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Abstract

The retroviruses HIV and SIV are structurally very similar, hence, SIV can be used as a model for 

HIV. There is much interest in developing treatment strategies for HIV, which is now responsible for 

more than 3.1 million deaths worldwide per year (UN AIDS & WHO, 2001). Many of the current 

treatment regimens are effective but inappropriate for use in the Third World.

In this thesis, SIV was used as a model to investigate the effects of point mutations within the proteinase 

gene on autocatalytic cleavage, and to investigate the effect of cleavage site mutations on the 

autocatalytic cleavage mechanism.

Initially, a purification protocol was developed for the wildtype SIV proteinases and its mutants. 

Purified enzymes were used to determine preliminary effects of these mutations on the activity of the 

proteinases. Wildtype, and SIV proteinase mutants were expressed in Æ. co/i and purified from inclusion 

bodies yielding complete cleaved products. Differences were observed in the case of some mutants 

such as one termed G48 V “extended proteinase” in which incomplete processing of the proteinase was 

seen. This raised the possibility that the incomplete processed proteinase could be used for therapeutic 

purposes such as vaccine therapy. The degree of in vitro processing was analysed by molecular weight 

determination, and the compositions o f these enzymes and their activities were also determined.

Purified 1 IkDa proteinase was isolated from the wildtype, G48V “72”, and L90M. Larger partly 

processed forms from partially purified proteinase were isolated from mutants, G48V “4833”, and 

G48V “extended proteinase”. SDS-PAGE analysis and Western blotting were used to identify



the different forms of the proteinase. The 11 and 15 kDa proteins of the G48V “4833” clone were 

separated using gel filtration chromatography. The activities of the separated peptides were investigated. 

The N-terminus of these two proteins was shown to be identical by protein sequencing. Interaction 

between the two peptides affected stability and activities. The novel mutant G48V “extended 

proteinase” with a longer C-terminus was derived from the G48V “4833” gene sequence which was 

further manipulated by frame shifting at a convenient restriction site. Lower activities and differences 

between the predicted and observed proteinase size are described.

Mutation in the N-terminal region of the proteinase may also slow down or lead to the incomplete 

autoprocessing. Mutants with variant proteinase activity may prove to be important for the development 

of future therapeutic strategies and further work is indicated.
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Chapter One: Introduction

1.1 Retroviruses

1.1.1 Introduction

O f all the infectious diseases in man, those caused by viruses are the greatest challenge for the 

development of effective dmgs. Retroviridae are a family of enveloped vimses which have long been 

known to cause a variety of naturally occuring disorders ranging from malignant tumors associated with 

oncoviruses to infectious diseases in several animal species.

Retroviruses were previously classified based on virion structure and pathogenicity into three subfamilies: 

Oncovariniae, Lentivirinae, and Spumavirinae (Teich, 1982). A newer classification, based on overall 

genomic organisation (nucleotide sequence organisation) and amino acid sequence comparisons, has 

been proposed that separates seven genera followed by subgenera, species, type or subgroup, and 

isolate or mutant (Coffin, 1992).

1.1.2 History

The first human retrovirus. Human T-cell Leukemia/Lymphoma Virus type-I (HTLV-I) was discovered 

in 1980. This was followed by the discovery of a second oncovirus, HTLV-II in 1982 (Coffin, 1990).
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Lentivirus causes acquired immunodeficiency syndrome (AIDS) in humans (human immunodeficiency 

virus, HIV; Guyadere/ a/, 1987) and monkeys (simian immunodeficiency syndrome,SIV; Power c/c/7, 

1986).

1.1.3 The retrovirus virion structure

Retrovims particles are spherical structures containing two RNA molecules. As illustrated in figure 1.1, 

the RNA is packaged by viral proteins into a structure called a core. The proteins of the core, are 

encoded by the viral gene calledgc/g. The viral core also contains the reverse transcriptase needed to 

synthesise DNA from RNA, a site-specific proteinase, and a protein called integrase. The core is 

surrounded by an envelope and within the envelope are embedded proteins of several types that are 

encoded by the viral gene called env (Ratner, 1993).

Fig 1.1 The retrovirus virion

Enveicoe
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FIT Reverse T ranscriptase

Transm err.prane
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The lentiviruses family of retroviruses do not contain oncogenes or related endogenous virus sequences 

and they have veiy complex genomes. They are also prone to frequent mutations within their genomes.

1.1.4 Retrovirus proteinases

The pro gene of retrovimses coding for the viral proteinase maybe located at the C-terminus of \h&gag 

gene or the N-terminus of the pal gene or have part of its sequence overlapping with both gag and pal. 

Some studies have shown that the proteinases (PR) in Avian Leukemia Viruses (ALV), Rous Sarcoma 

Virus (RSV) and Avian Myeloblastosis Virus (AMV), are located at the C-end of gag (pi 5 PR) 

(Vonderhelm, K., 1977; Dittmar & Moelling., 1978). Murine Leukemia Vims (MuLV) proteinase was 

found in fact not to be encoded hygaghui hy gag-pol (Shinnick efaA ,1981). The coding frame for 

the gag gene was the same as that forpol, separated only by a single amber triplet (UAG).

The existence of proteolytic processing of retroviral polyproteins was first demonstrated in 1975 with 

AMV, (V ogt et a l , 1975). The actual involvement of a virally encoded proteinase in the gag polyprotein 

processing was not realized until 1977, (V onderhelm,K., 1977). The isolation of the pi 5 g^fg-encoded 

proteinase of AMV by gel filtration of virion proteins (V onderhelm, K., 1977), allowed the enzyme to 

be purified and partially characterized. In addition, it was noted that proteinase induced cleavage was 

accompanied by a morphological transformation of “immature” to “mature” particles ( Dickson et a/., 

1985) which led to production of infectious vims (Lu et a l, 1979; Katoh et al., 1985).

In the case of the HTLV-III and HIV, processing of the precursor polypeptides was demonstrated by 

expression of the cXontdgag-pol gene in yeast (Kramer et al., 1986). The subsequent processing of
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the post-translational gene products, Pr55^^  ̂and Prl yielded pi 7 (MA), p24(CA), p7(NC),

p6, p 11 (PR), p66/51 (reverse transcriptase, RT), and p32(integrase, IN) (fig. 1.1). This reflects the 

process that naturally occurs in mammalian cells during maturation of the virions. This suggests that 

maturation of the immature viral particles requires proteinase. Sequence alignments and biochemical 

studies identified the PR as a dimeric aspartic proteinase (Toh et al, 1985 ; Katoh et al., 1989). This 

proteinase can initially release itself from the precursor polyprotein by autocatalysis (Loeb era/., 1989).

The complete nucleotide sequence of the causative agent o f AIDS was determined by isolation of 

proviruses from established cell lines. Based on the homology between the sequences of the isolates; 

Lymphadenopathy Associated Virus (LAV) (Wain-Hobson etal., 1985), HTLV-III (Ratner e/a/., 

1985), AIDS-Related Virus (ARV) (Sanchez-Pescador et a l,  1985), all three were later collectively 

called Human Immunodeficiency Virus (HIV). The PR sequence was shorter than that of MuLV or 

RSV and like Bovine Leukaemia Virus (BLV) the reading frame was different from the gag reading 

frame. HIV PR was found to be located at the 5 ’-end of the pol gene which overlaps with the 3’-end 

of the gag gene.

Simian Retrovirus, SRV-1, from macaque monkeys suffering from Simian Acquired Immunodeficiency 

syndrome (SAIDS) was isolated in 1986 (Power et <3/., 1986). The complete nucleotide sequence 

revealed a typical retrovirus structure with obvious similarity in genetic organisation and sequence to 

the human HIV virus (Wain-Hobson e / <3/., 1980; Ratner e / <3/., 1985; Sanchez-Pescador e / <3/., 1985). 

The PR region was about twice as long as the analogous region of other retroviruses. The pro  region 

seemed to be located as a separate open reading frame (ORF) between the gag and pol genes.
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Retroviruses encode for a small, dimeric aspartic proteinase which specifically cleaves gag and gag-pol 

precursor polypeptides of the virus. Generation ofbiologically active proteins requires controlled limited 

proteolysis of precursor polypeptides. This proteolytic activity is essential for the production of mature, 

infectious viral particles, and therefore these polypeptides are suitable targets for antiviral therapy.

1.2 Origin of HIV-2

Simian immunodeficiency virus (SIV) and HIV are retroviruses of the genera retrovimses. There are two 

types of HIV. HIV-1 now found world-wide causes more rapid destmction of the immune system than 

HrV-2. Immunodeficient African patients, not having detectable titres of antibodies against HIV-1, 

were found to be infected by a retrovims related to HIV in terms of its ultras tmctural and biological 

properties, such as cytopathogenicity and tropism for cells carrying the CD4^ (T4) antigen (Guyader 

et a l , 1987). The antibodies raised against HIV-1 could immunoprecipitate the gag and pol products 

of these isolates having molecular masses similar, but not identical to, the antigens of HIV -1. The env 

product could not be immunoprecipitated, although the previous HIV isolates showed wide cross- 

antigencity of the envelope glycoprotein. Furthermore, the genome of this new retrovims cross

hybridised poorly at very low stringency with HIV DNA probes. Therefore, this West African 

immunodeficiency vims was called HIV-2 (Guyader et al., 1987).

Along with HIV-1 and HIV-2, another large group of related lentivimses has been discovered in 

non-human primates, designated as simian immunodeficiency vimses (SIV). It was thought that HIV-1 

andHIV-2 may have originated by simian-human cross-species transmission (Zoonoses) (Doolittle,
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1989). Identification of the origin of HIV-1 and HIV-2 has always been of great interest and debate, 

although the primate reservoir of HIV-2 has now been clearly identified as the sooty mangabey monkey 

(Cercocebus atys) (Chen., 1996 and 1997). Close contact between sooty mangabeys and humans 

is common because these monkeys are hunted for food and also kept as pets.

1.3 Acquired immunodeficiency Syndrome (AIDS)

1.3.1 AIDS background

In late 1981 the U.S. Centres for Disease Control published reports detailing the increased incidence 

of some rare diseases. People whose immune system had been previously normal developed 

progressive immune dysfunction and as a result, suffered from infections and cancers that were only seen 

in patients known to have damaged immune systems. One o f the earliest features o f AIDS is the 

development of oral thrush, due to the yeast Candida albicans. Another common feature of AIDS is 

pneumonia caused hy Pneumocystitis carini. A number o f cancers affect patients with AIDS, the 

commonest being Karposi Sarcoma. AIDS appears to have been due to a rapid introduction of an 

infectious agent in a population that was immunologically naive. Similar to HIV-2, the vims probably 

originated from primates in central Africa and has rapidly adapted to humans ( Karpas, 1987). In the 

developed world, the disease is more common in certain population groups such as male homosexuals 

or bisexuals and intravenous dmg abusers (Plant, 1990). There is a rapidly growing incidence o f 

paediatric and heterosexual AIDS patients (Becker, 1990).
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1.3.2 The AIDS Epidemic

The number of people living with HIV has grown by 10% in only one year and virtually every country 

in the world has seen new infections in 1998 and 1999. In many places in the world the epidemic is out 

of control as more than 95% of all HIV infected people now live in the third world. Sub-Saharan Africa 

is part of the world where the epidemic is seriously out of control and the Asian continent appears to 

be mirroring the epidemic in Africa. HIV is clearly beginning to spread in earnest through the vast 

populations of India and China. In North America and Westem Europe, new combinations of anti-HIV 

drugs continue to reduce AIDS deaths significantly. HIV has infected nearly 60 million people since the 

start o f the epidemic around two decades ago. HIV has already cost the lives o f nearly 21.8 million 

adults and children worldwide (Steinbrook & Drazen., 2001). Once infected the virus can take a 

decade or more to cause a severe illness and death. An estimated 5.3 million of new infections occurred 

worldwide in the year 2000 alone, which is more than in any other single year (December 2000). These 

new statistics are from the Joint United Nations Programme on HIV/AIDS (UNAIDS) and the World 

Health Organisation (WHO).
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3.3 Replication cycle of HIV

The virus infects cells of the immune system by attachment of a glycoprotein of the viral envelope (gp 

120) to a molecule expressed on human helper T cells called CD4^. Although, CD4^ alone is not 

sufficient to allow HIV entry into cells and it has been identified that fusion, CCR-5, and CXCR-4, 

human accessory factors, act as co-receptors (Feng et al., 1996; Dragic et al., 1996). As shown in 

figure 1.2 the fusion of the virus envelope to specific receptors allows the HIV to penetrate the T cell, 

in which the viral RNA is transcribed into double stranded DNA by reverse transcriptase and 

incorporated into the host genome (Hoepric, 1983). The proviral DNA travels to the nucleus of the cell 

and is integrated into chromosomal DNA of the infected cells. In the T cells, the virus directs the 

synthesis of two polyproteins of 55 kDa igag) and 180 kDa {gag-pol) in addition to the envelope 

protein, regulatory proteins and genomic RNA (Farmerie et al, 1987; Gendelman et al, 1987; 

Lightfoote et al, 1986; Robey et al, 1985). As the immune system becomes triggered, viral replication 

becomes activated and proviral DNA is transcribed back into genomic RNA that is translated into viral 

proteins, which bud from the infected T cell as infectious vims and form immature viral particles. A few 

weeks after infection there is a high level of plasma viraemia and development of a “flu like” illness 

followed by appearance of antibodies to HIV core and envelope proteins in the host semm. A few 

weeks later these symptoms disappear and plasma viraemia decreases probably due to viral clearance 

by the host immune system. When the balance seems to favour the host new viral variants arise due to 

a high rate of HIV mutagenesis that in turn stimulate the immune system. This induces new cycles of viral 

replication and new highly vimlent mutants.
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Fig 1.2 A Schematic representation of the life cycle of HIV
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1: Specific binding of HIV to cell surface receptors.
2-3: Fusion of the viral envelope with the cell membrane.
4: Transcription o f viral RNA into double stranded DNA by reverse transcriptase^ 
5: Integration
6: Production o f viral DNA.
7: Production o f viral cores.
8-9: Exocytosis
10: Production o f competent infectious particles.
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1.3.4 HIV genome

The retrovims genome contains at least three regions required for viral infection and replication. They 

are arranged in the order S'-gag-pol-env-3 ’ and are flanked at both ends with regulatory sequences. 

The gag region encodes a polypeptide that is cleaved to generate four stmctural core proteins, the pol 

region encodes reverse transcriptase and the env region encodes glycoproteins found at the surface of 

the virion (Bolognesi etal., 1973). The HIV genome also consists o f these three regions (Muesing et 

al,. 1985; Ratner a/., 1985; Wain-Hobson e/r//., 1985).

The genetic organisation of the HIV-1 and HIV-2 is shown in figure 1.3.

Fig 1.3 Genetic Organisation of HIV-1& HIV-2
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The initial protein products of the gag and pol genes are 3. gag polyprotein precursor of about 55 kDa 

(pr55 and a \mgQ gag-pol fusion protein about 180 kDa (prl 80 ̂ "^'^"^translated from the gag and

pol regions by ribosomal frame shifting (Jacks & Varmus, 1985; Jacks et a l,  1988).

A maj or function of the gag protein is assembly of the vims core. Expression of the HIV gag gene alone 

is thought to be sufficient for assembly and release of vims particles (Y oshinaka & Luftig, 1977; Shields 

et a l, 1978; Katoh et a l ,  1985; Delchambre et a/., 1989).

The pol region is required for gag function. The 5 ’ region of the HIV pol gene encodes the viral 

proteinase responsible for cleavage of the gag and gag-pol precursors to their processed mature forms.

One of the major roles of the HIV gag precursor polyprotein, pr 55̂ ®̂, is particle formation which is a 

final step in the viral life cycle (Gheysen et a l, 1989; Gottlinger et a l, 1989; Smith et a l , \  990). The 

morphological evidence indicates that the entire gag gene is not a prerequisite for viral particle formation 

and the protein is unlikely to be the full-length gag product (Hoshikawa et a l ,1991). The lack of 

particle production is dependent on the progressive 3 ’ -terminal deletion of the gag gene (Gheysen et 

a l , 1989). Therefore, critical sequences responsible for virion formation are most likely to be located 

in the 3’terminus (p9) of the gag gene. The middle region of p9 has two blocks of an amino acid 

sequence pattern with repeating Cys residues that is conserved in nucleic acid-binding proteins and in 

the Zn^^ finger proteins (Berg, 1986; Convey, 1986).
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1.3.5 Proteinase function

Production of mature infectious descendants of the virus, requires cleavage of the gag and gag-pol 

polyproteins of the immature core into mature stmctural proteins and replication enzymes. This cleavage 

is achieved by the viral proteinase, product of the pro gene (Oroszlan & Lufting 1990. Roberts et al., 

1990a).

The unprocessed mutant virions were shown to be poorly infectious; infection being blocked at an early 

stage. It was demonstrated for MuLV that if the PR was defective, then immature particles were 

produced. HIV PR equally has a functional role in viral maturation and infectivity. Mutation of the 

conserved residue Asp-25 to Asn was noted not to affect expression of protein, but it eliminated 

detectable in vitro proteolytic activity against HIV Pr55 gag and resulted in virions unable to infect cell- 

lines (Kohl a/., 1988). The PR plays a major role in both maturation of the core proteins and viral 

assembly necessary for viral infectivity which was demonstrated by further deletion analysis of HIV PR 

(Peng et al., 1989). Moreover, expression of Avian PRs with active site mutations produced normal 

amounts of virus particles which were non-infectious and, due to uncleaved gag and gag-pol precursors, 

the immature morphology was retained (Stewart et al., 1990).

Equine Infectious Anaemia Vims (EIAV) has been used as a model for HIV studies on a novel function 

of the retroviral PR namely post maturation cleavage of the nucleocapsid (NC) gag protein from p 11 

to p 6  and p4 (Roberts et a l,  1990b). This cleavage was found to be blocked by specific HIV PR 

inhibitors but not by serine PR inhibition. It seems that this action of PR is a vital step in viral replication
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during early stages of infection. Support for this idea that the viral PR contributes to capsid opening was 

shown by the effect of HIV-1 PR on the intermediate filaments found in the cytoplasm of the cell 

(Shoeman et al., 1990).

The surge of interest in the molecular biology of retroviruses over the last decade is due in large part to 

the urgency of identifying specific targets for antiviral therapy for diseases such as AIDS. The viral 

enzymes required for replication of the virus are the preferred target sites for antiviral attack.

1.3.6 HIV proteinases

Major components of HIV particles are the cleaved mature gag (p 17;MA and p24;CA), pol (RT) and 

env (gp 120 and gp41 ). The HIV gag region is initially translated into a polyprotein precursor of 5 5 kDa 

that is then processed into the mature p 17, p24, p 15 gag structural proteins (Debouck et al, 1987) by 

the specific viral proteinase (PR) derived from pol gene products (Muesing et ûi/.,1985; Ratner et 

al., 1985; Wain-Hobson et al., 1985 ; Mervis et al., 1988). The gag-pol precursor is post translationally 

processed as well to yield the mature gag proteins and the products of the pol region including the 

reverse transcriptase and endonuclease. The genome and virion components of the HIV are shown in 

figure 1.4.
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Fig 1.4 . Organisation of the HIV Genome and Virion (Vasihnav & Wong-Staal., 1991)
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Mature HIV proteinase is 99 amino acids long, beginning with Proline-69 and ending with Phenylalanine- 

167 from the pol open reading frame. Therefore, the HIV proteinase is a 99 amino acid homologous 

dimeric aspartic proteinase and it is vitally important in polyprotein processing in the life cycle of the 

AIDS virus (Kohl et a l,\9m ).

The proteolytic maturation of the gag and gag-pol polyproteins has been shown to be affected by a highly 

specific proteinase that is virally encoded between the gag and pol regions (Yoshinaka 

et al., 1985; Yoshinaka et a i,  1986, Vonderhelm K., 1977). This proteinase is essential to the
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retroviral life cycle. This suggests that specific inhibitors of the retroviral proteinase could block the 

maturation and infectivity of the vims and might be effective to antiviral therapeutic agents (Katoh et a i, 

1985;Voynow&Coffin, 1985; Gottlinger era/., 1989, Peng era/., 1989). The proteinase coding region 

was originally positioned between the p 15gag and reverse transcriptase genes by sequence comparison 

with other retrovimses (Ratner et a/., 1985, Wain-Hobson et al., 1985, Sanchez-Pescador et al., 1985 ; 

Muesing era/., 1985; Yasunaga era/., 1986). Debouk era/., 1987, confirmed that the proteinase has 

an autocatalytic capability and is able to process its own precursor autocatalytically within infected cells. 

A 55 kDa protein which is the expected size for the Pr55^"^ is processed into these key stmctural 

proteins one of 24 kDa and the other of 17 kDa plus Nucleocapsid (NC) smaller fragments. The 24 kDa 

product corresponds to the mature p24 gag protein, whereas the 17 kDa protein contains most of the 

pi 7 gag region. Evidence suggests that the proteinase can autocatalytically release itself from the gag^a/ 

polyprotein (Farmerie era/., 1987; Debouck era/., 1987: Giam&Boros., 1988). Specific processing 

occurs at the two postulated proteinase cleavage sites positioned on either side of conserved domains 

liberating a 10 kDa product. Whether this occurs in cis or in trans is a difficult question to answer, but 

may be answered by the study of cleavage mutants.
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Table 1.1 The names and functions of the virally encoded proteins

Retroviral gene Protein’s name Function

gag M A ,pl7 Matrix protein

gag CA, p24 Capsid protein

gag P9, NC Nucleocapsid protein

gag p6 -

pol PR,plO Proteinase

pol RT, p66/p51 Reverse Transcriptase

pol IN, p32 Integrase

pol R N ,pl5 RNase H

env SU ,gpl20 Surface glycoprotein

env TM, gp41 Transmembrane glycoprotein

The HIV proteinase is only required to carry out eight discrete cleavages and the limited digestion of 

these large polyproteins suggests that the HIV proteinase is a highly specific proteinase. In figure 1.5. the 

stmcture of the prl polyprotein is outlined together with the position and primary sequence of the

eight sites of cleavage by the HIV proteinase. Also shown are the three sites of autodegradation (DEG 

1-3) within HIV proteinase.
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Fig. 1.5: Genomic Organisation of HIV-l(Adapted from Debouck, 1992)
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The mature proteinase (10 kD) is made up of two identical 99 amino acid monomers, which each 

contribute one catalytic aspartate residue (D25) to the active site (Katoh ef al, 1989; Loeb et al, 1989; 

Miller a/, 1989; N aviae/a/,1989; Lapatto e/ <3 /, 1989; Wilderspin & Sugrue, 1993). The HIV-2 

proteinase monomer is also predicted to be a 99 amino acid protein. Comparison of the HIV-1 and HIV- 

2 proteinase was carried out using oligopeptide substrates containing cleavage sites present in gag and 

gag-pol polyproteins (Tozser et al, 1991 ). The amino acid sequence of HIV-2 proteinase is identical 

to that of the HIV-1 enzyme at 48 positions, with an additional 20 conserved amino acid changes (Wu 

J. C. et al, 1990). In order to characterise retroviral cleavage sites, the viral protein products were
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isolated, the N- and C- terminal sequences determined, and compared with the translation of the 

immunodeficiency virus nucleic acid sequence.

The 99 amino acid sequence of HIV-2 proteinase is released from the gag-pol polyprotein after 

cleavage of amino- terminal Ala-Pro and carboxyl-terminal Leu-Pro-peptide bonds. There are 88 

identities between SIV proteinase and HIV-2 proteinase and only 51 identities with the HIV-1 proteinase 

sequence. The HIV-2 and SIV are structurally and genetically similar to each other and less closely 

related to HIV-1. Discrimination by kinetic characterization of the proteinase is important for 

understanding and comparison of different varients and also is useful for inhibitor design.

1.3.7 HIV mutants

One of the remarkable characteristics of HIV is its ability to mutate. Between 1 and 40 base pair errors 

are made during each reproduction cycle of the virus (Denning., 1995). The number of mutants increases 

as virus replication increases and immune function falls. Some mutants preferentially infect brain cells or 

lymph node cells or become resistant to antiviral therapy and some are more infectious than the others. 

This variation in HIV strains poses very substantial problems both for the development of effective 

vaccines and anti-HIV treatment. The anti-HIV drugs should prevent the infection of new cells, but this 

is difficult as the virus is able to mutate rapidly and generate resistant mutants.
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It is likely that multiple drug therapy will be necessary to prevent viral reproduction and immune 

destruction. Dmg resistance can be conferred by at least 18 independent mutations in HIV-1 proteinase 

gene, such as L90M, G48V, and M46I (Erickson, 1995).

Mutations G48 V and L90M, arise both when HIV is passaged in the presence of the proteinase inhibitor 

Saquinavir and when patients are treated with Saquinavir. These mutations yield a vims with a lower 

sensitivity to the dmg (Maschera et al, 1996; Jacobson, 1996). The L90M and G48V 

mutations are very closely associated with the therapeutic use of Saquinavir (Jacobsen et al., 1996; 

Roberts, 1995 ; Ives et al., 1997). At position 46, SIV and HIV-2 proteinase have an Isoleucine residue, 

but in HIV-1 proteinase this is Methionine (Erickson, 1995). In some patients dmg resistant HIV-1 

proteinases have a mutation M46I resulting in a proteinase with a low affinity for Saquinavir. These mutant 

proteinases display unique substrate specificities.

1.4 Simian immunodeficiency virus (SIV)

1.4.1 The discovery of SIV

The most relevant and valuable models for studying infection by HIV-1 and HIV-2 and progression to 

AIDS involve infection of non human primates with HIV-1, HIV-2, or some of the closely related simian 

immunodeficiency vimses (SIVs).

Animal models for studying AIDS are classified into four groups based on increasing direct relevance to 

the disease in humans; infections with non-lentivimses- retrovimses that can induce chronic disease 

including immunodeficiency, infection with ungulate, feline, and possibly lentiviruses, HIV-related lentivirus

42



infections of nonhuman primates (SIV), and HIV infection of chimpanzees and gibbons (Desrosiers, 

1988).

The SIV macaque model has proven valuable in all aspects of AIDS-related research, with primary 

emphasis on defining pathogenic properties of retroviruses and on testing novel approaches for 

prophylactic and therapeutic intervention.

Macaques are Asian Old World primates. SIV was first isolated from captive rhesus macaques 

(Macaca mulatto) at the New England Regional Primate Research Centre (NERPRC) (Daniel et al,.

1985). The simian lentivims was originally called Simian T-cell lymphotropic vims type 3 (STLV-III) 

but is now generally referred to as SIV. Simian immunodeficiency vimses (SIV) discovered in 1985 

(Power et al., 1986), which at the time they were named (STLV-III). SIV isolates from macaques 

(SrVmac) have growth properties and a CD4^ cell tropism similar to those of HIV (Benveniste et al.,

1986). Green monkeys (Cercopithecus aethiops) are Afiican Old World primates. Isolation of an SIV 

(SIVagm) called STLV-IIIagm from African green monkeys was reported (Kanki et a l,  1985). 

However, these initial STLV-IIIagm isolates were apparently derived fi-om SIVmac strain 251 -infected 

cell cultures. The African green monkeys and macaque monkeys, which live in parts of Africa as well 

as Asia, both appeared to be infected with the vims. However, the green monkey is asymptomatic, 

whereas the macaque monkey suffers from similar symptoms to humans with AIDS (Guyader et al,

1987). The tolerance of African green monkeys to the effects of SIV suggested that the retrovims had 

been present in green monkeys for a long time. Natural selection may have favoured those monkeys that 

included anti-viral substances in their diet. However, African green monkeys and rhesus macaque 

monkeys kept in captivity eat more or less the same food, and yet macaques still suffer from AIDS 

(Guyader et al, 1987). Thayer et al., 1987, suggest a genetic factor for SIV resistance in green monkeys.
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These S I V isolates do have a lentivirus morphology, growth properties, and CD4^ cell tropism 

similar to those of SIVmac. However, CD4" cell lines that support the replication of S1Vâ (-̂ i differ from 

those that support SIVmac replication. These SIV^c.^ isolates are related to but distinct from SIVmac 

and HIV-2 (Desrosiers, 1988).

1.4.2 SIV genome

SIV is similar to HIV in genome organisation and genetic relatedness. The SIVmac genome is similar in 

its basic organization to the HIV-1 and HIV-2 genome and is generally typical of a lentivims. In addition 

to the standard gag, po/, and erzv genes, SIV mac has open reading frames for.vor (^), 3’ orf(f}, tat, 

art, and r (Desrosiers, 1988). These names have now been updated as shown in table 1.2. The two 

essential regulatory proteins of HIV-1 are Tat and Rev. These are both involved in different steps of 

gene expression; Tat is involved in transcription and Rev is involved in post-transcriptional regulation. 

Other non-stmctural gene products, which do not have direct involvement with gene expression control, 

are named accessory proteins (Hardy, 1996).

Table 1.2 Functions of the Regulatory and Accessory Genes.

Reulatory/Accessory
Gene

Protein’s name Function

tat tat, p l6 /p l4 Transactivator of viral transcription

rev rev, art, p 19 Increases viral transcript production

vpu vpu,ORF-U, p i 6 Increases viral particle release

vif vif, sor, p23 Increases vims maturation (infectivity)

vpr vpr, ORF-R, p i0-15 Augments rate of virus production

nef nef, 3'-0RF, p25 Negative regulator?Infectivity increases

vpx vpx, ORF-X Unknown
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1.4.3 SIV nucleotide sequence

Both SIVmac and HIV-2 share only about 40% overall nucleotide identity with HIV-1. SIVmac and 

HFV-2 have about 75% nucleotide similarities. This indicates that HIV-2 is more closely related to the 

monkey virus SIVmac than it is to the other human lentivirus, such as HIV-1. These comparison are 

summerized in table 1.3.

Table 1.3 Comparison of overall percentage nucleotide sequence identity of SIVmac, HIV-1, 
and HIV-2 (adapted from Desrosiers, 1988).

HIV-1 HIV-2

SIVmac 40% 75%

HIV-1 100% 40%

1.5 Function of aspartyi proteinases

Retroviral proteinases are aspartyi proteinases with an important role in viral maturation and propagation. 

This class of enzyme is characterised by an active site containing two aspartate residues, each located 

in a conserved stretch of residues, typically Aspartate-Threonine-Glycine (DTG), in a separate 

polypeptide domain. DTG is also found repeated in two copies, within cellular and fungal aspartyi 

proteases (T oh. et ah, \ 9%5). The two DTG sequences occupy topology equivalent positions within the 

active site. This aspect was further pursued, on the basis that a similar enzymatic function is likely to exist, 

between proteins with highly conserved residues involved in catalysis. Pearl and Taylor (1987 b) 

hypothesized that retroviral proteinases existed as dimeric enzymes.

The aspartyi groups in the catalytic diad perform complementary functions during catalysis, one being
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unprotonated and the other protonated. The “general acid-general base” mechanism is shown in figure 

1. 6 .

The proteinase enzymic catalysis occurs when a nucleophile, a proton donor and a proton acceptor are 

present in the system. An active site water molecule is deprotonated by the unprotonated aspartyi 

carboxylate in the proteinase active site. A tetrahedral intermediate is generated when this deprotonated 

water molecule adds to the carbonyl oxygen of the scissile amide bond. This tetrahedral intermediate is 

stabilised by the aspartyi residue in the protonated form in the proteinase active site and then collapses 

to yield the reaction products and to return the enzyme to the initial state (Rose et a i,  1996).

Fig 1.6 Catalytic Mechanism of the Aspartyi Proteinase.
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1.6 HIV proteinase

1.6.1 Processing of the HIV proteinase

This enzyme facilitates the maturation process by autocatalytic cleavage from the 180 kDa polyprotein 

and cleavage of the two polyproteins (gag and gag-pol) to yield mature matrix, capsid, nucleocapsid, RT, 

and integrase proteins. Uptake of specific HIV-proteinase inhibitors by the virus prevents their 

subsequent maturation to infectious particles (McQuade et al, 1990). Destruction of the immune system 

is characteristic of end-stage disease. Spread of HIV outside cells of the immune system is a late event 

in HIV infection and is related to the degree of immunosuppression in the patient.

The replication o f the HIV requires an aspartyi proteinase in order to process the virally encoded gag 

dinA gag-pol proteins. Autocatalytic cleavage yields the structural proteins and enzymes. Maturation of 

virally encoded polyproteins is essential for propagation of SIV and other retroviruses. Inhibition of HFV 

proteinase activity in infected cells, therefore leads to the production of immature, non-infectious virus 

(Mous et al., 1988; Seelmeier et al., 1988). However, mutations both in the active site and in distal sites 

affect inhibitor and substrate binding by altering the number and / or strength of subsite interactions. This 

decreases PR inhibitor affinity while retaining sufficient enzyme activity to process the gag and gag-pol 

polyproteins (Lin et a l, 1995; Jacobsen et a l,  1996).

The aspartyi proteinases from HIV-1 and HIV-2 are important targets for drug design due to their key 

role in the viral life cycle. The production of large quantities of pure enzyme is a basic requirement for the 

study o f drug inhibition kinetics and structural analysis.
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These proteinases can lose activity during purification and storage due to autoproteolytic degradation 

(Creighton, 1993). This causes problems to occur during purification of the proteins which can 

complicate subsequent analysis of the enzyme.

Purified proteinases are more prone to autoproteolysis than preparations containing contaminating 

polypeptides. T o overcome the problem of proteolytic activity, purified proteinase should be stored at 

a suboptimal pH or alternatively, a recombinant approach can be used to regulate or stabilise the 

proteolytic activity.

1.6.2 HIV Proteinase mutants

Proteinase has been stabilised by changing the amino acid sequence of internal cleavage sites (Rose et 

al.,\ 993). The replacement of Glutamine 7 of HIV-1 proteinase with Lysine and the replacement of 

Serine 4 of SIV proteinase with Histidine produced highly stable variant enzymes. Conversely, mutations 

that created efficiently cleaved sequences in HIV proteinases destabilised the enzyme by increasing the 

rate at which it autolysed. In general any stabilising mutations should be made at sites that are on the 

surface of the protein which are less likely to affect the activity of the mutant relative to wild type protein.

In order to study drug resistance, enzyme activity and efficiency of autocatalytic cleavage, several SIV 

proteinase variants were created by site directed mutagenesis, and the proteins were expressed in 

Escherichia coli (Good et al, 1997). These single mutants contained alterations at residues 48 (G 0  

V), 90 (L C> M) and 46(1 0  M). In addition, a double mutant contained both an alteration at residue 48
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(G C> V), and another at the C-temiinal boundary (P 0  S). Furthermore, to investigate the sequence 

dependence of the C-terminal fragment on autocatalytic cleavage, a reading frame shift was created 

immediately after the reverse transcriptase sequence and this mutant was termed “extended 

proteinase“.These mutants have been used during the course of this project and shown in figures 1.7.2 

to 1.7.6.

The expression vector pGEMEX SIVmac 1 containing the insert encoding 99 amino acids proteinase was 

used to produce recombinant proteinase is shown in fig. 1.7.1.

Fig. 1.7.1 : Expression of SIV proteinase using the expression vector pGEMEX SI Vm acl. The

SIV gene was sequenced several times for both strands and the translated sequence is shown for the 

proteinase portion . ( ^ )  indicates autocatalytic cleavage (picture adapted from Sugrue et al. 1994).

•■JSION F- F ' T E I S

Amp

T7 prom oter pGEMSIVmacl

If T7 te rm in a to r  
■■'Bam Hi

GF.AA'PQFSLWRRPV VTAHIEGQPV EVLLDTGADD
10 20 30

SIVTGIELGP HYTPKIVGGI GGFINTKEYK
40 50 60

NVEIEVLGKR IRGTI.MTGDT PINIFGRNLL
70 80 90
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The site of mutation can be seen in a 3D model of the proteinase (fig. 1.7.2). This model shows the 

homodimer proteinase with the positions of the 146, G48, and L90 mutations highlighted.

Fig. 1.7.2: Location of the SIV mutations in the 3D structure

L90
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A more detailed description of the mutants used in this thesis is shown in figures 1.7.3-1.7.5, in which the 

changed amino acids and nucleotides can be seen.

Fig 1.7.3: PGEMEX-1 L90 PR residue

PR n-numbering. 89 90 91.

L E E Amino acid

M Amino acid changed

TTG CTA ACA Codons

A G Nucleotides changed

Fig 1.7.4: PGEMEX-1 G48V- With complete cleavage

PR n-numbering. 47
V

48
G
II
V

49
G

50
1

51
G Amino acid

Amino acid changed

GTA GGA GGA ATA GGA Codons

Nucleotides changed
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Fig 1.7.5: PGEMEX-1 G48V, C-terminal cleavage double site mutant

G48V mutation
PR n-numbering 47 48 49 50 51

V G G I G Amino acid

GTA GGA GGA ATA GGA
I II
T T

Amino acids changed

Codons

N u c l e o t i d e s
changed

C-terminal mutation 
C-Terminal PR

PR residue

PR cleavage 

V

99 100

N-Terminal RT 
Site

K E Amino acid

A m i n o  a c i d  
changed

TTT CCC ATA GCT AAA GTA GAG Codons
II II
T A N u c l e o t i d e s

changed
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In order to fully understand the effects on processing of the proteinase in the G48V “4833”and G48V 

“extended proteinase” mutants, the resultant sizes of proteinase fragments are illustrated in fig. 1.7.6.

Fig. 1.7.6.a: Representation of the mutant G48V “4833” proteinaset of SIVn,ac25i-32H*

15 kDa 

<  ►

11 kDa

T7 gene 10 
product

Proteinase

COOH
C-terminal
transframe
protein

N-terminal
reverse
transcriptase

Fig 1.7.6.b: Theoretical representation of the mutant G48V “extended proteinase”of SIVmac25i-32H

18 kDa 
< ►

11 kDa
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T 7 g e n e  10 
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1.7 Viral proteinase and zymogen activation

Studies of the activation of HIV and related viral proteinases could reveal targets for future therapy. 

HIV proteinases are symmetric homodimers, with their active site formed along the interface between the 

two subunits containing the two catalytically important Asp residues (Wlodawer & Erickson, 1993). 

Proteolytic processing of the polyprotein precursor comprising the structural and enzymatic proteins of 

vimses is a key stage of maturation. Cleavage of viral polypeptides has diverse outcomes, but they all drive 

a reaction in one direction, because the hydrolysis of the peptide bond is effectively irreversible. Maturation 

of the gag-pol precursor is initiated by folding and dimerization of the proteinase domain. This leads to 

formation of an active site that is capable of catalyzing the hydrolysis of the peptide bonds at crucial sites 

to release the mature proteinases. In the case o f HIV-1 proteinase and some other viral aspartic 

proteinases, activation is tightly coupled to folding (Louis et al., 1999). The pro-region in retroviral 

proteinases destablizes the folded dimeric stmcture in the polyprotein by interacting with the dimer interface 

(Grant et al, 1992) ). The dimer becomes more stable, once cleavage has occurred and this results in 

activity. In the case of most zymogens and their corresponding mature enzymes, activation is achieved by 

a conformational change involving peptide bond cleavage to remove parts of the polypeptide chain 

protmding into or obstmcting access to the active site. The mechanism of cleavage to remove the proregion 

is similar in both cases (Lin et al., 1992; Al-Janabi et al., 1972).

Pepsin is the mammalian digestive enzyme which is made in the stomach as inactive zymogen pepsinogen. 

Pepsin is generated from zymogen pepsinogen by the proteolytic removal of 44 residues from its N- 

Terminus. The zymogen is stable at neutral pH and the activation and proteolytic cleavage occur at acidic 

pH so that these are known as acidic proteinases and as aspartyl proteinases because the catalytic carboxyl
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groups are usually Asp residues. The zymogen pepsinogen can be catalysed by another molecule of pepsin, 

or it can be only an intramolecular process in which the active site cleaves its’ own polypeptide chain. The 

peptide bond, between residues 16 and 17 of the prosegment is subsequently hydrolysed producing 

enzymatically active pseudopepsin. Further processing to generate mature pepsin occurs intermolecularly 

(James & Sielecki., 1986). Crystal structure analysis has suggested that low pH induced conformational 

changes near the N-terminus could trigger intramolecular cleavage during the autocatalytic conversion of 

pepsinogen to pepsin (James & Sielecki. 1986), but the production of enzyme requires only one N-terminal 

cleavage.

There are a number of viral core proteins shown to have significant structural homology with one or more 

o f the gag proteins of HIV, such as human rhino virus 14 (HRV14), poliovirus 1 Mahoney, and tomato 

bushy stunt virus (TBS V) (Arnold & Arnold., 1991). In addition, Tate et a/., ( 1999) have analysed the 

structure of an insect virus, cricket paralysis vims (CrP V) that has substantial stmctural similarities to rhino- 

and polio- picomavimses, although the organisation of each genome is considerably different.

The RNA genome of Rhinovimses has one long open reading frame that is translated into a polyprotein. 

This protein is post-translationally cleaved into functionally distinct proteins by proteinases that are part of 

the polyprotein. Specific viral protein-protein interaction is critical for capsid assembly. The location of the 

processed termini in HRV 14 and poliovims 1 Mahoney suggests that many of the protein-protein contacts 

present during the polyprotein stage are preserved in the mature virions. This may indicate that specific 

contacts between the adjacent proteins in the gag polyprotein of HIV may be maintained in the mature HIV 

virion (Arnold & Arnold., 1991).
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The final stage of maturation of picomaviruses is characterised by autoproteolytic cleavage of a viral capsid 

protein precursor (VPO) into two chains (VP2 and VP4), a step which could involve catalytic assistance 

by virion RNA (Arnold et aL, 1987). This last maturation step causes the virus to be infectious and allows 

the internal VP4 to be ejected as the first step after recognition of a new host cell (Rossman & Tao., 1999).

In the case of HIV-1, many proteins are cleaved by carboxyl side of proteinase during activation of the 

virus (Davies., 1990). The flexibility of the first five amino acid residues in the initial structure for HIV-1 

proteinase, led to the suggestion that the autoproteolysis occurred at the N-terminus and could also be 

intramolecular (Navia et aL, 1989). The subsequently accepted HIV proteinase structure determination is 

inconsistant with the intramolecular mechanism proposed, since the N-terminus is not flexible. Therefore, 

it was suggested that autocatalysis occurs via intermolecular cleavage (Lapatto et aL, 1989).
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1.8 Treatment and therapy for HIV and AIDS

1.8.1 Treatment of HIV infection by inhibitory drugs

The HIV life cycle reveals virus-specific events that could function as targets for chemotherapeutic 

intervention. Because reverse transcriptase is not normally present in human cells, selective inhibitors of this 

enzyme have been a major focus of drug development, inhibition should not have any detrimental side 

effects. All of these approved anti-HIV, or anti-retroviral, drugs attempt to block viral replication within 

cells by inhibiting either reverse transcriptase or the HIV proteinase.The compounds that are presently 

commercially available as anti-HIV drugs are targeted at either the substrate binding site o f reverse 

transcriptase, e.g. Zidovudine, Didanosine, Abacavir which are termed nucleoside analogues or targeted 

at the non-substrate binding site of the reverse transcriptase e.g. Nevirapine, Efavirenz, which are termed 

non-nucleoside analogues. Finally, compounds have also targeted the viral proteinase e.g. Saquinavir, 

Ritonavir, Amprenavir. Several compounds were shown to prevent replication of HIV-1 in vitro. The first 

and most promissing of these was 3 ’-azide-2’,3 ’-dideoxythymidine (AZT) which was approved for clinical 

use in 1987. Subsequently other RT inhibitors have been used including dideoxycytidine (ddC). Anti-HIV 

dmgs acting on reverse transcriptase and proteinase inhibitors available on the market as of April 2001 are 

shown in Table 1.4.
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Table 1.4: Anti HIV drugs acting as Reverse Transcriptase Inhibitors and Proteinase Inhibitors
(Adapted from BNF, 2001).

Reverse Transcriptase Inhibitors: Nucleoside Analogues

Anti-HIV drugs 
Generic name (other names)

Side effects

Didanosine (Videx, ddl) Nausea, diarrhoea, pancreatic inflammation. 
Peripheral neuropathy

Lamivudine (Epivir, Zeffix, 3TC) Nausea, vomiting, diarrhoea, abdominal pain, 
in so m n ia , rash , m uscle  d iso rd e rs , 
thrombocytopenia

Stavudine (Zerit,d4T) Peripheral neuropathy

Zalcitabine (Hivid,ddC) Peripheral neuropathy, mouth inflammation, 
pancreatic inflammation

Zidovudine (Retrovir, Combivir, AZT) N ausea, headache, anaem ia, neutropenia, 
weakness, insomnia

Abacavir (Ziagen) Hypersensitivity reactions, nausea, vomiting, 
diarrhoea, anorexia, lethargy, fatigue, fever, 
lactic acidosis

Reverse Transcriptase Inhibitors: Non-nucleoside Analogues

Anti-HIV drugs 
Generic names (other names)

Side effects

Efavirenz (Sustiva) Rash, dizziness, headache, fatigue, nausea, 
hepatitis, depression, anxiety, pancreatis

Nevirapine (Viramune) Rash, hepatitis

58



Proteinase Inhibitors

Anti-HIV drugs 
Generic names (other names)

Side effects

Indinavir (Crixivan) Kidney stones, nausea, headache, blurred vision, 
dizziness, rash, glucose intolerance

Nelfinavir (Viracept) Diarrhea, glucose intolerance, abnormal 
distribution of fat, elevated cholesterol level

Ritonavir (Norvir) Nausea, vomiting, diarrhoea, abdominal pain, 
headache, hepatitis, weakness, elevated 
cholesterol levels, glucose intolerance

Saquinavir (Invirase, Fortovase) Nausea, diarrhoea, headache, elevated cholesterol 
levels, glucose tolerance

Amprenavir (Agenerase) Rash, nausea, diarrhoea, dyspepsia, depression, 
fatigue, elevated amylase

HIV replicates prolifically from the start, but HIV levels remain fairly stable for several years and this is 

because the body responds for a time by manufacturing extremely high numbers of CD4^ T cells to 

replenish those lost. In addition, in untreated patients the strength of the immune response (in acute stage) 

has a decisive influence on the rate of progression to AIDS. Some patients show strong CD8  ̂T cell 

activity and those patients achieve greater suppression of viral replication, and a lower viral set point. The 

disease progresses more slowly than in individuals with weak immune response. The amount of the virus 

in the system plays a major role in determining the fate of patient. Therefore, therapy must aim to shut down 

viral reproduction.

The emergence of resistant mutants was originally countered by the use of two or three drug combinations 

despite the fact that these only extended the survival of AIDS patients by one or two years and also had

dose limiting side effects such as neuropathy and suppression of blood cell production.
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More recently, Highly Active Anti Retroviral Therapy (HAART) has been shown to control replication of 

HIV-1 in vivo so effectively that the virus becomes undetectable in the plasma. This could be the best way 

to achieve maximum viral suppression. At the moment, HAART consists of triple therapy, including two 

nucleoside analogues and a proteinase inhibitor (Hermankova et a l,  2001).

HAART has some problems such as side effects, complicated regimens and resistance. Inability to adhere 

strictly to medication schedules by missing doses can cause incomplete suppression of viral replication and 

a rise in resistance.

It has been shown that Virus- induced immunosuppression is stopped and partially reversed with HAART 

and therapeutic strategies directed at activated CD4^ T cells might benefit patients by helping to contain the 

low level of viral replication that continues in patients on HAART (Chun et a l, 2000). This led to a study 

of the effects of immunosuppressive agents such as mycophenolic acid (MPA) on HIV-1 replication in 

vitro and in vivo. MPA selectively inhibits lymphocyte proliferation by inhibiting cellular DNA synthesis 

in lymphocytes. It actually causes the death of activated CD4^ T cells, reducing the number of susceptible 

target cells for HIV-1 replication. Because the resting CD4^ T cells that contain latent provims are not likely 

to be affected by MPA, the observed reductions may reflect a decrease in the number of activated CD4^ 

T cells that maintain very low level of active replication that continues in patients on HAART (Domatula, 

1999). Furthermore, addition of other compounds such as Mycophenolate mofetil (MMF) results in a 

considerable reduction in the number of proliferating CD4^ and CD8  ̂T cells in patients on HAART 

(Chapuis et a l,  2000).
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There are other agents that could halt replication in other ways. Some would block the integrase enzyme 

from inserting HIV DNA into a cell’s chromosome. Other ways to stop infected cells from making critical 

viral proteins include the use of antisense DNA to inactivate two genes {tat & rev) that normally give rise 

to proteins needed for the efficient production of other viral proteins. This therapy resulted in limited viral 

replication and CD4^ T cell depletion in rhesus macaques exposed to the simian version of HIV (McCune, 

2001 ). In addition, many groups are examining compounds that might shield the HlV-docking site on co

receptors to prevent cell attachment. (O’Brien & Dean, 1997).

Dmgs targeting the other essential viral enzyme, integrase, and dmgs targeting the initial step in the virus life 

cycle, may eventually become part of HAART regimens.

Efforts to improve therapy of HIV-induced immune deficiency will involve three strategies: better anti-HIV 

dmgs and combinations of dmgs aimed at slowing the replication of HIV, immune-based therapies intended 

to stimulate the immune system, and multiple opportunistic pathogen prophylaxis strategies to prevent HIV- 

related opportunistic infections (Henry & Schwebke., 1993). This approach will involve considerable cost 

and polypharmacy. In 2001, the best strategy is prevention, which is where physicians can have the greatest 

impact on the epidemic.

1.8.2 Vaccines and the Immune Response

Vaccines in general are cheap and easy to administer, but no effective vaccine is yet available for HIV. Even 

experimental SIV vaccines have problems. The objective of an AIDS vaccine is to prevent infection. The 

rhesus monkey SIV model system is a good model to study the efficacy of SIV vaccines.
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A major problem arises due to the sequence dis-similarity (approximately 45%) between HIV-1 and 

SIVmac. This work therefore may involve extensive HIV-1 vaccine development in the chimpanzee.

In the case of HIV, a successful vaccine should be able to eliminate incoming virus and destroy quickly any 

cells that become infected. HIV stimulates two kinds of immune responses. In the humoral response, a 

macrophage or related cell degrades HIV particles and presents antigens to white blood cells such as 

CD4^, or helper, T  lymphocytes. After contact with antibodies to antigens on the viral surface, B 

lymphocytes mature and produce antibody molecules able to mark HIV particles for destruction. In 

addition, helper, or CD4^, T lymphocytes direct B cells to produce more antibodies or to form memory B 

cells.

Cellular response begins after an HIV-infected macrophage that displays viral fi’agments is recognized by 

activated white blood cells called cytotoxic Tlymphocytes (CD8  ̂T cells) which multiply and move through 

the bloodstream and tissues, to eliminate vims infected cells. However, cytotoxic T cells are activated in 

part by signals from T  cells. Some of the B  and T  cells eventually become long-lived memory cells that react 

promptly to future exposures to HIV. The most effective HIV vaccines maybe the ones that stimulate both 

the humoral and cellular arms of the immune system, generating antibodies and activated cytotoxic T  cells. 

The ideal target would be a protein which does not change as the vims mutates. However, no such target 

has been noted.
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Table 1.5: Vaccine strategies for HIV (Adapted from Baltimore & Heilman, 1998).

Vaccine Eliciting Anti-HIV Antibodies

Vaccine Advantages Disadvantages

Viral surface proteins 
(ie.gpl2 0 )

Safe and simple to prepare Vaccine-elicited antibodies have failed 
to recognise HIV from patients

Whole, killed HIV Simple to prepare Preparations might include some active 
virus, inactivated virus might shed its 
proteins and become ineffective

Pseudovirions 
(artificial viruses)

Present HIV surface proteins 
in a relatively natural 
conformation

Difficult to produce and to ensure long-term 
stability

Vaccines Eliciting Cellular Responses

Vaccine Advantage Disadvantage

Live vector viruses Markers can control amount and 
kinds of viral proteins produced

Complicated to prepare; current 
vaccines elicit modest immune 
response

Naked DNA Simple and inexpensive to prepare Some worry that integration of H I\ 
genes into human cells could harm 
patients

HIV peptides Simple to prepare Do not elicit strong immune 
response

Vaccines Eliciting Antibody and Cellular Response

Vaccine Advantage Disadvantage

Combinations of elements Should stimulate both arms of the 
immune response at once

Complicated to prepare

Live, attenuated HIV Most closely mimics HIV; may 
interfere with infectious HIV’s 
abilitv to replicate

Virus could potentially cause 
disease
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1.8.3 Vaccine strategies for HIV

Several candidate vaccine strategies have been developed, including killed virus preparations, recombinant 

glycoproteins, live vectors expressing viral proteins, naked DNA expression vectors and live attenuated 

vaccines.

The SrV macaque model bas been used widely to evaluate both the efficacy and safety of candidate 

vaccines. Because HIV -1 and SIV are closely related in tbeir genomes, target cell specificity, and spectrum 

of disease induced in infected hosts, the SIV model is well suited for preclinical vaccine evaluation.

1.8.3.1 Viral surface proteins (gp 120 vaccines)

Vaccines that stimulate the production of protective antibodies have proved successful for combating 

diseases such as poliomyelitis, measles and influenza. There are HIV vaccines that contain some part of the 

envelope protein (Env), the molecule that coats the surface of the vims. Since vimses use Env for gaining 

entry to human cells, generating antibodies that attach to this protein should prevent HIV fi*om binding to 

and infecting cells. The Env protein (gp 160) is an association o f two units; glycoprotein 120, a protein 

surrounded in sugar residues which protmdes out of the vims membrane and interacts with receptors on 

the surface of human T  lymphocytes. Another unit is gp 41, the small protein that anchors gpl 20 to the 

membrane. Both gp 120 and gp 160 have been tested as HIV vaccines in human volunteers. The proteins 

evoked the production of antibodies which neutralized live HIV, blocking its ability to infect cultured human 

lymphocytes. This may form a basis for an effective HIV vaccine. Unfortunately, the antibodies produced
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in response to such laboratory-adapted virus strains were ineffective in neutralizing HIV strains isolated 

directly from infected patients. The Env protein in isolates may be very densely packed on the viral surface 

and highly modified by the addition of sugars. Therefore, B cells will be unable to find many epitopes and 

so produce relatively few types of antbodies. In addition, tests of cells in culture indicate that the antibodies 

must be present at high concentration to block HIV entry into cells effectively. It seems that the antibodies 

must bind well to the gp 120/gp41 complex on the surface of the virion in order to neutralize HIV virus 

(Burton & Montefiori, 1997).

Pure protein vaccines do not seem to be the best way to stimulate antibody production. Two different 

vaccine strategies have been designed to present the Env proteins in a more natural conformation.

V. r I '

1.8.3.2 Whole Killed HIV (inactivated HIV Vaccines) "

The production ofkilled-vims vaccine requires a rigorous inactivation procedure, since residual vims and 

genetic material could potentially be dangerous. Whole, killed HIV particles, incapable of multiplying, 

present the immune system with more natural forms of Env proteins and in response cells produce better 

quality and higher quantity of protective antibody. However, the inactivation process can cause HIV to lose 

its g p l20 which is loosely attached.

SIV vaccines made o f inactivated whole vims, modified live vims and native and recombinant envelope 

antigens have protected macaques against experimental infection with low doses of cell free SIV given 

systemically (Gardner, 1991). Induction o f envelope antibodies correlates well with protection. The
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importance of envelope antigens is indicated by the finding that native SIV envelope glycoprotein (gp 120) 

alone could protect monkeys against low dose challenge infection.

Comparison of infection o f rhesus macaques with various isolates of SIV has shown that rhesus 

macaques are susceptible to infection with low passage SlVmac25i, SlV^ynige, SIV^^?, but not with two 

isolates of SIV^gm» or with highly passaged SIVmac25i or with the molecular clone of SIVmac (Cranage 

et a i,  1990).

In another study it was shown that SIVmac25i, SlV^y îg ,̂ and SIV^^j were all capable o f infecting 

cynomologus macaques. There were vast differences in the ability of low passage and high passage variants 

of the SIVmac251 isolates to infect cynomologus macaques. The inability of the high passage isolate to infect 

macaques could be due to an accumulation o f defective and non-pathogenic, tissue culture adapted forms 

of SIV, during the extended passage in vitro (Kitchin et aL, 1990). Studies of SIV vaccines have indicated 

that an accurately determined challenge dose of virus is crucial in production of potentially protective 

products.

1.8.3.3 Pseudovirions

Env proteins can also be presented to the immune system embedded in “pseudovirions”. These artificial 

structures that resemble virus particles are empty lipid shells that could be made to carry only gp 160. Since 

pseudovirions lack the genes that could propagate HIV infection, they would be safer than whole, killed 

virus. However, pseudovirions are very difficult to produce in a stable form.
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1.8.3.4 Live Vector-Based Vaccines

Vaccines based on this approach have the potential to evoke immunity without pathogenic consequences. 

Genes encoding viral proteins can be inserted into the genome of other bacteria. The products of the 

inserted genes are then expressed in the recombinant organisms. Infection allows expression of the 

products of the inserted genes. Infection o f the host with the recombinant viruses or bacteria leads to 

immune responses to the parental organisms and to the products of the inserted genes, 

f  he most extensively tested live vector vaccines are based on canarypox virus. This non-pathogenic relative 

o f the smallpox virus enters human cells but is incapable of assembling new viral particles. Engineered 

canarypox viruses deliver the genes that direct the production of Env and gp 120 and a variety of nonsurface 

HIV proteins, such as gag and the proteinase. The canarypox vaccines have proved to be safe in humans 

and have elicited modest cytotoxic T cell -based immune responses. However, most of these responses 

have not proven enduring and in some cases show only irregular detectable cytotoxic T-lymphocyte 

responses.
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1.8.3.5 Naked DNA

Injecting “naked” HIV DNA is another way to elicit a cellular response. This genetic material has no 

proteins or lipids to deliver or protect it. The DNA enters the cells and directs the production o f viral 

proteins. In animal studies in mice and nonhuman primates, naked DNA vaccines have successfully 

generated cytotoxic T lymphocytes that recognise HIV proteins. In some experiments the vaccine protected 

the animals against further infection with HIV (Nabel, 2001).

1.8.3.6 HIV peptides

Recombinant envelope proteins of HIV-1 have been integrated into immuno-stimulating complexes 

(ISCOMs)(Deres et a i, 1989) and short synthetic peptides of influenza virus capable of eliciting MHC 

class I restricted viral-specific CDS^ CTL response in mice. Some studies show that in rhesus monkeys, 

priming of the immune system with helper T-cell peptides enhances the antibody response to the envelope 

glycoprotein of HIV-1 and synthetic peptides containing T and B-cell epitopes of HIV-1 gp 120 induce high 

titres of HIV-neutralising antibodies (Hart et a i, 1990). Therefore, the design and construction of a totally 

synthetic vaccine that induces both neutralising antibody and CTLs is both safer and more effective than a 

whole virus or natural viral protein vaccine.
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1.8.3.7 Combinations of elements

Humans have been vaccinated using such a combination strategy develop both humoral and cellular 

immunity. This combination strategy is called a “prime boost”, in this case (Tartaglia et a i,  1998) a 

canarypox vector primes the cytotoxic T cells, and the gp 120 protein then strengthens, or boosts, the 

immune response by eliciting the production o f antibodies.

1.8.3.8 Live Attenuated Vaccines

Live, attenuated vaccines are used as vaccines to prevent polio, chicken pox, and measles. Since this kind 

of vaccine could closely mimic active HIV, it should be effective at inducing cellular immunity, antibody 

based immunity and other modes of protection.

Vaccines based on a live, attenuated SIV have been tested in macaques and other nonhuman primates. 

These SIV vaccines have proved remarkably effective in suppressing the growth of a wild-type virus. 

Infecting rhesus monkeys with molecular clones of SIV that contain functional nefgenes suggests SIV nef 

deletion mutants can act as an attenuated live vims vaccine (Gardner, 1991). In some studies a mutant of 

the SIV contained large deletions \nnef, vpr and the negative regulatory element (NRE) (Baba et a i,

1999). It was demonstrated that even a triply deleted virus is pathogenic and able to induce AIDS in a
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minority of adult animals. Therefore, human AIDS vaccines built on similar prototypes may cause AIDS 

(Baba era/., 1999).

The same whole virus and modified live virus vaccines that protect against systemic infection fail to protect 

against genital mucosal challenge with cell-free vims (Gardner, 1991). Since sexual transmission is the major 

route of HIV spread on a global scale, it is important to develop vaccines in this animal model that induce 

genital mucosal as well as systemic immunity against infection with both cell-free and cell-associated SIV.

Gene therapy can also be applied to the treatment of acquired disorders. It is thought, that the 

hematopoietic stem cells of an HIV-infected patient could be genetically modified and be used to 

reconstitute and yield an HIV-resistant hematopoetic system. Various strategies are currently being 

investigated to achieve this “intracellular immunisation” against HIV such as transfer of gene coding 

recombinant soluble CD4^ molecules, suicide genes under control of HIV-inducible promoter, and anti- 

HIV ribozyme.

Studies on the ability of formaldehyde-inactivated or subunit SIV vaccines to protect immunized animals 

against live vims challenges indicated that SIV vaccines using different adjuvents can protect macaques 

against SIV grown in human cells but not against extracellular SIV grown in simian cells. In addition, high 

levels ofprotection from challenge can be achieved in immunized animals irrespective of the dose, adjuvant, 

immunization schedule and vaccine type used (Hunsman et a l,  1995).
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Some studies indicate that a moderate exercise training program may weaken the adverse stress-induced 

psychologic and immunologic changes for asymptomatic HIV-1 seropositive individuals.

In addition, continued exercise training caused increased CD4^ cell counts, and a potential for a slowing 

of disease progression (Pema et al., 1999; Phaneuf & Leeuwenburgh., 2001).

Nutrition therapy in HIV disease includes early assessment and treatment of nutrient deficiencies, 

maintenance, and restoration of lean body mass, and support for activities of daily living and quality of life 

(Fawzi & Hunter., 1998; Kotler, 2000)

Quantitation of genetic relatedness among human and nonhuman primate retrovimses could lead to better 

understanding o f the history and pathogenesis of viruses that cause AIDS in humans. SIV 

infection of macaques is ideally suited for basic research issues requiring in vivo infection (Desrosiers, 

1988).
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1.9 Aims

The work presented in this thesis involves the study of retroviral proteinases that are responsible for the 

autocatalytic cleavage of polyproteins and maturation o f the viral particles. A range of SIV^ac25i-32H 

proteinases will be investigated with a view to understanding their function and structure, since it is not 

known whether the enzyme forms a dimer and cleaves inter/intra molecularly. Such work will expedite the 

development of therapeutic strategies such as drug therapies or vaccines.

SIV proteinase will be used as a model system to investigate the effects of point mutations within the 

proteinase gene on autocatalytic cleavage. Constructs of mutant proteinase will be prepared and the 

resultant size of proteins analysed. The effects of mutations on the cleavage sites of the proteinase and their 

impact on the autocatalytic cleavage mechanism will be investigated, using standard biochemical techniques 

and activity assays.

A method for preparation and purification of the proteins will be developed. Recombinant wildtype, and 

SrVmac25i-32H protcinasc mutants will be expressed as inactive polyproteins in Æco/z,and allowed to 

denature/renature to form an active proteinase and yield cleaved products. Processing in vitro will be 

analysed using a range of techniques including SDS-PAGE, Column Chromatography, and Immuno- 

blotting. Molecular weight determination, and the compositions of these enzymes and their activities will be 

determined.

The ability of proteinase to cleave inter/intra molecularly will be investigated by observing the effect of 

purified proteinases on unprocessed enzyme polyprotein.
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Chapter Two: Materials and Methods
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Chapter Two, Materials and Methods

2.1 Chemicals and Materials.

2.1.1 Chemicals.

Most chemicals used were AnalaR grade obtained from BDH, Merck limited, Poole, Dorset. 

Special items were obtained from the following sources.

Amersham life science, St. Albans, Herts.

Oligonucleotide primers

Promega, Chilworth, Southampton. 

Restriction enzymes and buffers 

T4 DNA ligase

GIBCO-BRL

Agar & LB

The majority ofbasic techniques used are more fully described in standard technical manuals (Maniatis, 

1982) or specific manufacturers manuals.
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All solutions were made up using water purified by a Millipore Milli-Q system.

The primary antibody used in development of western blots was obtained from MRC ADP Repository. 

This was a polyclonal antiserum raised in sheep immunized with purified recombinant HIV- PR (pfizer) and 

prepared by NIB SC (Potters Bar, Herts)

The secondary antisera used was HRP conjugated Rabbit anti-sheep antisera obtained from DAKO 

(Denmark house, Cambridgeshire).

Unless otherwise stated, any reference to centrifugation refers to the use of a bench top 

eppendorff centrifuge 5415 C for centrifuging 1.5 microcentrifuge tubes at maximum speed

1 2 0 0 0  g.

2.1.2 Bacterial strains used in the study.

The E.coli strains used are described in table 2.1 

Table 2.1 Bacterial strains used in this study.

Strain Genotype Source

TGI K12,A(Lac-/?roAB), supE, thi, hsdDs! 
F7raD36, pro J.ac H,
TacZ,AM 15

Amersham

JM 109 endAl, recA l, gyr A96, thi, hsd 
E\l{xym^+),re\A\,supEAA,^{Lac- 
proAE),\E \tra  D36,pro 
AEJ.acEJLacZAM  15]

Promega

JM 109( DE3 ) endAX, recA l, gyr A96, thi, 
hsdR\l{v^-m^^,re\A\,supEAA,A{Lac- 
proAE),\E \tra E>?>6pro 
ABd^acEd^acZAMXS] + ?l(DE3 )

Promega

XLl-Blue rec A l, end A l, gyr A96, thi, hsd 
R17(rk-,-mk+), sup E44, re/ A l, lac, 
[F’,/>roAB+, lacX^d-acZ 
AM15,::TnlO(Tef)]

Promega

These strains had the chromosomal genes involved in proline biosynthesis deleted. These genes are present 
on the F’ episome. Thus growth of these strains on minimal agar selects for the presence of the F’episome 
which contains the genes necessary for M 13 infection.
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2.1.3 Cloning vectors used in this study 

Table 2.2 Cloning vectors used in this study

Strain Properties Size ( Kb ) Source

pGEMEX-1 Expression plasmid 
Contains the gene for T7 
RNA polymerase promoter. - 
Confers amnicillin resistance

3995bp Promega

2.1.4 Growth media

For media recipes, the amounts given are per litre of finished medium. Once media had been made it was 

autoclaved within 3 hours to prevent microbial growth.

Luria Broth (LB)

Tryptone lOg/1
Yeast Extract 5g/l
NaCl 5g/l

Luria broth (LB) was used for the growth of most cultures and was supplemented when necessary by the 

aseptic addition of antibiotics at the given concentrations of ampicillin ( 150 pg/ml). L-broth was solidified 

for plates by the addition of 1.5% w/v agar.

Minimal media (M9)

10 X M9 salts (200 ml) were prepared as follows:

6 g NazHPO^
3g KH2PO4 

0.5g NaCl 
IgNH^Cl
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Once this had beeen autoclaved it was allowed to cool to 50 °C before 2.0 ml IM MgSO^, 1ml 

100 mM CaClj, 10 ml 20% glucose (w/v) (all sterillised by autoclaving separately) and 1ml IM thiamine- 

HCl (filter sterilised) were added to 100 ml of 10 x M9 salts. These were then added to 15 g 1.5% 

agarose (w/v) (autoclaved) before pouring plates.

2.1.5 Sterilisation

All media, stock solutions, pipette tips and microfuge tubes were sterilised by autoclaving at 120 °C and 

15 Psi for 20 minutes.

Glassware was sterilised by heating at 120°C for 30 minutes.

Stock solutions of heat labile chemicals such as antibiotics were sterilised by filtration through disposible 

0 . 2 2  |Im  millipore filters.

2.1.6 Strain storage and storage of DNA

For short term storage ( 1 -2 weeks), a loop full of a fresh overnight culture was streaked onto a minimal 

media plate. After overnight incubation at 37°C the plates were stored at 4°C. Single colonies from these 

plates were used to seed overnight cultures.

For longer term storage (months-years), 800 |ll of a fresh overnight culture was added to 200 |ll of sterile 

glycerol in a sterile microcentrifiige tube. After mixing the tube was stored at -80°C. In this way bacteria 

remain stable for several months.

T o seed overnight cultures, a sterile platinum loop was used to scrape off some of the frozen cells which 

were then transferred to the culture medium. The glycerol stock was not allowed to thaw. 

Although DNA is stable at 4°C, it was routinely stored at -20°C.
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2.2 Molecular Biology Methods

2.2.1 Transformation of £.co/i 

Preparation of Competent Cells

There are different ways of introducing plasmid DNA into bacterial cells. These tend to vary in their 

efficiencies and convenience. The method described below was easy and quick with moderate 

transformation efficiencies (~ 10^transformants/|lg of DNA).

This method relies on the dismption of the bacterial cell wall by high concentrations of calcium ions (Cohens 

et a l,  1972). Cells should be prepared on the day before they are to be used as they will retain their 

competence for 24 hours. Cells can be resuspended in 15% glycerol at the final step and frozen in liquid 

nitrogen. If kept at -20°C, cells in this form they will retain their competence for several months, but this 

may be lower than for non-ffozen cells.

An aliquot ( 1 ml) of an overnight culture of the desired E. coli strain was used to inoculate 50ml of sterile 

LB broth.

This fresh culture was incubated, with shaking, at 37°C to mid log phase (Â oo 0.3, approximately 2-3 

hours) and harvested by centrifugation using a Sigma 6K10 centrifuge at 2400g for 25 minutes at 4°C and 

then the supernatant was discarded.

The pellet was resuspended in a fifth of the culture volume of ice-cold 50 mM CaClj (25 ml) and stored 

on ice for 30 minutes with frequent, gentle resuspension.

The cells were harvested again and resuspended in 2 ml of ice-cold 50 mM CaCl2 ready for use.
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Transformation of Competent E.co/f

Typically, between 2 and 200 ng of plasmid DNA were added to 100 jll aliquots of competent 

cells in a sterile polypropylene tube and mixed gently. After incubation on ice for 45 minutes, the cells were 

heat shocked by placing in a 42°C water bath for 90 seconds and returned on ice for further 5 minutes. The 

tube was then placed at room temperature and 400 |il Soc (2% Bacto tryptone, 0.5% Bacto yeast extract, 

10 mM NaCl, 2.5 mM KCl, 10 mM MgCl2, 10 mM MgSO^, 20 mM glucose) was added to the tube and 

mixed. The tube was then incubated with shaking for 45 minutes at 37°C before 1 OOjil was plated onto 

the LB agar plate containing ampicillin. The plates were left to dry on the bench for 10-20 minutes before 

being inverted and incubated overnight at 37°C. Controls for competence and sterility were always 

included.

2.2.2 Ligation of DNA

Ligation reactions were carried out using an approximate molar ratio of insert to vector of 3:1. “Sticky end” 

ligations were carried out in microfuge tubes in 10 |il with 1 unit of ligase for every 100 ng DNA, 10 x 

ligation buffer and 10 mM ATP or 100 mM ATP for “sticky end” ligation and the reaction was made up 

with water. 1 pi of T4 DNA ligase ( 1 U/pl) was added and mixed in. “Blunt end” ligations were incubated 

for 16 hours at 16°C, while “sticky end” ligations were incubated for 2 hours at room temperature.

2.2.3 Restriction digestion of DNA.

Restriction enzymes were used according to manufacturer’s instmctions and inactivated after incubation by 

treatment at 65°C.

The restriction reactions were carried out in microfuge tubes which, in general, contained 1 pg of DNA, 

1 pi of restriction enzyme, 1 pi of 1 Ox buffer and sterile HjO to give a final volume of 10 pi. The reactions 

were incubated at the required temperature fori -3 hours, inactivated and electrophoresed on an agarose 

gel.
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2.2.4 Ethanol precipitation of DNA 

Reagents:

TE buffer 1 OmM Tris/HCl (pH 8.0)
ImM Na2EDTA (pH 8.0)

Ethanol precipitation was used to concentrate DNA solutions. Ethanol (250 |il) and 10 |ll o f 3 M sodium

acetate (pH 6.0) were added to the DNA solution which was made up to 100 |il  with sterile H2O and

incubated at -20°C for 30 minutes. The mixture was centrifuged for 1 Ominutes in a microfuge and the

supernatant was removed. The pellet was washed with 300 |Il of 70% ethanol, centrifuged for 5 minutes

and the supernatant was removed immediately. Care was taken as the pellet is less tightly packed at this

stage. After drying the pellet in air it was resuspended in an appropriate volume of sterile TE buffer or sterile

H2O and stored at -20°C until required.

2.2.5 Small scale plasmid purification (Miniprep)

The method used for the small scale isolation and purification of DNA was Wizard ™ Minipreps DNA 

purification system from Promega.

DNA was prepared from 10 ml of overnight cultures containing the desired plasmid. The kit was used 

according to manufacturer’s instructions. DNA, purified from this method, was used in experiments 

changing the reading frame of pGEMEX-1 G48V “4833”.

2.2.6 Large scale plasmid DNA purification (Maxiprep)

This method was used to prepare stocks of plasmid DNA for subsequent cloning. The method used for the 

large scale isolation and purification of DNA was Wizard™ Maxipreps DNA purification system fi*om 

Promega. The kit was used according to manufacturer’s instructions. Since the E’.co//used, TGI strain
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(described in table 2.1) contains Endonuclease A. which degrades DNA, further purification using 

phenol;chloroform (described in 3.3.1.1) to purify the DNA was carried out.

2.2.7 Estimation of DNA concentration

The concentration of a DNA solution was calculated by measuring its absorption at 260 nm and using the 

equation.

Concentration (|Ig/ml) = Optical density (O.D) x dilution factor x 50

The DNA, for which the concentration was to be found, was firstly diluted, for example, by mixing 5 |ll of 

DNA solution with 495 |ll of sterile HjO (i.ea 1:100 dilution) using matched quartz semi-micro cuvettes 

( 1 cm pathlength) the absorbance was measured in a spectrophotometer (Cecil 2000) and this reading 

allowed the calculation of the concentration of DNA using the above equation.

The absorbance was also measured at 280 nm, as the ratio between the two readings gives an estimate of 

the purity of the DNA. Pure DNA has an OD26o/OD2gobetween 1.8 and 2.0 for less pure DNA the ratio 

is lower.

When the concentration of DNA was too low to detect by this method, its’ concentration was estimated 

by running a sample against a standard sample of known concentration on an agarose gel and comparing 

their fluorescence intensities following staining in ethidium bromide (0.1 |Ig/ml).

2.2.8 Agarose Gel Electrophoresis of DNA 

Reagents:

SOxTAE 242 g/1 Tris/HCl
100 ml/10.5M Na2EDTA (pH 8.0)
57.1 ml/1 Glacial Acetic Acid

6x loading solution 0.25% w/v bromophenol blue 
30% v/v glycerol
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Horizontal agarose gels were used for the routine identification, sizing and quantification of DNA. Gels 

containing 0.8% agarose (w/v) were used for the analysis of DNA.

The agarose was dissolved in 1 x TAB by boiling in a microwave oven. Once the solution had cooled to 

~ 45°C, ethidium bromide ( 10 mg/ml) was added to a final concentration of 0.1 |Ig/ml and poured into the 

Mini Sub DNA cell (Biorad) horizontal gel mould.

An 8 well comb was then inserted and the gel allowed to set. The gel was then placed in the gel tank and 

TAB buffer added until the gel was submerged.

Samples were prepared by adding 0.2 volumes of loading buffer and between 2 and 10 |Il of samples were 

loaded per well. Sample of the 1 Kb ladder (Gibco-BRL) were loaded as molecular weight markers. Gels 

were run at 100 V until the dye front had migrated three quarters of the way along the gel.

2.2.9 Visualisation and photography of DNA on Agarose Gels

The DNA was visualised by placing the gel on a UV transilluminator. The gel was photographed using a 

Polaroid camera fitted with Kodak Wratted 23A filter and polaroid type 667 film.

The film was exposed for 30 seconds at f  11 and processed according to the manufacturer’s instruction.

2.2.10 Recovery of DNA from Agarose gels ( Band Extraction”)

The desired band was visualised on the gel using a UV transilluminator and a clean scalpel blade used to 

cut out a piece of the gel containing the band. The DNA was recovered from the gel slice by the Wizard™

DNA clean-up system from Promega. The method was carried out according to the manufacturer’s 

instruction.
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2.3 Protein Chemistry Methods

2.3.1 Proteinase expression and purification

SrVmac251-32H protcinasc (Sugrue et al, 1994) was expressed in E. coli as part of a 50 kDa fusion protein.

A 10 litre culture was grown in fermenter “ Electrolab p300” overnight. Inclusion bodies (IB) were 

prepared by one of two methods (A and B).

2.3.1.A Purification of Inclusion Bodies method A

The cells were pelleted by centrifugation, 3600 g at 4°C for 25 minutes. The supematant was removed and 

the pellet was frozen and thawed 3-4 times by being placed at -  80°C for at least 1 hour and then placing 

the tube at room temperature for I -2 hours until thawed. The thawed bacteria were homogenized in 1 x 

TEN buffer (50 mM Tris pH 8 ,1 mM EDTA, 50 mM NaCl) at 15 ml of buffer per gram bacterial wet 

weight.

Lysozyme was added to give a final concentration of200 pg/ml and the bacterial suspension was incubated 

on ice for 30 minutes. Every 5-10 minutes, the mixture was vigorously re-homogenised for 1-2 minutes. 

Sodium deoxycholate was added to give a final concentration of 0 .1 % and the reaction mixture was 

incubated at room temperature for 30 minutes, with frequent re-homogenisation. The lysate was centrifuged 

at 3600 g for I hour at 4°C and supematant was discarded.

The IB’s were resuspended in Ix TEN containing 0.5% Triton X -100 using a homogeniser and then 

centrifuged at 3600 g for 40 minutes at 4°C. The supematant was discarded. IB’s were washed in I x TEN 

containing 0.5% Triton X-100 until they were white.

83



2.3.1.B Purification of Inclusion Bodies method B

Bacterial cells containing IB ’ s were pelleted as in method A and the pellet resuspended in 1 x TEN (50 mM 

Tris pH 8.0,1 mM EDTA, 50 mM NaCl) and Sodium deoxycholate (0.1 % final concentration) using the 

MSE soniprep with 8  x 1 second bursts at maximum power. This suspension was then frozen / thawed 

several times until when thawed it was viscous. Sonication was then used to break open the cells and to 

shear the chromosomal DNA. The suspension was centrifuged and washed as in method A.

2.3.1.C Purification of Proteinase from Inclusion Bodies

IB’s containing the fusion protein were denatured with urea in dénaturation buffer (50 mM Tris pH 8.0, 8  

M Urea, 5 mM EDTA, 50 mM NaCl ) at 20 mg wet weight inclusion bodies per ml of buffer. The 

dénaturation buffer was diluted 5 fold into renaturation buffer (20 mM Tris pH 7.0,1 mM EDTA, 100 mM 

NaCl ). The proteinase dimers were released by autocatalytic cleavage during dilution and renaturation. 

Proteinase cleaves itself out of the fusion protein, and the insoluble T7 gene 10 protein precipitates. The 

renaturation buffer mix was placed in 37°C incubation (16 hours), 4°C ( 16 hours) and centrifuged at 3600 

g for 1 hour at 4°C. Recombinant SIV proteinase was concentrated by tangential ultrafiltration using a 

Minitan (Millipore) “ Masterflex” (easy -  load) filtered with 10,000 molecular weight cut off filters and 

using a peristaltic pump. The concentrate was centrifuged in an ultracentrifuge (Beckman L8-60M ) using 

a Ti45 rotor at 44,000 rpm for 1 hour at 4®C. The pellet was discarded, and supematant stored overnight 

at 4°C. The proteinase was then purified to homogeneity by pepstatin agarose affinity column 

chromatography as previously described (Sugrue et al, 1994 ). The recombinant SIV proteinase was 

further concentrated and the buffer exchanged with 50 mM sodium acetate pH 5.0 using an Amicon 

ultrafiltration cell (8400) filtered with 10,000 molecular weight cut off membrane. The final concentration 

of the recombinant SIV proteinase was carried out using a 30 ml centriprep (Amicon) ultrafiltration device

10,000 Mwt cut off. Enzyme was stored in 50 mM sodium acetate pH 5.0, 10% glycerol at -70°C.
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2.3.2 Preparation of samples for analysis using SDS-PAGE

Proteins were routinely separated by gel electrophoresis using a discontinuous Tris-Glycine system 

(Laemmli, 1970). The use of the method depended on the size of the protein being investigated, the 

availability o f sample and the speed with which a result was required.

Laemmli Gel System 

Reagents:

Separating Gel

Separating Gel 20% Small Gel 15% Large Gel
IM Tris/HCl (pH 8.8) 6 .0 ml 1 1 .2 ml
30% Acrylamide/Bis 0.8% 1 0 .8 ml 9.9ml
Distilled H^O - 8.4ml
10% SDS 0.16ml 0.3ml
10% ammonium persulphate 0.16ml 0.3ml
TEMED 0.016ml 0 .0 2 ml

Stacking Gel

Stacking Gel 20% Small Gel 15% Large Gel
IM Tris/HCl (pH 6.8) 0.674ml 1 .2 ml
30% Acrylamide/Bis 0.8% 0.864ml 1.3ml
Distilled HjO 3.55ml 7.3ml
10% SDS 0.052ml 0 .1 ml
10%ammonium persulphate 0.052ml 0 .1 ml
TEMED 0.0052ml 0 .0 1 ml

5x electrode strength 
Running buffer
(1  litre)

6x Sample Denaturing Buffer
( 1 0  ml)

7.55g Tris/HCl 
47g glycine 
25ml 10%SDS 
or 5g/lSDS 
pH 8 . 8

7.0 ml 0.5M Tris/HCl (pH 6 .8 ) (0.35 M)
3.0 ml glycerol (30% v/v)
1.0 g SDS (0.35 M)
0.93 g DTT (Dithiothreitol) (0.6 M)
1.2 mg Bromophenol Blue (0.175 mM)
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2x Sample Denaturing Buffer 2.5 ml 0.5M Tris/HCl (pH 6 .8 ) (0.125 M)
( 1 0  ml) 2 . 0  ml glycerol (2 0 % v/v)

4.0 ml 10% SDS, 0.35 M (0.14 M)
0.31 g DTT (0.2 mM)
0.2 mg Bromophenol Blue (0.03 mM)

Make up to 10 ml with deionized water.

Coomassie Brilliant Blue 0.2% Coomassie Blue
Stain 10% acetic acid

30% methanol

Destain 10% acetic acid
30% methanol

The protein samples were denatured and the disulphide bands reduced by adding an equal volume of 

denaturing buffer and then boiling for 1 0  minutes.

For the Laemmli method gels both the inner and outer gel tank reservoirs were filled with 1 x Tris/Glycine 

buffer prepared fi’om a 5x stock. Each gel was run using 1 x electrode strength running buffer in the tank 

at constant current. The electrophoresis was started at about 30 V for about 1 hour and then the voltage 

was raised to 120 V until the blue dye reached the bottom of the gel. The voltage was only raised when 

the samples had completely left the wells and entered the separating gel.

The gels were removed fi*om the tank and stained for protein using Coomassie Brilliant Blue stain with 

gentle shaking on rocking platform. The gels were destained with gentle shaking until the protein bands 

were visible, replacing the destain every 30 minutes.

2.3.3 Visualisation of protein bands after SDS-PAGE

SDS-PAGE gels were stained using different methods. Coomassie blue staining was used for lower 

sensitivity, while silver staining was used for small amounts of protein. Coomassie stained gels could be
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silver stained if the Coomassie stain had failed to visualise the desired protein. After staining, gels were 

dried either under vacuum onto Whatman 3 MM paper, using a BioRad slab dryer or in the gel drying 

frame.

Gels were photographed using transmitted light prior to drying down.

2.3.3.1 Coomassie Blue Staining

The gels were submerged in 30% methanol (v/v), 10% acetic acid (v/v), 0.2% Coomassie brilliant blue 

R-250 (Sigma) (w/v) (filtered through Whatman no.l filter paper prior to use) for ~ 45 minutes. 

The stain was poured off and retained for reuse. The gel was rinsed using destain solution and then 

submerged in several changes of destain until the bands could be seen and the background was colourless. 

Destaining time could be reduced by increasing the heat of the destain to ~ 50°C and by placing small 

sponges in the container to absorb the stain.

2.3.3.2 Silver Staining

The method used was modification of the method from Merril & Washart, (1998).

After electrophoresis, the gels were placed in 50% methanol (v/v) for 20 minutes followed by 5% 

methanol (v/v) for 20 minutes. The gels were then rinsed three times with water and then submerged in 

2% (v/v) of 50% glutaraldehyde for 1 hour. The gels were then rinsed with water a few times and then left 

to soak in water overnight. This was followed by immersion in 0.5% silver nitrate (w/v) for 1 hour. The 

gels were then rinsed with water a few times and then left in developer solution (3% sodium Carbonate, 

0.019% (v/v) 37 % formaldehyde ) until the bands were visible. The reaction was stopped by the addition 

of 5% Acetic acid for 10 minutes before being stored in water.
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2.3.4 Western blotting

Transfer buffer (Tris-giycine): 39 mM glycine, 48 mM Tris-base, 0.037% SDS (w/v), 20% methanol 

(pH 8.3)

Tris-Saiine (TS): 10 mM Tris-Cl pH 7.5, 150 mM NaCl

Developer solution; 0.5 mg/ml 3,3 Diamino Benzidine in water. Just prior to use 0.5 pl/ml of 100 vol 

H2O2 solution was added. This compound is toxic so should be handled in the fume cupboard until 

dissolved.

Or Sigma D-4293 substrate- dissolve 1 DAB buffered tablet and 1 Urea H2O2 tablet (3, 3' Diamino 

Benzidine tetrachloride/H2 0 2  substrate) in 20ml water.

Western blots were performed on minigels. The membrane used was nitrocellulose membrane 

(Amersham) cut out as 9.5 cm X 6.5 cm which was pre-wetted in transfer buffer with 4 pieces of 

Whatman 3 MM (10 cm x 7 cm) and two fibre pads.

The SDS-PAGE gel removed from the electrophoresis cell was also soaked in transfer buffer. The various 

components were mounted in the Bio-rad cassette plate in the following order starting from anode side: 

(sponge , 2x3 MM paper, nitrocellulose membrane, gel, 2x3 MM paper, sponge).

The bubbles between the gel and the membrane was removed by rolling the test tube over the sandwich. 

The sandwich was then placed in the support cassette and placed in the transfer tank 

containing transfer buffer, with the membrane nearest the cathode as shown in figure 2 . 1 .

Fig 2.1: Western blot apparatus

F i l l e r  p c p e r  
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Transfer was carried out for 1 hour at 100 V, 150 mA. Once transfer was complete, the membranes to 

be probed with antisera, were blocked in TS, 0.1 % BSA (w/v) for 30 minutes on rocking platform at 

37°C.

The membrane was then transferred to a fresh container containing sheep polyclonal anti-HIV-1 

proteinase antibody (a 1/1000 dilution of the antisera in TS, 5 mg/ml BSA (w/v), and 0.05%NP40) for 

2 hours at room temperature or overnight at 4°C on the rocking platform.

The primary antibody solution was then carefully removed and stored at 20 °C. The membrane was then 

washed ; 10 min TS, followed by two washes of 10 min in TS, 0.05% NP40 (v/v) and a final 10 min in 

TS.

The TS buffer was then removed and replaced with rabbit polyclonal anti sheep antibody labelled with 

peroxidase freshly prepared (a 1/1000 dilution of the antisera in TS, 5 mg/ml BSA (w/v), and 0.05% 

NP40). The membrane was incubated at room temperature for 2 hours on the rocking platform.

The membrane was drained and the secondary antibody solution was carefully removed and was washed 

as before.

Developer solution (1 DAB buffered tablet and 1 Urea H2O2 tablet in 20 ml water) was then added and 

left on the membrane until the bands had developed. The reaction was stopped by washing the membrane 

in water, followed by air drying.

2.3.5 Inverted Eppendorf Dialysis Method.

100-500 pi aliquots of the material to be analysed were dispensed into 1.5 ml eppendorf tubes which had 

their lids removed. In order to leave a smooth lip, any remnant of the hinge was removed. A piece of

10,000 MW cut off (Cellu Sep T2) dialysis membrane prepared according to the manufacturers
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instructions was then placed over the top of the tube and tightly held in place with a plastic ring over the 

top of the tube.

2.3.6 Concentration of protein solutions using a Centricon™

Centricons are small centrifugal concentration cells supplied by Amicon. They were purchased with 

different membranes with molecular mass cutoffs: 3,000 mol.mass (3 k), 10,000 mol. Mass (10 k) and

30,000 mol. Mass (30 k). They were used according to the manufacturers instructions.

2.3.7 Concentration of protein by Acetone precipitation

Acetone precipitation was used to concentrate protein solutions. 1.2 ml cold acetone was added to 

between 50-300 pi protein sample in a 1.5 ml eppendorf tube to make a final concentration o f 80% 

acetone and incubated at-20°C for 30 minutes or at-80°C for 10 minutes. The mixture was centrifuged 

for 15 minutes in a microfuge and the supematant was removed. The pellet was washed with 1 ml of 70% 

ethanol, centrifuged for 5 minutes and the supematant was removed immediately.

Care was taken as the pellet is less tightly packed at this stage. After drying the pellet in air it was 

resuspended in an appropriate volume of sterile H2O or SDS buffer and stored at-20°C until required.

2.3.8 Concentration of protein by Methanol/Chloroform

This method was used to concentrate the protein by approximately 10-fold. 150 pi of protein sample 

was transferred into an 1.5 ml eppendorf tube. To this, 4 volumes of methanol was added and the mixture 

was vortexed for 2 seconds and pulse spun in a microfuge at about -14000 rpm. One volume of 

chloroform was added and the mixture was vortexed for 2 seconds and pulse spun in a microfuge. Three 

volumes of UHQ water was then added and the mixture was vortexed and spun down at maximum speed 

for 1 minute in a microfuge. At this stage a white layer appeared between the top layer (aqueous) and the 

bottom layer (organic).
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The top layer was removed with a pipette leaving the white layer intact. One volume of methanol was 

added to the bottom layer, vortexed for 2 seconds and spun down in microfuge at 14000 rpm for 4 

minutes. A pellet appeared at this point. The supematant was removed without disturbing the pellet which 

was left to dry at room temperature for ~ 1 hour. After drying the pellet in air it was resuspended in an 

appropriate volume of sterile H2O or SDS buffer and stored at - 20°C until required.

2.3.9 Estimation of protein Mass ( Mr )

The Mr of the protein was determined using protein standards. The standard routinely used was Bio-rad 

prestained SDS-PAGE standards ( Broad range ).

Table 2.3 Molecular Weight Markers for Denaturing SDS Gels.

Protein Standards Mr (Dalton)
Myosin 203000
p-galactosidase 116000
Bovine Serum Albumin 83000
Ovalbumin 48700
Carbonic anhydrase 33400
Soybean trypsin inhibitor 28200
Lysozyme 20700
Aprotinin 7600

2.3.10 Estimation of Protein Concentration

There are many methods available for estimating protein concentration (reviewed by Stoscheck 1990).

T wo methods were used to estimate the concentration of protein in samples during the course of this work. 

The choice of method used depended on the degree of accuracy required, the availability of the sample, 

the concentration of protein in the sample, the composition of the sample and the degree of urgency.
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2.3.10.1 Estimation of Protein Concentration using Ultraviolet Absorption

This method has several advantages: it can be performed directly on the sample without any additional 

reagents, therefore the sample remains unchanged, there is no incubation required so it can be performed 

quickly, and there is a linear relationship between protein concentrations and absorbance.

The main disadvantage of this method is that it can only be relative but not absolute, unless the absorbance 

coefficient for the protein is known. In general, proteins absorb ultraviolet light with two maxima, 280, and 

2 0 0  nm.

The absorbance at 200 nm is due to the peptide bonds which means the absorbance o f proteins at this 

wavelength is less sequence dependent than their absorbance at 280 nm. Absorbance of the protein at 280 

nm is due to aromatic ring structures present in some amino acids. However, many reagents also have 

strong absorbances at ~ 200 nm which masks the absorbance due to the protein. Fewer reagents have 

absorbances at 280 nm. Thus the absorbance at 280 nm was used.

The absorbance at 280 nm was determined relative to a suitable blank either using a single beam Cecil 2000 

spectrophotometer, or fi*om the data obtained from a spectrophotometric scan 200-340 nm using a Lambda 

15 spectrophotometer (Perkin-Elmer).

Proteinase concentrations were estimated by ultraviolet spectroscopy, using A°'^^at 280 nm= 1.0 For 

example an absorbance of 1 . 0  at 280 nm is obtained for a 1 mg/ml solution (0 .1 %).

2.3.10.2 Estimation of protein concentration using a modification of the Bradford method

The total protein concentration of cmde samples was measured using the Bradford assay (Bradford, 1976). 

This is based on the observation that the absorbance maximum for an acidic solution of Coomassie Brilliant 

Blue G-250 shifts from 465 nm to 595 nm when protein binding occurs. The concentration of a protein 

solution was calculated by measuring it’s absorption at 595 nm using Biorad reagent which gives an OD595 

of 0.1 for a solution of protein of 1.95 pg/ml.
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The reagents and protocol followed were supplied by Bio-Rad in the form of their protein assay kit. The 

dye was made up to a 1ml total volume by adding 200 pi of Bio-rad reagent and distilled HjO. Usually 

between 1 -10 pi of protein sample was used. A constant amount of dye is added to the protein sample in 

the wells of the microtitre plate and allowed to bind by incubation at room temperature. The absorbance 

of the sample at 595 nm relative to suitable blank is determined and then used with reference to a standard 

curve to estimate the protein concentration.

In this case, insufficient proteinase was available to generate standard curves and the method was used on 

mixed protein samples. The bovine gamma globulin was used throughout to generate the standard curves.

If the OD595 was greater than 0.6 the reading was off the standard curve and the protein sample required 

predilution.

2.3.11 Description of proteinase chromatogenic substrate and determination of substrate 
concentration

The amino acid sequence of the substrate Lys-Ala-Arg-Val-Nle*Nphe-Glu-Ala-Nle-Gly-NH2 , where * 

is the cleavage site, is based on the HIV-1 (core protein) CA*NC (nucleocapsid) cleavage site. Lys-Ala- 

Arg-Val-Leu*Ala-Glu-Ala-Met is the P 160 gag-pol precursor protein, and is similar in sequence to the 

corresponding cleavage site within the SIV gag-pol polyprotein (Ala-Arg-Leu-Met* Ala-Glu-Ala-Leu). The 

alanine present at the cleavage site (*) is replaced by a nitrophenylalanine residue (Nphe) in the substrate, 

which allows spectroscopic monitoring at 300nm. Lyophilised substrate (KARV) was obtained from the 

MRC ADP Repository, dissolved in water at 5 mg/ml and stored at -20°C.

The cleavage of this peptide results in a shift in the maximum absorbance of the nitrophenyl group fi*om 320 

to 300 nm. This allows the cleavage to be monitored in two ways: spectrophotometrically by monitoring
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the decrease in absorbance at 300 nm directly, or using HPLC to monitor the separated products. 

Substrate concentrations were estimated by ultraviolet spectroscopy, using the equation A300 of 1=187.5

2.3.12 The use of HPLC to monitor the cleavage of the substrate (KARV)

Proteinase was assayed in 50 mM MES pH 6.0, 5 M NaCl with 50 jig/ml substrate. The assays were 

incubated at 37°C and quenched after 15 minutes by the addition of an equal volume of 80 mM HCl. The 

products were applied to a 4.6x 45 mm Ultrasphere C 18 Beckman column, and then eluted using an 

acetonitrile gradient in 0.1 % trifluoroacetic acid, with a rate of 2 ml/min. The acetonitrile gradient was built 

up as follows:0% (0-1 min), 20% (1-1.5 min), 40%(1.5-3.5 min), 100% (3.5-4.0 min),0% (4.0-6.0 min). 

The two peptidolytic fragments were separated from the substrate. The nitrophenylalanine containing 

peptides (the substrate and one of the cleavage products) were monitored at 280 nm. The data was 

processed using Beckman system Gold software.
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Fig 2.2: A typical chromatogram from an SIVmac25i-32H proteinase activity
assay using KARV.
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2.3.13 SDS-PAGE using the PHAST system

The advantages of this system were that it was quick and required very little sample. In addition, two gels 

could be run simultaneously under identical conditions. The gels were then processed independently, one 

being used for western blotting and the other stained for protein. The limitations of the system were that a

95



maximum of 8  samples could be mn per gel and that the volume of sample was fixed. The protein 

concentration in the sample had to be sufficient enough to provide enough protein for the staining method 

chosen for detection.

All gels and buffer strips were purchased from Pharmacia. The 20 % homogenous gels used were run using 

SDS buffer strips on the Phast Gel system according to manufacturers instructions.

2.4 Preparation of plasmid G48V “extended proteinase”

The 048V mutant initially contained a single alteration at residue 48(0 C> V) which still allows formation of 

a mature protein. However, further mutations were introduced which gave 2 point mutations in the reverse 

transcriptase sequence (P 0  S) and (V C> I). The construct containing a P to S cleavage mutation was of 

interest in terms o f the effect of the mutation on autoprocessing.

In order to investigate the sequence dependence of the C-terminal fragment on autocatalytic cleavage, a 

reading frame shift was created after the RT sequence such that the polyprotein was 29 residues longer and 

named “Extended proteinase” 048V mutant. The change to the third reading frame was achieved by 

digesting the expression plasmid with Bam H1, filling in the sticky ends with DNA polymerase, and religating 

with T4 DNA ligase. The plasmid could no longer be digested by Bam H 1 and the additional O, A, T, and 

C in the sequence resulted in a shifted reading frame.

A) Digestion of the expression plasmid pGEMEX G48V “4833” with Bam HI and EcoRl.

3 jig of pOEMEX 048V  “4833” plasm id, 1 pi Bam H 1 (20 U/pl) (Pharmacia), and 3.5 pi (Promega) 

buffer E ( 1 Ox) were mixed together in a total volume of 35.5 pi and incubated at 3T C  in a water bath for

1.5 hours. The plasmid (35.5 pi) was precipitated with 3.6 pi salt (3 M Sodium acetate) and ethanol (71
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|xl), centrifuged and the pellet was air dried and redisolved in 3 |li1 UHQ water and 3 |Ltl agarose gel loading 

buffer.

The control sample was lOOngpGEMEX 048V “4833” (1 ftl) in 3 \i\ UHQ water, and 2 jil agarose gel 

loading buffer.

The samples were subjected to electrophoresis in 1% agarose gel as described in 2.2.8 for analysis. Bands 

were detected by staining with ethidium bromide (0.1%) and visualised on a UV transilluminator. 

The linear DNA band was marked with a razor, cut out of the agarose, transferred to a clean tube and 

frozen at -80°C.

B) Purification of plasmid DNA using Wizard™ DNA clean up system.

The cut gel was crushed using a sterile loop and washed with 70% ethanol and added to 1 ml Wizard™ 

DNA clean up resin. The method was as described for the Wizard™ DNA clean up system from Promega. 

The mixture was then heated at 65°C with shaking until the gel dissolved.

The DNA fragment was eluted from the mini column using sterile water. 3 pi of this sample was stored at 

-  80°C as the “sticky end” vector. 1 pi of the DNA fragment, 2 pi of sterile water, and 2 pi o f agarose gel 

loading buffer were mixed together to be analysed on an agarose gel electrophoresis. The remaining eluted 

DNA fragment was measured (~ 40 pi).

C) Ligation of the digested plasmid pGEMEX G48V “4833”.

1 pi of 100 mM dNTP solution was mixed with sterile water to give 200 pi 0.5 mM dNTP solution. An 

appropriate amount of 0.5 mM dNTP solution (4.5 pi ) was added to the digested plasmid to give a final 

concentration of 0.05 mM. Promega lOx kinase buffer (5 pi) was also added to make a Ix buffer 

containing dNTP and DNA. To the mixture 1 pi (5U) DNA Pol 1 (Klenow fragment) was added and the
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mixture was incubated at room temperature for 15 minutes followed by heating at 70°C for 10 minutes. 1 

|il of this sample was stored at -  80°C as the “blunt end” vector.

Into a sterile tube 2 pi “sticky end” vector, 1 pi 10 mM ATP, 0.5 pi Promega 10 x kinase buffer, 1 pi 

( 1OOU) T4 DNA ligase, and 5.5 pi sterile water were mixed to give a final volume of 10 pi and incubated 

in water bath at 16°C for 16 hours. 5 pi of the mixture was stored in -  80°C as “sticky ligated” vector and 

to the remaining 5 pi “sticky ligated control” 0.6 pi of 5 M NaCl was added to give a final concentration 

o f0 .5M N aC l.

An equal amount of sterile water (45 pi) was added to the “blunt end” vector solution and the appropriate 

amount ( 10 pi) of 10 mM ATP solution was added to give a final concentration of 1 mM. 3 pi (3OOU) T4 

DNA ligase was added to the mixture and the ligation mixture was incubated in a water bath placed in a 

cold room at 16°C for 16 hours. The ligation mixture was then heated at 65°C for 15 minutes. 2 pi of the 

mixture was stored in -  80°C as “blunt ligated vector”. To the “blunt ligated vector” solution ( 100 pi) were 

added 2 pi of 5 M NaCl solution to give a final concentration o f 0.1 M.

2 pi (40U) Bam H 1 was added to the “blunt ligated vector” and incubated at 37°C for 1 -2 hours. To the 

remaining 5 pi “sticky ligated control” vector 0.5 M NaCl was added with 0.5 pl(lOU) Bam H 1. The 

mixture was incubated at 37°C for 1-2 hours. The samples were then heated at 65°C for 15 minutes. 

5 pi of the DNA to be subcloned was used to transform E.coli TGI as described in 3.3.1.1. The 

transformed cells were plated onto 6  LB agar plates containing 100 pg/m l ampicillin. The plates were 

incubated at 37°C for 16 hours. 6  colonies were picked from each plate into 10 ml LB broth containing 100 

pg/ml ampicillin and incubated at 37°C for 16 hours. 3 ml was taken out of each culture and spun down 

separately. The purification of plasmid DNA was according to the manufacturers instmction using Wizard™ 

Minipreps DNA purification system without using a vacuum manifold.

98



It was recommended that the DNA be purified further as TG1 strains oiE.coli were used for plasmid DNA 

transformation. The TGI strains oiE.coli contains Endonuclease A which degrades DNA, so that further 

purification using phenol/chloroform (described in 3.3.1.1 ) was required. At the final step the dried pellet 

was mixed with 10 pi of sterile water and stored at -  20°C.

4 pi of each 6  samples were added to 0.5 pi Bam H 1 buffer and 0.5 pi Bam H 1 enzyme. The mixture was 

incubated 1 - 2  hours and after adding 2  pi agarose gel loading buffer, the samples were analysed on agarose 

gel electrophoresis. Therefore, a large stock of this plasmid DNA was prepared using TGI strain o ïE.coli 

and the purification of plasmid DNA was followed according to manufacturers instruction using Wizard™ 

Maxipreps DNA purification systems without using a vacuum manifold. Finally, the plasmid DNA 

concentration and purity was measured at 260 nm and 280 nm using a Cecil 2000 spectrophotometer.

99



Chapter Three:
Construction o f pGEMEX SlVmacl and G48 V

mutants
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C hapter Three

3.1 Construction of pGEMEX SlVmacl and G48V mutants

3.1.1 Introduction

The cDNA of the proteinase gene was amplified using PCR (Sugrue et a i, 1994). The template for 

amplification was from the 11/88 challenge stock o f SIVmac25i-32H (Almond et a i,  1992).

The primers for initial PCR were as follow;

Upstream; 5’- GGC AAC ATT TAG AGG AGA TGG- 3’ (SP1818NS) 
Downstream; 5’- GGC TAA ATT GTT GAT GTA GAG -  3’ (SP3203GS)

A second PGR was carried out using the following primers;

Upstream;
5 ’- GGG AGA TGT GGG GAG GGG TTG GTG GAT GGG G -  3’ (SP2345BNSN)

Downstream;
5’- GGG GGG GAG GTG TGG GGA GTG GTT GAA TT -  3’ (SP2902SPBG)

The product of the initial PGR was restricted with the endonucleases A&c/l andPs/ and ligated in M 13p 18 

and the product of the second PGR was digested with BglW and PviiW and was ligated into the vector 

SP46. Ligation mixture was used to transform competent £.co// cells. E.coli transformants carrying the 

recombinant plasmid were selected by hybridization to a labelled proteinase probe (Sugme et al, 1994). 

Sequence analysis of the recombinant plasmid confirmed successful ligation and the /20/gene fragment was 

excised by A n /1 and AAc 1 digestion and subcloned into the 5'wol site of M 13mp 10. The fragment was 

subsequently removed by EcoR 1 and Bam H\ digestion and ligated into the corresponding restriction sites 

of the expression vector PGEMEX-1 (Sugrue é'/o/. 1994). E c o //TGI cells were used in transformation 

studies.
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Fig 3.1 : Expression of SIV proteinase using the expression vector pGEMEX SlVm acl. The SIV
gene was sequenced several times for both strands and the translated sequence is shown for the proteinase 
portion . indicates autocatalytic cleavage (picture adapted from Sugrue et cil. 1994).
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3.2 Site-directed mutagenesis and construction of expression vectors.

The SIVmac proteinase gene was released from the pGEMSIVmac 1 (Sugrue et a i, 1994) by EcoRl 

and BamH 1 digestion, and ligated into the corresponding restriction sites in M 13mp 18. The SIVmac 

proteinase gene derived from the 251-32H isolate (Almond, 1992) was cloned into M 13mp 18 to 

generate a single stranded SIVmac25i-32n proteinase template (M 13mp 18.SIVmac) for site directed 

mutagenesis.
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The oligonucleotide primers used were as follows;

S -  I46M 5’ -  CCTCCTACÇATTTTTGGGG -  3 ’

S -  G48V 5’ - TCCAATTCCTAÇTACTATTTTTGGG -  3’

S -  L90M 5’ -  CCAGAGCTGTCATCAAATTTCTACCA -  3’

The mismatches are indicated by underlined nucleotides. The mutagenesis was performed using the 

Thiophosphate method (Amersham U. K). M 13 clones containing I46M, 048V, and L90M mutated 

proteinase inserts were identified by dideoxy sequencing.

The three mutant genes were subcloned into the expression vector pGEMEX-1. Ml 3mp 18146M 

replicative form of (Baker et al, 1995) DNA was digested with EcoRl and BamH 1 to release the 

mutated proteinase insert, and Dra 1 to destroy the M 13mp 18 genomic DNA. The products were 

ligated directly into pGEMEX-1 cut with EcoRl and BamHl (Baker et al. 1995).

The G48V and L90M genes were amplified by PCR using M l 3 specific primers. The amplified 

products were then cut with EcoRl and BamH 1, purified firom the contaminating polylinker sequences 

and ligated into EcoRl and BamHl cut pGEMEX-1.

DNA amplification was carried out 'mE.coli TG I. The cloned wild type SIVmac25i-32Hproteinase gene 

was expressed in E.coli as part of 50kDa fusion protein (Sugrue et a/,1994). T7-driven protein 

expression was carried out in E.coli JM109 (DE3).
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Fig 3.2: Location of the SIV mutations in the 3D structure

L90
3.3 Generation of plasmid pGEMEX-1 L90M

3.3.1 Purification of DNA in plasmid pGEMEX L90M

3.3.1.1 Removing RNase;

RNase treatment was used to degrade RNA present in the preparation. Small oligonucleotides 

generated were removed by ethanol precipitation. To a sterile tube containing 200 pi of plasmid L90M 

an equal amount of phenol/ chloroform (1:1) was added, the mixture was mixed gently and centrifuged
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for 1 minute at 14000 rpm. The upper layer was transferred to a sterile tube. To the original tube 100 

ul sterile TE buffer (as described in 2.2.4) was added and the mixture was centrifuged for 1 minute to 

retrieve more clean sample. This was repeated twice and each time by addding phenol/chloroform more 

denatured protein will be removed.

The sample in the tube was measured and washed with 1 volume of chlorofomi and mixed and 

centrifuged at 1400 rpm for 1 minute. The supernatant was then transferred to a clean tube. Salt and 

ethanol were added to remove the phenol. 1/10 volume of salt (Na acetate 3 M pH 5.5) and 2 volumes 

o f ethanol (99.5%) were added and the mixture was incubated on dry ice for 10 minutes. The tubes 

were then centrifuged in a microfuge at ~ 14000 rpm for 15 minutes and the supernatant discarded. The 

pellet was washed with 1 ml 70% ethanol and centrifuged in a microfuge at ~ 14000 rpm for 3 minutes 

and the supernatant was discarded and pellet was allowed to air dry on the bench. DNA was then 

redissolved in 100 pi sterile water and the absorbance of the DNA was measured at two wavelengths 

260 nm and 280 nm. The ratio of the DNA was determined with A260/A280 value of 1.67. The removal 

o f RNA from plasmid pGEM EX-1 L90M is shown in figure 3.3.

Fig 3.3: Purified plasmid pGEMEX-1 L90M used for sequencing

Lane 1: Plasmid pGEM EX-1 L90M before treatment. 
Lane 2: Plasmid pGEM EX-1 L90M after treatment.
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3.3.2 Sequencing of plasmid pGEMEX-1 L90M

The pGEMEX-1 L90M insert had been prepared by a PCR reaction which can be error prone, and 

therefore the sequence needed to be confirmed. Previous workers had already confirmed the 5 ’ end 

of the proteinase gene using the L90 and 048 primers. The sequence of the 3 ’end of the proteinase and 

N-terminal RT genes was confirmed in the present study using the SP6  primer.

Double stranded sequencing 

A) Dénaturation of template

In a sterile microfuge tube 1 pmol L90M plasmid in 18 pi water was added to 2 pi 2M NaOH and 

incubated for 5 minutes at room temperature. To the mixture 2 pi 3 M sodium acetate pH 5.2 was 

added, and the suspension was mixed and then 55 pi cold ethanol was added, mixed and incubated in 

dry ice for 10 minutes. The mixture was centrifuged in a microfuge at -14000 rpm for 15 minutes. The 

supernatant was discarded and the pellet was washed with 200 pi 70% ethanol. The supernatant was 

discarded and the pellet was left to dry at room temperature for one hour. The pellet was then dissolved 

in 7 pi water.

B) Annealing of template and primer

1 pmol primer in 1 pi sterile UHQ water and 2 pi 5x Sequenase reaction buffer (Sequenase™, 

Amersham life science) was added to the 7 pi o f denatured template. The mixture was incubated at 

37°C for 20 minutes, and then placed on ice.

C) Labelling

1 pi 0.1 M DTT, 2 pi diluted labelling mix (dOTP labelling mix (Sequenase™, Amersham life science) 

diluted 1 in 5 with sterile UHQ water), 0.5 pi alpha dATP ( 6  pCi) and 2 pi diluted Sequenase 2.0

(3.25 Units, diluted 1 in 8  with TE buffer) was added to the template/primer mix. The mixture was then 

incubated at room temperature for 5 minutes.
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D) Termination

3.5 |il aliquots of labelling reaction were added to 2.5 |il termination mixes G, A, T and C. The mixture 

was incubated at 37°C for 5 minutes and then 4 |il of stop mix (Sequenase™, Amersham life science) 

was added.

Gel preparation

5x TBE: 54 g Tris
27.5 g Boric acid
4.65 g Disodium EDTA.2 H2O
dissolved in 1 litre water

The glass plates were first cleaned and siliconized and spacers were placed between the two plates and 

the apparatus was taped up. Two bulldog clips were placed over each spacer, to hold plates tightly 

together. 42 g urea was dissolved in a total volume of 85 ml (20 ml 5x TBE buffer+ UHQ water). 15 

ml of 40% acrylamide (acrylamideibis acrylamide =19.1) was added.Before pouring the gel 600 pi 10 

% ammonium persulphate and 100 pi TEMED were added. Combs were placed in the top of gel and 

covered with acrylamide. It was necessary to leave the gel for hour to set, or overnight if covering 

the top of gel with damp tissue and cling film.

Running, fixing and drying of gel

Tapes and combs were removed. The top of gel was washed with UHQ water and the gel was placed 

in the sequencing apparatus (Bethesda Research Laboratories). 500 mis 1 x TBE was added to the top 

reservoir, and 400 mis 1 x TBE to the bottom reservoir. Pre-electrophoresis of the gel was performed 

for 30 minutes at 60 W (V = max, mA = max).

Samples were denatured by heating to 75°C for 2 minutes. The top of the gel was washed with top 

reservoir buffer using a syringe. Combs were then positioned so that the sharks teeth just dented the 

surface of the gel.
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2.5 |l l 1 samples were loaded in the order G, A, T, and C. The gel was electrophoresed for 2 hours, 30 

W, and then the second set of samples were loaded. Electrophoresis was then continued for 1.5 hours. 

The gel was taken out of sequencing apparatus and laid flat on the bench and the two plates were prised 

apart. The gel (still adhering to one of the glass plates) was fixed in 10% acetic acid, 10% methanol for 

15 minutes. The glass plate was lifted out of fixing solution and very carefully tilted to drain the gel. 3 

MM paper was placed on top of gel, smoothed down and then use to peel the gel off the glass plate. 

Spare 3 MM paper was placed under the gel, and clingfilm on top of gel to prevent contamination of 

the gel dryer. The gel was dried for 30 minutes at 80°C. The gel was then set up for analysis using 

autoradiography film.

Film (autoradiography)

Film was placed on top of the dried gel in the dark room and placed in an autoradiograph cassette

which was then closed. The film was exposed at room temperature for up to two weeks.

In the dark room, the film was processed as follows:

Developer: 5 minutes 
Stop solution: 1 minute 
Fixing solution: 15 minutes 
Wash: just a rinse

All solutions, were obtained from Kodak and diluted as instructed.
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3.3.3 Results

Fig 3.4: Autoradiographs of DNA sequence of the wild type and L90M mutant. The sequencing 
reactions were loaded in the order “GATC”.

Wild type Mutant

Position 90

G A T C  G A T C

Sequences of the PCR fragments o f other mutants were confirmed by others.

The L90M mutant was formed by two point mutations in the DNA sequence which led to the formation 

of one amino acid change.

3.4 Preparation of a novel G48V mutant (Extended proteinase)

The G48 V mutant initially contained a single alteration at residue 48(G C> V) which can form a mature 

protein. This was named G48 V “72”( 1.7.4). However further mutations were introduced which gave 

2 point mutations in the reverse transcriptase sequence leading to the changes (P OS) and (V Ol) in the 

amino acid sequence (Figs 3.5.a. and 1.7.5).

The N-terminal reverse transcriptase Proline residue is immediately adjacent to the C-terminal 

proteinase cleavage site and forms part o f the natural proteinase recognition site. The construct 

containing aP toS  cleavage mutation was therefore of interest in terms of the effect of the mutation on 

autoprocessing.
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In order to investigate the sequence dependence of the C-terminal fragment on autocatalytic cleavage, 

a reading frame shift was created immediately after the RT sequence such that the polyprotein was 29 

residues longer and named “extended proteinase” (fig 3.5.b).

Fig 3.5.a: Representation of the 50 kDa SIVn,ac25i-32H mutant G48V “4833” proteinase fusion 
protein
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Fig 3.5.b: Theoretical representation of the 50 kDa SIV^ac25i-32H mutant G48V “extended 
proteinase” fusion protein.
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The change in sequence to the third reading frame was achieved by digesting the expression plasmid 

with Bam H 1, filling in the sticky ends with DNA polymerase, and religating with T4 DNA ligase. The 

plasmid could no longer be digested by Bam H 1 and the additional GATC in the sequence resulted in 

a shifted reading frame (fig 3.6).

Fig 3.6: Agarose gel analysis of the PGEMEX-1 G48V“4833” with BamHl and EcoRl.

Lane 1 : Marker 1 Kb Ladder
Lane 2: Original plasmid “4833” uncut
Lane 3: Original plasmid “4833” cut with BamHl
Lane 4: Original plasmid cut with EcoRl
Lane 5: Subcloned modified DNA uncut
Lane 6: Subcloned modified DNA cut with BamHl
Lane 7: Subcloned modified DNA cut with EcoRl

bp

5 0 9 0 >

3 0 5 4 >

1 6 3 6 >

1 2 3 4 5 6 7

The samples were subjected to 1 % agarose gel electrophoresis for analysis. Bands were detected by 

staining with Ethidium Bromide (0.1%) and visualised by UV transilluminator.

3.5 Expression and purification of recombinant SIV proteinase mutants

The expression and purification o f these and other mutants have given varied results. In some cases 

autocatalytic cleavage was similar to wild type proteinase and the existing protocol (Sugme et al, 1994) 

was followed, in others the self processing was much slower and alternative methods were derived. 

Yields and specific activities of wild type and mutant SIV proteinases will be compared in subsequent 

chapters. The biochemical and kinetic properties of some o f these mutants will be described.
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3.6 Discussion

Proteinase mutants were engineered such that 2 mutants were available for study; namely L90M, and 

G48 V. L90M, and G48 V SIV proteinase mutants have been created by site directed mutagenesis. 

Preparations of the purified G48V “4833” C-terminal cleavage site mutant proteinase were constmcted 

by introduction of two point mutations in the reverse transcriptase sequence. This mutant produced an 

11 kDa protein and additional 15 kDa protein. The identities of the mutants were confirmed by DNA 

sequencing. The sequence of L90M mutant and G48V “4833” C-terminal cleavage site mutant (Good 

et a l ,  1997) were confirmed by autoradiography. A novel frame-shifted mutant of G48V was 

constructed in order to determine the effect of the C-terminal sequence on autolytic cleavage of the 

proteinase gene. The object was to subclone the G48V “4833” in such a way as to produce a frame 

shift from first to third nucleotide. If the cleavage occured by recognition of a specific sequence, adding 

extra residues would change the cleavage site due to alteration of the whole protein sequence after the 

frame shift. There was no need to confirm the sequence of G48V “extended proteinase” since there was 

no PCR involved.

HIV and SIV mutants have been used in the past for the study of proteinase drug resistance. Drug 

resistance can be conferred by at least 18 independent mutations in the HIV-1 proteinase gene, 

including L90M, G48V, and I46M (Erikson, 1995). L90M is the more common dmg resistant mutation 

observed during Saquinavir anti-viral therapy (Roberts, 1995).

Active recombinant proteinases have been expressed in E. coli and other expression systems (Cheng 

et a l, 1990; Copeland et a l, 1988; Debouck et a l,  1987; Graves et a l, 1988; Hostomsky et a l,
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1989; Louis et al., 1989). This was important since HIV proteinase is known to be a prime target for 

the development of inhibitors which might be beneficial in the treatment of AIDS.

The outcome of these experiments was to produce and purify the mutants needed for further investigation 

of autocatalysis. The experiments carried out to investigate the biological activities and functions of these 

mutants: the molecular masses, the nature of the enzymes, and their activities will be explained in 

subsequent chapters.
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Chapter Four:

Analysis o f  biochemical properties o f  SIV  proteinases from wild type virus 

Introduction

In order to develop an understanding of the properties of SIV proteinases, the proteinase from the 

wild type virus was analysed and it’s biochemical properties recorded. Measurements of enzyme 

activity were made by HPLC analysis of products from a chromogenic peptide substrate. Validation 

o f the assay methods was therefore important.

4.1 Establishing a linear relationship between substrate concentration and peak height

Substrate was diluted in assay buffer in the absence of enzyme, and analysed by reverse phase 

HPLC as previously described (2.3.12). Two dilutions were made:

0.5 pi substrate + 49.5 pi assay buffer;

5 pi substrate (1/10 dilution)+ 45 pi assay buffer;

4.2 Establishing a linear relationship between product concentration and peak height

A standard assay mix was incubated with sufficient enzyme to drive the reaction to completion. 

Several aqueous dilutions were made before the addition of HCl and analysis of cleavage products 

as previously described (2.3.12).

4.3 Investigating the problem of non-specific enzyme binding.

SrVmac25i-32H wild type proteinase (0.9 mg/ml) was transferred between tubes that had undergone

various treatments to reduce protein binding. Siliconizing solution (Repelcote, BDH) was applied to

the tubes, which were then treated as follows:
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A; Excess siliconizing solution wiped away with a tissue, remainder allowed to dry.

B; Excess siliconizing solution rinsed away with ethanol, followed by water.

The enzyme was diluted to a final concentration of 22.5 ng/ml. Cleavage products were analysed 

as previously described (2.3.12). A similar set of data was obtained using non-siliconized tubes. 

In addition, SIVmac 251-32H wild type proteinase (final concentrations 22.5 and 225 ng/ml) was 

incubated in buffer modified by the incorporation ofO.1% triton. Cleavage products were 

analysed as previously described (2.3.12).

4.4 Correlation of reaction velocity with enzyme concentration

Variable amounts of enzyme were diluted in assay buffer and analysed by reverse phase HPLC as

previously described (2.3.12).

4.5 Time course

In theory, an enzyme catalysed reaction will remain at a constant velocity providing the conditions 

remain constant and substrate in excess. However, in practice the activity of the proteinase described 

decreased during incubation. A time course experiment was conducted to determine how long the 

proteinase was stable under the assay conditions.

4.6 Saquinavir solubility

The inhibitor used in the SIV proteinase assay was Saquinavir. This is a compound which targets the 

viral proteinase. Since enzyme catalysed reactions need to be carried out in an aqueous environment, 

it was important to determine the limits of Saquinavir solubility in water. A 10 |il ahquot of Saquinavir 

solution [ 10 mg/ml in dimethyl sulphoxide (DMSO)] was added to 990 |L il water to give a final 

concentration of 130 pM. A 1 pi aliquot of saquinavir solution was added to 999 pi water to give
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a final concentration of 13 juM. The samples were spun at 14000 rpm in a bench top microcentrifuge

for 5 minutes. The liquid was carefully removed from the tube and the measurement repeated.

4.7 Kinetic characterization of the wild type and L90M mutant 
proteinase

4.7.1 Specific activity

Enzyme from wild type (Stock concentration 0.89 mg/ml) and L90M mutant (Stock concentration 

0.98 mg/ml) were incubated in assay buffer. Cleavage products were analysed as previously 

described (2.3.12).

4.7.2 K ,

The Km (Michaelis constant) is the substrate concentration at which the reaction velocity is half its 

maximal value. It is often used as a measure of the enzyme’s affinity for its substrate, the lower the 

Km, the greater the affinity. Wild type SlV^acisiozn proteinase (final eoncentration 90 ng/ml) was 

incubated in assay buffer eontaining variable substrate eoncentration (2.2 pM - 70 pM ). Cleavage 

products were analysed as previously described(2.3.12).

4.7.3 IC50

A number of experiments were carried out in order to determine the concentration o f Saquinavir 

which inhibited the enzyme by 50%. Wild type SIV,^a 2̂51-32Hproteinase (final concentration 225 

ng/ml) was incubated in assay buffer containing different Saquinavir concentrations (2.5 x lO'^nM- 

25 nM). The inhibitor was diluted in DMSO, an equivalent amount o f solvent was included in the 

control reactions. Cleavage products were analysed as previously described (2.3.12).
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4.8 Investigation of factors affecting enzyme activity and inhibition 
assay.

4.8.1 Establishing a linear relationship between substrate concentration and peak 
height:

In order to establish a linear relationship between substrate concentration and HPLC peak height 

two dilution series of substrate with a concentration maximum o f225 |J,M and 22.6 |IM were made. 

The HPLC results indicated the absorbance at 280 nm was proportional to the amount of substrate 

added. Figure 4.1. showing product peak height versus substrate with top concentration 22.6 [IM. 

Figure 4.1 : Typical graph of correlation of substrate concentration with product peak height.
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Percentage product formed was calculated by the following formula:

Height of product peak X 100
Height of product + Height of substrate
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The reaction velocity was proportional to the amount of product formed. High reaction velocity was 

obtained when maximum product was formed with the minimum of unused product present. The 

reaction was linear up to an enzyme concentration o f540 ng/ml after which the reaction appeared 

to plateau.

4.8.2 Correlation of reaction velocity with enzyme concentration:

The reaction velocity is proportional to enzyme concentration, when substrate is in great excess. As 

shown in the figure 4.2 linearity was maintained at enzyme concentrations that cleaved 50% of the 

available substrate.

Figure 4.2: Graph showing velocity reaction versus enzyme concentration.
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4.8.3 Time course

The reaction was quenched at intervals to investigate enzyme stability. A number of experiments were 

carried out. Taken as a whole, the results indicated that the enzyme was stable for time periods up 

to 16 minutes at 37°C and linear for about 6 minutes. As shown in the figures 4.3 A and 4.3 B. 

Figure 4.3 A: 6 -minute time course SIVn,ac2si-32H (225ng/ml)
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Figure 4.3 B: 15-minute time course SIV„ac2si-32H (225ng/ml)
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4.8.4 Saquinavir solubility

Saquinavir in solvent was diluted into water. This was then measured by UV-spectroscopy at 280 nm 

before and after a microfuge spin, intended to sediment any insoluble saquinavir present. The A280 

readings were identical, indicating saquinavir was completely soluble in aqueous solutions at 

concentrations equal to 130 |iM.

4.8.5 Investigating the problem of non-specific enzyme binding.

Observed decreases in enzyme activity during the course of the experiments could be due to autolysis, 

protein dénaturation, or non specific enzyme binding to the plastic tubes.

A number of experiments involving transfer of enzyme solutions between multiple tubes were carried 

out to investigate the latter. The HPLC results indicated that with siliconized tubes the product peak 

height increased with the number of transfers, whereas with non-siliconized and silicone-ethanol-water 

treated tubes the percentage cleavage decreased within number of transfers (figure 4.4). It is possible 

that with low enzyme concentrations the hydrophobic surface of monomers bind to the tube, therefore 

the proportion of dimers in equilibrium decrease, and enzyme activity drops. At high enzyme 

concentrations the proteins are predominantly in solution as active dimers. This non-specific binding 

might possibly be overcome by adding 0.1 % triton to the assay. However, the HPLC results did not 

indicate any effect of triton on enzyme activity.
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Figure 4.4: Comparison of siliconizing treatment of assay tubes.
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4.9 Kinetic characterisation of the wild type proteinase

4.9.1 K,„

is often used as a measure of the enzyme’s affinity for its substrate, the lower the the greater

the affinity. The value was calculated 1.6 mM (figure 4.5 ).

Figure 4.5: Graph of estimation of
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4.9.2 ICso

IC5,, is the concentration of inhibitor required to give half the velocity of reaction. The IC50 relates to 

a particular substrate concentration, which in this case was 45 pM.

The IC50 for the SIVmac25i.32n was estimated as 0.63 nM (figure 4.6).

Figure 4.6: Determination of Saquinavir IC 50
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4.10 Discussion

The experiments in this chapter have set a basis for further assays. The results of the analysis of the 

biochemical properties of the SIV proteinase have shown that there is a linear relationship between 

substrate concentration and percentage product formed. In addition, the reaction velocity was 

proportional to the enzyme concentration and the amount of product formed, when substrate was in 

great excess. The reaction was linear up to an enzyme concentration o f540 ng/ml after which the 

reaction appeared to plateau.

Loss of enzyme activity could be overcome by the use of siliconized tubes. A number of 

experiments indicated non-specific enzyme binding to the plastic reaction tubes. Although, siliconizing 

the tubes degraded a very small portion of proteinase, as shown by reducing enzyme activity in the 

original tube. When siliconized tubes were not washed with water after siliconizing the activity 

increased over a number of transfers. This raises the question “Was there any proteinase activator 

present”? or “Was there any change of pH”? or “Was there inactivation of the inhibitor by the agent 

which was used for siliconizing”?

In comparison of siliconized with the control tubes., it was shown that the proteinase activity in the first 

siliconized tubes was lower than the control, although there was an increase in activity in siliconized 

but not washed tubes. It is interesting to observe the presence of perhaps some kind of inhibition in 

the control siliconized tube which decreases the activity. There maybe some initial decrease in activity, 

but then some inhibition occurs which allowed an increase in activity. In siliconized tubes, the activity 

increases with successive transfers indicating increased exposure to an activator. In washed siliconized 

tubes, on the other hand, activity decreased with increased transfer number. This suggested that the 

soluble activating agent had washed off the tube. These results indicate that there is a component in 

the silicone treatment which activates the enzyme.
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As a conclusion, the siliconized tubes were not used for the analysis which did not involve serial 

dilutions.

The analysis of the biochemical properties of SIV proteinase regarding time course have shown that 

enzyme activity is linear with respect to the time up to 6  minutes and will continue to periods longer, 

about 15 minutes.

The enzyme activity as measured by HPLC, showed the value of the wild type estimated a 1.6 

mM under the conditions described in 4.7.2. There are data that show that the value increased 

in the order SIVmac< HIV-1 < HIV-2 (Grant et al., (1991); Richards et a l,  (1989); Richards et 

fl/.,(I989).

In this study, IC50 of the SIVmac wild type was estimated as 0.63 nM. The sensitivities of wild type 

and mutant SIV proteinases to inhibition by Saquinavir in comparison to other studies showed that 

sensitivities to Saquinavir increased in the order L90M < 048V < wild type (Good et ah, 1997).
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Chapter Five:
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Chapter five

5.1 Proteinase preparation, purification, and analysis

The aims of the experiments described in this section were to produce a method for preparation and 

purification of the proteinase and to develop analytical tools.

5.1.1 Initial purification

The method of proteinase purification described below is based on that first described by Sugme and 

co-workers ( Sugrue et al, 1994 ). An Electrolab fermenter containing 10 litres LB medium, 150 

pg/ml ampicillin and 1 ml antifoam A (Sigma) was inoculated with 10^-10^ (log phase) bacteria 

transformed with recombinant SIVmac25i-32HProteinase expression construct as described in (3.1.1 ). 

The culture was incubated for 18 hours at 37°C, with a stir rate of 120 rpm. Bacteria were harvested 

by centrifugation (3,600 g, 25 mins, 4°C), and subjected to 3-4 freeze thaw cycles. The pellet was 

then homogenized using Ultra-Turrax T 25 in Ix TEN buffer (2.3.1. A) using 15 ml buffer per gram 

cell wet weight. Lysozyme was added to give a final concentration o f200 pg/ml and the bacterial 

suspension was incubated on ice for 30 minutes. Every 5-10 minutes, the mixture was vigorously re

homogenised for 1 -2 minutes. Sodium deoxycolate was added to give a final concentration ofO.1% 

and the reaction mixture was incubated at room temperature for 30 mins with frequent re

homogenisation. Inclusion bodies were isolated from the lysate by centrifugation at 3600 g for 1 hour 

at 4°C and washed 2-4 times in TEN buffer containing 0.5% (v/v) Triton X-100. The washed 

inclusion bodies were solubilized in dénaturation buffer (as described in 2.3.1 .C) and incubated at 

room temperature for 1 hour. The protein-urea solution was diluted dropwise into a 5-fold excess of 

renaturation buffer (as described in 2.3.1 .C) over a period of 18 hours, at room temperature. The

renatured protein was incubated at 37°C, and then 4°C for 24 hours. It was then centrifuged and
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the supernatant concentrated 20- fold using a Minitan ultrafiltration device (Millipore) with a 10 kDa 

cut off membrane. The concentrate was centrifuged again and the supernatant applied to a 5ml 

pepstatin-agarose column ( 1 cm diameter) at 2 ml/min. The column was washed 6 times alternating 

with 10 column volumes low salt buffer (LSB)(50 mM HEPES pH 7.5,1 mM EDTA), and high salt 

buffer (HSB)( 50 mM HEPES pH 7.5,1 mM EDTA, 400 mM ammonium sulphate). The column was 

then washed with 10 column volumes of LSB, Triton buffer (50 mM HEPES pH 7.5,1 mM EDTA, 

600 mM NaCl, 1 % Triton X-100) and LSB. Proteinase was eluted with 250 mM amino caproic 

acid, 1 mM EDTA, 10% (v/v) glycerol, pH 10.5, and the fractions collected were immediately 

neutralized by the addition of 1/15 volume 2 M HEPES pH 6.0. Fractions containing enzyme activity 

above 5 % were pooled and dialysed over night at 4 °C against 200 mM TrisHCl pH 7.0,500 mM 

NaCl, 10% glycerol, using a 10 kDa cut off membrane. The proteinase was partially concentrated, 

and exchanged into a 50mM sodium acetate pH 5.0 buffer using an Amicon ultrafiltration cell 8400 

at room temperature. The preparation was finally concentrated using a Centriprep ultrafiltration device, 

and the protein concentration estimated by spectroscopy (Azgonm̂  1 mg/ml). Glycerol was added to 

a final concentration of 10%, and the proteinase was stored in aliquots at -80°C. Details of the 

method are described in (2.3.1). The enzyme activity was then assayed (2.3.12). 

Table 5.1: Yields of SlV^ac 2 5 1 32H proteinases obtained per 10 litre fermenter run.

SIV„,ac251-32H Yield (mg)
Wild type 1 .8 3 -3 .2
Mutant L90M 0.7 -1 .5
Mutant G48V “4833” 0.3 -  0.7
Mutant frame shifted G48V “extended 
proteinase”

0.06 -  0.08

Final protein concentrations were estimated by ultra violet spectroscopy, using the equation 

A280 nm of 1 = 1 mg/ml pure proteinase.
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As shown in table 5.1, the yields o f the wild type enzyme were 2-3-fold greater than the yield of 

L90M and in turn this was 10-fold greater than G48V “extended proteinase” . The yield 

and purity of the G48V “extended proteinase” mutant was 5-fold less than the yield for the G48V 

“4833 ” mutant enzyme. Figure 5.1, demonstrates the purity o f the wild type and mutant SIV 

proteinase which was checked by SDS-PAGE analysis.

Fig 5.1 : Analysis of purified wild type and mutant SIV proteinase by SDS-PAGE. Samples 
were subjected to SDS-PAGE 20% gel concentration and stained with Coomassie blue.
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Lane 1 : Biorad blue™ marker (prestained protein standards) 
Lane 2: SIV proteinase wild type (3 pg)
Lane 3:SIV proteinase mutant: L90M (3 pg)
Lane 4: SIV proteinase mutant: G48V “72” (3 pg)
Lane 5: SIV proteinase mutant: I46M (3 pg)
Lane 6: Biorad blue™ marker (prestained protein standards) 
Lane 7: Biorad Kaleidoscope™ marker
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5.2 Specific activities of the wild type and mutant SIV proteinases during purification.

The viral proteinase is initially expressed as a large gag-pol fusion protein, which subsequently

undergoes autocatalytic cleavage. The renatured protein in the inclusion bodies during the incubation 

at different temperatures slowly cleaves. Proteinase cleaves itself out of the fusion protein, and the 

insoluble T7 gene 10 product and also some bacterial proteins precipitate. The temperature and the 

length of the incubation time has a direct effect on the autoproccessing of the precursor proteins. As 

shown in table 5.2, during this stage of purification the specific activity increases with the presence of 

more mature proteins. Assays were carried out under the following conditions:

1.8-31.8 nM enzyme, 900 jiM chromogenic peptide substrate (Lys-Ala-Arg-Val-Nle-Nphe-Glu- 

Ala-Nle-Gly), 1M NaCl, 50 mM MES pH 6.0, 15 minutes incubation at 3TC. The reaction was 

terminated by the addition of an equal quantity o f 80 mM HCl, and then analysed by HPLC as 

previously described (2.3.12).

Table 5.2 Specific activities of the soluble wild type SIV proteinase during initial 
purification stage.

Preparation Specific activity
(pmoles product/min/mg protein)

SI V„,,25i-32h (wild type): After refolding 
and incubation at room temperature.

0.13

: After subsequent
incubation at 37"C.

0.18

: After subsequent
I I  incubation at 4“C.

0.22
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As shown in figure 5.2, bacterial lysate, inclusion bodies, and crude recombinant wild type SIV 

proteinase were subjected to SDS-PAGE 20% polyacrylamide gel concentration and gel was stained 

with Coomassie blue.

Fig. 5.2: Analysis of initial purification steps for recombinant wild type SIV„,ac25i-32H
proteinase by SDS-PAGE

40 > < 47.8

< 33.2

<  20.1

Lane 1 : bacterial lysate
Lane 2: Inclusion bodies Lane 4: Biorad blue™ marker (prestained protein standards)
Lane 3: Crude proteinase Lane 5: Biorad Kaleidoscope marker

Proteins in the inclusion bodies including the fusion protein were denatured with urea, and proteinase 

dimers were released by autocatalytic cleavage during dilution and renaturation. Recombinant SIV 

proteinase was concentrated to 300ml using minitan and after centrifugation, to remove any 

particulates, the proteinase was then purified to homogeneity by pepstatin agarose affinity 

chromatography as previously described (Sugme etal, 1994). The concentrated protein was applied 

to a pepstatin agarose column twice. The bound proteinase was eluted from the column (2.3.1 C) and 

a number of 14 ml sample fractions were collected. Sample fractions were monitored for the presence 

o f proteinase by enzyme activity using HPLC as previously described. Sample fractions containing
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enzyme activity above 5% were pooled and dialysed for 16 hours at 4”C against 200 mM TrisHCl pH 

7.0,500 mM NaCl, 10% glycerol, using a 10 kDa cut off membrane. The protein concentrations and 

yields o f each of the sample fractions were not calculated.

Fig 5.3 Graph showing enzyme activity of elution fractions during initial purification of the 
wild type SIV proteinase on pepstatin agarose chromatography.
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Table 5.3: Enzyme activity of the protein sample of the wild type and mutants SIV 
proteinases before and after pepstatin agarose chromatography.

SIV proteinase *Enzyme activity 
before column

* Enzyme activity 
after column

% bound to 
column

Wild type 80 25.5 68

L90M 62.5 20.5 67

G48V “4833” 33 17.5 47

G48V “extended proteinase” 11.5 9.4 15

* Enzyme activity is % product formed per 50 pi / 15 min at 37 °C
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Table 5.4: Specific activities of the purified wildtype and mutant SI Vn,ac25i-32n proteinases
(eluted from pepstatin agarose).

SIV proteinase Specific activity 
(pmoles product/min/mg protein )

Wild type 19
L90IVI 39
G48V “72” 13
G48V “4833” 5
G48V “extended proteinase” I
I46M 21

Recombinant SIV proteinase after concentration was purified to homogeneity by pepstatin agarose 

chromatography. As shown in fig 5.3 the enzyme activity in the first fraction is at a maximum and 

decreases with the increasing number of fractions. The first 5 sample fractions containing over 5% 

enzyme activity were pooled and dialysed for 16 hours at 4“C against 200 mM TrisHCl pH 7.0,500 

mM NaCl, 10% glycerol, using a 10 kDa cut off membrane. As indicated in table 5.3, in the case of 

wild type and mutant SIV proteinase enzyme activity reduced after the sample was applied to 

pepstatin agarose column except for G48V “extended proteinase”, in which the results indicated 

minimal proteinase binding to the column.

The specific activities o f wild type and mutant SIV proteinases were compared (Table 5.4). 

The specific activities of the purified wild type and mutant SIV proteinases decreased in the order 

L90M> wild type>G48V “4833”>G48V “extended proteinase”.

Sample fractions were also monitored for the presence of proteinase by SDS-PAGE (fig. 5.4).

Recombinant wild type SIV proteinase was applied onto the pepstatin agarose column and bound

proteinase was eluted from the column (2.3.1 .C) and collected in the sample fractions. A strong

11 kDa protein band was observed in the first few sample fractions and these fade away after the fifth

sample fraction which correlates with low enzyme activity, hence lack o f proteinase.

134



5.1.2 Sample concentration

The proteinase was partially concentrated, and exchanged into a 50mM sodium acetate pH 5.0 buffer 

using an Amicon ultrafiltration at room temperature. It was finally concentrated to 0.3-0.8 mg/ml using 

a Centriprep™ ultrafiltration device, and the protein concentration estimated by spectroscopy 

at 280 nm = 1 mg/ml).

5.1.3 SDS-PAGE Western blot analysis

Samples (3 pg protein) were subjected to 20% SDS-PAGE and polyacrylamide gels and were stained 

with Coomassie blue or electroblotted onto nitrocellulose for western blot analysis. Western blotting 

was carried out for the identification and characterization of proteins separated by electrophoretic 

procedures. Due to their high specificity and affinity, membranes were probed with sheep anti-HIV-1 

proteinase or reverse transcriptase antibodies. Immunoreactive protein bands were visualised using 

a rabbit anti-sheep horseradish peroxidase conjugated antibody with 3, 3’diaminobenzidine 

tetrachloride/H202 substrate (2.3.4).

Analysis of the SDS-PAGE of SIVmac25i-32H during purification (fig. 5.4) demonstrated that, the 50 kDa 

proteinase fiision protein undergoes proteolytic autoprocessing. The digestion of 50 kDa fiision protein 

went to completion and showed presence of 11 kDa protein. Samples were subjected to SDS-PAGE 

20% gel concentration and polyacrylamide gels were stained with Coomassie blue.
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Fig. 5.4: Analysis of final purification steps for recombinant wild type SIV^ac25i-32H
proteinase by SDS-PAGE
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Lane 1 : Biorad Kaleidoscope marker
Lane 2: Biorad blue™ marker (prestained protein standards)
Lane 3:SIVmac252-32n proteinase during purification: Bacterial lysate.
Lane 4: SIVmac252-32H proteinase during purification: Inclusion bodies.
Lane 5: S IV ^ 252-32H proteinase during purification: After subsequent incubation at Room temperature. 
Lane 6: SIVmac252-32H proteinase during purification: After subsequent incubation at 37°C.
Lane 7: SIVmac252-32H proteinase during purification: After subsequent incubation at 4°C.
Lane 8: Pure wild type SIVmac25i-32H proteinase.

Samples of purified SIV proteinases were subjected to SDS-PAGE 20% gel concentration and 

stained with Coomassie blue. The samples were transferred to a nitrocellulose membrane which was 

probed with anti HIV-1 proteinase and anti reverse transcriptase antibodies.
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Fig. 5.5: Western blot analysis of purified wild type and mutant SlV,„a^25i 32h proteinase

A) Probed with anti HIV-1 proteinase antibody.
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Lane 1 ; Biorad blue™ marker (prestained protein standards) 
Lane 2: Wild type SIV proteinase 
Lane 3: G48V "4833"

B) Probed with reverse transcriptase proteinase antibody.
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Lane 2: Wild type SIV proteinase 
Lane 3: G48V "4833"

137



Western analysis of purified samples confirmed the presence of a single 11 kDa protein, which reacted 

with an anti-HIV-1 proteinase antibody (fig 5.5.A). In contrast, preparations o f the purified G48V 

“4833” with cleavage site mutant proteinase contained an 11 kDa and a 15 kDa protein, which both 

reacted with the anti-HIV-1 proteinase antibody (fig 5.5.A). The 15 kDa protein was identified as 

partially processed proteinase fusion protein based on its reaction with an anti-HIV-1 reverse 

transcriptase antibody (fig 5.5.B).

During purification the 50 kDa proteinase fusion protein undergoes proteolytic autoprocessing. The 

digestion of 50 kDa fusion protein of G48V “4833” yielded a 15 and 11 kDa proteins.

Fig 5.6: SDS-PAGE analysis ofSIVmaczsi-̂ zu mutant, G48V “4833” protein during purification.
Samples were subjected to SDS-PAGE in 20% gel concentration and stained with Coomassie blue.

<  20.1

Lane 1: pure G48V “4833”
Lane 2: G48V “4833 “ during purification process: After subsequent incubation at 4°C.
Lane 3: G48V “4833” inclusion bodies
Lane 4: Biorad blue™ marker (prestained protein standards)
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Fig. 5.7: SDS-PAGE analysis of G48V “72” with complete cleavage site and G48V “4833”
mutants. Samples were subjected to SDS-PAGE in 20% gel concentration.
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Lane 1 : G48V “4833” with C-terminal cleavage site 
Lane 2: G48V “72”
Lane 3; Biorad blue™ marker (prestained protein standards)

Figures 5.6 and 5.7 indicate that the G48V “72” contained 11 kDa protein and the G48V “4833” 

mutant contained both 11 and 15 kDa proteins. Western analysis in both cases confirmed the presence 

of a single 11 kDa protein, which reacted with an anti HIV-1 proteinase antibody. Probing with anti 

HlV-1 RT antibody indicated that the 15 kDa protein did contain an RT sequence, and is consistent 

with incomplete processing. The appearance of this 15 kDa protein could be explained by incomplete 

processing at the C-terminus and complete processing of the N-terminus of the gene 10-G48 V fusion 

protein. There is the possibility that the 15 kDa protein could also include lysozyme since this was 

used to lyse the E.coli cells. Therefore, it was possible that the 15 kDa band contained residual 14 

kDa lysozyme.
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5.1.4 Comparison of proteinase and lysozyme

Fig. 5.8: Electrophoretic mobility of G48V “4833” protein and lysozyme on SDS-PAGE.
SDS-PAGE, 20% gel concentration prepared to show that lysozyme has different electrophoretic 
mobility from G48V “4833”.
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Lane 1 : Biorad blue™ marker (prestained protein standards)
Lane 2: pure G48V “4833”
Lane 3: Lysozyme
Lane 4: Sample mixture o f lysozyme and pure G48V “4833”

From the gel shown figure 5.8, it can be seen that the lysozyme runs between the 11 and 15 kDa 

proteins, this indicates that lysozyme has an electrophoretic mobility different from the 2  bands of 

G48V “4833” and therefore the 15 kDa protein o f the G48V “4833” does not contain lysozyme.

In order to further analyse the 11 and 15 kDa proteins o f the G48V “4833” on the ion exchange 

column, it was important to determine the p /o f  these proteins to choose the correct matrix for 

separation. Figure 5.9 indicate isoelectric points of the two proteins of G48V “4833” and lysozyme.
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Fig. 5.9: Isoelectric points of the two proteins of G48V ‘‘4833” and lysozyme were
determined on lEF gel by Phast system.
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Lane 1: Lysozyme
Lane 2: SIV wild type proteinase
Lane 3: Broad range pi (3-10) marker
Lane 4: SIV mutant G48V “4833” proteinase

The 11 kDa protein estimated pi = 7.35 

The 15kDa protein estimated pi = 6.55

Lysozyme apparent pi was also estimated = 4

<  7.35

<  6.55

Thus, at pH 5.6 the 11 and 15kDa proteins should be negatively charged and theoretically lysozyme 

positively charged. Samples were applied on a DEAE-Cellulose column equilibriated at pH 5.6.
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5.1.5 Preparation by Ion-Exchange Chromatography

Ion-exchange chromatography separates proteins first on the basis of their charge type (cationic or 

anionic) and second, on the basis of relative charge strength, for example, strongly anionic from 

weakly anionic. The column requires a stationary phase which is usually composed of insoluble, 

hydrated polymers which in this case were cellulose, and sepharose for anionic and cationic proteins 

respectively. For ion exchange microgranular diethylaminoethyl (DEAE)-cellulose and SP-sepharose 

resins were prepared according to manufacturers instructions and packed on retention filters in a 

cartridge (Bio-rad) 10cm height and 0.5 mm in diameter. These cartridges were connected to a 

pump (Pharmacia LKB) at a low pressure which provided high resolution and high flow rates. 

DEAE-cellulose and Sp-sepharose resins required regeneration before reuse.

To regenerate the DEAE-cellulose the resins were placed in a beaker containing 15 volumes of 0.5 

M HCl for 30 minutes after which the supernatant was removed. The resin was washed repeatedly 

until the pH of the wash-through reached 4.0. The resin was then placed in the beaker containing 15 

volumes of 0.5 M NaOH for 30 minutes, the supernatant was removed and the resin was repeatedly 

washed with water until a pH of 7.0 or 8.0 was achieved (Sheehan&FitzGerald, 1996). The resin 

was stored in 0.1 % Na azide until required. Regeneration of Sp-sepharose was achieved by a similar 

process, except that the resin was washed first with 0.5 M NaOH for 30 minutes followed by 0.5 

M HCl. The final pH was 5.5-6.5. The regeneration was carried out every 3-4 uses of a batch of 

the resin, otherwise the column was washed with high salt buffer (HSB) (50 mM HEPES pH 7.5, 

1 mM EDTA, 400 mM ammonium sulphate) and low salt buffer (LSB) (50 mM HEPES pH 7.5, 

1 mM EDTA).

The ion exchange chromatography column was packed with the resin and washed twice 

alternating with 5 column volumes HSB with added 2 M N aC l, and LSB. It was important
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to determine the pi o f the proteins in order to choose the correct matrix for separation. The 

isoelectric points of the proteins were determined on lEF gel by Phast system as previously 

described in 2.3.13. Protein samples required desalting before being applied to the ion exchange 

column. The bound proteins were eluted with a graduated salt concentration (0.1 M NaCl to 1 M 

NaCl) in 10 mM Tris buffer for pH 8.0,10 mM HEPES for pH 7.0, and 10 mM MES for PH 5.5. 

The fractions were collected in a fraction collector and assayed for the protein of interest and protein 

concentration. The appropriate fractions were pooled together and concentrated for the further study 

or purification.

5.1.6 Analysis of G48V “4833”

As shown in figures 5.10 and 5.11, G48V “4833” protein sample was applied on a DEAE- 

Cellulose column and collected sample fractions were analysed by SDS-PAGE in 20% gel 

concentration and polyacrylamide gel stained with Coomassie blue.

Fig. 5.10: Analysis of eluted G48V “4833” protein samples by DEAE-Cellulose
chromatography on SDS-PAGE (pH 5.6).

KDa 1 2 3 4 5 6 7

Lane 1 : Biorad blue™ marker (prestained protein standards)
Lane 2: Sample protein fraction eluted with LSB
Lane 3: Sample protein fraction eluted with 0.2 M NaCl.
Lane 4: Sample protein fraction eluted with 0.4 M NaCl
Lane 5: Sample protein fraction eluted with 0.9 M NaCl.
Lane 6 : Protein sample of pepstatin affinity purified G48V “4833” 
Lane 7: Kaleidoscope marker
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Fig. 5.11: Elution profile of G48V “4833” by DEAE-Cellulose ion exchange
chromatography
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Figure 5.11 shows the optical density (O.D) 280 nm trace from the DEAE-Cellulose ion exchange 

chromatography.

A number of fractions were collected. Results of figure 5.10 showed that the 15 kDa protein was 

hydrolysed into 7 kDa or smaller proteins and eluted in the presence o f 0.2 M NaCl. These were 

impossible to separate from the 11 kDa protein (22 kDa dimer) by acetone precipitation or 

concentrating using a 10 kDa cutoff Centriprep™. The 7 kDa protein was only present in the 

fractions which eluted with low salt.
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Fig. 5.12: SDS-PAGE analysis of G48V “4833” protein sample by DEAE-Cellulose ion
exchange chromatography.

49 ^

Lane 1 : Biorad blue™ marker (prestained protein standards)
Lane 2: Protein sample G48V “4833” during initial purification at pH 5.6 before being applied on 
DEAE-Cellulose column.
Lane 3: Protein sample during initial purification at pH 5.6; unbound proteins after being applied on 
DEAE-Cellulose column.

Fig. 5.13: Centriprep*'^ concentration of G48V “4833” protein fraction from DEAE- 
Cellulose chromatography. Samples analysed by SDS-PAGE in 20% gel concentration and 
polyacrylamide gel stained with Coomassie blue.
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Lane 1 : Biorad blue™ marker (prestained protein standards)
Lane 2: G48V “4833” protein sample in 0.2 M NaCl obtained from DEAE-Cellulose column before 
concentrating using a Centripre™.
Lane 3: G48V “4833” protein sample in 0.2 M NaCl obtained from DEAE-Cellulose column after 
concentrating using a Centriprep™.
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In figure 5.12, the result indicates that only a very small percentage of different molecular weight 

proteins bound to the resin and only 1 proteinase species eluted. In addition, it seems that protein 

samples equilibriated at pH 5.6 causes some of the proteins break down into small molecular weight 

to proteins below 11 kDa.

On SDS-PAGE analysis (fig. 5.13), it was clear that the 11 kDa protein remained the same size and 

did not cleave to yield further fragments but the 15 kDa protein was no longer present. Since the 11 

and 15 kDa peptides behaved differently, it would be important to know the sequence of the 7 kDa 

protein to determine the point of cleavage. To separate the 7 kDa fragment from the 11 kDa protein, 

the sample was precipitated with acetone since the 7 kDa protein maybe soluble in acetone. As an 

alternative approach, a (Centriprep™ Amicon) concentrator was used. In theory, the 7 kDa protein 

would pass through the 10 kDa membrane, if  it were not present as a dimer. Separation of 7 kDa 

protein from 11 kDa protein was not achieved by acetone precipitation or concentration using a 

Centriprep™ concentrator. This could be due to the fact that the 7 kDa protein is either multimeric 

/ aggregated or acts as a sticky protein. It appeared that pH 5.6 facilitated cleavage of the 15 kDa 

protein, so perhaps this was not the appropriate pH for complete cleavage.

Accordingly an experiment was then carried out with the protein sample fraction o f048V “4833” 

which was eluted with 0.1 M NaCl obtained from DEAE-Cellulose column at pH 7.0 rather than 

pH 5.6. The protein sample was analysed on a DEAE-Cellulose column, equilibriated with pH 7.0 

buffer.
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Fig 5.14: Analysis of G48V “4833” protein sample fraction on DEAE-Cellulose
chromatography by SDS-PAGE.
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Lane 1: Biorad blue™ marker (prestained protein standards)
Lane 2: G48V “4833” protein sample fraction in 0.1 M NaCl pH 7.0 before application to a 
DEAE-Cellulose column.
Lane 3: G48V “4833” protein sample fraction in 0.1 M NaCl pH 7.0 after application to a DEAE- 
Cellulose column.
Lane 4: Eluted protein sample with 0.2 M NaCl.
Lane 5: Eluted protein sample with 0.4 M NaCl.
Lane 6 : Eluted protein sample with 0.6 M NaCl.

As shown in figure 5.14, the result obtained were similar to those seen at pH 5.6 and the 11 and 15 

kDa proteins behaved as sticky proteins as before. Carrying out this experiment at pH 8.0, 

increased the proteinase activity slightly, but did not separate the two proteins.

There was no success in separating the 11 and 15 kDa proteins on a DEAE-Cellulose column at 

different pHs. Therefore, it was decided to analyse the sample on an SP-sepharose ion exchange 

column. The protein sample was dialysed at pH 5.6 and the column equilibriated with pH 5.6 buffer. 

A number of 14mls fractions were collected and analysed on SDS-PAGE.
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Fig. 5.15: Analysis of crude G48V ‘‘4833” protein sample at pH 6.0 on SP-sepharose
chromatography by SDS-PAGE. Samples were analysed on 20% gel concentration and
polymerised gel was stained with silver.

Lane 1 : Biorad blue™ marker (prestained protein standards)
Lane 2: Crude G48V “4833” protein sample at pH 5.6; before been applied on SP-sepharose ion 
exchange chromatography.
Lane 3: Crude G48V “4833” protein sample at pH 5.6; after been applied on SP-sepharose ion 
exchange chromatography.
Lane 4: Eluted material obtained from column wash with LSB after applying protein sample on 
column.
Lane 5: Protein sample eluted with 0.4 M NaCl.
Lane 6 : Protein sample eluted with 0.5 M NaCl.
Lane 7; protein sample eluted with 0.5 M NaCl.
Lane 8 : Protein sample eluted with 0.9 M NaCl.

SDS-PAGE analysis (fig. 5.15) revealed that there was no longer a band noted for the 15 kDa 

protein, but the 11 kDa and smaller sized proteins were observed. Since the sample loaded had both 

11 and 15 kDa bands, there was no separation o f these two proteins on ion exchange columns. It 

appears that when the proteinases are analysed on the ion exchange at pH 5.6, they no longer 

behave as 11 and 15 kDa protein. The 11 kDa protein is detected but the 15 kDa becomes 

proteolysed to smaller peptides such as the 7 kDa protein. In all cases the 11 and 7 kDa proteins 

eluted off the column together. Hence, a single peak is seen, which on SDS-PAGE is fractionated 

into two bands of 11 and 7 kDa .
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Ion exchange separates proteins by charge not size. The 11 and 15 kDa must both have similar 

charge to behave in the same way on the ion exchange chromatograpy (fig. 5.9). Subsequent SDS- 

PAGE analysis of the ion exchange fractions revealed peptides of 11 and 7 kDa, although the sample 

load had 11 and 15 kD a. This suggests that the 15kDa has been hydrolysed during the experiment 

to give the 7 kDa peptide.

5.1.7 Separation of G48V “4833” proteins by gel filtration

Finally, an attempt to separate the two proteins present in the 048V-C terminal cleavage site mutant 

was made using a gel filtration chromatography column. The column was packed with Sephadex G- 

75 beads.

A number of columns were prepared with different lengths and diameters and finally a column with 

40cm length and 0.8mm diameter gave good separation for the protein standards. Standards [bovine 

serum albumin (BSA, 66 kDa), carbonic anhydrase (CA, 29 kDa), lysozyme (14 kDa), and vitamin 

B,2( 1.4 kDa) were analysed on the column first aiming for the best resolution possible. Different 

concentrations of each single standard was used in order to get the same size peaks and good 

separation between them. Satisfactory results were obtained and from this it was possible to plot a 

standard curve and estimate where the two proteins (11 and 15 kDa) should elute from the column.

5.1.8 Preparation by Gel Filtration Chromatography

Gel filtration chromatography, separates molecules based on their size, in order of large to small 

molecules. The two distinct applications for gel filtration chromatography are group separation, 

including desalting and buffer exchange, and fractionation. In this study fractionation was the main 

reason for using gel filtration chromatography. W ith this separation, molecules of varying molecular 

weights are separated within the gel matrix and the proteins of interest fall within the range of the gel.
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Resolution between proteins with different molecular weight is a very important factor and depends 

on the particle size, pore size, flow rate, column length and diameter, and sample volume. 

The gel matrix used was a dry powder Sephadex G-75 (Pharmacia). The buffer and media 

proportion was 1 g/12ml, with a column 40cm length and 0.8mm diameter, the bed volume was 

50ml.

The gel was allowed to swell completely in 15 mM MES pH 6.0 at room temperature, over night. 

After hydration was complete, the fine particles that had not settled to the gel bed, were discarded. 

The gel matrix was then washed with excess 50 mM MES pH 6.0 in a filter flask and the suspension 

was degassed. Each time the gel was allowed to stand until 90-95 % of the particles had settled and 

the supernatant was decanted by suction to remove all the fine materials. This was repeated 5 times 

to remove most of the fine particles.

The column was mounted vertically on a stand in the cold room (+4°C). A funnel was affixed to the 

top of the column and the column exit was closed. The slurry was poured into the column in a single, 

smooth movement, to ensure even packing. When a 2-5 cm bed had formed, the buffer was allowed 

to flow until column was packed. The column outlet was then opened and connected to a pump 

(Pharmacia LKB) and the flow rate was adjusted to 0.08 ml min '. The gel was washed with 100 ml 

running buffer (20 mMHepes pH 7.0, lOOmMNaCl, 1% Cholic acid). The buffer was drained 

down to the level o f the gel bed and the protein sample was layered on top o f the gel in a volume 

equal to less than 1 % of the total volume, being careful to, allow the sample to drain into the bed. A 

1 cm layer of running buffer was pipetted onto the top of the gel and elution was begun. The protein 

sample was eluted with running buffer to wash the sample into the bed. 0.5 ml fractions were 

collected with a fraction collector (Pharmacia) for analysis. The UV absorbance of each single 

fraction was measured at A280 using a spectrophotometer (Cecil 2000). The SDS-PAGE analysis
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was used to monitor the number of proteins and their quantity in selected fractions. 

Figure 5.16 shows a profile of standards on gel filtration chromatography using different 

concentration of protein standards (BSA 1 mg/ml, CA,Lysozyme 0.5 mg/ml, and Vit.B , 2 0.1 mg/ml) 

expressed as fraction number versus absorbance at 280 nm.

Fig. 5.16: Profile of standards on gel filtration chromatography
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5.1.9 Stability of G48V “4833” proteinase

The stability of the G48 V-C terminal cleavage site mutant was tested at different pHs to be used for 

gel filtration to determine whether different pH might alter the two proteins causing aggregation or 

degradation, before being loaded on to the column.

The G48V-C terminal cleavage site mutant was added to different running buffer from pH 5.0 to pH 

9.0 and incubated for 6  hours ( the length of time approximately the sample will mn on the column 

) at 4 '̂C.

Fig. 5.17: SDS-PAGE analysis of G48V “4833” incubated at different pH (pH 5.6-pH 9.0).
The running buffer analysed on the SDS-PAGE in 20% gel concentration. The polyacrylamide gels 
were stained with silver.

Lane 1 : G48V “4833” pure protein sample 
Lane 2: G48V “4833” protein sample in pH 5.6 running buffer
Lane 3: G48V “4833” protein sample in pH 6.0 running buffer
Lane 4: G48V “4833” protein sample in pH 7.0 running buffer
Lane 5: G48V “4833” protein sample in pH 8.0 running buffer
Lane 6 : G48V “4833” protein sample in PH 9.0 running buffer

As shown in figure 5.17, it was found that the G48V “4833” was stable at pH 5.6 to pH 9.0 of the 

running buffer, but a small proportion of the proteinase precipitated at pH 5.6.

The pH of the running buffer was adjusted to pH 5.6 and 12 pg G48V “4833” mutant
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pepstatin affinity purified protein was loaded on to the column containing G-75 with 40 cm length 

and 0.8 cm diameter. Approximately, seventy 500 pi fractions were collected using the fraction 

collector (Pharmacia) with flow rate of 0.08 ml m in '. The protein concentration of each fraction was 

measured at 280 nm using a spectrophotometer (2.3.10.1). As shown in figure 5.18, it seemed the 

two proteins behaved differently on the column.

Fig. 5.18: Analysis of pure G48V “4833”, loaded on gel filtration chromatography by 
SDS-PAGE. The polymerised gel was stained with silver.

29 30 31 32 33 34 ^7 38 39 40
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Lane M: Biorad blue™ marker (prestained protein standards) 
Lane G: Pure G48V “4833”, protein sample 
Lane 29: Eluted protein sample in fraction no. 29 (14.5 ml). 
Lane 30: Eluted protein sample in fraction no. 30 (15 ml). 
Lane 31: Eluted protein sample in fraction no. 31 (15.5 ml). 
Lane 32: Eluted protein sample in fraction no. 32 (16 ml). 
Lane 33: Eluted protein sample in fraction no. 33 (16.5 ml). 
Lane 34: Eluted protein sample in fraction no. 34 (17 ml). 
Lane 35: Eluted protein sample in fraction no. 35 (17.5 ml). 
Lane 36: Eluted protein sample in fraction no. 36 (18 ml). 
Lane 37: Eluted protein sample in fraction no. 37 (18.5 ml). 
Lane 38: Eluted protein sample in fraction no. 38 (19 ml). 
Lane 39: Eluted protein sample in fraction no. 39 (19.5 ml). 
Lane 40: Eluted protein sample in fraction no. 40 (20ml).
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SDS-PAGE analysis showed that the 11 and 15 kDa protein of the original pure G48V “4833”, no 

longer behave as before and they run as 12 and 14 kDa proteins. In addition, an extra band 

indicating 7 kDa protein can be also observed . It was possible that the 15 kDa protein had 

precipitated. Therefore, other factors such as salt concentration and type ofbuffers were investigated, 

to allow determination of conditions to avoid precipitation. The salt concentration was reduced (0.5 

M NaCl to 100 mM NaCl ) and HEPES buffer used instead of Tris buffer. The 0.02% Triton X-100 

was also excluded from the running buffer.

Finally, the running buffer was prepared as follows;

- 20 mM Hepes pH 7.0

- 100 mM NaCL

- 1% Cholic acid

5.1.10 Analysis of G48V “4833”, by gel filtration under optimised condition

12 pg of the G48V”4833” mutant pure protein was loaded on to the column. The flow rate was 

adjusted to 1 ml per 12 minutes. Fractions of 0.5ml were collected using the fraction collector and the 

protein concentration of the fractions was measured by using the spectphotometer.
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Fig. 5.19: Typical profile of a G48V “4833” protein sample obtained from gel filtration
chromatography
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Fourteen protein fraetions (23-36) were recovered of molecular mass of about 11 and 15 kDa and 

were subjected to 20% SDS-PAGE for further analysis.
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Fig. 5.20: SDS-PAGE analysis of elution fractions of G48V “4833” on gel filtration
chromatography
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Lane G: Pure G48V “4833” protein sample
Lanes 23 - 35: Eluted protein sample in fraction no. 23 (11.5 ml) to fraction no. 35 (17.5 ml).
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As shown in figure 5.20, under the above conditions, the two proteins were separated and fractions 

were analysed on the SDS-PAGE gel. It was shown by this analysis that the 15 kDa protein eluted 

off the column in fraction no. 23(11.5 ml) and appeared strongly in the next fraction with a small 

proportion o f the 11 kDa protein. The latter ( 11 kDa) band was stronger in the next 6  fractions in 

which the amount of the two proteins were equal. In the following fractions, the presence of 15 kDa 

protein reduced and almost disappeared, whereas the 11 kDa protein remained.

Separation of 11 and 15 kDa proteins on a G-75 gel filtration chromatography column indicated the 

lack of strong hydrogen bonds between the two proteins. However, analysis of these fractions 

reloaded on the SDS-PAGE (figures 5.21 A and 5.21 B) showed that the isolated 15 kDa protein 

was rapidly degrading (possibly auto-digesting) during storage.

Fig. 5.21: Analysis of auto-digestion of the isolated 15 kDa protein of the G48V ‘‘4833” 
mutant protein by SDS-PAGE in 20% gel concentration. The polymerised gels were silver 
stained (the pictures show isolated 15 kDa protein 24 hours after elution from a gel filtration 
chromatography).

A): B):

23 24 25 26 G 23 29 30 31 32 33 G

KDa

A &  B:
Lane G: Pure G48V “4833” protein sample.
Lane 23-33: Fraction no.23 (11.5 ml) to fraction no.33 (16.5 ml)
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Therefore, a number of experiments were carried out in order to determine the most appropriate 

conditions regarding temperature and pH to stablise these proteins during storage.

5.1.11 Effects of temperature and pH on proteinase stability

The isolated 11 and 15kDa proteins were incubated separately at the following temperatures for the 

stated times;

Room temperature (30mins, 1 hour, 2hours, 16 hours)

+4°C (30mins, 1 hour, 2 hours, 16 hours)

+4^C (3 weeks)

-80°C (30 mins, 1 hour, 2 hours, 16 hours)

-80°C ( 3 weeks )

The isolated 11 and 15 kDa proteins were incubated separately at+22^’C, for 30 minutes, 1 hour and 
3 hours.

Fig. 5.22: SDS-PAGE analysis of the isolated 11 and 15 kDa proteins of G48V “4833” 
mutant protein, incubated at 22®C for different length of time

15 kD a >
<  11 kD a

Lane 1 : The isolated 15 kDa protein after incubation for 30 minutes at 22°C. 
Lane 2: The isolated 15 kDa protein after incubation for 1 hour at 22°C.
Lane 3: The isolated 15 kDa protein after incubation for 3 hours at 22°C.
Lane 4: The isolated 11 kDa protein after incubation for 30 minutes at 22"C. 
Lane 5: The isolated 11 kDa protein after incubation for 1 hour at 22°C.
Lane 6 : The isolated 11 kDa protein after incubation for 3 hours at 22"C.
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The isolated 1 IkDa protein seemed very stable during storage at -80"C and +4"C, but started 

degrading during storage, overnight at room temperature (data not shown). In the case of isolated 15 

kDa protein it was found that the maximum stability occurred during storage at -80"C and this was 

reduced at 4°C. As figure 5.22 indicates, the 15 kDa protein degraded or autolysed into small 

fragments after three hours incubation at 22°C, it was not possible to observe the 15 kDa band on 

20% SDS-PAGE gel. Only when the two proteins were present together was there retention of 

activities during incubation under the above conditions and the 15 kDa protein did not appear to 

process or to degrade. This was confirmed by precipitation studies of the 048V C-terminal cleavage 

site mutant protein. In this study equal amounts of pure G48V “4833” was added to gel filtration 

running buffer pH 5.6 and incubated on ice for two hours. The sample was then centrifuged to 

separate the pellet and supernatant.

Fig. 5.23: SDS-PAGE analysis of pure G48V “4833” m utant protein precipitation.

1 2

KDa

Pure G48V “4833” protein sample after precipitation in running buffer pH 5.6 and separation by 
centrifugation:
Lane 1 : pellet 
Lane 2: Supernatant

As the figure 5.23 indicates, it was found that the 11 and 15 kDa proteins appear to be associated 

and came out of the solution together. Thus, “dimérisation” may have improved the stability of the 15 

kDa molecules.
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5.1.12 Enzyme activity of G48V “4833” mutant

The enzyme activity of G48V C-terminal cleavage site mutant proteinase and the ratios of the 

isolated 11 and 15 kDa proteins were measured using HPLC chromatography column. The 

maximum activity, 96%, was obtained in the presence of the 11 and 15 kDa proteins together. The 

isolated 11 kDa protein was less active (56%) in comparison to the mix but more active than the 

isolated 15 kDa protein whose activity was 5%. The low activity of the 15 kDa protein could be due 

to presence of a very small portion of 11 kDa protein. There is a possibility that 15 kDa protein lacks 

the first 7 amino acid and has a C-terminal cleavage site, which makes the protein inactive.

5.1.13 Transfer of protein to PVDF membrane and sequencing

To investigate this in depth it was decided to transfer the proteins onto polyvinylidene difluoride 

blotting membrane (PVDF) membrane for automated sequencing.

Electroelution of proteins from SDS-polyacrylamide gels

SDS-PAGE followed by electro-elution is a rapid and successful method of preparing polypeptides 

for sequencing. Prior to sequencing, sample preparation must be very precise. The unwanted peptides 

were removed, contamination of sample was minimised and any chemical modification was avoided. 

Accurate results could best be achieved on samples containing approximately 50-100 pmoles of 

polypeptide. The blotting buffer was (3-[cyclohexylamino]-l .propanesulfonic acid) (CAPS) pH 11.0 

and the proteins were blotted onto PVDF and transferred proteins were visualized with a variety of 

stains including Coomassie blue and amido black. The protein bands were excised and placed 

directly into the sequencer.
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Electroblotting

Stock CAPS (Matsudaira P., 1987)

22.13g CAPS was dissolved in 900 ml of UHQ water, titrated with 2 M NaOH (20 ml) to pH 11.0 

and UHQ water was added to a final volume of 1 litre and the solution was stored at 4°C.

Electoblotting buffer (10 mM CAPS in 10% MEOH)

2 litres of electroblotting buffer was prepared by mixing 200 ml of the 1 Ox CAPS buffer with 200 ml 

o f methanol and 1600 ml of UHQ water.

Coomassie blue staining solution

0.1% Coomassie Brilliant Blue R-250 in 10% acetic acid and 50% methanol.

Four tracks of identical pure protein sample G48V “4833” were applied onto SDS-PAGE. The gel 

was removed from the electrophoresis cell and soaked in 100ml of electroblotting buffer for 5 

minutes. Meanwhile, the PVDF transfer membrane (NEN^^) was soaked in 100% methanol for a 

few seconds and then transferred to the blotting buffer. The sponges and filter papers were dipped 

into a separate container of blotting buffer before starting to assemble the transblotting sandwich.

The gel/PVDF sandwich was assembled in the following order starting from anode side: sponge, 2x 

3MM filter paper, PVDF membrane, gel, 2x 3 MM filter paper, sponge. The bubbles between the 

gel and the membrane were removed. The Bio-Rad electroblotting unit was assembled and 

the tank filled with buffer. The electroblotting was carried out at 1.5-3.0 mA/cm^for 2hours. After
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the transfer was complete, PVDF membrane was removed from the sandwich and rinsed with UHQ 

water and then soaked in 100% methanol for a few seconds before staining. The PVDF membrane 

was stained with Coomassie blue R-250 staining solution using constant shaking using a platform 

shaker STR6 . Protein bands appeared within one minute. The PVDF membrane was destained in 

50% methanol, 1 % acetic acid and soaked in UHQ water. Changing the water several times speeded 

up the destaining and improved the contrast. The PVDF membrane was allowed to soak for 1 -2 

minutes between changes. The PVDF membrane was air dried between 2x 3 MM filter paper at 

room temperature. The automated sequencing of the transferred proteins onto PVDF membrane was 

carried out by Mr Chris Gerrish in the Biochemistry department. Royal Holloway College.

Fig. 5.24: SDS-PAGE analysis of Pure G48V “4833” mutant protein prior to blot on the 
PVDF membrane. The four tracks o f the protein samples are identical.
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Lane 1-4: Pure G48V “4833” protein sample 
Lane 5: Biorad blue marker

162



The result o f the peptide sequencing showed that the sequence o f  both the 11 and 15 kDa protein

started with the same amino acids, these were PQRFSLWRR.........This indicates complete cleavage

at the N-terminus and partial cleavage of the C-terminus of proteinase from the gene 10-G48 V fusion 

protein. The low activity of the isolated 15 kDa protein was therefore not due to the lack of the first 

amino acids o f the proteinase structure, but probably the effect of the extended C-terminus.

5.1.14 Sequence dependence of the G48V “4833” mutant on autocatalytic cleaving

In order to investigate the sequence dependence of the C-terminal fragment on autocatalytic cleavage, 

a reading frame shift was created immediately after the reverse transcriptase sequence such that the 

polyprotein was 29 residues longer and this mutant was termed “frame shift G48 V”. It was not 

essential to confirm the full sequence of this mutant since there was no PCR involved. Hence small 

possibility of introducing an error. This experiment was also carried out to investigate the biological 

activity of the enzyme and it’s function.

The aim was to determine where the protein cleaved. The object was to subclone the G48V “4833” 

in such a way as to result in the frame shift from first to third nucleotide, and by using mass 

spectrometry to analyse whether the length coincided with the stop codon or whether the protein 

auto-cleaved. It was thought that in this case the proteinase would cleave at the N-terminus of 

proteinase and extend to the new stop codon to yield a 18 kDa protein, rather than a 15 kDa protein. 

If the cleavage occurred by recognition of a specific sequence, adding extra residues would change 

the cleavage site due to alteration of the whole protein sequence after the frame shift.

The following experiment was carried out in order to find out how the predominant protein in crude 

G48V “extended proteinase” could be processed to yield a mature protein.
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Fig 5.25: SDS-PAGE analysis of the crude G48V “extended proteinase” during initial 
steps of enzyme purification process.
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Lane 1 : Crude G48V “extended proteinase”; Bacterial lysate 
Lane 2: Crude 0 4 8 V “extended proteinase” ; Inclusion bodies 
Lane 3: Biorad blue™ marker (prestained protein standards)

As the figure 5.25 indicates, only 30% of the 50 kDa proteinase fusion protein undergoes proteolytic 

autoprocessing. Proteins in the inclusion bodies including the fusion protein were denatured with urea, 

and proteinase dimers were released by autocatalytic cleavage during dilution and renaturation. 

Recombinant mutant 0 4 8 V “extended proteinase” proteinase was concentrated to 300 ml using 

minitan.

Fig 5.26: SDS-PAGE analysis of G48V “extended proteinase” during initial purification.
Samples were subjected to SDS-PAOE in 20% and polyacrylamide gel was stained with Coomassie 
blue.
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Lane 1: Crude 048V  “extended proteinase”; After refolding and incubation at room temperature.
Lane 2: Crude 048V  “extended proteinase”; After refolding and incubation at 37°C.
Lane 3: Crude 048V  “extended proteinase”; After refolding and incubation at 4°C.
Lane 4: Crude 048V  “extended proteinase”; After centrifugation using Ti 45 and prior to pepstatin 
agarose chromatography

164



Of the resulting enzyme preparation, it can be seen from SDS-PAGE gel analysis figure 5.26 that the 

autocatalytic processing of this frame shifted mutant is very much slower at 50% in comparison to the 

wild type. No mature 11 kDa proteinase can be seen, although low levels of enzyme activity were 

detected by an HPLC based peptide cleavage assay. There was no 18 kDa fragment size 

corresponding to the new size for the uncleaved PR-RT polyprotein. Perhaps these fragments sized 

between 13 to 18 kDa correspond to non-cleavage at the proteinase N-terminus and non cleavage 

at a site previously identified in the gene 10 sequence (Sugme et al., 1994). The C-terminal sequence 

downstream of the reverse transcriptase sequence clearly has a significant effect on the degree of 

autocatalytic processing. The incomplete or non cleavage could be due to the added 29 residues 

leading to a polypeptide with a longer interfering tail.

5.1.15 Pepstatin-agarose purification of G48V “extended proteinase”

The 300 ml protein sample of the 048V “extended proteinase” obtained during enzyme preparation 

was purified further on the pepstatin agarose chromatography (as described in 5.1.1). The 

unprocessed proteinase did not have a high affinity for the pepstatin agarose. Although the gel was 

washed and then the bound protein eluted with small volumes ( 10 ml) of elution buffer, the binding to 

the pepstatin was loose, suggesting that the long tail of the enzyme is responsible. Incorrect folding 

of a proteinase with the same molecular weight as the correctly folded protein, leads to a lack of 

binding to the gel. The unprocessed proteinase shows low affinity, resulting in a low yield.
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Fig. 5.27: SDS-PAGE analysis of the G48V “extended proteinase” protein sample by 
pepstatin agarose chromatography.
The unprocessed proteinase before and after the pepstatin agarose column. Samples were applied 
on 20% gel concentration. Polymerised gel was then stained with Coomassie blue.
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Lane 1 : Biorad blue^^ marker (prestained protein standards)
Lane 2: Crude G48V “extended proteinase” protein sample before pepstatin agarose 
chromatography.
Lane 3: Crude G48V “extended proteinase” protein sample after being on pepstatin agarose 
chromatography once.
Lane 4: Crude G48V “extended proteinase” protein sample after being on pepstatin agarose 
chromatography twice.

The result from SDS-PAGE analysis figure 5.27, showed absence o f the 11 kDa protein in all 

samples, but protein bands between 13 and 18 kDa were visible. The 50 kDa fusion protein remained 

mainly unprocessed. This was compared with crude protein sample of G48V “4833” before and after 

adsorption on to the pepstatin agarose chromatography. There is no apparent difference in this profile 

before and after passage on pepstatin agarose resin even after repeating twice. In the case of wild type 

proteinase, 40% of the mature proteinase bound to the column and hence the binding pattern has 

changed considerably. However this figure suggests that this mutant does not bind to the column at 

all, and this also suggests that the site o f the binding has been changed. The results shows these 

samples did not have any 11 kDa protein band unlike the other mutant. The 50 kDa fusion protein, 

which runs with apparent molecular weight o f 40 kDa on SDS-PAGE remains unprocessed and it 

seems there is no difference in the intensity o f bands. It is clear from the figure 5.27, there is no
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obvious difference shown in lane 2,3 and 4. This suggests that little or any of the proteinase binds to 

the pepstatin resin.

Following attempted binding of the proteinase to column, any bound proteinase was eluted from with 

elution buffer (5.1.1). Since the protein sample is fairly cmde, very small amounts of protein may have 

been bound to the resin. The eluate was analysed on SDS-PAGE. It is clear from the figure 5.28 that 

there is no band present in the eluted samples lane 4,5, and 6 from the column. This suggests that 

none of the proteins have been bound to the resin and hence no proteins have been eluted from the 

column. This was probably due to the lack of mature proteinase in the crude sample to bind to the 

pepstatin agarose resin.

Fig. 5.28: SDS-PAGE analysis (Coomassie blue stain) of the elution fractions of the G48V 
extended proteinase” protein sample by pepstatin agarose chromatography.
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Lane 1; Crude G48V “extended proteinase” protein sample before pepstatin agarose 
chromatography.
Lane 2: Crude G48V “extended proteinase” protein sample after being on pepstatin agarose 
chromatography once.
Lane 3; Crude G48V “extended proteinase” protein sample after being on pepstatin agarose 
chromatography twice.
Lanes 4-6: Collected the first three fractions eluted off the chromatography.
Lane 7: Biorad blue^”̂ marker (prestained protein standards)

The above experiment repeated twice and eluted protein samples analysed on SDS-PAGE were

stained with silver for more sensitivity.
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Fig. 5.29: SDS-PAGE analysis (silver stain) of the elution fractions of the G48V extended
proteinase” protein sample by pepstatin agarose chromatography.

1 2 3 4 5
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Lane 1 : Crude G48 V “extended proteinase” protein sample before pepstatin agarose chromatography. 
Lane 2: Crude G48V “extended proteinase” protein sample after being on pepstatin agarose 
chromatography.
Lanes 3-5: Collected the first three fractions eluted off the column.

F igure 5.29 showed lack of absorption of protein samples before and after applying on to a pepstatin 

agarose column. It is clear from the figure 5.29 that there is no obvious difference shown in lane 3,4, 

and 5. This suggests that none of the proteins have been bound to the resin and hence the reason why 

no proteins had been eluted from the column.

5.1.16 Ion exchange chromatography of G48 extended proteinase”

The G48V “extended proteinase” crude protein sample was purified further on Ion exchange on 

DEAE-Cellulose (5.1.5).
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Fig. 5.30: SDS-PAGE analysis of protein sample G48V extended proteinase” by DEAE-
Cellulose chromatography. Samples were subjected to 20% gel concentration and polymerised gel
was stained with coomassie blue (pH 5.6).
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Lane 1 : Biorad blue™ marker (prestained protein standards)
Lane 2; Crude G48V “4833”; before DEAE-Cellulose chromatography 
Lane 3: Crude 0 4 8 V “4833”; after DEAE-Cellulose chromatography

From the gel shown in figure 5.30 only the larger molecular weight proteins (40 kDa and above) 

bound to the positively charged ions of the gel. This indicates they contain negatively charged moieties. 

The protein bands between 13 and 18 kDa protein eluted from the column together. Since there was 

no separation between 13-18 kDa proteins, another experiment for purifying the crude G48V 

“extended proteinase” by gel chromatography column was attempted.

Essentially, the experiment was repeated on the Ion exchange Sp- sepharose column in order to find 

out whether the protein samples behaved differently.
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Fig. 5.31: SDS-PAGE analysis of protein sample G48V “extended proteinase” by SP-
sepharose chromatography. Samples were subjected to 20% gel concentration and polymerised gel
was stained with Coomassie blue.
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Lane 1 : Biorad blue^"^ marker (prestained protein standards)
Lane 2 : Crude G48V “4833”; before SP-sepharose chromatography 
Lane 3: Crude G48V “4833”; after SP-sepharose chromatography

The result of SDS-PAGE analysis figure 5.31 shows that only a 14 kDa protein of the applied material 

bound to the SP-sepharose column.

The bound proteins were eluted in 14 ml fractions with a salt concentration gradient (0.1 M NaCl to 1 

M NaCl). 10 fractions of 14ml were collected. Fractions eluted with different salt concentrations 0.2 

M NaCl-0.5 M NaCl were analysed on SDS-PAGE and as shown in figure 5.32 the 14 kDa protein 

eluted off the column with 0.4 M NaCl.
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Fig. 5.32: SDS-PAGE analysis of elution fractions of G48V “extended proteinase ”by SP-
sepharose chromatography. The purification of 14kDa protein was clearly observed.
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14

Lane 1 : Biorad blue™ marker (prestained protein standards)
Lane 2: Protein sample eluted with 0.2 M NaCl.
Lane 3: Protein sample eluted with 0.3 M NaCl.
Lane 4: Protein sample eluted with 0.4 M NaCl.
Lane 5: Protein sample eluted with 0.5 M NaCl.

5.1.17: Properties of the purified G48V “extended proteinase”

The molecular weight o f the 14 kDa protein was determined using a mass spectrometer by ULIRS 

mass spectrometry service and estimated at 14,367 (figure 5.33).

Fig. 5.33 : Graph Showing the molecular weight of the G48V “4833” protein sample fraction 
(14 kDa) hy SP-sepharose protein using mass spectrophotometer.
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Fig. 5.34: Graph showing the molecular weight of lysozyme using mass spectrophotometer
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The activity of the protein was also measured at 9% using peptide cleavage HPLC. As this protein had 

a molecular mass very close to that of lysozyme (figures 5.33 and 5.34), further tests were carried out 

on this protein to ensure that it was not a lysozyme contaminant left behind following cell lysis. 

Therefore, it was decided to compare the molecular weight of lysozyme and the 14 kDa protein eluted 

with 0.4 M NaCl on SDS-PAGE gel (shown in figure 5.35).

Fig. 5.35: Comparison of the elution fraction of the G48V extended proteinase” by SP- 
sepharose with lysozyme on SDS-PAGE.
Samples were subjected to 20% gel concentration and polymerised gel was stained with Coomassie 
blue.
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Lane 1: Biorad blue™ marker (prestained protein .77

standards)
Lane 2: Lysozyme
Lane 3: The 14 kDa protein eluted off the SP-sepharose column in 0.4 M NaCl. 
Lane 4: Mixture o f the above two samples.
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Further analysis was carried out on western immunoblot. The 14 kDa protein was transferred to a

nitrocellulose membrane which was probed with anti HIV-1 proteinase and anti reverse transcriptase

antibodies (2.3.4). As shown in figures 5.36 A and 5.36 B, the results show presence of purified 14

kDa protein with both antibodies, but lysozyme is not recognized by the RT antibody.

Fig 5.36: Western blot analysis of purified 14 kDa protein by Sp-sepharose ion exchange 
chromatography and lysozyme.
Lysozyme has low affinity for the PR antibody.

A) Anti-PR antibody
KDa

Lane 1 : Biorad blue™ marker (prestained protein standards) 
Lane 2: The 14kDa protein eluted from the Sp-sepharose 
Lane 3: Lysozyme 
Lane 4; BSA

14

B) Anti-RT antibody

14

K D a

Lane 1: Lysozyme
Lane 2: The 14kDa protein sample eluted from the SP-sephasrose 
Lane 3: Biorad blue™ marker (prestained protein standards)
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5.1.18 Effect of storage time on enzyme processing

As shown in figure 5.37, longer incubation at + 4°C for two months allows processing of the 50 kDa 

protein slowly to the 11 kDa protein and also correct refolding of the protein that increases the activity. 

This was also confirmed by an activity assay using HPLC which indicates presence of 11 kDa protein. 

The enzyme activity increased by 20%.

Fig. 5.37: SDS-PAGE analysis of G48V “extended proteinase” incubated at 4"C for two 
months.
The 50 kDa proteinase fusion protein undergoes proteolytic autoprocessing. Samples were subjected 
to separation on 2 0 % gel concentration and were then stained with silver.
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Lane 1 : Crude sample o f0 4 8 V “extended proteinase” mutant proteinase after incubation at 4°C for 
two months.
Lane 2: Pure sample o f wild type SIV proteinase.

5.1.19 Lytic activity test

Other tests such as the lytic activity test were carried out to investigate the presence of lysozyme in the 

protein sample obtained from SP-sepharose ion exchange chromatography. Lytic activity test was 

carried out on the 14 kDa protein from SP-sepharose ion exchange chromatography and other purified 

wild type and mutant SIVmac25i-32H proteinases to ensure that the 14 kDa band was not a lysozyme 

contaminant left behind following cell lysis. Lysozyme was used during enzyme purification process as 

described in 2.3.1 .A.
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Method

The lysozyme activity was detemiined by lysis of E.coliXL- 1 Blue cells. 1 ml of an over night culture 

was transferred to an eppendorf tube. The culture was then spun down in microfuge at. 14000 rpm for 

2 minutes and the supernatant was removed. The pellet was resuspended in 1 x TEN buffer (described 

in 2.3.1 .A). The culture was transferred into 5 eppendorf tubes and purified wild type, G48V “4833”, 

and G48V “extended proteinase” mutant S I V , ^ a c 2 5 1 - 3 2 1 1  proteinase were added. Lysozyme was added 

to one of the aliquots as a positive control. One of the aliquots without lysozyme and proteinase was 

used as a negative control. The mixture was incubated at room temperature for maximum of 16 hours. 

The lytic activ ity was tested at two hours intervals for the first 8  hours and then after 16 hours. The lytic 

activity was estimated by observing the change in viscosity o f the mixture.

Table 5.5: Cell lysis assays for lysozyme activity in purified wild type and mutant SIV^a 2̂5i-32H 
proteinase

Proteinase Lytic activity
Lysozyme +

G48V “extended proteinase” +

G48V “4833” -

Wild type -

Blank -

- negative reaction 
+ Positive reaction

The result of the table 5.5 shows that G48V “extended proteinase” protein sample was contaminated 

with lysozyme. It seems that lysozyme carry over depends on the type o f the mutant, autocatalytic 

processing, final product, and yield.
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5.1.20 Characterisation of the 14 kDa and 15 kDa protein products

Is the 14 kDa protein from Sp-sepharose gel that has the same electrophoretic mobility as the 15 kDa 

of the G48V “4833” mutant really lysozyme? In a set o f experiments this aspect was investigated.

Fig. 5.38: SDS-PAGE analysis of the 14 kDa protein by Sp-sepharose chromatography and 
G48V “4833” protein sample.
Samples were subjected to SDS-PAGE 20% gel concentration and stained with Coomassie blue.
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Lane 1 : Biorad blue™ marker (prestained protein standards)
Lane 2: The 14 kDa protein sample eluted from the Sp-sepharose gel 
Lane 3: Pure G48V “4833” protein sample

The figure 5.38 shows that the 14 kDa protein from Sp-sepharose gel did not have the same 

electrophoretic mobility as the 15 kDa protein of the G48V “4833” mutant. This additional data 

indicates that the 14 kDa protein from Sp-sepharose gel contained lysozyme and perhaps a very small 

amount of proteinase, since the protein sample showed 9% enzyme activity using HPLC. Furthermore, 

the presence o f proteinase was confirmed by the reaction with RT antibody and PR antibody. 

Lysozyme was also analysed in comparison to the sample containing the 14kDa protein obtained from 

Sp-sepharose gel. The samples were analysed on the SDS-PAGE using the Phast system™(2.3.13) 

. This experiment was also repeated on the Bio-rad minigel system.
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Fig. 5.39: SDS-PAGE analysis of the 14 kDa protein sample by the Sp-sepharose
chromatography in comparison to lysozyme. Samples were subjected to SDS-PAGE 20% gel 
concentration using the Phast system and minigel.
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Lane 1: Biorad blue™ marker (prestained protein standards)
Lane 2: Lysosyme
Lane 3: 0.7 pg of the 14kDa protein sample eluted from the Sp-sepharose chromatography. 
Lane 4: 1.4 pg o f the 14kDa protein sample eluted from the Sp-sepharose chromatography.

The 14 kDa protein sample that eluted from the Sp-sepharose gel appeared to align exactly with 

lysozyme and therefore had the same electrophoretic mobility. This cast doubt on the identity o f the 14 

kDa protein which could have been lysozyme which was used during the purification process of the 

G48V SrV proteinase mutant. The 14 kDa protein from the Sp-sepharose gel could contain lysozyme 

and a small amount o f incompletely processed proteinase. The presence o f the proteinase was 

confirmed by the reaction with RT antibody and PR antibody. Nevertheless, it is possible that lysozyme 

activates a non or poorly active proteinase leading to an increased activity despite low levels of 

proteinase. Presence of some lysozyme activity in the sample may cause activation of the non-active 

enzyme.
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Table 5.6: HPLC cleavage assay for proteinase activity in G48V “extended proteinase’ 
samples and lysozyme

Enzymes Activity %

G48V “extended proteinase”; cmde protein 
sample after being on pepstatin agarose 
column.

92%

G48V “extended proteinase”; 14 kDa 
protein eluted from Sp-sepharose gel.

9%

Lysozyme 0%

The product activity of the sample containing 14 kDa protein was zero immediately after elution from 

the column and this increased to 9% after two weeks of storage at 4°C. It could be hypothesised that 

the sample contained unprocessed 14 kDa protein that very slowly cleaved to yield 11 kDa protein and 

thus shows low percentage of activity. Lysozyme itself does not have any activity in this assay after two 

weeks storage.

5.1.21 Induction of autocatalytic cleavage

To induce autocatalytic cleavage of the crude protein sample of the G48V “extended proteinase” 

mutant, it was decided to denature the proteinases again and allow them the opportunity to refold 

correctly. Once the proteinase refolds, it is not possible to quantitatively denature it and renature it 

again. Nevertheless, it was decided to denature the proteinase in 8 M Urea and attempt to renature it 

slowly at 37°C or 4°C. This was carried out at two different temperatures to determine at which 

temperature it might be possible to induce the processing of the 50 kDa protein. In addition, the pH of 

the applied protein sample was lowered to 5.5, as although pH 8 works best for wild type and other 

mutants, it was possible that other specific mutants needed a lower pH. Therefore, the dénaturation was 

carried out at pH 5.5 and the mixture incubated under the above conditions for up to 48 hours. The
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lower temperature seemed to induce autocatalytic cleavage and this was shown by the detection of 

increasing proteinase activity.

5.1.22 Refinement of enzyme purification

To avoid the possibility o f lysozyme carry over, it was decided to omit the lysozyme from the 

purification process. The preparation of G48 V “extended proteinase” was carried out without addition 

of lysozyme. The crude protein sample was applied on SP-sepharose column. The experiment was 

carried out as before and the result compared with the previous experiment.

Fig. 5.40: SDS-PAGE analysis of crude G48V “extended proteinase” sample dialysed against 
Sodium acetate at pH 5.5. Samples were subjected to SDS-PAGE 20% gel concentration and the 
polymerised gel was then stained with silver nitrate.
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Lane 1 : Biorad blue™ marker (prestained protein standards)
Lane 2: Crude G48V “extended proteinase” protein sample at pH 8.0, before dialysis.
Lane 3&4: Cmde G48V “extended proteinase” protein sample after dialysis against NaAc pH 5.5 for 
48 hours.
Lane 5: Cmde G48V “exended proteinase” protein sample after dialysis against NaAc pH 5.5 for 16 
hours.

Figure 5.40 indicate the lack of 13 and 18 kDa protein under these conditions. The activity of the 

proteinase increased in the protein sample at pH 5.5 as opposed to pH 8.0. The autocatalytic cleavage 

processed to completion at pH 5.5.

It can be seen that the 50 kDa precursor protein was processed to 8  andl 1 kDa proteins.
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Autocatalytic cleavage may have occurred during the dialysis stage, but perhaps dialysis against NaAc 

at pH 5.5 causes the proteinase to cleave further to 8 kDa protein.

The G48 V “extended proteinase” was analysed further on a gel filtration chromatography column, but 

it seemed the proteins had degraded and it was not possible to observe them on SDS-PAGE gels.

5.3 Discussion

During purification yields of SIV proteinase from fermentor cultures differed although tiie conditions for 

growth of all the SIV proteinase mutants and wild type were the same. The yields of the proteinase 

decreased in the order wildtype > L90M > G48V “4833” > G48V “extended proteinase”. Perhaps 

changing the peptide sequence of the wild type proteinase which resulted in these different mutants had 

affected bacterial lysis, correct refolding, processing the 50 kDa precursor protein, resulting in changes 

in affinity to pepstatin resin. Hence, these mutations would affect SIV proteinase yield. In contrast, the 

specific activity decreased in the order L90M > wildtype > G48V “72” > G48V “4833” > G48V 

“extended proteinase”. Surprisingly, the specific activity of SIV L90M mutant proteinase was greater 

than the wild type. Recently it has been reported that the HIV-1 L90M mutant proteinase is similarly 

more active than its non-mutant counterpart when tested against certain substrates (Wilson et al., 

1997). Therefore, L90M mutant proteinase seems to be a very functional enzyme and perhaps this 

explains its rapid emergence during drug selective therapy (Ives et a l , 1997; Jacobsen et al., 1996; 

Roberts., 1995). The wild type SIV proteinase and SIV I46M mutant proteinase had a similar specific 

activity. Therefore, this mutant does not appear to greatly influence substrate hydrolysis under the stated 

condition. Both SIV G48V mutant proteinases had lower specific activities than the wild type enzyme.

This result has also been shown by other two groups for HIV-1 where the G48V mutant proteinase
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was less active than its non-mutant counterpart when tested against the majority of substrates 

(Maschera et a l, 1996; Wilson et a l,  1997). Perhaps the lower functional activity of this enzyme 

explains its rare emergence in the clinic (Ives et ah, 1997; Jacobsen et a l,  1996; Roberts., 1995).

The cloned wildtype SIVmac25i-32H proteinase gene was cloned and expressed in E.coli as part of a 

50 kDa fusion protein. It was clear from the SDS gels, immediately after IB’s were purified, apparent 

changes in molecular sizes occurred and this might suggest there had been some cleavage prior to the 

original analysis or that protein aggregation had resulted in a larger molecular weight.

Recombinant SIV proteinase, after concentration, was purified to homogeneity by pepstatin agarose 

chromatography. The percentage of wild type and mutant SIV proteinase bound to the pepstatin 

agarose resin decreased in the order wild type = L90M > G48V “4833” > G48V “extended 

proteinase”. About 68% of SIV proteinase dimers of L90M and wild type bound to the pepstatin resin. 

The bound proteinase was reduced to ^  15% in the case of G48V “extended proteinase”. The SIV 

proteinase G48V “4833” mutant was not as active as preparations containing the 11 kDa protein alone. 

Proteinase dimers containing the 15 kDa protein were capable o f binding to the pepstatin agarose 

affinity column. It has shown previously that defective mutant proteinase monomers can exert a 

dominant negative effect, dimerizing with native monomers to form inactive enzyme (Babe et a/., 1991, 

Babée/^/., 1995). In the case of G48V “4833”, it would be interesting to determine whether the 15 

kDa protein formed homo or / and heterodimers. Then, it could be proven whether the 15 kDa protein 

was as enzymatically active as the 11 kDa protein. Isolation of the 11 and 15 kDa proteins of the 

G48V “4833” mutant showed that the 11 kDa protein was more than 6 fold more active than the 15 

kDa protein.
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The autocatalytic digestion of the wildtype SIVmac25i-32H proteinase went to completion during initial 

purification and yielded only the 11 kDa protein. SDS-PAGE analysis of wild type SIVmac25i.32H 

during initial purification showed that the lysed bacteria and inclusion bodies contained 15 kDa and 50 

kDa fusion proteins. Western blot analysis of purified samples after pepstatin agarose gel confirmed the 

presence o f a single 11 kDa protein, which reacted with an anti- HIV-1 proteinase antibody. Many 

additional protein bands were visualised with the Reverse transcriptase antibody. This antibody is not 

totally specific for RT, visualisation of proteinase was only demonstrated with prolonged exposure to 

substrate (3,3’-diaminobenzidine tetrachloride / H2O2). The RT immunoreactivity suggested the 

presence of reverse transcriptase sequence in the fusion protein. The proteinase may autoprocess in 

E. coli before purification and not all be incorporated into inclusion bodies, resulting in low amounts of 

proteinase at the end of the process. Purified 11 kDa proteinase has been isolated from the wild type 

and mutants 048V ‘72” and L90M. However, larger partly processed proteins forms are isolated from 

mutants G48V “4833” and G48V “extended proteinase”.

The G48V mutant initially contained a single alteration but could still form a mature protein. However 

further mutations were introduced which gave 2 point mutations in the reverse trancriptase sequence. 

Preparations of the purified G48V “4833” with C-terminal cleavage site mutant proteinase, contained 

an additional 15 kDa protein, whereas the single G48V mutant G48V “72” yielded only the 1 IkDa 

protein.

Preparations of the purified G48V “4833”, the C-terminal cleavage site mutant proteinase, contained 

an additional 15 kDa protein which could have been lysozyme since this was used to prepare the 

proteinase. Lysozyme dissolves the bacterial cell wall which is composed of polysacharide chains of 

amino sugars by hydrolysis of the P-1,4-glycosidic bonds in peptidoglycan. The effect of the lysozyme
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depends on the cleavage of the glycosidic linkage between the amino sugars which leads to cell wall 

breakage and hence was used in this case for releasing the inclusion bodies within them. Theoretically, 

the lysozyme should be washed off in the initial stage of the purification process. Nevertheless, the 

significant effect of lysozyme in the case of some mutants led to lysozyme carry over which affected the 

final outcome.

Therefore, it was possible that the 15 kDa band was residual lysozyme. This was investigated on SDS- 

PAGE analysis, which indicated that lysozyme had an electrophoretic mobility different from 048V 

“4833” and therefore the 15 kDa protein of the G48V “4833” was not lysozyme. Further purification 

of the 11 and 15 kDa proteins of the G48V “4833” was carried out on the ion exchange 

chromatography column, which was unsuccessful due to protein aggregation. Finally, it was decided 

to separate the two proteins present in the G48 V “4833” on a gel filtration chromatography column. 

Under described conditions, the two proteins were separated. The activities of the separated peptides 

were investigated. Synergistic effect was noted between the two peptides. The relationship between 

the 11 and 15 kDa proteins of the G48 V “4833” mutant was demonstrated by protein sequencing. The 

result o f the peptide sequencing showed that the N-terminal sequence of both the 11 and 15 kDa 

protein started with the same amino acids.

Further manipulation of the G48V “4833” gene sequence stmcture led to production of a novel mutant 

G48 V with a longer C-terminus. Analysis of the peptides produced by autocatalytic cleavage showed 

the presence of the 11 kDa protein and a 13 and 18 kDa protein. The activities of the proteinases were 

much lower when compared to those of the G48 V “4833” and wildtype strain. The mutant proteinase 

did not bind well to the affinity ligand, pepstatin agarose. The mutant proteinase was also analysed on 

DEAE-Cellulose and Sp-sepharose ion exchange chromatography. SDS-PAGE analysis of the protein
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sample of G48V “extended proteinase” following adsorption to Sp-sepharose resin showed the 

presence of the 14 kDa protein, this was clearly observed. Therefore, further tests were carried out 

on this protein to ensure that it was not a lysozyme contaminant left behind following cell lysis. The 14 

kDa protein eluted from the Sp-sepharose gel appeared to align exactly with lysozyme. This 14 kDa 

protein reacted with both anti HIV-1 proteinase antibody and HIV-1 RT antibody immediately after 

the purification process which suggested the presence of proteinase. After storage for four months, the 

14 kDa proteinase became degraded since it no longer reacted with both anti HIV-1 PR and RT 

antibodies, although the 14 kDa protein can still be observed on SDS-PAGE. All the work described 

above has shown that the 14 kDa protein from the Sp-sepharose gel could contain lysozyme and a 

small amount of incompletely processed proteinase. It was interesting to see that the lysozyme which 

was used as control on western blot analysis showed slight positive reaction with the anti - HIV-1 

proteinase antibody but not to the anti -HIV-1 RT antibody. There is an indication that lysozyme can 

bind to the anti-PR antibody.

An attempt was made to further purification of the G48 V “extended proteinase” mutant proteinase on 

the gel filtration chromatography. This was unsuccessful due to protein instability, incorrect protein 

refolding, and /or aggregation.
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Chapter six:
Trans-cleavage o f  S IV  m utants b y  wild ty p e  

Proteinase
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C hapter s ix

6.1 Effect of proteinase on different mutants 

Introduction

Preparation of the purified G48V “4833”, with C-terminal cleavage site mutant proteinase, contained 

11 kDa and a larger partly processed 15 kDa protein. Further manipulation of the G48 V “4833” gene 

sequence structure led to production of a novel mutant with a longer C-terminus. Analysis of the 

peptide produced by autocatalytic cleavage showed the presence of the 13 and 18 kDa proteins. The 

activities of the proteinases were much lower when compared to those of the G48V “4833” and wild 

type strain.

Perhaps the G48 V “extended proteinase” and G48 V “4833” mutants retained the cleavage sites of the 

original proteinase, but processing was affected by the activity of the enzymes. Hence, the low activity 

of the enzyme may be less efficient at processing the proteinase.

The aim of this part of the work was to determine whether mature proteinase could cleave the mutant 

at a position different from the predicted cleavage site yielding the products of unexpected size. The 

presence of the cleavage site in unprocessed proteinase will be investigated by the addition of wild type 

proteinase. It is possible that the unprocessed protein could be cleaved further at the predicted site to 

form a mature enzyme.

6.1.1 Addition of SIV wild type proteinase to G48V “4833” and G48V “extended 
proteinase” mutant

In another test mature proteinase (SIVmac wild type 11 kDa protein) was added to the G48V “4833” 

and G48 V “extended proteinase” in order to observe the effect of the proteinase on different mutants.

186



The aim of this experiment was to determine whether proteinase was cleaving the mutant at the different

position and whether the unprocessed proteins could be cleaved further or not.

Fig. 6.1.A: SDS-PAGE analysis of the G48V “extended proteinase ” crude protein sample 
incubated with SIV wild type proteinase
Samples were incubated at 4°C and 3TC  for 16 hours and then analysed on SDS-PAGE in 20% gel 
concentration. Polymerised gel was stained with Coomassie blue.

kDa >

kDa >► 
kDa >► X  II kDa

Lane 1: Original protein sample G48V “extended proteinase” before addition of SIV wild type 
proteinase.
Lane 2: Mixture of protein sample of G48V “extended proteinase” and SIV wild type after incubation 
at 4°C for 16 hours.
Lane 3: Mixture of protein sample of G48V “extended proteinase” and SIV wild type after incubation 
at 37°C for 16 hours.
Fig. 6.1.B: SDS-PAGE analysis of G48V “extended proteinase ” during initial purification.
Samples were subjected to SDS-PAGE in 20% and polyacrylamide gel was stained with Coomassie 
blue.

1
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<  40

<  18 
<  13

Lane 1 : Crude G48V “extended proteinase”; After refolding and incubation at room temperature.
Lane 2: Crude G48V “extended proteinase”; After refolding and incubation at 37°C.
Lane 3: Crude G48V “extended proteinase”; After refolding and incubation at 4°C.
Lane 4: Cmde G48V “extended proteinase”; After centrifugation using Ti 45 and pre pepstatin agarose 
chromatography
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Presence of 11 kDa protein in the original protein sample o f G48V “extended proteinase” (figure 

6 .1 .A) is due to storage of the sample at 4"C for four months. It should be mentioned that the G48V 

“extended proteinase” protein sample does not contain 11 kDa protein when assayed straight after the 

purification process (figure 6 .1 .B). The G48V “extended proteinase” shows slight cleavage o f the 50 

kDa fusion protein (apparent size 40 kDa on SDS-PAGE) after incubation at 4°C for 16 hours, but 

no further cleavage of the 13 -  18 kDa proteins (figure 6 .1.8 ). Cleavage o f the 50 kDa protein 

increases after incubation at 37°C for 16 hours and this is processed to yield the 11 kDa protein. This 

indicates that in the absence of the wild type SIV proteinase slight cleavage of 50 kDa protein occured 

by autocatalysis (figure 6 .1.8 ) and complete cleavage of the 50 kDa protein occured due to the 

presence of the SIV wild type proteinase (figure 6 .1 .A). As shown in figure 6 .1 C, in the case of G48V 

C-terminal cleavage site mutant, the 15 kDa protein appeared to be very stable, presumably due to 

the presence o f 11 kDa protein. Isolated 15 kDa protein did not behave in the same manner after 

separation. The 15 kDa protein could not be processed further and remained stable. This indicates that 

the fully purified 15 kDa protein appears to adopt a cleavage resistant conformation. Addition of 

proteinase to the crude protein G48V “extended proteinase” sample affected the processing o f the 

crude extended proteinase.

Fig 6.1.C: SDS-PAGE analysis of the wild type SIV proteinase incubated with G48V “4833” 
mutant protein. Samples were subjected to SDS-PAGE in 20% and polyacrylamide gel was stained 
with Coomassie blue.

1 2

KDa

<  15

<  11

Lane 1: Original protein sample wild type SIV proteinase.
Lane 2: Mixture o f protein sample of G48V “4833” and SIV wild type after incubation at 
37°C for 16 hours.
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Further experiments were carried out incubating the protein samples for longer periods.

6.1.2 Comparison of the addition of SIVmac to the G48V “extended proteinase” and BSA.

The aim was to determine whether mature proteinase was cleaving the mutant at a different position. 

BSA was used as a control protein. The G48V “extended proteinase”, SIVmac, and BSA were 

incubated separately and mixed at 37°C for 16 hours and 48 hours.

The SIV wild type proteinase was added to the G48V “extended proteinase” and G48V “4833” 

mutant crude proteins. This was compared to the addition of the BSA to the G48V “extended 

proteinase” and G48V “4833” mutant crude protein. Protein samples were incubated at 37®C for 16 

and 48 hours.
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Fig. 6.2: Efficient trans-cleavage of the crude G48V “extended proteinase” and G48V
“4833” protein samples shown by SDS-PAGE

V Y Y Y
Lane 1 : Crude G48V “extended proteinase” protein 
sample

Lane 2: Crude G48V “4833” protein sample

Lanes 3 and 9: Bovine Serum Albumin (BSA) after 
incubation at 37°C for 16 and 48 hours.

Lanes 4 and 10: Pure SIV wild type protein sample 
after incubation at 37°C for 16 and 48 hours.

Lanes 5 and 11: Mixture of BSA and Crude G48V 
“4833” protein sample after incubation at 37°C for 16 
and 48 hours.

Lanes 6 and 12: Mixture of BSA and Crude G48V 
“extended proteinase” protein sample after incubation at 
37°C for 16 and 48 hours.

Lanes 7 and 13: Mixture o f pure SIV wild type and 
Crude G48V “4833” protein sample after incubation at 
37°C for 16 and 48 hours.

Lanes 8 and 14: Mixture of pure SIV wild type and 
Crude G48V “extended proteinase” protein sample 
after incubation at 37°C for 16 and 48 hours.

À A  A A
VO O  VO
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As shown on the SDS-PAGE figure 6.2 a percentage of the 50 kDa precursor protein of the 048V 

“extended proteinase” mutant protein was processed to the 11 kDa protein during incubation at 3 7°C 

for 16 hours. The length of the incubation affected the degree of the cleavage.

As shown on the SDS-PAGE, longer incubation at 37°C resulted in a higher percentage of cleavage 

o f the 50 kDa fusion protein. Lanes 3 and 6 show BSA (66 kDa) protein band after incubation at 

37°C for 16 and 48 hours. BSA does not seem to be affected by storage at this temperature. Lanes 

4 and 10 show incubation of wild type SIVmac at 37°C for 16 and 48 hours. No proteinase 

degradation can be observed during incubation. Mature proteinase seems to be stable at this 

temperature and for the incubated period. Lanes 5 and 11 show a mixture of mature proteinase and 

BSA after incubation for 16 and 48 hours. BSA can not be cleaved further due to lack of cleavage site, 

therefore mature proteinase has no effect on the 66 kDa protein. Lanes 6 and 12 show incubation of 

crude G48 V “extended proteinase” with BSA. Since BSA is not an active protein, it can not have an 

effect on further processing of the 50 kDa protein. Lanes 1,8 and 14 shows crude G48 V “extended 

proteinase” before and after addition of mature proteinase. The amount of processing in lane 14 is about 

50% after incubation for 48 hours and similar partial processing, though to lesser extent can be 

observed after incubation for 16 hours. It can be concluded that partial cleavage of the mixture of 

G48V “extended proteinase” and mature proteinase is faster during incubation at 37°C in comparison 

to 4°C. Longer incubation for 48 hours shows an increase in processing of the predominant protein. 

Addition of BSA to G48V “extended proteinase” has no effect on partial processing of the predominant 

protein to 11 kDa protein.
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6.2 Discussion

There was the possibility of lysozyme carry over during the protein purification process. In order to 

determine the effect of lysozyme on the proteinase during the purification process or on the final 

product, lysozyme was omitted during the purification process of G48V”4833”. This led to the 

production o f two different proportions of proteinases; about 90% of 11 kDa and 10% 15 kDa. 

Although, in the previous study (chapter 5, i.e. shown in fig 5.17) it was shown that the 11 and 15 kDa 

proteinases were present in equal proportions. Precipitation of 15 kDa protein showed that the 15 kDa 

protein was less soluble than the 11 kDa protein. Could lysozyme have effected the solubility of the 

immature proteinase? Incubation of a mixture of lysozyme and cmde G48 V”extended proteinase” at 

37°C for 16 hours did not have an effect on the enzyme activity, but perhaps incubation at this 

temperature caused dénaturation of a small proportion of immature proteinases. In the case of addition 

of lysozyme to wild type SIVmac25i-32H proteinase during incubation at 37°C for 16 hours, the 11 kDa 

proteinase remained stable. Could lysozyme stabilize mature 11 kDa proteinase? In this study it seemed 

that omission of lysozyme during the purification process induced precipitation of immature proteinases 

which led to the presence of only the 11 kDa proteinase as a final product.

In the case of addition of wildtype SIVmac25i-32H proteinase to cmde G48V “extended proteinase” 

mutant under the described conditions the results showed that SIV proteinase could process the G48V 

“extended proteinase” mutant. These results showed that G48V “extended proteinase ” mutant did not 

destroy the cleavage site of the original proteinase, but G48V “extended proteinase” mutant does not 

auto-process fully which perhaps suggests the mutation has affected the activity of the enzyme as 

opposed to the cleavage site where the proteinase should have cut.
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As shown on the SDS-PAGE figure 6.2 the G48V “extended proteinase” mutant behaves in the 

same way with and without added BSA, although it behaves differently with the addition of wild type 

SIV proteinase which yields a 11 kDa protein. Therefore, this supports the idea of the presence of the 

cleavage site, but lack of enzyme activity. G48 V “4833” does not show any difference in the presence 

of BSA and / or wild type SIV proteinase. However, in experiments where BSA was added a 66 kDa 

protein band was seen on the SDS-PAGE. BSA was not cleaved by the wild type proteinase. Neither 

G48V “extended proteinase” or G48V “4833” cleaved BSA and the purified wild type SIV proteinase 

did not cleave BSA either. This is consistent with wild type SIV proteinase being very specific and no 

recognisable cleavage site present in BSA. This evidence showed that G48V “extended proteinase” 

mutant has a changed enzyme activity specificity rather than modifying the cleavage site sequence.

This work shows that the mutation which yielded the mutant G48 V”extended proteinase” did not 

change the proteinase cleavage site, but has changed the activity of the enzyme which could not then 

autocatalyse. Additionally, the experiments showed that the G48V “extended proteinase” after 

purification on SP-sepharose chromatography column was strongly suggested contamination with 

lysozyme. Whereas, the G48V “4833” mutant did not appear to contain the lysozyme protein.
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Chapter Seven: General discussion
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C hapter 7

7.1 General discussion

In this study, the SIV wild type proteinase gene product was expressed mE.coli. The high production 

efficiency of E.coli produces enough recombinant SIV proteinase to allow a detailed study of structure 

-  function of the molecule. The recombinant SIV wild type proteinase was produced in & co/z cells by 

utilising IB formation. The IB’s reduce toxicity of the PR and increase the yield of the protein. Studies 

suggested that under certain conditions of temperature and pH, the proteinase dimers may dissociate 

to unfolded monomers. The expressed proteinases are precursor forms from which the mature enzymes 

were autocatalytically processed. Initially the specific activities of the wild type during the purification 

process were compared. The specific activity of purified SIV proteinase (19 pmoles product / min/mg 

protein) was about 170 times that of SIV proteinase during the refolding stage after 12 hours at room 

temperature (0.13 jumoles product/ min/mg protein). This indicated the correct conditions for the PR 

to refold by these systems to an active form. This pattern of increasing specific activity was also 

observed with wild type proteinase of HIV-1 expressed in E.coli. The purified wild type HIV-1 

proteinase showed specific activity of approximately 3700 pmoles product/ min/|ig protein (W ondrak 

et al., 1991). In the case o f various HIV-1 proteinases, the partially purified fusion protein before 

refolding showed a low activity of approximately 5 pmoles product/ min/|ig protein, which after 

refolding increased to about 1125 pmoles product/ min/|ig protein (Louis et a l, 1991). The obtained 

results showed that the full-length fusion proteins did not exhibit self-processing in E. coli, therefore 

further purification was required using chromatography. In the case of wild type SIV proteinase this 

involved, dénaturation of the fusion protein in 8 M urea, followed by renaturation, and Pepstatin 

agarose affinity chromatography, that resulted in efficient site-specific autoprocessing to release the 11
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kDa proteinase. The Pepstatin agarose chromatography column provided a fast procedure for isolating 

recombinant HIV and SIV proteinases. HIV-2 proteinases (Rittenhouse et al., 1990) and SIV wild 

type and L90M mutant proteinases have been purified from crude extracts to homogeneity in a single 

step using affinity chromatography. Binding to pepstatin A indicates the binding ability of the substrate 

binding site and the ability to form dimers. Recombinant wild type SIV proteinase was purified on 

pepstatin agarose column to homogeneity and 68% of the SIV wild type bound to the column and 

almost the same binding was seen with L90M SIV mutant. Binding decreased in the order G48 V 

“4833” mutant as 47% and G48 V “extended proteinase ” mutant 15%. The latter showed the lack of 

11 kDa mature proteinase binding to the column under similar conditions. This could be due to low 

expression, long tail, and incorrect refolding, hence lack o f complete processing of the 50 kDa 

precursor protein, which resulted in changes in affinity to pepstatin agarose resin. Other mutants G48V 

“4833” and G48V “extended proteinase”, which were expressed at lower levels, required an additional 

chromatography step to obtain homogenous material. The purified proteinase migrated as a single band 

of 11 kDa on SDS-PAGE as visualized by Coomassie stain. This was similar to recombinant HIV-1 

PR, which migrated on SDS-PAGE as an 11 kDa protein (Strickler er a/., 1989; Grant e/a/., 1991). 

Mous et al., (1988), showed that the HIV-1 proteinase is capable of catalyzing cleavage of its own 

precursor in vivo in E. coli. The primary structure of the purified SIV proteinase was characterized by 

determination of the sequence of the amino terminus and by the accurate measurement of the molecular 

weight of the recombinant proteinase. The primary structure of recombinant wild type SIV proteinase 

was consistent with a 99 amino acid polypeptide that would result from autoprocessing of the 

recombinant precursor beginning at Pro-1 (corresponding to nucleotide 4060 of pGEMEX SIVmac) 

and ending at Leu-99 in the Pol coding region of SIVmac (Sugrue et al., 1994).
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The amino terminal sequence for the first 8 amino acid residues of the purified proteinase was found 

to be H2N-PQFSLWRR, corresponding exactly to the predicted SlV^acisi-sin proteinase amino- 

terminal sequence. Using a Matrix-Assisted Laser Desorption Ionisation (MALDI) Time-of flight mass 

spectrometer (School of Pharmacy mass spectrometry service) provided a highly accurate molecular 

weight of the purified SIV protein. The molecular weight of monomeric, recombinant SIV-PR as 

measured by this method was 10712 and the calculated molecular weight was 10776.4.

The SIVmac PR (BK28 clone, Grant et al., 1991), has a calculated molecular weight of 10715. The 

difference is because there were amino acid sequence variations (K63E, K72R, and L99F) observed 

between the PR coding regions gave a calculated mass difference of ~ 63 Daltons. The calculated 

molecular weight also matches the molecular weight of 11 kDa obtained by SDS-PAGE. Therefore, 

it can be concluded that mature SIV-PR was produced in E.coli by autoprocessing from a fusion 

protein precursor where processing at the amino and carboxyl termini occurred at Ala*Pro and 

Leu*Pro bonds, respectively.

Isoelectric focusing of the purified SIV proteinase, using Phast system under nondenaturing conditions, 

was used to identify possible isoforms of the enzymes as well as to determine isoelectric points. After 

electrofocusing and silver staining, a single protein band was observed for SIV proteinase, indicating 

the presence o f only one charged species. This protein band corresponded to an isoelectric point of 

about 7.35. The pi value confirms the pi of 7.4 for SIVmac25i-32Hreported by Sugme etal., (1994). The 

pi observed for SIV PR (BK28 clone) was determined 8.2 and for HIV-1 PR was 8.6 (Grant etal., 

1991). The difference between HIV-1 & SIV proteinases would be expected since there is around 

50% identity between their primary sequence. The isoelectric point of HIV-2 proteinase was predicted 

as 5.1 ; (Devereux, 1984; Pichuantes et al., 1990) very different fi’om that of SIVmac proteinase despite 

sharing 87% primary sequence identity with 13 non identical amino acid residues. This could be due to
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substitution of amino acid residues found in SIVmac by acidic groups in HIV-2 proteinase (SIVmac/ 

HIV-2; Lys-63/ Glu 63), accounting for the difference in pi (Grant et al., 1991).

The original aim of this work was to develop a purification protocol for the wild type SIV proteinase 

and its mutants to determine preliminary effects of these mutants on the activity of the proteinases and 

autocatalysis. Mutants of the proteinase have been generated to identify the active and other functionally 

important regions within the enzyme. All the mutants generated were initially purified in the same manner 

as for the wild type proteinase, the difference observed with some of the mutants was the presence of 

the incomplete processing of the proteinase.

In the case of G48 V “4833” SIV mutant, after electrofocusing and silver staining using the phast system, 

two protein bands were observed, indicating the presence of two charged species. The 11 kDa protein 

showed the isoelectric point of 7.35 similar to that of the wild type SIV proteinase and the other protein 

band corresponded to the isoelectric point of about 6.55. Perhaps the presence of a net increase o f one 

acidic residue among the extra amino acid residues accounts for lower pi of the 15 kDa protein. The 

pi of these two proteins were not sufficiently different to allow separation by the Ion exchange 

chromatography method used. In addition to that it also appeared to cause protein aggregation. 

Therefore, further analyses of these two proteins were carried out on a gel filtration column which 

successfully led to separation of the two proteins.

The SIV mutant G48V “extended proteinase” was constructed in order to produce proteinase in the 

quantities necessary for X-ray crystallography. However it was not possible to produce the G48V 

“extended proteinase” in sufficient quantities for stmctural studies. The production of SIV wild type, 

L90M, and G48V “4833” SIV mutant was possible in mg quantities, notably fi*om the 10 L large scale
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fermentation ofE. coli. Expression of the proteinase in a soluble form either on its own or as part of a 

fusion protein was initially attempted. In the case of wild type and mutants L90M and G48V “4833” 

the production of the proteinase was successfully completed except that with G48V “4833” a 15 kDa 

protein was observed. G48V “extended proteinase” showed incomplete cleavage of fusion protein. This 

appears to be due to poor expression level either due to toxicity of the proteinase to E. coli which leads 

to low yield of the protein, or insolubility o f the protein. In the case of mutant fusion proteins 

autocleavage could not be relied on since the mutants may have reduced or modified activities resulting 

in poor or incorrect processing. With G48V “extended proteinase” mutant, the failure to demonstrate 

complete cleavage of the fusion protein at the other cleavage sites meant the potential yield of G48 V 

“extended proteinase” could not be achieved although the system did produce some active G48 V 

“extended proteinase” of SIV mutant. The cleavage of the fusion protein required other factors in order 

to demonstrate correct functioning of the enzyme after cleavage and refolding, or perhaps low activity 

is due to the inefficiency of the refolding protocol. It has been shown by other groups that the 

preformed, active conformations of the residues involved in catalysis are rendered sterically inaccessible 

to substrates by the residues in the N-terminal extensions of the zymogens. It has also shovm by Khan 

et a/., ( 1999), that the gastric aspartic proteinases, the malarial aspartic proteinases, and picomaviral 

2 A and 3C proteinases cleave themselves from the viral polyprotein in cis and carry out trans cleavages 

of other scissile pepides important for virus life cycles. Perhaps conversion of this inactive 

G48 V”extended proteinase” to an active form requires both cis and trans cleavage mechanism as the 

zymogens.

Theoretically, vimses with the inactive proteinase can not multiply rapidly and as active proteinase are 

required for the life cycle of the virus, packaging cell lines must be developed to produce infectious 

particles essential for generating immune response but avoiding viral propagation.
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In the case of SIV wild type and G48V “4833” and L90M mutant, the polyprotein cleavage was 

achieved simultaneously with initial solubilisation of the inclusion bodies. Following the removal of the 

cleavage reagents the enzyme was refolded to an active form by a dilution step. The L90M mutant, 

showed major alteration in processing or functional activity of the enzymes compared to the wild type 

enzyme. Therefore, this mutation has minor effect upon folding and activity. With G48 V “4833” the 

mutant proteinase was applied on pepstatin agarose column as a first step, ion exchange 

chromatography and gel filtration chromatography column as final step. Analysis on gel filtration resin 

led to separation of mature proteinase and 15 kDa protein. In the case of G48 V “extended proteinase”, 

cmde mutant proteinase was applied on pepstatin agarose column, followed by ion exchange column, 

and gel filtration column as final step. But these steps were not sufficient to produce pure enzyme. G48 V 

“extended proteinase” showed incomplete processing of precursor protein and subsequently resulted 

in inactive form of the enzyme. Perhaps significant reduction in the percentage of enzyme that can be 

refolded by dilution suggests that the overnight dialysis step following cleavage in 8 M urea needs to be 

modified in order to maximize yield from the system. Modification of the purification protocols to 

achieve mg quantities of the purified enzyme of this mutant proteinase is an important task in drug 

therapeutics and development of AIDS vaccine.

The inhibition of these proteinases is a potential way to block retroviral replication. The sensitivities of 

the wild type and mutant SIV proteinases to inhibition by saquinavir and pepstatin A were investigated 

by different groups. It was shown by Katoh and co-workers that pepstatin might directly enter the core 

of the budded vims, whose pH may be lower, leading to a more potent inhibitory effect of pepstatin. 

In fact, the action of retroviral proteinases seems to take place during or shortly after budding (Katoh 

et a l, 1985). Another group Good and co-workers showed that sensitivities of the wild type and 

mutants L90M, and G48V SIV proteinases to saquinavir increased in the order L90M < G48V < wild
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type. In contrast, sensitivities to pepstatin A increased in the order wild type = L90M < G48 V (Good 

et a l,  1996). Therefore, the L90M and G48 V mutations confer resistance specifically to saquinavir, 

which correlates with in vivo and in vitro studies of the equivalent HIV-1 mutants (Jacobsen et al., 

1996; Jacobsen et al., 1995). Furthermore, G48 V “4833” mutant is the more resistant mutant, but is 

also the less efficient enzyme (specific activity 5 pmoles product / min / mg). This may explain why 

L90M is the more common drug resistance mutation observed during saquinavir anti-viral therapy 

(Roberts, 1995). These results also support investigations using the macaque animal for the study of 

proteinase drug resistance.

In this study and preliminary observation the preparation of the purified G48 V “4833”, the C-terminal 

cleavage site mutant proteinase, contained an additional 15 kDa protein. This could have potentially 

been lysozyme since this was used to prepare the proteinase. Although the investigation of the effects 

of lysozyme was not a major theme of this project, it was felt important to ensure that the presence of 

lysozyme was not leading to misinterpretation of the autocatalytic data. However, SDS-PAGE analysis 

indicated that lysozyme had an electrophoretic mobility different from G48V “4833”. In addition, the 

15 kDa protein of the G48V “4833” had an isoelectric point of 6.55 which is different from lysozyme 

with an isoelectric point of about of 4. This pi of the lysozyme was found to be different in comparison 

to the theoretical pi o f - 10 for the relevant lysozyme protein sequence using computer program and 

that stated by a number of authors (lysozyme pl= 10.7; Bergers et al., 1993, lysozyme pl= 10.55 ; Gelfi 

et al.,\9% l). Perhaps this indicates lysozyme contamination in this particular case. The lack of 

presence of lysozyme of pi 10 on the lEF gel could be due to the pi gradient used in which lysozyme 

would focus too close to the wells and therefore could not be clearly observed. Furthermore, the result 

of the peptide sequencing of G48V “4833” showed that the sequence of both the 11 and 15 kDa 

protein started with the same amino acids. The first 8 amino acids of the proteinases N-terminus were
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confirmed by peptide sequencing and there was no evidence for lysozyme sequence (Jung et a l, 1980) 

at all. This indicated that these two proteins are identical and the 15 kDa protein is the incomplete 

processed protein of the 11 kDa protein. Therefore, these findings showed that 15 kDa protein of the 

G48 V “4833” was not lysozyme. In the case of G48 V “extended proteinase” mutant with longer C- 

terminus, further purification of the crude protein sample was carried out on ion exchange DEAE- 

cellulose resin. Only the larger molecular weight proteins (40 kDa and above) bound to the positively 

charged ions of the gel. Since there was no separation between 13-18 kDa proteins, the crude G48 V 

“extended proteinase” sample was analysed on SP-sepharose resin. Purification of the crude G48V 

“extended proteinase” on SP-sepharose resin showed the presence of 14 kDa protein. Presence of this 

protein raised the question again whether the 14 kDa protein was lysozyme. Different tests were carried 

out to confirm whether lysozyme contaminant had been left behind following cell lysis. Analysis of the 

SDS-PAGE showed that the 14 kDa eluted from the Sp-sepharose gel appeared to align exactly with 

lysozyme. This 14 kDa protein reacted with both anti HIV-1 proteinase antibody and HIV-1 RT 

antibody immediately after the purification process which suggested the presence of proteinase rather 

than lysozyme. After a few months storage, the 14 kDa proteinase became degraded since it no longer 

reacted with both anti HIV-1 PR and RT antibodies, although, the 14 kDa protein can still be observed 

on SDS-PAGE. Therefore, these results showed that the 14 kDa protein from SP-sepharose resin may 

contain both lysozyme and a small amount of uncompletely processed proteinase. Lysozyme was 

omitted in the purification process of G48V “4833” which led to the presence o f only the 11 kDa 

proteinase as final product. Perhaps lysozyme had affected the solubility of immature proteinase and 

omission induced precipitation of immature proteinases and stablized mature 11 kDa proteinase. 

Perhaps in the case of wild type SIV proteinase with high activity, addition of lysozyme, would not affect 

the final product and was washed off in the initial stage of the purification process. Whereas, with mutant 

G48V “extended proteinase” with very low activity, dominant effect of lysozyme would lead to
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lysozyme carry over which could affect the final outcome. It seems addition or omission of the lysozyme 

in protein purification process would affect the outcome, regardless of enzyme activity.

The wide genetic variability of HIV may reduce the utility of any vaccine under development, because 

HIV strains isolated from patients in different parts of the world have different stmctures. But this idea 

still remains valuable and if the vims can be kept at low concentrations in the blood, an infected person 

may never progress to AIDS. Therefore, this insight is encouraging because it suggests that even a 

partially effective vaccine could be valuable in limiting the amount of virus in patients. This may give the 

body an immunological “head start” by priming the immune system as soon as it appears, rather than 

taking time to initiate a defence from scratch. A number of vaccine strategies have prevented infection 

of non human primate species with AIDS vimses of low replication potential, but these same strategies 

have not prevented infections with vimses that replicate to high levels. Because HIV usually maintains 

a high level of replication in humans, an AIDS vaccine might never be able to generate sterilising 

immunity against primary patient isolates of HIV. However, the growing understanding of the biology 

of HIV and immune responses of the vims will continue to suggest improved vaccination approaches 

for exploration.

It is clear from the work presented in this thesis that the major problems encountered were those 

associated with the autocatalysis of the proteinase itself, and it was not possible to look at proteinases 

at different stages. Since this is an inherent feature of these enzymes, there is no obvious solution to this 

problem. Many researchers have tried to target vims specific genes in order to prevent viral replication 

or transmission for example: target anti-sense to gag mRNA that is cmcial for viral replication. Rather 

than translation another approach has been by oligonucleotides capable of forming triple helices
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preventing transcription at specific sites. The targets are either the vpx gene or the polypurine tract 

(PPT) gene. However, there have been no reports of successes at this point.

In the future, mutants of the type described may prove to be useful in vaccine design regimes. 

Exploration of the proteinase may also lead to an understanding of dmg kinetics and allow novel drug 

design. However in the case of vaccines, since proteinases are required for the life cycle of the virus, 

packaging cell lines must be developed to produce infectious particles from viruses carrying mutant 

proteinase genes.

Despite recent developments, control of AIDS still awaits a vaccine. Among the difficulties facing 

researchers are viral heterogeneity, uncertainty about how to achieve optimal immunogenicity, the lack 

of practical animal models, and the ethical dilemmas involved in managing primary prevention trials. In 

addition, scientists are always seeking new therapeutic targets. The nef deleted mutants in association 

with a multitude of cellular partners elicit many effects (Arnold & Baur., 2001 ), which may makes nef 

the most mysterious target protein of the immunodeficiency virus for investigation.

HlV/SrV proteinases seem to be a very difficult topic to study. The more that is understood about the 

nature of the proteinase, the more likely vaccine and novel therapy may be developed.
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Appendix A

Fig. Al: pGEMEX '^-1 vector circle map

AatW 3002

Sea I 2560 , ^  I 3433

.flori

pGEMEr^ 1 terminator
plasm id
(3995bp)

T7 gene 10

S P S l 1
Hin6 III 9
ZVs/l 19
Sph\ 21
Not\ 22
Apa 1 40
8am H 1 42
Xho\ 48
Sal\ 54
EcoR 1 60
S a d 70
SffI 79

Î  T3
89

Smal 1008
T7 promoter

1 ; Sequence reference points;

a. SP6 RNA polymerase transcription initiation site 1
b. T3 RNA polymerase transcription initiation site 89
C. SP6 RNA polymerase promoter 3979-3995
d. T3 RNA polymerase promoter 90-106
e. Multiple cloning sites 9-84
f. T7 RNA polymerase transcription initiation site 968
g. T7 RNA polymerase promoter 969-985
h. T7 gene 10 start codon 905
i. T7 Terminator region 3841-3931
J. Phase fl region 3306-3761
K. P-lactamase (Amp'') coding region 2007-2867

2. Specialized applications:

a. High-level, in-frame expression of inserts subcloned from Xgtl 1 vector
b. ssDNA production
C. Transcription in vitro from dual opposed promoters
3. Use the T3 primer to sequence ssDNA produced by the pGEMEX-1 vector.
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Appendix B

Properties of number of Amino Acids

Amino acid Three-letter
Symbol

Mass (daltons) Structure

Glycine Gly 75.07

H
I

H— C— COO 

NH.

Isoleucine He 131.17
H

CH3—CH^—CH—C—COO

CH3 NH3

Leucine Leu 131.17
CH3 H
^  CH —CHg—C—COO

^ ^ 3  NH3

Methionine Met 149.21 H
I

CH3—S—CH^—CH,—C—COO 

NH,

Valine Val 117.15 CH
\

/
CH

CH—C—COO 

3 NH,
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Appendix C

Fig.C.l HIV-1 and HIV-2 proteinase consensus sequences compared
Number of exact matches:48

10 20 30 40 50 60 70 80 90 99

HIV-1 cons PQITLWQRPLVTIKIGGQLKEALLDTGADDTVLEEMSLPGRWKPKMIGGIGGFIKVRQYDOILIEICGHKAIGTVLVGPTPVNIIGRNLLTQIGCTLNF

HlV-ldiff IT Q L IK G LK A TVLEEMS PGRWK Ml KVRQ DQIL ICGH AIG VLV P V I L QI CT F

HlV-2diff FS K V AYE PV V SIVAGIE GNNYS IV NIKE KNVE VLNKVRAIMT D I F  I AL MS L
HlV-2 cons POFSLWKRPVVTAYIEGQPVEVLLDTGADDSIVAGIELGNNYSPKIVGGIGGFINTKEYKNVEIEVLNKKVRATIMTGDTPINIFGRNILTALGMSLNL

Fig. C.2 HIV-1 and SIV proteinase consensus sequences compared
Number of exact matches: 51

10 20 30 40 50 60 70 80 90 99

HlV-1 cons PQITLWQRPLVTIKIGGQLKEALLDTGADDTVLEEMSLPGRWKPKMIGGIGGFIKVROYDQILIEICGHKAIGTVLVGPTPVNIIGRNLLTQIGCTLNF 
HlV-ldiff IT Q L IK G LK A TVLEEMS PGRWK Ml KVRQ DQIL 1C HKAl VLV P V 1 Ql CT
SlVdiff FS R V AHE PV V SIVTGIE GPHYT IV NTKE KNVE VL KRIK IMT D I F  AL MS
SIV cons PQFSLWRRPVVTAHIEGQPVEVLLDTGADDSIVTGIELGPHYTPKIVGGIGGFINTKEYKNVEIEVLGKRIKGTIMTGDTPINIFGRNLLTALGMSLNF

Fig. C.3 HIV-2 and SIV proteinase consensus sequences compared
Number of exact matches: 87

10 20 30 40 50 60 70 80 90 99

HlV-2 cons PQFSLWKRPVVTAYIEGQPVEVLLDTGADDSIVAGIELGNNYSPKIVGGIGGFINTKEYKNVEIEVLNKKVRATIMTGDTPINIFGRNILTALGMSLNL 
HlV-2 diff K Y A NN S N KVRA 1 L
SlVdiff R H T PH T G RIKG L F
SIV cons PQFSLWRRPVVTAHIEGQPVEVLLDTGADDSIVTGIELGPHYTPKIVGGIGGFINTKEYKNVEIEVLGKRIKGTIMTGDTPINIFGRNLLTALGMSLNF
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