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Abstract 

Immune system '-'n"""" .... "" on HIV -1 replication the antigenic changes seen over 

time. The monitoring of 

on the nature of the 

diversification may 

and in viral u~.v"''''. 

variants nt'~·"p .... t in the .. "" ... '"'. 

Ulh,,,,th,,,t' any common features 

helps in understanding 

in sequences can provide information 

response the correlates of protection. Viral 

to other pressures as cell 

Intornoation on characteristics of 

infant are useful 

between source infection and transmitted crP.,r.I"'l1r" .. " 

the ....... v ......... o,.. of transmission and the 

pressures occurring and foHowing transmission. 

overall this study was to explore alternative me:th()ds other DNA 

SeQuetlCIr12 for the monitoring of diversity the third region (V3) the 

HIV-l env of HIV-l 

(PBMC's) from infected mother-child 

Two methods for DNA differences were compared: Heteroduplex Mobility 

Assay Scanning methods were 

validated using data. Extracted DNA from infected mother-child pairs 

were used to the V3 DNA were into 

plasmid vectors and analyzed by and BESS to establish subtype and intrasample 

genetic quantitation system was developed to 

measure copy of in to whether a 

suttlClent number template molecules were present to be representative total 

viral 

conclusion, study two (HMA BESS) as cost-effective 

alternatives to sequencing HIV -1 diversity In addition, a novel 

application of the assay was demonstrated. are on 

estimation adequate input of amplifiable copies. PCR-ELISA quantitation ,,,,,,,,pm 

.... v,,, ... u nr,~,,",pn an efficient specific metnoiu for ... -' .... 0 DNA copy number. 
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T 
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UV 
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world health 

CXCR4 viruses 
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1.1 INTRODUCTION 

than 40 .HUJlJ"H 

in sut,-S~lharan 

population 

Chapter 1: 

v"' ..... u." are l'l1T'rPf'ltl 

10 

llU'~""''''.", with of which 28.1 million 

Africa one the fastest 

mII~Ctl:;:O individuals out of a 

described in 1983 

accounts for the vast majority of 

the number newly infected 

of ~Fo1J''''''' women attt::nomg .... ",~H' ....... 

2002). The national prevalence 

South Africa at the end of 

Health., 2002]. In specific regions 

.... FoUL ...... women attending antenatal clinics 

2001 was 24.8% 

of the country 

varied from 32.5% 

developed countries a 

Cape (Table 1). In 

rate of mother-to-child transmission has 

been achieved largely due to the mtJrOOuctlon 

breastfeeding and delivery by caesarean ""',"'Uv.u. 

facilities and antiretroviral treatment is .. u ..... ",,.. 

therapy, the avoidance of 

In South access to medical 

~"'~ ....... is a common practice. 
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~""'"'-'=~ National HIV prevalence 

1990-2001 (South African 

~~"'-!.. Provincial HIV prevalence estimates: Antenatal 
1999-2001 (South African Dept. of Health., 2002). 

11 

22.4 

South 

attendees, South 
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1.2 RATE OF 

"",,,,', .. 11''''''''''11 of tra:nSInIS:SICtn rates in untreated populations is on the cohort, 

of fo]low-up criteria to pediatric infection. 

on different cannot be compared. A re-assessment of published 

a by the Group on 

(1995), to 1% 

lower rates of transmission are rp¥\nrtPt1 in Europe 

inclusion of some difference is most Hkely attributable to 

shortly after birth by postnatal transmission the number of breastfeeding mothers 

studies is South 

by the reported a 

1 % rate reported Lyon et al., (1996), 

et al., (1996), same criteria as 

trallsrrnSSlon rate 

from South 

was to 
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""'-==-=..:. Ke-assessmem of ""''''Art.'rt transmission rates direct cOlno,ms 

(The working group on mother-to-child transmission of HI V., 1995) 

Study location. children in 

study (HI V -1 status transmission 

unknown) estimate (%) 

365 1 

118 40.4 

181 40 34.0 

323 58 27.9 

218 32 24.7 

402 92 24.2 

101 

198 1 

300 60 18.3 

Study 1025 130 

480 

*included from Bobat et al., 1996 

1.3 TIMING AND RELATIVE TRANSMISSION 

Transmission can occur utero, lnrr"'n~rrlnn or post-partum 

(Simonon et al., 1994). The relative frequency of in 

is difficult to determine 

precise determination 

testing. 

DNA, RNA, 

18 u"'"."u'" (Peckham 1995). 

intrapartum or post-partum 

assessment is dependent on 

on HIV-l 

by virus detection 

antibodies beyond age of 
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1.3.1 IN UTERO TRANSMISSION 

and second has been by studies of 

fetuses from women. of cells was 

shown in 8-week et al., 1990) virus was 

et al., 1986). has been by polymerase (PCR) 

old fetuses including brain, liver or in 7 of 

(Soeiro et Simonon et using cord blood test results, 

a 7.7% in utero rate. 

1.3.2 INTRAPARTUM TRANSMISSION 

the peripartum (Peckham and seem to occur 

1995) and are 1.11""., .... ""1""\.1 to result from exposure of the infant to contaminated 

blood and/or rnn"{"\rt~'t1 by frequencies 

transmission observed infants delivered by caesarean section 

of infection associated with 

"""""'''''" Collaborative Study, 1994). In 

chUd a JH~UHI"U" pregnancy 

Africa, Bobat et (1997) reported a 

transrmSSlOn rate. 

1.3.3 POSTNATAL TRANSMISSION 

lnlectlon via the oral route by breastfeeding was first described by et al. 

presence of HIV-l in breast milk in both cell-free (Lewis et 1998; Thiry et 

and forms (Ruff et al., 1994; Buranasin et al., 1993) has been 

demonstrated. et (1994) the first 4 

seropositive women showed the pre:sellce 

could still be detected 53% of samples a year later. 

delivery, 70% 

breast milk which 

Conclusive eV]Oel1Ce demonstrating postnatal transmission was r~ ... ,{"\rt~·rI in an early study 

Van de et where who became HIV-l after delivery 
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.... " ..... ,"'u to there infants. Breast milk was the most likely source infection 

mothers were known to be breastfeeding their u .... ,w. .. ". meta-analysis by Dunn et 

uU'UUJ'''''':vu in infected women was 14% (1992), that the postnatal 

which increased to if women oec:arrle infected after 

In comparative studies of and formula-feeding by mothers, 

more than infants are by the follow up 

(European Collaborative Study, 1992); (Blanche et al., 1989). South African report 

showed a uu' ........ ~.vu rate in "'ao .... "' ... inltants ('jr\1nn~'rprl to 

18% in 

occurred 

et al., 1996). In addition, 85% of infections had 

societies where breastfeeding is common due to 

or economic TO,...",.,.,." postnatal HIV -1 is highly 

when is prolonged 

duration breastfeeding (de et ai., 1992);(Italian register for infection 

children, 1994b). Durban study, a 39% rate an exclusive 

brelastleeICl.1fl~ group compared to 24% an exc1usively .Lv ............ - .• "' ... group (Bobat et 

1997) showed that in duration breastfeeding was 

associated an increase transmission risk the rate at 1, 2 and 3 months 

from 64% to 75% resl,ec1tl' 

also been respect to of mixed L"""'~.LU'M which 

according to increases the to 50% 

compared to risk of exc1usively breastfeeding. 

transmission by 

data showed 

transmission "' ......... ", .. surviving to 3 months of 

transmission rates were seen ","Pf'll'P'>" breastfed and never breastfed "'1"I"\'l1n" 

up to the age exclusive st!t)eCl.:m~ was QlSC011tlIlUea. 
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1.4 RISK FACTORS OF VERTICAL TRANSMISSION 

1.4.1 TO THE CANAL 

SllIDlIICrunt with respect to risk infection 

IS collected on mothers delivering twins 

showing that is an for the first-born In an analysis birth 

order route of delivery the of transmission was found to 

"""" ... ",,, vaginally, followed by for 

child by caesarean and 19% for the second-born child by 

route (Goedert et al., 1991). Although genetic factors can contribute to 

susceptibility infection, discordances in status are similar m 

monozygotic (Menez-Bautista et al., 1986) and dizygotic twins (Young et 1990); 

et al., 1987); (Barlow et al., This suggests transmission may occur at 

the of to of the to blood 

secretions. Support of this stems from the observation caesarean delivery reduces the 

of transmission. CoUaborative Study, reported a 51 % in 

the rate of transmission when comparing caesarean delivery to vaginal 

(European Collaborative Study, 1994). Two from South 

similar decreases transmission frequency the caesarean delivery group (Bobat et 

1996); et al., 1 particles viral is and 

secretions (Henin et al., 1993); (Clemetson et al., yet, to u..""uu,_", 

the birth canal delivery with chlorohexidine was not shown to the vertical 

uu"uUC''''''''H rate a trial in et 1996). 

1.4.2 PREMATURITY 

Elevated of vertical transmission premature births been 

11r....,rn""<.,,, Col1aborative Study, 1992); (Goedert et 1 

Collaborative Study (1992) reported a risk infection children 

(Tovo et al., 

The ""'111"nn,p<'l" 

weeks. A 33% mtectlOn rate was observed in children born before 

before 

weeks 
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gestation 14 % children 34 Similarly, Tovo et (1996) 

observed a palttern of .. ~,..,,,_,~. transmission at less than weeks by 

of It is U11.",I.."",. 

but be a result infection utero before 

fetal development and premature birth or alternatively, 

m(n:m~r may 

transmission. 

an.,,,,, .. ,,,", the risk premature 

1.4.3 MATERNAL IMMUNE 

1 Neutralizing antibodies 

and 

oalttern IS 

leading to abnormal 

health status the 

of 

relationship h"'1'1,u"''''n humoral imlmUll1it) and IT<:u'\,;,.,.,., of is not 

It is that all mnJmts born to seropositive mothers carry maternal 

antibodies In their circulation up to 15 18 months (European 

The anti-V3 immunoglobulins to virus 

infectivity has documented in humans (Kenealy et 1989); 

.L"U,,''''''''' et al., 1988), as well as (Emini et al., 1992). 

using macaques susceptible to a chimeric simianlhuman immunodeficiency virus 

(SHIV) incorporating intravenous inoculation with 

monoclonal 24 before challenge 

complete protection 3 animals and reduced counts in 

3 animals that became (Mascola et al., 1 Hofinann-Lehrnann et (2001) 

were able to aelnOJnstra 

neutralization antibodies to 

humans, antibodies 

with 

disease progression 

three monoclonal 

were to protect neonatal rhesus macaques 

towards V3 region of HIV-I 

V"''"'AU .... transmission malLe-tQ-IernaJle and slower 

(Fiore et 1993); 

presence antibodies in A ..... '~"AAUA' blood capable of preventing 

et al., 

infectivity 

The 

been 
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investigated as a risk mother-to-child transmission, however, the true 

llm~an~c:e is difficult to establish the laboratory melmO~JS of detection are not 

standardized and results are dependent on the choice of isolates the assays. 

et al. (1993) shown an association npl'Uf~'Pn autologous 

disagreed 

et ai., 1995). Lack 

U""UH'UU".u", antibodies and vertical transmission, however, 

(Guevara et 2002); et 2000); 

of correlation between "~",un,,, ."'.u~"u to mutations epitopes and sub-optimal 

""-'''''-'''',", of isolates. It is 

neutralization escape mutants (Masuda et ai., 1 

factor was into account by a 

(1994) characterized the loop 

assays, 

peptides, found no correlation between 

mother-to-child Similarly, 

loop give to 

(McKeating et al., 1989). This 

St. et al. 

mother-child cohort 

use 

loop antibody 

antibodies in 

risk of 

milk 

were not found to be a factor of protection against viral transmission through breast 

(Becquart et 2000). Maternal antibody ability not appear to 

be involved UU.UHL,,,,JlVU risk. 

I CD4+ count 

An relationship between count and of transmission has reported 

several investigators (Dickover et 2001); et al., 1 

et 1995); (Scarlatti et al., et ai., In South Lyons et al. 

(1996) found that mothers with reduced counts at the time delivery had 

count of 

cells/mm3 vs. 

to 

The by Dickover et al. (2001) showed a mean CD4+ 

ceUs/mm3 in the transmitter group vs. 726 in non-

(n:::18). addition, COl1!loanS()ll cell count in the in utero 

group 3) vs. intrapartum group was 

suggesting increased early transmission 

cell count. The of CD4+ count may at the of 
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competence of the A ........ n .• nu system in ePlICallOn since a 

count a """,eLI""" immune .... "",,"1"\" hence inability of mother to 

control virus replication and '-'h~JU"".u to infant. 

1.4.3.3 Viral load 

Virus replication can be either by the quantitation of integrated viral gerlOTIrreS 

(Ferre et 1992), the quantity viral (Lin et 1994) or total nUll11D€::r of 

mt~~ctilous units of volume of maternal blood et al., 1994). Using more 

a single measure of load, et 

when comparing load data between transmitter (n=19) and nOl1-u'am;mlueI groups 

copies/m! was 61,960 vs. 5,757 the DNA copies/Ilg 

ofPBMC vs. 20 and number PBMCs/106 vs. 1, 

showed average viral figures utero vs. 

i.e. 146,098 copies/m1 vs. copies/mt. 

1.4.4 MATERNAL HEALTH 

Other vertical such as 

chorioamnionitus and sexually transmitted diseases (Peckham Gibb., 1995). 

Inflammation the genital tract is associated influx target and ''''l''rp",<::pti 

viral 

1 HOST GENETICS 

Investigations of whether sharing of I HLA aHeles between 1T1n'C"PT" and 

influence risk of transmission been carried out MacDonald et 

that concordant HLA I sharing was with 

transmission furthermore, showed that a stepwise increased 

concordant ..... n ... ..,". Po]ymorphisms coding 

(1998) reported 

of 

additional 

genes also playa role in of transmission. Aikhionbare et al. (2001), analyzed 
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exons 2, 6 and 7 HLA-G, Ib molecule uniquely 

expressed in extravillous cytotrophoblast interface, 

that concordance a polymorphism in exon 2 between t'YIl'.I"I"I,'t" and child was associated 

with increased risk of transmission. Likewise, the chemokine 

receptor serves as major have been shown to 

natural polymorphisms that influence . A 

U'""'''L',-"U in CCRS been shown to reduce infection. 

'-'''--'.'''J-lJ_'''- homozygotes are highly resistant to by HIV-l (Huang 

et al., 1996);(Samson et al., 1996) whereas in adults and children, CCRS-032 

heterozygotes are not protected against but to AIDS 

death compared to wild-type individuals et ai., 1 (Misrahi et ai., 

Mutations the promoter region of CCRS been with or 

."" ..... ",n'''' disease progression. The CCRS-59029-G/T polymorphism slows down disease 

(McDermott et 1998) CCR5-59029-A the 

combination (CCR5 

(McDermott et al .• 

and 59402-A) "'"'~''''.'''' ..... .,~''' UJ""""~'" progression 

1998). CCR5 polymorphism was 

linked to a cells (Easterbrook et al., An association 

... <>f-,l"P'·1"\ a polymorphism a substitution of isoleucine at position 

in the associated delayed disease progression et al., 

1998). Children homozygous for the polymorphism have increased risk 

of becoming by (Kostrikis et 1999). 

1.5 MECHANISMS TRANSMISSION 

Whether in utero, intrapartum or postnatal infection infants born to HIV-I positive 

rnATn,.,.,." is due to of the infant to infectious or cells or a 

elucidated. If is it is 

infected macrophages or CD4+ T-lymphocytes or both can be 

combination 

unknown 

involved. 

detected 

In to cell-free cell-associated virus can be 

amniotic fluid (Mundy et al., 1987), cervico-vaginal secretions (Overbaugh et 

ai., 1996) breast milk (Lewis et 1998); et aI., 1994); (Buranasin et al., 
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1993). have of LlU .. '."'H' .... as and 

Hofbauer ceUs as a possible transplacental route of infection et al., 1992); 

et 1994). et (1996) 

secretions in infected mothers and in aspirates of their infants, 

fluids or may an opportunity 

infectious to breach epithelial cell barriers in the In intestinal the 

for active of through M-cells has postulated 

et al., 1998) as well as a demonstration by Morgane Bomsel (1997), that in 

infected lymphocytes in contact with an epithelial cell can promote 

transcytosis of virus through the cytoplasm cause budding of uu.",,,,·<v,",,,, from 

1.6 OF TRANSMITTED VIRUS 

1.6.1 PHENOTYPE 

Cell and susceptibility play a role in 

Neonatal monocyte-derived macrophages from cord blood samples are more susceptible 

to infection than of adults et al., 1992); (Sperduto et 

studies that viral from infected soon birth are 

tropic for monocyte-derived "1-""'''1">'''''' (Dmetto et al., 1995); (De Rossi et al., 

of HI V-I is 

of the for chemokine receptors the distribution expression of them on 

CD4+ cells. use are X4 use 

CXCR4 and are T-lymphocyte-tropic (Berger et 1998). In \lprhl"'" traIlsrrnsSlon of 

HIV-l, the more frequently transmitted phenotypes are R5 although X4 

can less (Salvatori and 2001). C 

almost exclusively 

extremely rare (Abebe et 1999); 

and a change NSI to SI IS 

et al., 1999); et al., 2001). 
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1.6.2 

Genetic characterization of HIV-l variants present the mother her 

are useful establishing whether any common features between source infection 

. transmitted genotypes. 

and potentially on selective 

provides information on mechanism 

occurring during and following 

Several regarding transmitted genotypes comparison to 

are under study. These include whether a single or set of O'P~'''T'IT'''''' can 

transmitted, whether minor or 

transrmt1tants are from 

genotypes are preferentially transmitted and whether 

or cell ""''''V'''J,(!, .... 'u virus. 

"'LUUl~'''' of the HIV -1 env gene, analyzing -V2, V3, and 

have shown that can originate from major or minor 

the at the '''U;U"",'Vl1 (Dickover et al., 2001); et 

ai., 1998); (Ahmad et 1995); et ·1994); (Scarlatti et al.,1 

(Wolinskyet 1992). looking at env V3 and pI 7, .. "'n'At .... ' . 
transmission variants with respect to regions suggested 

1997); (Wade et 1998); (Simonon et 

(Mulder-Kampinga et a clear case transmission of multiple env 

phenotype as well as NSI strains were 

transmitted in a report by Pasquier et al. (1998). addition, source of the transmitted 

variants can be OI"'-H/"·" from either or (Scarlatti et al., 

et al., 1998). It is 1-k"""",,'l-n'''''' likely there are A1f'!-t>1',,,"nt 

pressures ut:}JI;!:IJUllIlg on the UUIllIF, and route transmission that influences the 
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1.7 VARIATION OFHIV-l 

HIV-l 

Phylogenetic various geographical re$l~lOIIS 

a high degree diversity (Los Alamos National Laboratory HIV Sequence 

Database, http://hiv-web.1anl.gov). of (M, 

NO). Group is the major and most strains responsible 1 

pandemic to this of 

HIV -1 B, C, as circulating recombinant (CRF). 

Subtypes and F further A2, and Groups 0 and 

N are minority groups containing highly divergent from those of group M. The 

most prevalent strain globally is subtype C In 

C is the strain ""~''''~''~''''E> population 

Harmelen et aI., 2001), although other subtypes such as A, G, and 

...... .,,,U,,di et 2002) as well as ,",v ... .,....",,,," and 

novel recombinant (Papathanasopoulos et al., 2002). Strains belonging to 

same can to 20% and up to between 

subtypes (Gaschen et al., 2002). 

1.7.2 THIRD VARIABLE REGION (V3) OF 

V3 loop contains determinants and cellular tropism (Shimizu 

et al., 1999) and the capacity of the to induce syncytia wolf et al., 

1994). Although regions outside of the loop may also determine coreceptor usage, it 

is possib Ie to of an by the ..... ,,,.v"'. 

charged amino acids the region (Hoffman et aI., 2002). SI variants the highest 

positive compared to variants and at positions 11 and 15 are highly 

of nhlencltvtle et 2002). C 

predominantly use CCR5 as coreceptor and are B in 

they generally do not switch to coreceptor associated with the onset of 
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AIDS (Adebe et al. 1999). Most vertical transmissions involve viruses, 

dual in rare cases, solely X4 utilizing viruses, 

have been (Salvatori Scarlatti, 2001). Recognition sites humoral and 

u-"",",u.u.,,_u immunity map to V3 (Palker et al., 1988); et al., 

Changes glycosylation pattern of envelope proteins influence antibody 

reclognlltICln epitopes (Wei et 2003). With to B 

most subtype C >1 ..... ","'" lack a glycosylation 

that 

2001) 

11 (Gordon et al., 2003). Subtype B "~ ... ,.u",,, 

involved in the of gp120 

Nakayama et (1998) found 

this site reduced CXCR4-dependent but not CCR5-dependent entry. 

the this domain, the V3 has also 

residue at 

et ai., 

the uu~"""_'" 

addition to 

by 

investigators in mother-to-child transmission studies, particularly in phylogenetic 

1.8 DISEASE PROGRESSION IN INFANTS INFECTED BY VERTICAL 

TRANSMISSION 

The 1'f)T,p"n Collaborative Study (1991), reported that an estimated 64% infected 

show laboratory or clinical of infection by 3 months of 83% 

by 6 months and 90% by 1 In addition, 26% have AIDS at 12 months. 

AIDS at a reduced rate over a number years and a proportion 

.vH.LU .. ' asymptomatic for 8-10 (Andeweg et al., 1992). No of u • ., .. ,u.,,, 

progression can course of disease in children infected HIV-l 

perinatally seems to considerably (European Collaborative Study, 1991), possibly as 

a of the route 

virulence of and the host immune response which in a 

combinatorial '""un,'" to the outcome disease infected child. 

time of transmission may influence disease progression based on reported 

associations of in utero transmission and rapid disease progression (Borkowsky et al., 
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1994); et ]996). Lalml.Jlert et (1997) have shown a 

in utero 

viral 

positive DNA test the presumably infected 

or intrapartum, progressed more rapidly to AIDS. et af. (1 

RNA in children perinatally observed RNA load 

according to whether infection was acquired early or and noted that Uh>,","''''''' 

was with RNA levels not only at but also during 

first life. Although, a high viral RNA load in serum at 

and an associated disease progression the 

size inoculum (CoIl et 

been reported 

1997), no significant 

association maternal viral load and disease progression infected was 

noted by Lambert et Jones et (1992) reported infants 

mH!C(e~Q by blood transfusion presumably exposed to a higher inoculum than 

perinataUy infants still showed degrees disease progression 

involvement of additional 

The ability of the immune system child to 

a role in ,.u",...,,,,,,,,,, progression. The 

correlates with disease progression (De 

1991). A study 

(1997) showed that viral load, i1:s:s~;;::s:st~U 

the of virus seems to 

infected 

et aZ., 1996); (Alimenti et al., 

et 

levels p24 u. .• n.,!".,-,u 

U"'~'''''''~'.VH, was associated poor growth and .,'UJUUU an investigation of HIV-l 

gCIllacrma in perinatally inti~ctt:d children by Dickover et al., proviral load 

(1996) 

p24 

of cell-associated HIV-l antigen children with 

progression. It is possible the pressure of the immune response on the 

may therefore a critical that corltrols disease prc'gn::SSlon. 

1.9 NATURAL OF DIVERSITY IN INFANTS 

It is postulated that immune pressure on replication of IS by 

changes seen over in the region to rates of 

disease nrr,rM".Oo" in children .uu.,.",~,-;u perinatally have shown that a more antigenically 
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virus population with a decline of CD4+ 

1997); (Halapi et 1997). similar pattern been in adult infections where 

DNA sequence greater diversification and a higher of 

nonsynonomous to synonymous mutations (dN/dS ratios) in slow versus more 

selection phenotypic (Lukashov et al., 1995); 

(Delwart et al., 1 have, however, contradictory viral 

to disease progression and a possible explanation was forward by 

Shankarappa et al., (1999) after completion a longitudinal of evolution 

from to advanced infected men with moderate disease 

progression. 

HIV -I Subtype B env 

and outgrowth of '--'.H.'--'."""T 

of virus 

at sequential timepoints of viral divergence within 

the founder intrasample 11";,,,. .. ,,,1",, 

to identify three distinct phases 

asymptomatic period. The phase 

variable duration was characterized linear increases approximately 1 % year 

in divergence the .LV",,,,u' ... strain intrasample diversity. The phase of 

approximately 1.8 years was characterized continued in but a 

;:)LUIU ... "" .... lV .. or in diversity. third was characterized stabilization or 

decline in as well as the continued stability diversity. The 

viruses was seen during transition from first to 

second phase were seen to at the transition between second and third 

phase. T cell abnormalities cell counts were evident at the 

transition to the third phase. This of variation seen in moderate 

progressors help contradictory data observed in other studies of 

diversity during asymptomatic the sampling have 

within one of the phases identified by Shankarappa et al. (1999) . 

.. .u"","'c',-, proJ;!;reS'SlCm are dependent on quality CTL reS.pOlnse 

IS determined 

UH..m."'~ .. '~ is critical 

I molecules. binding of peJ,:lnu~~s to I 

ec()gnmcm and killing and is highly 

dependent on primary SeQlue11Ce of the peptide. substitutions the 

peptide sequence of epitopes can reduce binding strength peptides to 
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molecules or abolish v ........ ,'1'> completely. '"-'v' ...... ''''. et al. (1997) showed in HLA 

identical hemophiliac infected from a common contaminated blood product, and 

the same 1 quasi species, CTL revealed that one twins did 

not reS1P0l1Ic.1 to two ImmUmOiQomunaru epitopes 

reason was due to }!;eIlerlC mutations 

to which other respond. 

coding regions. A finding in the context mother-to-child transrmSSIOn was 

reported by Goulder et al. (2001) where mothers expressing who 

respond to a highly-conserved B27-restricted epitope transmitted 'l~r'l~ntc;: to their 

children that failed to HLA-B27. The aU,,.Ul ... ,,,", viruses were found to contain 

mtUal10rls within 

Transmitted variants 

eDlltO[)e ""\.LUl!". sequences, ' .... auul'!". to immune mother. 

,,11"11"\','"' stable and the The 

of virus in infected thus be context 

disease progression and immume function. 
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CHAPTER 2: MATERIALS AND METHODS 

1 INTRODUCTION 

For subtyping anaJysis of DNA sequencing is preferred but is 

expensive labour-intensive. Alternatively, heteroduplex mobility 

develope~ by Delwart et al. (1993) a rapid cost-effective to subtype 

and display the of amplified by PCR. second 

alternative method available diversity is Base J...;"-",>",>VH 

Scanning or Technologies, Madison, USA) which '~_.".".A_" 

residues on one strand of DNA amplified PCR. method can be used to 

map thymine on both strands thereby partial data 

reflecting adenine and thymine 

To ",,,, •• .lua • .., the diversity 

contains sufficient 

_"'A"'~'''''' for genetic analysis. 

sequences amplified by PCR, it is important that input 

of template so as to truly represent the viral 

quasispecies. Too few copies artificially viral due to A 

of 20 to proviral (measured by end-point dilution assay) was 

detlemlrne:d by et al. (1993). To control input copy a 

quantitation system was developed to measure template concentration PBMC 

In chapter we will methods used study including: (i) Amplification 

and of env fragments for use as reagents the study; (ii) 

as the standard' for (iii) HMA and as 

alternative to sequencing; (iv) PCR-ELISA based quantitation to 

estimate copy 
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2.2 AMPLIFICATION AND CLONING 

strategy to for characterisation subtyping was 

as follows: (i) amplification PBMC PCR, 

cloning PCR into plasmid vectors and transformation host bacteria, (iii) 

selection of positive polymorphism (RFLP) 

colony hybridization, (iv) of identified clones by colony 

These clones were used for subtyping assays and as for diversity 

assessment. For quantitation of copy number samples a PCR-

'-<.L.IUJ1-.. was set up. DNA samples the mother-child sets used the 

amplification of env were used The PCR-ELISA 

system was set an initial optimization of the and of molecules 

labelled biotin and digoxigenin (DIG), followed by calibration the using 

an external standard of known concentration before final application of assay to the 

mother-child Labelled molecules used were control-peptides (Boehringer-

Mannheim, Mannheim, Germany) and probes by PCR DIG-

labelled reverse primers and biotinylated forward primers. The was tested and 

calibrated biotinylated oligonucleotide sequences complementary to 

DIG-labelled negative strand DNA HIV-I DNA PCR 

standards (AIDS and Reference Division AIDS, 

catalogue number 

2.2.1 

Blood samples, containing were collected from HIV -I infected mother-

child from Red Memorial Children's in Cape 

(Professor Hussey). Blood was collected aged one twenty-

two months (Table 2.1). Genomic DNA was extracted the PBMCs by the Dept. of 

H1PT''''Hl of Town), the K 

method (Kawasaki et aI., 1990). 



Univ
ers

ity
 of

 C
ap

e T
ow

n

30 

and sex 

Sex: 

male 

11 UAV.LHU 

1 montn 

14 months male 

• RX8-b male 

2.2.2 BY peR 

The number of copies integrated genomes blood leukocyte DNA is e:eI1lera:H 

and two (nested) peR amplification are to sufficient 

quantities of £>.UJll-'uu",.'U"JU I.IJLUU",,,,. for DNA sequencing. peR two sets 

of where the is IV"" .. ", .... fragment gerleraIea 

by the set 

quality of for em.Clent peR amplification isolated 

by crude extraction methods not be due to protein contamination, 

particularly DNA-binding proteins. 'Hotstart' peR was used to to 

and peR lll"'JLUU""" 

1 0 minutes thermocycling to ensure that all protein is template 

DNA is single-stranded and non-specifically bound primer is removed. avoid 

simultaneous inactivation Taq polymerase, the is added after the denaturation 

The as by Delwart et al. amplify of the 

HIV-l env The outer primer set and aprlpr~lrp" a 1254 
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(Box 2.1 

1 

2.2). 

31 

ES8) 

primers for .. nc.p.,Lu'"' ..... C2-V5 of the env (Delwart 
et al., 1993) 

EDS=> (outer forward 
*HXB2 6557-6582 
5'-ATG GGA TCA AAG CCT AAA GCC ATG TG-3' 
ED12<= (outer reverse ) 

*HXB2 7782-7811 
5'-AGT TCC TGC TGC TCC CAA GAA CCC AAG-3' 
BD31=> forward } 

*HXB2 6817-6845 
5'-CCT CAG CCA TTA CAC AGG CCT GTC CAA AG-3' 
ES8<= ( reverse primer) 
*HXB2 numbering 7648-7668 
5 ' -CAC TTC TCC AAT TGT CCC TCA-3 ' 

numbering "'(""'1"\"'/'1," 

=:..:....:= Location primers the HIV-l HXB2 of the 160 
env 

ED5:::> 
6557 
6585 AAATTAACCC CACTCTGTGT TAGTTTAAAG TGCACTGATT TGAAGAATGA TACTAATACC 
6645 AATAGTAGTA GCGGGAGAAT GATAATGGAG AAAGGAGAGA TAAAAAACTG CTCTTTCAAT 
6705 aATCAGCACAA GCATAAGAGG TAAGGTGCAG AAAGAATATG CATTTTTTTA TAAACTTGAT 

ED31:::> 
6765 ATAATACCAA TAGATAATGA TACTACCAGC TATAAGTTGA CAAGTTGTAA _~~~~~ 
6825 GAGCCAATTC CCATACATTA ml 

6885 GCTGGTTTTG CGATTCTAAA ATGTAATAAT AAGACGTTCA ATGGAACAGG ACCATGTACA 
6945 AATGTCAGCA CAGTACAATG TACACATGGA ATTAGGCCAG TAGTATCAAC TCAACTGCTG 
7005 TTAAATGGCA GTCTAGCAGA AGAAGAGGTA GTAATTAGAT CTGTCAATTT CACGGACAAT 
7065 GCTAAAACCA TAATAGTACA GCTGAACACA TCTGTAGAAA TTAATTGTAC AAGACCCAAC 
7125 AACAATACAA GAAAAAGAAT CCGTATCCAG AGAGGACCAG GGAGAGCATT TGTTACAATA 
7185 GGAAAAATAG GAAATATGAG ACAAGCACAT TGTAACATTA GTAGAGCAAA ATGGAATAAC 
7245 ACTTTAAAAC AGATAGCTAG CAAATTAAGA GAACAATTTG GAAATAATAA AACAATAATC 
73 TTTAAGCAAT CCTCAGGAGG GGACCCAGAA ATTGTAACGC ACAGTTTTAA TTGTGGAGGG 
7365 GAATTTTTCT ACTGTAATTC AACACAACTG TTTAATAGTA CTTGGTTTAA TAGTACTTGG 
7425 AGTACTGAAG GGTCAAATAA CACTGAAGGA AGTGACACAA TCACCCTCCC ATGCAGAATA 
7485 AAACAAATTA TAAACATGTG GCAGAAAGTA GGAAAAGCAA TGTATGCCCC TCCCATCAGT 
7545 GGACAAATTA GATGTTCATC AAATATTACA GGGCTGCTAT TAACAAGAGA TGGTGGTAAT 
7605 AGCAACAATG AGTCCGAGAT CTTCAGACCT GGAGGAGGAG ATATGAGGGA CAATTGGAGA 

ES8<= 
7665 ATAAATATAA AGTAGTAAAA ATTGAACCAT TAGGAGTAGC ACCCACCAAG 
7725 GCAAAGAGAA GAGTGGTGCA GAGAGAAAAA AGAGCAGTGG GAATAGGAGC 

ED12<= 
7785 
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1 'Nested' 

For the T _"""" ... n reaction, 10 JlI of was a total volume 

containing 2 JlI of primer and (5 pmollJlI), 5 JlIIOX buffer, 

.cu ...... n/ (25 mM), 0.5 JlI DMSO, JlI glycerol, 1 III each dNTP (l00 mM), 0.5 JlI 

polymerase (5 U/IlI) and 26.6 JlI water. 

parameters were as follows: Initial denaturation at 94 DC for 2 minutes; 3 

cycles of94 DC 60 s, for 60 s, 72 DC 60 s; cycles of94 for 15 s, 55 

for 45 s, for 60 s; final extension at 300 s. 

For second-round 2.5 III or 5 Jll first-round reaction mixture was used a 

total of 50 Jll containing 2 JlI of ED31 and ES8 pmollJlI), 5 III lOX 

buffer, 3.6 Jll MgCh mM), III DMSO, 0.5 Jll glycerol, 0.1 Jll each dNTP 

(100 Jll Taq polymerase (5 U/JlI) Jllor Jll water. 

Thermocycling parameters were the same as the 

2.2.2.2 'Hotstart' peR 

'I-Ir.,tct<>rt' PCR was on failed to amplify using standard 11"'''.'''''' 

section 2.2.2.1. 

the reaction, protocol was modified as follows: 10 III of PBMC 

was used a preliminary volume of 45 containing 2 Jll each ED5 ED12 

pmollIl1), Jll lOX PCR 2.5 JlI mM), 0.5 Jll DMSO, 0.5 Jll 

glycerol, 0.1 Jll each (l00 mM) and .6 JlI water. The reaction was 

heated to 94 DC 10 minutes. 5 JlI a solution up of 0.5 JlI polymerase 

U/JlI), 0.5 JlI lOX buffer and 4 Jll water was added cycled as described in 

"'"'''',.u.;u 2.2.2.1. 
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2.2.3 LIGATION PRODUCTS INTO PLASMID VECTORS FOR 

TRANSFORMA nON INTO 

In order to produce ""UH""1vU quantities of template for manual DNA seCiluelnct:ng, 

amplicons 

inE. 

polymerases used 

double-stranded DNA 

nucleotide added to the 

are ligated plasmid vectors that to high 

improved cloning takes advantage of thermostable DNA 

that add an unpaired adenosine to the of 

use a cloning vector with an unpaired thymidine 

such as the pMOSBlue (Amersham, Piscataway, 

facilitates ligation of <U"VUvV"':> mUltiple cloning site of the 

trallst,)rnled into cmDo,;:tel11 E. galactosidase reporter 

coli and transformants are positively containing antibiotic, 

IPTG. transformed with plasmid in which beta-galactosidase gene 

insertionally inactivated are to the of X-gal colonies 

appear The correct size insert is determined by restriction enzyme of 

plasmid DNA overnight cultures of putative clones. correct 

insert is by additional analysis restriction mapping or colony 

hybridization assay. 

1 Ligation of peR products into pMOSBlue 

The 1 fragment 

inner "".,.u ..... "".,. set (ED31 

'nested' using the 

for the ......... "" .. reactions as described below. 

Amplicons were partially as follows: 5 !J.I of chloroform-isoamyl alcohol (24:1) 

was to an volume of PCR reaction by vortex 60 s and 

centrifuged 60 s. ligation was prepared, to instructions 

supplied with pMOSBlue T-vector kit (Amersham, as follows: 2 

JlI supernatant was used in a total volume of 10 containing 1 JlI lOX ligase 

buffer, 0.5 JlI DTT (100 mM), 0.5 !J.1 (10 1 JlI pMOSBlue T-vector (50 ng/!J.1), 
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0.5 III ligase 0 U/lll) and 4.5 III The HUiH\ ... was ll."" .. UU, ......... at 16 

for 2 hours. 

2.2.3.2 Transformation of recombinant ""' .... "' ... ,,,.,, into competent coli 

2.2.3.2.1 Preparation of competent coli 

Using a loop, coli DHa bacteria from a glycerol stock stored at -70°C were 

agar plate incubated antibiotic selection 

at °C overnight. The from plate to 

25 ml broth (Appendix incubated on a overnight. 5 

overnight was inoculated into 500 Luria and incubated at 

until the OD600 was n .. rulP ...... 0.45 and The was divided into volumes 

and on ice for 2 hours. cells were at 

5,000 rpm, at 4 The was discarded 

ice-cold trituration (Appendix A). ml of ice-cold trituration 

cOOllea on ice The were 

roc>~'t"1.'fi_',.,.~ .. ~,,, at 4,000 rpm minutes at 4 DC. supernatant was 

discarded the cells resuspended mloftrituration The two 

were pooled and 11.5 ml 80% (v/v) glycerol 1 ml aliquots were transferred to 

co]d 1.5 mI stored at -70°C. 

storm:atl(m efficiency 

The of transformation of competent cells is dermed as the of cells 

transformed per Ilg plasmid and was measured by transforming a 200 III aliquot 

with 0.2 of plasmid. 1 ml of competent stored at °C was thawed on 

1 III of pMOSBlue test (0.0002 Ilg/Ill) and 5 III DMSO was to a 200 III 

aliquot thawed competent incubated on 30 

was ans,terrea to a 42 waterbath 40 s returned to for 2 
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Luria was and the XU,",,''''''',,,,''''''' at 37 1 hour. 5 J.11, 50 100 

J.11 of the transformation mixture was to Luria plates containing 50 

ampicillin, 10 IPTG and 50 J.1g/ml X-gal and incubated at °C overnight. 

The V,LLL","",,,,,, of transfonnation was calculated using following 

no. of J.1g of plasmid 

2.2.3.2.3 Transfonnation coli 

The method of tratlstC)nnatlcm in sec:non was rer)earea 1 J.11 of 

ligation The transfonnation mixture was plated in aliquots of J.11 on 

plates containing 50 J.1g/ml ampicillin, 10 IPTG 50 J.1g/ml and 

incubated at 37 overnight. 

2.2.4 TRANSFORMANTS FOR RECOMBINANT 

2.2.4.1 Restriction fragment length polymorphism (RFLP) analysis 

2.2.4.1.1 Plasmid "",,1'l',,r'1'1 

Plasmid DNA was extracted from cultured h<or'TPr.<o using the boiling xU'""'U,"'''' described 

by tserghammleJ Auer as follows: 

Using a loop, white colonies were transferred agar plates into sterile test 

containing 5 m] Luria broth with ampicillin (50 J.1g/ml). test tubes were 

carmea and incubated on a shaker at overnight 1.5 ml of the culture was 

to tubes at for 60 s. The 
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was GlSICanlea and 100 j.d lysis (Appendix was added. 

were incubated at room temperature 10 minutes on a shaker, to a ~v"uu ... 

waterbath 60 s, on ice for 60 s at maximum for 20 

minutes. supernatant containing DNA was recovered further 

Identification of correct by enzyme 

mapping 

in a • "'"V<A""U volume of 15 ~l "f\r't:"~I.n.,l.'''1"!::> l. 5 ~l lOX 1 0 ~l supernatant was 

H, 0.5 ~l (5 U/~]), 

were incubated at 

~l EeaRI and 2.5 ~l 

for agarose 

.".v,u"'~~vu mixtures 

electrophoresis. 

The expected fragments 918 bp and ~',",~U"_~ plasmid were resolved 

on a 2% (w/v) ,",v.n ... '-"ll.'O '-"'HUH""" bromide (10 nglml) and under 

at 256 nm. 

2.2.4.2 Colony hybridization assay 

method to denatured bacterial fixed onto a nylon membrane for 

hybridization et al. (1989), was used to screen 

the correct using a digoxigenin (DIG)-labelled and a assay 

(Boehringer-Mannheim, Germany). 

2.2.4.2.1 Preparation of agar 

clones lOelntlIleo by of plasmid were plated onto duplicate 

gridded-plates. A H ybond-N membrane (Amersham, Piscataway, was 

placed on surface agar layer one plate before bacteria were out. 

The plates were incubated at 37°C following day membrane 

bacteria was for 
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.... ·9 ....... Preparation of nylon UH",J:UV' 

denaturation DNA to 

the membrane was by placing the membrane with colonies on the 

surface onto Whatman 3MM filter paper 2X LA.IJI-''"'UU.J.h A) contamuflg 

for 5 minutes at room temperature. membrane was then placed in a microwave 

oven for 3 at (650W), in 5X containing 0.1 SDS 

and placed in a hybridization bag. 

2.2.4.2.3 Preparation of DIG-labelled probe 

A DIG-labelled DNA probe was generated PCR a mixture dNTP's containing 

DIG-dUTP (Boebringer-Mannheim, Mannheim, 

For amplification, 2 JlI of a reference plasmid pg/JlI) taken from the 

Heteroduplex Analysis (HMA) env 

Research Kelij;teltlt Program, of NIAID, NIH: catalogue 

.......... v ...... ARP961) was in a of 50 JlI containing 2 JlI each 

primer 1 ES8 (5 pmoVJlI), 5 Jll1 MgCh mM), JlI 

DMSO, 10 JlI dNTP DIG-dVTP .LHLt ... ~ ... .L"', 0.25 JlI polymerase 

VIJlI) and JlI water. 

Thermocycling par'am.elers were as follows: denaturation at °c for 2 mlllUtl~S 

cycles of °c for s, 55 

s, 72 for 60 s; 

for 60 s, 

extlenSIOn at 

indicating a in mobility due to 

°c for 60 s; 32 of94°C 15 s, 55 

°c for s. 

..... g .. ,'"'""" gel 

increased molecular weight. 

3 
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2.2.4.2.4 Hybridization and 

membrane was by prehybridizing °C in hybridization buffer 

(Appendix A). 5 J..lI of PCR reaction UU',.. ... 'l" .... "U.'ULUllJ6 DIG-label1ed was 

denatured at 94 mU1Ut€~S and rapidly cooled on dry was 

incubated overnight at °c in buffer cOIltalnlt1lg .... '''' .. " .. '''' 

foHowing day membrane was rinsed in 2X containing 0.1 % 

The 

5 minutes at 

room teulpe:rature 

hybridized DIG-labelled probes was .... "...'i-"..-..... using the DIG LUlmnescem 

detection kit (Boehringer-Mannheim, Mannheim, Germany). The kit use of an ' 

antibody conjugated to alkaline to bind DIG-labelled molecules. 

the membrane of unbound antibody, chemillum,inescent substrate 

was added to allow immobilized to the that 

emits light. light was by autoradiography 

addition of the 

cassette contact with Agfa 

10 minutes of exposure. 

was sealed a plastic and placed in an 

RP 1 film. film was developed 

Bacterial containing recombinant pJasmid with correct were 

by the autoradiograph of the hybridization under light and 

positively-stained areas. 

DNA SEQUENCING 

MANUAL DNA OF 

to assess the reliability of net:erC)QUple:x ULVU'HU as a me:tnOfQ of 

intrasample sequence diversity the clones (RXI to RXl-m8) previously 

... "' •• "''"' .... using the chain termination by hybridization assay, were manually 
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method ........ "'"',,.,,"' .... by ~~" ..... ~~ et al. (1 ..., .... 'i ....... Ju ........ reactions were perfonned 

~~~,_~ •• u supplied in the 2.0 "-"'~"'E> kit States Biochemicals, 

Cleveland, USA). 

1.1 """ ... u .. of telll1plate DNA 

liquid of clone was by inoculating 100 of Luria broth 

Ilg/ml) a sterile which was used to the 

'" ",>t-o r"'" of glycerol stocks of bacteria at -70 The cultures were 

incubated at overnight Plasmid DNA was extracted .... w" "''' using 

a Nucleobond AX-IOO plasmid (Macherey-Nagel, 

according to instructions supplied with the kit 

Briefly, cells were concentrated by centrifugation at 8000 rpm 1 0 minutes in a 

1 using a rotor. pelleted were resuspended 4 

ml buffer provided (solution SI). 4 of buffer (solution S2) was 

added, the mixed incubated at room for 5 4 

m] of potassium acetate buffer (solution S3) was added, suspension mixed and 

incubated on for 5 was cerltntujlled at 10,000 rpm 

UIU ..... '~" at 4 applied to an 

AX-IOO cartridge pre-equilibrated with 2 supplied (solution The 

cartridge was washed with 4 of (solution N3). 2 of 

~U",HJ" buffer (solution was added to the cartridge and equal of 1 

collected in each of two 2 ml n"'>1.,.. ... ",h 

eluted plasmid in tube was precipitated by addition of 700 III of 

isopropanol centrifugation in a microfuge at maximum for 10 mlnU1:es. 

pelleted DNA was washed by adding I.ml 70% ethanol to each tube and centrifugation 

at ma:Kimlum speed 10 minutes. The ethanol was and 

vacuum for 5 minutes. The .... ~I._ .. ".'" DNA was resuspended in 50 III of TE 

(Appendix A). 
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of plasmid .u~ ..... "'~u was calculated from 

"'U\.<LU,,,-,, using a 1: 1 00 dilution of sample in a spectrophotometer. 

2.3.1.2 Preparation of template for manual sequencing 

An <>1I"\r.r ...... ,ri.,t", aliquot of ':>""'''!..I'l''' ,-"vUL'''U'''','.u", between 5 10 plasmid 

sutnclent for two .... ...., •• v.u .• p., reactions) was up to a volume of III with water . 

The DNA was denatured by adding 8 III of 2M and incubated at room temperature 

10 minutes. alkali was neutralized by adding 7 III of 

4.8). DNA was precipitated adding 4 III of water 

cooled on dry ice for 15 minutes. mixture was ,..",,,,f-rlt-. 

sodium acetate (pH 

100% ethanol 

for 15 minutes in a 

microfuge The was discarded pellet 

under vacuum for 5 DNA was resuspended 

divided equal volumes of 7 JlI in separate microfuge 

reaction supplied the ... .., •.• ",ue'F> kit was added to 

forward or reverse primer and 

2 and allowed to coo] to below 

cooled on before proceeding to the sequencing reactions. 

~~::.::::.:. Sequencing primers 

T7=> (vector forward primer) 
5'-TAA TAC GAC TCA CTA TAG GG-3' 
ES7=> ( 
*HXB2 7002 7021 
5'-CTG TTA AAT GGC AGT CTA GC-3' 
U19-mer¢= (vector reverse ) 
5'-GTT TTC CCA GTC ACG ACG T-3' 
SLR¢= ( ert reverse 
*HXB2 7362-7380 
5'-TAC AGT AGA AAA ATT CCC C-3' 

numbering .,"""rI'l1 ........ to Los 

III of water 

2 JlI of 5X a.U!'-Ul' .... ", 

tube as 

The 

as 1 III 

were 
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===-="'-'-'- Location and onto the clone 
sequence of the partial 

ED31::::> 
6817 TATCCTTTGA GCCAATTCCC ATACATTATT 
6877 GTGCCCCGGC TGGTTTTGCG ATTCTAAAAT GTAATAATAA GACGTTCAAT GGAACAGGAC 
6937 CATGTACAAA TGTCAGCACA GTACAATGTA CACATGGAAT TAGGCCAGTA GTATCAACTC 

ES7::::> 
6997 AAGAGGTAGT AATTAGATCT GTCAATTTCA 
7057 CGGACAATGC TAAAACCATA ATAGTACAGC TGAACACATC TGTAGAAATT AATTGTACAA 
7117 GACCCAACAA CAATACAAGA AAAAGAATCC GTATCCAGAG AGGACCAGGG AGAGCATTTG 
7177 TTACAATAGG AAAAATAGGA AATATGAGAC AAGCACATTG TAACATTAGT AGAGCAAAAT 
7237 GGAATAACAC TTTAAAACAG ATAGCTAGCA AATTAAGAGA ACAATTTGGA AATAATAAAA 
7297 CAATAATCTT TAAGCAATCC TCAGGAGGGG ACCCAGAAAT TGTAACGCAC AGTTTTAATT 

SLR<;:= 
7357 CACAACTGTT TAATAGTACT TGGTTTAATA 
7417 GTACTTGGAG TACTGAAGGG TCAAATAACA CTGAAGGAAG TGACACAATC ACCCTCCCAT 
7477 GCAGAATAAA ACAAATTATA AACATGTGGC AGAAAGTAGG AAAAGCAATG TATGCCCCTC 
7537 CCATCAGTGG ACAAATTAGA TGTTCATCAA ATATTACAGG GCTGCTATTA ACAAGAGATG 
7597 GTGGTAATAG CAACAATGAG TCCGAGATCT TCAGACCTGG AGGAGGAGAT 

ES8<;:= 
7657 ATTGGAGAAG 

2.3.1.3 ... ; .. "''ll .... '''' •• ''''' ... 

" .. ,,,u,, .. ,, were pel1oIme:d according to the "",.v."" supplied. Briefly, 

JUU',",Ull.F, reaction was oertoT'IIlled by -~'~~'e 0.4 J..lI , ... v"'UJ, .... 0.5 J..l1 

USA), 2 J..l1 diluted to the 

reclCtllOn mixture was incubated 5 mlllUtC;!S at 

room temperature 3.5 of the ,cn1\." .... was to each 

four containing 2.5 J..lI of termination HIUUU! corresponding to a different ddNTP. 

The termination reactions were incubated at 

solution. 

°C for 5 minutes 

2.3.1.4 Polyacrylamide electrophoresis 

"E>"H~U." generated the sequencing were ""''''''''''''£1 by 

adding 4 J..ll of 

on a (w/v) denaturing polyacrylamide gel. apparatus used was made up of 

two plates by two 0.5 mm plastic placed 
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plates at sides along the ''''HJ'''~U, section of natmatn 3MM paper was v'''''',,",'''u 

between plates at base the breadth and assembly together with 

damps. 100 ml of a 6% polyacrylamide '-'..,., .... ~, ... solution was ... r~· ... <>r."i'1 

using ml of 50% Longranger (AT Biochem, Malvern, 10 ml lOX NNB 

(Appendix A) and g of urea made to a of 100 ml with water. 

Polymerization was initiated by 100 III of and 

prepared solution. After polymerization gel was in 

for 30 minutes at 80W loading of samples. Samples were heated at 80aC for 2 

minutes before loading to generate single-stranded DNA molecules, 1 Ill, 2.5 III 5 III 

" .... ,,'V .... was loaded at different stages electrophoresis corresponding to a 

short, medium run so as to obtain 

electrophoresis, the was allowed to cool and apparatus disassembled. glass 

plates were separated the gel transferred to a sheet of Whatman 3 MM filter and 

dried for 1 hour under vacuum on a gel 

2.3,1.5 Autoradiograpby 

Once dry, the was placed contact with a of Agfa RPI film 

an following day, the ""'''''~u~.~ film was developed 

2 minutes, stopped in 2% acid 2 minutes, for 5 mU1UH~S rinsed in 

running water 5 minutes, The film was then dried, 

2.3.1.6 Sequence analysis 

..... ue"' ... " were aligned Clustal et aI., Subtyping of 

using V3 loop subtypes was by phylogenetic tree 

construction using Peer and De Wachter, 1994) and the 

two-parameter algorithm. eOllences of the 

were downloaded from the Los u~ ..... v" HIV sequence database (http://hiv-web.lan1.gov). 
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2,4 BETERODUPLEX MOBILITY ro.,-.".ro. (BMA) AND BASE EXCISION 

SEQUENCE SCANNING (BESS) 

2.4.1 MOBILITY ASSAY 

ete.rocluplex mobility (HMA) ,",LVIL',",U by Delwart et at. (1993) a rapid 

cost-effective method to subtype degree divergence between 

""'''I'''''''''''''''' amplified by peR. the is on the nh""T"l1!l1"·,nn 

molecules formed '''''''''',,,'''~'n related U"'~J."''''' (heteroduplexes) show ", ..... ,,,..,,,,u mobility 

with respect to the homoduplexes when resolved in polyacrylamide This 

in mobility is directly proportional to degree of divergence between the positive 

and strands forming heteroduplex. Subtyping unknown can be 

achieved and sample and 

observing in heteroduplex mobility. Similarly intrasample sequence 

individual can 

common driver The limitation of HMA as a display 

to a 

difference 

is the resolution limit as as the UUJ"""".1"''' on mobility shifts due insertions 

deletions. 

2,4.1.1 Subtyping 

For subtyping of sample unknowns, one cloned sequence 

~ in~ 

Reference 

ARP961). 

of I"""--'>J. 

reference plasmids used are listed in 

NlAID, 

each ",",.tAl';"'" was selected 

kit Research 

catalogue number 

2.4.1.1.1 amplification of reference HIV -1 subtypes 

primer pair and was used the ULL''lJH.u",.'''~nJU of a bp 

fragment of the env (Box For the amplification of plasmids, 1 

I-lJ of standard (10 ng/Jll) was used a total volume of 100 Jll 
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,",VU,"U,'U'o 4 11] of each pruner (5 pmolll.tI), 10 III lOX buffer, 

mM), 1 III DMSO, 1 Jll 0.2 Jll dNTP (100 mM), 0.5 III 

U/IlI) and JlI water . 

initial ael1atlllI 

of °C for s, 55°C 60 s, °C for 60 s; 32 

for 45s, noc 60s; fmal extension at noc 300s. 

Box 2.7: primers used (Delwart et aI., 

ES7::::> . 

AAT, AGT eTA. -3' 
reverse 

8-7668 

at 94 

of 

(25 

H'''',,,,,,,,", (5 

for 2 'uu."'''~''' 3 

15s, 

*HXB2 numbering "'l'I',Yrtil1'\ HIV database (http://hiv-webJanl.gov) 

="'-='-= Mapping PCR 

.6765 
6825 
.6885. 

onto sequence of HIV -1 clone 

6945 AATGTCAGCA CAGTACAATGTACACATGGA 
7005' 

. 7065 
7125 

env 

ED31:::> 

AAACAAATTA TAAACATGTG GCAGAAAGTA GGAAAAGCAATGTATGCCCC TCCCATCAGT 
GGGCTGCTAT TGGTGGTAAT 

AGCAACAATG GGAGOAGGAG 
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'""'-==-==-== List of reference used for 
Research and 

number ARP961) 

Subtype: Strain: 

A RW20 

B BR20 

B TH14 

C MA959 

C ZM18 

D UG21 

2.4.1.1.2 PCR amplification 

unknown samples were available as plasmids 

bac:tenla stored at -70 

L'."'.U"'-'~ DNA for HMA 

Colony PCR was 

amplItlc<itlCln of unknown 

was used reaction 

sample unknowns 
of AIDS, 

HMA 
NIH: 

Country of origin' 

Rwanda 

Brazil 

Thailand 

Malawi 

Zambia 

Uganda 

" ..... <1""'-' unknowns 

glycerol stocks transformed 

to a simple way generating 

I-ll of thawed 

j.!1 containing 

stock 

primer (5 

pmol/j.!l), 2.5 I-ll lOX 

0.051-ll each 

buffer, 1.8 I-ll .lVJ.<;;. ... ~v (25 mM), 0.25 I-ll DMSO, 0.25 I-ll 

(lOOmM), O. polymerase (5U/I-ll) and 15.375j.!1 

water. 

Thermocycling paI'3.:m,eters were the same as in section 1.1.1. 

2.4.1.1.3 Generation ofheteroduplexes 

He1ter()duplexes were 1..V.1...U", .... by combining 5 j.!l of each reference "'::IWlnIP and 5 j.!l 

unknown sample 1.1 j.!l of HMA U,U1...,,,,U'UJF, buffer a 

control 5 j.!l of water 5 of unknown was included. The 
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",,,",u ••• m,,,,,, were u..,a, • ..,u to 94°C for 2 mil1Ut€~S on wet ice for 2 HUI' ... "." 

before .. """',"-." .... on a polyacrylamide gel. 

A6% 

(AT 

100 

on a 

In 

a 

2.4.1.1.4 Polyacrylamide 

solution was ___ '~~'"' 12 mI of 50% 

USA) to 10 ml lOX buffer and making the volume to 

water. Polymerization was initiated by ___ ,~."., 1 00 JlI of TEMED and 100 JlI 

cm by 16 cm plates were 

" .... ,LAI-"'" was used for 

apparatus. Gels were 

and DNA bands visualized 

constant 

ethidium 

1.2 Analysis of genetic diversity 

to assess genetic diversity hPI'ur~'pT'l """''''''''', HMA was used by 

heteroduplexes formed a single reference sequence 

SeaUel1lCeS of clones was ",,,,,,,,,,,.'l1 

5 

an 

C driver sequence. ""'''1"''"'"''''' of the child were """"''''"".,, 

SeQlUel1Ce derived the mc)tn€~r versa. 

2.4.1.2.1 PCR amlDlltlcat:lOn of driver sequence 

subtype C driver sequence "..,,,;;,-,Ll;iU was amplified from MA959 HIV-l 

Malawi using the same as described in ,,"' .... <Iv .. 1. In 

the most common the dominant sm~CH~S 

mother using was selected 

as a driver sequence versa. 
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amplification, fonnation heteroduplexes and 

electrophoresis of samples 

JlI of thawed glycerol stock suspension 

was as in section 2.4.1.1 

et 1 

ED31=> (outer 

5'-CCT CAG CCA TTA CAC AGG CCT GTC CAA AG-3' 
ESB¢: (outer reverse pr ) 
*HXB2 7648-7668 
5'-CAC TTC TCC AAT TGT CCC TCA-3' 
ES'=> ( ) 

AAT GGC AGT CTA GC-3' 
reverse 

7273-7292 
5'-TTT ATT AGG GAA GTG TTC TC-3' 

Alamos HIV database tml~Lnr~@.J!!!ru:.QYJ 

1 
61 

primers onto the sequence of the HIV-l clone RXI 

~~~~~ ~~~~~ TGTCCAAAGG TCTCTTTTGA ATACATTATT 
ATTCTAAAGT GTAATAATAA GACATTCAGT """, • ..:>""\,,,,",,1.,"''''''­

CATGCCGTAA. TGTCAGCACA GTCCAATGTA CACATGGAAT TAAGCCTGTG 

A~~~~. CAATTGGAGA AGTG 
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2.4.2 SEQUENCE SCANNING (BESS) 

An alternative rapid metnOI(] ~u ......... '" for the analysis of genetic is 

Excision Sequence 

identifies thymine 

used to map 

or (Epicentre Technologies, Madison, 

for analysis. 

incorporates 

incubated with 

backbone 

,",,,,..,,u,",,, on one strand of DNA amplified by PCR. 

"'''lU"'~''' on both strands and thereby generate partial 

method uses PCR to amplify the DNA 

dUTP into the amplicons. 

removes uracil 

site by a se(:on.a p,,,\,,,"n'lP v""'Ju .... v" ....... '" IV. End-labelled raOlOacrnre 

can ... ""' ... "UL."l'> polyacrylamide gel and '-'AI-'V"''''''1 

resembles aT-ladder typical 

can be 

Pt111lpn('p data 

in a sequence oa1ttern 

autoradiographs. 

accumulated by 

data concerning adenine and 

<1""1"1,'1"10 the thymine residues of both strands. 

can be 

......... ""', .... was applied 

using a p 32 
• .......... r' 

DNA-sequencer 

2.4.2.1 

the 

PCR primer and then adapted for an automated 

a primer labelled with fluorescein. 

analysis using radio-labelled peR primers 

with [gamma-p32]-dATP using 

lall'eJllIfl9:-re.actJlon was ""pr1'nT1mp, to 

JaoeuJlflg-reaCtlOn was performed in a total volume 2 Jll 

lOX 1 JlI [gamma-p32]-dA TP (Amersham, USA), 1 JlI 

ES7 forward pmoI/Jll), 1 JlI T4 PNK (10 U/Jl1) and 15 water. The reaction 

mixture was incubated at 37°C for 30 minutes. IJll the containing 

labelled was for PCR. 
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2.4.2.1.1 byPCR 

The ES8 was ofa 667 

env stocks of transfonned at -70°C were a 

PCR to DNA for BESS analysis. 

For of unknown ).11 thawed glycerol 

was reaction volume 1 ).11 of 

1 ).11 of unlabelled reverse (5 pmoVul), 2.5 ).11 lOX 

1.8 ).11 mM), 2 ).11 BESS (Epicentre 

USA), O. ).11 Taq polymerase (5 U/IlI) 14.075 ).11 water. 

parameters were as follows: denaturation at 94 for 2 3 

60 s, 55°C for 60 s, 60 s; 32 cycles of94 for 15 s, °C 

20 ).11 

III 

DNA 

a 

s, 60 s; fmal extension at for 300 s. 

2.4.2.1.2 of amplified 

to instructions ofthe PCR product was reCOITlffic;::llcled a 

"' ..... ,.~V'H volume containing 2 ).11 T -Scan lOX Excision 1-<"", .. """". 1 

Excision Enzyme 7 ).11 water. The reactions were 

minutes. Reactions were stoom:a 

VUU_Uj~ buffer. 

by addition of 10 ).11 

2.4.2.1.3 electrophoresis 

agrnen:ts generated by the .'-'", ...... '"'''' were resolved by 

.... "'.U, .... Ulj'15 polyacrylamide as 

l,,","aC\,,-, at 

supplied 

on 

........ " ...... at 80°C for 2 minutes 

for manual ""''"'''''''''''''''1''>-

10a-QlIllg to generate single-stranded 

were 

molecules 

III of each sample was loaded. 
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electrophoresis, the gel was allowed to cool and apparatus disassembled. 

were separated gel to a of Whatman 3MM 

paper for 1 hour under vacuum on a gel dryer. 

2.4.2.1.4 Autoradiography 

Once dry, gel was in contact a sheet 1 X-ray inside 

an X-ray cassette overnight. The following day, the ex[,ost::a was 

2 minutes, stoIDDi::a in 2% 

running water for 5 mlnu1:es. 

acid for 2 minutes, for 5 minutes and rinsed 

was then dried. 

BESS analysis fluorescein-labelled 

2.4.2.2.1 Amplification of by 

primer 1 and was used the amplification of a bp fragment 

the env gene. reverse V3R, was ordered with a 5'-fluorescein from the 

Department of Biochemistry, UCT. stocks of transformed bacteria at -70 

were used in a colony to amplify DNA for analysis. 

For amplification of sample unknowns, of thawed glycerol suspension 

was a total volume ~l cOfltalnmlg 1 IJ,I T"'''''~''>1'rI primer 

pmol/~l), 1 (5 pmolllJ,l), 2.5 IJ,I 

1.8 ~l :2 IJ,I BESS dNTP (Epicentre Technologies, 

Madison, USA), O. ~lTaq (5 U/~l) and 14.075 ~1 water. 

parameters were the same as described 1.1. 

2.4.2.2.2 ofPCR 

same procedure was as described section 1.2. 
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2.4.2.2.3 

2 III of cleavage product was supplied to the Core Department Chemical 

UCT, for on a automated 

peR-ELISA QUANTITATION 

QUANTIT A TION ASSAY 

measure concentration in PBMC 

et aI., 1988) was used. the method 

by PCR DIG-labelled reverse 

""""'P""''' a 

amplification 

system 

viral 

unlabelled Tru",,,,,.,rri 

primers. 

label1ed 

amplicons are alkali-denatured and hybridized to COlnplImlen1l:an 

ng()nUCleO[}(le probe a I'ru,,,,,,· .. ,,,,",r1 

biotin-

Hybridized molecules are captured in a stn::ptllvlletm coated I' .. n,..,tt·", plate 

the by conventional copy 

target un."..,,,,,,. in the sample is 1nt;", .... <.ti from a standard curve generated 

an of known number. 

2.5.1.1 of detection Ia belled molecules 

2.5.1.1.1 .u.vun"5"'JU"".Y of streptavidin-coated plates 

To whether streptavidin-coated of the llcr,otttre plate were coa,tea 

with equivalent concentration streptavidin, SIXteen identical were assayed for 

bound control-peptide at two different concentrations of and OD450 values 

l-C()aU;;~o microtitre were prepared adding 100 j.LI a 1 j.Lg/ml stock 

strepta vidin S1. Louis, dissolved in carbonatelbicarbonate buffer 

(Appendix to each the plate incubated overnight at 4 dc. The were 
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1% (w/v) powdered 

for 1 

52 

ooellOlX A). 200 III of solution containing 

to each well the microtitre plate was 

were then rinsed as 100 JlI of control-

the 

,",V.< ... < .. llj,O the equivalent 

wens and a second 

label was also included. The H',,.., ... hi","o plate was incubated at 

was added to 

0.835 fmol of 

for ] hour and 

as before. ] 00 III 

diluted 1: 100 in 

was incubated at 37 

POD conjugate (Boehringer-Mannheim, Mannheim, 

.~_ ... "',..., solution was added to 

1 hour and then 

"'a"u'U'l! allowed to at room temperature 

well. The micro titre 

100 III of 

to each 

The 

was "U',nn~'n after 30 minutes by ,,"\.tuell'O 100 JlI of I M sulphuric to each well. 

were measured for each weB using a spectrophotometer with a reference 

620nm. 

of detection molecules 

of and molecules 

a dilution series of control-peptide of known concentration 

The assay was run parallel with a of a labelled 

generated by peR using and biotin-labelled 

were prepared as described in section 1.1.1. A 

control-peptide in was prepared 

of 10 finol to 0.3125 finol of The DNA 

concentration was diluted in two-fold steps from the undiluted to 

a 1 :81 dilution. 100 III dilution was to successive wells. 

were filled with to be used as controls non-specific of the 

Each dilution was perfonned to check the of 

The was incubated 1 hour and the as 
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100 f.1] of POD conjugate diluted 1:100 so lution was added 

to each except one containing no was filled with 100 f.11 of 

blocking solution only. The was completed as described in 1.1.1. 

2.5.1.2 Calibration of detection system 

The PCR-ELISA system was with a generated DIG-labelled amplicon 

calibration a copy control sample. a 

stano.lfO curve was constructed by plotting copy number optical density values 

obtained PCR-ELISA of a two-fold dilution starting at 100 of ',",UJL~U"''"' 

molecules. sample obtained the diagnostic laboratory at (Groote Schuur 

was ... "" .............. as a positive ,.,. .... nrrn' and for use as a control 

primers et al. (1988), amplify a 

sequence the p24 region of and a fragment 

(SK102) is to a conserved on the 

the probe primers used are in Box the region 

T<lr'TPT~'n is listed in The use DIG-labelled reverse primers biotin-labelled 

probes cornpJementary to negative-strand allows hybridized molecules to be ""''I'.tn1rp'; 

by streptavidin quantified for the in a microtitre plate. 

For amplification, f.11 of was used in a reaction VVJUHJI'" of 25 f.11 

containing 0.5 f.11 of nrl1'npr (50 pmol/f.11), ,.Ll lOX PCR buffer, 1.8 f.11 .LV..,,,....,,, 

dNTP (100 0.025 1-11 polymerase U/1-11) 

f.11 water. 

Thermocycling parameters were as follows: initial denaturation °c for s; 5 

of93 °c s, 55°C s, 72 °C for s; cycles for 20 S, 60 

for 20 s, 72°C for 20 s; extension at for 60 s. 
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SK4 

SK4 
*HXB2 
5'-TGC 

nnmprc and oligonucleotide probe (Kwok et 

TGG AGG ACA TCA AGC AGC CAT GCA AAT-3' 
(reverse primer) 

1474-1500· 
GTC AGT TCC CCT TGG TTC TCT-3' 

leotide probe} 
1396-1428 

GAG GAA GCT GCA GAA TGG GAT-3' 

numtlenlng aC(~Oramll! to Los Alamos 

54 

.=::.::::.~= lVlalppmg of primers onto the sequence clone HXB2 p24 

1 CCTATAGTGC AGAACATCCA GGGGCAAATG GTACATCAGG CCATATCACC TAGAACTTTA 
61 AATGCATGGG TAAAAGTAGT AGAAGAGAAG GCTTTCAGCC CAGAAGTGAT ACCCATGTTT 

SK462::::> 
121 TCAGCATTAT CAGAAGGAGC CACCCCACAA GATTTAAACA CCATGCTAAA CACAGTGGGG 

181 
241 

SK102~ 

~~~~~ CAGCCATGCA AATGTTAAAA ~~~~~ ~~~~~ TGCAGAATGG 
ATCCAGTGCA TGCAGGGCCT AGAACCAAGG 

<=SK431 
301 TACTAGTACC CTTCAGGAAC AAATAGGATG GATGACAAAT 
361 AATCCACCTA TCCCAGTAGG AGAAATTTAT AAAAGATGGA TAATCCTGGG ATTAAATAAA 
421 ATAGTAAGAA TGTATAGCCC TACCAGCATT CTGGACATAA GACAAGGACC AAAGGAACCC 
481 TTTAGAGACT ATGTAGACCG GTTCTATAAA ACTCTAAGAG CCGAGCAAGC TTCACAGGAG 
541 GTAAAAAATT GGATGACAGA AACCTTGTTG GTCCAAAATG CGAACCCAGA TTGTAAGACT 
601 ATTTTAAAAG CATTGGGACC AGCGGCTACA CTAGAAGAAA TGATGACAGC ATGTCAGGGA 
661 GTAGGAGGAC CCGGCCATAA GGCAAGAGTT TTG 

Preparation of ., .......... ,'" 

".UHHJ',",V"" were denatured by diluting 20 /-LJ 

.r>'IJIIJ'"'U."""J.J1. A) and adding 1 0 /-LI of 2M 

5 minutes. The alkali was 

DIG-detection 

70 /-LI of hybridization 

solution Was incubated at room 

by adding 11 /-L1 of 2M acetic 

and up to 125 /-L1 volume 

DIG-detection assay. 

....... ~~.E> an additional 14 /-L1 of buffer. 100 

was 
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The assay was 

prepared as in section 2.5. L 1 J . each well as 

PBS COtltalnmlg 5 pmol of SKI02 probe was to each wen and the ...... ,' .. "'t.t .. '" 

incubated at °C for 1 hour. The weHs were and blocked as 

denatured product from each sample in dilution series was added to "U,",,",,",""l 

was performed at for 1 hour and the 

in se(:non .1.1. 

1.3 Application to "' ... 0. .... ,." 

10 JlI 

used in 

DNA from each mother-child RX-6 and RX-8) "' ..... ulJ"'" pair was 

amplification step as in section 2.5.1.2.1. 

was included as a standard I£TU"I\X!TI copy number. 
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CHAPTER 

3.1 RESULTS 

Results in this study wiH be presented 

describe the amplification, cloning and sequencing 

These in the evaluation 

second section UI",",U"'"\;i,, 

"'.VI'-'''''-'- to measure provirus 

control input copies 

The first section will 

samples to be used as reagents. 

methods for monitoring 

a PCR-ELISA quantitation 

DNA. This was necessary to 

in order to ensure 

(lU~;I..IU(ll'W ""'''l.l.nu.;::, of viral quasispecies. The the use 

subtyping as weB as its use in visua11y diversity. 

final the use of BESS to rrp1""1pr<lYP partial sequence data for use 

phylogenetic These assays would studies designed to U"U,"''''', 

molecular cha.ng(~s in the envelope sequences "''''''V,,",JlU''''U with vertical transmission as 

well as diversity studies. 

total 

1.1.2 PCR Amplification 

out of sixteen samples 

and -b, RX6-m and 

..... u ....... 5 the 851 bp C2-V3 

failed to amplify, 

PCR I.IU.uvL mismatches and due to this 

study. The 851 bp 

env <>n'ln.ii·i",rI RX I-m were ".V"'VY. 

SEQUENCING 

-mand RX2-m and -b, 

H .. ""V-"H and -b) were .uHI."u .• .., .... 

3.1) Two samples 

to degradation, low 

two mother-child pairs (RX4 

env products spanning the 

use as reagents in "',","H'E> 

and RX7-

load or 

were 

of 

HMA. 
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1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 

A B 
Figure 3.1: 2% (w/v) agarose gels stained with ethidium bromide of DNA fragments amplified by 
PCR. (A): Outer reaction; (B): Inner reaction. 

A: The 1254 bp outer fragment size amplified using the ED5-EDI2 primer set is indicated by the 
arrow. 

B: The 851 bp inner fragment size amplified using the ED31-ES8 primer set is indicated by the arrow. 

lane 1: DNA molecular weight marker VI (Boehringer-Mannheim, Mannheim, Germany), lane 2: 
RXI-m, lane 3: RXl-b, lane 4: RX2-m, lane 5: RX2-b, lane 6: HIV-l negative human DNA control, 
lane 7: positive plasmid control (J copy), lane 8: positive plasmid control (J 0 copies), lane 9: positive 
plasmid control (100 copies), lane 10: negative water control. 

3.1.1.2 RFLP analysis and colony hybridization assay 

The C2-V5 PCR products were cloned from samples RX1-m, RX6-m and -b and RX8-m 

and -b. Colonies containing recombinant plasmids with the correct insert were identified 

by colony probe hybridization assay (Figure 3.2) and confirmed by RFLP analysis on 

extracted plasmid DNA (Figure 3.3). Eight clones were generated from RX1-m 

(numbered RXl-ml to RX1-m8) and ten clones were generated from samples RX6-m 

(numbered RX6-mI to RX6-mlO), RX6-b (numbered RX6-bl to RX6-blO), RX8-m 

(numbered RX8-m 1 to RX8-m 10) and RX8-b (numbered RX8-b 1 to RX8-b 10). 



Univ
ers

ity
 of

 C
ap

e T
ow

n

58 

1 2 3 4 5 6 

A 

B 

C 

D 

E 

F 

Figure 3.2: Autoradiograph of colony hybridization assay of E. coli transformed with 
recombinant plasmid DNA and probed with a DIG-labeled reference probe generated by peR. 

Grid F5: +ve control. 
Grid F6: -ve control. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Figure 3.3: Composite image of a 2% (w/v) agarose gel containing ethidium bromide of PstI and 
EcoRI restriction enzyme digests of plasmid DNA extracted from transformants (Lanes 2-20). 
M: Molecular weight marker VI (Boehringer-Mannheim, Mannheim, Germany) 

3.1.1.3 Manual DNA sequencing of clones 

The 851 bp C2-V5 insert from each of the eight clones from sample RXl-m was 

manually sequenced (Figure 3.4) and the forward and reverse sequences aligned to 

resolve ambiguities. Manual sequencing was performed at this time because automated 

sequencing was not yet available. Sequence data was obtained for all clones and is 

displayed as an alignment in Figure 3.6 and deduced protein sequence alignment in 

Figure 3.8. Nucleotide variability between sequences ranged from no difference to 1 % 

constituting a highly homogeneous viral population (Figure 3.5-A) and amino-acid 

variability between deduced protein sequences ranged from no difference to 3% (Figure 

3.5-B). Phylogenetic analysis of V3 sequences from clones derived from sample RX I-m 

showed clustering with the subtype C reference sequences (Figure 3.7). Six out of eight 

sequences had identical V3 loops although differences were present outside of this region 

(Figure 3.6). In addition, analysis of the deduced protein sequence identified fourteen 

potential N-linked glycosylation sites (N-X-S or N-X-T) numbered from one to fourteen. 

The loss of an N-linked glycosylation site was noted at position eight in sequence RXl­

m5 in the C4 region and an additional site was found at position ten in sequence RXl-m7 

in the C4 region. Twenty-five nucleotide changes were observed of which twenty 

resulted in amino acid changes (nonsynonomous mutation) . The non-synonymous 

mutations together with the changes in glycosylation pattern could be a result of positive 
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Figure 3.4: 
Autoradiograph of 6% (w/v) 
polyacrylamide gel containing S 35_ 

labelled DNA fragments generated 
by manual dideoxynuc1eotide 
sequencing of plasmid DNA from 
sample RX I-m. 

ACGT ACGT 

11 
ED3I 

pMOS 
Blue 

vector 

61 
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(A) 

RX1-m1 RX1-m2 RX1-m3 RX1-m4 RX1-m5 RX1-m6 RX1-m7 RX1-m8 
RX1-m1 a 

-m2 a a 
RX1-m3 .007 0.0 a 
RX1-m4 .010 0.01 0.010 
RX1-m5 0.007 0.007 0.007 0.010 0 
RX1-m6 0.007 0.007 0.000 0.010 0.007 0 
RX1-m7 0.010 0.010 0.00 0.010 0.010 0.007 0 
RX1-m8 07 0.007 0.007 0.007 0.007 .007 0.007 0 

(B) 

RXl-m1 RX1-m2 RXl-m3 RX1-m4 RX1-m5 RX1-m6 RX1-m7 RX1-m8 
RXl-ml 0 
RX1-m2 0.00 0 
RX1-m3 0.0 0.011 
RX1-m4 O. 22 0.022 0.019 0 

-m5 0.019 0.0 0.01 0.0 6 0 
RX1-m6 0.011 o . 11 0.000 0.019 0.0 5 0 
RX1-m7 0.026 .026 0.015 0.026 O. 30 0.015 
RX1-m8 0.0 5 0.015 0.011 0.015 0.019 0.011 0.019 
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ED31=> 
ml 60 
m2 CCTCAGCCATTACACAGGCCTGTCCAAAGGTCTCTTTTGACCCGATTCCTATACATTATT 

CCTCAGCCATTACACAGGCCTGTCCAAAGGTCTCTTTTGACCCGATTCCTATACATTATT 
CCTCAGCCATTACACAGGCCTGTCCAAAGGTCTCTTTTGACCCGATCCCTATACATTATT 

mS CCTCAGCCATTACACAGGCCTGTCCAAAGGTCTCTCTTGACCCGATTCCTGTACATTATT 
m6 CCTCAGCCATTACACAGGCCTGTCCAAAGGTCTCTTTTGACCCGATTCCTATACATTATT 
m7 CCTCAGCCATTACACAGGCCTGTCCAAAGGTCTCTTTTGACCCGATTCCTATACATTATT 
mB CCTCAGCCATTACACAGGCCTGTCCAAAGGTCTCTTTTGACCCGATTCCTATACATTATT 

*** ****** ********* * ******* ****** * *** ** **** 

ml GTGCTCCAGCTGGCTATGCGATTCTAAAGTGTAATAATAAGACATTCAGTGGGAGAGGAC 0 
m2 GTGCTCCAGCTGGCTATGCGATTCTAAAGTGTAATAATAAGACATTCAGTGGGAGAGGAC 
m3 GTGCTCCAGCTGGCTATGCGATTCTAAAGTGTAATAATAAGACATTCAGTGGGAGAGGAC 
m4 GTGCTCCAGCTGGCTATGCGATTCTAAAGTGTAATAATAAGACACTCAGTGGGAGAGGAC 
mS GTGCTCCAGCTGGCTATGCGATTCTAAAGTGTAATAATAAGACATTCAGTGGGAGAGGAC 
m6 GTGCTCCAGCTGGCTATGCGATTCTAAAGTGTAATAATAAGACATTCAGTGGGAGAGGAC 
m7 GTGCTCCAGCTGGCTATGCGATTCTAAAGTGTAATAATAAGACATTCTGTGGGAGAGGAC 
m8 GTGCTCCAGCTGGCTATGCGATTCTAAAGTGTAATAATAAGACATTCAGTGGGAGAGGAC 

******* ***** *** ******* ********* * ** ** ***** **** 

ml CATGCCGTAATGTCAGCACAGTCCAATGTACACATGGAATTAAGCCTGTGGTATCAACTC 180 
m2 CATGCCGTAATGTCAGCACAGTCCAATGTACACATGGAATTAAGCCTGTGGTATCAACTC 
m3 CATGCCGTAATGTCAGCACAGTCCAATGTACACATGGAATTAAGCCTGTGGTATCAACTC 
m4 CATGCCGTAATGTCAGCACAGTCCAATGTACACATGGAATTAAGCCTGTGGTATCAACTC 
mS CATGCCGTAATGTCAGCACAGTCCAATGTACACATGGAATTAAGCCTGTGGTATCAACTC 

CATGCCGTAATGTCAGCACAGTCCAATGTACACATGGAATTAAGCCTGTGGTATCAACTC 
m7 CATGCCGTAATGTCAGCACAGTCCAATGTACACATGGAATTAAGCCTGTGGTATCAACTC 
mS CATGCCGTAATGTCAGCACAGTCCAATGTACACATGGAATTAAGCCTGTGGTATCAACTC 

* *************** * ******* ******* ******* ** 

AACTACTGTTAAATGGTAGCCTAGCAGAAGGGGAGATAATAATTAGATCTGAGAATCTGA 240 
AACTACTGTTAAATGGTAGCCTAGCAGAAGGGGAGATAATAATTAGATCTGAGAATCTGA 
AACTACTGTTAAATGGTAGCCTAGCAGAAGGGGAGATAATAATTAGATCTGAGAATCTGA 

m4 AACTACCGTTAAATGGTAGCCTAGCAGAAGGGGAGATAATAATTAGATCTGAGAATCTGA 
mS AACTACTGTTAAATGGTAGCCTAGCAGAAGGGGAGATAATAATTAGATCTGAGAATCTGA 
m6 AACTACTGTTAAATGGTAGCCTAGCAGAAGGGGAGATAATAATTAGATCTGAGAATCTGA 

AACTACCGTTAAATGGTAGCCTAGCAGAAGGGGAGATAATAATTAGATCTGAGAATCTGA 
AACTACCGTTAAATGGTAGCCTAGCAGAAGGGGAGATAATAATTAGATCTGAGAATCTGA 
***** * *************************************** ********** 

m1 CAGACAATGTCAAAATAATAATAGTACACCCTAATGAATCTGTAGAAATTGTGTGTACAA 300 
m2 CAGACAATGTCAAAATAATAATAGTACACCCTAATGAATCTGTAGAAATTGTGTGTACAA 
m3 CAGACAATGTCAAAATAATAATAGTACACCTTAATGAATCTGTAGAAATTGTGTGTACAA 

CAGACAATGTCAAAATAATAATAGTACACCTTAATGAATCTGTAGAAATTGTGTGTACAA 
CAGACAATGTCAAAATAATAATAGTACACCTTAATGAATCTGTAGAAATTGTGTGTACAA 

m6 CAGACAATGTCAAAATAATAATAGTACACCTTAATGAATCTGTAGAAATTGTGTGTACAA 
m7 CAGACAATGTCAAAATAATAATAGTACACCTTAATGAATCTGTAGAAATTGTGTGTACAA 
mS CAGACAATGTCAAAATAATAATAGTACACCTTAATGAATCTGTAGAAATTGTGTGTACAA 

********************** * *** *** *************** ***** 
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=>V3 
ml GACCCAACAATAATACAAGAAAAAGTATAAGGATAGGACCAGGACAAACATTCTTTGCAA 60 

GACCCAACAATAATACAAGAAAAAGTATAAGGATAGGACCAGGACAAACATTCTTTGCAA 
GACCCAACAATAATACAAGAAAAAGTATAAGGATAGGACCAGGACAAACATTCTTTGCAA 

m4 GACCCAACAATAATACAAGAAAAAGTATAAGGATAGGACCAGGACAAACATTCTTTGCAA 
GACCCAACAATAATACAAGAAAAAGTATAAGGATAGGACCAGGACAAACATTCTTTGCAA 

m6 GACCCAACAATAATACAAGAAAAAGTATAAGGATAGGACCAGGACAAACATTCTTTGCAA 
m7 GACCCATCAATAATACAAGAAAAAGTATAAGGATAGGACCAGGACAAACATTCTTTGCAA 
m8 GACCCAACAATAATACAAGAAAAAGTATAAGGATAGGACCAGGACAAACATTCTTTGCAA 

** * *** ** ** **** ****** ** * ******* 

ml CAAATGACATAATAGGAGACATAAGACAAGCACATTGTAACATTAGTACAACAAAATGGA 420 
m2 CAAATGACATAATAGGAGACATAAGACAAGCACATTGTAACATTAGTACAACAAAATGGA 
m3 CAAATGACATAATAGGAGACATAAGACAAGCACATTGTAACATTAGTACAACAAGATGGA 
m4 CAAATGACATAATAGGAGACATAAGACAAGCACATTGTAACATTAGTACAACAAAATGGA 
m5 CAAATGACATAATAGGAGACATAAGACAAGCACATTGTAACATTAGTACAACAAAATGGA 
m6 CAAATGACATAATAGGAGACATAAGACAAGCACATTGTAACATTAGTACAACAAGATGGA 

CAAATGACATAATAGGAGACATAAGACAAGCACATTGTAACATTAGTACAACAAGATGGA 
m8 CAGATGACATAATAGGAGACATAAGACAAGCACATTGTAACATTAGTACAACAAAATGGA 

** ** * * ******* * **************** ***** **** *** * * 

ml ACACAACTTTAGAAAGGGTAAGGAAGAAATTAGGAGAACACTTCCCTAATAAAACAATAA 480 

ACACAACTTTAGAAAGGGTAAGGAAGAAATTAGGAGAACACTTCCCTAATAAGACAATAA 
ACACAACTTTAGAAAGGGTAAGGAAGAAATTAGGAGAACACTTCCCTp~TAAAACAATAA 

m5 GCACAACTTTAGAAAGGGTAAGGAAGAAATTAGGAGAACACTTCCCTAATAAAACAATAA 
m6 

ACACAACTTTAGAAAGGGTAAGGAAGAAATTAGGAGAACACTTCCCTAATAAAACAATAA 
ACACAACTTTAGAAAGGGTAAGGAAGAAATTAGGAGAACACTTCCCTAATAAAACAATAA 

* ** ****** * ******* * ********* *** ** ***** 

CCTTTAAACAGCCCTCAGGAGGGGACCTAGAAATTACAACACATAGCTTTAATTGTAGAG 540 
m2 CCTTTAAACAGCCCTCAGGAGGGGACCTAGAAATTACAACACATAGCTTTAATTGTAGAG 
m3 CCTTTAAACAGCCCTCAGGAGGGGACCTAGAAATTACAACACATAGCTTTAATTGTAGAG 
m4 
m5 
m6 CCTTTAAACAGCCCTCAGGAGGGGACCTAGAAATTACAACACATAGCTTTAATTGTAGAG 

m8 CCTTTAAACAGCCCTCAGGAGGGGACCTAGAAATTACAACACATAGCTTTAATTGTAGAG 
* ****** ********* * ******** * ****** '* ***** * **** 

=>V4 
ml GAGAGTTTTTTTATTGCAATACATCAAATCTGTTTCCTAATGACAATGGGTCAAACCCAA 600 

GAGAGTTTTTTTATTGCAATACATCAAATCTGTTTCCTAATGACAATGGGTCAAACCCAA 
GAGAGTTTTTTTATTGCAATACATCAAATCTGTTTCCTAATGACAATGGGTCAAACCCAA 
GAGAGTTTTTTTATTGCAATACATCAAATCTGTTTCCTAATGACAATGGGTCAAACCCAA 
GAGAGTTTTTTTATTGCAATACATCAAATCTGTTTCCTAATGACAATGGGTCAAACCCAA 

m6 GAGAGTTTTTTTATTGCAATACATCAAATCTGTTTCCTAATGACAATGGGTCAAACCCAA 
m7 GAGAGTTTTTTTATTGCAATACATCAAATCTGTTTCCTAATGACAATGGGTCAAACCCAA 

GAGAGTTTTTTTATTGCAATACATCAAATCTGTTTCCTAATGACAATGGGTCAAACCCAA 
************ ****** ******** ***** **** ** *** ******* 
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ml CCACCATCCCATGCAAGATAAAACAAATTATAAACATGTGGCAGGGGGTAGGACGAGCAA 660 
CCACCATCCCATGCAAGATAAAACAAATTATAAACATGTGGCAGGGGGTAGGACGAGCAA 

m3 CCACCATCCCATGCAAGATAAAACAAATTATAAACATGTGGCAGGGGGTAGGACGAGCAA 
m4 CCGCCATCCCATGCAAGATAAAACAAATTATAAACATGTGGCAGGGGGTAGGACGAGCAA 
mS CCACCATCCCATGCAAGATAAAACAAATTATAAACATGTGGCAGGGGGTAGGACGAGCAA 
m6 CCACCATCCCATGCAAGATAAAACAAATTATAAACATGTGGCAGGGGGTAGGACGAGCAA 
m7 CCACCATCCCATGCAAGATAAAACAAATTATAAACATGTGGCAGGGGGTAGGACGAGCAA 

CCACCATCCCATGCAAGATAAAACAAATTATAAACATGTGGCAGGGGGTAGGACGAGCAA 
******** ********* * ** **************** **** 

ml TGTATGCCCCTCCCATTAAAGGGAACATAACACGTAACTCAAGTATCACAGGATTACTAT 7 0 
TGTATGCCCCTCCCATTAAAGGGAACATAACACGTAACTCAAGTATCACAGGATTACTAT 
TGTATGCCCCTCCCATTAAGGGAAACATAACATGTAACTCAAGTATCACAGGATTACTAT 

mS TGTATGCCCCTCCCATTAAAGGAAACATAACATGTAACTCAAGTATCACAGGATTACTAT 
m6 TGTATGCCCCTCCCATTAAGGGAAACATAACATGTAACTCAAGTATCACAGGATTACTAT 
m7 TGTATGCCCCTCCCATTAAAGGAAACATAACATGTAACTCAAGTATCACAGGATTACTAT 
m8 

~~ 

TGACACGTGATGGTGGCGACGGGAATAACATAGAGGAGATATTCAGACCTGGAGGAGGAG 780 
m2 TGACACGTGATGGTGGCGACGGGAATAACATAGAGGAGATATTCAGACCTGGAGGAGGAG 
m3 TGACACGTGATGGTGGCGACGGGAATAACATAGAGGAGATATTCAGACCTGGAGGAGGAG 
m4 TGACACGTGATGGTGGCGACGGGAATAACATAGAGGAGATATTCAGACCTGGAGGAGGAG 
mS TGACACGTGATGGTGGCGACGGGAATAACATAGAGGAGATATTCAGACCTGGAGGAGGAG 
m6 TGACACGTGATGGTGGCGACGGGAATAACATAGAGGAGATATTCAGACCTGGAGGAGGAG 

TGACACGTGATGGTGGCGACGGGAATAACATAGAGGAGATATTCAGACCTGGAGGAGGAG 
m8 TGACACGTGATGGTGGCGACGGGAATAACATAGAGGAGATATTCAGACCTGGAGGAGGAG 

*** ***** *** **** * ****** * ** *********** * ***** 

ml 04 
m2 ATATGAGGGACAATTGGAGAAGTG 

ATATGAGGGACAATTGGAGAAGTG 
ATATGAGGGACAATTGGAGAAGTG 

mS ATATGAGGGACAATTGGAGAAGTG 
m6 ATATGAGGGACAATTGGAGAAGTG 
m7 ATATGAGGGACAATTGGAGAAGTG 
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BJRFL 

0.1 

B HXB2 

C BW0502 

C DU1 

RX1 m8 

91 RX1 m7 

RX1 m3 

RX1 m1 

RX1 m2 

RX1 m4 

RX1 rn6 

RX1 m5 

CPZ CPZGAB 

DELI 

DNDK 
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m3 
m4 
mS 
m6 
m7 

m2 
m3 
m4 

m6 
m7 
mS 

m4 
mS 
m6 
m7 

mi 
m2 
m3 
m4 

m7 
mS 

s 
s 
s 

s 
s 

A 

A 
A 
A 

A 

A 

A 

A 

I Q A C 
I Q A 
I T Q A 

T A 
I T A C 
I T Q C 
I T A C 

T Q A C 

P K 

P K V 

K V 
K V 

P K V 
P 
p V 
P K V 

s 
s 
s 
s 

F 
F 
L 
F 
F 
F 

D 
D 

D 

D 

D 

D 

P 

P 
P 
p 

P 

p 

I 

I 

I 

I 

p 

P 

P 

P 
P 
P 

I 

I 

I 
I 

I 

* * * * * * * * * * * * * * * 

A P 

A P A G 
P A G 

A P A G 
A G Y 
A P G Y 

A PAY 
A P A G Y 

A 
I 

A I 
A I 
A 

A I 
A I 

I 

L 
L 
L 
L 

L 
L 

K C 

K 

K 
K C 
K C 
K C 
K C 

K 

N N K 
N N K 
N N K 
N N K 
N K 

N N K 

T F 
F 

F 

F 

F 

F 

S 
S 
S G 
S G 
S G 

S 

G 

G 

H 

H 

H 

H 
H 

H 
H 

Y 
Y 
Y 
Y 

Y 

* * 

R G 

R 

G 
R G 
R G 

R G 

R G 

C 20 

C 
C 

C 

P 
P 
P 

P 

P 

P 
P 

o 

* * * * * * * * * * * * * * * * 

C 

C 

C 

C 
C 

N V S 
R V S 
R V S 
R N V S 
R N V S 

N V 
R N V S 

V S 

T V Q C 
T V Q C T 
T V Q C T 
T Q C T 

V Q 
v Q 

T V Q C T 
T veT 

H G 
H G 
H 

H 

H G 
H G 
H G 

G 

* * * * * * 
J, 

L L LNG 
L L L 

L 

L P L G 
L L L G 
LNG 
LNG 

P LNG 

G E S L A 
S L A 

L A 

E I 
E I 

L A E E 
S E G E 
S E G 
S A E G 
S L A E G E 

I 
I 

I 

I 

I 

I 

I 

I 
I 

K 

K 
K 

K 
K 

* * 

I 

I 

I 
I 

I 

I 

I 

I 

I 
I 
I 

P V V 
V V 
V V 

V 

P V V 
V V 

P V V 
P V V 

S 
S 
S 
S 

T Q 60 
T Q 
T 

T 
T Q 

Q 
Q 

T Q 
* * * * 

R S 
R S 

S 

R 
R S 
R 
R 

L 

E 

L T 
T 

L T 
E N L T 

L 
E N L 
E N L 

* * * * * * * * * * * * * * * * * * 

D N V K 
D N V K 
D N 

N V K 

I 
I 
I 

I V H 

V H 

I 

P N E 
P N E 
L N E 
L N 

V E 
V 
V E 

I 

I 
C T R 100 
C T R 
C T R 
C T R 

mS N V 

I 
I 
I 

I 

I 

H 

V H 
V H 
V 

L N E 
L N E 

s 
s 
S 
s 
S 

V E 
V E 
V E 

v 
v 
v 
v 
v 
v 

C T R 
m6 N V K I 
m7 N V K 
mS D N K I I 

* * * * * * 

I 

I V 
V 

* * 

N E E 
I 
I 

C T R 
C T R 

L N E S V E I veT R 
* * * * * * * * * * 
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rn1 
rn2 
rn3 
rn4 
rn5 
rn6 
rn7 
rn8 

rn1 
rn2 
rn3 
rn4 
rn5 
rn6 
rn7 
rn8 

rn1 
rn2 
rn3 
rn4 
rn5 
rn6 
rn7 
rn8 

rn1 
rn2 
rn3 
rn4 
rn5 
rn6 
rn7 
rn8 

6J, =>V3 region¢::: 
P N N N T R 
P N N N T R 
P N N N T R 
P N N N T R 
P N N N T R 
P N N N T R 
PIN N T R 
P N N N T R 

K SIR I G P G Q T F FAT 120 
K SIR I G P G Q T F FAT 
K SIR I G P G Q T F FAT 
K SIR I G P G Q T F FAT 
K SIR I G P G Q T F FAT 
K SIR I G P G Q T F FAT 
K SIR I G P G Q T F FAT 
K SIR I G P G Q T F FAT 

* * * * * * * * * * -*--~*---*~-=* * * * * * 

N D I I 

N D I I 

N D I I 

N D I I 

N D I I 

N D I I 

N D I I 

D D I I 

G D I R 
G D I R 
G D I R 
G D I R 
G D I R 
G D I R 
G D I R 
G D I R 

Q A 
Q A 
Q A 
Q A 
Q A 
Q A 
Q A 
Q A 

7J, 
HeN 
HeN 
HeN 
HeN 
HeN 
HeN 
HeN 
HeN 

I 

I 

I 

I 

I 

I 

I 
I 

s 
s 
s 
s 
s 
s 
s 
s 

T 
T 
T 
T 
T 
T 
T 
T 

T 
T 
T 
T 
T 
T 

T 
T 

K 
K 
R 
K 
K 
R 

R 
K 

w 
w 
w 
w 
w 
w 
w 
w 

sJ, 
N 140 
N 
N 

N 

S 
N 

N 
N 

* * * * * * * * * * * * * * * * * 

TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
TTL 

E R V R K 
E R V R K 
E R V R K 
E R V R K 
E R V R K 
E R V R K 
E R V R K 
E R V R K 

K L G E 
K L G E 
K L G E 
K L G E 
K L G E 
K L G E 
K L G E 
K L G E 

H 
H 

H 
H 
H 
H 
H 
H 

F 
F 

F 
F 

F 

F 

F 
F 

gJ, 
P N K 
P N K 
P N K 
P N K 
P N K 
P N K 
P N K 
P N K 

T 
T 

T 
T 
T 
T 
T 
T 

I 
I 

I 

I 

I 

I 

I 

I 

T 160 
T 
T 
T 
T 
T 
T 
T 

* * * * * * * * * * * * * * * * * * * * 

F 
F 

F 

F 

F 

F 
F 
F 

K Q 
K Q 
K Q 
K Q 
K Q 
K Q 
K Q 
K Q 

P 
P 
P 
P 
P 
P 
P 
P 

s 
s 
s 
s 
s 
s 
s 
s 

G G D L 
G G D L 
G G D L 
G G D L 
G G D L 
G G D L 
G G D L 
G G D L 

10J, 
E ITT H 
E ITT H 
E ITT H 
E ITT H 
E ITT H 
E ITT H 
E N T T H 
E ITT H 

s 
s 
s 
s 
s 
s 
s 
s 

F N 
F N 
F N 
F N 
F N 
F N 
F N 
F N 

eRG 180 
eRG 
eRG 
R R G 
eRG 
eRG 
eRG 
eRG 

* * * * * * * * * * * * * * * * * * 

llJ, =>V4 region¢::: 12J, 13J, 
rn1 E F F yeN T S N L F P N D N G S N P T 200 
rn2 E F F yeN T S N L F P N D N G S N P T 
rn3 
rn4 
rn5 
rn6 
rn7 
rn8 

E 

E 
E 

E 

E 

E 

F 
F 

F 
F 

F 
F 

F 

F 
F 

F 
F 

F 

y 

y 

y 

y 

y 

y 

C N T S N L 
C N T S N L 
C N T S N L 
C N T S N L 
C N T S N L 
C N T S N L 

F P N D N G S N P 
F P N D N G S N P 
F P N D N G S N P 
F P N D N G S N P 
F P N D N G S N P 
F P N D N G S N P 

T 
T 
T 
T 
T 
T 

* * * * * * * * * * * * * * * * * * * * 

68 



Univ
ers

ity
 of

 C
ap

e T
ow

n

rnl 
rn2 
rn3 
rn4 

rn6 
rn7 
rn8 

T I 
T I 
T I 
A I 

T I 
T I 
T I 
T I 

p C 
P C K 

P C K 

P C K 

P C K 

P C K 
P C K 

P C 

I 

I 
I 

K 

K 

K 

K 
K 

K 

K 

Q 
Q 

Q 
Q 
Q 

Q 

Q 

I 

I 

I 

I 

I 

I 

I 

I 
I 

I 

I 

N 

N M 
N M 
N 

N M 
M 

N M 

W 

W 
W 

W 
W 
W 
W 

Q 

Q 

Q 

Q 

Q 
Q 

G 
G 

G 

G 

G 
G 

G 

v 

v 
v 
v 
v 

v 

G 

G 
G 
G 
G 

G 

G 
G 

R 
R 
R 

R 

R 

R 

A M 220 
A 
A M 
A M 
A M 
A M 

M 

* *' * * *' * * * *' "* * * * * * 

rnl 

rn4 
rnS 
rn6 
rn7 

rnl 
rn2 
rn3 

rn5 
rn6 
rn7 
rn8 

rnl 

rn3 
rn4 
rnS 
rn6 

A P P I 
YAP P 
Y P P 
YAP P 
YAP P I 

A P I 
A P I 

YAP P I 

1 
G N I 

K G N I 
K G N 
K G I 

G 

G N 
K N 
K G N I 

1 
R N 

T R N 
C N 

s s 
s 
s 

TeN S S 
T N S S 
T N S 

TeN S S 
TeN S S 

I 

I 

I 

I 

I 

I 
I 

*' *' * * *' * * * * * * * * 

T 
T 
T 

T 
T 
T 
T 
T 

R 

R 

R 

R 
R 
R 

D 
D 
D 
D 

D 

D 
D 
D 

G 

G 
G 

G 
G 
G 

G 

G 

G 
G 
G 
G 
G 

G 

D 
D 
D 

D 
D 
D 

D 

* * * * * 

M R 
M R 
M R 

D W R 
D N W R 
D N 

M R D N 
R D W 

M R N W R 

G N N I 
G N N I 
G N N I 
G N N I 
G N N I 
G N N I 
G N N I 
G N N I 

E E 
E E 
E E 
E E 
E E 
E E 
E E 
E E 

I 

I 

I 

I 

I 

I 
I 
I 

F R 
F R 
F R 
F R 
F R 
F R 
F R 

F R 
* * * * * *' * * 

S 
S 
S 

267 

rn7 M R D N W R 
rn8 D N W R 

* * * * * * * 

T G L L 
G L L 
G L L L 

T L L L 
G L L 

T G L L 
T G L L 
T G L L L 

* * * * 

o 

P 
P 
P 

P 
P 
P 
P 
P 

G G 
G G 
G G 
G G 
G G 
G G 
G G 
G G 

G 

G 
G 
G 

G 
G 

D 260 
D 
D 
D 
D 
D 

D 

G 

* * *' * 



Univ
ers

ity
 of

 C
ap

e T
ow

n

.2 

to ensure 

to 

can 

a 

was 

a curve an 

3.1 1 

accurate IS 

IS 

was 

mean 



Univ
ers

ity
 of

 C
ap

e T
ow

n

71 

Table 3.3: 0045 0 values obtained for sixteen identical wells at two concentrations of 

OIG-Iabel. 

OD450 OD450 
(I .670 fmol DIG/well) (0.835 finol DIG/well) 

1.169 0.604 

1.120 0.587 
1.137 0.593 
1.171 0.597 
1.189 0.599 
1.145 0.563 
1.159 0.559 
1.169 0.579 
1.231 0.600 
1.173 0.595 
1.167 0.569 
1.116 0.629 
1.098 0.507 
1.102 0.583 
1.147 0.571 
1.179 0.600 

Mean and SO: 1.155 ±0.03457 Mean and SO: 0.5834 ± 0.02702 

3.1.2.2 Sensitivity of detection of labelled molecules 

To determine the sensitivity of the peR-ELISA, a two-fold dilution curve of OIG­

labelled molecules from 10 fmol to 0.3125 fmol to was performed in triplicate (Table 3.4 

and Graph 3.1). The lowest dilutions (0.3124 fino I) were 3.5 times greater than 

background showing a high degree of sensitivity. The concentration at which saturation 

was reached for the assay was shown to fall between 5 fmol and 10 finol of DIG-label. 
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Table 3.4: Results of DIG-detection ELISA showing OD450 values obtained in triplicate 
from two-fold dilutions of control-peptide starting with the equivalent of 10 finol of DIG­
label 

Sample: OD450 OD450 OD450 * OD450 
(fmol DIG/well) (1) (2) (3) 

10 >3 >3 >3 >3 

5 1.966 2.052 1.971 1.996 ± 0.04827 

2.5 1.149 1.122 1.197 1.156 ± 0.03799 

1.25 0.631 0.615 0.621 0.6223 ± 0.008083 

0.625 0.358 0.364 0.343 0.355 ±0.01082 

0.3125 0.228 0.222 0.216 0.222 ± 0.006 

no peptide 0.064 0.067 0.058 0.063 ± 0.004583 
(conjugate 

added) 
no peptide 0.053 0.068 0.049 0.05667 ± 0.01002 

(no conjugate 
added) 

*OD450 : mean and standard deviation of the 3 values obtained. 
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Graph 3.1: Linear plot of results obtained from DIG-detection ELISA usmg control­

peptide showing the OD450 values versus two-fold dilutions of control-peptide. (Data 
listed in Table 3.4) 

3.1.2.3 Calibration of detection system 

The PCR-ELISA system was calibrated using an external standard of 100 HIV-1 proviral 

copies. PCR copy number standards were obtained from the NIH (AIDS Research and 

Reference Reagent Program, Division of AIDS, NIAID, NIH : catalogue number 

ARP956). Before using the dilution standards, an HIV-1 test sample of undetermined 

copy number was used as template to generate a labelled DNA control to confLrm that the 

assay was functioning correctly. In addition, the test sample was used as a standard of 

known copy number since the calibration standards were in limited supply. The OD450 

values obtained for a dilution curve of the test sample (Table 3.5) were used to calculate 
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the absolute values of DIG-label (Table 3.6) based on the standard curve obtained using 

the control-peptide of known concentration (Table 3.4). Successful generation and 

detection of labelled PCR products was demonstrated and the assay was repeated using 

the control standard of known HIV-l DNA copy number. A standard curve was 

generated relating copy number to OD450 values (Table 3.7 and Graph 3.3). 

Table 3.5: Results of DIG-detection ELISA showing OD450 values obtained in triplicate 
from two-fold dilutions of labelled DNA generated by PCR starting with the undiluted 
sample 

dilution ratio OD450 OD450 OD450 *OD450 
(1) (2) (3) 

1: 1 >3 >3 >3 >3 
1:2 >3 >3 >3 >3 
1 :4 >3 >3 >3 >3 
1 :8 >3 >3 >3 >3 

1: 16 >3 >3 >3 >3 
1:32 >3 >3 >3 >3 
1 :64 2.709 2.366 2.580 2.552 + 0.1732 

1: 128 1.657 l.592 1.435 l.561 +0.1141 
1 :256 0.969 0.765 0.893 0.8757 + 0.1031 
1 :512 0.518 0.512 0.496 0.5087 + 0.01137 

1: 1024 0.300 0.284 0.239 0.2743 ± 0.03163 
1 :2048 0.179 0.191 0.194 0.1880 + 0.007937 
1 :4096 0.117 0.122 0.125 O. 1213 + 0.004041 
1:8192 0.095 0.105 0.100 0.1000 + 0.005000 

no DNA 0.070 0.066 0.060 0.06533 ± 0.005033 
(conjugate added) 

no DNA 0.055 0.054 0.057 0.05533 ± 0.001528 
( no conjugate added) 

*OD450: mean and standard deviation of the three values obtained. 
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Table 3.6: Deduced values of equivalent DIG-label caku1ated for the OD450 values listed 
in Table 3.4 using the standard curve constructed from data listed in Table 3.3. 

o 
L() 

<::j1 

~ 
o 

fmol DIG/well 00450 
6.322 2.552 
3.161 1.561 
1.581 0.876 
0.527 0.509 
0.264 0.274 
0.132 0.188 
0.660 0.121 
0.330 0.100 

no DNA (conjugate added) 0.065 

4~-------------------------------------------------. 

34-~S~a=ru~m~t~io~n~Po~m~t ________________________________ ~~-+ 

2 

O~----~-----T----~----~r-----~----,------r-----; 

o 1 2 3 4 5 6 7 8 

fmol DIG/well 

Graph 3.2: Solid-circles are a linear plot of results obtained from DIG-detection ELISA 

using DIG-labelled peR amplicons showing the OD450 values versus two-fold dilutions of 
amplicon. (Data listed in Table 3.6). Open-circles correspond to values plotted on Graph 
3.1. 
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Table 3.7: Results of DIG-detection PCR-ELISA showing OD450 values obtained from 
two-fold dilutions of control template molecules starting with one hundred copies. 

o 
L.() 

"<ji 

Q 
o 

Sample: OD450 
(number of template copies) 

100 0.988 
50 0.680 
25 0.540 

12.5 0.218 
6.25 0.102 

3.125 0.088 
-ve H20 control 0.064 

+ve DNA control l.318 

Saturation Point 
3.-~=========------------=======================~ 

2 

1 

~--.~ .. . 
.... 

o+-------~--------._------~------~~------~------~ 
o 20 40 60 80 100 120 

copies/well 

Graph 3.3 : Linear plot of results obtained from DIG-detection ELISA using labelled DNA 

generated by PCR showing the OD450 values versus two-fold dilutions of template 
starting with the equivalent of 100 copies/well (Data listed in Table 3.7). 
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3.1.2.4 DIG-detection ELISA applied to sample unknowns 

Using a positive control of known copy number as inferred from the standard curve 

generated previously, samples from three mother-child sets (RX3, RX6 and RX8) were 

assayed for provirus copy number. The number of copies ranged from 2,100 to 13,200 

per ml with between 21 and 132 copies added per amplification reaction (Table 3.9). As 

the number of amplifiable copies fell within the range of 20 to 50 amplifiable copies 

recommended by Delwart et al. (1993), the proviral copy number was considered 

sufficient for accurate estimation of intraperson sequence diversity. 

Table 3.8: Results of DIG-detection PCR-ELISA showing OD450 values obtained by 
using PBMC DNA from infected mother-child pairs as the source of template m01ecules. 

Sample: OD450 
RX3-m 0.318 
RX3-c 1.393 
RX6-m 0.450 
RX6-c 1.209 
RX8-m 0.421 
RX8-c 0.840 

-ve H20 control 0.054 
+ve DNA control 1.532 

Table 3.9: Deduced number of template molecules calculated from the OD450 values 
listed in Table 3.8 using the standard curve constructed from data listed in Table 3.7. 

Sample: Number of template moleculeslIO Ill: 
RX3-m 21 
RX3-c 132 
RX6-m 35 
RX6-c 113 
RX8-m 32 
RX8-c 75 
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1 2 3 4 5 6 7 8 9 10 1112 131415 

A 

1 2 3 4 5 6 7 8 9 10 111 2 13 14 15 

B 

Figure 3.9: Polyacrylamide gels of heteroduplexes (lanes 1-6) formed between 851 bp C2-V 4 
fragments amplified from clone RX6-m4 mixed with reference plasmids RW20 (subtype A) , 
BR20 (subtype B) , TH14 (subtype B), MA959 (subtype C), ZM18 (subtype C) and UG21 
(subtype D); lane 7 : clone RX6-m4 only; lane 8: low molecular weight marker (Promega, 
Madison, USA); lanes 9-14: clone RX6-bl0 and reference subtypes ; lane 15: clone RX6-bl0 
only; (B): lanes 1-6: clone RX8-m2 sequence mixed with reference subtype sequences as in 
(A); lane 7: clone RX8-m2 only; lane 8: low molecular weight marker (Promega, Madison, 
USA); lanes 9-14: clone RX8-b6 mixed with reference subtypes as above; lane 15 : clone RX8-
b6 only. 
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difference, approximately 1 %. For sample RX8-m, ten clones were analyzed and showed 

eight different banding patterns and for sample RX8-b, ten clones were analyzed showing 

nine different banding patterns (Figure 3.12). Mobility shifts of the heteroduplex bands 

were more varied than in RX6 and is indicative of a greater degree of heterogeneity in 

this sample pair. The use of an unrelated or related driver sequence did not influence the 

banding patterns other than the mobility shifts of the heteroduplexes depending of the 

homology between the samples and the driver sequence. 

1 2 3 4 5 6 7 8 9 10 11 

Figure 3.10: Polyacrylamide gel ofheteroduplexes generated by mixing of851 bp C2-V4 
PCR product amplified from 8 clones derived from sample RX 1-m with a related subtype 
C reference sequence MA959. Lane 1 and 11: Low molecular weight marker (Amersham, 
Piscataway, USA); lane 2: RX1-ml; lane 3: RX1-m2; lane 4: RX1-m3; lane 5: RX1-m4; 
lane 6: RX1-m5; lane 7: RX1-m6; lane 8: RX1-m7; lane 9: RX1-m8; lane 10: reference 
MA979 only. 
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82 
1 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 10 11 12 

D 

Figure 3.11: (A) Polyacrylamide gels of heteroduplexes generated between 851 bp C2-V4 
fragments amplified by PCR from clones generated from sample RX6-b and reference C 
subtype MA979; (B): clones 1-10 from sample RX6-b and selected sequence RX6-m4; (C): 
clones 1-10 from sample RX6-m and reference C subtype MA979; (D): clones 1-10 from 
sample RX6-m and a selected sequence RX6-b 10. Positions of heteroduplexes and 
homoduplexes are labeled and arrows indicate samples containing the same mixture of clones. 
In all images lane 1: Low molecular weight marker (Promega, Madison, USA); lane 11: driver 
sequence DNA only; lanes 2-11: clones 1-10 mixed with driver sequence DNA. 
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1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 

A B 

c 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 

D 

Figure 3.12: (A) Polyacrylamide gels of heteroduplexes generated between 851 bp C2-V4 
fragments amplified by PCR from clones generated from sample RX8-b and reference C 
subtype MA979; (B): clones 1-10 from sample RX8-b and selected sequence RX8-m2; (C): 
clones 1-10 from sample RX8-m and reference C subtype MA979; (D): clones 1-10 from 
sample RX8-m and a selected sequence RX8-b6 . Positions of heteroduplexes and 
homoduplexes are labeled and arrows indicate samples containing the same mixture of clones. 
In all images lane 1: Low molecu lar weight marker (Promega, Madison, USA); lane 11: driver 
sequence DNA only; lanes 2-11: clones 1-10 mixed with driver sequence DNA. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

.4 

is nplrTronYl 

an 

3.1 

3.13. on 

was 



Univ
ers

ity
 of

 C
ap

e T
ow

n
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V3 

Figure 3.13: Autoradiograph of gamma_p32 labeled cleavage products generated by 
BESS and resolved on a 6% polyacrylamide gel. The V3 region is indicated by the 
dotted line. Small rectangles indicate differences in banding patterns. 
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University of Cape Town

J, 
C T R P N N N T R K S V RIG P G Q T F Y A T N D I I G D IRK A H C 

m4 TGTACAAGACCCAACAATAATACAAGAAAAAGTGTAAGGATAGGACCAGGACAAACATTCTATGCAACAAATGACATAATAGGAGACATAAGAAAAGCACATTGT 
ml T-TA-AA-A---AA-AATAATA-~A-AAAAA-T-TAA-~ATA--A--AA-A-AAA-ATT-TAT--AA-AAAT-A-ATAATA--A-A-ATAA-AAAA--A -ATT-T 
m2 T-TA-AA-A---AA-AATAATA-AA-AAAAA-T-TAA--ATA--A--A--A-AAA-ATT-TAT--AA-AAAT-A-ATAATA--A-A-ATAA-AAAA--ATATT-T 
m3 T-TA-AA-A---AA-AATAATA-AA-AAAAA-T-TAA--ATA--A--A--A-AAA-ATT-TtT--AA-AAAT-A-ATAATA--A-A-ATAA-~-AA--A-ATT-T 
mS T-TA-AA-A---AA-AATAATA-AA-AAAAA- T-TAA--ATA--A--A--A-AAA-ATT-TAT--AA-AAAT-A-ATAATA--A-A-ATAA-AAAA--A-ATT-T 
m6 T-TA-AA-----AA-AATAATA-AA-AAAAA-T-TAA--ATA--A--A--A-AAA-ATT-TAT--AA-AAAT-A-ATAATA--A-A-ATAA-AAAA--ATATT-T 
m7 T-TA-AA-A---AA-AATAATA-AA-AAAAA-T-TAA--ATA--A--A--A-AAA-ATT-TWT--AA-AAAT-A-ATAATA--A-A-ATAA-A~AA--A-ATT-T 

mB T-TA-AA-A---AA-AATAATA-AA-AAAAA-T-TAA--ATA--A--A--A-AAA-ATT-TTT--AA-AAAT - A-ATAATA--A-A-ATAA-ALAA--A-ATT-T 
- l 

m9 T-TA-AA-A---AA-AATAATA-AA-AAAAA-T-TAA--ATA--A--A--A-AAA-ATT-TAT--AA-AAAT-A-ATAATA--A-A-ATAA-A-AA--A-ATT-T 
mlO T-TA-AA-A---AA-AATAATA-AA-AAAAA-T-TAA--ATA--A--A--A-AAA-ATT-TAT--AA-AAAT-A-ATAATA--A-A-ATAA-A~AA--ATATT-T 

******** ************** ************************ ************ ******************************* ***** ***** 

~ 
C T R P N D N T R K SIR I G P G Q IFF A T N D I I G D IRQ A H C 

blO TGTACAAGACCCAACGATAATACAAGAAAAAGTATAAGGATAGGACCAGGACAAATATTCTTTGCAACAAATGACATAATAGGAGACATAAGACAAGCACATTGT 
bl T-TA-AA-A---AA-AATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATT-TTT--AA-AAAT-A-ATAAT~-A-A-ATAA-~-AA--A-ATT-T 
b2 T-TA-AA-A---AA-AATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATT-TTT--AA-AAAT-A-ATAATAd-A-A-ATAA-~-AA--A-ATT-T 
b3 T-TA-AA-A---AA-AATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATT-TTT--AA-AAAT-A-ATAATA--A-A-ATAA-A-AA--A-ATT-T 
b4 ~-TA-AA-A---AA-AATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATT-TTT--AA-AA~T-A-ATAATA--A-A-ATAA-A-AA--A-ATT-T 
bS T-TA-AA-A---AA-AATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATT-TTT--AA-AAAT-A-ATAATA--A-A-ATAA-A-AA--A-ATT-T 
b6 T-TA-AA-A---AA-AATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATT-TTT--AA-AAAT-A-ATAATA--A-A-ATAA-A-AA--A-ATT - T 
bB T-TA-AA-A---AA-: ATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAATATT-TTT--AA-AAAT-A-ATAATA--A-A-ATAA-A-AA--A-ATT-T 
b9 T-TA-AA-A---AA-AATAATA-~A-AAAAA-TATAA--ATA--A--A--A-AAA-ATT-TTT--AA-AAAT-A-ATAATA- -A-A-ATAA-A-AA--A-ATT-T 

************** ******* ******************************* ************** ********** ********** ************ 

Figure 3.15: 105 bp partial sequence alignment of V3 derived from BESS analysis of cloned env sequences from mother­
child pair RX6. The fust sequence is a clone selected for automated sequencing, all other sequences do not contain G or C 
data. Predicted protein sequence for the sequenced clone is printed above. Arrow indicates a potential site for N-linked 
glycosylation. Differences observed in thymine and adenine residues are highlighted in grey. 
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University of Cape Town

m2 

t 
C T R P N N N T R K SIR I G P G Q T F Y A 

TGCACAAGACCCAACAATAATACAAGAAAAAGTATAAGGATAGGACCAGGACAAACATTCTATGCA 
N 0 I I G 0 IRQ A H C 

AATGATATAATAGGAGACATAAGACAAGCACATTGC 
ml T--A-AA-A---AA-AATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATT-TAT--A AAT-ATATAATA--A-A-ATAA-A-AA--A-ATT--
m3 T--A-AA-----AA-AATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATT-TAT--AA-AAAT-A-ATAATA--A-A-ATAA-A-AA--A~ATT--
m4 T--A-AA-A---AA-AATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATT-TAT--AA-AAAT-A-ATAATA--A-A-ATAA-A-AA--A-ATT--
m5 T--A-AA-A---AA-AATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATT-TAT--AA-AAAT-ATATAATA--A-A-ATAA-A-AA--A-ATT--
m6 T--A-AA-A---AA-AATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATT-TAT--A AAT-ATATAATA--A-A-ATAA-A-AA--A-ATT--
m7 T--A-AA-A---AA-AATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATT-TAT--AA-AAAT-ATATAATA--A-A-ATAA-A-AA--A-ATT--
m8 T--A-AA-A---AA-AATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATT-TAT--AA-AAAT-A~ATAATA--A-A-ATAA-A-AA--A-ATT--

m9 T--A-AA-A---AA-AATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATT-TAT--A AAT-ATATAATA--A-A-ATAA-A-AA--A-ATT--
mlO T--A-AA-A---AA-AATAATA-AA-AAAAA-TATAA--ATA--AT-A--A-AAA-TTT-TAT--A AAT-ATATAATAT-A-A-ATAA-A-AA--A~ATT--

******** ************************************ ********** ********* ***** ****** ***************** ***** 

t 
C T R P S S N T R K SIR I G P G Q T F Y A T N 0 I I G N IRQ ABC 

b6 TGCACAAGACCCAGCAGTAATACAAGAAAAAGTATAAGGATAGGACCAGGACAAACATTCTATGCAACAAATGATATAATAGGAAACATAAGACAAGCACACTGC 
bl T--A-AA-A---A--AATAATA-AA-AA~AA-TATAA--ATA--A--A--A-AAA-AT~ATAT--AA-AAATAATATAATA--A-A-ATAA-A-AA--A-ATT--
b2 T--A-AA-A---AA-AATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATT-TAT--AA-AAAT-ATATAATA--AAA-ATAA-A-AA--A-A-T--
b4 T--A-AA-A---AA-AATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATTATAT--AA-AAAT-A-ATAATA--AAA-ATAA-A-AA--A-A-T--. 
b7 T--A-AA-A---AA-AATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATT~TATA-AA-AAAT-ATATAATA--AAA-ATAA-A-AA--A-A-T--

b8 T--A-AA-A---A--A-TA-TA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATT-TAT--AA-AAAT-ATATAATA--A-A-ATAA-A-AA--A-ATT--
b9 T--A-AA-A---AA-AATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATT-TATA-AA-AAAT-ATATAATA--A-A-ATAA-A-AA--A-A-T--
blO T--A-AA-A---AA-AATAATA-AA-AAAAA-TATAA--ATA--A--A--A-AAA-ATTATATA-AA-AAATAATATAATA--A-A-ATAA-A-AA--A-A-T--

************* ** ** ******** ****************************** *** ******** *********** **************** *** 

Figure 3.16: 105 bp partial sequence alignment of V3 derived from BESS analysis of cloned env sequences from mother­
child pair RX8. The first sequence is a clone selected for automated sequencing, all other sequences do not contain G or C 
data. Predicted protein sequence for the sequenced clone is printed above. Arrow indicates a potential site for N-linked 
glycosylation. Differences observed in thymine and adenine residues are highlighted in grey. 
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1.4.4 Phylogenetic analysis 

not detect or C on an not 

necessarily to C or C to occurred, the missing and C 

were included III re-constructed partial sequences 

criteria: (i) the clone and child was 

used as a and unknown bases were filled with the base in the 

consensus the child's base 

mother vice versa; (iii) the consensus 

subtype was used the u,,",~u • ..,. 

was uncertain 

subtypes, 

clone could 

not used. 

referred (iv) a default G was arbitrarily 

in the Tpti"TP11~P 

child's se(Jlue]nce~a 

all other criteria could 

The G and C was a necessary order to create an input 

for sequence software. Sequence and distance matrices were 

Clustal X et A 

phylogenetic neighbour-joining tree was constructed based on the Kimura two-parameter 

algorithm software de Peer and De 1994). Sequences 

reference subtypes downloaded from sequence database 

~!:,1!.:L~=~~!.!:..e>'!1...!.J were included subtyping Distance for 

the are Figure 3.17. 

phylogenetic trees of mother-child 

correct of 

RX6 

the 

IS) RXS 3.19) 

C TPtl"TP11~P group as well as 

correct clustering of mother and sequences indicating that were 

informative contained within partial to allow correct discrimination of 

In as eXT)ecltea, 

South African strain 

always SUDiom1ed by bootstrap values due to 

available short UU.!; .. ",u.., (1 05bp). 

most 

151. However, clustering was not 

reduced number 
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phylogenetic tree mother-child pair RX6 18), depicted eight different 

for in the ten the RX6-b, seven 

genotypes were depicted included. 

eQllences RX6-m4 RX6-m5 were identical in RX6-m7 

In sequences and were identical V3. RX6-b8 

RX6-b 1 0 were identical in and RX6-b6 were identical 

The child's were more homogeneous compared to the .nv'u.". 

phylogenetic tree for mother-child pair RX8 3.19), QetJ'lc"(~m five cuttereJnt 

genotypes for ''-'''U-J'U the ten and for the child RX8-b, all 

Se(lUenC€~S included were different. the mother, were 

identical in V3. The maternal RX8-ml, RX8-m2, RX8-m7 

(the with the deletion) were also identical V3. Converse to 

findings 

compared to child's seQluelnce:s. 

the mother's sequences were more homogeneous 
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Figure 3.17: Distance tables percentage DNA difference of 105 bp re-constructed 
nucleotide sequences mother-child RX6 and RX8. 

(A) 
RX6-m1 RX6-m2 RX6-m3 RX6-m4 RX6-mS RX6-m6 RX6-m7 RX6-m8 RX6-m9 RX6-m10 

RX6-m1 0 
RX6-m2 0.029 0 
RX6-m3 0.038 0.029 0 
RX6-m4 0.019 0.010 0.019 0 
RX6-mS 0.019 0.010 0.019 0.000 0 
RX6-m6 0.038 0.010 0.038 0.019 0.019 0 
RX6-m7 0.038 0.029 0.010 0.019 0.019 0.038 0 
RX6-m8 0.038 0.029 0.010 0.019 0.019 0.038 0.000 0 
RX6-m9 0.029 0.019 0.019 0.010 0.010 0.029 0.010 0.010 0 
RX6-m10 0.038 0.010 0.029 0.019 0.019 0.019 0.019 0.019 0.010 0 

(B) 
Rx6-b1 RX6-b2 RX6-b3 RX6-b4 RX6-b5 RX6-b6 RX6-b8 RX6-b9 RX6-b10 

RX6-bl 0 
RX6-b2 0.000 0 
RX6-b3 0.019 0.019 0 
RX6-b4 0.038 0.038 0.019 0 
RX6-b5 0.019 0.019 0.000 0.019 0 
RX6-b6 0.019 0.019 0.000 0.019 0.000 0 
RX6-b8 0.038 0.038 0.019 0.038 0.019 0.019 0 
RX6-b9 0.029 0.029 0.010 0.029 0.010 0.010 0.029 0 
RX6-bl0 0.038 0.038 0.019 0.038 0.019 0.019 0.000 0.029 0 

(C) 
RX8-ml RX8-m2 RXS-m3 RX8-m4 RX8-mS RX8-m6 RXS-m7 RXS-m8 RXS-m9 RX8-m10 

RX8-ml 0 
RXB-m2 0.000 0 
RX8-m3 0.029 0.029 0 
RX8-m4 0.010 0.010 0.019 0 
RX8-mS 0.000 0.000 0.029 0.010 0 
RX8-m6 0.000 0.000 0.029 0.010 0.000 0 
RX8-m7 0.000 0.000 0.029 0.010 0.000 0.000 0 
RX8-m8 0.010 0.010 0.019 0.000 0.010 0.010 0.010 0 
RX8-m9 0.000 0.000 0.029 0.010 0.000 0.000 0.000 0.010 0 
RX8-ml0 0.039 0.039 0.049 0.049 0.039 0.039 0.039 0.049 0.039 0 

(D) 
RX8-b1 RX8-b2 RX8-b4 RX8-b6 RX8-b7 RX8-b8 RX8-b9 RX8-bl0 

RX8-b1 0 
RX8-b2 0.057 0 
RXS-b4 0.057 0.019 0 
RX8-b6 0.057 0.019 0.038 0 
RXB-b7 0.OS7 0.019 0.019 0.038 0 
RX8-b8 0.048 0.048 0.067 0.029 0.067 0 
RX8-b9 0.057 0.019 0.038 0.038 0.019 0.048 0 
RX8-bl0 0.038 0.038 0.038 0.OS7 0.019 0.067 0.019 0 
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. B HXB2 

100 

AECF11697 
AECM240 . 

..-..,..-- A1 SE7253 

A1 U455 

CPZ CPZGAB 

DELI 
DNDK 

1,---- . AG DJ264 

0.1 

IS 

used as an outlier 

AG SE7812 

H 

65 

RX6m6 
RX6m7 

RX6m8 
RX6b9 

gcfX6 b10 
RX6 b8 . 

..RX6 b1 
87RX6 b2 

RX6b3 
·RX6 b6 

.RX6 b5 

on partial sequence data covering 
.... IV,,, .... ,, generated from and as well as 

to J. A South African C DU151 
neighbour-joining method, SIV cpz was 
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BHXB2 
72 

BJRFL 
________ -!<iQ--:---- . 0 ELI 

r- 99 

0.1 

82 

AE CF11697 
AE CM240 . 

·H VI997 

A1 5E7253 
AG DJ264 

AG 5E7812 

Ai U455 

99 
J SE7887· 

J SE7022 

A2 CDKS10 
A2 CY017 

K 1C 

KMP535 
F2 MP255 

Fi 
F1 FIN9363 

G 5E6165 . 
C 

...--. (-: IN21 068 

C BR025 
C ETH2220 

C DU151 

J. RX8 m4 
-1 RX8 mB 

RX8m3 
RX8 

RX8b1 
RX8b6 
RX8b8 

RX8b4 
RX8b7 
RX8 bi0 

RX8m5 
RX8m7 
RX8m2. 

94RX8 
82RX8m9· 
96RX8m6 

95 

CPZ CPZGAB 

DNDK 

the 
as wel1 

South African subtype C strain 
1 is also included. were constructed using the method, SlV cpz 

was as an and bootstrap >70% are indicated. 
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CHAPTER DISCUSSION 

In C2-V5 of HIV-l env gene was amplified fourteen 

samples from infected mother-child pairs. PCR were cloned for use as 

the development mobility (HMA) and excision SeQluellCe 

scanning assays to monitor e:erletllc cilanges as an alternative to DNA 

...... ' ..... VH. an quantitation system was 

proviral number in DNA extracted quantitation of proviral 

to control for number copies of template 

amplification to avoid re-sampling errors so that amplified products generated were truly 

estimate 

of the viral ........... ""'.., ... "' .... ,,. 

I-m were manually sequenced 

the sequence 

used as 

the 

1 % and this was reflected 

m HMA. this reason 

difference in the I range. It was, however, possible to 

number different genotypes by comparing banding patterns. The 

was applied to cloned from two pairs and and as 

observed in the -m HMA, mobility shifts were also clone included. 

It was therefore most likely that the intrasample in 

than 2%. possibilities affecting mobility shift include sub-optimal of 

sequences or polymorphisms introduced by insertions deletions between 

"Pot,,, .. ,,,,,,,,,,, and " .... u ..... , • .., et al. (1993) r"'nr.rt,>t1 that and 

deletions introduce bulges heteroduplex have a more dramatic liH"U""'''' on 

mobility shifts than point mutation do. Sequence polymorphisms were commonly 

seen the sets in HMA as evidenced two migrating at the 

position of the homoduplexes. It is that this factor as well as low of 

intrasample has relationship between reduced mobility and 
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1J"''''''''l'La~''''''' DNA divergence. The of also vary in on 

heteroduplex mobility. This fmding was reported by Upchurch et (2000), who 

showed that the of length polymorphisms the was only at a 

resolution of greater 4.5% to the exaggerated influences on heteroduplex 

mobilities related to mismatches positioned near the centre of 

clustering of mismatches. 

molecule or the 

The HMA from study did ... u· • .., .... .., the reliability of the assay to show 

dissimilarity or similarity based on in 

addition method was accurate for sub typing samples. Epidemiological 

such as mother-child could mobility 

shifts were when a maternal sequence was ............... "" ... to a sequence from the 

child versa. Mobility shifts were when an C 

was used as driver. The method was successfully used to a cloned 

",,,,,,,,nP,"'I"''''' from mother and and all were classified as subtype 

method was found to be for both 

Radio-labelled primers as well as fluorescein-labelled primers 

were tested. Although use automated was labour 

intensive than autoradiography, the interpretation data in an elecropherogram fonnat 

was more to errors in comparison to reading autoradiographs. Using this 

methOla, which detection G to C or C to mutations, analysis 

of the V3 sequence data could be achieved by re-construction of loop sequences using 

A and T positions mapped BESS. It was however to assume that and C 

."'''J' ...... M_''' were Results from analysis phylogenetic trees 

sequence data showed that sample RX6, the V3 sequences the child 

were more homogeneous than was found in the mother. converse was observed 

sample RX8, which by ages 

sampling. Child RX6-b was months old at time sampling 

was twenty-two months that evolution of viral 

of 

child RX8-b 

the child lead to a level of to the "<Vl,""'< The 
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~--"h-- child, been for a time, ........ u."' .... a more nomcigene()us 

population of variants compared to mother 

addition, results from the showed the V3 loop that could be 

.....,"''-''v, .... " .... with evasion. Conserved both 

(RX6-m RX8-m) were found to been lost 

cOlTes.pondlLng child's A a glycosylation site may pot:entlall affect 

recognition antibody A deletion of a codon was detected in five of the 

from RX8-mother, was not in any child's se(JIUeJrlCe:s. 

the primary structure V3 affect T -helper or antibody 

epitopes. Co-receptor may also influenced by amino-acid in the V3 

which Hau."""""_" infectivity. 

In conclusion, a novel application ofthe method was developed to o"",-.""r<up partial 

V3 data which be used for subtyping estimates. 

method is cost-effective to sequencing '''''-'UU''''I 

can be The method was tested was useful 

estimation heterogeneity and for accurate subtyping samples. PCR-ELISA 

was an used to the of provirus 

for the accurate characterization of sequence variability 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Appendix A: REAGENTS 

10 g 
5 g Yeast Extract 

g Tryptone 
g agar 

Made up to 1 

10 gNaCl 
5 g Yeast Extract 
10 g Tryptone 

with .... ""'~u"' ..... water 

Made up to 1 litre with distilled water 

sodium carbonate 1 g 
sodium bicarbonate g 
distilled water 950 m) 

pH is to 7.6 volume made to 1 litre distilled water 

NaC) 8.0 g 
0.2 g 

O. g 
... .u""eun ... u water 900 ml 

is adjusted to 7.5 and volume 

CaCh.2H20 14.7 g 
up to 100 m! with water 

(pH 8.0) 

15% sucrose (w/v) 
2 mg/mllysozyme 
0.2 mg/ml 
0.1 mg/ml 

up to 1 litre with distilled water 
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0.3M sodium citrate 

pH7 with ION 

0.02% 
2% milk powder (w/v) 

TE buffer 

(1M) 
(O.5M) 

water 90ml 
is adjusted to 7.6 and 

162 g 
g 

gEDTA 

up to 100ml 

,n.n ...... o made up to 1 litre with distilled water 

100mM 
lOmM Tris, pH 
2mMEDTA 

100 
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