror lucifer".'" acli,ily. CeiL< were i},_,ed wilh the lociferase 
Iy _,;s buflcr and lL",ifer",e "d;,-ily ".,t" measlLred on a Lurni rhlsc"" LLLml[l(Jl\leler LL>Lng II;;: 
Ascent software. 

4.2.2 Expression of CCR5 mutants in lIOS-CD4-1ncifcrase (CD4-J 0) cd Is 

Wlld ly rA: ami nlll1"m C'eR5 ge lle, w~re s"bl' I"l)cd imll (he hyg'OLl1Fin resis\ant 

vcctOI' , IIOS-CD4- IO ce ll:; wcre tmnskcted wit h "'ildtype and lnutJ.nt CCl{5 III 

pd)NA3,l i ll ygru(+l atld transJCcted cells were s.c lectcd with 2()()~ lg/mL hygromYCin II 

( Iuvitrog~n) Stabl~ cApr~"ion of ,,,Idlyp<; aud L1llllaul rccepto rs "as analys.cd by I'ACS 

ana lysis, A ll ctotX's l~stcd were t1Cgati\~ for COO cxpression (i"igurc 4.2) T I", lack of 

e~pressi oll may ha\'~ h-een dlJe to the treatment oi'the cell" with three different amibiolics 

TI.,.,sc cd], wCrl' t ['eal~d wLtb puromy cin, G-I 18 and then HygrumJ~iL'l B, It is p""ible Ihal 

the anti hi otic prcssure could l1J.\'e Ixe n too high t(lr tl"'m to perform opt imally. Since stahle 

trausl"dlOn was not sllcc~ssruL t raus i~nt trami'edio" "as atwmplcd. HOS-CD4-IO cd ls 

"wc Tra nsfectcd with rcccpTors alld I''ACS analysis donc aftcr 1\\'0 days, Lxprcssioll levels 
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(bolh llle~n fluorescence alld ~/" of cells express ing receplOl') after IranS1C'l11 lral1s iedil1t1 were 

vcr, 10\\ (FjpLr~ 4_-,A) Cells were transfcct~d andlrealc·d ,,;lh anlihiotk (h}grotnlcin lJ) 

for 011<' or [\\'0 ~ .'ys, Amibiotic trealrn~nt ror one day illlpr",'~d ~ xprcss i l1n by 1\','0 fold \'v'h,j~ 

('1'0 days seleullln furthcr ;,nproved expres,iol1 hy lhr~e fold (I'igul"<' -+ .313) I'hr~e (131's 

selec(ion s h('w~d furtiler improvemel11 in exp t'es,ion but towl cell CDllnt after sekctintl wm, 

vcry low I'or sub~ljllelll fusion ~,\ay\ HOS-CI)..\-Iocifera,e cell, \\ere Tran,fec.1cd WiTil 

\\ddlypc and mutant CCR5, selc<:tcd with l!j grolll}cill 11 for two d~ys before us~ for fusion 

e~l'''r''n''n ls, Ead, fusion experimenT w~s performed alongside I:ACS ~I\al}sls to ~scCl1" i n 

eX pre SS ion the: dtlll'renl lJlulalll r~ceptol's 

50 

~ 
B 

• 40 
• • " " 0 0 

30 , 
"-• • • 0 • • " 20 0 -0 

~ 0 10 

receptor 

Figure 4.2: F"prcs., ;oll "f mutant CCR5 ill st'lbl) tr'lUsfectfd £clls_ 110<; cel ls _'l~bly 
~;;:prt\sing CD4 and lh~ U'R-[uciferase [C04-[0. Fi.,lLr" 4_1) "tre lnmsli::elec \'1ith 
Asp2VaL Lcul07Phc. Arg22S(;I" and Arg125Stop mulal1! CCR5 ill peD'.;.'\ Ilygro(l) 
plasmids. Slahly tramied~d cell, were se lected by pl'opagation in ,,>ted ium conlainL!1g 
200,llg/m L 0 f hygl'Otn} ei n 13 ( Invitrogen) and al1a l )'sed for the prc>cnce ot' CC R5 reee pro]' by 
FACS anail-sis_ I [OS-CD4 alld HOS-CD"\+ilb are lleg~ti,'" controls (no reC~plllr present), 
I [OS-CD"\-CCR5 i, a positi\'e control (c~11s sl~blv ~xprcss;ng .vi ld T}pe eCRS). IlV, IE RQ 
and RX are e lo n~s fTOm cells lransii::cTed \\ith Asp2Vai. l.euIll71'he. Arg225GIll and 
A 'I,~25Slop respecti ,ely. 

"2 
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Figure ·Ll: F:ff<,c! of hygromycin B tn'aimen! Oil CC5 <'~ l) rc"i,,". (A ) Comparison of 
lengTh "r h,groJl1}',in II _<cicdion 011 ex,,,"c,si,'" of CCf{5 in ' -lOS cell.<. IIOS cells st~bly 
expressing CD4 an d LT R-luclkmsc (HOS-CD-l\ wnC lransicctcd wi th pla,mids encoding 
wild type CCR5. Cell.< were incuhated with hygr<HlljTin H for ,me or \\\" Jay, and 
c'_,prt"jon \Va.< dtkrmLntd by FAeS ana lysl', (B) EXprl,."il'll "r "ildtypc and mutant 
eCl , s after two days select i.m with hygr.)mycil1 H. l lntransfected IIOS-C[)4 <'d i s (stained 
and unstained) \\nt us<:J as negative controls "hilt HOS-CD4 cdl, stably cxprc,sing wild 
IYr>C CCR:l (I IOS-CD4-CU(5) \\'ere used as p, ,,iti\'c comrols . 
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4.2.3 Effc-c-ts of mUfations on crll-cdl fusion 

A ,-eil -,-dl fusi(Jn as,ay was lIs<:d 10 a,sess th~ ability (Jf CCR5 mUlanlS 10 mooiat~ 

fusil'n of he,s! c~lI, wnh m~mbran~' bearing H1V- I Em protein_ To asS"s> the effect (Jf 

eCR5 mutation, on IllV-1 fusion, thr~e dLffcr~nt HIV- I ~nv~lope, logether wilh th~ viral 

pr(Jtdns, Tat arKl Rev ,,~r~ cxpre,,~d in IIEK 29] cd Is and i n~uhated " ith reporter I lOS 

cdls ~xpre,sing the LlR-Iuciferas.e alld Cf)4 wilh wi ld lyt'C or mutant eCR5, [h~ ab ility of 

IlK: HEK <'d is tl' fus~ with the HOS cells was dek rmined by m~as\lL'Lng lucikrase acti,-;1Y. 

[ 'h~ HOS tran,k<'leJ <'ells used I(,r ea~h rusion a,say was analy,eJ using FACS to (kl~.-minc 

expression of th~ re"~pto", I, ['ab le 4,1), The e~pre"ion and fusion r~,ulls ill th~ Tallie 

r~pres~llt thc a\'erag~ l'f Ihrec i1\d~ pcnd~nt ~~pcriments e~pressed as a p.:rc~ntage of wild 

type whi le th~ rusion re,ull on tk graph is a singk exp~rim~nt from three indC)",ndellt 

assays performed Th~ wi ld typ~ L'~~eplor was ahk 10 rus~ with tk thr~~ em'CI(Jpes, Low 

fusion was ohsepved for the suhtype R el1\-~ l ope. V\:2 while the IWO South Ali-iean subtype C 

enve lo pes. \tOLE! and [)U 151 showed higher liLsion (Figure 4.4)_ In Some ru,ion as;ays, 

51 ightl y higher values we re obtaill~d for the Leu I (l7l'he and Ih~ A rg225 C; In mUlanl ,-ompan:eI 

to th~ \\,lel type, A 2-tailcd student t-t~st \\"lI' dor", u,ing the Ciraphf'ad Pri,,,, ,oJlware to 

C(Hnpare iils ion 0 r wi Id ty pe with lhe,se of tlK: L~u Ill71'he artd the Arg~25(; [n mutani (i I' lhere 

is signilicant dilrer~nc~, p- <0.05). R~sults showed that both Leul07f'he and Arg~~5(;111 

,how~eI similar fusion activity (Yl,2, p=Il.3S65 and 1l1R('5. V10LEI. P (j(,(j48 ami 0.6665 

and [)UISI. r= 11.,)]14 and 11,0065 I'm the I.culn7Phc Arg225Gln mutants respecrive lYi a, 

doe wildlype re<'eptm (Figure 4.4)_ This sugg~sts that the confl'rmalional dmnge, need~d I(,r 

IIIV-I fusion "'as not aifected by ei th~r tl", pre,erx-e or pr.enylalallLlle at p<-,sil i01\ 107 or Gin 

at position 225 re'pectively_ Th is result als.o sugge,\S Ihat <'onslitutivc adivity of t h~ 

AL'g::5Ci ln mlllaill d[(1 nut affed fusion dljci~ncy , rh~r~ \Va' d ~creased fusioll for lhe 

ASPeVal mutant cl'mpared 10 the wild ty!", ami 110 ,neasurahle rusion rur the Arg~25Stop 

lll\ltanl. De,-reased 11LSion ~~hibited hy the A,p1Val mutant may ha\-'~ ocen due to den~aseel 

expr~s,io 11 or Il'l' allini ty or th is mutant re<'ept"r for HI V -gp 120, The A rg775 SlOp mutant. 

sim'e it was nol expressed un th~ cell surfac~, it was riot e~!",cted to fuse with any ~n"dopc, 



Univ
ers

ity
 of

 C
ap

e T
ow

n

• > " I 
• • 
~ 
2 , 

FignT<; 4.4: HI\'- l f",j,," cfficil'nrics ami coreceptor fUllction "r CCR5 nIulan[" 
[;nlranotcclcd HEK 293 cells [grey bars) or IILK 293 cel ls transiently tmll,tcrtcJ with rev, 
tat and cith~r the subtype IJ II[ V- I eill-clotx'. '(U2 (open b;ll's) or the ,ubtype C em-e lopes, 
~l ole l (so li(1 [,,11,] or [.lUISl (h;lshed bJcs) were mixed with 11 05 c~lIs expre"il1g C1l4. 
[ _ TR - l uc;r~rase "'hl ~ithc r wi ldlyp" or Im Llanl CCR5 Ol~ Ja) ,dler rnLxlllg, .. ~ll, wer~ 
assa)cd 101' iutili.;rasc oct ivity lLs ing the lucit crasc assay »S\CIll (Prolllcga). IIOS-CD4 (no 
receptor) ;111(1 II OS-CIl4-CCRS (ce lls st"bly e~pressing wild type eCRS) " ere used JS 
"egali \'~ and pos iliw con tro l, re'p"cti\'~ly_ 

T'lble -1. 1: Expression and fusion dnci~J1cjes of "iJdt)"pe 'Illd mll/'lIlt eCRS ill flOS 
cell , "ftl' r two da.\' •• ciect i"n "ith h.,,!!; r"m~' cin B. ValtL~s are expre,,~J as perc~nlag~ ,,[. 
wi ld type and resu lts are means arid standard errors calcu lateJ from three inJepcndent 
e~perimellb 

Expression 

Receptor 

W ild type 

A sp2Vai 

mean 
fluorescence 

wo 
57 D9~3 7 

Leu107Phe 1016",,53 

Arg225G ln 9219.,118 

Arg225Stop 42.D2 ~2 8 

Cj, of ce 
expressing YU2 

wo 
5367±OS 

122 25 ~8 ~ 

11817=21 1 

11.53'0.8 

85 

S6.80~ 1S.3 

143 n~23 3 

"4808~83 

32 .2':+ / .6 

Fusion 

Mole1 DU151 

'" "" S3~4t 328 1S7J±3 8 

138 57.,2S. 1 10538.,238 

1317",,479 116.35~3S2 

181 +2.9 2.8311. " 
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-1 .3 CCR5 -gp12U inlcrartiun 

I 0 J ,'knn i nc the bi lldi I)g alllnllJes of Il,e "lid 1 ype and lhe di ITerenl In utll1l recep lo rs 

I,,, grl:?'l"!, :t cO ll1l lt' lilion hlmling ,,,scIY was pc"rf0ll11cJ ' Is ing I' urilkd 1"btYIX: (" grl 20 

(m; I " I). 111 'K:2 L) ,< c,e II" stably ex pr~"lng CI H we're tr'll1s i,' ntl y t""" fecl~-J with wi I d typc" 

or mut'nt CCI{ 5 anJ i nCIl baTed \\' ith ~ t" cd cotlcentrdti on of falx: I kd / ... 111'. I ~ (" , 1 rdc cr) dnJ 

... :u'iou, CO L ocenlral ion 0 I' puri i, <x1 1'1' 121). 

-1 .3. 1 E.~IJrt·', i"u and I'u nctionalit)' ofpurit1cd ~1'12U 

I he su ht ype C gp I 20" [) I I 15 I ,q<, pUl'iikd Ii'oln i ns~d c~l l s (S 1"2 1 ) in fec led wi Ih baculo\' LrU' 

lhwugh n lent il Icctin CO IU111I1. The pU rll"lCd gpl:?'1) wa, cOLlC~lllr~ tcd with an am 'lCon ulm, 

c"nlriliJgal tiiter d,'\ 'icc (Mi llipor~) . Weslem biOI anal)'>i> \\'~, used 10 J ,'lernl int express](,n 

and inlegrily or 11", ruriti(:{i gp l :O ~nJ " ("I), ) hiL1Jitlg assay "as ,,,cd to as",ss Ihe 

runclioll:llily 01' lnG protein, \Veslem hlol "n"ly, i, SllOWd t l,al the r ll['ill~d gl' l:O W'lS 

t~rre,sed :mJ was 'lill LnWCl ~Ilt'r tlw p'-lL' iti ~;J1i()n pr(lce" (F igure 4.-") . Since gpl:O ",<os 

purilieJ from Ll1s~Cl cell>. (['Gl'e JS Icss glyco<ybtion which re ll ee' l' lhe decre:tse m thc ,izc of 

the prote in "blair",d (97KD). TI", Lnlcn '>ity 01' t he hanJ \\i'" Im\i ,ugg~'lil1g ([ml llle 

concentr:nion oflhe prolein w,e' lo w, Th is \Vas COllti['med by loJ, IS'\' CD4 bmd Lng ~,say 

r~v~akd th,,! 11-", purili ed gpl20 waS rUllC1W,ml sincc it coulJ bind CD4 expressd On lhe 

S\lrt'l~e of III .K 293 edls (Figure 4,6). gp 120 110m I(a[f J i n"renl pu ri lic:tliol c, \\~rc poolcd. 

,md r,,-~onc~JLlral~d before US~ rol' bind ing ass"y,. 
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hacul,)vin" I;'T lhr~e Jays Supernalant was wllected anJ applid on l,) a knlil I~c,tin 

column, After w~shing. gpllO was elutcd with 0:-1) methy Il11 ar.opyranosiJ~ anJ 
concentr,llcJ with an J.l11 ico" ultra ~enlrirugJ.1 I'Lil~r Je\ice. ConcentraleJ prOlcin w~s 
s.:pat'J.leJ on an S I )S-I' AG F. ge I, trans I"rr",-I lO a nitnxoell ul"", mcmbranG ami mCtLbatl'd wLlll 
an H R P-cnnJ tLgated ami H I V C1lvcl opc a[ltilxKi y (B iogcncsi s'-" I'oolc. England), Protcin \\ ~s 
dctl'ctni using an EeL+ kit (Arncrslwrn. Bu,-kin~hamshir~. England), Lanc I ;lJId 2. positi\'c 
control (previousl, puriilcd function,,1 gpllO). Lancs 3. -I. ~ ,111J (, arc p"rified gpl20 
(OUISI). 

Fig"' ... · -1.(;: gpI20-(I)-I binding. HFX 2<l3 ('db ,tahly e>-prc"ing CD4 "erC inc'ubatcd 
willl puritkd gp120, Cclls "'Gre solubi li sed. eCnlTi(ugcd ~nJ supcrnAtant used t;" "'esl~n1 

hl,)t analysi, using an ant; HIV envelop~ antib.,dy. L"n~ I is the protc,n markcr.lan~s 1 and 
3. CD-I cdlswith no gpllO (ncg,~ti\'e ,'ontrol), IAncs 4 "Ild S. II LK 2')] cel ls with gpl21! (no 
1'1)4) (negali\'~ COnl""I). lanes Ii and 7. pre" 'iotLsl}' plLrillcd I'unclional gpl2Q lpositi\'c 
cumrul). \~ncs 8 an:! '! and Innes \0 And I I ;Jrc tcstcJ gpl20 110111 lwo dilferel1l pur;fic'mions 
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4,3.2 Concen! rat;" n ,,/" I'" ,"ilied ::1'120 

(\'n~llll'ali ,m 0 r' rmi lieJ SP 120 w~s 'kterm ; ned by LLI S ... \, il,lth wtndard sp 12 0 anJ 
puri ticd test gpl20 "'GrG :;,;;,lyed On the sam~ pl~tc ~nd the cl'ncentratil'n 01'111<: l~'t "Unl,l" 
w~s ~xtmp .. ,j"kd fl'Oln " standard ~mve (' I' ah" )roanee versus c'0lKcntl'~ti0n (I'i ~UI'G 4,7 j of 
st~n d"rJ gp [ ~O. 

o.o,+---~--~-~,----~---
o 25 50 75 100 125 

[9PI20] (fJ-9) 

I/i::nrc 4.7: Tn)ical spline c" .... ·c for llekrminatioll of gp120 concfnlralion. Diffc l'ent 
~on~Gntrations of stal1dard IIIV-I 111[1 gpl20 anJ pUfLiicd ,amplel wCI'G cap;ul'~d on ~tl 
LLiSA pl~t~ hy an 111\1-1 c'aptu re anti lxNY (;;e~ [nateria];; and InGthodsi, .-\ftcr bloc'king 
anJ inc lIb:J.t;'HI "i th an H RP-c,lIli ligated anti-gp 121l anti hl,dy_ an Ill{ I' su b,tr~ te W:J.S ad,kJ 
(bll~ ~olom wal obsGrvd) ~nd the I'~act il'n stoppd afler 15 l1linut~, (readion appear, 
yellow), Ahsorham'c \Vi" r~~J :J.l 4S 0nL1l \ ,plir~ ~urvG ,11' ablorb(lnc~ Wt'SUS 
n'nc'entnli on 0 i" It:J.ndard 1113 gp 120 w~, uled III ,jctcrm i l1e ~Ol1 c ~nlr~ ti('n "I' s:!lnple );1' 120. 

4.3.3 ('en" hintlin:: 

~IIP_IP binJ,> CCRS with high ~rtl nity al1 d aJJ it; ('Il "f a c'oL1lpelit(" ,"~h '" gp l20 will 

Ji;;rlace M I P- I II III a conc~mmtion depel'ld~nt manner. gr 120 l'olJ\f"'litioll bind i 11 g I'Gsul ts 

sho\\'ed that :J.Jdil;'HI ,)1' ir>crGaling l'oncentr~lIons ,l r' gpl20 k~Js to '''1- r.. 111'-I I·l 

displacemel1t f,,)m the Leu I OiPhe and Arg225 G In In ut~nt rec~ptol';; with Ie 50s of 0 ... 2 ~ nd 

0.24flr>T respenivdy (F,gure 4,8). Cdl ;;urface expression results (I' igu,~ :J.S and Table 

3.2) showed th~t these t\\'o mll\:J.nts ar~ exrre;;",J at " JlI Lia, levds~, Ill<: wild type ,~c'eptor 

al1d they hoth l 'lIs~ "ith HIV-I Gnvelopes with th~ ,,9m~ dticiel1<:Y as the wilJ l)I'" 

rec ~pt"r. H,lWeVGr. ,lur grl20 competition binding result sh()\wJ th:J.t lr., "'iIJ l-"pG 

rCl'Cpll1 r had" higher IC50 (2,j7"M) th~n these l11ut:J.l1ts. These d iiTer~n~c;; In IC5!);; ma)-
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b" allrihuled to the dift(:renc~ in "fiinili~s for gp 120 ". ill, ll", t We' III utanls sho\., ing l, i" Il<.T 

a lrnilie.' lhan t lK: " ild I)'pc re~eploL ConsrituliY'~ ~Cljvjly 01' Ar1!"22.'iC; ln did nol .~CLll 10 

pi "yawl" , n i1'. billdin1!" a 11illity si nc,' it sh,)\, ~ J SI L1l ilar affjn il} a, the L~u I 071'110.: Ill lLlanl 

"'hid, waS n"l Cl'n.,ti( lnively aCli v~, TI", i\sp2Val 111ut01111 did ,wt ,110" ~ny bind ll * 

( I' igure 4, ~) , I'ill s Illay b~ dl": III ils low .,urfac~ ~~ l'r~"io n or lack llfalfLnily I(lr gp l20 

~illce the Arg.725StllP Illutant "a.' nut nprcsscd and Wil, nOll fUnCtlOll al, nil [;1' 120 bind ing 

wa, dol'''' for lhi .' mUlan!. It sh"uld 11<; I",wever IIldicat~d llere (hat ~VCn lilou~h "" did 

mor" than lhr~e ill Jepcndelll eXI.,.,rim~nh. lk r~sul ls were n,'t r~proJ"clble alld as such, a 

j'~r",seillali w resu lt oJ' 11, . I wo mosi C·Ol\\' illc ing is pre.'ellkd. 

woo 
~ -, • • , 

c • " • c 

" " 
" 

2500 &. 

" 
_.". 

~ .--

o BO _1r.,--.~,~O--C.,;---.~,c---.~,---.~,--~ .. , 
log [gp120] 

Fig""" 4.S: gr!20 comrditio" biDlIi,,~: IIFK-CD4 c.d ls wCr~ lransienll y l rarl.,i"d~d witil 
wi Idtype r~fep(,,, (LJ l. Asp2 V al (i'll, Leu W7!'1K: ( Y j or A rg22SG In (.) 111 utant receptor., and 
iJl~ubal~d with lab" II~d c h~Jllokin" I Lgand ('''1 \111'-111 a, (rafcr) and nri,' lL, cooccntnl1 ic)I1S 
"f gI'l 2(1, 

4.4 Summa!)' 

ll lV-1 co-recept.or activity was '"J:j1~7d \lSll1 g " fu.,ion a.,.",~· and " g pl~(l-~"IlP-II) 

cllrnpclit i,)!l binding assay, For fusion assay. liDS cells expre"il1 g (1)4 were "uce,"I'ul l ~' 

tmnsicctcd slab ly with LTR-Iuc. Stable wild type and mUlalll C( 1{5 lrall-<ieclion WJ.' not 

succes-<i'ul 'I"ransielll transieclion llC wild lYI~ and mutani CCRS "'i1l1 tWll da ys sdcction 

\"ilh hy~[()JUyc in B was lL.,cd (ll g~n~mtc acc~ptor (HOS"CD4·CCRS -Luc) cells f,w fusion 

as;;a)', Fus ion r~slLlts show~d that th~ Asp2Vnl had d~creQ.,d f",io" activily for al l three 
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er]\'ol"p'" le,led, 110\11 thc Leu I 07Phc arKllhe /\r~125C;111 "I"',,"cd c()mparabl" i'u,\j()Jt "ilh 

lhe wild t','PC r~ceptor and no fu"on wa, observed for loc Al'g22SStop jlluWJtl The ,;uhlype 

(' ~llv~loJX's (l)l:151 and MOI.E Ii showed higher i"u,ioll ~mcienc" than th~ subtype 13 

cnvelope (YU2), 

1'01' gpl20 c()mpctiti(JIl binding. gpl20 w~,; I'uritied through a l~ntJi kl"lin ~olurlln, \\'~SlerJt 

hloltil1g re,u ]ls showed lhaL ~r 120 was e~pre"ed and (;{'" Id bind ('])4 (i"igure 4. 'i and -'1 .6) 

Concenlration 01" rmilied gpl20 was ,kl.ermillcJ no, EIIS.-" COI11)",lilioll bi"dillg assay 

showed Ihat gpl20 ~ould displa~e labelled \lIr-l~'\ at the Lcul(t7f'he and the Arg~~'i(;ln 

mutant receptor,; with ,;nnilar lCSO,;. rh~ Asp2Vn] did nOl sho\\' any binding in tilLS a"ay. 

Since lhe ;\r ~~25S1op Jllulam wf).'; ,,,,t ~xprcssed ~nd did "OI bind ehel11()kine ligand. ')0 

gp 120 binding was donc for lhis 111 ul ant 
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5.1 DlSCUSSIOl\ 

CCRS has iJL LT~cnl y~ar, allraekJ allenlj"n SlnC~ il wa, d i,eowr~d that it ploy, 0 

mruor role in HIV-I 1"''''''111"j,," anJ ralhog~ne, i, . r hi, crilic~ 1 ro le of CCR.5 was 

demonstrated by the tinding lhal indLvidunls homozygous le'r Ih,' c'l3? ~e'JK" vamml ,ho,wJ 

sl rong resi,lanCe' to HIV-I iilfedioLl and helcrozygoic's show pnninl prolCClioJL rmd slower 

Pl""gl"""j,," 10 AII)S (Smilh el aI., 1997) It was ai,,, sh"wn lhat Ihe ,wlu ral li!,anJs 01' 

CCR5, SOLl1 ~ ('hemokine anal"gs rmd L"'>r'''':.] ''JLal aJLll lwciies dLre'od againsl CCRS e·alL 

inhihil lllV-1 inl" c,ion (Alkh"lih el "I., 19%. Cil<'" e/ ai., 1 99fi; De'llg el ai, 1996). 

Populotion gen~lic studie, ,how lhal 1],;, .. \32 111ula,i,," is com mO ll iJL the Caucas ians alld 

ab""lll m nnT in bl,wk AI'l"ic~ns and J~pones~ po pu lm iol1 (llroder and Collmml. 19')7). 

:,tudi~, have ~I so d ~ll1 0"'1l"",eJ Ic" d L'>C asc n"ociated with intlolll ll101io11 ond r]';'un",l"id 

arlhm is for individua l, who are helerozyg".r, Ii" the c'l32 mutation (Z~p i co flo/. 2(00). 

Therdofl.' it LS of int~I"~'t 10 know 1],;, elTee.h o r CCR S mu(mions on chcmokil1e and HlV 

I·unclion. ElIaJLpnill nnd co-wo rkers jJcnt ifid i(i natu,",,1 CCRS vananlS Ln varic)IlS hllman 

populrni"J" and mlalyscd 1 hei r fllilct i 011S in term, 0 r expre"i"n, che" [Jokinc lec~plOl' and III V 

c,,-receplor I'unct ion ( l.\l on pain CI al., lI.lOIJ). [he ir resull, r~vcaled var) Ln g dl<:cts of the 

dirl"renl LrlLLtaLons on the function of CCR:i. wi lh wine mLLLall OnS hnv Ln g no ]ll~aSIIl'"hl~ 

eiT echo 01 her, Iud ico On alld i e v~l'iant, of CCR5 lhal ~ II~I l'undi"JL" ere Jone by Carrington 

and coll"hormo", bUl Ihe ,,,.,,nple sizc and the ohundance " I' varimll., mnh il ditlicilit le'r 

populalioJL ,ludics 10 be eon' i~d 0111 (CmringlOl1 cl ai, I'Nil In (ile absence' of la L"~~ 

popilloli"n ,omples il is lhe'rel"orc' imp0rlant to id~ntLry olkllC v"riallls ofCCR5 ,md pe rronn 

in vilro , I udies lO e.haraelcrize' th~m in term s of c],;,mo ki ,.", re ~~pll) r and I [I V -I co- r~c~pto l' 

l'ullction alld thLLs h~ ~h l ~ lO predicllheir c lTe'clS in l'i,'u, 

l'l'esenlly , ,ublypc C I [IV-I LS tlK" Ino,t predominant suhlypc' and il L~ lh~ LllOSt 

common ,uhlype Ln SOLLlh "Urica (McCutch~n, ~O()(); \\/i ll iamson", a!" ~O(3) , Sllbtyp: C is 

,,100 Ih.: mo,t r~I'iJly 'pr~".lil1g SUhlo'p" wOL" ldwLde (OsrHanov fI al.. ll.l1l21. SlLldi~s ilnve 

shownlh"l il1l"ClioJL 01" wOn ... 'rJ with I[IV-IC caU,e 0 , igl1 illc aL1 t rcdLLoion ill CD .. leve ls 

compared wnh lhose inli;Cl~d \vilh ,ubly!,"" A or D. ,,,,d ,ubl)"l);; C C:lI1 ~a'il) .. c'tahli,h ilsell' 

as the mojol' SUhl )'1"'" in a region tiwi hmbo lIl'S ot her sllht )'1""" (Renj i 1"0 el <"II.. I 998. ~ci I ,Oll ("/ 

al., 1999). Il I"" bce'n Show'111ho! IIIV-IC \"il'L1'~s LTIainl" usc CCRS ie'" inl<:etion of hmt 
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ce lls and mainlaLn Ihe ir CCR5 us"ge lilroughoLLl inl',,('li(ln coml'~rcrl to other sub l) I"" lh,l1 

m~ abk lo ~wikh to CXCR4 usage as di.,case )'rogr~,~, (T.'ch~t'ning e! 111. I9<!R: Idorri, fI 

aI., 200 1)_ 1 h11,'. studyi ng the I-LLLldion 0 i' CC R5 fll1d the effect> 0 j' CCH 5 variam.' in " regi(Hl 

"here IIIV·IC i> ~rC\-alcLlt may cnlllTilllL le to tile unrl~I'St~nd i ng 01' Ihe ra(l wgen~, i , and 

'~L-cad n!'.subtype C III V-I 

P~w ['sc n and collabomlo," Ldentliied ,ev.n nov. 1 CCRi mutfJii " t)s in a Ixrpulalion 01 

~r~domJrlantl} SOLLth Airican ,jc,cent (reln,el1 c/ aL 2(KI l l_ I.'our ofth~se Ill ll tat i0!lS wcr~ 

non-cons" rvative aLld \\e lhe r.i')fe pred icted th"l lh"y m"y 11,1\'e " sig l1 iti cJtlt dfect (It) the 

normal function ing of CC I{i_ Alwred CCR5 fu ncti(l tl is ~xl'ecwd to cont ['i but~ to host 

variability arrd >usccpt ibJl it} to HIV-I inJi:cti on and/or ~rogrcs"on to AIDS wi thirr this 

Ix)pLLlation This thesi.' wa.' aimed at exam",ing- the con,e'l uen('~' or the lour nOLl-

C(lnsctv,lli\'e South Afri c,m millat ions nf CCR~ nn ch.mn ki l1e re('e),lor functinn _ exrres>lon 

and III V·I C0rec~pto r funct i (111 u"i ng ill vit rn rr"'lflOd,_ 

\I"-i ld type CCIO " nd tl1 utfJtlt CCR5 were e~r reSled in a ral1ge of r~C(Hnhil1,lnl 

.' yst~m'_ Chemokine r~ce r tor runuinn., or lh~", CCR5 mLL lanl., \\~re (b~rtnlDed LL,ing both 

'ig l"tlmg and bl nd ing as.,a} .,_ A lmh, i., ol 'W resLLIt, showed that the con<;crvat l\'C ami no acid 

dmnge I'",mleuc ine to ph~n:lalan i n~ at te." lhird lransmembnme domam (LeLL I1i7rhe) did 

not "ffect fllixtionfl i rell'(ln,'e to ch~ll1o k in~, It nad 1':C501 of L\,O'J-4,')nl.,J ,md 8 7+0.1;11\1 

for MII' - I" ,md f<.Y'\T I':S r~spe('l i vel: whic'h we re c' omp~rabk to thosc 01' tl-,., wi ld I}PC 

L-cceptor{8,8±2,5nM and 9,<)5±1,69 tor .\IIP-I(J, ~nd RA"HI'S r~.\p,'Ctivel y) (ligLLre 1:J al1d 

Table 1.1), Thi .' mu tant reccpto r S l lOW~d '>imilar total binding ""d amnity (IC50 01 

1 2.3~.L:JS7n.\n as the \\Ll dt}pc rec~~lOr 115,36=6,87) (I'igure 3.7 ~JLd Table 3 I), I'he,,,, 

fil1dil1g,' sugge,,( tha i thi., residue d,,,,, nor wl1iTlbu!c lO or lS not in,.oh~d In th" 

('()n i'lCmal iol1al dumgcs that k ad to actl valion of the r~ceptor, Thus tile ~I ipbat ic nature of 

the hydrophobic si<k chaiJL of kuciLie "t position 107 docs 110t seem to he imrorlal1l for 

ligand bindil1g fll1d "ig-ml ing (If the reCepl (ll TI-", role 0 1' aromalic r~, i dues at the 

ex traccll ular bord~r nJ' he t. ('cs 2 ami 3 In n:;c~pio r activmiun has becn ,kJll<J<lstmtcd by 

(jo\'aerts and coliaiJor,ll0fs, '1'1",: slxrwed th,11 at'(lmfllic clusters fJ1 the 1'\12-'1'1<.1] inlerf"l~ 

0 1' CCR5 ar~ il1volved in chcmoklJlc-induced adi.-aL ion and interh~hca l iLlterac!ions 

sn 
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IlCCe"ar) ror contclt'lnmiollal changes in Ilw helic~s thaI m"y gOVc'r1l li gallO 'lX'{:ilicil} 

(Go',"cL"ls el aI., 21)03). [Il ll,is COnlexl. it is expcl'ld Ihal" ch,'nge ft'()l[] all aliph"tic 10 an 

afomalic r<'si(illC"1 po;,ilioll 11)7111 I \13 would c'Ilk"",e or havc Il1I le or no dk'(;l Oil eel{5 

fUllCli(~l C"I1,iltcnt wilh 11m, a similar nlllWlioll al posilLon 1(14_ al >D ill I'M1 ( [.<'O.IIO'\I'h (") 

,howed bl Ildil Lg properl ie-s S i III i la r to Ihe "ild I yp" receptor (Gov~~rl;, ('/ al.. ~0i)3) _ 

I he Arg225Gln had E(,S(}' 1,,, hOlh M[I',lu alKI RA'-:TES as the wild TypC r,xcp10r 

(Table,,1 ~nd I:igurc' ].3). Th" mulalll rL"(;eptor ,,1 ,0 'ho\\ed a siglLili~,,"t ilLnease ill has,,1 

signalillg cOlllparL'd 10 thl' "ild lyre rL"(;cplnr (, igllal in Ihe ab,,-Ilcl' 01' added lig,,,,j 

1'=1) 112')] ) U- i gULl' ].4) ThlS s I ight[ Y higher halal rcs IX)J1IC w~ s suggc';,11 Vl' or n)J " lll lLli, e 

~CTi"ilv ,iIlC~ ~x]lr~"'iol1 and m"xil11lll11 hino ing w~re wth , illlil~r 10 tho.\c' "r lh~ wild :ype 

r~~~ploL J\c-l ivnlion and sign"1 tr~n l OUclion through a GPCR Irl vol,,-s rl'amtllgc' [Jl~Ill alld 

orielltation of r~si<l Llc" hel ic ~, "nd rccc'plol' domai rl> 10 a 11o" i nkral'l iol L 0 i' th~ r~c~ph 'r wi lh 

the (; pmtc'in, Th is is lI l u~lly achi('v~d \\h~tl thc recepTOr binds 10 il.l ligalld. H"Wc'\'l'L lhc'l~ 

i, evi dctlce to SUPI:v.)t1 T Iw fa(1 tl1.1l aCT ivali on 01' inlra~d lui Qr rnc' >S'-llg~rs i 11 mallY L11l'mbl'rs 01' 

lhis rami I: nf rec'''pwrs c"n OCCll r in th~ ~hsc IJ(;c of "golliS!. Tholl~h ;'0 Ill<' rcc~ptor, tli1turalJv 

e,\hih il agolLisl inde pendenl ~cliv"lion. conltitll tive "ctivity of many I'cccptors rClull frorn 

LllutalioJL\ ()I' certain resi dues ill dilTerelLl regi(~1S 01- Ihe receptor (Colecch ia "~I aI., 19'}O: 

Kjd,lx;rg "~I al. 1992; Cohm el al.. 199.,: Ren ('{ al .. 19'13. Samama el aI., 1993: 11,\gger '" 

aI., 1995: Ana;, e/ al .. 2(01). T)pl~al ly. Lr"'lalions ilLvolvilLg Ihe .-·\sparti~iGlulamic "cid oi' 

tile DRY rnotil-have bCl'lL showlL to conkr const iluti ve' ac-livit} in many re~eplors ((" ,hell e! 

al.. 19<)J; Scheel' CI al .. 1<)<)(" " "smUSlen C! "I.. 1')<)9). III th~ ((:",Adrcncrgic I'~ccptor, 

;,y'ic'mal ic 'lLbtillilio lL of Ala~9] ln the C lnrnirml part 01 the rc'Cl'plor TO the olfh:r 19 a""no 

acids confe,,-ed variabl~ le'els of cons tillll ive "crivi!y (Kjelsberg e/ al., 1')<)2). Similar 

",uLal ioll , ilLdu~~d constitlLlive adiv ilies ill lk a ,.-<., alLd p,. .--\drer>ergic receptors ( l{ elL cl ul_ 

1')9]: Sarnama ('i "I.. [9'J3) 

C,'",lilUlivc "~livity has heen dl'molLslraled lo haw varying efl",,:s on lig"nd hindil1g 

~mnili~,. In ;,ornC j'~C~plOr>, it was ShO\Hl 10 enhance binding aflinit)- lor agond \\'h~rl'a, 

other, callIe a decrc"se in "ftiniry which may he an indic"tion of a confoftnmional shift of 

the l'xlra~dllLl"r domains !lw"lveJ ill the billd ing sit~ (Gellwr. 2()()(): J\rias e/ at.. 200:l)_ In 
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CCfl5. a rllula(ion Irom (h"~ullin~ in (he highly LOllSend TX(' motif (l"hr-~~) (U rrohn~ In 

TM2 ,'onl;'rrd Ce)]1S(iILltiw JCI;vily to ti1c rcceptor "ilh ,·a .. ;·ing a1llni lks I(JL' \h~ Jd"j;,,.el1\ 

CCI,5 li gand" \'1 Lllati on e)1" Ihi , llILTOntLle r~sidu~ 10 I ysi Ile " I >c) ,huwd a slruLlg cun,l; lul iw 

a.::li\'it.\, buT. WJS IJnpaired in it; r~spo,,",iwn"ss and shL),,~J (kCl'~",,'d ailini lle" i'l" Ille' 

n;l1.ural ligand, uf CCR5 (Cio\acrh el aI., ~001: Aria, e/ "I., 2(03), In (h~ casc oj 1h" 

,\ rgnSG ln Hlul",.,1 inlilis sludy . Ih~ ir)(."rc"",J ilJ sal ,"'1.;"i(; diJ 1101 ~jkd lIs bi",lill!, al"linLly 

J()f Mill-Ill (tigure 3.7) 

In t~rm , of expj'~ssion. the pr~sc'ncc uf (he' bu lk Ler aL"OmallC Phell"lalanine J ,d rKll 

haVe allY cfkLl On iiJlding amI lral'l ickillg oj" Ihe reC"erlor 10 lll~ SLUbc" of lll<' c~11 Tlli, 

Lllulall1 ,hOWe'll simliat' ~xpre"ion as (he' wilJ Iype reC~rlOr (Fi!,ur" .l.S and Table 3.~) Thu., 

if I h~ l,~uc"ine ill I hi" posi lion is i llvol veJ i n all;' i nlerani on Ihill il n;'cl, recerlor t'o ldillg anJ 

traITi<;kmg. i( JS hkdy (0 oc hydrophobic inlc'l'lICtiun, rcgal'diLs' oj" tlw , iZe' of the 

hydrophobic" group, I'he mulaTion (Arg225Ci ln) at 11", IhirJ ill(race ll ulm loop also shmVC'd a 

si lll;l~r expressiJn paTtern as tile wilJ (,Ve r~ceptor (l'igure .1.~), A ,imililr expression resull 

wa, obT.ain~d for ~n aL'giniJlC to glutilmine Illutation m pc)si1.ion n:; (Arg223l;llll in Ih~ ,all1~ 

r~£;ion of the receplOr. rnis ,ugg~s(s Ihat th" p"sitiw charges of the 'lrginill~s ill Ihese 

positions 1ll.1) Ilc)T i">c ill1port"llt for l\XTptor fo lding .Jlld trnffickin g Tel tlw (Tli surhce. 

Buth the Leul07Pk ~nd tile AL'!,225Gln , I'x)\wd simLiaL' fusion rnull> J, Ihe wild 

I;Ve I\X:cptor (Figut"(" 4.4). Til is ,ugge,t, 1.1.1TT.nC Jlllil'" ,1("i(1 CilJ1lge' ~t rhe S(" posiIIO,." ~i d 

1101 aller (h" cULlI'llll .alion oi' 1i1c L"LceplOr IIe'Lessary j(lr in (erae (ion "'lh Ihe I IIV - I c'nvel ure 

prulLu1. The l'd·"L"e'. ll.e I'u'wl\ dlici~Lll'Y ul'(he' CCR5 rc'l'~p(oL" "'J' uol al1(;l'l~d be-' dlhe'[ Ihe 

rresenc"e uf a large h"Jrophohic" side ch'lill ,iT. p"s>lion 107 at Ihe ThirJ 1",msmemnraLIe' 

domain or a g lUlamiLl~ al posilion 225 allh" 1hird inlracdlular luop, 

1 he mUlalion involvillg a challge Ir01\1 a chaL"g~d a'pmlic acid r~,idtL" al til(; e'XIL'elll~ 

~-I~rminu, {posilion 2) 10 a hydrorlKlb,c v~lir'" re'>Ld uc (A,p2Val:1 CJtls~d (ker~~S(" m 

funeliuLl~1 ['~spc'nse to chemokine (Figure 3.3), I'h is IllUTilnT. rec~pwr showed J decre'1'e In 

both !::maxs 17506 'lnd 54')') anJ I'C5IL (2(;5+lnll~1 'Il1 J ~(jl=170.1) ''If ~llP-I" and 

RJ\I\"TES r~sf"'Lli\'dy cOlllpard to Ihe wlidlYr~ re'C~pWL' (Lmax. 14,052 ~nd 13.'191 'Uld 
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I ')9R). Thll ;, com,i,tGI,t wi th our ftLsil1n l'Gsult Cor a vn line SUbSlillllion at th is po,li t iOIl ",h ,eh 

redtL,,~d The li!sil11l ahJl lly of the " ,btype B (Yl.l2) alld subtYPG C (IdOl ,1', 1 and Dl, 151) 

ellvelopes, Thus Ihe negali ve cilnrg,G of ,,\,'p2 is impoi1nnt bOlh I'M dwmokille ''CceplOl' alxi 

I IIV·I COl'~epto,- i'lIIlC IIOIl . 

rhe mUTation at tlw lhird in lrace ll" lal' IOl1p a! po,ilion 22'i Ii-om argin i n~ to a stop 

codol1 leads 10 truncation l1 r t he receptor lea\,lll>: IU.'I live transme1ll brnne doma i",. v.'~ 

cotLld l1(ll demclllstmte nny exprc>sil1n oi' this recep l()r On the cel l surfncc. [WIl II'llU!-!!) the 

wild t,pe and thG other IhrGe mutal1lS showed illcrensed expres,ion 011 intracel lula r 

1llembrallGs, Fi\C'S ,malyoe., ca rri~d OlLI on permenb ilizecj cel ls tran,!Ccted wi lh j\rg225Stop 

mulallt sho,,~d lhallhere wa, nomcnsurah lc int racellulnr expl'c>sion l1fth i, mu lam reCGplLlr, 

I'he I1lLorescent antibody u,ed to detect cxpl'cs, ion o i' C'C'R5 (207) ill lim study IS a 

cDnliJrmmional amit:ody which bi l)(l, CCR5 ol1ly whGn it is ii)lded in a pa r',Leular 

cOI1/ormaliol1, ThcrG '-, IherGlore a possibLiity tlla! this r~cepl ()r (Arg22,~Stop) may be pr~oenl 

on lhe cell sur iace Or 011 in lrace llular m~mhraneo bUll1(ll folded in the conformation th,l1 i, 

r""oglli.,~d hy 2D7. I" terms of i'unctio", Ihi, mulalll did 'Xlt billd chemol.:ine alld did 1101 

,,110\\' any sigl1al ling re'p')l1se LO chcmokuw. Thc,e results arG comparable ",ith the resulls 

obtaincd I,'r ' hl' C'C'R5:i.32 111111al1l which ha.' Just I(-)u,- lral1.SJl ,GmbrallG domains , Tlli, L11utar 11 

\,h ,ch Ilas blYn a.ssociatcd wL11l strong res"tan,'e 10 HIV Ilas o i' ,-e~~111 eL11e rg~d 10 be a h()Sl 

genCli ~ tis\" JaClor I'm Enal We" t< ,1c Virus (WNV,l ll1 i"di()n III humal1' ( I)lamm-xi ami 

Klcin, 2006: e'las.' ~I ai, 20()6: Lim el ai, 200(i) Thus lad llf C(,R5 ~xpr~osi()n. Whll_ 

prolecting agai,',st 1[1\-,- [ infection may po,e a high ris\" in ind Lvid"a l, ill W:-.JV endl' lll l" 

arca,. 

Ili lld ing of lo l"blc I[IV· I envelope glycoprl1tcin to CCRS !'Ccep1C>rs nre generaUI 

thoughl 10 cl1rrGlatc \,ilh IhG I'u,i()n p'llGn lial 01' IhG ,.-irusGs. 11 is I -';l\\'e\~r illlr()n~n l LO n()t~ 

thm bindLllg experiments nre <Isually carried ()u t using Lt]()I)omeri~ gp l2()s whicil Jl ,ay DOl 

r~pres~l1t Ih~ acllLal role oi'the native tr i mer i~ J-:rl\-' as w~1 1 as the potential contributiol1 of the 

gp4 1 eC\()domaiJl (Cho" cl aI., I 998h). Vi ~ therd",~ compared I he l'U,l iol1 "m ci ~I1C i ~s <: usi ng 

{,ul l CIlv cl ()pe gp I (i(j) 0 i' w ,ld tIre and LIl ulallt r~~~r!Ors with binding a iTini l .i~, ror gr I 20, Our 

resull, sbl'wed lilat Ihc aiTLni ty io r Ih~ wLid lyre IT'CGpll1L' was lower thall Ihose 01' Ihe 

I ,eu [ 07 Phe and Arg2~SU In m utams wh ich ,howed simi Inr IilSion a, the wdd lype ,-eceptor. 
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The'e two Illutilllb were cxprcs<ed al ,im il"r I~v~b as the wildly!'" receplo r Thus expressioll 

was not :1 deknnming ];'l<;lor of Ihe diiferenc~s Ln aHiml). No hinding W:lS ob,cr\ed I()r lhc 

A,p~Val ""Lla lll prohabl) due to 10\\ eXprcs,ioll or low conceil iration of -h~ gpllO, Evcn 

tho ugh wc cxpc"cnccd simibr [",ion ~mciellcic, for the wild lyre and Ihe Leu 1f)7Phe and 

Arg2:5Gln mulants. we abo eXp<:ricr1<:cd a trcnd in all mulant' (~xceptthc /\rg22~SlOr 

111lJlant) lhat inci icoteci th:l1 lhe whtiiX' [3 cvelo!", I'used less e lTickntly Ikm Ihe ,ubtypc C 

~nvcloiX's (Figurc --1.41· The.,e rC.,ulls SlIN>OI'\ the foct that ,ublyiX' ( VlfU:>C, hme higher 

aHin ities Ii" CCR5 than subtyp<: R viruses suhtypo;:s (Rcni il v d al.. 1998. Nci lsoll ('I "i.. 

t'I'I'I), 

5.2 Conclusion 

r our nmural Jllutatiolls of lhe CCR~ LTc~ pt or w~rc :llwly led Ln Ihis 'Iud y. Two of the 

ml.l1alion, (l,euI07 1'1..., and Arg225GI11) produced rccerlor., (hm wCrC cxrre"cd m "L)]Liar 

level> Os the w ild Iype n:c~plor. FUl1Ctio11o l re'ponscs to ~hcm()kine ligands and b l mlJrl~ 

al'i , nilic, Ivr thesc IwO mutant rec~ptors werc comp:lfoh!e to Ihot of the wildt)l"" Th~y' also 

show~d cOlnp:Jrlhk 111\'-1 t1 lsio11 dficiency a, th~ wi ld type receptor (t'igu-e 4.4) bul Iheir 

~ltInilie, for gpl ~f) w~r~ higher than th:l1 ofth~ wild type (Iigure 4,~i It is 11olc\\nnhj Iha l 

hi IlJil1 g 01' ,0111 ~Ie I II \' - I enve lope glycorro lein (0 CCR5 recerlors are general I y lhou~lll (0 

Ix: cOlnparnble with til<: fusiol1 r>oteiltioi of the v;rll,es. It is ho\\'~ver imporla111 In note ll1" l 

hind;ng ~xr>erinx:nl' are u" , ~! l y perti,mled using InOnOIll<'r;c grl11) which may 110( rel1ecl 

the ac!m.! role oftl..., Ilativc lri ll1eri ~ Env as ,,,,II as the potcntial ~ollt r:blLtory ",Ie orthc gp41 

cnodoi11 ain (Choc el "I.. 1'1'18 b I. 

Onc mUlation (A,p2Vol) pnJduccd a receptor thot ,ho\\ ed low expression. reduClio" 

III chcJ1lokine i"d llCcd >ignalling, dccreased cl1Clnok ine hinding :l tlinily and low rusion 

efflc ie11cy' tor both I he Sll bl) pe Rand slIb(; pe (' enveio!",s. Thc I ast I'll ul at iOLl U\rgn 5 Stop) 

which trl ln c-~!e, Ihe receplor 1O ,iusl live lransmembranc domai,.s was nol exprcssed on the 

cdl sllr l'xc. did not bind tlOr rc,pend I'unctiorwlly 10 chelilOkin~ ligand" :\u iu, iun :lClivity 

wi" ob,erved for this mUT:lI1 T rec~ptor. 
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rogelh~r, th~ s~ results sugges1 differ~n1 etTecTS or- llllnalions on lhe rlillOionll1~ 01 

CCR." both os 0 ch ~mo~inc rcc~plor and as an HI\'-I co-r~ceplOr. b'en lhough son", 

Il1u1ot ions diJ 1101 hav~ any cl't"c! on rl~ld ion, Ll LIla} be' Ix,_,,,hk lhm some ,Iighl 

modifk'l1ions ofth~ propcnics or the rc~~plOr may have o~~urred lhal could nol n.e deic'cle'd 

by lh~ assays pcrl'o n\1~d, 11 is abo oi' Ln l~r~sl 10 nok' that ~xI"'ril11enh r"'rlorl11~d i.~ l'i1,.11 

may giv~ an ind[~allon oi'thc runc!ioning ol'the'sl' r~ce'plo,-, bUI may not n~~e'ssarily rdk~1 

Ihe an",,1 el1"n.\ in inJividuals carry ing these mlJ1otions, Ilow~\'er, our in v;1I'0 s1udi ~s 

suggc"(s thai indiv iduals "ho are h0l1107ygous ~or the Asp2Vall11U1"tion might sho\-" l'~d llCed 

obility for their CU,S to bind ChenlO kin~ which also Icads to d~cr~as~ ill signalEng IllnClion. 

Th~)-' ",ill also show d~cre"sed abil iTY of their CUZ5 10 bind gp 120 and dccrcased abilil}' or­

Their CCR5 10 mcJiate HIV fusion ItKlividuals homozygous lor tilC i\rg225S10p mutant. as 

Wili1 lhe CCR5c'132 Il1u1ation will t>c rcsislant 10 HIV LrlIC~1ion, [,Iwir Cl'R5 will be nOIl­

functional. 

II \\111 he ol-inlerest to do a "iun populallon aLlaly"s oi'lhe,~ rnuta1wns Ihat sho,,'ed 

alll'ration 0 I' CC R5 I'unc lions (0 dd~rminc' Ih~ c'ITc'cl 0 I' homo7ygOl,-,i l y and he'wro/ygollsily 

Oflh~s~ mUlalions on 111\-'-1 infc'clion and pm"n'ssionlO AIDS 

99 
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