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Abstract
Immune system pressure on HIV-1 replication drives the antigenic changes seen over
time. The monitoring of changes in viral sequences can provide important information
on the nature of the immune response and the correlates of protection. Viral
diversification may also occur due to other selective pressures such as cell availability
and differences in viral fitness. Information on the genetic characteristics of HIV-1
variants present in the mother and her infected infant are useful data for establishing
whether any common features exist between source infection and transmitted genotypes.
This helps in the understanding of the mechanism of transmission and the selective

pressures occurring during and following transmission.

The overall aim of this study was to explore alternative methods other than DNA
sequencing for the monitoring of genetic diversity in the third variable region (V3) of the
HIV-1 env gene of integrated HIV-1 variants in peripheral blood mononuclear cells

(PBMC's) derived from infected mother-child pairs.

Two methods for displaying DNA differences were compared: Heteroduplex Mobility
Assay (HMA) and Base Excision Sequence Scanning (BESS). These methods were
validated using sequence data. Extracted PBMC DNA from infected mother-child pairs
were used to amplify the V3 region by nested PCR. DNA fragments were cloned into
plasmid vectors and analyzed by HMA and BESS to establish subtype and intrasample
genetic diversity. In addition, a PCR-ELISA quantitation system was developed to
measure copy numbers of integrated HIV-1 genomes in order to confirm whether a
sufficient number of template molecules were present to be representative of the total

viral quasispecies.

In conclusion, this study compared two methods (HMA and BESS) as cost-effective
alternatives to DNA sequencing for HIV-1 diversity studies. In addition, a novel
application of the BESS assay was demonstrated. Diversity studies are reliant on
estimation of adequate input of amplifiable copies. The PCR-ELISA guantitation system

developed provided an efficient and specific method for determining DNA copy number.
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Chapter 1: LITERATURE REVIEW

1.1 INTRODUCTION

More than 40 million individuals are currently infected with HIV-1 of which 28.1 million
reside in sub-Saharan Africa (UNAIDS, 2002). South Africa has one of the fastest
growing HIV-1 epidemics with an estimated 4.7 million infected individuals out of a
population of 40.6 million. Vertical transmission of HIV-1, first described in 1983
(Rubinstein et al, 1983.); (Oleske er al., 1983), accounts for the vast majority of
pacdiatric infections and the current global estimate of the number of newly infected
children (<15 years of age) is 2,192 per day (UNAIDS, 2002). The national prevalence
of HIV positive pregnant women attending antenatal clinics in South Africa at the end of
2001 was 24.8% (Figure 1), [South African Dept. of Health., 2002]. In specific regions
of the country the number of HIV positive pregnant women attending antenatal clinics
varied from 32.5% in KwaZulu-Natal to 7.1% in the Western Cape (Table 1). In
developed countries a significant reduction in the rate of mother-to-child transmission has
been achieved largely due to the introduction of anti-retroviral therapy, the avoidance of
breastfeeding and delivery by caesarean section. In South Africa, access to medical

facilities and antiretroviral treatment is limited and breastfeeding is a common practice.
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Figure 1: National HIV prevalence trends among antenatal clinic attendees in South

Africa: 1990-2001 (South African Dept. of Health., 2002).

Table 1: Provincial HIV prevalence estimates: Antenatal clinic attendees, South Africa

1999-2001 (South African Dept. of Health., 2002).

{ HIV pos. 95% Ci

HIV pos. 35% CI

HIV pos. 95% CI

PROVINCE
1999 2000 2001
waZulu-Natal (KZNJ [32.5(30.7=35.0] [36.2 {33.4-38.0) |33.5 (30.6-36.4)
Mpumalanga (MP)  |27.3 (25.2-30.7] |29.7 (25.9-33.6) |29.2 (25.6-32.8)
Gauteng (GP) 23.9(21.7-260) [204(272-315) [20.8(27.5-32.1)
Tee State (I'3) 27.0(24.7-298) |27.0(24.6-31.3) [30.1 (26.5-33.7)
orth West (NW) 230 (19.7-26.3) |22.9(20.1-25.7) |25.2 (21.9-28.6)

18.0 (14.9-211)

202 (17.2-23.1)

21.7 (19.0-24.4)

11.4(8.1-135)

13.2 (11.7-14.8)

145 (12.2-16.9)

[Northern Cape (NC) [10.1(6.6-135) [11.2(8.5-13.8; [159(10.1-216)
estern Cape (WG) 7.1 (4.4-0.9) |87 (6.0-114) 86 (5.8 11.5)
National 224 (21.5-236) |[24.5(234-256) |24.8 (23.6~ 26.1)

N.B. The true valua is estimaled 10 fall willin the two confidance imits, thus the
confidence interval is imporiant 1o sefer to when inlerpraling data.

11
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1.2 RATE OF TRANSMISSION

Estimation of transmission rates in untreated populations is dependent on the cohort,
length of follow-up and the criteria used to define pediatric HIV-1 infection. Studies
based on different methods cannot be directly compared. A re-assessment of published
data, using a standardized method was undertaken by the Working Group on Mother-to-
Child Transmission of HIV (1995), showing a range of 12.7% to 42.1% (Table 2).
Generally lower rates of transmission are reported in Europe and higher rates in Africa.
The difference is most likely attributable to the inclusion of some of the infants infected
shortly after birth by postnatal transmission since the number of breastfeeding mothers in
African studies is higher. In South Africa, Bobat ef al., (1996), using the same criteria as
used by the Working Group, reported a 34% transmission rate which was similar to the

35.1% rate reported by Lyon ef al., (1996), also from South Africa.
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Table 2: Re-assessment of reported vertical transmission rates for direct comparisons

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

Study location. Total children in Total No. Intermediate

study (HIV-1 status | transmission

, unknown) estimate (%)
Kenya 365 125 421
Congo 118 19 40.4
South Africa* 181 40 34.0
Zaire 323 58 27.9
USA (New York) ' 245 . 64 249
Ivory Coast 101 12 24.7
Rwanda (Kigali) 218 32 24.7
Uganda 402 92 24.2
France 946 101 204
Rwanda (Butare) 198 36 19.8
Switzerland 300 60 18.3
European Collaborative Study 1025 130 14.1
Haiti 480 267 12.7

*included from Bobat e af., 1996
1.3 TIMING AND RELATIVE TRANSMISSION RATES

Transmission can occur either in utero, intrapartum or post-partum via breastfeeding
(Simonon ef al., 1994). The relative frequency of in utero, intrapartum or post-partum
transmission is difficult to determine since the accuracy of assessment is dependent on
precise determination of the timing of transmission which relies on HIV-1 positivity

testing. Diagnosis of HIV-1 infection in infants is made by virus isolation, detection of

HIV-1 DNA, RNA, p24 antigen or the persistence of HIV-1 antibodies beyond the age of
18 months (Peckham and Gibb., 1995),
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1.3.1 IN UTERO TRANSMISSION

Transmission during the first and second trimester has been suggested by studies of
aborted fetuses from seropositive women. The presence of virus infected cells was
shown in 8-week fetuses (Lewis e al., 1990) and virus was isolated from a 15-week fetus
(Sprecher et al., 1986). HIV has been detected by polymerase chain reaction (PCR) in
several organs of 11-24 week old fetuses including brain, liver or lung tissue in 7 of 23
fetuses (Soeiro ef al., 1992). Simonon et al., (1997), using cord blood PCR test results,

estimated a 7.7% in utero transmission rate,
1.3.2 INTRAPARTUM TRANSMISSION

Most vertical transmissions seem to occur during the peripartum period (Peckham and
Gibb 1995) and are presumed to result from direct exposure of the infant to contaminated
blood and/or cervical-vaginal secretions. This is supported by the lower frequencies of
transmission observed in infants delivered by caesarean section and an apparent higher
likelihood of infection associated with the firstbomn child in a multiple pregnancy
(European Collaborative Study, 1994). In South Africa, Bobat er al (1997) reported a

27% intrapartum transmission rate.
1.3.3 POSTNATAL TRANSMISSION

Infection via the oral route by breastfeeding was first described by Ziegler et al. (1985).
The presence of HIV-1 in breast milk in both cell-free (Lewis et al., 1998; Thiry et al,,
1985) and cell-associated forms (Ruff et al., 1994; Buranasin ef al., 1993) has been
demonstrated. Ruff ef al. (1994) showed that within the first 4 days of delivery, 70% of
HIV-1 seropositive women showed the presence of viral DNA in their breast milk which

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

Conclusive evidence demonstrating postnatal transmission was reported in an early study

by Van de Perre ef al., (1991), where mothers who became HIV-1 infected after delivery
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transmitted to there infants. Breast milk was the most likely source of infection since all
mothers were known to be breastfeeding their infants. A meta-analysis by Dunn ef o/,
(1992), calculated that the risk of postnatal transmission in infected women was 14%

which increased to 29% if women became infected after delivery.

In comparative studies of breastfeeding and formula-feeding by seropositive mothers,
more breastfed infants than formula-fed infants are infected by the end of follow up
{European Collaborative Study, 1992); (Blanche ef al., 1989). A South African report
from Soweto, showed a 46% postnatal infection rate in breastfed infants compared to
18% in formula-fed infants (Gray et al., 1996). In addition, 85% of the infections had
occurred before 6 months of age. In societies where breastfeeding is common due to
cultural or economic factors, the risk of postnatal HIV-1 infection is highly significant,
particularly when breastfeeding is prolonged since the risk of transmission increases with
duration of breastfeeding (de Martino ef al., 1992);(Italian register for HI'V infection in
children, 1994b). A Durban study, observed a 39% transmission rate in an exclusive
breastfeeding group compared to 24% in an exclusively formula-fed group (Bobat et al,,
1997) and showed that in the exclusive breastfed group, duration of breastfeeding was
associated with an increase in transmission risk since the rate at 1, 2 and 3 months

increased from 45%, 64% to 75% respectively.

Concern has also been raised with respect to the practice of mixed breast-feeding which
according to Coutsoudis et al., (2002) increases the risk of transmission by close to 50%
when compared to the risk of exclusively breastfeeding. Their data showed the highest
risk of transmission in the sub-group of children surviving to 3 months of age. Similar
transmission rates were seen between the exclusive breastfed and never breastfed groups

up to the age where exclusive breastfeeding was discontinued.



16

1.4 RISK FACTORS OF VERTICAL TRANSMISSION
1.4.1 EXPOSURE TO CONTAMINATED FLUIDS IN THE BIRTH CANAL

The birth environment may be highly significant with respect to the risk of infection of
the child. This is inferred from data collected on infected mothers delivering twins
showing that there is an increased risk for the first-born child. In an analysis of birth
order and route of delivery in 100 twin births, the frequency of transmission was found to
be 50% for the first-born child delivered vaginally, followed by 38% for the first-born
child delivered by caesarean section and 19% for the second-born child delivered by
cither route (Goedert et al., 1991). Although genetic factors can contribute to
susceptibility of infection, discordances in infection status are similar in both
monozygotic (Menez-Bautista er al., 1986) and dizygotic twins (Young e al., 1990);
(Park et al., 1987); (Barlow et al., 1993). This suggests that transmission may occur at
the time of delivery due to exposure of the infant to contaminated blood and/or
secretions. Support of this stems from the observation that caesarean delivery reduces the
risk of transmission. The European Collaborative Study, reported a reduction of 51% in
the rate of vertical transmission when comparing caesarean delivery to vaginal delivery
(European Collaborative Study, 1994). Two reports from South Africa have found
similar decreases in transinission frequency in the caesarean delivery group (Bobat ez a/.,
1996); (Lyons et al., 1996). Virus particles and viral DNA is detectable in cervical and
vaginal secretions (Henin et al., 1993); (Clemetson et al., 1993), yet, attempts to disinfect
the birth canal before delivery with chlorohexidine was not shown to affect the vertical

transmission rate significantly in a trial in Malawi (Biggar er al., 1996).
1.4.2 PREMATURITY

Elevated risk of vertical transmission in premature births has been described (Tovo et al.,
1996); (European Collaborative Study, 1992); (Goedert er al., 1989). The European
Collaborative Study (1992) reported a higher risk of infection in children born before 34

weeks. A 33% infection rate was observed in 33 children born before 34 weeks of
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gestation and 14% for children born after 34 weeks. Similarly, Tovo er al. (1996)
observed a pattern of highest transmission at less than 32 weeks of gestation followed by
a decline in the remaining weeks of pregnancy. It is unclear why this pattern is evident,
but may be a result of infection in utero before 32 weeks of gestation leading to abnormal
fetal development and hence premature birth or alternatively, the health status of the
mother may both influence the risk of premature delivery and the risk of vertical

transmission.
1.4.3 MATERNAL IMMUNE STATUS
1.4.3.1 Neutralizing antibodies

The relationship between humoral immunity and transmission of HIV-1 is not clearly
defined. It is known that all infants born to HIV-1 seropositive mothers carry maternal
antibodies in their circulation for up to between 15 and 18 months (European
Collaborative Study, 1991). The ability of anti-V3 immunoglobulins to neutralize virus
infectivity has been documented in humans (Kenealy er al., 1989); (Palker et al., 1988);
(Rusche ef al., 1988), as well as chimpanzee studies (Emini ef al., 1992). Experiments
using rhesus macaques susceptible to a chimeric simian/human immunodeficiency virus
(SHIV) incorporating the HIV-1 envelope, intravenous inoculation with neutralizing
monoclonal antibodies 24 hours before intravenous challenge with virus showed
complete protection in 3 animals and reduced viraemia with normal CD4+ cell counts in
3 animals that became infected (Mascola ef al., 1999). Hofmann-Lehmann ef al., (2001)
were able to demonstrate that pre- and post-natal administration of three monoclonal
neutralization antibodies to SHIV were able to protect neonatal rhesus macaques from

oral challenge of virus.

In humans, antibodies directed towards the V3 region of HIV-1 gpl20 have been
associated with lower rates of heterosexual transmission from male-to-female and slower
disease progression in infected individuals (Fiore ef al., 1993); (Page ef al., 1992). The

presence of antibodies in maternal blood capable of preventing virus infectivity has been
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mvestigated as a risk factor in mother-to-child transmission, however, the true
significance is difficult to establish since the laboratory methods of detection are not

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

Scarlatti et al. (1993) originally shown an association between maternal autologous
neutralizing antibodies and vertical transmission, however, later studies have disagreed
(Guevara et al., 2002); (Calarota and Libonatti ef al., 2000); (Husson et al., 1995). Lack
of correlation between studies may be related to mutations in epitopes and sub-optimal
choice of isolates. It is known that substitutions in the V3 loop region give rise to
neutralization escape mutants (Masuda er al., 1990); (McKeating ez al., 1989). This
factor was taken into account by a study from Kinshasa, Zaire, where St. Louis ef al.
(1994) characterized the V3 loop sequences present in their mother-child cohort before
selecting peptides for the antibody assays, yet, despite their use of highly relevant
peptides, they found no correlation between anti-V3 loop antibody titers and risk of
mother-to-child transmission. Similarly, secretory anti-HIV antibodies in breast milk
were not found to be a factor of protection against viral transmission fhrough breast milk
(Becquart et al., 2000). Maternal antibody levels and neutralizing ability do not appear to

be involved in reducing mother-to-child transmission risk.
1.4.3.2 CD4+ cell count

An inverse relationship between CD4+ count and risk of transmission has been reported
by several investigators (Dickover ef al., 2001); (Mayaux et al.,1995); (Bredberg-Raden
et al., 1995); (Scarlatti et al., 1993); (St. Louis ef al., 1993). In South Africa, Lyons et al.
(1996) found that mothers with reduced CD4+ counts at the time of delivery had
increased risk of transmitting. The study by Dickover et al. (2001) showed a mean CD4+
count of 398 cells/mm’ in the transmitter group (n=18) vs. 726 cells/mm’® in the non-
transmitter group (n=18). In addition, comparison of CD4+ cell count in the in utero
transmission group (n=13) vs. the intrapartum transmission group (n=9) was 259
cells/mm’ vs. 503 cells/mm’ respectively, suggesting increased risk of early transmission

linked to CD4+ cell count. The relevance of CD4+ count may be at the level of
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competence of the maternal immune system in controlling viral replication since a lower
CD4+ count implies a weaker immune response and hence the inability of the mother to

control virus replication and exposure to the infant.
1.4.3.3 Viral load

Virus replication can be measured either by the quantitation of integrated viral genomes
(Ferre et al., 1992), the quantity of viral RNA (Lin et al.,, 1994) or the total number of
infectious units of virus per volume of maternal blood (Weiser ef al., 1994). Using more
than a single measure of viral load, Dickover et al. (2001) found significant differences
when comparing viral load data between transmitter (n=19) and non-transmitter groups
{n=18) the average RNA copies/ml was 61,960 vs. 5,757 and the average DNA copies/ug
of PBMC DNA was 233 vs. 20 and number of infected PBMCs/10° cells was 25 vs. 1,
respectively. The study also showed higher average viral load figures for in utero vs.

intrapartum transmitters, i.e. 146,098 copies/ml vs. 54,307 copies/ml
1.4.4 MATERNAL HEALTH

Other risk factors for vertical transmission include infection during pregnancy such as
choricamnionitus and sexually transmitted diseases (Peckham and Gibb., 1995).
Inflammation of the genital tract is associated with influx of target cells and increased

viral loads.

1.4.5 HOST GENETICS

Investigations of whether sharing of class I HLA alleles between mother and infant
influence risk of transmission have been carried out. MacDonald et a/. (1998) reported
that concordant HLA class I allele sharing was associated with increased risk of
transmission and furthermore, showed that a stepwise increased risk for additional
concordant alleles. Polymorphisms in the coding and non-coding regions of significant

genes may also play a role in risk of transmission. Aikhionbare et al. (2001), analyzed
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exons 2, 3, 6 and 7 in of HLA-G, the non-classical MHC class Ib molecule uniquely
expressed in extravillous cytotrophoblast cells at the maternal-fetal interface, and found
that concordance in a polymorphism in exon 2 between mother and child was associated
with increased risk of transmission. Likewise, several mutations in the CCRS chemokine
receptor which serves as the major co-receptor for HIV-1 RS viruses, have been shown to
be natural polymorphisms that influence the risk of becoming infected with HIV-1. A
32-base pair deletion in CCRS has been shown to reduce the risk of HIV-1 infection.
CCRS5-832 homozygotes are highly resistant to infection by RS HIV-1 viruses (Huang Y
et al, 1996);(Samson et al, 1996) whereas in adults and children, CCRS-832
heterozygotes are not protected against infection but progress more slowly to AIDS and
death compared to wild-type individuals (Huang et al., 1996), (Misrahi et al., 1998).
Mutations in the promoter region of CCR5 have also been associated with increased or
retarded disease progression. The CCR5-59029-G/T polymorphism slows down disease
progression (McDemmott ef al., 1998) whereas CCR5-59029-A and the CCRS5P1
combination (CCRS 59353-C, 59356-C and 59402-A) accelerates disease progression
(McDermott et al., 1998); (Martin et al., 1998). A CCRS5 59353-C polymorphism was
linked to a slower decline in CD4+ cells (Easterbrook ef al., 1999). An association
between a CCR5-59653-T polymorphism and a substitution of isoleucine at position 64
in the CCR2b gene has been associated with delayed disease progression (Kostrikis ef al.,
1998). Children homozygous for the CCR5-59653-T polymorphism have increased risk

of becoming infected by vertical transmission (Kostrikis et al., 1999).
1.5 POSSIBLE MECHANISMS OF TRANSMISSION

Whether in utero, intrapartum or postnatal infection of infants born to HIV-1 positive
mothers is due to exposure of the infant to infectious virions or infected cells or a
combination has not been elucidated. If cell-associated virus is tfransmiftted, it is
unknown whether infected macrophages or CD4+ T-lymphocytes or both can be
mvolved. In addition to systemic blood, cell-free and cell-associated virus can be
detected in ammiotic fluid (Mundy et al., 1987), cervico-vaginal secretions (Overbaugh et

al., 1996) and breast milk (Lewis er al, 1998); (Ruff et al., 1994); (Buranasin et al,,
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1993). Some studies have suggested infection of placental cells such as trophoblasts and
Hofbauer cells as a possible transplacental route of infection (Douglas et al., 1992);
(Kesson et al., 1994). Nielsen ef al. (1996) have detected HIV-1 in cervico-vaginal
secretions in infected mothers and in gastric aspirates of their infants, suggesting that the
ingestion of contaminated maternal fluids or secretions may provide an opportunity for
infectious virus to breach epithelial cell barriers in the infant. In the intestinal gut, the
potential for the active transport of HIV-1 through intestinal M-cells has been postulated
(Clark et al., 1998) as well as a demonstration by Morgane Bomsel (1997), that in vitro,
infected lymphocytes in contact with an epithelial cell monolayer can promote
transcytosis of virus through the cytoplasm and cause budding of infectious virus from

the internal membrane.
1.6 NATURE OF TRANSMITTED VIRUS
1.6.1 PHENOTYPE

Cell tropism and host-cell susceptibility may play a role in vertical transmission.
Neonatal monocyte-derived macrophages from cord blood samples are more susceptible
to HIV-1 infection than those of adults (Ho e al., 1992); (Sperduto et o/, 1993). Some
studies show that the majority of viral isolates from infected mfants soon after birth are
highly tropic for monocyte-derived macrophages (Dmetto et al., 1995); (De Rossi et al.,
1993). The major determinants that mediate tropism of HIV-1 isolates is the specificity
of the virus for chemokine receptors and the distribution and expression of them on
CD4+ target cells. RS viruses use CCRS and are macrophage-tropic while X4 viruses use
CXCR4 and are T-lymphocyte-tropic (Berger ef al., 1998). In vertical transmission of
HIV-1, the more frequently transmitted phenotypes are RS viruses, although X4 viruses
can be transmitted, but less efficiently (Salvatori and Scarlatti, 2001). Subtype C viruses
almost exclusively utilize the CCRS co-receptor and a change from NSI to SI is
extremely rare (Abebe et al., 1999); (Tien et al., 1999); (Morris ef al., 2001).
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1.6.2 GENOTYPE

Genetic characterization of HIV-1 variants present in the mother and her infected infant
are useful in establishing whether any common features exist between source infection
and transmitted genotypes. This provides information on the mechanism of transmission
and potentially on selective pressures occurring during and following transmission.
Several issues regarding the transmitted genotypes in comparison to the source genotypes
are under study. These include whether a single or multiple set of genotypes can be
transmitted, whether minor or major genotypes are preferentially transmitted and whether

transmittants are derived from cell-free or cell associated virus.

Several studies of the HIV-1 env gene, analyzing the V1-V2, V3, V4-V5 and V3-V5
regions, have shown that transmitted variants can originate from major or minor
populations in the mother at the time of transmission (Dickover et al., 2001); (Sutthent et
al., 1998); (Ahmad er al, 1995); (Lamerset et al,®1994); (Scarlatti er al.,1993);
(Wolinsky er al., 1992). Studies looking at env V3 and gag pl7, showed discordance in
transmission of major and minor variants. with respect to both regions and suggested
transmission of more than one genotype (Wade et al., 1998); (Simonon et al., 1997);
{(Mulder-Kampinga ef al., 1995). In a clear case of transmission of multiple env
genotypes, sequences corresponding to both SI phenotype as well as NSI strains were
transmitted in a report by Pasquier et a/. (1998). In addition, the source of the transmitted
variants can be derived from either cell-free or cell-associated virus (Scarlatti er al.,
1993); (Pasquier er al., 1998). It is therefore likely that there are different selective
pressures depending on the timing and route of transmission that influences the variants

transmitted.
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1.7 GENETIC VARIATION OF HIV-1
1.7.1 HIV-1 SUBTYPES

Phylogenetic analysis of HIV-1 strains obtained from various geographical regions show
a high degree of genetic diversity (Los Alamos National Laboratory HIV Sequence
Database, http://hiv-web.lanl.gov). The clustering of strains has defined three groups (M,
N and O). Group M is the major group and most strains responsible for the HIV-1
pandemic belong to this group. The M group is further subdivided into nine subtypes of
HIV-1 (A, B, C, D, F, G, H, J and K) as well as circulating recombinant forms (CRF).
Subtypes A and F have further divisions into subtypes Al, A2, F1 and F2. Groups O and
N are minority groups containing strains highly divergent from those of group M. The
most prevalent strain globally is subtype C (UNAIDS, www.unaids.org). In South
Africa, subtype C is the predominant strain circulating within the heterosexual population
(Van Harmelen et al, 2001), although other subtypes such as A, D, G, AG and
unclassified strains have also been identified (Bredell ef o/, 2002) as well as complex and
novel recombinant viruses (Papathanasopoulos et al, 2002). Strains belonging to the
same subtype can vary by up to 20% in their envelope proteins and up to 35% between

subtypes (Gaschen et al., 2002).
1.7.2 THE THIRD VARIABLE REGION (V3) OF HIV-1 ENVELOPE

The V3 loop contains determinants for co-receptor binding and cellular tropism (Shimizu
et al., 1999) and defines the capacity of the virus to induce syncytia (De wolf et al.,
1994). Although regions outside of the V3 loop may also determine coreceptor usage, it
is possible to predict the phenotype of an isolate by calculating the number of positively
charged amino acids in the region (Hoffman ef al., 2002). SI variants have the highest
positive charge compared to NSI variants and charges at positions 11 and 15 are highly
predictive of phenotype (Hoffman er al, 2002). However, subtype C viruses
predominantly use CCRS as coreceptor and are different from subtype B viruses in that

they generally do not switch to CXCR4 coreceptor usage associated with the onset of
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AIDS (Adebe et al. 1999). Most vertical transmissions involve CCRS using viruses,
although the transmission of dual tropic and in rare cases, solely X4 utilizing viruses,
have been reported (Salvatori and Scarlatti, 2001). Recognition sites for humoral and
cell-mediated immunity also map to the V3 region (Palker ef al., 1988); (Takahashi ez al.,
1992). Changes in glycosylation pattern of the envelope proteins influence antibody
recognition epitopes (Wei ef al., 2003). With respect to subtype B viruses, it is known
that most subtype C viruses lack a V3 glycosylation site and a basic amino acid residue at
position 11 (Ping e al., 1999); (Gordon et al., 2003). Subtype B studies have suggested
that this site may be involved in the interaction of gp120 with its coreceptors (Li et al.,
2001) and in perinatal transmission. Nakayama ef ¢/. (1998) found that the absence of
this site reduced CXCR4-dependent but not CCRS5-dependent viral entry. In addition to
the functional importance of this domain, the V3 region has also been used by other
investigators in mother-to-child transmission studies, particularly in phylogenetic

analyses.

1.8 DISEASE PROGRESSION IN INFANTS INFECTED BY VERTICAL
TRANSMISSION

The European Collaborative Study (1991), reported that an estimated 64% of infected
children show laboratory or clinical features of HIV-1 infection by 3 months of age, 83%
by 6 months and 90% by 1 year. In addition, 26% have developed AIDS at 12 months.
Others develop AIDS at a reduced rate over a number years and a small proportion
remain asymptomatic for 8-10 years (Andeweg et al., 1992). No clear pattern of disease
progression can be established since the course of disease in children infected with HIV-1
perinatally seems to vary considerably (European Collaborative Study, 1991), possibly as
a result of factors such as the size of the inoculum, the time and route of transmission, the
virulence of strain and the host immune response which may contribute in a

combinatorial fashion to the outcome of disease in the infected child.

The time of transmission may influence disease progression based on reported

associations of in ufero transmission and rapid disease progression (Borkowsky et al.,



25

1994); (Mayaux et al., 1996). Lambert et al. (1997) have shown that infants with a
positive DNA PCR test within the first week of life and presumably infected late in utero
or intrapartum, progressed more rapidly to AIDS. Shearer et al. (1997) have studied viral
RNA levels in children infected perinatally and observed that the RNA load differed
according to whether the infection was acquired early or late and noted that disease
progression was associated with higher RNA levels not only at birth but also during the
first few months of life. Although, a high viral RNA load in maternal serum at delivery
and an associated rapid disease progression in the infected infant has been reported
suggesting the role of the size of the noculum (Coll ef al., 1997), no significant
association between maternal viral load and disease progression in infected infants was
noted by Lambert ef al. (1997). Similarly, Jones et al. (1992) reported that infants
infected by blood transfusion and presumably exposed to a higher inoculum than
perinatally exposed infants still showed varying degrees of disease progression

suggesting the involvement of additional factors.

The ability of the immune system of child to control the replication of the virus seems to
play a critical role in disease progression. The level of plasma RNA load in infected
children correlates with disease progression (De Rossi et al, 1996); (Alimenti ef al.,
1991). A retrospective, longitudinal study of HIV-1 infection in children by Zaknun et
al. (1997) showed that high viral load, assessed by plasma RNA levels and p24 antigen
detection, was associated with poor growth and similarly an investigation of HIV-1
proviral load and p24 antigenaemia in perinatally infected children by Dickover ef al.,
{1996) noted higher levels of cell-associated HIV-1 and p24 antigen in children with
rapid progression. It is possible that the pressure of the host immune response on the

replication of the virus may therefore be a critical factor that controls disease progression.
1.9 NATURAL HISTORY OF VIRAL DIVERSITY IN INFANTS
It is postulated that immune pressure on the replication of the virus is reflected by the

antigenic changes seen over time. Variability in the V3 region compared to rates of

disease progression in children infected perinatally have shown that a more antigenically
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diverse virus population correlates with a slower decline of CD4+ cells (Ganeshan et al.,
1997); (Halapi et al., 1997). A similar pattern has been reported in adult infections where
DNA sequence studies showed greater diversification and a higher ratio of
nonsynonomous to synonymous site mutations (dN/dS ratios) in slow versus more rapid
progressors suggesting selection for phenotypic changes (Lukashov er al, 1995);
(Delwart et al., 1993). There have, however, been contradictory results relating viral
diversity to disease progression and a possible explanation was put forward by
Shankarappa et al., (1999) after completion of a longitudinal study of viral evolution
from seroconversion to advanced disease in infected men with moderate disease
progression. Based on their analysis at sequential timepoints of viral divergence within
the HIV-1 Subtype B env C2-V5 region from the founder strain, intrasample diversity
and outgrowth of CXCR4 using viruses, they were able to identify three distinct phases
of virus divergence and diversification within the asymptomatic period. The first phase
of variable duration was characterized by linear increases of approximately 1% per year
in both divergence from the founder strain and intrasample diversity. The second phase of
approximately 1.8 years was characterized by continued increase in divergence but a
stabilization or decline in diversity. The third phase was characterized by stabilization or
decline in divergence as well as the continued stability of decline in diversity. The
emergence of CXCR4 using viruses was seen during the transition from the first to the
second phase and were seen to decline at the transition between the second and third
phase. T cell abnormalities and declining CD4+ cell counts were also evident at the
transition to the third phase. This pattemn of genetic variation seen in moderate
progressors may help explain contradictory data observed in other studies of virus
diversity during the asymptomatic period since the time of sampling could have fallen

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

Rates of disease progression are also dependent on the quality of the CTL response which
is determined by HLA class I molecules. The binding of peptides to HLA class |
molecules is critical for CTL recognition and killing of infected cells and is highly
dependent on the primary sequence of the peptide. Amino-acid substitutions within the

peptide sequence of epitopes can reduce the binding strength of peptides to HLA
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molecules or abolish binding completely. Goulder ef al. (1997) showed fhat in HLA
identical hemophiliac twins infected from a common contaminated blood product, and
presumably the same HIV-1 quasispecies, CTL studies revealed that one of the twins did
not respond to two immunodominant epitopes in pl7gag to which other twin did respond.
The reason was due to genetic mutations observed in proviral sequences in the peptide
coding regions. A similar finding in the context of mother-to-child transmission was
reported by Goulder er @/, (2001) where infected mothers expressing HLA-B27 who
respond to a highly-conserved B27-restricted gag epitope transmitted variants to their
children that failed to bind HLA-B27. The transmitted viruses were found to contain
mutations within the epitope coding sequences, leading to immune escape in the mother.
Transmitted variants remained stable and did not revert in the infected children. The
study of virus genetic variation in infected children may thus be important in the context

of disease progression and immune function.
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CHAPTER 2: MATERIALS AND METHODS
2.1 INTRODUCTION

For subtyping and analysis of genetic diversity, DNA sequencing is preferred but is
expensive and labour-intensive. Alternatively, heteroduplex mobility assay (HMA)
developed by Delwart er al. (1993) offered a rapid and cost-effective method to subtype
and display the degree of divergence between sequences amplified by PCR. A second
alternative method available for the analysis of genetic diversity is Base Excision
Sequence Scanning or BESS (Epicentre Technologies, Madison, USA) which identifies
thymine residues on one strand of DNA amplified by PCR. This method can be used to
map thymine residues on both strands and thereby generate partial sequence data

reflecting adenine and thymine residues for genetic analysis.

To estimate the diversity of sequences amplified by PCR, it is important that input
material contains sufficient copies of template so as to truly represent the viral
quasispecies. Too few copies artificially lower viral diversity due to re-sampling. A
minimum range of 20 to 50 proviral copies (measured by end-point dilution assay) was
determined by Delwart e al. (1993). To control for input copy number a PCR-ELISA

quantitation system was developed to measure template concentration in PBMC DNA.

In this chapter we will provide methods used in this study including: (i) Amplification
and cloning of env fragments for use as reagents in the diversity study; (i) DNA
sequencing as the ‘gold standard’ for diversity studies; (iii) HMA and BESS as
alternative methods to DNA sequencing; (iv) PCR-ELISA based quantitation system to

estimate proviral copy number.
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2.2 AMPLIFICATION AND CLONING

The strategy to generate DNA sequences for genetic characterisation and subtyping was
as follows: (i) amplification of envelope sequences from PBMC DNA by nested PCR, (ii)
cloning of PCR fragments into plasmid vectors and transformation into host bacteria, (iii)
selection of positive clones by restriction fragment length polymorphism (RFLP) and
colony hybridization, (iv) Re-amplification of correctly identified clones by colony PCR.
These clones were used for the subtyping assays and as reagents for genetic diversity
assessment. For quantitation of provirus copy number in PBMC DNA samples a PCR-
ELISA was set up. PBMC DNA samples for the mother-child sets used for the
amplification of the env sequences were also used in the PCR-ELISA. The PCR-ELISA
system was set up by an initial optimization of the capture and detection of molecules
labelled with biotin and digoxigenin (DIG), followed by calibration of the system using
an external standard of known concentration before final application of the assay to the
mother-child samples. Labelled molecules used were control-peptides (Boehringer-
Mannheim, Mannheim, Germany) and DNA probes generated by PCR using DIG-
labelled reverse primers and biotinylated forward primers. The system was tested and
calibrated using biotinylated oligonucleotide probe sequences complementary to the
DIG-labelled negative strand of DNA amplified by PCR using the HIV-1 DNA PCR
standards (AIDS Research and Reference Reagent Program, Division of AIDS, NIAID,
NIH: catalogue number ARP9356).

2.2.1 SAMPLES

Blood samples, containing EDTA, were collected from eight HIV-1 infected mother-
child pairs from the Red Cross War Memorial Children's Hospital in Cape Town
(Professor G. Hussey). Blood was collected from infants aged between one and twenty-
two months (Table 2.1). Genomic DNA was extracted from the PBMCs by the Dept. of
Clinical Virology (University of Cape Town), using the proteinase K crude extraction

method (Kawasaki er al., 1990).
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Table 2.1: Infant age and sex

Sample Identifier: Age: Sex:
RX1-b & months male
RX2-b Unknown unknown
RX3-b 5 months male
RX4-b 11 month unknown
RX5-b 1 month female
RX6-b 15 months female
RX7-b 14 months male
RX8-b 22 months male

2.2.2 AMPLIFICATION BY PCR

The number of copies of integrated HIV-1 genomes in blood leukocyte DNA is generally
low and two rounds (nested) of PCR amplification are necessary to generate sufficient
quantities of amplification product for DNA sequencing. Nested' PCR utilizes two sets
of primers where the second set of primers is located internal to the fragment generated

by the first-round set of primers. This design also improves specificity.

The quality of the template is critical for efficient PCR amplification and DNA isolated
by crude extraction methods may not be suitable due to protein contamination,
particularly DNA-binding proteins. ‘Hotstart” PCR was used to amplify some samples to
increase specificity and sensitivity. ‘Hotstart” PCR includes an initial heating step at 94
°C for 10 minutes before thermocycling to ensure that all protein is denatured, template
DNA is single-stranded and non-specifically bound primer is removed. To avoid
simultaneous inactivation of Tag polymerase, the enzyme is added after the denaturation

step.

The PCR primers used, as described by Delwart ef al. (1993), amplify regions of the
HIV-1 env gene. The outer primer set (ED5 and ED12) generates a 1254 bp fragment
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spanning the VI-V5 coding region of gp120 and the inner primer set (ED31 and ES8)
generates a 851 bp fragment spanning the C2-V5 region (Box 2.1 and Box 2.2).

Box 2.1: PCR primers for amplification of 851bp C2-V5 region of the env gene (Delwart
etal., 1993)

ED5= (outer forward primer)

*HXB2 numbering 6557-6582

5'-ATG GGA TCA AAG CCT AAA GCC ATG TG-3!
EDl2< (outer reverse primer)

*HXB2 numbering 7782-7811

5'-AGT GCT TCC TGC TGC TCC CAA GAA CCC AAG-3’
ED31=s> (inner forward primer)

*HXB2 numbering 6817-6845

5'-CCT CAG CCA TTA CAC AGG CCT GTC CAA AG-3’
ES8B& (inner reversge primer)

*HXB2 numbering 7648-7668

5'-CAC TTC TCC AAT TGT CCC TCA-3'

*HXB2 numbering according to Los Alamos HIV database (http:/hiv-web.lanl.gov)

Box 2.2: Location of PCR primers using the HIV-1 clone HXB2 sequence of the gp160
region of env

ED5=>
6557 ATGGGATC AAAGCCTAAA GCCATGTGTA
6585 AARATTAACCC CACTCTGTGT TAGTTTAAAG TGCACTGATT TGAAGAATGA TACTAATACC
6645 AATAGTAGTA GCGGGAGAAT GATAATGGAG AAAGGAGAGA TAAAAAACTG CTCTTTCAAT
6705 aATCAGCACAR GCATAAGAGC TAAGGTGCAG AAACAATATG CATTTTTTTA TAAACTTGAT
ED31=
6765 ATAATACCAA TAGATAATGA TACTACCAGC TATAAGTTGA CAAGTTGTAA CACCTCAGTC
6825 ATTACACAGG CCTGTCCAAA EGTATCCTTT GAGCCAATTC CCATACATTA TTGTGCCCCG
6885 GCTCETITTG CGATTCTAAA ATGTAATAAT AAGACGTTCA ATGGAACAGG ACCATGTACA
6945 AATGTCAGCA CAGTACAATG TACACATGGA ATTAGGCCAG TAGTATCAAC TCAACTGCTG
7005 TTAAATGGCA GTCTAGCAGA AGAAGAGGTA GTAATTAGAT CTGTCAATTT CACGGACAAT
7065 GCTAAAACCA TAATAGTACA GUTGAACACA TCTGTAGAAA TTAATTGTAC AAGACCCAAC
7125 AACAATACAA GAAAAAGAAT CCGTATCCAG AGAGGACCAG GGAGAGCATT TGTTACAATA
7185 GGAAAAATAG GAAATATGAG ACAAGCACAT TGTAACATTA GTAGAGCAAA ATGGAATAAC
7245 ACTTTAAAAC AGATAGCTAC CAAATTAAGA GAACAATTTC GAAATAATAA AACAATAATC
7305 TTTAAGCAAT CCTCAGGAGG GGACCCAGAA ATTCTAACGC ACAGTTTTAA TTGCTGGAGGG
7365 GAATTTTTCT ACTGTAATTC AACACAACTG TTTAATAGTA CTTGGTTTAA TAGTACTTGG
7425 AGTACTGAAG GGTCAAATAA CACTGAAGGA ACTGACACAA TCACCCTCCC ATGCAGAATA
7485 AAACAAATTA TAAACATGTG GCAGAAAGTA GGAAAAGCAA TGTATGCCCC TCCCATCAGT
7545 GGACAAATTA GATGTTCATC AAATATTACA GGGCTGCTAT TAACAAGAGA TGGTGGTAAT
7605 AGCAACAATG AGTCCGAGAT CTTCAGACCT GGAGGAGGAG ATATGAGGGA CAATTGGAGA
ES8é=
7665 AGTGAATTAT ATAAATATAA AGTAGTAAAA ATTGAACCAT TAGGAGTAGC ACCCACCAAG
7725 GCAAAGAGAA GAGTGGTGCA GAGAGAAAAA AGAGCAGTGG GAATAGGAGC TTTGTTCCTT
EDl24=
7785 GEGTTCTTGE GAGCAGCAGG AAGCACT
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2.2.2.1 'Nested' PCR

For the first-round reaction, 10 pl of PBMC DNA was used in a total volume of 50 pl
containing 2 pl of each primer EDS and ED12 (5§ pmol/ul), 5 pul 10X PCR buffer, 2.5 ul
MgCly (25 mM), 0.5 pl DMSO, 0.5 pl glycerol, 0.1 pl each dNTP (100 mM}, 0.5 pl Tag
polymerase (5 U/ul) and 26.6 pl water.

Thermocycling parameters were as follows: Initial denaturation at 94 °C for 2 minutes; 3
cycles of 94 °C for 60 s, 55 °C for 60 s, 72 °C for 60 s; 32 cycles 0f 94 °C for 15 s, 55 °C
for 45 s, 72 °C for 60 s; final extension at 72 °C for 300 s.

For the second-round reaction, 2.5 pl or 5 pl of first-round reaction mixture was used in a
total volume of 50 pl containing 2 pl of each primer ED31 and ES8 (5 pmol/ul), 5 pul 10X
PCR buffer, 3.6 pul MgCly (25 mM), 0.5 ul DMSO, 0.5 pl glycerol, 0.1 pl each dNTP
(100 mM), 0.25 pl Tag polymerase (5 U/ul) and 33.25 pl or 30.75 pl water,

Thermocycling parameters were the same as used for the first-round amplification.
2.2.2.2 'Hotstart' PCR

'Hotstart' PCR was done on samples which failed to amplify using the standard nested

PCR in section 2.2.2.1.

For the first-round reaction, the protocol was modified as follows: 10 ul of PBMC DNA
was used in a preliminary volume of 45 pl containing 2 pl of each primer EDS and ED12
(5 pmol/ul), 4.5 pl 10X PCR buffer, 2.5 ul MgCl; (25 mM), 0.5 ul DMSO, 0.5 ul
glycerol, 0.1 pl each dNTP (100 mM) and 21.6 ul water. The reaction mixture was
heated to 94 °C for 10 minutes. 5 pl of a solution made up of 0.5 ul Taq polymerase (5
U/ub), 0.5 pl 10X PCR buffer and 4 pl water was added and cycled as described in

section 2.2.2.1.
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2.2.3 LIGATION OF PCR PRODUCTS INTO PLASMID VECTORS FOR
TRANSFORMATION INTO E. COLI

In order to produce sufficient quantities of template for manual DNA sequencing,
amplicons generated by PCR are ligated into plasmid vectors that replicate to high copy
numbers in E. coli. An improved cloning strategy takes advantage of thermostable DNA
polymerases used in PCR that add an unpaired adenosine nucleotide to the 3-end of
double-stranded DNA. The use of a cloning vector with an unpaired thymidine
nucleotide added to the 3'-end, such as the pMOSB/lue T-vector (Amersham, Piscataway,
USA), facilitates ligation of amplicons into the multiple cloning site of the beta-
galactosidase reporter gene. Recombinant plasmids are transformed into competent E.
coli and transformants are positively selected on agar plates containing antibiotic, X-gal
and IPTG. Bacteria transformed with plasmid in which the beta-galactosidase gene has
been insertionally inactivated are unable to catalyze the cleavage of X-gal and colonies
appear white. The correct size insert is determined by restriction enzyme mapping of
plasmid DNA extracted from overnight cultures of putative clones. The correct sequence
of the insert is verified by additional analysis by restriction enzyme mapping or colony

hybridization assay.
2.2.3.1 Ligation of PCR products into pMOSBlue T-vector

The 851 bp fragment spanning the C2-V35 region amplified by 'nested’ PCR using the

inner primer set (ED31 and ES8) was used for the ligation reactions as described below.

Amplicons were partially purified as follows: 5 pl of chloroform-isoamyl alcohol (24:1)
was added to an equal volume of PCR reaction mixture, mixed by vortex for 60 s and
centrifuged for 60 s. The ligation reaction was prepared, according to instructions
supplied with the pMOSBlue T-vector kit (Amersham, Piscataway, USA), as follows: 2
ul of the supematant was used in a total volume of 10 ul containing 1 pl 10X ligase

buffer, 0.5 wl DTT (100 mM), 0.5 ul ATP (10 mM), 1 ul pMOSBIlue T-vector (50 ng/ul),
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0.5 ul T4 DNA ligase (10 U/ul) and 4.5 pl of water. The mixture was incubated at 16 °C

for 2 hours.
2.2.3.2 Transformation of recombinant plasmid into competent E. coli
2.2.3.2.1 Preparation of competent E. coli

Using a sterile loop, E. coli DHo. bacteria from a glycerol stock stored at -70 °C were
streaked onto a Luria agar (Appendix A) plate and incubated without antibiotic selection
at 37 °C overnight. The following day, a single colony was transferred from the plate to
25 ml of Luria broth (Appendix A) and incubated on a shaker at 37 °C overnight. 5 ml of

the overnight culture was inoculated into 500 ml of Luria broth and incubated at 37 °C

until the ODggp was between 0.45 and 0.55. The culture was divided into equal volumes

of 250 ml and cooled on ice for 2 hours. The cells were concentrated by centrifugation at
5,000 rpm- for 20 minutes at 4 °C. The supernatant was discarded and the cells
resuspended in ice-cold trituration buffer (Appendix A). 250 ml of ice-cold frituration
buffer was added and the mixture cooled on ice for 45 minutes. The cells were
concentrated by centrifugation at 4,000 rpm for 10 minutes at 4 °C. The supernatant was
discarded and the cells resuspended in 25 ml of trituration buffer. The two resuspensions
were pooled and 11.5 ml of 80% (v/v) glycerol added. 1 ml aliquots were transferred to

cold 1.5 ml microfuge tubes and stored at -70 °C.
2.2.3.2.2 Measurement of transformation efficiency

The efficiency of transformation of competent cells is defined as the number of cells
transformed per pg of plasmid and was measured by transforming a 200 ul aliquot of
cells with 0.2 ng of plasmid. 1 ml of competent cells stored at -70 °C was thawed on ice.
1 ul of pMOSB/ue test plasmid (0.0002 ug/ul)‘ and 5 wl of DMSO was added to a 200 ul
aliquot of thawed competent cells and incubated on ice for 30 minutes. The suspension

was transferred to a 42 °C waterbath for 40 s and returned to ice for 2 minutes. 800 pl of
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Luria broth was added and the mixture incubated at 37 °C for 1 hour. 5 ul, 50 ul and 100
pl of the transformation mixture was transferred to Luria agar plates containing 50 pg/ml

ampicillin, 10 pug/ml IPTG and 50 pg/ml X-gal and incubated at 37 °C overnight.

The efficiency of transformation was calculated using the following formula:

(no. of colonies) X (dilution factor)

no. of pg of plasmid
2.2.3.2.3 Transformation of E. coli

The method of transformation described in section 2.2.3.2.2 was repeated using 1 pl of
ligation mixture. The transformation mixture was plated in aliquots of 250 pl on large
agar plates containing 50 pg/ml ampicillin, 10 pg/ml IPTG and 50 pg/ml X-gal and

incubated at 37 °C overnight.

2.2.4 SCREENING OF TRANSFORMANTS FOR RECOMBINANT
PLASMIDS

2.2.4.1 Restriction fragment length polymorphism (RFLP) analysis
2.2.4.1.1 Plasmid extraction

Plasmid DNA was extracted from cultured bacteria using the boiling method described

by Berghammer and Auer (1993) as follows:

Using a sterile loop, white colonies were transferred from agar plates into sterile test
tubes containing 5 ml of Luria broth with ampicillin (50 pg/mil). The test tubes were
capped and incubated on a shaker at 37 °C overnight. 1.5 ml of the culture was

transferred to microfuge tubes and centrifuged at maximum speed for 60 s. The
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supernatant was discarded and 100 pl of lysis buffer (Appendix A) was added. The tubes
were incubated at room temperature for 10 minutes on a shaker, transferred to a boiling
waterbath for 60 s, cooled on ice for 60 s and centrifuged at maximum speed for 20
minutes. The supemnatant containing plasmid DNA was recovered for further

applications.

2.2.4.1.2 1dentification of correct size insert by restriction enzyme

mapping of plasmid

10 pl of supernatant was used in a reaction volume of 15 pl containing 1.5 pl 10X buffer
H, 0.5 pl PseI (5 U/ul), 0.5 pl EcoRI (5 U/ul) and 2.5 ul of water. Reaction mixtures

were incubated at 37 °C for 2 hours and 10 ul used for agarose gel electrophoresis.

The expected fragments of 918 bp and 2887 bp of digested plasmid DNA were resolved
on a 2% (w/v) agarose gel containing ethidium bromide (10 ng/ml) and visualized under

UV light at 256 nm.

2.2.4.2 Colony hybridization assay

A method to prepare denatured bacterial DNA fixed onto a nylon membrane for
hybridization assays described by Buluwela ef al. (1989), was used to screen colonies for
the correct insert using a digoxigenin (DIG)-labelled probe and a DIG-detection assay

(Boehringer-Mannheim, Mannheim, Germany).

2.2.4.2.1 Preparation of agar plates

Putative clones identified by RFLP analysis of plasmid were plated onto duplicate agar
gridded-plates. A Hybond-N nylon membrane (Amersham, Piscataway, USA) was
placed on the surface of the agar layer of one plate before bacteria were streaked out.
The plates were incubated at 37 °C overnight. The following day the membrane

containing adhered bacteria was removed for probe hybridization assay.
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2.2.4.2.2 Preparation of nylon membrane

Lysis of bacterial colonies, denaturation of DNA and fixation of single-stranded DNA to
the membrane was achieved by placing the membrane with the colonies on the upper
surface onto Whatman 3MM filter paper soaked in 2X SSC (Appendix A) containing 5%
SDS for 5 minutes at room temperature. The membrane was then placed in a microwave
oven for 3 minutes at maximum power (650W), soaked in 5X SSC containing 0.1% SDS

and placed in a hybridization bag.
2.2.4.2.3 Preparation of DIG-labelled DNA probe

A DIG-labelled DNA probe was generated by PCR using a mixture dNTP’s containing
DIG-dUTP (Boehringer-Mannheim, Mannheim, Germany).

For PCR amplification, 2 pl of a subtype-C reference plasmid (50 pg/ul) taken from the
Heteroduplex Mobility Analysis (HMA) HIV-1 env Genetic Subtyping Kit (AIDS
Research and Reference Reagent Program, Division of AIDS, NIAID, NIH: catalogue
number ARP961) was used in a total reaction volume of 50 ul containing 2 pl of each
primer ED31 and ES8 (5§ pmol/ul), 5 ul 10X PCR buffer, 3.6 ul MgCl, (25 mM), 0.5 ul
DMSO, 0.5 ul glycerol, 10 pl dNTP DIG-dUTP mixture, 0.25 ul Tag polymerase (5
U/uly and 24.15 ul water.

Thermocycling parémeters were as follows: Initial denaturation at 94 °C for 2 minutes; 3
cycles of 94 °C for 60 s, 55 °C for 60 s, 72 °C for 60 s; 32 cycles 0of 94 °C for 15 5, 55 °C
for 45 s, 72 °C for 60 s; final extension at 72 °C for 300 s.

Incorporation of DIG-dUTP into amplicons was confirmed by agarose gel electrophoresis

indicating a decrease in mobility due to the increased molecular weight.
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2.2.4.2.4 Hybridization and DIG-detection assay

The membrane was blocked by prehybridizing for 1 hour at 42 °C in hybridization buffer
(Appendix A). 5 pl of PCR reaction mixture containing DIG-labelled probe was heat-
denatured at 94 °C for 2 minutes and rapidly cooled on dry ice. The membrane was
incubated overnight at 42 °C in hybridization buffer containing denatured probe. The
following day the membrane was rinsed in 2X SSC containing 0.1% SDS for 5 minutes at

room temperature.

Detection of hybridized DIG-labelled probes was performed using the DIG Luminescent
detection kit (Boehringer-Mannheim, Mannheim, Germany). The kit makes use of an -
anti-DIG antibody conjugated to alkaline phosphatase to bind DIG-labelled molecules.
After rinsing the membrane free of unbound antibody, the chemilluminescent substrate
was added to allow immobilized enzyme-conjugate to catalyze the chemical reaction that

emits light. Emitted light was detected by autoradiography using X-ray film.

After addition of the substrate, the membrane was sealed in a plastic bag and placed in an
X-ray cassette in contact with Agfa Curix RP1 X-Ray film. The film was developed after

10 minutes of exposure.

Bacterial clones containing recombinant plasmid with the correct insert were identified
by viewing the autoradiograph of the probe hybridization assay under visible light and

identifying positively-stained areas.
2.3 DNA SEQUENCING
2.3.1 MANUAL DNA SEQUENCING OF VECTOR INSERTS
In order to assess the reliability of heteroduplex mobility assay as a method of analyzing

intrasample sequence diversity the eight clones (RX1-ml to RX1-m8) previously

identified by hybridization assay, were manually sequenced using the chain termination
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method described by Sanger er al. (1977). Sequence reactions were performed using
reagents supplied in the Sequenase 2.0 DNA sequencing kit (United States Biochemicals,
Cleveland, USA).

2.3.1.1 Extraction of template DNA

A liquid culture of each clone was prepared by inoculating 100 mi of Luria broth
containing ampicillin (50 pg/ml) with a sterile loop which was used to scrape the upper
surface of frozen glycerol stocks of bacteria stored at -70 °C. The cultures were
incubated at 37 °C overnight. Plasmid DNA was extracted from overnight cultures using
a Nucleobond AX-100 plasmid purification kit (Macherey-Nagel, Duren, Germany)

according to the instructions supplied with the kit.

Briefly, the cells were concentrated by centrifugation at 8000 pm for 10 minutes in a
Beckman J2-21 centrifuge using a JA20 rotor. The pelleted cells were resuspended in 4
ml of buffer provided (solution S1). 4 ml of NaOH/SDS lysis buffer (solution S2) was
added, the suspension mixed gently and incubated at room temperature for 5 minutes. 4
ml of potassium acetate buffer (solution S3) was added, the suspension mixed gently and
incubated on ice for 5 minutes. The suspension was centrifuged at 10,000 rpm for 38
minutes at 4 °C. The supernatant was carefully removed with a pipette and applied to an
AX-100 cartridge pre-equilibrated with 2 ml of buffer supplied (solution N2). The
cartridge was washed twice with 4 ml of supplied washing buffer (solution N3). 2 ml of
elution buffer (solution N5) was added to the cartridge and equal volumes of 1 ml

collected in each of two 2 ml microfuge tubes.

The eluted plasmid DNA in each tube was precipitated by addition of 700 pl of
isopropanol and centrifugation in a microfuge at maximum speed for 10 minutes. The
pelleted DNA was washed by adding 1 ml of 70% ethanol to each tube and centrifugation
at maximum speed for 10 minutes. The ethanol was discarded and the pellets dried under

vacuum for 5 minutes. The pelleted DNA was resuspended in 50 pl of TE buffer
(Appendix A).
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The concentration and purity of each plasmid isolation was calculated from the ODpgg

and ODjgp absorbance readings using a 1:100 dilution of sample in a spectrophotometer.

2.3.1.2 Preparation of template for manual sequencing

An appropriate aliquot of sample containing between 5 and 10 pg of plasmid DNA
(sufficient for two sequencing reactions) was made up to a volume of 32 pl with water.
The DNA was denatured by adding 8 pl of 2M NaOH and incubated at room temperature
for 10 minutes. The alkali was neutralized by adding 7 ul of 3M sodium acetate (pH
4.8). The DNA was precipitated by adding 4 pl of water and 120 pl of 100% ethanol and
cooled on dry ice for 15 minutes. The mixture was centrifuged for 15 minutes in a
microfuge and the supernatant fluid discarded. The ethanol was discarded and the pellet
dried under vacuum for 5 minutes. The DNA was resuspended in 14 pl of water and
divided into equal volumes of 7 pl in separate microfuge tubes. 2 pl of 5X annealing
reaction buffer supplied in the sequencing kit was added to each tube as well as 1 ul
containing 5 pmol of forward or reverse primer (Box 2.3 and 2.4). The reactions were
-incubated at 65 °C for 2 minutes and allowed to cool to below 35 °C. The samples were

cooled on ice before proceeding to the sequencing reactions.

Box 2.3: Sequencing primers used

7= (vector forward primer)
5'~TAA TAC GAC TCA CTA TAG GG-3°
ES7=> (insert forward primer)
*HXB2 numbering 7002-7021

5'-CTG TTA AAT GGC AGT CTA GC-3°
Ul9-mere (vector reverse primer)
5'-GTT TTC CCA GTC ACG ACG T-3¢
SLR¢ (insert reverse primer)

*HEBZ2 numbering 7362-7380
5'-TAC AGT AGA AAA ATT CCC C-3¢

*HXB2 numbering according to Los Alamos HIV database (http:/hiv-web.lanl.gov)



Box 2.4: Location of sequencing primers ES7 and SLR onto
sequence of the partial gp120 region of env
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the HIV-1 clone HXB2

ED31=>
6817 CCTCAGTCAT TACACAGECC TETCCARAAGG TATCCTTTGA GCCAATTCCC ATACATTATT
6877 GCTGCCCCGEGEC TCCTTTTGCG ATTCTAAAAT GCTAATAATAA GACCTTCAAT GCAACAGGAC
6937 CATGTACAAA TGTCAGCACA GTACAATGTA CACATGCGAAT TAGGCCAGTA GTATCAACTC
ES7=
5997 AACTGCTGTT AMATCGCAGT CTAGCAGAAG AAGAGGTAGT AATTAGATCT GTCAATTTCA
7057 CGGACARATGC TAAAACCATA ATAGTACAGC TGAACACATC TGTAGAAATT AATTGTACAA
7117 GACCCAACAA CAATACAAGA AAAAGAATCC CGTATCCAGAG AGGACCAGGG AGAGCATTTC
7177 TTACAATAGG AAAAATAGGA AATATCAGAC AAGCACATTG TAACATTAGT AGAGCAAARAT
7237 GGAATAACAC TTTAAAACAG ATAGCTAGCA AATTAAGAGA ACAATTTGGA AATAATAAAA
7297 CAATAATCTT TAAGCAATCC TCAGGAGGGG ACCCAGAAAT TGTAACGCAC AGTTITTAATT
SLR&=
7357 GTGCGAGGGGA ATTTTTCTAC TETAATTCAA CACAACTGTT TAATAGTACT TGGTTTAATA
7417 GTACTTGGAG TACTGAAGGG TCAAATAACA CTGAMRGGAAGC TGACACAATC ACCCTCCCAT
7477 GCAGAATAAA ACAAATTATA AACATGTGGC AGAAAGTAGCE AAAAGCAATG TATGCCCCTC
7537 CCATCAGTGG ACAAATTAGA TGCTTCATCAA ATATITACAGE GUTGCTATTA ACAAGAGATG
7587 GTGGTAATAG CAACAATGAG TCCGAGATCT TCAGACCTGG AGGAGGCAGAT ATGAGGGACA
ES8&=
7657 ATTGGAGAAG TG

2.3.1.3 Sequencing reactions

Sequencing reactions were performed according to the instructions supplied. Briefly, the
labelling reaction was performed by adding 0.4 ul labelling mixture, 1 pl DTT, 0.5 pl [~
$**1-dATP (Amersham, Piscataway, USA), 2 ul diluted enzyme and 1.6 pl of water to the
10 pl of annealing reaction mixture. The reaction mixture was incubated for 5 minutes at
room temperature for S minutes. 3.5 pl of the labelling reaction was added to each of
four tubes containing 2.5 pl of termination mixture corresponding to a different ddNTP.
The termination reactions were incubated at 37 °C for 5 minutes before adding 4 pl of

stop solution.
2.3.1.4 Polyacrylamide gel electrophoresis

DNA fragments generated by the sequencing reactions were resolved by electrophoresis
on a 6% (w/v} denaturing polyacrylamide gel. The gel apparatus used was made up of

two rectangular glass plates separated by two 0.5 mm plastic spacers placed between the
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plates at the sides along the length. A section of Whatman 3MM filter paper was placed
between the plates at the base along the breadth and the assembly held together with
metal clamps. 100 ml of a 6% polyacrylamide denaturing gel solution was prepared
using 12 ml of 50% Longranger (AT Biochem, Malvern, USA), 10 ml of 10X NNB
(Appendix A) and 42 g of urea made up to a volume of 100 ml with water.
Polymerization was initiated by adding 100 ul of TEMED and 100 pl of a freshly
prepared 25% APS solution. After polymerization the gel was pre-run in 1X NNB buffer
for 30 minutes at 80W before loading of sam;ﬁles. Samples were heated at 80°C for 2
minutes before loading to generate single-stranded DNA molecules. 1 pl, 2.5 pl and 5 pl
of each sample was loaded at different stages during electrophoresis corresponding to a
short, medium and long run so as to obtain maximum sequence information. After
electrophoresis, the gel was allowed to cool and the apparatus disassembled. The glass
plates were separated and the gel transferred to a sheet of Whatman 3MM filter paper and

dried for 1 hour under vacuum on a heated gel dryer.
2.3.1.5 Autoradiography

Once dry, the gel was placed in contact with a sheet of Agfa Curix RP1 X-ray film inside
an X-ray cassette overnight. The following day, the exposed X-ray film was developed
for 2 minutes, stopped in 2% acetic acid for 2 minutes, fixed for 5§ minutes and rinsed in

running water for 5 minutes. The film was then air dried.
2.3.1.6 Sequence analysis

Sequences were aligned using Clustal X software (Thompson ef al., 1997). Subtyping of
sequences using the V3 loop reference subtypes was done by phylogenetic tree
construction using Treecon software (Van de Peer and De Wachter, 1994) and the
Kimura two-parameter algorithm. Sequences of the V3 loop from reference subtypes
were downloaded from the Los Alamos HIV sequence database (http://hiv-web.lanl.gov).
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24 HETERODUPLEX MOBILITY ASSAY (HMA) AND BASE EXCISION
SEQUENCE SCANNING (BESS)

2.4.1 HETERODUPLEX MOBILITY ASSAY (HMA)

Heteroduplex mobility assay (HMA) developed by Delwart er al. (1993) offers a rapid
and cost-effective method to subtype and display the degree of divergence between
sequences amplified by PCR. Briefly, the method is based on the observation that hybrid
molecules formed between related sequences (heteroduplexes) show reduced mobility
with respect to the migrating homoduplexes when resolved in polyacrylamide gels. This
shift in mobility is directly proportional to the degree of divergence between the positive
and negative strands forming the heteroduplex. Subtyping of unknown samples can be
achieved by generating heteroduplexes between known subtypes and the sample and
observing the smallest shift in heteroduplex mobility. Similarly intrasample sequence
diversity can be displayed by comparison of individual sequences hybridized to a
common driver sequence. The limitation of using HMA as a display of DNA difference
is the resolution limit of 1-2% as well as the influence on mobility shifts due insertions

and deletions.
2.4.1.1 Subtyping

For subtyping of sample unknowns, one cloned sequence from each sample was selected
for comparison with reference plasmids supplied in the HMA kit (AIDS Research and
Reference Reagent Program, Division of AIDS, NIAID, NIH: catalogue number
ARP961). The reference plasmids used are listed in Table 2.2

2.4.1.1.1 PCR amplification of reference HIV-1 subtypes
The primer pair ES7 and ES8 (Box 2.7) was used for the amplification of a 667 bp

fragment of the env gene (Box 2.8). For the PCR amplification of reference plasmids, 1

pl of plasmid standard (10 ng/ul) was used in a total reaction volume of 100 pl
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containing 4 ul of each primer (5 pmol/ul), 10 ul 10X PCR buffer, 7.2 pl MgCl; (25
mM), 1 ul DMSO, 1 ul glycerol, 0.2 pl each dNTP (100 mM), 0.5 ul Tag polymerase (5
U/ul) and 70.5 pl water.

Thermocycling parameters were as follows: initial denaturation at 94 °C for 2 minutes; 3

cycles of 94 °C for 60 s, 55 °C for 60 s, 72 °C for 60 s; 32 cycles of 94°C for 15s, 55°C

for 45s, 72°C for 60s; final extension at 72°C for 300s.

Box 2.7: List of PCR primers used (Delwart ef al., 1993)

5"~

‘5

'ES?:> (1nsert forward prlmer)
;*HXBz numberlng 7002 7021 o
CTG. TTA AAT GGC AGT CTA. GC-3" -
‘E88¢= {1nner reverse prlmer) '
S*HXB2 numberlng 7648-7668.

~CAC TTC TCC AAT TGT CCC TCA-3'

*HXB2 numbering according to Los Alamos HIV database (http //hlv-web lanl gov)

Box 2.8: Mapping of PCR primers onto the sequence of HIV-1 clone HXB2 partial env

region
D S : R O e ED31=>
6765  ATAATACCAA TAGATAATGA TACTACCAGC TATAAGTTGA CAAGTTGTAA CACCTCAGTC
6825  ATTACACAGG CCTGTCCABA GGTATCCTTT GAGCCAATTC CCATACATTA TTGTGCCCCG -
6885 GCTGGTTTTG CGATTCTAAA ATGTAATAAT AAGACGTTCA~ATGGAACAGG ACCATGTACA
I : ES'?:>
6945 AATGTCAGCAVCAGTACAATG'TACACATGGA‘ATTAGGCCAG TAGTATCRAC TCAACTGCTG
7005 TTAAATGGCA GTCTAGCAGA ACGAAGAGGTA GTAATTAGAT CTGTCAATTT CACGGACAAT:
7065  GCTAAAACCA TAATAGTACA GCTGAACACA TCTGTAGAAA TTAATTGTAC AAGACCCAAC
7125  AACAATACAA GAAAAAGAAT CCGTATCCAG AGAGCGACCAG GGAGAGCATT TGTTACAATA-
7185 GGAAAAATAG GAAATATGAG ACAAGCACAT TGTAACATTA GTAGAGCAAA ATGGAATAAC
7245  ACTTTAAAAC AGATAGCTAG CAAATTAAGA GAACAATTTG GAAATAATAA AACAATAATC.
7305 . TTTAAGCAAT CCTCAGGAGG GGACCCAGAA ATTGTAACGC ACAGTTTTAA TTGTGGAGGG. .
7365  GAATTTTTCT ACTGTAATTC AACACAACTG TTTAATAGTA CTTGGTTTAA TAGTACTTGG -
177425 - AGTACTGRAG GGTCAAATAA CACTGARAGGA. AGTGACACAA TCACCCTCCC ATGCAGAATA
7485 - AAACAAATTA TAAACATGTG GCAGAAAGTA GGAARAGCAA TGTATGCCCC TCCCATCAGT
7545 .. GGACRAATTA GATGTTCATC ARATATTACA GGGCTGCTAT TAACAAGAGA TGGTGGTAAT .
76055 AGCAACAATG]AGTQCGAQATICTTCAGACCT GGAGGAGGAG ATATGAGGGA CAATTGGAGA
75653 AGTGAATTAT ATAAATATAA[AGTAGTAAAA ATTGAACCAT TAGGAGTAGC ACCCACCAAG‘
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Table 2.2: List of reference plasmids used for subtyping of sample unknowns by HMA
(AIDS Research and Reference Reagent Program, Division of AIDS, NIAID, NIH:
catalogue number ARP961)

Subtype: Strain: Country of origin:
A RW20 Rwanda
B BR20 Brazil
B TH14 Thailand
C MA959 ’ Malawi
C ZM18 Zambia
D UG21 Uganda

2.4.1.1.2 PCR amplification of sample unknowns

The unknown samples were available as plasmids in glycerol stocks of transformed
bacteria stored at -70 °C. Colony PCR was found to be a simple way of generating

amplified DNA for HMA purposes.

For the PCR amplification of unknown samples, 2.5 ul of thawed glycerol stock
suspension was used in a total reaction volume of 25 ul containing 1ul of each primer (5
pmol/ul), 2.5 ul 10X PCR buffer, 1.8 ul MgCl, (25 mM), 0.25 pul DMSO, 0.25 ul
glycerol, 0.05ul each ANTP (100mM), 0.125u1 Tag polymerase (SU/ul) and 15.375ul

water.

Thermocycling parameters were the same as described in section 2.4.1.1.1.

2.4.1.1.3 Generation of heteroduplexes

Heteroduplexes were formed by combining 5 pl of each reference sample and 5 pl of the
unknown sample with 1.1 pl of HMA annealing buffer (Appendix A) in a microfuge
tube. A control tube using 5 ul of water and 5 pl of unknown sample was included. The
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samples were heated to 94 °C for 2 minutes and then cooled on wet ice for 2 minutes

before resolving on a polyacrylamide gel.
2.4.1.1.4 Polyacrylamide gel electrophoresis

A 6% polyacrylamide gel solution was prepared by adding 12 ml of 50% Longranger
(AT Biochem, Malvern, USA) to 10 ml 10X NNB buffer and making the volume up to
100 ml with water. Polymerization was initiated by adding 100 pl of TEMED and 100 pl
of fresh 25% APS. A 19 cm by 16 cm by 1.5 mm set of glass plates were used to cast the
gel. The entire sample was used for electrophoresis a 200 V constant voltage for 5 hours
on a Hoefer SE600 gel apparatus. Gels were stained with ethidium bromide after
electrophoresis and DNA bands visualized under UV light.

2.4.1.2 Analysis of genetic diversity

In order to assess the genetic diversity between sequences, HMA was used by comparing
the mobility of heteroduplexes formed between a single reference sequence (driver
sequence) and the sequences of each clone. Each set of clones was assayed using an
unrelated subtype C driver sequence. In addition the sequences of the child were assayed

using a driver sequence derived from the mother and vice versa.
2.4.1.2.1 PCR amplification of driver sequence

The unrelated subtype C driver sequence selected was amplified from the MA959 HIV-1
strain from Malawi using the same PCR parameters as described in section 2.2.2.1. In
addition, the most common sequence and therefore the dominant species observed in the
HMA pattern of each mother using the driver sequence, was selected for re-amplification

and used as a driver sequence for analysis of the sequences from the child and vice versa.
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2.4.1.2.2 PCR amplification, formation of heteroduplexes and

polyacrylamide gel electrophoresis of samples

For amplification of the sample sequences, 2.5 pl of thawed glycerol stock suspension

was used in a colony PCR and the samples analyzed as described in section 2.4.1.1.2.

Box 2.9: PCR primers used (Delwart ez al., 1993)

ED31= (ocuter forward primer)
*HXB2 numbering 6817-6845

5'-CCT CAG CCA TTA CAC AGG CCT GTC CAA AG-3'
ES8« (outer reverse primer)
*HXB2 numbering 7648-7668

5'~CAC TTC TCC AAT TGET CCC TCA-3°
ES7= (inner forward primer)
*HXB2 numbering 7002-7021

5'-CTG TTA AAT GGC AGT CTA GC-37
V3R& (inner reversge primer)
*HXB2 numbering 7273-7292

5" -7 ATT AGG GAA GTG TTC TC-3!

*HXB2 numbering according to Los Alamos HIV database (http://hiv-web.lanl.gov)

Box 2.10: Mapping of PCR primers onto the sequence of the HIV-1 clone RX1-ml
partial env region

 ED31=

AGTG - .

1 .- CCTCAGCCAT TACACAGGCC TGTCCAAAGG TCTCTTTTGA CCCGATTCCT ATACATTATT |
61 . GTGCTCCAGC TGGCTATGCG ATTCTAAAGT GTAATAATAA GACATTCAGT GGGAGAGGAC:
121 CATGCCGTAA TGTCAGCACA GTCCAATGTA CACATGGAAT TAAGCCTGTG GTATCAACTC
Co ESTm e oo
181 fAACTACTGTT‘AAATGGTAGC~cmAGCAGAAG’GGGAGATAATCAATTAGATCT”QAGAATCTGA "
L 3 loops
241 . - CAGACAATGT CAAARATAATA ATAGTACACC CTAATGAATC TGTAGAAATT GTGTGTACAA.
301 . GACCCAACAR TAATACAAGA AAARGTATAA GGATAGGACC AGGACAAACA TTCTTTGCAA .
361 CAAATGACAT AATAGGAGAC ATAAGACAAG CACATTGTAA CATTAGTACA ACAAAATGGA
T e UBRes
421 - ACACAACTTT AGARAGGGTA AGGAAGRAAT TAGGAGAACA CTTCCCTAAT AAAACAATAA -
481" CCTTTAAACA GCCCTCAGGA GGGGACCTAG AAATTACAAC ACATAGCTTT AATTGTAGAG
541 . GAGAGTTTTT TTATTGCAAT ACATCAAATC TGITTCCTAA TGACAATGGG TCARACCCAA |
J601 .  CCACCATCCC. ATGCAACATA AAACAAATTA. TAAACATGTG GCAGGGGETA GGACCAGCAA
661  TGTATGCCCC TCCCATTAAR GGGAACATAA CACGTAACTC AAGTATCACA GGATTACTAT'
721 TGACACGTGA TGGTGGCGAC GGGAATAACA TAGAGGAGAT ATTCAGACCT. GGAGGAGGAG -
781 . ATATGAGGGA CAATTGGAGA
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2.4.2 BASE EXCISION SEQUENCE SCANNING (BESS) ANALYSIS

An alternative rapid method available for the analysis of genetic diversity is Base
Excision Sequence Scanning or BESS (Epicentre Technologies, Madison, USA) which
identifies thymine residues on one strand of DNA amplified by PCR. This method can be
used to map thymine residues on both strands and thereby generate partial sequence data
for analysis. Briefly, the method uses PCR to amplify the DNA sequence of interest and
incorporates limiting amounts of dUTP into the amplicons. Amplicons are then
incubated with uracil N-glycosylase which removes uracil from the sugar-phosphate
backbone leaving an abasic site. The sugar-phosphate backbone is cleaved at the abasic
site by a second enzyme, exonuclease IV. End-labelled radioactive cleavage fragments
can be resolved on a denaturing polyacrylamide gel and exposed to X-ray film resulting
in a sequence pattern that resembles a T-ladder typical of manual $** DNA sequencing
autoradiographs.  Sequence data concerning adenine and thymine residues can be
accumulated by mapping the thymine residues of both strands. The method was applied
using a P*? radio-labelled PCR primer and then adapted for analysis by an automated

DNA-sequencer using a PCR primer labelled with fluorescein.
2.4.2.1 BESS analysis using radio-labelled PCR primers

PCR primers were labelled with [gamma-P*?]-dATP using PNK enzyme (Boehringer-
Mannheim, Mannheim, Germany). The labelling-reaction was performed according to

the instructions supplied with the enzyme.

Briefly, the labelling-reaction was performed in a total volume of 20 ul containing 2 ul
10X reaction buffer, 1 ul [gamma-P**]-dATP (Amersham, Piscataway, USA), 1 ul of
ES7 forward primer (20 pmol/ul), 1 pul T4 PNK (10 U/ul) and 15 pl water. The reaction
mixture was incubated at 37 °C for 30 minutes. 1ul of the labelling-mixture containing

labelled primer was used for PCR.
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2.4.2.1.1 Amplification of sample DNA by PCR

The primer pair ES7 and ES8 was used for the amplification of a 667 bp fragment of the
env gene. Glycerol stocks of transformed bacteria stored at -70 °C were used in a colony

PCR to amplify DNA for BESS analysis.

For the amplification of unknown samples, 2.5 ul of thawed glycerol stock suspension
was used in a total reaction volume of 25 il containing 1 pl of radio-labelled forward
primer (1 pmol/ul), 1 pl of unlabelled reverse primer (5 pmol/ul), 2.5 ul 10X PCR buffer,
1.8 ul MgCly (25 mM), 2 ul BESS T-Scan dNTP Mix (Epicentre Technologies, Madison,
USA), 0.125 ul Tag polymerase (5 U/ul) and 14.075 ul water.

Thermocycling parameters were as follows: initial denaturation at 94 °C for 2 minutes; 3
cycles of 94 °C for 60 s, 55 °C for 60 s, 72 °C for 60 s; 32 cycles of 94 °C for 15 s, 55 °C
for 45 s, 72 °C for 60 s; final extension at 72 °C for 300 s.

2.4.2.1.2 Enzymatic cleavage of amplified DNA

According to the instructions of the suppliers, 10 pul PCR product was recommended in a
20 pl total reaction volume containing 2 ul BESS T-Scan 10X Excision Enzyme buffer, 1
ul BESS T-Scan Excision Enzyme Mix and 7 pl water. The reactions were incubated at
37 °C for 45 minutes. Reactions were stopped by addition of 10 ul of supplied
stop/loading buffer.

2.4.2.1.3 Polyacrylamide gel electrophoresis of samples

DNA fragments generated by the cleavage reactions were resolved by electrophoresis on
a 6% denaturing polyacrylamide gel as described for manual sequencing. Samples were

heated at 80 °C for 2 minutes before loading to generate single-stranded DNA molecules

and 2.5 ul of each sample was loaded.
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After electrophoresis, the gel was allowed to cool and the apparatus disassembled. The
glass plates were separated and the gel transferred to a sheet of Whatman 3MM filter

paper and dried for 1 hour under vacuum on a heated gel dryer.
2.4.2.1.4 Autoradiography

Once dry, the gel was placed in contact with a sheet of Agfa Curix RP1 X-ray film inside
an X-ray cassette overnight. The following day, the exposed X-ray film was developed
for 2 minutes, stopped in 2% acetic acid for 2 minutes, fixed for S minutes and rinsed in

running water for 5 minutes. The film was then air dried.
2.4.2.2 BESS analysis using fluorescein-labelled PCR primers
2.4.2.2.1 Amplification of samples by PCR
The primer pair ED31 and V3R was used for the amplification of a 473 bp fragment of
the env gene. The reverse primer, V3R, was ordered with a 5'-fluorescein label from the

Department of Biochemistry, UCT. Glycerol stocks of transformed bacteria stored at -70
°C were used in a colony PCR to amplify DNA for BESS analysis.

For the amplification of sample unknowns, 2.5 pl of thawed glycerol stock suspension
was used in a total reaction volume of 25 ul containing 1 il of unlabelled forward primer
(5 pmol/ul), 1 ul of fluorescein-labelled reverse primer (5 pmol/ul), 2.5 ul 10X PCR
buffer, 1.8 ul MgCl, (25 mM), 2 ul BESS T-Scan dNTP Mix (Epicentre Technologies,
Madison, USA), 0.125 pl Taqg polymerase (5 U/ul) and 14.075 ul water.

Thermocycling parameters were the same as described in section 2.4.2.1.1.
2.4.2.2.2 Enzymatic cleavage of PCR products

The same procedure was used as described in section 2.4.2.1.2.
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2.4.2.2.3 Analysis of samples by an automated sequencer

2 ul of cleavage product was supplied to the Core Facility, Department of Chemical
Pathology, UCT, for analysis on a Perkin-Elmer 377 automated sequencer.

2.5 PCR-ELISA QUANTITATION
2.5.1 PCR-ELISA QUANTITATION ASSAY

To measure the concentration of provirus in PBMC DNA samples a PCR-ELISA system
(Kwok et al., 1988) was used. Briefly, the method involves amplification of the viral
target sequence by PCR using DIG-labelled reverse primers and unlabelled forward
primers. The amplicons are alkali-denatured and hybridized to complimentary biotin-
labelled oligonucleotide probe sequences in a conserved region on the negative-sense
strand. Hybridized DNA molecules are captured in a streptavidin coated microtitre plate
and assayed for the DIG-label by conventional ELISA methods. The copy number of
target molecules in the unknown sample is inferred from a standard curve generated

using an external standard of known copy number.
2.5.1.1 Optimization of capture and detection of labelled molecules
2.5.1.1.1 Homogeneity of streptavidin-coated plates‘

To determine whether the streptavidin-coated wells of the microtitre plate were coated

with equivalent concentration of streptavidin, sixteen identical wells were assayed for
bound control-peptide at two different concentrations of DIG-label and the ODysq values

compared.

Streptavidin-coated microtitre plates were prepared by adding 100 pl of a 1 pg/ml stock
of streptavidin (Sigma, St. Louis, USA) dissolved in carbonate/bicarbonate buffer
(Appendix A) to each well and the plate incubated overnight at 4 °C. The wells were



52

then rinsed five times with PBS (Appendix A). 200 pl of blocking solution containing
PBS and 1% (w/v) powdered milk was added to each well and the microtitre plate was
incubated at 37 °C for 1 hour. The wells were then rinsed as before. 100 pl of control-
peptide containing the equivalent of 1.67 finol of DIG-label was added to sixteen
successive wells and a second dilution containing the equivalent of 0.835 fmol of DIG-
label was also included. The microtitre plate was incubated at 37 °C for 1 hour and then
rinsed as before. 100 pl of anti-DIG POD conjugate (Boehringer-Mannheim, Mannheim,
Germany) diluted 1:100 in blocking solution was added to each well. The microtitre
plate was incubated at 37 °C for | hour and then rinsed as before. 100 pl of TMB
substrate (Boehringer-Mannheim, Mannheim, Germany) was added to each well and the

colour reaction allowed to develop at room temperature in the dark. The colour reaction
was stopped after 30 minutes by adding 100 ul of 1M sulphuric acid to each well. ODysg

values were measured for each well using a spectrophotometer with a reference filter of

620 nm.

2.5.1.1.2 Sensitivity of detection of labelled molecules

The sensitivity of detection of DIG- and biotin-labelled molecules captured by
streptavidin was tested using a dilution series of control—peptidé of known concentration
of DIG-label. The assay was run in parallel with a dilution series of a labelled DNA
probe generated by PCR using DIG- and biotin-labelled primers.

Streptavidin-coated microtitre plates were prepared as described in section 2.5.1.1.1. A
two-fold dilution series of control-peptide in PBS was prepared ranging from the
equivalent of 10 fmol to 0.3125 fmol of DIG-label. The DNA probe of unknown
concentration was diluted in PBS in two-fold steps ranging from the undiluted sample to
a 1:8192 dilution. 100 pl of each dilution was added to successive wells. Two wells
were filled with PBS only to be used as controls for non-specific binding of the
conjugate. Each dilution series was performed in triplicate to check the reproducibility of

the assay. The microtitre plate was incubated at 37 °C for | hour and the wells rinsed as
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before. 100 pl of anti-DIG POD conjugate diluted 1:100 in blocking solution was added
to each well, except one well containing no sample, which was filled with 100 pl of

blocking solution only. The assay was completed as described in section 2.5.1.1.1.
2.5.1.2 Calibration of detection system

The PCR-ELISA system was first tested with a PCR generated DIG-labelled amplicon
before calibration of detection using a known copy number control sample. Thereafter, a
standard curve was constructed by plotting copy number against optical density values
obtained by PCR-ELISA of a two-fold dilution series starting at 100 copies of template
molecules. A sample obtained from the diagnostic laboratory at UCT (Groote Schuur

Hospital) was included as a positive control and for future use as a control standard.
2.5.1.2.1 PCR amplification

The PCR primers (SK431 and SK462), designed by Kwok et o/ (1988), amplify a
sequence of the p24 region of the HIV-1 gag gene and generates a fragment of 142 bp.
The probe sequence (SK102) is complementary to a conserved sequence on the negative-
strand. The sequences of the probe and primers used are listed in Box 2.5 and the region
targeted is listed in Box 2.6. The use of DIG-labelled reverse primers and biotin-labelled
probes complementary to the negative-strand allows hybridized molecules to be captured

by streptavidin and quantified by ELISA for the DIG-label in a microtitre plate.

For PCR amplification, 10 pl of sample was used in a total reaction volume of 25 pl
containing 0.5 pl of each primer (50 pmol/ul), 2.5 ul 10X PCR buffer, 1.8 pl MgCl, (25
mM), 1.25 pul DMSO, 0.05 pl each dNTP (100 mM), 0.025 pl Tag polymerase (5 U/ul)
and 8.225 pul water.

Thermocycling parameters were as follows: initial denaturation at 94 °C for 120 s; 5
cycles of 93 °C for 20 s, 55 °C for 20 s, 72 °C for 20 s; 35 cycles of 92 °C for 20 s, 60 °C
for 20 s, 72 °C for 20 s; final extension at 72 °C for 60 s.



Box 2.5: PCR primers and oligonucleotide probe (Kwok ef al., 1988)

54

8K462—

SR431¢=

SKl02&

{(forward primer)

*HXB2 numbering 1359-1388
5'-AGT TGG AGG ACA TCA AGC AGC CAT GCA AAT-3’
(reverse primer)

*HXR2 numbering 1474-1500"
57-TGC TAT GTC AGT TCC CCT TGG TTC TCT-37
{oligonucleotide probe)
*HXBZ2 numbering 1396-1428
5'-GAG ACC ATC AAT GAG GAA GCT GCA GAA TGG GAT-3¢

*HXB2 numbering according to Los Alamos HIV database (http://hiv-web.lanl.gov)

Box 2.6: Mapping of PCR primers onto the sequence of the HIV-1 clone HXB2 p24

region of gag

1
61

121

181
241

301
361
421
481
541
601
661

CCTATAGTGC AGAACATCCA GGGGCAAATG

AATGCATGGG

TCAGCATTAT

GGACATCAAG

TAAAAGTAGT

CAGAAGGAGC

CAGCCATGCA

AGAAGAGAAG

CACCCCACAA

AATGTTAAAA

GATAGAGTGC

ATCCAGTGCA

&=SK431

GGAAGTGACA

TAGCAGGAAC

AATCCACCTA
ATAGTAAGAA
TTTAGAGACT
GTAAAAAATT
ATTTTAAAAG
GTAGGAGGAC

TCCCAGTAGG
TGTATAGCCC
ATGTAGACCG
GGATGACAGA
CATTGGGACC
CCGGCCATAA

TGCAGGGCCT

TACTAGTACC
AGAAATTTAT
TACCAGCATT
GTTCTATAAA
AACCTTGTTG
AGCGGCTACA
GGCAAGAGTT

GTACATCAGG CCATATCACC TAGAACTTTA

GCTTTCAGCC

GATTTAAACA

SK102¢>
GAGACCATCA

CAGAAGTGAT

CCATGCTAARA

ATGAGGALGC

ACCCATGTIT

SK462=
CACAGTGGGE

TGCAGAATGG

ATTGCACCAG

CTTCAGGAAC
AABAGATGGA
CTGCGACATAA
ACTCTARGAG
GTCCARAATG
CTAGAAGAAA
TTG

GCCAGATGAG

ARATAGGATG
TAATCCTGGG
GACAAGGACC
CCGAGCAAGC
CGRACCCAGA
TGATGACAGC

AGAACCAAGG

GATGACAAAT
ATTARATAAA
AAAGGAACCC
TTCACAGGAG
TTGTAAGACT
ATGTCAGGGA

2.5.1.2.2 Preparation of sample DNA for DIG-detection

Amplicons were denatured by diluting 20 pl of PCR product in 70 pl of hybridization

buffer (Appendix A) and adding 10 pl of 2M NaOH. The solution was incubated at room

temperature for 5 minutes. The alkali was neutralized by adding 11 pl of 2M acetic acid

and the solution made up to 125 ul volume by adding an additional 14 pl of buffer. 100

il was used for the DIG-detection assay.
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2.5.1.2.3 DIG-detection ELISA

The DIG detection assay was performed with streptavidin-coated microtitre plates
prepared as described in section 2.5.1.1.1. After rinsing each well as before, 100 ul of
PBS containing 5 pmol of SK102 probe was added to each well and the microtitre plate
incubated at 37 °C for 1 hour. The wells were rinsed and blocked as before. 100 pl of
denatured PCR product from each sample in the dilution series was added to successive
wells. Hybridization was performed at 55 °C for 1 hour and the DIG-detection

performed as described in section 2.5.1.1.1.
2.5.1.3 Application to sample unknowns
10 ul of PBMC DNA from each mother-child (RX-3, RX-6 and RX-8) sample pair was

used in the PCR amplification step as described in section 2.5.1.2.1. The positive control

previously used was included as a standard of known copy number.
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CHAPTER 3: RESULTS

3.1 RESULTS

Results obtained in this study will be presented in four sections. The first section will
describe the amplification, cloning and sequencing of samples to be used as reagents.
These reagents were used in the evaluation of alternative methods for monitoring
sequence diversity. The second section discusses results from a PCR-ELISA quantitation
system, developed to measure provirus load in PBMC DNA. This was necessary to
control for number of input copies used for PCR amplification in order to ensure
adequate sampling of viral quasispecies. The third section describes the use of HMA for
subtyping as well as its use in visually estimating infrasample diversity. The fourth and
final section describes the use of BESS to generate partial sequence data for use in
phylogenetic analyses. These assays would be useful in studies designed to investigate
molecular changes in the envelope sequences associated with vertical transmission as

well as other HIV-1 diversity studies.

3.1.1 PCR AMPLIFICATION, CLONING AND SEQUENCING

3.1.1.2 PCR Amplification

A total of fourteen out of sixteen samples (RX1-m and —-b, RX2-m and -b, RX3-m and b,
RX4-m, RX5-m and -b, RX6-m and -b, RX7-b, RX8-m and -b) were amplified using
primers spanning the 851 bp C2-V3 region (Figure 3.1) Two samples (RX4-b and RX7-
m) consistently failed to amplify, either due to sample degradation, low proviral load or
PCR primer mismatches and due to this the two mother-child pairs (RX4 and RX7) were
excluded from the study. The 851 bp C2-V5 env products spanning the C2-V5 region of

env amplified from RX1-m were cloned for use as reagents in setting up the HMA.
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primer
dimer
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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 EDS-ED12 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:
RX1-m, lane 3: RX1-b, lane 4: RX2-m, lane 5: RX2-b, lane 6: HIV-1 negative human DNA control,
lane 7: positive plasmid control (1 copy), lane 8: positive plasmid control (10 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 RXI1-m
(numbered RX1-m1 to RX1-m8&) and ten clones were generated from samples RX6-m
(numbered RX6-ml to RX6-m10), RX6-b (numbered RX6-bl to RX6-b10), RX8-m
(numbered RX8-m1 to RX8-m10) and RX8-b (numbered RX8-b1 to RX8-b10).
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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 PCR.

Grid F5: +ve control.
Grid F6: -ve control.
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Figure 3.3: Composite image of a 2% (w/v) agarose gel containing ethidium bromide of Ps¢I 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 RX1-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 RX1-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 RX1-
m5 in the C4 region and an additional site was found at position ten in sequence RX1-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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selection for virus envelope escape mutants. The V3 loop region of all clones sequenced

retained the GPGQ motif characteristic of subtype C HIV-1 viruses.
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Figure 3.4: Blue
Autoradiograph of 6% (w/v) vector

polyacrylamide gel containing 8=
labelled DNA fragments generated
by manual dideoxynucleotide
sequencing of plasmid DNA from
sample RX1-m.
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Figure 3.5: (A) Distance table of percentage DNA difference of 804 bp nucleotide
sequences and (B) Distance table of percentage amino acid difference of 267 residues of
deduced protein sequences derived from sample RX1-m. The eight clones are labelled
RX1-ml to RX1-m8.

(A)
RX1-ml RX1-m2 RX1-m3 RX1l-mé4 RX1-m5 RX1-m6& RX1-m7 RX1-m8
RX1-ml 0
RX1-m2 0.000 O
RX1-m3 0.007 0.007 O
RX1-mé 0.010 0.010 0.010 DO
RX1-m5 0.007 0.007 0.007 0.010 O
R¥X1-mb 0.007 ©0.007 0.000 0.010 0.007 O
RX1-m7 0.010 0.010 0.007 0.010 0©0.010 0.007 0O
RX1-m8 0.007 0.007 0.007 0.007 0.007 0.007 0.007 O
(B)
RX1-ml RX1-m2 RX1-m3 RX1I-m4 RX1-m5 RX1l-m6 RX1-m7 RX1-m8
RX1-ml 0
RX1~-m2 0.000 O
RX1-m3 ¢.011 0.011 ¢
RX1-m4d 0.022 0.022 0.019 O
RX1-mb5 0.01% 0.01% 0.015 0.026 O
RX1-mé 0.011 0.011 0.000 0.01% 0.015 0O
RX1-m7 0.026 0.026 0.015 0.026 0.030 0.015 ¢
R¥1-m8 0.015 0.015 ©0.011 0.015> 0.01% 0.011 0.01% ¢
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Figure 3.6: 804 bp C2-V5 nucleotide sequence alignment of eight clones derived from
PBMC DNA from sample RX1-m.

ED3 1=
ml CCTCAGCCATTACACAGGCCTETCCARAGCTCTCTTTTCGACCCCATTCCTATACATTATT 60
m2 CCTCAGCCATTACACAGGCCTCTCCARAGGTCTICTTTTGACCCCATTCCTATACATTATT
m3 CCTCAGCCATTACACAGGCCTGTCCAAAGCTCTCTTTTCACCCGATTCCTATACATTATT
mé  CCTCAGCCATTACACAGGCCTGTCCAAAGGTCTCTTTTGACCCGATCCCTATACATTATT
m5  CCTCAGCCATTACACAGGCCTGTCCAAAGCGTCTCTCTTGACCCGATTCCTGTACATTATT
mb6  CCTCAGCCATTACACAGGCCTGTCCAAAGGTCTCTTTTGACCCGATTCCTATACATTATT
m7  CCTCAGCCATTACACAGGCCTGTCCAAAGGTCTCTTTTGACCCGATTCCTATACATTATT
m8 CCTCAGCCATTACACAGGCCTGETCCAAAGGTCTCTTTTGACCCGATTCCTATACATTATT

EE A B A R R EEEELESERESEEEEEEEEEEEESSELEEEESEE SRR R R I EE ISR RS RN

ml  GTGCTCCAGCTGGCTATGCCGATTCTARAGTGTAATAATAAGACATTCAGTGGGAGAGGAC 120
m2 GTGCTCCAGCTGGCTATGCGATTCTAAAGTGTAATAATAAGACATTCAGTGCGAGAGGAC
m3 GTGCTCCAGCTGCCTATGCGATTCTAAAGTGTAATAATAAGACATTCAGTGGGAGAGGAC
md  GTGCTCCAGCTGGCTATGCCATTCTAAAGTGTAATAATAAGACACTCAGTGGGAGAGGAC
m5  GTGCTCCAGCTGCCTATGCGATTCTAAARGTGTAATAATAAGACATTCAGTCGGAGAGGAC
mé&  GTGCTCCAGCTGGCTATGCGATTCTAAAGTGTAATAATAAGACATTCAGTGGGAGAGGAL
m7  GTGCTCCAGCTGGCTATGCCGATTCTAAAGTGCTAATAATAAGACATTCTGTGCGAGAGGAC
m8  GTGCTCCAGCTGGCTATGCGATTCTAAAGTGTAATAATAAGACATTCAGTGGGAGAGGAL

HHKKAAREARRAHARA A AR AR AARA AR AT A AR A R AR AN A A A A A Ak hh hhkdhd o dHhdhk

ml CATGCCGTAATGTCAGCACAGTCCAATGTACACATGGARTTAAGCCTGTGGTATCAACTC 180
m2 CATGCCGTAATCTCAGCACAGTCCAATGTACACATGGAATTAAGCCTGTGEGTATCAACTC
m3 CATGCCGTAATGTCAGCACAGTCCAATGTACACATGCGAATTAAGCCTGTGGTATCAACTC
md CATGCCGTAATCTCAGCACAGTCCAATGTACACATGGAATTAAGCCTCTGGTATCAACTC
m5  CATGCCCTAATGTCAGCACAGTCCAATCTACACATGGAATTARGCCTGTGGTATCAACTC
mé&  CATGCCGTAATGTCAGCACAGTCCAATGTACACATGGAATTAAGCCTGTGGTATCAACTC
m7  CATGCCGTAATGTCAGCACAGTCCAATGTACACATGGAATTAAGCCTCTGGTATCAACTC
m8 CATGCCCTAATGTCAGCACAGTCCAATGTACACATGGAATTAAGCCTGTGCGTATCARACTC

LR R EEEEEEEEEEREEEEEEREEREEEEEEREEERESSEEEEEEEEESEESEEEEIEESE RS

ml  AACTACTGTTAAATGCTAGCCTAGCAGAAGGGGAGATAATAATTAGATCTGAGAATCTGA 240
m2 AACTACTGTTAAATGGTAGCCTAGCAGAAGGGGAGATAATAATTAGATCTGAGAATCTGA
m3  AACTACTGTTAAATGGTAGCCTAGCAGAAGGGGAGATAATAATTAGATCTGAGAATCTGA
md AACTACCGTTAAATGGTAGCCTAGCAGAAGGGGAGATAATAATTAGATCTGAGAATCTGA
m5  AACTACTGTTAAATGGTAGCCTAGCAGAAGGGGAGATAATAATTAGATCTCAGAATCTGA
mé  AACTACTGTTAAATCCTAGCCTAGCAGAAGGGGAGATAATAATTAGATCTGAGAATCTGA
m7 AACTACCGTTAAATGGTAGCCTAGCAGAAGGGGAGATAATARTTAGATCTGAGAATCTGA
m8  AACTACCGTTAAATGGTAGCCTAGCAGAAGGGGAGATAATAATTAGATCTGAGAATCTGA

hhhkhkhkdk HEIFAKRAEATAIFAXXR AL TR A h N h hAhdhddhhhhhhdhdh hdkhdhdd X kkkkk ko

ml CAGACAATGTCAAAATAATAATAGTACACCCTAATGAATCTGTAGAAATTIGTCTEGTACAA 300
mZ2 CAGACAATGTCAAAATAATAATAGTACACCCTAATGAATCTGTAGCGAAATTCTGTGTACAA
m3 CAGACAATCTCAAARTAATAATACGTACACCTTAATGCAATCTGTAGAAATTIGCTGTGTACAA
mé CAGACAATGTCAAAATAATAATAGTACACCTTAATGAATCTGTAGAAATTGTGTGTACAA
m5 CAGACAATGTCAARATAATAATAGTACACCTTAATGAATCTGTAGRAATTGTIGTGTACAA
m6 CAGACAATGTCAABRATAATAATAGTACACCTTAATGAATCTGTAGAAATTGTIGTGTACAA
m7 CAGACAATGTCAAAATAATAATAGTACACCTTAATGAATCTGTAGAAATTCTGTGTACAA
m8 CAGACAATGTCAARATAATAATAGTACACCTTAATGAATCTGTAGAAATTGTGIGTACAA

S S S SRS EE SRS R R ESEREENERLESSEEENFERNESEEEEESEEEEE IS EEE SR RS



ml
m2
m3

ml
m2
m3
mé
m5
mb
m7
m3

ml
mz
m3
mé
m5
mb&
m7
m8

ml
m2
m3
Ut}
m5
mb
m7
m8

ml
m2
m3
mé
‘m5
mb
m7
m8

=V3 reglionée
GACCCAACAATAATACRAGAAAAAGTATAAGGATAGGACUAGGACAAACATTCTTTGLAA
GACCCAACAATAATACAAGAAAAACGTATAAGGATAGGACCAGGACARACATTOPTTGCAA
GACCCAACAATAATACAAGARAARACGTATAAGGATAGCGACCAGGACAAACATTC T T PGCAA
GACCCAACAATAATACAAGAAAAAGTATAAGGATAGCGACCAGGACARACATTCTTTGCAA
GACCCAACAATAATACAAGAAAAAGTATAAGGATAGGACCAGRACAAACATTCT I IGCAA
GACCCAACAATAATACAAGAAAAAGTATAAGCATAGGACCAGGACAAACATTCTTTGCAA
GACCCATCAATAATACAAGAARAAGTATAAGGATAGGACCAGGACAAACATTCTTTGCAA
GACCCAACAATAATACAAGAAAAAGTATAAGCGATAGCGACCAGGACARACATTCTTTGCAA

Fohhdkkd AAEEIAAFAAAAHNA AR LA AN AT R AR A A AN A ARk d Ak dhk ok khdkhu %

CAAATGACATAATAGGAGACATAAGACAAGCACATTGTAACATTAGTACAACARAATGGA
CARATGACATAATAGGAGACATAAGACAAGCACATTGTAACATTACGTACAACARAATCGGA
CAAATGACATAATAGGAGACATAAGACAAGCACATTGTAACATTAGTACAACAAGATCGA
CARATGACATAATAGGAGACATAAGACAAGCACATTGTAACKTTAGTACAACARRATGGA
CARATGACATAATAGGAGACATAAGACAAGCACATPGTAACATTAGTACAACARRLTGGA
CAAATGACATAATAGGAGACATAAGACAAGCACATTIGTAACATTAGTACAACAAGATGGA
CAAATGACATAATAGGAGACATAAGACAAGCACATTGTAACATTAGTACAACAAGATGGA
CAGATGACATAATAGGAGACATAAGACAAGCACATTGTAACATTAGTACAACARAATGGA

kh hk Kk dkhhk kA Ak hkhhkhRAR T hhhhhhhhhhrhdhdhkhhdhhhhkhhdhhbhdrnk Hhdhx

ACACAACTTTACAAAGCGTAAGGAAGAAATTAGGAGAACACTTCCCTAATAAAACAATAA
ACACAACTTTAGAAAGGCTAAGCAAGAAATTAGCAGAACAUTTCCCTAATARARCAATAA
ACACAACTTTAGAAACGGTAAGGAACAAATTAGCACAACACTTCCCTAATARGACAATAA
ACACAACTTTAGAAAGCGTAACGAAGAAATTAGGAGAACACTTCCCTARTARAACAATARL
GCACAACTTTAGARRCGCGTAAGCGAAGAAATTAGGAGAACACTTCCCTAATAMAAACAATAA
ACACAACTTTAGAAAGGGTAAGCAAGAAATT ACGCGAGAACACTTCCCTAATAAGACAATAA
ACACAACTTTAGAAAGGGTAAGCAAGAAATTAGGAGAACACTTCCCTAATARAACAATAA
ACACAACTTTAGAAAGGGTAAGGAAGAAATTAGCGAGAACACTTCCCTAATAAAACANTAAL

LR RS AR RS R RS EEEEE RS R RS EEEEEEEEEEESEEESEREEESEEEEEESEE S S R

CCTTTAAACAGCCCTCAGGAGGGGACCTAGAAATTACAACACATAGCTTTAATTGTAGAG
CCTTTAAACAGCCCTCAGGAGGGGACCTAGAAATTACAACACATAGCTTTAATTGCTAGAG
CCTTTRAAACAGCCCTCAGGAGGGCGACCTAGAAATTACAACACATAGCTTTAATTGTAGAG
CCTTTAAACAGCCCTCAGGAGGGGACCTAGAAATTACAACACATAGCTTTAATCGTAGAG
CCTTTAAACAGCCCTCAGGAGGGGACCTAGAAATTACARACACATAGCTTTAATTGTAGAG
COTTTAAACAGCCCTCAGGAGGGGACCTAGAAATTACAACACATAGCTTTAATTGTAGAG
CCTTTAAACAGCCCTCAGGAGGGGACCTAGAAAATACAACACATAGCTTTAATTGTAGAG
CCTTTAAACAGCCCTCAGGAGGGGACCTAGAAATTACAACACATAGCTTTAATTGTAGAG
KEHAEAATEHERA A ARARALRAN KA F R AT KA IR A TR AXAERFTFARI T ARk dhkd  hokkdhkx
V4 regionée
GAGAGTTTTT T TAT TGCAATACATCAAATCTCTTTCCTAATGACAATGEGTCAARACCCAA
GAGAGTTTITTTAT PGCAATACATCARATCTCYYTCCTAATGACAATGGGTCAAACCCAA
GAGAGTTTTTTTATTGCAATACATCAAATCTGTTICCTAATGACAATGGGTCAARACCCAA
GAGAGTTTTTTTATTGCAATACATCAAATCTGTITTCCTAATGACAATCGGETCAAACCCAA
GAGAGTTTTTTTATTGCAATACATCAAATCTGTTTICCTAATGACAATGGGTCAAACCCAA
GAGAGTTTTTTTAT TGCAATACATCAAATCTGTTICCTAATGACAATGCCGTCAAACCCAA
GAGAGTTTTTTTAT TGCAATACATCAAATCTCTTTCCTAATGACAATGGGTCAAACCCAA
GAGAGTTTTTTTAT PGCAATACATCAAATCTGTTTCCTAATCGACAATGGEGTCARBACCCAA

SRS EEEER ST ERESEESSEEEEEEESEEEEIEEEEEERAEEESEEEEE R SRS SR
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420
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540
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CCACCATCCCATGCAACGATAAMACARATTATARACATGTGGCAGCCGETAGCGACGAGCAA
CCACCATCCCATGCAMGATAAALCARATTATARACATGTGGCAGGGGGTAGGACGAGCAA
CCACCATCCCATGCAAGATAARACAANTTATAAACATCTGGCAGGGGGTAGGACGAGCAA
CCGCCATCCCATGCAAGATAARACAAATTATAAACATGTGGCAGGGGETAGGACGAGCAA
CCACCATCCCATGCARGATAARACALAATTATAAACATCTCGCAGGGGEGTAGGACGAGCAL
CCACCATCCCATGCAAGATARRACAMDATTATARACATCGTGGCAGCGCGGETAGGACGAGCAA
CCACCATCCCATGCAAGATAAAACARATTATARACATGTGGCAGGCGGGTAGGACGAGCAA
CCACCATCCCATGCAAGATAAAACARATTATAAACATGTCGCAGGCGGGTAGGACGAGCAA

deke kok ok ok ok ok kok ckod ok kok kk ok ok ok ok ok ko ok ok ok koke ok kR Rk Wk ok ok ok ok Rk ke de ok ok ke e ke ok ok R ok ok Rk ko

TCTATGCCCCTCCCATTAAAGGCAACATAACACGTAACTCAAGTATCACAGGATTACTAT
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Figure 3.7: 105 bp V3 phylogenetic tree representing eight clones generated from RX1-m as
well as V3 reference sequences from HIV-1 clades A to J. A South African subtype C strain
DU151 is also included. Trees were constructed using the neighbour-joining method, SIVepz
was used as an outlier and bootstrap values >70% are indicated.
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Variable

Figure 3.8: Alignment of deduced protein sequence of eight cloned sequences for sample
RX1-m. Numbered arrows indicate potential N-linked glycosylation sites.

regions are labelled above and printed in bold. The V3 tetrameric tip is underlined.
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3.1.2 ESTIMATION OF PROVIRAL COPY NUMBER BY PCR-ELISA

A PCR-ELISA method was developed to estimate the provirus copy number to ensure
that an adequate number of template molecules are used for PCR amplification in order to
estimate the genetic diversity of the sample more accurately. Low input copy number
can result in artificially low diversity due to re-sampling. To quantitate the proviral
DNA, the viral target sequence was amplified using DIG-labelled reverse primers, the
amplicons alkali-denatured and hybridized to complementary biotin-labelled
oligonucleotide probe sequences, The hybridized DNA molecules were captured in a
streptavidin-coated microtitre plate and assayed for the DIG-label by conventional
ELISA methods. The copy number of target molecules in the unknown sample was
inferred from a standard curve generated using an external standard of known copy

number.

3.1.2.1 Homogeneity of streptavidin coating of microtitre plates

For accurate and reproducible estimation of copy number, it is important that the
streptavidin coating, which captures the biotin-labelled molecules, is homogenous. The
ODysq of sixteen identical wells coated with streptavidin and probed with two different
concentrations of DIG-label (1.670 fmol DIG/well and 0.835 tmol DIG/well) was
measured. Results showed comparable values between wells (1.670 fmol DIG/well:
mean ODysg and SD = 1.155 + 0.03457; 0.835 fmol DIG/well: mean ODysp and SD =
0.5834 + 0.02702 OD) and was indicative of equivalent streptavidin coating of each well
(Table 3.3).
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Table 3.3: ODysq values obtained for sixteen identical wells at two concentrations of

DIG-label.

ODg450 OD4s0
(1.670 fmol DIG/well) (0.835 fmol 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 SD: 1.155 +0.03457 Mean and SD: 0.5834 + 0.02702

3.1.2.2 Sensitivity of detection of labelled molecules

To determine the sensitivity of the PCR-ELISA, a two-fold dilution curve of DIG-
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 fmol) 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 fmol of DIG-label.
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Table 3.4: Results of DIG-detection ELISA showing ODy5¢ values obtained in triplicate
from two-fold dilutions of control-peptide starting with the equivalent of 10 fmol of DIG-
label

Sample: | ODysp | OD4sp | OD *OD
, . 450 450 450
(fmol DIG/WGH) (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)

*ODys0 : mean and standard deviation of the 3 values obtained.
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Saturation Point

w

fmol DIG/well

Graph 3.1: Linear plot of results obtained from DIG-detection ELISA using control-

peptide showing the ODysq 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 confirm 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 OD45¢

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-1 DNA copy number. A standard curve was

generated relating copy number to ODg5¢ values (Table 3.7 and Graph 3.3).

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

sample
dilution ratio OD4s0 | OD4s0 | ODas *OD4s0
: (@) @ | 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 | 1.592 | 1.435 1.561 +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 0.1213 +0.00404 1
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 J
( no conjugate added)

*ODy5(: mean and standard deviation of the three values obtained.
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Table 3.6: Deduced values of equivalent DIG-label calculated for the ODy45q values listed
in Table 3.4 using the standard curve constructed from data listed in Table 3.3.

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

fmol DIG/well

Graph 3.2: Solid-circles are a linear plot of results obtained from DIG-detection ELISA
using DIG-labelled PCR amplicons showing the OD45( 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 ODys5¢ values obtained from
two-fold dilutions of control template molecules starting with one hundred copies.

100 0.988

50 0.680

25 0.540

12.5 0.218

6.25 0.102

3.125 0.088

-ve H,O control 0.064
+ve DNA control 1.318

ODy50

coplies/well

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

generated by PCR showing the ODg4s5¢ 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 er 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 ODysq values obtained by
using PBMC DNA from infected mother-child pairs as the source of template molecules.

Sample: ODys0
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 H,O control 0.054
+ve DNA control 1.532

Table 3.9: Deduced number of template molecules calculated from the ODys50 values
listed in Table 3.8 using the standard curve constructed from data listed in Table 3.7.

Sample: Number of template molecules/10 pl:
RX3-m 21

RX3-c 132

RX6-m 35

RX6-¢ 113

RX8-m 32

RX8-c 75
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3.1.3 HETERODUPLEX MOBILITY ASSAY (HMA)

Heteroduplex mobility assay (HMA) was used for subtyping and was assessed as a
method for estimating intraperson sequence diversity. HMA involves melting and re-
annealing related PCR fragments and exploits the property that hybrid molecules
(heteroduplexes) show reduced mobility with respect to the migrating homoduplexes
when resolved in polyacrylamide gels. This shift in mobility is proportional to the degree

of genetic divergence.

3.1.3.1 Subtyping by HMA

Subtyping of unknown samples can be achieved by generating heteroduplexes with
known subtypes generated from reference plasmids. Heteroduplexes show the least
mobility shift relative to the homoduplex (fastest migrating fragments) when annealed to
the same subtype. For subtyping of samples RX6 and RX8, a selected clone from RX6-
m, RX6-b, RX8-m and RX8-b was hybridized with reference subtypes A, B, C and D
(Figure 3.10). As expected, heteroduplexes formed between clones and reference
sequences showed the lowest shift in mobility when the subtype C reference sequence

was used as a driver indicating that all samples belonged to subtype C.
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Figure 3.9: Polyacrylamide gels of heteroduplexes (lanes 1-6) formed between 851 bp C2-V4
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-b10 and reference subtypes; lane 15: clone RX6-b10
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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3.1.3.2 Genetic diversity estimation by HMA analysis

HMA can be used to estimate intrasample sequence diversity by a comparison between
individual sequences hybridized to a common driver sequence. Using the eight clones
generated from sample RX1-m, the HMA method was set-up and tested with a driver
sequence amplified from the MA959 subtype C plasmid provided in the HMA subtyping
kit (AIDS Research and Reference Reagent Program, Division of AIDS, NIAID, NIH:
catalogue number ARP961) [Figure 3.10]. The driver sequence is a homologous DNA
sequence used in excess concentration to form heteroduplexes with the unknown
sequences. |t was observed that samples could be visually distinguished from each other
by differences in banding pattern when percentage DNA differences were as low as
0.07%. The distance of migration of the heteroduplexes relative to the homduplexes,
however, did not correlate with percentage DNA differences. This finding was also
reported by Delwart ef al., (1993) who determined that the assay could not be used

reliably for estimation of percentage DNA difference in the 1-2% range.

HMA was applied to the clones generated from mother-child pairs RX6 and RXE to
visualize intrasample genetic diversity. Heteroduplexes were generated between clones
from each mother and child and an unrelated subtype C driver sequence (MA959).
Additional analysis was performed using a clone selected from each mother and child as
a closer related driver sequence. As expected mobility shifts were lower in magnitude
when using the phylogenetically linked samples than the unlinked subtype C driver
sequences indicating that there was a greater degree of similarity between the sequences
of the mother and child than between the unrelated C subtype sequence. There was
significant divergence of the infant’s sequences compared to the mother’s sequences as

visualized by the large mobility shifts of the heteroduplexes (Figures 3.11 and 3.12).

For sample RX6-m, 10 clones were analyzed and showed scven different banding
patterns and for sample RX6-b, ten clones were analyzed showing eight different banding
patterns (Figure 3.11). Mobility shifts of the heteroduplex bands were similar to each

other in both mother and child which is indicative of low intrasample percentage DNA
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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.

123456 78 91011
L L
My

Heteroduplexes

0

Homoduplexes

\

----s----
=1 com — .

Figure 3.10: Polyacrylamide gel of heteroduplexes generated by mixing of 851 bp C2-V4
PCR product amplified from 8 clones derived from sample RX1-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 &: RX1-m7; lane 9: RX1-m8; lane 10: reference
MA979 only.
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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-bl10. 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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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 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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3.1.4 BASE EXCISION SEQUENCE SCANNING (BESS)

Base Excision Sequence Scanning or BESS (Epicentre Technologies, Madison, USA)
generates partial sequence by mapping thymine residues. In this method, amplification
is performed with limiting amounts of dUTP which are incorporated into the amplicons.
Incubation with uracil N-glycosylase results in removal of the uracil leaving an abasic
site which is then cleaved by a second enzyme, exonuclease IV. End-labelied radioactive
cleavage fragments can be resolved on a denaturing polyacrylamide gel. In this study,
the method was optimized and applied using a P* radio-labelled PCR primer and then
adapted for analysis by an automated DNA-sequencer using a PCR primer labelled with
fluorescein. Analysis of positive and negative strands results in the generation of an AT

sequence profile.
3.1.4.1 BESS analysis using radio-labelled PCR primers

The BESS method was applied to the clones generated previously from two mother-child
pairs (RX6 and RX8). An example of the autoradiographs obtained is depicted in Figure
3.13. The presence of a band is indicative of a thymine residue at a specific position on
the DNA strand, identical to the T-ladder obtained from DNA sequencing
autoradiograph. The loss or gain of a band s indicative of a single nucleotide mutation
contributing to sequence variation. Using BESS, sequence data representing thymine

residues in the V3 loop was generated for the positive strand for each clone.



85

Figure 3.13: Autoradiograph of gamma-P** 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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3.1.4.2 BESS analysis using fluorescein-labelled PCR primers

To improve efficiency, the BESS method was modified for reading of samples by an
automated sequencer by using a fluorescent primer in the PCR amplification step. This
modification was applied to clones generated from two mother-child pairs (RX6 and
RX8) using a fluorescein-labelled reverse primer. Sequence data representing thymine
residues in the V3 loop were generated for the negative strand for each clone. An
example of the electropherograms obtained is depicted in Figure 3.14. The presence of a
peak is indicative of a thymine residue at a specific position on the DNA strand, identical
to the T-pattern obtained from automated DNA sequencing chromatograms. The loss or
gain of a peak is indicative of a single nucleotide mutation contributing to sequence

variation.

It was noted that although the use of radio-labelled primers was more labour intensive,
the analysis of data on the autoradiograph was clearer and less ambiguous than using the

electropherogram reports.
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3.1.4.3 Re-constructed sequences of mother-child pairs

Using data generated by BESS, partial sequences reflecting A and T residues were re-
constructed for clones generated from two mother-child pairs (Figure 3.15 and Figure
3.16). Ten sequences were re-constructed for sample RX6-m, nine for sample RX6-b,
ten for sample RX8-m and eight for sample RX8-b. A single clone from each mother and
child was selected for automated sequencing and used as a reference in the re-constructed

alignments.

Analysis of partial sequence alignments for sample pair RX6 (Figure 3.15) showed that
for RX6-m, six positions showed a loss or gain of a T or an A residue mvolving fourteen
residues in total. A potential glycosylation site (N-X-T) was conserved in all maternal
sequences at amino-acid residue six of the V3 loop. In an analysis of partial sequence
alignments generated for the child RX6-b, 7 positions showed a loss or gain of a T or an
A residue involving nine residues in total. Assuming that a G to C mutation had not
occurred at nucleotide position sixteen of the V3 sequence RX6-b8, it was noted that the
predicted glycosylation site at amino-acid residue six was lost in two of the child’s
sequences (RX6-b8 and RX6-b10).

Analysis of partial sequence alignments for sample pair RX8 (Figure 3.16) showed that
for RX8-m, six positions showed a loss or gain of a T or an A residue involving fourteen
residues. Five sequences (RX8-ml, RX8-m2, RX&-m6, RX8-m9 and RX8-m10) had a
deletion of a codon at amino acid position twenty-three in V3 loop. A predicted
glycosylation site (N-X-T) at amino-acid position six was conserved in all of the maternal
sequences. Analysis of sequence alignments for the child RX8-b showed nine positions
with a loss or gain of a T or an A residue involving twenty-three residues. No sequences
in the child had a deletion of a codon at amino acid position twenty-three of V3.
Assuming a G to C mutation had not occurred at nucleotide position seventeen in
sequence RX8-b8, the predicted glycosylation site at amino acid position six of V3 was

lost in two of the child’s sequences (RX8-b6 and RX8-b8).
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Figure 3.15: 105 bp partial sequence alignment of V3 derived from BESS analysis of cloned env sequences from mother-
child pair RX6. 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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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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3.1.4.4 Phylogenetic analysis

The BESS system does not detect G or C residues. Based on an assumption, not
necessarily true, that no G to C or C to G mutations had occurred, the missing G and C
residues were included in the re-constructed partial sequences generated by BESS
according to the following criteria: (i) the sequenced clone for each mother and child was
used as a primary reference and unknown bases were filled with the base present in the
sequenced clone; (ii) the consensus base for the child’s sequences was used if the base
was uncertain in the mother and vice versa; (iii) the consensus base in the reference
subtypes, particularly subtype C, was used if neither the mother nor the child’s sequenced
clone could be referred to; (iv) a default G was used arbitrarily if all other criteria could

not be used.

The filling in of missing G and C residues was a necessary step in order to create an input
file for sequence analysis software. Sequence alignments and distance matrices were
generated using Clustal X software (Thompson ef al., 1997) with gaps included. A
phylogenetic neighbour-joining tree was constructed based on the Kimura two-parameter
algorithm using TreeCon software (Vaﬁ de Peer and De Wachter., 1994). Sequences of
reference HIV-1 subtypes downloaded from the Los Alamos sequence database

(http://hiv-web.lanl. gov) were included for subtyping of samples. Distance matrices for

the V3 clones are listed in Figure 3.17.

The phylogenetic trees of mother-child pairs RX6 (Figure 3.18) and RX8 (Figure 3.19)
showed correct clustering of sequences within the subtype C reference group as well as
correct clustering of mother and infant sequences indicating that there were sufficient
informative sites contained within the partial sequences to allow correct discrimination of
related genotypes. In addition, as expected, mother-child sequences clustered most
closely to the local South African strain of HIV-1, DU151. However, clustering was not

always supported by high bootstrap values due to the reduced number of informative sites

available from short fragments (105bp).
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The phylogenetic tree for mother-child pair RX6 (Figure 3.18), depicted eight different
genotypes for RX6-m in the ten sequences included and for the child RX6-b, seven
different genotypes were depicted in the nine sequences inclided. In the mother,
sequences RX6-m4 and RX6-m5 were identical in V3 as well as sequences RX6-m7 and
RX6-m8. In the child, sequences RX6-bl and RX6-b2 were identical in V3. RX6-b8
and RX6-b10 were identical in V3 and RX6-b3, RX6-b5 and RX6-b6 were identical in

V3. The child’s sequences were more homogeneous compared to the mother’s sequences

The phylogenetic tree for mother-child pair RX8 (Figure 3.19), depicted five different
genotypes for RX8-m in the ten sequences included and for the child RX8-b, all eight
sequences included were different. In the mother, sequences RX8-m4 and RX8-m8 were
identical in V3. The matemal sequences RX8-ml, RX8-m2, RX8-m6, RX8-m7 and
RX8-m9 (the sequences with the codon deletion) were also identical in V3. Converse to
the findings for mother-child pair RX6, the mother’s sequences were more homogeneous

compared to the child’s sequences.
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Figure 3.17: Distance tables of percentage DNA difference of 105 bp re-constructed
nucleotide sequences for mother-child pairs RX6 and RXS.

{(A)
RX6-ml RX6-mZ RX6-m3 RX6-md RX6-m5 RX6-m6 RX6-m7 RX6-mB RX6-m% RX6-ml(
RX6-ml O
RX6-m2 0.029 ¢
EX6-m3 0.038 0.029 0O
RX6-m4 0.01¢ 0.010 0.01g 0O
RX6-mb 0.019 0.010 0.019 0.000 ¢
RX6-m6 0.038 0.010 0.038 0.01%8 0.019 ¢
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 ¢
RX6-m% 0.029 0.019 0.01% 0.010 0.010 0.029 ©0.010 0.010 O
RX6-m10 0.038 0.010 0.029 0.01% 0.019 0.019 0.019 0.019 0.010 O
(B)
RX6-bl RX6-b2 RX6-Db3 RX6-b4 RX6-D5 RX6-b6 RX6-D8 RX6-b9 RX6-b10
R¥X6-bl O
RX6-bZ 0.000 ¢©
RX6-b3 0.01% 0.019 ¢
RX6~b4 0.038 0.038 0.018 ¢
RX6~-p5 0.019 0.01% 0.000 0.01% ¢
RX6-I6 0,019 0.019 0.000 0.01% 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 ©
RX6-b10 ©¢.038 0.038 0.019 0.038 0.019 0.019 0.000 0.029 0
(<) 4
RX8-ml RX8-m2 RX8-m3 RX8-m4 RXB8-m5 RX8-m6 RX8-m7 RX8-m8 RX8-m$8 RX8-ml0
RX8-ml O
RX8-m2 0.000 0
RX8-m3 0.029 0.029 0
RX8-m4 0.010 0.010 0.019 ¢
RX8-m5 0.000 0.000 0.029 0.010 O
RX8-m6 0.000 0.000 0.029 0.010 0.000 ©
RX8-m7 0.000 0.000 0.029 0.010 0.000 0.000 0o
RX8-m8 0.010 0.010 0.019 0.000 0.010 ¢©.010 0.010 O
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 0.038%8 ¢
(D)
RX8~-bl RXB-D2 RXB-b4d RXB8-b6 RX8-DL7 RX8-b8 RX8-bS RXB8-b10
RX8-bl 0
RX8-b2 0.057 0
RX8~b4 0.057 0.019 0
R¥8-b6 0.05%7 (0.019 0.038 0
R¥8-b7 0.057 0.012 0.019 0.038 0O
RX8-b8 0.048 0.048 0.067 0.029 0.067 0
RX8-b% 0.057 0.019 0.038 (0.038 0.019 0.048 O
RX8-bl0 0.038 0.038 0.038 0.057 0.019 0.067 0.01% 0O
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Figure 3.18: Phylogenetic neighbour-joining tree based on partial sequence data covering the
105 bp V3 region of representing nineteen clones generated from RX6-m and —b as well as
V3 reference sequences from HIV-1 clades A to J. A South African subtype C strain DU151
is also included. Trees were constructed using the neighbour-joining method, SIVcpz was
used as an outlier and bootstrap values >70% are indicated.
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Figure 3.19: Phylogenetic neighbour-joining tree based on partial sequence data covering the
105 bp V3 region of env representing eighteen clones generated from RX8-m and —b as well
as V3 reference sequences from HIV-1 clades A to J. A South Affrican subtype C strain
DU151 is also included. Trees were constructed using the neighbour-joining method, SIVcpz
was used as an outlier and bootstrap values >70% are indicated.




96

CHAPTER 4: DISCUSSION

In summary, the C2-V5 region of the HIV-1 env gene was amplified from fourteen
samples from infected mother-child pairs. PCR products were cloned for use as reagents
in the development of heteroduplex mobility assay (HMA) and base excision sequence
scanning (BESS) assays to monitor genetic changes as an alternative to DNA sequencing
methods. In addition, an ELISA-PCR quantitation system was developed to estimate
proviral copy number in DNA extracted from PBMC’s. The quantitation of proviral
sequences was necessary to control for the number of copies of template used in PCR
amplification to avoid re-sampling errors so that amplified products generated were truly

representative of the viral quasispecies.

The eight clones generated from sample RX1-m were manually sequenced and used as
reagents for testing of the HMA method. From the sequence data generated, the
intrasample percentage DNA. difference was less than 1% and this was reflected by the
similar shifts in heteroduplex mobility between clones in the HMA. For this reason
intrasample DNA. difference could not be estimated by measurement of mobility shift.
Delwart et al. (1993) reported that the mobility shift was not necessarily proportional to
the percentage DNA difference in the 1-2% range. It was, however, possible to visually
estimate the number of different genotypes by comparing banding patterns. The assay
was applied to cloned sequences from two mother-child pairs (RX6 and RX8) and as
observed in the RX1-m HMA, mobility shifts were also similar for each clone included.
It was therefore most likely that the intrasample diversity in these samples was also less
than 2%. Other possibilities affecting mobility shift inclade sub-optimal length of the
sequences used or length polymorphisms introduced by insertions and deletions between
reference and sample sequences. Delwart er al. (1993) reported that insertions and
deletions introduce bulges in the heteroduplex which have a more dramatic influence on
mobility shifts than point mutation do. Sequence length polymorphisms were commonly
seen in the sample sets used in the HMA as evidenced by two migrating bands at the
position of the homoduplexes. It is likely that this factor as well as the low degree of

intrasample diversity has affected the relationship between reduced mobility and
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percentage DNA divergence. The position of mismatches may also vary in the effect on
heteroduplex mobility. This finding was reported by Upchurch er al. (2000), who
showed that in the absence of length polymorphisms the assay was only reliable at a
resolution of greater than 4.5% due to the exaggerated influences on heteroduplex
mobilities related to mismatches positioned near the centre of the molecule or the

clustering of mismatches.

The HMA results from this study did indicate the reliability of the assay to show
dissimilarity or similarity between sequences based on observed banding patterns and in
addition the method was accurate for subtyping of samples. Epidemiological linkage
between samples, such as mother-child pairs, could also be shown since smaller mobility
shifts were observed when a matemal sequence was annealed to a sequence from the
child and vice versa. Mobility shifts were greater when an external unrelated subtype C
sequence was used as the driver. The method was successfully used to subtype a cloned

sequence from each mother and child and all samples were classified as subtype C.

The BESS method was found to be suited for both subtyping and phylogenetic analysis.
Radio-labelled primers as well as fluorescein-labelled primers for automated sequencer
analysis were tested. Although the use of automated sequencing was less labour
intensive than autoradiography, the interpretation of data in an elecropherogram format
was more prone to reading errors in comparison to reading autoradiographs. Using this
method, which excludes detection of G to C or C to G mutations, phylogenetic analysis
of the V3 sequence data could be achieved by re-construction of V3 loop sequences using
A and T positions mapped by BESS. It was however necessary to assume that G and C
residues were unchanged. Results from analysis of the phylogenetic trees generated from
the sequence data showed that for sample pair RX6, the V3 sequences from the child
were more homogeneous than was found in the mother. The converse was observed in
sample pair RX8, which may be explained by the ages of the children at the time of
sampling. Child RX6-b was fifteen months old at the time of sampling and child RX8-b
was twenty-two months old. It is likely that independent evolution of viral sequences in

the older child had lead to a greater level of diversification compared to the mother. The
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younger child, having been infected for a shorter time, retained a more homogeneous

population of variants compared to the mother

In addition, results from the assay showed genetic changes in the V3 loop that could be
associated with immune evasion. Conserved glycosylation sites in the sequences of both
mothers (RX6-m and RX8-m) were found to have been lost in sequences in their
corresponding child’s sequences. A loss of a glycosylation site may potentially affect
recognition of antibody epitopes. A deletion of a codon was detected in five of the
sequences from RXS8-mother, which was not found in any of the child’s sequences.
Changes in the primary structure of V3 may affect CTL, T-helper cell or antibody
epitopes. Co-receptor binding may also be influenced by amino-acid changes in the V3

loop which influences infectivity.

In conclusion, a ﬁovel application of the BESS method was developed to generate partial
V3 sequence data which could be used for subtyping and sequence diversity estimates.
This method is cost-effective compared to DNA sequencing techniques and informative
data can be generated. The HMA method was also tested and was useful for visual
estimation of heterogeneity and for accurate subtyping of samples. The PCR-ELISA
proviral load assay was an important method used to estimate the number of provirus

copies for the accurate characterization of sequence variability of the viral quasispecies.



Appendix A: REAGENTS

Luria agar

10 g NaCl

5 g Yeast Extract

10-g Tryptone

15 g agar

Made up to 1 litre with distilled water

Luria broth
10 g NaCl
5 g Yeast Extract

10 g Tryptone
Made up to 1 litre with distilled water

Carbonate/bicarbonate buffer (0.1M pH 7.6)

sodium carbonate 1.36 g

sodium bicarbonate 7.35 g

distilled water 950 ml

The pH is adjusted to 7.6 and the volume made up to 1 litre with distilled water

Phosphate buffered saline (PBS)

NaCl8.0 g
KC10.2g
Na,HPO4 0.12 g

distilled water 900 ml
The pH is adjusted to 7.5 and the volume made up to 1 litre with distilled water

Trituration buffer (1M CaCly)

CaClL2H,0 147 g
Made up to 100 ml with distilled water

Lysis buffer

10mM Tris-HCI (pH 8.0)
ImM EDTA

15% sucrose (w/v)

2 mg/ml lysozyme

0.2 mg/ml RNase A

0.1 mg/mi BSA
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SSC (20X

0.3M sodium citrate
3M Na(l
pH 7 with 10N NaOH

Hybridization buffer (colony hybridization)

30% formamide

5X 88C

0.02% SDS

2% milk powder (w/v)

TE buffer
1ml Tris-Cl (I1M)
0.2ml EDTA (0.5M)

distilled water 90ml
pH is adjusted to 7.6 and the volume made up to 100ml

NNB buffer (10X)

162 g Tris

27.5 g Boric acid

9.3 gEDTA

volume made up to 1 litre with distilled water

"HMA annealing buffer

100mM NaCl
10mM Tris, pH 7.8
2mM EDTA
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