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Abstract
Human Leukocyte Antigen (HLA) class I (HLA-I)-restricted CD8+ cytotoxic T lymphocyte

(CTL) responses are major drivers of human immunodeficiency virus type 1 (HIV-1)
evolution, resulting in the selection of CTL escape mutants. This is particularly well
described for HIV-1 proteins such as Gag, Pol and Nef. For the accessory proteins Vif, Vpr
and Vpu though, it is still not clear to what extent HLA-I-mediated responses influence their
evolution. Moreover, preliminary data from our laboratory showed that Vpu was the most
targeted of the accessory proteins with regards to CD8+ CTL and natural killer (NK) cell
responses in a long term non progressor/elite controller cohort. Thus, the overall aims of the
study were to describe immune escape in Vif, Vpr and Vpu epitopes from HIV-1 infected
patients in South Africa, and to clone, express and purify recombinant Vpu for the ultimate
detection of anti-Vpu antibodies in South African patient sera. Longitudinal plasma samples
were available for 25 patients from two cohorts (18 from Lung and seven from M002). Viral
RNA was extracted and the vif, vpr and vpu regions were RT-PCR (Reverse transcription
polymerase chain reaction) amplified and sequenced. HLA-A, B and C data for Lung cohort
individuals were available, thus the HLA-A, B and C alleles were typed and assigned for the
MO002 cohort individuals. The Vif, Vpr and Vpu amino acid sequences were subsequently
extensively analysed for HLA-driven CTL escape mutations. Lastly, three vpu sequences,
Cons. C, 05ZAFVO05 and 05ZAFV15 were selected for codon-optimization (humanized),
each cloned into the pcDNA3.1/V5-His mammalian expression vector, and used to optimize
expression of recombinant Vpu proteins in HEK 293T cells. The HEK 293T cells were
harvested and the Vpu was purified using standard nickel affinity chromatography
procedures. Protein expression and purification was monitored by SDS-PAGE, Western blot
and dot blot analyses. Overall, longitudinal sequences were obtained from Vif, Vpr and Vpu
from eight of the 18 patients in the Lung cohort and all seven patients in the M002 cohort. Of
these, HLA-driven immune escape mutations were detected in four patients from the Lung
cohort and six from the M002 cohort. Interestingly, for the M002 cohort, some reversions to
the baseline sequences were noted over time. None of the identified escape mutations are
amongst the best described and most optimal HIV-1 CD8+ CTL epitopes of HIV-1 accessory
proteins in the HIV-1 databases. Eight and eleven HLA alleles contributed to immune escape
in the Lung and M002 cohort Vif, Vpr and/or Vpu sequences, respectively. Overall, HLA-
driven immune pressure in the Vif, Vpr and/or Vpu motifs described here may have

contributed to the changes in viral loads seen in these patients over time, and likely impacted

i



on disease progression, albeit in combination with escape mutations in the more highly
targeted HIV-1 proteins, such as Gag, Pol and Nef. Future work looking at longitudinal
sequence analysis of the entire HIV-1 proteome in these patients will likely reveal the
contributing factors leading to immune escape and ultimately impact disease progression to
AIDS. Expression of all three recombinant Vpu proteins in HEK 293T cells was successfully
optimized however, as evidenced by SDS-PAGE, Western blot and dot blot analyses, the
expression and purification protocol used in this study did not provide sufficient protein
yields, nor an optimally purified protein for use in the downstream assays required. Future
work will focus on optimization of Vpu expression and purification protocols to aid in the
detailed elucidation of the role of Vpu and anti-Vpu immune responses in control of HIV-1

infection.
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Chapter 1

1.1 Introduction

1.1.1 Disease burden

The late 20™ Century through to the early 21% Century has seen the rise of the devastating
Human Immunodeficiency Virus (HIV) pandemic. Both HIV types 1 and 2 (HIV-1, 2) lead to
Acquired Immune Deficiency Syndrome (AIDS) with HIV-1 being responsible for the
current pandemic and HIV-2 being mostly isolated to certain regions in west central Africa
(Popovic et al., 1984). As of March 2015, nearly 78 million people had contracted the virus,
36.9 million people were living with HIV-1 and almost 39 million people had died from
AIDS-related causes (UNAIDS, 2014). A large portion of the burden of the pandemic is
carried by Sub-Saharan Africa with an average of 26 million people living with the virus.
Since the early-2000’s AIDS-related deaths have fallen by around 42% (down to 1,2 million
in 2014) and new HIV-1 infections have fallen by 35% (down to 1,8 million in 2014)
(UNAIDS, 2014). Although the fall in deaths and new infections is promising, it is still of
grave concern that millions are still becoming infected and dying every year at an alarmingly
high rate. Vast amounts of resources have also been invested with nearly US$ 21 billion
allocated to low and middle income countries alone in 2014 and the number is set to rise to
USS$ 30 billion annually in the coming years (UNAIDS, 2014). Antiretroviral treatments have
proven successful in lowering death rates of HIV-infected individuals, but the key goal
moving forward should be the development of efficacious HIV-1 vaccines which offer the
best hope to provide protection against acquisition of HIV-1 and change the course of the
pandemic. In parallel, the continued study of the virus at the molecular level and its
interaction with the host immune system will prove invaluable in illuminating potential new

drug and vaccine targets.

1.1.2 Origins, classification and diversity

AIDS (caused by infection with HIV-1, a lentivirus of the family Retroviridae), was first
described in 1981 with previously healthy homosexual men presenting with Prneumocystis
carinii, a disease only manifesting in immune weakened patients (Gottlieb et al., 1981,
Klatzmann and Gluckman, 1986). The origins of HIV-1 can be traced back much further
though and it has been shown that the HIV-1 progenitor was likely a Simian

Immunodeficiency Virus (SIV) which crossed over at various time points from wild primates
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to human hunters throughout the 20" century. The progenitor of HIV-1 is said to be the strain
SIVcpz, found in the chimpanzee subspecies Pan troglodytes troglodytes, and which likely
crossed over into the human population on three different occasions leading to the three HIV-
1 groups, M (responsible for the current HIV-1 pandemic), N and O (Keele et al., 2006). A
fourth group has been noted, designated group “P” which is said to originate from the gorilla
SIV strain SIVgor (Plantier et al., 2009). HIV-2 originated from a different primate lentivirus
found to infect sooty mangabeys and eight distinct groups have been identified, termed
groups A to H (Sharp and Hahn, 2011). To add further complexity, group M of HIV-1 can
further be divided into nine subtypes and sub-subtypes known as A (sub-subtypes Al, A2,
A3, A4), B, C, D, F (sub-subtypes F1, F2), G, H, J, and K which are all phylogenetically-
linked strains (Vidal et al., 2000). Subtype C is the predominant subtype found throughout
southern Africa and India, and accounts for nearly half of all HIV-1 prevalence worldwide

(Van Harmelen et al., 1999, Taylor et al., 2008).

Circulating recombinant forms (CRFs) exist as well, which are HIV strains that are derived
from the recombination of two or more different viral subtypes (Taylor et al., 2008).
Recombination occurs when an individual is dually infected with different subtypes and then
subsequently transfers a recombinant form to another individual. A Common CRF is
CRFO1_AE which is one of dominate strains affecting the South East Asia region (Ha et al.,
2004). New CRF strains are continually appearing in the HIV-1 infected population with at
least 72 or more described so far, with CRF65 cpx and CRF76 01B being just two examples
of novel CRFs to be discovered between 2014 and 2015 (Feng et al., 2014, Ogawa et al.,
2015, LosAlamosNationalLaboratory, 2016).

Driving the diversity of HIV-1 are various factors including the speed at which the viral
genome can evolve within the human host due to the error-prone nature of HIV-1 reverse
transcriptase, coupled with smaller contributions from RNA polymerase II. HIV-1 reverse
transcriptase can easily incorporate and extend nucleotide mispairings due to the lack of 3’ to
5” exonucleolytic proofreading capabilities, with errors occurring at a rate of 3.4 x 10~ per
base pair per replication cycle (O'Neil et al., 2002). It has been shown that HIV-1 can evolve
at a rate of one million times greater than that of eukaryotic genomes such as that of
mammals (Preston et al., 1988). HIV-1 reproduction is also relatively rapid and high-
throughput with an average of 52 hours for one generation of virions to complete a life cycle

and form the next generation of virions, with 10" virions on average being formed per day
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(Ho et al., 1995, Murray et al., 2011). Thus, millions of viral variants/quasispecies can be

formed daily within any infected person contributing to the immense diversity seen in HIV-1.

It has been shown that in almost 80% of all infections (by heterosexual transmission) a single
founder virus is responsible for establishing an infection in an individual, with a smaller
fraction being due to two, or more founder viruses (Salazar-Gonzalez et al., 2009). These
founder viruses are by-and-large C-C chemokine receptor type 5 (CCRS) and cluster of
differentiation 4 (CD4) dependent as well (Keele et al., 2008). These findings may account
for the relatively low transmission risks seen when looking at subjects engaging in
heterosexual vaginal intercourse, with risks of infection being shown to be 1 in 1250 (Boily et
al., 2009). This is likely due to the protective nature of mucosal barriers coupled with the
specificity for co-receptors that a founder virus requires for infection (Baggaley et al., 2010,
Keele and Estes, 2011) . Interestingly, as infection progresses the homogeneity of the viral
population shifts to many heterogeneous populations/quasispecies, which are isolated in
various compartments within the body such as in the pleural tissues, brain, peripheral blood
and lymphatic tissues (Wolfs et al., 1992, Poss et al., 1995). Not only does the error-prone
reverse transcriptase contribute to this genetic variation, but other factors may contribute such
as selective pressures from the immune system or co-infection with other pathogens such as
Mpycobacterium tuberculosis which may encourage further selective pressures from the host
immune system by over stimulating the host’s immune responses (Collins et al., 2002,
Salazar-Gonzalez et al., 2009). Injection drug users have been shown to harbor a highly
diverse viral population, with subjects shown to be infected with more than several viruses at
any one time due to the lack of a mucosal barrier involvement in the route of transmission

(Bar et al., 2010).

1.1.3 Viral genome and proteome

The HIV-1 genome consists of two single-stranded, plus sense-strands of RNA of
approximately 9.5 kb length, and which contain 9 open reading frames that can produce at
least 16 different proteins (Watts et al., 2009). Housing the viral genome, tight genome-
bound nucleocapsid proteins and important replicative enzymes is the viral capsid core which
consists of the protein p24 arranged in a conical shape (Briggs et al., 2004). Further
surrounding the capsid core is the matrix protein (pl7) and host-derived membrane.
Embedded within the membrane are the viral envelope spikes responsible for the attachment

of virus to host-target cells, consisting of the surface glycoprotein gpl120 and the
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transmembrane glycoprotein gp41 arranged in a “tripod”-like trimeric formation of

heterodimers (Zhu et al., 2006, Zhu et al., 2008).

The HIV-1 genes encode for three broad types of proteins, namely those that are structural,
those that are important for enzymatic functioning and regulation, and lastly those that are
considered to have accessory functioning (vif, vpr, vpu and nef) (Watts et al., 2009). Gag
(Group-specific antigen) encodes for matrix protein (p17), capsid protein (p24), nucleocapsid
protein (p7) and p6 protein (Briggs et al.,, 2004). Pol encodes for the important HIV-1
enzymes protease (required for cleavage of Gag and Gag-Pol polyprotein), reverse
transcriptase (transcribes the viral RNA genome into cDNA), integrase (inserts viral cDNA
into the host cell genome) and RNase H (Watts et al., 2009). Env (Envelope) encodes for a
signal peptide, and the precursor protein gpl60 which is subsequently cleaved by host
cellular proteases into the viral surface glycoproteins gpl120 and gp41 (Zhu et al., 2006,
Kwong et al., 1998). Tat (Trans-Activator of Transcription) enhances viral transcription via
its interactions with host cellular transcription factors, improving binding of reverse
transcriptase to its RNA template and improving regulation of mRNA production
(Debaisieux et al., 2012, Lin et al., 2015). Rev is a transcriptional trans-activator and plays an
important role in viral replication, interacting with the Rev response element which is a
highly structured nucleotide sequence within the env gene and allows for mRNA transport to

the cytoplasm (Malim et al., 1989, Rausch and Le Grice, 2015).

Lastly, there are the accessory genes. Negative factor (nef) encodes for a highly multi-
functional protein which is important for establishment of a successful infection and said to
be one of the key factors to disease progression in HIV-1 patients. Long term non-progressors
(LTNPs), patients who are able to maintain CD4 counts greater than 500 cells/mm’ with a
detectable viral load over a prolonged period of time have in some cases been shown to be
infected with HIV-1 that has defective and non-functional forms of nef (Kirchhoff et al.,
1995). Further, attempts at developing a live attenuated vaccine have included studies done in
rhesus macaques in which live SIV strains with deleted nef genes were utilised, with the
monkeys showing no sign of pathogenicity further highlighting the importance of nef in the
pathogenicity of HIV-1 infection (Daniel et al., 1992). The Nef protein is able to
downregulate major histocompatibility complex class I (MHC class 1) by promoting
degradation of the said protein and increasing survival of infected cells against cytotoxic T-
lymphocytes (CTLs) (Collins et al., 1998). Secondly, it is also able to downregulate CD4 on

the surface of infected cells which avoids the binding of the Env to CD4 while virions are
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budding (Lama et al., 1999). Lastly, Nef is able to facilitate the down or up regulation of T-
cell receptor signalling which can aid in HIV-1 replication in CD4+ T-lymphocytes (Baur et
al., 1994, Luo and Peterlin, 1997). Other functioning has also been noted over the years
including remodelling of the cytoskeleton and manipulation of the cellular vesicular system

(Campbell et al., 2004, Mangasarian et al., 1997).

The remaining three accessory proteins, Viral infectivity factor (Vif), viral protein R (Vpr)
and viral protein U (Vpu) are the focus of this dissertation, and thus their function is

described in more detail below.

1.1.3.1 Vif

1.1.3.1.1 Viftargets APOBEC

Vif encodes a 192-amino acid, ~23 kDa protein that has been implicated in counteracting the
anti-viral restriction factor apolipoprotein B mRNA editing enzyme, catalytic polypeptide-
like 3G (APOBEC3G) which is part of the APOBEC protein superfamily which are known to
be editors of nucleic acids. More specifically, APOBEC proteins have a potent cytidine
deaminase activity, deaminating cytosine residues to uracil residues. It was first noted that
certain cell lines including the primary HIV-1 target cells, T-cells, expressed genes that
would make the cells permissive or non-permissive to production of HIV-1 strains whose vif’
genes were non-functional (Gabuzda et al., 1992). It was later found that a single gene, then
dubbed CEM15, which was expressed in cell lines that did not normally express the CEM15
protein was responsible for this phenomenon, and Vif was responsible for the downregulation
of CEM15 (Sheehy et al., 2002). CEM15 was then shown to be identical to APOBEC3G in
both structure and functioning, and thereby the same (Kao et al., 2003). During virion
budding from an infected HIV-1-producing cell, APOBEC3G is incorporated into newly
formed HIV-1 viral particles which then go on to infect other cell targets. Following
attachment and entry of the virus into the target cell, APOBEC3G is released and deaminates
the cytosine residues of the first strand of the viral cDNA. Acting as a template for the second
strand of viral cDNA, adenine is misincorporated resulting in strand-specific C/G to T/A
hypermutations which can affect viral open reading frames or result in incorporation of
termination codons (Mangeat et al., 2003, Zhang et al., 2003). It is also proposed that
deamination of the viral cDNA cytosine residues results in a DNA excision repair response,
resulting in cDNA degradation and failure of integration into the genome of the infected host

cell because of previous observations of vif-defective viruses being unable to produce full-
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length cDNA (Simon and Malim, 1996, Kao et al., 2003). Touching on variation of HIV-1
once more, it has been shown that APOBEC3G or natural variation within Vif drives
evolution and diversification of HIV-1. Defective vif has been noted in very different patient
samples, in both LTNPs and acutely infected patients, and these defective Vif proteins may
selectively neutralize or partially neutralize APOBEC3G activity which can result in
mutations of HIV-1 at any given time by APOBEC3G, therefore driving HIV-1 diversity
within an individual (Simon et al., 2005). This is further shown by evidence of sub-lethal
mutagenesis in HIV-1 due to APOBEC3G, in which APOBEC3G manages to mutate HIV-1
without the mutations becoming deleterious to the virus therefore conferring possible
favourable mutations (Sadler et al., 2010). Recently it was shown by Squires and colleagues
that mutations in epitopes targeted by CD8+ T-cells can result in escape by HIV-1 due to a
loss of recognition by the human leukocyte antigens (HLA) class I proteins which present
these epitopes to the CD8+ T-cells, therefore the rationale exists that APOBEC is a driver of

immune escape mutations and disease progression of HIV-1 (Squires et al., 2015).

1.1.3.1.2 Vifand Ubiquitination

The functioning of Vif is that of an adaptor protein, involved in the ubiquitination of
APOBEC3G and its proteolytic degradation by the proteasome (Stanley et al., 2008). Studies
utilising immunoprecipitation of recombinant Vif expressed in mammalian cells followed by
mass-spectrometry detected various proteins associated with Vif, namely cullin-5 (a scaffold
protein), elongins B and C (substrate adaptors), and Rbx1 (catalyst of ubiquitin
polymerization) (Yu et al., 2003). Vif binds APOBEC3G and these other associated proteins
which form an E3 ubiquitin ligase complex which ubiquitinates APOBEC3G. Also important
for this complex formation is CBF-f, a transcription factor required for Vif stability and
assembly of the E3 ubiquitin complex (Jager et al., 2012). The structure of Vif is conducive
to its functioning with various regions of the protein assigned to different functioning. A
suppressor of cytokine signalling-box (SOCS-box) motif is located within Vif which is
required for the association with the cullin-5, elongins B and C ubiquitin ligase complex. This
conserved domain within Vif specifically binds elongins B, C and cullin-5, and is anywhere
from 25 to 40 amino acids long with an N-terminal BC-box region which contains the
SLQYLA amino acid motif, and a C-terminal Cullin-box containing a proline-leucine (PPLP)
amino acid motif (Mehle et al., 2004, Stanley et al., 2008). A zinc-binding region is located
upstream from the SOCS-box containing a histidine and cysteine (HCCH) motif which is

able to coordinate a single zinc ion and position hydrophobic residues for binding with cullin-
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5 (Mehle et al., 2006). Conserved tryptophan amino acid residues in the N- terminal region of
Vif are vital in the interaction of Vif with APOBEC3G and APOBEC3G’s suppression (Tian
et al., 2006). Residues 33 to 83 in Vif are said to form the vital interface involved in binding
of Vif to APOBEC3G, with a mutation specifically of residue 42 or 43 inhibiting the
interactions between Vif and APOBEC3G (Mehle et al., 2007). Vif has been shown to
oligomerize, with the PPLP motif, HCCH motif and BC box said to be vital for this
(Techtmann et al., 2012). Oligomerization has been shown to be critical for Vif functioning
and it is likely due to APOBEC3G existing in a high-molecular mass form, with Vif
oligomers being able to bind with greater avidity to this high-molecular mass APOBEC3G
(Miller et al., 2007, Techtmann et al., 2012).

1.1.3.2 Vpr

1.1.3.2.1 Vpr is expressed during late viral protein expression

Vpr encodes a 96-amino acid, ~14 kDa protein implicated in a plethora of HIV-1 life-cycle
related functioning including cell cycle arrest, apoptosis, effects on reverse transcription,
import of the viral pre-integration complex (PIC) into the nucleus, and effects on viral and
host cell gene expression. Vpr is expressed during late viral protein expression and is
relatively conserved among HIV-1, HIV-2 and SIV strains. It is also similar to the HIV-2 and
SIV-specific Vpx protein (Collins and Collins, 2014). Virions that are formed from infected
cells contain packaged Vpr, with the HIV-1 Gag precursor known as Pr559¢ being essential
for this packaging into virions (Selig et al., 1999). More specifically, the p6 domain of
Pr55%*¢ has been shown to be essential as shown by studies where p6 was deleted from HIV-1
and Vpr failed to incorporate into newly formed virions (Bachand et al., 1999). The C-
terminus of Vpr was identified early on as vital for incorporation of Vpr and likely interacts
with the p6 domain (Bachand et al., 1999). The rationale of this incorporation into virions is
that Vpr is an important protein involved in the early stages of viral replication before the

formation of new virus (Guenzel et al., 2014).

1.1.3.2.2 Vpr and the PIC

HIV-1 is able to replicate in non-dividing cells such as terminally developed macrophages, a
process which is not dependant on mitosis of the infected cell, but relies on various viral
components which associate into a PIC for nuclear localization, with Vpr being one of those
components (Heinzinger et al., 1994, Eckstein et al., 2001). Other components of the PIC
include integrase, matrix protein and the viral cDNA itself (Depienne et al., 2001, Haffar et
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al., 2000, Miller et al., 1997). Vpr has been shown to interact with the cellular receptor of
nuclear transport o-importin, even though Vpr lacks a typical nuclear localisation signal
(NLS) amino acid sequence (Vodicka et al., 1998). It is suggested that a variant pathway for
import is used by Vpr with other proteins of the PIC utilising the classical pathway of
transport into the nucleus, with the a-importin/vpr interaction being essential . The a-helix
domain of the N-terminus of Vpr has been implicated in the interaction with a-importin
(Nitahara-Kasahara et al., 2007) In order for integration of the PIC it needs to dock with the
nucleoporins of the nuclear pore complex, which associate with matrix protein and integrase
(Popov et al., 1998). Vpr has been shown to stabilize this docking with the nucleoporins in an
a-importin dependant manner (Popov et al., 1998). The dependence of Vpr solely for the
transport of the PIC may not be entirely founded though as it has been shown that two NLS
found on the matrix protein are vital for import of the PIC into the nucleus in conjunction
with Vpr (Haffar et al., 2000). Vpr has also been found to damage the nuclear envelope by
causing herniation and eventual rupture, leading to a mixing of the cytosolic and nuclear
regions of the cell. It is hypothesized that these herniations and ruptures could allow for the

PIC to be localized into the nucleus in a non-traditional manner (de Noronha et al., 2001)

1.1.3.2.3 Role of Vpr in the cell cycle

Vpr is a well described driver of cell cycle arrest in the G2 phase, but the entire process is not
fully understood and there are still many gaps in the understanding of how exactly Vpr does
this. The result of cell cycle arrest is an increase in viral production due to the increased
expression of the HIV-1 long terminal repeat (LTR) which houses promoter and enhancer
regions essential for HIV-1 gene expression (Temin, 1982). The LTR is more active during
the G2 phase of the cell cycle resulting in a greater amount of virus from each infected cell.
Infected cells which would die after the G2 phase also survive longer in vivo as they remain
in G2 for longer and subsequently have more time to express HIV-1 proteins (Gori et al.,
1998). It was first found that Vpr was responsible for the hyperphosphorylation of the cyclin
B-p34°0lcz (a cyclin-dependant kinase integral to cell cycle progression) complex which
prevents progression of the cell cycle to mitosis (Re et al., 1995). Vpr has also been shown to
interact with the kinase domain of Weel which is a known regulator of cdc2 and
subsequently blocks progression of the cell cycle due to Weel’s increased kinase activity for
cdc2. However, this binding interaction has been shown to not be sufficient alone in cell
cycle-arrest in G2, therefore a separate mechanism of cell cycle-arrest by Vpr must be at

work (Kamata et al., 2008). Other implicated proteins in the arrest of the cell cycle of HIV-1

17



infected cells that interact with Vpr are 14-3-3 proteins. These key cell cycle regulatory
proteins are able to interact with Vpr resulting in the translocation of cdc25C phosphatase to
the cytoplasm, which then results in a permanent state of phosphorylation of cdc2, therefore
arresting the cell cycle (Kino et al., 2005). Interestingly, cdc25C also interacts with Weel

which stabilises and enhances its kinase abilities (Wang et al., 2000).

Vpr acts as an adaptor protein in ubiquitination pathways much like the other HIV-1
accessory proteins and this has implications for cell cycle arrest. Through
immunoprecipitation, Wen and colleagues showed that Vpr forms an ubiquitin ligase
complex consisting of Vpr, DNA damage-binding protein 1 (DDB1), VprBP (also known as
DDBI1- and CUL4-associated factor homolog 1 (DCAF1)) and cullin4dA (Wen et al., 2007).
Vpr recruits DCAF1 through its first and third a-helices which then links Vpr to DDB1 (Le
Rouzic et al., 2007). The proposed cellular target of ubiquitination that results in G2 arrest is
still controversial, but it is predicted that the C-terminus of Vpr contains the target cellular-
protein binding domain. A result of this ubiquitin complex formation, and the likely overall
mechanism for the arrest of HIV-1 infected cells in G2 is the activation of the ataxia
telangiectasia and Rad3-related protein (ATR) DNA repair pathway which senses DNA
damage and halts the cell cycle (Zimmerman et al., 2004, Roshal et al., 2003). Evidence for
Vpr promoting a stress response within infected cells has been noted by the occurrence of
Vpr-dependant nuclear foci which are markers of a DNA stress response, consisting of ATR
pathway targets y-H2AX (a histone type which is greatly phosphorylated in the ATR
pathway) and BRCA1 (a DNA repair protein) (Zimmerman et al., 2004). Recently, it has
been shown that Vpr interacts with the scaffold protein SLX4 and structure-specific
endonucleases (SSEs), MUS81-EMEI1, which are responsible for processing of Holiday
Junctions during DNA repair (Laguette et al., 2014). Vpr is able to interact with the C-
terminus of SLX4, the ubiquitin ligase complex of DCAF1-cullin4A-DDB1 and the polo-like
kinase 1 (PLK1). PLK1 phosphorylates EME1, whilst MUSS81 is ubiquitinated resulting in an
untimely activation resulting in cell cycle arrest; this process has now been confirmed with

SIV Vpr as well (Laguette et al., 2014, Berger et al., 2015).

A possible consequence of Vpr-induced cell cycle arrest is apoptosis in infected cells
therefore possibly contributing to the declining CD4+ T cell counts noted in HIV-1 patients,
though much is not understood of the role that Vpr has on apoptosis of HIV-1 infected cells.
It was found in one study where caffeine was utilised as an inhibitor of the DNA-damage

response in HIV-1 positive test cells that the cell cycle arrest and the DNA-damage response
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seems to be vital to Vpr-induced apoptosis (Roshal et al., 2003). The reliance on G2 arrest for
apoptosis was further shown in a study where Vpr-activated ATR activity was inhibited in
infected cells and the downstream apoptotic protein BAX was prevented from activating

(Andersen et al., 20006).

1.1.3.2.4 Vpr has differing effects on mutation rates of HIV-1

The mutation rate of the HIV-1 virus during in vivo infection is said to be influenced by Vpr
although there is some controversy to its exact role. Vpr has been shown to interact with the
uracil DNA glycosylase protein (UNG), with the highly conserved tryptophan at position 54
of Vpr important for this interaction (Mansky et al., 2000, Chen et al., 2004, Bouhamdan et
al., 1996). UNG is a protein which is involved in the base excision DNA repair pathway and
is able to remove misincorporated uracil residues from DNA or uracil residues that occur
from the deamination of cytosine. The human UNG gene is spliced into two variants, a
mitochondrial or nuclear form, with the nuclear form (UNG?2) said to interact with Vpr in the
nucleus, and then incorporated into forming virions (Chen et al., 2004). Cells with replicating
virus that lack UNG2 have shown many several-fold increases in the mutation rates of the
replicating virus, especially non-dividing cells such as macrophages, further highlighting the
importance Vpr plays in the viral life cycle of HIV-1-infected non-dividing cells (Chen et al.,
2004). Interestingly, non-dividing cells such as macrophages exhibit an intracellular
environment which is low in UNG2 and has high levels of free uracil residues (Miller et al.,

2000).

In contrast, other studies have shown a different role for UNG2 which may be detrimental to
viral production in vivo, with UNG2 having been proposed to be a viral-host restriction factor
against HIV-1 early replication (Weil et al., 2013). It has been shown that Vpr can actually
inhibit rather than promote the incorporation of UNG2 and related enzyme Single-Strand-
Selective Monofunctional Uracil-DNA Glycosylase 1 (SMUGI1) into forming virions,
promoting the ubiquitination of those proteins utilizing the familiar Vpr-associated ubiquitin
complex of DCAF1-cullin4d A-DDB1 (Schréfelbauer et al., 2007). Excessively high amounts
of Vpr have been shown to promote UNG2 degradation and decrease total cellular uracil
DNA glycosylase activity in T-lymphocytes (Eldin et al., 2013). It has been argued that due
to HIV-1 being single stranded during the period of increased incorporation of uracils due to
APOBEC3G activity for example, UNG2 has no template strand with which to repair the
negative-sense strand, and even a single excision of a uracil by UNG2 would prevent

formation of a plus-sense strand (Schrofelbauer et al., 2005). There may in fact be benefits to
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the uracilation of HIV-1 cDNA as it has been shown to inhibit autointegration of the HIV-1
cDNA. Autointegration occurs when integrase activates the ends of newly formed cDNA in
preparation for insertion into the host genome, but the ends actually attack the viral cDNA
itself resulting in deletions or inversion circles (Yan et al., 2011). Another possible benefit to
uracilation of viral DNA is the masking of cytosolic viral cDNA against intracellular innate
immune sensors (Yan et al., 2010, Eldin et al., 2013). The effects that Vpr has on viral
mutation rates may of course be dynamic, depending on what stage viral replication is at or
the uracil content of the infected cell which may explain the mystery surrounding this

functioning of Vpr.
1.1.3.3 Vpu

1.1.3.3.1 Vpu Structure

Vpu encodes for a ~81-amino acid, ~9 kDa protein implicated in the degradation of CD4,
enhanced release of virions from the infected host cell, modification of immune-regulatory
pathways and possible ion channel formation in cellular membranes. The Vpu protein is
produced from a bicistronic mRNA encoding both Env and Vpu and is suggestive of the
coordinated expression of both (Schwartz et al., 1990). Vpu is a type I membrane protein
with a hydrophobic N-terminal transmembrane domain and a hydrophilic C-terminal
cytoplasmic portion, with the protein being able to embed itself in both the endoplasmic
reticulum (ER) and the cellular surface membrane, and able to oligomerize as well
(Maldarelli et al., 1993). The transmembrane domain consists of a single a-helix (a-helix 1)
which spans the lipid bi-layer and has been found to be tilted between 15° and 30° (Zhang et
al., 2015). The cytoplasmic region consists of two a-helices (a-helices 2 and 3) attached to
each other by a short linker sequence known as loop-2, while the transmembrane o-helix 1 is
attached to the cytoplasmic a-helix 2 by a linker sequence, loop-1 (Zhang et al., 2015). An
EYR amino acid motif which is responsible for salt-bridge formation is found in loop-1 and
is responsible for a tilt which aligns the long axis of a-helix 2 parallel with the cellular
membrane surface (Lemaitre et al., 2006). A-helix 3 points towards the lipid bilayer, is
relatively flexible and charged, and forms a U-shape with a-helix 2 (Wray et al., 1995, Zhang
et al.,, 2015). Loop-2 is the most conserved region of Vpu and has two important serine
residues which are phosphorylated by casein kinase Il and are vital sites for the functioning
of Vpu (Schubert et al., 1994). Interestingly, Vpu from different HIV-1 subtypes shows a
high degree of variability, with HIV-1 subtype C containing a unique LRLL amino acid motif
for example (McCormick-Davis et al., 2000). The resultant variability may result in slightly
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different functioning between subtypes. Variability within trafficking signals is found
between the transmembrane region and a-helix 2, and within a-helix 2, with subtype B Vpu
being mostly trafficked and retained within the rough ER and Golgi complex, while subtype
C Vpu is trafficked to the cellular surface membrane (Pacyniak et al., 2005, Ruiz et al.,
2008).

1.1.3.3.2 Targeting CD4

Vpu, like the other HIV-1 accessory proteins Vif and Vpr, can act as an adaptor protein in
ubiquitination pathways, degrading vital host cellular restriction factors. One target of this
ubiquitination pathway is CD4, which is ubiquitinated on its cytosolic tail on lysine, serine
and threonine residues and subsequently processed by the proteasome (Bour et al., 1995). The
primary receptor of HIV-1 binding to CD4+ T-cells is the CD4 receptor, which binds to
gp120 found on the HIV-1 viral surface. CD4 is manufactured in the ER and subsequently
transported via the Golgi complex to the cell surface. In HIV-1 infected cells, CD4 is
downregulated due to the gp120 precursor protein, gp160, which binds to CD4 and forms
complexes that remain within the ER (Willey et al., 1992). Downregulation of CD4 would
seem counterproductive for HIV-1 as it is its target receptor for infection, but downregulation
confers various advantages to the HIV-1 virus which actually promotes infection such as an
increase of formation of virions due to more freely available Env proteins and a decreased
major histocompatibility class II (MHC class II) immune response (Lanzavecchia et al., 1988,

Levesque et al., 2003).

It was noted in early studies that the normal intracellular half-life of CD4 drops from 6 hours
to 12 minutes in the presence of Vpu (Willey et al., 1992). It was also noted that Vpu is able
to bind to CD4 by its cytoplasmic domain which includes a-helix 2 and a-helix 3, with the
important serine residues of the inter-helical linker region (serine 52 and 56) not important
for the actual binding of Vpu to CD4 (Margottin et al., 1996, Singh et al., 2012). Through co-
immunoprecipitation and yeast two hybrid analysis it was found that BTrCP, a cellular
ubiquitin ligase, is a binding partner of Vpu, and Vpu has to be phosphorylated in order for
this interaction to occur (Margottin et al., 1998, Butticaz et al., 2007). Complexes were
shown to form consisting of CD4, Vpu and BTrCP, with Vpu being a linker between CD4
and BTrCP. Further testing showed that the F-box motif of BTrCP interacts with Skp1, which
links these protein complexes to the ubiquitin ligase machinery, forming a Skp1/Cullin-1/F-

Box (SCF) ubiquitin ligase complex (Margottin et al., 1998, Ramirez et al., 2015).
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The functioning of Vpu and its CD4 degradation can be likened to the endoplasmic
reticulum-associated degradation (ERAD) pathway which is implicated in the removal of
irregular proteins from the ER (Magadén et al., 2010). The functioning of Vpu in regards to
CD4 downregulation can essentially be broken down into 2 activities, the retention of CD4
within the ER and CD4’s degradation. The transmembrane domain of Vpu is said to interact
with the transmembrane domain of CD4 by a highly conserved tryptophan residue
surrounded by other clustered residues such as valine and serine within the Vpu
transmembrane domain (Magadan and Bonifacino, 2012). The valine and serine residues are
said to interact with the ER lipid bilayer itself in order to retain CD4 while the tryptophan
residue is said to hold Vpu in its monomeric form, which is its active form (Magadan and
Bonifacino, 2012). As mentioned previously, Vpu acts as an adaptor protein in the
ubiquitination and subsequent degradation of CD4; this ties into the ERAD pathway as it has
been shown after downregulation of certain components of ERAD utilising siRNA that the
VCP-UFDI1L-NPL4 complex, which is a known component of ERAD, is vital in the Vpu—
mediated degradation of CD4. UFDIL binds to the ubiquitin chains found on CD4, while
NPLA4 stabilizes this interaction. VCP contributes an ATPase activity that provides the energy
required for Vpu to remove CD4 from the ER membrane and locate it to the cytoplasm for

degradation by the proteasome (Magadan et al., 2010).

1.1.3.3.3 Targeting Tetherin

It was noted early on that Vpu was required for the efficient maturation and release of
progeny HIV-1 viral particles from host cells, with viral particles remaining attached to the
membranes of infected cells when non-functional vpu was introduced into HIV-1 clones
(Klimkait et al., 1990). The transmembrane domain of Vpu was shown to be responsible for
the release of newly-formed viral particles from an infected cell, but it wasn’t until many
years later that the mechanism at work was deduced (Tiganos et al., 1998). It was
hypothesized that Vpu is able to target a specific host restriction factor which is responsible
for the release of virions from the host cellular membrane, with an interferon-dependant
protein likely to be responsible, as highlighted in two studies where HIV-1 virions attached to
cellular membranes of infected cells were released once the cells were treated with a
protease; and where infected HIV-1-infected-fibroblasts, T-cells and primary lymphocytes
lacking in Vpu were treated with increasing amounts of interferon and virions were
subsequently retained at the cellular surface (Neil et al., 2006, Neil et al., 2007). The

responsible protein for restriction of virion release was finally identified as bone marrow
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stromal antigen 2 (BST-2) or also known as HM1.24/CD317/tetherin (Neil et al., 2008, Van
Damme et al., 2008). Assays utilizing cell lines that express tetherin and that were infected
with vpu-deficient HIV-1 strains showed a 20 fold increase in virion release inefficiency as
compared to cells infected with the vpu-positive HIV-1 strains, highlighting the importance
of tetherin in viral release (Neil et al., 2008). Interestingly, tetherin had previously been
described as a target of Vpu, though in a study looking at Kaposi sarcoma—associated

herpesvirus K5 protein and its immune-modulatory functioning (Bartee et al., 2006).

Tetherin is a 30 to 36 kDa type II transmembrane protein, consisting of 180 amino acids
(Ishikawa et al., 1995). It consists of a N-terminal cytoplasmic tail, a transmembrane domain
and a C-terminal glycosyl-phosphatidylinositol (GPI) anchor which is said to act as a second
transmembrane domain (Andrew et al., 2011). An extra-cytosolic domain consisting of ~120
amino acids in a coil coiled structure connects the N- and C-terminals, allows for flexibility
of tetherin which is important for its functioning, and bears two N-linked sugars (Andrew et
al., 2011). Tetherin has been shown to associate with lipid rafts and is able to cycle between
the Golgi network and cellular surface membrane (Kupzig et al., 2003). Active tetherin
occurs as a homodimer, with 3 important cysteines forming disulphide bonds between the
tetherin homodimers and allowing for considerable flexibility in the otherwise unstable
monomeric tetherin coiled coils, and this configuration of homodimeric tetherin is
responsible for its virion trapping abilities (Perez-Caballero et al., 2009, Hinz et al., 2010).
Tetherin’s mechanism of action is said to involve the preferential insertion of the dimeric
tetherin GPI anchors (in an “axial” configuration) into the budding virions while maintaining
the N-terminal region in the host cell membrane for possible cellular signalling functioning

(Venkatesh and Bieniasz, 2013, Perez-Caballero et al., 2009).

Vpu is thought to antagonise tetherin in three probable ways; degradation of tetherin,
displacement of tetherin and inhibition of tetherin recycling, with the exact mechanisms of
action not completely understood and often times conflicting. The transmembrane domain of
Vpu has been shown to be vital in the downregulation of tetherin from the cell surface with
both tetherin and the Vpu transmembrane domain directly binding to each other within the
cellular membrane, as shown by crosslinking studies; the importance of transmembrane
interactions is also illustrated by studies where site-directed mutagenesis of the Vpu
transmembrane domain was done which results in a decreased activity of tetherin

downregulation (Skasko et al., 2011, McNatt et al., 2013).
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Once again Vpu has been shown to act as an adaptor protein in a polyubiquitination pathway,
in this case resulting in tetherin degradation instead of CD4. Vpu can co-immunoprecipitate
along with tetherin and BTrCP, with the SCF ubiquitin ligase complex likely involved in the
proteasomal degradation of tetherin utilising an ERAD-like pathway once again (Mangeat et
al., 2009). Other conflicting studies indicate that the interaction of Vpu, tetherin and BTrCP
may lead to lysosomal degradation rather than degradation by the proteasome (Iwabu et al.,
2009, Douglas et al., 2009). Ubiquitination of a protein is a regulatory mechanism involved in
endocytosis and it has been proposed that BTrCP with the SCF ubiquitin ligase complex
promotes endocytosis of tetherin, with the Clathrin adaptor protein complex AP-2 (involved
in endocytic trafficking) shown to be important in Vpu-induced endocytosis of tetherin

(Iwabu et al., 2009).

Vpu can block the recycling and internal cellular transport of tetherin and newly synthesized
tetherin, holding it within the Golgi network independent of any ubiquitination pathways
(Schmidt et al., 2011). The a-helix 2 of Vpu is also able to displace tetherin from sites of viral
assembly, which is a function that is independent of degradation or internalisation of tetherin
by Vpu, and a recent study showed that a tryptophan within a-helix 2 is able to anchor the C-
terminus to the cellular plasma membrane and enhance tetherin displacement (only subtypes
B, D and G seem to have this tryptophan and the importance in subtype C is unknown)
(McNatt et al., 2013, Lewinski et al., 2015). It has been proposed that Vpu induces a new
tetherin equilibrium at the cell plasma surface, with 60% of initial tetherin levels being
enough to promote HIV-1 virion release from the host cell, and this is achieved through a
combination of withholding of tetherin in the Golgi network and degrading of tetherin

utilising the proteasomal/lysosomal degradation pathways (Dubé et al., 2011).

1.1.3.3.4 Further tasks for Vpu; NF-kB, ADCC, NTB-A and CD1d
Other functioning of Vpu includes its modulation of the immune response, including effects

on NF-kB activity and antagonism of antibody-dependent cellular cytotoxic responses

(ADCC).

BTrCP is able to bind nuclear factor of kappa light polypeptide gene enhancer in B-cells
inhibitor alpha (IxkBa), an inhibitor of nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-kB) translocation into the cell nucleus, and promote its degradation by the SCF
ubiquitin ligase complex resulting in NF-kB activation. NF-«xB is a series of transcriptional

regulators that are responsible for activation of genes involved in activation of the immune
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system (Hiscott et al., 2001) Since Vpu is able to bind to BTrCP and remain in complex
steadily within the cell, cytokine-mediated degradation of IkBa is blocked because of
decreased binding of BTrCP, resulting in reduced NF-kB activation (Bour et al., 2001).
Tetherin itself is a known stimulator of NF-kB activity acting as a sensor of cellular viral
infection upon retention of virions at the cellular membrane, and promoting expression of
cytokines and an immune response; Vpu downregulates this activity by virtue of its anti-

tetherin activity (Tokarev et al., 2013, Galao et al., 2012)

Due to the HIV-1 viral retention at the surface of infected cells by tetherin, infected cells are
more susceptible to antibody-dependent cell-mediated cytotoxicity (ADCC) and natural killer
(NK) cell-induced death (Alvarez et al., 2014, Arias et al., 2014). The anti-tetherin activity of
Vpu therefore is protective against ADCC activity and the untimely death of HIV-1 infected
cells. It has been shown that HIV-1 LTNP exhibit high amounts of ADCC activity which is
said to be protective against HIV-1, therefore the importance of ADCC and Vpu’s effects on
it should not be understated (Lambotte et al., 2009, Wren et al., 2013). Vpu itself is shown to
be a target of ADCC responses (likely due to it spanning the cellular membrane and being
exposed to the extracellular environment) with Wren and colleagues describing three
different epitopes targeted by ADCC in seven LTNP patients as compared to non-LTNP who
had no responses at all (Wren et al., 2013). ADCC and its role in HIV-1 infection has recently
garnered increased interest after the Thai Phase III HIV-1 Vaccine Trial which showed that
ADCC may have played a role in the observed levels of protection within that trial (Rerks-
Ngarm et al., 2009).

Recently, it was shown that Vpu is able to down regulate NK-T and -B cell antigen (NTB-A),
thus protecting infected HIV-1 infected CD4+ T-cells (Shah et al., 2010). NTB-A activation
is required along with the NK cell activation receptor, NKG2D, for the degranulation of NK
cells resulting in the killing of infected CD4+ T-cells. Vpu was shown to down-regulate the
surface levels of NTB-A utilising a mechanism that is distinct from its adaptor protein
functioning in the down-regulation of CD4 and tetherin as illustrated in a study in which a
mutant Vpu which had its important serine residues 52 and 56 mutated which abrogated
Vpu’s interaction with BTrCP, and the resultant mutant was still able to down-regulate cell-
surface NTB-A (Shah et al., 2010). The transmembrane domain of Vpu was linked to its
functioning of down-regulating NTB-A. Vpu is said to prevent the transport of NTB-A
through the Golgi apparatus and subsequent glycosylation of NTB-A by post-ER mechanisms
(Bolduan et al., 2013).
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The cluster of differentiation d receptors (CD1d) are lipid-antigen presenting proteins found
on professional antigen presenting cells, monocytes, macrophages, B-cells and activated T-
cells which present to natural killer T-cells (Moody, 2006). HIV-1 infects many of these cell
types which express CD1d on their surface and it has been shown that Vpu is able to down
regulate this surface protein. Moll and colleagues were able to show that more than half of
CD1d was down regulated in HIV-1 infected dendritic cells, with Vpu shown to effect the
rate of recycling of CD1d by co-localizing with CD1d in the endosomal compartments (Moll
et al., 2010).

1.1.4 HIV-1 Tropism

HIV-1 infection involves the binding of gp120 to CD4 on the target cell followed by the
attachment to a secondary chemokine co-receptor, mostly being CCRS for macrophage-tropic
HIV-1 or C-X-C chemokine receptor type 4 (CXCR4) for T-cell tropic HIV-1. Some viral
strains have been known to use other co-receptors such as CCR3, CCR2b, CCRS, Apj, Strl33
Gprl, Gprl5, CX3CR1, ChemR23 or RDC1 (Berger et al., 1998, Gorry et al., 2007). Initial
founder viruses utilise the CCRS5 co-receptor almost exclusively and throughout the early
stages of infection, with the virus sometimes evolving towards the use of CXCR4 or the
usage of either co-receptor. The importance of CCRS5 in early stages of infection is
highlighted by the 32 bp deletion of the CCRS gene resulting in the protective CCR5-A32
mutation (Samson et al., 1996). People who are homozygotes for this mutation are almost
fully protected against HIV-1 infection and a stem cell transplant for an HIV-1 patient from a
homozygote CCR5-A32 donor has been shown to result in total control of HIV-1 infection
(Hutter et al., 2009, Gorry and Ancuta, 2011).

1.1.5 Viral Life Cycle

HIV-1 enters through the mucosal membranes (when sexually transmitted) where initial
infection takes place in the first encountered CD4+ T-cells, followed by re-location of the
virus to the gut-associated lymphoid tissues and lymph nodes to establish chronic infection
(Ladinsky et al., 2014). The gp120 binds CD4 by its CD4 binding site, which results in a
conformational change exposing the co-receptor binding site, with co-receptor binding
mediated largely by the gp120 V3 loop (Kwong et al., 1998, Tamamis and Floudas, 2014).
Once gpl120, CD4 and co-receptor have bound, gp120 undergoes numerous conformational
changes, exposing gp4l which is responsible for membrane fusion. A fusion peptide is

exposed on gp41 which targets the host cell membrane and bridges the viral and target cell
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membranes (Buzon et al., 2010). A pre-hairpin state of gp41 then refolds into a six-helix

bundle core structure which then promotes membrane fusion (Chan et al., 1997).

Once fusion occurs, the viral capsid containing the viral genetic material and proteins
including the important reverse transcriptase and integrase enters the host cell, and the capsid
subsequently uncoats (Klarmann et al., 1993). Reverse transcription of the viral RNA begins
when the viral RNA is still within the capsid and subsequently following uncoating the
reverse transcription complexes form, which consists of HIV-1 complexes undergoing
reverse transcription by reverse transcriptase (Zhu et al., 2004, Lin et al., 2015). Following
reverse transcriptase the PIC is formed consisting of double-stranded viral cDNA, integrase,
matrix, Vpr, reverse transcriptase and several host-derived factors such as HMG I(Y) protein
(Miller et al., 1997). The PIC is transported into the host cell nucleus utilising many different
nuclear localisation signals and along the microtubule network, where it is then integrated
into active regions of the host cell genome by the integrase enzyme (Farnet and Haseltine,
1990, Schroder et al., 2002). The LTR regions of the integrated proviral DNA mediate the
expression of viral RNA destined for packaging into assembling virus as genomic RNA or as

RNA transcripts for translation of viral proteins (Butsch and Boris-Lawrie, 2002).

During the late stages of the replication cycle, various precursor proteins are translated and
then cleaved by protease into mature viral proteins which will be assembled into a fully
formed HIV-1 viral particle. The Gag precursor (also known as Pr559%) consists of the
matrix, capsid, nucleocapsid and p6 domains (Guo et al., 2015). The GagPol precursor (also
known as Pr1609¢™) contains the aforementioned proteins as well as protease, reverse
transcriptase and integrase domains, and occurs due to a frameshift during translation of Gag
mRNA (Pettit et al., 2005). HIV-1 Env is translated from the bicistronic mRNA coding for
vpu and env (Schwartz et al., 1990). The precursor Env, gpl60, travels through the
endoplasmic reticulum and trans-Golgi network as oligomers (Earl et al., 1990). The host
protease furin cleaves gp160 into the mature Env proteins gp120 and gp41 which remain non-
covalently bound and all the viral proteins and viral genomic RNA assemble under the cell
plasma membrane (Hallenberger et al., 1992). The virus takes shape at the plasma membrane
utilising the host cell membrane for its viral lipid membrane, within which the viral Env is
embedded. Budding and release is managed by the endosomal sorting complexes required for
transport (ESCRT) machinery which is hijacked by the virus, with Gag being responsible for

the interaction between virus and host ESCRT machinery (Morita et al., 2011).
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1.1.6 The HIV-1 immune response
The current immune correlates of protection against HIV-1 are poorly understood. It is likely
that they involve a combination of innate and adaptive (cellular and antibody) driven

responses which act together synergistically to prevent chronic infection with HIV-1.

1.1.6.1 Immune correlates of protection; T-cell protection
A closer look at one arm, T-cell responses, is warranted in regards to this author’s study
which deals with human leukocyte antigen (HLA) class I targeted epitopes of the HIV-1

accessory proteins.

1.1.6.1.1 HLA class I and CD8+ T-cell responses

Pivotal to the immune functioning of vertebrates are the MHC cell surface proteins, or also
known as HLA in humans. HLA proteins are responsible for presenting amino acid chains
from foreign proteins, such as those of pathogens, for recognition by the immune system
resulting in an immune response (Doherty and Zinkernagel, 1975). HLA class I proteins are
found on all nucleated cells and present intracellular proteins of either host or pathogenic
origin that are transported by the transporter associated with antigen processing (TAP) to the
endoplasmic reticulum, where the ~8-12 amino acid peptides associate with HLA class I and
are transported to the cell surface (Suh et al., 1994). In contrast, HLA class II proteins are

found on antigen presenting cells and are involved in humoral immune responses.

HLA class I proteins present epitopes to CD8+ T-cells which can result in a CTL response.
Cellular-mediated killing of the presenting cell by the CD8+ T-cell occurs if the epitope
presented by the HLA protein is ‘non-self’. There are three primary HLA class I molecules
namely HLA-A, -B and -C, with thousands of variants occurring for each molecule type
(Carlson et al., 2015). This variation in HLA is driven by the need to identify and present a
large variety of pathogen-associated epitopes, with infectious pathogens having driven
variation over the millennia. HLA residues are polymorphic in their peptide-binding groove
which consists of six different binding pockets designated A-F, which determine the size of
the epitopes which can fit in and be presented by each HLA protein (van Deutekom and
Kesmir, 2015). Specific anchor residues in the 8-12 amino acid peptides bind within these
HLA pockets with at least two amino acid residues acting as dominant binding anchors and
binding to pockets B and F of HLA class I (dos Santos Francisco et al., 2015). These anchor
residues normally occur at the second position and C-terminus of the presented epitope,

though this can differ depending on HLA type, and mutations within these anchors can result
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in a specific HLA antigen no longer recognizing the epitope (Yusim et al., 2003). Very
similar HLA antigens that differ by even a single amino acid residue have the ability to
present the same peptide sequences, but each one can recognize the peptides as wholly
unique sequences. A study looking at four similar HLA class I antigens illustrates the
previous point; HLA class I antigens B*07:02, B*42:01, B*42:02 and B*81:01 present the
same peptide sequences derived from p24 and Nef, but induce different escape mutations
within these proteins depending on which HLA presents each peptide sequences (Klgverpris
et al., 2015). Even T-cell Receptors (TCRs) recognize each of the presented peptide
sequences depending on which HLA antigen is presenting the HIV-1 peptide sequence
(Klgverpris et al., 2015).

The importance of HLA class I and CD8+ CTL responses in HIV-1 disease progression to
AIDS cannot be understated; time and time again HLA class I proteins have been shown to
be a potent determinant of HIV-1 disease progression, either detrimental or protective, with
many population studies showing this. At play are the selective pressures from HLA proteins
on the HIV-1 virus that could select for deleterious or advantageous mutations; it is even
hypothesized that the consensus HIV-1 sequence of a population is partly determined by the
predominate HLA types of the population (Moore et al., 2002). It has been shown that over
time HIV-1 has less epitopes for presentation to HLA antigens than what is expected and that
over time the epitope numbers have dropped from SIV strains to current HIV-1 strains and
this may indeed be due to immune pressures driving evolution in the HIV-1 virus (Vider-
Shalit et al., 2009). CD8+ T-cell responses have been shown to determine the viral set point
of HIV-1 infection patients following the initial peak of virus and decrease in CD4+ T-cell
numbers during the acute infection phase, followed by possible protection against rapid
declines in CD4+ T-cell numbers into the chronic phase of HIV-1 infection (Streeck et al.,

2009).

One of the first larger scale population studies looking at HLA class I and HIV-1 involved
two male cohorts. It was found that the HLA class I alleles HLA-B*57, HLA-B*51 and HLA-
A*25 were associated with a slower disease progression to AIDS (Kaslow et al., 1996). Many
HLA studies have been undertaken in the subsequent years describing many different alleles
associated with HIV-1 disease progression, with HLA-B alleles showing a significant impact
on HIV-1 disease progression and its control (Leslie et al., 2010, Kiepiela et al., 2004). Allele
HLA-B*13 has been shown to control viremia in HIV-1 subtype C infected individuals, with
a Gag-specific CD8+ T-cell response likely the cause as HLA-B*I3 targets Gag-specific
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epitopes which could result in a fitness cost to HIV-1 if escape mutations were likely to occur
within those regions (Honeyborne et al., 2007). The well-known and described HLA-B*57:01
and B*58:01 HLA class I alleles are shown to be associated with viral restriction in LTNP
groups and are said to target reverse transcriptase and Gag-specific epitopes (the most
prevalently targeted one dubbed ‘TW10’), which are well documented and shown to mutate
often during immune escape of HIV-1 in HLA-B*57:01 individuals, with the T242N mutation
often occurring within the TW10 epitope (Migueles et al., 2000, Tang et al., 2002, Altfeld et
al., 2003, Leslie et al., 2004). The very same TW10 epitope has been shown to revert back to
its wild type sequence once selective pressures of HLA-B*57:01 and HLA-B*58:01 have been
removed such as infection in a new host who does not possess the HLA-B*57:01 and HLA-
HLA-B*58:01 genotype; this highlights fitness costs that may be involved in immune escape
mutations by HIV-1 (Leslie et al., 2004).

Mutations within HLA-restricted regions of HIV-1 proteins does not always necessarily
confer escape though as shown by Migueles and colleagues, who found that mutations within
highly targeted HLA class I regions did not always result in loss of CD8+ T-cell recognition
(Migueles et al., 2003). HLA-B*81 has been shown to reduce viral replication of subtype C
HIV-1 by targeting Gag, resulting in the escape mutation T186S which is deleterious to viral
replication (Wright et al., 2012) . Though the importance of HLA-B alleles has been shown,
it is likely not specific HLA-B alleles solely that determine the effectiveness of immune
responses and control of HIV-1, and it may be more of an additive effect of the entire HLA
repertoire of an individual (Leslie et al., 2010). The well described Rowland-Jones et al study
which looked at resistance to HIV-1 infection in sex workers in Nairobi linked resistance in
these women to the presence of CTL responses directed against conserved HLA epitopes of
HIV-1, and highlights the importance that HLA and HIV-specific CD8+ CTL responses may
play in the control of HIV-1 infection (Rowland-Jones et al., 1998).

Not all CD8+ T-cell responses are protective or are associated with decreased viremia during
HIV-1 infection. It has been shown that targeting of HIV-1 proteins by CD8+ T-cell
responses can be detrimental or protective depending on the HIV-1 protein being targeted,
with Gag-specific responses showing the greatest association with lowering of HIV-1
viremia. HIV-1 positive patients have been estimated to reach full-blown AIDS within 2 or 3
years without any Gag-specific responses versus patients who would take up to 10 years to
contract AIDS when they showed greater numbers of Gag-specific responses (Kiepiela et al.,

2007). Interestingly, CD8+ T-cell responses targeted against other HIV-1 proteins actually
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show an increase in overall viremia in the host, including responses against the accessory
proteins Vif, Vpr and Vpu and this may be due to the expression timing of each HIV-1
protein during the replication cycle (Kiepiela et al.,, 2007). Gag is available immediately
within an infected cell and can be processed and presented by HLA class I for quick detection
by the immune system whereas other proteins require expression first (Kiepiela et al., 2007).
This is especially highlighted in a study where the authors were looking at epitope
presentation of two HLA class I-restricted epitopes that are associated with protection, KF11
and KK10 of Gag, versus KY9 of Pol and VL9 of Vpr. It was noted that within 3 hours of
post-infection of different cell lines that the Gag and Pol epitopes were presented to CD8+ T-
cells (with the antigens coming from the infecting virus itself) and the virus was subsequently
cleared, whereas presentation of the Vpr antigens took place much later on (Kloverpris et al.,

2013).

HLA class I genotypes of course cannot fully account for the CD8+ T-cell responses seen in
patients especially in those who are fast progressors or LTNPs; the functionality of the
patient’s immune system itself including CD8+ T-cell characteristics is important as well,
and the mere presence of protective HLA class I alleles does not always result in HIV-1
control nor is it always necessary (Emu et al., 2008). It has been shown that the CD8+ T-cells
that have multiple, high-quality responses are the most effective such as CD8+ T-cells of the
HIV-1-restrictive allele HLA-B*27 which targets the KK10 epitope of Gag (Altfeld et al.,
2006). LTNP groups are shown to have highly complex and strong CD8+ T-cell responses
within the lymphatic tissues of the gastrointestinal tract where primary HIV-1 infection takes
place, with responses occurring even without prior exposure to HIV-1 virus indicative of the
immediate ability of the cells to confer a protective immune response (Ferre et al., 2009).
These effective CD8+ T-cells are shown to secrete high amounts of cytokines such as
macrophage inflammatory proteins (MIP-1p), interferon gamma (IFN-y) and tumour necrosis
factor alpha (TNF-a); various clonotypes of effective CD8+ T-cells exist which can recognise
the same peptide motifs but have different binding processes; lastly, strong avidity shown by
CD8+ T-cells for their target peptides further increases the control of HIV-1 viraemia
(Almeida et al., 2007, Betts et al., 2006, Ferre et al., 2009).

What of the HIV-1 accessory proteins Vif, Vpr and Vpu and their interactions with HLA
class I alleles? It can be hypothesised that due to their production within the cytoplasm of the
host cell, there should be processing and presentation of those proteins by HLA class I

antigens and subsequent CTL responses by CD8+ T-cells. Altfeld and colleagues found
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through IFN-y ELISPOT and intracellular flow cytometric analyses that Vpr and Vif are
targets of CTL responses with Vpr being one of the most targeted HIV-1 proteins relative to
its size (Altfeld et al., 2001). Interestingly Vpu seemed to be recognized infrequently
compared to Vif and Vpr. They hypothesized that Vpr may be a common target of CTL
responses due to its higher expression levels within the host cell along with Gag which is
commonly targeted, or it may be due to the fact that Vpr has a highly conserved amino acid
sequence which may result in it being targeted by CTL responses (Altfeld et al., 2001). Nine
different epitopes were described by Altfeld et al and the epitopes were subsequently
included in the Los Alamos HIV-1 Immunology Database of best-characterized HIV-1 CTL
epitopes (Table 1.1) as assembled by Llano and colleagues, as of 2013 (Llano et al., 2013).
This list includes only the best described and most optimal epitopes which the authors refer to

as the “A-list” of HIV-1 CD8+ epitopes.

Table 1.1: Best described and most optimal HIV-1 CD8+ CTL epitopes of HIV-1 accessory proteins (Llano et al.,
2013)

Protein Amino acid positions Motif HLA type
Vif 17-26 RIRTWKSLVK A*03:01
Vif 28-36 HMYISKKAK A*03:01
Vif 31-39 ISKKAKGWF B*57:01
Vif 48-57 HPRVSSEVHI B*07:02
Vif 57-66 IPLGDAKLII B*51
Vif 79-87 WHLGHGVSI B*15:10
Vif 79-87 WHLGQGVSI B*38:01
Vif 81-89 LGHGVSIEW B*57:03
Vif 102-111 LADQLIHLHY B*18:01
Vif 158-168 KTKPPLPSVKK A*03:01
Vpr 29-37 EAVRHFPRI B*51
Vpr 30-38 AVRHFPRIW B*57:01
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Vpr 31-39 VRHFPRIWL B*27

Vpr 34-42 FPRIWLHGL B*07:02, B*81:01
Vpr 48-57 ETYGDTWTGV A*68:02

Vpr 52-62 DTWAGVEAIIR A*68:01

Vpr 59-67 AIIRILQQL A*02:01

Vpu 5-13 YRLGVGALI Cw*18

Vpu 29-37 EYRKILRQR A*33:03

Vpu is infrequently targeted and according to the database assembled by Llano and
colleagues only two significant CTL-targeted Vpu epitopes have been described in the
literature (Table 1.1). It is surprising that Vpu is so rarely targeted, as Vpr is of a similar
amino acid length but is often targeted. The HLA class I allele HLA-A*33:03 was shown to
target the EYRKILRQR motif of Vpu which is in the vicinity of the BTrCP binding domain
of Vpu, and interestingly when Addo and colleagues first described this targeted epitope of
Vpu it was noted that the subjects involved happened to be LTNPs (Addo et al., 2002a). The
lack of apparent CD8+ T-cell targeted epitopes may also be due to the sheer sequence
variability that Vpu exhibits, with Vpu having been shown to be one of the most variable of
HIV-1 proteins (Yusim et al., 2002). HLA class I targeted epitopes are shown to usually
occur around relatively conserved regions of HIV-1 therefore there is a rationale for why Vpu
lacks an abundance of these epitopes (Yusim et al., 2002). More recently utilising a 240
member cohort from Japan, it was found that sequence variability in Vpu was likely not
driven by HLA class I pressures even when looking at products of all the possible reading
frames of vpu (Hasan et al., 2012). Interestingly, amino acid residues at position 5 of Vpu
which is in the membrane-bound region of Vpu showed the greatest variability of any Vpu

amino acid and an association with the HLA-4*33:03 allele (Hasan et al., 2012).

1.1.6.1.2 Vaccine strategies for inducing protective CD8+ T-cell responses
Over the last three decades, various strategies have been utilised to develop a vaccine to
induce protective CD8+ T-cells responses in test subjects, with limited success. Two

particular vaccine strategies in recent years however, have shown some promising results.

33




The macaque model of SIV infection has been an invaluable tool when analysing HIV-1
infection in humans. In 2013, Hansen and colleagues were able to elicit CD8+ T-cell
responses utilising SIV-protein expressing Rhesus Cytomegalovirus vectors (RhCMV)
(Hansen et al., 2013b). Interestingly, 50% of rhesus macaques who were challenged with
pathogenic strains of SIV showed highly favourable SIV control. Unique CD8+ T-cell
responses were elicited that were not typical of the rhesus macaque MHC class I allele HLA-

A*01(Hansen et al., 2013a).

An effective T-cell-based vaccine should theoretically target the conserved regions of HIV-1
as they are common in most strains of HIV-1 and a fitness cost would be associated with any
escape mutations within these regions. This was the rationale used by Borthwick and
colleagues when developing the HIVconsv immunogen for the HIV-CORE 002 trial, which
consisted of the fourteen most conserved protein domains of HIV-1 from Pol, Gag, Vif and
Env (Borthwick et al., 2014). A consensus amino acid sequence was utilised to build the
immunogen consisting of subtypes A, B, C and D. The plasmid containing the gene coding
for HIVconsv was delivered in a chimpanzee adenovirus type 63 followed by a modified
vaccinia Ankara boost in a low risk HIV-1 negative group. Interestingly Pol targeting was
better than Gag targeting, which has been shown to be the opposite in almost all other cases
(Rolland et al., 2008). The CD8+ T-cells elicited were broadly targeting, with ten epitopes on
average being recognised by the cells and 40% of these epitopes being novel and not
identifiable on the Los Alamos National Laboratory HIV Immunology Database (Borthwick
etal., 2014).

1.1.6.2 Killer-cell immunoglobulin-like receptors and the natural Killer
cells

Killer-cell immunoglobulin-like receptors (KIR) are found on NK cells and a few T-cell
subsets, and are encoded by the K/R complex located on chromosome 19. They are able to
interact with HLA class I antigens and can determine the presence of viral infection of those
cells that express lowered levels of HLA class I antigens (Campbell and Purdy, 2011). NK
cells detect “missing self” which constitutes the detection of a lack of HLA class I alleles
expressed on a cell resulting in the cell being targeted for destruction (Medzhitov and
Janeway, 2002). HIV-1 downregulates HLA-A and —B but HLA-C remains relatively intact
on the surface of infected cells, which is conducive for HIV-1 immune evasion. This allows
the virus to escape the immune system due to a decreased expression of HLA on the surface

of the infected cell, but avoid NK-mediated lysis due to “self” antigens such as HLA-C still
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being expressed in low quantities on the infected cell surface (Cohen et al., 1999). When
abnormal HLA signalling is detected by the KIR receptors such as a decreased expression of
a certain HLA class I antigen, NK cells will cause apoptosis of the targeted cell by
degranulation of cytolytic granules (Metkar et al., 2002). KIR’s are highly polymorphic
amongst individuals, with 14 genes and 2 pseudogenes encoding for KIRs, classified
according to whether they are inhibitory or activating, and named according to the number of
extracellular domains they possess and the length of their cytoplasmic tails. The activation of
NK cells is largely determined by the balance of activation or inhibitory signals (Marsh et al.,

2003).

NK cells and their KIR proteins are an integral part of the innate immune response and
therefore important in the early immune response against pathogens. It has been shown that
NK cells and KIR affect the pathogenesis of HIV-1 and can even drive immune escape of
HIV-1. Martin and colleagues described an interplay of KIR and HLA class I alleles that was
associated with a delayed HIV-1 disease progression. The KIR allele, KIR3DSI, was shown
to be protective when associated with the HLA-B Bw4-80lle allele (codes for a HLA-B
molecule with the bw4-associated serological epitope and an isoleucine at position 80)
(Martin et al., 2002). A different study relating to the previously mentioned study from
Martin and colleagues found that KIR3DS1+ NK cells strongly inhibit HIV-1 replication in
HLA-B Bw4-801+ CD4+ T-cells in an in vitro viral inhibition assay, with increasing doses of
NK cells inhibiting HIV-1 replication (Alter et al., 2007). This research is further expanded
upon in two studies looking at the various effects that combinations of differing KIR3DL1
allotypes (based on cell-surface expression levels) and HLA-Bw4 alleles have on HIV-1
disease progression, with KIR3DLI*h shown to enhance the protective qualities of the well

described protective HLA class I allele B*57 (Martin et al., 2007, Boulet et al., 2008) .

Copy number variation (CNV) of KIR genes has been found to affect HIV-1 replication.
Utilising a genome wide study, 2,102 patients from Europe were analysed and it was shown
that greater copy numbers of the KIR3DLI gene (when in the presence of KIR3SLI) results
in lower viral set points and increased overall HIV-1 control (Pelak et al., 2011). The idea of
CNV determining viral pathogenesis is further highlighted in a study which looked at CNV in
SIV-infected rhesus macaques. The CNV of the macaque-specific KIR gene, KIR3DH, was
analysed. It was found that in rhesus macaques with the MHC class I gene, Mamu-A*01 and
that express restrictive TRIMS alleles, peak viral loads were lower as compared to other test

groups (Hellmann et al., 2012).
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KIR-positive NK cells have also been shown to exhibit immune pressures on HIV-1 which
can contribute to evolution and subsequent immune escape of HIV-1, with certain
polymorphisms within HIV-1 proteins, such as in Vif and Vpu, being associated with certain
KIR genes (Alter et al., 2011). These amino acid polymorphisms within HIV-1 proteins such
as Vpu and Vpr, as described by Alter and colleagues, were shown to increase the association
of inhibitory KIRs such as KIR2DL2 with HIV-1-infected CD4+ T-cells resulting in a
decreased NK cell response against these infected cells (Alter et al., 2011). Recently this
HIV-1 immune escape was shown once again in an untreated, large cohort from Southern
Africa. Two sequence mutations in p24 Gag of HIV-1 subtype C virus were shown to
associate with the combination of K/R2DL3 and HLA-C*03:04. The KIR2DL3 protein was
found to have improved binding to HLA-C*03:04 when the mutations in p24 Gag were

present resulting in increased inhibitory signals of NK cells (Holzemer et al., 2015).

1.1.6.3 Antibody responses and Vpu
Antibody responses occur against HIV-1 during the course of infection (Reviewed in Alter
and Moody, 2010). Both neutralizing and non-neutralizing antibodies are generated initially
against the Env protein, but less information is available for antibodies directed against the

accessory proteins..

Reiss and colleagues, utilising an enzyme immunoassay and patient sera from a large patient
cohort of men, described early on that antibodies are raised against Vpu at least within the
first 12 months of seroconversion (Reiss et al., 1990b, Reiss et al., 1990a). Some years later a
different team looked at progression to AIDS and its correlation with anti-Vpu antibody
reactivity in 162 patients who were on antiretroviral therapy for 1 year. Interestingly, it was
found that there was an association between an increased amount of anti-Vpu antibodies and

a slower disease progression (Chen et al., 2003).

A study by Stratov and colleagues confirmed Wren and colleagues findings of anti-Vpu
ADCC activity mentioned previously in section 1.1.3.3.4. Stratov and colleagues found that
likely-ADCC responses were targeted against a specific motif of Vpu, namely the
EMGHHAPWDYV epitope (Stratov et al., 2008).

1.2 Rationale for study conducted, aims and objectives

It is clear that the accessory proteins Vif, Vpr and Vpu play a critical role in the pathogenesis

of HIV-1 infection. It is also clear that immunogenetic factors can have implications for HIV-
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1 infection. South Africa has the highest number of people living with HIV-1 infection
worldwide (UNAIDS, 2014), and the predominant circulating HIV-1 subtype is C. There is
limited data on viral escape in the context of Vif, Vpr and Vpu and host genotypes of HLA
and KIR in our populations most affected by the HIV-1 epidemic. However, there is well
described data available for our populations on the representation of HLA alleles (HLA-A, B,
C) and HLA allotypes that bind KIR (HLA-Bw4 allotype variants and HLA-C1 and C2), and
for KIR genotypes (Paximadis et al., 2011, Tiemessen et al., 2011). Therefore, it is important
to assess this viral-host axis with a focus on variation in the understudied accessory proteins

Vif, Vpr and Vpu of HIV-1 subtype C.

Longitudinal plasma samples from two well characterized HIV-1 infected cohorts were
available for the purposes of this study. The overall aim of the study was to describe immune
escape in Vif, Vpr and Vpu epitopes from HIV-1 infected patients in South Africa.
Additionally, preliminary data from the Tiemessen laboratory (unpublished) showed that Vpu
was more highly targeted by CD8+ T cells in 14 LTNPs/elite controllers (about 50%),
compared to other regulatory regions. Vpu is one of the least targeted HIV-1 proteins,
accounting for approximately 10% in subtype C infection (Gray et al., 2009). Furthermore,
five of the LTNPs/elite controllers studied had NK cell responses to HIV-1 Vpu peptide
pools. As mentioned previously, these NK cell responses, measured in whole blood, have
been shown to be mediated by HIV-specific ADCC antibodies (Stratov et al., 2008,
Thobakgale et al., 2012), and 3 ADCC epitopes in Vpu were shown to be targeted in
Australian LTNPs (n=65) but not in progressors (n=74) (Wren et al., 2013). Thus, based on
preliminary data from our laboratory showing that Vpu was the most targeted by CD8+ CTLs
and NK cell responses in LTNP patients than the other accessory regions, we cloned and
expressed Vpu for the ultimate detection of anti-Vpu antibodies in patient sera from the

different cohorts.

The objectives were therefore;
e To sequence the vif, vpr and vpu regions of longitudinal HIV-1 subtype C infected
patient samples.
e To analyse HLA-A, B and C specific motifs for escape mutations in the HIV-1 vif,
vpr and vpu sequences over time from each patient.
e To design and construct a Vpu mammalian expression vector and to express and

purify recombinant Vpu protein.
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Chapter 2

2.1 Methods

2.1.1 Patient cohorts used in this study

Plasma and peripheral blood mononuclear cell samples from two different patient cohorts
were used for the purposes of this study. Ethical clearance was obtained for Research on
Human subjects (Medical) at the University of the Witwatersrand (clearance number

M160151; Appendix D).

2.1.1.1 Lung cohort

Samples were obtained from a study called the "Lung Cohort Study" (PI: R.E.Chaisson), the
overall aim of which was to establish a clinical database and tissue repository from a clinical
cohort of HIV-1 infected South Africans in Soweto (recruited by Dr N. Martinson), in order
to longitudinally evaluate lung health. Approximately 750 HIV-1 infected adults were
recruited from a period of 2008 to 2013. Baseline and 6-monthly follow up clinical data as
well as HLA genotypes were available. For the purpose of this study patient samples were
selected based on the following criteria: (1) Evidence of progressive infection (declining CD4
T cell count to <350 cells/ul prior to starting ART; 113 of the total patients had this profile),
and (i1) possession of either HLA-B*58:01 or HLA-B*58:02 alleles. These HLA-B alleles are
amongst the most prevalent in our black population and have been associated with viral load
set points indicative of slower and more rapid disease progression, respectively (Paximadis et
al., 2011, Kiepiela et al., 2004). Of the 113 individuals with progressive CD4 T cell decline,
18 had either of the HLA-B alleles (age range 25-47 years); 4 with HLA-B*58:01 (all female)
and 14 with HLA-B*58:02 (3 male, 11 female). Studying these particular individuals
therefore allowed for the evaluation of immune escape mutations in Vpr, Vif and Vpu of
individuals with HLA genotypes that otherwise have opposing effects on disease progression,
at a time when their clinical progression was comparable (CD4 T cell counts and viral loads
at a time point prior to starting antiretroviral therapy were not significantly different; P>0.05,
and known escape mutations and compensatory mutations in the Gag protein of HIV-1
associated with loss of HIV-1 control in HLA-B*58:01 have already occurred (Shayne
Loubser, unpublished data).

The Lung cohort patient samples used in this study consisted of n=44 longitudinal samples

obtained at 6 month intervals from the 18 above mentioned patients.
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2.1.1.2 MO002 cohort
“MO002 cohort” samples were from a subset of high risk antiretroviral drug naive HIV-1
infected women from the Carletonville area in South Africa collected between 2007 to 2010,
and, for the purposes of this study, were selected based on availability of longitudinal plasma
samples over a period of 24 months, and had viral loads greater than 10,000 RNA copies/ml
at baseline. The original study proposal for the cohort described the women as “...someone
who lives in the high transmission areas of the Carletonville District, where the source of
income is sex and alcohol. These women have more than one sexual partner and exchange
sex for money and/or gifts”. There was no significant difference in CD4+ T cell count or viral
load between baseline and 18 months in the group of 7 individuals studied (Wilcoxon Rank

sums test, P>0.05; no viral load was available at 24 months).

The M002 cohort patient samples used in this study consisted of n=28 longitudinal samples
obtained at six month intervals from seven patients. The HLA types were unknown

(determined during the course of this study).

2.1.2 Extraction, RT-PCR Amplification and Sequencing of HIV-1 vif, vpr and vpu
Viral RNA was extracted from patient plasma and the vif, vpr and vpu regions were reverse

transcribed and subsequently sequenced.

2.1.2.1 Extraction
Viral RNA was extracted from patient plasma samples utilizing the NucliSENS easyMAG
RNA extractor (bioMérieux, France). Briefly, 500 pul of patient plasma was added to 8 well
NucliSENS easyMAG disposable cartridges (bioMérieux, France). Following lysis in the
RNA extractor, 50 pul of NucliSENS easyMAG magnetic silica beads (bioMérieux, France)
were added to each lysed sample and re-suspended. Standard protocol procedures were
followed on the NucliSENS easyMAG RNA extractor to extract the viral RNA and RNA was

eluted in a final volume of 25 pl.

2.1.2.2 RT-PCR of extracted HIV-1 RNA samples
A 1.6 kb DNA fragment was reverse transcription polymerase chain reaction (RT-PCR)

amplified from extracted viral RNA samples which contain the vif, vpr and vpu genes.

The first round of PCR involved RT-PCR with the Superscript III One step RT-PCR system
(Thermo Fisher Scientific, USA). The outer primers (Integrated DNA technologies (IDT),
USA) used were Cath1F (5’-GAC AGC AGT ACA AAT GGC AG-3’) and Cath2R (5’-GGG
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TCT GTG GGT ACA CAG GC-3’). PCR reaction mixes for a single reaction for the RT-
PCR were 12.5 pl of 2 x reaction mix, 0.5 pl each of Cathl1F and Cath2R primers (at 10 uM),
9 ul of extracted viral RNA, 1.5 pl of 5 mM MgSOy, 0.5 pl of Superscript III reverse

transcriptase and 0.5 pl of high quality sterile water, for a total reaction volume of 25 pl.

RT-PCR mixes were placed in the GeneAmp PCR System 2700 (Applied Biosystems, USA)
and the following conditions were used; cDNA synthesis at 50°C for 60 min, initiation at
94°C for 2 min, followed by 35 cycles of denaturation at 94°C for 2 min, annealing at 51°C
for 30 s and elongation at 68°C for 2 min 30 s. Second elongation was 68°C for 10 min

followed by a 4°C hold.

2.1.2.3 Nested PCR of RT-PCR products
A nested PCR step was done utilizing the 1.6 kb cDNA fragments from the RT-PCR step.

Primers from IDT were used and the protocol was as follows:

The nested PCR was conducted utilizing the Platinum Taq DNA Polymerase High Fidelity
PCR kit (Thermo Fisher Scientific, USA). The inner primers used for this nested PCR were
Cath3F (5°-GGG GTA CAG TGC AGG GGA AAG-3’) and Cath4R (5’-GTA CCC CAT
AAT AGA CTG TGA CC-3’). PCR reaction mixes for a single reaction for the nested PCR
were 0.2 pl of Platinum Taq High Fidelity Polymerase, 1 pl of 10 x High Fidelity PCR
buffer, 2 pl of 50 mM MgSOy, 1 ul each of Cath3F and Cath4R (10 uM), 5 pl of cDNA (1.6
kb DNA fragments from RT-PCR step), and 34.8 ul of high quality sterile water; for a total

reaction volume of 50 pl.

Nested PCR mixes were placed in the GeneAmp PCR System 2700 for PCR amplification
and the following conditions were used; initiation at 94°C for 2 min, followed by 35 cycles of
denaturation at 94°C for 30 s, annealing at 51°C for 30 s and elongation at 68°C for 1 min 30
s. Second elongation was 68°C for 10 min followed by a 4°C hold.

Following PCR amplification, PCR products were run on a 1% agarose gel (Appendix A) and
visualized under UV trans-illumination. The PCR products were purified in preparation for
sequencing utilizing the Genelet Purification Kit (Thermo Scientific Fisher, USA) and

according to the manufacturers protocol (Appendix C).
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2.1.2.4 Cycle sequencing of PCR products, Ethanol/EDTA precipitation and
genetic analysis

Cycle sequencing of purified vif, vpr and vpu PCR products was conducted utilising primers
(IDT, USA) spanning the ~1.3-kb PCR fragments in both directions. The primers were CBF1
(5’- GAC TAT GGA AAA CAG ATG GC -3”), CBF2 (5’- TGG CAT TTG GGT CAT GGA
GTC -3’), CBF3 (5’- ATC TAT GAA ACC TAT GGG GAT AC -3°), CBF4 (5’- ATA GCA
ATA GTT GTG TGG -3°), CBR1 (5’- ATG GGA TGT GTA CTT CTG AAC -3°), CBR2
(5’- TCT GGG GCT TGT TCC ATC TAT C -3°), CBR3 (5’- TGC CAT AGG AAA TGC
CTA AGC -3°) and CBR4 (5’- ATA GAC TGT GAC CCA CAA G -3’) . The protocol used

was as follows:

The BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, USA) was utilized
for cycle sequencing reactions and all reactions were performed on 96-well plates. A single
cycle sequencing reaction in one well consisted of 1 pul Big Dye Terminator 3.1, 2 ul of 5 x
Big Dye Buffer, 5 pl of high quality sterile water, 1 pl of a specific sequencing primer
(CBF1, CBF2, CBF3, CBF4, CBR1, CBR2, CBR3 or CBR4 at 3.2 pmol/ul) and 11 pl of

diluted PCR product (1:9 dilution in sterile water) for a total reaction volume of 20 pl.

Plates were briefly vortexed and centrifuged and placed in the GeneAmp PCR System 2700
for thermal cycling with the following cycling conditions; initiation at 96°C for 1 min,
followed by 35 cycles of denaturation at 96°C for 10 s, annealing at 50°C for 5 s and
elongation at 60°C for 4 min. Second elongation was 72°C for 10 min followed by a 4°C hold.

Following thermal cycling, plates were removed and samples purified utilizing an

ethanol/EDTA precipitation protocol as follows:

To each well, 5 pul of 125 mM EDTA was added followed by 60 ul of 100% ethanol. The 96
well plates were covered with a rubber membrane and inverted 4 times. Plates were then
incubated at room temperature for 15 min. Following incubation the plates were centrifuged
at 3000 x g for 30 min. Immediately following centrifugation, the plates were inverted onto
disposable paper toweling and centrifuged up to 185 X g and then removed. Following
centrifugation, 60 pl of 70% ethanol was added to each well and the plates were centrifuged
once again at 1650 x g for 15 min at 4°C. The plate was inverted onto paper towelling once

more and spun up to 185 x g for 1 min. The plates were then briefly left to dry in the dark.
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To each reaction well, 12 ul of HiDi Formamide (Thermo Scientific Fisher, USA) was added,
and plates were vortexed and centrifuged briefly. Reaction plates were incubated in the
GeneAmp PCR System 2700 at 90°C for 2 min. Plates were cooled at room temperature and
subsequently loaded into the 3730xI automated genetic analyzer (Applied Biosystems, USA).

2.1.2.5 Bioinformatic analyses
Generated sequences were analysed and manipulated utilising Sequencher version 5.1
sequence analysis software (Gene Codes Corporation, USA) and GeneDoc Multiple
Sequence Alignment Editor (Karl Nicholas, USA). Sequences were aligned using Clustal X
(Conway Institute UCD, Republic of Ireland).

2.1.3 PCR Amplification and Sequencing of HLA class I Loci
MO002 cohort samples did not have any HLA typing performed on the patient samples. HLA
class 1 genotyping was subsequently done utilising the SBT Resolver HLA kit (Conexio

Genomics, Australia) as follows:

2.1.3.1 PCR and agarose gel electrophoresis

High molecular weight genomic DNA obtained from patient samples of the M002 cohort
were available, and analyzed using a NanoDrop 2000 UV-Vis Spectrophotometer (Thermo
Scientific Fisher, USA) for OD,g01280>1.8 and concentration range of 20-100 ng/ul. Separate
PCR reactions were set up for each HLA locus to be amplified and each individual sample to
be tested. PCR reaction master mixes were prepared utilising 16 pl each of proprietary locus-
specific PCR mixes (HLA A, B and C) (Conexio Genomics, Australia) and 1 pl of GoTaq
Hot Start Polymerase (Promega, USA). Seventeen micro litres of the master mix was
dispensed into each reaction well along with 3 pl of sample DNA. Reaction wells were
vortexed and centrifuged briefly, and reaction wells were placed into the Geneamp PCR
System 9700 (Applied Biosystems, USA). Thermal cycling conditions were as follows;
initiation at 95°C for 10 min, followed by 33 cycles of denaturation at 96°C for 20 s,
annealing at 60°C for 30 s and elongation at 72°C for 3 min followed by a 4°C hold.

Confirmation of amplification of sample reactions was done by loading 2 pl of PCR product
with 5 ul of loading buffer on a 1% agarose gel (Appendix A) for electrophoresis, and

visualized under UV trans-illumination.
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PCR products were purified before cycle sequencing utilising the Agencourt AMPure XP
magnetic bead purification kit according to manufacturer’s instructions (Beckman Coulter,

USA) (Appendix C).

2.1.3.2 Sequencing Reaction
Cycle sequencing of PCR products from patient samples utilised proprietary primers derived
from the SBT Resolver HLA kit and were as follows; for HLA-A sequencing they were
AEXIF, AEXI1R, AEX2F, AEX2R, AEX3F, AEX3R, AEX4F, AEX4R; for HLA-B they
were BEX1F, BEX2F, BEX2R, BEX3F, BEX3R, BEX4F; and for HLA-C they were
CEXI1F, CEXIR, CEX2F, CEX2R, CEX3F, CEX3R, CEX4F, CEX4R, CEXS5F, CEX5R,
CEX6F, CEX6R and CEX7F.

Sequencing primer mix was prepared utilising 2 pl of sequencing primer (concentration not
provided), 11.5 pl of high quality sterile water, 1 pul of BigDye Terminator v3.1 Ready
Reaction Mix (Applied Biosystems, USA) and 5 x Sequencing Reaction Buffer (Applied
Biosystems, USA) per sample. Total reaction mix (18 pl per sample) was loaded into each
appropriate reaction well and 2 pl of purified PCR product was then added accordingly.
Reaction wells were sealed, mixed and centrifuged briefly and then loaded into the
GeneaAmp PCR System 9700. Thermal cycling conditions were as follows; initiation at 95°C
for 10 min, followed by 33 cycles of denaturation at 96°C for 10 s, annealing at 50°C for 5 s
and elongation at 60°C for 2 min followed by a 4°C hold.

2.1.3.3 Purification of Sequencing Reaction Products and denaturation for
capillary electrophoresis

Reaction wells were centrifuged briefly to ensure contents were all at the bottom of reaction
wells. To each well, 5 pl of 125 mM EDTA (pH 8.0) was added. Sixty microlitres of 100%
ethanol was then added to each reaction well and the wells were vortexed briefly. The sample
reactions were centrifuged at 2000 x g for 45 minutes. Immediately after centrifugation the
supernatant was discarded by inverting reaction plates onto paper towelling. The inverted
plates were then centrifuged at 350 g for 1 minute to remove residual supernatant. Sixty
microlitres of 80% ethanol was then added to each reaction well and vortexed briefly.
Samples were once again centrifuged at 2000 x g for 5 minutes. Sample plates were then
inverted onto paper towelling once again and centrifuged at 350 g for 1 minute. Samples were

resealed and stored in the dark at — 20°C until required (not longer than 24 hours).
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To each reaction well 12 ul of HiDi Formamide (Thermo Scientific Fisher, USA) was added,
and plates were vortexed and centrifuged briefly. Reaction plates were incubated in
GeneAmp PCR System 9700 at 98°C for 5 min. Plates were cooled at room temperature and
subsequently loaded into the ABI 3100 automated genetic analyzer (Applied Biosystems,
USA).

2.1.3.4 Designation of HLA genotype
HLA sequencing data from patients was analysed utilising the Assign SBT Sequence
Analysis Software made specifically for use with the SBT Resolver HLA kit (Conexio,
Australia). Analysis was done in conjunction with a study by Paximadis and colleagues
utilised as a reference for the most common alleles in the South African population

(Paximadis et al., 2011).

2.1.3.5 HLA class I motif scan
Vif, Vpr and Vpu amino acid sequences obtained from patients from the Lung and M002
cohorts following genomic sequencing and bioinformatics analysis were analyzed utilizing
the Los Alamos HIV HLA Anchor Residue Motifs Online Scanner (Los Alamos, USA). The
scanner allows for detection of HLA anchor residue motifs within protein sequences for
specified HLA genotypes. The motif scanner uses various sources from which it finds motifs

such as the SYFPEITHI Database of MHC Ligands available at http://www.syfpeithi.de/.

Motifs of 9 amino acids are stored within the database by default but residues of lengths 8§, 10

and 11 are computed in real time.
2.1.4 Expression and purification of recombinant Vpu protein

2.1.4.1 Design of Vpu expressing recombinant plasmids

We have previously described the genotypic characterisation of vif, vpr and vpu from 20
primary HIV-1 isolates available in our laboratory (Bell et al., 2007). The Vpu N-terminal
domain of seventeen of the twenty isolates had a 5 amino acid insertion, while one isolate
(05ZAFV15) had one amino acid insertion. Three different vpu sequences were thus selected
(consensus of subtype C (Cons. C), 05ZAFVS5 and 05ZAFV15), codon optimized for
mammalian expression, synthesized by GeneArt (Thermo Scientific Fisher, Germany), and
cloned into the pcDNA3.1/V5-His plasmid vector containing a 6 x polyhistidine-tag
(Invitrogen, USA).
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2.1.4.2 Transformation of recombinant plasmids into chemically competent
Escherichia (E.) coli DH5a for plasmid preparation

The plasmid vectors containing the three different vpu sequences were diluted in 50 pl of
high quality sterile water each to a concentration of 0,1 ug/ul. From these stocks, chemically
competent E. coli DH5a (Appendix A) were transformed with these plasmids utilising
standard protocols. Briefly, 1 pl of plasmid DNA was added to 30 ul aliquots of chemically
competent £ .coli DH5a cells. Samples were incubated on ice for 20 minutes and then heat
shocked for 2 minutes at 42°C. Samples were then incubated on ice for a further 2-5 minutes,
and 10 pl of each construct-transformed cell sample was plated on lysogeny broth (LB)

ampicillin-positive (Appendix A) agar plates and incubated overnight at 37°C.

2.1.4.3 Plasmid preparations
One colony from each overnight plate (mentioned previously) was picked and inoculated into
100 ml of ampicillin positive LB medium (Appendix A) in 500 ml sterile flasks. Samples
were incubated overnight in a shaking incubator at 37°C. A plasmid extraction was then
conducted on the samples utilising a plasmid midi preparation kit (Qiagen, USA) according
to manufacturer’s instructions (Appendix C). Spectrophotometry and agarose gel (1%
agarose, Appendix A) electrophoresis was utilised to assess plasmid concentration and purity.
DNA bands were visualised under UV trans-illumination and samples were stored at -20°C

until required.

2.1.4.4 Restriction enzyme digests
In order to confirm the identity of the purified vpu-containing plasmids a restriction enzyme
digest was conducted. Single and double enzyme digests were conducted as follows; for the
single digest reactions consisted of 1 pg of plasmid DNA, 1 ul of Bglil, 2 ul of 10 x
FastDigest buffer (Thermo Scientific Fisher, USA) all topped up to 20 ul with high quality
sterile water. Double digests consisted of 1 pg of plasmid DNA, 1 ul each of HindIIl/Xhol, 2
ul of 10 x FastDigest buffer all topped up to 20 pl with high quality sterile water. Two
hundred nanograms of restriction digest product was loaded onto a 1% agarose gel for

electrophoresis. DNA bands were visualised under UV trans-illumination.
2.1.4.5 Recombinant Vpu protein expression

2.1.4.5.1 Mammalian Cell culture
Various mammalian cell lines, Human Embryonic Kidney (HEK) 293 cells and their

derivatives HEK 293T and HEK 293F (available in our laboratory), were maintained and
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utilised throughout the duration of recombinant Vpu protein expression experiments. All cell
counts were performed utilizing the Countess II FL Automated Cell Counter (Life

Technologies, USA).

HEK 293 and 293T cells are adherent and were maintained in T25 cm® flasks (Nunc,
Denmark) in 10 ml of Dulbecco's Modified Eagle's Medium (DMEM) (Sigma-Aldrich, USA
with added 10% bovine serum albumin and 100 x Glutamax (Life Technologies, USA)), and
subcultured every 3-4 days or at 90% cell confluency. Briefly, to subculture the cells,
depleted DMEM was poured off and cells were gently washed with 5 ml of 1 x phosphate
buffered saline (PBS) (Sigma-Aldrich, USA). Two millilitres of Trypsin-EDTA (0,25%)
(Thermo Fisher Scientific, USA) was added to the flasks to detach cells; after 30 seconds
Trypsin-EDTA was poured off and the cells were incubated at 37°C for 2 minutes. Cells were
then re-suspended in DMEM and split 1:10.

HEK 293F cells are suspension cells and were maintained in 125 ml Erlenmeyer Flasks
(Corning, USA). Cells were subcultured at 0.1-0.2 x 10° viable cells/ml per flask in a volume
of 25 ml of Freestyle 293 Expression Media (Life Technologies, USA) and allowed to grow

to a cell density of 3 x 10° cells/ml before subculturing.

2.1.4.5.2 Optimization of Transfection
Various cell lines (HEK 293, 293T and 293F), cell counts, and transfection reagents were
tested in order to find optimal conditions for highest transfection efficiency before up-scaling

expression of recombinant Vpu proteins.

First rounds of transfections involved testing of different transfection reagents,
polyethylenimine (PEIL, Polysciences, USA) and jetPrime (Polyplus-transfection SA, France),
and the two adherent HEK cell lines, 293 and 293T. Cells were transfected with a Green
Fluorescent Protein (GFP) control construct (available in our laboratory), in order to give a

visual indication of the transfection efficiency of the reagents tested.

Manufacturer’s protocols were followed for both reagents. The day before transfection 350
000 or 450 000 HEK 293 or 293T cells were seeded per well of a 6 well plate (Nunc,

Denmark) so that on the day of transfection cell confluency would be between 60-90%.

For jetPrime transfections a 1:2 DNA to jetPrime reagent ratio was used; 2 pg of DNA was
mixed with 200 pl of jetPrime buffer and briefly vortexed and spun down. Four microlitres of

jetPrime was added, vortexed and spun down once again and the transfection mix was added
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to a well. For PEI transfections a 1:3 DNA to PEI reagent ratio was used; 9 pug of PEI was
added to a total volume of 150 ul of Opti-MEM (Life Technologies, USA). Three
micrograms of DNA was added to a total volume of 150 pl of Opti-MEM. Diluted PEI and
DNA were added together and incubated at room temperature for 30 min. Transfection mix
was then added to each well. After addition of transfection mixes to the 6 well plates, they

were incubated at 37°C with 5% CO, for 48 hours.

Second rounds of transfection optimization experiments involved testing transfection and
expression of the actual Vpu protein constructs, testing of additional transfection reagents
such as 293Fectin (Thermo Fisher Scientific, USA), Fugene HD Transfection Reagent
(Promega, USA), Lipofectamine 2000 (Thermo Fisher Scientific, USA), Lipofectamine XTL
(Thermo Fisher Scientific, USA), Polyfect (Qiagen, Germany) and an additional HEK cell
line, 293F.

Six well plates were prepared with 293 and 293T cells the day before transfection and
transfection protocols for PEI and jetPrime were followed as previously mentioned, with the
addition of 293Fectin transfections. The 293Fectin transfections utilised a 1:2 DNA to
293Fectin reagent ratio; 5 ug of DNA was diluted in Opti-MEM to a total volume of 250 pl.
Fifteen microlitres of 293Fectin was diluted in Opti-MEM to a volume of 250 pl. After a 5
minute incubation, diluted DNA and 293Fectin was added together and incubated at room
temperature for 20-30 minutes. Transfection mix was added to a well and the 6 well plate was

incubated at 37°C with 5% CO, for 48 hours.

For the Fugene HD, Lipofectamine 2000, Lipofectamine XTL and Polyfect transfections a
24 well plate was set up the day before seeded with 100 000 HEK 293T cells per well in 500
pl of DMEM for a confluency on day of transfection of 90%. The various Vpu constructs or a
two-domain CD4 construct (2dCD4) used as a positive control (available in our laboratory)

were transfected into HEK 293T cells.

For Fugene HD transfections a 1:3 ratio of DNA to transfection reagent was utilised; 1.1 pg
of DNA was diluted in Opti-MEM to a volume of 52 pl. To the diluted DNA 3.3 pl of
Fugene HD was added and mixture pipetted 15 times. The transfection mix was incubated for
10 minutes at room temperature before adding 25 ul to each well of a 24 well plate. The

plates were incubated at 37°C with 5% CO, for 48 hours.
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For Lipofectamine XTL and 2000 transfections a 1:2.4 ratio of DNA to transfection reagent
was utilised with each reaction mix enough for a duplicate transfection of two wells of a 24
well plate; 3 ul of Lipofectamine XTL or 2000 was added to 50 pl of Opti-MEM. To 62.5 pl
of Opti-MEM 1.25 ng of DNA was added, and both DNA and transfection reagent mixtures
were added together and incubated at room temperature for 5 minutes. To each well of a 24
well plate 50 pul of the transfection mix was added. The plates were incubated at 37°C with
5% CO, for 48 hours.

For Polyfect transfections a 1:10 ratio of DNA to transfection reagent was utilised with each
reaction mix enough for a duplicate transfection of two wells of a 24 well plate; 0.8 pg of
DNA was added to 40 pul of Opti-MEM, mixed and spun down. To this DNA solution 8 pul of
Polyfect reagent was added and pipetted up and down 5 times. The transfection mix was
incubated at room temperature for 10 minutes and then 120 pl of cell growth media was
added to the reaction and mixed together. The mix was split in half and added to each well of

a 24 well plate. The plates were incubated at 37°C with 5% CO, for 48 hours.

Transfection and expression of Vpu proteins was also tested in suspension culture using HEK
293F cells. Thirty millilitres of Freestyle 293 Expression Media was seeded at 6-7 x 10’
cells/ml the day before transfections for a final transfection cell density of 1 x 10° cells/ml on
day of transfection. Transfection protocols for PEI, 293Fectin, jetPrime and Lipofectamine
2000 were used as previously mentioned and scaled up accordingly, and to manufacturers

recommendations.

2.1.4.5.3 Establishment of stable cell line

Stably transfected cell lines were established for each of the three Vpu constructs and the
2dCD4 control construct. Briefly, HEK 293F cells were seeded in T75 cm?® flasks (Nunc,
Denmark) at 1 x 10° cells per flask with 10 ml of Freestyle 293 Expression Media. JetPrime
transfection reagent was utilised for transfection of the Vpu constructs and 2dCD4 control
construct utilising previously described protocols and scaled accordingly to manufacturers
recommendations. Cells were incubated at 37°C with 5% CO, for 48 hours. Following 48 hours
post-transfection the antibiotic G418 (Sigma-Aldrich, USA) at a concentration of 50 mg/ml was
introduced to transfected cells for a final concentration of 350 pg/ml, and this was added twice
weekly. Cells were observed for 2 to 3 weeks and maintained weekly with fresh Freestyle
293 Expression Media and incubated at 37°C with 5% CO,, until antibiotic resistant colonies

began to form. Samples for Western blot analysis were taken after 3 weeks to check for stable
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expression of transfected constructs. Following confirmation of stable cell line establishment,
stably transfected HEK 293F cells were expanded into 250 ml and 500 ml Erlenmeyer flasks
as needed in 1/5™ the flask volume of Freestyle 293 Expression Media containing G418 (final
concentration of 350 pg/ml), at 0.5 x 10° cells/ml and grown to 3 x 10° cells/ml before

subculturing.

2.1.4.5.4 Protein purification

Cells were harvested forty eight hours post-transient transfections of HEK293T, or when
confluent for the stably transfected 293F cells and processed utilizing a Ni*'-affinity
chromatography protocol to purify the various 6 x polyhistidine-tagged recombinant Vpu
proteins. The purification protocol was adapted from Lv and colleagues who also expressed

and purified a 6 x polyhistidine-tagged Vpu protein (Lv et al., 2013).

HEK 293T cells were harvested in 1 x PBS and pelleted at 800 x g for 10 min, and HEK
293F cells were pelleted straight from their expression media at 800 x g for 10 min. The
remainder of the purification protocol applies to both 293F and 293T cells. Following
centrifugation, the cell pellet was re-suspended in cell lysis buffer (Appendix B) equating to
1/10™ of the original media volume along with 25 x cOmplete protease inhibitor cocktail
(Roche, Switzerland). The cell lysate was sonicated on ice three times for 30 s each round
with an amplitude of 80%, pulse on of 1 s and pulse off of 0.5 s (Sonoplus, Germany).
Following sonication, samples were centrifuged at 16 000 x g for 30 min at 4°C. The soluble
cellular fraction was then added to 1 ml of agarose resin prepared with NiSO4 (Appendix B)
and left to stir gently overnight at 4°C.

A purification protocol was then followed utilising standard nickel affinity chromatography
procedures as follows: the prepared agarose resin that was left binding overnight to the His-
tagged Vpu proteins of the cellular soluble fractions was harvested by centrifugation at 1800
x g for 3 min. Following collection of the agarose resin, a series of washes was conducted by
centrifugation at 1800 x g for 2 minutes at 4°C utilising imidazole-containing wash buffers
(Appendix B). Washes were done at 10 bed volumes and once for each increasing imidazole
concentration (10, 20, 35 and 50mM), or optimised as required. The protein was eluted with
10 bed volumes of wash buffer containing 500 mM imidazole and concentrated using
Centricon Ultra Filtration Tubes NMWL-10 KDa (Millipore, USA). The purified protein was

aliquoted, snap frozen with liquid nitrogen and stored at -80°C.

49



2.1.4.5.5 SDS-PAGE and Western blot
For analysis of recombinant Vpu protein expression and optimisation, Sodium dodecyl
sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and Western blotting techniques

were utilized.

Fifty microlitre samples from different stages of the expression and purification steps of
recombinant Vpu proteins were collected and analysed. SDS-PAGE monomer concentrations
used were either 12.5% or 15% depending on desired resolution (Appendix B). After
resolving an SDS-PAGE gel, Western blots were conducted by stacking a gel between 6
pieces of blotting paper and a poly-C nitrocellulose membrane (Amersham Bio Sciences,
England) that was briefly soaked in Western blot transfer buffer (Appendix B), and then run
for 30 min at 15 V in a Trans Blot SD Semi Dry transfer cell (BioRad, USA). The
nitrocellulose membrane was washed twice for 5 minutes each time in 1 x Tween-Tris
Buffered Saline (T-TBS, Appendix B) and then blocked for 1 hour (or overnight at 4°C) in 1
x T-TBS containing 10 mg/ml of bovine serum albumin (BSA, Sigma-Aldrich, USA). The
membrane was then washed twice again in 1 x T-TBS and then probed for 45 min with a
Penta-His Horse Radish Peroxidase (HRP) Conjugate antibody (Qiagen, USA) diluted 1:2000
in a Penta-His specific blocking reagent (Qiagen, USA). Following probing, the membrane
was washed three times for 10 minutes each in 1 x T-TBS. SuperSignal West Femto
Maximum Sensitivity Substrate (Thermo Scientific,USA) reagents in a 1:1 volume ratio was
added to the membrane. Luminescence was visualized under a photographic hood on Chemi-

Hi Sensitivity mode (BioRad, USA).

2.1.4.6 Dot blot and Western blot analysis
Dot blot and Western blot analysis were conducted in order to set up a proof-of-concept for

detection of anti-Vpu antibodies in HIV-1 infected patient sera.

The Schleicher & Schuell Minifold II slot-blotter (GE Healthcare, UK) was assembled as per
manufacturer’s instructions with blotting paper pre-soaked in 1 X TBS (Appendix B) and a
single piece of 1 x TBS pre-soaked poly-C nitrocellulose membrane cut to apparatus size.
Dot blot mixes were made up for each protein to be suspended on the poly-C nitrocellulose
membrane and these included a one domain CD4 (1dCD4) positive control, purified 2dCD4,
purified recombinant Vpu proteins and a DMEM control. Reaction mixes consisted of 5 pl of
each protein of interest diluted in 95 pl of 1 x TBS for a total of 100 pul to be loaded per well
per dot blot. The 1dCD4 protein was diluted to a known concentration of 1 ng/ul in 1 X TBS
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and 100 pl containing 100 ng of 1dCD4 was loaded per well per dot blot. Samples were
loaded and spotted onto poly-C nitrocellulose membrane. Membrane strips were cut and
blocked overnight in 1 x T-TBS containing 0.05mg/ml of fat-free milk powder (BioRad,
USA). The membrane strips were each washed twice in 1 x T-TBS and then probed for 45
min with either the Penta-His HRP Conjugate antibody previously mentioned and diluted
1:2000, Anti-Vpu Rabbit Antiserum against subtype C Vpu (NIH AIDS Reagent Program,
USA) diluted 1:5000, Anti-HIV-1 NL4-3 Vpu Polyclonal Rabbit Antiserum (NIH AIDS
Reagent Program, USA) diluted 1:5000 or HIV-1-negative Human Sera (Sigma-Aldrich,
USA) diluted 1:5000.

Following probing, the Penta-His HRP Conjugate antibody-probed membrane was washed
three times for 10 minutes each in 1 x T-TBS. SuperSignal West Femto Maximum
Sensitivity Substrate (Thermo Scientific, USA) reagents in a 1:1 volume ratio was added to

the membrane.

The membranes probed with the Anti-Vpu Rabbit Antiserum against subtype C Vpu and
Anti-HIV-1 NL4-3 Vpu Polyclonal Rabbit Antiserum were then washed twice each in 1 x T-
TBS, and each membrane was then probed by an anti-rabbit Amersham ECL HRP
Conjugated Antibody (GE Healthcare, UK) in a 1:5000 dilution for 45 minutes. Following
this second probing step, the membranes were washed three times for 10 minutes each in 1 x
T-TBS. SuperSignal West Femto Maximum Sensitivity Substrate (Thermo Scientific, USA)

reagents in a 1:1 volume ratio were added to the membrane.

Additonally, the membrane probed with the HIV-1-negative Human Sera was washed twice
in 1 x T-TBS, and then probed by an anti-human Amersham ECL HRP Conjugated Antibody
(GE Healthcare, UK) in a 1:5000 dilution for 45 minutes. Following this second probing step,
the membrane was washed three times for 10 minutes each in 1 x T-TBS. SuperSignal West
Femto Maximum Sensitivity Substrate (Thermo Scientific, USA) reagents in a 1:1 volume

ratio were added to the membrane.

Luminescence for all blots was visualized under a photographic hood on Chemi-Hi

Sensitivity mode (BioRad, USA).

Western blots were conducted in conjunction with dot blots utilising 20 pl samples of the

1dCD4 positive control, purified 2dCD4, purified Vpu proteins, and utilizing 15% SDS-
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PAGE monomer concentrations. Western blots were conducted and the antibody probing

procedure followed that of the previously described dot blot probing procedures.
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Chapter 3

3.1 Results

3.1.1 Clinical and demographic data of patients used

Lung and M002 cohorts and their CD4+ T cell counts and viral loads taken longitudinally (at
six month intervals) are shown in Table 3.1 and Table 3.2, respectively. CD4 T cell counts
were all <500 cells/mm’ for the Lung and M002 cohort patients, with the exception of one
patient (M002-423) that was able to maintain a CD4+ T cell count of over 500 cells/mm’ over
time. Nine of the Lung cohort patients were initiated on antiretroviral drug therapy during the
course of the trial, and the time of initiation is shown in blue numerical values in the viral
load column of Table 3.1. For six of the nine Lung cohort patients on treatment, viral loads
were <50 RNA copies/ml, two were <500 RNA copies/ml, whereas one patient (170246) did
not control viral replication. The Lung cohort age range had a median of 37.5 years while the
median CD4 T cell count at commencement of the study was 246 cells/mm’. The M002
cohort ages were unavailable while the median CD4 T cell count at commencement of the
study was 343 cells/mm’. Overall, 44 Lung cohort and 28 M002 longitudinal samples were

available for analysis.

Lung cohort HLA genotypes were available at commencement of this author’s study,
including typing for both alleles of HLA A, B and C (Table 3.1). M002 patient HLA data
were not available and subsequently M002 HLA genotyping was conducted. The HLA
background (HLA-A, -B and -C) of the seven patients in the M002 cohort were all
successfully determined, and are shown in Table 3.2. When interpreting the genotyping
results, alleles were assigned based on how common they were in the South African

population according to Paximadis and colleagues (Paximadis et al., 2011).
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3.1.2 Viral RNA extraction, RT-PCR amplification and sequencing
Viral RNA was extracted from the 72 patient samples from both the Lung and M002 cohorts
and then used for RT-PCR amplification of the vif, vpr and vpu regions (Figure 3.1). Overall,
21 and 26 (n=47) samples amplified for the Lung and M002 cohorts, respectively, with the
expected PCR products of approximately 1.3 kb. Despite repeated RNA extraction and RT-
PCR attempts, no additional amplicons were obtained. Samples that did not amplify are
depicted in the viral load columns Table 3.1 and Table 3.2 in red and corresponding to the
particular sample’s time point. This may have been attributed to sample degradation due to
poor storage conditions, or low viral loads below the limits of detection for the RT-PCR

assay used with at least 4 of the unsequenced samples containing low viral loads.

The amplicons were cleaned, and used in the subsequent sequencing reactions. All 47
samples were successfully sequenced. The amino acid sequence alignments of the
longitudinal sequences for Vif, Vpr and Vpu of Lung and M002 patients are shown in Figure
3.2 and Figure 3.3, respectively. For the Lung cohort, only eight of the 18 patient sequences
had at least two sequences from different time points available (three samples only had single
sequences available), and only two of these patients, 225 and 700, had the HLA-B B*58:01
allele associated with slower disease progression (Table 3.1). Sequential sequences from all
seven patients from the M002 cohort were obtained in order to compare Vif, Vpr and Vpu
amino acid changes changes over time. Interestingly, three of the seven M002 patients, 025,
422 and 722, had the HLA-B*58:02 allele associated with faster disease progression (Table
3.2).

The Vif functional domains (highlighted) appear to be highly conserved for all patients, with
the exception of the nuclear localization inhibitory site (Figure 3.2 and 3.3). Similarly, for
Vpu, functional domains (highlighted) appear to be highly conserved for all patients, with the
exception of the casein kinase II site (Figure 3.2 and 3.3). Additionally, the total number of
amino acid changes in each protein as compared to the earliest time point sequenced is shown
in Table 3.3. Sequence IDs are presented as ‘xxx-vif/vpr/vpu-y’ where xxx is the patient ID,
vif/vpr/vpu represents one of the three accessory proteins Vif, Vpr or Vpu and y is
representative of the time point of the samples. 0= baseline at 0 months, 1= 1% follow up at 6
months, 2= 2" follow up at 12 months and 3™ follow up at 18 months. The change in amino
acids for Vif, Vpr and Vpu from the Lung cohort ranges from 0 to 33, 1 to 8 and 0 to 29,
respectively, and for the M002 cohort it is 0 to10, O to 4 and 0 to 8 (Figures 3.2 and 3.3 and
Table 3.3).
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Figure 3.1: RT-PCR amplification of vif, vypr and vpu regions (approximately 1,3 kb) of extracted HIV-1 RNA from
the Lung cohort (A) and M002 cohort (B) depicted on a 1% agarose gel under UV transillumination. The molecular
weight marker (MWM, O’GeneRuler DNA Ladder Mix #SM1173, Thermo Fisher Scientific, USA) was used for sizing
(base pairs (bp)) and is depicted on the left. Numbers in brackets represent time points of sample, 0= baseline at 0 months,
1= 1% follow up at 6 months, 2= 2" follow up at 12 months, 3™ follow up at 18 months and 4= 4™ follow up at 24 months
(for M0O2 only).
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Figure 3.2: Amino acid sequence alignment of Lung Cohort Vif (A), Vpr (B) and Vpu (C) proteins. The vif, vpr and vpu nucleotide sequences
were analysed using Sequencher 5.1 and then aligned using Clustal X, and translated into amino acid sequences using GeneDoc Multiple Sequence
Aligner. On the left are the patient sequence ID codes and number of the longitudinal sample that the sequence belongs to ie. O=baseline, 1=follow-
up 1 at 6 months, 2=follow up 2 at 12 months, 3=follow up at 18 months. Sequences were compared to a Consensus HIV-1 Subtype C sequence.
Dots represent identical residues, variant residues are shown, and dashes indicate insertions/deletions. Highlighted regions represent important
functional regions (see key below). The patient numbers depicted correspond to the last three numbers shown in the patient ID column in Table
3.1.
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Figure 3.3: Amino acid sequence alignment of M002 Cohort Vif (A), Vpr (B) and Vpu (C) proteins. The vif, vpr and vpu nucleotide sequences
were analysed using Sequencher 5.1 and then aligned using Clustal X, and translated into amino acid sequences using GeneDoc Multiple Sequence
Aligner. On the left are the patient sequence IDs and number of the longitudinal sample that the sequence belongs to ie. O=baseline, 1=follow-up 1 at
6 months, 2=follow up 2 at 12 months, 3=follow up at 18 months and 4=follow up at 24 months. Sequences were compared to a Consensus HIV-1
Subtype C sequence. Dots represent identical residues, variant residues are shown, and dashes indicate insertions/deletions. Highlighted regions

represent important functional regions (see key below).
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Table 3.3: Number of total amino acid sequence changes in longitudinal samples of Vif, Vpr and Vpu of the Lung
and MO002 cohorts, as compared to the earliest time point available sequence.

Number of amino Number of amino
Cohort Patient ID acid changes i Cohort Patient ID acid changes )
sequence compared to earliest sequence |compared to earliest
available sequence available sequence
005vifl 1 006vif3 10
007vifl 3 006vif4 3
007vif2 3 020vif4 0
093vif2 5 025vif2 1
700vif2 32 025vif3 1
328vifl 2 025vif4 0
328vif2 0 422vif2 3
472vifl 5 422vif3 2
284vifl 0 423vifl 1
225vif2 32 423vif2 2
423vif3 0
005vprl 1 423vif4 1
093vpr2 2 424vifl 0
700vpr2 8 424vif3 3
007vprl 2 424vif4 1
007vpr2 3 722vifl 0
472vprl 3 722vif2 3
328vprl 1 722vif3 4
328vpr2 1 722vif4 4
225vpr 2 5
006vpr3 2
005vpul 2 006vpr4 0
007vpul 1 020vpr4 1
007vpu2 1 025vpr2 2
472vpul 7 025vpr3 4
284vpul 1 025vpr4 4
328vpul 3 422vpr2 0
£ 328vpu2 1 £ 422vpr3 1
s 225vpu2 29 = 423vprl 1
< Q 423vpr2 0
g § 423vpr3 1
- 423vprd 0
424vprl 0
424vpr3 0
424vprd 2
722vprl 0
722vpr2 0
722vpr3 0
722vpr4 0
006vpu3 8
006vpud 4
020vpud 0
025vpu2 2
025vpu3 4
025vpud 5
422vpu2 3
422vpu3 6
423vpul 3
423vpu2 4
423vpu3 3
423vpud 4
424vpul 1
424vpu3 2
424vpud 4
722vpul 1
722vpu2 2
722vpu3 1
722vpud 1
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3.1.3 HLA class I motif analysis

Vif, Vpr and Vpu amino acid sequences derived from the Lung and M002 cohorts were
analysed for HLA class I related immune escape. The sequences were analysed using the Los
Alamos HIV Binding Motif Scanner which scans HIV-1 amino acid sequences for HLA class
I anchor residues based on the infected patient’s HLA genotype. The potential epitopes are
then outputted. Figure 3.4 and Figure 3.5 depict Vif, Vpr and Vpu sequences which exhibit
possible HLA class I escape due to motifs no longer being recognised by their targeting HLA.
Magenta highlighted residues represent the anchor residues which subsequently mutate over
time from one longitudinal sample to the next (grey indicates the mutated anchor residue).
The HLA class I targeted motif which the anchor residues belong to are boxed in red and the
motif is then no longer recognised in the following longitudinal samples with the grey

mutated residues.

Also represented in blue boxes are the motifs which re-appear after a certain period of time
and are recognised again by its targeting HLA protein due to the reversion of the mutated
anchor residues. The patient HLA class I gene and a visual representation of the motif that it
targets are depicted in the red boxes surrounding the aligned sequences. The anchor residues
are shown in the square brackets with the preferred but not dominant amino acids in the
anchor positions being shown in parentheses. Only 9 amino acid-long motifs were
represented as that is the size of motifs stored in the database, but where a unique 8, 10, or 11

motif was calculated by the scanner it is also shown.

Immune escape mutations were detected in only a few patients. For the Lung cohort, HIV-1
sequences from patient 093 (B*58:02) exhibited immune escape in all three accessory
proteins sequenced (Figure 3.4). Patient 225 (B*58:01) exhibited immune escape in Vif and
Vpr, whereas mutations in Vpr and Vpu were detected in patient 472 (B*58:02). Lastly,
escape mutations were detected in the Vif from patient 007 (B*58:02).

For the M002 cohort, immune escape mutations as well as “back-mutations” or reversions
were detected. HIV-1 sequences from patient 423 (B*57:03) showed escape mutations in Vif,
Vpr and Vpu (Figure 3.5). Patients 006 (B*51:01) and 422 (B*58:02) had escape mutations
in Vif and Vpu, whereas patient 424 and 722 had escape mutations in Vif only, and patient

025 exhibited immune escape mutations in Vpu.
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328vpu2 : MLNLLARVDYRLGVGALIIALIIAIVVWTIAYIEYRKLVKQRRINRLIERIRERAEDSGNESEGDTEELSTMVDVGHLRLLDGIDL* : 86
472vpul : 86
472vpul : 86

‘ A*29:02:01G, x-[E(M)]-x-x-x-x-x-[Y(L)] ‘

Figure 3.4: Amino acid alignments of Lung cohort-derived Vif (A), Vpr (B) and Vpu (C) sequences depicting HLA
class I motif immune escape. HLA class I targeted motifs which are no longer recognised following a mutation within a key
anchor residue are outlined by red boxes. Key anchor residues are highlighted in magenta with subsequent longitudinal
sequence mutations being highlighted in grey. Boxes branching off from the motifs contain the patient HLA class I genes
with a representation of their associated target motif which includes key anchors.
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C*04:01, X-[YPF]-X-X-X-X-X-X-X-X-[LFM] ‘ ‘ A*26:01, X-[VTILF]-X-X-X-X-x-X-[YF] ‘ C*07:01, x-[RHK]-X-X-X-x-X-x-[Y] ‘ ‘ A*03:01 , x-[LVM(IAST)]-x-x-X-X-X-x-X-[KY(FR)]

CONS.C 96
006vif0 e
006vif3 96
006vif4 96
422vif0 96
422vif2 9%
422vif3 E
423vif0 5 : 96
423vifl : MENRWQVLIVWQVDRMKIRTWNSLVKHHMYVSRKABGWWYRHHYESRHPKVSSEIHIPLGEARLVITTYWGLQTGEREWHLGHGVSIEWRLKKYST : 96
423vif2 : MENRWQVLIVWQVDRMKIRTWNSLVKHHMYVSRKANGWWYRHHYESRHPKVSSEIHIPLGEARLVITTYWGLQTGEREWHLGHGVSIEWRLKKYST : 96
423vif3 : MENRWQVLIVWQVDRMKIRTWNSLVKHHMYVSRKABGWWYRHHYESREPKVSSEIHIPLGEARLVITTYWGLQTGEREWHLGHGVSIEWRLKKYST : 96
423vif4 : MENRWQVLIVWQVDRMKIRTWNSLVKHHMYVSRKANGWWYRHHYESRHPKVSSEIHIPLGEARLVITTYWGLQTGEREWHLGHGVSIEWRLKKYST : 96
424vif0 : MENRWOELIVWQVDRMKIRTWNSLVKHHMYISRRANGWFYRHHYESRHPRVSSEVHIPLGDARLIIKTYWGLQTGERDWHLGHGVSIEWRLKRYST : 96
424vifl : MENRWQ IRTWNSLVKHHMY I SRRANGWEYRHHYESRHPRVSSEVHIPLGDARLI IKTYWGLQTGERDWHLGHGVSIEWRLKRYST : 96
424vif3 : MENRWQVLIVWQVDRMRIRTWNSLVKHHMYISRRANGWFYRHHYESRHPRVSSEVHIPLGDARLIIKTYWGLOTGERDWHLGHGVSIEWRLRRYST : 96
424vif4 : MENRWQOVLIVWQVDRMKIRTWNSLVKHHMYISRRANGWFYRHHYESRHPRVSSEVHIPLGDARLIIKTYWGLOTGERDWHLGHGVSIEWRLKRYST : 96
722vif0 : MENRWOQGLIVWQVDRMKIRTWNSLVKHHMYISRKTEGWFYRHHYESRHPRVSSEVHIPLGDAKLVIKTYWGLHTGEREWHLGHGVSIEWRLRRYST : 96
722vifl : MENRWOQGLYVWQVDRMKIRTWNSLVKHHMY ISRKTHGWEYRHHYESRHPRVSSEVHI PLGDAKLVIKTYWGLHTGEREWHLGHGVSIEWRLRRYST : 96
722vif2 : MENRWOGLIVWQVDRMKIRTWNSLVRHHMYISKKAGGWFYRHHYESRHPRVSSEVHIPLGDAKLVIKTYWGLHTGEREWHLGHGVSIEWRLRRYST : 96
722vif3 : MENRWQGLI 1yVSKKABGWFYRHHYESRHPRVSSEVHI PLGDAKLVIKTYWGLHTGEREWHLGHGVSIEWRLRRYST : 96
722vif4 : MENRWQGLIVWQVDRMKIRTWNSLVKHHMYVSRKARGWFYRHHYESRHPRVSSEVHIPLGDAKLVIKTYWGLHAGEREWHLGHGVSIEWRLRRYST : 96

‘ C*03:04, X-[A]-X-X-X-X-X-X-X-X-[LM] ‘ ‘ A*03:01, x-[LVM(IAST)]-x-x-x-x-x-x-x-[KY(FR)]

‘ C*08:02 , x-[A]-x-X-X-x-x-[LM] ‘

100 * 120 * 140 * 160 * 180 *
CONS.C : QVDPGLADQLIHMHYFDCFARSAIRKAILGHIVIPRCDYQAGHNKVGSLQYLALTALIKPKKIKPPLPSVRKLVEDRWNKPQKTRGRRGNHTMNGH : 192
006vif0 : QVDPGLADQLIHMHYFDCFTE GHIVTPRCEYQAGHNKVGSLQYLALTALIKPKKTKPPLPSVRKLVEDRWNKPQKTRGRRENPTMNGH : 192
006vif3 : QVDPGLADQLIHMHYFDCFTDSAIRKAIVGHIVIPRCEYQAGHNKVGSLQYLALTALIKPKKTKPPLPSVRKLVEDRWNKPQKTRGRRGNHSMNGH : 192
006vifd : QVDPGLADQLIHMHYFDCFTEGHIVTPRCEYQAGHNKVGSLQYLALTALIKPNKTKPPLPSVRKLVEDRWNKPQKTRGRRENPTMNGH 0 192

‘ B*07:02 , x-[P(V)]-X-X-X-X-X-X-X-X-[L]

CONS.C : MEQAPEDQGPQREPYNEWTLELLEELKQEAVRHFPRPWLHSLGQYIYETYGDTWTGVEAIIRILQQLLFIHFRIGCQHSRIGILRQRRARNGASRS : 96
423vpr0 : MEQPPEDQGPQREPYHEWTL RHFPRMWLHGLGQHIYETYGDTWAGVEALLRILQQLLFVHFRIGCQHSRIGILQQRRARNGASRP : 96
423vprl : MEQPPEDQGPQREPYSEWTLEYLEELKQEAIRHFPRMWLHGLGQHIYETYGDTWAGVEALLRILQQLLFVHFRIGCQHSRIGILQQRRARNGASRP : 96
423vpr2 : MEQPPEDQGPQREPYHEWTLR HEPRMWLHGLGQHIYETYGDTWAGVEALLRILOQLLFVHFRIGCQHSRIGILQQRRARNGASRP : 96
423vpr3 : MEQPPEDQGPQREPYHEWT EVLEELKQEAIRH PRMWLHGLGQHIYETYGDTWTGVEALLRILQQLLFVHFRIGCQHSRIGILQQRRARNGASRP : 96
423vpr4d : MEQPPEDQGPQREPYHEWLEVLEELKQEAIRH PRMWLHGLGQHIYETYGDTWAGVEALLRILQQLLFVHFRIGCQHSRIGILQQRRARNGASRP : 96

‘ C*07:02 , X-X-X-X-X-X-X-X-[YFL] ‘

Figure 3.5: Amino acid alignments of M002 cohort-derived Vif (A), Vpr (B) and Vpu (C) sequences depicting HLA
class I motif immune escape. HLA class I targeted motifs which are no longer recognised following a mutation within a key
anchor residue are outlined by red boxes. Key anchor residues are highlighted in magenta with subsequent longitudinal
sequence mutations being highlighted in grey. Boxes branching off from the motifs contain the patient HLA class I genes
with a representation of their associated target motif which includes key anchors. Blue boxes indicate motifs which return
following reversion of anchor amino acid mutations.
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‘ B*51:01 , x-[APG(WF)]-x-x-x-x-x-[VI(WMVL)]

B*51:01 , X-[APG(WF)]-x-x-X-X-X-[VI(WMVL)] ‘ ‘ A*26:01 , X-[VTILF]-X-X-X-X-X-X-X-X-[YF] ‘

CONS.C
006Vpu0 : MLNITEEVDYRIGI

60 * 80

LLRQRKIDWLIKRIRERAEDSGNESEGDTEELSTMVDMGHLRLLDVNDL*

IiAFIﬂAIIVWTIVYIEYRKLVRQRKIDWLIERIRERAEDSGNESDGDVEELSTMEDMGRLRLLDVHDL*

006vpu3 : MVSLLDKVDYRVGVAALIIAFIIAIIVWTIVYIEYRKLVRQRKIDWLIERIRERAEDSGNESDGDVEELSTMEDMGRLRLLDVHDL*
006vpud : MLSLAEEVDYRVGIAABIIAFIIATIIVWTIVYIEYRKLVRQRKIDWLIERIRERAEDSGNESDGDVEELSTMEDMGRLRLLDVHDL *
025vpu0 : MLSLEERVDYRLGVGAFIVALIIAIVVWIIAYIEYRKLLROQRKINWLIERIRERAEDSGNESEGDIEELATMVDMGHLRLLDANDL*
025vpu2 : ML LIERVDYRﬂGVGAFIVALI IAIVVWIIAYIEYRKLLRQRKINWLIERIRERAEDSGNESEGDIEELATMVDMGHLRLLDVNDL*

025vpu3 : MLSLIERVDYR
025vpu4d :
422vpul
422vpu?2

423vpu@ : MLDLIAKVDYR
423vpul : MLELIAKVDYR
423vpu2 : MLELIAKVDYR
423x¥pu3 : MLDLIAKVDYR
423vpu4 : MLELIAKVDYR|

GVGAFIVALIIAIVVWIIAYIEYRKLLRQRKINLLIERIRERAEDSGNDSEGDIEELATMVDMGHLRLLDVNDL *
LYLBERVDYRI|GVGAFIVALI IATVVWITAY IEYRKLLRQMKINLLIERIRERAEDSGNESEGDIEELATMADMGHLRLLDVNDL *
MSDLLARVDYRL,GVGALIV] IVYTEYRKLLRQKKIDWLIQRIRERAEDSGNESEGDIEELEAVGDMGHLRLLDVNDL*
MSDLLARVDYRLGVGALIVALSIATVVWIIVYIEYRKLLRQKKIDWLIQRIRERAEDSGNESEGDIEELEAVVDMGHLRLLGVNDL *

A*02:01, x-[LM]-X-x-X-x-X-X-[VL] ‘ ‘ B*07:02, X-[P(V)]-x-X-X-X-X-X-[L] }

‘ C*06:02, X-X-X-X-X-X-X-X-[LIVY] ‘ B*07:02, x-[P(V)]-X-X-X-X-X-X-[L] }

Figure 3.5: (cont)
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3.1.4 Expression and purification of recombinant Vpu protein

3.1.4.1 Plasmid preparation and restriction digest of constructs

Three recombinant plasmid vectors containing the vpu genes of interest (obtained from
GeneArt) were transformed into E. coli DH5a and a large scale plasmid isolation protocol
was subsequently conducted. Figure 3.6 depicts an amino acid sequence alignment of the
Vpu protein translations for the three vpu constructs. Spectrophotometer readings indicated
plasmid preparation yields of 131,65 pg of pcDNA3.1/V5-His-Cons. C, 170 npg of
pcDNA3.1/V5-His-FV5 and 120,85 pg of pcDNA3.1/V5-His-FV15 all re-suspended in 250
pl of sterile water. Identity of purified plasmids was confirmed using restriction digest

analysis as seen in Figure 3.7.

* 20 * 40 * 60 * 80
Cons.C : MLDLIARVDYRLGVGALIVALIIAIVVWTIVYIEYRKLLRORKIDWLIKRIRERAEDSGNESEGDTEELSTMVDMGHLRLLDVNDL : 86
05ZAFVS ¢ V..L.vouovuvnnn. Lo..o.o... I....A....... V...RL.ROLRoooo L.o...Po.os AA.. : 86
05ZAFV15 : .-VTL---..NITIA.FV....... I....A....... RK..... 3 A...... (N : 82

Figure 3.6: Amino acid alignment of Consensus C, 052AFVS5, and 052AFV1S Vpu proteins, Three Vpu proteins were
chosen for expression and purification in this study. Cons.C is derived from a consenus of HIV-1 subtype C strains with
052AFVS5 having a fairly similar sequence compared to Cons. C. 052AFV 15 is differentiated from the other two proteins by
four amino acid deletions located towards the N-terminus of the protein.
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cDNA3.1/V5-His-Cons. C
pcDNA3.1/V5-His-FV5
pcDNA3.1/V5-His-FV15
pcDNA3.1/V5-His-Cons. C
pcDNA3.1/V5-His-FV5
pcDNA3.1/V5-His-FV15
pcDNA3.1/V5-His-Cons. C
pcDNA3.1/V5-His-FV5
pcDNA3.1/V5-His-FV15

=
g

3000 bp

1000 bp

500 bp

Figure 3.7: Restriction enzyme digest analysis of plasmid preparations of pcDNA3.1/V5-His-Cons. C, pcDNA3.1/V5-His-
FV5 and pcDNA3.1/V5-His-FV25 vpu constructs. Undigested single digests to linearise the constructs (using Bg/lI) and
double digests to excise the 276 bp vpu gene from the 5698 bp vector (using HindIIl and Xhol) were run on a 1% agarose gel
and visualised using UV transillumination. The arrow on the right indicates the excised vpu genes. Undigested vpu constructs
depict typical banding pattern of plasmid DNA. The molecular weight marker (MWM, O’GeneRuler DNA Ladder Mix
#SM1173, Thermo Fisher Scientific, USA) used for sizing is indicated on the left and depicts sizes in base pairs (bp).
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3.1.4.2 Optimization of Vpu expression

Small scale transfections of the vpu constructs were performed in order to test transfection
reagents, varying transfection conditions and overall expression levels of the Vpu proteins.
The Western blot shown in Figure 3.8 (A) depicts the first confirmation of expression of Vpu
proteins using the JetPrime transfection reagent, with expression of Cons. C and 05ZAFV15.

It also confirms expression levels, identity and correct sizing of the Vpu proteins.
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Figure 3.8: Western blots of whole-cell lysate of transfected HEK 293T cells for detection of polyhistidine-tagged
Vpu proteins following tranfection with 5 different transfection reagents. HEK 293T cells were transiently transfected
with pcDNA3.1/V5-His-05ZAFV15 and pcDNA3.1/V5-His-Cons. C plasmid constructs (A), and pcDNA3.1/V5-His-
05ZAFVS or a 2dCD4 constructs (B) utilising the transfection reagents Fugene HD, Lipofectamine XTL/2000, Polyfect
and JetPrime. Following transient transfection and 48 hours of protein expression, whole-cell lysate was used for SDS-
PAGE and Western blotting, with a polyhistidine-targeting antibody used for probing. The circle on the left indicates the
first instance of Vpu protein expression. Vpu proteins were sized approximately in the estimated 10-12 kDa range (protein
molecular weight marker not shown). Untransfected whole-cell lysate was used as a negative control. Untransfected=
untransfected HEK 293T cell lysate, Cons. C= whole cell lysate of cells transfected with pcDNA3.1/V5-His-Cons. C and
expressing Cons. C Vpu protein, 05SZAFVS5/05ZAFV15= whole cell lysate of cells transfected with pcDNA3.1/V5-His-
FV5/FV15 and expressing 05ZAFV5/FV15 Vpu protein, 1dCD4=one domain CD4 sizing control, 2dCD4= whole cell
lysate of cells transfected with the 2dCD4 construct.

JetPrime transfection reagent was decided upon as the principal transfection reagent
following comparisons of 5 different transfection reagents as seen in Figure 3.8 (B) due to its
ease of use and consistent reproducibility of results. Figure 3.8 (B) also confirms sizing of
the recombinant Vpu proteins (~10.8 kDa) when compared to both expressed recombinant

2dCD4 and purified 1dCD4 sizing controls. Optimal transfection conditions for all 3
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constructs utilised 1:2 DNA to JetPrime ratio and harvesting of HEK 293T cells 48 hours

post-transfection.

Following optimization of expression of the three recombinant Vpu proteins, the Vpu
purification protocol was tested and optimized. Overall, the protocol which was adapted from
Lv and colleagues (Lv et al., 2013) was generally unsuccessful due to issues with
contaminant proteins and low protein yields. Figure 3.9 depicts the purification process of
recombinant Vpu protein using different imidazole wash buffer concentrations. A ~50 kDa
sized protein was consistently seen throughout the entire expression and purification process
on all Western blots (Figures 3.8 to 3.12) and could not be removed completely even when
utilizing variable imidazole washing concentrations, though increasing wash volumes and the
introduction of a 20 mM washing step did improve overall purity slightly. The protein
seemed to be inherent to the HEK 293T cell lines as the protein was present even in
untransfected whole-cell lysate. The protein was also likely polyhistidine rich due to its

detection by an anti-polyhistidine antibody in all Western blot analyses.
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Soluble Fraction
Post-Harvest
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500 mM Elute
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{ 1dCD4
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Post-Harvest
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500 mM Elute
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05ZAFV5

Figure 3.9: Western blot analysis of samples collected during protein purification procedure of the recombinant
05ZAFVS Vpu protein. Different imidazole wash buffer concentrations and varying numbers of washes were used.
The washing procedure in Figure A utilised only a 10 mM and 50 mM wash and was therefore less stringent, whilst Figure B
depicts a more stringent washing procedure with added 20 mM wash buffer step. An anti-polyhistidine antibody was used for
probing. 1dCD4=one domain CD4 sizing control, soluble fraction=protein-containing fraction following centrifugation of
whole-cell lysate, post-harvest=supernatant following Vpu-bound agarose bead harvest, 10, 20 and 50 mM = wash buffer
imidazole concentrations, beads=agarose beads following elution of Vpu protein, 500 mM elute= eluted protein with 500
mM imidazole wash buffer, concentrate= concentrated eluted Vpu protein.

Protein yields were problematic throughout the entirety of the expression and purification
process of the Vpu proteins. In order to try overcome this, stably transfected cell lines were
established and then up scaled in order to increase protein yields. Figure 3.10 depicts a

Western blot probed with anti-polyhistidine antibody with samples from stably transfected
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HEK 293F cells, all successfully expressing recombinant Vpu proteins and the 2dCD4

control.

Even after upscaling protein expression and purification, yields of Vpu proteins did not
increase as compared to previous expression and purification runs of the Vpu proteins as seen
in Figure 3.11. The Vpu proteins were still not visible on Coomassie-stained SDS-PAGE
gels (not shown) and the signal intensity on Western blots was decreased as compared to
previously expressed Vpu proteins, with the ~50 kDa protein contaminant which was seen
throughout the entire protein expression and purification process appearing to be increased in

its concentration.

05ZAFV15 Purified

05ZAFV5
05ZAFV15

1dCD4
2dCD4
Cons. C

Figure 3.10: Western blot analysis for detection of recombinant Vpu protein expression in stably transfected HEK
293F cells. Stably transfected HEK 293F cell lines were established and expressed recombinant Vpu proteins (and 2dCD4
as a control) as shown by the arrow. Whole-cell lysate was used for SDS-PAGE and Western blotting, with a polyhistidine-
targeting antibody used for probing of 6 X polyhistidine-tagged Vpu proteins. 1dCD4=one domain CD4 sizing control,
05ZAFV15 Purified= previously expressed and purified Vpu protein as a control, 2dCD4= whole cell lysate of cells stably
transfected with 2dCD4 construct, Cons. C= whole cell lysate of cells transfected with pcDNA3.1/V5-His-Cons. C and
expressing Cons. C Vpu protein, 05ZAFV5= whole cell lysate of cells transfected with pcDNA3.1/V5-His-FV5 and
expressing 05SZAFVS Vpu protein, 05ZAFV15= whole cell lysate of cells transfected with pcDNA3.1/V5-His-FV15 and
expressing 05ZAFV15 Vpu protein.
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Figure 3.11: Western blot analysis for detection of purified recombinant Vpu protein from upscaled expression and
purification of stably transfected HEK 293F cells. Cons. C Vpu was purified from upscaled stably transfected HEK
293F cells following previously describe procedures. Even after upscaling production, Cons. C appears to be in a lower
concentration as compared to purified 05ZAFV15 Vpu protein even when concentrating down to comparable volumes.
Contaminants can also be seen to be increased (indicated by arrow). Anti-polyhistidine antibody was used for probing.
1dCD4=one domain CD4 sizing control, 05ZAFV15 Purified= previously expressed and purified Vpu protein as a control,
Stable Cons. C Elute= eluted Cons. C Vpu protein purified from stably transfected HEK 293F cells, Stable Conc. C
Concentrate= eluted and concentrated Cons. C Vpu protein purified from stably transfected HEK 293F cells.
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3.1.4.3 Dot blot and Western blot analyses
Due to the difficulties in purifying sufficient quantities of recombinant Vpu for setting up
ELISAs, dot blot analysis was conducted as a proof-of-concept for detection of anti-Vpu

antibodies in HIV-1 positive patient sera as seen in Figure 3.12.

Overall, dot blot analysis was unsuccessful due to non-specific binding of the sera tested. In
the case of the dot blots probed with both rabbit anti-Vpu sera, the rabbit sera bound to
purified Vpu proteins Cons. C and 05ZAFVS5 as expected, but also bound to purified 2dCD4
control protein, and the DMEM-only control. Similarly for proteins probed with the anti-
polyhistidine antibody or negative patient sera, binding occurred with all blots (DMEM,
1dCD4, 2dCD4, Cons. C and 05ZAFVS5).

Western blot analysis was subsequently performed on the same samples to separate out and
visualize which proteins the antibodies were binding to in a non-specific manner. Antibodies
bound to expected targets as seen in Figure 3.13, with Figure 3.13.A showing Anti-Vpu
rabbit antiserum against subtype C Vpu binding to Vpu proteins but not the CD4 controls
whereas in Figure 3.13.B the poly-histidine antibody bound to all poly-histagged Vpu and
CD4 proteins as expected.

Thus, due to the discrepancies seen between the dot blot and Western blot analyses, it was
evident that the purity of the recombinant Vpu protein obtained during the course of this
study was not appropriate for setting up a reproducible assay for detection of anti-Vpu

antibodies in HIV-1 positive patient sera.
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Figure 3.12: Dot blot analysis of recombinant Vpu proteins and appropriate controls. Four separate dot blots were
conducted; each probed with either anti-Vpu subtype C rabbit sera, anti-HIV-1 NL4-3 Vpu rabbit sera, HIV-1 negative
human sera or anti-polyhistidine antibody and then probed with their respective HRP-linked secondary antibody
counterparts (anti-rabbit or anti-human). DMEM= Dulbecco’s modified eagle medium, 1dCD4=one domain CD4 sizing
control, 2dCD4= purified 2dCD4 protein. Cons. C= purified Vpu protein, 05ZAF V5= purified Vpu protein.
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Figure 3.13: Western blots probed with anti-Vpu rabbit sera or anti-polyhistidine antibody. Western blot analyses conducted
in conjunction with dot blot analyses. In A, the Western blot was probed with Anti-Vpu Rabbit Antiserum against subtype C Vpu.
Cons. C Vpu was detected as shown in circle, 05ZAFV5 may have been detected as well as shown in circle but the banding is
unclear. 1dCD4 and 2dCD4 were not detected as expected. In B, the Western blot was probed with an anti-polyhistidine antibody, all
proteins were detected as expected. 1dCD4=one domain CD4 sizing control, 2dCD4=purified 2dCD4 protein, Cons. C= purified
Cons. C Vpu protein, 05ZAFVS5 = purified 05ZAFVS5 Vpu protein.
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Chapter 4

4.1 Discussion

HIV-1 specific CD8+ CTL responses eliminate virus-infected cells by recognizing virus-
derived epitopes presented by HLA class I molecules on the surface of the infected cell. The
HLA-restricted CTL response plays a major role in the immune control of HIV-1 infection,
and is a major mechanism whereby HIV-1 evades the immune response by selecting HLA-
restricted CTL escape mutations that allow the virus to evade immune recognition. In this
study, immune escape in understudied Vif, Vpr and Vpu epitopes from two cohorts of HIV-1
infected patients in South Africa were analysed in order to further understand the role that
HLA class I immune pressure has on HIV-1 immune escape in accessory proteins over time.
The longitudinal Lung cohort samples (n=18) were selected to allow for the evaluation of
immune escape mutations in Vif, Vpr and Vpu in the context of HLA-B alleles associated
with slower or more rapid disease progression at a time when their clinical progression was
comparable (that is, their CD4+ T cell count and viral loads were not significantly different
between the HLA-B*58:01 and HLA-B*58:02 individuals). At least 50% of the Lung cohort
patients were initiated on antiretroviral drug therapy during the follow-up period. By contrast,
the M002 cohort samples (n=7) were from antiretroviral drug naive patients with consistently

high viral loads throughout their follow-up period.

4.1.1 RT-PCR and analysis of Vif, Vpr and Vpu functional domains

Of the 44 available Lung cohort samples, only 21 were successfully RT-PCR amplified and
sequenced. This included eight patients with longitudinal sequence data, and three patients
with sequence from a single time point only (these were not analysed further). It is possible
that the patient samples were not processed and stored optimally prior to being sent to our
laboratory. Additionally, long term freezer storage, and potential freeze-thaw cycles can
affect RNA quality and concentration, therefore it is not unexpected that some samples were
unable to be amplified by PCR (Ginocchio et al., 1997). The low viral loads (<50 RNA
copies/ml) in four of the Lung cohort patients who were on antiretroviral therapy at the time
also likely attributed to their unsuccessful amplification. Of the 28 available M002 samples,
26 (from all seven patients) were successfully RT-PCR amplified and sequenced. Thus,

longitudinal sequence data was available from 15 patients between the two cohorts.
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Analysis of longitudinal HIV-1 sequences from the same patient offers the opportunity to
observe any changes that occur due to immune pressure in the HIV-1 genome over time.
Substitutions, insertions, deletions and frame-shifts can take place conferring possible
immune escape mutations. Of importance for this study are the functional regions of the Vif,

Vpr and Vpu regions and possible mutations within those regions.

Longitudinal amino acid sequence analysis of the functional regions of HIV-1 Vif from both
the Lung and M002 cohorts revealed that many of the important functional regions of Vif
such as the SOCS-box region and N-terminal tryptophans are relatively conserved (Figures
3.2A and 3.3A). Mutations within these regions would be disruptive and likely impact on
viral fitness rather than confer an immune escape advantage for HIV-1. This is shown by
Stanley and colleagues who described the importance of the SOCS-box region of Vif with
mutations within the '**SLQYLA'® and '®'PPLP'® motifs disrupting the interactions
between Vif and APOBEC3G which would not be favourable for viral fitness (Stanley et al.,
2008). Tian and colleagues also showed that any mutations within the N-terminal tryptophans
would interfere with Vif binding to APOBEC3G/F (Tian et al., 2006). Also conserved
throughout all the Vif sequences is the important zinc-ion binding motif '®*H'"*C'**C'**H
which is essential for Elongin C binding. The nuclear localization inhibitory site of Vif
(RKKR for HIV-1 subtype B and the arginine-rich ’RLRR”® for HIV-1 subtype C) (Farrow
et al., 2005) of several of the patient sequences showed the most diversity. This region has
been implicated in rendering Vif non-functional by causing Vif to localize to the nucleus
rather than the cytoplasm where Vif carries out its APOBEC3G downregulatory functioning.
In the case of HIV-1 subtype B, a change of RKKR to KKRK renders Vif nonfunctional.
However, comparison of the sequences for the nuclear localization inhibitory site obtained in
this study with other HIV-1 subtype C sequences deposited in the Los Alamos database

confirmed this region is highly variable, and the polymorphisms described here are not novel.

With regards to amino acid sequence changes in the HIV-1 Vpr functional regions, the
"H(S/N)RIG” motif in patient 722 from the M002 cohort (Figure 3.3B) was HYRIG.
H(S/N)RIG is implicated in apoptosis of infected HIV-1 cells with the H(S/N)RIG motif
binding adenine nucleotide translocator (ANT) which is a component of the mitochondrial
permeability transition pore complex (PTPC) (Macreadie et al., 1996, Jacotot et al., 2001). A
mutation within this region (R77Q) was noted by Lum and colleagues and it was found that a

large percentage of LTNPs carry this mutation which is said to decrease the apoptotic effects
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of Vpr (Lum et al., 2003). Interestingly, HIV-1 subtype C carries a glutamine at position 77
in its wild-type form therefore it is possible that the apoptotic functioning of subtype C Vpr is
different from subtype B, with other authors noting that the R77Q mutation is subtype
dependant (Fischer et al., 2004, Jacotot et al., 2001). Thus an additional polymorphism, such
as the Y described here may have an impact on HIV-1 subtype C Vpr mediated apoptosis.
Although rare, the "*Y was detected in other non-C subtype Vpr sequences in the Los Alamos

database.

The functional domains within the Lung and M002 HIV-1 Vpu sequences were relatively
conserved, in particular, the essential serine residues (located at positions 58 and 62 for
subtype C) which are phosphorylated by casein kinase II and are vital sites for interaction of
Vpu with BTrCP, and thus the functioning of Vpu (Figures 3.2C and 3.3 C). Variability was
noted in a potential casein kinase II site consisting of the residues "'TMVD’*, downstream
from the conserved serine residues. Bell and colleagues hypothesised that the potential casein
kinase II phosphorylation site, TMVD, may be involved in a particular subtype C-specific
intracellular trafficking pattern (Bell et al., 2007). The amino acid variability noted in the
hinge region of Vpu has been reported in other HIV-1 subtype C sequences in the Los
Alamos website. Interestingly, the putative Golgi export signal ""LRLL*' is generally highly
conserved amongst HIV-1 subtype C sequences. Thus the variation in this motif noted in
Lung cohort patient 225 (twelve months; Figure 3.2C), and M002 patients 423 and 424
(Figure 3.3C) may impact on Vpu localization to the plasma membrane, and subsequently

Vpu function in these patients.

4.1.2 HLA class I background and targeted motifs

It is interesting to consider the implications of HLA class I genotypes of the chosen Lung and
MO002 patients. The 18 longitudinal Lung cohort samples were selected on the basis of their
HLA-B*58:01 (n=4) and HLA-B*58:02 (n=14) background. HLA-B*58:01 has been
associated with protective outcomes in disease progression and is closely related to the
protective HLA-B*57:01, differentiated by a few amino acid differences within the B pocket
resulting in similar anchor residues for binding motifs (Goulder et al., 1996). Variation within
the Gag epitope TSTLQEQIAW or otherwise known as TW10 was described in a study of
311 subjects and associated with the HLA-*B58:01 genotype (Leslie et al., 2004). It was
noted that the variation within TW10 was in fact the result of escape mutations with a

decreased recognition by B*58:01. The mutations that result due to immune pressure from
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B*58:01 impart a fitness cost on HIV-1. The T242N mutation which arises in the TW10
epitope is highly predictable and reduces viral replicative capacity due to a loss of
stabilisation within the p24 Gag capsid protein (Martinez-Picado et al., 2006). The balance
between immune pressure and immune escape during HIV-1 infection is integral to the
progression of disease and can result in positive or negative outcomes for the patient in
question. Reversion of escape mutations can occur once the immune pressure of a said HLA
allele is lifted, such as in B*58:01, with Leslie and colleagues describing a case of mother-to
child-transmission in which a B*58:0/-negative child was infected with an HIV-1 strain
carrying a B*58:01 induced mutation followed by a complete loss of the transmitted mutation

after 5 years (Leslie et al., 2004).

In contrast to HLA-B*58:01 HIV-1 positive patients, patients with the HLA-B*58:02 allele/s
normally exhibit a poor prognosis, yet the two HLA antigens differ by only three amino acids
(Kiepiela et al., 2004). Ngumbela and colleagues looked at a cohort of over 1000 people and
found consistent high viral loads and decreased CD4+ T cell counts for patients with the
HLA-B*58:02 allele, and those that were homozygous for the allele exhibited even further
decreases in viral loads and CD4+ T cell counts (Ngumbela et al., 2008). Additionally, it was
shown that a lack of immune pressure is applied by HLA-B*58:02 on its targeted HIV-1
epitope as compared to HLA-B*58:01, indicative of its ineffectiveness at controlling disease
progression. Leslie and colleagues addressed the effects that combinations of protective and
deleterious HLA types would have on an individual, which included examination of the HLA-
B*58:02 allele. It was found that HLA alleles act in an additive fashion (Leslie et al., 2010).
Patients that had only protective alleles had significantly lower viral loads and higher CD4+
T cell counts as compared to those individuals that possessed a combination of protective and
deleterious alleles. It can be hypothesized that a single HLA allele does not completely

dominate an immune response, but rather acts in an additive fashion (Leslie et al., 2010).

Vif, Vpr and Vpu sequence data were obtained for two of the HLA-B*58:01 individuals and
six of the HLA-B*58:02 individuals. These alleles are very common within the black South
African population with frequencies of ~8% and ~9% respectively (Paximadis et al., 2011).
These 2 HLA genotypes also have seemingly opposing effects on disease progression. HLA-
B*58:01 is associated with protective outcomes in disease progression while HLA-B*58:02 is
associated with deleterious outcomes (Kiepiela et al., 2004, Leslie et al., 2004). The HLA

genotypes were determined and successfully assigned for the M002 cohort. Interestingly,
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three of the M002 cohort patients were heterozygous for HLA-B*58:02 (025, 422, 722; Table
3.2).

Overall, HLA-driven escape mutations in Vif, Vpr and/or Vpu were identified in four and six
of the Lung and M002 patients, respectively (Figures 3.4 and 3.5). Interestingly, none of the
identified escape mutations are amongst the best described and most optimal HIV-1 CD8+
CTL epitopes of HIV-1 accessory proteins in the databases (Table 1.1). There were eight
HLA alleles that contributed to immune escape in the Lung cohort Vif, Vpr and/or Vpu
sequences. The specific population allele frequencies of HLA-A*02:05, HLA-A*29:02, HLA-
A*68:01, HLA-B*08:01, HLA-B*44:03, HLA-B*58:01, HLA-C*06:02, HLA-C*07:01 in
these populations are 6.78%, 6.28%, 3.27%, 6.39%, 5.64%, 8.14%, 14.94% and 7.59%
respectively (Paximadis et al., 2011). For the M002 cohort, there were 11 HLA alleles that
contributed to immune escape in the Vif, Vpr and/or Vpu sequences. The specific population
allele frequencies of HLA-A*02:01, HLA-A*03:01, HLA-A*26:01, HLA-B*07:02, HLA-
B*51:01, HLA-C*03:04, HLA-C*04:01, HLA-C*06:02, HLA-C*07:01, HLA-C*07:02 and
HLA-C*08:02 were 8.29%, 6.53%, 0.75%, 4.58%, 1.02%, 5.06%, 11.9%, 14.94%, 7.59%,
5.82% and 2.28%, respectively (Paximadis et al., 2011).

When looking at the Los Alamos HIV Database list of Best-defined CTL/CD8+ Epitopes
specifically for Vif, Vpr and Vpu, there are only two cohort HLA alleles associated with Vif
— HLA-A*03:01 (Addo et al., 2002b) and HLA-B*07:02 (Altfeld et al., 2001) and one HLA
allele associated with Vpr, HLA-B*07:02 (Cardinaud et al., 2009). Although six of the nine
identified HLA alleles in the Lung cohort individuals, and five of the 11 identified HLA
alleles in the M002 cohort individuals are described in the database, this is in the context of
other HIV-1 proteins such as Gag, Pol, Nef and gpl160 (Martin et al., 2014, Sabbaj et al.,
2003, Borghans et al., 2007, Rachinger et al., 2008, Geldmacher et al., 2007).

Of the individuals that showed escape mutations in HIV-1 Vif, Vpr and/or Vpu from the
Lung cohort (Figure 3.4), one was HLA-B58:01 and three were HLA-B58:02. The HIV-1 Vif
from patient 007 showed an escape mutation from HLA-C*06:02 driven immune pressure at
position 189, from a valine to a methionine at 6 months, which persisted, as seen in the 12
month sequence. Interestingly, the viral loads increased from 5,867 RNA copies/ml in the
baseline sample to 23,963 RNA copies/ml at 6 months, likely attributed to immune escape (in

Vif and possibly other HIV-1 proteins) impacting on viral replication.
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Longitudinal sequence analysis of HIV-1 from Lung cohort patient 093 revealed HLA-driven
escape mutations in Vif, Vpr and Vpu. Two mutations at Vif positions 63 (I to T) and 154 (I
to T) in 093 sequences (detected at 12 months) attributed to escape from HLA-B*44:03/HLA-
C*06:02 and HLA-C*06:02, respectively. Similarly, two escape mutations in Vpr from HLA-
A*68:01 and HLA-B*44:03 at 12 months were noted. Lastly, one mutation in Vpu at position
31 detected at 12 months resulted in escape from HLA-A*68:01 and HLA-C*06:02. Viral
loads increased from 30,038 RNA copies/ml to 67,829 RNA copies/ml at 12 months, likely
attributed to HLA-driven immune escape mechanisms. HLA-B*44:03 found in patient 093
has previously been shown to promote transient escape mutations within Gag and Nef during

the early phase of HIV-1 infection (Martin et al., 2014).

Interestingly, HIV-1 Vif sequences from Lung cohort patient 225 revealed mutations in five
positions, which allowed for escape from HLA-A*02:05, HLA-B*58:01, and HLA-B*08:01
driven immune pressure at 12 months. Additionally, three Vpr mutations driven by HLA-
A*02:05, HLA-B*58:01, and HLA-B*08:01 were detected. Viral loads in this patient
increased from baseline (5,055 RNA copies/ml) to 12 months (10,442 RNA copies/ml). HLA-
A*02:05 has previously been shown to target gp41, whilst HLA-B*08:01 has been shown to
be associated with slower disease progression and is said to target the p24 protein (Sabba;j et
al., 2003, Borghans et al., 2007). It is intriguing to note that although HLA-B*58:01 is
considered a protective allele, particularly in the context of Gag, it appears to drive escape
mutations in Vif and Vpr in this patient. It will be worthwhile evaluating the full impact of

this on disease progression.

Lastly, HLA-driven escape mutations for HLA-A*29:02, HLA-B*44:03 and HLA-C*06:02 in
Vpr (n=2) and Vpu (n=1) were identified in Lung cohort patient 472 at the 6 month
timepoint. As expected, viral loads in this patient increased from 85,150 RNA copies/ml to
250,823 RNA copies/ml at 6 months, likely attributed to the immune escape mutations. HLA-
A*29:02 has previously been shown to target Gag, but no known deleterious or protective

effects on disease progression have been shown (Rachinger et al., 2008).

For the M002 cohort (Figure 3.5), several immune escape and reversion mutations were
detected in the longitudinal samples of six of the seven patients analysed. It is interesting to

note that reversion mutations occured within the M002 cohort and considering the importance
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of the protein regions in question, it can be hypothesised that these mutations may have

imparted a fitness cost resulting in reversion.

Virus from patient 006 had detectable mutations at positions 33 and 39 in Vif driven by HLA-
A*26:01 or HLA-C*07:01 immune pressure and at position 125 (HLA-C*08:02) at 6 months,
but these had reverted back to the baseline sequence by 12 months. The epitope at positions
33 and 39 where this reversion occurs overlaps with an important tryptophan at position 38
required for APOBEC3G binding (Mehle et al., 2007). The other reversion which occurs at
position 125 is within the vicinity of the HCCH zinc binding motif essential for Vif-Cullin5
binding (Mehle et al., 2006). Vpu (HLA-B*51:01; HLA-A*26:01) escape at positions 6 and
17 occurred at 18 months, but reverted back at 24 months. This mutation is in the important
transmembrane domain of Vpu and required for functionality in restricting tetherin (Van
Damme et al., 2008, Candler et al., 2005). Viral load in this patient increased from baseline to
18 months, but unfortunately no viral load was available for the 24 months sample. It is
possible that viral load may have dropped due to the reversion mutations noted here, and the

patient regaining immune control of viral replication.

The HIV-1 Vpu sequences in patient 025 (HLA-A*02:01) showed one escape mutation at
position 5 which was detected at 12 months, and persisted until reversion was detected in the
24™ month sample. Interestingly, viral loads dropped between baseline and 18 months in this

patient.

Sequence analysis of Vif from patient 422 revealed one escape mutation in Vif, driven by
HLA-C*04:01 pressure detected in the 12 months sample, which persisted up to 18 months.
Similarly, one mutation in Vpu driven by HLA-C*06:02 pressure at 12 months persisted in
the 18 month sample analysed. Viral loads in this patient increased from baseline (146,000
RNA copies/ml) to 18 months (407,000 RNA copies/ml), likely attributed, in part, to these

immune escape mutations.

HLA-driven immune escape mutations in patient 423 showed a complex profile, with one
mutation in Vif detected at 12 months, reverting back to baseline at 18 months, and then
back mutating at 24 months (driven by HLA-A*03:01). The Vpr sequences revealed a
mutation at position 31 at 6 months (driven by HLA-B*07:02 or HLA-C*07:02), which

reverted back to the baseline sequence by 12 months, and remained stable up to 24 months.
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What is interesting about this particular mutation is that it occurs within a-helix-1 which is
important for Vpr nuclear import by binding of a-importin, and the related epitope overlaps
amino acid residues known to regulate Vpr binding to a-importin with mutations within this
region shown to be deleterious to Vpr functioning when mutated (Nitahara-Kasahara et al.,
2007, Kamata and Aida, 2000). Two mutations in Vpu, one at position 21 (recognised by
HLA-B*07:02) was detected in the 24 months sample, and the second, at position 81
(recognised by HLA-B*(07:02) was detected at 12 months, reverted back to baseline at 18
months and remained stable up to 24 months. The second mutation at residue 81 and related
epitope in question forms part of, and overlaps the unique HIV-1 subtype C motif LRLL,
which may have possible Golgi signal functionality (Bell et al., 2007). Viral loads increased
from 49,700 RNA copies/ml (baseline) to 70,900 RNA copies/ml at 18 months. HLA-
B*07:02 is shown to target a single Vif and Vpr epitope, according to the Los Alamos Best-
defined CTL/CD8+ Epitope list. This was one of two only cohort-related HLA alleles
associated with Vif and Vpr. It has been shown that HLA-B*07:02 is associated with lower
mean viral loads in HIV-1 infected patients coupled with an increase in recognition of a Gag
epitope and is possibly considered a protective allele (Geldmacher et al., 2007). In contrast,
Kloverpris and colleagues noted that HLA-B*07:02 was associated with increased disease
progression in HIV-1 subtype B infected individuals, but for HIV-1 subtype C infected
individuals, it was not associated with increased disease progression, and an increase in Gag-
specific responses was shown (Kloverpris et al., 2014). Altfeld and colleagues described a
common HLA-B*07:02-restricted Vpr epitope, **FPRIWLHGL", in the context of CTL
responses in the HIV-1 accessory proteins with HLA-B*07:02 shown to be a common

restricting HLA allele of the HIV-1 accessory proteins (Altfeld et al., 2001).

Virus from patient 424 had one immune escape mutation in Vif at 18 months, attributed to
HLA-C*03:04 driven pressure which persisted up to the 24 month sample tested. Viral loads
increased from 50,000 RNA copies/ml (baseline) to 77,500 RNA copies/ml at 18 months.

Interestingly, patient 722, similar to patient 423, had one mutation in Vif (driven by HLA-
A*03:01 pressure) which was detected in the 12 months sample, reverted to the baseline
sequence at 18 months, and then mutated back at 24 months. Viral loads in this patient
decreased from 171,000 RNA copies/ml (baseline) to 79,200 RNA copies/ml at 18 months.
HLA-A*03:01 is shown to target three different Vif epitopes according to the Los Alamos
Best-defined CTL/CD8+ Epitope list. This was one of two cohort-related HLA alleles
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associated with Vif and/or Vpr. Addo and colleagues described three different Vif peptide
regions that could be targeted by HLA-A*03:01 namely **HMYISKKAK®®
"RIRTWKSLVK?® and ""*KTKPPLPSVKK'®® according to the HXB2 reference sequence,
but none of these showed any sign of escape in the respective M002 patients (Addo et al.,

2002b).

Lastly, in the patient (020) with no detectable HLA-driven escape mutations in Vif, Vpr and
Vpu, the viral load remained relatively stable, 10700 RNA copies/ml at baseline, when
compared to 9330 RNA copies/ml at 18 months.

It is also important to note that HLA-driven escape is complex and not simply determined by
a loss of recognition of epitopes due to mutations within anchor residues alone. Mutations
within epitopes but not necessarily in anchor regions may affect how the epitope is processed
intracellularly and presented, whilst other mutations may affect other processes independent
of epitope presentation such as decreasing the recognition of TCRs for specific epitope-HLA
class I complexes (Reviewed in Carlson et al., 2015, Yokomaku et al., 2004, Iglesias et al.,
2011) . Mutations flanking important functional regions of a gene may also have a deleterious

effect on its functioning (Guarnieri et al., 2006).

In summary, HLA-driven immune pressure in the Vif, Vpr and/or Vpu motifs described here
which resulted in amino acid sequence changes (or reversion to baseline sequences) may
have contributed to the changes in viral loads (increases or decreases) seen in these patients
over time, and likely impacted on disease progression, albeit in combinations with escape
mutations in the more highly targeted HIV-1 proteins, such as Gag, Pol and Nef. Future work
looking at longitudinal sequence analysis of the entire HIV-1 proteome in these patients will
likely reveal the contributing factors leading to immune escape and ultimately impact disease

progression to AIDS.

4.1.3 Expression of recombinant Vpu proteins

Based on preliminary data from our laboratory that Vpu is more highly targeted by CD8+ T
cells in 14 LTNPs/elite controllers compared to other regulatory regions, and five of the
LTNPs/elite controllers studied had NK cell responses to HIV-1 Vpu peptide pools (likely
mediated by HIV-specific ADCC antibodies), we cloned and expressed representative HIV-1
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subtype C Vpu for the ultimate detection of anti-Vpu antibodies in patient sera from the
different cohorts. Overall, three recombinant HIV-1 subtype C Vpu proteins were

successfully expressed and partially purified during the course of this study.

The vpu sequences used in this study (Cons. C, 052AFVS5, 052AFV15) were all obtained
from a study by Bell and colleagues (Bell et al., 2007). Two of the sequences (Cons. C,
052AFV5) were typical of HIV-1 subtype C strains with lengths of 86 amino acid residues as
compared to other subtype Vpu proteins such as those derived from subtype B, which
normally have a length of ~81 amino acids (McCormick-Davis et al., 2000). The 052AFV15
sequences was selected because of the four amino acid deletion in the N-terminus of the
protein (82 amino acid residues), thus it is more comparable to an HIV-1 subtype B Vpu.
Trafficking of HIV-1 subtype B and C Vpu has been shown to be different, with subtype C
Vpu being trafficked more readily to the cellular plasma membrane (Ruiz et al., 2008).
Interestingly, this did not appear to affect the expression levels of the three recombinant Vpu
proteins, as all seemed to express in similar quantities, albeit in low amounts only detectable

by Western blotting.

Low levels of recombinant protein expression can be attributed to various factors. Firstly, vpu
genes need to be codon optimized in order to increase expression levels, with Nguyen and
colleagues showing for the first time the importance of codon optimization of vpu (Nguyen et
al., 2004). Vpu expression in its natural setting is dependent on HIV-1 regulatory proteins Tat
and Rev (Schwartz et al., 1990, Kjems and Askjaer, 2000). When vpu mRNA is generated in
an autonomous expression system the RNA itself is unstable due to poor cytoplasmic export.
The vpu genes expressed in this study were codon optimized (humanized) therefore it is

highly doubtful that this contributed to the low levels of expression seen during the study.

Secondly, the choice of host cell for protein synthesis is an important consideration. The
protein expression and purification protocol for this study was adapted from Lv and
colleagues who transiently expressed recombinant his-tagged Vpu proteins in mammalian
cells (Lv et al., 2013). Due to Vpu’s integration into cellular membranes by way of its
transmembrane domain, a prokaryotic system of expression could prove problematic.
Additionally, mammalian expression systems were the system of choice in this study because
they provide a native cellular environment for Vpu expression, including post-translational

modifications, and negate the need for protein folding procedures required for inactive
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proteins derived from inclusion bodies expressed in bacterial expression systems (Reviewed
in Sahdev et al., 2008). This is particularly relevant, since the ultimate use of the recombinant
Vpu is for the detection of anti-Vpu antibodies in HIV-1 infected patient sera, and protein
folding and tertiary/quaternary structures are critical for optimal epitope recognition.
Nevertheless, bacterial expression systems do have advantages, such as large scale expression
with fast cellular growth kinetics, ease of DNA transformation and the relatively inexpensive
reagents used for growth media (Reviewed in Rosano and Ceccarelli, 2014). Vpu expression
in bacterial systems and purification of the Vpu has been described previously. Ma and
colleagues were able to express full length, transmembrane and cytoplasmic sections of
recombinant his-tagged Vpu using a bacterial expression system and purification from
inclusion bodies (Ma et al., 2002). The proteins were used for Nuclear magnetic resonance
(NMR) and Vpu ion channel activity was analysed. Vpu is said to have apparent ion-channel
activity due to its structural similarity to influenza virus M2 proteins (Pinto et al., 1992, Park
et al., 2003), with the authors confirming functionality of the Vpu proteins based on their ion-

channel activity. Thus, it is worthwhile considering bacterial expression in future studies.

A further difficulty that may have compounded the low recombinant protein expression seen
during this study is the membrane association of Vpu. Purification of membrane proteins is
particularly difficult due to their hydrophobicity, with Vpu itself containing a highly
hydrophobic transmembrane domain (Park et al., 2006). Hydrophobic proteins such as Vpu
are at risk of precipitating out of solution and this may very well be one of the reasons for the
low yields of purified Vpu seen during this study. Free surface area can also be problematic
as cell membranes have a limited amount of free surface area that can accommodate Vpu
protein, therefore possibly decreasing protein yields. Use of a detergent is essential when
purifying a membrane protein in order for extraction and dissolution of the protein to occur,
but detergents can be denaturing or lead to protein aggregation (Reviewed in Wiener, 2004).
Triton X-100, a nonionic detergent, is said to solubilize membrane proteins in a native state
and therefore may not have played a role in the low yields seen during protein purification

(Makino et al., 1973, Reviewed in Kalipatnapu and Chattopadhyay, 2005).

Interestingly, the study by Lv and colleagues, from which the Vpu expression and
purification protocol was adapted, also faced difficulties with obtaining sufficient
recombinant Vpu protein yields (Lv et al., 2013). Vpu has the ability to form oligomers

(Maldarelli et al., 1993). Lv and colleagues speculated that due to this oligomer formation,
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the his-tag on the Vpu proteins can become embedded within the oligomer, resulting in poor
binding to Ni*"-charged agarose beads used in affinity chromatography procedures (Lv et al.,
2013). Indeed, in this author’s study unknown proteins with sizes greater than 50 kDa were
noted throughout the entire purification procedure, indicative of their histidine-rich nature
and possible identification as Vpu oligomers. Maldarelli and colleagues noted that
aggregating Vpu forms oligomers of ~80 kDa which is comparable to the high kDa protein
bands noted throughout this author’s study. What is confounding is that untransfected cell
lysate did exhibit similar banding patterns leading to the possibility of the unknown proteins
being an inherent histadine rich protein in HEK293 cells. There is the caveat though that
untransfected cell lysate was not processed through the entire purification procedure for a

direct comparison.

Future work needs to focus on optimizing the expression levels of recombinant Vpu, either in
a mammalian or bacterial expression system, but more importantly, a purification protocol
which will provide sufficient purity of the expressed proteins with consistent results for use in

ELISA, Western blots and dot blots is urgently needed.

4.2 Conclusions

This study describes HLA A, B and C-driven immune escape in Vif, Vpr and Vpu epitopes
from HIV-1 infected patients in South Africa. Longitudinal plasma samples from eight of 18
patients from the Lung cohort and seven patients from the M002 cohort were successfully
RT-PCR amplified and sequenced. HLA-A, B and C alleles were typed and assigned for the
MO002 cohort individuals (data was available for the Lung cohort). HLA-driven CTL escape
mutations in Vif, Vpr and/or Vpu were detected in four (50%) patients from the Lung cohort
and six (86%) from the M002 cohort. Additionally, some reversions to the baseline sequences
were noted over time for the M002 cohort. Interestingly, none of the identified escape
mutations are amongst the best described and most optimal HIV-1 CD8+ CTL epitopes of
HIV-1 accessory proteins in the databases. Overall, the HLA-driven immune pressure in the
Vif, Vpr and/or Vpu motifs described in this study may have in part contributed to the
changes in viral loads (increases and decreases) noted in these patients over time, and likely
impacted on disease progression, albeit in combination with escape mutations in the more

highly targeted HIV-1 proteins, such as Gag, Pol and Nef.

88



Three selected vpu sequences, cons.C, 05ZAFV05 and 05ZAFV 15, were successfully used to
express and purify recombinant Vpu proteins in HEK 293T mammalian cell lines. Protocols
for expression and purification were established and, as evidenced by SDS-PAGE, Western
blot and dot blot analyses, the purification protocol used in this study did not provide
sufficient protein yields and purity required for subsequent use. Ongoing work focusing on
optimization of Vpu expression and purification will provide the recombinant Vpu necessary
to fully elucidate the role of Vpu and anti-Vpu immune responses in control of HIV-1

infection.
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Appendix A: Bacterial and DNA Work

LB medium (1 L)

e Measure out 10 g tryptone, 10 g yeast extract and 5 g NaCl and add all ingredients
into a beaker, add 1L of dH,0, autoclave and store at room temperature.

Ampiclin 1000x stock (10 ml)

e Dissolve 1 g of ampicilin in 3 ml of Sabax water by vortexing. Top up with 100%
ethanol.

Transformation buffer (100 ml)

e Measure out 1.47 g CaCl, H,O and 0.3024 g PIPES. Top up with ddH,O to 80 ml.

Add 15 ml Glycerol, pH to 7.0 with NaOH and top up to 100 ml with ddH,O. Autoclave and
store at 4°C.

LB Agar (200 ml)

e Measure out 7 g of Nutrient Agar (Sigma Aldrich, USA) and top up with 200 ml of
ddH,0. Autoclave and store at room temperature.

Competent bacterial cells
e Prepare 10 ml LB medium cultures with bacterial cells diluted 1/10. Culture cells
overnight at 37°C in shaking incubator. Do not add antibiotic.
e Dilute 1 ml of overnight culture in 40 ml of sterile LB medium.
e Grow culture in shake incubator at 37°C until an A600 of 0.4 is reached.
e Pellet cells by centrifugation at 1500 RPM for 10 min.
e Add 10 ml of transformation buffer to pelleted cells
e Incubate on ice for 20 min.
e (Centrifuge again at 1500 RPM for 10 min.
e Resuspend in 1 ml of transformation buffer.

e Make 100 ul aliquots and store in freezer at -80°C.

50xTAE buffer (1 L)

e Weigh out 242 g tris base. Add 57.1 mL glacial acetic acid and 100 mL 0.5 EDTA.
Add 800 mL of distilled water. Adjust pH to 8.0 with HCI. Top up to 1L with dH,O.
Store at room temperature.
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EDTA 0.5 M (500 ml)

e Measure out 93.05 g of Na,EDTA.H,O and dissolve in 350 ml of dH,O. pH to 8.0
with 10 M NaOH. Top up to 500 ml with dH,O and autoclave. Store at room
temperature.

1% Agarose gel (200 ml)
e Add 2 gofagarose to 200 ml of 1 x TAE buffer.

Appendix B: Recombinant Protein Work

SDS-PAGE

Monomer solution (30% Acrylamide/ 0.8% Bisacrylamide, 100 ml)

e Measure and add together 30 g of acrylamide and 0.8 g of N, N’-
methylenebisacrylamide. Top up to 100 ml with dH,O.

4 x Tris-Cl, pH 6.8 (Stacking buffer, 100 ml)

e Measure out 6.05 g of Tris and add to 40 ml of dH,O. pH to 6.8 with HCI. Top up to
100 ml with dH,O and store at 4°C.

4 x Tris-Cl, pH 8.8 (Running buffer, 500 ml)

e Measure out 91 g of Tris and add to 300 ml of dH,O. pH to 8.8 with HCI. Top up to
100 ml with dH,O and store at 4°C.

10% SDS (100 ml)
e Measure out 10 g of SDS and top up to 100 ml with dH,O.

10% Ammonium Persulphate (1 ml)

e Measure out 0.1 g of ammonium persulphate and top up to 1 ml with dH,O.

2 x Sample Buffer (10 ml)

e Measure out and add together 2.5 ml of 4 x stacking buffer, 4 ml of 10% SDS, 2 ml
glycerol, 0.2 ml of B-Mercaptoethanol, and 2 mg of bromophenol blue. Top up to 10
ml with dH,O. Make 1 ml aliquots and store at — 20°C.

10 x Electrophoresis buffer (1 L)

e Measure out and add together 30.28 g Tris, 144.13 g glycine and 10 g of SDS. Top up
to 1 L with dH,O and store at room temperature.
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Gel staining and Western blotting

Transfer buffer (1 L)
e Add 200 ml of methanol in 800 ml of 1 x Electrophoresis buffer.

Coomassie Blue (1 L)

e Add 500 ml methanol and 100 ml acetic acid into 400 ml of dH,O. Dissolve in 0.25g
Coomassie R250. Store at room temperature.

Destain (1 L)

e Add 50 ml ethanol and 70ml acetic acid into 850ml of dH,O. Store at room
temperature.

10 x TBS (1 L)

e Measure out and add together 10 g NaCl, 30 g Tris and 2.0 g of KCI. Dissolve into
950 mL of dH,0. Adjust pH to 7.4 with HCI. Make up to 1 L with dH,O. Store at
4°C.

T-TBS (1 L)
e Add 500 puL of Tween into 1L of 1 x TBS. Dissolve. Store at 4°C.

Milk blocking solution
e Mix 2.5 mg of fat-free milk powder per 25ml of 1 x T-TBS.

Protein purification

Lysis buffer
e Add together 150 mM NaCl, 50 mM Tris—HCI, 0.5% Triton X-100 (Sigma-Aldrich,
USA), 5% glycerol and cOmplete Protease Inhibitor (Roche, Switzerland). Adjust pH
to 7,4 with HCL

Wash buffer (0 mM imidazole)

e Add together 150 mM NaCl, 50 mM Tris—HCI, 5% glycerol. Adjust pH to 7,4 with
HCL

Elution buffer (500 mM imidazole)
e Add together 150 mM NacCl, 50 mM Tris—HCIl, 5% glycerol and 500 mM imidazole.
Adjust pH to 7,4 with HCL

Wash buffers (10 mM, 20 mM, 50 mM imidazole)

e Utilize 0 mM and 500 mM imidazole buffers to make desired imidazole
concentrations of wash buffers.
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Appendix C: Manufacturer’s protocols

Plasmid Extraction/Midi Prep (Qiagen, USA)

Pick a bacterial colony from a freshly grown bacterial plate and inoculate a starter
culture of 5 ml LB medium containing selective antibiotic. Incubate overnight at 37°C
on shaking platform.

Dilute the starter culture 1 /500 in 25 ml selective LB medium and incubate overnight
at 37°C on shaking platform.

Harvest bacterial cells by centrifugation at 6000 x g for 15 min at 4°C.

Resuspend pellet in 4 ml of Buffer P1 thoroughly until no clumps remain.

Add 4 ml of Buffer P2 and mix thoroughly to remove any clumping. Incubate at room
temperature for 5 min.

Add 4 ml of pre-chilled Buffer P3 and mix by inverting vessel 4-6 times. Incubate on
ice for 15 min.

Centrifuge at 20 000 x g for 30 min at 4°C. Supernatant containing plasmid DNA
should then be removed swiftly.

Re-centrifuge the supernatant at 20 000 x g for 15 min at 4°C. Supernatant containing
plasmid DNA should then be removed swiftly.

Equilibrate a QIAGEN-tip 100 by adding 4 ml of Buffer QBT, and allow the column
to empty.

Add plasmid-containing supernatant to column and allow to enter resin by gravity.
Wash the QIAGEN:-tip with two 10 ml washes with Buffer QC.

Elute DNA with 5 ml of Buffer QF.

Precipitate the DNA by adding 3.5 ml of room-temperature isopropanol and
centrifuge immediately at >15,000 x g for 30 min at 4°C and carefully remove the
supernatant.

Wash the DNA pellet with 2 ml of room-temperature 70% ethanol and centrifuge at
15 000 x g for 10 min. Remove supernatant without disturbing the DNA pellet.
Air-dry the pellet for 10 min and then redissolve the DNA in high quality sterile water
or any other suitable buffer.

Quantify by spectrophotometry and store at -20°C until required.
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GeneJet PCR Purification Kit (Thermo Fisher Scientific, USA)

To PCR products, add 1:1 volume of Binding Buffer and mix until entire mixture
turns yellow.

Transfer mixture to Genelet purification columns and centrifuge at >12000 % g for
60s. Discard flow through.

Add 700 pl of Wash Buffer to the purification column and centrifuge at >12000 x g
for 60s. Discard flow through.

Centrifuge a further 60 s at >12000 % g to remove residual buffer in column.

Add Genelet purification column to a 1,5 ml microcentrifuge tube and add 50 pL of
Elution Buffer. Centrifuge at >12000 x g for 60s.

Discard the column and store microcentrifuge tube containing the purified DNA at -

20°C until required.

Agencourt AMPure XP - PCR Purification 96 well plate (Beckman Coulter, USA)

Determine whether PCR products require transfer from plates to larger welled plate
(transfer only if the PCR reaction volume multiplied by 2.8 exceeds the volume of the
PCR plate).

Shake the Agencourt AMPure XP bottle and add to PCR sample reactions according
to the following equation (Volume of Agencourt AMPure XP per reaction) = 1.8 x
(Reaction Volume). Mix until homogenous by pipetting.

Allow to sit for 5 min at room temperature.

Place plate onto Agencourt SPRIPlate 96 Super Magnet Plate for 2 minutes to
separate beads from the solution, solution should become clear before proceeding.
Remove the cleared liquid on top from the concentrated beads (do this while plate is
still on magnetic plate). Make sure to leave around 5 pl of liquid so as not to disturb
beads.

While still on magnetic plate, add 200 pl of 70% ethanol to each well and incubate for
30 s at room temperature. Do not disturb beads. Remove ethanol following incubation
and discard. Repeat twice.

Remove plate PCR reaction plate from amgentic plate and add 40 pl of elution buffer
to each well and pipette mix thoroughly. Incubate for 2 min.

Place PCR reaction plate back onto magnetic plate and allow separation of beads for 1

min and then transfer eluate to a new plate
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