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categorized according to the cysteine residue sequence near the ammo terminus 

(Janeway, 2005b; Lagerstrom, 2008; Murphy et aI., 2000). These chemokines can be 

divided into four families, CXC, CC, C and CX3C based on the number and position of 

conserved cysteine residues. The chemokines denoted CXC, CC and CX3C have four 

conserved cysteines, while the C family of chemokines only has two conserved cysteines. 

CC chemokine receptors have two adjacent conserved cysteines, while in the case of 

CXC and CX3C receptors, these cysteines are separated by either one or three amino acid 

residues respectively (Murphy et aI., 2000). Chemokines have a homologous structure 

with a short N-terminus preceding the first two conserved cysteine residues. Following 

the first two conserved cysteines is a loop region, three anti-parallel p-strands and an (X,­

helix at the C-terminal end (Stantchev and Broder, 2001). There are disulfide bridges 

between the first and third and the second and fourth conserved cysteines which are 

thought to constrain the molecule (Stantchev and Broder, 2001). 

2 

Figure 1.1: Typical chemokine fold 
of vMIP-1. Viral macrophage 
inflammatory protein I is a CC 
chemokine and homolog of human 
MIP-Ia. The structure of vMIP-I 
depicts the typical chemokine fold, 
which consists of an extended N­
terminal region containing a short 310 

helix. Following the N-terminal 
region are three anti-parallel ~­

strands, an a-helix and C-terminal 
domain. The chemokine is stabilized 
by two disulfide bridges between 
cysteine residues 12 and 36 and 
between cysteine residues 13 and 52. 
Takenfrom Luz. el af (2005) 
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c----...... 
Figure 1.3: General structure of rhodopsin-like G protein-coupled receptors. The receptors 
consist of a single polypeptide that traverses the cell membrane seven times with three 
extracellular loops joining the transmembrane helices. The receptor has an intracellular carboxy­
tail terminal domain and an extracellular amino-terminal domain. There are several conserved 
residues shared between the members of the rhodopsin-like receptor family. These residues are 
illustrated in white circles with black letters. In most rhodopsin-like receptors there is a disulfide 
bridge between extracellular loops 2 and 3, illustrated by black circles with white letters. Taken 
from Gether et 01.2000 

1.3.2 GPCR activation and regulation: 

There is a high degree of diversity amongst the endogenous ligands that bind to 

GPCRs. Despite this high degree of diversity in ligands, GPCRs share a common 

activation process (Gether, 2000). Activation of GPCRs leads to initiation of signaling 

and transduction of the signal across the membrane which is mediated via interaction 

with a heterotrimeric G protein (Gether, 2000). The downstream effects of GPCR 

activation can be mediated by a number of different G proteins as well as non-G protein 

signaling molecules such as ~-arrestin (Gether, 2000). Once the receptor is activated, it 

9 
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GTP GOP 1 
Secondary messenger 

Introduction 

Modulation of 
signaling pathways 

Figure 1.4: Signal transduction of GPCRs. Agonist binding selects for and stabilizes a receptor 
conformation able to interact with the cytosolic G protein. The inactive heterotrimeric G protein 
exchanges bound GDP for GTP. Once GTP is bound the a-subunit of the G protein disassociates 
from the ~y-subunit and activates an effector protein, which in turn catalyzes the formation of a 
secondary messenger. The ~y-subunit it also able to modulate several signaling pathways, 
including activation of phospholipases and ion channels. 

Many GPCRs display a certain level of basal activity and are able to interact with and 

activate the G protein in the absence of bound agonist (Gether, 2000). It has been shown 

that conservative mutations can result in a big increase in the level of this basal 

constitutive activity, thereby increasing agonist-independent receptor activity (Gether, 

2000). Lefkowitz and co-workers demonstrated that simply by replacing the alanine 

residue, A6
.
34

(293), in the a.lb-adrenergic receptor with any other amino acid residue 

resulted in an increase in agonist-independent receptor activation (Gether, 2000; 

Kjelsberg, 1992). These results suggested that receptors are constrained in an inactive 

state by a few intramolecular interactions which, when disrupted, results in a 

constitutively active receptor (Gether, 2000). In many GPCRs the separation of 

transmembrane helices 3 and 6 is common during the process of receptor activation and it 

has been shown that inhibiting the movement of these helices with the use of Zinc(II) 

11 
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facilitate cell surface expression, three structural requirements in the C-terminal tail have 

been described which include the length of the C-terminal tail, the presence of a cysteine 

cluster and a amino acid domain rich in basic residues (Venkatesan et aI., 2001). 

Figure 1.7: A two dimensional model of the CCR5 receptor. CCR5 has a typical GPCR 
structure with the N-tenninal domain, three extracellular loops, seven transmembrane helices, 
three intracellular loops and a C-tenninal domain. Conserved residues are depicted in black 
circles with white letters. Figure taken from Opperman, 2004. 

20 
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the high resistance to HIV -1 infection by individuals expressing the CCR5 mutant with a 

32-base pair deletIOn (~-32) which results in mutants not expressed on the cell surface 

(Dean et aI., 1996; Samson et aI., 1996b). 

RANTES 

Desensitization Signaling scaffold 

Endocytosis 

Figure 1.8: Desensitization and endocytosis of the CCR5 receptor. This diagram illustrates the 
sequence of events leading to receptor desensitization and endocytosis of CCR5. RANTES binds 
to CCR5 and leads to phosphorylation of serine residues (black circles) by receptor kinases, GRK 
and PKC. B-arrestin binds to the phosphorylated receptor and occludes the binding of the G 
protein thereby uncoupling the receptor from G protein activation. B-arrestin also acts an adaptor 
protein recruiting clathrin and initiating clathrin-mediated endocytosis. Figure taken from 
Opperman, 2004 

1.4.2.3 CCR5 dimerization 

There have been a number of functional and biochemical studies that have suggested 

that CCR5 can form both homo- and heterodimeric structures (Blanpain et aI., 2002; 

Kenakin, 2002; Kuhmann et aI., 2000; Rodriguez-Frade et aI., 2001; Vila-Cora et aI., 

2000). The concept of CCR5 oligomerization has become particularly relevant since the 

suggestion that CCR5 dirnerization may prevent HIV infection (Vila-Cora et aI., 2000). 

This suggestion was based on a study where an anti-CCR5 mAb was found to potently 

24 
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or mutant CCR5 Mean counts were determined in the absence of 

while mean stimulated counts were determined in the presence of MlP-lp. Results are mean 
values SEM calculated from at least three in 

CCRS Basal 

Construct 

Wild 1 736 294 

4500 ± 1110* 

2385 ± 373 

II 940 2791* 

1 014 ± 148 

1438 ± 360 

1664 259 

1808 418 

1811 ± 368 

1378 338 

to 
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761 ± 122 
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87 13 
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79 11 
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Stimulated 
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4516±915 
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12382±3161 

4127 ± 132 
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6446 1 556 

6697 ± 2022 

1 799 ± 680 
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three IHU""I-";;llU,";;;l1L F'Y1'lF'''rlmp,nt" ... " .. "tn,-", 

to ±3 
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Table 3.2: Smnmary of ""'Tu·",~",i"'.n levels of wild and mutant CCR5 recepturs HEK 293 
nu()re:;ceJtlce of cells werc traJtlSll~ntJly transfected with wild 

mutant is as a DeI'celltaj~e 
are mean values ± SEM calculated from at least three mo.ep(moent eX})enltmmts nprtnnTlPn 

100 86 0.5 

6±1.5 8 0.5 

92 15 47 ± 6.7 

19 3 51 ± 0.8 

125 16 50± 9 

63 ± 10.4 57 11.3 

72 24 61 19.3 

43 1.6 69± 5.0 

11 1.7 46± 1.8 

47 ± 8.5 74 0.3 
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3.3: Fusion and mean fluorescence of wild and mutant CCR5 in HOS 
HOS-CD4-1uc cells CCR5 

or were mixed with HEK cells 
000) transfected with rev, and tat and gene, Mole-I. Cells were and 
luciferase was measured. Bottom To determine levels cells were stained 
with PE-Iabelled anti-CCR5 to F ACS 

mutant 

mutants "n,'lUIt-"fI <>"'''-0'''' 

low 

COIJnoared to 

it was not 
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treatment 

average numt)er 

% lln.'L"'~'''" 

treatment 

Results 

",,,,rnT"'T" was to eXlore:SSllon or to COllstrtutl 

mutant re{~enn:Olrs 

a oeJrcenuuze 
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of the wild and mutant in the absence or 
presence of inverse T AK-779. HEK cells were transfected with DNA. 
TAK-779 was added to at a concentration of 1 nM 24 hours after transfection and left in 
the medium Cells were stained with PE-labelled anti-CCR5 2D7 for F ACS 

The mean fluorescence of cells was determined in the absence and presence 
of InM TAK-779 grey The of cells was determined in the absence 

and presence of TAK-779 Results are from 
perfonned in £1urHlc,ate. 

it was to at 

tluon:sc1enc;e was 

mean 

nuorf:SClenc:e or peJrCentalge 

10Desceru:eorper'Cerlm~!e 
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3.5: Cell surface pYlnor~·!O:!O:jinn of the wild and mutant in the absence or 
presence of concentrations of inverse aj!I)Dlln T AK-779. HEK cells were U"aJ[lSU~DlJly 
transfected with reCl~ptl)r DNA. TAK-779 was added to i:la.ulU1\,i:I at a coneentration of 0.1 
hours after transfection and left in the medium oV1ernlglllt. stained with anti-CCR5 mAb 
2D7 and Results are rep,resentathre 

it must 

to 

necessary to 

to 

measurement 

Ull~U~llJ:!. £1,,",£1 "". Two ditter,ent 

was 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Results 

was 

was ""~I"~"'vU 
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10-6 

~] 

3.6: Effects of on COlnplmtlOo 
CCRS cells. CCR5 cells were incubated with a constant concentration of 
and concentrations of MIP-IB (10-11 to Total UUIUlllLj<, 

cells incubated with TAK-779 filled or without TAK-779 
underwent no wash a HEPESIDMEM wash or wash 

UntraJls11~ctc:d HEK cells were used as control and underwent a DMSO wash 

LVV" .. ,"""" at any 
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to 
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"'v ..... "'."'" ... ,, .. CCRS with mutations of 
mutant CCR5 .. ",,..,,,,.,I"n,,,,, 

VUJ''''''',"V' were mClllbated 

Table 3.3: IP cells CCR5 or mutants with 
substitutions at and Results are means SEM calculated from at least three 

Basal refers to IP in the absence while stimulated 
the presence of as it was not to calculate Emax 

for 

Basal Basal Stimulated Stimulated 
Construct 

%WT 'YoWT 

Wild 1 736 ± 294 15 684± 1198 

4500 ± 1110* 307 ± 67 4516 915 30± 8 

11 940 ± 2 791 * 761 122 12382 3 161 78± 15 

13 419 ± 3259** 811 ± 195 14187 4320 88±21 

16158 ± 4 484** 1013 ± 280 18038 6700 111 ± 33 

value is 
value is 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Results 

were to assess eX1Jn::SS1.un 
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to 31.9 ± 1 

mutant were not 

COIDJ)ctliticln UJUIU ... g assays with cells ,",,,r ... ,,.,,,, wild or mutant CCR5 

Wild 

T82K 

T82P 

eXIlre!;S1(Jln at 5 

and values obtained from MIP-
assays. Results are mean values SEM calculated from at least three 

169 307 

2350 223 

300 

1800 373 

mutants 

to conrlpare 

32.6 6.5 

BO too low to 

1.9 7.4 

20.67± 4 

30.6 13 

to 

or mutant 
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3.9: Surface ",yr.r"",,,''''' 

Results 

levels of wild and mutant in HEK cells. HEK 
or mutant CCRS and stained with PE-Iabelled anti­
Results are mean values SEM calculated from at least three 

Table 3.5: Surface Results are 
llLU'''IJ'_HUvUL eXIleriLIllfmts T'lp,.fr.,"tYI,·rI in UU~lllv.;U"'. 

construct 

6 1.5 

92 15 

51 ± 12.6 

80±21 

8 0.5 

47 ± 6.7 

48 ± 7.5 

58 ± 7.9 
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''-'''V\.lli'''-' curves were 
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3.10: Fusion 
CD4 and the luciferase "A~,r.,*,~~ 

mutant CCR5 rec:enl:ors 
were selected for 48 hours in medium vVIUWJ.lllJllo; 

HOS-CD4-luc 

5 

cells no. 

Results 

Panel A: Luciferase was 
measured as a measure of fusion 

HOS-

Mean 
fluorescence was measured to 
determine cell surface of 
wild and mutant rec:epl:ors 

Panel C: To compare fusion 
the 

was normalized 
the luciferase the 

mean fluorescence of each construct 
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Table 3.6: Fusiou efficieucies of the wild ... """nt-...... " in HOS-CD4-1uc 
cells. Values are means ± SEM calculated from at least three 
m 

CCR5 construct Maximum fusion 

Wild 11.8 2.2 100 14705 4591 

0.84 ± 0.2 4.6 ± 1.7 

16.5 4.1 135 ± 10.9 15384 4818 

1.9 ± 0.4 16.8±3.1 

134.8 ± 31.1 5545 957 

a fusion co-efficient: calculated the luminometer fluorescence of 
the construct. 
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4.1: Venn "'""·"nt,,, .. conformations stabilized 
leads to the stabilization of an ensemble of 

reCleptl)r conformations able to activate G ~H,m_'ll-'U"'.l.!a""u "15U"'Jl"'l5, but unable to HIV-l 
fusion. In addition this mutation may stabilize the in an ensemble of conformations more 

to internalization. Mutation of the Thr in 82 to Pro leads to the stabilization of 
an ensemble of and "nT"'Art 

HIV -1 fusion. U"'''jJHC4< 

our mutant 

an 

to 

to 

can 

as case HIV-l 
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