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1.1.2 Current Status of the Epidemic 

The AIDS crisis now surpasses the worst-case scenarios predicted a decade ago. More­

than-20 million people have died globally of AIDS since mY/AIDS was first reported in 

1981. In the year 200] an estimated number of 5 million people became my infected of 

which 800 000 were children (Figure 1. 1). 

Sub-Saharan Africa. 

Sub-saharan Africa is the worst affected regIOn in the world. However, in certain 

countries there are hopeful signs that the epidemic might be controlled. Uganda for 

example has seen reduction in prevalence rates and Senegal has controlled its epidemic to 

below 2%. Positive results have also been observed in Zambia with its focus on HlV 

prevention among, farmers, schools and religious groups proving successful (Agha, 2002; 

UNAIDS, 2002). 

North America 
950 000 

Caribbean 
420000 

Latin America 
1500000 

Western Europe 
550 000 

North Africa 
& Middle East 

SOO 000 

Sub·Saharan 
Africa 

28 500 000 

Eastern Europe 
& Central Asia 

1000 000 

East Asia & Pacific 
1000000 

South & 
South·East Asia 

5600 000 

Australia & 
New Zealand 

15000 

Figure 1.1: Global estimates ofHJY/AIDS epidemic at the end of 2001. (Report on the 

global mY/AIDS epidemic, UNAIDS, 2002) 

However, in some countries III southern Africa the epidemic continues to Illcrease. 

Prevalence rates in Botswana from pregnant women in urban areas rose from 38,5% in 

1997 to 44,9% in 2001. Similar patterns are visible for Zimbabwe (29% in 1997 to 35% 

5 
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structure of a given virus, this event can lead to genetic transformation of the host cells. 

Retroviridae is the only virus family known able to transform host cells and produce virus 

remaining present in cells without any signs of infection. Retroviruses have frequently 

been isolated from birds and mice as well as from other species, including humans. 

(Levy et al., 1994). 

Genus Lentiviruses. The International Committee for Taxonomy of Viruses 

(ICTV) has sub-grouped the retroviruses into seven genuses. HIV belongs to the genus 

lentiviruses. Lentiviruses (Latin lenti: slow) obtained their name from the long 

incubation period from infection to disease. They are typically characterized by the cone­

shaped morphology of the virus core and distinctive morphology at the budding stage. 

Human lentiviruses can be genomically distinguished from other retroviruses in that they 

contain five accessory genes in addition to gag, env and pol genes that are common in all 

retroviruses (Levy, 1994). 

1.2.2 Virus morphology, genomic organization and life-cycle 

~~~~~~m-------i~ f-llV virion 

Surface Membrane 
M---1~ 

"'--''''!---' Cone shaped core 

Figure 1.3: Electron micrograph of the HlV sphere (± 1,000 angstrom 

units, one tenth-thousand of a millimeter across), enclosed in a membrane 

(Adapted from Gallo and Montagnier, \988). 

Morphology. 

HIV is approximately IOO-IS0nm in diameter. It is roughly circular in shape, although 

may vary from oval to a somewhat irregular outline (Levy, 1994) (Figure 1.3). Encasing 

the virion is the envelope, a lipid bilayer that is acquired from the host cell. Protruding 

through the lipid membrane are numerous viral glycoprotein spikes. These envelope 

13 
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spikes consists of two combined glycoproteins, the surface glycoprotein (SU), and the 

transmembrane glycoprotein (TM). The matrix protein (MA) membrane composed of 

additional structural proteins, is located underneath the envelope. The inner capsid (CA) 

of the virus is characteristically cone-shaped and is the main distinguishing feature of the 

virus under the electron microscope. The capsid contains two coiled strands of RNA (the 

viral genome) together with the viral enzymes; reverse transcriptase (RT), protease, 

RNAse and integrase (Barre-Sinoussi, 1996) (Figure 1.5). 

Genomic organization. 

The ssRNA is reverse transcribed into dsDNA which, when integrated in the host 

genome, is referred to as the provius. The mv proviral DNA is ±1O 000 nucleotide in 

length and is flanked by two identical long terminal repeats (L TR) promoter regions 

(Figure 1.4). The mv genome has three genes in common with all other retroviruses 

gag, env (coding for structural proteins) and pol (coding for viral enzymes). In addition 

the mv has a clustered area in the 3' half of the genome encoding a number of accessory 

or auxiliary proteins which are virion or non-virion associated including Vi±: Vpr, Vpu, 

Vpx and Nef HIV also contains regulatory proteins coded for by tat and rev. On the 

basis of messenger RNA (mRNA), three classes of can be distinguished, (i) genome 

length mRNA, (ii) singly sliced RNAs and (iii) multiply spliced RNAs. 

IVp~1 
6070 63·02 

G04S 

1 Gag ~ ·~i----------i.I~w2 'I 
5044 5622 ~3 6048 · 8J(J8 t1663 

Figure 1.4: IDV-l genomic organization (Adapted from http://hiv-web.lanl.gov) 
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Figure 1.5: HIV structure (llttp:llwww.critpalh.org/aric/1jbrary/img002.hlm). 

Structural proteins and viral enzymes. 

Gag. The gag gene is located at 5' end of the genome and the p55 Gag 

polyprotein (55kD) is translated from genome length RNA transcripts. P55 is cleaved 

during or shortly after virus budding from the cell by mv -1 protease (PR) mediated by 

recognition of a myristylated N terminus (Gottlinger et ai., 1989; Spearman et ai., 1997; 

Zhou and Resh, 1996). Proteolytic cleavage yields mature Gag proteins, p 17 matrix 

(MA), p24 capsid (CA), p7 nucleocapsid (NC), p6 and two small spacer peptides pI and 

p2 (Farmerie et ai., 1987; Kramer et ai., 1986; Krausslich et ai., 1995; Pettit et aI., 1994; 

Wiegers et aI., 1998). The P 17 matrix protein plays a role in nuclear localization of the 

pre-integration complex (PIC) (Kiernan et ai., 1998), RNA binding, transport of viral 

RNA to the plasma membrane, antigen, particle assembly, regulation of lymphocyte and 

lllV-l replication (De Francesco et aI., 1998). During later stages of the mv life cycle 

p 17 is involved in Env incorporation into virions, transportation of precursor polyproteins 

15 
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dividing cells in G2 increasing virus production (Bartz et aI., 1996; Di Marzio et aI., 

1995; Heetal., 1995; Jowett et aI., 1995). 

Life-Cycle. 

Both viral and cellular proteins regulate IDV-1 replication. The precise ordering of steps 

in the lifecycle has not been definitely determined and multiple steps are likely to occur 

in a concerted, simultaneous fashion (Figure 1.6) . 

• 1 
Release 
I 

Plasma Mp.mh,l'fUllP. 

Figure 1.6: The HIV-1 replication cycle. (1) Adsorption and penetration. This is through attachment of 

virus gp 120 to the host cell CD4 receptor takes place. Binding to gp 120 triggers a gp 120 confonnational 

change exposing a co-receptor binding site and allowing gp 120 to bind to a co-receptor. This in turn causes 

an additional conformational change within gp 120/gp41 allowing insertion of gp41 three coiled N tenninal 

fusion peptide into the host cell membrane. Membrane fusion between the lipid bilayer of the virion and 

the host cell plasma membrane takes place. Now the viral core or nucleoprotein complex is released into 

the cell cytoplasm. (2) Uncoating and reverse transcription. Inside the cell, the viral core releases its 

viral RNA and enzymes where reverse transcription of the vRNA takes place through RT. This generates a 

double-stranded DNA copy (cDNA) termed the preintegration cDNA complex (PIC) which is transported 

to the nucleus. (3) Integration. cDNA is integrated into the host cell chromosome by IN, this is tenned 

the provirus. The provirus may remain latent for years but produces viral mRNA transcripts through host 

19 
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cellular enzymes upon activation. 
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D,GroapO, mv -2 

B,F,BIF,c 

B 
A/B,A~C,D,F,G,H,J 
AlGA, GroapO ,IUV -1 

C,AIE 
B,B/C,mv-2 

B 

Figure 1.7: Geographic distribution of HIV-I types, groups, subtypes and CRFs. 

The estimated distribution offllV strains in sub-Saharan Africa, West Africa, Asia, 

Europe, North and South America, and Australia are shown. Size of type relates to 

relative abundance. AlE, CRFOI_AE; NG, CRF02_AG; NGfI, CRF04_cpx; AlB, 

CRF03-ka1153; B/C, two different CRFs (potentially CRF07 _ BC and CRF08 _ BC) 

(Adapted from McCutchan, 2000) 

A/rica. The most common subtypes circulating within Africa are A, C, D and 

CRF02_AG (Carr et aI., 1999) (Table 1.2). Substantial prevalence of subtypes F, G, H, J, 

and CRFOl_AE have also been noted. In contrast to Europe and for most of America, 

sUbtype B is considered a relatively rare strain in Africa. Other rare subtypes in Africa 

include a variety of other recombinants as well as groups 0 and N. All group M viruses 

have been found in central Africa. Indeed Central Africa harbours the greatest variety of 

subtypes, lending evidence for central Africa as the epicentre for the origin ofHIV. West 

Africa harbours mostly CRF02_AG and G (McCutchan et at., 1999), and in some 

countries such as Cameroon group 0 viruses are found at low frequency. HIV-2 is more 

locally spread in the northwestern part of Africa, i.e. the Ivory Coast and Guinea-Bissau 

(Kanki et al., 1994). In Southern African countries such as Zambia, Zimbabwe, South 

Africa and Malawi, as well as Ethiopia, Eritrea and Somalia, subtype C dominates 

(Figure 1.8). Recent studies have indicated that recombinants are much more prevalent 

than originally thought in Africa, constituting up to 40% of infections in countries such as 

Tanzania and Kenya (Hoelscher et al., 2002). 
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c:::J -c::::::J 

c:::::J --c=J --
Figure 1.8: HIV -1 subtype distribution and abundance in Southern Africa as determined 

from the number of published HIV-1 genomic >300bp fragments in gag and env. 

1.2.5 IDV-l Variability 

VariabHity in perspective. 

A 

B 
C 

D 

G 
J 

CD 

AGJ 

AG 

AC 

The HIV -1 genetic diversity js greater than anythlng described for other human viral 

infections studied. Currently, strains within a single individual (intraperson) can differ as 

much as 10% in sequence (Kuiken et al., 1996; Shankarappa et al., 1999), while between 

subtypes (intersubtype) distances can be as much as 35%. A few amino acid changes in 

the envelope glycoprotein of influenza virus can be sufficient to trigger a new epidemic 

(Beirnaert et al., 2000; Berman, 1998); re-assortants of influenza virus envelope genes 

can lead to devastating pandemics (Dowdle, 1999; Raymond et al., 1986; Taubenberger 

et aI., 2000). A less than 2% amino-acid change can cause a failure in the cross­

reactivity of the polyclonal response to the influenza vaccine and necessitates changing 

the vaccine strain (Gaschen et al., 2002). Therefore, even within a subtype 

(intrasubtype), the extent ofHIV-l genetic diversity that varies up to 20% in envelope 

29 
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binding of DC-SIGN to gp120 envelope (Lue et aI., 2002). DC-SIGN is not exclusively 

required for yjrus capture by dendritic cells (Turville et aI., 2001). This function of DCs 

has an advantage in transporting whole pathogen to where the immune system can best 

see them, but becomes less advantageous to the host when the pathogen, like mv, can 

infect and destroy lymphocytes. In this fashion mv exploits the migratory nature iDC 

and T cell recruitment of moc by being captured by DC-SIGN onto Des at the mucosa, 

traveling to the lymph nodes to release infectious particles in to the midst of activated T 

celis, establishing infection in the host. 

OrgztnW!d :::;,ea:n:!iII)' 

t.f1llJhcd bzl.l!! 

L'I"lfllh 
CCf1Ipllrfmffil 

Figure 1.9: HIV-I transmission and uptake by DCs. (a) Sexual transmission through 

mucosal epithelia (b) Productive infection of iDCs and CCR5+ Th cells by M-tropic virions 

as well as HIV capture through DC-SIGN (c) Activated DCs carry HIV-I to lymphoid 

tissues (d) Interactions between mDCs and CD4+CCR5+ cells leads to efficient 

propagation of infection within lymphoid tissues (e) Generation of HIV-l specific CTLs. 

Destruction of HIV-I infected Th cells and DCs impairs generation of CTLs specific for 

HIV -I facilitating viral persistence (f) Migration of HIV -I specific CTLs to sites of 

infection (Adapted from Sewell et aI., 2(01) 
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serum samples pre- and post-seroconversion with estimated dates of seroconversion were 

colJected from 150 seroconvertors from a factory workers cohort . 

.. ~ 
. . ~ 

Figure 2.1: Map of southern Africa indicating geographical origin of 39 samples employed 

in this study 

Malawi: Samples from Malawi were taken from a follow-up study conducted by 

the Johns-Hopkins Project in Blantyre at the Sugar Corporation of Malawi (SUCOMA) 

estate. mv incidence in men from this cohort is approximately 21 %. A cohort exists of 

1 600 men who have follow-up visits every six months. 

Zambia: An NUl-funded, observational discordant heterosexual couple cohort in 

Lusaka was recruited. This study consists of 600-700 enrolled couples. 

Patient demographic data and clinical information was generated as part of the mVNET 

028 study by co-investigators. Demographic data collecte<L include<L age, sex, date and 

origin of sample collection (Table 2.2). Ethical approval for aU samples was obtained. 

Almost 80% of individuals (34/39) from this study were female. Heterosexual contact 
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Table 2.2: Velt110~~ar:lhlcdata of 39 mV-l evaluated in this 

the five HIVNET sites. 

Zimbabwe 

Zambia 

not Yes. 
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Table 2.3: Clinical data for all 39 participating in this #NOl-

Sub,jed Sample Esthnated date o~ N!1onths Ilost ~m4!+iTs ~iral Load 
mate ~'ral1smissiotl* Transmission ~llenslJi!:l~ (collieslml) 

~1l1()lIth.~'earl 

Malawi 525-00003-4 23-08-00 6-99 14 242 33812 
525-00016-0 15-03-01 12-99 15 340 53140 
525-00030-1 25-10-01 ND ND 608 8583 
525-00034-3 05-12-01 ND ND 254 12766 

Zimbabwe 536-00008-0 19-01-01 1-00 12 455 20439 
536-00010-7 13-10-00 ND ND 373 1250 
536-00016-2 11-05-01 ND ND 424 4160 

Zambia 541-00005-4 09-08-00 12-98 20 387 ND 
541-00006-2 26-07-00 2-99 17 321 3989 
541-00008-5 24-01-01 1-99 24 136 115968 
541-00009-8 14-02-01 1-99 25 318 5668 
541-00011-5 12-07-00 1-99 18 412 22706 
541-00012-6 21-06-00 1-99 17 ND 24093 
541-00014-4 02-08-00 10-98 22 357 843 
541-00017-8 17-01-01 4-99 21 443 55466 
541-00019-3 10-01-01 3-99 22 476 93697 
541-00022-8 12-07-00 2-99 17 409 50295 

SA, Durban 61500011-0 24-08-00 7-98 25 186 2204 i 
615-00002-6 17-08-00 11-99 9 215 21763 I: 

615-00004-4 01-06-00 8-99 10 527 4046 
615-00005-9 17-08-00 7-99 13 408 2136 ! 
615-00007-8 17-08-00 3-99 17 355 15916 
615-00008-0 24-08-00 1-99 19 10 1367 
615-00009-3 24-08-00 12-98 20 521 655 
615-00010-7 24-08-00 7-99 13 523 1707 
615-00012-1 05-10-00 12-98 22 299 1486 
615-00013-6 25-01-01 12-98 25 734 2062 
615-00014-9 16-11-00 1-99 22 855 108 
615-00016-2 31-08-00 ND ND 365 1520 
615-00018-5 31-08-00 6-98 26 343 3955 
615-00037-7 12-12-01 12-99 24 32 177259 ! 

615-00038-1 12-12-01 10-00 14 592 2349 
615-00032-5 12-12-01 10-00 14 255 16952 

SA, 616-00001-7 10-04-01 12-99 16 1183 2061 
616-00009-1 06-12-01 ND ND 371 15565 
616-00043-7 07-12-01 ND ND ND 105 
616-00046-1 06-12-01 ND ND 45 202735 
616-00048-6 29-11-01 ND ND 153 ND 
616-00050-3 05-10-01 ND ND 348 159 

*Estimated date of infection or transmission was taken as the midpoint between the last 

and first collection not done. 
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Table 2.5: " ...... \.1,"'" were used to V3V5 sequences and 19 to 

19 (Ji 11120 8equences ~O [\\faVS Sequences 
525-00003-4 525-00016-0 
536-00010-7 525-00030-1 
541-00005-4 525-00034-3 
541-00006-2 536-00008-0 
541-00011-5 536-00016-2 
541-00012-6 541-00008-5 
541-00014-4 541-00009-8 
541-00022-8 541-00017-8 
61500011-0 541-00019-3 
615-00002-6 615-00013-6 
615-00004-4 615-00014-9 
615-00005-9 615-00037-7 
615-00007-8 615-00032-5 
615-00008-0 615-00038-1 :1 

615-00009-3 616-00001-7 ! 

615-00010-7 616-00009-1 
615-00012-1 616-00043-7 

• 615-00016-2 616-00046-1 
615-00018-5 616-00048-6 

616-00050-3 

master 

to 
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674bp 

Figure 2.2: V3V5 nested amplicons, amplified by DR-7 and DR-8 (674bp) and visualized 

after 2% agarose electrophoresis lh at 120 V. Molecular weight marker 6 (Roche, GmbH, 

Mannheim, Germany) is in lane 1. Lane 2,615-00037-7; lane 3, 615-00032-5; lane 4,616-

0001-7; lane 5, 616-00009-1; lane 6, 616-00043-7; lane 7, 615-00013-6; lane 8, negative 

water control and lane 9, positive control. 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 1 

~ ____ E_W_B_· ______ ~II~ __ E_DV __ D __ A ____ ~~~~~~~~~ 

Figure 2.3: Gp120 nested amplicons, amplified by Env AE (702bp), Env B (521bp) and 

Env DA (594bp) visualised by 2% agarose gel electrophoresis for 1h at 120 V. Molecular 

weight marker 6 (Roche, GmbH, Mannhei.m, Germany) is in lane 1. Lane 2, 8 and 14 

contains 541-00011-5; Lane 3, 9 and 15, 541-00012-6; Lane 4,10 and 16, 541-00014-4; 

Lane 5, 11 and 17, the water negative control; Lane 6 and 7, 12 and 13, 18 and 19 are 

positive controls, the second positive control in each fragment Oane 7, 13 and 19) were 

performed on a mixed population of HlVs explaining the double bands observed in some 

cases. 

2.3.2 Phylogenetic Analysis 

Phylogenetic analysis of 19 gp120 and a total of 39 V3VS sequences were performed. 

All gp 120 sequences grouped with subtype C reference sequences (Figure 2.4) with 

similar results for V3VS (Figure 2.S). One Zambian V3VS sequence, S41-00017-8 was 
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an exception grouping outside of subtype C with a bootstrap value of 90% (Figure 2.5). 

We could detect clusters of sequences that grouped together according to geographical 

origin in samples from South Africa in both trees. However, these clusters were not 

supported by significant bootstrap values. There was no evidence of contamination, as in 

both phylogenetic trees generated from V3V5 and gp120 sequences, we found no 

interpatient sequences to be identical and no tight clustering of patient sequences with 

reference sequences. 

South African ~15-O0011 -0 525-00003-4 
Subcluster 615-000 -5 536-0010- 615-0000~ 

615-00007-8 615-00012-1 
615-00002-6 .1 . .9 N 8 615-00008-0 

541-00005-4 615-00005-9 
C.BW96.502 615-00010-7 • Zambia 541-

K.CD.97.EQTB11C 

615-00016-2 • Zimbabwe 536-
• South Africa 615-

615-00009-3 • Malawi 525-

t~c;;;===========C. BR.92. 92BR025 
1 C.ET.86.ETH2220 

A1.UG.85.U455 

100 

::>:;~~~-~_""""'i'i;::::~ _____ A1.KE.93.Q23-17 

A1.SE.94.SE7253 

1. UG. 92.92UG037 

.US.90WEAU160 

D.UG.94.94UG1141 

D.CD.84.84ZR085 
.CD.83.ELI 

D.CD.83.NDK 
F1.FR.96.MP411 

Figure 2.4: Phylogenetic tree analysis of 54 gp120 sequences, 19 from this study 
including 11 from SA (prefix 615-), 1 from Malawi (prefix 525-), 1 from Zimbabwe 

(prefix 536) and 6 from Zambia (prefix. 541-) and 34 reference sequences. Neighbor­
joining trees were constructed using SIVcpz as an outlier; bootstrap values >75% out 

of 100 replications was represented on the branches. 
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• Zambia 541-
• Zimbabwe 536-
• South Africa 615-
• Malawi 525-

Figure 2.5: Phylogenetic tree of 73 V3V5 
sequences, 39 from this study (16 from Durban 
SA, 6 from Johannesburg SA and 4 from 
MaJawi, 3 from Zimbabwe and 10 from Zambia) 
and 34 reference sequences. AIl subtype C 
sequences are indicated. Trees were constructed 
using the neighbor-joining method and SlVcpz 
was used as an outlier; bootstrap values >75% 
out of 100 replications was represented on the 
branches 
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2.3.3 Genetic Distances 

Gp120. 

The intersubtype diversity calculated for 34 subtype reference sequences included in 

phylogenetic trees, ranged from 14,6%, (between subtype B and D), to 21,4 % (between 

subtype J and F). Intrasubtype C diversity of sequences from Africa, n=115 (including 

20 gp120 sequences generated in this study) ranged from 2,9% to 14,2% (mean 9,9%). 

The pairwise genetic distance between the 39 southern African IDVNET sequences 

generated from this study ranged from 7,6% to 13,1% (mean 10,6%) (Table 2.6). Similar 

ranges for intrasubtype C sequences were found when including a complete analysis of 

all sequences available from South Africa as well as sequences from other southern 

African countries such as Zambia and Botswana (Figure. 2.6). 

- - -

Intrasubtype C Gp120 
16 15,7% 

14% 
14 13.1% 

12,3% 

12 ro
•
6
% 

Percentage 
10 nucleotide 

difference 
8 8.8% 

7,6% 7,1% 6,6% 
6 

4 

Figure 2.6: lntrasubtype C and intrasample nucleotide diversity across the gp120 region. 

Values are in percentage nucleotide diversity. 

V3VS 

The mean intersubtype genetic distance between t\1e 34 reference subtypes in V3V5 

region ranged from 20,6% between subtype B and D to 30,2% between sUbtype D and 1. 

Subtype C was the most similar to subtype A with a nucleotide distance of23,3% and the 

least similar to subtype G with a nucleotide divergence of 26,5%. The overall mean for 

intersubtype genetic distance was 24,6%. The V3V5 pairwise genetic distance between 
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subtype C sequences from Africa including samples from this study (intrasubtype) were 

calculated and ranged from 4% to 20,4% (average 12,6%). (Table 2.6 and Figure 2.7). 

The genetic diversity among IDVNET southern African sequences ranged from 8,1% to 

24,7% with an average of 14,5%. When excluding the Zambian outlier 541-00017-8 

from our calculations the pairwise genetic distance range changed from 8,1% to 19,6% 

(average of 14,1%) (Figure 2.8). 

A 
B 
C 
D 

Subtype F 
G 
H 
J 
K 

1 
Percentage 1 
nucleotide 
difference 

Subtype 
A B C D F G H J K 

0.246 
0.233 0.248 
0.264 0.206 0248 
0.264 0.247 0.244 0.276 
0.254 0.285 0.265 0.293 0.251 
0.246 0.271 0.251 0.291 0.283 0.268 
0.285 0.278 0.235 0.303 0.280 0.244 0.267 
0.295 0.245 0.259 0.276 0.239 0.282 0.278 0.289 

Figure 2.7: lntersubtype genetic distances for the V3V5 region of the HJV-I 

genome of 34 reference subtype samples from Los Alamos mv Sequence 

database (http://hiv-web.lanl.gov/contentlhiv-db). 

Intrasubtype C V3V5 

19,6% 

8,1% 

5,6% 

212% 

9% 
7,9% 

13,6% 

~3,3o/c 
12,8% 

Zambia Botswana Malawi Zimbabwe 
Samples Africa N=14" N=52 N=8 N=3 
N=3S" N=47 

Figure 2.8: lntrasubtype C and intrasample nucleotide diversity across the V3V5 region 

for all samples in this study. Values are in percentage nucleotide diversity. * Excluding the 

Zambian outlier 542-00017-8. 
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Table 2.6: Genetic diversity assessed for both the V3V5 and gp120 region between 

subtype reference sequences obtained from Los Alamos (intersubtype), within published 

African subtype C sequences (intrasubtype C) and within HIVNET subtype C sequences 

from this study (http://biv-web.lanl.gov/conlentlhiv-db). 

" / 1) :\udeotilie dirference in 11/ " :\ul'irotide difference in 
I 31 5 ('1'[ :0 

Intersubtype 20,6 - 30,3 (24,6) 14,6 - 21,4 (18,4) 
n::= 34 n::= 34 

Intrasubtype C 4 - 20,4 (12,6) 2,9 - 14,2 (9,9) 
lAfrica) * n = 143 n= 115 
Intrasample 8,1 - 19,6 (14,1) 7,6 - 13,1 (10,6) 

n::= 39 n = 19 
~ ~ 

Average % nucleotIde difference III brackets, ZambIan outher (541-00017-8) were excluded from 

llltrasample and intrasubtype C calculations. Intersubtype % nucleotide differences calculated using 34 

reference sequences. ",,"" Including IDVNET sequences from this study. 

2.3.4 V3 loop 

The predicted V3 loop amino acid sequences consisted of 35 amino acids in 35 out of 39 

IDVNET sequences. Four sequences, one from Zambia and three from South Africa had 

a single amino acid deletion each (Figure 2.9). The region in which these deletions 

occurred seemed to be clustered across an area of 4 amino acids (HXB2 numbering 319 

to 322). 

HXB2 numbering 300 310 320 330 
. . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . . . I . . 

ST C consensus CTR NNNTRK SIRI** G GQ TFYATGDIIG DIRQAHC 
541-00008-5 CTR S:N"NTRK GVR I ** G GQ VFY A.- ME ~ IG DIRQAHC 
615-00004-4 e I R NNNTRR SVRI** G GQ TFY - TND ~IG DIRQAYC 
615-00032-5 CTR GNNTRK SVR I ** G GQ VFY 1\.- ND ~IG DI RQAHC 
615-00048-6 e TR NNNTRK SIRI** G GQ VFY ATN- trIG DIRQAYC 

Figure 2.9: V3 loop amino acid alignment of fout sequences that each had a deletion 

clustered in a 5 amino acid region spanning amino acid position 319 to 322, included is the 

subtype C consensus V3 loop amino acid sequence. "-" Indicates a deletion in the amino 

acid sequence, "**,, represents two amino acids present in HXB2 but not in most subtype C 

sequences. HXB2 numbering was done relative to the CDS start of gp160. 
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The N-linked glycosylation reportedly absent in most South Afiican subtype C sequences 

site proximal to the first cystine of the V3 loop at position 295 was present in two 

individuals, one from South Afiica and Zimbabwe each. Valine was the most common 

amino acid for our samples in this position (Sanders et aI., 2002) (Figure 2.10). 

295 296 301 302 306 

* A * * * * 

322 327 332 

'" * * * 
T2l 

AI3 

V4 

S1 

F38 Y34 A38 T36 G26 D22 139 137 G39 D32 139 R38 Q30 A39 H29 C39 

Ll Fs Nl N9 E10 VI N7 Kl K6 Y10 

Tl G4 TI Ez 

R1 Az G1 

Kl Nl 

Figure 2.10: Consensus amino acid alignment of 39 subtype C V3 loop sequences. 

Boldface blue letters show conservation in all 39 sequences. Documented N-linked 

g1ycosylation sites are indicated with an asterisk (*), cystines at the start, position 296 and 

end, position 332, are indicated by a ". The sequence is numbered relative to subtype B 

HXB2 CDS start of gpl60 sequence." "This symbol indicates two amino acids present in 

HXB2 but not in any of our sequences. 
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Table 2.7: Predicted Dne:notvoe calculated accordmg to 
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Figure 2.11: Global phylogenetic relationship among subtype C HlV -I gp 120 sequences including 19 samples 
from this study. Possible subclusters are indicated. 

2.3.1 Entropy Plots 

Entropy plots for alignments of V3V5 and gp120 sequences show a large amount of 

variability across the HIV -1 env genome. Entropy is at maximum variability in positions 

with high nucleotide variability such as in the variable regions Vl to V5 and low in 

positions with low variation such as the constant regions Cl to C5 (Figure 2.12 and 2.13). 

Of the variable regions, V3 had the lowest entropy while VI and V5 had the highest 

entropy. 
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Figure 2.12: Entropy plots of sequences from this study across the gp120 region, variable 

regions 1 to 5 are indicated. 

Entropy Plot of 39 V3V5 

I I 

Alignment Position (res'idue num ber) 

Figure 2.13: Entropy plots of sequences from this study across the V3 V5 region. 
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for a population genetically diverse from the reference probe is seen by the observation of 

heteroduplex bands. HT A has been used to investigate the highly variable envelope 

region of HIV and other viruses such as Hepatitis C virus (Delwart et al., 1994; Nelson et 

ai., 1997; Ping el aI., 1999). This study used the HTA to investigate different viral 

populations within individuals characterizing both the p 17 and the C2V3 region with 

some modification of the method to improve resolution of the less variable p 17 genomic 

regIon. 

s35dATP 

• 
Denature 

and 
AT Reanneal AT 
TA 

II 
\ - Probe 

Template 

-AAT 
- TTA 

, Polyacrylamide • * Gel 1§ electrophoresi 

TT 

* 

- ssProbe 

}

HeterOdUPlexes 
HE 

-. Homoduplexes 
HO 

Figure 3.1: The Heteroduplex Tracking Assay. Complementary double stranded template and double 

stranded radio labelled probe (probe are labelled on one strand only) are allowed to denature and re-anneal. 

Upon re-annealing, homoduplexes and heteroduplexes fonn in addition to some single stranded probe 

(ssProbe). Single stranded probe bands are probe that has not re-annealed after denaturing, and 

homoduplex bands represent double stranded re-annealed sequences that are identical to the probe, either 

between two probe strands or between a probe strand and a homologous template strand. Any population 

of sequences that differ from the population represented by the probe will result in heterodlJplex bands, the 

result of annealed sequences that differ either by mismatches or by insertions and deletions (indels). On a 

polyacrylamide gel these duplexes exhibit different migration rates, with fuJly complementary 

homoduplexes migrating the fastest at the bottom of the gel and heteroduplexes migrating slower, in the 

middJe ofthe gel. The single stranded probe migrates the slowest at the top of the gel. 

It was necessary to ensure that all or at least the greatest majority of mv populations in 

the pre-seroconversion samples were detected, so that the extent of the transmitted 

population diversity could be determined accurately. In addition the likelihood of re­

sampling the same RNA molecule had to be avoided, as this would distort the measure of 

sequence diversity (Liu et al., 1996b). Amplifiable copy number was thus determined; 
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this is an estimation of the number of target molecules in an aliquot of sample that could 

be amplified for further analysis. Below this number of molecules, amplification was not 

possible. 

0.75 

Probabili~ of 0.5 
resamphng 

0.25 

o 

15 

Average number of 10 
unique templates 

5 

20 clones 

15 clones 

10 clones 

5 clones 

_-.-..".----'20 clones 

••••••••••••••••••.•• 15 clones 

t:.:.,;.;:-=-:...:..:..:...:.,.::....::..:Jo ....... _-"'"'410 clones 

.=..:~I--___ ........ _____ -; 5 clones 

o 25 50 75 100 125 150 
Amplifiable copy number, N 

Figure 3.2: The relationship between the amplifiable copy number (N), the 

number of clones selected for screening, the average number of unique templates 

and the probability ofre-sampling (Adapted from Jim Mullins). 

A number of factors detennine the relationship been RNA copy number and 

amplification product including; the efficiency of the primers depending on their design, 

PCR conditions specified, and specific binding affinity of primers for the different 

populations present in the sample. This makes some primers more efficient in amplifying 

certain populations than others. It is thus crucial to accurately quantify the number of 

mv RNA copies that each primer pair is able to amplifY for each sample to ensure 

accurate representation of the total population. We detennined the amplifiable copy 

number per primer pair per sample by a method based on an end-point dilution followed 

by the detection of viral nucleic acid (PCR-based limiting dilution assay - PDLA) 

(Mulder et al., 1994). An end point dilution of cDNA would represent popUlations 

present in the sample, as the RT reaction is not an amplification step, but merely a 

method to copy the existing viral RNA to cDNA. According to the number of positive 
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the outer reaction was performed using primer pairs Env A-f and Env A-r producing a 

1,599Kb fragment and the inner reaction was performed using primer pair Env B-f and 

Env 8-r yielding a 512bp fragment. The p 17 outer reaction was done using Gag D-f and 

Gag D-r producing a fragment of 1, 776Kb and the inner reaction was performed using 

primer pair Gag A-f and Gag A-r yielding a 621 bp fragment (Table 3.1) 

GagAf 

pl"7 - 621 b P C 2 V 3. - 512bp 

p17 p24 

GagAr EnvBr 

vpr ellv 

pol • • re V tat ne! 

gag V if • 

tat vpll. rev 

III " 1111 111111111 111111111 111111 II 111111111111111"11111111111111111111 1 II 111111 11111111111 

1000 2000 3000 4000 5000 6000 7000 8000 9000 

Figure 3.3: Genomic organization of ill V -1 showing C2V3 and P 17 

regions under investigation in this study. 
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Table 3.2: Collection dates for samples selected for inclusion into study including, viral load, 

estimated date of infection, and estimated days post infection. 

Estimated Estimated 
Sample Collection Viral Load date of days post 
Number Date Sample Description (cplml plasma), Infection infection 

Ou23 2110/98 Last RNA negative <400 
03/12198 1st RNA Positive 1,6 x 10" (log 4,2) 2111/98 30 
2711/99 1 51 Antibody positive NO 

Ou114 2118/98 Last RNA negative <400 
9/9/98 151 RNA Positive 5,6 x 10" (log 5,7) 3018/98 8 

6111/98 11R Antibody positive NO 

Ou145 15/3/99 Last RNA negative <400 
1414199 1~' RNA Positive 3,9 x 10" (log 4,5) 29/3/99 14 
10/5/99 151 Antibody positive NO 

Ou204 814198 Last RNA negative <400 
24/4/98 1 '" RNA Positive 9,3 x 10" (log 4,91 16/4/98 7 
20/5/98 1 51 Antibody positive NO 

Ou421 10/5/99 Last RNA negative <400 
11/6/99 10

• RNA Positive 5,1 x 100 (log 6,7) 25/5/99 15 
26nl99 151 Antibody positive NO 

• <400, viral loads are below assay detectIon hIDlt. ND, Not done; PreseroconversIOn 

samples imlicated in bold; VL determined by NASBA. 
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Figure 3.5: Du204 viral load fluctuations with time. For samples where viral loads were not available 
the mean between the two known viral loads were calculated, these are indicated in red diamonds 

(Adapted from Dr. Clive Gray, NICD). 

Sero-status confirmation. Seroconversion dates that were documented for the five samples 

were confirmed by an additional Cappilus test. One sample, Du 145, was also seropositive in our assay. 
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Figure 3.6: Du23 viral load fluctuations with time, For samples where viral loads were not available 
the mean between the two known viral loads were calcula1ed, these are indicated in red diamonds 

(Adapted from Dr. Clive Gray, NlCD 
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3.3.2 Total population PCR 

To analyse representative populations present in the patient, total population PCR was 

performed. The C2V3 region was amplified to yield a band of approximately 5I2bp and 

the pI7 region was amplified to yield a band of approximately 62Ibp (Figure 3.8). PCR 

was optimized for increased sensitivity and specificity such that only clear single bands 

were visualized, with no evidence of non-specific PCR. Amplicons that were visualized 

as discrete bands on agarose gels were selected for sequencing. peR was routinely 

monitored for contamination by including a positive control and water negative control 

for each reaction set of peR. 

1 2 3 4 5 6 - 7 

__ --""":""1"". 621 bp -- ----+ 512bp 

Figure 3.7: Du1l4 e2V3 and pl7 amplicons visualized after 2% agarose gel 

electrophoresis for 30min at 120V. Lane 1 contains molecuJar marker 6 (Roche 

Diagnostics GmbH, Mannheim, Germany). The Gag A-f and Gag A-r primers amplified a 

62Ibp fragment incorporating pI7 visible in lane 2 and 3. The Env B-f and Env B-r 

primers amplified a 52Ibp fragment incorporating errv e2V3 in lane 5 and 6. Lane 3 and 4, 

6 and 7 each represents the positive and negative control respectively for pl7 and e2V3. 

3.3.3 Q!!antification of amplifiable copy number from PeR-based limiting dilution assay 

To ensure that the generated amplified product represented all viral populations present in 

the particular sample, the amplifiable copy numbers per primer pair had to exceed 30 

copies. Figure 3.8 shows the limiting dilution performed of a 10-fold serial dilution, in 

this figure amplicons were generated up to a dilution factor of one in 24 (Figure 3.8). In 

all instances the amplifiable copy number were more than 32 copies. Du23 with the 

lowest viral load at ] 6 000 copies/mJ, had an input copy number of 731,4 copies and that 

was sufficient for envelope primers to generate an amplifiable copy number of 302 and 
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32 for gag primers. Ou421 with the highest viral load at 5100 OOOcopies/ml, Du42l, had 

an input copy number of 214 737copies and that was sufficient to generate an amplifiable 

copy number of 302 for both env and gag primers (Table 3.3). 

Table 3.3: Table depicting viral load (copies per mJ plasma), input copy number and 

amplifiable copy number per primer pair per sample. 

NASBA Viral Amplifiable Amplifiable 
load (cp/ml l/lput copy copy number copy number 

Sample number plasma) number Gag Env 
Du23 16000 731,4 32 >302 

Du114 560000 14933 >302 >302 
Du145 39000 1560 >302 >302 
Du204 93000 762,5 >302 >302 
Du421 5100000 214737 >302 >302 

621bp 

2 3 4 5 6 7 8 9 10 11 12 13 

Figure 3.8: PCR based limiting dilution assay of Du23 p17 (621 bp). This 2% agarose gel 

represents a nPCR of lO-fold serial dilution. Lane 2 to 11 contains dilution series of 1 to 

11152 of cDNA. Lane 1 contains molecular marker 6 (Roche Diagnostics, GmbH, 

Mannheim, Germany), positive control is in lane 12 and negative water control in lane 13. 

3.3.4 Cloning into pMOS Blue and Colony PCR 

Viral populations within an individual were cloned for screening for diversity by HTA. 

In each case where clones were selected for downstream processing the transfonnation 

efficiency surpassed 4x107cfu per (lg pUC18. The ligation positive control plates for 

most cloning steps had insert containing white colonies comprising >90% of total number 

of colonies present indicating a high efficiency of ligation. pMOS Blue clones were tested 

for inserts by amplifying the insert with gene specific primers, either C2V3 or p17 primer 

pairs, tenned a colony PCR (Figure 3.9). In figure 3.9 a Du23 p17 colony PCR is 
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visualized and out of 20 picked colonies, 17 were positive, as expected for the p 17 

fragment. 

.. ~621bp 

2345678910 17 18 19 20 21 22 23 

Figure 3.9: Du23 pl7 colony peR yielding fragments of 621bp in length. Lane 1 contains 

molecular marker 6 (Roche Diagnostics GmbH, Mannheim, Germany), lane 2 to 21 

samples or clones, lane 22, the negative control and lane 23 the positive control. 

3.3.5 Heteroduplex Tracking Assay 

HTA was used to identify clones divergent from the probe, which were generated from 

the same indi vidual. A table is included that indicates the proportion of clones that were 

identical and different to the probe reference based on migration patterns, as well as the 

number of clones selected for sequencing (Table 3.3b). A detailed description of only 

two representative HTA autoradiographs is supplied; Du145 e2V3 and Du114 p17. 

Most HTA (p 17 and e2V3) autoradiographs showed a majority of homoduplexes 

indicating that mainly one genomic population was present within an individual (Figure 

3.10). Du 114 is such an example, a single pattern of migration, with heteroduplexes in 

four of the 20 clones. Limited mobility shifts were detected in lanes containing clone 

3,29 33 and 47 (Figure 3.10). In a single individual, Du145 two e2V3 heteroduplex 

populations with two different patterns of migration were detected. One population 

represented in lanes containing clones 19, 22 and 23 and another in the lane-containing 

clone 5. In this individual, the heteroduplex population exhibiting the largest shift was 

found in three of the twenty clones and the heteroduplex representing the lesser shift was 

found in only one clone (Figure 3.11). 
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Table 3.3b: lIT A results 
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.... u .. ''' ... ~ how many clones were identical to 
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4 identical 12 8 7 total 
5- different 
2 identical 
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Ctone 3 4 5 6 7 9 12 19 24 25 28 29 33 34 42 43 46 47 48 49 Single stranded 
Number • probe 

Lane Number 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

"-
Clone 
Number 

-

Homoduplexes 
(HOD) 

Heteroduplexes 
(HED) 

Figure 3.10: Autoradiograph of Du 114 P 17 HT A. Lane one contains the total population, lane 

2, the probe or the reference by itself; the following lanes are numbered according to the clone it 

contains. Clones that formed heteroduplexes were selected for sequencing and are indicated by 

an arrow. 

t: b~ 
Heteroduplexes 

...-. (HED) 

2 3 4 5 6 7 9 10 12 13 14 15 16 17 19 20 21 22 23 

.. ~ 
Lane Number ~ingle stranded 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

Figure 3.11: Autoradiograph of Du145 C2V3 HTA. Lane one contains the total 

population, lane 2, the probe or the reference; the following lanes are numbered according 

to the clone it contains. Clones that formed heteroduplexes were selected for sequencing 

and are indicated by an arrow. 

107 

probe 

Homoduplexes 
(HOD) 



Univ
ers

ity
 of

 C
ap

e T
ow

n

3.3.6 Phylogenetic analysis 

Phylogenetic analysis ofa total of37 C2V3 and 31 p17 sequences was performed (Figure 

3. 12 and Figure 3.13) 

C2V3 phylogenetic tree. We could detect clusters of 

sequences that grouped together representing individual clone 

sequences generated from one individual supported with a 

bootstrap value of 100%. All sequences grouped within the 

subtype C reference sequences. There was no evidence of 

contamination as no sequences from different individuals 

grouped together and no close grouping was observed between 

sample sequences and reference sequences 

Figure 3.12: C2Y3 phylogenetic tree 

representing 37 sequenced clones including, 5 

from Du204, 5 from Du1l4, 9 from Du421 and 

9 from Du23 as well as 32 reference sequences 

ranging from A through K. All subtype C 
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PI7 phylogenetic tree. All sequences from this study 

grouped with subtype C supported with a bootstrap value of 

89%. All sequences from a particular individual grouped 

together and were supported with a bootstrap value of 100%. 

No interpatient sequences grouped together and no tight 

clustering of patient sequences with reference sequences could 

be observed. Sequences from within a sample showed high 

conservation (Figure 3.13). 
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OU204GItIO 

OU204G#4 

DU204G#7 

DU204G1121 

100 OU2Q.lG#2ll 

DU204G#29 
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00 

Figure 3.13: P17 phylogenetic tree representing 

31 sequenced clones including, 8 from Du204, 5 

from Dul14, 5 from Du421 and 8 from Du23 as 

well as 22 reference sequences ranging A 

through J. All subtype C sequences are 

indicated Trees were constructed using the 

neighbor-joining method and SIVcpz was used 

as outlier, bootstrap values of >80% out of lOO 

replications was represented on the branches. 
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Dtn45EProbe !I TACATCTTAATAAATCT ·TACCAATT. TA : 1\CAA ACr:C1\ e AA ' AA: ACAA AAlIA. ... L ... I AA ;\TA A<:C1\ ACAMe : C ! P."" CAACA ," ,\ 
DUl45Kl9 A ~-------------------------------------------------------------------------------------------------- -A A 
Dtn45£22 A ~-------------------------------------------------------------------------------------------------- -A~A 

DUl45&23 A T-------------------------------------------------------------------------------------------------- - A A 

Figure 3.14: Nucleotide alignment ofDul45 C2V3 probe reference sequence and clones number 19,22 

and 23 under investigation. The V3 loop that lies partly within the 99bp deletion is blocked. Gaps are 

indicated by dashes "-". 

In Du145, the C2V3 heteroduplexes observed (Figure 3.11) were confirmed to be due to 

a deletion. The three clones exhibiting a large shift each had a 99bp deletion spanning 

the second constant region (C2) and the first part of the V3 loop (positioning according to 

HXB2 gag, 858 to 962) (Figure 3.14). The heteroduplex with smalJer shift detected in 

Du145 C2V3 clone number five was due to a small insertion of6bp (Figure 3.15). 

360 370 380 390 400 410 420 430 440 
... ·1 .. · ·1··· ·1· .. ·1··· ·1· .. ·1· .. ·1 .... I··· ·1·· .. I· .. ·1··· ·1··· ·1 .... I .. · ·1 ... ·1 .. · ·1··· ·1 .. · ·1···· 

DUl45El' AA AAAA CACACT TAACATTA T/\ M T CAT ' AAT· AAACTTTACAA T----- - AAA AAAAAATTA M M CACCTIM TA ' AACAAT 
DUl45£5 M . AAAA ·CP..CACT :TMCATTA.TAPAA ·T CAr AAT AAACTTTl>.CAA - TAAi AAAAAAAAl\A.AAATTA AA .'AACAGCTTAATAAACAAT 

Figure 3.15: Nucleotide alignment ofDuI45 C2V3 probe reference sequence and clone number 5 under 

investigation showing the smaller insertion of6bp. Positioning was detennined according to HXB2 gp160, 

1035 to 1040. Gaps are indicated by dashes "-". 

In this study HT As were able to distinguish between as little as a single nucleotide 

mismatch. In Du 114 P 17 auto radiograph (Figure 3.10), the shift observed in lane 15 was 

the resuJt of a singJe A to G mismatch between clone number 33 and the reference probe 

(Figure 3.16). 

10 20 30 40 50 60 70 
.... 1····1····1····1····1····1····1 .. ··1····1····1· .. ·1····1····1····1 .. ··1· 

DUl14Gl'rabe TTTATTT ACTA C A · CTA" AA _A. A"A -AT T. C A A -c · 'TCAATATTAA A lIAAAA'lTA -AT"" 
DUl14G#33 .................................................. G ........................ . 

Figure 3.16: Nucleotide alignment ofDul14 pITs probe reference sequence and clone number 33 under 

investigation. Homology is indicated by full stop"." 
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Figure 3.17: Intraperson p 17 (dark blue) and C2V3 (light blue) percentage nucleotide diversity. 

3.3.8 Amino-Acid translation and Phenotype prediction 

Complete C2V3 and p17 amino acid sequences generated are illustrated (Figure 3.18 and 

3.19). 

C2V3. The C2V3 amino acid sequence for Dul14 was identical in all five 

clones sequenced. Du204 also had low variation with two amino acid changes of the 

total of 145 amino acids in three of five clone sequences. Amino acid sequence for Du23 

differed at the most with six amino acid changes only in clone number 12 of the total of 9 

clones. Du145 had a single deletion of 33 amino acids spanning the 3' end of C2 and 

more than half of the V3 loop in three clones, 19, 22 and 23 out of a total of nine. An 

additional insertion of three amino acids in C3 was also observed in clone number five 

(Figure 3.18). 
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pI 7. The p17 amino acid translation ofDu145 clones was the most homogeneous 

of the five individuals analyzed, with only one amino acid change between all five clones 

in clone number 2. Du204 showed the most variation with up to five amino acid changes 

in clone number 29. No indels were observed (Figure 3.19). 

V3 Loop. The V3 loop in particular was investigated for all five e2V3 probe 

sequences representing the major population present in the individual (Figure 3.20). 

300 310 320 330 
•••• 1 •••• 1 •••• 1 •••• 1 •••• 1 •••• 1 •••• 1 •• 

HXB2 N CTR NNNTRKRIRIQRG~GRAF-VTIGKIGNMRQAHC NI S 
Subtype C consensus V CTR NNNTRKS I RI**G GQTFYATGDIIGDI RQAHC NI S 

DUl14EPROBE 
DU204EPROBE 
DU23EPROBE 

DU421EPROBE 

DU145EPROBE 

E CTR ~ NNNTRKSVRI ** G= GQTFYATNGIIGD IRCAYC NIS 
V CIR NNNTRQS IRI ** G GQAFFATKD IIGDIRQAYC NI S 
V CAR NNNTRKSIRI ** G GQAFYATGAIIGNIREAHC NI S 

Y - Clone #9 
V CTR ~NNNTRKSVRI ** G~ GQTFFATGE IIGNIRQAHC NI S 

G - Cl one #2 3 
M - Clone #12 

V CTR SNNTRKSIRI ** GGQT FYATGDIIGDIRKAHC NI S 

Deletion in clone # 19 , 22 and 23 

Figure 3.20: Probe reference e2V3 translated amino-acid sequence from samples investigated in this 

study. The probe reference sequence also served as the intraperson consensus sequence. Deviations are 

indicated; the deletion in Du145 is blocked in blue, amino acid changes in clones within DU23 and Du421 

are indicated below the consensus sequence. Position relative to reference sequence HXB2 is indicated at 

the top. Two amino acids indicated by ** are present in HXB2 and influences position relative to HXB2. 

The V3 loop was identical for all clones in Du 114 and Du204. For Du23 a single amino 

acid change in one clone (number 9), an asparagine to tyrosine change (position 302) was 

observed. Du421 had two amino acid changes in two different clones, an arginine to 

glycine change (position 304) in clone number 23 and an isoleucine to methionine switch 

in clone number 12 (position 309). For Du145 two definite V3 amino acid populations 

could be observed. One population had a large 25bp deletion in the 5' start of the V3 

loop, this deletion was seen in three of the nine clones sequenced, clones 19, 22 and 23. 

The predicted phenotype in all cases was R5 (Table 3.21). 
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Figure 3.18: Predicted amino acid translation ofC2V3. Homology indicated by a full stop ".",deletions indicated by a dash "_". V3 loop highlighted. Nwnber at the 
far right hand side indicates the number of amino acid mismatches. 
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Figure 3.19: Predicted amino acid translation for p17. Homology in all sequences indicated by a full stop ".", a stop codon is indicated by a"'''. PI7 matrix 
highlighted. Number at the far right hand side indicates the number of amino acid mismatches. 
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