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Abstract

The rational design of an HW vaccine immunogen able to induce potent, eross
reactive, neutralising antibodies remains one of the single grehi@fenges irthe

field of vaccine research todayRoughly a dozen broadly neutralising monoclonal
antibodies have been isolated to date, anekit epitopes represent important
vaccination targetsinterestingly, apart fronthreethatidentify overlapping epitopes

in gp41, all of thebroadly neutralising monoclonahtibodies target epitopes apparent

on different conformations of gp1Zhcluding the epitopes of PG9/PG16)hus the
gp120 monomer remains the most ideahplate for immunogen designRecently,
epitopes in the G¥4 region of gp120 have been shown to be major targets for early
strainspecific neutralising antibodies in subtype C infected individuAlstologous
neutralising antibodies identifyulnerable sites on the envelope, and usta&ding

the nature of antigenit h o t s p gp126 will helmto guide rational vaccine design.
This study soughto confirm in four individualsthat theC3-V4 epitope wasn fact
apparent on monomeric gp120, and thereafter to better characteriseutieeohairal
escapdrom these antibodiesUsing magnetic beads coated wathe of 16different
recombinant gp120 proteins it was confirmed that the/@3espnse wasimed aia
monomesspecific epitopean all four cases In two instanceghese antibodis were
shown to contribute to autologous neutralisation, while in a third the existence of
guaternary structure specific antibodies that could not be adsorbed with monomeric
gp120 made this link impossible. In the forth instatteesfer of the C3/4 regon

was shown to exposa normally occludedepitope in the CD4 binding site. This
researchalso provided evidence for other epitopdsr autologous neutralising
antibodies in C3,overlapping with the CD4 binding site and V5Lastly, by
introducing relevat escape mutations into the parental recombinant gp120s and then
comparing the ability of these proteinsadsorb ouaainti-C3 antibodiesit was shown

that whilethesemutations conferred completesistance toeutralisation they did not
prevent the aittodies frombinding to their respective epitopes The extensive
characterisation dE3-related epitopesuch as those described in this reseahduld

no doubt contribute tthe rational design of a gp120 based vaccine immunaigesd

at elicitingbroadand potent neutralising antibody respaise



Chapter One: Introduction



Although the HIV/AIDS epidemic appears to be stabilising, recent statistics released
by the World Health Organisation still counts approxima83ynillion people living

with HIV across the gloe as of 2008. Two thirds of these people are located in sub
Saharan Africa and an astonishingd ¢5.7 million people) live in the Republic of
South Africa (Joint United Nations Programme on HIV/AIDS and World Health
Organization, 2009) Every year roulgly threemillion people are infected with HIV

and two million people die from AIDS related illnessesAlthough efficient
antiretraviral programmes are dramaticaligcreasing the life expectancy &flV -
infectedpeople, an effective means for preventihg spread of infection is not yet
geneally available. After aecent trial conducted in South Afridhe success of an
intra-vaginally applied microbicide geh preventing infectiorwas reportedAbdool
Karim et al., 2010 No doubt with much more reseaychicrobicide gels will afford

a valuablemeans with which to control infectionrHowever amicrobicide gel serves
only as a single barrier and ongaeldlV virion has crossed the mucosa it is no longer
effective. Also the success of such a product correlates significantly with strict
adherence.Preexposure chemoprophylaxis is another prevention strategy shown to
significantly reduce transmission rat@ people at high risk for HIV infectiofGrant

et al.,, 2010 However this strategy is also dependent on strict adherence, and may
further compound the probteof drug resistance for people already on-ggttioviral
treatment. A vaccine able to induce a potent immune response offers a far more
practical solutiorto the HIV/AAIDS epidemic Onceatarget cellis infected the virus
integrates into thér 0 s gaedome and sets up a viraéservoirwhich serves as a
constant source afew viruses. To successfully clear this infectieamccinationmay

need to induce both neutralising antibodies andefiective cytotoxic immune cell
responséBramwell and Perrie, 2005 It is of potential significance though that most
antiviral vaccines today work primarily by inducingutralising antibodie@Pantaleo

and Koup, 200¢ In fact promising work in macaques has shown thatpassive
transfer ofneutralising antibodiess able to block infection by chimeric SiMIV
viruses(Mascola et a] 200Q Parren et al., 2001 However the elicitation dfroadly
crossreactive neutralisingntibodies has proven to be a dauntesk, both in natural
infection and after conventional vaccinatistnategies.Resolvingthe structure of the

HIV envelope glycoprotein subnits and their interaction with neutralising antibodies
has helped researchers to understand some of the requirements for a good vaccine

immunayen (Calarese et al., 200%ong et al., 20Q%hou et al., 2010Zhou et al.,



2007. Unfortunately much is still unknown about the nature of accessible,
immunogenic epitopes on the envelope surface. This is even further compounded by
subtype specific differences in HIV antigenic{tgnanakaran et al., 2007 Although

there are at least nine different viral subtypes, clade C is the most predominant and
accounts for roughly half of all global infectiofidemelaar et al., 2006 This is

largely due to the fact that subtype C makes up the majority of infections in the
worldé& most heavily burdened countriessubSahararAfrica and subCentral Asia

As a consequence the South African population is an ideal research base from which
to study the diverse viral antigenicity and subsequent host responses generated by one

of the largest epidemics in modern history.

HIV-1 Envelope Glycoprotein Synthesis

The envelope glycoprotein is preceded by a long (approximately thirty amino acids)
hydrophobic signal peptide with a short polatédminal cap(Wain-Hobson et al.,
1985. The signal peptide is responsible for-tcanslational traslocation of the
envelope glycoprotein into the rough endoplasmic reticulum. It is then cleaved off
from the final protein structuréEllerbrok et al., 1992 The secreted glycopteinis
covered byapproximately 30 potential Nnked glycans that make up a third of its
160 kDa net weightGeyer et al., 1988Nain-Hobson et al., 1985 These glycans

are added during translation and are important for proper folding of the envelope
glycoprotein(Land, Zonneveld, and Braakman, 2D03rhey are almost exclusively
oligomannose in structurgjith a low proportion being processed further to complex
glycans(Geyer et al., 1988 Once properly folded and glycosylated, the envelope
glycoprotein is transported to the Golgi complex and cleaved by host cellular
proteaseso yield noncovalently associated gp12@41 dimergStein and Engman,
1990. The preprotein convertases and in particular the serine protease furin are
implicated in recognition and processing of the gp@pd1 cleavage motif &X-K/R-

R (Moulard and Decroly, 2000 The gp41 monomer is membrane embedded and
confains the membrane fusing machindGhan et al., 1997 Trimeric complexes
consisting of three gp41 and three gp120-oowvalently linked swunits localise to

lipid rafts on thehost membrane which serve as the sites for viral assembly and
eventual budding of nascent viriorf€ampbell, Crowe, and Mak, 2001 The

glycoprotein trimericomplexrepresents the sole target for neutralising antibodies.



Structure of the gp120 monomer

Population sequence analysiaditionally divides the HIVL envebpe genento five
conserved region@-igure 1A)separated by five interjecting variable regidhrigure

1B) (Modrow et al., 198\ Within the conserved gpl120 amino acid sequence are
usually nine disulphide bondand four of these cystine pairs traditionally define the
stems of variable loops V1, V2, V3, andl \Leonard et al., 1990 However there
exist interclade structural differences such an additional disulphide bond found in the
V4 loop of CRF_AE(McCutchan et al., 1996viokili et al., 2002 Trkola et al.,
19%).

The crystal structure of gp120 derived from several strains has been elucidated in
complex with a soluld CD4 receptor and various -teceptor binding site directed
monoclonal antibody fragmen(Biskin, Marcovecchio, and Bjorkman, 2Q1i8uang

et al., 2007 Huang et al., 20Q5Kwong et al., 1998Pancera et al., 201paCrystal
structures of gpl120 have also been obtained in complex with variou€Rhti
binding site antibodie§Chen et al., 200%Zhou et al., 201,0Zhou et al., 200)7 In
addition he crystal structure of an unliganded SiVgp120 has also been determined
(Chen et al., 2005 To facilitate crystal formation these structures lack the hyper
variable V1-V2 domain,and in most instancesopions of the Nterminal and €
terminal ends an®3 loop. Howeveroverallt hey di vi de-Vacoreintgp 120 V1
three conserved structural domains (Figure 1C). These are the inner, outer, and
bridging sheet domaingwong et al., 1998 The outer domain is the most solvent
exposedn the context of the trimaand forms the primary neutralisation determinant

on gpl20(Zhou et al., 200 The inner domain is highly conserved and represents
the region of gp120 that is shieldedrh solvent at the trimer interface. The bridging
sheet icomposed of elements in C1, C2, and fodming a mini domain that makes

up part of the CD4 and emceptor binding sitesA recentcrystal structuravas the

first to include the Nand G termiral structures (Figure 1D). These 79 amino acids
define a previousl!l y -samdwithecontainihng peedomisamtiyen st r
gp41 contacting residud®anera et al., 2010a This structurally invariant region
provides an immobile face for gpl2@41 norcovalent interactions. In contrast by
comparing the liganded and unliganded structures it seems that radically different

conformations are possible inetinner domain (Figures 2).



Bridgin
Sheet

Figure 1. Structure of the HIV -1 envelope glycoprotein sufunit gp120
(A) A linear schematic of the HAL envelope sequence is shown where the conserved regie®s &# indicated in maroon, and interjecting variable sequenca&y¥3, V4, and

V5 are shown in pink, red, purple, and blue respectively. The location and secondary structure of each of the consesveithiegthe gp120 molecule are indicated by aitgb
diagrams. That part of the sequentieat makes up the inner domain (green), outer domain (orathgey,1-vV2 domain (grey)or the bridging sheet (blacks indicated by coloured
circles (B) Ribbon diagram showing the location of variable loop stmest on the gp120 molecule, coloured as in (&) Subdomain structure of the gp120 monomer is shown|and
coloured as in (A).(D) Ribbon diagram depicting the layered topology of the gp120 molecule. Layers one, two, and three are coloured cyang graege respectivelyProtei
structure images for this and all subsequent fig(uesess otherwise statedierecreated from theuperimposegdb files 2B4C and 3JWDsingSwissPdbViewer programmgéSuex
and Peitsch, 199 AandPymol OelLano, W.L.The PyMOL Molecular Graphics System (2002) DeLano Scientific, San Carlos, CA, USA (http://www.pymol.org)
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Of course the unliganded SIV gp120 core has a greater cortionalafreedom and

the crystal structure that was resolved may not reflect the native conformation of the
HIV-1 gp120 protein monomer. Nevertheless it implies that multiple conformations
are possible within a single gp120 monomer, and these rearranggrogstsally

mask the receptor binding sitéShen et al., 2005 From the seven stranded beta
sandwich three topological layers extent outward by means of #elibp structures.
Layers one and two of the inner domain serve to stabilise the CD4 bound
conformation through extensive aromatic hydrophobic packing interag@ssa et

al., 2009. Surprisingly many of the amino acids that are important for stabilisation of
the envelope oligomer are found in the layer agsociate@lpha helix, which is not
surface exposed in the CD4 bound conformafiinzi et al., 2019 In addition this
alpha helix displays the greatest conformational plasticity between liganded crystal
structuregChen et al., 2009 Therefore current thinking implicates layer two as the
primary structure involved in the refolding of gp120 between liganded and unliganded

conformations

er
in V3 loop in V3 loop stem

Figure 2: Conformational plasticity of the inner domain of gp120
The liganded crystal structure of the HIMgp120 molecule is shown on the left, while the unliganded
SIV gp120 is shown on the right. The outer domain is cologreg, while the inner doain is in
multi-colours Clisc ol our ed b Bifute bridding sheatrelcoloured greerelements of th
inner domain in C2 are coloured orangéile those in Care coloured redThe crystal structure of
the SIV gp120 core has a truncatiortlod V3 loop not present in the HIV liganded structuFégures
were created from the pdb files 2B4@I22BF1.
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The CD4 binding site

The crystal structure of HRIxg2 in complex with soluble CD4 has mapped the CD4
binding site taa complex, discontinugs surfaceon gp120(Kwong et al., 1998 CD4
contactresidues reside in conserved regiohthe bridging sheet domain, C2, C3, C5,
and the stem of V5 (Figure 3By scattering contact residues beemseveralmobile
secondary structuresbinding of the host CD4 receptdo gol20 results in an
unfavourableentropy(-T pS ) coht.akgamol (Kwong et al., P02). It is the
highly specific nature of the interface and thus the highly favourable enthalpy of
binding €54.62 kcalmol) that redersthe interactionfeasible While the average
contribution of entropy for standard antibeggotein interactions igpproximately 7
kcallmol, the average entropy of binding for CD4 binding site directed antibodies is
23.1kcalmol (Kwong et al., 200 This means that potentia¢utralising antibodies
targeting the CD4 binding site must have significantly favourable enthalpies to
compensate for gp120 reorganisation. The CD4 binding site is further protected from
antibodies by its occlusion both in monomeric gpl120 and the natimer. The
contact surface exists in a crevice between the inner and outer domains. At the base
of this recession a hydrophobic pocket is formed, and its interaction wiffi &hbe

distal most tip of CD4 is crucial to favourable bindifigwong et al., 1998 On the
native trimer the large VY2 loop and an array of flexible glycans have been
implicated in occluding the CD4 binding sitginley et al., 2010Pinter et al., 2004
Wyatt et al., 1995Zhu et al., 200l Despitethese defence mechanis@sost all
HIV-1 infected individuals develop antibodies that target the CD4 binding site of
gp120, bumostpossess limited or no neutralisation poter{tiziay et al., 2000 The
epitopesfor these antibdiesare not accesble on the native trimer, and these @l
specificities are probably induced by less constrained conformations of monomeric

gp120 released into the blodm cellular debris or shed from the virus surface

The co-receptor binding site

In addition to CD4HIV-1 must also directly bind to ehemokine receptor such as
CCR5 or CXCR4 in order to efficiently infect host cells. The binding of gp120-to co
receptors occurs via a separate discontinuous region to CD4 attachment however, the
conformational rearrangements induced by CD4 are an essential precursor to this
interaction (Lapham et al., 1999Trkola et al., 1996Wu et al., 1996 The co



receptor binding site is thus similar to the CD4 binding site in that it is composed of
multiple mobile regions of gp120 protected by a conformatiomatk (Figure R
Residuedhat interact with the coeceptor are found around the bridging sheet, C4,
and V3(Cormier et al., 2001Rizzuto and Sodroski, 200Rizzuto et al., 1998 The

V3 loop is highly immunogenic and HIV infected individuals often develop high titre
antibodies to this region, but tleeare only capable of neutralising laboratory adapted
isolates because the V3 epitope is occluded on primary isolates by-t2 ddmain
(Krachmarov et al., @5, Pinter et al., 2004Zhu et al., 2001 Reorganisation of
trimeric gp120 following CD4 docking ferientates the V3 loops in a drastically
exposed conformation toward the host membrane allowing the V3 crown to bind the
second extracellular loop of CCRBluang et al., 2005 CD4 independent isolates
hawe been isolatedh vitro that constitutively present an exposedreoeptor binding

site and are thus highly neutralisation sensitivéKolchinsky et al., 2000l Thus it

seems that CD4 dependence may have evolved as a mechanism to proteet the co

receptor binding site from the immune syst@dwards et al., 2001 The V3 loop is

a very basic structure, and charge changes particularly at positions 302, 304, and 315

are associated with viral tropism to eitf&€R5 or CXCR4expressingells. Amino

acid numbering of gp120 described here and across this document corresponds to the

numbering detailed by the HXB2 liganded crystal strucfkiveong et al., 1998

Adhesion receptors

In addition to binding receptors oncElls that mediate infection, HK virions are
also able to bind other cellular receptors. Specific interactions with certain membrane
proteins facilitate the rapid transport of infecting wmsotovarious lymphoid tissues

A dense cluster of conserved oligomannose glycans owottex domainof gp120
may have a conserved functional role in creating a specific binding site &GS
receptors and other-§/pe lectinsexpressed on the surfackdendritic cellfHong et

al., 2007. Through this interaction HIV virions are passively transpobtedendritic
cells from the mucosal tissue at the sitardéction to secondary lymphoid organs
rich in T-cells (Geijtenbeek et al., 2000 Lectin interactions have also been
implicated in facilitating the CD4ndependent endocytic infection of astrocyessi

et al., 2004 A tri-peptide loop in the V-2 domain comprised of residues 1824
medi ates binding -delts and fsbural kilen teksgand facititates n
transport to the gedissociated lymphoid tissarthos et al., 2008
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@ CD4 Binding site
© Co-recentor binding site

Figure 3: The complex receptor binding sites of HI\V1 gp120
A ribbon diagram of the HIM envelope gp120 molecule depicting the CD4 binding sipaipleand
co-receptor binding site in cyanhe remaining gl 2 0 g2 Inolecule is shown igrey:.

The role of Asn-linked glycans

The envelope glycoproteins are extensively glycosylateN-bgked glycangFigure

4). Sincethe same carbohydrate moieties are {b@stislationally attached to host cell
glycoproteirs, these glycans act as a fsionmunogenic barrier that shields the
underlying peptide structure from the immune system. This divides the outer domain
of gp120 further into a generally neutralisable and immunologically silent face based
on epitope accessitly (Wyatt et al., 1998 A particularly dense patch of glycans on
the outer domain of gp120 is comprisgdonly high molecular weight manneseh
glycans(Zhu et al., 2000 Theyare resistanto mannosidass as a result of tight
glycan packingand are present in the context of both monomeric and native gp120
(Doores et al., 2000 The emaining glycans bordegnthe receptor binding sites and
trimer interface are considerably more variable depending on the expression context.
While somebelieve that the native envelope glycoproteins are covered in exclusively
low molecular mass manneseh glycans,there isalso convincing evidence to
suggest that the viral trimer otted in an array of complex and hybrid glycans
(Binley et al, 2010 Doores et al, 2030 Viruses grown in N-

acetylglucosaminyltransferase | negatoadls, which are unable to create hybrid or



complex glycans from mannosidase processed glycans, ai@danore sensitive to
neutralisation by sCD4Binley et al., 2010 This suggests that an importante

does exist for the few complex/hybrid glycans associated with the native trimer in
protection of conserved epitope&lycans bordering the neutralisable faceehbeen
implicated in protecting the receptor binding sites and V3 loop from neutralising
antibodies. Specifically glycans at N197 (V2 stem), N301 (V3 stem), and N386

(V4 stem) have been implicated in protecting the CD4 anceceptor binding sites
(Gray et al., 2007bKoch et al., 2003Sanders et al., 280; Wu et al., 200R As

with many glycoproteins the glycans on gp120 have been shown to be essential for
proper folding of the moleculéLi et al., 1993 Furthermore removal of the few
glycosylation sites in gp41 prevents the gpl60 protein from being properly processed
and efficiently transported in the Golgi apparafeenouillet and Jones, 1995Thus

the extraordinary glycosylation of H¥ glycoproteinsis highly conserved due to

their multifaceted functional role.

N463  N406

N392

N386 N332

Figure 4: Extensive glycosylationof gp120
A surface model of gp120 showing the CD4 binding site (yellow) and asparagine residues pgtentially
linked to glycan (green). The inner domain, outer domain, and bridging sheet are coloured brown,
purple, and black respectively. The molecule is rotatedral 180° to show all potgal glycosylation
sites associated with &V -1 subtype C consensus gp120 monomer.
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Neutralising antibodies

Most HIV-1 infected individuals develop binding antibodies immunodominant
epitopes in gp4l within the first montbf HIV-1 infection, followed to varying
degrees by anfyp120 antibodieg¢Tomaras et al., 2008 These antibodies have no
neutralising potential andften tagetthe positively chargeao-receptor binding site
and V3 loop. Autologous neutralisin@gntibodiesbegin todevelopwithin the first
yearof infection(Gray et al. 2007a Tomaras et al., 2008 By definitiontheyare not
crossreactive and target epitopes defined by variable structwsesh as those
contained in VIV2, V4, and V5 They developo high titres, and exert enough
immunepressure to force complete replacement of the viral populiationo (Wei et

al., 2003. Autologousneutralisingantibodiesdevelop in equential wavesargeting
multiple distinct epitopesthroughout the course of natural infectidrhis continual
selective pressure driveshronological waves of escape across the envelope
glycoprotein(Moore et al., 2000 However very few autologous antibody targets
have been identified thus far, and their possinfluence on the development of
broadly crosseactive neutralising antibodies later on in infection has yet to be

elucidated.

Recent data suggests that approximai¥o of all HIV-1 infected patients go on to
develop a moderately broad neutralgiantibody response much later after infection
(Doria-Rose et al., 20Q%ather et al., 2009 The lover frequency othesebroadly
crossreactive antibodies in HAL infectedindividuals when compared to the diverse
autologous neutralising antibody respgnae well aghe later development of these
antibodies suggests that their highly conservepitopes are less immunogenic than
those recogised by strairspecific neutralisingantibodies.  Thispresent a
considerable obstacle for vaccine desajmed at inducing broadly crossactive
neutralising antibodiesAn even smaller subset of tpepulation(~1% of all HIV-1
infected individuals) classified as elite neutralisgeselop exceptionally potent and
broadly cresneutralising antibodie€Simek et al., 2009 These antibodigsrobably
best represent the kind atutralising antibody responsigat must be induced by a
vaccine immunogen.By identifying monoclonal antibodies with epitopes in these
conserved regionsresearchers hope to better understand rdgpirements of a

vaccine immunogen able to elicit such antibodies.
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Broadly neutralising antibodies targeting the receptor binding sites

The broadly crosseactive neutralising antibody bt@cognises the CD4 binding site

of gp120 and neutralises justder half of all primary isolate€&Zhou et al., 200}/

The crystal structure of,fb12 boundo the gpl2@ore reveals that it makes contacts
primarily with the structurally rigid components of the outer diomnand thus does

not incur an unfavourable entropic penalty upon contact of its epikyeng et al.,

2002 Zhou et al., 200¥ The b12 antibody has an 18 amino acid long CDRH3 with a
tryptophan at its tip which buries into the hydrophobic pocket normally recognised by
Phé? of CD4 (Saphire et al., 2001 Althoughthis islonger than the average CDRH3
length in human antibodies interactingtiw proteins it is not uncommon for
antibodies targeting viral pathogems glycans structure¢Collis, Brouwer, and
Martin, 2003. Crystal structures of gpl120 bound to multiple CD4 binding site
antibodies reveals that although they recognise only slightly divergent epitopes, the
conformation of gp120 required for antibody matetion is not compatible with the
predicted structure of the envelope trinf@hen et al.,, 2009 F,J~105 binding to
gp120 opens up the bridging sheet like akyosignificantly displacing the V¥2

stem and exposing the hydrophobic face ef th-belix in the inner domain. Binding

of the R13 is similar to EH12 in that it recognises an epitope in the outer domain
however the angle of binding is 17° divergent and this results in a 152° displacement
of the VLV2 stem. In both cases the osjtioning of the V4V2 domain results in a
predicted clash at the trimer interface dhid is proposed tde the reason as to why

these antibodies are noutralising.

Recently several other CD4 binding site directed antibodies bega discovered

(Wu et al., 201D Antibodies VRCO01, VRCO02, and VRCO03 were all isolated from the
same clade B infected individu@u et al., 2010 VRCO03 binds to the same epitope

as bl2 but has significantly broader crossitralising potential. It has undergone
extensive somatic mutation with 30% of its heavy chain residues and 208dighit

chain residues diverging from the germline sequence. VRCO1 and VRCO2 are
clonally related and recognise the complete CD4 binding site, with an almost identical
enthalpy and entropy of binding when compared to CD4. They are able to neutralise
morethan 90% of all viral isolates at remarkably low IgG concentrations and are the

most broadly neutralising naturally occurring antibodies ever discovered.
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Furthermore they have also undergone extensive affinity maturation of a magnitude
comparable to VRCR HJ16 has a similar neutralisation breadth to bl2, but
recognises a distinct epitope that is not reliant on the*Aspsidue in the CD4
binding loop important for most CD4 binding site antibodies described tq@atg

et al.,, 201D It almost exclusively neutralises primary isolates, and in particular
neutralises those viruses that are insensitive to neutralisation by b1l2. In fact a
combination of antibdies HJ16 and b12 is able to neutralise more than two thirds of
all HIV-1 isolates. The HJ16 antibody binds a recently identified epitope adjacent to
the b12 epitope and significantly dependent on residue® Aspet'”®, and Ard"®in

t h e-helxShat joins the inner and outer domaif&etzsch et al., 20}0 The
epitope has been designated CD4/DMR or more broadly gpd20hd is potentially
present ima large fractiorof all crossreactiveplasma(Scheid et al., 2009

The isolation of ceeceptor binding site directed o4 fragments with high
neutralisation potential initially hinted at the possibility of exploiting this region in
vaccine desigiiMoulard et al., 2002 Often these CD#duced antibodies have long
CDRH3 loops that are sulphated in an effort to mimic the sulphategnNnus of
chemokine receptoréChoe et al., 2003 However n the context of IgG these
molecules lose their neutralisation potency due to the steric constraints imposed by
the host membrane following CD4 engageniéabrijn et al., 2003

Broadly neutralising antibodies targeting gp41
Three antigp4l broadly neutralising antibodi¢2F5, 4E10, and Z13have been

identified that target an overlapping epitapethe membrane proximactodomain
region(MPER) ofgp41(Zwick et al., 2001 In addition to binding between host and
viral membranesnd thus sterically obstructing the fusion procélssse antibodies
also act to immobiie a hinge mechanism in the MPERich normally bends the
viral membrane towards the host membrane aéieeptor engagemef($ong et al.,
2009. Two of these antibodie@F5 and 4E10again have unusually long CDRH3
regions with hydrophobic residues at their apex which are not involved in peptide
binding but rather are essential for neutralisation by interactiiig the viral
membrangAlam et al., 2009Julien et al., 2010 Such autgeactive antibodies are
usually downregulated in the context of a healthy immune sys(elaynes et al.,
2009.
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Broadly neutralising antibodies dependent on glycas

The broadly neutralising nibody 2G12 recognises a mannose rich glycan
arrangement on the immunologically silent face of gp{8anders et al., 2002
Scanlan et al., 2002 This antibody has an unusual proline at residue 113 in the
heavy chain framework at the base of thgdemain. This facilitates an exchange of
heavy chain variable domains allowing thenp#or with the opposite ar light chain
variable domains in the context of a single immunoglob(@ialarese et al., 2003
Thus 2G12 creates a third antigen combining site at the vauaphains heavy chain
juncture, and this increases the binding avidity and thus allows for efficient
recognition of carbohydrate. More recenthy mapping the targets of plasiram
individuals with broadly neutralising antibodjes novel targetdependet on the
glycan at Asi* (also important foRG12) has been identifigtiValker et al., 2010

While antibodies to the V3 domain are for thestnpartnorn-neutralising due to steric
occlusion, two antibodies named PG9 and PGilich aresomatic variants of each
other) have been identified that bind to a novel epitope in tRg3/@omains of HIV

1 (Walker et al., 2009 These antibodies neutralise roughly 80% of all viral isolates
and arevery potent. This discovery was novel in that the-W2 domain was
previously thought to only elictlype-specific neutralising antibodie@imura et al.,

2009. PG9 and PG16 have the longest CDRH3 loops of all the above discussed
monoclonal antibodies, with twenty eight amino acids forming a unique tyrosine
sulphated suolomain(Pejchal et al., 2090 Again, about fifteen to twenty percent of

the heavy and light chain variable regions have been affinity matBesttera et al.,
20100. Although both antibodies display much sequence similarity, they recognise
distinct but overlapping epitopes. PG16 is more heavily reliant on amino acids in V3
(Walker et al., 2009 While both antibodies are reliant on the glycan at'®gor
proper epitope formation, PG1§ more sensitive to the precise glycosylation pattern
of the envelopérimer (Doores and Burton, 20).0 Collectively this data suggests that
broadly neutralising antibodiesppearindater in infectionprobablyresultfrom the
affinity maturation of elter autologous neutralising antibodies other non
neutralising antibodies This providesa new argument for identifying novel targets

for autologous neutralising antibodies, and understanding the role they play in the

development of broadly croseactve neutralising antibodies.
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A novel target for autologous neutralisation in the outer domain

Along with the V1V2 loops he solvent exposeduter domain is the primary target

for neutralising antibodiesRecent work from our laboratory identified a nbterget

for autologous neutralising antibodies in the outer dommamprised of amino acids

in the V4 loop and adjacent C3 regi@hloore et al., 2008 The outer domain
represents a ¢ o n tbarrelnstructure stabilided by sntseebt! e b
hydrogen bonding as well as disulphide bonds at the base of V4, V3, and connecting

C3 to C4(Sanders et al., 2008Zhou et al., 200 Most proximal to the bridging

s h e e t-batrehs&uctore is narrower andlges out only to form the CD4 binding

|l oop. At t he -bgre theamphipathiednduelix @shestiedhetwedn

loop structures irC2, V4, and V5 These two alpha helicetheU2 and U3 helic
associated with the outer domain are contaedusively within the C3 region of

gpl20 (Figure 5-)and-hdiesiwthe @3 regibns a bighly

var i asbhleed4)b This sheet nt er aces e emis hi o VAR4H)b18) anc

and serves to bind these three structures together.
c3 j
a-2 helix /
a-3 helix —

a-2 helix \ >
V5
Inner Domain
\ " Vo
‘B \ /
V4 C{ rﬂ ¥ / /
‘ﬁ* 0
a-3 helix { | /;
(CD4 binding loop) ,\J .- /
- -

Figure5: The outer dbaaiael fohas wr-hgixs around tlhe U2

The outer domain is col our ed-haeddesheds, angbconnectimje condar y
loop structures coloured red, yellow, and greenaesyely. The C3 region contains the conselved

CD4 binding |l oop, as -hellldnkedby V4 ahdeVsWadable antparalléla b | e U2
bsheet structur es 2B8(¢Y)iGteBloselylyvith Bachvothgr., and b
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Subtype specific salctive pressures

Different regions of the HIML envelope are subject to varying selective pressures in

different cladegChoisy et al., 2004 In particular the V3 loojs more conserved in

subtype C viruses when compared to subtype B viruses, whilg zhelix of subtype

C is under greater selectimmunepressurédGaschen et al., 20D2 T-hetix hds 2

a more conserved amphipathic structure in subtypén€hwompared to other clades,

with amino acids at positions 336 and 346 (Figh)renore likely to be hydrophilic in

subtype C suggesting greater exposure of the h@Bxanakaran et al2007). By
superimposing the crystal structure afegently publishedubtype C gp120 with the

previously determined subtype B gp120 structures, and a recently crystallised subtype

A g p 12 0-helixtohtlee clabig C glycoproteitan be seen to belaively more

solvent exposed (Figur®. In addition the V4 loop is generally shorter in subtype C

when compared with subdihelp@&so ghowa adtrongv er al |
correlation of <charge c orelieis n@ad postively wi t h V4

charged and the V4 more negat{@&nanakaran et al., 20p7

B: R3BAKW LKQIVKKLREQ32 C: E®DKWNKTLORVSKKLKEH?

Figure 6: The subty p e -BeliXi®2more amphipathic
Hel i cal wheel p I-helix frothicangensasmubtype B gptl20 and toRsensus subtype C
gpl120 sequense T-heticesth shown winding into the page frorme@ninus(position 352)to
N- terminus (position 335). Hydrophobic, northarged polar, positively charged, and negatively
charged amino acids are coloured brown, green, blue, and red respectively:lifikedNlycosylatior]
siteassociated with h e-helix2s indicatedwith the %E%D symbol and underlineith the sequence
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Figure 72T h e s u b t-lyefixés mGre dol2ent exposed on monomeric gp120

The crystal structures of the HY gp120 C3 region from subtype B isolates Hlyg, (purple),HIV -
1yyz (blue), and HIV-1,rF (green), as well athe subtype A isolate HMIgzryos7 (red) were all
superimposed on the subtype C structure of -Hd¥p.10 (vellow) using the Swis®dbViewer
programme(Guex and Peitsch, 1997 Structures were obtained from the pdb files 1G9M, 2QAD,
2B4C, 3NGB, and 3LQA.

Acquisition of length in the V4 loop is associated with resistance to autologous
neutralising antibodies, and it coultk speculated that part of this role involves
escape via epitope occl usi enalix. fHowever,ant i bod
t r ansf er -hebxfalone Hrem aUrutralisation sensitive donor virus to a
neutralisation resistant recipient virus oftensloet alter the neutralisation phenotype

of the latter(Rong et al., 2007 In contrast, by transferring the entire-&€3 region it

was possible to completelyatisfer neutralisation sensitivity to early autologous
plasma, suggesting that the entire region was required to reconstitute these types of
neutralisation epitope@Voore et al., 2008 In this original studyfour individuals

from the CAPRISA_002 Acute Infection Cohort (described below) were identified as
containing antiC3-V4 autologous neutralisingntibalies: CAP45, CAP63, CAP84,

and CAP88 Appendix A. They were identified by creating heterologous chimeric
viruses for the C3/4 region as described aboveThe neutralisation epitope
recognised by CAP88 antibodies appeared to be directed towards tegi@galone.
Transferring the HIVlcapgs C3 region into a m@stant heterologous virugsulted in

the complete transfer of neutralisation sensitivity, while transferring the V4 region
alone did not confer any neutralisation sensitivity. Similarly bydpéanting the
HIV-1cape3 V4 region only, but not the C3 region alone, partial sensitivity to CAP63
plasma was transferred. This suggested that the epitepegnised by CAPG63
antibodiesnvere more dependent on residues in V4 than in i@3addition theuse of

viruses chimeric for other regions also allowed for the identification of other epitopes
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for autologous neutralising antihies in VtV2 for participans CAP45and CAP88,

andin V5 for participant CAP84.Each chimera was tested for the acquisitban
unnaturally sensitive neutralisation phenotype by testing them adwedtesblogous
serum samples from multiple HI¥ infected individuals. Since almost all HIVL
infected individuals develop arti3 and antiCD4 bindng site antibodies, if the
chimeric viruses adopted an exposed conformation they should become sensitive to
heterologous plasma sampleone of thechimera be@me universally sensitive to
these unrelateglasmasamples suggesting that their neutralisation was mediated by

strainspedfic antibodies(Moore et al., 2008

Escape from autologous neutralising antibodies

A second study &ém our lab looked at escape from autologous neutralising
antibodies, and incluatl participants CAP45 and CAP@88loore et al.,, 2000 The
authors showed that therus infecting CAP88 isolated at one month post infection
was sensitive to the anfl3 antibodies in CAP88 plasma, whilee virus isolated
from six manths post infection was notSequence analysis identified three amino
acids in theJ zhelix under selective pressure. The acquisition of a potentialkdd
glycosylation site at position (339 normally found in most viruses) and a charge
change from glutamic acid to lysine at eitheripos 343 or position 350. The
potential glycosyhtion site acquired at position 339 was highly conserved by six
months post infection, whildné charge changet positiors 350 and 343 were each
presentin 50% of the populatiorsuggested that their roles in escape were mutually
exclusive. Amino acidsat positions 343 and 350 have been previously identified as
being under considerable selection pressure in subtype C viRseg et al., 2007

They map to tb same face of the helix as position 339, and are in a position to
interact directly with V4 (Figure 8A).Removing the glycan at position 339 in a six
month clone resulteth the partial restoration of neutralisation to plasma from an
earlier time frameKigure 8B purple ling. Once the charge change at position 350
was also incorporatedhe six month virus became completely sensitive to earlier

plasma(Figure 8B, pink line)
Escape mtationsto neutralising antibodies in CAP45 plasmare also idenfied in a

similar way CAP45 had been previously shown to develop an antibody response to
V1-V2 and C3V4 (Moore et al., 2008 Of those residues identified as being under
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positive selection, e amino acid in VIN1479 and two in V2 (R186K/E190a(p

were back mutatedh a cloneisolated at 12 months post infectionn so doing the

later virus becameatially sensitie to neutralisation byearlier serum samples

(Moore et al.,, 2000 This was consistent with the previously identified -&1tV?2

activity in CAP45 plasmaSurprisingly backmutation of two residues in V5 (E460K,

and G462D) made the later virus almost completely sensitive to plasma from all

earlie time points. It was hypothesised that these two mutations must confer

escape

to the antiC3-V4 antibodes since backmutation of all the remaining positively

selectedmutationsin the escaped virus could not restore any sensitivity to earlier

plasma saples(Figure &8).

K335DRWIATLEKVKKKLEEHS52 K33SDRWNATLKKVKKKLKEH?352

CAP88 a-2 helix Escape Mutations

400001
HIV-1capsgs

~o- HIV-Icapgg gmonth
4000- o~ HIV-1capgg emonth (N339))
-0~ HIV-1capgg smonth (N3391K350E)

Titer

4004

404 v T T T 1
0 25 50 75 100 125

Weeks Post Infection

Figure8: Escape mutations to CAMRIBEKSE8 antibodies
(A)Hel i c al wheel pl ot di ahglixaimlimg irgchtiee wage fgom €&hminus
to N-terminus. The wildype helix is shown on the left, while the escaped helix is shown ongttte]
Amino acids under positive selection at six months post infection are indicated with the orange
The location of the V4 loop is shown in purple, and the adjacelimkied glycosylation site i
indicated. Amino acids are coloured as in Fégér (B) Escape from CAP88 neutralising antibog
(adapted from Mooret al, 2009). Ttres againsthte one month infecting clone (yellow$jx month
clone (red, N339I backmutant (purple), and N339I/E350Kdble mutant (pink) are shown.

map to t
CAP88 U2
ri

arrows.

S

ies

! Referred to as R181K/E186G in the Moe@iteal, 2009 studypased on HIVlcapss NUmMbering
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Project Aim

There is very little research published to date on autologous neutralising antibodies,
with most of the work focused on identifying and characterising broadly -cross
reactive antibodies. Autologous neutralising antibodg®rtwhich regions of the
natve envelope trimer are exposed for antibody mediated neutralisation.
Furthermore they may provide important clues as to the origins of broadly
neutralising antibodies.Given the recent identification of the &3l region as a
complex neutralisation epitepwithin gp120, the aim of this project was to better
define the nature of this epitope in hope that it will contribute to the knowledge

necessary to develop an HIV vaccine.
Main Objective

To determine whether G24 autologous neutralising antiboépitgpes arecontained
wholly within monomeric gp120, and to further characterise the nature of escape

from theantibodies targeting this site.
Specific Objectives

i To determine whether the autologous neutralising antibodissrirm samples
from CAPRISA_002 prticipants CAP45, CAP84, CAP63, and CAR&#ild
be adsorbedsing autologous monomeric gp120.

& To ascertain whethethese same serum neutralising antibodiesld be
adsorbedusing chimeric gp120 containing anautologous C3/4 region
grafted into a hetetogous gp120 backbone

i To assesthe effect of escape mutations introduced into atyjue autologous
monomeric gpl20 on the adsorption of &@8V4 directed neutralising
antibodies.
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Chapter Two: Materials and Methods
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The CAPRISA 002 Acute Infection Cohort

The ®hort enlisting 245 women at high risk for HIV infectionas been described
previously (Gray et al., 2007avan Loggerenberg et al., 2008Sixty two women
became infected with HIV and were enroll@do the study They have been
extensively monitoredncluding CD4 count, viral load, and regular plasma/serum
sampling Although the primary aim wa® tdocument the evolution of the virus and
host immune response durintbe course of acute infection, the majoriy the
participants have been successfidlyolled for more than thregearsand some as

long as five

The PPI4 expression vector

The pPPl4expression vector was developed by Progenics Pharmaceuticals Inc. (New
York, U.S.A.), and contains several elements designed to enhance recombinant gp120
expression as described previou@nley et al., 2000Trkola et al., 1996 These
include a cytomegalovirus major immediatarly promoteenhancerfor high level
constitutive expression, a tissue plasminogen activator signal pefaidefficient
secretion of soluble gp120, and a bovine growth hormone polyadenylation teignal

stabilisethe transcribed mRNA.

Creating histidine tagged gp120 expressing plasmids

The gp120 codig regionsof four subtype Gviruses were amplifiedrom plasmids
containing the full length envelope genebhe envelope clones and their GenBank
accession numbers are: CAP45.2.00.G3J (EF203960), CAP63.2.00.A9J (EF203973),
CAP84.2.00.32J (EF203963), andA\88.2.00.B5J (EF203927). Each of the four
virusesrepreserd the relatively homogenous infecting populatiairculating in four
individuals of the CAPRISA cohogtpproximately one monthostinfection, prior to

the development of neutralising antibodieShey are thussensitive to allhost
autologous neutralising antibodie§or each of these distinct envelope clones, a set
of chimeric pseudovirusewas previously engineeredMoore et al., 2008 For
instance, the G¥4 region of HI\-1capss (sensitive to CAP88 plasma) was grafted
into the HIV-1capss (resistant to CAP88 plasma) envelope backbone to peothec
heterologous chimera HNcapezgscava)e3  Thischimeric viruswas then tested for
any acquired sensitivity to CAP88 plasmich confirmed the role of theC3-V4

region as a target for CAP88 neutralising antibodiegdditional chimeric
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pseudeoiruseswere also created ithis study (described below}rom someof these
new chimeric envelope encoding plasmidihe previously engineered 681
chimeric plasmids, and the parental sequentas, gpl20coding regions were
amplified In addition seveal mutations were also introduced into the gpl120
constructs (described below)A summary ofthe parental, chimeric, and mutant
template sequences usta gpl20 productiorhasbeenprovidedin Figure 9. A

summary of the chimeric pseudoviruses createthisrstudy is shown in Figure 10.

Parental gp120 Chimeric gp120 Mutant gp120

HIV-1 CAP45 HIV-1 CAPB84-45(C3-V4)-84 HIV-1 CAP84-45(C3 V5)-84 HIV-1 CAP45(D368R) HIV-1 CAP45(K460E/D462G)
I — —-— - I — — —

HlV‘1 CAP84 H |V—1 CAP45-84(C3-V4)-45 H | V- 1 CAPB4(D368R) H IV_1 CAP45-84(C3-V4)-45 (D368R)
— — { — ‘ —

HIV-1 CAP88S HIV-1 CAP63-88(C3-V4)-63 HIV-1 CAP63-88(C3)-83 HIV-1 CAPBB(I339N/E343K)
—— — - I E—

HIV-1 CAP63 HIV-1 CAPB8B-63(C3-v4)-88
— —

Figure 9: Template sequences used for gp120 production
A schematic summargf the different templatsequencesisedfor gp120 production in this study.
The gp120 coding sequence correspogd HIV-1capas HIV-1capss HIV-1capgs and HIV-1cppgs is
coloured pink, yellow, green, and brown respectively. Thedadindicate those gp120 construgcts
into which the 368R mutation was introduced, whileetbluedots indicate the gp120 constructsan
which previously identified escape mutations were introduced.

Primers KpnlEnC and BstBiHT-re were used to amplifgll gp120 coding regions.
Sequences for these as well as all subsequent primers used in this study are listed
below (Table 1). The PCR protocols included thirty five cycles, with an annealing
temperature of 50C for thirty seconds. Denaturation and extension times and
temperatures varied according to the manufadsirecommendations for each of the
different high fidelity enzymesised. Although primer melting temperatures and
actual annealing temperatures used varied by as much as 10 degreesspecifan
binding was expected given the nature of the plasmid DNA templatecodon
optimised plasmid encodinthe CAP63 gpl120 andchimeric CAP6388(C3)63
gp120 was obtained fromr. Liao Duke HumanVaccine Institute, North Carolina,
U.S.A) to facilitate a greater level of gp120 productiolm order toPCR amplify
these gpl20 encoding genes for downstream -ckubng, the pimers
CAP63(CodopXKpnl-fo and CAP63(CodopiistagBstBIl-re were designed using
the online OligoCalc tool (Kibbe, 2007 hese were used in the same manner as the

KpnlEnvC and BstBHT primer pair described above.
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All PCR products were treated wifl® U - 20 U Dpnl at 37°C for one to two hours

to digest themethylated template DNA, and then purified with the Qiagen PCR
purification kit (Hilden, Germany) usinthe protocol provided. The KpnlEnv and
CAPG63(CodopXKpnl-fo primers introduced a Kpnl cut site intbet Nterminus of

gp120, while the BstBHT-re and CAP63(CodoghlistagBstBI-re introduced a

BstBI cut site, six histidine residues (HisTag) preceded by a flexibleGBhSer

linker motif, and two stop codons into thet&€minus of gp120. This allowed fdre

directional cloning of PCR products in to the mammalian expression vector pPPI14.

PCR products were digested whkl U Kpnl for one hour at 37C, and then 2WQJ

BstBI for one hour at 68C in the appropriate buffers supplied. Following each
digestionthe PCR product was again purified using the QiagenAproximately 2

eg of the destined expression vector pPPI 4
digested simultaneously. Thieearisation of the vector, and liberation of its

associated gpl120 open reading frame was monitored on a 1% agarose gel in Tris
Acetate bufér (supplemented with 065g/ mL et hi di um br omi de) , a

times were manipulated accordingly.

The enzymatically digested vector and PCR products were gel purified using the

Qiagen gel extraction kit and protocol provided. All DNA concerdretiin this

study were determined using a NanoDf6{000 Spectrophotometer (Thermo

Scientific, Wilmington, U.S.A.). A ratio of 3:1 PCR product to linearigedtor was

then incubated overght at 16°C in the presence of Invitrogengdi#age DNA ligase

(Calsbad, U.S.A.) in the buffer supplied. Ligation products were used to transform
Eschericia coli XL10-Gold chemically competent cells produced by Stratagene (La

Jol I a, USA) | nAmercapteethgnol acsceding te theo42 hebt shock

method provided. Cells werecovered in a nutrientch super optimal broth with

catabolite suppreson (SOC) medium for one hour at 3Z with shaking (22912)

and plated onto Luria Bertani (LB) media supplemented withel@0/ mL ampi ci | | i n
37 °C overnight to selectively isolate single colonies. These were subsequently
cultured in 50e L L u r iidrotiBsuppkeraented with 300g/ mL ampi ci I | i n
one hour, and then screened for positive transformants by PCR using the
KpnlEnv/BstBFHTre or CAP63(CodopKpnl-fo/ CAP63(CodopHistagBstBI-re

primer pairs. Successful transformants were selected fesmpulaextraction and

confirmation of the inserted gene by DNA sequencing.
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Table 1: List of primers used in this study

PCR primers
KpnlEnvC GTCTATTATGGGGTACCTGTGTGGAAAGAAGC
BstBI-HT-re CCCACTAAATCAAAAAGGAGAGTGGTGGAGTCAGAAAAAGGCGGATCCCACCACCACCACCACCACTGATGATTCGAAGCGAGG

CAP63(Codop)-Kpnl-fo

ACGGGGTACCCGTGTGGCGCGAGGCCAAGACCACC

CAP63(Codop)-Histag-BstBl-re

CAGATTCGAATCATCAGTGGTGGTGGTGGTGGTGGGATCCGCCGCGCTTCTCGCGGCCCACC

V1-fwd GTGTAAAGTTGACCCCACTCTG

Vi1-rev CAGAGTGGGGTCAACTTTACAC

V2-fwd CAGGCCTGTGTTATGGTTGAGG

V2-rev CCTCAACCATAACACAGGCCTG

84-45V5fo GATGGAGGGAAAACAGACAGGAATGACACAGAGATATTCAGACCTGCAGGAGG
84-45V5re GACATTCCTGTCTGTTTTCCCTCCATCACGTGTCAGCAGTAGTCCCGTGATAC

84-45b14fl ankfo

TTCCTTAATAGAACAATAGAATTTGAACCACCCTCAGGAGGGGATCTAG

84-45b14fl ankr e

GGGTGGTTCAAATTCTATTGTTCTATTAAGGAAGTGTTCCTTTAATTTTTCCTT

T7

TAATACGACTCACTATAGGG

EnvAdir

CACCGGCTTAGGCATCTCCTATGGCAGGAAGAA

EnvM

TAGCCCTTCCAGTCCCCCCTTTTCTTTTA

Sequencing primers

T7 TAATACGACTCACTATAGGG

tPA-fo CCATGCCCGATTCAGAAGAGGCGCCAG

EnvAdir CACCGGCTTAGGCATCTCCTATGGCAGGAAGAA
KpnlEnvC GTCTATTATGGGGTACCTGTGTGGAAAGAAGC
E175 TTTAGCATGTGATGCACAAAATAG

EnvB AGAAAGAGCAGAAGACAGTGGCAATGA

A589 GTGTAAAGTTAACCCCACTCTG

A590 AATCGCGAAACCAGCCGGCGCACAAT

Br AATTTCTAGGTCCCCTCCTGA

Df AGCACATTGTAACATTAGT

E55 GCCCCAGACTGTGAGTTGCAACAGATG

E85 GTCCCTCATATCTGCTCCTCCAGGTCTG
EnvArev TGCTGCTCCCAAGAACCCAA

gp41Fo GCCAGTGGTATCAACTCAAC

BstBI-HT-re CCCACTAAATCAAAAAGGAGAGTGGTGGAGTCAGAAAAAGGCGGATCCCACCACCACCACCACCACTGATGATTCGAAGCGAGG
Nr GGTGAGTATCCCTGCCTAACTCTA

E210 TAACAAATTGGCTGTGGTATATAA

E240 ATAATGATAGTAGGAGGCTTGATAGGC
MPERseq CACAAGCACAATATACAGGTTACTTGAAGACTCGCAAAACCAGCAGG
EnvM TAGCCCTTCCAGTCCCCCCTTTTCTTTTA

PPI4-re GGCAAACAACAGATGGCTGGCAACTAGAAG

63Codop-PLCV-re

GCAGTTCAGGGTCACGCACAGG

63Codop-C1HED-fo

CAGATGCACGAGGACATCATCTCC

63Codop-PVVSTQ-fo

GTGGTGTCCACCCAGCTGCTG

63Codop-NNAKT-re

CGATGATGGTCTTGGCGTTGTTGG

63Codop-FFYC-fo

CGAGTTCTTCTACTGCAACACCTCC

63Codop-PCRIKQ-re

CTGCCACATGTTGATGATCTGCTTGATG

Mutagenesis Primers

CAP45-(K460E/D462G)-fo

CACGTGATGGAGGGGAAACAGGCAGGAATGACACAGAG

CAP45-(K460E/D462G)-re

CTCTGTGTCATTCCTGCCTGTTTCCCCTCCATCACGTG

CAP88-1339N-E443K-fo

ACTAAAGACAGATGGAACGCAACTTTAAAAAAGGTAAAGAAGAAA

CAP88-I1339N-E443K-re

TTTCTTCTTTACCTTTTTTAAAGTTGCGTTCCATCTGTCTTTAGT

CAP45D368Rfo

CACCCTCAGGGGGGCGTCTAGAAGTTACAACAC

CAP45D368Rre

GTGTTGTAACTTCTAGACGCCCCCCTGAGGGTG

CAP84.32-D368Rfo

CCAGTCTCAGGAGGGCGTCTAGAAGTTACAACACATAGC

CAP84.32-D368Rre

GCTATGTGTTGTAACTTCTAGACGCCCTCCTGAGACTGG

*Primers designed specifically for this study are shaded grey
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Creating chimeric pseudovirions

Plasmids encoding wilthpe and C3v4 chimeric envelope constructs for
pseudovirion productiorhave been engineered previougMoore et al., 2008
However this project required the generatiors@feraladditional chimeras. Primers
84-45V5fo, 8445V5re, were used in conjunction with EnvAdir and EnvM to create
the chiméic HIV-1capsassca+vs-gapseudovirus construct from the Hi\apgaas(cayes
encoding plasmid. Primers 844 5b 14 f | an k4f50b 14 h t a Bldr e (agai |
EnvAdir, EnvM, and plasmid HMcapssss(vsy84) Were used to create the HIMapsa

45 ( svs)ss Chimera. Primers A589 and A590 were usedth the EnvAdir/EnvM
combinationto introduce the HIVlcaps V1-V2 loop into the HIVVlcapgaascava)-sa
chimela. Both early and escaped W2 sequences were introduced this way. A
schematicdescribing the construction of these chimeras is shown in Figure 10. The
HIV -1capssassca+vs-s4 pseudovirusvas selectedor gpl20 production (as described
above). The primer pair EnvAdir/EnvM was used to amplify full length envelope
genes which were then cloned into the pcDNA 3TKDPO expression vector from
Invitrogen using the protocol provided. Ligation products wesed to transform
ultra=competent cells as described above and positive transformargselectedy

PCR using a primer specific for the vector (T7) as well as EnvM. Chimeric

envelopes were then confirmed by DNA sequencing (described below).

Pseudoviuses were produced in mammalian 293T cells grown in DMEM
supplemented with 10% FBS, %09 / mdntamycin, an®25 mM HEPES buffer.
Thiswasdonebyebr ansf ecting envel ope -baumypes with t
B backbone plasmid. Transfections were executed with FuS&ENHBescribed

above) using 8Mg/cnf of each plasmid and a 3:1 ratio aiGENE®6 to plasmid

DNA. After 48 hours the cell culture supernatant was filtered throughed#5 a n d
adjusted to 20% FBS, before being storedr@t°C for later use in the neutralisation

assays. The pseudovirion particles that are produced expressriahajpl60

trimers on their envelope surfaces, but do not encode a functional envelope gene and

are thus only capable of a single round of infection. Pseudoviruses at various
dilutions were cancubated in a 9@vell flat bottom plate with 10 000 TZMl

reporter cells per well to a total volume of 26 f or 48 “ChdZM-bs at 37

cells areengineered to constitutively express CD4, CCR5, & CXCR4, and encode a
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luciferase gene under the transcriptional control of the long terminal repeat element of

HIV-1. After48 hours 156 L was r e mo v elldandfthe oeits wera lgsed w

with 100e L of a lucifer-GhoEohtai hengseBr Aghay
(Promega, Fitchburg U.S.A.) for two minutes. Finally 16 o f |l ysate wi
transferred to black F96 MicroWell Platemanufactured by NunC (Roskilde,

Dennark), and the relative light units (RLU) produced measured in a VICEOR

Multilabel Counter 1420 (PerkinElmer, Waltham, U.S.A.).

HIV'1CAP45 HIV'1CAP84
| —r |

HIV-1 CAP84-45(C3,V5)-84 HIV-1 CAP84-45(p14.V5)-84
T =E [ B

HIV-Tcapas HIV-1capsa-asica.vay.sa

I —r
HIV-1capsa.asviva cavayss

‘I .

Figure 10: New chimeras created for this study
A schematicdiagram describing how variowhimerc pseudweiruseswere engineered for this study.
As in Hgure 9 the gp120 coding sequence corresponding teldhWss was coloured pink, while the
HIV -1capgs cOding sequence was coloured green. Structures are included to illustrate how genhetically
distantregions of the envelope may come together in the context of a gp120 monomer to pfovide a
single, discontinuous neutralisation epitope. The location of the flexibly2/lbop in the CD4
bound conformation of gp120 is not known, and approximated witbatoeired bubbles.

Mutagenesis

Amino acid changesised to map antibody specifieis and evaluate the effects of

known escape mutations were introduced with thekQWi a n g e Hlirected t e
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mutagenesis kit from Stratageflea Jolla, USA) Primers for thispurpose were
designed based on the manufacti@ecommendationsThe primer pairs CAP45
(K460E/D462G)fo /| CAP45(K460E/D462G)re and CAP88339N-E443K-fo /
CAP881339N-E443K-re were used to introduce known escape mutations into the V5
| oop elixof HIZ-1capss gp120 and HIVlcapss gpl20 respectively. The
primer pairs CAP45868Rfo / CAP45868Rre and CAP84.32D368Rfo /
CAP84.32D368Rre were designed to introduce the D368R mutation into the CD4
binding loop of HIM1lcapas 9p120, HIVicapassacavays 9pl20, and HIVicapss
gp120. Mutagenesis reaction products were digested with Dpnl &C3¥or two
hours to remove thenethylatedtemplate sequence, and then used to transform
chemicallycompetent cells as described above. Up to eight colonies weotese
from each plate for plasmid extraction and DNA sequencing.

DNA sequencing

Plasmids were extracted from LB broth cultures using either the Qiagen Miniprep kit
or the Sigma Midiprep ki{St.Louis U.S.A.) depending on the amount of plasmid
required for downstream experiments. Extractions were done according to the
protocol provided with the exception that triple the volume of culadésedwas

used for each extraction to increase yields. Plasmids were sequencedhasing
Bi gDy eE T e&3ltcte®eqaencingit from Applied Biosystems (Foster
City, U.S.A) and the HaHDye Mix from Bioline(London, UK.)ina2&@ L r eact i on
using an irhouseoptimised reaction mix Primers T7 tPA-fo, EnvAdir, KpnlEn\C,
E175,EnvB, A589, A590, Br, Df, E5S5, E85, EnvArev, gp4lFo, BstBIT-re, Nr,

E210, E240, EnvMPPIl4re, and MPERseq were used in varying combinations to
sequence either gp120 or full length Env. Primers 63CG&IGRV-re, 63Codop
C1lHED+fo, 63CodopPVVSTQfo, 63CodopNNAKT-re, 63CodogFFYC-fo, and
63CodopPCRIKQre were designed using OligoCalc to sequence theclsuled
codon optimised plasmids. Sequencing reaction products were precipitated out with
120 mM sodium acetate i100% ethanol at 200@ g for thirty minutes. The pellet

was rinsed with 70% ethanat 2000x g for five minutes and thendried for three
minutes at 63°C and resuspended in 1@ LHi-Di E orrfamidefrom Applied
Biosystems The sequences were resolved oipplied Biosystem8100 automated
genetic anlgser, and analysed using Sequencher v4.5 from GenecAdasAfbor,
U.S.A).
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Expression of recombinant gp120

A polyethyleneimingPEI) expression protocol was uded the transfection of 293T
cells. A similar protocol has been described previougfyrschner et al., 2006
Polyethyleneimine with an average molecular weight okRa from Polysciences
(Warrington, U.S.A.) was prepared to anfy/mL solution in sterile water and filtered
through 0.22 m The 293T cells were seeded at 40 000 cells’@4 hours prior to
transfection to achievapproximately 8% confluency. To optimise the transfection
protocol different ratios of PEI:DNA(160 ng/cnf plasmid DNA) were used to
transfect a codon optimisegp120 encoding gene derived from HIW,15.. The
plasmid DNA was préncubated withPEI in Invitrogenserumfree DMEM at 1/20"
of the final cell culture volumér 45 minutes. Cells were transferred to sefuee
DMEM and the transfection reaction mixé was addedAfter five to six hours the
medium was changed to DMEM supplemented with 10B&,Fand 50 pg/mL
gentamycin. The level of gpl20 expressiomsing PElI was compared witlthe
commercial transfection reagent FuGEME from Roche Applied Science
(Mannheim, Germany) These reactions were also set upccording to the
manufactureds guidelineswith varyingratiosof DNA:FUGENE®6 (using 160ng/cnf
plasmid DNA in DMEM supplemented with 28 FBS, and50 ug/mL gentamycin

From each transfection proceducell culture media containingxpressed soluble
gp120 was collected afte&8 hours and added t66-well ELISA plates precoated
overnight at 4°C in a carbonatéicarbonate buffe(pH 8.5) with D7324, a sheep
antigp120 antibody produced by Aalto (Dublilreland) After one hour incubation

at 37°C the bound HIV1 envelope proteins were detected using the ELISA protocol
described below.Once an optimal transfection protocol was identified it was dcale
up to 500mL culture volumes to increase expressievels for subsequent adsorption
experimentsand the gp120 containing cell culture media was collected at three to
four subsequend8 hour intervals Cellular debris wapelletedat 4210x g for 20

minutes and he supernatant was stored & °C for laterpurification.

Purification of recombinant gp120

Cell culture supernatants containitige samerecombinant gpl2@roteins were
pooled together in 2 batches and filterethough 022 ¢ m.The filtrate was then

passed through &alanthus nivalisdeived lectin affinity chromatographymatrix
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(from Sigma)three times to ensure retention of the major glycosylated fraction. The
protein bound beads were washed with roughly twenty column volumes of PBS
containing0.5 M sodium chlorideto displace any nespecifically bound proteins,

and then soaked in 50L of 1 M methyU-D-mannopyranosida PBSfor one hour

to elute theboundglycoproteins. The etion was concentrated in PBS to less than 2
mL and then passed through as€pharose anion exchange ma{B& Healthcare,
Little Chalfont, U.K.)at 0.3¢ Imin in PBS. This process was automated on the
Amer sham AKTApri meE (now GE HeUnwanted ar e, Li
proteins were bound to the matrix and the column flow through containing histidine
tagged recombinant gpl120 was collected and concentratedntg/ndL using the
Vivaspin 20 centrifugal concentrators from Sartorius Stedim (Aubagne, France)
Aliquots were supplemented withe cQnpleteE protease inhibitor cocktail from
Roche Penzburg, Germanyand stored at20 °C. Due to the relatively vatie
expression levels of gp120 derived from different viral strains, the sacmenbinant
proteins were expressed on numerous occasions and different batchesauwlere
assessed qualitatively by SIPAGE and ELISA (described below). All protein
concentrations we determined using a NanoDf8p1000 Spectrophotometer

(Thermo Scientific).

Qualitative assessment of recombinant gp120

Proteinpurity was assessed via SIPAGE. 206 ¢ of puri fied sampl e
8% polyacrylamide gel and then stairmacernightwith Coomasie blue. The relative

proportion of gp120 to other protein species in the sample was calcoiatbd Bio

Rad Mol ecular I magingE Chetity OnDedftwarERSE usi
(Hercules, U.S.A.) Purity of 85% gp120 and above was tolerated for downstream
applications. Since the introduction of heterologous protein sequeixethe

chimeric gpl20may deform overall protein structure, wilgpe and chimeric gi20

was evaluated for conformational integrity. This was done in the context of ELISA

by assessing their ability to bind monoclonal antibodies directed towards known
discontinuous epitopes. Treat88-well plates were coated with € g / dl120

overnight at 4°C in a carbonatbicarbonate buffer (pH.5). Plates were then

washed thrice with PB%0.05% Tween20)and the remaining uncoated surface

blocked with 20QuL PBS (5% milk) for one hour at 3TC. All subsequent reaction

steps vere conducted in 10QL reaction volumes at 37C, and preceded by an
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identical PBS(0.05% Tween20jvash step. Firsplates were incubated with serial
dilutions of monoclonal antibodies at concentrations betweepgl®L and 128
pg/mL. As a positive cotmol the HIV-1 positive serum sample BB105 was used at 1
in 5 serial dilutions starting at 1:100For the second and third steps plates were
incubated first with166.67ng/mL biotin labelled, anthuman, goat polyclonal sera
(KPL, Gaithersburg, U.S.A. and then with500 ng/mL anti-biotin, goatpolyclonal
HRP-conjugates Calbiochem, Darmstadt, GermanyFinally plates weréncubated

at room temperaturevith 100 pL volumes ofthe 1St e p E Ul ElLISA T MB
(3,3',5,5tetramethylbenzidinesubstrate from Ther Scientific for approximately
three minutes and the resulting colour reaction stopped wifi. 28 1M H,SO, and
read at 450nm on a VersaMax Tunable Microplate Read@violecular Devices,

Sunnyvale U.S.A.

Adsorption of monomer-specific serum antibodies

Recombinant gp120 was coated in 40§ batches t0200 e L MYy One E
tosylactivated Dynabeads® from Invitrogen as péne manufactured s
recommendations. A covalent interaction between the magbetids and gp120
monomers provides a stable complex that can then be used to bind out gp120 specific
antibodies. All prior and subsequent incubation periods were cargdat 37 °C

with continuousrotary motionto prevent clumping. ®&ds coated with gp120 and
blocked with BSA were washed thrice with rhL serumfree DMEM to removaall
previous buffers, and then diled into two equal volumes. The first of these was re
suspended in 200L of the relevanserumsamplediluted betweenl:20 and 1:1®
depending on the expected titreAfter one hour incubatiothe adsorbed serum was
recovered and used to-sespend thesecond volume of gpl20 coated beads.
Following this the adsorbed serum was again recovered and separated from any
remaining matrix particles by centrifugatioithe supernatant was stored &tCifor

use in downstream application§.he adsorbed sera wassayed for the successful
depletion of binding antibodies by ELISA (as describaigovg. A drop in
absorbance values when compared to serum adsorbed only with blank beads
(negative control) correlated with the adsorption of gp120 specific antib@dgse

11A). The depletion of neutralising antibodies was measured by a neutralisation
assay (as described below). Again, a drop in neutralisation titres when compared to

the negative control was a result of neutralising antibody depl@tigare 1B).
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Figure 11: Mock adsorption data
(A) Mock ELISA results from an adsorption experiment. Serum/plasma adsorbed with blank beads
only is coloured black, while serum adsorbed with recombinant gp120 igedlgrey. Adsorption of
gp120 binding antibodies results in a reduced QB). Mock results for a neutralisation assay using
serum/plasma from an adsorption experimdrtte graph is aloured as in (A).Adsorption of gp120
specific neutralising antibodseresults in a drop in the neutralisation titre (measured s ID

Neutralisation assay

Neutralisation was measured irsimgle roundof infection assay that allows fohe
assessment oéntibody mediated inhibition of viragéntry into host cells. This
neutralisation assayas adapted from the previouslgscribedmethod(Montefiori,
2009. Briefly, monoclonal antibodies or serum/plasma samples were seriallyddilute

down a 96éwell plate, and cancubatedn a total volune of 100c L f or one hour

°C with pseudovirus at a concentration previously determined to yiebDd@deelative

light units (RLU) To this50 L o f-bl GellsMlere added to a final concentration

of 10 000 cells per well, and incubated for 48 hours &GB% CQ). Following

the two day incubation period cells were digested in the Luciferase Assay Buffer and
resulting RLUs measured in thdCTOR’E Mu | t i | a lmedescribed wbovee r
To save on sample the assay was adagteld that diluted antibody/sgm, virus, and
TZM-bl cells were cecultured in a total o70e L  p e redueng thé amount of
gpl120 adsorbed serum input required. feeding step twenty four houngost
infection (adding130¢ L) , and a r educ tcellocalturd media h e
removed (100e L) at f o r tpastinfection (ptior ththeuaddgion of the

luciferin containing bufferjvas also included
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Chapter Three: Results



Optimisation of polyethyleneimine based transfection system

Genes can be delivered into eukaryotic cells using atyaof tools from retroviruses

to liposomal reagents and cationic lipids or polyn{@wnetta, 200p The latterare

often incorporated into commercial chemical transfection reagents, and act as a bridge
allowing foreign DNA to associate with the cell membrane. Polyethyleneimine (PEI)
has been previously described as a vehicle for gene de{Beugsif et al., 1995 It

is also significantly more economical when compared to commercially available

transfection reagen{&irschner et al., 2006

Relative gp120 expression levels

Fugene 1 ng: 1.5 ny
Fugene 1 ng: 3 nL
=®= Fugene 1 ngy:6nL
Polyethylenimine 1 ng : 1.5 ny
Polyethylenimine 1 ng : 3 ng
== Polyethylenimine 1 ng : 6 ny
-o- DNA only
-®- Standard curve

OD (450 nm)

10-* 109 101 102 108 104 10°
Culture Media Dilution

Figure 12: A comparison of PEI and Fugen&6 as gene delivery reagents
ELISA data showing the relative gp120 expression levels of 293T celléetrgets with different ratios
of either PEI or FUGEN®5. Optical Density readouts were compared to a standard curvewhkn
gp120 concentrations serially diluted 1 ifrdm 40e g t ong.2Thd #lative amount of gp1R0
produced for each transfectiorticaused is shown.

Table 2: Quantity of gp120 produced

Fugené&6 le g DNAsL RAd&ene 450ng/mL
leg DNAL: F@@ene 7 500ng/mL
le g DNAL: F@&gene 17 100ng/mL

Polyethyleneimine | 1¢e g DNAe g Ho I5wgimibeh 30ng/mL
leg DNAg: P8Il yet hy 1500ng/mL
leg DNaAg: P61 yet hy 1300ng/mL
leg DNA 0 ng/mL
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To reduce the cost of recombinant gpl20 expression for this study a
polyethyleneiminebasedtransfection systermasexploral. We evaluated the effect

of different PEI : DNA ratios on recombinant gp120 expression levels, and compared
the dateo the yields obtainedith FUGENE®6, the commercial transfection reagent
traditionally used in our laboratory for gene delivera rdioof3e L Fu BE NE

€ g D NrAe level of gpl120 produced after transfection was quantified by ELISA
(Figure 12). A stamard curve was constructed by capturprgviously expressed
recombinantgp120 of known concentratisronto the ELISA plate Transfection
without a transfection reage(iDNA only) was included as a negatieentrol As
expectedthe transfection with DNA only did not produce any detectable levels of
gp120 expressionThe level of expression increased significantly by increasing the
ratio of FUGENE®6 : DNA, and similarly decreased dramatically when decreasing
this ratio (Table 2) A ratio of 3¢ ¢gPEI: 1 ¢ gONA was found to be optimahnd
produced significantly more protein than the lowes e LFUGENE®6 : 1 eg DNA

ratio. Using more PEI did not significantly enhance the transfeefifcciency. Thus

the PEI: DNA transfection ratio of 3 1 was shown to be a far more economical
alternative for protein expression wheompared to the FUGENE expression

system previously used, and was adopted for the remainder of the study.

Qualitative analysis of purified recombinant gp120

This researchproject required expression dixteen different recombinant gp120
molecules derived from four distineiral isolates their chimeras, and mutant&ach
protein was isolated from cell culture media to an estimated 91.3%% purity, as
measured with th@io-Rad Molecular Imaging® Chemi Doc XES (Figure 13).

The transfection efficacgf 293T cells using PEI was inconsistent within the context

of the same envelope construct, but certain gpl20 expression constructs (and in
particular HI\-1cape3 derived gplR) consistently produced less protein. Pgoi20
expressiorcorrelatedwith less efficient purification This was attributed to increased
carryover of glycosylated FBS proteins that then saturated the ion exchange column,
contaminating gpl120 collectedh ithe flow through. Me HIV-1capessscava)63
derived gpl20 wakeast purgbut produced the best adsorption data fribns study
(Figure 20 discussed below). Therefonee reasorthat the level of purity obtained

for all recombinant gp120s was suiéint for the purposes of these adsorption studies.
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Figure 13: Purity of recombinant gp120 produced in this study
Coomasie blue stained SEFAGE showing eight of #hsixteerrecombinant proteins produced in this

study. The relé@ve purity of each protein was calculated as a percentage of the total protein content in
each lanaising Quantity One software

As a result of the gimers used to amplify the recombinant gp120 mole¢c@ash of

the recombinant proteins had a commbirterminal and common GCteminal
sequencencluding a histidine tadT***KSKRRVVESEK**GGSHHHHHH). A

full sequence alignment of the parental recombinant gp120s used in this study is
shown in Fgure 14 These polyhistidine tags provide a large, flegiblrface distinct

from biologically relevant sites on monomeric gpl20. At high pH histidine
deprotonates to become available for coupling to the tosyl activated beads used in the
downstream adsorption studieBespite the insertion of heterologous sewaanto

the proteintermini, recombinant gp120 proteigwoducedin this study were able to

bind monoclonal antibodies that recognise discontinuous, conformationally dependent
epitopes fFigure B). Antibodies b12 and b6 contact the CD4 binding ($tentophlet

et al., 2003 A32 recognises a discontinuous epitope InC2AC4 (Boots et al.,
1997, and 2G12 binds a unique glycan epit¢Beanlan et al., 2002 In support of

these data the recently published crystal structure of a liganded gp120 core with full
N- and G terminal domains showed that resides48d are responsibl®r intra-
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monomer interactions, and variationtside of these residueggrdues 139 and 487

511) in all probability do not impact on the prof@ioverall conformatiofPancera et

al., 2010 Since the CD4 binding site overlaps the C3 region and the base of V5, it
was expected that the binding of monoclonal antibodies bl2 and lyfp120
chimeric for the C3 and/or V5 regions would differom the binding toparental
gp120 molecules This was indeed the caser these CD4 binding site antibodies
(Figure 15).In some instances these differences could be explained by previous work
that had mapped the binding site of these two antibodiessitida 471 in the HIV
lcapss backbone is occupied by an alanine, while in Hip4s this residue is a
glycine (Figure 131 Alanine scanning mutagenesis has shown that anything bulkier
than a glycine at this position significantly inhibits the bindingp 4, while the more
common glycine residue is less favourable for b6 interact{®astophlet et al.,
2003. This provides some explanation as to why b12 (Figure 15, yellow line) does
not bindwell to the HIV-1capgs parental gpl20 or chimerigpl20 with the HIV
1capss backbonewhile b6 (Figure 15, purple line) bindery well to thesgroteirs.
Furthermore the T4671 mutation in V5 significantly affects b6 binding, explaining
differences irthe binding of this antibody tihe V5 chimeras.

Asp®® is part of the CD4 binding loopnd criticalto HIV-1 entry Substitutionof
this residuewith an arginine abolishes bindirtg CD4 as well as most an@iD4
binding site antibodies, including b6 and 12et al., 2007. As seen irFigure 14,
bl12 and b6 were unable to bind the threeombinant gpl2Z)with this mutation.
The antibody 2G12 isubtypeB specific and unable to neutralise tiaisesused in
this study. The bindingto 2G12 detected by ELISAmay have resulted from low
affinity interactionswith high mannose structuseontributing tothe 2G12 epitope, or
with anotherbinding site for 2G12 formedby alternate gp120 processingSuch
binding sites have already been described for gf@800ks et al., 2001 As the
A32 epitope does not involveariable residues i3, V4, or V5,the ability of this
antibodyto bind all of the chimeric gp12Gssembled binding to the parentgd120
proteinsfrom which the backbone was deriveBooled HI\A1 positive plasma (such
as BB105) contains gpl20 specific crosactive antibodies (such as av8
antibodies) and was used in all ELISAs as a positive cont@lerall, binding of
these monoclonal antibodies to at least one discontinuous epitope on each

recombinanprotein onfirmedproper folding of all gp120s expressed in this study
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Adsorption of neutralisation activity by autologous gp120

CAPS88

Previous studiesn our laboratoryshowed thathte plasma from participant CAP88
taken at 26 weekpostinfection contained antlC3 autologous neutralising antibodies
(Moore et al., 2000 At this time point the aC3 antibodies had reached peak titres
while a secondegonsetargeting the VAV2 region had just begun to appd&igure
16A). This latter response went on to peak&it weekspostinfection At 54 weeks
postinfection the declining antiC3 responseandthe increasing antV1-V2 antibodies
were at approximately identicditres. In this studywe showed that usingnagnetic
beads coated witHIV -1capgs derived monomeric gpl20 was possible to completely
adsorb all gp120 specific antibodies from plasma taken at 26 vpeskmfection as
measued by ELISA Figure BB). The emoval of thesggpl20 binding antibodies
resulted in the complete depletion afitologousneutralising antibodies from this
plasma sampleFHgure BC). Therefore we can conclude that all theutralising
antibodies in thiplasma sample targatepitopes apparent on monomeric gp120.

ThesesameHIV -1capgs gpl20coated magnetic beadeere then usetb adsorball of
the gp120 specificantibodies from plasma taken at 54 wegkstinfection (Figure
16D). By depleting thesenéibodiesit was possible to significantlgecreasehe 1Dsg
value froma titre 0f1:1025 toa titre of 1:200, effectivéy reducing the neutralisation
titres by 81% (Figure BE). The residual neutralisation activityot adsorbed by
monomeric gpl2@t thislater time pointmight bedue to theantibodiesin this sample
that target the VW2 loop. Anti-V1-V2 neutralising antibodiessolated to date
typically recognise epitopes only present on the native triav&t cannot be adsorbed
out of sera/plasmsampesusingmonomeric gpl2QKimura et al., 2009Walker et al.,
2009. It has been speculated thaese anbodiesmay bind epitopes thdink long
flexible loopcomponent®f adjacent monomers (such\é® and V3, orthatthe V1-V2
loop domain simply doesot adopits native conformation in the context of monoioer
gp120(Walker et al., 2000
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Figure 16: Adsorption of CAP88 antibodies using monomeric g120

(A) Development of neutralising antibody titres in CARB&r time (modified fronfMoore et al., 2000
Titres aginst the autologous HMapgs and heterologous HINcapg3 are shown in yellow and bljye
respectively. Titres against chimeric viruses incorporating autologous €84 ©8 V1-V2 regions ar¢
shown in orange, green, and purple respectively. The two timesp(26 and 54 weeks post infection)

used for the adsorption studies are indicated with the dotted lifi&sAdsorption of CAP88 gpl120

binding antibodies at 26 weeks post infection measured by ELISA. Plasma adsorbed with blank|beads or
autologous gp1@ coated beads are shown in grey and yellow, while untreated plasma is shown in black.

A reduction in the OD at 450m correlates with adsorption of gp120 specific antibod{€. Complete
adsorption of CAP88 neutralising antibodies from 26 weeks-ipésttion, coloured as in (B). A

reduction in IRy and loss of neutralisation activity (indicated with the red arrow) correlates with the

adsorption of neutralising antibodi€¢®) Adsorption of CAP88 gp120 binding antibodies at 54 weeks
postinfection, colared as in (B). (E) Partial asorption of CAP88 neutralising antibodies from| 54

weeks postnfection, coloured as in (B)
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CAP45

Preceding studies have also shown thattralisation titres inparticipant CAP45
plasma peak at3 weekspostinfection(Moore et al., 2000 This coincided with peak
neutralisatbn titres against chimeras carrying either autologousV&3r V1-V2
regiors (Figure T7A). Magnetic beads coated withlV -1capss recombinantgp120
were also able tadsorb out all the CAP45 gpl20inding antibodiesfrom this time
point (Figure I7B), resuting in a concurren®88% + 8% drop inthe neutralisation titres
at this time point(Figure I¥C) as calculated byhe reduction inlDso. It was
hypothesised thaimilarly to the CAP88 adsorption experimeingomplete adsorption
of CAP45 neutralisation titres using mameric gp120 was a consequence of-"ti

V2 antibodieghat require the native envelope quaternary structure

CAP45
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Figure 17: Adsorption of CAP45 antibodies using monomeric g120
(A) The development of CR45 neutralising antibody titresvertime (Moore et al., 200P Titres against
the autologous HIMcapss and heterologous HRLcapgs are shown inyellow and blue respectively
Titres against chimeric viruses incorporating autologou&/€®r V1-V2 regions are shown igreen and
purplerespectively The time pait used for the adsorption studies is indicatéth the dotted line (B)
Adsorption of CAP45 gp120 binding antibodies measured by ELIBlAsma adsorbed with blank beads
or autologous gp120 coated beads are shown in greyellmv, while untreated plasa is shown in
black. (C) Partial alsorption ofCAP45neutralising antibodies from3 weekspostinfection coloured as
in (B). The reduction in neutralising activity is indicated with the red arrow.
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CAP84

The development of autologous neutralisingitadies in CAP84 has not been as
extensively mappedsit has withCAP88 and CAP45making it difficult to pinpoint

the timepost infectionat which antiC3-V4 antibody titreshad peaked. Previous data
suggested the presence of antibodies in CAP84 stxgeating the HIV1capss C3-V4

and V5 regions (Figure 18A), with titres for both antibody specificities peaking at 37
weeks postnfection and remaining fairly constant through to 54 weeks-pdsttion
(Moore et al., 2008 Therefore both these time points were chosen for the adsorption
studies. Using magnetic beads coated wittonomeric gp120 deriveddm HIV-1capsa

it was possible to adsodimost allthe binding antibodies detectable by ELIS#Aboth

37 weeks (Figure BB) and 54 weeks(Figure 1®) postinfection Similarly,
recombinant gp120 was able to adsorb out all the neutralising antibodieth ithese
serumsamplegFigures 18C and 188 with the level of depletion similar irrespective of
the time point used.Given the proximity of the V5 loop to €24 it is possible that
thesetwo specificities are relatear perhaps even the same epitopes showm by the
dotted green curve inigure 18A, removal of the autologous C3 regitime reverse
chimera) impacted negatively on the titres of both these antibody specificities
suggesting that they are dependent on the C3 rélyloareet al, 2008). Nevertheless

the results ofthese adsorption studies suggest that both thes®od/ responses

(whether relatedr no) target epitopes that weapparent on monomeric gp120.

CAPG3

Unfortunately CAP63 progressed to AIDS very rapidly, making extensive intapp
impossible. Despitéhis earlier studies have shown that antibodies targéted-IV-
lcapss C3-V4 regionwere presentat peak titredrom 20 through to 37 weeks pest
infection (Moore et al., 2008 A portion of thisactivity appeagd directed towardshe

V4 alone as the HIV1capssesvayss Chimera was also sensitive to CAP63 antibodies
(Figure 19A). Removal of the autologous &34 region or the autologous V4 alone
(reverse chimerad)ad similar effed on autologous neutralisation titres. This data
sugged that the C3 and Vélonedo not entirely encompass this particular epitope, or
that anotheneutralisation specificity begdn appear simultaneously alongside the-anti
C3-V4 response. Using magnetic beads coated withameric gp120 derived from
HIV -1caps3 almostall the gp120 binding antibodies in CAP63 serfrom 20 weeks
(Figure 19B)and 37weeks post infeabin (Figure 190 could be adsorbed out.
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Figure 18 Adsorption of CAP84 antibodies using monomeric gp120

(A) The development of CA82 neutralising antibody titres over tinfenodified from (Moore et al.
2009. Titres against the autologous HIMpss and heterologous HINcapss are shown inyellow and
blue respectively. Titres against chimeric viruses incorporating autologotg4G# V5 regions are
shown ingreen and black respectivelylitres against theeverse chimera gorporating a hetetogous
C3 region are shown with the dotted green lineThe time poing used for the adsorption studiase
indicatedwith the dotted grey (37 weeks) and black (54 weeks).lif{B$ Adsorption of CARB4 gpl120
binding antibodiesrom 37 weeks poshfection, measured by ELISA.Plasma adsorbed with bla
beads or autologous gp120 coated beads are shown in grggllvg while untreated plasma is sho
in black. (C) Adsorption of CAP84neutralising antibodies fror®7 weeks postnfection, coloured as i
(B). The reduction in neutralising activity is indicated with the red arr¢@) Adsorption of CAP84
gp120 binding antibodies from 54 weeks piodéction as measured by ELISA, coloured as in ()
Adsorption of CAP84 neutralising antibodies from 5&eks postnfection, coloured as in (B).The
reduction in neutralising activity is indicated.
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By adsorbing these antibodies it was possible to deplete 50%af the neutralisation

titres at both 25 weeks (Figure 19@&nhd 37 weeks (Figure 19E) pastection. The

level of depletion was similar irrespective of the time point udedspite the drop in

IDso titres (from ~1:5500 to ~1:2750) the partial depletion of neutralisation activity does
not reflect in the neutralisation curves, which are plotted ¢og scale. There watso

a minor adsorption of antibodies using blank beads only (negative control) relative to
the unadsorbed serum sample in this and subsequent experiments. Taisilaed

to the incomplete inactivation of freesyl groupsvhen t he beads wer e
BSA, or some level ofnonspecific binding of serum antibodies to the BSA coated

beads.

In summary,the autologous neutralising activities in plasma/serum from each of the
four participants could be depleted to varydegrees using monomeric gp120. All the
neutralisation activity in CAP8®lasma (within the first 6 months of infectioahd
CAP84serawas directed towards epitopes contained entirely within monomeric gp120.
However adsorption of a later plasma sampieni CAP88 resulted in only partial
adsorption of the total neutralisation activity. This coincided with the development of
ant-V1-V2 antibodies. Since all known ail-V2 antibodies target quaternary
epitopes it is most probable that $eeCAP88 antibadies could not be adsorbed by
gpl120, and were responsible for the residual neutralisation activity. Similarly the
neutralisation activity in CAP45 sera could not be completely adsorbed with monomeric
gpl120, and this was also attributed to -AfitiV2 antibodies that developed alongside
the C3V4 antibody response. Although CAPG63 s¢Dtitres dropped following
adsorption with monomeric gpl20, the serum samples still estatonsiderable
neutralisation potencyAs was the case with CAP45 and the later sarfmoim CAP88

it is possible that the residual neutralisation attiun the gp120 depleted serum sva
the result of a trimer specific antibody outside of-\&8 However it may also be
possible that th€EAP63C3-V4 epitopewas one that requires the natitraner, oris not

well reconstituted in the context of monomeric gp120 and could thus natoperly
adsorbed To confirm that the neutralising antibodies adsorbed by monomeric gp120
are in fact targeting the ©84 region, gp126 chimeric for each of théour C3V4
regions wereexpressed for adsorption studies. The adsorbed sera were then assayed
against the chimeric viruses to verify that each of theV@3pitopeswere in fact

apparent on a single gp120 monomer.
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CAP88 neutralising antibodies can be entirely adsorbed with the C3
region of gp120

Of the four participantswith neutralising antibodies targeting 3, the CAP88
responsewas unique in that it @l not require the autologous V4 for efficient
neutralisation(Moore et al., 2008 Rathey the variable omponent of this epitope
appearedo be contained almost entirely withihe C3 region (Figure BA). Escape
from these antibodeswas mediated entirely blwomu t at i o n-belix(Mooredte U2
al., 2009. Althoughone changeesuledin the addition ofa glycanwhich might alter
glycan packing and sterically occlude more distant epitoffes second mutation
resulted in a charge change at a solvent exposed surfmgessingthat tre  -befix
wasin factthe antibody targefFigure 8) For the purposes of this study gpg2@m
the chimeric pseudoviruses Hléapeszsscava)-e3z and HIV-1capezss(cayss Wereassessed
for their ability to adsorb out theeutralisingantibodies in CAP8 plasma from26
weekspostinfection Heterologous gp120 from the resistant HidApss Virus thatwas

used to make the backbowas also expressed aserved as a negative control.

Both autologous and heterologoparentalgp120s as well as bth the C3 and C3v4
chimeric gpl120 proteins were able to adsorb outofilthe crosseactive bimling
antibodies in CAP88 plasntapable of binding HIVlcapssz derivedheterologougpl20

in ELISA (Figure20A). These crosseactive antibodies are nareutralisingandlikely
recognise conserved epitopes such as those in V3 or the CD4 binding site. However,
the heterologous HIVlcapez gpl20 was unable teignificantly deplete the binding
signal generated in ELISAgainst any of the other gp120s (Figures 20B, 20 28D

- blue ling. Thiswas explained by the inability of the heterologous gp120 to adsorb out
any of theHIV-1capss Specific autologousinding antibodies such as the C84
neutralising antibodies While both chimeric proteins could ropletely adsortout the
binding antibodies specific for the Cahd C3V4 chimera (Figures20B - orange line,

and 20C - green ling, they could both only partially deplete the binding signal
generated against the autologous gpl2@ure 20D - orange and green lines This
residualsignal could beattributed to other autologous binding antibodies in CAP88
serumspecific to epitopesutside the C3/4 region These antibodies would have to

be nonneutralising (discussed below), and probably recognise epitopes that overlap
with other variable regions such as-V2.
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Figure 20: Adsorption of CAP88 antibodiesusing chimeric gp120 proteins

CAP88 plasma from26 weeks postinfection was adsorbed with blank uncoated beads (g
heterologous HIV1capes gp120 Plue), autologous HIV1capgs gpl20 gellow), andchimeric gp120 fron

rey),
L

HIV -1capesssicayes (0range or HIV-1capsssscavay-ss(greern), and then compared to the unadsorbed plasma

sample (black). Adsorbed plasma samples westdtl by ELISA for binding tA) heterologous gp120,
(B) C3 chimeric gp120(C) C3-V4 chimeric gp120, an(D) autologous gp120. They were also tested for
their residual neutralisation activities against both(B)eHIV -1capsass(cava)-63 chimeric virus and the(F)
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48



While the heterologous gpl120 could not absorb any of the neutralising antibodies in
CAP88serum (Figures 20E, and 20Blue ling, both the autologouqyellow line) and
C3-V4 chimeric (orange line)gp120 protins were able to completely deplete the
CAP88 serum sample of its neutralising activity against k8tv4 chimeric (Figure

20E) andautologougFigure 20F)viruses. The C3 protein was slightly less efficient at
adsorbing out these neutralising antibggileut nevertheless was still able to drop the
IDso titres against both the wiltype and chimeric viruses by 84.1% and 94.8%
respectively. Thus it appears that access or binding taCtie88 C3 epitope is
influenced to some extent by the adjacent V4 lo§mce all of the neutralising activity
targeting the C3/4 chimeric virus could be adsorbed by the autologous an¥¥4C3
chimeric proteins, the CAP88 634 epitope must be apparent on monomeric gp120.
Furthermore since the €24 chimeric gp120 could adgh out all of the autologous
neutralising antibodies in CAP88 plasma at 26 weeks post infection, this region must

serve as the sole neutralisati@rget athis particular time point.

C3-V4 antibodies were completely adsorbed with monomeric gp120

C3-V4 chimeric gp120s from the remaining three viruses ¥pss HIV-1capss and
HIV-1caped Were also assessed for thability to adsorb out autologous neutralising
antibodies Heterologous gp120s from the resistant viruseeagain used as negative
contols. In all three experiments the binding ELISA data showed a similar pagern
the CAP88 data discussed above. All recombinant proteins were able to successfully
deplete out the crosgactive binding antibodies in serum samples from CAFP{u(e
21A), CAP63 (Figure 21B), and CAP84(Figure 21C), while only the chimeric and
autologous proteins were able to deplete the/@3pecific binding antibodies ithese
same samples (Figur@4D, 21E, and21F - green and yellow lings It was solely the
autolgous gpl20s that were able to efficiently deplete all the autadopmding
antibodies (Figure21G, 21H, and21l - yellow lines.

Despite these similarities when compared to the adsorptiofCAR®88 binding
antibodies,there wereconsiderable differems when comparing the adsorption of
CAP45, CAP63, and CAP84 specific neutralising antibodies to the CAP88 experiment
(Figure22). In these three individuals the /3 specific neutralising antibodies could
again be completely adsorbed with autologous amimeric gpl120, as was evident

when testing the adsorbed samples against thg4C&himeric virusegFigures22A,
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22B, and 22C - green and yellow lings However unlike the CAP88 adsorption

experiment,the chimeric proteins did not adsorb any neutrabsatactivity when

assayed against the parental ses (Figures 22D, 22E, and 22§reen lines). Thuthe

complete adsormn of the C3V4 responses hado effect on the adsorption of

autologous neutralisation activiip these three individuals. his might suggestthe

presence of other antibody specificitigbat prevented complete adsorption of

autologous neutralisation.Similarly inclusion of the autologousC3-V4 may have

rendered the chimeric pseudoviruses sensitive to only a subset of the negtralisi

antibodies targeting C3, with other antibodies in the samples targepitgpes

overlapping C3 but requiring other components of the envelope adjacentsadd3as

the V5 loop. Lastly it is possible that the -8 antibodies do not contribute at &l

autologous neutralisationTherefore to attempt to explain this dagasecond set of

mutant/chimeric viruses and recombinant proteins was engineered.
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C3-V4 chimeric envelope glycoproteins may expose epitopes in
the CD4 binding site

When CAP84 serum was adsorbed using magnetic beads coated with monomeric
gpl120 it was discovered that heterologous gp120 was able to adsorb out the antibodies
in CAP84 serum responsible ftre neutralisation of the chimeric virus HIMap4s
sacava)as (Figure 2Z). Despite thisboth heterologous and chimeric gp120 could not
adsorb any of the CAP84 autologous neutralising antibqéigsire 22F. This data

might be explained if the HIMcapassacava)-4s Chimeric viruses adoptl a more
exposed conformatignrendering certain epitopes for normally rmogutralising
antibodies more accessible on the native triniEne exposed epitope would have to

be one that ifsommon to both autogous and heterologous gpl12This implicated

the functionally conserved receptor binding sites, which are accessible on the native
trimer, and partly overlap with the C3 region of the envelope. To test whether the
receptor bindingites had become exposed to CAP84-nentralising antibodies on

the chimeric viral envelope, both parental and chimeric viruses were tested against a
range ofmonoclonalantibodies igure 2).

Only monoclonal antibodies with detectable binding to gpi2bn the viruses
concerned were used for the neutralisation experiments (FiguaadFigure 2).
17b and 1.9E werthe only cereceptor binding site antibodieble to bind all three
gpl120 proteins tested, and only when incubated in the presence 4f(BiQbre 3).
Therefore m order to neutralise viruses using-rezeptor binding site directed
antibodies viruses were first prncubated for one hour at 3 with sCD4 at a
concentration previously determined to inhibit viral entry by 40%ne of he anti
co-receptor binding site antibodies were able to neutralise either parental or chimeric
viruses in the presence of soluble CHg(Ure 21A). Similarly the normally non
neutralising antCD4 binding site antibody b6 could not neutralise any obehe
viruses Figure 2B). It was particularly significantthough, that the chimeric
pseudovirus wag-20 fold more sensitive to neutralisation by G2 (1Cso of 0.22
eg/ mL) t han t he -Igsita@hHNALEAPgs(ICses 00l g Im\L
and 4.63¢ g/ mL r e s p e clgd2vsed fusjon protei€ BEodnbining the F
immunoglobulin domain with the twmostterminal domains of CD4. It was perhaps

even more striking that the chimeric virus was neutralised at relatively low
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concentrations of soluble CDO®.55¢ g / mThe highly neutralisation sensitive T
cell laboratory adapted strain H4g62 Was usedas a positive control, and was
sensitive to neutralisation by all teceptor and CD4 binding site antibodies tested.
Based on these data it wamncuded that the HI\1lcapassacavayas chimeric
pseudovirus had moreexposed CD4 binding site. To confirm whether this exposure
was responsible for the neutralisation of the chimeric virus by CAP84 serum, a
D368R mutation was introduced into the pareatadl chimeric recombinant gp120s
(Figure 5). This mutation is positioned in the CD4 binding loop of C3 and is known
to abrogate the binding of CD4 resulting in a 4fonctional virion. Furthermore
since antiCD4 binding site antibodies typically intetagith the CD4 binding loop,
the D368R mutation also abrogates the binding of mostCiddi binding site
antibodieqLi et al., 2007.
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Figure 23: Binding of monoclonal antibodies to the cereceptor binding site is sCD4 dependent
(A) Monomeric gp120 from HIVMlcapss HIV-1capss @and the chimeric virus HLcapassacavay-as Was
tested for binding tantibodies m9 (red), 1.9E (green), and 17b (browB). The experiment shown |n
(A) was repeated in the presence of saturating concentrations of sCD4.
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Figure 24: Exposure of the CD4 binding site in &£3-V4 chimeric virus leads to enhanced neutralisation by CD4gG2 and sCD4
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Figure 25: Poor adsorption of anti-C3-V4 antibodies in CAP84 serumby monomeric gp120
containing the D368R mutation

CAP84 serum was adsorbed with wilghbe gp120s (solid lines) as well as the6BR mutant gp120
(dotted lines) fromheterologousHIV -1capss (blug), autologous HIV1capss (Yellow), andthe C3V4
chimeric virus HIV1capassacavayas (@reen). Residual binding antibodies were detected in EL
against eithefA) heterologous gp120 with the D388nutation (B), heterologas gp120(C), C3-V4
chimeric gp120 with the D368R mutatiqd) C3-V4 chimeric gp120 and (E) autologous gpl2
Adsorbed sera tested for the ability to neutralise both(fyeautologous andG) C3-V4 chimeric
pseudoviruses.
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Recombinant gpl20derivedfrom HIV-1capas Or HIV-1capassacavay-as carrying the
D368R mutation vereable to efficiently adsorb out all the binding antibodies specific
for the mutant proteins (Figur@sA and25B - dotted blue and green linedut this
adsorption did notffect the binding signal generated against gagental (Figures
25C and 25E) and chimeric Kigure 2BD) proteinsin ELISA. Thus despitethe
adsorption ofall gp120binding antibodieshot affected by the DBR mutation,a
saturating ELISA signal was still genezdtto the wildtype proteindrom exclusively
ant-CD4 binding site antibodiesConversely atologous gpl2@lerived from HI\
lcapss With the D368R mutation was able to completely adsmrb all the gp120
binding antibodies in CAP84 serufrigures 25C, 25Dand 25E dotted yellow line)

Similarly while serum adsorbed wittthe heterologousHIV-1caps gpl20 and
chimericHIV -1capassacava)-459p120 depleted all of the neutralisation activity against
the HIV -1capassacavay-as chimeric virus(Figure 25G- solid green and blue lings)
when theD368R muétion was introduced into thetgo proteinsthey were no longer
able to adsorb out this activiffFigure 5G - dotted green and blue lifesSince the
only difference between theerum adsorbed with eitheild-type gpl120s omutant
gpl20swas the absence or presence of -@i4 binding site antibodies, these
antibodies must be responsible for the neutralisation ofCB¥®4 chimeric virus.
Consistent with the ELISA dat&llV-1capss autologous gpl20 with ¢éh D368R
mutation retained the ability todeplete the amiCD4 binding site antibodies
responsible for the neutralisation of HINapassa(cava)-a5, and was just as efficient as
the wildtype autologous protein at adsorbing the neutralising antibodiesicpec
HIV -1capss (Figures 25F and25G - yellow lines). Thus reutralisation of the G¥4
chimera is mediated by antibodies to the CD4 binding lbapthese antibodies can
still be adsorbed by autologous gpAith the D368R mutation Thereforat mug be
concluded that these antibodigad significantly to othesurroundingesidues in the
autologous protein that are not present in the heterolaguiz)

CAP45 antibodies target an epitope i n  bVb that is apparent on

monomeric gpl120

Adsorption of CAP45 antibodies targeting -8 did not affect autologous
neutralisation titresbut adsorption of all gp120 binding antibodies partially depleted
this activity To explain this data a more déded map of the antibody specificities in
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CAP45 serum within the first year of infection was constructdthe viral quasi
speciesn participant CAP45howedvery little envelope sequence variabil{toore

et al., 2009 In fact afer one year of infection there veeonly eight amino acid
substitutionghat were positively selected for across the wholeHiV -1capas gp160
(Appendix B. Of these mtations three in V1V2 have been shown to correlate with
escape from VA/2 directed antibodies, while an additional two in W8reshown to
mediate escape from a tpat neutralising antibody with an unknown specificity
presumed to be related to the &b8V4 responséMoore et al., 2000 Transferring
the HIV-1capss V5 into the resistant H\caps4 heterologous backbone dit confer
neutralisation sensitivity to(Movaegetal,ci pant
2008. The remaining three mutations were in C1, V3, and V4 andhbaeffect on
neutralisation sensvity when back mutated in th#2 month clone(Moore et al.
2009. To attemptan explanation athe neutralisation escape mediated by the two V5
mutations, and potentially account for the escape fromG#hW4 antibodies, we
created a chimerancorporating the autologous C3 and V5 regidhBV -1capsa
s5c3+ve-84) and assesseils sensitivity to neutralisation by CAP45 seruniThe
resulting chimeragenerated neutralisation titréisat were consistently lowexhen
comparedto the wildtype virus, but showed distinctly similar patternover time
(Figure & - red line). This was in contrast to the &8} chimera which showed titres
similar to the VV2 chimera(Moore et al., 2000 A C3+V5 chimericgp120 was
then generated for adsorption studigSiven the saturatg levels of neutralisation
despite al in 20 dilution of CAP45 serum in the G84 adsorption experimesit the
serum was diluted furthéo 1:150for the C3+V5 adsorption studiesAdsorption of
binding antibodies by th€3+V5 chimeric protein was similar to thaf the C3V4
chimeric protein in that it was able to deplete out all the emsstive andC3+V5
binding antibodiesspecific for the chimeric proteirbut could not deplete out all of
the autologous binding antibodies in CAP45 serum (Fig@dgs27A and 27B).
However distinct differences were apparent in the ability of @8eV5 chimeric

gp120 to dsorb out the CAP45 autologous neutralising antibodies.

In addition to adsorbing out all th€3+V5 specific antibodies responsible for
neutralising HI\ 1capgaasca+vs)-sa (Figure ZC T red ling, the C3+V5 chimeric gp120
was also able to adsorb sometw autologous neutralising antibod{&sgures27D -
red ling, somethingthe C3V4 chimeric gp120 was unable to achig¥egure 22)
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However he C3+V5 chimeric gpl120 could not deplete any of the neutralising
antibodies targeting the ©34 chimeric psedovirus HIV-1capgaascava).ea and vice
versa, suggesting that these two epitopes are distinct from each other on monomeric
gp120 (Figures ZC - green line,and ZE - red ling. Furthermorehe autologous
gpl120 and th&€3+V5 chimeric gp120, but not the3a/4 chimeric gp120 were also
able to deplete out all of the neutralisation activity targeting the twelve month clone
with the two backmutatiors in V5 (HIV-1capas.sowks.07 vsEasokicazep) implicating
these mutations in mediating escape from@B8a V5 speific antibodies but not G3

V4 specific antibodiesHigure ZF). To further define th C3+V5 neutralisation
epitope we constructed a chimera containing the autoloysas well the
autologoudh 14 and f | ghghklightedin cyangni Figures3)Neutralisation
titres against this chimera closely matched the titres againsS€3a&'5 chimeric
pseudovirus with minor differenes possibly being explained by an improper
conformation of the epitope ih he ¢ ont e/& only,cof a divérge+ell
respnse to the€C3+V5 epitope(Figure 26- grey line) Thus the C3+V5 epitope was
futher def i ned as Vammedately adjpoent to the GDY birding
site. Si nce tVh epitofpelodetlaps the CD4 binding site, it is possible that
antibodies drgeting this site are reliant on residues in the CD4 binding loop. To
determine whether this was the case we attedhiut adsorb out CAP45 aiftil ¥/5
antibodies using autologous H\¢apss gp120 with and without the D368R mutation
(Figure 28) Both these proteins were able to adsorb ahe CAP45 neutralising
antibodiego similar extentindicating that artb 1 ¥5-antibodies were not sensitive

to the D368R mutatiofcomparison of the solid and dotted yellow lines)

CAP45 Autologous C3+V5 Neutralisation Specificity
400004

40004 HIV-1capas
-~ HIV-1capga.as(ca+vs)-84

Titer

=0~ HIV-1capga.aspia+vs)-4
2004 -0~ HIV-1capgs

404
0 25 50 75 100 125

Weeks post-infection

Figure 26: Development of antib 1 #5-neutralising antibodies in CAP45 serum
The neutralisation titres in CAP45 serum was plotted at each time point against either the autologous
virus (yellow), heterologous virusb{ue), C3+V5 chimericv r us ( r eVé thimeriz virush(dark +

grey filled inpink).
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Figure 27: Adsorption of C3+V5 neutralising antibodies using monomeric gp120
CAP45 serum was adsorbed with either blank beads (gretglogous gp120ygllow), heterologous
gpl120 Pplue), C3V4 chimeric gpl20 dreen, or C3+V5 chimeric gpl120 (red), and compared to
unadsorbed serum (black). Adsorption of binding antibodies to eith€AYh@3+V5 chimeric protein
or (B) autologous protei was assessed by ELISA. Adsorbed serum was tested for residual
neutralisation activity against either t{€) C3+V5 chimeric virus (D) infecting autologous virygE)
C3-V4 chimeric virus, orF) autologous virus isolated from twelve months goftction with back
mutatiors in two residues in V5 (E460K/G462D)
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Figure 28 T h eV5 kpitape-is distinct from the CD4 binding site epitope
Adsorption of participant CAP45 serum antibodies from 43 weealskipfection using autologous
gp120 with either the wildype aspartic acid or mutant arginine amino acid at position 368 (colouring

is the same as lRigure 23.

In summary, a third target for neutralising antibodies in CAP45 sera was identified,
thetitres of which peaked at roughly the same time as the previously identifisd C3

and V1V2 antibody specificities. This third group of antibodies targeted an epitope
made up of the juxtaposdill 4 s heet (in C3) and V5 1l oop
binding site. Furthermore all of the neutralisation activity directed towards this region
could be completgl adsorbed with monomeric gpl2he complete adsorption of
these antibodies had a significafitect on autologous neutralisation titres, but did not
account for all the neutralisation activity in the CAP45 sampleo mutations in V5
previously identified as conferring escape from CAP45 sera were shown to mediate
sensitivity to these antibodiesHowever this antibody specificity was distinct from

the previously identified antC3-V4 response to which the V5 mutations were
thought to have been produced. Since the only other mutations previously shown to
mediate escape from CAP45 antibodies were/1-V2, we attempted to use V1
V2+C3-V4 chimeric virions to determine whether WR escape mutations were

responsible for mediating escape from -&®V4 neutralising antibodies.
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Mutations in V1 mediate escape from antibodies with epitopes in
C3-v4

Apart from the two mutations in V5 thldve now been shown tonfer resistance to
CAP45 autologous neutralisingntibodies targetinghe HIV-1capss b 1 ¥5region

only three other mutationbave previously been shown ftffect neutralisation
sensitivity to CAP45era Two of these changes were in V2 while a third was in V1
(Moore et al.,, 20090 To determine whether these mutations were responsible for
conferring resistance to th@AP45antrV1-V2 antibodies they were introduced into
the HIV-1capsassvivo)sa heterologous chimeraFigure 2% - dotted line}.
Introduction of the V1 associated S139N mutation, which shifts a potentiakéd
glycosylation site by two amino acids, failed to cordry neutalisationresistance to
antibodies targeting the W2 region(dotted grey line) Conversely introduction of
the two V2 associated mutations1@8R/G190&) conferred complete resistance to
these antibodieg¢dotted brown line) It has been shown previoysthat the HIV-
lcapas s2wks.co7 vinizedpack mutant (which inherently has both V2 associated escape
mutations)was still sensitivéo earlier CAP45 serum antibodi@doore et al., 2000
Therefore his data suggestl that the S139N mutation in V1 mediaessape from
antibodies targeting epitopestside ofV1-V2.

To examine whimer the V1 associated mutati@onferred resistance to CAP45
antibodies targeting the @34 regionwe created pseudovirusesimeric for both the
C3V4 and VIV2 regions (HIVlcapsassvive+cavayrss), and assessed their
neutralisabn sensitivity to CAP45 sera. Titres against the\X2t-C3-V4 (Figure
29B - pink line) chimera were greater than those against either thé4q&igure 29B

- green line)or V1-V2 (Figure 29A- purple line)chimeric virusesalone compatible
with an accumiation of these two neutralisation specificities. Interestingly
introduction of the S139N mutation into the WR+C3-V4 chimeric virus dropped
theseneutralisation titres to a magnitude similar to the tigeserated againshe
HIV -1capas sowks.co7 wRrisex/E190:6) Dack mutant(Figure 29B- dotted grey line) By
introducingboth V1 and V2 associated changes into theZ21C3-V4 heterologous
chimera these titredropped even furthebecoming almost negligiblg-igure 29B-
dotted black line) Cumulatiely this data suggesd that the S139N mutation wa
involved in mediating escape from a@8-V4 autologous neutralising antibodies
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Although the V1V2 stem exists in a region distinct from W&, the structure of the
V1-V2 domain has not yet been resalvdRepositioning of a large glycan structure at
position 139 may thus serve to sterically occlude\@3epitopes, possibly by
influencing the overall conformation of YWI2 or glycan packing in the context of the
native trmer. In support of this daibhas recently been shown that tgiycars in
the V2 regionconfer resistance toeutralisation by b12, an ar@D4 binding site
antibody with an epitope overlapping the C3 regidtachee et al., 201@Wu et al.,
2009.

A Escape from CAP45 anti-V1-V2 antibodies
40000+
4000+ HIV-1capas
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Escape from CAP45 anti-C3-V4 antibodies
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Figure 29: Escape mutations in V1V2 potentially affect the C3V4 epitope
Longitudinal deelopment of CAP45 neutralisation specificities and the concurrent development of
HIV -1capss €SCape mutations in W2 with time. Titres generated against the autologbllig -1capas
virus is shown in yellow.(A) Development ofitres against the wildype V1-V2 heterologoughimeia
(purplg and mutantvV1-V2 chimeras with either the S139{dark grey or K186R/G190& escape
mutations(brown) are shown (B) Development ofitres against thevild-type C3-V4 (green or V1-
V2+C3-V4 (pink) chimeric virugs,and mutant VV2+C3-V4 chimeras with either the S139Mark
grey) or S139N/KL8ER/G190& (blacK escape mutations are shown.
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Complete escape from neutralising antibodies does not correlate
with complete loss of binding

The introduction of two mutations into h e-helxf HIV-1capss (1I339N/E35(K)
renderedthe virus completely resistant to a@8 autologous neutralising antibodies
(Moore et al., 2000 Similarly the introduction of two mutations in the V5 loop of
HIV-1capas (KA60E/D462G)conferredcomplete resistance to neutralisation by an
antibody that recognisea discontinuous epitep i n b14 and V5.
mechanismthrough which HIV/1 is able toescapethese antibodiefas yet to be
elucidated To this endrecombinant gp120 proteins incorporating the described
escape mutations were expressed for sulesgcadsorption experiments (Figsi@0

and 3). Mutant gp12G were assessed for the ability to adsorb out neutralising
antibodies in CAP88 plasma from twenty six wepkstinfectionand CAP45 serum
from forty three weekgostinfection, when compared witthe wildtype autologous
gpl120s. In both instances although the escaped gp120s were able to adsorb out all the
binding antibodies specific for the escaped proteins (Figd@ésand 31A - dotted

lines), they were unable to completelymlete the signal eperated byautologous
antibodies recognising the witgipe proteins (Figure80B and 31B - dotted lines.

The residuakignalgenerated by antibodies that could not be adsorbed by the mutant
gpl20smust thereforebe the resuliof epitopes directlyaffected by these escape

mutations.

ELISA (binding antibodies) Neutralisation assay
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Figure 30: CAP88 anti-C3 antibodies bind to escaped gp120
CAP88 plasma fron26 weeks postinfection was adsorbed with either blank beads (grey), beads

coated with autologougp120 gellow), or beads coated with autologous gp120 containing the escape
mutations 1339N and E343Kpéach, and compared with unadsorbed plasma (black). Adsorbed

plasma was assayed for residual binding antibodies to dit)eescaped gpl2r (B) wild-type
autologous gpl12@s well agC) residual autologous neutralising antibodies against E\ss
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As expectedHIV-1capss gpl20 with the escape mutations I1339N and E343K could
not deplete the autologous neutralisation activit AP88 plasma tthe extent that
wild-type gp120 couldRigure 3@ - dotted lind. Neverthelesst was still able to
partially deplete some of these a@® neutralisingantibodies. Similarly, although
HIV-1capas gp120 with the escape mutations K460E and D462G was alsdeutoa
adsorb outthe autologous neutralising antibodies to the degree that thetypid
protein could, it was still able to significantly deplete the neutralisation activity
CAP45 serumKigure 31G. This partial adsorption of autologous neutralatby
gp120 carrying the K460E and D462G mutations may be explained by adsorption of
CAP45 antibodies targeting the V3 epitope. To rule out this particular scenario
the ability of escaped HRIcap45gp120 to deplete exclusively ai@B+V5 titres was
measuredby assessing the ability omutant gpl20 to deplet¢he antibodies
responsible for the neutralisation tife HIV -1capgaascs+vs-sa chimeric and HIV-
Lcapas s2uks.co7(Eas0k/Gas2dpaCK mutated virusesdgain the mutant gpl120 was able to
partially deplete the neutralising activity agat these two viruses (FiguresC3and
31E). Thus although nhelix aftHVadsgs and the V6 loap of U 2
HIV-1capss mediate complete escape from neutralising antibodiesy do not

completely abrogate thaility of theseantibodiego bind their respective epitopes.
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Figure 31: CAP45 anti-C3+V5 antibodies bind to escaped gpi®

CAP45 serum from 43 weekpostinfection was adsorbed wittblank beads (grey)wild-type
autologous gpl120 (dark pinkdr escaped mutant gp120 (light pink), acmimpared to unadsorbged
serum (black). Adsorbed sera was assayed for residual binding antibodies t¢A¢itrsraped gpl2
or (B) wild-type autologous gp12@s well asesidual autologous neutralising antibodies agaitaer
(C) HIV-1capas (D) HIV'1CAP45.52Wks.cO7(E460K/G462DPr (E) HlV'1CAP8445(C3+V5)»84.
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Chapter Four: Discussion
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With respect to the native envelope trimer the HI'gp120 monomer is the most well
understoodcomponent of the viral infection machineryGiven he ever increasing
wealth of knowledge on the structuoé this glycoproteinand its interactions with
broadly neutralising antibodigg represents the bestarting point for the rational
design of a HIV-1 vaccine To understand exactly how this building block needs to

be manipulated into an effective immunogen will require an in depth understanding of
the types of immunodominant epitopes contained within its structure. This study has
conclusively sbwn that the newly discovered &8! epitope is one that is contained

in its entirety on monomeric gp120, and thus represents an important aspect of gp120

antigenicity to consider during immunogen development.

After it was originally identified as a cortgx discontinuous epitope, ar@i3-V4
antibodies were found in four individuals from the CAPRISA colfbrbore et al.,
2008. The region was identified as a neutralisation target througlsthef chimeric
viruses. This approadmas in the past been shown to have its caveats, for instance
transplanting the V2 region from one virus to another has beleoven to modulate

the exposure oflistal epitopes in gp120 and gpdfendering the chimeric viruses
sensitive to normally neneutralising antibodie€Ching and Staatatos, 201,0Pinter

et al., 2004 If binding antibodiesre present in the study sample with epitopes that
are normally occluded on the native trimer, but become more accessible in the context
of a chimeric envelope, then those antibodies will have the ability to potently
neutralise the chimeric virus, but not either of the parental strititas been shown
previously that rast HIV infected individuals develop nereutralising antibodies to
epitopes in the receptor binding sitgsray et al., 2000 The use ofc3-V4 chimeras

in previous studiesvas justified by the fact thahesechimeric viruses remained
resistant to heterologous serum from multiple individ(i&leore et al., 2008 Data

from this study showed that transplanting the\@Bregion may expose epitopes in
the CD4 binding site not norntalaccessible on the native trimadowever, although

the HIV-1CAPss54(c3va)-as chimeric pseudovirus had a more exposed CD4 binding
site, it did not become universally sensitive to all-neatralising antibodies targeting
the CD4 binding site. Rather, it gained sensitivity to exclusively the CAP84
antibodies. The fact that autologousIV -1capsagpl20 with the D368R mutation was
still able to deplete the CAP84 aiitD4 binding site antibodies suggests that while

neutralisation of the chimeraas mediatd by conserved elements in the CD4 binding
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loop, the antiboswerealso dependent on isolate specific residuenanevariable
regions. CAP84 developd an antiV5 neutralisation respongkeat coincidedvith the
development of aMC3-V4 antibodies(Moore et al., 2008 Furthermore all the
neutralisation activity in CAP84 serum wiiththe first year ofnfection wa entirely

reliant on an autologous C3 regiorGiven the juxtapositionf the V5 and C3/4
regions it is plausible that these two responses are in fact one in the same. Potentially
by adopting a slightly more exposed conformation thevV@3hmeric pseudovirus
indirectly acquired neutralisation sensitivity to the CAP84 autologous neutralising
antibodies. Such antibodies might recognise a conserved element in the CD4 binding
loop and variable components in the immediately adjacent C3 and/aegidns
transferred to the chimera, as well as tiker variable residues in theV5 loop
(Figure 3D). Rather than wholly exposing the CD4 binding site to a myriad of-cross
reactive antibodies, it seems that this chimera exposed an epitope onlyypiartiadl

CD4 binding site but still for the most part reliant on exposed variable regions

normally accessible to neutralising antibodies.

This study showd that a discontinuous epitope in tH@3+V5 regiors (and more
specifically the b 1+¥5 regiors) is exposed on the viral trimer and serves as a
potential target for autologous neutralising antibodi@$is epitope is apparent on
monomeric gpl120 and lies adjacent to the conserved CD4 bindingWitde the

CD4 binding site is proteetl from neutralising antibodies by entropic masking and
occlusion by glycanandbr V1-V2, the initial site of CD4 attachment must remain
constant on the outer domain to facilitate efficient recognition of the host receptor.
Antibodies that bind to thisite in the outer domain do not need to suffer the large
entropic penalties of binding normally induced after CD4 docKkgong et al.,
2002. Indeed it is thisaccessiblesite of initial CD4 attachmenthat has been
identified as a potential vaccine tar@eigure 32. The broadly neutralising antibody
b12 binds to this epitopd-igure 33B), and isothermal titration calorimetry data has
implicated the newly disa@red VRC0O3 antibody in recognising this same epitope
(Wu et al., 201 Both these antibodies are significantly affected by the D368R
mutation, which abrogatesein binding tomonomeriogp120. Conversely, while both

the CAP45 and CAP84 antibodies appear to target an epitope that overlaps with the
CD4 binding site(and possibly the CD4 binding logphar binding to autologous
gpl20was unaffected by the D368R rtation
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Figure 32 C3+V5 epitopes overlap with epitopes of known broadly neutralising antibodies
targeting the CD4 binding site

Ribbon diagrams of gpl2€blouredgrey. The surface areas contacted(By CD4, (B) b12,and(C)
VRCOlare shown.(D) The surface area of gp120 potentially recognised byGawiv5 antibodies
The b1l14 sheet and adjoining areas are coloured
coloured blue and orange respectiveStructures wre created in Pymol from the pdb §2B4C and
3JWD.
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No doubt it is this reliance on adjacent variable structures that greatly limits the
neutralisation breadth of these antibodies. Thus it seems by placing a small but highly
immunogenic variableobp structure such as V5 immediately adjacent to the recessed
CD4 binding site, the HIM. envelope is able to avoid a broadly crossctive Beell
response by redirecting antibody paratopes to less essential regions. HdtveeVér

loop is also an imptant component of the binding site for the most potent and
broadly crosseactive neutralising antibodies discovered to date, VRCO01 and VRCO02.
Of the 11 amino acids that make up the V5
contacted bywCRO1 (igure 3Z) through direct interaction with both main chain
and side chain atom&hou et al., 2010 The C3+V5 epitope may be seen as the
enemy, one that distracts theamune system from developing broad and potent
neutralising antibodies. However in the context of affinity maturationCB€V5
epitope may actually be seen as a fortuitous gift to the vaccine developer, an
immunogenic epitope adjacent to the CD4 bindiitg sontaining elements in both

V5 and C3 that maynitiate a Bcell responsewith the potential tomature and
develop broad cros®activity such as that exhibited by antibodid2C01 and b12
(Figure 3D). A greater understanding tfe frequency and nat e o fV5 drl 4 +
related epitopesand their relationship with later cressutralising antibodieshould
significantly aid in the development of a vaccine immunogen able to elicit a broadly
neutralising antibody response to the CD4 binding site.

The cortribution of the C3-V4 response in CAP45 serum is harder to elucidate.
Removal of C3v4 binding antibodies did not impact at all on the overall autologous
neutralisation titres. This may res@ifom the contemporaneous existenceottier
neutralising anbodieswith epitopes inC3+V5 and V1V2, the combined titres of
which have a potency of neutralisation equal to the unadsorbed senupte It was
originally thought that given their position relative to-€8 two mutations in V5
conferred neutralisatioresistance to the ©34 epitope Hereit was shown that these
mutationsresulted in viral escape froamtibodis r ecogni si ng Van epit o
While two escape mutations in V2 confer complete resistance to antibodies targeting
V1-V2, it appears theelocation of a glycosylation site bw® amino acids in V1
confers resistance to the 3 neutralisation epitope.As a direct result of the
extremely dense glycosylation sequon clustering of-#Idften a potential Ninked

glycosylation site is nottilised because of the steric interference from a neighbouring
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glycan. The down regulation of one site by another is particularly significant when

the sequons are separated by five or less amino @ea® et al., 200y, In the
context of the HIVlcapss V1 loop the glycan implicated in escape moves f
position 137 to positiod39. This shifts it to anore favourablgositionfor actual N
linked glycosylatiorbetween the more conserveéd flanking glycansat position133

and 146 Figure 3A). Thus the S139N mutation may actually result in

rom

the

acquisition of a glycan (rather than the repositioning of one) which is sterically

constrained enough to provitlee escape for an epitope in the distant\&Bregion.

As has been documented by the imautralising antibody bl3 and the broadly

neutralising antibody b12, which recognise almost identical overlapping epito

pes

the CD4 binding sitethe precise angle of antibody binding to its antigen is a critical

determinant of its ability to neutralig€hen et al., 2009 Resistance to the b12

antibody can be conferred by introducing a glycosylation siteM& at pogion 197
or position 186potentially occluding the angle of approach for Ifd& et al., 2009
The observation that the accessibility of epitopes irV@3might actually be
restricted byglycans inV1-V2 is an important consideration when constructing

C3

V4 heterologous chimeras in future instanceBhe HIV-1capgs V1-V2 domain is

equivalent in length tahe HIV-1capss V1-V2 domain, and the V1 loop differs

in

sequence by less than 30% with a very similar glycosylation patf€nms allowed for

the acquisition of neutralisation sensitivity by the-\&8 chimera despite the presence

of a heterologous \*¥/2 loop (Figure 3B).
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Figure 33: Glycosylation pattern of the HIV-1capss and HIV -1capgs V1 lOOPS

(A) The wild type sequence for the Hléap4s V1 lo0p is shown on top, while the escaped sequ
including the S139N mutations is shown at the bottom. Potentlalkid glycosylation sés are
indicated. The glycosylation sequon at position 137 proposed to be under negative selection
with faded colours(B) The HIV-1 capg4 V1 lOOp sequence is shown and annotated as in (A).

HIV-1cpapas V1
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h
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The CAP63 C3v4 response issequally puzzlingas he CAP45 C3/4 response in
that adsorptio of these antibodies also failénl impact on autologous neutralisation
titres Furthermore despite the fact that all B8V4 responsesvere apparent on
monomeric gp120t appears the HMcaps3z C3-V4 epitopewasnot aswell adsorbed
by monomeric gp120 Partial transfeof neutralisation sensitivity coulde obtained
using V4 alone and so it appears that the epitegpepredominantlyin V4, although
C3 wa an important contributing factor The V4 loop is alredy a large plastic
structure, and monomeric gp120 is obviously far more dynamic in solution than in the
native timer. So even if this epitope waholly contained withirnonomericgp120

it may not be well represented outside of ti@re conformationallgonstrainediral
envelope spike. Since complete adsorption of the -€38 epitope did not affect
autologous neutralisation titres it is possible that this epitope, like the one presented in
HIV -1capassacavayas, IS the result of an exposure of a consdnsequence motif.
However t can also be argued that antibodiggyeting the quaternary structunethe
CAP63sampleadsorbedf its antigp120 activityare still able to producenaalmost
saturating neutralisation signal, \aas thecase with the CAPgladsorbed seraFrom
the limited longitudinal datavailable for participant 8P63, replacement of both V4
and C3V4 with heterologous sequence resdlin an equivalent losms titre. This
loss in titre wa not completat any time pointestedandsuggesedthat as in the case
of CAP45, a second antibody specificityCAP63 seralevelod alongside the anti
C3-V4 antibodies. Like the CAP45 antibodies targeting WR, this second
specificity wouldalsotarget the nativenvelopetrimer since it canndbe adsorbed by
monomeric gpl20, and as such would be responsible for the saturating
neutralisation signal generated by gp120 adsorbed sera.

Collectively the data generated from this study cautions the use of heterol@gous
V4 chimeric viruses taliscern autologous neutralisation epitopes. With beaihg
said these chimeras carovide important clues as to the nature of neutralising
antibody targets when taken in conjunction with longitudinal escape déta
neutralisation specificities develgppnultaneoul/ and with almost identical titréa a
single individual this may mean that current strategies uskmgckmutatiors in
escaped virusesould underestimatthe number of antibody specificities that drive

neutralisation escapd HIV-1 virusesduring early infection
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Data from this and other studiea CAP88 plasma put forward a strong case for the
present at 4haixnof solitypet Cheaveldp@ glycoproteins as a direct target for
autologous neutralising antibodi@¥loore et al., 2000 Adsorption data from this
study suggests a role for V4 ihig epitope. The HIMcaps3 V4 loop is eight amino
acids longer than the HNcapss V4 loop and has a distinctly different glycosylation
pattern(Figure 14) ltisp o s s i b | e -hdlixhepitope ts pagtially &cludday V4

in the context of the HIMcapeasscaysz C3-chimera. Alternatively it is possible that
these antibodies interagtith atoms in the V4 loop or that binding is complemented
by V4 specific glycans. These potential interactions would beeseantial for
antibody binding but may sex © fasten the antibody into place after it has docked
wi t h -helixe TheiRabsence may thus promote faster complex dissociation and
result in poor adsorption of the autologous neutralising antibodiBisough six
months may be limited time for antibod§finity maturation there exists yet another
possible explanation fathe involvement ofvV4 in the C3 epitope.It has become
increasing clear as of late that one can no longer assume that a particular antibody
response is the product of a single antipodThe recent isolation of the potent
neutralising antibodies PG@®G16 and VCROVCRO02 reveal that they exist as
clonally related antibodies with slight differences in epitope recogn{iidalker et

al., 2009 Wu et al., 201p This information advocates the possibility thia¢reare

two or more clonally related G24 directed antibodies in the CAP88 plasmmpke,

one of which is more reliant on V4 than the other.

It is fascinating that neutralisation escape mutations did not correlate with complete
loss of antibody binding. Thesaitologous neutralisingntibodies bind epitopes that
are accessible on momeric gp120 evein the context of escapdn the ontext of

the native trimerthe effect of escpe mutations may influence inteolecular
interactions and significantly manipulate the conformation of an adjoining
neutralisation epitope. Once gpl20 Iseliated from the native trimer its inherently
plastic structure mastill allow for proper formation of such an epitopggimilarly the
acquisition of glycan involved in escape from CAR88+C3 antibodies and CAP45
ant-C3-V4 antibodiesmay only serve tmccludethe neutralisation epitopein the
context of the completely glycosylated natitraner. In an alternativescenario,
escape mutations such as those in the V5 of-H)é45 may actually lie within the

antibody binding site. These mutations magn@y serve to lower the affinity
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betweenan antibody andits antigen to a point that the binding is no longer tight
enough to promote neutralisation of the free virion. Given either circumstance these
observations are of great significance in the contéxtaccine design.If antibodies
continue to bind their respective epitopes even after viruses have escaped their
neutralisng activities these antibodies may continue to affinity mature towards
multiple variants of the same epitope and eventually midgvelop greater
neutralisation breadth. Alternativellgese antibodies may actually exert some form

of immune pressure on the virus such as low level neutralisatbretectable in
current neutralisation assay or antibodydependent celnediated cytaixicity.
Evidence for this may exist in CAP45The viral populationn this individualat 8
months post infectiomdopted thenutations S139NK186R and D462G, effectively
escapingall antibodies targting the Viv2, C3V 4 , a n\&b effitdpds+ Yet
despte complete escape from these antibodies, the viral population four months later
acquires the additional escape mutati@i®laE anK460E, suggesting that some
immune pressure is still being exerted on the virusivo despiteno detectable
neutralisain in vitro. By studying theevolvinginteractions between antibodies and
their antigens with time it may be possible to gain exciting insight as to how an
immune response might be guideowards the development pbtent and broadly
neutralising antiboé@s C3 relatedneutralisatione pi t opes such -as thos
he | i x au\bdogdihkrdvith other neneutralising epitopes adjacent to the CD4
binding site(such as those potentially exposed by\@Bchimera$, represent a major
component of the autojous neutralising antibody response targetimgnomeric

gpl20and potentiallymmunogenic epitope®r a gpl20 based vaccine immunogen

Autologous neutralising antibodies are far more comthan broadly crosseactive
neutralising antibodiesand highly immunogenicstrain specificepitopes overlapping

with the CD4 binding site provide significant obstacles towards eliciting broadly
neutralising antCD4 binding site antibodies. Conversely these epitopes may also
serve as immunogens to elicit a@D4 binding site precursor antibodie©nce an
antibody is partially reliant on the CD4 binding sitenay then be possible to affinity

mature these antibodies to more conserved epitopes. Such a strategy has already been
proposed for eliciting PGOPG16 lke antibodies (Pancera et al., 201pb
Understanding the structure and immunogenicity of these autologous neutralisation

epitopes and designing strategieshift B-cell responses to more conserved epitopes
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will contribute greatly to the rational design of a vaccine better able to elicit
neutralising antibodies with broad crassctivity. Future work will aim at isolating
monoclonal antibodies from sequehtime points in selected individuals with
broadly crosseactive serawhich together with contemporaneous HIVenvelope
sequence datahould promote &etter understanding of how thesge-specific
antibodies became broadly neutralisingdverall therehas been a major shift in
research focus of late towards isolating monoclonal antibodies to specific sites on the
envelope. As this study has shown, the isolation of specific monoclonal antibodies is
greatly complicated by the diverse nature of theeB response within a single
individual. Isolating a single specificity mosteconomically possible with a highly
specific reagent, sucas the RSC3 protein engineered for the isolation of VRCO1,
VRCO02, and VRCO3Wu et al.,, 2010 When the epitope is not known, or only
poorly defined, the beseagent in these instances remaingp120 monomer such as
those used in this studyBy better understanding which antdyospecificities can be
adsorbed with monomeric gp120 and how the virus escapes from them (such as the
data generated in this study) researchers would be better able to design more specific

reagents for the isolation of a singlecBll response.
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with time.
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In this research study, Mr. Wibmer studies the C3-V4 epitopes in the human
immunodeficiency virus (HIV-1) gp120 envelope glycoprotein that serve as targets for
autologous neutralizing antibodies during natural infection.  Four strain-specific
neutralizing antibody responses are characterized by testing the sensitivity of envelope
glycoprotein chimeras to neutralization and by using defined envelope glycoproteins to
adsorb the neutralizing antibodies from the sera. In some cases, escape from
neutralization occurred while serum antibodies still were shown to bind the escape
gp120 glycoprotein, indicating that quantitative changes in binding or in the
consequences of antibody binding may be involved in neutralization escape. The work
provides interesting and novel insights into autologous neutralization and subsequent
virus escape. The studies are carefully conducted and controlled, and the results are
interpreted rigorously in the context of current information on the structure of the HIV-1
envelope glycoproteins. The dissertation is well-written and organized in a clear and
logical fashion. In summary, this work represents a high level of effort and conforms to

the highest standards of quality.

9C



Examiner Comments i Examiner 2

TITLE
Defining C3-V4 Neuiralisation Epitopes on Human Immunodeficiency Virus Type-1 Subtype

C Envelope Glycoproteins

- CANDIDATE
C K Wibmer

Dissertation Overview

The development of a vaccine against the Human Immunodeficiency Virus (HIV) remains a
global healthcare priority and one of the biggest challenges facing modern biomedical
science. Much research has focused on the HIV-1 Envelope protein (Env) as the basis of an
immunogen that can elicit an effective antibody-based antiviral response: it plays a critical
role in the viral life cycle by mediating attachment to and infection of host CD4* lymphocytes
and macrophages, and is the only component of intact, infectious virions exposed to
circulating antibody. While a robust antibody response against Env is normally generated in
the HIV-infected individual, these antibodies are, in the acute phase of infection at least,
mostly type-specific and do not react efficiently with diverse viral species that are generated
during the natural course of infection. In recent times, however, several antibodies that are
able to neutralise a large diversity of viruses potently have been isolated from HIV-infected
individuals. It appears that these (so-called broadly neutralising) antibodies, which have
highly unusual features such as abnormally long CDR loops involved in epitope binding, are
derived by extensive affinity-maturation of germline precursors, and emerge only during
advanced stages of infection. Understanding the evolution of antibody responses against the
HIV Envelope protein is thus a critical component of defining candidate immunogens and
vaccination regimens for the development of an HIV vaccine. In this study, C Wibmer used
various experimental approaches to investigate autologous neutralising antibody responses in
a set of HIV-positive serum samples. In previous studies, the HIV-1 gp120 C3-V4 region had
been identified as an important target for antibodies elicited early during infection. This study
builds on from this data by studying the contribution of the C3-V4 region to autologous
neutralisation responses in an extended set of HIV-positive serum samples, by 'testing the
transferability of neutralisation sensitivity to heterologous gp120s, and by describing how the
C3-V4 context and certain mutations influence sensitivity to neutralisation. In doing so, the
thesis makes some important observations regarding the type of immunogen that might be
required to e¢licit a broad and potent antibody response, and the challenges implicit in
generating such a molecule.
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General Comments

The experimental approaches undertaken in this study are laborious and technically
challenging, and the successful execution of these have provided a platform for what 1
consider to be a very good thesis. Through these, the candidate has mastered a set of
fundamental molecular research methodologies, the principle requirement for graduating at
M.Sc. level. Beyond this, the candidate has also begun to make some important novel
observations on the nature of antibody responses present in HIV-infected patient sera.
Scientific writing conventions have been adhered to closely, the layout, formatting and
referencing is consistent with those prescribed for scientific theses and the data is presented,
for the large part, clearly, concisely and accurately. I found the author’s insights into a
complex research field, and his ability to convey these insights in a scientifically cogent and
stylistically mature manner, particularly impressive. As such, my comments are essentially
minor in nature, and my recommendation is that the candidate’s M.Sc. thesis be approved
once these are addressed to the satisfaction of the candidate’s supervisor/HOD.
Congratulations on an excellent piece of work.,

Specific Comments - Styles/Grammar/Typographical Errors

1. Page viii (List of Abbreviations): change “120kDa™ to “120 kDa”. In general, a space
should always exist between a number and its corresponding unit description. This error
occurs throughout the thesis (eg. Page 24, paragraph 1, line 10: change “20U to “20 U™),
and should be corrected in each case accordingly.

2. Page x (Abstract), Line 14: change “..was in fact one apparent..” to “..was in fact
apparent”.

3. Page 3, 2" paragraph, line 5: insert space between “structure™ and “(Ellerbrok et al.,
1992)”.

4. Page 7, 1" paragraph, line 6: change “...results in an unfavourable entropy value in the
magnitude of -44.2kcal/mol...” to “ results in an unfavourable entropy change of -44.2
kecal/mol...”

5. Page 7, 1% paragraph, line 8: change “...that rescues the interaction.” to “...that renders the
interaction thermodynamically feasible”.

6. Page 8, 1" paragraph, line 11: change “The in viro isolation of CD4-
independent...isolates...are highly neutralisation sensitive...” to “CD4 isolates isolated in
vitro constitutively present an exposed co-receptor binding site and are highly
neutralisation sensitive...”.
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10.

11.

12.

13.

14.

IS.

16.

17.

18.

19.

20.

21,

22.

Page 9, Figure 3: Provide a reference and PDB ID for the gp120 structure shown. Do the
same for Figures 4 and 5.

Page 13, 3™ paragraph, line 2: change “an overlapping epitope the membrane...” to “...an
overlapping epitope in the membrane...”,

Page 23, top line: insert “of” between “some” and “these”.

Page 23, Figure 9 legend: change “A Schematic summarising...” to “A schematic
representation of...” or “A schematic summary of...”,

Page 24, 2™ paragraph, line 5: change “over night” to “overnight”.

Page 26, 1% paragraph, line 10/11: change “A schematic deseribing...” to “A schematic
representation of...”

*r

Page 28, 1% paragraph, line 2: change “manufacturers’” to “manufacturer’s”.

Page 29, 1% paragraph, line 16: change “manufacturers” to “manufacturer’s”

Page 32, line 5: change “co-cultured” to “co-incubated”. (Strictly speaking there is no
culturing until cells are added)

Page 35, 1¥ paragraph, line 2: change “...system explored” to “...system was explored”.
Page 35, 1¥ paragraph, line 8: change “...to the ELISA plate” to **...on the ELISA plate”.

Page 36, line 14: change “.....on the proteins overall conformation...” to *..on the
protein’s overall conformation...”

Page 43: There is a font size difference between the headings (“CAP84” and “CAP63”)

Page 48, Figure 20C and D: Unless there is descriptive significance in the different
designations “HIV-1CAP63-88(C3-V4)-63" vs “HIV-1CAP63-88(C3/V4)-63”, these
should be standardised and appropriate changes made in the corresponding legends. Such
differences occur serially in several other figures in the Results section (eg compare
Figure 20D and F; Figure 25D and G, Figure 27A and E and others).

Page 51, Figure 22 Legend, line 5: delete one copy of “...was adsorbed...”

Page 52, 1™ paragraph, lines 3-5: the author refers to the ability of heterologous gp120-
adsorbed CAP84 serum samples to neutralise chimeric HIV-1capasgscs.vayas, and refers
the reader to Figure 22A and 22B. However, unless 1 have misinterpreted the data,
Figures 22A and B show data derived using CAP45 and CAP63 sera.
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23.

24,

25.

26.

27.

28.

Page 55, Figure 22: Some of the figure headers are printed in boldface, while others are
in regular print (compare Figure 25A and 25C, and Figure 25B and D)

Page 535, Figure 25 Legend: it is stated that “Residual binding antibodies were detected in
ELISA against (A) heterologous gp120, (B) heterologous gp120 with the D369R (sic)
mutation, (C) C3-V4 chimeric gpl20 (D) C3-V4 chimeric gpl20 with D368R

mutation...”.

a. Change “D369R” to D368R”,

b.  The header on Figure 25C appears to indicate that data shown describes the
binding of adsorbed CAP84 serum to the heterologous HIV-1cspss gp120,
which is in contrast with the legend stating that the target is C3-V4 chimeric
gp120. Similarly, Figure 25D indicates the target as being HIV-1capas sacaviy 45
(no mutation inferred), while the legend describes the target as “C3-V4
chimeric gp120 with the D368 mutation™.

Clearly there is some disconnect between the figure legend and information presented. I
have noticed this in several figures (eg Figure 27, in which the legend refers to 27A and
27 B as describing “...binding antibodies to either (A) autologous protein or (B) C3+V5$
chimeric protein...” respectively, while the figures themselves are headed conversely).
The author should take time to rectify this meticulously, as it does cause a fair amount of
confusion in trying to interpret what are fairly data-rich results.

Page 56, 2™ paragraph, ling 13: “Figure 25G — yellow lines” should surely be “Figure
25F — yellow lines™?

Page 59, Figure 27 and associated text: references are made to “C3V5”, “C3-V5” or “C3
+ V57 Unless there are qualitative differences between these (which do not appear to be
alluded to in the text), these should be standardised.

Page 61, 1% paragraph, line 14: “._.as shown in Moore er al., 2009,...” is, by convention,
not an appropriate format for citation. The author(s) name(s) should appear in parenthesis
along with the year of publication, and this is normally inserted after the statement
referring to the cited work. The statement is perhaps better formulated as: “...as shown
previously by Moore and colleagues (Moore et al., 2009),...”. Check for this throughout
the document please.

Page 69, 2°° paragraph, lines 7/8: “Here it was shown that these mutations escaped
antibodies...” is perhaps better rephrased as “Iere it was shown that these mutations
resulted in viral escape from antibodies ....”
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Specific Comments — Content/Technical

1. The author describes the cloning of recombinant gp120 proteins containing polyhistidine
tags (page 22). Normally these are used to facilitate purification via metal chelate affinity
chromatography, for immobilisation on certain divalent metal ion-charged surfaces or for
immunochemical detection. However, from what 1 was able to discern, the gp120
purification approach described in this study involved a combination of lectin affinity-
and ion-exchange chromatography, and I was unable to find any other application
referred to that made use of His-tags. Accordingly, it would be informative to ¢laborate
on the reasons for cloning His-tagged gp120s.

2. Page 35,2™ paragraph: the author states that “Poor expression levels correlated with an
increase in non-specific binding of FBS proteins during the chromatographic steps...”.
I'm unsure as to why low levels of gp120 would cause an increase in the binding of
serum-derived proteins to the lectin. Is the author alluding to a competitive effect, and if
so, would this not only occur when the level of lectin-binding protein loaded exceeds the
capacity of the resin?

3. Page 37, 2" paragraph: the author states that the “low level of binding to 2G12 detected
by ELISA is presumably non-specific...”. However, in some instances shown in Figure
17, the 2G12 signals generated actually exceed those of other antibodies used to confirm
conformational integrity by virtue of their (very specific) binding mechanism(s). (eg
compare antibody binding to CAP45-84(V3)-45 gp120 and to CAP88-63(C3-V4)-88
gpl120). The question is, on what basis then, does one discriminate between “specific”
and *non-specific” binding events?

4. For all gpl20-binding and pseudovirion neutralisation assays, a question one might
naturally be inclined to ask relates to the reproducibility of the data. How has the data
been replicated, and have any statistical methods been applied to establishing the
significance of the observed changes? Referring to Figure 25 for example (specifically
panels C, D and E), it remains unclear to me why the binding of CAP84 serum depleted
with wild-type CAP84 gpl20 is consistently higher than the corresponding serum
depleted with CAP84 (D368R). Are these differences significant? If so, why, and if not,
why is there a consistent trend across all 3 binding experiments?
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List of Corrections

Reviewer onehad no corrections fdhis dissertation

Reviewer twoi Style, Grammar, and Typographical errors
1. A space was inserted between all numbers and their corresponding unit descriptors with the exceptic

that a space was not added before the percent symbol (%) or the degree symi@(the latter

was not preceding the symbol for Celsius (C).

The word Aonedo was deleted from the sentence.

A space was inserted between Astructureo and

The sentence was altered as suggested.

The sentence was alterasl suggested.

The sentence was changed t o: ACDA4 inivitrad that e n d

constitutively present an exposed-rezeptor binding site and are thus highly neutralisation

sensitiveo.

7. In the figure captiorior Figure 1 we state h at : AProtein structure i m
figures (unless otherwise stated) were created from the superimposed pdb files 2B4C and 3JWI
using SwissPdbViewer programme and Pymo] t o avoi d unnecessary re€

8. The sentence was alterad suggested.

9. The sentence was altered as suggested.

10.The sentence was altered as suggested.

11.The sentence was altered as suggested.

12.The sentence was altered as suggested.

13.The sentence was altered as suggested.

14.The sentence was altered as sutggks

15.The sentence was altered as suggested.

16. The sentence was altered as suggested.

17.The sentence was altered as suggested.

18.The sentence was altered as suggested.

19. All figure headings were changed to the same font size.

20.In all instances wheretwawd j acent regions O0x6 and 6y6 were
0% 0 . Similarly in all/l i nstances where to di
this is referred to as 6x + z Gaccordingifn dnradditidnthis svasw a <
further clarified in the abbreviations section.

21.The sentence was altered as suggested.

22.The sentence was corrected so that it referred to Figures 22C and 22F.

23.All graph headings were changed to boldface.

24.

oA wWN

a. The sentace was altered as suggested.
b. All figure captions referring to the incorrect graphs were changed.
25,The parentheses were changeyeltloowolnitrme 10. AFIi ¢
26.Corrected in point 20 (above).
27.Any sentence include a citation was chaa so that the citation appeared in parentheses at the end of
the sentence.
28.The sentence was altered as suggested.

Reviewer twoi Content/Technical
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1. The reviewer was correct in noticing that histidine tags were added to the recombinant gp12(C
protens, but not used for subsequent protein purification. These tags were in fact added to facilitats
coupling to the magnetic beads used for the adsorption studies. At high pH a polyhistidine tail is
deprotonated, making it a good nucleophile. This previdegood surface distinct from other
biologically relevant regions on monomeric gpl120 (like the receptor binding sites) for covalent
binding to the tosyhctivated beadsWe did attempt purification with Nagarose matrix to make full
use of the tags, b@bund this method of purification to be inferior to the lectin affinity column.

To explain this in the dissertation the following sentence was added to page 36, paragraph 1,

lines 58 : AThese polyhistidine tags pfrombidlageallya | a
relevant sites on monomeric gp120. At high pH histidine deprotonates to become available for
coupling to the tosyl activated beads used ir

2. We have noted as a common trend in our laboratory thatdrse our expression levels the less pure
a final product actually is. This is independent of the construct used. We hypothesise the reason fc
this to be in part related to a competitive effect. When recombinant gp120 expression is low, this
allows fora greater number of glycosylated FBS proteins with lower affinity for the lectin affinity
column to be adsorbed from the cell culture supernatant and eluted with gp120. For the subseque
chromatographic step this mannose elution is loaded onto a Qreephan exchange column, and
purified gp120 is collected in the flow through. If the sample contains a higher ratio of FBS proteins
to recombinant gp120, then a larger fraction of the sample must be retained by the matrix. As th
column becomes more amdore saturated the FBS proteins begin to compete with each other for
binding to the matrix, and there is a greater likelihood that some proteins will escape into the flow
through and contaminate the gp120 sample. Some potential corrective measurestonaadbee
the lectin column capacity, or increase the Q sepharose column capacity, but ideally this woulc
require foresight as to whether or not a protein will express poorly.
To explain this theory the following sentence was added to page 35, paragraphlines 710:

APoor gpl20 expression correlated with | ess
increased carryover of glycosylated FBS proteins that then saturated the ion exchange column,
contaminating gpl20 collected in the flow thr

3. We agree that perhaps the choice of wording here was not entirely clear Rather than suggesting th
binding to 2G12 was random and mgpecific, we were suggesting that this binding was in fact to
glycans but not specifically to the 2G12 epitope asdefed in the literature. Itis possible that this
binding is to some portion of the 2G12 epitope that exists in subtype C, but is not enough to confe
neutralisation sensitivity. Alternatively this binding may be explained by the formation of alternate
binding sites for 2G12 as a product of other recombinant gp120 glycosylation pathways. For
instance, a variant of gp160 produced in natural infection that is glycosylated in the endoplasmic
reticulum is covered in high mannose glycans and exhibitsstttiga binding sites for 2G12.

To clarify this statement the seto2CGadetectedhbyas
ELISA may have resulted from low affinity interactions with high mannose structures
contributing to the 2G12 epitope, or with aneher binding site for 2G12 formed by alternate
gp120 processing. Such binding sites have already been described for gp{66ooks et al.,
20100 .

4. All results from the adsorptions and neutralisation assays were repeated and confirmed, however
there is a small degree of variation between experiments an accurate comparison bannosdie
when run in parallel with the same sample. This is the final data that went into each of the figures
shown. That being said after several repeats we can say with much conviction that the difference:
observed between each assay are not significkmthe example provided, the reviewer asks why
binding of CAP84 serum depleted with wilgbe CAP84 gpl20 is consistently higher than the
corresponding serum depleted with CAP84 (D368R), and whether or not this difference is significant
The answer ighat this difference is very small and not significant given the variation of the
experiment.
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5 August 2011

Postgraduate Office

Faculty of Health Sciences
University of the Witwatersrand
Johannesburg

Award of Degree MSc(MED): Mr. Constantinos Kurt Wibmer

Thesis Title: Defining C3-V4 Neutralisation Epitopes on Human Immunodeficiency Virus
Type-1 Subtype C Envelope Glycoproteins

Both myself and his main supervisor, Dr Elin Gray have reviewed the examiners reports and the
corrected thesis of Mr. Constantinos Kurt Wibmer and we are satisfied that all the corrections
and suggestions made by the examiners have been satisfactorily and adequately addressed.

We now support the award of the degree of MSc(Med) to Mr. Constantinos Kurt Wibmer at
the next graduation ceremony.

Yours sincerely

Prof. Lynn Morris
HEAD:AIDS Research Unit

World Health Organization Collaborating Centre
for Haemorrhagic Fevers & Arbovirus Diseases.

Member of the Regional EPI Laboratory Network

in the capacity of a Regional Reference Laboratory
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University
of the Witwatersrand,

Human Research Ethics Committee (Medical) ]OhannESburg

{formerly Committee for Research on Human Subjects (Medical)

Secretariat: Research Office, Roorn SH10005, 10th fioor, Senate Housa » Telephone: +27 11 717-1234 » Fax: +27 11 339-5708
Private Bag 3, Wits 2050, South Africa

Ref: W-CJ-090706-1
06/07/2009

TO WHOM IT MAY CONCERN:

~ Waiver: This certifies that the following research does not require clearance from
the Human Research Ethics Committee (Medical).

Investigator:  Constantinos Kurt Wibmer (student no 0403095E)

Project title: Defining C3V4 neutralisation epitopes on HIV-1 subtype C envelope
glycoproteins.

Reason: This is a wholly laboratory study using stored samples collected under
HREC(Medical) clearance numbers M051140 and M040202. No new
human specimens will be collected.

N\
e JOHANNESBURG. //

D———

Professor Peter Cleaton-Jones
Chair: Human Research Ethics Committee (Medical)

copy: Anisa Keshav, Research Office, Senate House, Wits
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“Number of CDs: 1 (Please note: an electronic version must be supported by a copy on CD
for submission onto the Electronic Theses and Dissertation System (ETD):
http://www.witsac.za/Library/ETD intro/etd info.htm . A payment of R145 must be made at the
Cashiers Office into the account code: 001.408.4221103.8115201 PROJECT: ETDWO000, alternatively
payment can be made at First National Bank, Braamfontein branch, account number 51360056499,
branch code 251905, swift code: firnzajja950. A copy of the payment receipt must be submitted to the
faculty with the thesis/dissertation

7.

8.

(Note:

1. Only abstracts of awards with 50% or more as a research component must be submitted
Sor uploading onto the ETD system. Please check with your Faculty Office if this applies
to your submission

2. All submissions will be uploaded onto the ETD system immediately upon the paymeni of
the R120)

(CD should be clearly labelled with your name, person number, title of thesis and software

package. The ETD system supports PDF only - please enquire at the University Library

(Education and Training Division): (011) 717 1954 (tel) or (011) 717 1909 (fax) for

assistance in converting your dissertation or research/project report or thesis if necessary)

I declare that:

7.1

7.2.

73.

74.

7.5.

7.6.

7.1.

I'have checked all copies of my dissertation or research/ project report or thesis and no pages
are missing or poorly reproduced;

All revisions have been completed in accordance with the recommendations of the
examiners;

The electronic copy is identical to the printed copy approved by the faculty;

The dissertation or research/project report or thesis complies with the rules relating to
abstract and style, copies and formal declaration, duly signed by me, as shown in the General
Rules of the University;

Where any document of which I am not the owner is included in my work, I have obtained
and attach hereto the written consent of the holder of the intellectual property rights in such a
document allowing distribution as specified in 7.7 below;

7.5.1. In the event of copyright permission not being obtainable for visual images or other
works, I will not include the full work(s) in my online thesis/dissertation/research report
on the ETD system, but undertake to point only to the source (by URL or other means)
for such work(s);

I have properly acknowledged all sources; and

I'have noted the rules relating to intellectual property and acknowledgement of the award of
the programme as shown in the General Rules of the University and the University’s
Intellectual Property Policy. Insofar as I hold intellectual property rights in my dissertation
or research/project report or thesis, and to that extent only, I agree that the University and its
agents may archive and make accessible to the public, upon such conditions as the University
may determine, my dissertation or research/project report or thesis in its entirety in all forms
of media, now or hereafter known.

Title of submitted dissertation/research report/thesis:
DrerNidG  C3-Vi NEUTRALKATICN

(Please Note: If, due to unforeseen circumstances, the above title has changed
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from your previously approved title, no further action can be taken by the Faculty Office
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theses and dissertations. I acknowledge that it may be made electronically available in its
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10. Did your research involve animal experimentation or the use of human subjects, human tissue or
other material, or patient records?

Yes
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If yes, please certify that clearance was obtained from the relevant, approved, University
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Clearance number(s): 9 'l ] ) 202
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graduate or it may result in the revocation of the awarded award.

13. The University is not responsible for the safekeeping of the information constituting a dissertation
or research/project report or thesis. Should a student use the University’s ETD system for the
keeping of a dissertation or research/project report or thesis in progress responsibility for the
maintenance, security and back-up of such work lies with the student. The student absolves the
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