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A b st r a c t

Progression to AIDS following HIV-2 infection is generally slower than for 

HIV-1, however, rapid progression has been observed in some HIV-2 infected 

individuals. This disparity between HIV-1 and HIV-2 infection may be due to 

either HIV-2 having an attenuated viral phenotype or, alternatively, 

enhanced immunological control of HIV-2 replication, which may prolong 

the asymptomatic phase of disease. The envelope glycoprotein of HIV 

contributes to both of these phenomena; it contains regions that determine 

viral phenotype and is also a major target for host immunological responses.

This thesis describes the development of a highly efficient plasmid vector for 

the PCR cloning and eukaryotic expression of recombinant envelope 

glycoproteins, together with an ELISA to measure the properties of these 

glycoproteins. These techniques have enabled us to perform quantification 

and functional analyses of various HIV-2 env glycoproteins (rgplOS) and to 

examine their function, antigenicity and role in determining disease 

progression rate.

Significant diversity in antigenicity and CD4 binding was found between 

clones derived from single isolates, between different isolates and between 

patients. However, we found no strong correlation between rgpl05-CD4 

affinity and viral phenotype or patient clinical status. Analysis of humoral 

responses to whole HIV-2 antigens and to rgplOS showed no difference 

between progressing and non-progressing patients. In contrast, fine mapping 

of the HIV-2 envelope using a panel of 210 overlapping 12mer oligopeptides 

identified two peptides within the gp36 transmembrane domain which were 

differentially recognised. Further investigation showed that humoral 

responses to amino acids 645-656 were significantly elevated in patients with 

better disease prognosis.



Therefore, host humoral responses may play an important role in protecting 

the host from disease and in extending the clinically asymptomatic phase of 

HIV-2 infection. These findings maybe important in the development of 

preventive or prophylactic vaccines for the treatment of both HIV-1 and 

HIV-2 infections.
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C h apter 1 - GENERAL INTRODUCTION
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1.1 The Retroviridae

The Retroviridae family of viruses is widely distributed throughout vertebrate 

hosts, including both endogenous and exogenous agents and is characterised by 

the presence o f the RNA dependent DNA polymerase enzyme reverse 

transcriptase within virions. Retroviruses cause an extensive array o f diseases 

from malignancies, immune deficiencies, anemias, autoimmunities and diseases 

o f the central nervous system, pulmonary system and bones. The award o f several 

Nobel Prizes has marked the significance o f retroviral research. At the turn o f this 

century Peyton Rous first described the transmission of a malignant sarcoma of 

chickens by a cell-free filtrate, the vims responsible was subsequently named 

Rous Sarcoma Vims belonging to the Oncoviridae genus o f the Retroviridae. In 

the 1970’s both Howard Temin and David Baltimore independently discovered 

the retroviral enzyme Reverse Transcriptase, which catalyses the synthesis of 

proviral DNA from an RNA template.

The retroviridae family includes several genera (Table 1.1), however, only three 

contain human retrovimses. Tumorogenic retrovims. The Oncoviridae, transform 

cell lines in vitro and can induce sarcomas, leukemias, lymphomas and mammary 

carcinomas in vivo. Foamy vimses. The Spumaviridae, induce a characteristic 

vacuolated multinucleated syncitia in vitro, however an association with disease 

in humans remains to be determined. Finally, The Lentiviridae give rise to slowly 

developing diseases, characterised by a long incubation period, infecting 

predominantly cells of the immune system including monocytes and macrophages 

(Fields et a l ,  ).
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The Retroviridae:

Genus Subgenus Species

Cistemavirus A 
Mice, Hamster, 

Guinea Pig
Oncovirus B 

Mammary 
carcinomas in mice

Mouse Mammary tumour viruses: 
MMTV-S (Bittner’s virus) 
MMTV-P (OR virus)
MMTV-L

Oncovirus C Human Human lymphotropic vimses:
HTLV-I
HTLV-II

Avian Rous sarcoma vims (RSV) 
Rous-associated vimses (RA V) 
Leukosis vimses (AL V) 
Reticuloendotheliosis vimses 
Pheasant vimses

Mammalian Murine sarcoma vimses (MSV)
Murine leukosis vims G (Gross or AKR virus)
Murine leukosis vimses (MLV)-F,M,R (Friend, 
Moloney, Rauscher viruses)
Murine radiation leukemia vims
Murine endogenous vimses
Rat leukosis vimses
Feline leukosis vimses
Feline sarcoma vims
Feline endogenous vims (RDI 14)
Hamster leukosis vims 
Porcine leukosis vims 
Bovine leukosis vims
Primate sarcoma vimses (woolly monkey, gibbon,ape) 
Primate endogenous vimses
baboon endogenous virus (BaEV), stumptail monkey 
virus (MAC-1), owl monkey virus (OMC-1)

Reptilian Viper vims
Oncovirus D Primates Mason-Pfizer vims (MPMV) 

Langur vims 
Squirrel monkey vims

Lentivirus Human immunodeficiency vims types 1 and 2 (HIV- 
1, HIV-2)
Simian immunodeficiency vimses (SIV)
Feline immunodeficiency vims (FIV)
Bovine immunodeficiency vims (BIV)
Visna-maedi vims o f sheep
Caprine arthritis encephalitis vims (CAEV)
Equine infectious anemia

Spumaviruses Foamy vimses o f humans, primates, felines and 
bovines

Table 1.1 Classification of the Retroviridae, adapted from (Davis et al., 1990)
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1,1,1 Morphology and general genomic organisation

Mature retroviral virions appear as three-layered spherical enveloped particles, 

80-1 OOnm in diameter. Innermost is the ribonucleoprotein complex, associated 

with the viral enzymes reverse transcriptase, integrase and protease. These are 

enclosed within an icosahedral capsid protein core, which is in tum surrounded by 

a matrix protein, and a host derived lipid envelope containing oligomeric viral 

envelope spikes. The appearance of virion particles by thin section electron 

micrograph groups the retroviridae into four morphological types. B-type 

particles have an acentric core, C-type particles a symmetric central core and D- 

type particles have an intermediate appearance, A-type particles have a double 

shell but are only found as non-infectious intracellular structures (Fields et al., 

Davis et a l ,  1990, Levy, 1998).

The retroviral genome is diploid, each haploid segment comprising a linear, 

single-stranded, plus sense RNA molecule of 7-10Kb. The genomic structure of 

all retroviruses is similar containing three major genes. Reading from the 5’ end 

o f the genome, the Gag (Group-specific antigen) gene encodes the virion core 

(capsid) proteins, Pol. (Polymerase) encodes reverse transcriptase and other viral 

enzymes and Env (Envelope) encodes the oligomeric glycoprotein spikes in the 

surrounding host derived lipid envelope. The viral genome is flanked at either 

end by Long Terminal Repeat (LTR) sequences that control the transcription of 

viral genes through regulatory elements that interact with both viral and cellular 

DNA binding proteins.

1,1.2 The Oncoviridae

The Oncoviridae are classified according to their virion morphology, with type C 

Oncoviruses being divided into Avian and Mammalian subgroups. Retroviral 

oncogenesis involves the integration of viral genomes into host cellular DNA. 

Malignancy is subsequently induced by LTR driven expression o f a virally 

encoded oncogene (v-onc), by LTR driven expression of a cellular oncogene (c
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one) adjacent to the integration site, or by LTR driven expression of virally 

encoded transcription enhancing elements that disruptively transactivate both viral 

and cellular transcription (Fields et al., Davis et al., 1990). The Oncoviridae 

contain both infectious exogenous viruses and endogenous viruses integrated into 

the hosts DNA that can be vertically transmitted in a classical Mendelian fashion. 

Endogenous proviruses and proviral sequences are common in the DNA of many 

animal species. Several types of endogenous proviruses have been identified in 

the human genome, and their similarities to simian proviral sequences imply that 

they originated prior to human-primate evolutionary separation.

The study of avian, feline and murine oncoviral models has led to many advances 

in the understanding of both the mechanisms leading to malignancy in a variety of 

different cancers, and the function of genes that normally control cell growth and 

differentiation but induce malignancy when inappropriately expressed at high 

levels.

Exogenous infectious C-type mammalian oncoviruses induce leukemias and 

sarcomas in a variety of species. O f the murine leukemia viruses Moloney 

induces T-cell lymphomas (MuLV), whereas Rauscher and Friend MuLV’s cause 

erythroblastosis and erythroleukemia (Fields et al., ). Avian leukosis viruses 

(ALV), feline leukosis viruses (FeLV) and bovine leukosis viruses (BLV) all 

induce B-cell lymphomas. BLV is similar in genomic organisation and biological 

properties to the only family of exogenous human type-C oncoviruses the Human 

T-lymphotropic viruses (HTLV-I and HTLV-II).

HTLV was the first retrovirus to be causally associated with neoplasia in humans 

following the independent discovery by two groups of C-type retroviral particles 

in cultivated T-lymphocytes from patients with neoplasia o f T cells (Miyoshi et 

al., 1981, Poiesz et al., 1980). In 1982 a second virus related to HTLV, 

designated HTLV-II, was isolated from a patient with atypical hairy cell leukemia 

(Kalyanaraman et al., 1982). Subsequently HTLV infection has also been 

associated with tropical spastic paraparesis (TSP), a chronic neurological disorder.
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A related virus discovered to cause malignant lymphomas in monkeys was 

subsequently described and designated Simian T-cell leukemia virus (STLV-I).

The transmission of HTLV occurs via sexual contact, breast-feeding, blood 

transfusion and needle sharing amongst intravenous drug users. HTLV-1 is 

endemic in Japan with a high level prevelence of anti-HTLY antibodies o f 6-37%, 

in healthy populations in certain regions. In the Caribbean, The West Indies and 

Africa the prevelence is between 1-6%. The incidence o f HTLV among 

intrevenous drug users is of increasing importance in the United States with 

prevelance varying with location. The frequency o f T-cell malignancies in HTLV 

infected patients has been estimated at between 0.1 and 0.2%, following a 15 to 

20 year incubation period.

The HTLV genome contains two regulatory genes. Tax (transactivator of 

transcription) and Rex (regulation of expression). HTLV probably promotes cell 

proliferation by Tax induced upregulation o f several cellular genes, including 

interleukin-2 (IL-2) and the alpha chain o f the IL-2 receptor (IL-2Ra). However, 

Tax also upregulates many other cytokines and cellular genes and the exact 

mechanism of neoplastic transformation remains to be determined.

1,1.3 The Spumaviridae

The spumaviridae are also known as “foamy viruses” due to their characteristic 

extreme cytopatbic effects in tissue culture. Syncitia, multinucleated giant cells, 

are formed containing vacuoles giving them a foamy appearance. Foamy viruses 

have been described in cats, cattle, hamsters and primates. The first human foamy 

viruses (HFV) were isolated from a cultured nasopharyngeal carcinoma and a 

number of patients suffering from de Quervain thyroiditis (Wemer & Glederblom, 

1979). Epidemiology studies have shown up to 5% HFV seropositivity in 

populations in Africa and some pacific islands.
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However, although persistant infection is established no causal relationship 

between HFV infection and disease has been determined (Weiss, 1988). The 

genomic organisation o f HFV contains the gag, pol and env genes common to all 

retroviruses, with a further 4 open reading frames (ORF’s), bel-1,2 and 3 and SI. 

Simian Foamy Virus (SFV) has been detected in primate care workers, and 

similarly has no known pathogenesis (Heneine et al., 1998).

1,1.4 The Lentiviridae

Lentivimses are exogenous retroviruses giving rise to diseases characterised by a 

long incubation period and a protracted course. They primarily infect cells o f the 

immune system, monocytes, macrophages and other antigen presenting cells, prior 

to spreading to other cell types. Lentivimses cause symptomatic disease in a 

variety o f animals, however, asymptomatic infections o f specific lentiviral strains 

in related species are common. Equine infectious anemia vims, discovered in 

1904 (Vallee & Carre, 1904), causes autoimmune hemolytic anemia in horses and 

in some instances encephalopathy, however infection of donkeys is asymptomatic. 

Maedi/Visna vims causes encephalitis (visna) and pneumonia (maedi) o f sheep 

(Narayan & Clements, 1989). Caprine arthritis-encephalitis vims causes 

immunodeficiency, arthritis and encephalopathy o f goats (Saltarelli et al., 1990).

More recently lentivimses that cause severe immunodeficiencies have been the 

focus o f attention. Bovine immunnodeficiency vims (BIV), was first isolated 

from cattle with impaired immune function (Van der Maaten et a l, 1972), 

however, the significance of this pathogen in its natural host remains 

undetermined. Feline immunodeficiency vims (FIV) causes T-cell depletion and 

associated immunodeficiency in both domestic and wild cats (Olmsted et al., 

1989a, Olmsted et al., 1989b, Pedersen et a l,  1987, Pedersen et al., 1989,Brown 

et al., 1994, Langley et al., 1994). Simian Immunodeficiency vims (SIV) infects 

a variety of Old World primate species (Desrosiers, 1990, Desrosiers & Letvin, 

1987, Gojobori et al., 1990, Johnson et al., 1991, Myers & Pavlakis, 1992). 

Different SIV strains are designated according to their species o f origin, for 

example African green monkeys (SIVagm), sooty mangabeys (SIVsm), and rhesus
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(Asian) macaques (SlVmac)* SIV has also been isolated from captive chimpanzees 

(SIVcpz), however, serological screening of wild populations have not supported 

the existence o f this virus in their native habitat. It has been postulated that SIV 

strains may be the evolutionary ancestors of Human Immunodeficiency Virus 

with particularaly strong evidence with respect to HIV-2 (Gao et al., 1994, Hirsch 

et al., 1989b, Marx et al., 1991), further discussion of the evolutionary origins of 

HIV can be found in section 1.2.1.

Natural SIV infections of sooty mangabeys (SIVsm) and African green monkeys 

(SIVagm) are not associated with pathological consequences, however, SIV 

infection o f captive rhesus (Asian) macaques (SIVmac), presumed to have arisen 

from a cross species transmission of SIVsm to macaques in captivity, causes severe 

CD4+ T-lymphocyte depletion with associated immunodeficiency and 

encephalopathy (Daniel et al., 1985, Hirsch et al., 1989a, Hirsch et al., 1989b) 

(Novembre et al., 1992). Screening of feral macaques has not revealed any 

natural SIVmac infections, and accidental infection o f macaques in captivity is rare, 

in contrast SIVsm infection is common amongst sooty mangebey populations in 

Africa and in North American primate centres (Marx et al., 1991, Desrosiers, 

1990, Fultz et al., 1986).

Both FIV and SIV show similarities in disease pathogenesis and viral genomic 

organisation to Human Immunodeficiency Virus (HIV) and have therefore been 

used extensively as animal models for HIV infection and AIDS pathogenesis in 

humans.

1.2 Human Immunodeficiency viruses

1.2.1 Isolation and origins o f  H IV

In 1981 the Center for Disease Control (CDC) published two reports describing 

symptoms usually associated with immunodepressed patients following 

transplantation or chemotherapy, Pneumocystis carinii pneumonia and Kaposi’s 

sarcoma, in previously healthy, young homosexual males (Control, 1981b)
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(Control, 1981a). Further examination o f these patients showed them to have 

severe immunodeficiency with profound depletion of CD4+ T lymphocytes, this 

syndrome was described as 'Gay Related Immune Deficiency' (GRID). Similar 

immunodeficient states were subsequently described in intravenous drug users, 

transfusion recipients, haemophiliacs and infants o f IV drug dependent mothers. 

In 1982 the name Acquired Immunodeficiency Syndrome (AIDS) was agreed on 

as the correct name for this group of immunodeficiencies.

The tracing of people who had intimate contact with AIDS patients established 

that AIDS was an infectious disease transmitted by homosexual and heterosexual 

intercourse, blood and blood products, IV needle sharing and vertically from 

mother to neonate.

Initally the search for an etiologic agent focused on a variety o f viruses including 

parvoviruses, and herpesviruses as well as retroviruses, all known to cause 

immunodeficiencies. The focus of reasearch shifted toward retroviruses following 

the discovery that HTLV also infected CD4+ T-lymphocytes.

The isolation of an AIDS associated vims was problematical due to the death of 

patient lymphocytes in vitro, however, cocultivation with fresh peripheral blood 

lymphocytes (PEL) lead to the demonstration of reverse transcriptase activity in 

tissue culture supernatants, supporting the hypothesis that AIDS was caused by a 

retro vims. In 1983 a group at the Pasteur Institute lead by Luc Montagnier and 

Françoise Barre Sinoussi reported in Science the isolation o f a retrovims from a 

patient with lymphadenopathy, and named it lymphadenopathy associated vims 

(LAV) (Barre-Sinoussi et al., 1983). In the same issue o f Science an American 

group led by Robert Gallo reported the isolation of an HTLV-like retrovims from 

patients with AIDS (Gallo et a i, 1983). However, the characterisitic lytic 

infection o f CD4+ T-lymphocytes in AIDS patients was not consistant with the 

immortalising properties o f HTLV.
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During 1984 further characterision of this AIDS associated retrovirus by Gallo 

and collègues revealed it to be distinct from HTLV and it was named human T- 

lymphotropic virus type III (HTLV-III) (Gallo et al., 1984). The establishment of 

continuous cell lines capable o f maintaining a non-lytic viral infection led to the 

production o f viral antigens for specific diagnostic assays (Popovic et al., 1984). 

Also in 1984 Jay Levy and collègues reported the isolation o f an AIDS-associated 

retroviruses (ARV) from San Francisico AIDS patients and from different 

asymptomatic at-risk groups, indicating a carrier state for the AIDS virus (Levy et 

a l,  1984).

All three viruses (LAV, HTLV-III and ARV) showed similar in vitro cytopathic 

characterisitics and some antigenic cross reactivity to each other and were 

therefore recognised as members o f the same group o f retroviruses. Identified by 

their properties as members o f the lentiviridae family, these viruses were named 

Human Immunodeficiency Virus (HIV) in 1986 by the International Committee 

on Taxonomy of Viruses (Coffin et a l,  1986).

In 1985 Max Essex and co-workers described serological responses in a group of 

healthy female Senagalese prostitutes that were stronger against SIV viral 

antigens compared to HIV-1 viral antigens (Barin et a l,  1985, Kanki et a l,  1986). 

Following this discovery, in 1986 Montagnier and collègues isolated a new human 

retrovirus from the peripheral blood mononuclear cells (PBMC) o f two West 

African patients that were suffering from an AIDS-like illness (Clavel et a l,  

1986a). Further analysis of these retroviruses showed them to be serologically 

distinct from HIV-1. Cloning and sequencing of these isolates revealed 42% 

homology to HIV-1 but a 75% homology to certain strains o f SIV - SIVmac and 

SIVsm, these isolates were therefore designated as Human Immunodeficiency 

Virus type 2 (HIV-2) (Clavel et a l ,  1986a, Clavel et a l ,  1986b, Clavel et a l, 

1987b, Guyader et a l ,  1987). Molecular and serological examination o f these 

West African isolates also confirmed that HIV-2 was more closley related to SIV 

strains than HIV-1 (Chakrabarti et a l ,  1987, Franchini et a l ,  1987), and that HIV-
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2 was the predominant HIV type circulating in West African populations (KarJci 

et al., 1987).

The sequence similarities o f SIV and HIV-2 raised the possiblity that HIV-2 

infection of humans in West Africa was a direct result o f horizontal transmission 

of SIV from monkeys to man. Sequence homology revealed the most likely 

candidate to be SIVsm (Hirsch et al., 1989b, Marx et al., 1991). This hypothesis is 

also supported by the shared geographical distribution of HIV-2 and the sooty 

mangebey. Natural SIVsm infection o f the sooty mangebey is asymptomatic, thus 

these animals could act as a reservoir from which the virus may have spread to 

humans.

Sequence analyses o f different HIV-2 viral isolates have shown that, as with HIV- 

1, substantial genetic variation occurs (Dietrich et al., Kuhnel et al., 1989, Tri stem 

et al., 1989). One particular HIV-2 strain, F0784, sequenced by polymerase chain 

reaction amplification of pol, env and the long terminal repeat region from 

uncultured mononuclear blood cells o f a healthy Liberian agricultural worker, 

revealed the presence o f a strain virtually identical to SIVsm (Gao et al., 1992). 

Additionally, the accidental transmission of S IV sm to a laboratory worker has 

shown that humans are indeed susceptible to infection by SIVsm (Khabbaz et a!.,

1994).

Evidence for an SIV progenitor of HIV-1 is less conclusive. However, isolates 

from chimpanzees (SIVcpz) have been shown to be antigenically closer to HIV-1 

than they are to HIV-2 and SIV strains (Peeters et al., 1989). Recently an isolate 

from a captured wild chimpanzee from Zaire was sequenced and phylogenetic 

analysis showed it to fall within a highly divergent group o f viruses equidistant 

from other chimpanzee isolates and from HIV-1 subtype O (Vanden Haesevelde 

et al., 1996). However, serological studies of wild chimpanzees have failed to 

show the existence o f SIVcpz in their natural habitats, thus limiting the possibility 

that this virus is the progenitor of HIV-1 infection in humans.
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1.3 Epidemiology, transmission and clinical aspects of HIV

HIV infection is a truely global epidemic, the most recent WHO/UNAIDS report 

on the global HIV/AIDS epidemic, published in June 1998, estimates that some 

30.6 million individuals are living with HIV or AIDS, the majority of whom are in 

sub-Saharan Africa (21 million). South and South-East Asia (5.8 million) and 

Latin America (1.3 million) (UNAIDS & WHO, 1998). In 1997 alone 5.8 million 

people were newly infected and 2.3 million died o f AIDS, making a total o f 11.7 

million AIDS deaths since the start of the epidemic. Infection rates are rising 

most rapidly in Asia, Eastern Europe and southern Africa, while in the 

industrialized world overall infection rates are falling partly due to increased 

prevention efforts and education of at risk populations.

Human Immunodeficiency Virus type 2 (HIV-2), first described following viral 

isolations from individuals in West Africa (Clavel et a l,  1986a, Clavel et a l, 

1987a), is endemic in The Gambia, Guinea Bissau, The Ivory Coast and Ghana 

(De Cock & Brun Vezinet, 1989) with serological prevalence reaching as high as 

10% of the general population (Poulsen et al., 1993). HIV-2 has also been 

described in other countries with socio-economic links with West Africa, 

including France, Portugal, south-western regions o f India and South America 

(Cortes et al., 1989, Grez et al., 1994, Quinn, 1994, Rey et a l, 1987, Rubsamen 

Waigmann et al., 1991, Smallman Raynor & Cliff, 1991) and isolated cases have 

been described in other European countries (Doerr et a l ,  1987, Evans et a l ,  1991, 

van der Ende et a l ,  1996) and the USA (Ayanian et a l ,  1989, O'Brien et a l, 

1992).

Prior to the identification of HIV as the etiological agent, epidemiological studies 

established that AIDS was an infectious disease transmitted by homosexual and 

heterosexual contact, transfusion of blood and blood products, intravenous needle 

sharing and perinatal transmission (Gottlieb & Ackerman, 1982, Harris et a l,  

1983, Jaffe et a l ,  1983, Mildvan et a l ,  1982). Transmission routes, and the risk 

factors involved, are similar for both HIV-1 and HIV-2 infection. However, 

although vertical transmissions o f HIV-2 from infected mother to child have been
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documented, with an estimated rate of between 0 and 4%, transmission by this 

route appears to be far lower than with HIV-1, where transmission rates range 

from 25-35% in the absence o f antiretroviral therapy (Andreasson et al., 1993, 

Del Mistro et al., 1992, Gayle et al., 1992).

Heterosexual contact seems to be principal route by which HIV-2 is transmitted, 

with the migration of female prostitutes playing a significant role in the spread of 

the HIV-2 from areas with high prevalence in West Africa (Wilkins et al., 1991) 

(Pickering et al., 1992). A study of prostitutes working in The Gambia showed 

that 25% were infected with HIV-2 and that the concominant high incidence of 

genital ulcer disease facilitated the transmission of HIV-2 (Pepin et al., 1991a). 

However, it has been reported that the heterosexual transmission rate for HIV-2 

was lower than that o f HIV-1, possibly explaining the more regional distribution 

of HIV-2 compared to HIV-1 (Kanki et al., 1994).

Shortly after infection with HIV (one to four weeks) a significant proportion of 

individuals develop an acute clinical illness with influenza-like symptoms, 

including headache, muscle aches, sore throat, fever, swollen lymph nodes and 

rash (Besnier et al., 1990, Cooper et al., 1985, Tindall et al., 1988). These 

symptoms usually last from one to three weeks and are accompanied by very high 

levels of infectious virus in peripheral blood, 10  ̂ to 10  ̂ virions/ml (Clark et al., 

1991, Daar et al., 1991, Gaines et al., 1987). Following this acute viremic phase 

high levels o f proinflammatory cytokines are expressed which influence a primary 

cytotoxic T lymphocyte (CTL) host immune response, characterised by a rise in 

the number of circulating CD8+ T cells (Cooper et al., 1988, Pantaleo et al., 

1994a, Pantaleo et a l,  1994b). This CTL response significantly reduces the 

amount o f infectious virus in the peripheral blood, however, virus is not 

completely cleared and persists at a low level. Studies have shown that efficient 

control of virus levels following primary infection predicts long-term clinically 

asymptomatic infection (Keet et al., 1993, Mellors et al., 1995). Subsequent to 

this primary cellular immune response seroconversion occurs, characterised by the
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appearance of a broad range of virus-specific antibodies, with neutralising 

antibodies generally appearing after initial anti-HIV antibodies can be detected.

Following acute infection a clinically asymptomatic period ensues which can last 

for several years. During this time virus persists at low levels and a very gradual 

lymphadenophy occurs, characterised by the slow loss o f CD4+ T cells, which 

play a pivotal role in the host's immune system. It is this loss of CD4+ T cells 

which eventually results in clinical manifestations o f immunodeficiency. The 

onset o f AIDS or ARC (AIDS related complex) is characterised by a variety of 

clinical symptoms such as weight loss, malaise, diarrhoea, oral thrush or hairy 

leukoplakia. The presence o f two or more ARC symptoms leads to the 

development of full-blown AIDS within 1-2 years unless the patient is treated 

with antiretroviral drugs.

Patients with AIDS exhibit clinical symptoms classically associated with severe 

immunodeficiency, including infection by a number o f opportunistic pathogens, 

such as Pneumonocystis carinii pneumonia (PCP) and toxoplasmosis, and the 

appearance o f malignancies such as Kaposi sarcoma, B-cell lymphoma and rectal 

cancers. In addition AIDS patients may suffer a variety of neurological

disorders, classed as AIDS dementia, resulting from the pathological 

consequences o f HIV replication in the CNS. HIV-2 infection is also causally 

associated with the onset o f AIDS, the symptoms o f which are indistinguishable 

from that o f HIV-1 AIDS (De Cock et a l,  1990, Mabey et al., 1988, Naucler et 

al., 1989, Poulsen et al., 1997).

The length o f time between primary infection and onset of AIDS in an individual 

is influenced by a variety of viral and host factors. Epidemiological studies of 

cohorts of HIV infected subjects have reported that progression to 

immunosuppression and AIDS following HIV-2 infection is slower than for HIV- 

1, and is associated with a relatively prolonged clinically asymptomatic period 

(Lisse et al., 1996, Marlink et al., 1994, Pepin et al., 1991b, Ricard et al., 1994). 

Evidence also suggests that there is an overall reduced level o f viral replication of
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HIV-2 compared to HIV-1 during the asymptomatic phase o f infection (Berry et 

a l,  1998, Simon et a l,  1993).

This relatively slow disease course may be due to either an attenuated viral 

phenotype or an enhanced host immunological control of viral replication. 

However, cases of relatively rapid progressing HIV-2 AIDS, with disease courses 

similar to HIV-1 infection, have been seen both in The Gambia and among West 

Africans resident in Europe (Ariyoshi et al., 1998, van der Ende et al., 1996).

1.4 Primate Lentivirus classification and diversity

Primate lentivimses (PLV) are classified into separated subtypes, or clades, as 

determined by phylogenetic analysis of specific gene sequences. Phylogenetic 

analysis o f Pol gene sequences from multiple HIV-1, HIV-2 and SIV vimses 

reveals five equidistant PLV lineage’s, approximately 40% divergent from each 

other: PLV-1 (H IV -1/SIVcpz), PLV-2 (HIV-2/SIVsm/SIVmac), PLV-3 (SIVagm), 

PLV-4 (SIVmnd) and PLV-5 (SIVsyk) (Robertson, ) (Figure 1.1a).

HIV-1, HIV-2 and SIV vimses exhibit high degrees o f diversity within each 

lineage resulting in many subtypes, similarly there is significant intrasubtype 

diversity, resulting in many strains that cluster into a single subtype. The lack of 

proof-reading mechanisms in retroviral reverse transcriptase causes extremely 

high mutation rates within the viral genome, up to 3 x 10'^ mutations per 

nucleotide per replication cycle. The majority of these mutations give rise to 

strains with a selective disadvantage over the wild-type, however some will offer 

an advantage under certain selective conditions, such as immune responses by the 

host or antiretroviral dmg treatment. The high mutation rate can also give rise to 

diverse strains of HIV that may differ in cellular tropisms, replication rate, 

transmission rate and cytopathogenicity.

Phylogenetic analysis o f the Gag gene fi’om various HIV-1 isolates has identified 

11 sequence subtypes, A-I and O. Viral subtypes are generally geographically
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clustered, but not exclusive, subtype A and D viruses are predominantly isolated 

from Central Africa, B America and Europe, C South Africa, India, Zambia and 

Djibouti, B Thailand, Central African Republic and India, F Brazil, Romania and 

Zaire (Louwagie et al., 1993, Myers et al., 1993). Subtypes F, G and H have been 

identified by Gag sequences and partial Env sequence analysis and more recently 

subtypes I and J have been proposed based on isolates from Cyprus and Swedish 

patients with links to Zaire respectively (Kostrikis et al., 1995, Leitner et al.,

1995). In 1990 ANT70, a Cameroonian HIV-1 isolate, was found to be highly 

divergent and did not cluster with any known HIV-1 subtypes (De Leys et ah, 

1990, Vanden Haesevelde et al., 1994). Subsequently, a second isolate from 

Cameroon, MVP5180, was also found to be equally divergent (Gurtler et al., 

1994). These two isolates were classified as group O (outlier), to distinguish them 

from the other subtypes of HIV-1 which were classified as group M (major). 

Further isolates have since been identified as belonging to group O with the 

majority having links with Cameroon (Chameau et al., 1994, Loussert-Ajaka et 

al., 1995). Subtypes B and D are the most closely related o f the HIV-1 clades 

indicating an African origin for American and European vimses.

Sequence analysis of different HIV-2 viral isolates have shown that, as with HIV- 

1, substantial genetic variation occurs (Dietrich et al., Kuhnel et al., 1989, Tri stem 

et al., 1989). HIV-2 strains are similarly grouped into 5 distinct subtypes, A-E 

(Figure 1.1b). The majority o f HIV-2 isolates cluster into subtype A, however 2 

isolates from Ghanaian patients, D205 and GH2, did not cluster within this group 

and were hence designated as subtype B (Dietrich et al., 1989, Miura et al., 1990). 

Phylogenetic analysis o f four nonoverlapping regions from PCR amplified viral 

sequences from 12 patients revealed 3 distinct subtypes C, D and E in addition to 

A and B (Gao et a l, 1994). The viral isolate F0784, from a healthy Liberian 

agricultural worker falls into subtype D and clusters with SIVsm, further 

strengthening the hypothesis the HIV-2 resulted from a zoonotic transmission of 

SrV into man. A sixth subtype o f HIV-2, F, was recently identified following 

analysis o f a highly divergent vims, 93SL2, found as a single occurrence in Sierra 

Leone, a region in which household pet sooty mangebayes are common (Chen et 

al., 1997a). The existence of these genetically distinct subtypes of HIV-2
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suggests up to six independent cross-species transmissions of genetically diverse 

SIV strains to human populations in West Africa.

In addition to RT dependent mutation, further diversification in the HIV genome 

is caused by intra and inter subtype recombination when multiple strains infect a 

single patient, resulting in recombination between diverse genomes packaged 

within the same progeny virion. Intersubtype recombination, giving rise to a so- 

called mosaic genome, has been recognized in many HIV-1 isolates identified by 

gene sequences that cluster into different subtypes. Most recombinant viruses 

originate from Africa, possibly due the high proportions o f different HIV-1 

subtypes co-circulating in that area, and the majority of viruses harbor regions 

derived from subtype A, the most common subtype circulating in this region. 

Similar recombinant viruses have also been characterised in both HIV-2 and SIV 

(Chen et al., 1996b, Gao et al., 1994, Jin et al., 1994, Robertson et al., 1995).
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1.5 Genomic organisation of HIV

The genomic organisation of both HIV-1 and HIV-2 and the function o f the 

encoded gene products are very similar (Guyader et a l ,  1987).

Flanked at either end by long terminal repeat (LTR) sequences, the viral genome 

encodes three essential contiguous structural genes, resulting in the typical 

retroviral organisation, LTR-gag-/?o/-e«v-LTR (Figure 1.2). The LTR sequences 

contain control elements that direct and regulate the expression of the viral 

genome and sequences important for efficient mRNA polyadenylation (Bohnlein 

et al., 1989). The viral genome is approximately 9.8Kb in size and, as well as the 

structural genes, encodes several other regulatory and accessory proteins, tat 

(transactivator of transcription), rev (regulator o f expression o f virion proteins), 

nef (negative factor), and three viral proteins vpr, v if and vpu (Table 1.2). It 

should be noted that HIV-2 and SIV genomes do not encode Vpu, however, they 

encode a distinct gene, Vpx, which is absent in HIV-1. The primary transcript of 

HIV is a full-length mRNA encoded by both the viral pol gene and the upstream 

gag gene, translated into a 160kDa Gag-Pol precursor. These two genes lie in 

different translational reading frames, with the 3’ end o f Gag overlapping the 5’ 

end of Pol, production of the gag-pol fusion protein requires translational 

ribosomal frame-shifting at a UUA leucine codon near to the 5’ end o f the overlap 

(Jacks et al., 1988). The viral enzymes, reverse transcriptase (RT) with an 

endogenous Ribonuclease H (Rnase H) function, protease (PR), and integrase (IN) 

are produced by proteolytic cleavage of the Gag-Pol precurser. The Gag gene 

also encodes the Gag precursor protein (p55), proteolytic cleavage of which forms 

the virion structural proteins: p24 (CA) Capsid, p i 7 (MA) Matrix, p9 and the p7 

(NC) Nucleocapsid. These Gag and Gag-Pol products are synthesised at a ratio of 

approximately 20:1 (Oroszlan & Lufrig, 1990). The envelope, Env, gene encodes 

a 160KDa protein precursor, gpl60, translated from a singly spliced message 

from the full-length viral mRNA. Proteolytic cleavage of this precursor gives rise 

to the surface (SU) and transmembrane (TM) proteins. Smaller mRNA’s, 

important for the synthesis of other viral proteins, including regulatory and 

accessory proteins, are produced by other splicing events.
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Proteolytic cleavage of Gag-Pol requires virion encoded aspartyl protease (PR) 

unlike Env, which is cleaved by host cell proteins. Self-dimerisation of the Gag- 

Pol precursor at the cell membrane is thought to autocatalyse the proteolytic 

cleavage of this polyprotein by virally encoded protease.

Protein Size Function

Gag p24 Capsid (CA) structural protein.
p l7 Matrix (MA) protein - myristolated structural 

protein. Role in targetting viral RNA to 
nucleus.

p6 Role in budding.
P7 Nucleocapsid (NC) protein, associates with 

viral RNA, helps reverse transcription.
Polymerase
(Pol)

p66, p51 Reverse transcriptase (RT) and Rnase H 
activity.

Protease (PR) plO Posttranslational processing of viral proteins.
Integrase (IN) p32 Integrates viral cDNA into host cell genome.
Envelope
(Env)

gpl20
(HIV-1)
gpl05
(HIV-2)

Envelope surface, SU, glycoprotein, targets 
virion to host cell via interactions with cell 
surface CD4 and co-receptors.

gp41
(HIV-1)
gp36
(HIV-2)

Envelope transmembrane, TM, glycoprotein, 
contains fusogenic regions.

Tat p l4 Transactivates transcription in collaboration 
with host cell proteins.

Rev p l9 Regulates levels of spliced and unspliced 
viral mRNAspecies.

N ef p27 Pleiotropic, can increase or decrease virus 
replication, down regulates CD4 expression.

V if p23 Increases infectivity and cell-cell 
transmission, helps proviral DNA synthesis 
and virion assembly.

Vpr p l5 Helps virus replication, transactiviation.
Vpu (HIV-1 
only)

p l6 Helps virus release, disrupts gpl20-CD4 
complexes.

Vpx (HIV-2 
and SIV only)

p l5 Helps infectivity.

Table 1.2 HIV and SIV proteins showing size and functions.
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1.6 Virion morphology

Thin section electron micrographs o f  HIV virions show them to have the 

characteristic type C lentiviral structure, with a cone-shaped nucleocapsid core 

comprised o f  viral p24 (CA), surrounded by matrix protein p i 7 (M A) and a host 

cell derived lipid bilayer envelope. Within the core are two identical single

stranded viral genom ic R N A m olecules. Nucleocapsid protein p7 (NC) is elosely  

associated with the RNA strands through cysteine-histidine rich zinc-fm ger like 

domains, similar to those found in many nucleic acid binding proteins. In 

addition, viral enzym es reverse transcriptase and integrase are packaged into the 

core along with a single m olecule o f  transfer RNA'^^ to prime reverse transcription 

o f  the viral genome. The V if and N e f proteins are also thought to be associated  

with the nucleocapsid core. The nucleocapsid core is surrounded by myristolated  

matrix protein p i 7 (M A) with viral protease (PR) located between the core and 

matrix protein layers (Gelderblom et al., 1988, Gelderblom et al., 1989). The 

surface o f  the virus consists o f  a host derived lipid bilayer containing virally 

encoded oligom eric envelope spikes, formed by surface (SU ) g p l20 (HIV-1) or 

g p l0 5  (HIV-2) and transmembrane (TM) gp41/gp36 glycoproteins (Figure 1.3). 

Due to the viral envelope lipid hi layer being host-cell derived it also contains a 

number o f  host-cell proteins, notably class I and II MHC.

gp41  (TM)

gpi2o (su)

RNA

E n v e lo p e  
" s p ik e "  (k n o b )

Lipid b ila y e r  
(can  c o n ta in  c e llu la r  
p ro te in s , e .g . HLA)

Figure 1.3 Schematic diagram showing structural organisation o f  HIV (adapted
from Levy, 1998)

p7 (NC)

p i 5 (V pr)

p 1 7 (M A )

p 2 4  (CA)

p lO  (PR) 
p66, p51 (RT) 
p 32  (IN)
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1.7 Viral structural proteins

7.7.7 M A ,C A an dN C

Cleavage of the Gag polyprotein precursor by viral protease produces the mature 

viral structural proteins MA (p i7), CA (p24) and NC (p7). Studies utilising yeast 

two-hybrid systems and mutant viruses have resolved many o f the features and 

functions of the structural proteins, and the mechanisms by which they interact 

with each other to form the mature viral particles.

Matrix protein (MA), approximately 130 amino acids in length, is cleaved from 

the N-terminus o f Pr55^^®, and is located between the virion capsid and the lipid 

membrane. MA is covalently linked during synthesis to myristic acid at the 

amino terminal glycine residue by the cellular enzyme N-myristol transferase 

(Towler et al., 1988). Myristoylation o f MA is required for the production of 

infectious virus, the change in hydrophobicity conferred by the addition o f this 

fatty acid moiety dictates virion assembly and chemical cross-linkage o f MA and 

the lipid envelope (Bryant & Ratner, 1990).

The first 31 amino acids o f MA form a signal sequence which targets the protein 

to the membrane, in addition this region also contains a nuclear localisation signal 

(NLS) that is important during the early stages of replication. Mutation o f the 

first two-thirds o f MA impairs particle release and incorporation of envelope 

glycoproteins into progeny virions, taken together with the close proximity o f MA 

and envelope, this suggests that direct interaction between MA and the 

transmembrane domain o f the envelope glycoprotein may occur (Martin & Freed,

1996).

Capsid protein (CA), approximately 240 amino acids in length, is released from 

the central portion of the Pr55®^  ̂ polyprotein precursor. This protein forms the 

major subunit o f the capsid shell. CA is highly hydrophobic, recombinant CA 

protein has been shown to self assemble into highly ordered structures, such as
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rods and spheres, in cell free systems, and truncation of the C terminus o f CA 

results in aberrant particle formation.

Nucleocapsid protein (NC), approximately 70 amino acids in length, is located 

within the capsid shell. This hydrophillic protein binds genomic viral RNA 

through two conserved regions which are cysteine-histidine rich. These regions 

form zinc-frnger like domains that have been identified in many DNA binding 

proteins, provision o f these regions suggests that the role o f NC is to bind RNA 

and package the genome into virion particles (Gorelick et al., 1988, Gorelick et 

al., 1990, Meric & Goff, 1989). Studies with Rous Sarcoma virus (RSV) have 

indicated that retroviral NC may play a role in the formation of a dimer-linkage 

structure that holds the RNA molecules together and promotes the binding of 

tRNA'^® hence priming reverse transcription (Bieth et al., 1990, Meric & Spahr, 

1986).

7.7.2 Envelope glycoprotein

The envelope glycoproteins of HIV-1 are produced from a spliced viral transcript 

encoding both Vpu and the precursor polyprotein for Env synthesised during the 

late stage o f viral replication. HIV-2 and SIV lack Vpu thus the Env polyprotein 

precursor is produced from a monocistronic spliced transcript. Extensive post

translational glycosylation via the ER-Golgi apparatus produces a 160Kd Env 

polyprotein precursor, termed gpl60 in HIV-1 and gpl40 in HIV-2. Cleavage of 

gpl60 by cellular proteases produces the surface, SU, gpl20, (gpl05 in HIV-2) 

and transmembrane, TM, gn H (gp36 in HIV-2) subunits, these structures are then 

exported to the cell surface (McCune et al., 1998). The SU subunits are highly 

glycosylated and hydrophilic extracellular glycoproteins found on the surfaces of 

both virion membranes and infected cells, with glycans representing 

approximately 50% of the molecular mass (Geyer et al., 1988). SU functions to 

adsorb the virion onto target cells via interactions with the cellular CD4 and 

chemokine receptors. The TM subunits, which have fewer glycosylation sites, 

anchor the envelope complex into the viral lipid membrane through a highly 

hydrophobic alpha-helical domain and mediate viral-cell membrane fusion events
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(Moore & Sweet, 1993). Although the mutation o f individual glycosylation sites 

has little effect on envelope function, combinations o f mutations, or treatment of 

HIV cultures with glycosylation inhibitors, leading to extensive deglycosylation 

substantially alters Envelope’s ability to function (Fenouillet et al., 1994). 

Glycosylation sites also play a function role in the TM subunit, removal of the 

glycan clusters from gp41, comprising of three N-linked glycosylation sites at 

Asn-621, Asn-630 and Asn-642 completely abrogates the abitily of Env to 

mediate fusion (Fenouillet et al., 1993).

Mature envelope glycoprotein is a heterodimer o f SU and TM subunits formed by 

non-covalent interactions between the central region o f the TM glycoprotein and 

two hydrophobic regions in the amino and carboxyl termini of the surface 

glycoprotein (Gallaher et al., 1989, Helseth et al., 1991, Kowalski et al., 1987). 

These heterodimers oligomerise to form envelope ‘spikes’, recent reports on the 

crystal structures o f other retroviral envelope glycoproteins and the ectodomain of 

gp41 suggest that the most probable oligomeric form is trimeric (Chan et al., 

1997, Fass et al., 1997, Weissenhom et al., 1997).

The envelope glycoprotein is highly variable in amino acid sequence, 

comparisons o f Env sequences from various isolates of HIV-1 have identified five 

regions o f hypervariability (V1-V5) interspersed by five conserved regions (G I

GS) in the SU subunit (Modrow et al., 1987, Leonard et al., 1990, Myers et al., 

1990) (Figure 1.4). The conservation o f the G1-G5 regions between isolates 

suggests that they have important biological function, these regions form 

discontinuous structures important for interactions with the TM ectodomain and 

viral receptors on the surface o f the target cell. The first four variable regions 

form surface exposed loops with disulphide bonds at their bases (Leonard et al., 

1990).

The HIV Envelope glycoprotein is the main target for neutralising antibodies 

elicited during infection, the hypervariability and heavy glycosylation of Env 

modulates both the antigenicity and immunogenicity of this highly exposed
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protein (Profy et a i ,  1990). Further discussion o f  the biological properties, 

structure and imm unogenicity o f  HIV envelope glycoprotein can be found in 

sections 1.10.1, 1.10.5 and 1.11.

O potential glycosylation site

Figure 1.4 Schematic representation o f  H IV -2rod  g p l0 5  structure, showing  
disulphide and glycosylation sites. The variable regions designated V 1-V 5 are 

indicated (adapted from Myers et al., 1993).

1.8 Viral enzymes

The viral enzym es, reverse transcriptase (RT) with its Ribonuclease H (Rnase H) 

function, protease (PR), and integrase (IN) are produced by proteolytic cleavage 

o f  the Gag-Pol precursor. A ll three enzym es are essential for viral replication and 

maturation. These enzym es all function at different times during the replicative 

cycle and are consequently major targets for antiviral therapies.

Reverse transcriptase (RT), an RNA dependent D N A  polym erase, acts during the 

early stages o f  viral replication forming a double-stranded proviral D N A  copy o f
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the viral RNA genome. The carboxyl terminus o f RT contains a region with 

Ribonuclease H (Rnase H) function, which degrades RNA-DNA hybrids in both 

3’-5’ and 5’-3’ directions during synthesis o f proviral DNA (Goff, 1990, Varmus,

1988). Reverse transcriptase contains no 3’-5’ exonuclease proof-reading 

mechanism, therefore, during proviral DNA synthesis a large number of 

mutations, substitutions and deletions occur, leading to extensive heterogeneity of 

progeny virions. Nucleoside reverse transcriptase inhibitors (NRTI) constitute a 

large family of nucleoside analogues which when incorporated by RT into 

growing proviral DNA terminate strand synthesis. Non-nucleoside reverse 

transcriptase inhibitors (NNRTI) act by directly inhibiting the hydrophobic 

catalytic pocket in the polymerase domain of RT.

Circularision o f proviral DNA, mediated by the LTR sequences at either end of 

the genome, leads to the formation o f a pre-integration proviral structure. This 

proviral DNA is then targeted to the host cell nucleus and integrated into host 

chromosomal DNA by integrase (IN). Retroviral integrase contains two 

conserved regions with homology to known nucleic acid binding motifs (Doolittle 

et al., 1989). Integrase cleaves proviral DNA and host genomic DNA prior to 

catalyzing the ligation o f the ends of the proviral DNA with the ends o f the host 

genomic DNA (Bushman & Craigie, 1991, Engelman et al., 1991b).

Viral enzyme protease (PR) is a dimeric aspartyl-protease and acts during the 

maturation o f the viral particle, processing the Gag and Gag-Pol polyprotein 

precursors, either at the cell surface or within the budding virion (Meek et al.,

1989). Deletions or mutations in protease can result in non-infectious, 

morphologically aberrant, virion particles. Crystallisation and computer modeling 

has lead to the identification of several protease inhibitor (PI) compounds that fit 

into the active site o f protease, thus blocking the proteolytic cleavage and 

maturation o f viral proteins.
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1.9 Viral regulatory and accessory proteins

In addition to the essential structural and enzymatic proteins encoded by the 

prototypic retroviral genes gag, pol and env, the genome of human and simian 

immunodeficiency viruses encode several regulatory and accessory proteins. 

Regulatory proteins Tat (transactivation o f transcription) and Rev (regulator of 

expression o f virion proteins) are essential for viral growth, both Tat and Rev are 

RNA binding proteins which interact with cellular proteins and viral targets to 

control replication and viral protein expression. A third regulatory protein, Nef, 

also has a number of other functions.

Tat binds to an RNA loop structure, TAR (Trans-activation responsive element), 

in the long terminal repeat sequence (LTR) in conjunction with cellular RNA 

binding proteins causing upregulation of viral protein expression. The cellular 

proteins act to enhance Tat activity by interacting directly with Tat at the TAR 

region or by binding to other regions within the viral LTR, for example the 

promoter AP-1, upstream from TAR. In addition to the TAR region o f the LTR 

three other regions have been identified as being control elements o f viral 

expression. The TAR of HIV-2 and o f SIVmac is more complex than that o f HIV- 

1, containing two structurally similar regions both o f which are required for 

optimal transcription (Arya & Gallo, 1988). In addition HIV-2 Tat differs from 

HIV-1 Tat in size, 130 amino acids versus 86 (Arya, 1993), and function, HIV-2 

Tat activates HIV-1 long terminal repeat (LTR) less efficiently than HIV-1 Tat 

whereas HIV-1 Tat can activate HIV-2 (Emerman et aL, 1987).

Rev interacts with a cA-acting RNA loop structure, the RRE (rev responsive 

element), located in the viral envelope mRNA, controlling the relative amounts of 

unspliced to singly and multiply spiced mRNA’s.

N ef is a 27kDa myristolated cytoplasmic protein with a variety o f functions. Nef 

was initially believed to suppress transcription from the LTR by binding to a 

negative regulatory element (NRE) in the U3 region (Niederman et aL, 1989),
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hence its acronym ^g a tiv e  factor, however, these observations have been 

controversial (Hammes et al., 1989, Kim et al., 1989). N ef is not essential for 

viral replication, as demonstrated by nef-defective virions in cultured 

immortalized T-lymphocytes or activated peripheral blood lymphocytes (PBL’s). 

However, N ef is essential for replication in macrophages and resting PBL’s, and 

for high titre replication and the development o f SIV induced AIDS in the rhesus 

macaque model (Kestler et al., 1991).

Following initial observations of reduced cellular CD4 expression in cells stably 

expressing Nef, it was discovered that N ef triggers the endocytosis and lysomal 

degradation of CD4, the primary receptor for HIV (Aiken et al., 1994, Garcia & 

Miller, 1991, Schwartz et al., 1995). Myristolation o f N ef is essential for this 

down-regulatory function, implying that N ef must be associated with the cell 

membrane. Co-immunoprecipitation and greenfluorescent protein fusion 

experiments have shown that N ef co-localizes with human beta-COP, a major 

component of non-clathrin-coated vesicles (Benichou et al., 1994) and with 

clathrin and the beta-subunit of the AP-2 adapter protein complex during clathrin 

coated pit formation (Greenberg et al., 1997). CD4 downregulation by HIV-1, 

HIV-2 and SIV N ef requires distinct but overlapping target sites within the CD4 

intracytoplasmic domain, suggesting that the downregulation of cell surface CD4 

is determined by a direct Nef-CD4 interaction (Hua & Cullen, 1997). In addition 

to Nef, two other viral proteins, Vpu and Env, have also been shown to play a role 

in the downregulation of CD4 on the surface of HIV infected cells. N ef 

downregulates CD4 expression rapidly during the early stages of HIV infection, 

whereas Vpu and Env act during later stages (Chen et al., 1996a).

N ef is also thought to influence HIV disease progression rate. N ef expression in 

lymphoid cells suppresses replication of some HIV-1 and HIV-2 viral isolates, 

however, some fast replicating and highly cytopathic HIV-1 isolates, recovered 

from patients with advanced disease states, are unaffected (Cheng Mayer et al.,

1989). In addition proviral N ef sequencing has shown that 10% of HIV-2 infected 

patients harbored truncated nef proteins, higher than the prevalence seen with
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HIV-1, therefore, truncation of N ef may contribute to slower disease progression 

rates observed in HIV-2 infections (Switzer et aL, 1998).

The viral proteins Vif, Vpr, Vpu and Vpx of HlV-2 and SIV are dispensable for 

viral growth in certain in vitro systems, and are consequently termed accessory 

proteins, however, conservation of these sequences in vivo implies that they 

perform crucial functions.

1.10 The replication cycle of HIV

The replication of simian and human immunodeficiency virus consists o f virus 

entry into the target cell, reverse transcription of the viral RNA genome and 

integration of the resultant proviral DNA into the host-cell genomic DNA. 

Following integration both viral and cellular transcripts initiate viral gene 

expression from the provirus, accumulation o f viral proteins and RNA then leads 

to assembly, budding and maturation of progeny virions (Figure 1.5).

The first step in the cycle is the initial interaction o f viral envelope glycoprotein 

with the CD4 host-cell receptor and the other co-receptors, followed by fusion of 

viral and target-cell membranes allowing the viral nucleocapsid complex to enter 

the cell cytoplasm. Mutagenic, biochemical and immunological experiments in 

addition to more recent crystallisation analyses of a gpl20-CD4-mAb complex 

have suggested that the CD4 binding site in gpl20 interacts with the CD4 

molecule on the cell surface inducing confirmational changes in both viral 

envelope and the CD4 receptor that permit interaction of the complex with host 

cell coreceptors, such as CCR-5. This second interaction brings the envelope 

closer to the cell surface allowing interaction between gp41 on the viral envelope 

and a fusion domain at the cell surface (Wu et al., 1996). Following fusion, the 

nucleocapsid complex is rapidly transported to the nucleus through interactions 

with host cell karyopherin proteins. During transportation and inside the nucleus 

the viral enzyme reverse transcriptase (RT) catalyses the synthesis of a linear 

double stranded DNA copy of the viral RNA genome. Viral integrase (IN) 

subsequently directs the integration o f this viral DNA into host cell chromosomal
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DNA forming a pro virus. Subsequently, cellular factors interact with cz5-acting 

elements in the proviral 5’ long terminal repeat sequence (LTR) initiating 

transcription of viral genes by cellular RNA Polymerase II. The viral

transcriptional activator Tat enhances expression of viral genes. Unspliced, singly 

spliced and multiply spliced viral mRNA’s are transported into the cytoplasm for 

translation into viral proteins or for assembly into progeny virions as genomic 

RNA. The viral transactivator Rev controls both the transport o f viral RNA 

transcripts from the nucleus into the cytoplasm and the ratio of spliced and

unspliced RNA species. Precursor Gag and Gag-Pol polypeptides and full-length

viral RNA transcripts assemble into immature virion particles at the cell

membrane. During viral maturation and budding these particles acquire a lipid 

bilayer membrane containing viral envelope glycoproteins and host-cell 

membrane proteins (Arthur et al., 1992). Shortly after budding the final stage in 

the replication cycle is the proteolytic cleavage of the Gag and Gag-Pol precursor 

polypeptides by viral Protease (PR), resulting in mature infectious virions.

52



CELL
MEMBRANE

GENOMIC 
X  RNA "

  VIRAL
g  PROTEINS

CELL
NUCLEUS

mRNA

Figure 1.5 Diagram show s the replication cycle o f HIV. 1 - The first step is vii'al attachment to specific taiget cell via interactions between viial 
envelope glycoproteins and cell surface CD4 and coreceptors. 2 - Fusion o f viral and target cell membranes results in viral entry and uncoating. 

3 - Reverse transcription o f the viral RNA  produces a double stranded DNA. 4 - Integration o^ this dsDNA into the host cells genome. 5 - 
Resulting in a stably integrated pro virus. 6 - Host cell factors transcribe the proviral DNA. 7 - Translation o f  viral m RNA produces the viral 

proteins. 8 - Viral proteins and full length viral RNA assemble into viral particles at the host cell membrane and acqume Env during budding. 9 
- Gag and Gag-Pol polyproteins are cleaved by viral prolease during or shortly after budding, generating mature infectious vii'ions.
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1.10,1 Viral attachment and entry

The attachment of HIV-1, HIV-2 and SIV to target cells is mediated primarily by 

interactions between viral envelope glycoprotein and the cellular glycoprotein 

CD4, expressed at the surface o f T-helper lymphocytes, monocytes, macrophages 

and other cell types. CD4 was identified as the primary receptor for HIV 

following several independent observations. Monoclonal antibodies specific for 

CD4 block HIV infection of T-cell cultures (Dalgleish et al., 1984, Klatzmann et 

al., 1984), antibodies to gpl20 co-immunoprecipitate CD4-gpl20 complexes from 

T-cell cultures (Hoxie et al., 1986, Mcdougal et al., 1986), and soluble CD4 

molecules bind with high affinity to gpl20 molecules neutralising HIV infection. 

However, the most compelling evidence that CD4 is primary receptor for HIV 

comes from experiments utilising non-permissive human CD4-negetive cells, 

transfection o f these cells with complementary DNA encoding CD4 rendered 

them permissive for HIV-1 binding, syncitium induction and infection (Maddon et 

al., 1988). Aside from it’s role as the primary receptor for HIV, CD4 normally 

functions to enhance T-cell activation when bound with class II major 

histocompatibility complexes (MHC) via a p56^^  ̂tyrosine kinase pathway.

CD4 is a 58Kd glycolipid molecule containing four extracellular immunoglobulin 

(Ig)-like domains (D1-D4), anchored by a transmembrane region followed by a 

short c-terminal cytoplasmic tail. The major site for HIV-1 gpl20 interaction has 

been mapped to a region in the first Ig-like domain (D l), amino acids 40-82, of 

the CD4 molecule (Arthos et al., 1989, Landau et al., 1988, Peterson & Seed, 

1988, Ryu et a l,  1990, Wang et al., 1990). This domain corresponds to the 

complementary-determining region 2 (CDR2) o f antibody light chain variable 

domain and is arranged into 3 p-strands forming a ridge that interacts with a 

complimentary cleft in the gpl20 envelope molecule formed by discontinuous 

epitopes. Other regions of CD4 that influence envelope interactions have been 

identified by mutagenesis studies (Arthos et al., 1989), by peptide mimics o f CD4 

(Kalyanaraman et al., 1990, Lifson et al., 1988) and by monoclonal antibodies 

specific for regions other than D l (Truneh et al., 1991).
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Although CD4 is established as the primary receptor for HIV studies showing that 

mouse cells expressing human CD4 were susceptible to HIV binding but resistant 

to infection at the membrane fusion stage suggested other species-specific fusion 

factors were required for cell entry (Eisenberg & Wesson, 1990). These 

additional factors remained elusive for many years; however, in 1996 Berger and 

colleagues identified a likely fusion factor. Expression of a protein from a human 

cDNA clone in a vaccinia based envelope glycoprotein fusion assay rendered 

CD4 positive mouse cells susceptible to fusion (Feng et al., 1996). Further 

experiments showed this molecule to be the coreceptor for T-cell tropic HIV-1 

strains (Berson et al., 1996, Doranz et al., 1996). This factor identified as 

Fusin/LESTR, but now termed CXCR-4, was characterised as a 7-transmembrane 

GTP-binding protein (G-protein) member o f the p-chemokine receptor family. 

The natural ligand for this receptor is the CXC chemokine stromal derived factor- 

1 (SDF-1). Chemokines are small proteins that mediate inflammatory responses 

by attracting immune cells to the site of injury. SDF-1 blocked T-cell tropic 

HIV-1 infection o f HeLa CD4 cells, CXCR4 transfectants and PBMCs, however, 

it failed to block infection by macrophage tropic strains (Bleul et al., 1996, Feng 

et al., 1996, Oberlin et al., 1996). Additionally CXCR-4 transfectants, permissive 

for infection by T-cell tropic strains were resistant to macrophage tropic strains. 

These observations implied the existence of an alternative coreceptor for 

macrophage tropic strains of HIV-1. Utilising clones o f other p-chemokine 

receptors, two concurrent studies identified CC-CKR-5 as being the coreceptor for 

macrophage tropic HIV-1 strains (Deng et al., 1996, Dragic et al., 1996). These 

findings were consistent with earlier observations by Lusso and colleagues 

identifying the p-chemokines RANTES, M IP-la  and M IP-lp as HIV-suppressive 

factors present in the supernatant of CDS T-cell lines (Cocchi et al., 1995). These 

p-chemokines inhibited the replication of HIV-1, HIV-2 and SIV isolates, 

particularly macrophage tropic strains, in a dose dependent manner, with 

inhibition abrogated by anti-chemokine antibodies. HIV-2 strains also utilise 

CXCR-4 and CC-CKR-5 in a similar manner (Heredia et al., 1997), however SIV 

does not appear to utilise CXCR-4 for cell entry (Chen et al., 1997b, Edinger et 

a l,  1997).
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CC-CKR-5, abbreviated to CCR-5, shows approximately 30% sequence 

homology to CXCR-4 (Deng et al., 1996, Dragic et a l ,  1996) and varying levels 

o f homology with other members o f the chemokine receptor family, which 

includes CCR-1, CCR-2a, CCR-2b, CCR-3 and CCR-4. Subsequent to the 

identification of these coreceptors, HIV and SIV strains that utilise CCR-1, CCR- 

2b, CCR-3, Bonzo/STRL33 and B0B/GPR15 for cell-entry as well as strains 

capable o f using both CXCR-4 and CCR-5, termed dual tropic strains, have been 

reported (Choe et a l,  1996, Doranz et al., 1996, Liao et al., 1997).

Amino acid residues in the amino terminal and first extracellular regions o f the p- 

chemokine receptors and the third hypervariable region o f HIV envelope 

glycoprotein are critical for co-receptor binding and specificity (Choe et al., 1996, 

Cocchi et al., 1996, Speck et al., 1997). Binding of envelope to coreceptors is 

significantly increased in the presence of CD4 implying that CD4-induced 

conformational changes in the gpl20-CD4 complex potentiate subsequent 

coreceptor binding (Hill et al., 1997, Lapham et al., 1996, Wu et al., 1996). 

However, a CD4 independent strain of HIV-2, derived from the isolate H IV -2 rod, 

can use CXCR-4 as a primary receptor, suggesting that envelope-coreceptor 

interactions are complex and that differences in coreceptor affinity and usage may 

influence tropisms of diverse HIV strains (Endres et al., 1996, Reeves et al.,

1997). The observation that FIV utilises only CXCR-4 as its receptor has led to 

the suggestion that the chemokine receptors are the common ancestral receptor 

type for the Lentiviridae and that utilisation of other factors, such as CD4, is an 

adaptive evolution of HIV (Weiss, 1998).

In addition to CD4 and co-receptor mediated entry HIV has also been shown to 

infect cells by alternative mechanisms. For example, gpl20 has a high affinity for 

the glycolipid, galactosyl ceramide, present on the surface o f glial and 

neuroblastoma cell lines, and antibodies to galactosyl ceramide have been shown 

to block HIV-1 infection of neuronal cells (Bhat et al., 1993, Harouse et al., 1991, 

Long et al., 1994). Another alternative mechanism is the binding o f antibody-
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coated virions to the Fc receptors on the surface of macrophages, leading to 

antibody enhancement of virus infection (Homsy et al., 1989).

HIV, like most o f the retroviruses, infects target cells in a pH-independent 

fashion, with internalisation occurring via direct fusion of viral and target-cell 

plasma membranes. Recent crystallisation o f gp41 and the ‘core’ of gpl20, 

complexed with a two-domain CD4 fragment and the Fab (antigen binding) 

fragment o f 17b, a human monoclonal antibody directed against a V3 CD4 

induced (CD4i) epitope that blocks gpl20-CD4 complexes from binding CCR-5 

(Wu et al., 1996), has confirmed, and expanded upon, previous mutagenic, 

biochemical and immunochemical conclusions about the structure and 

conformation changes that occur in envelope glycoprotein leading to viral and 

host cell membrane fusion (Chan et al., 1997, Kwong et al., 1998, Weissenhom et 

al., 1997, Wyatt et al., 1998). Conformational changes in the surface 

(gpl20/gpl05) and transmembrane (gp41/gp36) regions o f HIV envelope 

glycoprotein spike initiated by envelope CD4 binding and subsequent binding to 

coreceptors cause the complex to form a ‘fusogenic state’. Coiled-coil formation 

in a leucine zipper-like region of gp41 ectodomain causes exposure o f a 

hydrophobic fusion peptide sequence in the N-terminus of gp41 (Moore, 1993, 

Wild et al., 1994), and insertion of three fusion peptides, in accordance with the 

proposed trimeric gp41 structure, into the lipid bilayer o f the target cell plasma 

membrane induces fusion of the viral and host cell membrane (Brasseur et al., 

1988).

1.10.2 Reverse transcription

Immediately following entry into the target cell, virions are partially uncoated 

forming a large nucleoprotein complex. The viral enzyme Reverse transcriptase 

(RT), a heterodimeric protein made up o f two subunits, p55 and p66, co-ordinates 

the production of a linear, double-stranded, DNA copy of the dimeric single

stranded viral RNA genome template, this DNA copy is flanked at either end by 

long terminal repeat (LTR) sequences. RT has both reverse transcriptase (RNA 

and DNA dependent polymerase) and RNAse H (degradation of RNA within
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RNA-DNA hybrid molecules) activity. Reveise transcription is initiated by 

undefined cellular signals and the binding of a sirgle tRNA’̂ ® primer to a region at 

5’ end genomic RNA template known as the primer-binding site (PBS).

The efficiency o f reverse transcription is thought o be influenced by the cell cycle 

and cell activation events, possibly mediated by the presence o f specific cellular 

factors, for example the level of precursor nucleo ides, required for complete viral 

DNA synthesis (Gao et al., 1993).

During the process o f reverse transcription a higi degree o f nucleotide sequence 

variation occurs, predominantly due to the poor fidelity o f reverse transcriptase 

which lacks 3’-5’ exonuclease proofreading activity. Mutations occur in the form 

of amino acid substitutions, frameshifts and dehtions. Further variation can be 

introduced by recombination during DNA syntiesis between two copackaged 

RNA molecules arising from cells infected by nultiple virions (Hu & Temin,

1990). This high degree o f variation leads to di\erse progeny virions, which can 

have altered cell-tropisms, resistance to antretroviral drugs and reduced 

susceptibility to neutralisation by host immune req^onses.

1.10,3 Integration o f  viral DNA into cellular DNA

During the process of reverse transcription the viral nucleoprotein complex is 

rapidly transported to the host-cell nucleus. Traislocation o f this nucleoprotein 

complex into the nucleus requires ATP and is nediated by nuclear localisation 

signals (NLS) identified in viral Vpr and MA proteins (Gallay et al., 1995, 

Heinzinger et al., 1994, Lewis et al., 1992). "he NLS interact with cellular 

karyopherin proteins, which deliver the nucleopotein complex to nuclear pores 

(Gallay et al., 1997, Gallay et al., 1996). Phosphorylation o f the C-terminal 

residue of MA causes a direct binding o f MA and viral Integrase within the 

nucleoprotein complex (Gallay et al., 1995). Integration of viral DNA into the 

host-cell genome to form a provirus is critically dependent on the viral enzyme 

Integrase (IN) as demonstrated by Integrase nutants o f HIV which fail to 

integrate and produce infectious progeny virions (Sakai et al., 1993). Although
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retroviral DNA species do not appear to integrate at specific target sequences 

within the host cell chromosomal DNA, preferential integration does occur at, or 

near to, sites with specific chromatin structure (Shih et al., 1988). These ‘hot 

spots’ have also been shown to be susceptible to insertion of the retrotransposon 

elements LI and Alu, which share properties with retroviruses.

The process o f integration is initiated by the binding of integrase to the double 

stranded viral DNA at the att site in the LTR. Integrase catalyses the removal of 

two bases from the 3 ’ ends of the viral DNA exposing a highly conserved CA 

dinucleotide (Goff, 1992). The free hydroxyl groups are then joined to the 5’ ends 

of cleaved host-cell DNA, with cellular enzymes repairing the junction, creating 

short direct repeats flanking the viral sequence (Bushman et al., 1990, Craigie et 

al., 1990, Engelman et al., 1991a, Katz et al., 1990).

1,10.4 Viral protein expression and regulation o f  expression

The expression o f HIV and SIV viral proteins from integrated proviral genome 

requires co-ordination of host-cell transcriptional proteins, including RNA 

polymerase II and the transcription factors Spl and NFkB, and the cw-acting viral 

regulatory proteins. Tat and Rev. The collaboration o f these elements regulates 

both the basal level of viral gene expression and induced upregulation o f this 

expression (Jones & Peterlin, 1994).

Transcription is initiated by the binding of host-cell factors, including RNA 

polymerase II, a TATTA-hinding protein (TBP) and SP-1, to the basal promoter 

element, TATAA box, within the U3 domain o f the 5’ proviral LTR. Transcripts 

start downstream of the promoter at the U3/R border and are capped at the 5’ end 

by cellular enzymes. Signals in the 3’ LTR U3/R border, AAUAAA and a GU 

rich downstream sequence, initiate the addition of poly A-tails to new transcripts. 

(Hauber & Cullen, 1988, Muesing et al., 1987, Rosen et al., 1985). Full length 

viral transcripts undergo one of three fates, export into the cytoplasm and 

incorporation into assembling progeny viral particles as genomic RNA, multiple 

splicing to form mRNA’s which are translated into viral envelope glycoproteins
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and accessory proteins or unspliced and singly spliced translation into Gag and 

Gag-Pol polyproteins. Early transcription is characterised by the accumulation of 

multiply spiced mRNA’s in the cytoplasm encoding the regulatory, accessory and 

envelope proteins. During late phase replication the predominant mRNA species 

are unspliced and singly spliced, encoding the Gag and Gag-Pol polyproteins, that 

give rise to the virion structural proteins.

The early transcripts encode the viral regulatory proteins Tat, Rev and Nef. Tat 

enhances viral protein expression by interaction with a cw-acting element, TAR 

(Trans-activation responsive element), in the LTR in conjunction with cellular 

RNA binding proteins. The exact mechanism by which Tat transactivates viral 

expression is controversial, however, it is possible that Tat functions by stabilising 

RNA polymerase II initiation complexes or by promoting elongation of the 

nascent mRNA transcript by preventing premature termination or enhancing the 

productivity o f polymerase complexes. Tat may also play a role in the regulation 

of viral load during HIV infection and subsequent progression to AIDS, as 

demonstrated by increased levels o f prematurely terminated transcripts (1-50 

nucleotides) in asymptomatic HIV-1 infected patients, in contrast to symptomatic 

patients who predominantly harbor full-length transcripts (Adams et al., 1994).

The Tat proteins o f both HIV-1 and HIV-2 are similar in structure and function, 

however, transactivation of HIV-1 expression by HIV-2 Tat is less efficient than 

transactivation o f HIV-2 expression by HIV-1 Tat (Emerman et al., 1987). The 

TAR elements of HIV-2 and SIV are more complex than that of HIV-1, 

comprising of three stem loop structures, two of which bind Tat proteins, in 

contrast to the single stem-loop structure found in HIV-1 TAR.

A second regulatory protein. Rev, controls the ratio of spliced to unspliced mRNA 

species by interacting with a Rev Response element (RRE) within the Env region 

of the viral transcript and regulating the export of transcripts from the host-cell 

nucleus to the cytoplasm. During early transcription multiply spiced mRNA’s 

accumulate in the cytoplasm, thus expression of accessory and regulatory
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proteins, including Rev itself, is high. Accumulation of Rev causes a switch to 

late phase replication, characterised by increased proportions o f unspliced and 

singly spliced mRNA species encoding the viral structural precursor polyproteins 

Gag and Gag-Pol. Rev is thought to influence the frequency of splicing by 

dissociating spliceosome components from viral transcripts (Chang & Sharp, 

1989), thus accumulation o f Rev will dissociate more spliceosomes resulting in 

fewer splicing events in new viral transcripts. Corresponding to the differences 

seen in the TAR structure, the RRE of HIV-2 and SIV is substantially different in 

secondary structure to HIV-1 RRE. In addition HIV-1 Rev proteins can induce 

HIV-2 protein expression by interacting with HIV-2 RRE, however HIV-2 Rev 

fails to activate HIV-1 protein expression (Dillon et al., 1991).

1.10.5 Expression and glycosylation o f  Envelope glycoproteins

The surface and transmembrane envelope glycoproteins of HIV-1 are produced as 

a precursor polyprotein from a bicistronic spliced viral transcript encoding both 

Vpu and Env. As both HIV-2 and SIV lack Vpu their envelope precursor 

polyprotein is produced from a monocistronic spliced transcript. The Env 

precursor polyprotein undergoes a series o f post-translations modifications during 

intracellular transportation through the secretory system for cellular membrane 

proteins. The N-terminal 30 amino acids of the precursor polypeptide form a 

hydrophobic signal peptide targeting the polypeptide to the endoplasmic reticulum 

(ER). The polypeptide is translocated into the lumen of the ER and the signal 

peptide cleaved by host-cell endoproteases. During transport through the ER 

cellular enzymes add oligosaccharide moieties, predominantly mannose, to the 

precursor polyprotein yielding a 160Kd glycoprotein, 140Kd glycoprotein for 

HIV-2. G pl60 monomers are folded by the formation o f disulphide bonds within 

the molecule and interact with other gpl60 monomers to form oligomeric 

complexes, consisting of up to 4 gpl60 molecules. These complexes are 

transported to the Golgi apparatus where they undergo further processing, namely, 

the removal o f mannose residues, the addition o f alternative carbohydrate 

moieties and cleavage o f gpl60, to form the surface and transmembrane subunits 

o f mature envelope glycoprotein. Cleavage of gpl60 to form gpl20/gpl05 (SU) 

and g41/gp36 ™ subunits is mediated by the host-cell endoprotease furin and
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occurs at a site showing homology between HIV-1, HIV-2 and SIV located in the 

C-terminus o f the surface domain. This cleavage process is essential for the 

formation o f infectious progeny virions (McCune et al., 1988), infection by 

virions with uncleaved gpl60 is abrogated at the cell-entry phase, presumably due 

to non-function o f the fusion peptide normally located in the transmembrane 

subunit o f the mature envelope glycoprotein. Following proteolytic cleavage 

mature envelope glycoprotein oligomers are directed to the host-cell plasma 

membrane via the secretory pathway. In some instances a large proportion of 

mature envelope glycoproteins are targeted to lysosomes and degraded (Earl et 

al., 1991, Willey et al., 1988), this may also result in the intracellular degradation 

ofCD4.

1,10.6 Virion assembly, budding and maturation

The primary step in virion assembly is the accumulation o f expressed structural 

p55 Gag and p 6 6  Gag-Pol polyprotein precursors at the inside surface o f the host

cell plasma membrane. Assembly of the nucleocapsid is coordinated by critical 

regions within Gag, for example myristolation of Gag at the N-terminus of the 

MA region is essential for targeting to the plasma membrane (Bryant et al., 1991, 

Gottlinger et al., 1989, Zhou et al., 1994), other regions control the incorporation 

of viral genomic RNA and interact with accessory proteins. Oligomers of 

envelope glycoprotein, inserted into the host-cell plasma membrane, interact with 

MA of Gag through the cytoplasmic tail region of their transmembrane domain. 

During nucleocapsid assembly proteolytic cleavage o f the polyprotein precursors, 

by viral protease, produces mature virions containing fully processed Gag (MA, 

CA, NC, p 6 ) and Pol (PR, RT, Rnase H and IN) gene products, a process which 

may continue after the virus has budded free of the host cell. Budding o f the 

nucleoprotein core through the host-cell membrane is the final step in the life 

cycle, resulting in mature, infectious viral particles surrounded by a lipid bilayer 

membrane containing the envelope glycoprotein spikes and other host cell 

membrane proteins.
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1.11 Biological properties and immunogenicity of HIV envelope 

glycoprotein.

The hypervariable nature of HIV leads to the rapid evolution o f diverse viruses 

with distinct genotypic, phenotypic and antigenic properties; thus the viral 

population within a single hosts exists as a vast array o f distinct viral types, so- 

called quasi-species. Various selection pressures on these quasi-species, for 

example host immune responses, antiretroviral drugs or in vitro propagation 

causes the outgrowth and dominance of specific viral types, or escape mutants, 

from the heterogeneous background population. Several regions within the 

hypervariable HIV envelope glycoproteins have been shown to influence viral 

cell-tropisms, possibly through interactions with different co-receptors, replication 

rate, cytopathicity, fusogenicity and susceptibility to neutralising antibodies, thus 

contributing to evasion and viral survival under the influence o f these selection 

pressures (Andeweg et a l,  1992, Touchier et a l,  1992, Kuiken et al., 1992).

In general the in vitro biological phenotype and replicative capacity of HIV-1 and 

HIV-2 viral isolates correlates to the clinical severity o f the host from which it 

was derived (Schulz et al., 1990). In the asymptomatic stage o f disease the 

majority of viral isolates will exhibit a non-syncitium inducing (NSI), slow 

replicating phenotype, these NSI viruses persist in approximately half of AIDS 

patients, however, the other half harbour viruses o f syncitium inducing (SI) 

phenotype, with broader cellular tropism and increased replicative capacity. 

Syncitium induction is a characteristic feature of HIV pathology, causing the 

formation of multinucleated giant cells and cell death. Several studies have 

reported that the appearance of SI viruses is associated with rapid CD4 cell 

decline and onset o f AIDS defining clinical symptoms (Asjo et al., 1986, Karlsson 

et al., 1994, Schuitemaker et al., 1992, Tersmette et al., 1989).

In agreement with HIV-1 findings, examination of diverse HIV-2 viral isolates 

has identified specific amino acid residues in the V3 loop of envelope 

glycoprotein that influence in vitro biological phenotype. The V3 loop of rapidly 

replicating viral isolates has an overall higher charge, and is more heterogeneous
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when compared to the consensus sequence, than slowly replicating isolates 

(Albert et al., 1996). In addition, the presence of positively charged arginine and 

lysine residues at amino acid position 314, and mutation frequency at position 313 

shows some correlation to a rapid, SI viral phenotype. Analyses o f chimeric 

viruses have shown that through amino acid changes in the V3 loop an NSI, 

slowly replicating viral phenotype can be converted into an SI, rapidly replicating 

phenotype (Shioda et a l,  1992).

Sequences outside of the V3 loop also influence viral phenotype, for example 

functional interactions between V3 and C2 are important for infectivity, syncitium 

induction and cell tropism (Koito et a l, 1994, Stamatatos & Cheng-Mayer, 1993, 

Willey et a l ,  1994). Reports have suggested that the V2 region may also play a 

role in determining cell tropism and cytopathicity, and that the V1V2 region can 

influence phenotype independently from the V3 sequence (Palmer et a l, 1996). 

Similarly the C4 region of both HIV-1 and HIV-2 has been shown to play an 

important role in determining fusion efficiency in a cell-dependent manner, 

consequently influencing viral tropism (Cordonnier et a l ,  1989, Keller et a l, 

1993b).

The envelope glycoproteins o f HIV, especially the surface domain, are highly 

immunogenic, with host humoral immune responses producing a wide variety of 

neutralising and non-neutralising antibodies specific for both linear and 

discontinuous epitopes, targeting this protein. Antibody epitopes in HIV-2 

envelope glycoprotein are summarised in Table 1.3. Although neutralising 

antibodies are very efficient, the hypervariability o f envelope glycoprotein results 

in the generation of viruses capable of evading this neutralisation.

The antibody neutralisation targets of HIV-1 have been mapped to linear epitopes 

within the V2, V3 and gp41 regions o f envelope, and to other non-linear, 

conformationally dependent, epitopes. SIV neutralising epitopes have been 

mapped to the V2 and V4 domains o f surface envelope glycoprotein as well as the 

transmembrane domain, however SIV V3 loop peptides failed to induce 

neutralising antibodies. Mapping and characterisation of the epitopes involved 

during HIV-2 neutralisation has been less extensive and there is disagreement as
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to the role o f the V3 domain in eliciting a neutralising response. However, a 

weakly neutralising mouse mAh raised against a V3 loop peptide and a 

neutralising rat mAh antibody raised against baculovirus expressed recombinant 

gpl05 targeting a V3 specific linear epitope have been described (Matsushita et 

al., 1995, McKnight et a l,  1996).
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Region Amino acids Antibody

Identification

Isolate Specification Reference

Cl 30-44, 69-83 - ISY Human Sera (Mannervik et al., 1992)
Cl 43-53 44.5j LAV-2/R0D Rat mAb (McKnight et al., 1996)
Cl 44-56 - SBL6669 Human Sera (Norrby et al., 1991)
Cl 48-57 125-A ROD (CR) Mouse mAb (Traincard et a/., 1994)
Cl 83-97 125-H ROD (CR) Mouse mAb (Traincard et a/., 1994)
VI 118-125, 125-141 - ROD Human Sera (de W olf et al., 1991)
VI 119-137 - SBL6669 Guinea pig antisera (Bjoiling et al., 1991)
VI 125-133 25.8c LAV-2/R0D Rat mAb (McKnight et a/., 1996)
V2 140-148 44.5k LAV-2/R0D Rat mAb (McKnight et al., 1996)
V2 149-154 44.2g LAV-2/R0D (CR) Rat mAb (Neut) (McKnight et a/., 1996)
V2 162-181 1251 ROD (CR) Mouse mAb (Traincard et a/., 1994)
V2 167-175 44.1b LAV-2/R0D (CR) Rat mAb (McKnight et a/., 1996)
C2 196-215 - ISY Human Sera (Marmervik et al., 1992)
C2 223-234 44.61 LAV-2/R0D Rat mAb (McKnight et a/., 1996)
C2 234-248 - ISY Human Sera (Marmervik et al., 1992)
V3 297-330 - ISY Human Sera (Babas et al., 1994, Robert Guroff et ah, 1992)
V3 301-315 - ISY Human Sera (Marmervik et ah, 1992)
V3 303-324 - ROD Human Sera (de W olf et ah, 1991)
V3 304-311 32.2f LAV-2/R0D Rat mAb (Neut) (McKnight et ah, 1996)
V3 305-320 - ISY Human Sera (Marmervik et ah, 1992)
V3 306-311 32.7g LAV-2/R0D Rat mAb (McKnight et ah, 1996)
V3 310-335 B2C ROD Mouse mAb (Neut) (Matsushita et ah, 1995)
V3 311-330, 318-337 - SBL6669 Guinea pig antisera (Bjorling eta/., 1991)
V3 311-326, 322-337 3C4 SBL6669 Mouse mAb (Neut) (Bjorling et ah, 1991)
V3 314-332 125-F ROD Human mAb (Traincard et ah, 1994)
V3 318-334 - ISY Human Sera (Marmervik et ah, 1992)
V3 332-355 - ISY Human Sera (Marmervik et ah, 1992)

Continued on next page
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Region Amino acids Antibody

Identification

Isolate Specification Reference

C3 340-358 - ROD Human Sera (de Wolfed a/., 1991)
C3 366-392 2HIB, 2F19C ROD Mouse mAb (Neut) (Matsushita et al., 1995)
V4 398-416 - ISY Human Sera (Mannervik et al., 1992)
C4 436-452 - ROD Human Sera (de W olf et al., 1991) (Norrby et al., 1991)

C-Terminal 472-493, 489-509 - SBL6669 Guinea pig antisera 
(Neut)

(Bjorling et al., 1991)

C-Terminal 481-498 - ISY Human Sera (Mannervik et al., 1992)
C-Terminal 486-507 - ROD Human Sera (de W olf et al., 1991)

Conformation-
dependent

NA B23, 17A, HOC Human Primary Isolate 
(CR)

Human mAb (Neut) (Kent et al., 1993)

Conformation-
dependent

NA 28.3e LAV-2/R0D Rat mAb (McKnight et al., 1996)

Conformation-
dependent

NA 28.8e LAV-2/R0D Rat mAb (Neut) (McKnight ei a/., 1996)

Conformation-
dependent

NA 25.3f LAV-2/R0D Rat mAb (McKnight ei a/., 1996)

GplOS unmapped NA 125-B,-C,-D,-E,-G ROD Mouse mAb (Traincard e? fl/., 1994)
Gp36 573-595 SBL6669 Human Sera (Norrby et al., 1991)
Gp36 578-603 36-A,-B,-C ROD (CR 36-C) Mouse mAb (Traincard ei a/., 1994)
Gp36 595-614 SBL6669 Human Sera (Norrby et al., 1991)
Gp36 634-649 SBL6669 Human Sera (Norrby et al., 1991)
Gp36 714-729 SBL6669 Guinea pig antisera 

(Neut)
(Bjorling et al., 1991)

Table 1.3 B-Cell epitopes identified in regions o f HIV-2 envelope glycoprotein, antibody spéciation and neutralising capacity are indicated.
Adapted from the Los Alomos National Laboratory Immunology Compendium 1996.
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In contrast to HIV-1 findings, studies have shown that a broader based autologous 

and heterologous neutralising antibody response occurs during HIV-2 infection 

(Bjorling et al., 1993). Furthermore, serum from HIV-2 infected individuals often 

cross-neutralises other isolates of HIV-2, HIV-1 and SIV suggesting conservation 

of some undefined epitopes and mechanisms o f neutralisation (Robert Guroff et 

al., 1992). During HIV-1 infection increased serum neutralisation o f viruses 

grown in peripheral blood mononuclear cells (PBMC) has been associated with 

slower progression and lower risk of transmission (Fenyo & Putkonen, 1996, 

Pilgrim et al., 1997), therefore, although no such correlation has yet been 

demonstrated for HIV-2, the enhanced neutralising antibody response to HIV-2, 

compared to HIV-1, may contribute to the decreased viral burden during 

asymptomatic infection, longer clinical latency and lower transmission rates seen 

during HIV-2 infection.

1.12 Proj ect rationale and obj ectives

Countless studies have examined various aspects of HIV-1 envelope glycoprotein. 

In comparison, the study of HIV-2 envelope glycoprotein is significantly less 

advanced. The envelope glycoprotein, being situated on the outermost surface of 

the viral particle, is a major target for host immunological responses, some of 

which are highly potent at neutralising viral infectivity.

The highly variable nature of envelope not only allows viral escape from these 

neutralising antibodies but also alters viral tropisms and phenotype contributing to 

a gradual evolution of more pathogenic strains leading inevitably to immune 

system collapse and the development of AIDS and subsequent death.

Although a major aim is to produce a vaccine that prevents HIV infection, 

envelope-based vaccines may also be important prophylactic treatments for those 

already infected, possibly inducing immune system reconstitution leading to a
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more prolonged asymptomatic phase o f disease, or perhaps a completely 

asymptomatic chronic ‘carrier’ state.

The provision of both preventative and prophylactic vaccines is most important in 

areas where highly active antiretroviral drug therapy (HAART) is not a practical 

solution. Unfortunately the continents most affected by HIV, Africa and Asia, are 

exactly those least able to afford, or administer, HAART effectively. Therefore at 

present, vaccines offer the most likely means prevention and control o f the spread 

of HIV in these areas. HIV-2 infection is endemic in West Africa and similarly a 

vaccine for treatment and prevention is desperately needed.

In order to develop effective envelope-based vaccines it is essential to understand 

the significance o f both genetic, antigenic and functional diversity of envelope 

and the roles these play in disease pathogenesis.

The significantly different disease courses seen with HIV-1 and HIV-2 are 

intriguing. Pertinent to the development of strategies aimed at extending the 

asymptomatic phase of the more aggressive HIV-1 epidemic, are answers 

regarding how patients with HIV-2 infection can live for so long prior to the 

development o f any AIDS defining clinical symptoms.

The aims of this project are two fold. Firstly, to provide an efficient expression 

system for producing recombinant envelope glycoproteins in order to investigate 

the biological significance o f genetic, antigenic and functional diversity o f both 

HIV-1 and HIV-2 envelope glycoprotein, with respect to viral pathogenicity and 

clinical disease progression. Secondly, using recombinant HIV-2 envelope 

glycoprotein antigens and linear 12 residue oligopeptides modelling HIV-2 gpl60 

we aim to study the nature of the host humoral responses directed at envelope and 

elucidate any possible correlation with disease outcome. Thus providing
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important insights into the role, if any, of envelope glycoprotein in maintaining 

and extending the asymptomatic phase of HIV-2 disease.
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C h apter 2  - MATERIALS AND METHODS
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2 .1  M a t e r ia l s

2.1,1 Bacterial Strains

Bacterial strains were grown aerobically at 37°C in 2xTy media. Aseptic 

technique was practiced during all bacterial manipulations and sterile plastic or 

glassware utilised.

Strain Use

TG2 Plasmid purification, calcium chloride transformation and 
ampicillin resistance screening, recA^

Epicurian 
coli® SCS- 
1

Supercompetent recA deficient cells, reduces homologous 
recombination of propagated DNA. Harbours an uncharacterised 
mutation that improves transformation efficiency (Stratagene, 
Cambridge Innovation Centre, Cambridge, UK)

Epicurian 
coli® SURE 
(Stratagene)

Supercompetent cells lacking uvuC and umuC genes which are 
involved in repairing DNA lesions, resulting in increased stability 
of DNA containing long inverted repeats.

JM llO
(Stratagene)

DNA adenine méthylation, dam, deficient cells for preparing 
DNA for digestion with methylation-sensitive restriction 
endonucleases.

Table 2.1 Bacterial strains.

2.1.2 Mammalian Cell Lines

Mammalian cell-lines were grown at 37°C in 5% CO2  humid atmosphere. All 

tissue culture procedures were carried out in a class II laminar flow cabinet with 

sterile tissue culture grade reagents and gamma irradiated plastic ware (Falcon).
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Name Source Growth medium Description

293 Dr J
McKeating

DMEM + 
10%Foetal Calf 
Serum (FCS)

Human embryonic kidney cells, 
transformed with sheared adenovirus 
type 5 DNA.

Vero Dr P Yeo DMEM + 
10%FCS

African green monkey kidney, used 
for Vaccinia VTF7 . 3  stock production

H9 MRC ARP RPMI 1640 + 
10% FCS

Human cutaneous T-cell lymphoma

SupTl MRC ARP RPMI 1640 + 
10% FCS

Non-Hodgkin’s T cell Lymphoma

C8166 MRC ARP RPMI 1640 + 
10% FCS

Human T-Lymphoblastoid cell

Table 2.2 Mammalian cell-lines

2,1,3 Viral Strains

All viral strains were cultured at 37°C in 5% CO2 , and all procedures were carried 

out in class I cabinets under category III facilities using gamma irradiated sterile 

plasticware (Falcon).

Virus name Source Description

H IV -2 sbL6669 (Franchini et al., 
1989b)

Tissue culture adapted isolate from The 
Gambia, fully sequenced and 
phenotypically characterised .

H IV -2 isy (Franchini et al., 
1989b)

Full length lambda molecular clone 
derived from isolate SBL6669

CBL
20,21,22,23,24 
(CBL series)

MRC ARP
(Schulz et al., 
1990)

5 virus isolates obtained from Gambian 
HIV-2 patients, in vitro phenotypes have 
been correlated to clinical status of the 
patients.

Vaccinia virus 
VTF7 .3

(Fuerst et al., 
1986)

Recombinant Vaccinia Virus expressing 
high levels of T7 RNA polymerase

Table 2.3 Viral strains
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2,1,4 Plasmid Vectors

Plasmid stocks were stored resuspended in sterile TE buffer at -20°C, plasmids 

were also stored as E.coli glycerol stocks, stabs and agar plate grids at 4°C.

Name Source Description

pHXB2-MCS Dr. J. McKeating Infectious molecular clone o f HIV-1, 
based on H IV -1hxb2

pRODio MRC ARP
(Guyader et al., 
1987)

Infectious molecular clone o f HIV-2, 
based on H IV -2rod

KF3 (Hattori a/., 1990) pBluescript containing 3’portion of HIV- 
2 i s y

EGP (Hattori et al., 1990) pBluescript containing 5’portion of HIV- 
2 i s y

p 2

(pEE14.gpl20)
Celltech Research 
(Rhodes et al., 1994)

Based on pEE14, contains H IV -1bhio 
gpl20 ORE and tpa leader sequence

pcDNA3 Invitrogen Mammalian expression vector, contains 
neomycin phosphotransferase gene for 
stable selection, CMV and T7 promoters

Table 2.4 Plasmid vectors

2.1.5 Purified Human DNA

Eight DNA samples extracted from HIV-2 seropositive patients recruited in an 

MRC case-control study in Caio, a rural village in Guinea Bissau, West Africa, 

were kindly donated by Dr J Breuer, Royal London Hospital (Xiang et al., 1997).

2.1.6 Serum Samples

The Department o f Virology, UCLMS, obtained HIV-1 serum samples as part of 

routine clinical investigations. HIV-2 serum samples were obtained from patients 

recruited to the STD clinic or general outpatient's ward of the MRC hospital in
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Fajara, The Gambia. HIV-1 and HIV-2 seronegative samples were obtained from 

the blood donors attending the same hospitals. Samples were aliquoted and stored 

at -70°C to avoid repeated freeze-thaw cycles.

2 1,7 Recombinant Proteins

Samples o f recombinant proteins were aliquoted and stored at -20°C to avoid 

repeated ffeeze-thaw cycles.

Protein Source Description

Recombinant 

HIV-2 gpl05

MRC ARP Baculovirus expressed HIV-2rod gpl05

sCD4 Dr J.

McKeating

Purified recombinant CHO expressed soluble 

CD4 (T4) antigen

CD4-Ig Dr J.

McKeating

Soluble chimeric antibody-CD4 protein

Table 2.5 Recombinant proteins
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2.1,8 A ntibodies and Conjugates

Antibody Source Description Im m unogen

D7324 Aalto Bio-
Reagents
Ltd

Sheep Polyclonal, specific for 
ISmer sequence 
(APTKAKRRVVQREKR) 
from conserved carboxyl 
terminus of HIV-1 gpl20

3 synthetic 
peptides

D7335 Aalto Bio-
Reagents
Ltd,

Sheep polyclonal sera to HIV- 
2 rod gpl05
(KLVEITPIGFAPTKEKR)

3 synthetic 
peptides

ARP418 MRC ARP Rabbit polyclonal sera to HIV-2 
gpl05

Baculo virus 
derived HIV- 
2rqd gpl05

ARP352 MRC ARP Mouse Monoclonal antibody to 
HIV-1 tat

N-Terminal 
15mer peptide

ARP359
/L120

MRC ARP Mouse monoclonal antibody to 
V4 domain o f human CD4

ARP337 MRC ARP Mouse monoclonal antibody to 
VI domain o f human CD4

P8115T4 
(Transfected 
mouse cells 
expressing 
human CD4)

Goat
ahuman
HRP

Harlan
Sera-lab

Goat anti-human IgG-Horse 
Radish Peroxidase conjugate

Human IgG 
(H+L)

Rabbit
amouse
HRP

Harlan
Sera-lab

Rabbit anti-mouse IgG-Horse 
Radish Peroxidase conjugate

Mouse IgG 
(H+L)

Goat
ahuman P- 
gal

Harlan
Sera-lab

Goat anti-human IgG-B- 
galactosidase

Human IgG 
(H+L)

Goat
ahuman
FITC

Harlan
Sera-lab

Goat anti-human IgG-FITC Human IgG 
(H+L)

Rabbit
amouse
FITC

Harlan
Sera-lab

Rabbit anti-mouse IgG-FITC Mouse IgG 
(H+L)

Goat
ahuman AP

Tagolmmun
-ologicals

Goat anti-human IgG-Alkaline 
Phosphatase conjugate

Human IgG 
(H+L)

Table 2.6 Polyclonal and Monoclonal Antibodies
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2.1,9 Enzymes

Enzymes were used in accordance to manufactures instructions with regard to 

buffer requirements and optimal working temperature. In circumstances requiring 

2 or more enzymes, buffers were used that allowed >70% activity for each 

enzyme according to the manufacturers supplied data.

Enzymes Manufacturers used

Restriction endonucleases Promega Ltd, Southampton, UK. Boehringer- 

Mannheim, Lewes, UK. Stratagene. Gibco- 

BRL, Lifetechnologies, Paisley, Scotland. New 

England Biolabs.

T4 DNA Ligase Boehringer-Mannheim, Stratagene

Tbr DNA Polymerase Northumberland Biologicals

Pfu DNA Polymerase Stratagene

Expand Long Template 

DNA polymerase

Boehringer-Mannheim

RNAse Sigma

DNA Polymerase I Large 

(Klenow) fragment

Promega Ltd.

Shrimp Alkaline Phosphatase United States Biochemicals

Uracil DNA Glycosylase Gibco-BRL. Boehringer-Mannheim

Sequenase® United States Biochemicals

Table 2.7 Enzymes and manufacturers used
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2,1.10 Oligonucleotides

Oligonucleotides were designed manually, using alignments o f published nucleic 

acid sequences (Myers et a l ,  1993). Oligonucleotides were synthesised by Oswel 

DNA Service, Southampton, UK. Cloning primers were designed with non

specific “tails” complementary to the sequence of the cloning tails annealed to 

linearised pcDNA3-Tpa vector. These “tails” were synthesised with Uracil 

(dUTP) residues in place of Thymidine (dTTP). It should also be noted that 

antisense cloning primers for HIV-1 gpl20 and HIV-2 gplOS encode silent 

restriction enzyme sites followed by a 5-residue Histidine tag followed by a stop 

codon. A histidine tag on the carboxyl terminal of expressed glycoproteins causes 

high affinity for divalent cations, such as a nickel column for efficient 

purification. The antisense cloning primers also encode a Factor X IA  cleavage 

site upstream of the histidine tag sequence
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2.1.10.a Primers for amplification o f HIV-1 envelope glycoprotein

Primers for HIV-1 gpl20 and gpl60, position numbering is with respect to HIV-1 hxb2 , envelope gene starts at position 5771. Palindromic 

restriction endonuclease sequences are shown underlined, GGTCACC = BstE II, ACGCGT = Mlu I  and CTCGAG = Xho I

Name Orientation Position Sequence

M4142 Sense 5855 5 ’ AAUUGAAGGUCGUAGTGCTGC AGAAAAATTGTGGGTC ACCGTCTATTATGG3 ’

M4141 Antisense 7270 5’UUAAUGAUGAUGATGATGCCTGCCCTCGATTCTTTTTTCTCTCTGCACCACGC

GTCTCTTTGCC3’

M6042 Antisense 8437 5 ’UUAAUGAUGAUGCC AGGTCTCGAGATRCTG3 ’

626L Sense 5872 5 ’ GTGGGTC ACCGTCT ATT ATGGG3 ’

E524 Antisense 7262 5 ’biotin*C ACC ACTCCTCTCTTTGCCTTGGTGGG3 ’

Table 2.8 Primers for the amplification of HIV-1 envelope glycoprotein
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2.1.10.b Primers for amplification o f HIV-2 envelope glycoprotein

Primers for HIV - 2  gpl05, position numbering is with respect to HIV-2rod, with the envelope gene starting at position 6147. Palindromic 

restriction endonuclease sequences are shown underlined, TACGTA = Sna B l, CGATCG = Pvu I

Name Orientation Position Sequence

G2390 Outer Sense 6054 5 ’GGGGCTCGGGATATGGTATG3 ’
N0887 Outer Sense 5792 5 ’CAYTTTGAYCCYCGCTTGC3 ’
G2391 Outer Antisense 8415 5 ’CAAGAGGCGTATCAGCTGGCGGATCAGGAA3 ’
N0886 Outer Antisense 7782 5 ’GTTGCTGTTGCTGCACTATCCC3 ’
G2197 Outer Sense 6210 5 ’CCTCCTACCTGCGGAGGATCCACCCAATATGTAACTGTTTTCTATGG3 ’
G2199 Outer Antisense 7615 5 ’CCCGGAACCTGCGGAGAATTCTTATCTTTTTTCATTTGTAGGTGCGAAGCCAATTGGTG3 ’
N0283 Cloning Sense 6218 5 ’ AAUUGAAGGUCGUCAATACGTAACTGTTTTCTATGG3 ’
N0284 Cloning Antisense 7608 5’UUAAUGAUGAUGATGATGCCTGCCCTCGATTCTTTTYTCTTNTGTAGGTGCGAAGCCGATCGGTGTTAYTTC3’
N6030 Cloning Antisense 7632 5 ’UUAAUGAUGAUGATGATGTCTTTTTTCTGNTGTAGG3 ’
N6031 Outer Antisense 7629 5 ’TCTTTTTTCTGNTGTAGGTGC3 ’
N9449 Outer Sense 6181 5 ’CTAGTGCTTGCTTAATATATTGC3 ’
N9450 Antisense 7689 5 ’GAGAAAACCCAAGAACCCTAGCAC3 ’
P2013 Cloning Antisense 7632 5 ’UUAAUGAUGAUGATGATGTCTTTTCTGATTTGTAGG3 ’
N6032 Inner Sense 6420 5 ’GAGACATCAATAAAACCATG3 ’
N6033 Inner Antisense 6927 5 ’CCATGTGGAAGTTTGCGTTTCCAT3 ’
S8298 Outer Antisense N ef 5 ’ ATCWWCATCATCCATATYTTG3 ’
S8297 Antisense Env/Nef 5 TCACARGAGGGCGAGTTC3 ’
S9835 Cloning Antisense Env/Nef 5 ’UUAAUGAUGAUGATGATGATGCARGAGGGCGAGTTC3 ’

Table 2.9 Primers for the amplification o f HIV-2 envelope glycoprotein
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2.1.10.c Cloning “tails”forpcDNA3 modification

Oligonulceotides were supplied by the manufacturer phosphorylated at the 5’ 

hydroxyl terminus.

Name Sequence

M 4U S EcoRl - 1 5 ’ AATTCC AATTGAAGGTCGT3 ’

M4140 EcoRl - 2 5 ’ ACGACCUUC AAUUGG3 ’

M4139AO/7 - 1 5 ’CAUCAUCAUUAAGC3 ’

M A U I Not -1 -2 5 ’ GGCCGCTTAATGATGATG3 ’

Table 2.10 Cloning "tails" forpcDNA3 modification 

2.1.11 Oligopeptides

Oligopeptides were kindly supplied by Dr L Loomis-Price, Henry M Jackson 

Foundation, USA. 216 peptides representing the entire amino acid sequence of 

H I V - 2 i s y / s b l 6 6 6 9  gpMO were synthesised in duplicate on preactivated 96-pin 

blocks (Cambridge Research Biochemicals) using fmoc (9- 

fluoromethoxycarbonyl) chemistry with modifications (Carter, 1994). Each 

peptide comprised a 12 amino acid sequence covalently linked to Biotin at the N- 

Terminus by a short linker (Ser-Gly-Ser-Gly). Each peptide overlapped the 

previous one by 8  amino acids and were denoted by their N-terminal amino acid 

number. For the mapping of humoral response to linear epitopes by modified 

pepscan a random hydrophilic peptide Ala-Lys-Ala-Ala-Asp-Ala-Ala-Gln-Ala- 

Ala-Ser-Ala was used as a negative control.

Three peptides identified as seroreactive by pepscan and individual peptide 

ELISA were resynthesised (Table 2.11) and resuspended in 1ml dHzO, and 

inoculated into Balb/c mice for anti-serum production using TitreMax® Gold 

(CytRx Corporation) by Dr R Ferns, UCLMS. Surveillance of humoral response 

to peptide inoculation was undertaken in an ELISA format utilising biotinylated 

peptides (Table 2.12). Biotinylated peptides were synthesized using Fmoc 

chemistry and standard solid-phase techniques (model 433 synthesizer, Abi,
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Foster City, CA); the N-terminal SGSG tetrapeptide, not part o f the ISY sequence, 

was added as a spacer. Peptides were biotinylated on the synthesizer, according 

to manufacturer's instructions, cleaved using trifluoracetic acid, precipitated from 

moùiyltert butyl ether, dissolved in 5% acetic acid, and lyophilized. Proof of 

structure was obtained by high performance liquid chromatography, amino acid 

analysis and mass spectroscopy. Peptides were then used as ELISA components 

without further purification.

Name Am ino acid sequence

ISY 641-C CEKNMYELQKLNS

ISY 645-C CYELQKLNSWDVF

ISY 641-Full CEKNMYELQKLNSWDVFGNWFDLTS

Table 2.11 Peptides representing seroreactive linear epitopes used for inoculation 
o f Balb/c mice for in vitro serum neutralisation assays o f HIV-2.

Name Am ino acid sequence

ISY 641-B BSGSGEKNMYELQKLNS

ISY 645-B BSGSGYELQKLNSWDVF

ISY 649-B BSGSKLNSWDVFGNWF

ISY 557-B BSGSGLRLTVWGTKNLQ (Negative by pepscan)

Table 2.12 Biotinylated peptides representing seroreactive linear epitopes used for 
surveillance of humoral responses in peptide inoculated Balb/c mice.
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2.2 Methods

2,2,1 Patient Appraisal

2.2.1.a CD4 percentage evaluation

The percentage of CD4 positive cells from HIV-2 positive whole heparinized 

blood was estimated using fluorescent activated cell sorting (Becton-Dickinson) 

after staining with an anti-CD4 monoclonal antibody (performed by colleagues at 

the MRC laboratories Fajara, The Gambia). Total white cell count and 

lymphocyte percentages were estimated by light microscopy. CD4 percentages 

(CD4%) were used throughout having been demonstrated to be a more robust 

measurement than absolute CD4 counts in studies in The Gambia.

2.2. l.b  DNA viral load

HIV-2 proviral DNA load was assessed by Dr N Berry, UCLMS. Peripheral 

blood mononuclear cells (PBMCs) were prepared from heparinized whole blood 

using Lymphoprep^^ (Micromed Diagnostics). Cellular DNA was extracted using 

a PCR-compatible extraction buffer and proteinase K. The concentration of 

cellular DNA was measured by fluorometry using a TKIOO fluorometer (Hoefer 

Scientific Instruments) and fluorescent staining with Hoeschst 33258 dye, DNA 

concentration was adjusted to 60pg/ml. HIV-2 proviral load was quantified by 

nested PCR amplification of a highly conserved region within the long terminal 

repeat, followed by a solid-phase radiometric incorporation assay (Berry et a l, 

1994).

2.2.1.C RNA viral load

HIV-2 viral RNA load was determined by Dr N Berry, UCLMS. RNA was 

prepared from 2 0 0 pl patient plasma using a silica-based guanidinium 

isothiocyanate extraction method. RNA samples were subjected to cDNA reaction 

using Superscript II reverse transcriptase, (Gibco BRL) cDNA copy number was
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determined by limit dilution analysis and quantitative RNA estimations by 

chemiluminescence. The lowest detection range for this assay system was 

calculated to be 200 copies of HIV-2 RNA per ml o f plasma (Berry et a l, 1998).

2.2.l .d  HIV-2 antibody Titre

Serum samples were tested for total anti-HIV-2 antibody titre using 

Serodia®HIV-l/2 passive particle-agglutination test (Fujirebio inc, Japan) 

following the manufacturers instructions. Samples were titrated two fold starting 

at 1x10'^ and 0.66x10'^. End-point titres were determined as the dilution at which 

particle agglutination failed. Seronegative samples were also titrated 2 fold 

starting at 62.5x10'^ to verify their seronegative status.

2.2.2 Virological Techniques

2.2.2.Ü Maintenance o f HIV-infected cell lines

Category 3 containment facilities at UCLMS were used for all preparation and 

experiments utilising live viral strains. Virus stocks were stored under liquid 

nitrogen vapour in Nunc cryovials (Gibco-BRL) until required. Frozen stocks 

were thawed rapidly at 37°C and inoculated into fresh uninfected T-cells. HIV-1 

and 2 stocks were prepared in T-cell lines H9, C8166 or SupTl capable of 

supporting HIV replication, 7 days post infection cells were inspected for 

cytopathicity and cell-free virus harvested. Infected cells were pelleted by 

centrifugation and tissue culture supernatant containing cell-free virus removed 

and frozen, the cell pellet was resuspended in 1 ml ice-cold freezing medium ( 1 0 % 

DMSO, 40% FCS, 50% RPMI) and frozen slowly at -20°C, 24 hours later 

samples were transferred to liquid nitrogen.

2.2.2.b Infectivity assay (TCID5 0)

TCID5 0 , the dilution where cells become infected in 50% of wells, were 

determined for HIV viral stocks. Frozen stocks were defrosted rapidly at 37°C in 

a water bath. lOOpl of neat virus stock was put in well A1 of a 96 well tissue
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culture plate, 90pl of RPMI was put in wells A2-A12. lOpl o f virus stock was 

transferred from well A l to A2 and mixed, this was repeated transferring lOpl 

volumes until a complete 10 fold dilution series was set up from well A1 to A12. 

lOpl o f each dilution point was transferred from well A into each o f wells B-H 

leaving 20pl in well A. This gives a dilution series from neat to 1x10'^^ in 

septuplicate. lOOpl of indicator cell-line, SupTl, were added to each well and 

plates incubated at 37°C for 3-5 days for syncitia to develop. Syncitia were 

scored as present or absent in wells B-H. TCID5 0  was calculated using the 

following formula;

Titre/TCIDso = L - d (S-0.5)

Where: L = Highest dilution where all wells contain infected cells, 

d = Log of dilution interval.

S = Sum of proportions o f wells with infected cells counting 

from and including dilution of L.

2.2.2. c Extraction o f cellular DNA from infected cell lines

Infected cells, cultured as above, were thawed rapidly at 37°C, pelleted by 

centrifugation and washed once in PBS. Cell pellets were resuspended in 0.5mls 

lysis buffer containing 0.1%SDS and lOpg/ml Proteinase K. Lysed cells were 

incubated at 65°C for 2 hours to ensure virus inactivation. DNA was extracted 

from lysed cells using a phenol-chloroform, ethanol precipitation method. 0.5mls 

o f phenol:chloroform:isoamyl alcohol (25:24:1) was mixed with lysed cells in a 

polypropylene tube, until an emulsion formed. After centrifugation the aqueous 

phase was removed and an equal volume of chloroform added to remove trace 

amounts o f phenol. DNA was precipitated by the addition o f 2 volumes ice-cold 

ethanol and incubation at -20°C overnight. Precipitated DNA was pelleted at 

13000rpm for 30 minutes in a bench centrifuge, the pellet was washed with 70% 

ethanol and resuspended in sterile TE buffer and stored at -20°C.
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2.2.2.d Growth o f Vaccinia Virus VTF7 . 3

Vaccinia Virus VTF7 .3  manipulations and experiments were all carried-out under 

category 3 containment facilities at UCLMS. Vero cells were grown up in T75 

flasks to approximately 80% confluence. Cells were washed twice in serum-ffee 

DMEM and 1ml culture supernatant containing Vaccinia Virus VTF7 .3  was 

overlaid onto the monolayer for 1 hour at 37°C. Following incubation, virus was 

removed and replaced with 15mls DMEM 2%FCS. Cells were incubated at 37°C 

and examined every day for cytopathic effect. Once complete CPE was observed, 

usually 3-5 days post infection, virus was harvested. Supernatant and non

adhered cells were harvested into a 50ml Falcon tube and subjected to 3 rapid 

ffeeze-thaw cycles to ensure release o f cell-associated virions, supernatant was 

frozen at -20°C in dry ice followed by rapid thawing in a 37°C water bath. 

Vaccinia Virus supernatant was then clarified o f cell-debris by centrifugation at 

1200rpm for 5 minutes and stored in 1 ml aliquots at -20°C.

2.2.2.e Quantification o f Vaccinia Virus VTF7.3

A ten fold dilution series of Vaccinia Virus VTF7 .3  suspension in DMEM 2%FCS 

was made, lOOpl of each dilution was overlaid in duplicate onto Vero cell 

monolayers in 6 -well plates. Cells were incubated for 2  hours at 37°C and plates 

agitated every 30 minutes to ensure monolayer coverage. Following incubation, 

virus inoculum was removed and monolayers overlaid with 2mls of DMEM 

agarose (1:1 mixture of 2xDMEM and 2% Low Melting Point agarose in PBS, 

maintained at 45°C to prevent solidification). After the agarose mixture had 

hardened plates were inverted and incubated at 37°C for approximately 5 days 

until cell monolayer plaques became visible. To count plaque formation agarose 

plugs were removed and monolayers fixed and stained by the addition of 1 ml 

crystal-violet, after one hour stain was removed and monolayers washed twice 

with distilled water, plaques were then counted and virus titre calculated.
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2.2.3 Bacterial Techniques

2.2.3. a Growth o f bacterial strains

For plasmid purification bacterial strains were grown aerobically at 37°C in 2xYt 

or low salt LB broth, for screening and colony isolation bacteria were grown on 

2xYt or low salt LB 1.5% agarose plates. Bacteria were stored as glycerol stocks 

(300)il overnight culture plus 700pl autoclaved glycerol) at -20°C, agar stabs (1ml 

agarose media in a 1.5ml eppendorf, inoculated with a loop o f overnight culture 

and incubated overnight at 37°C) at 4°C or sealed agar plate grids at 4°C. 

Bacterial transformants were selected by the addition of ampicillin at lOOmg/ml.

2.2.4 Nucleic Acid Manipulation

2.2.4.a DNA Analysis

DNA products obtained from plasmid purification, restriction endonuclease 

digestion and PCR were analysed by horizontal electrophoresis in 1-2% (w/v) 

agarose in TAB buffer containing 0.5mg/ml ethidium bromide. DNA was 

visualised by UV transillumination and fragment size ascertained by comparison 

to commercially available DNA size markers, Kb ladder (Stratagene) or 0X174 

Hae III (Gibco-BRL). DNA concentrations were measured by fluorometry, using 

a TKIOO fluorometer (Hoefer Scientific Instruments) and fluorescent staining 

with Hoeschst 33258 dye, calibrated on Calf Thymus DNA standards (Sigma 

Immunochemicals).

2.2.4.b Isolation o f plasmid DNA

Plasmid DNA was extracted from 3ml overnight cultures using Wizard 

Miniprep™ (Promega Ltd.) or from 15-50ml cultures using Wizard Midiprep™ 

(Promega Ltd.) modified alkaline lysis kits according to the manufacturers 

instructions. Purified DNA was resuspended in sterile TE and stored at -20°C.
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2.2.4.C Restriction endonuclease digestion

All restriction endonuclease digestions were carried out under optimal conditions 

for each enzyme as recommended by the manufacturer, where 2  or more 

endonucleases were required in the same reaction mixture, conditions were 

modified to allow at least 70% activity o f each component endonuclease, 

according to manufacturers data. When necessary endonucleases were inactivated 

by incubation at 65°C for 15 minutes or by the addition o f 5 pi of Strataclean™ 

Resin (Stratagene). Digestions were routinely carried out in 20-50pl volumes at 

37°C for 1 hour.

2.2.4.d DNA amplification using the polymerase chain reaction (PCR)

All PCR reactions were carried out in designated work areas, DNA was added to 

reaction mixtures prior to entering the PCR cycling laboratory to reduce risk of 

contamination. Cycle time and temperature were controlled using a Perkin-Elmer 

programmable thermal cycler. PCR protocols and cycling parameters varied 

according to amplification target. Reaction conditions were optimised for 

polymerase enzyme, buffer requirement, dNTP concentration, DNA input, cycling 

temperatures and cycle count. Optimal annealing temperatures were ascertained 

using a RoboCycler (Stratagene) programmable thermal cycler. Nested PCR 

reactions utilised proof-reading Pfu (Pyrococcus furiosus) (Stratagene) or 

Expand^'^ (Boehringer-Mannheim) DNA Polymerase in primary and secondary 

amplifications to reduce PCR introduced errors. For tertiary amplifications, using 

cloning oligonucleotides containing dUTP residues, Tbr (Thermus brockianus) 

DNA polymerase was used, this enzyme contains no 3’-5’ exonuclease activity 

therefore preventing degradation of these primers. All PCR reactions were 

overlaid with lOOpl mineral oil prior to cycling to prevent evaporation. lOpL of 

PCR product was visualised by agarose gel electrophoresis.

2.2.4.e Isolation and purification o f DNA fragments

PCR products and restriction endonuclease digestion fragments were isolated 

using agarose gel electrophoresis, the required DNA band was excised from the 

gel using a sterile scalpel blade. DNA was extracted from the agarose slice using



the GeneClean™ (Bio 101, La Jolla, CA) silica-resin procedure according to 

manufacturers instructions.

2.2.4.f Dephosphorylation o f DNA Fragments

Restriction endonuclease products were dephosphorylated, to prevent self

ligation, by the addition o f 1 unit Shrimp Alkaline Phosphatase (United States 

Biochemicals) directly into the digestion reaction mixture after endonuclease de

activation. Following incubation at 37°C for 15 minutes Phosphatase was 

inactivated by the addition of Strataclean™ Resin (Stratagene) or heat inactivation 

at 65°C for 15 minutes.

2.2.4.g Ligation o f DNA fragments

Ligation reactions were carried out at 12°C overnight in 10-20pl volumes with 1 

unit T4 DNA Ligase supplemented with ImM rATP in manufacturers supplied 

buffer. Insert to vector ratios of 3:1 were routinely used.

2.2.4.h Preparation and transformation o f competent E.coli

5Omis o f 2xYt broth in a vented conical flask were inoculated with 500pl of an 

overnight culture of SCS-1, JM llO  or TG2 E.coli. Cultures were grown for 2 

hours at 37°C in an orbital shaker to ensure complete aeration. Cultures were 

chilled on ice for 15 minutes and cells pelleted by centrifugation at 4000rpm for 5 

minutes at 4°C. Cells were resuspended in 25mls ice-cold O.IM Calcium 

Chloride (CaCl]) and incubated on ice. After 1 hour cells were pelleted and 

resuspended in 2.5mls ice-cold O.IM Calcium Chloride. Competent cells were 

either used immediately for transformation or stored, packed in ice, at 4°C for 

upto 3 days.

Transformations were carried out using lOOpl of competent cells and upto Ipg 

DNA. DNA was added to cells in round bottomed transformation tubes (Falcon) 

and incubated on ice for 1 hour, following incubation, cells were heat-shocked at 

42°C in a water bath for 90 seconds prior to plating out on appropriate antibiotic
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selection media. Competent cell batches were tested using Ing o f a commercially 

prepared antibiotic resistance plasmid such as pcDNA3 (Promega Ltd.).

2.2.4J Transformation o f commercially available competent cells

Epicurian coli® SCS-1, SURE and OneShot supercompetent cells were 

transformed according to manufacturers instructions, and plated out onto 

appropriate antibiotic selection media.

2.2.4.j PCR screening o f bacterial transformants

Bacterial transformants were screened for the presence o f gpl20 and gpl05 

sequences by PCR. Bacterial colonies were picked, using a flamed loop, directly 

into 20pl o f PCR mixture containing to appropriate primers, 626L and E524 for 

HIV-1 gpl20, N6032 and N6033 for HIV-2 and overlaid with lOOpl mineral oil. 

Targets were amplified using 0.5 units Tbr (Thermus brockianus) DNA 

Polymerase (NBl) in Ix buffer, 200pM dNTP’s and 30-50/m  primer for 25 cycles 

(94°C, 35 sec, 55°C, 25 sec, 72°C 2.5 min). Positive colonies were identified by 

gel electrophoresis o f PCR reaction mixture. Cloning efficiency was calculated 

by dividing the number o f positive clones by the total number of clones tested.

2.2.4.k Nucleic acid sequencing

DNA sequencing was carried out using a modified Sequenase® version 2 protocol 

(U.S. Biochemical Corp., Cleveland, OH) (Winship, 1989, McKeating et al., 

1993). Radioisotope a-^^S dATP (1000/Ci/mM) was supplied by Amersham 

International PLC, Amersham Place, Little Chalfont, Amersham, Bucks, UK. 

Electrophoresis was carried out on a 6 % native polyacrylamide gel (PAGE) at 

45W in TBE running buffer. The polyacryalmide gel was fixed in 10% acetic 

acid/methanol for ten minutes before transferring to 3MM filter paper and vacuum 

dried at 80°C for approximately 2 hours before autoradiography.
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2,2,5 PCR amplification o f  H IV Envelope Glycoprotein

HIV, surface and full-length, envelope glycoprotein open reading frames were 

amplified by nested PCR from patient provirus, in vitro infected-cell provirus or 

molecular clones. PCR protocols were optimised for cycling conditions, DNA 

polymerase enzyme, dNTP concentration and cycle count.

2.2.5. a PCR amplification o f HIV-1 gp l 20

HIV-1 surface g p l20 envelope glycoprotein was amplified using primers M4141 

and M4142 using 25 cycles of amplification (94°C 35 seconds, 55°C 25 seconds, 

72°C 2.5 minutes) followed by 72°C for 7 minutes. PCR amplification was 

achieved using 2 units Tbr (Thermus brockianus) DNA polymerase, Ix  Tbr 

buffer, 200pM dNTP’s and 30pmol/ml primers.

2.2.5. b PCR amplification o f HIV-1 gp l 60

Full-length g p l60 envelope was amplified using primers M4141 and M6042 using 

the same conditions as above.

2.2.5. c PCR amplification o f HIV-2 gp l 05

HIV-2 surface envelope (rgpl05) was amplified by 3 round nested PCR. First 

round cycling conditions were 94 °C 45 seconds, 50 °C 45 sec, 72 °C 3.5 min for 

30 cycles followed by 72 °C for 7 minutes using primers G2390, N0887, G2391, 

N0886 and N6031, with either 2.5 units Expand™ DNA polymerase (Boehringer- 

Mannheim) in Ix buffer #3, or, 2 units Pfu (Pyrococcus furiosus) DNA 

polymerase and 1 unit Tbr (Thermus brockianus) polymerase in Ix  Pfu buffer, 

200pM dNTPs and 30pmoFml primers.

Second round primers were G2197, G2199, N9449 and N9450, cycling conditions 

94 °C 45 seconds, 50 °C 45 sec, 72 °C 3.5 min for 30 cycles followed by 72 °C for 

7 minutes using Expand™ DNA polymerase (Boebringer-Mannbeim) and Ix 

buffer #1 or 2.5 units Pfu DNA polymerase in Ix Pfu buffer.
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Third round cloning primers were N0283 and N6030, cycling conditions 94 °C for 

35 seconds, 55°C for 25 sec, 72°C for 2.5 min for 25 cycles followed by 72°C for 

7 minutes using 2 units of Tbr {Thermus brockianus) DNA polymerase in 1 x Tbr 

buffer.

2.2.5. d PCR amplification o f HIV-2 gp l 40

HIV-2 full-length envelope (rgpl40) was amplified by 3 round nested PCR. First 

round cycling conditions 94 °C 45 seconds, 50 °C 45 sec, 72 °C 3.5 min for 30 

cycles followed by 72 °C for 7 minutes using primers G2390, N0887 and S8298, 

with 2.5 units Expand™ DNA polymerase (Boehringer-Mannheim), Ix buffer #3, 

200pM dNTPs and 30pmol/ml primers.

Second round cycling conditions were 94 °C 45 seconds, 50 °C 45 sec, 72 °C 3.5 

min for 30 cycles followed by 72 °C for 7 minutes using primers G2197, G2199 

and S8297, with Expand™ DNA polymerase and Ix buffer #1.

Third round primers were N0283 and S9835, cycling conditions were 94 °C for 35 

seconds, 55°C for 25 sec, 72°C for 2.5 min for 25 cycles followed by 72°C for 7 

minutes using 2 units o f Tbr {Thermus brockianus) DNA polymerase in 1 x Tbr 

buffer.

2,2,6 Cloning PCR products into pcDNA3-tpa

U-tailed PCR products were cloned into mature tailed-pcDNA3-Tpa vector in the 

presence o f Uracil DNA Glycosylase (Boehringer-Mannheim). Ip l (12.5ng) tailed 

pcDNA3-Tpa, 2pl of Genecleaned™ PCR product (5pi if  not Genecleaned™), 

0.5units Uracil DNA Glycosylase (Boehringer-Mannheim), 2pl lOx Annealing 

buffer (200mM Tris-HCl (pH 8.4), 500mM KCl, 15mM MgCli) and dHiO to a 

total reaction volume of 20pl was incubated at 37°C for 1 hour and cooled to 1°C. 

Cloning products were either transformed immediately or stored at -20°C.
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2.2,7 Mammalian Cell Culture Techniques

2.2.7.a Adherent cell lines

Adherent cell lines were maintained in horizontal T25 or T75 vented top flasks 

(Falcon) and incubated at 37°C in 5% CO2  humid atmosphere. Five millilitres of 

appropriate media was used in T25 flasks and ISmls in T75 flasks. Cells were 

passaged when approaching 90% confluence. Monolayers were washed once 

with sterile PBS, 1ml (T25 flask) or 2mls (T75 flask) o f 0.5pm filtered PBS

0.05% 0.5M EDTA was added and incubated on the monolayer for 5 minutes at 

37°C. Cells were dislodged by smacking the flask hard against the palm. 

Clumped cells were disrupted by pipetting the EDTA-cell mixture up and down 

repeatedly. Aliquots of cell suspension were transferred into fresh flasks 

containing appropriate media.

2.2.7.b Suspension cell lines

Suspension cell-lines were maintained in vertical T25 or T75 vented top flasks 

(Falcon) and incubated at 37°C in 5% CO2  humid atmosphere. Cells were 

passaged approximately every 7 days. Cells were pelleted by gentle 

centrifugation at 1500rpm for 5 minutes in sterile 5ml tubes. Cell pellets were 

washed once in warm media and re-pelleted. Pellets were resuspended in 1ml 

media and aliquots of cell suspension were transferred into fresh flasks containing 

appropriate media.

2.2.7.C Cryogenic preservation o f mammalian cell lines

Cell pellets from T75 flasks o f adherent or suspension cell-lines were resuspended 

in 1ml freezing media (10% DMSO, 40% FCS, 50% RPMI or DMEM) in Nunc 

Cryovials (Gibco BRL). Cells were cooled slowly to -20°C using a Mr Frosty'''^ 

cryogenic vessel (Nalgene) prior to transfer to liquid nitrogen for long term 

storage.
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Cells were recovered from frozen stocks by rapidly thawing vials in a water bath 

at 37°C. Defrosted cells were then transferred into a T25 or T75 flask containing 

appropriate pre-warmed media.

2,2,8 Transfection o f  Mammalian Cell Lines

2.2.8.a Calcium phosphate transfection

Adherent cell monolayers at 60% confluence were passaged approximately 1-3 x 

10  ̂ into 35mm (9.6cm^)-tissue culture dishes 24 hours prior to transfection using 

a Calcium Phosphate method. Medium was removed and cell monolayers washed 

twice with PBS, monolayers were overlaid with fresh serum-free medium and 

incubated for 2 hours at 37°C. 5pg of DNA was transfected into each 35mm dish. 

DNA, 37.5pi 2M CaCl% and distilled water to a total volume o f 25Gpl were 

combined in sterile plastic bijoux, to this mixture 25Gpl 2xHepes Buffered Saline 

was added, rapid air bubbling with a pipette was used to ensure complete uniform 

mixing. The mixture was incubated at room temperature for 15-3G minutes to 

allow a white precipitate to form. 5GGpl of precipitate was added, dropwise, onto 

the cell monolayers and plates incubated at 37°C for 4-6 hours. Transfection mix 

was removed and monolayers overlaid with DMEM, 1G%FCS, 15% Glycerol for 

2 minutes, this was then aspirated and serum-free DMEM added. 12-16 hours 

post-transfection, medium was replaced with complete 1G%FCS DMEM 

containing 5mM n-butyric acid. Cell supernatants were harvested 48-72 hours 

post transfection, cell-debris was pelleted by pulse centrifugation and supernatant 

stored at -2G°C. Monolayers were either lysed using Ix reporter lysis buffer 

(Promega Ltd.) or fixed using ice-cold 1:1 methanol:acetone solution.

2.2.S.b LipofectAMINE™ Transfection

Monolayers were prepared as above. 5pg DNA was mixed with DMEM to a final 

volume o f IGGpl in a sterile eppendorf, to this mixture IGGpl of lipofectAMlNE™ 

(Gibco BRL) 12pg/ml in DMEM was added. After incubation at room 

temperature for 15 minutes to allow DNA-liposome complexes to form, the
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mixture was added dropwise to the monolayers. Post transfection procedures 

were as above.

2.2.8.c Vaccinia Virus VTF7 . 3  assisted transfection

Monolayers were passaged as before into 35mm dishes. Media was removed and 

monolayers washed in PBS twice. Cells were then inoculated with 500pl of 

Vaccinia Virus VTF7.3 suspension at a multiplicity of infection o f 1-3 and 

incubated at 37°C for 2 hours with agitation every 30 minutes to ensure 

monolayer coverage. Vaccinia suspension was removed and cells overlaid with 

serum-ffee DMEM prior to transfection using calcium phosphate or 

lipofectAMfNE^^ methods. Nonidet P-40 was added to supernatants obtained 

from Vaccinia assisted transfection procedures to a final concentration o f 1%, to 

inactivate Vaccinia Virus VTF7.3, prior to removal from category 3 facilities.

2.2.8.d Stable cell line production and clonal expansion

24 hours post transfection cell monolayers were overlaid with media containing 

the appropriate selection antibiotic, 1 mg/ml G418 (Gibco BRL) to select for the 

Neomycin resistance. Monolayers were incubated at 37°C and examined every 

few days by light microscopy, dead cells were removed by aspirating media and 

replacing with fresh selection media. When discrete colonies had formed they 

were transferred into separate 3.8cm^ dishes. Filter paper squares, approximately 

2mm X 2mm were soaked in sterile PBS 0.05% 0.5M EDTA. Media was 

aspirated from cell colonies and loose cells removed by one wash with PBS, 

individual colonies were lifted by placing the soaked filter paper squares directly 

onto the colony and incubating at 37°C for 5 minutes. Filter paper squares were 

then removed using sterile forceps and placed into 3.8cm^ dishes individual 

containing the appropriate selection media for expansion o f the colony. Colonies 

were grown to confluence and passaged as described in section 1.2.6 .a. Antibiotic 

resistant stable cell-lines were examined for expression of the appropriate protein 

by Blue-cell assay, SDS-Page gel, western blot and flow cytometry.
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2.2.9 Immunological Techniques

2.2.9.a Cell surface staining - 'Blue cell assay'

Immunostaining for expressed proteins was carried out using a modification of the 

method of (Clapham et al., 1992). Confluent stable cell-lines or transiently 

transfected cells in 35mm dishes were washed twice with PBS and fixed with ice- 

cold Methanol:Acetone or 3.7% Paraformaldehyde. 200pL of the appropriate 

antibody at saturating concentration diluted in PBS/1 %FCS/0.02% sodium azide 

was incubated on the monolayer for 1 hour at room temperature on a horizontal 

rotary shaker. Cells were washed 3 times in PBS/1 %FCS and 200pl of the 

appropriate anti-species B-galactosidase conjugate was incubated on the 

monolayer for 1 hour. Cells were washed 3 times in PBS. 500pL o f substrate, 

3mM potassium ferricyanide, 3mM potassium ferrocyanide, ImM magnesium 

chloride and 0.5mg/ml X-gal, was added onto the cell monolayer and colour 

allowed to develop for upto 8  hours. Substrate was removed by washing the cells 

with distilled water and cells examined by light microscopy. Cells expressing the 

antigen o f interest stained blue.

2.2.10 Flow Cytometry Techniques

2.2.10. a Determination o f cell surface CD 4 expression

2 X  lOVml Suspension cells or adherent cells, resuspended in PBS 0.05% 0.5M 

EDTA, per well were pelleted in a 96 well V-bottomed plate at 1200rpm at 4°C 

for 3 minutes and resuspended in lOOpl PBS/1% FCS/0.05% azide. Following 

incubation on ice for 30 minutes to inhibit endocytosis, cells were pelleted and 

resuspended in lOOpl PBS/1% FCS/0.05% azide containing anti-CD4 mAb 

ARP337 at approximately 5mg/ml and incubated for 1 hour on ice. After three 

washings in lOOpl PBS/1% FCS, 2mg/ml anti-mouse-FITC conjugate was bound 

for 1 hour on ice. Cells were washed three times in PBS and resuspended in 

400pl PBS prior to analysis using a Becton Dickinson FACScan.
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2.2.10.b Nonidet P-40 removal from tissue culture supernatants using Extracti- 

gel™

Nonidet P-40 was added to cell culture supernatants containing rgplOS from 

transient Vaccinia Virus VTF7.3 assisted transfections prior to removal from 

category 3 facilities. To assess the binding o f soluble rgplOS to the surface of 

CD4 expressing cells Nonidet P-40 was removed, to prevent lysis o f target cells, 

using Extracti-geP'^ (Pierce Immunochemicals).

200pL of gel slurry were pipetted into a Midiprep'*’̂  (Promega Ltd.) column 

inserted into a 1.5ml eppendorf with the cap removed. Azide buffer was removed 

from the column by centrifugation in a bench-top microfuge at 6500 rpm for 1 

minute; eppendorf tubes were replaced after each step. Following equilibration 

with 2 PBS washes, 500pl of tissue culture supernatant containing rgpl05 was 

loaded onto the column, supernatant was pulled through the column twice by 

centriftigation and reloaded. Supernatant was then pulled through the column 

slowly by gravity. To recover the final portion of supernatant one bed volume of 

PBS was loaded and pulled through the column slowly by gravity. SupTl cell 

pellets were resuspended in the resulting supernatant and monitored by light 

microscopy for lysis. Extraction was repeated if  lysis was observed.

2.2.10.c Determination o f rgplOS and rgpl20 cell surface binding

SupTl cells were counted and adjusted to 2 x lOVml. lOOpL of cells were 

pelleted and resuspended in lOOpl rgpl05 supernatant diluted in ice-cold PBS/1% 

FCS and incubated on ice for 1 hour. Following three washes in PBS/1% FCS, 

cells were resuspended in Pooled HIV-2 sera diluted Ix 10'^ in lOOpl PBS/1% 

FCS and incubated for 1 hour on ice. After further washing lOOpl of 2mg/ml anti- 

human-FITC conjugate in PBS/1% FCS was bound for 1 hour on ice. Cells were 

washed three times in PBS and resuspended in 400pl PBS prior to analysis using 

a Becton Dickinson FACScan.
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2.2,11 Enzyme-Linked Immunosorbant Assays (ELISA)

Assays were performed in 96 well Nunc Maxisorp'^'^ plates, all antibodies and 

samples were bound in 50pl volumes and incubated at room temperature unless 

otherwise stated. Unbound antibodies and recombinant proteins were removed by 

washing with Tween Saline (8.5% NaCli. 0.05% Tween-20 in dH2 0 ). Bound 

Horse Radish Peroxidase (HRP) conjugates were detected using Murex 

Tetramethylbenzadine (TMB) substrate and diluent incubated at room temperature 

for 5-15 minutes and reactions stopped with 0.5M HCl and read in a TitreTek 

MCC Multiskan at 450nm. Prior to analysis by ELISA supernatants containing 

recombinant glycoproteins were clarified by centrifugation

2.2.1 l.a  Recombinant g p l20 capture assay

For recombinant g p l20 detection all washings were performed in Tris buffered 

saline (TBS). Plates were coated overnight at 4°C with D7324, affinity purified 

sheep polyclonal antibody, diluted 1:2000 in Tris buffered saline (TBS) and 

blocked with 4% Marvel in TBS for 30 minutes at room temperature. 

Alternatively plates were coated overnight at 4°C with lOpg/ml Galanthus nivalis 

(Snowdrop) GNA lectin (Boehringer-Mannheim) in O.IM NaHCOg and blocked 

with 3% Bovine Serum Albumin (BSA) in 20mM Tris azide pH 7.6 for 1 hour at 

room temperature. Supernatants containing soluble recombinant g p l20 were 

captured for 2 hours at room temperature. Bound rgpl20 was detected using 

HIV-1 serum 'VB' or monoclonal antibodies and anti-species HRP conjugate both 

diluted 1 X 10'^ in TMTSS (20% Sheep Serum, 4% Marvel, 0.5% Tween-20 in 

Tris buffered saline) for 1 hour at room temperature. Mock supernatants, from 

dH2 0  or TE transfected cells, were used as negative controls in all ELISAs.

2.2.1 l.b  Quantification o f rgpl20

The concentration o f rgpl20 was assessed by titration against Chinese Hamster 

Ovary, CHO, expressed recombinant HlV-lnm g p l 2 0  o f a known concentration.
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2.2.11.C Recombinant g p l20 ligand binding studies

To examine the antigenicity and function o f recombinant HIV-1 envelope 

glycoproteins various monoclonal antibodies (5pg/ml) and soluble CD4 or CD4- 

Ig (SmitbKline Beecbam) were bound onto D7324 captured g p l20, at a saturating 

concentration. Monoclonal antibodies and CD4-Ig were detected using anti- 

species-HRP and soluble CD4 detected using a rabbit antiserum and anti-species- 

HRP.

2.2.11.d Recombinant gp l 05 capture assay

Plates were coated overnight at 4°C with lOpg/ml Galanthus nivalis (Snowdrop) 

GNA lectin (Boebringer-Mannbeim) in O.IM NaHCOg and blocked with 3% 

Bovine Serum Albumin (BSA) in 20mM Tris azide pH 7.6 for 1 hour at room 

temperature. Supernatants containing soluble recombinant g p l05 were captured 

onto this solid phase, via a-mannose residues, for 2  hours at room temperature. 

Bound rgplOS was detected using pooled HIV-2 sera and anti-buman-HRP both 

diluted 1 X  10"̂  in TMTFCS (20%FCS, 4% Marvel, 0.5% Tween-20 in Tris 

buffered saline) for 1 hour at room temperature. Mock supernatants, from dHzO 

transfected cells, were used as negative controls in all ELISAs.

2.2.1 l.e  Quantification o f rgplOS

Transfection supernatants were diluted 2 fold from neat in PBS, 1% BSA and the 

concentration o f rgplOS assessed by comparison with recombinant baculovirus 

expressed HIV-2rod gpl OS standards on the same plate.

2.2.1 l . f  Analysis o f rgplOS by Western Blot

Tissue culture supematents contained rgplOS as determined by positive ELISA 

were analysed for correctly sized protein by western blot. Samples were heated to 

100°C for S minutes to ensure all protein was denatured. Fifteen microlitres o f 

each sample were loaded onto two Bio-Rad mini Protean 10% SDS-PAGE gels 

and electropboresed for 2 hours at lOOV/40 mA. One of the replicate gels was 

stained for protein using comassie blue stain. The second gel was electroblotted 

with a Bio-Rad electroblotter for 1 hour at 100mA onto PVDF membrane
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(Hybond-P, Amersham). The transferred protein was probed for rgplOS using 

two mouse monoclonal antibodies, ARP 3032 and ARP 3030 (AIDS reagent 

program) specific for two conserved domains in the C2 regions o f gpl05. The 

signal was visualised with an anti-mouse HRP conjugate and an ECL kit 

(Amersham). Breifly, the membrane was incubated, in an orbital shaker, in Tris 

Buffered Saline (TBS), 5% marvel and 0.1% Tween-20 (TMT) for 1 hour at room 

temperature to block non-specific reactivity. The membrane was washed three 

times in TBS and the primary antibodies added in TMT at a dilution of 1 in 100 

and the memebrane incubated for a further hour at room temperature. The 

membrane was then washed again and the secondary anti-mouse HRP antibody 

conjugate was added in TMT at a dilution of 1 in 100 and incubated for 1 hour at 

room temperature. After three washes in TBS the membrane was rinsed twice 

with l-2mls o f pre-mixed ECL reagent and sealed in a polythene bag. The 

membrane was then exposed to X-Ray film (Amersham) for 5 minutes at room 

temperature and the film developed.

2.2.11.g Recombinant g p l05 CD4 binding studies

To examine the affinity of recombinant HlV-2 envelope glycoproteins for soluble 

CD4 and CD4-lg (SmithKline Beecham) rgplOS’s were captured onto the solid 

phase by Galanthus nivalis (Snowdrop) GNA lectin (Boehringer-Mannheim), via 

a-mannose residues, as described above. CD4 and CD4-lg was titrated onto 

captured rgpl05 diluted in TMTFCS (20%FCS, 4% Marvel, 0.5% Tween-20 in 

Tris buffered saline) for 2 hours at room temperature, and detected using rabhit 

anti-CD4 polyclonal serum and anti-rabbit -HRP or anti-human -HRP and TMB 

substrate.

To examine the affinity of recombinant HlV-2 envelope glycoproteins for 

biotinylated CD4, B-CD4 was titrated in a two-fold dilution series from 1 pg/ml in

O.IM NaHCO] overnight at 4°C onto Nunc maxisorp plates coated with 5pg/ml 

Streptavidin. Wells were blocked with 3% Bovine Serum Albumin (BSA) in 

20mM Tris azide pH 7.6 for 1 hour at room temperature. Supernatants containing 

soluble recombinant g p l05 were captured onto this solid phase for 2 hours at 

room temperature. Bound rgpl05 was detected using pooled HlV-2 sera and anti-
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human-HRP in TMTFCS and TMB substrate. Mock supernatant, from dHiO 

transfected cells, was used as negative control in all ELISA.

2.2.11.h Humoral response to rgplOS

Serum samples were titrated 2 fold, starting at 1 x 10'^, in TMTFCS, onto GNA 

lectin plates coated with rgpl05 at 6 6 ng/ml in PBS, 1% BSA or mock 

supernatant. Bound human IgG was detected with goat-anti-human IgG-HRP and 

TMB substrate. Data was interpreted as OD units minus OD units obtained on the 

mock plates.

2,2,12 Mapping humoral responses to linear epitopes o f  HIV-2 

gp l60

In collaboration with Dr L Loomis-Price (Henry M Jackson Foundation) the entire 

g p l40 sequence o f HIV-2isy was synthesised as a set o f 216 I 2 mer peptides, each 

peptide overlapping the previous by 8  amino acids. Peptides were denoted by 

their N-terminal amino acid and covalently linked to biotin at the N-terminus by a 

short peptide linker. All assays were performed in 96 well flat-bottomed 

Immulon II (Dynatec) or Maxisorp (Nunc) plates, all washings were performed 6  

times with PBS Tween and all incubations performed at room temperature.

2.2.12.a Peptide quality evaluation using Biotin-HRP

Each peptide was tested for its ability to block the binding of a Biotin-HRP 

conjugate, insufficient blocking would occur if  the peptide was insoluble or had 

been incorrectly biotinylated. Plates were coated, 50pl per well overnight at 4°C, 

with lOpg/ml Streptavidin (Sigma Immunochemicals). Peptides were bound, in 

duplicate, lOOpl per well of 2pg/ml in PBS, for 1 hour on a shaker. Biotin-HRP 

conjugate was added to the peptides, SOpl per well diluted 1:2000 in PBS, 4% 

non-fat dry milk, and incubated for 2 hours. A standard 2-fold dilution curve of 

Biotin-HRP was also set up on streptavidin only wells. HRP substrate was added 

and plates read kinetically for 3 minutes at 450nm.
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2,2.12.b Peps can analysis o f sero-reactive peptides.

Linear epitope mapping of humoral responses to the entire surface and 

transmembrane envelope glycoprotein was performed using the peptides in a 

modified ELISA-based 'Pepscan' assay.

Peptides were bound, lOOpl per well of 2pg/ml in duplicate, onto streptavidin 

coated plates for 1 hour. Sera were diluted, 1:200 in PBS 4% non-fat dry milk, 

and incubated with the peptide antigens for 2 hours. Bound human IgG was 

detected with anti-human Alkaline Phosphatase (AP) conjugate 

(Tagolmmunologicals) at 1:1000 in 4% non-fat dry milk for 1 hour and 1 mg/ml p- 

nitrophenyl phosphate substrate (Sigma Immunochemicals), plates were read 

kinetically for 3 minutes at 405nm. Negative peptides and seronegative Gambian 

blood-donor sera were used as negative controls in all ELIS As.

2.2.12.C Statistical Modelling

The baseline distribution, including median and standard deviation, across the 

plate was calculated and sero-reactivity described in standard deviations (a) from 

the median reactivity to all peptides; peptides with values above 5 a  were 

considered significantly reactive.

Comparisons between peptide sero-reactivities were calculated using the Mann- 

Whitney nonparametric test function in Statview 4.01 software (Abacus, Inc., 

Berkeley, CA). Such nonparametric statistical methods were appropriate for the 

analyses o f our datasets because, by definition, all datasets that are bounded by 0  

(i.e. O.D values) are skewed. Parametric tests, such as Chi Squared analyses, 

were therefore inappropriate as these assume that data is Gaussian and fits a 

normal distribution. In addition, although both Mann-Whitney and Chi Squared 

analyses test the same null hypothesis, that there is no differential recognition, Chi 

squared analyses are not suitable for data sets where any subgroup is smaller than 

5 or 6  values, as is the case for some of our datasets. Furthermore, being a non

parametric test, Mann-Whitney analysis will give a more conservative estimate
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than parametric Chi Squared analyses, and is hence less likely to give type 1 error,

i.e. rejecting the null hypothesis when it is true.

2.2.13 Individual Peptide ELISA

Peptides identified as seroreactive by pepscan analysis were re-analysed by 

individual peptide ELISA. Peptides were bound in triplicate and sera added as 

before, bound IgG was detected either using AP-conjugate, or anti-human HRP 

conjugate and Murex TMB substrate. Non-seroreactive peptides, identified 

during pepscan analysis, were used as negative controls on all ELISA plates.

2.2.14 Production o f  peptide antisera

2.2.14.a Inoculation ofBalb/c mice with oligopeptides

Oil in water emulsions of peptides were inoculated sub-cutaneously, behind the 

neck, into two 6 - 8  week old female Balb/c mice. For each mouse 25 pg of peptide 

was resuspended in 25pi PBS and mixed with 25pi TitreMax Gold™ (CytRx 

corporation) using the manufacturers Method 4: One Syringe, Blunt needle 

protocol. Second inoculations were repeated 29 days after the first. Mice were 

bled for surveillance of humoral responses to peptides by tail-vein bleed method 

into Microtainer® serum separator tubes (Becton Dickinson) and sacrificed 49 

days after the second inoculation.

2.2.14. b Surveillance o f anti-peptide humoral responses

Serum samples from inoculated mice were examined for reactivity to peptides by 

a Horse-Radish Peroxidase based ELISA. Mouse sera was titrated 2 fold from 

1x10’̂  in PBS 4% marvel onto streptavidin captured peptides 641-B, 645-B and 

negative peptide 557-B, negative controls o f normal mouse serum and no serum 

were used in all assays. Bound mouse IgG was realised with Rabbit anti-mouse 

IgG-HRP conjugate diluted 1:1000 in PBS 4% marvel and Murex TMB substrate.
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2.2.14.C  Neutralisation o f H IV -2 isy  by peptide antisera in vitro

Experiments examining the neutralising capacity o f mouse anti-peptide sera were 

carried out in collaboration with Dr Aine McKnight at the Chester Beatty 

Laboratory, London. As this work is still ongoing, no results will be presented in 

this thesis.
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Chapter 3 - C lo n in g  a n d  E x p r e s s io n  o f  E n v e lo p e

G l y c o p r o t e in s
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3.1 Introduction

The envelope glycoprotein o f HIV has been shown to determine viral phenotypes 

such as tropism, cytopathogenicity and growth rate. In order to assess further the 

role of envelope glycoprotein in disease pathogenesis and to study the nature of 

the host immune response directed towards envelope it was necessary to produce 

recombinant envelope material from both viral isolate and infected patient 

material.

The expression o f recombinant envelope glycoproteins using Baculovirus 

expression vectors and insect cell-lines is a well-established and efficient method. 

However, binding studies using monoclonal antibodies, human serum and soluble 

CD4 have shown that these recombinants often differ from native, isolate purified, 

envelope glycoprotein (Moore et al., 1990). Systems currently available for the 

expression of recombinant glycoproteins in mammalian cell-lines are time 

consuming and inefficient due to the many stages involved. They usually require 

that the gene of interest is initially cloned, by PCR, into a prokaryotic rescue 

vector for propagation and manipulation, transfer o f the gene into a second 

expression vector for eukaryotic expression is subsequently required.

This chapter describes the development of system, based on the eukaryotic 

expression vector pcDNAS (Invitrogen), whereby a single vector is utilised for 

both the rescue o f PCR cloned envelope genes and subsequent mammalian 

expression of recombinant glycoprotein in vitro.

The mammalian expression vector pcDNA3 had several advantageous properties 

for this novel expression system:

1. A “bifiinctional” CMV (human cytomegalovirus) major immediate-early / 

T7 promoter system, enables recombinant protein to be expressed both in 

prokaryotic and eukaryotic systems.
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2. Ampicillin resistance gene, B-lactamase, and the ColEl origin of 

replication allowing for the selection, maintenance, manipulation and 

propagation of clones in E.coli hosts.

3. A Neomycin gene, encoding an aminoglycoside phosphotransferase (APH) 

that detoxifies the antibiotic G418, enables stabley expressing mammalian 

cell lines to be generated and maintained.

4. A polylinker containing multiple restriction enzyme sites downstream of 

the promoter sites.

5. A bovine growth hormone (BGH) polyadenylation signal downstream of 

the polylinker enhances messenger RNA stability.

6 . The relatively small size o f pcDNAB (5.4 kilobasepairs (Kb)), in 

comparison to most eukaryotic expression vectors, allows efficient high 

copy number replication in E.coli hosts.

Vector pcDNAB was modified to increase the cloning efficiency o f PCR products 

by the addition o f Clone-Amp™-like cloning tails (Life Technologies), and the 

insertion o f an artificial leader sequence upstream of the cloned envelope open- 

reading frame. The leader sequences was inserted to target translated preprotein 

to the Rough Endoplasmic Reticulum (RER) and Golgi secretory pathways for the 

glycosylation and export of recombinant envelope glycoproteins.
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Figure 3.1 The eukaryotic expression vector pcDNAB (Invitrogen)

3.2 Construction of expression vector pcDNA3-Tpa

Leader-sequences modulate the efficient export o f  pre-proteins into the Rough  

Endoplasmic Reticulum (RER) and Golgi body, folding and glycosylation o f  the 

preprotein occurs within these organelles to form the mature glycoprotein that is 

subsequently exported to the cell-surface via a vesicle pathway. The leader- 

sequence from native HIV envelope is inefficient, in order to increase the 

efficiency o f  recombinant preprotein maturation and export, a highly efficient Tpa 

leader sequence from the vector pE E 14.gpl20, (Rhodes et al., 1994), was inserted 

upstream o f  the envelope open-reading frame cloning site in the polylinker o f  

pcD N A 3.
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3.2,1 Insertion o f  Tpa leader sequence

The Tpa leader sequence was inserted into Hind 111 - Bam HI restriction sites in 

the polylinker o f  pcDNA S. One microgram o f pcD N A 3 was digested with the 

restriction enzym es Hind III (New England Bio labs) and Bam HI (New England 

Biolabs) in Ix Universal buffer (IM  KOAc, 250m M  Tris-Acetate (pH 7.6), 

100mN4 M gO A c, 5mM B-mercaptoethanol, lOOpg/ml Bovine serum albumin 

(B SA )) (Stratagene). Five micrograms o f  vector pE E 14.gp l20  was digested with 

Hind III (N ew  England Biolabs) and Bgl II (Boehringer-Mannheim) using the 

same reaction conditions as above. Digestion products were separated by 2% 

agarose gel electrophoresis.

Hind III

Tpa-Leader - I84bp

pEE14.gpl20

Kpn /

Bgl II H IV -lgpl20
Hind III

Figure 3.2 The vector pE E 14.gpl20 showing restriction enzym e sites used for the 
excision  o f  the Tpa Leader sequence (Rhodes et a i, 1994).

The large fragment ( -5 .4  Kb linearised vector backbone) from pcDNA 3 digest 

and the small fragment (~184bp tpa leader sequence) from pE E 14.gpl20 digest 

were excised from the gel using sterile scalpel blades and the D NA fragments 

purified using G e n e c l e a n ^ M  protocol (BIO 101).
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The two fragments were ligated 10:1 Tpa insert: pcDNAS backbone ratio using 2 

units T4 D N A  ligase (Stratagene) and transformed into SCS I Supercompetent 

E.coli (Stratagene).

E leven transformants, ampicillin resistant colonies, were picked into 3mls o f 2x  

Ty broth containing ampicillin and grown-up overnight in an orbital-shaking 

incubator. Plasmid D N A  was extraction and purified from the broths according to 

the Pro mega Ltd. Wizai'd ™  Alkaline Lysis Miniprep protocol. Live micro litres, 

approximately Ipg, o f each purified plasmid was checked for size and structure 

by gel electrophoresis and restriction mappings.

3.2.1.a Restriction enzyme analysis o f vector construct

Restriction mappings, using Bam HI, Bgl II, Eco RI and Sdu I were carried out on 

the eleven transformants to verify the uptake and correct orientation o f the tpa 

leader insert.

Hind III Tpa leader

Sdu I

PcDNA3-Tpa

EcoRI

Sdu I

Ligure 3.3 Diagram o f the restriction enzym e sites used to verify the construct o f
pcDNA3-Tpa.
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Bam HI digestion

Ligation o f  Tpa fragment Bgl II site with pcDNAS site Bam III results in the 

disruption o f  this site in the final pcDNAS-Tpa construct. Plasmids were digested  

with the restriction enzyme Bam HI, digestion products were checked by gel 

electrophoresis for non-linearisation when compared to linearised pcDNAS  

control digestion. Non o f  the eleven plasmids linearised, whereas control plasmid 

pcDNAS did as indicated by slight retardation upon gel electrophoresis (Figure 

S.4). These results indicated that these eleven plasmids had indeed lost their Bam  

HI restriction enzym e site, possibly due to the uptake o f  the Hind III - Tpa - Bgl II 

fragment.

2SK'
6.5K
4.SK
2.SK
l.SK

SIO - 

194-

1 7  S 4  S b  7  g Q 1 0  11 1 7  I S  1 4

-6.4K

Figure S.4 Tracks 2 -8 ,10 -lS  Bam HI digestion o f  eleven am picillin resistant 
plasm ids resulting from Tpa-pcDNAS ligations, track 14 Bam HI control 

digestion o f  pcDNAS. Markers in tracks 1 and 9 comprise a mixture o f  (j)X174 
Dl^A/Hae III and Lambda D N A ///zW  III spanning 2S,1S0 to 72 basepairs.

3.2. La. a Bgl II and Eco RI digestion

The size o f  the insert was verified by digestion with Bgl II and Eco RI. The Bgl II 

restriction site lies 890bp upstream o f  the Tpa insert site prior to the CMV  

promoter in pcDNAS and the Eco RI site lies SI bp downstream in the polylinker. 

Control digestion o f  pcDNAS was performed and fragment sizes assessed by gel 

electrophoresis. All eleven plasmids released correctly sized fragments o f  1105bp
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(890+184+31) and 4525bp (pcDNA3 backbone), control digestion o f  pcDNA3  

resulted in the same 4525bp backbone fragment and the appropriate 184bp 

smaller 921 bp fragment, indicative o f  no Tpa insert (Figure 3.5)

310

194

■>
■>

1 2 3 4 5 6 7

ta at «

9 10 11 12 13 14 15

## ##

-4525

921

Figure 3.5 Tracks 2-8,10-13 Bgl II and Eco RI digestion o f  eleven ampicillin  
resistant plasmids resulting from Tpa-pcDNA3 ligations show ing fragment sizes 
o f  4525bp and 1105bp, tracks 14 and 15 control digestions o f  pcDNA 3 showing 

fragment sizes o f  4525bp and 921 bp. Markers in tracks 1 and 9 comprise a 
mixture o f  (j)Xl 74 DNA///r?c III and Lambda D^AJHind III spanning 23,130 to

72 basepairs.

3.2.1. a. Hi Sdu I digestion

Sdu I digestion was performed to ensure that the insert was indeed Tpa and not a 

similarly sized Hind III-Bgl II fragment o f  g p l20 that may have arisen from 

pE E 14.gp l20  digestion. Sdu I sites occur in pcDN A 3 71 bp upstream o f  the Hind 

III insert site and 86bp downstream o f  the Bam HI site, a Sdu I site occurs in the 

Tpa leader sequence 104bp from it’s Hind III site, no Sdu I sites occur in the 

g p l20 sequence o f  pEE 14.gpl20. The asymmetric Sdu I  site in Tpa also allowed  

the insert orientation to be verified. Four plasmids gave the correct band pattern 

upon gel electrophoresis o f  5289bp backbone, 175bp (71+104) and 166bp ((184- 

104)+86) (Figure 3.6). Two o f  these plasmids were transformed into E.coli and 

grown-up in lOmls 2x Ty broth, purified using Promega Ltd. Midiprep™ protocol
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and the D N A  concentration measured using a TKIOO minifluorometer (Hoefer 

scientific instruments) against a known concentration standard o f  C alf Thymus 

DNA. The resulting plasmids, pcDNA3 with the /pcf-leader inserted in the correct 

orientation in the poly linker sites Hind III and Bam HI, were named pcDNA 3-Tpa  

and subsequently used for making mature cloning vector.

1 2 3 4 5 6  7 9 10 11 12 13 14

Figure 3.6 Sdu I digestion o f  eleven ampicillin resistant plasmids resulting from 
Tpa-pcDNA3 ligations, tracks 4,6,7 and 9 show the correct band pattern o f  

5289bp backbone, 175bp and 166bp. N o Markers are shown.
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3.2.2 Modification o f  pcDNAS-Tpa to increase cloning efficiency

Vector pcDNA3-Tpa was modified to increase the cloning efficiency of PCR 

products. Modifications were made based on the CloneAmp™ pAmpl rapid 

cloning system (Life Technologies). This system is designed for the ‘rescue’ of 

Polymerase Chain Reaction (PCR) amplified DNA fragments, and is 

schematically represented in Figure 3.7. The gene o f interest is specifically and 

exponentially amplified by PCR and copies produced are directly integrated into a 

modified mammalian expression vector utilising the enzyme Uracil DNA 

Glycosylase (UDG), facilitating directional cloning o f the PCR products. The 

gene to be cloned is amplified using primers with 5’ non-specific extensions, 

these ‘tails’ contain dUMP residues in place of dTMP. The vector is prepared as a 

linear structure to which double-stranded tails have been annealed, these tails each 

consist o f a dUMP containing strand and the complementary dTMP strand. The 

PCR product and tailed vector are treated with UDG which disrupts the base 

pairing o f the dUMP containing strands by rendering these residues abasic, this 

results in 3’ protruding termini on the PCR products which complement the 5’ 

protruding termini o f the vector, thus specific and directional annealing occurs. 

The resulting circularised vector is transformed into E. coli, conferring antibiotic 

resistance. Insert-containing plasmids are extracted purified from the E.coli host 

and transfected into mammalian cells for eukaryotic recombinant protein 

expression.
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4
Target gene

Specific Primers with non-specific 
Uracilated tails

PCR Product

The enzyme Uracil DNA Glycosylase removes uracil 
residues from both the PCR product and the linker-tailed 
vector

Removal of the uracilated ends reveals compatible sticky 
ends, enabling the PCR produce to anneal to the vector in 
a directional manner

The full-circle vector 4- insert is transformed into E.coli. 
Following screening and purification, plasmid is transfected 
into mammalian cells and recombinant post-translationally 
modified envelope glycoprotein is expressed.

Figure 3.7 Schematic representation PCR product cloning using the Clone Amp™

pAm pl rapid cloning system.
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E coJ?l

5 |a ATTCCAATTGAAGGTCGT3*  
3’GGUUAACUUCCAGCA5*

5*CAUCAUCAUUAAGCr&
3*GTAGTAGTAATTCGCCGG 5*

Figure 3.8 4 oligonucleotides were annealed to form 2 cloning tails, these were 
annealed onto linearised pcDNA 3-Tpa to form mature cloning vector. One o f  

each pair o f ‘o ligos’ contained Uracil residues in place o f Thymidine, shown in
red.

The two cloning-tails were ligated onto the linearised vector at a 300:1 molar 

ratio, tails to vector, in the presence o f T4 D N A  Ligase and Ix ligase buffer in 

dFIzO to a total volume o f 250pl, incubated at 20-25°C  for 1 hour and the reaction 

quenched on ice (Figure 3.9). Excess cloning tails and residual T4 D N A  Ligase 

were removed, and the vector purified, by gel electrophoresis, band excision  and 

GenecleanTM. The purified vector was resuspended in TE to a concentration o f  

12.5ng per pi and stored at -20°C.
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-H E c o  RI e n d  l inker

A4V/ + Not I end linker

EcoRI

Figure 3.9 Schematic representation o f the annealing o f  cloning tails onto 
linearised pcDNA 3-Tpa to form mature pcDNA 3-Tpa cloning vector.

3 . 2 . 2 . C  Testing vector batches

Vector batches were tested by cloning U-tailed amplified g p l20 PCR product 

from F I I V - I iiib according to the protocol set out in section 2.2.6, efficiency was 

calculated by screening bacterial transformants for HIV-1 g p l20 inserts using the 

protocol set out in section 2.2.4.J. Vector batches were variable in their 

efficiency, however, if fresh reagents were used for vector preparation, cloning 

efficiencies o f  up to 90% could be routinely achieved (Figure 3.10).
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Figure 3.10 Gel photograph o f  PCR screen o f  bacterial transformants for H lV-2  
envelope glycoprotein inserts. A  507bp band identifies g p l05 positive clones. 

Individual pcDNA 3-Tpa vector batches routinely achieved cloning efficiencies o f  
upto 90%. Stratagene Kb D N A  markers are shown.

3.3 PCR amplification of HIV envelope glycoprotein

Full-length (g p l60 HIV-1, g p l40 H lV -2) and surface (g p l2 0 /g p l05) envelope  

glycoprotein was PCR amplified from proviral D N A  using optimised conditions 

set out in sections 2.2.5.a,b,c and d. Envelope was amplified successfully from 

HIV molecular clones, patient D N A  and D N A  extracted from isolate chronically 

infected cell-lines or primary-isolate infected PBMC cultures.

3.3.1 Generation and cloning o f  HIV-1 envelope PCR products

In collaboration with Dr J McKeating and Mrs. A  Murphy at The University o f  

Reading surface (g p l20) and full-length (g p l60) envelope glycoproteins were 

cloned and expressed from a wide variety o f  molecular clone, isolate and patient 

sources. Examples o f  the envelopes cloned include:

119



• “CL” Series: A diverse set of viral isolates from one patient taken at a single 

time-point, some o f the isolates avoid neutralisation by monoclonal antibody 

F205, which targets a linear epitope in gp41 (Tan et al., 1993).

• V1/V2 Variants: Envelopes with VI and V2 loop length polymorphisms 

contributing to the ability of chimeric viruses to escape neutralisation (Palmer 

et al., 1996).

• Divergent Subtypes: We have cloned envelope genes from all available sub- 

types o f HIV-1, A-G, and Camaroonian sub-type O. Divergent envelope 

glycoprotein panels enable cross-neutralising epitopes to be examined.

• Subtype-G: Two subtype G isolates involved in a vertical, mother to baby, 

transmission case.

• SF2 and SF162: Two isolates from one patient taken at 2 different time-points. 

SF162 is a slowly replicating Non-syncitium-inducing (NSI) virus in vitro, 

conversely SF2 is a fast replicating syncitium-inducing (SI) virus. Several 

authors have reported that syncitium inducing viruses are associated with the 

onset o f AIDS, these clones were made in order to study sequence or 

conformational changes that may contribute to the NSI to SI switch that 

occurs during AIDS progression.

• “JA 18”: NSI to SI switch pairs isolated from the peripheral blood 

lymphocytes o f 18 patients

The generation of PCR products and the cloning of these products into vector 

pcDNA3-Tpa was carried out at UCLMS by both Dr P Balfe and myself. In vitro 

expression and characterisation o f the resultant recombinant envelope 

glycoproteins was undertaken at The University o f Reading by the above 

mentioned colleagues.

3.3.2 Generation and cloning o f  HIV-2 envelope PCR products

In collaboration with the MRC ARP, Dr K Ariyoshi at The MRC Hospital in 

Fajara and Dr J Breuer at Royal London Hospital, surface (gp l05) and full-length 

(gpl40) envelope glycoproteins were cloned and expressed from a wide variety o f
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molecular clone, isolate and patient sources. Examples o f the envelopes cloned 

include:

• pRODio - Full length infectious clone , containing the complete proviral 

sequence from the isolate H IV -2 ro d  (Clavel et al., 1986b)

• IS Y: Full length lambda molecular clone derived from The Gambian isolate 

H IV -2sbl6669, has been fully sequenced and phenotypically characterised in 

vitro (Franchini et a l,  1989a). The clone was transfected into cell culture and 

envelope cloned from extracted proviral DNA.

• KF3 and EGP - 2 plasmids, cloned from HIV-2 IS Y into pBluescript II 

(Stratagene), when ligated infectious virus is recoverable (Hattori et a l,  1990).

• “CBL Series”: 5 (CBL 20 -24) viral isolates (MRC ADP) obtained from HIV- 

2 Gambian patients with diverse disease status. Isolates have differing in vitro 

phenotypes. Their phenotypes have been correlated to the clinical status of 

the patients at the time of sampling. Phenotypes range from fast replicating 

and highly cytopathic from a patient that died o f AIDS (CBL 20), to slow 

replicating and non-cytopathic from an asymptomatic patient (CBL24) 

(Schulz et a l,  1990). Isolates were grown on H9 or C8166 cells before 

proviral DNA extraction and envelope cloning

• Caio Cohort: Several HIV-2 Patient DNA samples from a rural community in 

Guinea-Bissau. Patients in this village have been longitudinally studied and 

found to comprise mainly of Long-term Non-progressors (Xiang et a l,  1997).

5.3.2, a HIV-2 gp l 05 PCR and cloning

Once optimised, routine amplification of g p l05 from molecular clone or isolate 

material was elementary (Figure 3.11), however, good quality DNA template was 

essential. Cloning g p l05 amplification products was readily achieved with very 

high positive clone frequencies. The number o f positive clones was generally a 

reflection o f the concentration of PCR product remaining after band excision and 

DNA extraction by Geneclean™.
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3.3.2.a.i PCR amplification o f HIV-2 g p l 05 from  viral Isolates and 

Molecular clones

Optimised PCR protocols for the specific amplification o f g p l05 open reading 

frames are described in sections 2.2.5.c and 2.2.5.d. However, tertiary 

amplification of isolate CBL20 g p l05 could not be achieved with cloning primers 

N0283 and N6030. Secondary PCR products from CBL20 g p l05 amplification 

were sequenced and specific cloning primers designed, see section 3.3.3.

3.3.2. a. a PCR amplification o f  HIV-2 g p l 05 from  Patient DNA (Caio

cohort)

Amplification from patient DNA material was attempted on eight samples from 

different Caio patients. Phylogenetic information derived from Gag sequences 

was used to select samples for analysis. Four pairs of samples were chosen, each 

pair comprising one sample from an asymptomatic subject, the other form a 

symptomatic or dead individual, the samples within a pair were genetically 

clustered with each o f the four pairs spread across the whole tree, this resulted in a 

broad spectrum o f genetically unrelated pairs. This selection enabled 

investigation of differing viral phenotypes despite the viral pairs having similar 

genotypes.

G p l05 PCR products were obtained from 5 o f these samples, B1068, B1095, 

B1153, B1155 and B1231, 3 samples did not amplify B1245, B1074 and B1229, 

PCR conditions were varied for these samples but without success. Samples 

B1068 and B1095 and B1155 and B1153 fall on the same branches of a 

phylogenetic analysis o f HIV-2 Gag sequences, however samples B1231 and 

B1245 also fall on the same branch indicating sequential differences may not be 

the only factor determining PCR amplification success. The disease status, as 

measured by CD4%, or RNA load at time of sampling also had no significant 

effect on amplification success (Table 3.1), it is therefore likely that poor quality 

DNA template is the most probable reason for amplification failure.
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10 11 12 13 14

Figure 3.11 Nested PCR amplification o f  1.4Kb surface g p l05 from various 
D N A  sources using second round primers N 9449 and N 9540. Tracks 1 :Kb D NA  
marker, 2-9 Caio patient D N A  (2:B1068 3:B1074, 4:B 1221, 5 :B 1 153, 6:B1245, 

7:B1095, 8:B1231, 9: B 1155), 10-14 Isolate D N A  samples (10; CBL20, 11 : 
CBL21, 12: CBL22, 13: CBL23, 14 CBL24). PCR products from molecular 

clones pRODlO, IS Y and KF3 are not shown.

DNA

sample

CD4% RNA load per 10  ̂CD4 

positive cells

Amplification o f  

gplOS

B1153 1 107143 positive
B1068 16 2656 positive
B1229 19 1 0 negative
B1155 2 0 2625 positive
B1231 2 0 3000 positive
B1245 2 2 77.3 negative
B1095 28 571 positive
B 1074 34 11411 negative

Table 3.1 Summary o f  clinical parameters o f  Caio cohort patients. Amplification  
success o f  the gp l 05 open reading frame from patient proviral D N A  is indicated.

3.3.3 HIV-2 CBL 20 sequencing and g p l 05 PCR

The first isolate in the CBL series, CBL20, did not am plify using tertiary cloning  

primers N 0283 and N 6030, (Figure 3.12). Good g p l05 amplification product was 

achieved in first and second round amplifications, it therefore seem ed that one, or 

both, o f  the cloning primers were mis-matched to CBL20 g p l05 causing 

amplification to fail.
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Figure 3.12 N 0283, N 6030  PCR on N 9449, N 9450 amplified CBL 20, 21 and 23 
at varying input volum es, top row; tracks 2-4 0 .5 pi input, tracks 6 - 8  2pl input and 
bottom row; tracks 2-4 5pl input. KB D N A  marker is shown in tracks 1, 5 and 9. 
N o amplification o f  CBL 20 samples occurs, the band seen is first round product 
carried forward. N ote also that amplification o f  CBL21 is inhibited at 5 pi input.

Envelope sequence data for CBL 20 was not available, therefore, in order to 

design cloning primers specifically for the amplification o f  CBL 20 envelope 

manual sequencing o f  second round double-stranded PCR product was performed 

using a modified dideoxy chain termination method according to the protocol set 

out in 2.2.4.k.

Several secondary CBL 20 amplifications were set up to produce large quantities 

o f  D N A  necessary for sequencing. PCR product was purified by gel 

electrophoresis, band excision  and Geneclean'^'^. This product was sequenced  

using primers N 9449(sense) and N 9450(antisense). The resulting sequence was 

aligned using PC/GENE (Intelligenetics) against the database sequence o f  CBL23 

(Figure 3.13).
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The sense sequence aligned very well, with only a 2 base mis-match, indicating 

that the sense cloning primer, N 0283, would match and anneal to CBL 20 g p l05 

open reading frame. The antisense sequence o f CBL 20 differed from CBL 23 by 

5 bases in the centre o f N 6030 binding site. This 5 base mis-match o f primer to 

target may explain why no PCR product was produced when CBL 20 was 

subjected to N 0283 and N 6030 amplification.

A C B L20-specific antisense cloning primer, P2013, was designed based on the 

sequence information obtained.

5’UUAAUGAUGAUGATGATGTCTTTTCTGATTTGTAGG3’ = P2013

Amplification o f  CBL 20 N 9449/50 product with N 0283(sense) and the newly 

designed antisense P 2013(antisense) cloning primers produced a high yield 

product, as visualised by gel electrophoresis. Following integration into tailed 

pcD NA 3-Tpa vector many clones were recovered as indicated by PCR positive 

screened ampicillin resistant colonies (data not shown).
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mis-matched base
SE N SE  A L IG N M E N T :

CBL20 - ..................................................................................................TTTGTGACTGTTTTTT^TGGCATACCCT....

CBL23-CTAGTACTTGCTTGATATATTGCACCAATTATGTGACTGTTTTCTATGGCATACCCG....

r m i^ c

N9449 ^  ^  N0283 cloning primer

A N T ISE N SE  A L IG N M E N T :

...,AATTCGTGTCGCACCTACAAATCAGAAAAGATATTCCTa;GCTCCAOTGAGGAACAGAAGAGco«»>i«ed

....AATTGGCTTCGCACCTACAGCAGAAAAAAGATACTCCTCTACTCCAATGAGGAACAAGAGAGconrin«<?<i

< ----------------------------------
N6030 cloning primer

continued G T ......................................................................................................... - CBL 20

continued GTGTGTTCGTGCTAGGGTTCTTGGGTTTCTCGCA - CBL 23

^  N9450

Figure 3.13 Sequence alignment o f N 9449,N 9450 sequenced CBL 20 gp l0 5  regions against CBL 23 . Mis-matched bases are shown in red,
note the large number o f mismatches in CBL20 at the N 6030 binding site.
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3.3.3.a PCR amplification and cloning o f HIV-2 gpl40

The amplification and cloning of full-length HIV-2 gpl40 was far more 

problematical than for surface gpl05 (Figure 3.14). Problems arose during both 

PCR amplification of gpl40 and cloning of gpl40 products. The large size, 

approximately 2Kb, and propensity for secondary structures to occur in gpl40 

sequences may have caused these problems. Samples which failed to amplify and 

clone were examined separately and PCR conditions, E.coli hosts and E.coli 

incubation temperatures were all altered. Positive clone frequency was enhanced 

when using SURE® Epicurian Coli supercompetant cells, (Stratagene) which lack 

uvuC and umuC genes, involved in repairing DNA lesions, resulting in increased 

stability o f DNA containing long inverted repeats (data not shown).

3.3.3.a.i PCR amplification o f  HIV-2 gpl40  from  viral Isolates and 

Molecular clones

Gpl40 PCR products were successfully amplified from all molecular clones and 

isolates CBL 21,22 and 24. Amplification products were genecleaned and cloned 

into pcDNA3-Tpa, positive clones were only obtained from ISY, ROD, KF3 and 

CBL 24, the number of positive clones obtained was far less than the equivalent 

for gpl05.

3.3.3.a.ii PCR amplification o f  HIV-2 gp l40  from  Patient DNA (Caio 

cohort)

Gpl40 PCR products were only obtained from samples B1068, B1095 and 

B1231, however, no gpl40 positive clones were obtained from any of these PCR 

products.
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10 11 12 13 14

Figure 3.14 Nested PCR amplification o f  2.5Kb full-length g p l4 0  from various 
D N A  sources. Tracks l:Kb D N A  marker, 2-9 Caio patient D N A  (2;B1068  

3:B 1074, 4:B1221, 5 :B 1153, 6:B1245, 7:B1095, 8:B1231, 9: B 1155), 10-14 
Isolate D N A  samples (10: CBL20, 11: CBL21, 12: CBL22, 13: CBL23, 14 

CBL24). PCR products from molecular clones pRODlO, ISY and KF3 are not
shown.

3.3,4 Verification o f  envelope clone constructs by restriction

endonuclease digestion.

Envelope PCR products were cloned into mature pcD NA 3-Tpa vector as 

described in section 2.2.6. Envelope PCR positive bacterial transformants were 

identified and plasmid preparations were made using Promega Ltd. miniprep"^^. 

Constructs were verified by restriction endonuclease digestion, Eco RI and Not I 

or Hind III and Not /, in the manufacturers recommended reaction conditions and 

digestion products separated by gel electrophoresis (Figure 3.15). PcDNA3-Tpa 

g p l0 5  clones o f  the correct form released a 1.5Kb envelope fragment and a 5.4Kb 

vector backbone; gpl40-containing plasmids released the appropriated larger 

sized envelope fragment. Some clones from particular isolate or D N A  sources 

released 2  smaller fragments that together comprised the envelope fragment. 

Restriction endonuclease digestion using Hind III and Not I resulted in the release 

o f  only 1 envelope fragment from all clones tested, data not shown. These results 

show that internal Eco RI sites are present in the envelope glycoprotein sequences 

from certain viral sources, several different fragment patterns were observed, 

however, fragment patterns were identical in several envelope clones derived 

from the same source, (Figure 3.15), indicating this Eco RI site to be polymorphic 

between sources but preserved within a single viral source; isolate or patient.
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1 2 3 4 5 6 7 16 17 18 19 20

Figure 3.15 Eco RI and N ot I digestion o f  pcDN A 3-Tpa g p l0 5  clones derived 
from Caio. Tracks 1, 11 and 20 Kb D N A  marker (Stratagene), Tracks 2,3 and 4 
B1068 derived clones. Tracks 5 and 6  B 1 153, Tracks 7-13, 16 and 17 B1095, 

Tracks 14 and 19 B1231 and Tracks 15 and 18 B 1 155.

3.3.5 Expression o f  envelope glycoprotein  in vitro

PcDNA3-Tpa envelope plasmids were transfected, using lipofectA M INE®  or 

Calcium Phosphate methods into Human epithelial cell-line 293. Expression o f  

recombinant envelope glycoprotein was driven o ff  the T7 promoter by infecting 

the 293 cells with Vaccinia virus VTF 7 . 3  (recombinant vaccinia virus, expressing 

bacteriophage T7 RNA polymerase (Fuerst et ciL, 1986)) prior to transfection 

according to the protocol set out in section 2 .2 .8 .c. The presence o f  recombinant 

HIV envelope glycoprotein in the supernatant was assessed using sandwich  

Enzyme Immunosorbant A ssay (ELISA), discussed further in chapter 4.
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3.4 Summary of results

PcDNA3 (Invitrogen) offered many advantages over other available vectors for 

the cloning and expression of recombinant proteins in vitro, the most important of 

which being the ability to propagate in both prokaryotic and eukaryotic systems. 

PcDNA3-Tpa has been designed and developed specifically to facilitate the rapid 

and efficient cloning of PCR amplified envelope sequences from diverse viral 

DNA sources, and the subsequent high level expression of recombinant 

glycoproteins in mammalian cell-lines. Modification of pcDNA3-Tpa, by the 

addition of clone-Amp®-like cloning tails, has enabled cloning efficiencies of 

upto 90% to be routinely achieved. Insertion of the Tpa leader sequence upstream 

of the envelope open reading frame caused the expressed preprotein to be 

efficiently targeted to the rough endoplasmic reticulum and golgi apparatus for 

glycosylation, maturation and export via the vesicle pathway. The efficiency and 

flexibility of this system has enabled a vast array of HIV envelope glycoproteins 

to be cloned and expressed for use in many diverse studies (Fox et al., 1997, 

Lewis et al., 1996, McKeating et al., 1996a, McKeating et al., 1996b, Murphy et 

al., 1996, Palmer et al., 1996). In addition to HIV 1 and HIV-2 envelope 

glycoproteins, this plasmid has also been used to clone, and express both 

transiently and stabley, envelope glycoproteins from other viruses including 

Bovine Immunodeficiency Virus (BIV), Hepatitis C virus and Human Herpes 

Virus 8  (KSHV) (Elzinger, B. et al. unpublished, Ferns, R.B. et al. unpublished).

PCR amplification of diverse surface gpl20/gpl05 sequences was readily 

achieved, however, amplification o f full-length gpl60/gpl40 was not successful 

in many cases, possibly due to primer mis-match. Cloning o f these full-length 

gpl60/gpl40 amplification products, into pcDNA3-Tpa, also proved difficult 

depending on the source of envelope. Cloning gpl60/gpl40 from patient DNA 

samples was difficult, however, in contrast cloning gpl60/gpl40 from HIV 

molecular clone DNA was relatively simple. Several different E.coli strains, 

deficient in DNA repair mechanisms, were examined for their ability to increase
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the efficiency o f gp 160/140 cloning, but none were successful for all envelope 

constructs.
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Chapter 4 - C h a r a c t e r i s a t i o n  o f  E x p r e s s e d

G l y c o p r o t e in s
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4.1 Introduction

This chapter evaluates pcDNA3-Tpa produced recombinant envelope 

glycoproteins in the context of their significance as accurate models for in vivo 

envelope glycoproteins circulating within an infected host and expressed on the 

surface of virions and infected cells. In contrast to the vast array of reagents 

available for the detection and characterisation o f mammalian expressed HIV-1 

envelope glycoproteins, comparable HIV-2 reagents are scarce.

The lack of available reagents, the majority of which are specific for baculovirus 

expressed recombinant H I V - 2 r o d  envelope glycoproteins or synthetic peptides, 

and the many problems encountered during the analysis and characterisation of 

the recombinant HIV-2 envelope glycoproteins are discussed. As a consequence 

it was necessary to design, develop and validate HIV-2 specific ELISA’s for the 

detection, quantification and characterisation o f pcDNA3-Tpa mammalian 

expressed recombinant envelope glycoproteins. In a similar fashion assays for the 

analysis o f HIV-2 envelope-CD4 and cell-surface binding affinity utilising 

ELISA, FACS and in situ cell-staining methods had to be designed, developed 

and evaluated.

The first section describes experiments utilising a variety of monoclonal 

antibodies specific for both linear and conformation epitopes, human sera and 

CD4 molecules, to validate the use o f pcDNA3-Tpa to express recombinant HIV- 

1 envelope glycoproteins that model native, in vivo, HIV-1 envelope 

glycoproteins. In addition, the significance o f PCR-induced error resulting in 

artificial antigenic or functional variability in recombinant HIV-1 envelope 

glycoproteins is discussed. Due to the lack of reagents, similar validation 

experiments could not be performed with the recombinant HIV-2 envelope 

glycoproteins, therefore, validation results obtained with HIV-1 envelope 

glycoproteins have been concluded to be relevant for pcDNA3-Tpa expression of 

HIV-2 envelope glycoproteins.
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Subsequently, the ability to quantify and characterise recombinant envelope 

glycoproteins also allowed for the efficiency and reproducibility o f transfection 

techniques to be compared, and improved, in order to yield optimal concentrations 

o f recombinant glycoproteins.

Finally, recombinant HIV-2 rgplOS envelope glycoproteins were tested for their 

ability to bind a variety o f soluble CD4 based molecules and native CD4 on the 

surface o f human T-cells, in order to determine the role of CD4 receptor-envelope 

interactions in determining HIV-2 viral phenotype.

4.2 Analysis of HIV-1 gpl20

Anthea Murphy, working at the University of Reading, performed antigenic and 

functional characterisation of HIV-1 recombinant envelope glycoproteins during 

her Ph.D. work. This section describes the techniques and results of her work but 

does Not /nclude specific data, which are presented in her own thesis.

4,2,1 Antigenic characterisation o f  recombinant gp 120,

A  series of ELISA based assays were performed in order to assess the antigenic 

nature o f various pcDNA3-Tpa expressed recombinant HIV-1 gpl20 clones. At 

least six rgpl20 clones from each o f seven low passage HIV-1 isolates were tested 

for binding against a panel of human sera, g p l2 0  specific monoclonal antibodies 

and soluble recombinant CD4 or soluble CD4-IgG. Included in the monoclonal 

antibody panel were: 2G12 (MRC ARP3064), conformation and carbohydrate 

dependent human mAh, and Rat 62c (MRC ARP3075) conformation dependent 

V2 mAh derived from a CHO expressed recombinant gpl20 immunised rat. 

Several other rat monoclonals reported to block gpl20-CD4 interactions and 

neutralise various HIV-1 strains in vitro were also included.
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The affinity of these sera, monoclonal antibodies and soluble CD4 for the 

different rgpl20 clones was variable (data not shown). However, none of the 

rgp l20’s tested negative for all antibodies. These results indicate that significant 

antigenic polymorphism occurs between rg p l2 0  clones derived from a single 

isolate. The high affinity of 2G12 human monoclonal antibody to some of the 

rg p l2 0  clones suggests both that recombinant envelope glycoproteins expressed 

using the pcDNA3-Tpa system are correctly folded and glycosylated and that they 

antigenically reflect envelope glycoproteins in vivo during HIV infection.

4.2.2 The contribution o f  PCR4nduced error to rgpl20 antigenic 

polymorphism.

To assess whether the antigenic and CD4 binding variations observed between 

rg p l2 0  clones derived from a single isolate may have been generated by 

transcriptional or translation errors occuring during the pcDNA3-Tpa cloning 

process, a series of amplifications using a clonal template was performed. The 

proviral DNA copy number in the isolate material used was calculated by a limit 

dilution method. Clonal template pHXB2 was then diluted to the same copy 

number and gpl20 amplified using the same PCR primers and conditions as the 

original isolates. The gpl20 PCR products were cloned as before into pcDNA3- 

Tpa, plasmids prepared and transfected into vaccinia virus VTF7.3 infected 293 

cells. Antigenic characterisation by ELISA showed limited variation in binding to 

rat conformation dependent and linear monoclonal antibodies and to soluble CD4- 

IgG (data not shown). These data suggest that the antigenic polymorphism 

described previously was not an artifact o f PCR amplification or pcDNA3-Tpa 

cloning, but a reflection o f the degree of phenotypic polymorphism present within 

HIV-1 virus isolates.

The numbers o f reagents available for the antigenic characterisation of HIV-1 

envelope glycoproteins are far larger than those available for HIV-2. For example 

conformation-dependent monoclonal antibodies raised against mammalian 

expressed HIV-2 gplOS were not available. However, results indicating that 

rgpl20 clones expressed using the pcDNA3-Tpa system reflect the folding,
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glycosylation and antigenicity of envelope glycoproteins in vivo suggest that 

rgplOS clones expressed using the same vector and expression system would also 

be representative o f the envelope glycoproteins in vivo during HIV-2 infection. 

Similarly the evidence for lack of cloning induced error during gpl20 

amplification also implies that during HIV-2 gpl05 amplification, using similar 

DNA polymerases, any antigenic polymorphisms in expressed rgplOS clones is 

unlikely to be due to transcriptional or translational error incurred during the 

cloning process.

4.3 Analysis of recombinant HIV-2 envelope glycoproteins

The detection and analysis of recombinant gplOS required the design, 

development and optimisation of specific enzyme immunosorbant assays. 

Commercially available reagents for the capture and analysis o f HIV-2 envelope 

glycoproteins were raised against baculo virus expressed H I V - 2 r o d  or synthetic 

peptide sequences, and therefore were not suitable for the analysis o f our 

mammalian expressed recombinant envelope glycoproteins.

4,3,1 Development o f  recombinant HIV-2 gplOS ELISA

An ELISA for the detection of rgplOS utilising GNA lectin followed by HIV-2 

positive serum detection, set out in section 2 .2 .1 1 .d, was designed following a 

lengthy series of selection and optimisation experiments (data not shown). 

Several reagents were examined as suitable for the immobilisation o f rgplOS 

including:

Direct bind: Samples o f glycoprotein were directly bound to the ELISA plate at 

4°C overnight.

D733S: Affinity purified sheep polyclonal antibody raised against the synthetic 

peptide C-KLVEITPIGFAPTKEKR located in the C-terminal region o f HIV-2 

gplOS. (Aalto Bio Reagents Ltd).

ADP 418: Rabbit polyclonal antiserum raised to baculovirus expressed rgplOS 

(MRC ADP).
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Whole Human Sera: ‘DJ’ and ‘M S’, from Gambian HIV-2 infected patients

attending the MRC hospital in Fajara, The Gambia.

Gamma-globulin ‘cuts’: ‘T1623’ and ‘B25’ Ammonium Sulphate precipitated 

gamma globulins from whole sera o f HIV-2 infected Gambian patients.

Nickel Chelate: ‘Xenopore’ Nickel Chelate coated microwell strips (NBL) were 

used to capture recombinant gpl05 via their primer-encoded carboxyl terminal 5 

residue histidine tag.

GNA lectin: Galanthus nivalis (Snowdrop bulb) GNA lectin. GNA lectin binds 

glycosylated proteins, such as gpl20 and gpl05, non-specifically via their a - 

mannose residues.

Similarly several reagents were examined for the detection of bound rgplOS 

including:

Human sera: 5 whole human serum samples from Gambian HIV-2 infected

patients.

Gamma-globulin ‘cuts’: Ammonium Sulphate precipitated gamma globulins from 

whole sera o f HIV-2 infected Gambian patients.

Pooled human sera: A 1:1:1 mixture of three human sera ‘M S’, ‘D J’ and ‘T1623’ 

from HIV-2 infected Gambian patients

Pooled gamma-globulin cuts: A 1:1:1 mixture o f ammonium sulphate precipitated 

gamma globulins from whole sera of HIV-2 infected Gambian patients.

During the development of the ELISA protocol blocking conditions, wash buffers, 

sample diluents and anti-species conjugates were all altered and optimised. 

Control “mock” supernatant samples from dHiO or TE transfected Vaccinia Virus 

VTF7.3 infected 293 cells were used as negative controls and baculovirus 

expressed H I V - 2 r o d  recombinant gpl05 (MRC ARP621) was used as a positive 

control in all assays.
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4.3.l.a  Specificity and dynamic range o f ELISA

Initially an experiment was carried out in order to determine the specificity and 

the dilution of pooled HIV-2 human sera required as a detector for GNA lectin 

captured rgplOS. Neat supernatant from CBL24.44 and TE calcium phosphate 

transfected, Vaccinia virus VTF7 .3  infected 293 cells was captured onto GNA 

lectin coated plates. Bound recombinant gplOS was detected by pooled HIV-2 

positive sera and HIV-2 negative normal human sera (NHS). Sera were titrated 2 

fold, starting at 1 in 500 in TMTFCS, and bound human IgG detected using anti

human HRP (Harlan SeraLabs) and Murex TMB substrate.

At low dilutions, 1:500 to 1:1500, both NHS and pooled sera gave high CD values 

on mock coated wells indicating a non-specific serum binding either to GNA 

lectin or the plastic well itself, this non-specific background became virtually 

undetectable at dilutions greater than 1:2000 (Figure 4.1a and b). When rgpl05 

specific detection was adjusted for this non-specific effect, by subtracting the 

mock well OD value from that of the rgpl05 wells at the same dilution, results 

showed that the pooled HIV-2 sera was a very sensitive detector for rgpl05 at 

dilutions up to 1:3000 (Figure 4.1c and d). Dilutions higher than this causes the 

OD value to fall slightly. At the lowest dilution (1:500) a drop in OD value was 

also observed, perhaps due to excess serum proteins interfering with anti-gpl05 

antibody-rgpl05 interactions. Normal human sera did not show any binding to 

CBL24.44 rgpl05 wells, confirming that the binding of pooled HIV-2 sera was 

rgpl05 specific.

These results indicated that diluting the pooled HIV-2 sera 1:2000 would enable 

non-specific background binding to be avoided without lowering the sensitivity of 

rgpl05 specific detection.
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Figure 4.1 Titration o f  Pooled HIV-2 sera and Normal Human sera onto Mock  
transfectant (a and b) and CBL24.44 rgp l05 (c and d).

The dynamic range o f  this G NA lectin based ELISA was determined using a 50pl 

aliquot dilution series o f  baculovirus expressed H IV -2rod recombinant g p l0 5 . 

Baculovirus expressed H IV -2rod recombinant g p l0 5  was titrated in a 2 fold 

dilution series from lOOOng/ml, and bound rgplOS detected using pooled HIV-2 

sera diluted 1:2000 in TMTFCS. A classic sigm oid dilution curve was achieved  

suggesting very specific detection o f  the titrated rgplOS (Figure 4.2). The steepest 

part o f  the curve, showing the concentrations o f  rgplOS that gave the greatest 

dynamic range, fell between 2S and lOOOng/ml. This corresponds to an actual 

concentration o f  between 1.2S and SO nanograms o f  rgplOS per w ell.
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Figure 4.2 Titration curve o f  Baculovirus expressed HIV-2rqd recombinant gp l05  
to test the dynamic range o f  GNA lectin capture - Pooled HIV-2 sera detection 

ELISA. Arrows indicate the concentrations o f  rgp l05 at the top and bottom o f  the
largest dynamic range.

4.3.1. b Reproducibility o f  ELISA

The plate to plate and day to day variation in performance o f  the G NA lectin 

capture - Pooled HIV-2 sera detection ELISA was assessed by repeated serial 

dilutions o f  baculovirus expressed HIV-2rod recombinant g p l0 5 . Plate to plate 

variation across nine different plates was determined and results indicated that 

very little variation occurred (Figure 4.3a), therefore it was concluded that the use 

o f  multiple plates in subsequent ELISA assays would not significantly alter 

overall results.

Day to day variation was assessed across a period o f  10 months, encom passing six 

separate titration curves (Figure 4.3b), results from this data set also showed very 

little variation. The slight increase in day to day variation when compared to plate 

to plate variation was probably due to variation in the length o f  Murex TMB 

substrate incubation. Although in both cases very little variation was seen, any 

subsequent assays that spanned plates or separate days always included positive
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and negative duplicate controls in order to normalise any variation in ELISA  

performance.

a) Plate to plate variation
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Figure 4.3 Repeated titration curves o f  baculovirus expressed H IV -2rod  
recombinant gp 105 to examine (a) plate to plate and (b) day to day variation in 

performance o f  the G NA lectin capture - Pooled HIV-2 sera detection ELISA for
recombinant HIV-2 gplOS.
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4,3.2 Concentrations o f  rgplOS obtained

The quantity of rgplOS in the supernatants from gpl05-pcDNA3-Tpa transfected, 

Vaccinia virus VTF7 .3  infected 293 cells is described in two ways. Firstly, the 

dilution required to saturate the GNA lectin capture - Pooled HIV-2 sera detection 

ELISA, and, secondly in ng/ml as measured against baculovirus expressed HIV- 

2 r q d  recombinant gp 105 standard.

Saturating dilutions of each rgplOS supernatant were ascertained by titrating 

samples in a 2 fold dilution series from neat to 1:64. Values obtained from 

titration o f mock supernatants were subtracted from rgplOS supernatant values at 

each dilution point. Titration curves were plotted (Figure 4.4), and the saturating 

dilution of each supernatant assessed as the dilution at which the detection plateau 

began to drop.

The quantity of rgplOS in the tissue culture supernatants from 293 monolayers 

transfected with pcDNA3-Tpa envelope clones was also determined by 

comparison against a standard curve of baculovirus expressed H IV -2rod 

recombinant gplOS. Supernatants were diluted in a two fold series from neat to 

1:8, OD values for each dilution point, after mock values were subtracted, were 

read off a baculovirus rgplOS standard curve performed on the same plate and the 

corresponding average concentration in ng/ml interpolated. Concentrations of 

rgplOS varied enormously between expressing clones, however, concentrations of 

between 300-1000ng/ml were readily achieved (Figure 4.4b). The highest 

concentration obtained was 2400ng/ml for clone CBL24.40. Concentration of 

rgplOS was determined for the majority o f ELISA positive samples, however, 

some samples were not assayed against baculovirus expressed rgplOS, therefore, 

the exact concentration, expressed in ng/ml, could not be determined.
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Figure 4.4a Examples of rgpl05 GNA lectin capture - Pooled HIV-2 sera 
detection ELISA graphs. Serial two-fold dilutions of tissue culture supernatants 
from monolayers transfected with pcDNA3-tpa envelope clones. The saturating 
dilution of each supernatant was assessed as the dilution at which the detection

plateau begins to drop.

143



2500

2000

1500

2  1000

500

M B M H

C lon e num ber

Figure 4.4b Graph showing the concentration o f  rgplOS obtained apon transfection o f  various gplOS pcD NA 3-Tpa clones.
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4.3.3 Western Blot detection o f  recombinant g p l 05

Western blot analysis o f  som e rgplOS samples was undertaken utilising two 

mouse m onoclonal antibodies specific for two conserved regions in the C2 

domian o f  baculovirus expressed H I V - 2 r o d  rgplOS. Western blotting was carried 

out according to the protocol described in section 2 .2 .11 .f  Results obtained 

showed that a m onotypic band was recognised by the m onoclonal antibodies. No 

radioactive protein size markers were used on this gel, therefore, the exact size o f  

this protein band was difficult to determine. However, when the blot and the 

com m assie blue stained gel were examined carefully by eye the protein band 

appeared to migrate slightly behind bovine serum albumin, present in excess in 

tissue culture medium, and the 97Kd rainbow marker band, therefore 

corresponding to the expected size o f  approximately lOOKd (Figure 4.5). The 

lack o f  reactivity in w ells 5 to 9 may be due either to low  levels o f  gplOS in the 

sample or to a lack o f  cross-recognition by the anti-gpl05 antibodies used 

(A R P3030 and ARP 3032). However, a faint band could be seen in track 4 on 

close inspection o f  the original film.

0)

S 1 2 3 4 5 6  7 8 9
97K d w  w*#"

B SA

.7 "

m 1 2 3 4 5 6 7

RgplO^

Figure 4.5 A nalysis o f  rgpl05 samples by coom assie blue stained SDS page gel 
(left) and western blot probed with rgpl05 specific m onoclonal antibodies (right).

T issue culture supernants determined by ELISA to be positive for rgp l05 were 
tested. Lane 1 -baculovirus expressed HIV-2rod rgp l05 , 2- ISY 46, 3- ISY 48, 4- 
C B L 2I.I6 , 5- CBL 23.17, 6- CBL23.28, 7- C BL24.39, 9- C BL24.40, 10- Mock
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4,3,4 Detection o f cell-associated gpl40

HIV-2 gpl40-pcDNA3-Tpa clones were transfected as before. Expression o f cell 

associated rgpl40 was detected by GNA lectin capture - pooled HIV-2 sera 

detection ELISA on cell lysates, or direct immunostaining o f fixed cell 

monolayers. Tissue culture supernatants were also examined for the presence of 

shed envelope glycoproteins.

In one such experiment each of six KF3 gpl40-pcDNA3-Tpa clones were 

transfected, in duplicate, using the lipofectAMINE method into Vaccinia virus 

VTF7 .3  infected 293 cell monolayers. Supernatants were harvested and rgpl40 

content assessed by GNA lectin capture - Pooled HIV-2 sera detection ELISA. 

Cell lysates were prepared by incubating one of the duplicate monolayers with 

1ml of ice cold PMSF Lysis buffer for 10 minutes on ice, cells were then scraped 

from the well and transferred into a fresh eppendorf. Lysates were clarified by 

pulse centrifugation and rgpl40 content assessed by GNA lectin capture - Pooled 

HIV-2 sera detection ELISA. Blue cell assay was performed on the remaining 

monolayer according to the protocol set out in 2 .2 .9.a.

Results indicated that of the six KF3 gpl40-pcDNA3-Tpa clones, four expressed 

rgpl40, KF3.31, KF3.35, KF3.38 and KF3.42 (Figure 4.6). Results from the 

lysate ELISA corresponded to positive blue cell assays (Figure 4.7, data not 

shown for KF3.31 gpl40). Interestingly tissue culture supernatant from 

expressing monolayers also gave high OD values in the GNA lectin capture - 

Pooled HIV-2 sera detection ELISA. This may be due to shedding of whole gpl40 

oligomers, monomeric gpl40 or incomplete envelope spike maturation and export 

ofrgplOS.
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Figure 4.6 GNA lectin capture - Pooled HIV-2 sera detection ELISA of rgpI40 
from the cell lysate and supernatant from transfections of Vaccinia virus VTF7 .3  

infected 293 cell monolayers with six KF3 gpl40-pcDNA3-Tpa clones.
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Figure 4.7 Examples o f blue cell assays for rgp l40  on cell monolayers from 
transfections o f  Vaccinia virus VTF7 -3  infected 293 cells with KF3 g p l4 0 -  

pcDNA3-Tpa clones. Positive blue cell assays correspond to higher OD values by 
ELISA as depicted in figure 4.5a (KF3.31 g p l4 0  data not shown)

4.4 Evaluating the efficiency of transient expression systems

The majority o f  experiments optimising both the calcium phosphate and 

lipofectAM INE transfection protocols were carried out by Anthea Murphy at the 

University o f  Reading (data not shown). Several additional experiments,
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performed by myself, assessed the optimal conditions for the transient expression 

of recombinant glycoproteins.

4,4,1 Com paring calcium phosphate and lipofectAM IN E  

transfection techniques

Five micrograms of HIV-1 ma gpl20-pcDNA3-Tpa clone “3.1-MCS” was 

transfected into duplicate 293 cells using both the Calcium phosphate and 

lipofectAMINE methods. Cell supernatants were harvested and rgpl20 detected 

using a GNA lectin capture - HIV-1 serum “VB” detection ELISA.

Results indicated that although both transfection methods yielded a high OD value 

for rg p l2 0  content, slightly increased expression occurred when using the 

lipofectAMINE method (Figure 4.8). Additionally the cell monolayer was visibly 

more intact 48 hours post transfection in the lipofectAMINE transfected wells, 

calcium phosphate transfected cells appeared less adherent and more granular 

(data not shown). Taken together these results indicate that, although both 

transfection protocols yield good quantities o f recombinant glycoprotein, 

however, lipofectAMINE transfection may be preferable especially when cell 

structure needs to be maintained, for example for immuno staining or subsequent 

stable cell line production.
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Figure 4.8 Comparison o f  lipofectAM INE and calcium phosphate transfection 
methods on the expression o f  rgp l20  from H IV -line gp l20-pcD N A 3-T pa clone

3.1-M CS transfected 293 cells.

4,4,2 Vaccinia Virus VTF 7 . 3  batch comparison

Two separate batches o f  Vaccinia Virus VTF 7 .3  were compared for their effect on 

rgp l20  concentration expressed from HIV-1 me gp I20  pcD NA 3-Tpa clone 3.1- 

MCS, lipofectAM INE transfected, 293 cells. An additional batch o f  Vaccinia 

Virus VTF 7 .3  previously used once for the infection o f  293 cells prior to 

transfection was also examined. Clarified supernatants were titrated in a two fold 

dilution series from neat and rg l20  content assessed by G NA lectin capture - 

HIV-1 serum, 'VB', detection ELISA. Virtually no difference in rgp l20  content 

was observed between Vaccinia Virus VTF 7 .3  batches (Figure 4.9), indicating that 

variation in batch quality or age does not significantly alter recombinant 

glycoprotein expression levels.
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Figure 4.9 Comparison o f  rgp l20 expression with different Vaccinia Virus VTF 7 .3  

batches and a sample o f  previously used Vaccinia Virus VTF 7 .3 .

4,4,3 Well to well variation o f  glycoprotein expression

Plotting OD values from one w ell against its duplicate value assessed the variation 

in rgp l05 or rgp l20  expression from duplicate transfections. OD values from 10 

positive expressing rgp l20/rgp l05  transfections were plotted. The high  

correlation coefficient obtained (R^ = 0.889) when regression analysis was 

performed on this data set indicated that very little variation in recombinant 

glycoprotein expression occurred between w ells transfected in duplicate (Figure 

4.10). Therefore pooling o f  supernatants from multiply transfected monolayers 

would not severely alter the final concentration o f  recombinant glycoprotein  

obtained.
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Figure 4.10 Comparison o f  rgplOS and rgp l20  expression in duplicate w ells. 
Recombinant envelope glycoprotein content in supernatants from duplicate gp l05  

and g p l2 0  pcDNA 3-Tpa transfections into Vaccinia Virus V TF 7 .3  infected 293 
cell monolayers assessed by GNA lectin capture ELISA. Regression analysis o f  

well A OD values plotted against well B OD values is shown.

4.4,4 Optimal harvest time post-transfection for greatest 

recombinant glycoprotein yield.

The optimal time to harvest cell supernatants in order to obtain the highest 

concentration o f  recombinant glycoprotein was assessed by comparing rgplOS 

levels in supernatants 24 and 48 hours post. Both samples were tested on the 

same plate to avoid artificial variation and OD values obtained for mock  

supernatants at 24 and 48 hours post-transfection subtracted.

At 24 hours post transfection, supernatant from expressing clones had 

significantly higher levels o f  rgplOS than non-expressing clones and mock control 

transfections. At 48 hours post transfection, levels o f  rp l05 in the expressing 

clones was further increased by an average o f  0.239 OD units (Figure 4.11). This 

modest increase suggests that for optimal yield o f  rgplOS supernatants should be 

harvested 48 hours post-transfection, however, the yield obtained at 24 hours is
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more than sufficient for the expression o f  rgplOS to be confirmed by G NA lectin- 

capture ELISA.

2.0 24hrs post-transfection 
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Figure 4.11 Comparison o f  rgplOS expression 24 and 48 hours post-transfection.
Expressing and non-expressing clones are readily distinguished at 24 hours, 

however, for optimal rgplOS expression supernatants should be harvested at 48
hours.

4.4.5 Comparison of Vaccinia Virus VTF7.3 and cellular driven 

expression of recombinant glycoproteins

Comparison o f  the efficiency o f  Vaccinia Virus VTF 7 .3  driven T7 promoter and 

cellular driven CM V promoter transient expression o f  rgplOS was assessed by 

transfecting g p l0 5  pcDNA 3-Tpa clones (B 1068.3, B 1068.5 , B1068.13 and 

B 1068.17) in duplicate into Vaccinia Virus VTF 7 .3  infected and non-infected 293 

cell monolayers. Expression was determined by G NA lectin capture ELISA and 

the concentration o f  rgpl05 calculated against baculovirus expressed H1V-2rod 

recombinant gplOS standard.
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No expression above “m ock” background was observed in B 1068.3 and B 1068.5 

transfected cells with or without prior Vaccinia Virus VTF 7 .3  infection (data not 

shown). Expression o f  rgplOS from clones B 1068.13 and B 1068.17 was 

significantly increased in Vaccinia Virus VTF 7 .3  infected 293 cell monolayers. 

Without pre-infection with Vaccinia Virus VTF 7 .3  rgplOS concentrations o f  

40ng/m l and 45ng/m l were achieved for g p l0 5  clones B 1068.13 and B 1068.17  

respectively (Figure 4.12). However infection o f  293 monolayers with Vaccinia 

Virus VTF 7 .3  prior to transfection resulted in rgplOS concentrations o f  90ng/m l 

and 150ng/m l, a 2 to 3 fold increase in expression levels.
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□  Transfection minus Vaccinia Virus VTF7-3
□  Transfection plus Vaccinia Vims VTF7-3

90n g/m l
150ng/ml
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B1068.13 B1068.17

gpl05 pcDNA3-Tpa clone

Figure 4.12 C om parison o f  rgplOS expression in V accin ia  V irus V T F 7 . 3  infected 
and non-infected  293 cell m onolayers. The expression o f  rgplOS from 

transfection  o f  clones B 1068.13 and B 1068.17 is increased 2-3 fold by the 
in fection  o f  293 m onolayers w ith V accinia V irus V T F 7 . 3  p rio r to transfection.

4,4,6 Frequency o f expression from rgpl05-pcDNA3-Tpa clones

derived from isolate and patient DNA

Many gplOS pcDNA 3-Tpa clones that were positive for the g p l0 5  open reading 

frame by PCR and restriction endonuclease digestion analysis failed to produce
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recombinant g p l05 when transfected into Vaccinia Virus VTF7 .3  infected 293 

cells. The percentage of clones that contained gpl05 insert, as determined by 

positive PCR using primers N6032 and N6033, varied depending on the source of 

viral DNA, however, cloning efficiencies o f up to 90% were routinely achieved. 

The absolute quantity of DNA was not determined prior to insert-vector ligations, 

therefore, calculation of the frequency o f positive clones produced per ng o f insert 

DNA was not done. The percentage of clones that produced rgpl05 upon 

transfection was calculated and found to vary depending on the source o f viral 

DNA (Figure 4.13). A comparison of the cloning efficiency and expression 

efficiency from posistive clones is shown in Table 4.1. The percentage o f gplOS 

pcDNA3-Tpa clones resulting in positive expression o f rgplOS ranged from 30 to 

75% for CBL series isolates, 44 to 6 6 % for molecular clones o f HIV-2 isolates 

and 0 to 6 6 % for Caio cohort patient DNA. No correlation between positive 

expression of rgpl05 and in vitro isolate phenotype or clinical disease status of 

patients was observed. Failure o f rgpl05 production in vitro may be due to 

naturally occurring defective gpl05 open reading frames causing premature arrest 

of mRNA translation.

Viral DNA 
Source

PCR positive clones 
(positive/number tested)

Positive expression from PCR positive 
clones (positive/number tested)

CBL20 50% (6/12) 50% (3/6)
CBL21 92% (11/12) 75% (6 /8 )
CBL22 1 0 0 % ( 1 2 / 1 2 ) 30% (3/10)
CBL23 83% (10/12) 60% (6 / 1 0 )
CBL24 83% (10/12) 63% (5/8)
ISY 58% (7/12) 6 6 % (4/6)
ROD 94% (16/17) 44% (7/16)
KF3 94% (17/18) 53% (8/15)
B1068 60% (6 / 1 0 ) 50% (2/4)
B1153 58% (7/12) 6 6 % (4/6)
B1231 6 6 % (8 / 1 2 ) 0% (0/5)
B1095 70% (7/10) 57% (5/7)
B1155 83% (5/6) 25% (1/4)

Table 4.1 Frequency of PCR positive clones and frequency o f positive rgpl05
expression.
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Figure 4.13 Percentage o f  g p l0 5  pcDN A 3-Tpa clones from various sources that 
produced rgpl05 upon transfection. The number o f  clones tested and the number 

positive by GNA lectin-capture ELISA for rgp l05 expression is indicated.
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4.5 Interaction of recombinant g p l05 clones with soluble and

cell-associated CD4

Several publications have reported that when compared to HIV-1, HIV-2 

envelope glycoprotein has a several-fold lower affinity for CD4, the primary 

receptor for HIV-1, HIV-2 and SIV (Bahraoui et al., 1992, Ivey Hoyle et al., 

1991, Moore, 1990b). Authors have speculated that this decrease in CD4 binding 

affinity may account for the slower disease course associated with HIV-2. 

Recombinant envelope glycoproteins mammalian expressed using the pcDNA3- 

Tpa cloning system derived from H I V - 2 i s y / s b l 6669 , the CBL series o f isolates and 

HIV-2 molecular clones pRODlO and KF3 were tested for their ability to bind a 

variety of CD4-based molecules in order to further characterise the role of CD4 

receptor-envelope interaction in determining HIV-2 viral phenotype.

4.5,1 Recombinant g p l 05 affinity fo r  CD4-IgG

The binding affinities of various rgpl05 clones to CD4-IgG were assessed using a 

GNA lectin-capture ELISA (see section 2.2.11.g). The CD4-IgG molecule 

consists of the first two domains o f CD4 fused to the Fc region of human IgGl 

(Genentech, San Francisco, USA). Saturating dilutions of rgplOS supernatants 

were captured onto GNA lectin coated plates. CD4-IgG was titrated onto bound 

envelope in a half log dilution series starting at 8 pg/ml in TMTFCS for one hour 

at room temperature. Bound CD4-IgG was detected using anti-human IgG HRP 

conjugate (Harlan SeraLabs) and TMB substrate. CD4 affinity was estimated by 

plotting optical density values against CD4-IgG concentration.

O f the rgplOS clones only those derived from H I V - 2 i s y /s b l 6669 (ISY.46 and 

ISY.48) produced the characteristic sigmoid curve necessary for the calculation of 

half-maximal binding affinity. Recombinant g p l05 clones from the CBL series of 

isolates did not reach maximal binding even at 8 pg/ml CD4-IgG, as indicated by a 

plateau in the curve (data not shown)
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The gradient o f  the slopes obtained for both ISY .46 and ISY.48 rgpl05-C D 4-IgG  

affinity was approximately 1, indicating 1 to 1 binding kinetics o f  rgplOS to CD4- 

IgG (Figure 4.14a).

The half maximal binding values for ISY.46 and ISY.48 rgplOS was calculated as 

the concentration o f  CD4-IgG required to give the midpoint OD between minimal 

and maximal binding (1/2 Vmax) (Figure 4.14b). H alf maximal binding o f  

ISY.46 rgpl05 was 0.15pg/m l CD4-IgG and ISY.48 was 0.55pg/m l. These 

results show that rgplOS clone ISY.46 has a greater affinity for CD4-IgG than 

clone ISY.48 and that these two clones have a higher affinity for CD4-IgG than 

any o f  the rgplOS clones derived from the CBL series o f  isolates.

For the other rgplOS clones that did not plateau even at 8 pg/m l CD4-IgG further 

assessm ent o f  CD4 binding with higher concentrations o f  CD4-IgG to calculate 

affinity was not possible due to the limited stocks o f  CD4-IgG available.
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Figure 4.14 Graph o f  the binding o f  serial half-log dilutions o f  CD4-IgO to GNA  
leetin captured ISY rgplOS. (a) The gradient o f  the slope o f  the characteristic 

sigm oid curve show s affinity o f  these rgplOS’s for CD4-IgG. (b) H alf maximal 
binding values were calculated from the slope.

4.5.2 Recom binant g p l  05 CD 4-IgG binding index

The affinity o f  rgplOS clones for CD4 was assessed by calculating their CD4-IgG  

binding index relative to baculovirus expressed HIV-2rod rgplOS and to CHO 

expressed H IV -1 me rg p l2 0 . Saturating dilutions o f  each rgplOS tissue culture 

supernatant, baculovirus rgplOS, CHO rgp l20  and mock supernatant were bound 

to G NA lectin coated plates in triplicate. CD4-IgG at a concentration o f  lOpg/ml 

in TMTFCS was then bound for 1 hour and detected as before.

The CD4-IgG binding index o f  each rgplOS relative to baculovirus rgplOS was 

calculated by dividing each OD value obtained by the OD value obtained for 

baculovirus rgplOS (Figure 4.15). Recombinant g p l05 from different strains o f  

HIV-2 differed in their affinity for CD4-IgG from 0.1 (C BL23.24) to 1.4 (ISY.46)
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relative to that o f  baculovirus expressed rgp l05. N o difference was seen in the 

binding o f  baculovirus expressed HIV-2RODrgpl05 and CHO expressed HIV-Iihb 

rg p l2 0 .

Binding indices o f  rgplOS’s cloned from the same source were variable indicating 

polymorphism in the CD4 binding affinity o f  envelope glycoproteins derived from 

laboratory isolates o f  HIV-2. Contrary to published reports some rgp l05 clones 

had high affinities for CD4, for example the relative binding o f  ISY envelopes for 

CD4-IgG was 1.399 (ISY.46), 1.28 (ISY .48), 1.511 (1SY.51) and 1.054 (1SY.54) 

when compared to HIV-Iihb rgp l20. The higher binding index o f  ISY.46 rgplOS 

to C D 4-lgG  (1.399) than ISY.48 rgpl05 (1.28) supports the previous finding o f  

increased CD4 binding in this clone o f  H 1 V - 2 is y /s b l 6669 derived rgpl05.
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Figure 4.15 C D 4-lgG  binding indices o f  mammalian expressed rgp l05  clones 
relative to baculovirus expressed H1V-2rod rgpl05 and CHO expressed HIV-Ihib 

rgp l20. Binding index values have been approximated to one decimal place.
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4.5,3 Affinity for Biotinylated sCD4

The large quantities of CD4-Ig required to produce binding data with rgplOS 

necessitated the design of an alternative assay to further examine the interaction 

between CD4 and rgplOS clones. Initially mouse monoclonal antibody L I20 

(MRC ARP359) was used to capture soluble CHO expressed CD4 onto the solid 

phase. This monoclonal binds to CD4 without interfering with gpl20-CD4 

interactions. However, high non-specific background and the short supply of this 

monoclonal antibody rendered this ELISA approach unreliable. A second 

approach was therefore used to capture soluble CD4 onto the solid phase; 

biotinylation o f the protein and capture using streptavidin.

Fifty micrograms of CHO expressed soluble CD4 was biotinylated using an N- 

Hydroxysuccinimidobiotin (biotin-NHS) based Kit (Sigma Immunochemicals) 

according to the manufacturer's protocol. However, as the quantity of sCD4 

biotinylated was small, purification of biotinylated CD4 away from unreacted 

biotin-NHS was not performed. This protocol biotinylates proteins via an NHS 

spacer arm and therefore disruption o f protein conformation is reduced.

Biotinylated CD4 (B-CD4) was titrated in a two-fold dilution series from 1 pg/ml 

in 0.1m NaHCOs and bound in duplicate overnight at 4°C onto Nunc maxisorp 

plates previously coated with 5pg/ml Streptavidin (Sigma Immunochemicals). 

Bound B-CD4 was detected using a polyclonal rabbit anti-CD4 serum and a 

Mouse monoclonal antibody MRC ARP337 to the VI domain of CD4 and the 

appropriate antispecies HRP conjugate and TMB substrate. Both detectors 

indicated that biotinylated sCD4 saturated the streptavidin plate at a concentration 

o f 250ng/ml (data not shown).

Mock transfection supernatants and supernatants containing HIV-2 rgplOS and 

H I V -I jiib rg p l2 0  were titrated in a two fold dilution series onto streptavidin 

captured B-CD4. Bound rgplOS was detected using pooled HIV-2 positive
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human sera and rgp l20 using 'VB' HIV-1 positive human serum, both were 

realised with anti-human IgG HRP conjugate and TM B substrate.

H I V - 2 is y /s b l 6669 rgpl05 clone ISY.46 was found to bind to biotinylated CD4 with 

similar affinity as H lV -lm e rgp l20  clone 3.1-M CS (Figure 4.16a). W hen further 

rgpl05 clones were tested only three were found to bind to B-CD4 with OD 

values above background levels. Recombinant g p l05 clone ISY.46 was found to 

bind with the greatest affinity followed by ISY.48 and RO D.26 (Figure 4.16b). 

The stronger affinity in ISY.46 compared to ISY.48 further verifies the results 

found with CD4-IgG assays described above indicating that the biotinylated CD4 

m olecules used in this assay have no significant conformational disruption. H alf 

maximal binding values could not be determined for any rg p l2 0  or rgplOS clone 

as a maximal binding plateau could not be achieved.
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Figure 4.16 Titration o f  rgpl 20 and rgpl 05 clone supernatants onto biotinylated 
soluble CD4. R g p l05 clone ISY.46 compared to rgp l20  clone (a) 3.1-MCS and 

(b) rg p l05 clones ISY.48 and RO D.26.

4.5.4 Affinity fo r  cell associated CD4 determ ined by flo w  

cytom etry

The ability o f  rg p l05 clones to bind cell-associated CD4 was examined by flow  

cytometry (FA CS) using CD4 positive SupT l, Human T cell lymphoblastic 

lymphoma cells.

Prior to any flow  cytometry (FACS) analysis Nonidet P-40 was removed from the 

rg p l05 supernatants, to prevent lysis o f  target cells, using Extracti-GeP^ (Pierce, 

Rockford, IT).

4.5.4.CI Removal o f  N-P40 from  supernatants does not significantly reduce 

rgpl 05 concentration

Prior to FACS analysis o f  rgpl 05 supernatants, Nonidet-P40, which was added to 

inactivate Vaccinia Virus VTF 7 .3 , was removed using Extracti-geP^ D (Pierce,

163



Rockford, IL) to prevent lysis o f  target cells. The protocol for N -P40 removal 

(see section 2.2, lO.b) was determined by a series o f developmental experiments. 

Successful removal o f  N -P40 was ascertained by mixing 20pl o f  rgp l05 

supernatant with approximately 4 x 10  ̂ SupTl cells and observing cells, by light 

microscopy, for lack o f lysis for at least 1 hour (Figure 4.17).

T: % >•
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Extracti-geP^ beads

Figure 4.17 Extracti-gel™ removal o f  Nonidet P40 from tissue culture 
supernatants verified by light microscope observation o f  SupTl cell lysis, a) 

SupTl cells resuspended in normal tissue culture supernatant, b) SupTl cells 
resuspended in tissue culture supernatant containing 1% N-P40. c) SupTl cells 
resuspended in same supernatant as b) but treated using Extracti-gel™ to remove

N-P40.
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The effect o f  N -P40 removal on rgplOS concentration in Vaccinia Virus VTF7.3 

assisted pcDNA 3-Tpa transfected 293 cell supernatants was determined. 

Supernatant containing rg p l05 clone ISY.48 was split into two aliquots, N -P40  

was removed from one o f  the samples and tested for lack o f  lysis induction on 

SupTl cells. Both samples were then titrated in a two-fold dilution series from 

neat in G NA lectin-capture human sera detection ELISA to determine rg p l05 

content.

Extracti-Gel removal o f  N -P40 from tissue culture supernatant did not 

significantly reduce the concentration o f  r g p l05; the slight decrease seen may be 

due to dilution o f  the sample with PBS during the final stages o f  N -P40 removal 

or a true loss o f  a small quantity o f  protein during the purification process (Figure 

4.18). The efficiency o f  complete N -P40 removal w as variable and hence it was 

imperative that a cell lysis test was performed on all rg p l05 supernatants prior to 

any flow cytometry experiments.
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Figure 4.18 E ffect o f  Extracti-G el™  D rem oval o f  N -P 40 on rgp l 05 concentration  
in supernatants from V accin ia  V irus VTF7.3 assisted  p c D N A 3 -Tpa transfected 293

cells.
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4.5.4.b Recombinant gpl05-SupTl binding

SupTl cells were initially examined by flow cytometry for CD4 expression using 

monoclonal antibody MRC ARP337 according to the protocol set out in section

2.2.10.a. This mouse mAh has high affinity for the gpl20 binding VI region of 

CD4. Results indicated that approximately 99% of SupTl cells were positive for 

CD4 expression (data not shown).

Binding o f rg p l05 to SupTl cells was determined using the protocol set out in

2.2.10.C. Two rg p l05 clones from each o f the CBL series o f isolates and HIV- 

2 i s y /s b l 6669  Were tested as well as rg p l05 cloned from the HIV-2 molecular clones 

pRODlO and KF3. Recombinant HlV-lnm g p l20 clone 3.1-MCS was also 

examined.

Recombinant g p l05 glycoproteins were assayed for CD4 binding by incubating at 

a saturating concentration (as determined by GNA lectin capture ELISA) with the 

SupT-1 cells, bound antigen was detected using pooled HIV-2 human polyclonal 

sera followed by an anti-human FITC conjugate. The level o f fluorescence 

attributed to non-specific antibody interactions was determined by incubating the 

cells with mock, cell-free, supernatant. Background fluorescence intensity for 

mock supernatant, serum and anti-human FITC conjugate was 6.81 (Geo mean) 

and 5.99 (median) (Figure 4.19 a-h. Figure 4.20).

The greatest mean fluorescence intensity, when background was subtracted, was 

observed with HIV-1 ms rgp l2 0  clone 3.1-MCS (Geo mean 16.97, median 19.72). 

HIV-2 rg p l05 clones ISY.46 and ISY.48 also showed a high mean fluorescence 

intensity (Geo means 23.75 and 8 .8 8 , medians 18.59 and 10.86 respectively) when 

compared to the other rg p l05 clones tested. Modest binding was observed in 

rgp l05 clones KF3.12 (Geo mean 1.89, median 2), CBL24.40 (8.61,3.74), 

CBL24.32 (1.87,0.99), CBL22.34 (4.15,3.32), CBL21.12 (14.6, 14.55), 21.10 

(1.18,2.14) and CBL20.2 (1.81,1.15). Negative binding, less than 1 unit above 

background Geo mean or median, was observed in all other rg p l05 clones tested.
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Figure 4.19 (a-h) Binding o f various recombinant g p l2 0  and g p l0 5  clones to 
cell-associated CD4 as determined by flow cytometry on SupTl human T cells.
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Figure 4.20 Binding o f recombinant g p l20 and g p l05 clones to cell associated  
C D4 as determined by flow cytometry on SupTl human T-cells. Median and 

Mean fluorescence intensities, after negative control background fluorescence was 
subtracted, are plotted for each recombinant glycoprotein.

4 .5 .4 .C  Association between mean fluorescence intensity on cell associated 

CD4 and rgplOS concentration

Flow cytometry experiments were carried out with rgp 1 0 5  supernatants at a 

saturating dilution as ascertained by G NA lectin-capture ELISA. To rule out the 

possibility that the differences in the detection o f  rgp 1 0 5  bound to cell-associated  

CD4 could be a reflection o f  the concentration o f  rgp 1 0 5  within the supernatants, 

rgp 1 0 5  samples were quantified by titration against baculovirus expressed HIV- 

2 r q d  rgp 1 0 5  standard in G N A  lectin-capture ELISA.

Mean fluorescence intensity on cell-associated C D 4 for each rgp 105 was plotted 

against the quantity o f  rgp 105 added to the SupTl cells in nanograms. Analysis 

o f the data set showed no correlation between concentration o f rgp 105 and mean 

fluorescence intensity (R^ = 0.192 Figure 4.21). From this it was concluded that
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differences in fluorescence intensity obtained between different rgp 105 clones 

reflect differences in their affinities for CD4.

= 0 .192
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Figure 4.21 Mean fluorescence intensity on cell-associated CD4 plotted against 
the quantity o f  rgp 105 added to the SupTl cells in nanograms, regression analysis

is shown indicating no correlation.
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4.6 Summary of results

This chapter focused on the development of several assays for the detection and 

characterisation of a variety of recombinant HIV-2 envelope glycoproteins.

An ELISA, utilising GNA lectin to capture rgp 105, was developed for the 

detection and quantification of rgp 105 and shown to be highly specific and 

sensitive to rg p l05 concentration with a large dynamic range spanning 1,25 to 50 

nanograms (25 and lOOOng/ml). Detection o f captured rgp 105 using pooled HIV- 

2  sera enabled non-specific background binding to be minimised without losing 

sensitivity of rgp 105-specific detection. Using this new assay we were able to 

study the reliability and reproducibility o f transient expression o f pcDNA3-Tpa 

cloned envelope glycoproteins in mammalian cell culture. LipofectAMINE 

transfection was preferable to the calcium phosphate transfection technique, 

yielding slightly higher concentrations of recombinant glycoprotein and 

maintaining cell structure. Vaccinia virus VTF7-3 assisted transfection resulted in 

higher concentrations of recombinant glycoprotein. However, variation in batch 

quality or age of vaccinia virus stock did not significantly alter recombinant 

glycoprotein expression levels, suggesting that the T7 promoter in pcDNA3-Tpa 

is highly efficient. The optimal yield of rgp 105 was obtained 48 hours post

transfection, however, yield at 24 hours was sufficient to distinguish expressing 

and non-expressing clones by GNA lectin-capture ELISA.

The concentration of rgp 105 obtained varied enormously between clones, with 

some clones persistently failing to produce any detectable rgp 105. However, 

expressing clones typically yielded rgp 105 concentrations o f between 300- 

lOOOng/ml, with clone CBL24.40 expressing the highest concentration at 

2400ng/ml. Similarly, only a proportion of g p l40 clones produced detectable 

recombinant cell-surface expressed glycoproteins.

Recombinant HIV-2 envelope glycoproteins derived from H I V - 2 i s y / s b l 6 6 6 9 , the 

CBL series o f isolates and HIV-2 molecular clones pRODio and KF3, were tested
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for their ability to bind various CD4 molecules in several different assays. It has 

been suggested that HIV-2 envelope glycoprotein has a reduced affinity for CD4, 

which may account for the slower disease course associated with HIV-2 when 

compared to HIV-1 (Moore, 1990a). Contrary to published reports some of our 

rgp 105 clones had high affinities for CD4. When tested for classic binding 

kinetics with CD4-IgG, rgp 105 clones derived from H I V - 2 i s y /s b l 6669  (ISY.46 and 

ISY.48) produced the characteristic sigmoid curves necessary for the calculation 

o f half-maximal binding affinity. None of the clones from the CBL series of 

isolates reached maximal binding even at Spg/ml CD4-IgG. Half maximal binding 

of ISY.46 rgp 105 was 0.15pg/ml CD4-IgG and ISY.48 was 0.55pg/ml, showing 

that ISY.46 had a greater affinity for CD4-IgG than clone ISY.48.

Binding indices of various recombinant g p l05 clones also showed variable 

affinity for CD4-IgG from 0.1 (CBL23.24) to 1.4 (ISY.46) relative to that of 

baculovirus expressed rgp 105. Furthermore, the binding indices of rgp l05’s 

cloned from the same source were variable indicating polymorphism in the CD4 

binding affinity of envelope glycoproteins derived from the same HIV-2 

laboratory isolate. The higher binding index of ISY.46 rgp 105 to CD4-IgG (1.4) 

than ISY.48 rgp 105 (1.3) supported previous findings and verified the use of 

binding index values as a valid method of assessing CD4 affinities. When directly 

compared rgp 105 clone ISY.46 was found to bind to biotinylated CD4 with a 

similar affinity as H IV -Iihb rgp 120 clone 3.1-MCS.

Examination o f HIV-2 envelope glycoprotein affinity for T-cell surface CD4 

using flow cytometry, FACS analysis, yielded similar findings, namely that 

rgp 105 clones bind CD4 with a range of affinities, and that clones derived from 

H I V - 2 j s y /s b l 6 669  bound CD4 with affinities similar to HIV-1 derived rgp 120. 

Moreover, there was no correlation between concentration of rgp 105 and mean 

fluorescence intensity, therefore, differences in fluorescence intensity obtained 

between different rgp 105 clones reflect real differences in their affinities for cell- 

associated CD4.
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Prior to any FACS analysis using our rgp 105 supernatants an efficient technique 

for the removal of N-P40 from tissue culture supernatant without reducing 

significantly the concentration of rgp 105 had to be developed. The efficiency of 

N-P40 removal was variable and hence it was necessary to perform cell lysis tests 

on all rgp 105 supernatants prior to any flow cytometry experiments.

The characterisation of recombinant HIV-1 g p l20 cloned and expressed using the 

pcDNA3-Tpa system identified antigenic polymorphism and variable CD4 

affinity. This variation was not an artifact o f PCR amplification, but a true 

reflection of viral polymorphism, implying the existence of a variety of viruses, a 

quasispecies, within a single HIV-1 population or laboratory isolate. Similarly the 

variability in CD4 binding indices between HIV-2 rgp 105 cloned firom the same 

isolate suggested that polymorphisms, therefore quasispecies, also exist in 

laboratory isolates of HIV-2.

There appeared to be no distinct correlation between in vitro viral phenotype and 

cloned rgp 105 CD4 binding index amongst the CBL series o f isolates, suggesting 

that the clinical status of an HIV-2 infected individual, or in vitro isolate 

phenotype, is not determined solely by viral affinity for CD4. However, HIV- 

2 i s y / s b l 6669  rgp 105 clones had an overall higher affinity for CD4 than did the CBL 

clones, which may be a reflection of the prolonged passage of H I V - 2 i s y / s b l 6669  in 

immortalised T cell lines.
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Chapter 5 - HUMORAL RESPONSE TO HIV-2 ENVELOPE 

G l y c o p r o t e i n  AND HIV-2 E n v e lo p e  P e p t id e s
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5.1 Introduction

Although formasl prospective studies have not been undertaken inference from 

HIV-1 studies have led to the conclusion that HIV-2 infection is causally 

associated with the onset o f AIDS (Naucler et al., 1989, Poulsen et al., 1997). 

However, epidemiological evidence suggests that progression to 

immunosuppression and AIDS following HIV-2 infection is slower than for HIV- 

1, and HIV-2 infection is associated with a relatively prolonged clinically 

asymptomatic period (Lisse et al., 1996, Marlink et al., 1994, Pepin et al., 1991b, 

Ricard et al., 1994). The relatively slow disease course seen during most HIV-2 

infections may be due to either attenuated viral phenotype, enhanced host 

immunological control o f viral replication or specific viral-host interactions.

Some studies have demonstrated that far from being an apathogenic-attenuated 

virus, HIV-2 is capable o f rapid, cytopathic replication with pro viral DNA and 

plasma RNA reaching similar levels as those seen during HIV-1 infection during 

the latter stages o f disease. Several HIV-2 strains, isolated from patients with 

AIDS, are capable o f rapid, highly cytopathic growth in vitro (Albert et al., 1990, 

Castro et al., 1990, Clavel et al., 1986b, Franchini et al., 1989a, Schulz et al., 

1990). In agreement with HIV-1 observations there is an inverse correlation 

between CD4 T-cell count, clinical status and HIV-2 pro viral DNA levels during 

HIV-2 disease progression (Ariyoshi et al., 1996, Berry et al., 1994). In addition 

there is no apparent difference between the pro viral DNA levels of HIV-1 and 

HIV-2 infected asymptomatic, CD4 >28%, individuals; HIV-1 geometric mean 

120 copies per 10  ̂ CD4 cells vs. HIV-2 47 copies per 10  ̂ CD4 cells (p=0.06) 

(Berry et al., 1998).. Comparison o f plasma RNA levels also showed similarity 

with HIV-1, in that HIV-2 infected individuals revealed a similar inverse 

correlation with CD4 T-cell count and clinical status (Ariyoshi et al., 1998, Berry 

et al., 1998). The hypothesis that the extended clinically asymptomatic phase seen 

during infection with HIV-2 when compared to HIV-1 is due to an attenuated 

viral phenotype therefore seems unlikely.
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However, Berry et al also highlighted a striking difference between HIV-1 and 

HIV-2 infection. During the asymptomatic phase o f disease, defined as CD4 

count o f greater than 28%, the majority of HIV-2 infected individuals have 

undetectable or very low levels of plasma RNA; HIV-1 geometric mean 14544 

copies/ml vs. HIV-2 460 copies/ml (p=<0.0001) (Berry et al., 1998). This 

observation is in direct contrast to the pattern seen for HIV-1 infection, where 

plasma RNA is readily detectable at all stages o f disease in patients not receiving 

highly potent anti-retroviral therapy (Ho et a l,  1995, Mellors et al., 1996, Michael 

et al., 1992). This low level of HIV-2 replication occurs during the asymptomatic 

phase o f disease when the immune system is functional with high levels of CD4 

T-cells. In contrast, following immune system collapse, characterised by low 

CD4 T-cell count and the appearance of ARC and AIDS, highly pathogenic, 

rapidly replicating strains of HIV-2 appear.

The appearance o f these viral strains is consistent with a cause-effect 

mathematical model proposed by Nowak. This model suggests a slow but steady 

rise in the number o f genetically distinct strains throughout the asymptomatic 

phase. Eventually there is a finite viral diversity threshold; below which the 

immune system is able to regulate viral population growth, but above which the 

virus population induces the collapse of the CD4 T-cell population. The 

appearance of more highly pathogenic strains would ensue once host 

immunological pressures had been removed (Nowak et al., 1991). Therefore, the 

extended asymptomatic phase seen during most HIV-2 infections could be due to 

enhanced immunological responses towards the viral population, reducing viral 

replication to undetectable levels thus reducing antigenic diversification and 

consequently extending the time taken to reach the viral diversity threshold. 

However, an alternative view offered by Wolinsky and Mullins proposes that 

evolutionary diversification is greatest during the asymptomatic phase, this 

quasispecies diversity is maintained for years until late stage AIDS when the 

population becomes more homogenous. The slower evolution o f HIV during 

rapid progression to AIDS may, therefore, reflect ineffective host-mediated 

selection pressures on replicating quasispecies (Delwart et al., 1997, Wolinsky et 

a l,  1996).
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The association o f increased serum neutralisation of viruses grown in peripheral 

blood mononuclear cells (PBMC) and slower disease progression and lower risk 

of transmission in HIV-1 disease (Fenyo & Putkonen, 1996, Pilgrim et al., 1997), 

suggests that humoral responses constitute an important part of the host’s 

immunological response to HIV infection. Autologous serum neutralisation of 

viral isolates has been shown to be more potent in HIV-2 compared to HIV-1, 

(Bjorling et al., 1993). Furthermore, serum from HIV-2 infected individuals often 

cross-neutralises other isolates of HIV-2, HIV-1 and SIV suggesting conservation 

o f some undefined epitopes and mechanisms o f neutralisation (Robert Guroff et 

al., 1992). Taken together these observations suggest that host humoral responses 

to HIV-2 may play a pivotal role in maintaining an asymptomatic viral host 

equilibrium leading to a slower disease progression than is seen during HIV-1 

infection.

The envelope glycoprotein of HIV is a major target for the host's humoral 

response with many neutralising and non-neutralising antibodies targeting this 

protein. A recent study has shown that a relationship exists between early humoral 

responses to HIV-1 envelope and subsequent disease progression rate (Loomis- 

Price et al., 1998). We were therefore interested in determining possible 

correlation between envelope glycoprotein specific humoral responses and disease 

progression rates in HIV-2 infected individuals.

In order to address this question we examined envelope-directed humoral 

responses from HIV-2 patients with non-progressing disease and patients showing 

progressive disease. Cases of relatively rapid progressing HIV-2 AIDS, with 

disease courses similar to HIV-1 infection, have been observed both in The 

Gambia (Ariyoshi et a l ,  1998)and among West Africans resident in Europe (van 

der Ende et al., 1996), however rapid progression is generally uncommon 

amongst HIV-2 infections. Therefore, comparing these unusual patients with more 

typical slow progressors may reveal key differences in envelope-specific humoral 

responses.
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The envelope-specific reactivity of sera from HIV-2 seropositive patients was 

examined using whole HIV-2 antigen, our panel of recombinant surface envelope 

glycoproteins (rgpIOS) cloned from HIV-2 isolates and patients with diverse 

clinical status (described in chapters 3 and 4) and a set of 210 linear, overlapping, 

1 2 mer oligopeptides mapping the entire H I V - 2 s b l /6 669  gpldO sequence.
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5.2 Summary of patient details

Serum samples were obtained from 12 HIV-2 seropositive patients attending the 

MRC hospital in Fajara, The Gambia. Patient samples were obtained from two 

cohorts, five samples were obtained from a cross-sectional cohort (Berry et al., 

1998), and seven from cohort of patients recruited to a longitudinal study and 

sampled at 6  monthly intervals (Ariyoshi et al., 1998). Disease progression rates 

were determined based on clinical data and decline o f CD4% over the period of 

follow-up. Progressor patients were defined as those with CD4 declining from 

greater than 20% to less than 13% within 20 months, (samples 9,10), non- 

progressor patients had stable CD4 counts for more than 56 months (samples 3-7). 

CD4% assessments were used fro these Gambian subjects as it has been found to 

be a more robust assay in this setting. CD4 count requires high quality patient 

samples, percentage evaluations allow for, and assume, non-specific lysis of blood 

cells during storage. The five remaining patients (1,2,8,11,12) were stratified into 

the progressor or non-progressor groups based on their RNA load (copies/ml) and 

CD4% at time of sampling (Table 5.1). Serum samples were obtained as near to 

the earliest sampling point as possible for each patient, in particular for the 

progressors, prior to severe immunodeficiency and CD4 decline. Serum samples 

from two well characterised HIV-2 AIDS patients and three HIV-2 seronegative 

Gambian blood donors were used as positive and negative controls respectively, 

in all assays.
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MRC sample code 
(assigned sample 
number)

RNA load 
(copies/ml)§

CD4% Disease status

P1303 (1) 2 0 0 42 Non Progressor
W977 (2) 2 0 0 54 Non Progressor
P939 (3) 2 0 0 38 Non Progressor*
W953 (4) 3223 46 Non Progressor*
W971 (5) 2 0 0 41 Non Progressor*
W1259 (6) 15000 26 Non Progressor*
N72594 (7) 2 0 0 60 Non Progressor*
P1221 (8) 70000 17 Progressor
W1620 (9) 207000 2 0 Progressor*
W1308 (10) 1 0 0 0 0 0 30 Progressor*
W594 (11) 24700 40 Progressor
W627 (12) 4873 42 Progressor

Control samples
DJ (Cl) HIV-2 AIDS
T1623 (C2) HIV-2 AIDS
BD0038 (C3) seronegative Gambian blood donor
BD328 (C5) seronegative Gambian blood donor
BD0048 (C6) seronegative Gambian blood donor

Table 5.1 Serum samples used for pepscan analysis o f immunodominant linear 
epitopes o f H I V - 2 i s y / s b l 6669 gpl40 envelope glycoprotein. §Patients with 

undetectable levels o f HIV-2 RNA were assigned a value o f 200 copies/ml.
* Longitudinally followed patients.

5.3 Humoral response to whole HIV-2 antigens

The role o f the gross humoral response to HIV-2 in determining disease 

progression status was examined. Serum samples were titrated against whole 

HIV-2 antigen using the Serodia-HIV-1/2 passive particle-agglutination test 

(Fujirebio Inc., Tokyo, Japan). Samples were two-fold serially diluted from 1 x 

10’̂  and 1.5 X 10'^ and end-point titre assessed as the dilution at which particles 

failed to agglutinate.
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Considerable overlap in the seroreactivity to w hole HIV-2 antigens was observed  

between the 5 progressor and 7 non-progressor patients, although the non- 

progressor patients had an overall larger range o f  reactivities (Figure 5.1). Mean 

titres for the two groups were 3.5 x 10  ̂ and 1.8 x 10  ̂ respectively, however, 

median titres did not differ significantly between the two groups when tested by 

Mann-W hitney U  test (P=0.5160).

These results indicate that there is no significant difference in the gross humoral 

response to w hole HIV-2 antigen in vivo between patients with progressive 

disease and patients with a stable non-progressive disease.
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Figure 5.1 End-point titre o f  humoral response to w hole HIV-2 antigen, assessed  
by Serodia-HIV-1/2 passive particle-agglutination test for non-progressors (n=7) 
and progressors (n=5) patients (see Table 5.1). Mann-W hitney U  test showed no 

significant difference between the 2 groups (P=0.516)
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5.4 Humoral responses to recombinant envelope glycoproteins of 

HIV-2

The role o f host humoral responses directed towards the surface portion o f HIV-2  

envelope glycoprotein in determining disease progression status was examined  

using the panel o f  recombinant soluble g p l0 5 s  produced and characterised as 

described in chapters 3 and 4.

5.4 .1  Humoral response to H IV -2 isy /sb l6 6 6 9  recombinant gplOS

The humoral response o f patients to recombinant soluble H I V - 2 i s y / s b l 6669 surface 

g p l0 5  envelope glycoprotein was assessed by ELISA (see section 2 .2 .11.g). 

Serum samples were titrated in serial two-fold dilutions from 10'  ̂ onto rgpl05  

(clone ISY .48) bound onto a G NA lectin coated plate at a concentration o f  

6 6 ng/ml. N on-specific serum binding was assessed on wells coated with mock 

transfectant at the same dilution as rgpl05. The titration o f each serum required 

to give an OD o f 1 on IS Y rgp l05, when background was subtracted, was 

ascertained (Figure 5.2 a and b). Seroreactivity to recombinant g p l0 5  was highly 

variable between serum samples with titres ranging from 1:150 to 1:70000.
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Figure 5.2 T itration o f serum  sam ples from  Table 5.1 onto H I V - 2 i s y /s b l 6669  

surface g p l0 5  envelope glycoprotein, a - sera from  non-progressors (n=7) b - sera 
from  progressors (n=5) and control sera (n=2). NB. Low OD readings at low 

dilutions is due to artific ially  high background due to non-specific binding the o f  
sera at these high concentrations causing a d isproportionately  high background to

signal ratio.

The titres required to give an OD o f 1 on rg p l0 5  for the non-progressor (n=7) and 

progressor (n=5) groups w ere com pared (F igure 5.3). A lthough the m edian titre 

for non-progressors w as slightly  higher than progressors no significant difference 

betw een the m edian titres for the 2 patient groups w as observed w hen tested by 

M ann-W hitney U  T est (P=0.3229).
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Figure 5.3 Humoral response to envelope glycoprotein o f  HIV-2 assessed by 
ELISA on recombinant mammalian expressed gplOS ( H I V - 2 i s y /s b l 6669), shown as 
a box plot for non-progressors(n=7) and progressors (n=5) (see Table 5.1). Box  
plots diagramatically show the range o f  values obtained for any observation, the 

95% interquartile range is bounded by the vertical bars, the 75% interquartile 
range is bounded by the boxed area with the median value represented by the

horizontal bar.

5,4,2 Correlation between humoral responses to whole HIV-2 

antigen and rgplOS,

The relationship between individual humoral response to w hole H lV -2 antigen 

and rgp l05 was examined by rank correlation using Kendall's coefficient o f  

concordance analysis (Table 5.2).

Correlation between the humoral response to w hole H IV-2 antigen and 

recombinant g p l0 5  gave critical value (Tau) o f  0.396 w as obtained, on the sample 

size o f  14 (samples 1-12, C l and C2 Table 5.1), the significance o f  the correlation 

coefficient was P=0.0487 and when corrected for tied values P=0.0381. These 

results indicate that there is an association between humoral response to w hole 

H lV -2 antigen and HIV-2 recombinant envelope.
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When progressor and non-progressor groups were examined separately, 

correlation between humoral response to whole HIV-2 and rgplOS was enhanced, 

but not statistically significant, in the non-progressor group (n=7)(P=0.0648) 

compared to the progressor group (n=5)(P=0.2763). This indicates that a 

relationship between gross humoral response to HIV-2 and specific response to 

the gpl05 portion o f HIV-2 may be important in determining, or maintaining, a 

stable non-progressive disease equilibrium, however examination o f further 

samples is required to verify any correlation.

Total Non-progressors (n=7) Progressors (n=5)

Score 36.0 1 2 . 0 4.0

Tau 0.396 0.571 0.400

P-value 0.0487 0.0715 0.3272

Tau corrected for 
ties

0.416 0.586 0.444

P-value corrected 
for ties

0.0381 0.0648 0.2763

Table 5.2 Kendalls rank correlation coefficient (Tau) analysis between humoral 
response to whole HIV-2 antigen (as assessed by Serodia-HIV-1/2 passive 

particle-agglutination test) and humoral response to recombinant gplOS surface 
envelope glycoprotein, analysis was carried out on the whole data set and non

productive (NP) and productive (P) subsets. The significance o f a correlation, P- 
value, and corrected for tied values. Tied P-value are shown.

5,4,3 Humoral response to rgplOS ̂ s cloned from the CBL series o f  

HIV-2 isolates and Caio cohort patients

The humoral response o f progressor (n=5) and non-progressor (n=7) patients to 

various recombinant soluble HIV-2 surface gplOS envelope glycoproteins was 

assessed by ELISA (see section 2.2.1 l.g) in order to assess any differential 

recognition of soluble rgplOS derived from isolates with differing in vitro
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phenotypes or patients with differing disease status. Serum samples were bound 

in duplicate onto GNA lectin captured rgplOS (6 6 ng/ml). Serum samples were 

diluted to the concentration required to give an OD of 1 unit on ISY.48 rgplOS 

(see section S.4.1). Non-specific background serum binding was assessed on 

plates coated with mock transfectant at the same dilution as the rgplOS 

supernatants. Serum samples were tested against two cloned rgplOS preparations 

from each of the isolates CBL20, CBL21, CBL23, CBL 24 and a single cloned 

rgplOS from Caio patient DNA samples B1068, B11S3 and B109S. A further 

rgplOS clone derived from H I V - 2 i s y / s b l 669 (ISY.S4) was also included to verify 

that there was no differential recognition of rgplOS cloned derived from the same 

material (Figure S.4 a).

Seroreactivity to the various rgplOS clones was variable between serum samples. 

However, o f the rgplOS’s tested, those cloned from H I V - 2 i s y / s b l 6 6 6 0 , CBL20 and 

CBL 24 had the overall highest seroreactivity to the panel o f 12 HIV-2 

seropositive samples (Table S.l). CBL20 and CBL24 represent two different in 

vitro characterised isolate phenotypes, one highly cytopathic exhibiting rapid 

growth, and the other poor cytopathicity with slow growth respectively. The 

increased recognition of cloned rgplOS’s from these isolates may be a reflection 

of the diverse nature of the serum samples tested, i.e. two extremes o f disease 

status: progression and non-progression, and the likely viral phenotypes 

circulating within these patients.

ANOVA (analysis of variance) analyses on data for different clones from the 

same isolate source was used to determine how much of the observed antigenic 

variation was due to distinct glycoprotein polymorphism and how much was due 

to inherent random variability. When tested by Kruksal-Wallis ANOVA the 

difference in seroreactivity between two cloned rgplOS’s CBL20.2 and CBL20.10 

from the same isolate was significant (P=0.0007). This result indicates the 

possible existence antigenic polymorphism, viral quasispecies, within the CBL20 

isolate.
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Seroreactivity to rgplOS’s cloned from CBL21 and CBL 23 was lower than for 

the other CBL isolates and HIV-2 isy /sb l669- This discrepancy may be due to their 

relatively less extreme phenotypes in vitro when compared to CBL20, CBL 24 

and ISY. Seroreactivity to rgplOS cloned from Caio cohort patient DNA was very 

low for all serum samples which may possibly be due to geographical disparity, 

reflected in phylogenetic distance. All serum samples were sourced from Fajara, 

The Gambia, West Africa as were the CBL series o f isolates and HIV-2 isy /sb l669, 

however, the Caio cohort patient DNA was obtained from Guinea Bissau some 

300 to 400 miles south.

When the median seroreactivities o f progressor and non-progressor patients were 

compared for each of the rgplOS clones tested, none differentiated the two patient 

groups when tested by Mann-Whitney U test (Figure 5.4 b). However, the range 

of values obtained for the progressor patient group was greater on rgplOS’s from 

CBL20 and CBL21, the most cytopathic o f the CBL isolates, and in the non- 

progressor group greater on rgplOS’s from CBL 23 and CBL24, the least 

cytopathic of the CBL series. These range increases may reflect broader 

recognition of in v/vo-like gplOS molecules in these two patient groups, however 

the significance of this result would require confirmation with more rgplOS clones 

and more serum samples.
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Figure 5.4 a) B ox  plots representing the range o f  seroreactiv ities o f  12 serum  
sam ples to various rgplOS clones, b) N o  sign ificant d ifference in seroreactivity to 
any o f  the rgplOS sam ples w as seen  w hen patients w ere d ivided into progressors 

and non-progressors based on clin ica l data.
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5.5 Correlation of gross humoral response to HIV-2 and 

recombinant gp l05’s with patient disease progression status

Taken together the results from analysis of the seroreactivity o f 12 patients to 

whole HIV-2 antigen, and rgplOS’s from H I V - 2 i s y / s b l 6 6 6 9 , the CBL series of HIV- 

2 isolates and rgplOS cloned directly from Caio Cohort patient DNA suggest that 

there is no significant difference between progressing and stable non-progressing 

patients with regard to humoral response to either whole HIV-2 antigens or the 

surface portion of viral envelope glycoprotein, and that total host humoral 

response to HIV-2 does not influence disease prognosis. However, the 

relationship between humoral response to whole HIV-2 antigens and surface 

portion of viral envelope glycoprotein, as discussed in section 5.4.2 may 

influence disease prognosis.
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5.6 Pepscan analysis of Humoral response to linear epitopes of 

HIV-2 gpl40

To examine in further detail the nature of the humoral response directed at the 

envelope glycoprotein o f HIV-2 linear epitope mapping of humoral responses to 

the entire surface and transmembrane envelope glycoprotein was performed using 

2 1 0  1 2  amino acid residue oligopeptides spanning the entire H I V - 2 i s y / s b l 6669  

gpl40 sequence in a modified pepscan assay, represented schematically in Figure 

5.5 (for protocol see section 2.2.12.b).

The identification and characterisation of linear epitopes that may play a 

significant role in the determination o f HIV-2 disease progression rate may in turn 

lead to the development of an effective vaccine or prophylactic treatments for the 

management of HIV-2 disease.

Reactivity of sera from 14 HIV-2 positive patients and 3 seronegative blood 

donors from The Gambia (Table 5.1) were investigated by pepscan ELISA against 

all o f the linear epitopes representing HIV-2 gpl40 envelope. A random 

hydrophilic peptide was used as a negative control on all plates ( Ala-Ly s - Ala-Ala- 

Asp-Ala-Ala-Gln-Ala-Ala-Ser-Ala). A cut-off value o f greater than five standard 

deviations above the first quartile background was used; seroreactivity was 

deemed positive when it exceeded this value.
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Anti-Hunian-AP

HIV-2 serum
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Biotin moeity

Streptavidin

Figure 5.5 Schematic representation o f the pepscan ELISA method for the 
mapping o f humoral responses to linear 1 2 mer epitopes representing the entire 

H I V - 2 i s y /s b l 6669 g p M O  sequence.

5.6.1 Qualitative Analysis of Oligopeptides

Each o f  the 210 oligopeptides were tested for their ability to block the binding o f  

Horse Radish Peroxidase conjugated biotin (B-HRP) to a streptavidin coated solid 

phase. This experiment verifies that peptides are correctly biotinylated and can 

bind to streptavidin via their biotin moiety. Insoluble or poorly biotinylated 

peptides will fail to block the binding o f B-HRP, identification o f such peptides is 

essential for the analysis o f pepscan data.
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5.6 .La Biotin-HRP standard curve

Follow ing the protocol set out in section 2 .2 .12 .a peptides were bound onto 

streptavidin coated 96-w ell plates, follow ing washing Biotin-HRP was bound at 

1:2000. A control 2-fold titration, from 1:2000 to 1:256000, o f  B-HRP was set up 

in triplicate in streptavidin-only wells. HRP substrate w as incubated onto the 

plates to detect any bound Biotin-HRP and plates were read kinetically for 3 

minutes.

A standard curve o f  Biotin-HRP binding was determined from the control titration 

series (Figure 5.6), B-HRP binding at 1:2000 (600 m O D/m in) on control w ells 

was taken as 1 0 0 % binding.

700

600
q mOD mi

500

E 4 0 0

£  300

200

100

10000 100000 10000001000
reciprocal of B-HRP dilution

Figure 5.6 Standard curve o f  Biotin-HRP binding onto streptavidin coated solid  
phase. Percentage blocking o f  B-HRP binding was calculated by comparing the 

reading obtained for each peptide with this standard curve and calculating  
percentage o f  bound B-HRP.

193



5. 6.1.b Evaluation of peptide biotinylation and solubility

Readings for each peptide were measured against the standard cui*ve and 

percentage o f  bound Biotin-HRP calculated. Lower readings for peptide indicates 

increased blocking o f  B-HRP binding (Figure 5.7).

207 peptides blocked the binding o f  Biotin-HRP, indicating that these peptides 

were soluble, correctly biotinylated and able to bind strongly to streptavidin via 

their biotin moiety. Three peptides, 505, 673 and 677, failed to com pletely block  

the binding o f  Biotin-HRP to the streptavidin solid phase. Binding percentages 

for B-HRP in the presence o f  these peptides were 8 %, 69% and 25% respectively.

Percentage of bound Biotin-HRP
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Figure 5.7 Percentage binding o f  B-HRP when blocked by each o f  210 peptides 
forming the H IV -2 isy g p l4 0  sequence.

The calculated polarity for each o f  the non-blocking peptides, estimated from the 

free energy o f  each amino acid residue, indicated their amino acid sequences to be 

highly hydrophobic (Table 5.3) and they are therefore probably insoluble to
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varying degrees. The insolubility of these peptides prevents their binding to the 

solid phase via their biotin moieties, resulting in incomplete blocking of Biotin- 

HRP binding.

Peptide Sequence Free energy estimate o f  

peptide

% o f  Biotin- 

H RP bound

505 VLVLGFLGFLTT + 28.2 Kcal/mol 8

673 VMIVVGIVALRI + 16.2 Kcal/mol 69

677 VGIVALRIVIYV +9.5 Kcal/mol 25

Table 5.3 Insoluble peptide sequences as determined in Biotin-HRP blocking 
assay, free energy values indicate these peptides to be highly hydrophobic.

Each of these peptides contained hydrophobic amino acid residues: Valine (V), 

leucine (L) and isoleucine (I) have large hydrophobic aliphatic side chains, 

aromatic side chains in phenylalanine (F) and tyrosine (Y) also render these 

residues highly hydrophobic. Peptide sequences that include these residues are 

prone to precipitation and aggregation in aqueous solution. The sequences of 

peptides 505, 673 and 677 all contained a number o f these hydrophobic residues.

When compared to the amino acid sequence data base, peptide 505 lies 12 amino 

acids from the start o f the envelope glycoprotein transmembrane domain, gp36, 

and peptides 673 and 677 comprised the alpha helical membrane-spanning region 

o f gp36, verifying their predicted hydrophobic properties.

5.6,2 Immunodominant and negative peptide epitopes

Pepscan profiles from all 14 HIV-2 seropositive serum samples and from three 

seronegative Gambian blood donors were examined. Seroreactivity was identified 

in 112 o f the 210 peptides, 5 peptides (581,585,645,649 and 653) reacted with all 

14 (100%) o f HIV-2 positive sera, 12 to greater than 7 (50%) and 31 to greater
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than 4 (28.6%), 6 8  peptides were reactive with at least 2 seropositive samples. 

The percentage of sera reactive to each peptide was plotted (Figure 5.8).

Seroreactivity to peptide 649 was also observed in all 3 seronegative serum 

samples. However, reactivity was greatly reduced when compared to 

séropositives (median 40a and 530a) respectively. Peptides 321 and 325 were 

recognised by both seropositive and seronegative samples giving similar values, 

implying that this epitope may be a mimic of another, undefined, pathogen. No 

other peptides recorded greater than 5 standard deviations reactivity with any 

seronegative sample.

Ninety-eight peptides showed no reactivity above background to either 

seropositive or seronegative samples. These epitopes may be protected from 

immune recognition by folding of the native envelope glycoprotein, heavy 

glycosylation or could form parts of conformation dependent epitopes.
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Figure 5.8 Linear antigenic sites o f  the HIV-2 envelope glycoprotein (1SY/SBL6669) as determined by pepscan analysis o f  210 overlapping 
oligopeptides with 16 H lV -2 positive serum samples. Peptides are numbered according to their N-terminal amino-acid position in g p l4 0 . The 

percentage o f  sera that tested positive for each peptide is displayed, reactivity was considered positive at greater than 5 standard deviations
above background.
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The most highly seroreactive linear epitopes were identified predominantly in the 

V2 (aa l65-205), V3 (aa297-329) and carboxyl terminal (aa477-489) regions of 

surface gpl05, the immunodominant region of transmembrane gp36 (aa577-589) 

and a highly seroreactive region (aa637-657) prior to the membrane spanning 

domain o f gp36 (Table 5.4).

Peptide Amino-acid

sequence

Region Number 

positive n=14 

(% positive)

301 N K T W P IT L M S G V3 of gpl05 12 (78.6)

305 VPITLM SG RRFH V3 of gpl05 13 (92.9)

325 PRQAWCRFKGEW V3 of gpl05 10(71.4)

577 YLADQARLNSWG Immunodominant gp36 8(57.1)

581 QARLNSWGCAFR Immunodominant gp36 14(100)

585 NSWGCAFRQVCH Immunodominant gp36 14(100)

589 CAFRQVCHTTVP Immunodominant gp36 11 (78.6)

641 EKNMYELQKLNS pre-transmembrane gp36 12 (85.7)

645 YELQKLNSWDVF pre-transmembrane gp36 14(100)

649 KLNSWDVFGNWF pre-transmembrane gp36 14(100)

653 WDVFGNWFDLTS pre-transmembrane gp36 14(100)

657 GNWFDLTSWIKY pre-transmembrane gp36 7(50)

Table 5.4 Oligopeptides exhibiting seroreactivity to 50% or more o f HIV-2 
positive samples tested. Peptides are named according to the position o f their N- 

terminal amino acid in HIV-2 gpl40.

5,6,3 Identification o f  peptides with potential prognostic value by 

pepscan,

Pepscan profiles from the 7 non-progressor and 5 progressor patients (Table 5.1) 

were compared for any differential reactivity to particular linear epitopes within 

the HIV-2 envelope glycoprotein (Figure 5.9).
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Median reactivity for the 2 patient groups was ascertained for each oligopeptide. 

Potentially differentiating peptides were identified by subtracting median 

reactivity of the progressor group from that of the non-progressor group, values 

obtained for each peptide were plotted (Figure 5.10). Negative values indicate 

higher seroreactivity in patients from the progressor group and positive values 

higher seroreactivity in the non-progressor group.

O f the 210 oligopeptides, 10 differentiated the 2 progression groups, 2 (301,305) 

formed a region o f the V3 loop of surface gpl05, 4 (577,581,585,589) comprised 

the immunodominant region of gp36 and 4 (641,645,649,653) a highly 

seroreactive pre-membrane spanning region o f gp36. These differentiating 

reactivities all occurred in the highly seroreactive regions o f HIV-2 identified by 

pepscan analysis.
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Comparison of median pepscan signals of Non-progressor (n=7) and
Progressor (n=5) patients
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Figure 5.9 Median pepscan profiles of Non-progressor (n=7) and Progressor (n=5) patients against 210 oligopeptides representing the entire
H I V - 2 isy /SBL6669.
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Figure 5.10 Median seroreactivity o f  progressors subtracted from the median seroreaetivity o f  non-progressors for each o f  peptide. Positive 
values indicate increased recognition in the non-progressor group, negative values increased recognition in the progresser group. Epitopes that 
differentiated progression groups fell within the V3 region o f  gp l05  and the immunodominant and pre-membrane spanning domains o f  gp36.
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Statistical analysis o f  the median reactivities o f  the two progression groups to 

each o f  these peptides by Mann-Whitney U test only identified peptides 641 and 

645 as being potentially differentiating between the two groups. For peptide 641 

non progressors median reactivity = 19.9, progresser group 199.6 (P = 0.08). For 

peptide 645 non progressors median reactivity = 578.9, progresser group 331.3 (P 

= 0.12) (Figure 5.11).

Peptides 641 and 645 represent the amino portion o f  a highly seroreactive area in 

the pre-membrane spanning region o f  gp36. Peptide 641 is more reactive in the 

progresser group, however overall reactivity to this epitope is quite low. In 

contrast peptide 645 is more reactive in the non-progressor group, with high 

overall reactivity in all sera tested.
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Figure 5.11 Box plots o f  patient seroreactivity as measured by pepscan to peptides 
representing gp l0 5  V3 (301,305), gp36 immunodominant (577 ,581 ,585 ,589) and 
pre-transmembrane (641,645,649,653) regions o f  H lV -2 envelope glycoprotein. 
Tw elve serum samples were divided into progressors and non-progressors based 

on clinical data available (Table 5.1). Mann-W hitney U test P values are displayed  
for differential response to each peptide between the 2 patient groups.
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5.6,4 Individual peptide ELISA

Peptide epitopes identified by pepscan analysis as having different seroreactivities 

in progressing and non-progressing patients were re-tested in a conventional 

Horse radish peroxidase based ELISA to verify their seroreactivities (for protocol 

see section 2.2.13).

5.6 .4. a Verification o f  individual peptide ELISA

Initially several experiments were performed to design, establish and verify the 

ELISA protocol.

5.6.4. a. i Titration o f sera onto peptide

Serum samples were diluted 1:200 in PBS 4% non-fat dry milk for pepscan 

analysis o f seroreactive linear epitopes. This dilution was verified as being on the 

slope o f a titration curve, therefore allowing valid comparison between serum 

samples. Four serum samples from HIV-2 seropositive patients were serially 

diluted in 2-fold steps from 1:10 to 1:20480 onto peptide 645 and similarly from 

1:50 to 1:1600 onto peptide 581. Background values were obtained by titration 

onto PBS-only wells (Figure 5.12 a and b). The results indicated that a serum 

dilution of 1 : 2 0 0  provided good differentiation between different samples, 

corresponding to the steepest part of the dilution curve and giving favorable low 

background binding values. A dilution of 1:200 resulted in the greatest dynamic 

range between the samples with highest and lowest seroreactivity, therefore 

allowing any differences between the seroreactivities of serum samples to 

peptides to be identified accurately. Therefore all samples were diluted 1:200 for 

individual peptide ELISA assays.
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Figure 5.12 Two-fold titration o f  4 HIV-2 positive serum samples onto peptides 
(a) 645 and (b) 581, vertical lines show the intersection o f  the titration slope at a 
dilution o f  1:200. Lower values at the low  dilutions in (a) are due to the prozone 

effect o f  non-specific binding o f  sera to control negative w ells causing  
disproportionately high background readings.
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5.6.4. a. a  Com parison o f  negative controls

Peptides 557 and 425 were initially used as negative controls as they were shown  

to have no seroreactivity during pepscan analysis, with median reactivities o f  0 .3 a  

and -0 .8 a  respectively. However, to carry out all experiments and have these 

peptides as negative controls for all sera tested on all ELISA plates in triplicate 

required more peptide than was available. The possible use o f  phosphate buffered 

saline instead o f  a non-seroreactive peptide as negative control was therefore 

examined. Sixteen serum samples, diluted at 1:200, (Table 5.1, excluding C5) 

were bound in triplicate to streptavidin bound peptide 557 or to PBS only. Bound 

human IgG was detected with goat anti-human IgG HRP conjugate and realised  

with murex TMB substrate. Median values obtained from each serum on peptide 

557 w ells were plotted against values obtained from the same sera on PBS only  

w ells (Figure 5.13).

The correlation between results from w ells containing peptide 557 and PBS was 

very high (R'^2 =  0.915), suggesting that the use o f  PBS as negative control would  

not adversely affect negative control results. The high binding o f  som e sera to 

both peptide 557 and PBS was presumed to be due to non-specific binding to the 

plate observed with som e sera at low dilutions.

R^2 = .915

2 ,3 ,4 ,5 .6 7 .8 .9 1 1.11
No Peptide (PBS)

Figure 5.13 Regression analysis o f  seroreactivity o f  16 sera against peptide 557 
and PBS (N o Peptide), to compare their use as negative controls in peptide 

ELISA. Correlation coefficient is shown.
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5.6.4. a. ni R eproducibility o f  data

Differential seroreactivities between serum samples on each peptide were tested. 

ELISA plates were designed such that each plate was coated with a different 

peptide and each serum sample was bound in triplicate onto every plate. To 

exam ine the possibility o f  plate to plate variation, seven serum samples were 

bound in triplicate to peptide 645, three to peptide 581 and three to blank PBS 

control w ells. This was repeated on a second plate and the two sets o f  median OD  

readings obtained plotted against each other (Figure 5.14). A  correlation 

coefficient o f  R^2 = 0.94 showed that there was very little plate to plate variation 

and that data obtained from one plate can be compared to those obtained from a 

separate plate without severely influencing or altering overall results.
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Figure 5.14 Regression analysis o f  median seroreactivity o f  13 sera against 
peptides 645, 581 or PBS on two separate ELISA plates, to compare plate - plate 

variations. Correlation coefficient is shown.
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5.6.4. b ELISA on peptides 645, 641, and 581

T w elve sera (Table 5.1 samples 1-12) were tested against each peptide in 

triplicate and background values obtained using negative peptide 425 were 

subtracted.

When exam ined repeatedly in this HRP based ELISA peptide 645 was found to 

differentiate between the progresser and non-progressor patient groups. Non- 

progressor patients (n=7) had a significantly higher reactivity to this epitope than 

progresser patients (median reactivities 1.601 and 1.172, Mann-W hitney 

P=0.0118). However, no significant difference in the recognition o f  the 

immunodominant peptide 581 (M ann-W hitney P=0.57) was found and 

seroreactivity to peptide 641 was very low  for all sera tested (data not shown) 

(Figure 5.15).
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Figure 5.15 Box plots showing seroreactivity to peptides a) 645 and b) 581. 
Serum samples were split into Progressor (n=5) and Non-progressors (n=7) based 

on clinical data available (Table 5.1). M ann-W hitney U test was used to 
determine the significance between median peptide seroreactivity o f  Progressors 

and Non-Progressors, P values are shown.

5.6.5 Further characterisation o f  differentiating epitopes

Having established that epitopes o f  the pre-membrane spanning domain o f  HlV-2  

gp36 are differentially recognised in seven patients with non-progressing and five 

patients with progressing disease courses, further analysis was undertaken using 

additional serum samples in an ELISA based assay using the oligopeptides 577 to 

657 and 697. Seroreactivity to these peptides was exam ined with a further 25 

H lV -2 seropositive samples from The Gambia as w ell as those previously used, 

hence a total o f  37 samples were tested (Table 5.5).

Patient categories were defined based on a combination o f  Plasma R N A  load 

(copies/m l), CD4% and longitudinal clinical progression rates. Patients were 

defined as Nonvirem ic (NV) having either undetectable R NA  loads (cut o ff  200  

copies per ml) or less than 4000 copies per ml (n=15) or Viremic (V) i f  R N A load 

was greater than 4000 copies per ml (n=22). Patients with CD4% o f  greater than 

28% (n=18) were defined as High CD4, and less than 14% (n=12) as Low  CD4.
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Longitudinal clinical data was available for 12 patients and progression status was 

determined based on CD4% decline over the period of follow-up. Non- 

progressors were defined as those with stable CD4 levels for at least 6  years (n=9) 

and Progressors as those with CD4% declining jfrom greater than 20% to less than 

14% in 20 months or less (n=3).
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MRC sample 
code

RNA copies/ml 
(viremia status)

CD4% (group) Longitudinal 
Progression group

P1303 7 200 (NV) 42 (High) •
W977 2 200 (NV) 54 (High) •
P939 5 200 (NV) 38 (High) Non-progressor
W953 4 3223 (NV) 46 (High) Non-progressor
W971 5 200 (NV) 41 (High) Non-progressor

N72594 7 200 (NV) 60 (High) Non-progressor
P1307 13 200 (NV) 48 (High) Non-progressor
W1441 14 200 (NV) 32 (High) Non-progressor
P1918 75 200 (NV) 32 (High) •
P1837 76 200 (NV) 31 (High) Non-progressor
W1663 77 2 0 0  rAK; 49
W980 18 200 (NV) 33

W1618 7P 390 (TVF; 38 (7T W
P975 20 590 (TVK; 35 (High)

P I024 21 2760 (AK; 24
W627 12 4873 42
W1259 6 15000 (V) 26 Non-progressor
P I794 22 16000 (V) 24 Progressor
W594 11 24700 40 (High) •

W1423 23 27000 (V) 10 (Low) •
N77943 24 27800 10 (Low) •
PI 164 25 29000 (V) 24 •

N16465 26 31300 (V) 10 (Low) •
P1374 27 34300 (V) 28 (High) Non-progressor
P12218 70000 (V) 17 •

P I462 28 85000 (V) 1 2 •
W1308 10 100000 (V) 30 (High) Progressor
W1595 29 123000 (V) 1 2 •
N78477 30 128000 (V) 9 (Low) •
N15314 57 179000 (V) 2 •
P1371 32 188400 (V) 1 0 •
W1620 9 207000 (V) 2 0 Progressor

N70341 33 225000 (V) 2 0 •
P1502 34 231000 (V) 11 (Low) •
15424 35 443000 (V) 13 (Low) •
P979 36 450000 (V) 8  (Low) •

P1340 57 477000 (V) 4 (Low) •

Table 5.5 Serum samples used for peptide ELISA studies, obtained from Gambian 
HIV-2 seropositive patients. Samples were grouped based on various clinical 

parameters, RNA levels; non-viremic (NV) and viremic (V), CD4%; <14% (Low) 
and >28% (High), Clinical Progression; stable CD4 > 6  yrs (Non-progressor) and 
declining CD4 from >20% to <14% <20 months (Progressor), • defines subjects 

for whom logitudinal data was unavailable.
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Serum samples were bound in triplicate to each peptide and to PB S-only negative 

control w ells. Median reactivity to each peptide was expressed in OD units minus 

negative w ell backgrounds. Seroreactivities to the individual peptides tested 

reflected the reactivities seen during pepscan analysis and the results from 

individual ELISA using previous sera.

The m ost seroreactive peptides were 581 (average reactivity 0.52 OD units), 585 

(0.85 OD units) fom iing the immunodominant epitope o f  gp36, and peptides 645 

(0.65 OD units) and 649 (0.63 OD units) prior to the membrane spanning domain, 

reactivity to peptide 641 was very low for all samples tested (0.084 OD units) 

(Figure 5.16).
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Figure 5.16 Box plot showing range o f  OD values obtained with 37 HIV-2  
positive serum samples (Table 5.5) on 11 oligopeptides comprising the 
immunodominant and pre-membrane spanning regions o f  HIV-2 gp36.
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When the median values for the contrasting clinical groups were examined by 

Mann-Whitney U test, reactivity to peptide 645 was increased in nonviremic (NV) 

patients when compared to viremic (V) patients (MW P=0.0354), in patients with 

high CD4% when compared to low CD4% (P=0.056) and when non-progressing 

patients were compared to progressors (P = 0.052) (Figure 5.17 a).

No statistically significant difference, was seen in the groups when reactivity to 

peptide 581 was examined, implying no overall decrease in anti-gp41 antibody 

levels in patients with elevated RNA levels, low CD4 % or progressive disease 

(Figure 5.17 b). This result was also reflected in reactivity to peptides 577, 585, 

633, 637, 641, 649, 653, 657 and 697 (data not shown).

Seroreactivity in each patient was standardised to peptide 581 by subtracting 

reactivity to this immunodominant epitope from that seen for peptide 645. Thus 

comparisons o f the relative elevation in 645 reactivity in the various patient 

groups could be examined (Figure 5.17 c). On average there was no increase in 

645 reactivity above that seen for 581 in viremic patients, patients with low 

CD4% or progressors. However, for nonviremic, high CD4% and non

progressing patients, 645 reactivity was on average 0.4 OD units higher than for 

peptide 581.

Patients from the nonviremic (NV) group had a significant increase in 645 

reactivity compared to viremic (V) patients (MW P=0.003). This increase was 

also observed for patients with a high CD4% compared to those with a low CD4% 

(MW P=0.0043), however, the increase for non-progressing patients compared to 

progressors was not statistically significant although there may be a trend toward 

significance (MW P=0.116).

Therefore, irrespective of the classification scheme used, and the nominal 

probabilities obtained, there seemed to be a clear discrimination between patients
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on the basis o f  their reactivity to peptide 645. These results suggest that 

recognition o f  this epitope is associated with correlates o f  non-progression.

a) Peptide 645

c3
Q
O

c3
Q
O

b) Peptide 581

c) Peptide 645 - Peptide 581

.E 6
0
g 4

1  ° 

5-4 ^

I I Nonviremic (15)

I I Viremic (22)

1221 High CD4 (18) | | Non-progressor (9)

I I Low CD4 (12) [2] Progressor (3)

Figure 5.17 a,b,c B ox plots o f  reactivities o f  37 sera (Table 5.5), expressed in OD  
units, to peptide (a) 645 and (b) 581 o f  HIV-2 gp36. N on-specific binding o f  
each sera was calculated using PBS coated plates and background subtracted. 
Samples were assigned to clinically defined groups based on R NA copies/m l 

(Non-virem ic/Virem ic), CD4% (High >28% //Low<14% ) and longitudinal clinical 
progression rate (Non-progressor/Progressor), differential seroreactivities to the 

peptides were examined using the nonparametric Mann-W hitney U  test. The role 
o f  elevation in 645 reactivity over baseline humoral response to envelope 

glycoprotein, as determined by seroreaetivity to the immunodominant peptide 
581, was examined by subtracting reactivity to peptide 581 from that o f  peptide

645 for each sample (c).
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5.7 Production of Mouse antiserum to prognostic linear epitopes

In order to further characterise the in vivo significance of the enhanced humoral 

responses to the pre-membrane spanning region of HIV-2 gp36 in the non

viremic, high CD4% and non-progressing patients, the production of mouse anti

sera to these epitopes was undertaken. These antisera would enable experiments 

examining the exposure of these epitopes in vitro on infected cells and the 

neutralising capacity of humoral responses directed towards these epitopes to be 

undertaken.

Three peptides, ISY 641-C, ISY 645-C and ISY 641-Full (Table 5.6) were each 

subcutaneously inoculated into two six week old Balb/c mice according to the 

protocol set out in 2.2.14.a.

Peptide Name Am ino acid sequence

ISY 641-C CEKNMYELQKLNS

ISY 645-C CYELQKLNSWDVF

ISY 641-Full CEKNMYELQKLNSWDVFGNWFDLTS

Table 5.6 Peptides representing seroreactive linear epitopes used for inoculation 
o f Balb/c mice for in vitro serum neutralisation assays o f HIV-2.

Twenty-nine days post immunisation serum samples from these mice were tested 

for peptide reactivity prior to a second inoculation with the same peptides. Mice 

were sacrificed 49 days after the second inoculation and serum collected. Serum 

samples from inoculated mice were examined for reactivity to biotinylated 

peptides by ELISA according to the protocol set out in section 2.2.14.b. Negative 

controls of normal mouse serum and no serum were included in all assays. Bound 

mouse IgG was realised with rabbit anti-mouse HRP conjugate and Murex TMB 

substrate.
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5.7./ Specific peptide reactivity of Balb/c mice

The hum oral responses o f the six im m unised m ice to peptide ep itopes w ere 

evaluated  by tail-vein bleed, serum  separation and ELISA  against the 

corresponding  biotinylated oligopeptides.

5.7. l.a  Titration o f humoral response

Initially  all m ice w ere bled 28 days post prim ary im m unisation. Serum  sam ples 

w ere titrated  onto biotinylated peptides 641-B  and 645-B , background negative 

values obtained on peptide 557-B w ere subtracted  and specific reactiv ity  p lotted  

(F igure 5.18). Only one m ouse, 645 M ouse B, show ed significant reactiv ity  

above background to peptide ep itope 645-B . 641-Full M ouse A  show ed high 

background w hen tested against peptide 641-B , however, this result w as not 

indicative o f  specific 641-B recognition  since no drop in reactiv ity  w ith titration  

was observed.
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100

Q  0.4 ■

0.2  -

no sera 
normal mouse 
641-full A 
641-full B 
645 A 
645 B 
641 A 
641 B

1000 10000
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b)  1.2
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641-fu i A

S 0.8 - 641-fui! B
645 A

^  0.6 - 645 B
641 A

O 0.4 - 641 B
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1 0 0 1000 10000

Reciprocal of dilution
100000 1000000

Figure 5.18 Titration o f primary inoculated mouse sera and control normal sera 
against peptides a) 641 and b) 645 28 days post immunisation. N on-specific  

binding o f each serum was ascertained on negative peptide 557 and subtracted.

5 .7 .1,b Specificity o f humoral response

Humoral responses to biotinylated peptides 641, 645 and 649 were examined. 

None o f  the 641-Full or 641-C inoculated m ice showed any seroreactivity to any 

o f the peptides (data not shown), however, when tested against the three 

overlapping peptides 641, 645 and 649, 645 M ouse B showed a significant 

seroreactivity to peptide 645. Some reactivity was demonstrated against peptide 

649 but not peptide 641. 645 Mouse A showed no reactivity above normal m ouse 

sera background to any o f  the peptide epitopes tested (Figure 5.19 a and b).

Epitope mapping by the comparison o f the level o f  seroreactivity o f  concurrent 

peptides 633 to 657 at a serum dilution o f 1:200 showed 645 M ouse B recognition 

o f peptide 649 was approximately 50% o f peptide 645, (one OD unit compared to 

two OD units respectively. Figure 5.19 c).
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Figure 5.19 Titration of sera from 2 peptide 645-C immunised mice a) Mouse A, 
and b) Mouse B against biotinylated peptides 641, 645 and 649. c) Epitope 

mapping of 645 Mouse A and B and normal sera against concurrent peptides 633
to 657.

The differential seroreactivity to peptide 641, 645 and 649 by 645 Mouse B 

suggests that the recognised epitope spans peptides 645 and 649 with the entire 

sequence present in peptide 645. Taking these parameters into consideration it is 

possible that 645 Mouse B recognises all or part of the 10 amino acid peptide 

epitope LQKLNSWDVF (Table 5.7).
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Peptide Sequence % Seroreactivity

641 EKNMYELQKLNS 0

645 YELQKLNSWDVF 100

649 KLNSWDVFGNWF 50

Table 5.7 Sequence alignment and percentage seroreactivity to peptide epitopes 
641, 645 and 645 by 645 Mouse B. The underlined regions indicate the possible 

linear epitope to which the humoral response is directed.

Although many seroreactive HIV-2 modelled peptides have been identified by 

previous studies this particular 1 0  aminoacid length epitope has not been 

distinguished. Studies which have examined reactivity o f sera against HIV-2 

envelope peptides modeling gpl40isY, gpl25isv, gp 125rod or gp36Roo identified 

many reactive peptides, however, there was relatively poor agreement or 

consensus between these, possibly because of technical differences, the different 

genotypes modelled, and the length of peptide used which varied from as few as 

nine to greater than 20 amino acids (Baillou et al., 1991, de W olf et al., 1991, 

Goudsmit et al., 1989, Kodama et al., 1991, Lange et al., 1993, Mannervik et al., 

1992, Matsushita et al., 1995, McKnight et al., 1996, Norrby et al., 1991, 

Traincard et al., 1994).

5.8 Summary of results

The humoral response of two contrasting groups o f HIV-2 seropositive patients to 

whole HIV-2 antigens, recombinant surface envelope glycoproteins (rgpl05) and 

envelope specific oligopeptides were compared in order to examine the 

importance of envelope specific humoral responses with respect to disease 

progression rate. No significant difference in humoral responses to either whole 

HIV - 2  antigens or to rgpl05 ( H I V - 2 s b l /6 6 6 9 )  between patients with progressive 

and non-progressive disease was found. However, the range o f reactivity was 

greater in the non-progressive patients for both whole HIV-2 and rgpl05 

response. Correlation between the humoral response to whole HIV-2 antigen and
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recombinant g p l05 was enhanced, but not statistically significant, in non- 

progressor patients (P=0.0648) when compared to the progressors (P=0.2763).

When rgpl05 clones derived from various sources were examined it was found 

that seroreactivity of the Gambian serum samples tested was greatest to rgplOS 

cloned from the Gambian isolate H I V - 2 i s y / s b l 6669  and the CBL series 20-24. The 

lowest seroreactivity was observed on rgplOS cloned from the DNA of three Caio 

Cohort patients, resident in Guinea Bissau.

Interestingly, rgpl05 clones from CBL20 and CBL24 were recognised better than 

CBL21 or CBL23. These two isolates represent contrasting in vitro isolate 

phenotypes, one highly cytopathic exhibiting rapid growth in vitro (CBL20) 

isolated from a patient with AIDS, and the other poor cytopathicity and with slow 

growth in vitro (CBL24) isolated from an asymptomatic patient.

When the median seroreactivities of progressor and non-progressor patients were 

compared for each of the rgplOS clones tested, none differentiated the two patient 

groups to a 5% significance level. However, the range of values obtained for the 

progressor patient group was greater on rgplOS’s from CBL20 and CBL21, the 

most cytopathic o f the CBL isolates, and in the non-progressor group greater on 

rgplOS’s from CBL 23 and CBL24, the least cytopathic o f the CBL series. These 

range increases may reflect differential recognition o f these gpl05 sequences in 

these two patient groups, however the significance of this result requires further 

confirmation with many more rgplOS clones. In addition, the overall 

seroreactivity to two CBL 20 derived rgplOS clones was significantly different 

(P=0.0007), indicating substantial antigenic polymorphism within the envelope 

glycoprotein o f this isolate, supporting the existence o f a viral quasispecies.
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In agreement with previously published results, pepscan analysis of HIV- 

2 s b l 6669/is y  gpl60 identified seroreactive epitopes in the V2 (peptides 165-205) 

,V3 (peptides 297-329) and C-terminal regions o f surface gpl05 (peptides 477- 

489) and in the immunodominant region of transmembrane gp36 (peptides 577- 

589), (Baillou et al., 1991, de W olf et a l,  1991, Goudsmit et al., 1989, Kodama et 

al., 1991, Lange et al., 1993, Mannervik et al., 1992, Matsushita et al., 1995, 

McKnight et al., 1996, Norrby et al., 1991, Traincard et al., 1994), however, we 

also identified a region adjacent to the membrane spanning region of gp36 

(peptides 645-653) that was seroreactive in 100% of serum samples tested.

Peptides 321 (INKKPRQAWCRF) and 325 (PRQAWCRFKGEW), in the V3 

region, were equally well recognised by both seropositive and seronegative 

samples, implying that this epitope may be a mimic of another, undefined, 

pathogen. Ninety-eight peptides were unreactive with all seropositive and 

seronegative samples. These epitopes may be protected from immune recognition 

by folding of the native glycoprotein or heavy glycosylation, alternatively they 

may form parts o f discontinuous or conformation dependent epitopes.

When the pepscan profiles from non-progressing patients were compared with 

profiles from progressing patients differential peptide seroreactivities were 

identified. These reactivites all occurred in the highly seroreactive regions of 

HlV-2. Verification of these differences using more serum samples and 

individual peptides in an ELISA assay confirmed that peptide 645 

(YELQKLNSWDVF) was more seroreactive in patients with better disease 

prognosis, whether defined by RNA load, CD4% or clinical disease progression 

rate. No difference was observed when seroreactivity to the immunodominant 

peptides 581 (QARLNSWGCAFR) and 585 (NSWGCAFRQVCH) or any other 

gp36 peptides were examined, implying no general decrease in anti-gp36 antibody 

levels in symptomatic patients. Seroreactivity to peptide 645 was elevated above 

baseline gp36 response (as defined by seroreactivity to immunodominant peptide 

581) in all the patients with better disease prognosis, by an average o f 0.4 OD 

units, however, no such elevation was seen in patients with poor prognosis.
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The difference in reactivity to the peptide 645 epitope (YELQKLNSWDVF) in 

HIV-2 patients with contrasting disease parameters may be due to evolutionary 

sequence changes in viral envelope resulting in the emergence o f different 

epitopes during disease progression, alternatively host humoral responses directed 

at such epitopes may influence viral phenotype, thereby reducing pathogenicity 

and protecting the host from progression to AIDS. Alternatively this epitope may 

be constrained by functional requirements, and hence limited in its ability to 

escape immune surveillance.

In order to further characterise the significance o f this epitope in determining viral 

neutralisation or disease progression rate, mouse anti-sera specific to peptide 645 

were produced. Unfortunately the exposure o f this linear epitope on the surface of 

HlV-2 infected cells, and the capacity o f antibodies to neutralise viral infectivity 

by binding to this epitope remains to be determined. However, work is being 

undertaken, in collaboration with Dr A McKnight at the Institute o f Cancer 

Research, London, in order to address this question.

In summary, we have shown seroreactivity to peptide epitope 645 to be elevated 

above baseline gp36 response in clinically asymptomatic HlV-2 infected patients, 

conversely, no elevation is seen in symptomatic patients or in serum taken from 

progressing patients prior to clinical decline. Therefore, host humoral response 

directed to this epitope may play an important role in protecting the host from 

disease and in extending the clinically asymptomatic period o f HlV-2 infection.

2 2 2



Chapter 6 - G e n e r a l  DISCUSSION AND C o n c l u s i o n s
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Human Immunodeficiency Virus type 2 (HIV-2), first described following viral 

isolations from individuals in West Afnca (Clavel et al., 1986a, Clavel et a l, 

1987a), has been shown to be endemic in West Africa. HIV-2 has also been 

described in other countries with socio-economic links with West Africa (Cortes 

et al., 1989, Quinn, 1994, Rey et al., 1987, Rubsamen Waigmann et al., 1991, 

Smallman Raynor & Cliff, 1991) with isolated cases also occurring in other 

European countries (Doerr et al., 1987, Evans et al., 1991, van der Ende et al.,

1996) and the USA (Ayanian et al., 1989, O'Brien et al., 1992). The rural and 

economically disadvantaged nature of the populations harbouring endemic HIV-2 

renders longitudinal clinical follow-up and effective antiviral treatment of patients 

extremely problematical. Therefore, the most likely means to prevent HIV-2 

infection and AIDS in these populations would be the provision o f effective 

preventative and/or prophylactic vaccines.

Although HIV-2 infection is causally associated with the onset of AIDS (Naucler 

et al., 1989, Poulsen et al., 1997), epidemiological evidence suggests that when 

compared to HIV-1, vertical and heterosexual transmission rates are lower and 

progression to AIDS is slower (Lisse et al., 1996, Marlink et al., 1994, Pepin et 

al., 1991b, Ricard et al., 1994). However, some cases o f rapidly progressing HIV- 

2 AIDS, with disease courses similar to HIV-1, have been described both in The 

Gambia, and among West Africans resident in Europe (Ariyoshi et al., 1998, van 

der Ende et al., 1996). It has been postulated that the slow disease course seen 

during HIV-2 infection may be due to either an attenuated viral phenotype or 

enhanced host immunological control of viral replication.

The rate o f progression to AIDS and death following infection with HIV-1 is 

influenced by a variety of viral factors and host immune responses (Comar et al., 

1997, Keet et al., 1997, Moore et a l,  1994, Musey et al., 1997, Nelson et a l, 

1997, van Baalen et al., 1997). Determinants within the envelope glycoprotein of 

HIV-1 have been shown to greatly influence viral growth rate, cell tropism, and 

cytopathogenicity in vitro (Andeweg et a l,  1992, Fouchier et al., 1992, Kuiken et
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al., 1992). Similarly regions of the HIV-2 envelope glycoprotein have been shown 

to influence viral phenotype (Albert et al., 1996) (Keller et al., 1993a, Reeves & 

Schulz, 1997). In addition, the envelope glycoproteins of both HIV-1 and HIV-2 

are major targets for a variety of host derived neutralising and non-neutralising 

antibodies (Baillou et al., 1991, Broliden et al., 1992, de W olf et al., 1991, 

Goudsmit et al., 1989, Kodama et al., 1991, Lange et al., 1993, Mannervik et a l, 

1992, Matsushita et al., 1995, McKnight et al., 1996, Muster et al., 1993, Norrby 

et al., 1991, Palker et al., 1987, Traincard et al., 1994). Therefore, the envelope 

glycoprotein may hold the key to explaining the long clinical latency seen during 

HIV-2 infection, with possible roles in contributing to an attenuated viral 

phenotype and/or eliciting humoral responses that are highly efficient at 

controlling or neutralising viral replication.

The objectives of this project were two fold. Firstly, to provide an efficient 

expression system for producing recombinant glycoproteins in order to examine 

the biological significance o f genetic antigenic and functional diversity of HIV-1 

and HIV-2 envelope glycoproteins with respect to viral pathogenicity and clinical 

disease. We hoped to elucidate antigenic or functional differences between the 

HIV-2 envelope glycoproteins cloned from patients and viral isolates with diverse 

in vitro phenotypes that may possibly lead to answers regarding the suggestion 

that the long clinical latency seen during HIV-2 infection is due to attenuated viral 

phenotype. Secondly, we examined the nature o f host humoral responses directed 

toward the HIV-2 envelope glycoprotein using both our recombinant glycoprotein 

models and linear 1 2  residue oligonucleotides in order to identify any correlation 

between host derived envelope-directed humoral responses and disease 

progression rate, or outcome.

We have developed an efficient eukaryotic expression system based on the vector 

PcDNA3. The addition o f clone-Amp-like cloning tails and insertion o f the 

highly efficient Tpa leader sequence upstream of the cloning site, enabled cloning 

of envelope PCR products and high level expression o f recombinant glycoproteins 

in mammalian cell-lines, to be routinely accomplished.
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The efficiency and flexibility of PcDNA3-Tpa has facilitated the genetic, 

antigenic and biological characterisation of a vast array o f envelope glycoproteins 

including those o f HIV-1, HIV-2, KSHV, BIV and Hepatitis C (Fox et al., 1997, 

Lewis et al., 1996, McKeating et al., 1996a, McKeating et al., 1996b, Murphy et 

al., 1996, Palmer et al., 1996)(Elzinger, B. et al. unpublished, Fems, R.B. et al. 

unpublished, Breuer J. et al. unpublished).

In this study we concentrated on HIV-2 envelope glycoprotein. Cloning of PGR 

amplified surface envelope glycoprotein, gpl05, into pcDNA3-Tpa was highly 

efficient, with the exception o f CBL20 for which specific oligonucelotides had to 

be designed on the basis o f sequencing information obtained. In contrast, cloning 

of full-length gpl40 PGR amplification products proved to be o f variable 

efficiency depending on the source o f envelope. Cloning gpl40 from patient 

DNA samples was very difficult, however, cloning gpl40 from HIV molecular 

clone DNA was relatively simple. This discrepancy may have been due to 

secondary structure formations, such as hair-pin loops and inverted repeats which 

prevented complete DNA replication in the E.coli hosts, leading to sequences 

being deleted or re-arranged. Several different incubation conditions and E.coli 

strains, some deficient in DNA repair mechanisms, were examined for their 

ability to increase the efficiency of gpl40 cloning, but none were successful for 

all envelope constructs.

PcDNA3-Tpa therefore, constitutes a valuable addition to currently available 

vectors, especially for those wishing to clone and eukaryotically express panels of 

glycoproteins for use in characterisation studies.

Gharacterisation o f recombinant HIV-1 gpl20 by Anthea Murphy, cloned and 

expressed using pcDNA3-Tpa, identified antigenic polymorphism and variable 

GD4 affinity between clones. This variation was not an artefact of PGR 

amplification, but a true reflection of viral polymorphism, implying the existence 

of a variety o f viruses, a quasispecies, within a single HIV-1 laboratory isolate.
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Prior to any antigenic or functional characterisation o f HIV-2 envelope 

glycoproteins an ELISA for the detection o f these recombinants was developed. 

We have demonstrated an ELISA, utilising GNA (snow drop) lectin to capture 

rgpl05, and pooled HIV-2 sera to detect captured rgplOS, to be highly specific 

and sensitive to rgplOS concentration with a large dynamic range spanning 25 and 

lOOOng/ml with minimal non-specific background. This ELISA allowed us to 

determine the reliability and reproducibility of transient expression of pcDNA3- 

Tpa cloned envelope glycoproteins in mammalian cell culture. Vaccinia virus 

VTF7 - 3  assisted transfection resulted in the highest concentrations of recombinant 

glycoprotein and optimal concentrations were achieved 48 hours post

transfection.

There appeared to be no correlation between efficiency o f rgplOS expression and 

in vitro isolate phenotype or status of clinical disease in source patients. The 

failure o f some clones to express recombinant glycoprotein in vitro may have 

been due to naturally occurring defective proviral open reading frames causing 

premature arrest o f mRNA translation. However, the lack o f correlation between 

expression frequency and isolate phenotype, or status o f clinical disease in source 

patients suggests no difference in the incidence o f defective provirus and 

pathogenicity of the viral population.

It has been suggested that HIV-2 envelope glycoprotein has a reduced affinity for 

CD4, which may account for the slower disease course associated with HIV-2 

when compared to HIV-1 (Moore, 1990a). Using various CD4 binding assays we 

have demonstrated that recombinant HIV-2 envelope glycoproteins have variable 

affinities for CD4, and contrary to published reports some rgpl05 clones had high 

affinities for CD4, comparable to that seen with HIV-1 gpl20. Binding indices of 

various recombinant gpl05 clones also showed variable affinity for CD4-IgG 

from 0.1 (CBL23.24) to 1.4 (ISY.46) relative to that o f baculovirus expressed 

rgplOS. Furthermore, the binding indices o f rgplOS’s cloned from the same
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source were variable indicating possible polymorphism in the CD4 binding sites 

of envelope glycoproteins derived from the same HIV-2 laboratory isolate.

Examination o f HIV-2 envelope glycoprotein affinity for T-cell surface expressed 

CD4 using flow cytometry yielded similar findings. RgplOS clones bound CD4 

with a range o f affinities, with clones derived from H I V - 2 i s y / s b l 6669  binding CD4 

with affinities similar to HIV-1 derived rgpl20. Moreover, there was no 

correlation between rgplOS concentration and MFI, therefore, differences in 

fluorescence intensity obtained between different rgplOS clones reflected genuine 

polymorphism in cell-associated CD4 affinities. Overall, H I V - 2 j s y / s b l 6669  rgplOS 

clones had an overall higher affinity for CD4 than did the CBL clones, which may 

be a reflection o f the more prolonged passage o f isolate H I V - 2 i s y / s b l 6 669  in 

immortalised CD4 expressing T cell lines.

There appeared to be no distinct correlation between in vitro viral phenotype and 

cloned rgplOS CD4 binding affinity amongst the CBL series o f isolates, 

suggesting that the clinical status of an HIV-2 infected individual is not 

determined solely by viral isolate ability to bind CD4. However, this does not 

preclude the possibility that there are major differences in co-receptor usage by 

these isolates which may account for their differing in vitro phenotypes. During 

the period when this work was undertaken, research into co-receptor usage by 

HIV, and possible implications for viral phenotype and clinical outcome, were in 

their infancy. Consequently the ability to examine co-receptor affinities in our 

panel o f HIV-2 rgplOS’s was limited by the lack of reagents and expertise in this 

field.

The range o f CD4 binding affinities shown in these studies is in agreement with 

published reports citing considerable diversity in CD4 binding and coreceptor 

usage o f different HIV strains. Both HIV-1 and HIV-2 strains utilise CXCR-4 

and CCR-5 in a similar manner (Heredia et ah, 1997), however SIV does not 

appear to utilise CXCR-4 for cell entry (Chen et al., 1997b, Edinger et al., 1997). 

In additon to these well studied coreceptors an increasing family o f other
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coreceptors, utilised by various HIV and SIV strains, have been identified 

including CCR-1, CCR-2b, CCR-3, Bonzo/STRL33 and BOB/GPR15 for cell- 

entry as well as strains capable of using both CXCR-4 and CCR-5, termed dual 

tropic strains (Choe et a l,  1996, Doranz et al., 1996, Liao et al., 1997).

O f particular interest to our results are studies that have identified HIV-2 strains 

capable o f CD4-independent cell fusion and infection in vitro suggesting that 

HIV-2 strains can utilise co-receptors as primary receptors and that far from being 

essential CD4 binding amongst HIV-2 viral strains is dispensable under certain 

conditions (Clapham et al., 1992, Reeves & Schulz, 1997).

In addition to the CD4 binding studies described within this thesis, we also 

intended to examine possible relationships between in vitro fusogenic capacity of 

envelope glycoproteins and viral phenotype or patient clinical status. We 

designed an envelope-mediated cell-cell fusion assay based on that on of Moir and 

Poulin, with modifications to enable fusion events to be accurately quantified and 

fusion rates to be determined (Moir & Poulin, 1996). We utilised the luciferase 

reporter vector Pgl3-E (Promega Ltd.), modified by the insertion o f HIV-2 LTR 

sequence upstream of the reporter open reading frame. This plasmid was stably 

transfected into the CD4 expressing cell line HeLa T4. A second cell line, stably 

expressing HIV-2 Tat and HIV-2 recombinant envelope glycoprotein, was 

overlaid and fusion rate quantified by measurement o f luciferase output by 

scintillation.

Although this work was in a preliminary phase, and was consequently not 

described in this thesis, we had established that basal LTR driven expression of 

luciferase could be increased by co-transfection with Tat. Although no further 

envelope fusion assay development has taken place, LTR-Pgl3-E is being used 

routinely to study both HIV-1 and HIV-2 LTR driven expression of luciferase 

under the influence of various cellular DNA binding proteins and in differing cell 

types (Baker E. et al. unpublished). LTR function may play an important role in 

determining HIV-2 progression rate, with the possibility that dysfunctional or
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tightly regulated LTR function may account for the very low plasma RNA load 

seen during the asymptomatic phase of disease. Elucidating any factors involved 

in reducing LTR promoter function may, therefore, lead to therapies directly 

target HIV-1 or HIV-2 LTR, reducing viral expression rate, and consequently 

prolonging the asymptomatic phase o f both diseases.

The second objective of this project was to examine the nature of the host’s 

humoral responses directed at the envelope glycoprotein during infection with 

HIV-2. Using the recombinant HIV-2 gpl05 antigens and a panel of 12mer 

oligopeptides we aimed to study and elucidate any possible correlation between 

humoral responses and clinical disease outcome or progression rate.

It has been shown that HIV-2 infected patients display a broader based autologous 

and heterologous neutralising antibody response than HIV-1 patients and that 

serum from HIV-2 infected individuals often cross-neutralises other isolates of 

HIV-2, HIV-1 and SIV. This suggests that there may be some conservation of 

epitopes or mechanisms of neutralisation between HIV-1, HIV-2 and SIV 

(Bjorling et al., 1993, Robert Guroff et a l,  1992). Interestingly, HIV-1 studies 

have correlated slower progression and lower transmission with increased serum 

neutralisation of HIV-1 isolates in vitro, raising the possibility that a similar 

correlation may be found for HIV-2 (Fenyo & Putkonen, 1996, Pilgrim et al.,

1997). In addition, a recent study has shown a relationship between early humoral 

responses to HIV-1 envelope and subsequent disease progression rate (Loomis- 

Price et al., 1998). Therefore, host humoral responses may contribute 

significantly to the decreased viral burden during the asymptomatic phase, slower 

progression rate and lower transmission rate o f HIV-2.

The humoral response o f two clinically contrasting groups o f HIV-2 seropositive 

patients to whole HIV-2 antigens, recombinant surface envelope glycoproteins 

(rgpl05) and envelope specific oligopeptides were compared. No significant 

difference in humoral responses to either whole HIV-2 antigens or to rgpl05 

(cloned from H I V - 2 s b l /6 6 6 9 )  between patients with progressive and non-
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progressive disease was found. However, the range o f reactivity was greater in 

the non-progressive patients for both whole HIV-2 and rgplOS response. 

Correlation between the humoral response to whole HIV-2 antigen and 

recombinant gplOS was enhanced in non-progressor patients when compared to 

the progressors, suggesting that individually host humoral responses to HIV-2 

virus or gplOS do not influence disease prognosis, but the relationship between 

response to whole HIV-2 and gplOS may be important in determining, or 

maintaining, a stable non-progressive disease and viral-host equilibrium.

When rgplOS clones derived from various sources were examined it was found 

that seroreactivity o f the Gambian serum samples tested was greatest to rgplOS 

cloned from the Gambian isolate H I V - 2 i s y /s b l 6669  and the CBL series 20-24. The 

lowest seroreactivity was observed on rgplOS cloned from the DNA of three Caio 

Cohort patients, resident in Guinea-Bissau, some 300 miles south o f The Gambia. 

This may be a reflection of the and antigenic diversity o f the envelope 

glycoprotein amongst HIV-2 infected populations in West Africa, with local 

populations harbouring different related viral populations that differ from their 

neighbours. This is supportive of the more regional distribution o f HIV-2 when 

compared to HIV-1, which it has been postulated, is due the lower transmission 

rate of HIV-2, restricting the spread of infection to relatively smaller, or more 

isolated, communities (Kanki et a l, 1994).

The use of lab adapted viral isolates has long been criticised as being irrelevant 

and unrepresentative o f ‘real’ highly heterogeneous viral populations in vivo. The 

demonstration in this thesis o f the existence of HIV-2 antigenic and CD4 binding 

polymorphisms suggests that far from being a uniform population, HIV viral 

isolates persist as a heterogeneous population in vitro. Therefore, the 

heterogeneity o f HIV seen in vivo can be maintained under certain laboratory 

conditions, consequently these artificial selection conditions may still be 

important, and relevant, for modeling in vivo viral populations.
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The observation that serum from non-progressing and progressing patients had 

higher seroreactivity to rgplOS clones from CBL20 and CBL24 than CBL21 or 

CBL23 may indicate that our rgplOS clones antigenically closely reflect those 

seen by the host’s humoral response in vivo. These two isolates represent 

contrasting in vitro isolate phenotypes, one highly cytopathic exhibiting rapid 

growth in vitro (CBL20) isolated from a patient with AIDS, and the other poor 

cytopathicity and with slow growth in vitro (CBL24) isolated from an 

asymptomatic patient, which may correspond to the differing progression rates in 

the patients from which our samples were collected. To establish this correlation 

definitively more rgplOS clones and more serum samples would have to be 

studied, however, results as they stand provide evidence that rgplOS cloned using 

pcDNA3-Tpa antigenically mimics in vivo envelope glycoprotein.

The fine mapping of the humoral responses to HIV-2 envelope glycoprotein using 

oligonucleotides in a modified 'pepscan' based assay yielded conclusions 

regarding immunodominant envelope epitopes that confirmed previous studies 

(Baillou et al., 1991, de Wolf et al., 1991, Goudsmit et al., 1989, Kodama et al., 

1991, Lange et al., 1993, Mannervik et al., 1992, Matsushita et a l, 199S, 

McKnight et a l ,  1996, Norrby et a l, 1991, Traincard et a l ,  1994). Although 

many seroreactive peptides were found in these studies, there was relatively poor 

agreement between them, possibly due to technical differences, for example in 

addition to the different genotypes modelled, length o f peptides varied from as 

few as nine amino acid residues (Mannervik et a l, 1992, de W olf et a l, 1991, 

Goudsmit et a l, 1989) to greater than 20 (Norrby et a l, 1991).

We found that, in agreement with two previous studies, the immunodominant 

epitope in surface gplOS was centred in the V3 loop, peptides 301 and 305 

Mannervik et al., 1992, Norrby et al., 1991). Four other regions in gpl05 were 

reactive with 30% or more o f HIV-2 positive sera tested: peptide 165 (V2), 

peptides 205 and 281 (C2) and peptide 485 (C5). Peptide 485, at the C-terminal 

region o f gpl05, overlaps with peptides that were also reactive in all three 

previous studies. The responses to HIV-2 surface envelope observed here were
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similar to those obtained with sera from HIV-1 infected volunteers against HIV-1 

peptides, with the exception the C-terminal region in HIV-1 which showed only 

60%-80% seroreactivity (Loomis et a l, 1995, Loomis-Price et a l, 1998, Palker et 

üA, ypa?)

We also identified two strongly immunodominant clusters in the transmembrane 

gp36 region. The first, encompasses the small disulphide loop and the region N- 

terminal to it, peptides 577-589, and has been studied extensively (Baillou et a l, 

1991, de W olf et a l ,  1991, Goudsmit et a l, 1989, Kodama et a l, 1991, Lange et 

al, 1993, Mannervik a/., 1992, Matsushita er (zA, 1995, McKnight e / <3 A, 1996, 

Norrby et a l, 1991, Traincard et a l, 1994). Comparable reactivity to this region 

is also observed in HIV-1 infected individuals(Loomis et al., 1995, Loomis-Price 

et al., 1998, Wang et al., 1986). We also identified a second region, adjacent to the 

membrane spanning region of gp36 (peptides 645, 649 and 653 spanning amino 

acids 645-664), which was reactive to 100% of HIV-2 seropositive serum samples 

tested. The N-terminal part o f the cluster contained amino acids common to a 

strongly reactive peptide that has been previously defined (Norrby et a l, 1991). 

However, the C-terminal part of the cluster represented a novel epitope. The 

dominant reactivity of these peptides compared to the other epitopes in gp36 

contrasts markedly with results obtained for HIV-1 (Loomis et a l,  1995, Loomis- 

Price et a l,  1998).

Reactivity profiles of non-progressing patients were compared to those from 

progressing patients, and differential peptide seroreactivities were identified. 

Differences in seroreactivity between the two patient groups all occurred in the 

highly seroreactive regions of HIV-2.

Further investigation of these differences using more serum samples and 

individual peptides in an ELISA format confirmed that peptide 645 

(YELQKLNSWDVF) was more seroreactive in patients with better disease 

prognosis, whether defined by RNA load, CD4% or longitudinally followed 

disease progression rate. No difference was observed when seroreactivity to the 

immunodominant peptides 581 and 585 and to other gp36 peptides were 

examined, implying no general decrease in anti-gp36 antibody levels in
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symptomatic patients. Moreover, seroreactivity to peptide 645 was elevated 

above baseline gp36 response (as defined by seroreactivity to immunodominant 

peptide 581) in all the patients with better disease prognosis, while no such 

elevation was observed in patients with poor prognosis.

The exposure of this linear epitope on the surface o f HIV-2 infected cells, and any 

capacity of antibodies against this epitope to neutralise viral infectivity by binding 

to this epitope is being examined in collaboration with Dr A McKnight at the 

Institute o f Cancer Research, London, utilising mouse antisera raised against 

peptide 645.

Seroreactivity to the homologous region in HIV-1 (LELDKWASLWN) (amino 

acids 661-671 H I V - I ihb) has been shown to be highly cross-reactive, and a 

monoclonal antibody to this region, 2F5, recognising the epitope Glu-Leu-Asp- 

Lys-Trp-Ala (ELDKWA) has been shown to neutralise many HIV-1 viral strains 

in vitro (Broliden et a i,  1992, Conley et al., 1994, Eckhart et al., 1996, Muster et 

al., 1993). In addition, a reduction in seroreactivity to this region associated with 

disease stage has been demonstrated (Vanini et al., 1993). However, no 

significant disparity was exhibited in seroreactivity to this epitope when CD4 

matched HIV-1 infected long term non-progressors and rapid progressors were 

examined, implying that this epitope is not a major determinant of disease 

progression rate during HIV-1 infection (Loomis-Price et al., 1998).

While several well-defined neutralisation targets have been determined on the 

HIV-2 envelope, functional activity and clinical relevance o f antibodies against 

this specific region have not been fully investigated (Chiodi et a l, 1993). The 

difference in reactivity to peptide 645 epitope in HIV-2 patients with contrasting 

disease parameters observed in our studies may be due to sequence changes in 

viral envelope, resulting in the emergence o f different epitopes during the course 

o f disease progression. Alternatively, host humoral responses directed at such 

epitopes may influence viral phenotype, thereby reducing pathogenicity or 

replication rate, prolonging the time to viral diversity threshold and protecting the 

host from progression to AIDS. This raises the possibility that humoral responses 

directed against the 645 region of HIV-2 gp36 might have a role in slowing
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disease progression rate. Consequently the findings presented in this thesis may 

be important for the future development of treatments or vaccines for both HIV-2 

and HIV-1 infection.

Chapter 7 - APPENDIX
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7.1 Chemicals and Buffer formulae

Bacterial solutions:

2 X TY Broth:

16g/L Bacto-tryptone, lOg/L Bacto-yeast extract, NaCl 5g/L, pH 7.0.

2 X TY Agar:

2 X TY broth with 1.5% (w/v) Difco Bacto agar.

Antibiotic Solution:

Ampicillin stock solution lOOmg/ml in dH2 0  stored at -20°C. Working 

concentration 50pg/ml.

Calcium chloride bacterial transformation buffer:

100 mM Calcium Chloride, 47 g CaCl2 .H2 0 ., dissolved in 100 ml o f dHiO and

sterilised by autoclaving, stored at -20°C.

Enzyme Solutions:

lOx Pfu Reaction Buffer:

lOOmM KCl, lOOmM (NH4 )2 S0 4 , 200mM Tris-HCl (pH 8.0) 20mM MgCb, 1% 

Triton X-100 and lOOpg/ml nuclease-ffee BSA. 

lOx Tbr Reaction Buffer:

250mM KCl, lOOmM Tris-HCl (pH 8 .8 ), 15mM MgCl2  and 1% (w/v) gelatine. 

lOx Klenow Buffer:

0.5M TrisCl (pH 7.6), O.IM MgCb. 

lOx Ligation Buffer:

0.5M TrisCl (pH 7.6), lOOmM MgCb, lOOmM dithiothreitol, 500pg/ml bovine 

serum albumin, 0.5M ATP. 

lOx T4 DNA ligase buffer:

200mM TrisCl (pH 7.6), 50mM MgCl2 , 50mM dithiothreitol, 500pg/ml bovine 

serum albumin, 0.5M ATP.
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Electrophoresis solutions:

50x Tris Acetate EDTA (TAE):

242 g/L Tris base, 57.1 ml/L glacial acetic acid, 37.2 g/L EDTA, adjusted to pH 

8. 1.

TE buffer: 

lOmM Tris-HCl (pH 7.6), ImM EDTA 

Agarose gel:

1 X TAE buffer containing 1.5 to 2% ( w /v )  agarose (Promega)

Agarose gel loading buffer (lOx):

40% sucrose, 0.1% Orange G in dH2 0 . 

lOx Tris Borate EDTA (TEE):

108 g/L Tris base, 55 g/L boric acid, 9.3 g/L EDTA, adjusted to pH 8.3.

6 % acrylamide sequencing gel:

5.7% acrylamide, 0.3% methylenebisacrylamide, 50% urea, 6  ml of lOx TBE. 

Polymerised by the addition o f 230 p.1 of 10% Ammonium persulphate solution 

and 30ml TEMED to 60 ml of gel mix.

Formamide loading dye:

95% (v/v) formamide, 0.1% xylene cyanol, 0.1 %bromophenol blue, 20mM 

EDTA.

Sequencing reagents:

A Mix:

8 pM ddATP, 160pM dATP, 80pM dCTP, 80pM dOTP, 160pM dTTP, 50pM 

NaCl.

C Mix:

8 pM ddCTP, 160pM dATP, 160pM dCTP, 80pM dOTP, 160pM dTTP, 50pM 

NaCl.
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G Mix:

8 |iM  ddGTP, 160^M dATP, SOpM dCTP, SOjuM dGTP, 160pM dTTP, SO îM 

NaCl.

T Mix:

8 |aM ddTTP, 160|liM dATP, 80|LiM dCTP, 80^M dGTP, 160pM dTTP, 50pM 

NaCl.

Sequenase Buffer:

10 mM Tris-HCl (pH 7.5), 5 mM DTT, 0.5 mg/ml BSA. Dithiothreitol O.IM. 

DNA extraction buffers and solutions:

DNA lysis buffer:

lOmM Tris-HCL (pH 8 ), lOmM EDTA, lOmM NaCl, 0.5% SDS, lOOpg/ml 

proteinase K.

Rapid DNA extraction buffer:

50 mM KCl, lOmM Tris-HCl (pH 8.3), 2.5 mM MgClz, 0.45% Nonidet P-40, 

0.45% Tween 20, 150pg/ml proteinase K.

Tissue culture media:

DMEM/FCS:

Dulbecco's Modified Eagles Medium supplemented with L-glutamine (2mM), 

penicillin (50 lU/ml), streptomycin (50mg/ml), sodium bicarbonate (0.22%w/v), 

and FCS (10%v/v). Stored at 4°C.

RPMI1640/FCS:

RPMI 1640 supplemented with L-glutamine (2mM), penicillin (50 lU/ml), 

streptomycin (50mg/ml), sodium bicarbonate (0.22%w/v), and FCS (10%v/v). 

Adjusted to pH 7.0 with NaOH. Stored at 4° C 

Freezing Media:

10% DMSO, 40% FCS, 50% RPMI.
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Phosphate Buffered Saline (PBS):

8  g/L NaCl, 0.2 g/L KCl, 1.15 g/L Na2 HP0 4 .7 H 2 0 , 0.2 g/L KH 2 PO4 , pH 7.3. 

Filter sterilised and stored at 4°C.

Trypsin/EDTA:

Trypsin (0.1%), EDTA (2mM) in PBS. Store at 4°C.

Mammalian cell transfection buffers:

2x HBS Buffer:

S.lSg NaCl, 5.95g HEPES (tissue culture grade), 0.2g Na2 HP0 4 , 400ml dHiO 

adjusted to pH 7.1 with NaOH, topped up to 500ml with dH2 0 . Filter sterilised 

and stored at 4°C.

15% Glycerol/HBS:

15ml glycerol, 50ml 2x HBS and 35ml dH2 0 . Filter sterilised and stored at 4°C. 

Sodium Butyrate: 

lOOmM soduim butyrate solution, stored at -20°C.

Cell fixatives:

Acetone/Methanol:

Acetone and methanol mixed in equal volumes and stored at -20°C. 

Paraformaldehyde:

3.7% (w/v) paraformaldehyde in filter sterilised PBS, stored at 4°C

Blue cell assay buffers:

PBS/FCS/NAN3 :

1% FCS, 0.02% sodium azide (NaNg) in PBS, stored at 4°C.

5-Bromo-4-chIoro-3- indolyl-b-galactoside (X-gal):

40 mg/ml in N,N-dimethylformamide, stored at -20°C.

Substrate (lOx):

30mM potassium ferricyanide, 30mM potassium ferrocyanide, lOmM 

magnesium chloride, 0.5mg/ml of X-gal.
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