e )l P ey S 1 4

\ 0
1

IDENTIFICATION OF POTENTIAL EPITOPES FOR THE
DESIGN OF HIV-1 VACCINE IN KENYA

DOMTILA WANGUI KI_I}_’IAI‘{ I (B.ED.SC)

156/5729/2003

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE
REQUIREMENTS FOR THE AWARD OF THE DEGREE OF MASTER OF
SCIENCE (IMMUNOLOGY) IN THE SCHOOL OF PURE AND APPLIED
SCIENCES OF KENYATTA UNIVERSITY

NOVEMBER 2008

Kimani, Domtila
Identification of
potential epitopes

2009/339370

KENYATTA UNIVERSITY LIBRARY



DECLARATION

I Domtila Wangui Kimani declare that this is my original work and has not been
presented for a degree in any other University or any other award.

SIS 20 hosey. Jdibe sl onlleies: . S SN Py

DOMTILA WANGUI KIMANI

This thesis has been submitted for examination with our approval as University
supervisors

DR. MICHAEL GICHERU Signed(_.
Department of Zoological Sciences
Kenyatta University

PROF. ZIPPORAH NG’ANG’A  Signed..... z‘%j ..... E .. D ate......Z:./..'.}.‘.(.g{

Department of Medical Laboratory Sciences
Jomo Kenyatta University

DR. SAMOEL ASHIMOSI KHAMADI Signed
Center for Virus Research (CVR)
Kenya Medical Research Institute, Nairobi, Kenya



ii

DEDICATION
I dedicate this thesis to my parents James Kimani and Linah Kimani whose

discipline and love gave me eyes to see grace.

To my brothers Mike and Steve and my sisters Margy and Brandy for their

encouragement, tolerance and support.



iii

ACKNOWLEDGEMENTS
I wish to express my sincere gratitude to my supervisors Dr Michael Gicheru, Dr Samoel
Khamadi and Prof. Zipporah Ng’ang’a for their invaluable advice, constant guidance and

encouragement throughout the course of the study and thesis writing.

I must specifically acknowledge Dr Samoel Khamadi and Dr Matilu Mwau for their

assistance with numerous key ideas especially in epitope prediction and vaccine design.

I am also indebted to Joyceline Kinyua, Nancy Lagat, Mwangi Joseph, Lihana Raphael,
Vincent Okoth, Muriuki Joseph and Alex Maiyo of the Kemri HIV lab for their
assistance throughout the period and especially for the technical assistance in the

laboratory.

Finally, many thanks to Kenyatta University and in particular Department of Zoological
Sciences for the opportunity to undertake postgraduate study and to KEMRI for the
opportunity to be part of them in research and for the financial sponsorship that made this

study a success.

This work would not have been possible without the help of you all. May God bless you

abundantly.

KENYATTA UNIVERS!TY LIRRARY



iv

TABLE OF CONTENTS
DECLARATION I
DEDICATION II
ACKNOWLEDGEMENTS I
TABLE OF CONTENTS v
LIST OF TABLES IX
ACRONYMS AND ABBREVIATIONS XI
ABSTRACT X1V
CHAPTER ONE: INTRODUCTION 1
1.1 BAGKGROUND INFORMATION wxcecervrisssosersunisrinsssessons e ssss sassisssansamesssdsseasisessssesasasssanssmsvawentavasssesssse 1
1.2 PROBLEM STATEMENT AND JUSTIFICATION .......uccecrterereeeesseeessssesessassssssssssssesessnsasssssessssesasssessssssssassanes 4
1.3 RESEARCH QUESTION :..«-s5:555ssvsssuasvnsrssisssioss saissrosamsases soensmsioh ssmssnnsmsssansn s snsmavssss s saissesssssarmessssvisaven 6
TR i B Bh 410 1 21 xre 1 ooy NN N L e 6
1.5.1 GENERAL OBJECTIVE ..uuveitieeureeeiesrereeesessesseesssssesseesssssssessssssssssessssssssessssssssssssssssssssssessssnsssssssssssssssnsns 6
1.:5:2 SPECIFIC OBIECTIVES sivusisssssvasssnsvesisvessnsosssisssesisssoiinssns i suaessisssissis o sstsvissssssaassss s sasrimsuassisssesssss 6
CHAPTER TWO: LITERATURE REVIEW 8
P B 1 =0l 5 BV YA TG e I e e T R PT) < 8
2.1.1 THE STRUCTURE OF HIV -1 GENOME ;. v sisvrvisiosisss sssssviss sosssasseaiissvosinios sovssaaisaasinnsssssmssssss samssmios 9
2.1..2 REPEICATIONIOBIIEN ol i v eisitivantainnesetese i daoninss vanhebusasesbusn o tereds Sits Sonsilitutedivson prusadatifuasasetiavanse 11
2.1.3 CLINICAL PRESENTATION OF-HIV: icississcnstanmsmtninnmsssammnmisismsammsssaiimasm 12
214 TRANSMISSIONIOF HE V.t iuseossanmsssusesvussvsssississsosmessvssos edsens s sonasssssch s onnssisaesssiv o des sseavasns sesunasvans 12
2.2 MOLECULAR HETEROGENEITY OF HIV =1 ...uuuuiiiiiiiieiiciieieeeccctirteeeeesneseeessssseesesssssnsssssssnssassesssnnes 13
2.2.1 HUMAN IMMUNODEFICIENCY VIRUS TYPE 1 GROUP M GENETIC VARIABILITY ...cvveeueereeseeeeeeeesnensens 15
2.3 THE HOST IMMUNE RESPONSE TO HIV INFECTION.......ccccecuteerreeersueeeeseeeesseeessseessssesssssssssssessssesesassans 17
2.3.1 ROLE OF INNATE IMMUNITY IN HIV INFECTION ......cutiiiiiiureeeeisnraeeeeesssssseeeessssssssesssssssssessssssasessannans 18



2.3.2 ROLE OF THE ADAPTIVE IMMUNE RESPONSE IN HIV INFECTION ......ccceutrurtesereneensenenencnessesssesencasnenes 21
2.3.3 ROLE OF CD4 CELLS INIMMUNITY TO HIV-1 INFECTION i:.ccisecsssisssiscssssssssosssssssosssasissssssisssssssoassnsso 22
2.3.4 ROLE OF CD8+ CYTOTOXIC T LYMPHOCYTES (CTL) «eeeeeueiieiiiieietee e eereee e e e eeeeeeeee e sae e nnessenaes 24
2.3.5 ROLE OF ANTIBODIES IN THE CONTROL OF HIV INFECTION ......ceveueurueutnueneaeserenneeaesesaesesenesesssenesenes 26
2.4 IDENTIFICATION OF PROTECTIVE EPTTOPES .-uisssissssssssassssnssssassssossasssnssassmsssssasssersssssssssassnsonssssssnsssossss 28

2.4.1 REGIONS OF HIV-1 GP41 AND GP120 THAT ARE CRUCIAL TO VIRUS FUNCTION AND IMMUNE

PROTECTION ..s10v0ss0snsassnsacsatsssessnssressrssnssns snsssnssssasssssssssassasssassssssorasas tosassssssassassass assssssnsssansassssnssusessasssssssuss 31
2:4.1.1 ENVELOPE GLYCOPROTEIN 41 {GP 41 )::sscessesiosssvssssssssssssssrisssnssssssessassinssnsasesssssseasssssssssssssusessons 31
2.4.1.2 ENVELOPE GLYCOPROTEIN 120 (GP 120) ..ueeitieeiiieieeeeeeeeteeteesseesaeesaesssaesssessssesssassseesssesnsesseens 31
2.5 CONCEPTS AND DESIGNS OF VACCINE DEVELOPMENT ......cccutiiitirienriseeneseessessesssessssssessnessssssssesnnes 32
2:5:1 IDEAL, CHARACTERISTICS OF AN 'AIDS 'V ACCINE: s 1osssesssasssssssnsonsisssasssssasssssssssssesessssssasssssssssansssssess 32
2.5.2 THE STATUS OF HIV=1 VACCINES ......coctrueruerreeeceeereereeneeseetessesssessesssesssesessssssessasssessesssessessssssasss 33
2.6 APPROACHES TO HIV 'VACCINE DEVELOPMENT ...:c:s:csvmassssassessssasessssssissiasssssnssossndassessssssisnnsssassesssssss 35
2.6.1 RECOMBINANT SUBUNIT VACCINES ......ceoutrieuenreneeseeseessesseensanseessaeseessesssessasssssseessesnsensessessesssessense 35
262 LIVE RECOMBINANT VACCINES ::::5:55553 svsss55siws54 5534555 55064055550 8548 0558 54305 50554500 avnwnsensns snsnisossassssnasa 36
2.6.3 WHOLEINACTIVATED HIV=1 VACCINES... csucssessssssssasssssnsssssissssssssnssssssssassissssssssssssssussinsssssasnsassnss 37
2.6.4 LIVE ATTENUATED VACCINES......cctertrsteerseseesaessesassassassassassessassasassessessassessassassassessassessessessssassassesans 37
2.6.5 DEOXYRIBONUCLEIC ACID (DNA) VACCINES ::ssi5ss555stusssss sssaesasnsvssasssovsasssnsssonossiesrinasnassonnesonsssassasiss 38
2.7 NEED FOR A HIV VACCINE ......c.coititintiinntientinteetesteeente e sseseesaesse st st ssee e ssassassassassassassessassessansasassansenean 39
2.8 APPROACHES TO ENHANCE IMMUNOGENICITY OF HIV VACCINES ......cocveuteteeereeneeesrensessessessenesessenns 40
2.9 IMPORTANCE OF CLADES IN HIV VACCINE DEVELOPMENT .....ccvcueesssssestssssessnssssssssesesasssssnsresssssasssnsns 42
2.10 DIVERSITY CONSIDERATION IN HIV-1 VACCINE SELECTION .....cvcoueuerereereeneesaesaeseesesseesessessessesessens 43
2.11 VACCINE STRATEGIES THAT CONTEND WITH HIV DIVERSITY .....cucoeeievereeeseseseneseaesesssssssesesesssnas 45
2.11.1 ISOLATE BASED VACCINES.......coueueteueriereiaseentesereeseseesesesessesessesessesessesssssessensssessssessssesssssssssssnens 45
2.11.2. ARTIFICIAL SEQUENCE FOR MINIMIZING DIVERSITY ....cceveuteirirueueeansesesesssesesessssssssssesssssesesesesenes 45
2.11.3 CONSERVED AND ANCESTRAL SEQUENCE CONSERVED CTL EPITOPES.........ccceeoveeererecreereeeenaannens 46
2.11.4 POLYVALENT VACCINE APPROACH TO OVERCOME HIV-1 DIVERSITY ...c.ccveuereranuereueneaassesesesesens 47

2.12 PREDICTION OF PEPTIDES BINDING TO MAJOR HISTOCOMPATIBILITY COMPLEX MOLECULE ........... 48



vi

2.13 DESIGNING A CROSS-CLADE, EPITOPE DRIVEN HIV-1 VACCINE USING BIOINFORMATICS................ 50
2.14 TOOES FORIDENTIFYING T-CELEEPITOPES .....coiiveiciineoisssassinssisuiisssssssassmsessrsssmssssssssnivessoviavesssssiainss 51
CHAPTER THREE: MATERIALS AND METHODS 53
3.1 STUDY POPULATION AND SITE ...ccceeeureeeeeeuneeeeeessreeeecsssssesessesssssssssssssssesssssssssssssssssssasssssssssssssssnsesssssne 53
3.3. SAMPLE SIZE DETERMINATION c:iivusciscsssassosssssssnssssasssssssssassssonsssssssseiss srassvsss sovsssususvsssasonisssssmasavasesuss 53
3.4 ETHICAL CONSIDERATIONS ....cevveeeeieeeeeseersssssssssssssssseeeassessesssssssssssssssssssssesssssssssssssssssssssssssssssssssssesssssss 54
3.5 SAMPLE COLLECTION .....uuuuuturtreeeeeeeseeeeseasassssssssssssssesasssssssssssssssssssssssssssssssssssssssssssssssassssnssssasssssesesassns 54
3.6 DEOXYRIBONUCLEIC ACID (DNA) EXTRACTION -.::u050ss50ssvsssssasscssssasss snasinssissssnsssssssssssisssosesasonsssssasss 54
3.6.1 EXTRACTION OF PERIPHERAL BLOOD MONONUCLEAR CELLS (PBMC ) FROM WHOLE BLOOD ....... 54

3.6.2 PROVIRAL HIV DEOXYRIBONUCLEIC ACID EXTRACTION FROM PERIPHERAL BLOOD MONONUCLEAR

I G L I e B e Lt B et T P, JIE IR L U AL MR DR, 55
3.7 POLYMERASE CHAIN REACTION (PCR) AMPLIFICATION USING PROVIRAL DNA ........cccccoieiieenen. 55
3.8 AGAROSE GEL ELECTROPHORESIS OF PCR PRODUGTS ..c.:uusucssssssssssssnssssssnssnsinsassassesssisssssossssssssssassiss 56
3.9 DEOXYRIBONUCLEIC ACID (DNA) SEQUENCING ......ucveeeerureerreeeesreeeesseeeessseessssesessssesssssesssssessssessasanns 57
3,10 SUBTYPE DETERMINATION :oss5:55555555 w4535 585555 653 55455 55535608 455050455555 53954 6605 0055 54504305008 390038050850 a0 tnass 58
3 A D EINITATIONS - ocu it veosesomenns e O s S st ISy vne i o oo et Ty s ot a e o et T W S e oo nsnsenvaraenads 59
3.12 PHYLOGENETIC ANALYSIS OF GENERATED HIV-1 SEQUENCES.........cveuerueueuererenesesesesesesesasanssssesesnes 60
3.1.4 IDENTIFICATION OF CONSERVED AMINO ACID EPITOPES .....ccceeveuiererierennseeesesssesesessesessesssssessnns 60
3.15 EPITOPE IMMUNOGENICITY PREDICTION USING SYFPEITHI.........cccoeeiieieteenseeeeneassesesesansnnannns 60
3.16 DESIGN OF CROSS-CLADE MULTIEPITOPE CANDIDATE VACCINE........cccesueeueeeeeeenneneeansesaesessesessenes 62
4.1 SUBTYPE DETERMINATION .oz ses s sssisss swsssamsssnesssssshs e asnssssisssssssssusedsamyusass 555545 4640 4980 MeBusassasassnss 63
4.2.1 CONSERVED EPITOPES FOR GP 41 SEQUENCES........ccoeveteueretetrseseasesssssssesesssssassssssnsssssesesssssssssssess 71
4.2.2 IDENTIFICATION OF CONSERVED IMMUNOGENIC EPITOPES FOR GP 41 SUBTYPE A l.....ccccceceecereennne 73
4.2.3 EPITOPES FOR GP 41 SUBTYPE C...uooruiriiiiieiiiiiiceiceceee et et eeessesateaessaesaesseesassssessessesssesssssssnsessesnes 75
4.2.4 EPITOPES FOR GP 41 SUBTYPE D ..ottt et sateeceae et esaesee st et sne s e s e esessesae s esaenanneneen 76
4.3 IDENTIFICATION OF CONSERVED EPITOPES FOR GPI2() SEQUENCES ......cc.ceeeeueerreneeseeeeassessessessessssnes 77
4.3.1 CONSERVED EPITOPES FOR GP 120 SUBTYPE D SEQUENCES........cecteerterueruereanneseeeeseesassassessesaeseesanes 80

4.3.2 EPITOPE FOR GP 120 SUBTYPE C .....eeeeteeeieeeeeeeceeeeeseeeesseeessseessssssesssssessssessssssesssssssssssssssssessnrssnnes 82



4.3.3 EPITOPES FOR.GP 120 SUBTYPE All £ il 5 iee 0 5i0iie st iina i nonsassensnresansssnsesnnesnsassinisisnsssssissessionbnsnsass 84
4.4 IDENTIFICATION OF CONSERVED EPITOPES FOR THE GAG REGION .......ceeuietruenireeeerenineeneenscensaesesassens 88
4.4.1 CONSERVED EPITOPES FOR GAG SEQUENCES ......cccctivutiniiiuiinissneissesssesssesssssosssssssasesssassssesssssanes 88
4.4.2 CONSERVED EPITOPES FOR GAG SUBTYPED x-iiscciiiosississsmsssissussmsmssiianssmenminsssssasmuismassii 91
4,4 .3 EPITOPES FOR GAG SUBTYPE AL ..ovsuerssessssesssssenssrarsnsysissmassssesssessasananessssssnssasuessaevossasantesonssnsasansona 93
4.4.4 CONSERVED EPITOPES FOR GAG SUBTYPE C .....ucoveuiieueineeieneneeenteneeesessesessesessessssssssessssessssssssens 95
4.5 LOCATION OF THE CONSERVED EPITOPES IN THE HIV GENOME..........cccccvvnttiinnntinnnneinneeisneesnnneinsennes 97
4.6 DESIGN OF CROSS-CLADE MULTIEPITOPE CANDIDATE VACCINE........cccotruierrreeissnerissnnecssnneessneeesnnens 102
4.7 EPITOPES IDENTIFIED PREVIOUSLY BY OTHER INVESTIGATORS.......cccotteruetiseessenisnnesssnesnssssesssnsssessens 103
CHAPTER FIVE: DISCUSSION 106
5.1 THE STUDY OVERVIEW .....ceetiuirtreertrrenieseesseessesestesessssensesestssestesestesestesensenenseseesesessnsasesessesensasssns 106
5.3 IDENTIFICATION OF CONSERVED BPITOPES :c::scosssssissussssssissnsssssssssissssesisssasnssssssseassssacssassssssasssssesss 109
5.4 IDENTIFICATION OF IMMUNOGENIC EPITOPES USING SYFPEITHI ........ccccocciiniiiiiiiniiiiiiirennneceeenees 112

................................................................................................................................................................ 114
5.5 DESIGNING A SUPER EPITOPE (CROSS- CLADE MULTI EPITOPE CANDIDATE VACCINE)......c.cceuenene 116
CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS 119
651! CONCEUSIONS 2 soraibenm o, Boves s M s sl meoms ol o s inreres e s e arvenuan 119
APPENDIX I 144
APPENDIX II 146

1. GP41 CLUSTALW ALIGNMENT

2.GAG CLUSTALW ALIGNMENT

ERROR! BOOKMARK NOT DEFINED.

149

150

B) GAG SUBTYPE A1 ALIGNMENT

3. GAG CLUSTALW ALIGNMENT

153




viii

LIST OF FIGURES

PAGE

9

11

al

65

66

66

67

68

69

70

71

73

79

FIGURE

2.1  Structure of HIV-1

2.2 Structure of HIV-1 and 2 Genome

2.3 Steps at which antibodies can potentially interfere with HIV-1 virus replication 29
24  The interaction between MHC, peptide and T-cell

4.1  The HIV-1 prevalence in Moyale

4.2  The HIV-1 prevalence in Mandera

43  The HIV-1 prevalence in Turkana

4.4  Phylogenetic analysis of sequences 1-19 from envelope gp 41 region
4.5  Phylogenetic analysis of sequences 20-38 from envelope gp 41 region
4.6  Phylogenetic analysis of sequences 39-56 from envelope gp 41 region
4.7  Phylogenetic analysis of sequences 57-75 from envelope gp 41 region
4.8  Phylogenetic analysis of sequences 76-86 from envelope gp 41 region
49  Conserved Epitopes for gp 41 Sequences
4.10 Conserved epitopes for Gp120 subtypes alignment

4.11 Identification of Conserved Epitopes for Gag Sequences

4.13.a Region specific combined epitopes

4.13.b 300 amini acid super epitope construct

89

100

102



TABLE

2.1

2.2

3.1

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

4.13

4.14

ix

LIST OF TABLES

Epitopes of the HIV-1 envelope glycoproteins that induce neutralizing

antibodies

HIV-1 clade composition of HIV-1 vaccine candidates

Primers used in the study

Conserved immunogenic epitopes for gp 41 subtype A1l

Conserved immunogenic epitopes for gp 41 subtype C

Conserved immunogenic epitopes for gp 41 subtype D

Conserved immunogenic epitopes for Subtype D gp120

Conserved immunogenic epitopes for Subtype C gp120

Conserved immunogenic epitopes for gp120 subtype A1l

Conserved epitopes for Gag subtype D sequences

Conserved epitopes for Gag subtype A1 sequences

Conserved immunogenic epitopes for Gag subtype C

Location in the HIV genome of 41 conserved immunogenic epitopes
identified from gag region

Location in the HIV genome of 80 conserved immunogenic epitopes
From clades A1, C and D identified from gp 720 region

Location in the HIV genome of 37 cross-clade conserved immunogenic
epitopes identified from gp 41 region

Gag region-p24

Envelope gp 41

PAGE

31

36

60

75

76

71

81

82

84

21

93

95

97

98

100

101

102



4.15 Envelope gp 120 103



ABI
AIDS
ARV
BLAST
CCD
CCRS
CDC

CD4
CD4+ T cell
CD8
CD8+Tcell
CDNA
CDR 1-3
CR1,2,3
CMI
CRF
CVR
CXCR4
DNA
DCs
EDTA

ELISA

Xi

ACRONYMS AND ABBREVIATIONS

Applied BioSystems International
Acquired Immunodeficiency Syndrome
Antiretroviral

Basic Local Alignment Tool

Charged Coupled Device

CC Chemokine Receptor-5

Center for Disease Control and Prevention
Cluster Differentiation 4

T lymphocyte positive for lymphocyte marker
Cluster Differentiation 8

Cytotoxic T lymphocytes
Complementary Deoxyribonucleic Acid
Complementary Determining Regions 1-3
Complement Receptor 1, 2, 3

Cell Mediated Immunity

Circulating Recombinant Forms

Center for Virus Research

CXC chemokine receptor-4
Deoxyribonucleic Acid

Dendritic Cells
Ethylenediaminetetraacetic Acid

Enzyme Linked Immunosorbent Assay



xii

Env Envelope

FDC Follicular Dendritic Cells

Fasl Fas ligand

Gag Group Associated Genes

HIV-1, -2 Human Immunodeficiency Virus types 1,-2
HLA Human Leucocyte Antigen

IFA Freud’s Incomplete Adjuvant

Ig Immunoglobulin

IL Interleukin

Inr Initiator

ISCOMS Immunostimulatory Complexes
KEMRI Kenya Medical Research Institute
LTR Long Terminal Repeat

MADH Mandera District Hospital

MHC Major Histocompatibility Complex
MYDH Moyale District Hospital

Nef Negative Factor

NSI Non-syncytium Inducing

PCR Polymerase Chain Reaction

Pol Polymerases

RFLP Restriction Fragment Length Polymorphism
RNA Ribonucleic Acid

RNAPII Ribonucleic Acid polymerase-H-— -



RPM

SI

SIV

SSA

Tat

TAE

Taq

TBE

T-H1 and 11
TKMH
TLHC

TSR

TNF a and B
pL
UNAIDS
URFs

Vif

Vpu

WHO

Xiii
Revolutions per Minute
Syncytium Inducing
Simian Immunodeficiency Virus
Sub-Saharan Africa
Transcriptional transactivator
Tris Acetic Acid EDTA
Thermus aquaticus
Tris Borate EDTA
T-Helper 1 and II
Turkana Mission Hospital
Turkana Lobiding Health Centre
Template Suppression Reagent
Tumour Necrosis Factor a and

Microlitre

Joint United Nations Programme on HIV/AIDS

Unique Recombinant Forms
Viral infectivity factor
Viral protein, Unknown

World Health Organization



Xiv
ABSTRACT

Human Immunodeficiency Virus is a major public health problem, socio-economic
burden and a serious threat to development globally. HIV exhibits an extremely high
capacity for genetic variation with rapid turnover of virions. The heterogeneity of HIV
may ultimately lead to increased viral fitness in the face of pharmacological,
immunological or other environmental selection pressures. The high genetic diversity of
HIV-1 continues to complicate measures for the design of an effective vaccine. An
effective HIV-1 vaccine would have to stimulate a range of host defenses, including
mucosal, innate immunity, neutralizing antibodies and cell-mediated immunity. The
variability of the HIV-1 envelope region and the inaccessibility of potentially neutralizing
epitopes on primary isolates continue to hamper the development of vaccines for HIV.
The focus has shifted to the induction of CD8+ cytotoxic T-lymphocytes (CTLs), which
have been shown to play an important role in the control of HIV infection. The ability of
a vaccine to induce responses directed at a particular group of epitopes is of interest
because it is easier to assess the possible efficacy of any resultant immune response. The
knowledge of epitopes is critical in the precise evaluation of the strength and quality of
CTL responses that could be induced by vaccine candidates and it would be helpful in
identifying immunologically silent regions of a vaccine so that they can be omitted from
future constructs. The use of epitopes that are conserved across clades could improve the
breadth of induced responses. In this study, the aim was to identify the HIV-1 subtypes
circulating in Northern Kenya and to identify conserved immunogenic epitopes that can
be used to design a multiepitope cross-clade candidate vaccine to be used in Kenya.
Phylogenetic analysis of the generated gp4/ sequences showed that 44% of the sequences
generated from the three districts were HIV-1 subtype A1, 45% were HIV-1 subtype C
and 11% were HIV-1 subtype D. Samples from Moyale indicated 36% of subtype Al,
55% were HIV-1 subtype C and 9% were HIV-1 subtype D while from Mandera 67%
were HIV-1 subtype Al, 33% were HIV-1 subtype C. In Turkana the most dominant
HIV-1 subtype was Al (58%), HIV-1 subtype C was 25% and HIV-1 subtype D was
17%. There was a significant difference in the pattern of subtypes circulating in the three
regions in that both Turkana and Mandera had subtype Al as the predominant subtype
while subtype C was the dominant subtype in Moyale. For epitope determination,
sequences generated from the env gp41, env gp120 (C2V3) and the p24 gag regions of the
HIV-1 genome were analysed. The generated sequences were translated to amino acid
sequences using the Translation for publication software and aligned using Clustal W
version 1.81 software to determine the areas of the sequences that were conserved and
therefore relevant for design of a candidate vaccine. The identified conserved epitopes
were further analyzed using the SYFPEITHI bioinformatics tool to identify class 1
restricted T-cell epitopes and their immunogenicity. A total of 80 epitopes from gp 120,
41 from gag and 37 from gp 41 were identified. The identified epitopes were used to
construct a super-epitope that can be used to design a HIV-1 candidate vaccine.
Information generated from this study can be used to address the challenges of HIV-1
viral diversity in the development of vaccine candidates. This can be part of the long term
effort to build a panel of subunit vaccines that can be used in design of an efficacious
vaccine.



CHAPTER ONE: INTRODUCTION

1.1 Background Information
Acquired Immune Deficiency Syndrome (AIDS), first documented in 1981 (Gallo et al.,

1983; Kandathil et al 2005) and was subsequently attributed to infection with Human
Immunodeficiency Virus (HIV). HIV is the etiological agent of the slow progressing
Acquired Immunodeficiency Syndrome (AIDS). AIDS results from depletion of CD4 T
cells, the major co-ordinating cells of the immune system. Entry of HIV-1 into target
cells requires the binding of the external envelope glycoprotein gp/20 to both CD4
molecule and one of the several chemokine receptors, recently discovered to function as

co-receptors (Cocchi et al., 1995; Zhang et al., 2002; Feng et al., 2003;).

The Human Immunodeficiency Virus (HIV) has brought about a global epidemic far
more extensive than was predicted a decade ago. Though the rates of infection is
declining for the majority of the developing countries, Sub-Saharan Africa remains the
hardest-hit (Buve et al 1995). WHO estimates 15,000 people become infected every day
despite progress in prevention and powerful drug combinations to treat HIV infections

(http://www.unaids.org/Epidemic update/).

Over 90% of new infections occur in developing countries for which the recent medical
advances are not immediately applicable or affordable (www.iavireport.org, 2005). In
most countries the age of greatest morbidity and mortality from AIDS is the most
economically productive bracket (20-39 years: www.iavireport.org, 2005). Nations have

to grapple with the unprecedented depletion of the work force.



Highly Active Antiretroviral Therapy (HAART) has prolonged survival, reduced the
level of viral load and alleviated suffering. However, a large majority of those infected
with HIV in most developing countries cannot afford antiretrovirals and treatment is life
long. In addition the drugs available have serious side effects, compliance and drug
interactions are a serious concern in most recipients and the clinical benefits are usually
short lived due to the emergence of resistant strains (Kalams et al., 1999). Besides, proper
administration of HIV medication, overall HIV management requires major investment in
health care infrastructure, skilled health care and the of state art laboratory for diagnosis,
viral load determination, drug resistance and blood level monitoring. Therefore, the
urgency of the need for HIV vaccines cannot be over emphasised. The only hope for
these countries is the development of safe, effective, accessible and preventable

prophylactic and/or therapeutic HIV vaccine (McMichael, 2006).

Vaccines are easy to use and relatively cheap (McMichael and Rowland-Jones 2001),
their administration is infrequent and can reduce the incidence of disease markedly. Data
from non-human primates and T- cell based immunological mechanism of HIV resistant
uninfected humans strongly support the belief that a successful HIV vaccine is possible
(Hanke and McMichael, 2000; Amara et al., 2001; Shiver et al., 2002). To achieve
protection, a prophylactic vaccine has to induce both humoral and cell mediated
responses (CMI). There has been a considerable effort to develop envelope-based
vaccines inducing neutralising antibodies (nAB). Although some new promising

approaches to induction of nAB are being developed (Wyatt ef al., 1998; Kolchinsky et



al., 1999), the emphasis of many vaccine designers has shifted to the induction of CMI

responses (McMichael and Rowland-Jones, 2001).

The significance of the extensive genetic diversity of HIV isolates and its implication for
vaccine design has long been debated. Currently, candidate vaccines are derived from
isolates, with the hope that they will be sufficiently cross-reactive to protect against
circulating viruses (Zolla-Pazner, 2004). Despite the high variability in HIV, there are
currently two approaches to selecting vaccine strains that attempt to contend with the
high levels of HIV sequence variation namely use of conserved sequencea and use of

contemporary circulating viruses (Gaschen et al., 2002).

An effective way to minimise the degree of sequence dissimilarity between a vaccine and
contemporary circulating viruses is to create artificial sequences that are ‘conserved’ to
the viruses. To design such a sequence involves use of a consensus sequence based on the
most common amino acids conserved in each position in an alignment (Novitsky ef al.,
2002; Korber et al., 2001). Consensus sequences and strains from variable strains could
be used in a polyvalent vaccine approach (Korber ef al., 2001). Conserved proteins from
different subtypes can be more closely related than variable protein from the same
subtype and this could be exploited by using a single vaccine strain for conserved
proteins and multiple clade-specific strains for variable vaccines specifically designed to
target these conserved epitopes. The use of epitopes that are conserved across clades
could improve the breadth of induced responses. If successful, this may ultimately be

optimised by fine-tuning as subtype-specific vaccines (Gaschen et al., 2002).



The control of viremia and virus escape in HIV infection, have all been associated with
cellular immune responses to immunodominant epitopes and mutations or deletions
occurring in these epitopes, respectively (Borrow et al., 1997; Goulder et al., 1997;
2001). A comprehensive understanding of HIV epitopes would be a distinct advantage in
HIV vaccine development. The ability of a vaccine to induce responses directed at a
particular group of epitopes is of interest since it is easier to assess the possible efficacy
of any resultant immune response. Epitopes that are relevant for vaccine development are

usually identified in infected people (Hanke and McMichael, 2000).

Inclusion of any epitope in the future constructs should ideally be supported by
experimental evidence of its ability to induce immune response in vaccinated individuals
(Borrow et al., 1997). But the ultimate test for any vaccine would involve the live
challenge of vaccinated humans with the wild type HIV (Hanke and McMichael, 2000)
though development has been hampered by the high variability of the HIV virus. Given
this limitation, vaccination remains the ultimate tool that will complement the preventive

programes.

1.2 Problem Statement and Justification
Globally, HIV-1 is extraordinarily variable. The diverging trend of HIV-1 subtypes,

existence of mosaic viruses and potential recombinants poses a major challenge in the
design and testing of HIV vaccines. The number of unique HIV-1 sequences in public

databases has been steadily increasing every year (Altschul et al, 1997). Currently,
candidate vaccines are derived from isolates with the hope that they will provide cross

protection against circulating viruses. To cope with the diversity, country-specific



vaccines are being considered, but evolutionary relationships may be more useful than
regional considerations (Goulder et al., 2001). Consensus sequences could be used in
vaccine design to minimise the genetic difference between vaccine strains and
contemporary isolates, effectively reducing the extent of diversity by half. The most
effective type of vaccine would include immunogenic regions or epitopes of the HIV-1
genome that are highly conserved across clades and strains of HIV-1 (Rowland -Jones et

al,, 1998).

This is because use of conserved sequences across clades could improve the breadth of
induced responses. Until recently discovery of conserved epitopes in the HIV-1 genome
has been hampered by lack of effective tools that would enable researchers or vaccine
developers to develop large HIV-1 protein sequence database for vaccine components
(Walker et al., 1998; Nardin et al., 2001). Although vaccinating individuals against one
subtype might confer protection against other subtypes of HIV-1, it is more likely that
vaccinating with a single HIV-1 strain may not be a successful means of protecting
against challenge by strains belonging to other clades of HIV-1 (De Groot, 2001). Given
this degree of diversity, it is widely believed that a vaccine based on a single strains or
subtype of HIV-1 will not be successful against the large spectrum of globally circulating
HIV-1 variants (Mahmudul and Mahbub, 2003). One solution to the problem of
immunizing against many HIV clades may be to search for components of HIV-1 that are
highly conserved and to build a vaccine based on those components (Hanke and
McMichael, 2000; Davis et ai., 2000). The bioinformatics methods of sequence analysis

are used to reveal the most prospective proteins or protein fragment of an infectious agent



as candidates for vaccine design. This approach could help in designing vaccines against
diseases where traditional methods are not successful for example when the viral genome
reveals the extreme variability and permanent changes of antigenic properties that make it
difficult for the selection of molecular targets for medicines and candidate vaccines
(Donnes and Elofsson, 2002). Therefore there was need to generate new conserved
epitopes that could reduce significantly the number of peptides that have to be
synthesised and tested. This study aimed at identifying the conserved epitopes in HIV-1
circulating in Northern Kenya that can be used in vaccine design and development and
compare them with already generated epitopes from other regions of the world. Data
obtained in this study is important, considering the fact that development of an
efficacious vaccine has so far been very elusive and the HIV virus undergoes rapid

transformation.

1.3 Research Question
How does the high level of HIV-1 sequence variation in Kenya affect or determine the

selection and design of epitopes to be used as HIV-1 vaccine candidates in Kenya?

1.4 Hypothesis

There is no epitope difference in the strains of HIV-1 circulating in Kenya and those

identified from other regions of the world.

1.5 Study Objectives

1.5.1 General objective

To identify conserved amino acid epitopes from the immunodominant env and gag
regions of the HIV-1 genome that can be used to develop a cross-clade candidate vaccine

in Kenya.

1.5.2 Specific Objectives
i.  To determine the subtypes of HIV-1 circulating in Northern Kenya.



ii.

iii.

To identify conserved amino acid epitopes that are immunogenic and can be used
as vaccine targets in different HIV-1 strains circulating in Northern Kenya.

To compare the generated epitopes with the ones already identified in other parts
of the world with an aim of determining if these epitopes are relevant for vaccine
trials in Kenya.

To design a cross-clade multiepitope candidate vaccine



CHAPTER TWO: LITERATURE REVIEW

2.1 The HIV Virub
Human Immunodeficiency Virus (HIV) displays important genetic variability. There are

two types of HIV, HIV-1 and HIV-2 (Kandathil ez al., 2005). Human Immunodeficiency
Virus I (HIV-]) is responsible for the pandemic and was identified in 1983 (Gallo et al.,
1983; Barre-Sinousi et al., 1983). Differences between HIV-1 and HIV-2 are fairly
documented in terms of transmissibility, pathogenesis and pattern of spread (De cock et
al., 1994; Kanki et al., 1994). HIV-2 was first detected in West Africa and is significantly
prevalent in those regions, Portugal, Korea and Philippines (Damond et al., 2001;

Machuca et al., 1999; Soriano et al., 2000).

Human Immunodeficiency Virus is a ribonucleic acid (RNA) virus that belongs to the
family of retroviruses, genus Lentiviridae (Jawetz, 2000). The viral genome is carried by
two single RNA strands each approximately 10,000 base pairs long (Cheesbrough, 2000).
The central nucleocapsid core of the virion contains two copies of the single stranded
viral RNA genome, the enzyme reverse transcriptase and intergrase and capsid protein

p24 (Kelleher and Bockel, 2005).

Surrounding the core is a protein capsid surrounded by a double-layered phospholipid
envelope with embedded surface glycoproteins (gp120; Figure 2.1) that protrudes from
the surface and gp41 that is embedded in the envelope. These enable the virus to attach to
and infect the host cells (Cheesbrough, 2000). The genes that encode gp120 mutate

rapidly producing many antigenic variants.
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Figure 2.1: The Structure of HIV-1 (http://virology-online.com/viruses/hiv.htm).
2.1.1 The Structure of HIV-1 Genome

The HIV genome consists of two identical molecules of single stranded, positive polarity
RNA strand each approximately 10,000 base pairs long (Fred, 1995). Like all
retroviruses, the HIV genome (Figure 2.1) consists of structural genes gag, pol and env,
which are in the order of J5’-gag-pol-env-3° and encode the structural
proteins(http://en.wikipedia.org/wiki/Image: HIV_genome.png). In addition, the HIV
genome has six regulatory genes namely tat, nef and rev for the replication of the virus
and, vif vpr and vpu, which ar‘e accessory proteins not involved in replication (Kelleher

and Bockel, 2005; Figure 2.2).
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Negative regulatory factor (nef) down regulates expression of CD4 protein and MHC
class-1 proteins on the surface of infected cells and also has the ability to up regulate
cellular expression of Fas ligand (Fasl) resulting in apoptosis of virus-reactive cytotoxic
T cell as they try to kill the virally- infected targets (Cullen, 1998; Kestler ef al., 1991).
The nef gene is also critical for disease induction. Viral infectivity factor (Vif') stabilizes
newly synthesized viral DNA and counteracts a cellular factor that inhibits HIV-1 hence
is important for viral maturation (Kelleher and Bockel, 2005). Other genes are Viral
protein regulatory (vpr) involved in the transportation of viral core from cytoplasm into
the nucleus in non-dividing cells, promotes cellular differentiation and interacts with
cellular proteins involved in DNA repair. It also causes cellular apoptosis and is a weak
transactivator of viral transcription (Hirsch et al., 1998) and vpu enhances virion release

from the cell.

The gag gene encodes the internal core proteins p/7, p7 and p24. The pol gene encodes
reverse transcriptase, which transcribes RNA genome into DNA (Deacon et al., 1995). At
both ends of the genome are the long terminal repeats (LTR) that are transcription
initiation sites (Triques et al., 2000). The 5’ LTR functions like other eukaryotic
transcriptional units. It contains downstream and upstream promoter elements, which
include the initiator (Inr) and three Spl sites. These regions help position the RNA
polymerase II (RNAPII) at the site of initiation of transcription and assemble the

preinitiation complex (Taube et al, 1999).
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Figure 2.2: Structure of HIV-I and II Genome. (Adapted from the Los Alamos HIV
database web.lanl.gov/content/immunology/pdf/2000/intro/GenomeMaps.)

2.1.2 Replication of HIV
HIV replicates within a host cell using RNA as a template to make DNA. To replicate,

the virus must transcribe its RNA into DNA using RT (Cheesbrough, 2000). The viral
intergrase enzyme is responsible for the intergration of the provirus into the host genome.
Viral replication proceeds using host cellular machinery, but is regulated by a number of
viral accessory genes such as nef, vif, vpr, tat and rev, some of which are also involved in

replication (Kelleher and Bockel, 2005).

The viral messenger Ribonucleic Acid (mRNA) is transcribed from the HIV proviral
DNA by the host cell RNA polymerase and translated into several large polyproteins
(Mims et al., 1993). Copies of RNA and newly created polyproteins move closer to the

cell membrane. New virions begin to form and bulge on the side of the host cell (budding
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stage). During the budding from the host cell membrane, the viral proteinases become
active resulting in cleavage of various subunits and generation of mature form of HIV
(Vishnav et al., 1991; Saha, 2001).

2.1.3 Clinical Presentation of HIV

HIV-1 infections are characterized by a brief acute phase with high viremia followed by a
chronic phase characterized by the depletion of CD4+ T lymphocytes (the major
coordinating cells of the immune system) in the peripheral circulation to less than 20% of
normal within 8-10 years (Haynes et al., 1996). This eventually results in increased
susceptibility to infection by viral and intracellular pathogens and malignancies, in
particular non-Hodgkin’s lymphoma (Hazenberg et al 2000). As immune depletion
becomes more profound, infections are dominated by opportunistic pathogens, organisms
such as Prneumocystis carinii, Cytomegalovirus (CMV), candida and Mycobacterium
avium intracellulae, which do not cause disseminated progressive infections in immune
competent hosts (Kelleher and Bockel, 2005). A healthy, uninfected person usually has
800-1200 CD4+ T cell counts per micro liter (ul) of blood. Infected individuals are
vulnerable to opportunistic infections and cancers that typify AIDS, the end stage of HIV

disease when CD4+ T cells drop substantially (Hazenberg et al., 2000).

2.1.4 Transmission of HIV
HIV is transmitted mainly via mucosal routes (Johnson et al., 1999). The different routes

include: sexually, by blood and blood products, from mother to child and by other body
fluids. Sexual transmission is the most frequent method of transmitting HIV either by
heterosexual or by homosexual contact (http://www.cdc.gov/hiv/pubs/facts/transmission.)

Inflammatory conditions such as urethritis, epididymitis, or sexually transmitted diseases
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favour transmission of HIV. This is caused by either increased concentration of HIV in

the seminal fluid or by lesions due to infections (Johnson ef al., 1999).

Transmission of HIV by blood and blood products has significantly decreased in the
developed world since the introduction of HIV screening and recently the introduction of
HIV RNA testing of blood and blood products (Cheesbrough, 2000). Sharing needles,
syringes or unsafe practices in case of acupuncture, tattooing and piercing can lead to
HIV transmission (Cheesbrough, 2000). Human immunodeficiency virus may also be
transmitted during pregnancy as early as the first and second trimester or during delivery
(De Pasquale, 2003). Factors influencing the transmission of HIV from mother to infant
are concomitant STD infection, presence of chorioamniotis at the point of delivery, drug
abuse, preterm labour, obstetric procedures and high levels of viremia in the mother

(McCutchan, 2000).

Breast-feeding has also been shown to contribute to the transmission of HIV from
mother to child and may account for 5-15% of infants becoming infected after delivery
(Sagar, 2004). There is no evidence that saliva, sweat or tears that are not contaminated

with blood are involved in the transmission of HIV (Cheesbrough, 2000).

2.2 Molecular Heterogeneity of HIV-1
Genetic recombination is part of the normal mechanism of retroviral replication and as

such, plays an important role in generation of viral diversity (Najera et al., 2002). The
highest genetic diversity of HIV-1 has been found in sub-Saharan A frica where all known

HIV-1 subtypes and many of the circulating recombinant forms (CRFs) have been
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identified, (McCutchan, 2000; Kuiken ef al., 2000). The genetic diversity and rapid
variation of HIV-1 continues to complicate the development of effective vaccines (Hanke

and McMichael, 2000).

Several previously reported studies have shown diverse evolution in different regions of
the viral genome (Wong et al., 1997; Zhu et al., 1996) and the reason for this may be
attributed to immune system or drug pressure leading to development of immune escape
or drug resistant viruses. The envelope gene seems to be subjected to the most extensive
genetic variation although alterations also occur in other genes (Jason et al., 2002). The
genes that encode gpl20 mutate rapidly particularly in the V3 loop, the most
immunogenic region of gp/20 (Spira et al., 2003). The mutations that lead to the
substitution of the positively charged amino acid at specific position in the V3 loop

correlates with the syncytium inducing property of the virus (Holm-Hansen, 2000).

HIV-1 has several mechanisms of establishing genetic variation that include point
mutation, deletion, insertion, duplication as well as recombination (Domingo, 1998). The
main cause of this high variability is the recombination of heterogeneous genomes by co-
infection of cells, and the high mismatch error rate of HIV reverse transcriptase enzyme
coupled with lack or absence of proof reading capacity of error-prone reverse
transcriptase that can switch between templates during proviral synthesis (Blackard ez al.,
2002). It has been reported that HIV RT has an average error rate of 1/700 per nucleotide

incorporation (Spira et al., 2003) that results in approximately 10 genetic changes per
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replication cycle. This is due to lack of 3’-5" exonuclease proof reading activity (Preston

et al., 1998; Bebenek et al., 1989).

Recombination can mediate the repair of defective retroviral genomes (Boulerice ef al.,
1991), can increase viral diversity, or can accelerate the spread of beneficial mutations
among viral quasispecies (Termin et al, 1991). The increased variation potential
mediated by recombination confers on retroviruses the capability to respond rapidly to
changing selective pressures, either immunological, (Ondoa et al, 2001), or
pharmacological (Moutouh et al., 1996), through the prompt generation of the fittest

variants possessing the adequate set of mutations to elude those pressures (Golovkina et

al, 1994).

2.2.1 Human Immunodeficiency Virus Type 1 group M genetic variability
As a result of the extensive genetic variation, HIV-1 can be divided into groups M

(major), O (outlier) and N (non-m, non-o); (Najera et al., 2002). The env proteins of gp41
can show variations of up to 30-50%. The N subtype appears to be phylogenetically
equidistant from M and O (Spira et al., 2003). The M group is the most prevalent among
the three groups and has nine subtypes, all of which originate from central Africa. Based
on the differences in the sequences of genes that encode gp/20, HIV-1 group M can be
divided into nine clades A, B, C, D, F, G, H and K (Robertson ef al., 2000). Other HIV
genetic loci may be used to determine HIV-1 subtypes, although the degree of variation
differs according to the genomic region analysed (Jason et al., 2002). The amino acid
distance in the env gene between the subtypes in the major group have reached 25-35%,

while in the gag gene it is about 15% (Thomson et al., 2002; Takebe et al., 2004).
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olecular epidemiological studies have indicated the presence of diverse HIV-1 subtypes
and unique recombinants (Morison et al., 2001). There are currently 16 recognised
circulating recombinant forms (CRFs) identified based on complete genome sequences
derived from at least three epidemiologically unrelated individuals (Kuiken ez al., 2002).
Forms known as unique recombinant forms (URFs) have not shown any evidence of
epidemic spread and are thought to arise due to secondary recombination of CRFs

(Thomson et al., 2002). Currently there are 30 of them (McCutchan, 2000).

Generation of recombinant retroviruses requires that two viruses infect a single cell,
either simultaneously, by single transmission event or sequentially, in multiple
transmission events. In HIV-1, recombination can occur between different strains of the
same subtype (intersubtype recombination), or different groups (intergroup
recombination) (Najera ef al., 2002). The cumulative picture emerging from these studies
indicates that HIV-1 recombinant forms are much more prevalent, geographically spread,
and diverse in the global pandemic than previously known. This applies to not only
circulating recombinant forms (recombinant forms identified in at least three
epidemiologically-linked individuals) but also to the URFs (recombinant forms found in

a single individual or in a single epidemiologically-linked cluster; Najera et al., 2002).

2.2.2 Molecular Epidemiology of HIV

The distribution of HIV subtypes around the world differs in different parts of the world.
Before 1992, HIV-1 strains were classified on the basis of their geographic origin into

two subgroups, North American and African variants (Myers, 1994). The strains are now
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classified according to their molecular differences (Salminen et al., 1995). In Africa HIV-
1 subtype diversity is the highest in the world. All subtypes have been found although the
A and C subtypes seem to be the most prevalent. The high diversity is probably a

consequence of the virus originating from Africa (Janssens et al., 1997).

There have been several molecular epidemiological studies of HIV-1 subtypes in Kenya.
Most of these studies have centered on the analysis of partial sequences within the gp 120
coding region of env. This involved the analysis of the C2-V3 region (Janssens ef al.,
1994; Robbins et al., 1999). These studies found that the majority of the sequences
analysed were subtype A (71-87%), with significant components of subtype D (7-29%)
and subtype C (7-17%). In a study carried out by Dowling et al. (2002), where 41 near
full-length sequences were analysed, a high proportion of recombinants was seen (40%).
These full-length sequences also showed that there was a near absence of pure subtype C
and D strains, with only 2.4% of each. Almost all the non-recombinants were subtype A,

which comprised 56% of all strains (Dowling et al., 2002).

2.3 The Host Immune Response to HIV Infection
The successful development of any protective vaccine requires knowledge of the immune

correlates of protection (Letvin, 1998). Rational targets for vaccine elicited immune
responses can only be established with an understanding of the immune responses that
provide protection against infection by a pathogen (Zolla-Pazner, 2004). Defining such
immune correlates of protection against HIV has proven extraordinarily difficult.

Although powerful non-human primate models for HIV infection exist, impressive
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protection against AIDS virus challenges in these models has been difficult to achieve

safe, vaccine strategies (Letvin, 1998).

Results of studies in non- human primates do not state the degree of confidence with
which humoral or cellular immunity is needed to achieve protection against exposure to
HIV (Miller et al., 1994; Kuller et al, 1994). The few reported cohorts of multiple
exposed HIV sero-negative individuals are a focus of intense interest in the AIDS vaccine
research community. Small cohorts of commercial sex workers in Nairobi and the
Gambia, some infants born of HIV + positive mothers, some medical workers and
various other small groups of people exposed to the virus show some resistance to
infection (Rowland —Jones and McMichael, 1995; Rowland —Jones et al., 1998). The
exact mechanism of protection has not been fully established, but cell-mediated responses
and possibly secretory antibodies are believed to be important (Walker et al., 1991;
Walker 1993; Rowland —Jones et al., 1999). The careful evaluation of multiply exposed,
uninfected individuals may provide a means of defining the elusive immune correlates of
protection. If the protection of these individuals against infection is immunologically
mediated and the mechanism of this immune-mediated protection can be characterized,
then it will be possible to define the type and level of immunity that must be elicited by

vaccines to achieve protective immunity (Letvin, 1998).

2.3.1 Role of Innate Immunity in HIV Infection
Innate immunity is a non-specific first line of defense and is activated within hours of

antigen contact and has no memory (Siegal and Spear, 2001). The role of innate immune

response in HIV has not been well studied nor has its potential in vaccine immunity been

.
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explored (Landay and Heeney, 2001). The innate immune response is critical early in the
host immune response before the adaptive response develops and plays a crucial role in
helping to expand the adaptive immune response. It consists of both cellular and soluble
components, which recognize pathogens by specific patterns displayed on their surface
antigens (McMichael and Rowland-Jones, 2001) Components of the innate immune
response include, dendritic cells, macrophages, and interferon gamma producing cells,
NK cells granulocytes, and NK non cytotoxic T cells, chemokines, B1 cells, cytokines,
and complement mannose binding lectins, defensins and acute phase proteins (Landay

and Heeney, 2001).

The complement system appears to be involved in all stages of the HIV life cycle: the
choice of the target cell, mechanism of entry into the cell, the activation of proviral DNA
via signaling through complement receptors, viral budding and extra-cellular survival, all
in different ways involve complement products (Solder er al., 1989). Human
immunodeficiency virus activates the complement system even in the absence of specific
antibodies. However, the role of complement in HIV infection has been largely
underestimated, because the virus shows an intrinsic resistance to complement mediated
lysis (Cooper, 1994). This is avoided by complement regulatory molecules which are
included in the virus membrane upon budding from infected cells by decay acceleration
factor (DAF/CD55) or are secondarily attached to HIV envelope glycoproteins such as
factor H (Heribert et al., 1997). Human Immunodeficiency virus takes advantage of

human complement activation for enhancement of infectivity, for follicular localization
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and for broadening its target cell range (Dierich, 1992). At the same time, it displays an

intrinsic resistance against the lytic action of human complement (Heibert et al., 1997).

Macrophages express co-stimulatory molecules such as CD80 and CD86, which
potentiate the adaptive immune response (Meylan ef al., 1993). They are derived from
monocytes that enter the extra vascular tissue and are activated by cytokines,
chemokines, lipopolysaccharide and mannose from pathogens (Montaner and Gordon,
1994). Macrophages produce cytokines and chemokines that inhibit the virus directly
such as IL-1, IFNa/b, TNFa, nitric oxide, activate virus specific cellular responses (IL-1,

IL-2) and recruit inflammatory cells (Cocci et al., 1995).

Natural killer (NK) cells are a subset of peripheral blood leucocyte (PBL) that kills virus
infected cells and tumours through an MHC-unrestricted mechanism and without prior
sensitization (Herberman et al., 1986). Natural Killer cells can lyse a wide variety of
virally infected cells either directly or through antibody dependent cellular cytotoxicity
(ADCC; Herberman et al., 1986). They also effectively recognize and lyse infected cells
in which the virus may have inhibited antigen presentation and MHC class I expression
(Parker et al., 1995). They kill their targets through engagement of their Fc or
complement receptors (Parker et al., 1995). They also produce Granulocytes-Macrophage
Colony Stimulating Factor and like other cells of the innate immune system also produce
IFNs and B-chemokines Type I IFN enhance the ability of NK cells to lyse infected target
cells (Hu er al., 1995). Soluble factors in innate immunity bind to HIV directly or

opsonise HIV infected cells to facilitate phagocytosis. Chemokines recruit cells to the
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sites of HIV infection and also block viral entry to CD4+ cells. They determine whether
the immune response will be predominantly TH-1 or TH-2 type and can inhibit HIV

replication directly (Hosein, 1995).

2.3.2 Role of the Adaptive Immune Response in HIV Infection
The major effectors of adaptive immune response to HIV and other viral infections

include cytotoxic T cells (CTLs), helper T Cells, specific antibodies secreted by B cells
(humoral and cellular immune mechanisms). Recognition of antigens in adaptive
immunity is dependent on the T cell receptor and the Fab antigen binding regions of
antibodies (Heeney er al., 1998). These are able to recognize an extensive range of
antigens through their enormous diversity achieved through comprehensive gene

arrangement during B and T cell development (McMichael and Rowland-Jones, 2001).

T cell receptor diversity is determined by 3 hypervariable regions known as
complementarity Determining Regionsl-3 (CDR1-3; De Groot et al., 2001). These
regions interact to recognize peptide epitopes presented in the binding grooves of human
leucocyte antigen (HLA molecules) which fall into two classes. Type 1 HLA molecules
bind 8-12 amino acid peptide epitopes in their binding groove and present these to T cell
receptors located on CD8+ T cells (Sette and Sydney, 1999). Type Il HLA molecules

bind longer peptides and present these to CD4+ T cells for recognition.

Preventive vaccines work through establishing immunologic memory for antigenic
structures (epitopes) presented by the pathogen or by the infected cell (Letvin, 1998).

Vaccine-induced immune response is induced prior to infection and can be recalled more
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rapidly than primary effector mechanisms. This involves the basic cellular elements of

adaptive immunity, which includes B and T lymphocytes (McMichael and Rowland-

Jones, 2001).

2.3.3 Role of CD4 Cells in Immunity to HIV-1 Infection
The primary effector mechanisms important for protection against viruses are antibodies

produced by B cells and cytolytic activity that can influence differentiation, expansion
and duration of T cell responses (McMichael and Rowland-Jones, 2001). The CD4+ T
cells are the heart of the immune system, responsible for co-ordination of the immune
response. This is regulated through the coordinated multi-functional roles, primarily
executed through the coordinated release of cytokines and direct cell surface interactions

involving co-stimulatory molecules (Rosenberg et al., 1997)

T cells recognize virus-infected cells by specific interactions between the T cell receptor
and 8-10 amino acid peptides processed from viral antigens and presented in the context
of MHC molecules (Lewis ef al., 1994). Therefore T cells clear viruses effectively after
infection has occurred .The recognition is restricted by MHC molecule, particular epitope
recognition by a given individual will depend on the set of inherited alleles encoding the

MHC molecules (Elliott et al., 1994; Jorgensen et al., 1992).

The hierarchy of recognition or epitope dominance may vary among individuals who
share MHC halotypes (Chaturvedi er al., 1996; Constant ef al., 1995). Hence epitope
repertoire in a vaccine will need to have enough breadth to encompass all the relevant

MHC halotypes of potential vaccines. The need for CD4+ T lymphocytes to initiate the

|
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adaptive immune response presents a dilemma since these cells are the major targets for
HIV-1 infection. CD4+ T cell may have some capacity for lysis of HIV-infected cells
(Silesian et al., 1988) and production of anti-viral cytokines. The major role is in shaping
immune response by establishing a microenvironment with a particular cytokine profile
such as IL-12, IL-2 and IFN-y, which provides protection, than induction of TH-2
cytokines such as IL-4, IL-5 and IL-13. CD4+ T cells, through expression of IL-2,

provide help for maturation of CD8-T cells into CTL effectors (Tsomides et al., 1994).

Interferon gamma (IFN-y) activates macrophages, increasing their capacity to Kkill
intracellular pathogens (Stout and Bottomly, 1989). Interleukin -4 (IL-4) and IL-6 as well
as co-stimulatory molecules for example CD40 ligand are essential for the coordinated
production of antibodies from B cells (Wilson et al., 1998). CD4+ T cells are also of
obvious importance, especially for influencing differentiation patterns and expansion of
selected lymphocyte population, but their roles as direct effectors of virus clearance is not
clear (Mosmann and Sad, 1996; Scott, 1993). CD4 T cells will be induced in the process
of achieving the appropriate antibody and CD8+ CTL responses (Paliard et al., 1988).
Initial priming of vectors and the use of adjuvants other than alum in HIV vaccines
(which promotes TH-2 responses) provides an advantage (Chaturvedi et al., 1996).
Human Immunodeficiency virus infection results in progressive loss of CD4+ T cells
from the circulation as well as depletion of CD4+ T cells from total body stores. The
virus can have direct and indirect pathogenic effects on both mature CD4+ T cells and on

the progenitors (McCune, 2001).
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During HIV infection, TH-1 cytokines levels remain high in the asymptomatic period.
This group of cytokines includes IFN-y, IL-2 and IL-12. The high levels of TH-1
cytokines may itself help to suppress levels of TH-2 cytokines for example IFN-y appears
to inhibit the production of Th-2 cytokines (Openshaw er al., 1995). For those people
whom HIV progresses to AIDS, the shift begins during this asymptomatic period (Sean
Hosein, 1995). T Helper-1 cytokines start to fall and the level of TH-2 cytokines (IL-4, 5,
6 and 10) starts to rise. Elevated levels of IL-4 (TH-2 cytokine) can stimulate production
of Th-2 cytokines including (IL-4 itself; Swain et al., 1990; LeGros et al., 1990).

2.3.4 Role of CD8+ Cytotoxic T Lymphocytes (CTL)

Control of initial viremia associated with primary infection temporarily correlates with
the appearance of CD8+ CTL, and mutation in specific CTL epitopes can be detected in
residual virus population (Borrow et al., 1997; Price et al., 1997; McMichael and
Phillips, 1997). The appearance of HIV-specific CTLs after primary infection has been
shown to be concurrent with a dramatic fall in viral load (Koup et al., 1994). Human
Immunodeficiency virus specific CTL activity has been demonstrated in a small subset of
uninfected seronegative commercial sex workers in Gambia and Kenya. This suggests
that transient infection may have occurred, inducing CD8+ CTL mediated protective

immunity (Forke et al., 1996; Rowland-Jones ef al., 1995).

Neutralizing antibodies and cytolytic T cells are the major effectors of anti-viral
immunity. CD8 T cells are the principal effector mechanisms of adaptive immunity to
clear virus infected cells (Barney, 2000). This has been demonstrated exhaustively in

Sinai virus, influenza virus, respiratory syncytial virus, herpes simplex (Lu et al., 1980;
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Adaet al., 1981; Graham et al., 1991; Sethi et al., 1983). Cytotoxic T lymphocyte (CTL)
effector function falls into two pathways: the perforin /granzyme pathway and the

Fas/Fas ligand pathway (Williams and Engelhard, 1997).

The CD8+ T-lymphocytes recognize virus-infected cells through a cognate interaction
between the T cell receptor and a processed peptide epitope presented in the groove of a
MHC Class 1 molecule. The lysis of infected cells occurs through the production and
secretion of perforin and granzyme (essential for calcium dependent direct cell lysis) that
penetrate the target cell membrane and induces apoptosis (Williams and Engelhard.,
1997). Fas ligand (Fasl; which mediates calcium-independent cell lysis) is also
unregulated on the activated CD8+ T-cell, which can bind Fas (a type 1 transmembrane
protein) on the target cell and induces apoptosis through other pathways. Cytotoxic T
lymphocytes also produce cytokines with antiviral properties such as IFN-y and TNF-y

inhibiting viral replication (Borrow et al., 1997).

There is increasing evidence that a substantial proportion of people with documented
HIV exposure who remain uninfected generate a range of immune responses to the virus,
which include TH-1 responses, CTL (Clerici et al., 1994) and mucosal Ig-A secretion
(Rowland-Jones et al., 1995) while remaining negative for plasma HIV antibodies. In
long-term progressors (LTP), some of these individuals are infected with virus isolates
that replicate poorly (Deacons et al., 1995; Kirchhoff ef al., 1995), however others are
infected with the virus isolates that have normal replication capacity, but have maintained

a strong and broad set of humoral and cellular HIV-specific immune response that
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appears to be responsible for delayed disease progression. This has been associated with
HIV-specific CD4+T cell proliferation (Rosenberg et al., 1997) and a strong CD8 + CTL

activity against multiple epitopes (Rowland-Jones et al., 1999; Dyer et al., 1999).

Vaccines work through induction of CTL responses. In Macaques immunized with
recombinant Modified Vaccinia Ankara (MVA) prior to challenge with SIV, showed that
vaccination did not prevent infection and the CTL cell response was associated with
delayed disease progression (Hirsch et al., 1996). Approaches to optimize the CD8 CTL
such as the addition of an IL-2 adjuvant to a recombinant DNA vaccine regiment, nearly
complete control of subsequent Simian Human Immunodeficiency virus (SHIV) infection

can be achieved (Barouch et al., 2000).

2.3.5 Role of Antibodies in the Control of HIV Infection
Although cell mediated immunity is crucial for controlling and eradicating infection by

many viruses, antibodies are pivotal in preventing or modulating infection (Robbins et
al., 1995; Hilleman, 2001). Antibodies are the only components of adaptive immune
response that can neutralize a virus particle prior to infection of a cell, unlike T cells,
which only recognize virus in the context of an already infected cell, and require a few
days for activation and expansion of memory populations to respond (Burton et al.,
2000). During infection there is a strong antibody response to envelope proteins, but this
response is ineffective against mature virions (Mo et al., 1997). Several studies have
shown that antibody alone is not enough to offer prophylactic or therapeutic benefit

against HIV when infused (Cavacini et al., 1998; Fletcher et al., 2000). Although in



27

macaques antibody infusion has acted to prevent SHIV transmission via the mucosa

(Mascola et al., 2000).

Antibodies generated during HIV infection are possibly directed towards viral fragments
whose configuration may differ from whole virus (Mo et al., 1997). One obstacle to the
development of an effective HIV-1 vaccine has been the difficulty of inducing broad
reactive, potent antibodies with protective functions (Fletcher et al., 2000). During the
early phase of infection, when the level of antibodies induced by active immunization or
administered by passive immunization is low, an effective neutralizing antibody response
is a critical component of vaccine-induced immunity because it can reduce the size of the
infecting innoculum and neutralize or eliminate virions during the first rounds of
replication (Zolla-Pazner, 2004; Figure 2.3). This provides sufficient transient protection
so that the cellular arm of the immune response can respond with proliferation and
deployment of effector T cells that are required to eliminate virus-infected cells
(Haigwood et al., 1996; Hilleman, 2001). Many passive immunization experiments in
experimental models have, established that antibodies can provide sterilizing immunity
against HIV-1 (Emini, 1995; Mascola et al., 2000). It has been proven in non-human
primate models of lentivirus infection that sufficient levels of neutralizing antibody (nAb)

can prevent infection (Emini et al., 1992).

Recently, passive prophylaxis using HIV immune globulins combined with monoclonal
antibodies (mAbs) has protected macaques from virginal challenge with SHIV (Mascola

et al., 1999) and a mixture of three neutralizing monoclonal IgG1 antibodies given to
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pregnant macaques has protected infants from SHIV oral challenge (Baba et al., 2000).
These studies provided convincing data in all experimental models tested that
neutralizing antibodies, with appropriate specificity, when present in sufficient

concentration, are a correlate of immune protection (Mascola et al., 2000).

Figure 2.3: Steps at Which Antibodies Can Potentially Interfere With HIV-1 Virus
Replication (Adopted From Susan Zolla-Pazner, 2004).

2.4 Identification of Protective Epitopes
The most consistent correlate of immune protection against viral infections is the

presence of neutralizing antibodies (Dimmock, 1993; Robbins ef al., 1995). Emphasis has
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been placed on identifying antibodies that neutralize HIV-1. The virus induces a
polyclonal antibody response to a wide array of epitopes on different viral proteins

(Dowbenko, et al.1988; Goudsmit, 1988).

Studies of polyclonal sera have helped to identify the specificities of antibodies that are
associated with protection (Broliden, et al. 1992; Scala, et al. 1999), but it is the study of
human monoclonal antibodies that has most clearly defined the few epitopes that are
located in the two envelope glycoproteins, gp/20 and gp41, that induce neutralizing
antibodies in natural infection (Table 2.1) and mediate protection against infection in
passive immunization studies. Induction of antibodies to each of these epitopes might
ultimately be useful as a defense mechanism against HIV-1 infection; however, each of

these epitopes presents challenges to vaccine design (Zolla-Pazner, 2004).
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Table 2.1: Epitopes of the HIV-1 envelope glycoproteins that induces neutralizing
antibodies. Adapted from Zolla-Pazner (2004).

Epitope

Representative human

monoclonal antibody

Characteristics

Cluster 1 of gp 41

Clone 3, 246-D

Highly immunogenic
epitope, but clone 3 is the
only one of many
monoclonal antibody
specific for this epitope

Transmembrane-proximal

region of gp 41

2F5, 4E10, Z13

Poorly immunogenic but
antibodies to this region are
broadly neutralizing

CD4 binding domain of gp

120

Clone 3,264-D

Highly immunogenic, but
IgG1b12 is the only
monoclonal antibody
specific for this epitope that
has broad neutralizing
activity

CD4-induced epitope of gp

120

IgG1b12, 559/64D, 15¢

Only antigen binding
fragments of antibody
specific for this epitope are
neutralizing. Intact IgG
molecules specific for this
epitope are neutralizing

la. mannose residue of gp | 17b, 48d Poorly immunogenic but at
least one  monoclonal

120 antibody to this region is
broadly neutralizing.

V2 loop of gp 120 2G12 Highly immunogenic but

antibodies to these epitopes
are isolate specific

V3 loop of gp 120

447/52-D, 19b, 2182

Highly immunogenic, but
antibody specificity
broadens only after
antigenic stimulation
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2.4.1 Regions of HIV-1 gp41 and gp120 that are Crucial to Virus Function and
Immune Protection

24.1.1 Envelope Glycoprotein 41 (gp 41)

This transmembrane glycoprotein is found as a homotrimeric complex in the envelope of
the virus; it interacts noncovalently with gp120 on the exterior of the virus particle. The
immunodominant region (includes gp41 epitope cluster I): induces high levels of
antibodies, most of which are not neutralizing but might mediate other functions, such as
antibody-dependent cell-mediated cytotoxicity (ADCC) and aggregation of and
complement deposition on virus particles (Cotropia et al., 1996). The transmembrane-
proximal region is a poorly exposed region on the surface of the virus and is thought to
be a transitional epitope, exposed for a brief period of time during the conformational
changes that occur in gp41 that lead to the fusion of virus and cell membranes (Zwick et
al., 2001; Muster et al., 1997). The amino-terminal and carboxy-terminal heptad repeat
regions leucine zippers, which are involved in the formation of the coiled-coil form of
gp41 after conformational changes are induced in gp120 by its interaction with CD4 and
chemokine receptors (Xiang et al., 2002). The fusion peptide: the amino-terminal region
of gp41, which is exposed after formation of the coiled-coil form. This region is inserted

into the membrane of the target cell, resulting in the fusion of virus and cell membranes

(Ho et al., 1991).

2.4.1.2 Envelope Glycoprotein 120 (gp 120)
Different regions of gp120 interact with CD4 and chemokine receptors found on the

surface of target cells (Thali er al., 1993). These interactions lead to a series of
conformational changes in gp120, and subsequently allow the conformational changes in
gp41 that lead to formation of the coiled-coil form and exposure of the fusion peptide

(Sullivan et al., 1998).



The CD4-binding domain (CD4bd): composed of several parts of the gp120 molecule,
forming a binding pocket into which a region of CD4 fits (Sullivan ef al., 1998). Bridging
sheet: composed of four anti-parallel B-strands from the V1/V2 stem and the C4 regions
of gp120 is involved in the binding of gpl120 to chemokine receptors, triggering
subsequent conformational changes in gp120 and gp41. This region forms or is exposed
after binding of gp120 to CD4, is known as the ‘CD4-induced epitope’ (Moulard ef al.,

2002; Feng et al., 1996).

The V2 loop of the gp120 is a highly variable region that is proximal to the CD4bd and is
part of the bridging sheet. The V2 loop (together with the V1 loop) seems to shield
partially the CD4bd, the bridging sheet and part of the V3 loop until conformational
changes in gpl120 are induced by CD4 (Gorny et al., 1991). The V3 loop: a semi-
conserved region of gp120 that is structurally constrained by its requisite participation in
virus infectivity. The V3 loop interacts with chemokine receptors on the surface of target

cells (Zolla-Pazner, 2004).

2.5 Concepts and Designs of Vaccine Development

2.5.1 Ideal Characteristics of an AIDS Vaccine

An ideal HIV preventive vaccine should protect against any route of infection, induce
protection against infection with diverse viral isolates, (preventing the need for many
isolate- specific vaccines), provide long lasting protection, (require only a single dose
administration) and be stable and easy to administer, (facilitating mass immunization

campaigns in the developing countries with minimal infrastructure). It should also be

effective regardless of the nutritional status, low cost and have excellent safety profiles,
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with minimal risk of adverse reactions even in unscreened populations (Zolla-Pazner,

2004).

Clinical trials are conducted in three main phases with slight variations from product to
product. In phase I trials, there are few volunteers and the focus is on safety issues and
immunogenicity. The side effects of the product are evaluated. In phase II trials, the
vaccine is tested to see if it stimulates an appropriate immune response and how this can
be optimized. Safety and efficacy issues are also evaluated and compared with placebo.
In phase III, candidate vaccine, now seen to be safe and immunogenic is tested in many

volunteers to see if it is effective (Hanke and McMichael, 2000).

2.5.2 The Status of HIV-1 Vaccines
In view of the complexity of the HIV virus, the inadequacy of cell mediated and antibody

response and accumulating data from primate vaccination, it may prove impossible to
develop a vaccine that provides sterilizing immunity once HIV infection has occurred.
However, the need for a prophylactic or therapeutic HIV vaccine grows daily. A regimen
that attenuates infection or postpones the onset of AIDS for the lifetime of the individual
may be feasible (Hanke and McMichael, 2000). Inspite of an overall desire to develop a
vaccine as soon as possible, the research fraternity seems nowhere near therapeutic or
prophylactic vaccine (Zolla-Pazner, 2004). This is because major stakeholders such as
pharmaceutical companies are only partially engaged possibly because a successful
vaccine could reduce sales of gmtiretroviral, but also because of the high cost of research
(Hanke et al., 2002). It is also difficult to get large enough primate populations for

laboratory experiments since bodies that regulate clinical trials seem overly cautious and
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are slowing trials considerably (Hanke et al., 2002). Poor infrastructure, few resources,

unusual cultural and religious believes on HIV/AIDS hinder vaccine trials in general

(Ramsay et al., 2002).

Given this degree of diversity, it is widely believed that a vaccine based on a single strain
or subtype of HIV-1 will not be successful against the large spectrum of globally
circulating HIV-1 variants (Mahmudul and Mahbub, 2003). Most vaccine formulations in
clinical trials contain immunogens derived exclusively from subtype B viruses, the
predominant genotype in the United States and Europe (Table 2.2). Little emphasis has
been placed on the development of candidate vaccines on non-B viruses that cause the
vast majority of HIV-1 infection in developing countries (Gao et al., 1996). It is clear that
phase I trial of HIV vaccines should be conducted for as many vaccine candidates as
possible with the view to selecting the most promising one for phase II and III. Only one
gp120 subunit vaccine initiative has entered phase IlII clinical trial so far (Mwau and

McMichael, 2003).

The challenge lies in increasing the number and types of candidate vaccine, bolstering the
participation of major stakeholders sourcing for adequate funding and animal models and
stimulating a healthy demand for HIV vaccines and understanding the immune response
to HIV infection for an eventual HIV vaccine to be feasible. In order to improve the
immunogenicity and efficacy, better vaccination strategies such as prime-boost strategies
(Hanke and McMichael, 2000; Ramsay et al., 2002), gene gun delivery (Hanke and

McMichael 2000) and use of multiple vectors should be utilized.
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Table 2.2 HIV-1 Clade Composition of HIV-1 Vaccine Candidates

Vaccine type Company group Prime HIV strain | Boost HIV-1
strain

Recombinant protein Vaxgen BB -

(subunit)

Recombinant protein Vaxgen BE -

(subunit)

DNA recombinant Chiron B B

protein

Canarypox Aventis Pasteur B B

recombinant protein

Boost

DNA Mecrk B B

DNA MVA Oxford AIDS A A
vaccine initiative

Replicon Alphvac G s

2.6 Approaches to HIV Vaccine Development

2.6.1 Recombinant Subunit Vaccines

Recombinant protein immunogen (subunit vaccines) are subunits of HIV such as Env, Tat
or P24. Subunit vaccines for gp 120 and gpl60 have already been developed and

assessed. These vaccines are relatively safe (Baba er al, 1995). The antigenicity of a
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subunit protein is affected by the conformation and the specific cell type used for its
production (Keefer ef al., 1994). Due to the high degree of glycosylation of the HIV-1
env, the amount and pattern of glycosylation of the recombinant envelope has critical
effect on its ability to induce neutralizing antibodies (Burton, 1997). Subunit vaccines do
not induce endogenous synthesis of viral proteins in APCs hence do not induce
CD8+CTL (Keefer et al., 1994). Neutralizing antibodies generated by subunit vaccines
tend to be strain specific. One gp 120 subunit vaccine on trial (Francis et al., 1998) did
not induce antibodies to neutralize field isolates and the volunteers in phase 1 and 11
became infected later after exposure tox HIV (Francis, 2001). Recombinant proteins that

can raise serum antibody levels needed for protection are yet to be developed.

2.6.2 Live Recombinant Vaccines
Live recombinant vaccines present antigens in a nearly natural conformation;

glycosylation and oligomerization (mimic antigen presentation that occurs during natural
viral infection). They have the potential to cause disease especially in immuno-
compromised hosts. This can be partly overcome by the use of highly attenuated strains,
even though this reduces immunogenicity (Baba et al., 1995). A number of vectors such
as Vaccinia and Canary Pox have the ability to carry large segments of DNA. The
presence of promoter sequences before the inserts ensures production of antigens in
significant quantities. The commonest viruses employed to carry HIV genes include
Poxviruses (Targlia et al., 1992; Abimiku et al., 1995), Semliki forest virus (Mossman
and Sad, 1996), Adenoviruses (Natuk et al., 1993; Davis et al., 2000; Poliovirus and
sindbis virus (Villacres et al., 2000). Some poxvirus vectors such as MVA have

undergone deletions in their genome that make them no longer immunosuppressive or
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pathogenic. The Oxford/Nairobi HIVA vaccine initiative employed MVA as one of the

vectors for HIVA vaccine (Hanke and McMichael, 2000).

2.6.3 Whole Inactivated HIV-1 vaccines
This approach has been effective in vaccine formulations such as Polio (Salk vaccine)

and influenza vaccines (Villacres et al., 2000). A therapeutic trial of one of these
vaccines, REUNE (Moss et al., 2002) has shown some evidence of T helper cell response
augmentation. The potential risk associated with incomplete inactivation of the virus
stock, have raised concern for such an approval with HIV. Excessive inactivation would
lead to the disruption of the structure of potential neutralizing antibodies (Chakrabarti et
al., 1996).

2.6.4 Live Attenuated Vaccines

Live-attenuated vaccines that express majority of HIV proteins have been able to elicite
the most complete, long lasting immunity and have proved to be the best immunogens in
primate experiments (Desrosiers, 2004). Vaccination with attenuated SIV strains with
defective nef genes has been the most effective approach tested (Wyand et al., 1999).
Such genetically altered viruses have been used as vaccines to prevent polio, measles and
chicken pox in humans (Letvin, 1998). They simulate the responses that occur in natural
HIV infection. The use of such vaccines in humans is hampered by overwhelming safety

concerns (Putkenen ef al., 1991; Wyand et al., 1999)

Heavily attenuated SIV that protected adult macaques from SIV infection (Wyand et al.,
1999) produced AIDS in neonatal macaques (Baba e al., 1995). A few of the protected

adult macaques eventually developed AIDS (Daniel er al., 1992). The degree of
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attenuation inversely correlates with immunogenicity (Johnson ef al., 1999). Approaches
to increase the safety of these constructs includes causing further attenuation by deleting
several areas of accessory genes (Desrosiers, 2004 ) or incorporating a suicide gene thus
conferring susceptibility of the virus to antiviral agents (Chakrabarti ez al., 1996). Human
immunodeficiency virus type 1 mutates extremely rapidly, therefore it was suggested that
accumulating genetic alterations in a non pathogenic virus used as vaccine might lead to

the virus eventually regaining its pathogenic potential (Letvin, 1998).

2.6.5 Deoxyribonucleic Acid (DNA) Vaccines
Deoxyribonucleic Acid vaccines consist of a gene or genes of interest vectored in

plasmids (Amara et al., 2001). The plasmid is designed to enable high levels of
expression in eukaryotic cells. Strong promoters for optimal expression of mammalian
cells as well as polyadenylation sequence to stabilize mRNA transcripts are also included
(Amara et al., 2001). The efficacy of DNA vaccines in trials in macaques has already
been demonstrated; usually preventing SIV induced AIDS but not providing sterilizing

immunity (Barouch et al., 1998; Barouch et al., 2000; Amara et al., 2001).

Successful induction of both humoral and cellular immune responses as well as mucosal
immune responses has been achieved in primates. DNA vaccines are weak and can be
improved by a number of strategies such as cytokine genes in DNA constructs, co-
immunization with chemokines, use of cytidine-phosphate —guanosine (CpG) motifs,
prime-boost vaccination and the use of gene-gun technology (Letvin, 1998). Successive

immunization with DNA and modified Vaccinia virus Ankara (MVA)-based vaccines
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expressing common immunogen is a potent way of inducing CD8+CTL (Amara ef al.,

2002; Hanke et al., 2002; Wee et al., 2002).

Encouraged by the immunogenicity of this approach in non-human primates, a
DNA/MVA-based vaccine was designed and constructed in Oxford (Hanke and
McMichael, 2000) for clinical trials in humans. This was the first HIV-1 clade A- derived
vaccine to be tested in humans. The immunogen was derived from consensus HIV clade
A gag p24/p17 sequences and a string of 25 clade A-derived CTL epitopes. It did not
contain envelope genes and therefore focused on inducing cell-mediated immune
responses. It was designed for phase III efficacy trials in high-risk cohorts in Kenya,

where 70% of infections are caused by HIV clade A (Neilson et al., 1999).

2.7 Need for a HIV Vaccine
HIV infection continues to spread at an alarming rate. The continued spread of the HIV

pandemic in both industrialized countries and the developing countries provides
compelling evidence for the need of an effective AIDS vaccine. HIV transmission is in
theory largely preventable, but without the development of an effective vaccine, it isn’t
(Hanke and McMichael, 2000). HIV will continue to infect millions throughout the
world. Education has been slow to make an impact and highly active anti-retrovirus
therapy is, for majority of people, too expensive and complex and in any case fails to
clear the virus from the body (Letvin, 1998). Though the Kenyan government has

provided the antiretroviral drugs for free, accessibility is still a problem.
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While programs to reduce HIV transmission of HIV have achieved some success in both
developed and developing countries, it is unlikely that the wide spread application of
these programs will be able to achieve sustainable decrease in HIV transmission.
Although the advent of highly effective antiretroviral therapy has resulted in significant
increase in survival of HIV-infected individuals, the impact of combination antiretroviral
therapy is confined to the industrialized world, which at present constitutes less than 10%
of the world HIV infected population (McMichael and Hanke, 2000). Moreover, whereas
the need for HIV vaccines is urgent and overwhelming, research and development of HIV
vaccine has been hampered significantly by an overall lukewarm approach by the world
community especially Pharmaceutical companies who are major stakeholders and only
partially engaged because the profits they reap from the sale of antiretroviral drugs are
tremendous but also because cost of research is high and continous mutation of the virus.
The challenge lies in increasing the number and types of candidate vaccines, bolstering
the participation of major stakeholders, sourcing of adequate funding and animal models

and stimulating a healthy demand for HIV vaccines (Hanke and McMichael, 2000).

2.8 Approaches to enhance immunogenicity of HIV vaccines
In order to improve the immunogenicity and efficacy, vaccination strategies are

becoming increasingly sophisticated. Several strategies have shown merit such as prime-
boost strategies (Hanke et al., 2002; Hanke and McMichael, 2000; Ramsay ef al., 2002),

gene gun delivery (Hanke and McMichael 2000) and use of multiple vectors.

Improving vaccines to generate more robust and long lasting T cell response is important

for both humoral and cell mediated immunity (Rook et al., 1995). In humans DNA
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vaccines are expected to at best abort HIV spread by rapid expansion of memory HIV
specific CD8+ population soon after exposure to HIV. However DNA vaccines
expressing envelope proteins gave weak and ineffective antibody response (Rook et al.,
1995). This can be improved by a number of strategies such as including cytokine genes
(IL-2) in DNA constructs, co-immunization with chemokines, use of cytidine-phosphate
—guanosine (CpG) motifs, prime boost vaccination and use of gene gun technology

(Hanke et al., 2002).

Interleukin 12 (IL-12) is a recently characterized cytokine that may play a pivotal role in
immuno-modulation such as the addition of IL-12 to an alum-adsorbed HIV-1 gp120
vaccine elicited type 1 (Th1) cytokines and IgG2 and IgG3 antibody responses in mice.
(Luis et al., 1994; Bliss et al., 1996; Rook et al., 1995). The same vaccine without 1L-12

induced type 2 (Th2) cytokines and IgG1 antibody responses (Jankovic et al., 1997).

Prime boost strategy involves ‘priming’ the immune system with one vaccine such as a
live vector vaccine (a relatively non-virulent bacterium or non —HIV virus that has been
genetically engineered to contain one or more synthetic HIV genes) and then ‘boost’ the
subsequent immune response with a different vaccine such as gp 120 subunit
recombinant vaccine (Hanke et al., 2002). For example, DNA/MVA based HIV vaccine
candidate was designed and constructed in Oxford for clinical trial in humans, used prime
boost strategy and went through phase I and II for trial to prove safety and
immunogenicity (Hanke et al., 2002). Several experimental recombinant live vector

vaccines made from canary pox and modified Vaccinia virus Ankara (MVA) have been
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engineered to carry foreign HIV genes in to the body hence stimulate production of

protective antibodies and T cells (Rook ef al., 1995).

Formulation of vaccines with potent adjuvants is an attractive approach for improving the
performance of vaccines composed of subunit antigens. Development of safe and
effective vaccines composed of subunit antigens will require the ability to selectively
drive appropriate protective immune responses to them. The use of immunologic
adjuvants to enhance and direct immune responses to subunit vaccines is a critical
component of a rational vaccine design (1997; Putkonen et al., 1991; Kahn et al., 1994).
Presently, aluminum salt-based adjuvants incorporated into HIV vaccines continue to be
the only immunologic adjuvants used in U.S.-licensed vaccines. Certain novel adjuvants
such as purified saponins, Immunostimulatory complexes (ISCOMS), and liposomes
have been shown to greatly improve the induction of MHC class-I-restricted CD8+ CTL
responses over those induced by the same antigen given alone or in combination with

standard alum adjuvants (Takahashi ez al., 1990).

2.9 Importance of Clades in HIV Vaccine Development
Human Immunodeficiency Virus continually evolves because of genetic mutation and

recombination. Thus, there is need to account for strain variation within individuals and
among populations when developing HIV vaccines (McMichael et al., 2002). Whenever
a drug or immune response destroys one variant, a distinct but related resistant variant
can emerge. Any of these changes may yield a virus that can escape identification and
attack by the immune system. Given that a preventive HIV vaccine will need to generate

immune responses that protect uninfected individual from all HIV subtypes and
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recombinant forms, identification of conserved genes common to most or all subtypes

and use as vaccine candidates may evoke broad- based immunity (McMichael et al.,

2002).

Clades differ by 5-17% in their amino acids (wang et al., 1999) and therefore there are
good reasons for candidate vaccines to match regional clades (McMichael et al., 2002).
The consequence of this amino acid differences is that the recognition of epitopes among
clades is affected by two-thirds (Rowland-Jones et al., 1998 and a phenomena such as
antagonism enhanced (Montefiori et al., 2001). For example the DNA vaccine (HIVA)
developed in oxford for use in Kenya was based on HIV-1 clade, which is the commonest
circulating clade in East and Central Africa (Hanke et al., 2002) but was not efficacious

enough to cover all the circulating strains.

2.10 Diversity Consideration in HIV-1 Vaccine Selection
Genetic variation of HIV-1 poses a major obstacle for the AIDS vaccine development.

The divergent patterns of the AIDS epidemic in different geographic areas may be an
important consideration for the design and testing of HIV vaccines (Hanke and

McMichael, 2000).

Currently, candidate vaccines are derived from isolates, with the hope that they will be
sufficiently cross-reactive to protect against circulating viruses (Novitsky et al., 2002).
This may be overly optimistic, given that strains belonging to the same subtype can differ
by up to 20% in their envelope amino acid and between subtypes, distances can sour up

to 35% (Korber et al., 2002). The current scale of HIV-1 pandemic worldwide makes
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action imperative to design vaccine strategies to contend with extraordinary diversity of

HIV (Gao et al., 2005)

An effective vaccine may have to stimulate a range of host defenses including mucosal
and innate immunity, neutralizing antibodies and cell-mediated responses (Hanke and
McMichael, 2000). However, determining the level of protection that vaccine-induced
CTLs can confer against HIV exposure and in already infected individuals on anti-
retrovirus therapy will be possible only through development of strategies that reliably

elicit strong and durable CTL responses in humans (Novitsky ez al., 2002).

Choosing the ‘right’ vaccine candidate by employing a particular viral strain, clone or
isolate is still the current approach to HIV vaccine design. Higher homology between
vaccine and circulating strain(s) results in a more efficacious vaccine (Novitsky et al.,
2002). For example, the need for frequent changes in the annual influenza vaccine put
into perspective the implication of such diversity. Less than 2% of amino acid change can
cause a failure in the cross-reactivity of the polyclonal response to the influenza vaccine
and necessitate changing the vaccine strain (Korber et al., 2002). Los Alamos National
Laboratory has created an extensive global database of over 80,000 HIV-1 sequences
linked to geographic and subtype information (www.hiv.lanl.gov). This database
provides a framework for a reasoned selection of vaccine candidates for testing (Korber

etal.,2001)
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2.11 Vaccine Strategies That Contend With HIV Diversity
There are a number of approaches to selecting vaccine strains that attempt to contend

with the high levels of HIV sequence variation.

2.11.1 Isolate Based Vaccines
This approach is based on the use of isolates of a particular subtype, sometimes selected

from a geographical region where the vaccine is intended for use, for example the
development of HIV-1A trial in Kenya (HIVA vaccine; Hanke ez al., 2000), and subtype
C- vaccine in Southern Africa (Novitsky et al., 2002). The AIDS vaccine reagents were
first developed from subtype B viruses, the dominant subtype circulating in the United

States and Europe (Gaschen ef al., 2002).

There has been discussion of choosing a regional strain for vaccine for example an Indian
strain for India and South African for South Africa (Goudsmit, 2001). Subtype sequences
from Botswana and South Africa intermingle and there is no obvious choice of a single
sequence most representative of the diversity in these regional samples. High levels of
HIV-1 intersubtype in Southern Africa (Choudhury et al., 2000; Novitsky et al., 2000;

Novitsky et al., 1999) increase the magnitude of the challenge.

2.11.2. Artificial Sequence for Minimizing Diversity
An effective way to minimize the degree of sequence dissimilarity between a vaccine

strain and contemporary circulating viruses is to create an artificial sequence by using:
A consensus sequence based on the most common amino acid in each position of
alignment (Novitsky et al., 2002; Korber et al., 2001). In constructing a consensus and

ancestral sequence, hyper-variable regions are aligned by anchoring on glycosylation



46

sites and only minimal common element spanning the region is retained. The consensus

sequences are derived by careful characterization before use in a vaccine (Korber et al.,

2001).

Consensus sequences may be ideal for peptides used to explore the T cell immune
response, as it would improve recognition. CTL escape mutations can rapidly
predominate in the viral quasi species (Allen et al., 2000) and may go undetected though
the use of peptides based on isolates from later time points that have escaped the early
responses may be useful (McMichael and Phillips., 1997).

A model of the most common ancestral sequence of an appropriate lineage can be
constructed from a phylogenetic tree such as by means of maximum likelihood. Such
sequences are central and similar to the currently circulating strains of interest and may

have enhanced potential for eliciting cross-reactive response (Korber et al., 2002).

2.11.3 Conserved and Ancestral Sequence Conserved CTL Epitopes
Experimentally defined CTL epitopes in the HIV database cluster more densely in

conserved regions of the HIV protein. The epitopes in the database have primarily been
defined for B clade responses. The C clade peptides that trigger immunodominant
responses tend to be localized in the same regions (Johnston et al., 2001). Selecting a
clade-appropriate vaccine for regional trials tends to increase the number of potentially
cross-reactive epitopes by increasing the level of similarity between the vaccine and the
population and the use of consensus and ancestral sequence would enhance cross-

reactivity potential (McMichael et al., 2001;Johnston et al., 2001).
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In regions where the epidemic is dominated either by a particular subtype or circulating
recombinant forms (CRF), use of a dominant lineage for vaccine and use of consensus or
ancestor is important. In regions where two or three subtypes and multiple recombinants
co-circulate, including each of the prevalent subtypes could improve the potential
coverage of not only those subtypes, but of the variety of recombinant forms that stem
from them (Angwale er al., 2002). Vaccines specifically designed to target these
conserved epitopes if successful, may ultimately optimize by fine-tuning subtype-specific
vaccines (Gaschen et al., 2002). If a single subtype predominates in a country, combining
an M-group consensus with a regionally dominant subtype might be advantageous in an
urban context where people of many nationalities mingle.

2.11.4 Polyvalent Vaccine Approach to Overcome HIV-1 Diversity

Another concept is the use of multivalent cocktails of proteins that include a spectrum of
regional variants. Several polyvalent formulations have been designed to contend with
HIV-1 diversity. Slobod ez al. (2003) presented an approach with a 23-valent vaccine
(polyEnv1), including variants from several clades, as well as variants with different
neutralization resistance profiles and monoclonal antibody binding profiles. Nations like
Democratic Republic of Congo with diverse viral population can be best served by
developing polyvalent vaccines including a spectrum of natural forms combined with an

M-group consensus (Mokili et al., 1999; Vidal et al., 2000)

All these approaches assume that immune responses elicited by one circulating strain will
be sufficiently cross-reactive to protect against other strains from the same subtype

(Gaschen et al., 2002). Consensus sequences and strains from viable isolates could be
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combined in a polyvalent approach. Modified envelopes can also be designed to enhance
exposure of epitopes known to be capable of inducing broadly neutralizing antibodies

(Barnett et al., 2001; Binley et al., 1996; Zwick et al., 2001).

2.12 Prediction of Peptides Binding To Major Histocompatibility Complex Molecule
T-cells are the key components of adaptive immune system, playing a pivotal role in

fighting both infectious and cancer cells (Paul, 1998; Walker et al., 1998). T-cell-based
immune responses are driven by antigenic peptide (epitope) presented in the context of
MHC molecules (Zinkernagel et al., 2004). Therefore, the prediction of peptides that bind
to MHC molecules has become the basis for the anticipation of T-cell epitopes (Brander,
2004). Successful vaccination leads to expansion of a set of T-cells that are specific for T
cell epitopes contained within the protein sequence of the vaccine and establishment of

T-cell memory to those epitopes (Seth et al., 1998).

Recognition of a foreign antigen by T-cells requires that the antigen derived peptides be
displayed within the context of an MHC molecule binding pocket (De Groot et al., 2001;
Figure 2.4). MHC molecules fall into two major classes, MHC-1 and II. Antigens
presented by MHC-1 and II are recognized by two distinct sets of T-cells, CD8+ T-cells
and CD4+T-cells, respectively (Brander, 2004). On the surface of the APC, the MHC
class] peptide complex interacts with the T-cell receptor of class 1 restricted T-cell
(usually CTLs) and the MHC class II-peptide complex interacts with the T cell receptor
of class II restricted T-cell. This triggers a cascade of events that culminate in T-cell

response (De Groot et al., 2001)
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Figure 2.4: The interaction between the MHC, peptide and T-cell (Adapted from De
Groot et al., 2001).

In humans MHC molecules are known as Human Leukocyte Antigens (HLA) and there
are hundreds of allelic variants of the class-1 (HLA-1) and class II (HLA-II) molecules
These HLA allelic variants bind distinct sets of peptides as MHC polymorphism is the
basis for peptide-binding specificity (Zinkernagel and Hengartner, 2004) and are

expressed at variable frequencies in different ethnic groups.

Human immunodeficiency virus-1 (HIV-1) amino acid sequence polymorphisms
associated with expression of specific human histocompartibility leukocyte antigen
(HLA) suggest sites of cytotoxic T-lymphocyte (CTL)-mediated selection pressure and
immune escape (Brander, 2004). CTLs are HLA restricted, as they only recognize
peptide when presented in the context of the appropriate HLA molecule (William et al.,

2003).

Groups of HLA molecules (Supertypes) can bind largely overlapping sets of peptides

(Settle ef al., 1999). The identification of these HLA super types facilitates the epitope
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based vaccine development for the following two reasons: first targeting of representative
HLA alleles from distinct supertypes, allows the immune response to be stimulated in a
variety of genetic backgrounds; secondly, the selection of promiscuous peptide binders to
these alleles included within a given supertype limits the number of peptides to be
considered without decreasing the spectrum of the immune response (Zinkernagel and

Hengartner, 2004).

2.13 Designing a Cross-Clade, Epitope Driven HIV-1 Vaccine Using Bioinformatics
The epitope driven vaccine concept is an attractive approach and is successfully pursued

in a number of laboratories (Hanke. et al., 1998; An and Whitton, 1997; Nardin et al.,
2001). A number of researchers including the groups working in the TB/HIV Research
laboratory have been promoting and pursuing the development of a novel HIV-1 vaccine
that reflects the global diversity of HIV-1 strains and the HLA variability of human
populations (HIV Molecular Immunology Database lanl.1995; Cease et al., 1994; Los
Alamos HIV database, 1995; Wilson ef al., 2001). A major complication to vaccine
development approach is the extreme polymorphism of the MHC molecules (Reche and
Reinherz, 2005). Identification of HLA-1 and 11 restricted epitopes (T-cell epitopes) is
important for both understanding disease pathogenesis and vaccine design (De Groot et
al., 2003). Thus, the availability of computational methods that can readily identify
potential epitopes from primary protein sequences has fueled a new paradigm in vaccine

development that is driven by this epitope discovery (De Groot et al., 2003).

Designing a cross-clade, epitope driven HIV-1 vaccine using bioinformatics consists of

searching for conserved peptide sequence, determining whether they are immunogenic
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and then combining these epitopes together in a multi epitope vaccine (De Groot et al.,
2001). Sophisticated sequence tools to search protein sequence for T-cell epitopes have
been available for approximately 10 years (Brander and Goulder, 1999). However
Bioinformatics tools to map across-clade B-cell epitopes do not yet exist (De Groot, et
al., 2001). The combined use of several bioinformatics tools makes it possible to analyze
published variants of HIV-1 genome and identifying both class I and II restricted T-cell

epitopes for use in epitope driven HIV-1 cross-clade vaccine.

A typical epitope-based vaccine construct contains a single start codon with coding
sequences for epitopes inserted consecutively in the construct, with or without
intervening pacer amino acid (Nardin ef al., 2001). Selected peptides are synthesized and
both MHC binding capability and T-cell responses to the peptide can be evaluated in
vitro using T2 cell binding assay (Ljunggren e al., 1990). T cell response to the peptides
can be measured in standard gamma-interferon release ELISpot assay (Lieberman et al.,

1997).

2.14 Tools for Identifying T-Cell Epitopes
Selection of peptides that are highly likely to bind to MHC will enable the identification

of both T-helper and cytotoxic T-cell (CTL) epitopes, which are critical components of
HIV vaccine research (De Groot, 2001). Utilization of computer algorithm by HIV
vaccine researchers may reduce the cost and labour associated with HIV vaccine research

by 2-20 fold (De Groot et al., 2003).
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There are different computer driven algorithms (web servers) used to predict peptide
binding to MHC (De Groot et al., 2003). The discovery of MHC binding motif prompted
the development of new bioinformatics tools for vaccine design (Parker et al., 1994;
Lipford et al., 1993; Rotzsche and Falk, 1991). This includes: PEPVAC (promiscuous
Epitope-based vaccine) that allows the prediction of epitopes to five HLA supertypes,
A2, A3, A24, B7 and B15, Epipredict that predicts HLA 1 restricted T-cell epitopes,
Vaccinome based on TEPIPOPE algorithm for MHC 11, SYFPEITHI motif matrix for

both MHC1 and 11 molecules. , MHCpred, Epimer, Amphi, Epimatrix and Biovation.
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CHAPTER THREE: MATERIALS AND METHODS

3.1 Study Population and Site
The study population consisted of volunteers attending VCTs, antenatal clinics attendees,

from refugee sites, cases of STDs, blood donors, TB patients and children born of HIV
positive mothers. Subjects enrolled were HIV infected individuals recruited from three
locations in Northern Kenya that is Moyale, Mandera and Turkana districts as part of on
going KEMRI projects in these areas. In Moyale and Mandera patients were recruited
from the out patient department of the District Hospital or the inpatient already tested
positive for HIV and counselled within the health facility framework. In Turkana district,
subjects were selected from known HIV positive patients attending the AMREF
supported health facility supported by UNHCR. The samples were analysed at the Centre

for Virus Research, KEMRI, Nairobi.

3.3. Sample Size Determination
The sample size was calculated using the formula described by Fisher et al., (1988). The

general HIV prevalence according to the 2003 National AIDS Control Council estimate
of 9.4% (http://www.kenyaweb.com/health/aids/nationalpolicy.html#nacc) was used.

Hence, the sample size required was calculated using the following formula:

Z? 14 p (1-p)

d2
Where 72 1 18 the two sided standard error corresponding to 99% confidence interval =

N =

1.96; d* is the absolute precision = 5% [0.05 the inverse of 95% confidence limit (the

allowable error)] and P is the proportion of prevalence values of HIV in Kenya as by the
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year 2003 =0.094 (9.4%) as shown by National AIDS Control Council. Substituting for
the proportionate values, a total of 139 subjects were obtained.

Therefore:

N = 1.962 (0.94)(0.06) =139.2369402 =139 samples

0.05?

A total of 139 samples were used.

3.4 Ethical Considerations
Clearance to carry out the study was obtained from Kenyatta University. Approval for the

study was obtained from the scientific steering committee and ethical review committee

of KEMRI.

3.5 Sample Collection
Approximately Sml of venous blood was collected in heparine containing tube and

transported in a cooler box containing ice. Once in the lab, the samples were stored at -20

before processing for Peripheral Blood Mononuclear Cells (PBMC) extraction.

3.6 Deoxyribonucleic Acid (DNA) Extraction

3.6.1 Extraction of Peripheral Blood Mononuclear Cells (PBMC ) from Whole
ll’;fl:(r)i(l);lileral Blood Mononuclear Cells were isolated from Sml of whole blood according to
the method described by Chomczynski et al. (1997). Briefly, falcon tube containing 10
ml of 0.84% ammonium chloride, 10 ml of 0.84% ammonium chloride was added to 3-5
ml of whole blood and vortexed to mix completely. This was then incubated at 37°C for

10 minutes and spinned in a centrifuge at 350g for 10 minutes and supernatant discarded.

10ml of 0.84% ammonium chloride was added to the resulting pellet and the procedure
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above repeated again till the pellet appeared clear. 1ml of 0.84 ammonium chloride was
added to the pellet then was drawn into an Eppendorf tube and centrifuged for 10
minutes. The supernatant was sucked off leaving white PBMC pellet at the bottom, which
was dried and stored at -20°C until use.

3.6.2 Proviral HIV Deoxyribonucleic Acid Extraction from Peripheral Blood
Mononuclear Cells

Proviral HIV DNA was extracted from PBMCs according to the method described by
Chomczynski et al. (1997). Briefly 500ul of DNAzol genomic DNA extraction reagent
(Gibco BRL®) was added to dissolve the DNA. Two volumes (1000ul) of chilled
absolute ethanol (cooled to 4°C) was added to precipitate the DNA and centrifuged at
300g for 10 minutes. The precipitated DNA was washed twice with 1ml of 70% ethanol,

the supernatant discarded and the pellet dried. The DNA was then solubilised in 100ul of

distilled DNAse /RNAse free water.

3.7 Polymerase Chain Reaction (PCR) Amplification Using Proviral DNA
The starting template for amplification was proviral DNA that had been extracted from

whole blood as described above. Polymerase Chain Reaction (PCR) was carried out using
methods described by Carr et al. (1999). The primers that were used in the study were
specifically for the gp 41 env, gp 120 (C2V3) and the P24 gag region of HIV-1 (Table 3;
Heyndrickx et al., 2000). A master mix containing 2mm MgCl, 2mmdNTPS, 0.5 units
Taq polymerase, 1x PCR Buffer, 2ng of each primer (forward and reverse) and DNA
template was made. Constitution of the master mix was performed on ice to minimize the
commencement of any reactio;ls. Taq polymerase was added last as it is sensitive to the

buffer and also reaction begins immediately it is added. Two consecutive PCR assays
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were performed making the PCR highly specific. Two sets of primers were used for the
1" and 2™ round PCR respectively. Table 3.1 shows the sequences of the primers used in
the study and the region of amplification. The PCR thermocycling conditions using these
primers were: Hot start at 95°C for 10 minutes, denaturation at 95 °C for 30 seconds,
followed by annealing at 55 °C for 30 seconds, and extension at 72 °C for 60 sec, with a
final extension at 72 °C for 7 minutes. A total of 35 cycles were carried out.

3.8 Agarose Gel Electrophoresis of PCR Products

All the PCR products were analyzed by conventional agarose gel electrophoresis as
described by Sambrook et al. (1989). An agarose gel was prepared on which the PCR
products were loaded for visualization of the amplified DNA. The agarose gel was
prepared by taking 1 gm of agarose and dissolving in 1x TBE (Tris Borate EDTA) to
make a 1 % gel. 5ul of sample was mixed with the 3ul loading dye (Bromophenol blue)
and loaded onto the gel, together with the molecular weight marker. Electrophoresis was
carried out at a constant voltage of 100volts/cm using Bio-Red model 200/2 power
supply source. The gel was then stained with 0.5ul/ml ethidium bromide for 15 minutes
and visualized under ultraviolet light. The exact location of nucleic acid fragments on the
gel was determined by direct examination of the gel and the size estimated by comparing
with the molecular weight marker loaded along side them. The different amplified
regions of the DNA strands (gp 41, gag and gp120) migrated at different rates according
to molecular sizes. The molecular weights of gp41, gp120 and gag DNA amplicons
products were approximately 400 bp, 600 bp, and 300 bp respectively. This tallied with

the expected molecular weight of the expected products (Appendix I).
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3.9 Deoxyribonucleic Acid (DNA) Sequencing
Here the starting template was PCR product. Deoxyribonucleic Acid (DNA) sequencing

was carried out on all the samples to determine the order of the bases in the PCR products
that were amplified directly as described by The Applied BioSystems, USA sequencing
manual using BigDye® kit.. The fluorescently labeled dyes were attached to ACGT
extension products in DNA sequencing reactions. The dyes come in four colors that is red
(labels Thymine bases), blue (labels Cytosine bases), black (labels Guanidine bases) and
green (labels Adenine bases). AmpliTaq® Polymerase was used for primer extension. To
each 3ul of DNA sample, 3ul of 5x buffer and 2ul of BigDye and 1.5ul of primer was
added. The sequencing PCR was carried out under the following conditions: 96°C for 5
minutes followed by 25 cycles of 96°C for 10 seconds, 50°C for 5 seconds and 60°C for 4
minutes. After the sequencing PCR, the labeled amplicons were then transferred to
sequencing tubes and loaded onto the automated sequencer. During sequencing, a portion
of the sample enters the capillary as current flows from the cathode to the anode. When
the fluorescently labeled DNA nucleotides reach a detector window in the capillary
coating, a laser excites the fluorescent dye labels. A CCD camera collects emitted
fluorescence from the dyes. The DNA Sequencing Analysis Software and the
GeneScan® Analysis Software programs analyzed the raw data, converting it to DNA

sequence.



Table 3.1: Sequences of primers used in the study and the regions of amplification

3.10 Subtype Determination
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Region Primer Sequence Region on Reference
Name HXB2
Env gp 41 gp 40F1: | TCTTAGGAGCAGCAGG | 7789-7816 Carr et al., 1998
forward 1 AAGCACTATGGG
8347-8374 Carr et al., 1998
gp 41R1: reverse | AACGACAAAGGTGAGT
1 ATCCCTGCCTAA
ACAATTATTGTCTGGTA | 7850-7879 Carret al., 1998
TAGTGCAACAGCA
gp 46F2:
forward 2 TTAAACCTATCAAGCC | 8281-8310 Carr et al., 1998
TCCTACTATCATTA
gp 47R2: reverse
2
gag F1: forward | TCACCTAGAACTTTGA 695-715 Heyndrickx et al.,
Gag p24 1 ATGCATGGG 2000
CTAATACTGTATCATCT | 1786-1810
gag Rl1: reverse | GCTCCTGT Heyndrickx et al.,
1 2000
AAAGATGGATAATCC 808-830
TGGGTCC
gag F2: forward Heyndrickx et al.,
2 ACATTTCCAACAGCCTT | 1475-1495 2000
gag R2: reverse Heyndrickx et al.,
2 2000
C2V3
CCAATTCCCATACATTA | 6451-6482 Takehisa et al, 1998
MS5: fi 1 >
orward 1 | L TGCCCCAGCTGG
: CCAATTGTCCCTCATAT | 7225-7254 Takehisa ef al, 1998
Mi0:reverse 1 | erecrecTeCAGG
) - | GTCAGCACAGTACAAT | 6541-6566 Takehisa et al, 1998
M3: forward 2 GACACATGG
TCCTTCCATGGGAGGG | 7114-7140 Takehisa et al, 1998

M8: reverse 2

GCATACATTGC
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Samples were subjected to PCR using specific primers for the three regions (gag, env gp
41 and env gpl20 (C2V3) and then direct sequencing performed. For subtype
determination, gp 41 primers were used. The subtypes of the generated sequences were
determined using BLAST reference sequences present on the HIV sequence database

http://hiv-web.lanl.gov/content/hiv-db/BASIC_BLAST/basic_blast.html, CLUSTALW

and TREEVIEW software.

Sequences from gp 41 regions were used, this is because it is one of the most variable
region and undergoes constant genetic variability (has major antigenic surface epitope
variability) due to immunological pressures by the host. The sequences generated were
successfully  analysed  phylogenetically to determine their evolutionary
relationships/distance of the nucleotides using CLUSTAL W (version 1.81) and
phylogenetic trees constructed using Neibour-Joining method (Saitoi and Nei, 1987) and
using references from other regions such as Kenya, Uganda, Tanzania, USA, South
Africa and Botswana. Their reliability was estimated by 1000 bootstrap replications. The
closest subtypes had a higher bootstrap value as compared to the one that were not
closely related. The profile of the trees was visualised with Tree view PPC version 1.65

(Institute of biomedical and life science, Scotland, UK).

3.11 Limitations
Some samples did not amplify using the primers used. For such cases, amplification was

repeated using a different primer for another region. Some of the sequences generated did

not cluster with any reference sequences. For these sequences, their subtypes were
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determined by direct BLAST analysis

(www.hiv.lanl.gov/content/hiv_db/BASIC_BLAST/basic_blast.html).

3.12 Phylogenetic Analysis of Generated HIV-1 Sequences
Sequences generated in this study were analyzed phylogenetically using the BLAST

software (Altschul er al., 1997) to determine their subtype and how closely related
sequences were (Karlin et al., 1990; Karlin and Altschul, 1993). Phylogenetic
constructions were generated by using Neighbour-Joining (NJ) method (Siatou and Nei,
1987) and CLUSTAL W program (Thompson et al., 1994). The trees were visualized

using the TREEVIEW program (Page, 1996).

3.1.4 Identification of Conserved Amino Acid Epitopes
All the 139 sequences generated were translated into amino acids using Translation for

Publication program and successfully aligned according to the different subtypes to
which they belonged using the CLUSTAW program (Version 1.81) to determine their
level of conservation. The amino acid sequences were then used to identify conserved
amino acid regions in the generated sequences. The sequences from the three regions (gp
120, gp 41 and gag) were aligned according to the different subtypes to which they
belonged (Figures 4.6, 4.7 and 4.8; Appendix II). This was done to determine if there
were any amino acid differences between the subtypes and the conserved regions were

identified.

3.15 Epitope immunogenicity Prediction Using SYFPEITHI
Once the conserved epitopes were identified, a BLAST analysis of the conserved

sequences onto SYFPEITHI (a computer aided vaccine Design program that predicts
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immunogenicity at the level of epitope and prediction of peptide binding affinity to MHC
for identification of T-cell epitopes) was carried out (Rammensee et al., 1999;
www.syfpeithi.de). This analysis was done for the different subtypes by selecting the
conserved epitopes and analyzing them using the SYFPEITHI program. This epitope
prediction tool is able to predict epitopes recognized by CD8+ CTLs that are

immunogenic and also show their HLA restriction.

SYFPEITHI yields a score for each peptide and is scored in a 9-mer frame. Scoring is a
quantitative estimate of the likelihood (relative to the sequence) that a peptide will bind to
a given HLA molecule. The scoring system evaluates every amino acid within a given
peptide. Individual amino acids may be given the arbitrary valuel for amino acids that
are only slightly preferred in the respective position, optimal anchor position are given
valuel5 and any value between the two is possible (Rammensee et al., 1999).Negative
values are also possible for amino acids, which are disadvantageous for the peptide
binding capacity at a certain sequence position. SYFPEITHI also indicates silent regions
of epitopes that elicit poor or no immune response. The epitopes that are not
immunogenic are given a score of up to negative one (-1) and the best epitope is expected
to have a score of 36 (the highest score that can be predicted by the SYFPEITHI program
(Rammensee et al., 1999). The maximal score varies between different MHC alleles for
example the maximal score for HLA-A*201 peptides is 36 (Rammensee et al., 1999). For
this study epitopes that had a score of less than 10 were considered poorly immunogenic
while the epitopes with a score of greater or equal to 20 were considered immunogenic.

Using this epitope prediction tool, the regions of an individual epitope that are most
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immunogenic are indicated by in bold (bolded) and the silent regions that do not elicite a
strong immune response is not bolded. While the regions that are underlined are more

immunogenic but not as immunogenic as the ones bolded.

3.16 Design of Cross-Clade Multiepitope Candidate Vaccine
In this study, epitopes with highly significant scores (above 25) using SYFPEITHI were

selected and used to develop a candidate DNA vaccine that is 300 amino acid long. These
conserved immunogenic epitopes were identified from subtype Al, D and C in gag, gp
120 and gp41 regions of HIV. The epitopes were put together in order to construct a
multi-epitope (super-epitope) candidate vaccine is cross-reactive to protect against the

major clades circulating in Kenya.

3.16 Data Analysis and Presentation

Nucleotide sequences generated in this study were analysed phylogenetically and
subtypes are presented in form of pie charts. The sequences generated were translated
into amino acid using Translation for Publication program and aligned to determine their
level of conservation using ClustalW (version 1.81). The identified conserved regions
were analysed using SYFPEITHI —an epitope prediction software tool (Rammensee et

al., 1999) to establish their immunogenicity.
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CHAPTER FOUR: RESULTS

4.1 Subtype Determination
For subtype determination, 86 samples were successfully sequenced using the env gp 41

primers. The three border districts namely, Turkana, Moyale and Mandera districts were
used to determine the subtypes of HIV circulating in Northern Kenya (Figures 4.1, 4.2

and 4.3).

From the 86 gp 41 sequences, a total of five phylogenetic trees were generated from the
sequences (Figures 4.4—4.8). The sequences were analysed in groups of between 9 and 20

to avoid overcrowding when constructing Phylogenetic trees. Some of the sequences did

not cluster with any reference sequences such as MYDH016, MADH062 and MADH
010. For these sequences, their subtypes were determined by direct BLAST analysis

(www.hiv.lanl.gov/content/hiv_db/BASIC_BLAST/basic_blast.html).

In this study, analysis of the samples from the three Districts showed that 44% of the
sequences generated from the three districts were subtype A1, 45% were subtype C and

11% were subtype D.

In Moyale district a total of 56 samples were successfully sequenced using env gp41
primers. 36% of the samples were subtype Al, 55% were subtype C and 9% were
subtype D (Figure 4.1). Therefore HIV-1 subtype C was the most dominant subtype in

Moyale.
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Figure 4.1: The Prevalence of HIV-1 subtypes in Moyale
Showing the distribution of HIV-1 subtypes A1, C and D in Moyale

A total of 6 samples from Mandera were successfully sequenced using env gp 41 primers.

Phylogenetic analysis showed that 67% were subtype A1, 33% were subtype C (Figure

4.2). There was no subtype D in this region. HIV-1 subtype Al was the most dominant

subtype in Mandera.
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Figure 4.2: The Prevalence of HIV-1 subtypes in Mandera
Showing the distribution of HIV-1 subtypes A1, C and D in Mandera
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In Turkana a total of 24 samples were successfully sequenced using env gp 41 primers.
The most dominant subtype was A1 (58%), subtype C was 25% and subtype D was 17%

(Figure 4.3).

A1
mC
ob

Figure 4.3: The Prevalence of HIV-1 subtypes in Turkana
Showing the distribution of HIV-1 subtypes A1, C and D in Turkana
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Figure 4.4: Phylogenetic tree representing sequences 1-19.
The sequences in this tree clustered with HIV-1 subtype A1, C and D reference

sequences from Tanzania Uganda, Gabon, Ethiopia, South Africa, Botswana and The
United States.
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Figure 4.5: Phylogenetic tree representing sequences 20-38. The sequences in this tree
clustered with HIV-1 subtype A1, C and D reference sequences from Tanzania Uganda,
Gabon, Ethiopia, South Africa, Botswana and Belgium
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Figure 4.6: Phylogenetic tree representing sequences 39-56

The sequences in this tree clustered with HIV-1 subtype A1, C and D reference
sequences from Tanzania ,Kenya, Belgium, Uganda, Gabon, Ethiopia, South Africa,
Botswana and The United States.
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Figure 4.7: Phylogenetic tree representing sequences 57-76. The sequences in this
phylogenetic tree clustered with HIV-1 subtype A1, C and D reference sequences from
Tanzania ,Kenya, Belgium, Uganda, Gabon, Ethiopia, South Africa, Botswana and The

United States.
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Figure 4.8: Phylogenetic tree representing sequences 77-86.The sequences in this tree
clustered with HIV-1 subtype A1, C and D reference sequences from Tanzania, Kenya,
Belgium, Uganda, Gabon, Ethiopia, South Africa, Botswana and The United States.
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4.2 Identification of Conserved Amino Acid Epitopes

The sequences from the three regions gp 41, gp 120 and gag regions were aligned
according to the different subtypes to which they belonged (Appendix II).

4.2.1 Conserved Epitopes for gp 41 Sequences

The sequences from the gp 41 region were aligned according to the different subtypes to
which they belonged (figure 4.9 a, b and c). This was done to determine if there were any
amino acid differences between the subtypes and identify the conserved regions. The
amino acid sequence alignment for gp 41 sequences showed that there was conservation
of amino acid sequences among the different clades but some could not align due to
variability in the amino acids in this region (figure 4.9). Conserved epitopes were
selected from the conserved areas and are highlighted in a red colour. Figure 4.9 a, b and

¢ shows representative data on gp 41 subtype A1, C and D alignment.
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a) gp 41 subtype Al alignment

MYDHO63 = = ==me== FEAIEA-QQHLLKLT----- VWGIKQLQARVLAVER-YLRDQQLLGIWGCSGKL
TLHC024 _ -GGLTFAEGYRG-STASVETH----~ GLGHSTAPGKILALER-YLKDQQLLGIWGCSGKL
MYSLO30 ¢ =  mememscses KA-QQHMLQLT--~~-~ GLGHKQLQTRVLALER-YLKDQQLLGIWGCSGKL
MADH009_ ~GAYNLWK-AQRLNNICCKLT-~=~~ VWGIKQLQARVLAVER-YLRDQQLLGIWGCSGKL
MYDHO022_ ~GAYNLWK-AQRLNNICCRLT ===~~~ VWGIKQLQARVLAVER-YLRDQQLLGIWGCSGKL
MYDH040_ == ————-- LR-LSRLNNICCKLT----- VWGIKQLOARVLAVER-YLRDQQLLGIWGCSGKL
TLHC004_ ====~NLFGGLSRLNNICSNSR~~=~~ SRGIKQLQARVLAVER-YLRDQQLLGIWGCSGKL
MYDHO19™ = === LLKVLEA-QQQOLLRLT~~~~~ VWGIKQLOARVLALES-YLRDQQLLGIWGCSGRL
MYDHO15_ ---NFVGRLLEA-QQHMLRSR----~ SRGIKQLOARVLALER-YLRDQQLLGIWGCSGKL
TKMHO14_ ~ —--—---- EGIEA-QQHLLKLT----- VWGIKQLOARVLAVER-YLRDQOLLGIWGCSGKL
TLHC002_ LGDONLWRAIEA-QQOMLRLT-—~=~ VWGIKQLQARVLAVER-YLKDQQOLLGIWGCSGRL
MYSLO33_ -WGHNLLRAIEG-STTSVETH----- SLGHKQLQARVLAVER-YLKDQQLLGIWGCSGKL
MYDH0020_ LEHYNFAGGLQRLNNICYKLT----~ VWGIKQLOARVLAVER-YLKDQQLLGIWGCSGKL
MYSL032_ -=-=--ICWRAIEA-QQHLLKLT--~-~- VQGHQTAPGKSPRLWKDTLRDQQLLGIWGCSGKL
MYDHO34 = = =—rr—=roe IEG*STTSVETY ==~~~ CLGHYNSSRQESWLWKDTSRINNSSGIWGCSGKL
TLHC101_ VFGGIEFVRLRG-STTSVETH--—-- GLGHSNSSRHCVLAVERYLKDQQLLGIWGCSGKL
MADHO15 --GDIIFGGLSRLNNICCNSR--—--—- SGALNSSRHSVLAIERYLRDQQLLGIWGCSGKL
MYDHO42 , . = ==l CGYRRLNNICRSSR---—---— SGALNSSRQESWLSKDTSEDQQLLGIWGCSGKL
MYDHO2S - ° pemem LCGLYMLNNISLQTHGSRGHYTAPCKIPRAGGKDTWMGSTAPRNLGAGSGKTHL
TLHCO3? -~ = | =Sgp=m==c= LYRLNNICC-TH-SLGHYTAPGKSPGCG--KIPKGSTAPRNLGL-LWKTHL
MYDHO26X -LLGPAIFGGCSSTTSVETHG------ LGALNSSGQESLLWK-DTYGINSSSEFGAALES
MADHO10_ = ----- NSVGLRGSTAYVETHS-—-—---- LGHKQLOAR-SWLWK-DTERINSSYEFGAALED
MYDHO38_ = ———=a-— SRLSRLNNICCNSQ------ SGALNSSRQESWLWK-DTYRINSSSEFGAALEN
MYDH026_ = = | ----- NLEGIEAQQHLLKLTV-=--~~~ WGIKQLRARVLAVER-YLRDQQLLGIWGCSG-N
MYDHO51 LFGARILXGLELTTSVAIHSL-—----- GHKQLQARVLGSWKDTSRDQQLLGIWGCSGKL
MYDHO28 = = —  memmmeseee VEAQQHLLKLT--~~~ VWGIKQLOARVLAVER-HLKDQQLLGIWGCSGKL
TLHC106_ -=GHTICCRYRGSTAMVGDSR---~~ SGGIKQLOARVLALER-TYGINSSSVFGGCSGKL
MADHOO6_ ~  — --=--- LTIYAQHHLVKLTCR~====~ ALNISMAMMPMLWEMIPKWSTAPMEFRGTLGKL
TLHC007: = « r===e=m LTIYAQHHLVKLTCR====~~ ALNISMAMMPMLWEMIPKWSTAPMEFRGTLGKL
MYDHO024_ —---FWGQRFGGSRQHMLNHG-—-~---~ LGHKQLOTRVLGYRK-IPKGSTAPRDLGLLWKT
TLHC112 - " .- & mer—r ILRALEAQQOQLLNSRS——-—--— GGIKQLQARVLAVGKIPKGSTAPRNLGAALENS

b) Gp 41 Subtype C Alignment

MYDHO054_ ----LRVYEA-QQLIVETHSLGALSSSROESSALERYLKDQQLLGIWGCSGNSSAPLLCL
MYDHOS59 -=-=--LEAIRG-ATAYVATHSLGHLSSSRQESWLSKDTYRINSSSGFGAALENSSAPLLCL
TLHC109 PSIFAKGYRKRNSRMFATHGLGASNSSRRESWLWKDTSGINSSSGFGGCSGKLICTTNVP
MYDHO14 —==-NLLRLLEAQQHMLKLTVWGIKQLQTRVLAIERYLQDQQLLGIWGCSGKLICTTAVP
MYDHOO7_ -==-NLLRAIEAHSIQLQLTVWGIKQLQTRVLAIERYLQDQQOLLGIWGCSGKLICTTAVP
MYDHO04 _ ===-=ICLRAIEAQQHLLQLTVWGIKQLQTRVLAIERYLKDQQFLGIWGCSGKLICTTSVP
MYDHOO8. . = seere== EGIEAQQHMLOLTVWGIKQLQTRVLAIERYLKDQQLLGIWGCSGKLICTTAVP
MYDHO18 =~ ——m——e—e GIEAQQHVLQLTVWGIKQLQTRVLAIERYLKDQQLLGIWGCSGKLICTTAVP
MYDHO23 | . im=meme GDYRRRNSIYSQLTVWGIKQLQTRVLAIERYLKDQOLLGIWGCSGKLICTTAVP
MYDHOSS. 4 .. .- =—===== EGYRGATAIVATHGLGHPKQLQOTRVLAIERYLKDQQOLLGIWGCSGKLICTTAVP
MYDHO3G® "~ o5 “==——rs EGYICATSYVATHGLGH-YSLHARFLAIEIYLKDQQLLGIWGCSGKLICTTAVP
MYDHOO03_ ---NLFGGYRGASAYVATHGLGHLSSSRQESQAIERYLQODQQILGIWGCSGKLICTTNVP
MADHOOl = | —=emmme— PRGATAYSSNSHSRGIKQLQTRVLAIERYLKDQQLLGIWGCSGNSSAPLMCL
MYDHOO2 = = ———————- PRGATAYSSNSHSRGIKQLQTRVL
ATERYLKDQQLLGIWGCSGNSSAPLMCL 52

MYDHOOl = —-—-- ICCGIEAQQHMLOLTVYGIKQLQARVLALERYLRDQQLLGMYGCSRNSSAPLLCL
TKMHO20_ ~ —-———- WKAIEAQQOHMLOLTVWGIKQLQTRVLAIERYLKDQQLLGIWGCSGNSSAPLMCL
MADHO13 = = —mmmmmme—eeme HIVATHSLGALSSSRQESLALERYLKDQQLLGIWGCSGKVVCTTAVP
MYDHOOS . .. = i—mmmes—seeoee HIVATHSLGALSSSRQESLALERYLKDQQLLGIWGCSGKVVCTTAVP
MYDHO41 = ----—- LKVSKANNICCNSRFRGIKQLQTRVLALERYLKDQQLLGIWGCSGKLICTTAVP
TLHCO14: =  i=m==em<ee FOQRRNSVVATHSLGHKQLQTRVLAIERYLKDQQLLGIWGCSGKLICTTAVP
TEMHO17 == m=———m— TIEAHSICCSSRSGALSSSRRESWLLEKYLKDQQLLGIWGCSGKLICTTTVP
TRMHOLIX™ = =  me—e—d ETIERNSICCSSRSGALSNSRRESWAIEKYLKDQQLLGIWGCSGKLICTTTVP
MYDHO06_ --SDFAKGLKGATALFASHGLRHLSSSRQAVLAIKKYLKNQPLLGISGCSCKTHLHHCCT
MYDHO12 . ... === GYRGATAMLQLTVW-GIKQLQODKSPSYRKIPKGSTAPRTLGLLWKTHLHHCCA
MYDHO1l =~ ------ EGYRGATAYSCNSRS-GALSSSRQESSLWKDTQRINSSSEFGAALENSSAPLLC
MYDHO13_ ~ --———- EGYRGATAYSCNSRSRGIKQLQTRVLALGKIPKGSTAPRNLGLLWKTHLHHCCA
MYDHO58 = ————- FEAIEGATAYVA-THGLGHSAAPDKSPGYRKIPKGSTAPRDLGLLWKTHLHHCCA
MYDHO027 _ TGATICWTLRGATALLA-THGLGIKQLHARVLALERYLKDQQLLRDLGLLWKTHLHHCCA
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¢) Gp 41 Subtype D Alignment

MYDHO57_ = = W —=——-- FAEGITRPTAYVALTVRGIKQLQTRVLAIER-YLKDQQLLGIWGCSGKLICTTA 53

TRHCO3AT = = - = & se==—t FAEGYRRRNTSVATHCLGHKQLQARVLAVES-YLRDQQLLGVWGCSGKHICTTA 53

MYDR062. = = =====e—ad RYRGATAYVRTHSLGHYTAPGKSPGCRKGYLKDQQLLGIWGCSGKLYLQPL 51

MYDHO3S =~ @ -———- ICCGAIRRRTSSVATHSLGRYTAPGKNPGCGK-NLKDQQLLGIWGCSGSHICTTT 54

TLHCOQ9 = = & ' =—=me TFHEGYQRRSSFVATHSLGLSNSSKQESWLWK-GPSRSTAPRNLGFSGSTLFRTT 54

TRMHOL1S, | == {7 ——=—~ NICLRAIEAQQLCCNSQSGALNSSRQESWLWK-TTQGPTAPRNLGFSGRHICTTN 54

MYDH0021_ FGASEFFCGYQRLNNICWKLTVWGIKQLQGTESWLWK~-DTSGINSSSEFGVALENIFAPL 59

TLHCO40_  ----- IFCDYRGAT-ALLQLTVWGIKQLQ-ARSWLWK-ATYRINGSSEFGVALENTFAPL 52

MYDHOO09: +r © o =r==- NIAEGIEAQQHCCNSQSGALNSSR-RESWLWK-DTYGINSSSGFGVALEDTFAPL 53

MYDHO57 _ ~VPWNSSWSNKSY-QDIWENMTWMQWDREINNYTNTIYRLLGRFAKPAGRK~~==~=~ CK 104
TLHC034_ -VPWNASWSNKSI-EEIWNNMTWMEWEREIENYTGVIYSLIEESQTQQEKNEQELLQLAN 111
MYDH062_ NVPLELLAGVTSLKKEIWNNMTWMOWEREIGNYTDTIYGLLEESQTQQEMN~-~~—~~~~ E 103
MYDHO035_ ~VPWNSTWSNRSL-GEIWNNMTWMOWEKEIDNYTGIIYSLIEASKPSRKRMNKNFWHWTN 112
TLHC009_ NVPWNSTWGNKSL-DKIWN-MTWIQWEKEIDNFPGIISSLIEASKPSRKGMTRNFWNWPM 112
TKMHO15_ ~VPWTIVGVINHLLEEIWGNMTWMEWEKEISSYTGVIYNLIEESQTQQEKMKKNYWNWTN 113
MYDH0021_ TCPGTLVG-VIKLMVRFGITCPGWSGKEKLTITQVYYIPYLKNRKPSKKKCTRTIGIGPM 118
TLHC040_ LCPGTLAG-VIDLRCHLARTSHGWSGKGRLTITQNSYTASLKNRKSSKKRMKKIYCNWTH 111
MYDHOO09 _ MCHGTLAG-VIKLSSRIWDNMTWMEWEREIDNYTGLIYNLLEKSQAQQEEMNKTYCNWHM 112
MYDHOS57 _ GFTLHWDSWDNLWSWLYITNWLWEIKGYS---- 133

TLHC034_ GQVCGIGSHNKMAVDIKIFIMLQELCGFQ---- 140

MYDHO062 QELLPLDKWPNLWNWFDISHWLWIKNFIMKWRL 136

MYDHO35: GQACGIGLHTRKVLWIYEYSYCCRRLWG--—---- 139

TLHC009_ GKLVELVSHTHGCGYKILSSCRSLG------—— 137

TKMHO15 GQVCGMVCHNKLAVDIKIFIMMSELWG——---—-— 140

MYDHO021 GKFVELVSITNGCGYKNIHNDSRRLG------- 144

TLHC040_ GQVCGLVSHNKCCGYKNIHNDVGGFG-----—— 137

MYDHO09 _ GKFVELVNITNWLWISKYSNDSRRLG--=~=~~-~ 138

Figure 4.9: Conserved Epitopes for gp 41 Sequences. Showing gp 41 subtypes Al, C
and D amino acid sequence alignment using ClustalW. Conserved epitopes
highlighted in red colour

4.2.2 Identification of Conserved Immunogenic Epitopes for gp 41 Subtype Al
Once the conserved sequences were identified, epitopes that were nine amino acids long

were picked from the conserved areas. Analysis of the conserved epitopes was done by
blasting them onto SYFPEITHI program. Epitopes from the different subtype alignment

(Subtype A1, C and D) were analysed separately (Table 4.1, 4.2, 4.3).

A total of 38 gp 41 Subtype Al epitopes were identified and analysed using SYFPEITHI
program. Out of the 38 epitopes, 17 epitopes with a score >20 and the best epitope had a
score of 27 (Table 4.1). The epitopes with a score of greater than 20 were considered

more immunogenic and indicated by a red asteric.
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Table 4.1: Conserved Immunogenic Epitopes for gp 4/Subtype Al
The epitopes with a score of greater than 20 were considered more immunogenic and

indicated by a red asteric.

EPITOPE HLA RESTRICTION SCORE
VWAGIKOQLOA HLA-B*08 11
SRGIKOQLOA HLA-B*1402 16
QARVLAVER HLA-A*6801 19
GIKQLQARYV HLA-A*0201 21*
YLRDQOLLG HLA-A*03 17
GIWECSERL HLA-A*0201 24%
LSRLNNTICS HLA-A*1101 14
LTIYAQHHTL HLA-A*26 20%*
HHLVKLTCR HLA-A*6801 17
ALNI SMAMM HLA-A*0201 19
AMMPMLWEM HLA-A*0201 23
IPKWSTAPM HLA-B*0702 20%
EFRG6TLGKL HLA-A*26 24%
YLKDQOLLG HLA-B*08 16
YLRDQOQLLG HLA-A*03 17
GIWGCSGRL HLA-A*0201 22*
NVPWNSSWS HLA-A*03 14
SSAPLMCEPG HLA-A*1101 15
MCPGTLVGUV HLA-A*0201 19
GVINLEKRRY HLA-A*26 25%
KRNLAITOQTI HLA-B*2705 25%
KEIDNYTOQL HLA-B*4402 27*
KEISNYTETI HLA-B*4402 23%
REINNYTNL HLA-B*4402 25%
EMKLAITOQT HLA-A*26 15
YYIIYLEES HLA-A*2402 13
SOEPSGKMN HLA-A*01 10
KLAITQTYY HLA-B*1501 (B62) 22%
EQDLLALLDK HLA-A*03 17
LLALDKWAS HLA-A*0201 15
LLALDOQWA AN HLA-A*0201 15
LLALDSGQV HLA-A*0201 24*
LLALASGOQOT HLA-A*0201 22%
ODLLALDEKW HLA-B*4402 14
WLWIOQDTIHN HLA-A*03 11
DTYRINSSS HLA-A*26 20%*
SEFGAALEN HLA-B*4402 16
DIKIFIMIV HLA-A*0201 21%
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4.2.3 Epitopes for gp 41 Subtype C
A total of 39 epitopes identified from the conserved sequences of gp 4/ Subtype C were

successfully analysed using SYFPEITHI. The analysis showed 12 epitopes with a score
>20 and the best epitope having a score of 30 (Table 4.2). The epitopes with a score of
greater than 20 were considered more immunogenic and indicated by a red asteric.

Table 4.2: Conserved immunogenic epitopes for gp 41 subtype C. The epitopes with a

score of greater than 20 were considered more immunogenic and indicated by a red
asteric.

EPITOPE HLA RESTRICTION SCORE
GALSSSROQE HLA-B*5101 14
GHLSSSROQE HLA-B*1510 13
CSEKELIICT® HLA-A*1101 11
GIWGCSGKL HLA-A*0201 24
KL I CFor SW P HLA-A*03 23
OLTVWGIKDQ HLA-B*1501 (B62) 11
LQTRVLATIE HLA-B*1501 (B62) 11
RYLKDOOTL L HLA-A*2402 25
GIWGCSGKL HLA-A*0201 24
KLICTTSUVP HLA-A*03 23
EGYRGATATI HLA-B*5101 22%
ERYLKDQOQL HLA-B*1402 27+
PRGATAYSS HLA-B*2705 13
AYSSNSHSR HLA-B*2705 13
QQHMLOQULTUV HLA-B*1402 13
LTVYGTIEOL HLA-A*26 25*
HIVATHSTLG HLA-A*03 13
HELGABALS S 8 HLA-A*1101 12
EGYRGATA AY HLA-A*26 21%
TAYSCNS SRS HLA-B*5101 17
LGLLWKTEHL HLA-B*5101 18
EIWETLTWM HLA-A*26 26*
TWMQWERE I HLA-B*5101 12
ODIWDEKMTW HLA-B*4402 14
TWMQWDXKEL HLA-B*4402 13
IEKLIITQT HLA-B*4402 16
TQTQYTSC L HLA-B*2705 13
IITQASYMI HLA-A*0201 18
OASYMICTLEK HLA-A*6801 18
EKDLLALDS HLA-A*26 12
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DLLALDSWK HLA-A*03 28*
RKTMKRIYOQ HLA-B*08 10
RIYQHWOQTLE HLA-A*03 16
GYKNIHNTDS HLA-B*08 11
KICGVGLTY HLA-A*03 30=*
OTGCGYKTIF HLA-A*26 16
IYIFIMIUVG HLA-A*2402 13
FIMIVGGLG HLA-A*03 14
KPVELVCTIS HLA-B*5101 14

4.2.4 Epitopes for gp 41 Subtype D
A total of 22 gp 41 Subtype A1 were identified and analysed using SYFPEITHI program.

Out of the 22 epitopes identified, 3 epitopes with a score >20 and the best epitope had a
score of 25 (Table 4.3). The epitopes with a score of greater than 20 were considered

immunogenic and indicated by a red asteric.

Table 4.3: Conserved immunogenic epitopes for gp 41 subtype D. The epitopes with a
score of greater than 20 were considered more immunogenic and indicated by a red
asteric.

EPITOPE HLA RESTRICTION SCORE
YLKDQOQLTLG HLA-B*08 16
INGE S G ELIT HLA-B*5101 14
SGKLEICTTA HLA-B*08 13
THSLGHYTA HLA-B*3901 14
APRNLGEFS G HLA-B*0702 15
INSSSEFGUV HLA-B*5101 11
ALENTIFATPL HLA-A*0201 2%
LTVWGIKOQL HLA-A*26 25%
INSSSEFGUV HLA-A*0201 13
ALENTIFAFPL HLA-A*0201 23%
INGSSEFGV HLA-A*0201 13
VPWNSSWSN HLA-B*5101 13
EIWNNMTWM HLA-A*26 15
TWMEWERE I HLA-B*5101 14
LLEESQTOGQ HLA-A*03 15
LIEESQTOQQ HLA-A*03 13
LIEASKPSR HLA-A*03 16
LKNRKPS KK HLA-A*03 18
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LKENRKS S KK HLA-A*03 17
GKFVELVSI HLA-A*0201 18
GKFVELVNTI HLA-A*0201 16
CGYKNTIHND HLA-B*5101 12

4.3 Identification of Conserved Epitopes for gp720 Sequences
In order to identify the conserved epitopes, amino acid sequences from the gp 120 region

were aligned according to the different subtypes to which they belonged (Figure 4.10 a, b
and c). The env gp 120 region sequences had some conserved sequences although some
sequences could also not align due to variability in the amino acid sequences in this
region (Figure 4.10). The different subtypes were aligned separately and conserved
epitopes were selected from the conserved areas and are highlighted in a red colour. The
identified epitopes were then analysed using SYFPEITHI to determine the
immunogenicity of these epitopes. Epitopes from the different gp 120 subtype alignment
(Subtype A1, C and C) that were 9 amino acids long (9 mer long) were then analysed
(Table 4.5-4.8) and given a score depending on their immunogenicity. Epitopes that had a
score greater than 20 were considered immunogenic and are highlighted with red asteric.
Figure 4.10 a, b and ¢ show representative data from gp 120 subtypes Al, C and D

alignment using Clustal W program and indicates the areas that are conserved.
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a) gp 120 subtype D alignment

MADHO012_
MYDHO056
STD788C15_
STD788C11_
STD788C1_
STD788C6_
STD788C7_
STD788C2
STD788C12_
STD866CT_
STD866C3_
STD760C1_
TLHC009_
TLHCO21F _
MYDHO57_
TLHC102
TLHC040_
MYDH062_
MADH007_
TKMHO15_
TLHC023_

FLGVKPVVQLNYCWNGSLAEEDIVIRNCKSHKSCKKHNSTAS-CVCNNSLHKALQQYKTR
————-KPVVSTQLLLNGSLAEEDIVIRNCKISQITIAKNIIVQLNESVTINCTRPYNNTRQG
—-=-IKPVVSTQLLLNGSLAEEEIIIRSENITNNAKNIIVQLN-ESVTINCTRPSNNTRKG
—--IKPVVSTQLLLNGSLAEEEIIIRSENITNNAKNIIVQLN-ESVTINCTRPPNNTRKG
———IKPVVSTQLLLNGSLAEEEITIIRTENITNNAKNIIVQLN-ESVTINCTRPSNNTRKG
———-IKPVVSTQLLLNGSLAEEEIIIRSENITNNAKNIIVQLN-ESVTINCTRPSNNTRKG
———IKPVVSTQLLLNGSLAEEEIIIRSENITNNAKNIIVQLN-ESVTINCTRPSNNTRKG
—-——IKPVVSTQLLLNGSLAEEEIIIRTENITNNAKNIIVQLN-ESVTINCTRPFNNTRKG
———-IKPVVSTQLLLNGSLAEEEIIIRTENITNNAKIIIVQLN-ESITITCTRPYQSQKRG
——--IKPVVSTQLLLNGSLAEEEIIIRSENITNNAKNIIVQLA-TPVSINCTRPYNNTRKG
———IKPVVSTQLLLNGSLAEEDIIIRSENITNNAKTIIVQLT-EPVSITCIRPYNNTRKG
——--IKPVVSTQLLLNGSLAEEEIIIRSENLTNNAKIIIVQLK-EAVTINCTRPYKSTRRG
————————— TQLLFNGSFAEEDIIIRSENLTNNARTIIVHLH-KTLLLNCTRPNNNTROG
————————— TQLLFNGSFAEEDIIIRSENLTNNARTILVHLH-KTFMLNCTRPNNNTRQG
FLGVKPVVQLNYCWNGSLAEEDIVIRNCNLTNNAKNIIVQLN-ESVTINCTRPYNNTRQG
—————————— PLLLNGSLAEEDIIIRTANLTDNTONIIVHLT-ATVMINCTRPNNNTRQG
—---RSANSAINCCEWQSSRKRDNNSICKYHKQCQONYNSTSY-ESVTINCTRPNNNTRQS
===INQWCNSIARCMAVSQKKTYYLGSENLTNNAKTIIVHLN-KTVMINCTRPNNNTRQG
—-—-—INQWCNSIARCMAVSQKKTYSLGSENLTNNAKTIIVHLN-KTVMINCTRPNNNTRQOG
————————— LHCCKWQSSRRRDNNSISKISQVILKTSYVQFN-ESITINCTRPNNNTRDG
————-RSANSAINCCCMAVSQKKRSSLDLKISQTMPKLSSYILMSLSQLIVPGP-TTIQGK
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b) gp 120 Subtype C Alignment

TLHC001_
MYDHO58
STD796C16_
STD796C14_
STD796C8_
STD796C6_
STD796C5_
MYDHO35_
MYDHO17_
MADHO15_
MYDHO32_
MADH008_
MYDHO09_
TLHCO12F _
TLHC013_
MYDHO31_
MYDH036_
TKMHO17_
MYDHO045X_
MADH002__
MADHO013_
TKMHO18F _
TLHC012
MYDHO19F _
MYDHO13
TLHCO14_
TKMHO11F _
MYDHO44_
MADHOO01_
MADHO11_
MYDH2663_
MADHO009
MYDHO18_
TLHCO18F _
MYDHO11
MYDHO43_
MYDHO10_
TLHCO24F _
TLHCO14F_
MYDHO16

---IKPVASTQLLLNGSLS-EEGIIIRSENLTNNAKTIIV--QFNKSVEITCTR-PNNNT
———————————————————————————————————————————————— EITCPD-PPIIH
---IKPVVSTQLLLNGSLS-EEGIIIRSENLTNNAKTIIV--QFNKSVEITCTR-PNNNT
---IKPVVSTQLLLNGSLS-EEGIIIRSENLTNNAKTIIV--QFNKSVEITCTR-PNNNT
---IKPVVSTQLLLNGSLS-EEGIIIRSENLTNNAKTIIV--QFNKSVEITCTR-PNNNT
---SKPVVSTQLLLNGSLA-EEEIVIRISKSDRQCONNNS--TASRPCKHCVVQGPNNNT
---DSGQWYQLNYCYGSLA-EDETIIRICICTN-NAIIIV--QLNKTVAINCTR-TQQYT
---DNQWYQLNYSLNGTPSRKRDNNSISKICQTMPKQSIV~--HLKTPVEIECIR-PGNNT
---DNQWYQLNYSLNGTPSRKRDNNSISKICQTMPKQSIV-~HLKTPVEIECIR-PGNNT
————— SPVVSTQLLLMVVSQKKTSYLGSENLTNNAKTIIV--HLKDPVEIVCTRPNNNTR
----- YPVVSTQLLLMVVSQKKTSYLGSENLTNNAKTIIV--HLKDPVEIVCTRPNNNTR
--------- STQLLLMVVSQKKRSSLGSENLTDNVKTIIV--HLONPVEIVCTRPNNNTR
————————— STQLLLMVVSQKKRSYLGSENLTDNVKTIIV--HLONPVEIVCTRPNNNTR
—————— NRVSTHYCSMVVCRRKDS-NSSENLTNNVKLI IV--HLKKSVDIVCTRPNNNTR
————— KPVVSTQLLSWSSRRRGDRNSGSKNLTDNAKIIIV--HLODYVEIVCTRTRQYYK
—————————— SLLLNGSLAEEEQIIRS-ENLTDNTKTIIV--HLNESCRNSLYK-AQQYY
FFEMKPVVSTQLLLNGSLAEEDIVIRISKSGTDNAKIIIV--HLNESVRIVCTR-PGNNT
--=-YASSINSTTVKWSSSRRRDSNSDLKICQTMPKYSSY--SLKT-LYTLCGTRAQQSY
————— KPVVSTQLLSWSSSRRGDSNSDLKICQTMPKSSSY~-~-IFKT-MSRLCVQGPGNNT
----- SAICINSTTVNGSLAEEKIVIRISRSDRQCONNNS--TSSRTLSKLCAQGPAIIL
———————— FQLNYCSMVRLAEERSYLGSKDLDRQCONNNS--TSSRPCRNCVYTGPAIIL
----INQWYQLSYYSNGSTAEDEIIIRIWKICKQCONNNS--AASCTCRNKLYQDLTIIQ
——————— RINPLLLNGSLAEERGSNSSRRSWTNNRQQSMIGDILTESVRNCVYKAQQSNT
———————— STQLLLNGTFTQRETYSLDLKICQTMPKYYSY---SLMNLSQLIVCDPTIIQ
———————— STQLLLNGTSSSNKRYYLRSENLTDNAKIMIV--QLKDPVEIECTETQQSYK
---IKPVVSTQLLLNGTSSRRRGGNYGLENLTNNAKTIIV--QLKKPSRNSLLQMQOPSHF
---RLSQCINSTTACMVVSQKKRSSLGSENLTNNAKTIIVTSYNPCSTVLLCITLRRGPR
———————————————————— CRDNNPDLKMCQTSAKTIIA--HLKEPVTNTSERDLAINT
----AKPVYQLNYCMHGRLAEEEIVIRICKSAKQCONNNSHILQPLSYCPSLHHTQEGTQ
——————— RRAESTDSICEHYKQWPKTYSSNFTKHARNYVG-———------TQTLTTNTST
——————— WGPSYLPAMFTICFILHGSVMVAFAVLLVVLIALLHLVYTCQQIRLYEQYAKF
—————— LFGARLLLHMSIICFILHGSVDGFICITISTISPRMYHSTAMDLLRLLKMLLPQ
————————— PCHVYNLFYSAWECRWYALVSLPVLLFSIWYY-YTRKDCYLYNKKPPATDK
————————— FWGLPPLPFLSFVLFCIGVSWLHLKYYSYYSICMYCSTVLMYYNRKNSPPQ
----LLGARLPCTCLSFVLFCWECDGCISIIVCTIVSYYSTCMYYSTVWMCCNKKNSPLQ
—————— CPFLSFVLFCIEVCWLNLKYYSYCYDMYVLLNSFGCIAICKILLHNSSYVLYSL
————————— LSLFAVFCIEELYVCINPSRSCETCVVLILWTPSAMLSDRFICYEDYSFTH
——————— PTQLSWYGSTVSRAAERI FPYQDWLMSWCFVLVDYSNCQGRVQGTFQSMCVTY
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¢) gp 120 subtype Al alignment

TLHCO21F == ——mmmmmmmmmmmmm e ISQYYQLN--CCKWQSSRRRDKDS 22
TLHCO04 e ISQSYQLN--CCKWQSRRRRDKDS 22
MADHO06 ~ —mmmmmmmmmmmmmmmm e DQACSINSTAVEWHSSKRQGNNS 23
TLHCO18F  mmmmmmmmmmmm e oo e e e FNSTTVEWQFSRRRGKNS 18
TLHCO07 ~ mmmmmmmmmm e FNSTTVEWQFSRRRGKNS 18
TLHCO37 ~  —mmmmmmm e FGTSQSFNTAVVKWQPSRKRGNNS 24
TEMHO02 e SMAVSQKERSC 11
MYDHO36 e e e o

TLHCO05 == mmmmm VQLNCCKWQSSRRE-GKN 17
MYDHOO4 ~ mmmm e AVVQLNCCYNGSLAKEKVKI 20
MYDHO37 =~ mmmmm e IKPVVSTQLLYGSLAENQTKI 21
TLHCOL6F = =mmmm e o e e e SQSFNSIAVEKWQSSRK-GSNN 20
TLHCO02 = mmmmm e SQSFNSIAVKWQSSRK-GSNN 20
MYSLO32 e KPVVSTQLLLNGTLAKDRGNN 21
MYDHO63 ~ mmmm e FFRLGQSVSTQLLLNGSLAKEEVKI 25
MADHOL10 ~ ——mm e TRQRASTQPLLNGSLAYEQLII 22
MYDHXS Al oo

MYDHOS0_ mmmmmmm e e e e TSQCA-TQLLLNGSLAKGEVKI 21
TLHCOOTF _ mmmmmm o e e e e e ASSSTQLLLNGSLAEGKVII 20
TLHCO17  m e ASSSTQLLLNGSLAEGKVII 20
TLHCO12F  mmmmmmm e ASRSTQLLLNGSLAEGKVMI 20
TLHCO33  mmmmmm e PIAVEWQSSRRRGNNS 16
MYDHO46 mmmmmm e KPVVSTQLLLNGTSSRRRDNNQ 22
MYDHO39 =~ s FFGKRPVSINSAAAKWQSGQKIRQKL 26
L12_ e LCCWQLAEERNNS- 13
125 e NSLLSMAVYQ---KERSC 15
TEMHO19X ~ m e e LLSMAVYQ---QMGQK 13
MADHOL4 ~  mmmmm e FLXTGPQYQLNYCKWQSRRRRGKN 24
MYDHOOB ~  mmmmm e e QASSINSTAVKWQSSKRRCNN 21
TLHCO10F —mmmmmmmmmmmm e CDQASSATNCCCMAVSQKKRSY 22
TLHCOLI1F  mmmm e e SQSFNSIRCQMAVQQKKRQK 20
TLHCO24F_ - -- e TSQYFNSTAVEWQSSRRRSSN 21
TLHCO36 ——mmm e TSQYFNSTAVEWQSSRRRSSN 21
TEMHO42F mmmmm e e FGQASSSTHCCSMESSRK-RSKN 22
TLHCO03 ~  —mmmmm e FGQASSSTHCCYMESSRK-RSKN 22
TLHCOL1l =~ mmmmmmmmmmm e ASFSTQLLLNGSLAEGEIRI 20
MADHOOS5 ~  mmmm e AVVQLNCCYMAVSQKKRSRL 20
126 e LHCCKWQSSRRRGKD 15
TLHC0024 —mm e oo oo PASSSTQLLVKWQPSRKRGKN 21
TKMHOLTF _  mmmm oo e e e e TVVKWQPSRRRGNN 14
TLHCO14F =~ o e oo FLGPASSSTQLLLNGSL-AEKEVII 24
MYDHO27 mmmm e FLGQARSINSTTVNGSL-AEGEVRI 24
MYDHO33 mmm e DQACRINSTAVAMALSAKDKVII 23
LI5S e GFLGASAFCXXSTAAKWSSSXKGNSN 26
TLHCO39X ~ —mmm e mmm e SAFCSTPLLLNGSLAEGKVKI 21
TLHCO21F _ DLK-ISQTMPKTSSYNLTSLYA-LLVPDLTTIQGKVYCIGPG-QAFYATGDIIGDIRQAH 79
TLHC004_ ALK-ISQTMPKTYLYNLTSLYA-LLVPDLTTIQGKVYCIGPG-QAFYATGDIIGDIRQAH 79
MADHO06_ DLK-ISQTMPKIYSYNLTSLCK-LLVSDLATIQEKVRRIGPG-QTFYATGDIIGDIR-AH 79
TLHCO18F _ ICK--YHKQCQONHNSTIYCACKNSLYQDLTTIQGQVYCIGPG-QTFYATGDIIGDIRQAY 75
TLHC007_ ICK--YHKQCONHNSTIYCACKNSLYQDLTTIQGQVYCIGPG-QTFYATGDIIGDIRQAY 75
TLHCO37_ DLENISNNGAKIYLYNLPRLCT-LLVSDLITIQEKVYCIGPG-QTFYATDDVIGDIRQAY 82
TKMHO02_ LGSANITNNAKNIIVQFTKPVKINCTRPNNNTR-KGIHIGPG-HAFYATDDIVGNIRDAY 69
MYDH036_ ——————————————————————————————————— GYDIGPRPNHFYAQEDIIGDIREAH 25

Figure 4.10: Conserved epitopes for gp120 subtypes alignment. Showing
representative data for gp 720 subtypes A1, C and D amino acid sequence alignment
using Clustal W. Conserved epitopes highlighted in red colour

4.3.1 Conserved Epitopes for gp 120 Subtype D Sequences
A total of 51 epitopes were successfully analysed using SYFPEITHI and the analysis

showed that gp 120 Subtype D had 16 epitopes with a score >20 and the best epitope
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having a score of 28 as shown in table 4.4 below. Epitopes that were considered

immunogenic had a score >20 are marked using red asterisks.

Table 4.4: Conserved Immunogenic Epitopes for Subtype D gp120.
The epitopes with a score of greater than 20 were considered more immunogenic and

indicated by a red asteric.

EPITOPES HLA RESTRICTION SCORE
NGSLAEETDI HLA-B*5101 17
RPSNNTRKG HLA-B*0702 14
ESVTINCTR HLA-A*6801 20*
EDIVIRNECK HLA-A*26 16
LLNGSLAEE HLA-A*0201 23%*
IKPVVSTOQOL HLA-B*2705 16
IKPVVSTOQL HLA-B*2705 17
LLNGSLAEE HLA-A*0201 23*
E I TSR FANT HLA-B*08 20%
TNNAKNTI*IV HLA-B*5101 13
NGSLAEETDTI HLA-B*5101 17
DIVIRNCNL HLA-A*26 24+
ESVTINCTR HLA-A*6801 20%*
NGSLAEETDTI HLA-B*5101 17
VTIINCTRPN HLA-A*26 12
RPNNNTROQS HLA-B*0702 12
RPYNNTROQG HLA-B*5101 15
RCMAVS QKK HLA-B*2705 18
RPNNNTROQG HLA-B*0702 12
TYYLGSENL HLA-A*2402 22%
TNNAKTIIV HLA-A*0201 14
KTVMINCTR HLA-A*6801 19
RPNNNTROQG HLA-B*0702 12
NGSLAEETDTI HLA-B*5101 17
DIVIRNCNL HLA-A*26 24*
ESVTINCTR HLA-A*6801 20%*
RCMAVSOQEKK HLA-B*2705 18
TYYLGSENL HLA-A*2402 22*
TNNAKTTITIV HLA-A*0201 14
RPNNNTROQS HLA-B*0702 12
RPNNNTROQG HLA-B*5101 11
KTVMINCTR HLA-A*6801 19
TRASTLYNK HLA-B*2705 24*
KTSTLVYHSW HLA-B*4402 14
THIGPGRAY HLA-B*4402 17
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FTETITGDI HLA-A*01 14
RQAYCNTISR HLA-B*2705 17
TSWNEKTLOQOQ HLA-A*1101 14
VAKKLRDLY HLA-A*01 19
NTTKITITFEKDP HLA-A*26 16
VHIGPGQAL HLA-B*1510 23*
EITTHSTFNLC HLA-A*26 15
SGLFNNSEW HLA-B*4402 13
TSNSTSETL HLA-B*3901 14
GTNES I-1 %% HLA-B*3901 18
GANEIIITL HLA-A*0201 24
PCRIKOQIIN HLA-B*08 16
FIAHGQMAL HLA-A*0201 24+*
CRIKQIINM HLA-B*2705 28+
FIAHGQMAL HLA-A*0201 24x
NLTNNAKTI HLA-A*03 18

4.3.2 Epitope for gp 120 Subtype C

Analysis of gp 120 using SYFPEITHI showed that subtype C had 16 epitopes with a

score >20 and the highest score was 28 (table 4.5).

Table 4.5: Conserved immunogenic epitopes for Subtype C gp120. The epitopes with
a score of greater than 20 were considered more immunogenic and indicated by a red

asteric.

EPITOPE HLA RESTRICTION SCORE
NLTNNAKTI HLA-A*03 18
IKPVVSTOL HLA-B*2705 16
ILNGSLSEE HLA-A*0201 21+
GIIIRSENTL HLA-B*08 23*
TNNAKTTIIV HLA-B*5101 12
KSVEITCTR HLA-A*1101 18
DNQWYOQLNY HLA-A*26 19
SLNGTZPSRK HLA-A*03 27*
RDNNSTISKTI HLA-B*2705 17
CQTMPEKOQS I HLA-B*1501 (B62) 11
KSVEITCTR HLA-A*1101 18
DNQWYOLNY HLA-A*26 19
YSLNGTPSR HLA-A*1101 19

DNNSISKTIC

HLA-A*26

11
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OTMPKQS IV HLA-A*0201 18
TPVEIEECTIR HLA-B*5101 13
STQLLLMVYV HLA-A*0201 21%
SOKKTSVYLG HLA-B*08 12
SENLTNNAK HLA-B*4402 15
TNNAKTIIV HLA-A*0201 14
HLKDPVETIV HLA-A*0201 25%
HLQNPVETIV HLA-A*0201 25%
CTRPNNNTR HLA-A*1101 19
LLLNGSLAE HLA-A*03 19
AEEEQTITIRS HLA-B*4402 17
AEEDIVIRI HLA-B*4402 25%
WSSSRRRD S HLA-A*1101 11
NSDLKICOQT HLA-A*01 14
0 T MEPER Y 'S 87Y HLA-A*26 22%
DRQCOQNNN S HLA-B*2705 14
TSERTLSKEL HLA-A*26 15
CAQGPAITIL HLA-B*5101 19
STQLLLNGT HLA-A*0201 17
SICMYCSTV HLA-A*0201 23#
YSYYSICMY HLA-A*01 20*
VSYYSTCMY HLA-A*01 20%*
STCHYYSTY HLA-A*0201 19
RTSIRIGEPG HLA-A*6801 11
OTFYATGE I HLA-A*0201 16
IGDIRERAHC HLA-A*01 10
KINGSEWNE HLA-A*03 13
LKEHFPNKT HLA-A*01 10
LREHFPNTT HLA-B*3901 13
KSIRIGPGOQ HLA-A*03 12
EKLKEHTPFPV HLA-B*1402 14
EKLREHTEFPN HLA-A*26 10
KSMRIGPGQ HLA-A*1101 10
TFYATGETITI HLA-A*2402 18
ISEEKWNET HLA-B*08 14
GEIRQAHCN HLA-B*4402 16
RKLQEKTFZPN HLA-B*2705 10
LQEKFPNST HLA-B*1501 (B62) 10
GELHKHTFGPN HLA-B*4402 11
LHKHFPNKT HLA-B*3901 12
TRDIIGDTIR HLA-B*2705 21%
SDQDKHSMQ HLA-B*08 12
TGDIIGNIR HLA-B*2705 12
KPPSGGDLE HLA-B*0702 13
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VITHSFNCR HLA-A*1101 19
GEFFYCNT S HLA-B*4402 14
KLFNRTYLF HLA-B*1501 (B62 21#
GTYNSNSNI HLA-B*5101 16
SNT T EDL P HLA-A*26 10
APSSGGASK HLA-A*03 23%
SQHIALIVE HLA-B*1501 (B62) 11
ENFSIATIHDQOQ HLA-A*26 18
KPSSGGASK HLA-A*03 23+
S G SKFN HLA-A*1101 14
TSLSLSRRI HLA-A*2402 13
FL LOQ5 S'KLF HLA-B*1501 (B62) 17
NSHTCLTIUVTI HLA-B*5101 17
HANSTNRP K HLA-B*5101 13
NSTNRPKFT HLA-A*1101 11
CRIKQITINM HLA-B*2705 28*
INMWOQEVGR HLA-A*6801 14

4.3.3 Epitopes for gp 120 Subtype Al
Subtype A1 had 42 epitopes with a score >20 and the epitope with the highest score had

a score of 29 (table 4.6).
Table 4.6: Conserved Immunogenic epitopes for GP120 subtype Al. The epitopes

with a score of greater than 20 were considered more immunogenic and indicated by a
red asteric.

EPITOPE HLA RESTRICTION SCORE
CCKWQS SRR HLA-B*2705 14
SSRRRDEKTD S HLA-B*08 18
FSRRRGEKNS HLA-B*08 16
IKPVISTOQL HLA-B*2705 16
LLLNGSLAE HLA-A*03 19
IRPVVSTOQL HLA-B*2705 26*
LLNGSLAESG HLA-A*0201 23*
SLAEGGKVM HLA-A*03 22+%
LLLNGSLAK HLA-A*03 29+
SYFPETITHII HLA-A*2402 23%
AVKWQSSRK HLA-A*03 27*
LLLNGTLAK HLA-A*03 29%*
T0OLLLNGS L HLA-B*1402 18
SLAKGEVKTI HLA-A*0201 28*
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ASSSTQLLL HLA-A*1101 20%
NGSLAEGE KUV HLA-A*0201 12
SSRRRDNNQ HLA-B*08 16
SSRRRGNN S HLA-B*08 16
TSQYFNSTA HLA-A*1101 11
VEWQOSSRRR HLA-B*2705 16
FGQASSSTH HLA-A*03 13
CCSHMESSRE HLA-B*2705 15
FWLRALLCY HLA-A*01 18
SSNTSSFLD HLA-A*1101 16
NTSSFLDPS HLA-A*26 13
ISQTMPKTS HLA-A*1101 12
SYNLTSLYA HLA-A*2402 10
LLVPDLTTI HLA-A*0201 28+
OGKVYCIGP HLA-B*08 11
QOAFYATGDI HLA-B*5101 21
OTF T AT GD X HLA-A*0201 14
IIGDIRQAH HLA-A*03 17
IIGDIRQAY HLA-B*1501 (B62) 19
IRSENITNN HLA-B*3901 14
KPVKINCTR HLA-B*2705 18
CTRFENNNTIR HLA-A*1101 18
QAFYATGDI HLA-B*5101 21*
ITGDIROQAS HLA-A*26 12
IRSENITNN HLA-B*2705 19
AKNILVOQEFT HLA-A*0201 12
KPVKINCTR HLA-B*2705 18
CTRPNNNTR HLA-A*1101 19
QOAFYATGDI HLA-B*5101 21*
OTFYATGD I HLA-A*0201 14
IIGDIRQAH HLA-A*03 17
IIGKIROQAY HLA-B*1501 (B62) 18
NIIGDIKORA HLA-A*0201 19
DIIGDIROQA HLA-A*26 21=*
IIGDIKOQAY HLA-B*1501 (B62)19 19
IIGNIREAH HLA-A*03 17
IRSENISDN HLA-B*3901 14
AKTIIVQLK HLA-A*1101 16
EPVNITCTR HLA-A*26 17
CTRPNNNTR HLA-A*1101 19
AQLTKAVNTI HLA-A*0201 15
MICKYHROQC HLA-A*03 11
RIGPGQTTFY HLA-A*03 24*
PGQTFYATR HLA-A*6801 14
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CTGNIROQAY HLA-A*01 22%
IHCFRPRNN HLA-B*1510 15
PRNNTRTSV HLA-B*3901 18
PNNNTRKSI HLA-B*5101 12
PLENITNNV HLA-A*0201 21%
KNIIVQLUVN HLA-A*03 15
ILDLKISQTM HLA-B*2705 15
KNIIVQLUVN HLA-A*03 15
RLYKLIUVPD HLA-A*03 22%
VPDLTTTIOQE HLA-B*0702 12
TMLKPSLYT HLA-A*0201 16
SDLEESOIN HLA-B*2705 14
PKLYSYNWL HLA-B*2705 14
ILLIINCTR HLA-A*03 23*
CTRPNNNTC HLA-A*1101 11
TSILFVDOQD HLA-A*1101 13

VDQDKHSMS HLA-B*08 11
DVIGDIROQA HLA-A*26 27*

IGDIROQAH HLA-A*03 15

ICKYHEKOQC HLA-A*03 12
YHKQCOQNHN HLA-B*1510 12

S L:iYiO-T S50-0:Y HLA-A*03 24*
KKYTVSDOD HLA-A*03 11
RHSMQQUVTY HLA-A*03 18
STTCEAC BN HLA-A*1101 14
YLYQTYQOQY HLA-A*03 23*
LYQDLTTTIOQ HLA-A*2402 11
LYQASQOQVYK HLA-B*2705 13
KKYTVSDOG HLA-A*03 11
YHSIQQVIS HLA-B*3901 15
LTLLRSYSRL HLA-A*0201 24+
PLLWSYOQRL HLA-A*0201 19
S8ISVLASL HLA-A*0201 22%
SVLASLASA HLA-A*03 20*
SSNVAPVPN HLA-A*1101 i9
SQGTFQSMC HLA-B*1501 (B62) 10
QSMCVTYLH HLA-A*1101 12
LPYQEGALL HLA-B*5101 22%
DWTHPSCLTL HLA-A*26 17
THPSCLLOQC HLA-B*3901 17
CDVNKTETWN HLA-B*08 10
IIFSSLLRR HLA-A*1101 20%
NIYSLLREG HLA-A*03 12
RTLOOQVAKDQ HLA-A*6801 16
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LRDKSLRTIK HLA-B*2705 24
NALGEVATQ HLA-A*6801 14
LREHYFKNK HLA-B*2705 22%
OEVATOQLRE HLA-B*4402 11
TIIFNRSSG HLA-A*03 17
GNKTIIFAN HLA-B*08 13
IIFANSTGG HLA-A*03 13
DLEITTHSF HLA-B*1501 (B62) 18
ITTHSFNCM HLA-B*2705 11
DLEITTHSTF HLA-B*1501 (B62) 18
HRVATQLEK HLA-B*2705 25%
HFKNKTTIIF HLA-B*08 27%
IIFNSASGEG HLA-A*03 17
YFKNKTTITIF HLA-B*08 26%
HQVAEOQLS K HLA-A*03 17
NQVAEQLS K HLA-A*03 17
CNVSNSEKWK HLA-B*2705 12
ETLRQVATIQ HLA-A*26 22%
RQVAIOQLRK HLA-B*2705 21*
RQVAIQLRE HLA-B*1501 (B62) 13
DLEVTTHSF HLA-B*1501 (B62) 18
VITHSFNCA HLA-A*1101 11
DIEITTHSF HLA-A*26 21#
ITTHSFNCR HLA-A*6801 18
CIVNGSAWN HLA-A*0201 12
KALQQVAGQ HLA-A*0201 14
QQVAGQLGEK HLA-B*2705 16
I P'VNK:T I:R F HLA-B*08 17
IRFDKPSGG HLA-B*2705 16
CNLNKTTWEH HLA-B*2705 13
ATLPKGS QP HLA-A*03 18
KLYQILRRG HLA-A*03 17
SRNNNTSFS HLA-B*3901 11
WIKMESNEFT HLA-B*08 14
KMESNFTTG HLA-A*01 10
WIKMEJYNTFT HLA-B*08 14
IVISVRQNG HLA-A*03 14
IELYNRSTLH HLA-B*4402 14
SLENSENTS HLA-A*03 16
SKSQHIVLTI HLA-A*0201 16
SQHIVLIVE HLA-B*1501 (B62) 12
OSIRMESHF HLA-A*03 15
0OSIRMESDF HLA-A*0315 15
YLLTPQEWTI HLA-A*0201 23*
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YLLTPQEGYV HLA-A*0201 26%*
YLLTPQEGTI HLA-A*0201 24
RRIFLLCSS HLA-B*2705 19
SSLFNSTWM HLA-A*1101 14
GEFFYCNTS HLA-B*4402 14
TSSLFENSIW HLA-B*4402 12
SGDSTESGD HLA-A*01 11
LIILPCRIK HLA-A*03 22#
QIINMWOQRYV HLA-A*0201 20%
ENITLPCRTI HLA-B*4402 15
KQIINMWOQR HLA-B*2705 16
IRMWQRTGQ HLA-B*2705 13
STQGANSTD HLA-A*1101 14
ITZTLRPECRIK HLA-A*03 21#
OIINMWOQRYV HLA-A*0201 20%*
GEFFYCNHGQ HLA-B*4402 13
GEFFYCNHDQ HLA-B*4402 13
QACLTIALGEL HLA-B*1402 19
LCRRGFSIV HLA-A*0201 14
EWHCSMOQEL HLA-B*1510 13
ITHGRYTLHA HLA-B*3901 14
ESFSIVIHDQ HLA-A*26 22*
IHQACLIAL HLA-B*3901 25%

4.4 Identification of Conserved Epitopes for the Gag Region
Sequences from the gag region were also aligned using CLUSTALW program to

determine their level of conservation. The different subtypes were aligned separately and
a representative data of the aligned sequences indicated by figure 4.11a, b and c. The
analysis showed that these sequences from gag region showed a high degree of
conservation among the different clades (figure 4.11 a, b and c). Conserved epitopes were

selected and highlighted in a red colour.

4.4.1 Conserved Epitopes for Gag Sequences
Conserved epitopes from gag- region were analysed using the SYFPEITHI program.

Epitopes from subtype Al, D and C were analysed. From gag region,

QRLWSDRVL epitope was highly conserved in gag subtype Al and is an HLA-
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B*1402 epitope with a score of 25. The epitopes with the highest scores were selected to
be used in vaccine construction. The SYFPEITHI program predicted that the epitope
KVLGKRLCK (from gag subtype D; table 4.7) is highly promiscuous (restricted to
more than one HLA) and it is recognised highly in the context of HLA HLA-A*03 with a
score of 32. This was followed by KICG VGL TY an HLA-A*03 epitope from gp 41

subtype C (table 4.9).

a) Gag Subtype D alignment

MADHOO7_ ~ —==------ GFSPCQHFGHKTRTKGNPLETMSIG-SIKLSEP-SKLHRRSKTGCQKPCWS 49
MYLDOOS_ ~ ——mmm—- GFSPCQHFGHKTRTKGNPLETMYIG-SIKLSEP-SKLHRRSKTGCQKPCWS 49
TEMHO19F . | mm—mem—e QAFG === HKTGTKG-TLSRLCRS-VLSNSKSRASFTGCKKLDDRNLVGS 44
TRMHOLY. = —  eemmmeme—aed APSILDIRQGPKE-PFRDYVDR-FYKTLRAEQATQGGKKLDDCNLVGP 46
MYSLOZ2| W= = =0 AR ety ALQHFGHKTGAKG-PFRDYVGPGFYKTLRAEQASQDVKNWDDRNLVGS 47
MYDHOO8X ~ —----- GLVR-FSPCQHFGHKTRTKG-TLSRLRRS-VLSNSETEQASQDVKNWMTETLL-V 51
MADHOOl = ————- GLVR-FSPCQHFGHKTRTKG-TLSRLRRS-VLSNSETEQASQDVENWMTETLL-V 51
MADHO12 - = = mesmeaee—ee LALPAFWTYDKAKG-TLSRLCRS-VLYNSKSRASFTSMYKIGCQKPCWS 47
L8 ey - mmm———mm e LALPAFWTSDKAKG-TLSRLCRS-VLSNSKSRASFTSMSKIGCQKPCWS 47
MYDHB25. ~ = ===no SGLVRFTALQHFGHKTRTKG-PFRDYVGS-VLSNSKSCASFTRCKNLDCQKPCWV 53
MYDHOS57:= « . @ —m=—m==ctced LGPPAFWTSNKAKG-PFRRLCRIGSIKLSEP-SKLHRMSKIGCLETLLI 47
MYDH022_ PTCHFQNSCDVSPCSTLDIRQGPRN-PLETMVGP-VLSNSKSRASFTRWKTWMTETLL-G 57
TLHCO014_ ---LLGXSKFXGRPSILGHKTRTKXTLXEDYVRS-ALSNSKSCAMXTXMOXIRMTDTF-- 54
MADHOO07_ KMLNPDCKTILKALGPALHSKKCCQHVRE-WGDPVIKQGFWLRQCAKQQISILLS---CC 105
MYLDOOS_ KMLNPDCKTILKALGPALHYKKCCQHVRE-WGDPVIKQGFWLRQCAKQQISILLS---CC 105
TKMHO19 KMQIQIVKLSSKHWDQGLHSKKCCQHVKE-WEDPVIKQGFWLRQCAKQOMOMLLY---CC 100
TKMHO11 KCEPRLYEYLKSIWGPAATLEEMMTACQG-VGGPSHKARVLACGNEPSIKCKCCY---ND 102
MYSLO32_ RMLNPDCKTILKALGPVQPHSKKCCQHVR-EWGAQPSSKSFGCGNEPSIRCKCCY---ND 103
MYDHOO8X _ QONANPDCKTILKALGPGATLGEMMTACQG-VGGPAYG-KGFGCGN-CAKQQVGLL---SC 105
MADHOO1 ONANPDCKTILKALGPGATLGEMMTACQG-VGGPAYG-KGFGCGN-CAKQQVGLL---SC 105
MADHO12 KMLNPDCKTILKALGPAATLEEMMTACQG-VGGPSHKARVLAEAMSQATQANTAV---MM 103
18 _ KMLNPDCKTILKALGPAATLEEMMTACQG-VGGPSHKARVLAEAMSQATQANTAV---MM 103
MYDHO25 ONANPDCKTILKALGPGATLGRHDDSMSGESGGPSHKSKEFLACGNCSQATNGKCXSCCC 113
MYDHOS57_ ONAEPRLSNYLKSTVFRGYIGGKCCQHVKEWGGPSHKARVFGCGNCAKSIPPA--—~—~~ 100
MYDH022 PKCEPRLSNYLKSIGTRGYIGGTCCQLVSXXXGPSYSSKXXRXEXXXXXXIGXAX~——-~— 112
TLHCO014_ == G DR P R T G = = et i e e o — o e 2 e e e e et o e e 68

b) Gag subtype Al alignment

MADHO11 ====8SSPCOHFGHKA ===~~~ RAKCT-LQKIMSDR-FFKTL--RAKQATQEVKGCIT-ETL 46
MYLDLO3_ -—---SSPCQHFGHKA----- RAKCT-LQKIMSDR-FFKTL--RAKQATQEVKGCIT-ETL 46
TKMHO12 —---FSQTVRFIALLAFWISNKGPKN-HSEIMYDR-FFKAL--RAEQATQEVKHCMT-ETL 52
MYDHO37 = ~ — m=e—meesn LYSPVSILDIKQGPKE-PFRDYVDR-FFKVL--RARASHTGGKRLDDMKHC 47
MADHOO0S5_ --SFSDLVRFIRPVSILDIKQGPKE-PFRDYVGSGSLKLS--ELSKLHRRSKVGWT-ETL 54
MYDHO28 = = =====mm—es DSPVSILDIRQGPKE-PFRDYVRSVLYNSQ--SLSKPHRMSKIGST-ETL 46
MYLDO7_ = memmmmmmme—e—o VSILGHKTRAKR-PFRDYVDTVLSNSQ--SCASYTGGKRLGCQ-KPC 43
MYDHO38 _ ~  — ———mmmmmm——e VSTLDIKQGPKE-PFRDYVDRILSNSQ--SCASYTRGKRMDRL-ETL 43
MADH010_ ~ --=--m-——- PSGAQHFGHKTRAIC-NPSETMSTGSLKLS--EPNKLHKRSKLGST-ETL 46
1.9 " SAEEE L F L St e s e PSGAQHFGHKTRAIC-NPSETMSTGSLKLS--EPNKLHKRSKLGST-ETL 46
TLHCD23 = . =====csew GSLELSEL~~=SKLHR-RYEK~~VYG——==—me—a=aan MTE= i NI 23
MYSLO33 = ————— TSQILALQHIGYKTRAKR-PFRDYVGQ-VLSSS--QSCASHTGCKKLDD-RNI 48
TRMHO1O0x: . ~ m=mmm—me——ee—e SEFGCETRAKR = PEREY VDT ~VF ~m o o s o0 e oo s o o s o s 21

MYDHO63 ~  — ———————— SLYMPSSHFGYKARSKR-PFRDYVDR-FFKTL--RARASYT-GGKRLD--CQ 45
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MYDHOO35. = = ——m—mm——m FLRPASILGYKTGAKR-PFRGLCRIGFFKTL--RSLKQATQGGKKXG--XT 46
MADHO14 = = — —meeeee—o RCIALLASWISNKGQK-NPSEIMSIGSLKLS--ELSKLHRRSK-VGCQKHY 47
MYDHllO: ————————— RCIALLASWISNKGQK-NPSEIMSIGSLKLS--ELSKLHRRSK-VGCQKHY 47
MADHOO4 . _.cf 1 FRECme=s= RFLALLAFWISNKGQK-YPSEIMSIGSLKLS--ELSKLHRKSK-VGCQKHY 47
L2 e e e RFLALLAFWISNKGQK-YPSEIMSIGSLKLS--ELSKLHRKSK-VGCQKHY 47
MYDHO026-1_ ---LFNNSSDVSPCSHFGYKTRAKR-PFRDYVGSGSLKFS--ELSKLHRMSK-IGCQKHY 53
MYDH026-2_ —---LFNNSSDVSPCSHFGYKTRAKR-PFRDYVGSGSLKFS--ELSKLHRMSK-IGCQKHY 53
MYDHO49 = =  —emmmmme—eee AP-SHFGYKTRAKR-TLQSIMSIGSLKFS--EPSKLHRRSK-VGCQKHY 44
MYLDXOOg_ ——————————— FSPASILVSNKGQK-NLSETMSIGSLKLS--ELSKLHRMSK-IGCQKHY 45
TLHC019 ~===RIREASTILDIR=—~—~— QGPK-NPSEIMYDRVLQSP--QSCTSFTGGKRLDCQTHY 47
MYDHO06_ ----FVRTSKMLALLVFWISNKGQK-NPSEIMSDRVLSNS--QSCASYTGGKRLGCQKHY 53
TLHCOA8, . = mememe———=dd IALLAFWISNKGQK-NPSEIIVDRFFKVL--RAEQATQVGKRFGCQTHY 46
MYDHOA6 = /s 2= 4 =5=g=c SYVVYALLAFWISNKGQK-NPSEIMSIWFFKVL--RAEQATQEVKGSDRQKHY 50
MADHOO8_ ~  —---——- PSKIFSPASILGYKNRGQK-TLORLWSDRVLLKSQ-SCASYTGGKGVGXDKXLL 52
MYDHO15 —---LLKPVRFSPCSFLD-SNRGQK-TLQRLWWDRVLSNSQ-SLSKLHREVKGSDDRKHY 53
MADHO003_ ====FLITVRLSPCSHFGYKTRAKR-TLQRLCR--~ 28
TLACOZI™ " L e e 2= SPCYHFGHKTRAKR-TLQRLCRS-VLSSSQ-SCTSYTGCEKLDDMKHYW 46
MYSLO3% == | S=—eemene IFYPCYHFGYKTMAKR-PFICLCIYGSLKLSC-SGSSYTWMVKWVGWTDTL 49
MADHO002 _ —--PPFSCLVRFIALLAFWISNKGQK-TPSEIMVGSDSLKLS-ELEQATQEVK-GWMTETL 55
MYDHO19F _ --PPFSCLVRFIALLAFWISNKGQK-TPSEIMVGSDSLKLS-ELEQATQEVK-GWMTETL 55
MYSLO30__ —---FLRTSKILALLVFWISNKGHC-TLQRLCR-SGSLKLS-ELEQATQEVK-GWMTETL 52
MYDHO022X PLFLKTIVSFYSPPSILGYKHRAHKDPSGLYVAQGSSKALK-TLTYAPTGMSKNLGIPEK 59
MYDHO55_ ——-—--FYDLVRFYALLAFWISNKGQR-TLSEIMSDRVLSGFSGACASSTGMSKKLGCQKPL 55
MYEDDB = = mmm——me————o——me e FQK-NPSETMYDMVLSNS--QSCACYTGRYKVRMTETL 35

¢) Gag subtype C alignment

\

MADHOQQ: = o iieseeasoma GVSPAAFWKYDKGQRNPLET-MSDRFFKTLR-AEQATQE-VKNWMTETLLV 48
MYDHId 4= A = —me—eeemo GVSPAAFWKYDKGQRNPLET-MSDRFFKTLR-AEQATQE-VKNWMTETLLV 48
MYDHOO4 =& = % m—meoe=—es SALAAFWTSDKVQKNPLET-MYDRFFKTLR-AEQATQD-VKNWMTETLLV 47
MYDHO16_ ———-FVNNSSDVSPAAFWTSNKGQKNPLET-MSDRFFKTLR-AEQATQD-VKNWMTDTLLV 54
TEMHOES = = '~ oommmtm—ee——o= QHFGHKTRAKGPFRD-YVDRFFKTLR-AEQATQE-VKNWMTDTLLV 43
MYDBOOS " v [ aer—mee————my ALQYFGHKTRAKDHLRD-YVDRFFKTLR-AEQATQD-VKNWMTDTLLV 45
MYDH0020_ —~GFLMEQSGCLALSAFWDIKQGPKEPFRRLWYDRFFKTLRSWNKLHKM-SKIGWTDTLLV 58
MYDROZA o 5. A e — e e e e e DEIVR» === PVLSNLKSCTSYTSM-YKIWMTDTLLV 30
MADHOLS = = = | mmmm—mems RLYSPAAFWTSDKDQRNLLETMSTGSLK-LYELNKLHKM-SKIGCQTPCWS 49
TLHGLZ20 , . 7 | S=c=roe=s RLYSPAAFWTSDKDQRNLLETMSTGSLK-LSELNKLHKM-SKIGCQTPCWS 49
PLHEOIR e T i, ——e—ar——— FYRPSSILDIKQGPKDPLETMSTGSLK-FYELNKLHKK-SKIGCQTPCWS 48
TEMHO10Q ~  =e==m—mens SIYSPAAFWTSNKGQRTFYGLCRPVLSN-IIELNKLHKR-SKIGCQTPCSV 49
MYDHO040_ —-—---LFKASEVYSPAAFWTSNKGQRSPLETMSTGSLK-PSELNKLHKM-SKIGCQKPCYV 54
MYDROIZ = | m=S—me—memo GPAAFWHKTRSKGTFSRLCRSVLSN-FKQLNKLHKM-SKIGCQTPCSV 46
MYDHO39- . o ~ . o= LAFCVAPQHFGHKTRTKRTLSRLCTTDSLQ-LSELNKLHKM-SKIGCQTPCSV 51
MYDHO18 = ———mmmmeme LALQHFGHKTRAKGPFRDYVCPVLSN-LKSCTSYTRC-QKLDGQTPCWS 47
MYDBOG21 = = == NSKMLALQHFGHKTRAKEPFRDYVGPVLSN-LKSCTSFSRC-KKLDGQTPCWV 51
MYSTAN30. . . socmm—ccesw RPRQHFGHKTRAKEPFRDYVDRVLSN-LKSLNKLLKM-YKIGCQTPCWV 47
L10_ = mmmmemmmemmemeem—eeeo KG-QMTFSRLCRPVLSN-LKSCTGYTRC-KKLDDRHLVG- 36
MYDHOZ3™ <ol T im=aans PSKFVYPRSILDIKQGPKEPFRDYVRPVLYN-FKSGTSYTRC-KKLDDRHLVG- 51
MYDHO62 = o= RGLWTLQHFGHKTRAIGTLSKTSGXGSLKPSRSCTSYTXMXKNWDDXKPWXV 52
MYDHO02__ ~=-==FYSLVRFIALQHFGHRTRTRKGTLSRLCRTGSFRP-————~—===—=———m—————— 34
MYDHO23 = - mm—m—weeaew APQHFGHKSGSKVTLXXLSYDRFFKTLSSCTSYTRX-KKLDDXTPCAV 47
MYDHO36 =  —————————- FSPSSILDIKQGPKDPLEIMWT-GFSN-LKELEQAFQDVKKLGCETPLLG 48
MYDHO027 _ VKQGVLKTGRFYPFIIFDMKQWPNGPFIYYGRPGLSN-FKDLEQSTQDGKNLMNMTPFS- 58
MYDHO47 =  — —-seeameasee GPAAFWTSNXXQXNPLXTMSTGSLKLSE-QNKLHKI-VKNWMTXHLVG 46
MYDHO52_ = = ----- FGAYYFGGPVAFWTSNKVQKNLLETMSDRFFKTLR-AEQATQD-VKNWMTDTLFG 53
MYDHOOS +o" © reemmm e SPCSILDIKQGPKDPLETMYDRFFKTLR-AEQATQD-VKNWMTGYLVG 46
MYDHOO56_ ~ ----- LLGQCDFSPAAFWTSDKAKGPFRD-YVDRFFKTLRAEQATQEV-~-KNWDDRHLVG 52
MYDHOO1 e L TR P IETY o o 55 oo o s it i o e A s e e i 15
MYDHO11 =~ =~ = Semmmmmieememes FUGERPAXXP-——=~—=== HLKLSSGQATQDV--KNWIDRHLV- 32
MYDHO048_ ——---PPFEHSRFSPPAFCQRQG-LGPFRD---—— LGPVLKTQSCTASQDVKNWIQTLLGX 50
MYDHOO3 =~ = = ——=mae—— WILPLOHFGNKTRPNYPLET-MSDRFFKTLRSWNKLHRE-VKIWMTETLVG 49

Figure 4.11: Conserved epitopes for Gag Sequences. Showing representative data for
gag subtypes A1, C and D amino acid sequence alignment using Clustal W. Conserved
epitopes highlighted in red colour
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4.4.2 Conserved Epitopes for Gag Subtype D
Analysis using SYFPEITHI showed that subtype D had a total of 14 epitopes with a score

>20 and the highest (epitope KVLGK RL CK) had a score of 32, followed by
RRPLARNCKwith26, GPLSRK CRL with25, CAKQQV GL L with 25,
QATTGNAAI with 23, QRGNFKGQK with 22 21,and WEDPVIKQE
with 26. (table 4.7). A total of 66 sequences were analysed using the SYFPEITHI

program.

Table 4.7: Conserved immunogenic epitopes for Gag subtype D sequences. The
epitopes with a score of greater than 20 were considered more immunogenic and
indicated by a red asteric.

EPITOPE HLA RESTRICTION SCORE
GFSPCQHFG HLA-B*2705 6
NPLETMSTIG HLA-B*5101 16
LNKIVRMYS HLA-B*08 10
PVSILDIKDG HLA-A*1101 14
SILDIROQGEP HLA-A*0201 14
FGHKTRTKG HLA-B*5101 12
FSPCQHFGH HLA-A*1101 10
OHFGHEKTGA HLA-B*1510 12
FGHKTGA AKG HLA-B*5101 11
LALPAFWTY HLA-A*01 19
PAFWTSNKA HLA-B*5101 15
SKLHRRGSKT HLA-B*08 10
TGCQKPCWS HLA-B*08 10
VLSNSKSRA HLA-A*0201 15
ASQGVEKNWM HLA-B*2705 14
FYKTLRAEGQ HLA-B*08 12
DVKNWDDRN HLA-A*26 18
DVKNWMTET HLA-A*26 18
KMLNPDCEKT HLA-A*0201 18
HSKKCCOQHYV HLA-B*08 10
ONANPDCKH HLA-B*2705 12
ILKALGPOQA HLA-A*03 21*
TLEEMMTAC HLA-A*0201 2
OQNANPDCK KT HLA-A*6802 10
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LKALGPRAA HLA-A*03 19
TLEEMMTAC HLA-A*03 13
MMTACOQG HLA-B*4402 15
KMLNPDCKT HLA-A*0201 18
EPRLSNYLK HLA-B*08 16
KTILKALGTP HLA-A*26 16
WGDPVIKOQG HLA-A*01 11
WEDPVIKDQE HLA-B*4402 20*
KPQMEMLLY HLA-B*4402 13
VGGPSHEKAR HLA-B*2705 12
VLAEAMS QA HLA-A*0201 19
QATGSNGATI HLA-B*5101 23#*
QATTGNAR ATI HLA-B*5101 22%
SQQQGQMVP HLA-B*1501 (B62) 12
0QQGQMVPN HLA-B*1501 (B62) 10
CGNEPSIKC HLA-B*5101 11
PSIKCKCCY HLA-A*01 19
CAKQQ@VETLL HLA-B*08 25%
VGGPSHE KAR HLA-B*2705 12
VLAEAMSOQA HLA-A*0201 19
QATQANTAV HLA-B*5101 20*
REAILER AZKR HLA-B*2705 18
QORGNFRGEPK HLA-B*2705 20
ESLSVSTVA HLA-A*1101 13
RRPLARNCK HLA-B*2705 26*
KVLGKRLCK HLA-A*03 32%
RSIKCFNCG HLA-A*1101 12
KEGHLARNC HLA-B*4402 13
LARNCRAPR HLA-B*5101 12
RIIKCENCG HLA-B*45 15
QRGNFKGOQK HLA-B*2705 22%
QRGNFKGPK HLA-B*2705 21%
QSGNFKAQG HLA-A*1101 11
CRKAFSGAK HLA-B*2705 21%
KSIKCFNCG HLA-A*1101 12
KEGHTAKNC HLA-B*4402 14
TAKNCRAPR HLA-A*6801 20*
EKLSMFTGDOQ HLA-A*26 11
GPLSREKCRL HLA-B*08 25%
RHLARYCRYV HLA-B*3901 17
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4.4.3 Epitopes for Gag Subtype Al
A total of 80 epitopes from the conserved areas on gag subtype Al were analysed using

SYFPEITHI. Gag subtype A1l had a total number of 16 epitope with a score >20 with

the highest score of 25 (Table 4.8).

Table 4.8: Conserved Epitopes for Gag subtype A1l sequences. The epitopes with a
score of greater than 20 were considered more immunogenic and indicated by a red

asteric.

EPITOPE HLA RESTRICTION SCORE
LNKIVRMYS HLA-B*08 10
PVSILDIKOQ HLA-A*1101 14
SSPCQHEGH HLA-A*1101 13
SPVSILDTIK HLA-A*6801 14
VSILGHKTR HLA-A*1101 19
LGHKTRAKR HLA-B*2705 15
RCIALLASW HLA-B*4402 14
SWISNEKGOK HLA-A*03 18
RFLALLATFW HLA-B*4402 12
FWISNEKGOK HLA-A*03 17
SHFGYKTRA HLA-B*1510 14
FEGYKTRAKR HLA-B*2705 17
ALLVFWISN HLA-A*03 17
FWISNKGOQK HLA-A*03 17
HFGYKTRAK HLA-B*08 13
FGYKTRAKR HLA-B*2705 17
PFRDYVRSYV HLA-B*5101 13
VRSVLYNSQ HLA-B*3901 13
MSTGSLEKLS HLA-A*1101 13
NPSETMSTG HLA-B*5101 16
NPSEIMSTIG HLA-B*5101 13
YPSEIMSTIG HLA-B*5101 14
VESGSLKFS HLA-B*5101 11
TLQRLWSDR HLA-A*03 20%
QRLWSDRVL HLA-B*1402 25%
RAEQATOQEV HLA-B*5101 18
TQEVKNWMT HLA-B*08 12
ELSKLHRRS HLA-A*26 11
ELSKLHREKS HLA-A*26 12
ELSKLHRMS HLA-A*26 12
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ELEQATOQEV HLA-A*0201 20*
LVOQNANPDC HLA-A*03 11
LIQNANPDC HLA-A*0201 11
LGPKCKSRL HLA-B*5101 18
TGPECKSRL HLA-B*5101 17
LSVNFKS IR HLA-A*1101 19
CSKMQIQIV HLA-A*0201 13
SPFSEHSDGQ HLA-B*5101 11
SPFSEHSEQ HLA-B*5101 11
WSKMQIQIV HLA-A*0201 13
NPFYEHSDGQ HLA-B*5101 13
IGATLEEMM HLA-B*2705 10
TACQGVGGP HLA-B*5101 13
GHKARVLAE HLA-B*08 21
TACQGVGGEP HLA-B*5101 13
SHKARILAE HLA-B*08 22%
GLHSKRCCOQ HLA-B*08 18
G HEXARV-L-AK HLA-B*08 21*
GHKARVLAE HLA-B*08 21%
HAREWETDPA HLA-B*08 13
AIKOQGCWLR HLA-A*1101 19
AIRQGFWLR HLA-A*03 20#
AIKQGFWLR HLA-A*1101 20%
AMSQVQHPN HLA-A*0201 11
IMMQRGN F K HLA-A*03 17
IMMOQRGN FR HLA-B*2705 14
IMMOQRATLR HLA-A*1101 17
VOQNTNIMMOQ HLA-B*1501 (B62) 12
MQRGNFRGG HLA-B*1501 (B62) 11
IMMQKGN F R HLA-B*2705 15
AISQVQGAS HLA-A*03 14
AMSQVOQOQTN HLA-A*0201 12
QKRIKCFNC HLA-B*08 16
OKKIKC-FNE HLA-B*08 20%*
SEKDSVFOQL HLA-B*4402 24
WQKRTPSOQK HLA-A*03 21
LQAPVGKRL HLA-B*1510 15
VEKELSVST HLA-B*18 15
IKGLKRFNLC HLA-B*08 12
REVILEATKE HLA-B*4402 11
GLSVSTVAK HLA-A*03 25%
TVAKKGTS P HLA-A*03 18
RKAILGGO QK HLA-A*03 23*
KIKCFNCGK HLA-A*03 20*
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EGHLARNCR HLA-A*6801 13
VLGKRAVKC HLA-A*03 19
KIAGPYEKG HLA-A*0201 16
GPYEKGCEN HLA-B*08 20*
QOCARSAYKH HLA-B*2705 13
GRHWEGMMD HLA-B*2705 15

4.4.4 Conserved Epitopes for Gag Subtype C
Subtype C had a total of 11epitopes with a score >20 and the highest had a score of 32 as

shown in table 4.9 below.

Table 4.9: Conserved Immunogenic Epitopes for Gag subtype C. The epitopes with a
score of greater than 20 were considered more immunogenic and indicated by a red

asteric.

EPITOPE HLA RESTRICTION SCORE
PAAFWKYDK HLA-A*6801 15
KGQRNPLET HLA-A*03 10
PVSILDIKQ HLA-A*1101 14
QGPKEPTFRD HLA-B*5101 10
RLYSPAATFW HLA-A*03 24+
TSDKDQRNL HLA-B*1510 14
SRLECRSYVY LS HLA-B*1402 20*
LETMSTGSL HLA-B*4402 21=*
OHFGHKTRA HLA-B*1510 14
KGPFRDYUVC HLA-B*5101 10
DYVCPVLSN HLA-A*26 18
LKSCTSYTR HLA-B*2705 13
LETMSDREF HLA-B*4402 21+
SDRFFKTLR HLA-A*1101 14
MSDRFFKTL HLA-B*4402 16
YVDRFFKTL HLA-A*26 19
VDRFFKTLR HLA-B*2705 13
VKNWMTET L HLA-A*0201 16
IGCQTPCWS HLA-B*5101 10
IGCQTPCSV HLA-B*5101 18
KKLDDRHLYV HLA-A*0201 15
KLDDRHLUV G HLA-A*03 23#
LEEMMTACQ HLA-B*4402 11
LEEMMTSCQ HLA-B*4402 11
TIRRNDDSM HLA-A*03 16
SGSGRPGHEK HLA-A*03 17
PGHKARVL HLA-B*08 26*
FKSIRTRG HLA-B*08 11
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GVGRPGHKA HLA-A*03 16
GVGGPGHKA HLA-A*0201 15
RVLAEAMSQ HLA-A*03 24+*
AEAMSQMNN HLA-B*4402 13
AEAMSOQLNN HLA-B*4402 14
LAEAMSOQAN HLA-B*5101 14
PRRIVEKCTEFN HLA-B*2705 12
CEKEGTS P K HLA-A*03 17
GTSPKIAGS HLA-A*6801 16
PRRNIKCTPFN HLA-B*2705 12
LOGPRKKGG HLA-B*1501 (B62) 11
GPRKKGGGN HLA-B*08 23%
AEALSQUVNN HLA-B*4402 15
AEAMSQUVNN HLA-B*4402 14
GHKARVLAE HLA-B*08 21%
SHKARVLAE HLA-B*08 22%
CQHVREWED HLA-B*1501 (B62) 10
HFKSIRTRDG HLA-B*08 11
VARKAPSSK HLA-A*03 19
KVLGKRLCK HLA-A*03 32

The regions of an individual epitope that were most immunogenic are bolded and the
silent regions that do not elicite a strong immune response are not bolded. The regions
underlined were not very immunogenic. Some epitopes in this study were less
immunogenic hence gave a lower score when presented with particular HLA type but
more immunogenic when presented with a different HLA type for example
IMMQRGNFK an Al epitope from gag region gives a score of 17 when presented
with HLA-A*03 while when presented with HLA-B*2705 gives a score of 14. If the
most immunogenic region of an epitope (bold) is altered or replaced with a different

epitope, the immunogenicity of the entire epitope is interfered or reduced for example

IMMOQRG N F K epitope (table 4.8).
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4.5 Location of the Conserved Epitopes in the HIV Genome
In order to successfully analyze the generated epitopes in this study, the exact location of

these epitopes was determined. A total of 167 conserved immunogenic epitopes that had
a score greater or equal to 20 were all selected and their location in the HIV-1 full
genome determined. This was done so that these epitopes can be compared with other

epitopes that have already been identified previously.

Determination of their exact location and comparison with the others already identified
also helps in the establishment if the epitopes have not been identified before. The
locations for the different epitopes from the three different regions that is Gag, env gp120
and gp 41 were done separately (table 4.10-12). Using the BLAST tool, location of the
immunogenic epitopes was established. Tables 4.11- 4.13 indicate the locations of the
epitopes in the HIV genome. These are epitopes from gp 120, gp 41 and gag regions

generated in this study.
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Table 4.10: Location in the HIV genome of the 41conserved immunogenic epitopes
identified from gag in this study.

Epitope Location in the HIV Genome

L 1244-1260

1230-1254

1253-1274

1879-1905

1106-1131

1861-1883

1879-1905

1064-1089

1064-1089

2195-2219

2195-2219

2706-2772

2700-2724

1349-1374

1310-1334

1250-12 74

1247-1273

1061-1086

1099-1125

1099-1125

1247-1273

1310-1334

1369-1385

1345-1361

1126-1151

1246-1271

1205-1230

1634-1660

1680-1704

1630-1654
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1685-1709

LETMSTGSIL 1705-1730

LETMSDRTPETF 1700-1724

KLDDRHLVGEG 1156-1181

RPGHKARVL 1053-1078

RVLAEAMSZQ 1416-1442

GPRKKGGGN 1081-1103

GHKARVLAE 1204-1230

SHKARVLAE 1106-1131

SHKARVLAE 1286-1311

RIKCFNCGEK 1150-1176




Table 4.11: Location in the HIV genome of 86 conserved immunogenic epitopes
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from clades A1, D and C identified from gp 120 region.

Epitope Location in the HIV Genome
ESVTINCTR 6572-6597
LLNGSLAEE 6198-6224
EITIRTENI 6407-6433
DIVIRNCNL 6575-6597
ESVTINCTR 6572-6597
TYYLGSENL 6500-6524
TRASTLYNK 6540-6574
VHIGPGQAL 6737-6761
GANEIIITL 6205-6227
FIAHGQMAL 6594-6620
CRIKQIINM 6844-6870
FIAHGQMAL 6594-6620
LLNGSLSEE 6500-6524
GIIIRSENL 6454-6479
SLNGTPSRK 6400-6424
STQLLLMVYV 6176-6198
HLKDPVEIV 6353-6379
HLQNPVEIV 6500-6524
AEEDIVIRI 6211-6234
QTMPKYSSY 6200-6224
SICMYCSTV 6200-6230
YSYYSICMY 6302-6319
VSYYSTCMY 6340-6372
TRDIIGDIR 6300-6324
KLFNRTYLF 6845-6864
APSSGGASK 6737-6761
KPSSGGASK 6700-6724
CRIKQIINM 6844-6870
IRPVVSTQL 6685-6706
LLNGSLAEG 6996-7019
SLAEGGKVM 6210-6236
LLLNGSLAK 5533-5560
AVKWQSSRK 5523-5547
LLLNGTLAK 6549-6575
SLAKGEVKI 5520-5540
ASSSTQLLL 5533-5547
LLVPDLTTI 6700-6750
QAFYATGDI 6760-6786
DIIGDIRQA 6720-6754
RIGPGQTFY 6356-6382
CTGNIRQAY 7186-7207
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DLENITNNV 7100-7124
RLYKLIVPD 5934-5955
ILLIINCTR 6718-6732
DVIGDIRQA 6366-6399
SLYQTSQQY 6400-6432
YLYQTYQQY 6314-6399
LLLRSYSRL 6400-6450
SSISVLASL 6500-6524
SVLASLASA 6500-6530
LPYQEGALL 6600-6630
IIFSSLLRR 6700-6750
LRDKSLRIK 7295-7315
LREHYFKNK 7289-7315
HRVATQLEK 6500-6528
HFKNKTIIF 6688-6714
YFKNKTIIF 7215-7239
ETLRQVAIQ 6380-6405
RQVAIQLRK 6429-6455
DIEITTHSF 6621-6646
YLLTPQEWI 7234-7250
YLLTPQEGV 6431-6449
YLLTPQEGI 6431-6449
LIILPCRIK 6920-6943
QIINMWQRYV 6670-6696
[ITLPCRIK 7218-7254
QIINMWQRYV 6670-6696
ESFSIVIHQ 6806-6832
I[HQACLIAL 6538-6563
IRPVASTQL 6685-6708
LLNGSLAEE 6254-6280
LLNGSLAEG 6216-6242
EIIGDIRQA 6645-6671
EVVKQLGKH 6486-6502
NLTLPCRIK 7122-7150
CRIKQIINM 6844-6870
DRVARKLSV 6850-6870
SSHLANSTK 6839-6864
ALSQWNRLY 6749-6767
YPMQISNVI 6780-6802




Table 4.12: Location in the HIV genome of 37 cross-clade conserved immunogenic
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epitopes identified from gp 41 region.

Epitope Location in the HIV Genome
GIKQLQARYV 7357-7382
GIWGCSGKL 7320-7354
LTIYAQHHL 6900-6924
AMMPMLWEM 6832-6854
IPKWSTAPM 7320-7324
EFRGTLGKL 7594-7620
GIWGCSGRL 7800-7824
GVINLKRRY 7392-7418
KRNLAITQI 6589-6605
KEIDNYTQL 7576-7600
KEISNYTEI 7269-7295
REINNYTNL 7287-7309
KLAITQTYY 7354-7370
LLALDSGQV 7410-7443
LLALASGQI 7354-7378
DTYRINSSS 6629-6655
DIKIFIMIV 7705-7730
GIWGCSGKL 7205-7228
KLICTTSVP 7204-7228
RYLKDQQLL 7152-7178
GIWGCSGKL 7400-7424
KLICTTSVP 7300-7324
EGYRGATAI 7323-7345
ERYLKDQQL 7390-7415
LTVYGIKQL 6621-6694
EGYRGATAY 7299-7318
EIWETLTWM 7488-7514
DLLALDSWK 7534-7559
KICGVGLTY 7500-7524
ALENIFAPL 7270-7293
LTVWGIKQL 6890-6908
ALENIFAPL 7270-7296
DTSRINSSS 6629-6655
ETHGLGHKAQ 6600-6624
KEIGNYSDI 4976-5000
KEIGNYTDI 7326-7352
EIWENMTWL 7271-7297

KENYATTA UNIVERSITY LIBRARY'
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4.6 Design of Cross-Clade Multiepitope Candidate Vaccine
In this study, epitopes with highly significant scores (above 25) using SYFPEITHI were

selected and used to develop a candidate DNA vaccine that is 300 amino acid long. These
are epitopes that have been identified are conserved in subtype Al, D and C subtypes of
HIV. The epitopes were put together in order to construct a candidate vaccine is cross-
reactive to protect against the major clades circulating in Kenya. Epitopes that were
selected for vaccine design are from gag, gp20 and gp41 regions, with scores of 25 and
above. The designed region specific super-epitope are shown in figure 4.12.a below. The
gaps in between indicate the links between the different epitopes.

Gag:
QRLWSDRVL-GLSVSTVAK-CAKQQVGLL-RRPLARNCK-
KVLGKRLCK-GPLSRKCRL-RPGHKARVL-KVLGKRLCK
Gp120:

CRIKQIINM-SLNGTPSRK-CRIKQIINM-EVVKQLGKH-
YLLTPQEGV-YFKNKTIIFFHFKNKTIIF-DVIGDIRQA-
LLVPDLTTISLAKGEVKI-LLLNGTLAK-LLLNGSLAK-
CRIKQIINM-

Gp41: _
GVINLKRRY-KRNLAITQI-KEIDNYTQL-REINNYTNL-
RYLKDQQLL-ERYLKDQQL-LTVYGIKQL-EIETLTWM W-
DLLALDSWK-KICGVGLTY-LTVWGIKQL-EIWENMTW L-

Figure 4.12 a: Region specific combined epitopes. Showing conserved epitopes from
subtype A1, C and D from the three regions of HIV-1 namely gag, gp120 and gp 41.

All these region specific combined epitopes were then linked together to give a super-
epitope of about 300 amino acids long. The resulting super-epitope is shown in figure

4.12.b below:
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Figure 4.12.b: 300 amino acid super epitope construct.
The epitopes from gag, gp41 and gp120 that had a score >25 from subtypes Al, C and D
were pooled together.

4.7 Epitopes Identified Previously By Other Investigators

Cytotoxic T lymphocytes (CTL) restricted epitopes from gag p24 region, gp/20 and gp
41 regions identified by other investigators (tables 4.13, 4.14 and 4.15) were selected and
used to compare with the epitopes that was generated in this study. The epitopes
identified in this study were from a similar location in the HIV genome with the epitopes
that were have been previously identified by other investigators. A total of 43, 13 and 12
epitopes from gag, gp41 and gp120 respectively from other investigators were used for

comparison in this study.
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Table 4.13: Gag region-p24 epitopes identified by other investigators and their
location in the HIV genome. (Sridharan et al., 2005; Janssens et al.; 1997)

Epitope Location in the HIV Genome
QAISPITLNAW 1462-1487
ETINEEAAEW 942-971
RPNNNTRKSI 6577-6606
GEIYKRWII 992-1017
DCKTILKAL 1199-1225
DLNTMLNTV 761-787
DRFYKTLRA 1227-1253
KRWIILGLNK 840-869
GHQAAMQML 1321-1343
TSTLQEQIGW 1510-1539
PMFSALSEGATPQDLNTM 1159-1190
GATPQDLNTMLNTVGGH 1329-1379
WMTNNPPIPVGEIYKRWI 739-792
PVGEIYKRWIILGLNKIV 1102-1155
GPKEPFRDYVDRFYKTLR 1135-1187
YVDRFYKTLRAEQASQEV 1153-1205
LRAEQASQEVKNWMTETL 1127-1176
TPQDLNTML 1320-1346
VIPMFSAL 839-861
ACQGVGGPGHK 1265-1297
RDYVDRFFKTL 1689-1721
EVIPMFSAL 714-740
SPRTLNAWV 1464-1490
EIYKRWII 765-787
GLNKIVRMY 1129-1155
RRWIQLGGLQK 1863-1888
KRWIILGLNK 1576-1701
NPVPVGNIY 1818-1844
PPIPVGDIY 1092-1118
SEGATPQDL 1326-1349
EAQASQDVKNW 1151-1181
RMYSPTSI 1606-1628
QASQEVKNW 1139-1165
ISPRTLNAW 1462-1487
KAFSPEVIPMF 1472-1503
KAFSPEVI 1275-1298
TSTLQEQIGW . 1510-1539
TSTVEEQIQW 952-981
TPQDLNTML 13230-1326
VIPMFSAL 1352-1366
TPQDLNTML 1320-1346
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DLNTMLNTV

| 1528-1553

Table 4.14 Envelope gp 41 epitopes identified by other investigators and their
location in the HIV genome. (Manfred et al., 1997; Hilleman et al.; 2001)

Epitope Location in the HIV Genome
SLLNATDIAV 6575-6595
RLRDLLLIVTR 5494-5525
YLKDQQLL 7384-7407
RGPGRAFVTI 7161-7178
[PRRCRQGL 6666-6684
IVTRIVELL 7766-7788
ERYLKDQQL 7178-7208
RYLKDQQLL 7152-7178
GRRGWEALKY 7988-8011
HIPRRIRQGLERALL 8366-8410
TAVPWNASW 7512-7538
QELKNSAVSL 8044-8070
RAIEAQQHL 7898-7924

Table 4.15: Envelope gp 120 epitopes identified by other investigators and their

location in the HIV genome

Epitope Location in the HIV Genome
TVYYGVPVWK 5898-5927
LFCASDAKAY 5731-5769
RIKQIINMW 6686-6912
RPNNNTRKSI 6577-6606
VPVWKIATTTL 6263-6285
VPVWKEATTT 6335-6363
SFNCGGEFF 6775-6805
TVYYGVPVWKEATTTLF 6037-6086
YRLISCNTSVITQACPKV 6245-6297
RVKEKYQHL 387-403
DPNPQEVL 6457-6477
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CHAPTER FIVE: DISCUSSION

5.1 The Study Overview
In this study, a total of 139 sequences of the HIV-1 subtypes circulating in northern

Kenya were generated mainly from the env gp41, env gp120 (C2V3) and the P24 gag
regions of the HIV genome. These are the main regions that are targeted in design of HIV
DNA vaccines. Eventually, it is hoped that a multi-epitope vaccine can be generated that
incorporates all the different subtypes of HIV-1 circulating in northern Kenya. Subtype
specific epitopes were identified that is for HIV-1 subtype A, C and D which are the
common subtypes of HIV-1 circulating in Kenya. In line with this, different subtypes of
HIV-1 were used to generate epitopes and then aligned together so as to come with a
‘consensus’ epitope (s) by use of bioinformatics tools in attempting to design a multi
epitope cross-clade HIV-1 vaccine to reflect viral diversity. These ‘cross-clade epitopes’
may be the critical elements required for developing an effective HIV-1 vaccine
enhancing existing vaccines given the extent of HIV-1 variability and the global context

of HIV.

One of the greatest barriers to developing an effective HIV -1 vaccine is the diversity of
viral strains and clades. The genetic variation of microorganisms ana their evolution in
time has important implications for control of infectious diseases. Genetic variation may
be reflected in the differences in biological characteristics that may determine
transmissibility, pathogenesis and immunogenicity (Zolla-Pazner et al., 1998). Genetic
variability of microorganisms needs to be taken into account when developing or
adapting diagnostic tests and vaccines and when making projections of the burden of

morbidity and mortality.
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Identification of strains or subtypes has also proved to be an invaluable tool in studying
the spread of infectious pathogens ((McMichael et al., 1990). There is insufficient data
regarding the HIV-1 subtype distribution on the Kenyan borders. Understanding these
dynamics would be useful in diagnosis, treatment, and prevention and in the continued
search and evaluation of candidate vaccines. In Africa HIV-1 diversity is the highest in
the world. All the subtypes have been found although A1l and C subtypes are the most
prevalent (Janssens et al., 1999), the greatest being in west and Central Africa
(McCutchan et al., 1999; McCutchan, 2000). The number of unique HIV —1 sequences in
public databases has been steadily increasing (Altschul ef al., 1997; De Groot et al.,

2001)

5.2 HIV-1 subtype diversity in Northern Kenya

The three border districts (Turkana, Moyale and Mandera districts) were used to
determine the subtypes of HIV circulating in Northern Kenya. The region borders several
countries: Ethiopia, Somalia and Sudan. Partial sequencing of gp 4/ sequences and
phylogenetic analysis showed that 44% of the sequences generated from the three
districts were subtype A1, 45% were subtype C and 10% were subtype D. From Moyale
36% of the samples were subtype Al, 55% were subtype C and 9% were subtype D.
Subtype C is the predominant subtype in the Moyale region because of the cross border
movement from Ethiopia.In Ethiopia, the dominant HIV subtype in circulation is HIV-1

subtype C, based on partial genome sequencing (Abebe ef al., 2001).



108

From Mandera 67% were subtype A1, 33% were subtype C. There was no subtype D in
this region. In Turkana the most dominant subtype was Al (58%), subtype C was 25%
and subtype D was 17%. Turkana borders Uganda and Sudan but little is known about the
HIV epidemic in Sudan. However, few studies show that Sudan seems to be dominated
by East African subtypes A, C and D (Matthew et al., 2002). Phylogenetic analysis from
30 samples collected in 1998 and 1999 in Sudan showed that the dominant subtype of
HIV-1 in circulation was D (50 %) C (30 %) and the rest HIV-1 subtype B and A
(McCarthy et al., 1995). In Uganda, the predominant subtypes are A and D (Hu ef al.,
2000). This means that the distribution patterns of HIV-1 subtypes that are currently
circulating in the world are probably the result of virus exchanges between populations
(viral recombination), rather than mutations or diversification within different human

populations (Myers, 1994).

The results from this study showed that in Northern Kenya (Mandera and Turkana
districts) subtype Al is the dominant subtype except in Moyale where subtype C is the
most predominant. Previous studies carried out in Northern Kenya by Khamadi et al.
(2005) also indicated that subtype A1 was the most dominant except in Moyale, which
was dominated, by subtype C (48%). Presence of recombinant subtypes such as A1C,
A1CD and A1D, and that the predominant subtypes circulating in Northern Kenya may

have been influenced by cross border movements (Khamadi et al., 2005).

The results also indicate that there is a higher proportion of HIV-1 subtype C circulating

in northern Kenya, as compared to the rest of the country. Though data on HIV-1 subtype
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distribution in northern Kenya is scanty due to limited research carried out there. In other
parts of Kenya, circulating subtypes include Al, C and D with Al being the most
predominant (Dowling et al 2002). A full-length subtype G has also been reported
previously from Kenya (Carr et al., 1998), with recombinants between Al, A2, and D;
A2 and D; Al and D; Al and G; Al and C; Al, C, and D; and C and D (Dowling et al.,
2002). This suggests that recombination plays an important role in the genetic
diversification of HIV-1. On this basis the diversity in other parts of Kenya is probably
due to a consequence of superinfection and / or intersubtype recombination.

5.3 Identification of Conserved Epitopes

Los Alamos national laboratory has shown that the number of unique HIV —1 sequences
in public databases has been steadily increasing, with no end in sight. This is because of
the high diversity of HIV due to evolution of the virus, due to mass movements of people
from different areas and also due to recombination (Gaschen et al., 2002; Khamadi et al.,
2005). Although HIV-1 diversity is a problem, studies have shown that many conserved
regions are still present in the different clades and therefore this gives hope in

construction of vaccines.

In this study, generated amino acid sequences from the three regions (gp 41, gp 120, and
gag) were successfully aligned using CLUSTAW program version 1.81 (Thomson et al.,
1994) to identify the conserved amino acid epitopes. The sequences from the three
regions (gp 120, gp 41 and gag) were aligned differently according to the different
subtypes present, that is, subtype Al, C and D. None of the vaccines currently under

evaluation contains the whole of the HIV genome. Therefore use of consensus or
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conserved sequences for the design a vaccine could provide a partial solution to the
problem of HIV-1 sequence diversity since conserved epitopes increase the breadth of
induced immune response. Studies have been carried out to establish this hence it is

viable and can be utilized in cross-clade vaccine design (Gaschen et al., 2002).

The amino acid sequence alignment for gp 41 sequences showed that there was
conservation of amino acid sequences among the different clades but some could not
align due to variability in the amino acids. The env gp 120 region was also conserved in
almost all subtypes but some sequences could also not align due to variability in the
amino acid sequences. This is because of the high amino acids variability in the envelope
region. The conserved epitopes were selected from the conserved areas of the amino acid
sequences. For vaccine development this amino acid variability in the envelope region

may be disadvantageous.

The changes in the amino acid sequence that are associated with HIV-1 diversity may
interfere with ligand processing and binding in the MHC binding groove and may
diminish cross-clade protection against HIV —1 challenge by T cell clones (Paradela et
al., 2000). This is because sequence modifications may affect the intracellular processing
of the epitopes prior to MHC binding, by affecting processing by proteasome or transport
of the protein through TAP into the endoplasmic reticulum (Altivia and Margalit, 2000;
Paradela et al., 2000). Alternatively, variant peptides that still bind to the MHC may fail
to engage the TCR, acting as ‘antagonistic’ to T cell response (Klenerman, 1994).

Changes in the sequence of HIV-1 peptides that conforms to the binding specificities of a
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particular MHC can compromise binding of the modified peptide to that MHC (Zevering

and Khamboonruany, 1994).

Modifications of MHC ligands at the amino acid level have also been associated with
failure to bind or to be recognized by the T cell resulting in viral escape from the immune
response (McMichael and Philips, 1997; Goulder et al., 1997; Evans et al., 1999).
Conserved proteins from different subtypes share high amino acid homologies and hence
more closely related than variable protein from the same subtype and this might be
exploited by using a single vaccine strain for conserved proteins and multiple clade-
specific strains for variable vaccines specifically designed to target these conserved

epitopes (Gaschen et al., 2002).

This study also established that the gag region was extensively conserved among the
different clades since most of the sequences were able to align as compared to gp 120 and
gp 41 sequences. This could suggest that this region of the HIV genome may be ideal for
design of a HIV vaccine due to the high level of conservation noted despite the different
clades. In order to overcome or contend with variability in HIV it would be advisable to
use the gag region. The vaccine developed from the conserved epitopes from this study
would protect not only against the clades in Northern Kenya but also in other parts of
Kenya. Therefore identification of conserved, immunologically relevant cross-clade
epitopes may be the critical element required for developing an effective HIV-1 vaccine

and enhancing existing vaccines (Gaschen ef al., 2002).
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5.4 Identification of Immunogenic Epitopes Using SYFPEITHI
Most vaccines today are created to generate either killer T-cell (CTL) or antibody

responses. Although most vaccines have not been able to elicit a strong antibody
neutralizing reaction that is cross reactive among all the HIV-1 clades, focus has been
shifted to the induction of CTL responses (McMichael and Rowland-Jones, 2001). The
ability of a vaccine to induce responses directed at a particular group of epitopes is of
interest because it should be easier to access the possible efficacy of any resultant
immune responses. Therefore the knowledge of epitopes is therefore critical in the
precise evaluation of the strength and quality of CTL responses that could be induced by

vaccine candidates.

In this study, the epitopes that were conserved were selected for further evaluation using
epitope prediction offered by SYFPEITHI database of MHC ligands and peptides
(Rammensee ef al., 1999), epitopes with the highest probability of association with HLA
alleles were selected. A total of 41 conserved immunogenic epitopes (9 amino acids in
length) from gag region were identified, 80 epitopes from gp 120 and 37 epitopes from

gp 41) and their HLA restriction indicated.

Selection of peptides that were highly likely to bind to MHC enabled the identification of
immunogenic cytotoxic T-cells (CTLs) epitopes, which are critical components of HIV
vaccines. SYFPEITHI indicates silent regions of epitopes that elicit poor or no immune
response. The epitopes that were not immunogenic were given a score of up to negative

one (-ve 1) and the best epitope obtained had a score of 32. In this study, epitopes that
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had a score of less than 10 were considered poorly immunogenic while the epitopes with

a score of greater or equal to 20 were considered immunogenic.

From this study, it would be helpful to identify immunologically silent regions of a
vaccine so that these can be omitted from future constructs. For example in this study,
altering the most immunogenic (Bolded) areas alters the immunogenicity of an epitope,
for example gp 41 A1 subtype epitope, QA FY A T G D I with a score of 21 was altered
QAFYATGDI) and the score reduced to 14. Another epitope
GV GRP G H K A had ascore of 16 but when some of the immunologically silent
regions (underlined) of the epitope was altered (GV G G P G H K A) immunogenicity

was not so much altered (score of 15).

Most of the identified conserved immunogenic epitopes from this study were HLA-A*26,
HLA-B*4402, HLA-A*0201, HLA-A*03, HLA-B*1402, HLA-B*5101, HLA-A*2402,
HLA-B*0702, HLA-A*1101, HLA-B*2705, HLA-B*3901, HLA-B*08, HLA-A*01,
HLA-A*2402. The most common HLA was HLA-A*03, HLA-A*26, HLA-B*08 and

HLA-A*0201. .

Characterization of HIV-1 specific responses has shown that populations differ in their
HLA allele frequencies hence the HIV-1 specific responses detected differ significantly.
Mapping of minimal epitopes would allow the design of gene-based vaccines based on

locally prevalent HLA types that could cover specific regions for practical reasons
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(Goulder et al., 2001. Therefore potential vaccines need to be tailored not only based on

local viral sequence diversity, but also on the local HLA allele distribution.

The current understanding of HLA supertype is incomplete (Brander, 2004). The HLA
molecule may have a more pronounced influence on disease progression than the epitope
(Brander, 2004). For example HLA —B57 and B27 have been associated with slower HIV
disease progression (Carrington et al., 1999). However the role of the presented epitope
and the restricting HLA allele in the disease progression is still unclear (Brander, 2004).
Recent data also indicates that HLA-B156 and HLA —B 1517 which fall into the same B
58 HLA supertype as HLA-B 57 may also be associated with slow HIV disease
progression (Brander, 2004). Individuals expressing HLA-B 1516 and B 57 may provide
beneficial effect. Other alleles such as A3 are also associated with disease progression
(Frahm et al., 2002). The identification of these HLA supertypes facilitates the epitope-
based vaccine development in that the selection of promiscuous peptide binders to those
alleles included within a given supertype limits the number of peptides to be considered

without decreasing the spectrum of the immune response.

5.4 Comparison of the Generated Epitopes with the Ones Identified By Other
Investigators.

The amino acid epitopes generated from the three regions were back-translated to
nucleotide sequences using back-translation software called Entelechon gene synthesis
software available on the web under the URL
http://www.entelechon.com/index.php?id=toolsand  backtranslationandlang=eng and

aligned using the BLAST tool to establish where they lie in the HIV genome.
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Comparison of the epitopes generated in this study with the ones identified by other
investigators shows that the epitopes come from almost similar locations. The epitopes
from gp 120 (p24 region) were generated from location between 5934 and 7315 base
pairs of the HIV-1 genome. From the gag region the epitopes were generated from the
regions 1053 and 1103 base pairs of the HIV-1 genome. The epitopes from the gp 41/

region were identified from regions 4776 and 7824 base pairs of the HIV-1 genome.

Epitopes that have been previously described by other investigators were selected and
their location on the HIV-1 genome determined (Table 4.13-4.15). Most of these epitopes
identified by other investigators have been defined as the best CTL epitopes. These
epitopes were obtained from gp/20 between 5731 and 6805 base pairs of the HIV
genome. Epitopes from gag region lie between 714 and 6606 base pairs of the HIV
genome. While those from gp4/ lie between 5494 and 8410 base pairs of the HIV

genome.

In the amino acid alignment in this study there were gaps (no alignment of the sequences)
where no epitopes were identified. These are regions probably with variant amino acids
and hence with very little or no conserved amino acid sequences. For example, the gag
region had gaps between 1103 and 1126, 1274 and 1310, 1181 and 1204, 1385 and 1416,
and between 1442 and 1630 base pairs. Gp 120 had gaps between 5934 and 5955, 6198
and 6236, 6176 and 6597, 6538 and 6563, 6600 and 6669, 6749 and 6864, 7122 and 7315

base pairs. There were also gaps in gp 4/ region in the following regions, between 5000
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and 6589, 6854 and 6890, 6908 and 7270, 7318 and 7390, 7424 and 7576, 7620 and 7800

base pairs.

Although the epitopes generated in this study were obtained from almost similar location
(gp 120, gag and gp 41) with the ones generated by other investigators, the epitopes are
not identical or similar. This shows that the HIV virus is highly variable and therefore
epitopes generated are different from the ones identified by other investigators. Secondly,
and more importantly, some of the epitopes generated in this study were from slightly
different locations in the HIV-1 genome, different from those identified by other
investigators. Where there were gaps, then most likely these regions have not been

studied or they were not immunogenic as shown by the SYFPEITHI program.

5.5 Designing a Super Epitope (Cross- Clade Multi Epitope Candidate Vaccine)
Most of the vaccines that have been previously developed have not been able to achieve

the desired efficacy because they were not immunogenic enough. Others have not been
cross-reactive to protect from other clades because of variability of the virus due to
recombination. Most of the vaccines that have undergone clinical trials were mainly from
subtype B clade that is not prevalent in Africa. Most of the vaccines are not home grown
hence could not protect against the circulating subtypes. Therefore, because of the
failures of previous vaccines in the world, use of the conserved cross-clade epitopes is
hoped to be able to achieve a higher immune protection. A vaccine can be 1000 amino
acid long. Because gag region has an extremely high level of conservation it would be

vital to construct a vaccine including this region. To overcome or contend with the
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diversity of HIV, it would be advisable to include epitopes from the different regions of

the HIV genome to enhance cross-clade immunity.

Epitope-driven vaccine concept is an attractive approach that is being successfully
pursued in a number of laboratories (Nardin et al., 2001). These discoveries suggest that
epitope—based vaccines containing a mixture of HIV-1 epitopes that are highly conserved
across .clades and strains of HIV-1 are feasible. This study proposes to develop a small
DNA vaccine that is 300 amino acid long that contains epitopes from the three conserved
regions of HIV-1 (gag, env gpl20 and env gp 41) that is supposed to stimulate CTL
responses. CTL responses have been previously been shown to protect against HIV-1

clades.

Immunogenicity of DNA vaccines in Humans has so far not matched the expectation
raised by the pre qlinical experiments. To augment the immune response elicited by the
multi-epitope vaccine developed in this study, immunologic adjuvants could be used that
can increase the type, strength and durability of immune responses evoked. For example
use of Alum increases the strength of antibody response generated by a vaccine antigen.
The immunogenicity can also be improved by use of cytidine-phosphate guanosine
(CpG) — motifs which are recognised by pattern recognition receptors in macrophages
and dendritic cells, and also use of other adjuvants like I1L-2 gene that have been shown
to effectively boost the immune response. The proposed 300 amino acid DNA will also
contain a strong promoter and inserted into a virus vector (CMV, Adenovirus or smallpox

virus). Therefore it is hoped that this vaccine construct if successful will not only protect
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against circulating subtypes in Northern Kenya but also other subtypes circulating in the

other parts of Kenya.
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CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions
The HIV-1 subtype Al is the most predominant in turkana and Mandera while subtype C

is dominant in Moyale. Northern Kenya borders a number of countries, hence from this
study, it can be speculated that the distribution of HIV-1 subtypes in this region may have
been influenced by cross-border movement. The results also indicate the importance of
carrying out surveillance studies of HIV-1 in all regions of Kenya so as to get a clear
picture of subtypes in circulation. Strain surveillance is therefore an important aspect in

diagnosis and vaccine development.

A total of 99 conserved epitopes from gag region (includes 38, 39, and 22 for subtypes
Al, C and Drespectively) were identified, of which 32 had a score > 20 and hence
considered to be immunogenic. For gp 120 region a total of 286 conserved epitopes were
identified, 74 of which were considered immunogenic. While for gp 41 a total of 194
conserved (including 66, 80 and 48 for subtype D, Al and C respectively ) were
identified, 41 of which were considered to be immunogenic. These Conserved epitopes
identified in this study may add to the efforts in the development of a multi- epitope HIV-
1 vaccine. The study confirmed that gag region is relatively conserved in the different

clades as compared to gp41 or gp120.

Conserved epitope from the three regions (gag, gp120 and gp41) identified were mostly
restricted to HLA —A*03, HLA -A*026, HLA —A*08 and HLA —A*0201. Therefore
epitopes to be used for vaccine design should be restricted to HLA halotypes associated

with disease protection from HIV infection to prevent response bias that would result
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from the difference in HLA genotypes. Comparison of the epitopes generated in this
study with the ones identified by other investigators indicated that they were from a

similar location of the HIV genome, although the epitopes are different.

Super- epitope (multi-epitope) designed in this study has a potential of making an
efficacious vaccine in Kenya. Therefore the highly conserved epitopes across the clades
identified from Northern Kenya can be pooled together with other epitopes from other
parts of Kenya to make a vaccine that can be used in the country. Designing a multi-clade
vaccine using conserved epitopes may provide a solution to the problem of HIV-1
subtype diversity. Data from this study adds to the efforts in the multi-epitope vaccine

development since the approach is feasible.

6.2 Recomendations

Owing to the great antigenic diversity of HIV it is important to carry out strain
surveillance studies in Northern Kenya and the rest of the country in order to get a clear
picture of subtypes circulating. Therefore potential vaccines should be tailored not only

based on the local viral sequence diversity but also on the local HLA allele distribution

The efficacy of the proposed construct can be evaluated in vitro for both MHC binding
capability and T cell responses. MHC binding can be evaluated using T2 cell binding
assay (Ljungren et al., 1990) while T cell responses to the peptide can be measured in

standard gamma-interferon release ELISpot assay (Lieberman ef al., 1997).
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APPENDIX I

1. Representative Gel electrophoresis of samples amplified by PCR using gag,
gp 41 and gp 120 primers indicating the sizes of the product

Base Pairs

368

100

b) Gp 120 gel products
The products from the gag region were approximately 600 base pairs in length
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Base Pairs

¢) Gag gel products were approximately 300 base pairs in length
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APPENDIX II

1. Gp 41 clustalw alignment
Amino acid sequence from gp 41 subtypes were aligned according to subtypes (A1, C
and D) to determine if they were conserved. The areas marked in red colour indicate
conserved regions. While blank area indicate regions with high variability in the amino
acid sequences.
A)gp 41 subtype Al alignment

MYDHO63_ ~ ------ FEAIEA-QQHLLKLT====~ VWGIKQLQARVLAVER-YLRDQQLLGIWGCSGKL 47
TLHCO024_ -GGLTFAEGYRG-STASVETH-~-~-~- GLGHSTAPGKILALER-YLKDQQLLGIWGCSGKL 52
MYSE030.: © .« @ eee—eeeoa KA-QQHMLQLT -~~~ GLGHRKQLQTRVLALER-YLKDQQLLGIWGCSGKL 43
MADHO09_ -GAYNLWK-AQRLNNICCKLT-=~=~ VWGIKQLQARVLAVER-YLRDQQLLGIWGCSGKL 52
MYDH022_ -GAYNLWK-AQRLNNICCKLT ==~~~ VWGIKQLQARVLAVER-YLRDQQLLGIWGCSGKL 52
MYDHO40. . = ~m=me= LR-LSRLNNICCKLT=-==-- VWGIKQLQARVLAVER-YLRDQOLLGIWGCSGKL 47
TLHCO004_ -=---NLFGGLSRLNNICSNSR===~=~ SRGIKQLQARVLAVER-YLRDQQLLGIWGCSGKL 50
MYDROTS. . &~ 2 == LLKVLEA-QQQOLLRLT====~~ VWGIKQLQARVLALES-YLRDQQLLGIWGCSGRL 48
MYDHO15_ ---NFVGRLLEA-QQHMLRSR-~~=~ SRGIKQLQARVLALER-YLRDQQLLGIWGCSGKL 50
TKMHO14_~ -=------ EGIEA-QQHLLKLT ==~~~ VWGIKQLOARVLAVER-YLRDQQLLGIWGCSGKL 46
TLHC002_ LGDQNLWRAIEA-QQOMLRLT~=~~-~ VWGIKQLQOARVLAVER-YLKDQQLLGIWGCSGRL 53
MYSLO33_ -WGHNLLRAIEG-STTSVETH----- SLGHKQLQARVLAVER-YLKDQQLLGIWGCSGKL 52
MYDH0020__ LEHYNFAGGLQRLNNICYKLT-~~-~ VWGIKQLOARVLAVER-YLKDQQLLGIWGCSGKL 54
MYSL032_ ----ICWRAIEA-QQHLLKLT-~---~- VQGHQTAPGKSPRLWKDTLRDQQLLGIWGCSGKL 50
MYBRO34 -~ St IEG-STTSVETY----~ CLGHYNSSRQESWLWKDTSRINNSSGIWGCSGKL 45
TLHC101 VFGGIEFVRLRG-STTSVETH----- GLGHSNSSRHCVLAVERYLKDQQLLGIWGCSGKL 54
MADHO15_ --GDIIFGGLSRLNNICCNSR-----= SGALNSSRHSVLAIERYLRDQQOLLGIWGCSGKL 52
MYDHO42™ . .  —==r=r— CGYRRLNNICRSSR-—----- SGALNSSRQESWLSKDTSEDQQLLGIWGCSGKL 47
MYDRO2B- @ —===5— LCGLYMLNNISLQTHGSRGHYTAPCKIPRAGGKDTWMGSTAPRNLGAGSGKTHL 54
PERCO3T = . | ——————tu LYRLNNICC-TH-SLGHYTAPGKSPGCG--KIPKGSTAPRNLGL-LWKTHL 46
MYDHO026X -LLGPAIFGGCSSTTSVETHG------ LGALNSSGQESLLWK-DTYGINSSSEFGAALES 52
MADHOlO__ ————— NSVGLRGSTAYVETHS------ LGHKQLQAR-SWLWK-DTERINSSYEFGAALED 47
MYDHEO38. - 2 === SRLSRLNNICCNSQ------ SGALNSSRQESWLWK-DTYRINSSSEFGAALEN 46
MYDHO26_ = =  -—-——- NLEGIEAQQHLLRLTV=====~ WGIKQLRARVLAVER-YLRDQQLLGIWGCSG-N 47
MYDHOS51_ LFGARILXGLELTTSVAIHSL------- GHKQLQARVLGSWKDTSRDQQLLGIWGCSGKL 53
MYIDHOZB = = 2 e VEAQQHLLKLT ===~ VWGIKQLQARVLAVER-HLKDQQLLGIWGCSGKL 44
TLHC106_ --GHTICCRYRGSTAMVGDSR~~-~~~ SGGIKQLQARVLALER-TYGINSSSVFGGCSGKL 52
MADHO06_ ~ ------ LTIYAQHHLVKLTCR=====~ ALNISMAMMPMLWEMIPKWSTAPMEFRGTLGKL 48
TLHC007_ —=———- LTIYAQHHLVKLTCR=====~ ALNISMAMMPMLWEMIPKWSTAPMEFRGTLGKL 48
MYDH024 _ —---FWGQRFGGSRQHMLNHG------ LGHKQLQTRVLGYRK-IPKGSTAPRDLGLLWKT 49
TLHC112 = ===== ILRALEAQQQLLNSRS————-— GGIKQLQARVLAVGKIPKGSTAPRNLGAALENS 49
MYDHO63_ ICTTNVPWNSSWS-NKTQGEIWD-NMTWLQWD-~~KRNLAITQISIYTLLEESQNQQOEKN 102
TLHC024 _ ICTTNVPWNSSWS~-NKTQNEIWE~-NMTWLQWD---KEIENYTQI~-IYTLLEESQNQQOEKN 106
MYSLO30_ ICTTAVPWNMSWS~-NKSQEDIWD-NMTWMQWD--~-REISNYTGT-IYRLLEESQNQQERM 97
MADHO009_ ICTTAVPWNSSWS-NKTQDEIWG-NMTWLEWD---KEIDNYTQI-IYNLLEESQNQQERN 106
MYDHO022 ICTTAVPWNSSWS-NKTQDEIWG-NMTWLEWD---KEIDNYTQI-IYNLLEESQNQQERN 106
MYDHO040_ ICTTAVPWNTSWS-NKSQSEIWD-NMTWMQWD~-~-KEISNYTQL-IYELIEESQNQQERN 101
TLHC004 _ ICTTNVPWNSSWS-NKSYNEIWD-NMTWLQWD---KEVSNYTDI-IYKLIEESQNQQEKN 104
MYDHO19 ICTTNVPWNSSWS~-NKSQDEIWG-TLTWQQWE---KEISNYTEI-IYSLIEESQNQQEKN 102
MYDHO15_ ICTTNVPWNSSWS-NKSLEKIWG-NMTWQQWD---KEIDNYTTL-IYSLLEESQNQQOEKN 104
TKMHO14_ ICTTNVPWNSSWS-NKSFTEIWD-NMTWLQWD---KEINNYTET-IYRLIEESQNQQEKN 100
TLHC002_ ICPTNVRWNSSWS-NKSYDEIWD-NMTWLQWD---KEISNYTQI-IYNLLEESQNQQEKN 107
MYSLO33_ ICPTNVPWNSSWS-NKSQSEIWD-NMTWLQWD---REINNYTNL-IYSLIEESQNQQEKN 106
MYDHO0020_ ICPTNVPWNSSWS-NKSLDAIWD-NMTWLQWD---REIDQYTQI-IYSLIEESQYQQEKN 108
MYSLO32_ ICPTNVPWNHSWS-NKSYSEIWD-NMTWLQWD---REISNYTNI-IYQLIEESQNQQEKN 104
MYDHO034 _ ICTTNVPWNSSWSHNKTMDEIWE-NMTWLQWD---KEISNYTQL-IYSLIEESQIQQEKN 100
TLHC101_ ICPTNVPWNSSWS-NKSQEEIWG-NMTWLQWD---KEIDNYTQL-IYSLIEESQIQQEKN 108
MADHO15_ ICTTDVPWNSSWS-NKSMHEIWD-NMTWLEWD---KEIGNYTDI-IYKLIEDSQONQQEKN 106
MYDH042_ ICTTNVPWNSSWS-NKSLEDIWD-NMTWLQWD---REISNYTQL-IYTLIEESQNQOEKN 101
MYDHO025_ HHSW-CPGNSSWEVIKLRMEIWG-NMD-LGYNG-IKKLGNYTQV-IYNLIEESQNQQEKN 109
TLHCO037_ HHS--CALDTSWS-NKSEADIWN-NLTWLQWD---KEISNYTDI-IYKLIEESQNQQEKN 98
MYDHO026X_ SSAPLMCPGTLVGVINLKRRYXE-NMTWLQWD---REISNYTDI-IQELLEVSQNQQEKN 107
MADHO10 SSAPLMCPGTPVGVINLIMKYWD-NMTWLEWD---KEIGNYSDI-IYRLIEESQNQQEKN 102
MYDHO038 SSAPLMCLGTLVGVINLYMKYGR-TCPGCNGI---KKLTIIHKQ-YINSLKNRRTNRKRM 101

MYDHOZG: SSAPLMCPGTLVGVINLKRRYGR-TDLVTMGY~--~GKLAITQTR-YMGLLEVSQNQQOERKN 102
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MYDHO51_ ICTTNVPWNSSWS---LNLRVRY-GTTCPGCNG-IKKLAITHRQ-YINYLKNRKTSKEKN 107
MYDH028_ ICTTNVPWNSSWS-NKSQELRYG-ITDLAAMG--YRNYQL-HRHNISTNCRIAEPAGKEC 99
TLHC106_ ICTTNVPWNSSWE-YYNPGGPYG-TTCPAAMG--LKKLAITHRSYMGHFEGTQNQPGKEC 108
MADH006_ ICTTYWSPGNSKLGVIILKMDDM-GIPWPGSNGDEMKLAITQTYYIIYLEESQEPSGKMN 107
TLHCO007_ ICTTYWSPGNSKLGVIILKMDDM-GIPWPGSNGDEMKLAITQTYYIIYLEESQEPSGKMN 107
MYDH024 _ HLHHCCPWNSSWS—--LNLKRIFG-YHDLDAVG---SRNSSLHRHNIQVACSLAKPAGRKC 103
TLHC112 SAPLMALGTPNWSVKSLWRDFWESPWTCSNWDK--PKLAIYTGRPLYYISSEDFPLPSRE 107
MYDHO63_ EQDLLALDKWAS--LVELVSHNTLLVVYKDIYNDVG-ALR--- 139

TLHC024_ EQDLLALDKWAS--LWNWFKHIKMAVVYKNIYNDSR-RLG--- 143

MYSL030_ KR---TYQHWTVGKICGIGQYIKLAVVYKDIHNDSREALRDP- 136

MADH009_ EQDLLALDQWAN---LWSWFDISHWLWIQDIHNEVR-RLG--- 142

MYDH022_ EQDLLALDQWAN---LWSWFDISHWLWIQDIHNEVR-RLG--- 142

MYDHO040_ EQDLLAFDKWAS---LWNWVCI~--YQIAVDIKIFIS-IVG--- 135

TLHC004 _ EQDLLALASGQV---LWNWFSITNWLWISNIYMIVG-GLG--- 140

MYDHO19 EQELLALASGPN---LWNWLIYKMAVDIKIFIMIVG-GFEESK 141

MYDHO15_ EQDLLALASGQI---CGIGCHIKMAVDIKIFIMIVG-GLG--- 140

TKMHO014_ EQDLLALASGQI---CGIGLTSQNAMDIKIFIMIVG-ALRV-- 137

TLHCO002_ EQDLLALDSGQV---CGVGLALTTGCGYKIFIMIVG-AWG--~ 143

MYSLO33_ EQDLLALDNGQI---CGIGLTYQIGCGTQDIYMIVG-GLG--- 142

MYDHO0020_ EQDLLALDSGQA---CGIGLTYQIGCGTQRYLYDSR-RLRG-- 145

MYSL032_ EKDLLELDKWAN---LWNWFDISRWLWTQKYLLMIVGGLG--- 141

MYDHO034_ EQDLLSLASGQG---LWN-WLRYQIAVDIKILYDSR-RL---- 134

TLHC101_ EQDLLALACGQI---YGIGFSISKWLVDIKIFIMIV-GA---- 143

MADHO15_ EKELLELANG---QICGIGLTYHIGCGIYDIYMIVG-RLG--- 142

MYDHO042 EQELLALASG---QICGVGLTYQTGCGYKNIYMIVG--—-—-—— 134

MYDHO025_ EQDLLGIGQVG--KSVELVCHLKMAVVYKNIYMIVG-GLG--- 146

TLHCO037_ EQDLLALDKW---QICGIGLKYQNGCGYKDIYMIVG--—-—--- 131

MYDHO26X _ EQDLLALDKWQV---CGVGLTYQDAVGY-KIFIMIAGA----— 141

MADHO10_ EKELLELDKWAS---LWNWFDISKWLWYIKIFIMIVGGLG--- 139

MYDH038_ SKTYCNWTNGQI---CGIGLTYQIGCGYKNIYNDVGAW-—-—-- 136

MYDH026 _ EQDLLALDSGQV---CGVGRHNKMAVDIKIFIMMYEAWG---- 138

MYDHOS51 EQDLLAFGQVGK--SVDLVCHIKIGLWYIKYLYWSEG-—---- 142

MYDH028_ TR-LIGIRQMGKFVAWFASQIAV---DIR-ILYDSRSLG---- 133

TLHC106_ TKHLLALDKVGKFCGNGLSIFKPGWGDIKKFIMMLEAL----- 146

MADHO006_ GQGFIGIGTRWGKVWWELGWTSHRWLWISRIFIMVGRRLG--- 147

TLHCO007_ GQGFIGIGTRWGKVWWELGWTSHRWLWISRIFIMVGRRLG--- 147

MYDHO024_ KRFITHWTVWKN---LWNWFSITNWLWIYGIHNDRGALG---- 139

TLHC112_ IKGKT 112

b) gp 41 Subtype C Alignment

MYDH0054_
MYDH059 _
TLHC109_
MYDHO14_
MYDHO07_
MYDH004_
MYDH008_
MYDH018_
MYDH023_
MYDHO55_
MYDHO039_
MYDH003_
MADHO001_
MYDH002_
MYDHO001_
TKMH020_
MADHO013_
MYDHO05_
MYDHO041_
TLHCO14_
TKMHO17_
TKMHO17X_
MYDHO006_

----LRVYEA-QQLIVETHSLGALSSSRQESSALERYLKDQQLLGIWGCSGNSSAPLLCL
----LEAIRG-ATAYVATHSLGHLSSSROESWLSKDTYRINSSSGFGAALENSSAPLLCL
PSIFAKGYRKRNSRMFATHGLGASNSSRRESWLWKDTSGINSSSGFGGCSGKLICTTNVP
----NLLRLLEAQQHMLKLTVWGIKQLQTRVLAIERYLQODQQLLGIWGCSGKLICTTAVP
----NLLRAIEAHSIQLQLTVWGIKQLQTRVLAIERYLQODOQOLLGIWGCSGKLICTTAVP
----ICLRAIEAQQHLLQLTVWGIKQLQTRVLAIERYLKDQQFLGIWGCSGKLICTTSVP
——————— EGIEAQQHMLOLTVWGIKQLQTRVLAIERYLKDQQLLGIWGCSGKLICTTAVP
———————— GIEAQQHVLQLTVWGIKQLOTRVLAIERYLKDQQLLGIWGCSGKLICTTAVP
—————— GDYRRRNSIYSQLTVWGIKQLQTRVLAIERYLKDQQLLGIWGCSGKLICTTAVP
—————— EGYRGATAIVATHGLGHPKQLQTRVLAIERYLKDQQLLGIWGCSGKLICTTAVP
—————— EGYICATSYVATHGLGH-YSLHARFLAIEIYLKDQQLLGIWGCSGKLICTTAVP
---NLFGGYRGASAYVATHGLGHLSSSRQESQATIERYLQDQQILGIWGCSGKLICTTNVP
———————— PRGATAYSSNSHSRGIKQLQOTRVLAIERYLKDQQLLGIWGCSGNSSAPLMCL
———————— PRGATAYSSNSHSRGIKQLQTRVLAIERYLKDQQLLGIWGCSGNSSAPLMCL
————— ICCGIEAQQHMLOLTVYGIKQLQARVLALERYLRDQOLLGMYGCSRNSSAPLLCL
—————— WKAIEAQQOHMLQLTVWGIKQLOTRVLAIERYLKDQQLLGIWGCSGNSSAPLMCL
————————————— HIVATHSLGALSSSRQESLALERYLKDQQLLGIWGCSGKVVCTTAVP
————————————— HIVATHSLGALSSSRQESLALERYLKDQQLLGIWGCSGKVVCTTAVP
------ LKVSKANNICCNSRFRGIKQLQTRVLALERYLKDQQLLGIWGCSGKLICTTAVP
————————— FQRRNSVVATHSLGHKQLQTRVLAIERYLKDQQLLGIWGCSGKLICTTAVP
———————— TIEAHSICCSSRSGALSSSRRESWLLEKYLKDQQLLGIWGCSGKLICTTTVP
——————— ETIERNSICCSSRSGALSNSRRESWAIEKYLKDQOLLGIWGCSGKLICTTTVP
--SDFAKGLKGATALFASHGLRHLSSSRQAVLAIKKYLKNQPLLGISGCSCKTHLHHCCT
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MYDHO12_ ~ —------ GYRGATAMLQLTVW-GIKQLQDKSPSYRKIPKGSTAPRTLGLLWKTHLHHCCA 52
MYDHO1l_~~  ------ EGYRGATAYSCNSRS-GALSSSRQESSLWKDTQRINSSSEFGAALENSSAPLLC 53
MYDHO13_ ~ —--——- EGYRGATAYSCNSRSRGIKQLQTRVLALGKIPKGSTAPRNLGLLWKTHLHHCCA 54
MYDHO58  ----- FEATEGATAYVA-THGLGHSAAPDKSPGYRKIPKGSTAPRDLGLLWKTHLHHCCA 54
MYDHO027_ TGATICWTLRGATALLA-THGLGIKQLHARVLALERYLKDQOLLRDLGLLWKTHLHHCCA 59
MYDH0054 GTLVGVIN-LS-MIFGRTCLGCSGIEKLSNYTNTIYKLLEDSQIQQDNNEKNFTCIGQVG 113
MYDH059 GTLVGVIN-LK-MIFGRHDLDAVGYEKLSNYTDTIYKLLEDSQIQQENNEKELLAL-AVG 112
TLHC109_ WTLVGVIK-LK-MTFGIKRPGCSGIERLSNYTDIIYRLLEKSQNQQEQNEKDLLAL-ANG 117
MYDHO014_ WNSSWSNK-TEKEIWETLTWMOWEREID-NYTEI IYGLLEVSQNQQEKNEQDLLALDKWQ 114
MYDHOO07_ WNSSWSNK-TDTEIWENMTWMQWDREIS-NYTEIIYELLEVSQNQQEKNEQDLLALANGK 114
MYDHO04_ WNSSWSNR-SYNEIWDNMTWMQWDREIS-NYTNTIYRLLEDSQNQQEKNEQDLLALAVGK 114
MYDH008_ WNSSWSNK-SQGEIWENMTWMQWDREIN-NYTDTIYRLLEVSQNQQEENEKDLLALDSWK 111
MYDH018 WNSSWSAK-NQTEIWNHTTWMEWDREIS-NYTDTIYRLLEDSQNQQODENEQ-LLALDKWK 109
MYDHO023_ WNSSWSNK-SQDYIWDNMTWMQWDKEIS-DYTSIIYNLLEVSQNQQEENERELLALAVGI 112
MYDHO55_ WNSSWSNK-SKEETWNNMTWMQWNKRNS-YLHRHNIQVACRIANPAGNNEKDLLALDSWK 112
MYDH039_ WNSSWSNK-SKEEIWENMTWMQWDREIN-NYTDTIYRLLELSQNQQEENERDLLALDKWQ 111
MYDH003_ WNSTWSNK-SEKEIWDNMTWMQWDREIA-NYTTIIYELLEVSQNQQEQNEKELLALANGR 115
MADHOO01_ GILVGVIE-LM-MRFGRTRPGCNGRGKL-IITQASYMICLKSHKTSRRKMSKIYQHWTNG 109
MYDH002_ GILVGVIE-LM-MRFGRTRPGCNGRGKL-IITQASYMICLKSHKTSRRKMSKIYQHWTNG 109
MYDHO01_ RTPVRVIN-LY-EGFKIIVPRCNRIKKL-IIIQTSYTIYLKSRKTSKKQMKKIYSLWQMA 112
TKMH020_ GILAGVTN-LR-RIFGITCPGCSGRKKL-AITQIQYMDCLKNRKTSRKSMNRSSSIGKWQ 111
MADHO13_ WNISWSNK-SK-QDIWDKMTWMOWDKEL-AITQTQYMNCLRNRKSSRKTMKRIYQHWQOLE 104
MYDHO005_ WNISWSNK-SK-QDIWDKMTWMOWDKEL-AITQTQYMNCLRNRKSSRKTMKRIYQHWOQLE 104
MYDHO041 WNNSWSNR-LK-MIFGKTRPGCSGIEKL-VITQAQYTGCLRSHKTSRKKMNKIYQHWQLE 111
TLHCO014_ WNSSWSNK-SY-SDIWITCPGCSGIEKL-VIIQTQYTSCLKIT-IQQEKMKKIYQHSANG 107
TKMHO17_ WNSSWSNR-SQDDIWNNMTWMOWEKEID-NYTDTIYKLLEVSAEPTGAKCKGTYCIGTNG 110
TKMHO17X_ WNSSWSNR-SQGMKFGITCLGCSGRKKL-IIIQTQYTNCLKSHRTNRSKMKRTYWHWQMA 111
MYDH006 _ LGLYWSLQ-SQKKIQNHITYMOWNKKIS-NYTGTIYKLLNES-————=—=——==—===—— 98
MYDHO012_ LERIAGVI-NHNMIFGITCLGCSGIEKLIITQTQYTSCLKNRKPSRNRMKK-IYSHWTVG 110
MYDHO11 LGIVVGVI-NLKGIFGITCLGWNGIEKLIITQTQYTGCLKNRKTSRKKMKK-IYYHWQLE 111
MYDHO013_ VESSWSNK-SQGAIW-VTRLGWSAIEKLIITQTHYTGCLKNRKTSRNKLKRDLLALDSLT 112
MYDH058_ LELYLEK--NLKRKFGITWPGCSGIEKLVITQALIYTLLEESQNQQESNEKDLLALDSWK 112
MYDH027_ LGTVVGGNRTKDY IWDNMTWDAGGIEKLAITQTQYTGWLEGIANPAGNKEKDLLALDSWN 119
MYDH0054 TILVELGSHNQTGCGYYNYSNDSRRLCGFQ 143

MYDHO59_ ~QSVELVKHNKL-LWIYKISYDSKEAW-—— 137

TLHC109_ -KICGVGLTYQIAVDIKNFIMIVG-AWG-- 143

MYDHO14_ -NLWLGLAY--QLLWISKHSNDIGGLRIQ- 140

MYDH007_ -ICGIGLAS--QIAVDIKFHNDVGGLG-—- 138

MYDH004_ -SMELVSIT--IGCGYKNIHNDSRRLG--- 138

MYDH008_ -NLWSWFDIT-NWLWTKDFIMIVGGLG--- 136

MYDHO18_ -ICGIGLTYP-IGYGHKDFIMMSEA----- 132

MYDH023_ -ICGIGLAYQSGWSILKIFIMIVGALG--- 138

MYDHO55_ -ICGIGLTSQ-TGCGYRNFIMIVGA----- 135

MYDH039_ -NLWTWLTYQ-TGCGYKDIHNDSREAWG-- 137

MYDH003_ -ICGLVDIT---IAVDIKYSYDSRRLG--- 138

MADHO001 -KICGVGLTYQTGCGYKIFIMMDG-----~ 132

MYDH002_ -KICGVGLTYQTGCGYKIFIMMDG-————— 132

MYDHO01_ -KFIELVRHNTVAVDIKIFIMIVGGLG-—- 138

TKMH020_ -NLWSW-FDITHCCGYKNIHNDVGG-———- 134

MADHO13_ -QSVELVDISKWLW-IYIFIMIVGGLG--- 129

MYDHO05_ -QSVELVDISKWLW-IYIFIMIVGGLG--- 129

MYDHO41 -KSVELVSHNKLLWYIRIFIMIVGGLG--- 137

TLHCO014_ -KICGVGWHNNCCG-YKTIHNDSRRLG--- 132

TKMHO17_ -KPVELVCISRVLVGYKNIHNDRRSFE--- 136

TKMHO17X_ ~KPVELVCISRWLWIYEYYNDSRRL----~ 135

MYDHO06 == —mmmmmmmm e

MYDHO12 -KTCGVGLTYQIAVDIKIFIMIVGG-—-—— 134

MYDHO11 ~NLWNW-FDIQIAVDIKIFIMMSEL-—-—-~ 134

MYDHO013_ -NLGNWVDISKWLWYIKISLMIVGGFEG-- 139

MYDH058_ -NLWNW-FDITTGCGYKNFIMMYGAW---— 136

MYDH027_ -NLWNW-LAKQNGCGYKDIHNDSKGGLG-— 145
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¢) gp 41 Subtype D Alignment

MYDH057 = —————— FAEGITRPTAYVALTVRGIKQLQTRVLAIER-Y LEDQULLGLWGCSGKLICTTA 53

TLHC034: —————— FAEGYRRRNTSVATHCLGHKQLQARVLAVES-YLRDQQLLGVWGCSGKHICTTA 53

MYDHB62 =~~~ mmme———me RYRGATAYVRTHSLGHYTAPGKSPGCRKGYLKDQQLLGIWGCSGKLYLQPL 51

MYDH035_ ————— ICCGAIRRRTSSVATHSLGRYTAPGKNPGCGK-NLKDQQLLGIWGCSGSHICTTT 54

TLHC009 = = === TFHEGYQRRSSFVATHSLGLSNSSKQESWLWK-GPSRSTAPRNLGFSGSTLFRTT 54

TKMHOlS: ————— NICLRAIEAQQLCCNSQSGALNSSRQESWLWK-TTQGPTAPRNLGFSGRHICTTN 54

MYDHO0021_ FGASEFFCGYQRLNNICWKLTVWGIKOLOGTESWLWK-DTSGINSSSEFGVALENTFAPL 59

TLHC040 = =  -==== IFCDYRGAT-ALLQLTVWGIKQLQ-ARSWLWK~-ATYRINGSSEFGVALENTFAPL 52

MYDHOO9: ————— NIAEGIEAQQHCCNSQSGALNSSR-RESWLWK-DTYGINSSSGFGVALEDTFAPL 53

MYDHO57_ ~VPWNSSWSNKSY-QDIWENMTWMQWDREINNYTNTIYRLLGRFAKPAGRK=====~~ CK 104
TLHC034_ -VPWNASWSNKSI-EEIWNNMTWMEWERETENYTGVIYSLIEESOTOOEKNEQELLQLAN 111
MYDHO062_ NVPLELLAGVTSLKKEIWNNMTWMOWEREIGNYTDTIYGLLEESQTQQEMN=—====== E 103
MYDHO35_ ~VPWNSTWSNRSL-GEIWNNMTWMOWEKEIDNYTGIIYSLIEASKPSRKRMNKNFWHWTN 112
TLHC009 NVPWNSTWGNKSL~-DKIWN-MTWIQWEKEIDNFPGIISSLIEASKPSRKGMTRNFWNWPM 112
TKMH015: -VPWTIVGVINHLLEEIWGNMTWMEWEKEISSYTGVIYNLIEESQTQQEKMKRKNYWNWTN 113
MYDH0021 TCPGTLVG-VIKLMVRFGITCPGWSGKEKLTITQVYYIPYLKNRKPSKKKCTRTIGIGPM 118
TLHCO040_ LCPGTLAG-VIDLRCHLARTSHGWSGKGRLTITQONSYTASLKNRKSSKKRMKKIYCNWTH 111
MYDH009_ MCHGTLAG-VIKLSSRIWDNMTWMEWEREIDNYTGLIYNLLEKSQAQQEEMNKTYCNWHM 112
MYDHO57_ GFTLHWDSWDNLWSWLYITNWLWEIKGYS---- 133

TLHC034_ GQVCGIGSHNKMAVDIKIFIMLQELCGFQ---- 140

MYDH062_ QELLPLDKWPNLWNWFDISHWLWIKNFIMKWRL 136

MYDH035_ GQACGIGLHTKVLWIYEYSYCCRRLWG—————— 139

TLHCO009_ GKLVELVSHTHGCGYKILSSCRSLG——-—————-— 337

TKMHOlS_ GQVCGMVCHNKLAVDIKIFIMMSELWG————-—- 140

MYDH0021_ GKFVELVSITNGCGYKNIHNDSRRLG--~=-~-~- 144

TLHCO40_ GQVCGLVSHNKCCGYKNIHNDVGGFG—————-—— L£3:7

MYDHO09 GRFVELVNITNWLWISKYSNDSRRLG-~==~—~ 138

2.Gag ClustalW alignment

Amino acid sequence from gag subtypes were aligned according to subtypes (A1, C and
D) to determine if they were conserved. The areas marked in red colour indicate
conserved regions. While blank area indicate regions with high variability in the amino
acid sequences.

a) Gag Subtype D alignment

MADHOO7 = = —mmemezea GESPCQHFGHKTRIKGNPLEIMS 1G-SIKLSEP-SKLHRKSKTGCQKPCHS 49
MILDDOS =~ —mmemeen GFSPCQHFGHKTRTKGNPLETMYIG-SIKLSEP-SKLHRRSKTGCQKPCWS 49
TEMHOIO @ e QHFG~—=~== HKTGTKG-TLSRLCRS~-VLSNSKSRASFTGCKKLDDRNLVGS 44
Lieyeyr Essee GMSDFSPASILDIRQGPKE-PFRDYVDL-VLSNSKSRASFTGSKKLDDRNLVGS 52
TEMHO1l = ——————m—emee APSILDIRQGPKE~PFRDYVDR-FYKTLRAEQATQGGKKLDDCNLVGP 46
MYSL032 = = = —mmmmmmmmee- ALQHFGHKTGAKG-PFRDYVGPGFYKTLRAEQASQUVKNWDDRNLVGS 47
MYDHOO8X ~ ----- GLVR-FSPCOHFGHKTRTKG-TLSRLRRS-VLSNSETEQASQDVKNWMTETLL-V 51
MADHOO1_~~ —---- GLVR-FSPCQHFGHKTRTKG-TLSRLRRS-VLSNSETEQASQDVKNWMTETLL-V 51
MADH012 = =  ————mmmmme- LALPAFWTYDKAKG-TLSRLCRS~-VLYNSKSRASFTSMYKIGCQKPCWS 47
L8. - mmem——————— LALPAFWTSDKAKG-TLSRLCRS-VLSNSKSRASFTSMSKIGCQKPCWS 47
MYDHO25 = = ~=ee— SGLVRFTALQHFGHKTRTKG-PFRDYVGS-VLSNSKSCASFTRCKNLDCQKPCWV 53
MYDHO57_ = =  ~--meme—eeee LGPPAFWTSNKAKG-PFRRLCRIGSIKLSEP-SKLHRMSKIGCLETLLI 47
MYDH022 PTCHFQNSCDVSPCSTLDIRQGPRN-PLETMVGP-VLSNSKSRASFTRWKTWMTETLL-G 57
TLHCO014 _ —--LLGXSKFXGRPSILGHKTRTKXTLXEDYVRS-ALSNSKSCAMXTXMQXIRMTDTF-- 54
MADHOO07_ KMLNPDCKT LLKALGPALHSKKCCQHVRE-WGDPV LKQGEWLRQCAKQQIS1LLS---CC 105
MYLDOOS KMLNPDCKTILKALGPALHYKKCCQHVRE-WGDPVIKQGFWLRQCAKQQISILLS---CC 105
TKMHO19 KMQIQIVKLSSKHWDQGLHSKKCCQHVKE-WEDPVIKQGFWLRQCAKQQOMOMLLY---CC 100
TKMHO11 KCEPRLYEYLKSIWGPAATLEEMMTACQG-VGGPSHKARVLACGNEPSIKCKCCY---ND 102
MYSL0O32_ RMLNPDCKTILKALGPVQPHSKKCCQHVR-EWGAQPSSKSFGCGNEPSIRCKCCY---ND 103

MYDHOO08X QNANPDCKTILKALGPGATLGEMMTACQG~-VGGPAYG-KGFGCGN-CAKQQVGLL---SC 105
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MADHO001_ QNANPDCKTILKALGPGATLGEMMTACQG-VGGPAYG-KGFGCGN-CAKQQVGLL---SC 105
MADHO012 KMLNPDCKT L LKALGPAAT LEEMMTACQG-VGGPSHKARV LAKAMSQATQANTAV---MM 103
L8 _ i KMLNPDCKTILKALGPAATLEEMMTACQG-VGGPSHKARVLAEAMSQATQANTAV---MM 103
MYDHO025_ QNANPDCKTTLKALGPGATLGRHDDSMSGESGGPSHKSKEFLACGNCSQATNGKCXSCCC 113
MYDHO057_ QNAEPRLSNYLKSTVFRGYIGGKCCQHVKEWGGPSHKARVFGCGNCAKSIPPA-~-—--—~ 100
MYDH022__ PKCEPRLSNYLKSIGTRGYIGGTCCQLVSXXXGPSYSSKXXRXEXXXXXXIGXAX-—-——— 1312
TLHCO014_ XGRS e e e e e e e e e e e e 68

MADHO007 REALLEAKR====KSLSVSTVARKPLARNCKV LGKRLCK=-=-=- 140

MYLDOOS: REAILEAKR----ESLSVSTVARRPLARNCKVLGKRLCK--- 140

TKMHO019 REAILRAQR----KPLSVSTVAKEGTSQ--KIAGS———----— 129

KMHO11 AERQFSGPK----EDHSVFSCGKEGTPSQKLYGPL-—-————— 133

MYSL032_ AERQFSGPK----EKHSVFNCGKGGAHSKELRAPRKRLCNWG 141

MYDHOO08X_ CRKAFSGAK-===EKLSMETGUR=GPLSRKCRLLRKGCGN=-=- 140

MADHO01_ CRKAFSGAK----EKLSMFTGQR-GPLSRKCRLLRKGCGN-- 140

MADHOIZ_ QSGNFKAQG----KPLSVSTVAR-RHLARYCRVLEKRLCKWG 140

L8_ OSGNFKAQG----KPLSVSTVAR-RHLARYCRVLEKRLCKWG 140

MYDHO025_ KSAXLRXXX----KPLXVSTXGKEGFLARXCXASXE-—-—---— 145

€ e

MYDHO022__ XXCCKKGXX————=——— XRVEGRTIEN- ==~ === o= 130

TLHCO14_  mmm oo

b) Gag subtype Al alignment

MADH011 —===SSPCQHFGHKA====~ RAKCT-LQKIMSDR-FFKTL--RAKQATQEVKGCIT-ETL 46
MYLDLO3: === S5 PCOHFGHRA~———— RAKCT-LQKIMSDR-FFKTL--RAKQATQEVKGCIT-ETL 46
TKMHO12_ ---FSQTVRFIALLAFWISNKGPKN-HSEIMYDR-FFKAL--RAEQATQEVKHCMT-ETL 52
MYDHBATE © = e i mans s LYSPVSILDIKQGPKE-PFRDYVDR-FFKVL--RARASHTGGKRLDDMKHC 47
MADHO005_ —--SFSDLVRFIRPVSILDIKQGPKE-PFRDYVGSGSLKLS--ELSKLHRRSKVGWT-ETL 54
MYDHOZ28 . = =~ =—m—mceoms DSPVSILDIRQGPKE-PKRUYVRSVLYNSQ--SLSKPHRMSKIGST-ETL 46
MYEBDT" & = eem=keesssaas VSTILGHKTRARR-PFRDYVDTVLSNSQ--SCASYTGGKRLGCQ-KPC 43
MYBEO3E = ms———————d VSILDIKQGPKE-PFRDYVDRILSNSQ--SCASYTRGKRMDRL-ETL 43
MAURDIRG.,. o @ ——=oEeaeas PSGAQHFGHKTRAIC-NPSETMSTGSLKLS--EPNKLHKRSKLGST-ETL 46
TLHCU2S - 0 | mem—meeas GSLELSEL===BKLHR-RYR—-VG—=-—+~=s=—c=c—c MIGs===amn= NI 23
MYSL033: ——————— TSQILALQHIGYKTRAKR-PFRDYVGQ-VLSSS--QSCASHTGCKKLDD-RNI 48
TEMHO1O0x = S==Sm=—m—r——oc SHFGUERPRAKR=>PFREVVDT-VF-—ccoo—c oo —am=n o 21
MYDR063 = = ————=e—= SLYMPSSHFGYKARSKR-PFRDYVDR-FFKTL--RARASYT-GGKRLD--CQ 45
MYDHOO35 = == FLRPASILGYKTGAKR-PFRGLCRIGFFKTL--RSLKQATQGGKKXG--XT 46
MADHO14_~ --------- RCLALLASWISNKGQK-NPSEIMS IGSLKLS-~ELSKLHRRSK-VGCQKHY 47
MYDHIIO., @~ ———e——== RCIALLASWISNKGQK-NPSEIMSIGSLKLS--ELSKLHRRSK-VGCQKHY 47
MADH004_ = =  -—-—--—-- RFLALLAFWISNKGQK-YPSETMSTGSLKLS--ELSKLHRKSK-VGCQKHY 47
MYDHO026-1_ —--LFNNSSDVSPCSHFGYKTRAKR-PFRDYVGSGSLKFS--ELSKLHRMSK-IGCQKHY 53
MYDH026-2_ ==-LFNNSSDVSPCSHFGYKTRAKR-PFRDYVGSGSLKFS--ELSKLHRMSK-IGCQKHY 53
MYDHOAY .. . = —meemmeseio AP-SHEGYKTKAKK-TLOSIMSIGSLKFS--EPSKLHRRSK-VGCQKHY 44
MYLDROOS. . . L——se=mb—a FSPASILVSNKGQK-NLSETMSIGSLKLS--ELSKLHRMSK-IGCQKHY 45
TLHC019_ ====FIRPASTILDIK-—==== QGPK-NPSEIMYDRVLQSP--QSCTSFTGGKRLDCQTHY 47
MYDHO006_ —==-FVRTSKMLALLVFWISNKGOK-NPSEIMSDRVLSNS--QSCASYTGGKRLGCQKHY 53
TEBCO18, = —————memaee IALLAFWISNKGQK-NPSEIIVDRFFKVL--RAEQATQVGKRFGCQTHY 46
MYDHO46_ ~ =  -—————- SYVVYALLAFWISNKGQK-NPSEIMSIWFFRVL--RAEQATQEVKGSDRQKHY 50
MADHO08_ ~ ------ PSKIFSPASILGYKNRGQK-TLORLWSDRVLLKSQ-SCASYTGGKGVGXDKXLL 52
MYDHO15 ----LLKPVRFSPCSFLD-SNRGQK-TLQRLWWDRVLSNSQ-SLSKLHREVKGSDDRKHY 53
MADHO003_ ——-—~FLITVRLSPCSHPGYRTRARR-TLORLER= === =t e e e e o e 28
TLHC033_ = =  ———-—————ee SPCYHFGHKTRAKR-TLQRLCRS-VLSSSQ-SCTSYTGCEKLDDMKHYW 46
MYSLO31_ = ————————- IFYPCYHFGYKTMAKR-PFICLCIYGSLKLSC-SGSSYTWMVKWVGWTDTL 49
MADH002_ --PPFSCLVRFIALLAFWISNKGQK-TPSEIMVGSDSLKLS-ELEQATQEVK-GWMTETL 55
MYDHO19F ~-PPFSCLVRFIALLAFWISNKGQK-TPSEIMVGSDSLKLS-ELEQATQEVK-GWMTETL 55
MYSLO30_ —----FLRTSKILALLVFWISNKGHC-TLQRLCR-SGSLKLS-ELEQATQEVK-GWMTETL 52
MYDHO022X PLFLKTIVSFYSPPSILGYKHRAHKDPSGLYVAQGSSKALK-TLTYAPTGMSKNLGIPEK 59
MYDHO55_ ———-—FYDLVRFYALLAFWISNKGQR-TLSEIMSDRVLSGFSGACASSTGMSKKLGCQKPL 55
MILDO8 = -~ = 2 ==mmmseeasteooreoos FQK-NPSETMYDMVLSNS--QSCACYTGRYKVRMTETL 35
MADHO11_ LVQONANPDCKSILKALR----~ PGASLKEIMTACQGVGGPGHKARVLAK-========~~ 90
MYLDLO3_ LVONANPDCKSILKALR----- PGASLKEIMTACQGVGGPGHKARVLAK-—-———=—==—— 90
TKMHO12_ LVONANPDCKSILKALR--——- TGATLEEMMTACQGVEGPGHKARVLG-~--————————— 95
MYDHO37_ WVONANPDCKSIFESTRN----RGYYSKKCCQHAKECEDPAIKQGFSLE-———————=—=— 92
MADHO005_ LVONANPDCKSILRHSD----- QELHSEEMMTACQGVGGPSLKAGVWAE--—--—=-————— 98
MYDH028_ LIQNANPDCKSILRALG----- PGATLEEMMTACQGVGGPGHKARVLAE-—--————=-—— 90
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MYLDO7_ WVQNANPDCKAILSSLG----— AGASLEEMMTACQGVGGPSHKARILAC-—————————~— 87
MYDHO038_ LIQNANPDCKSILRALG--—-- TGATLEEMMTACQGVGGPGHKARVLAE-—————————— 87
MADH010_ LGPKCKSKLYVHLKS LKN====-SFASLEEMMTACQGVGGPGHKARVLAE-~-—-—-—==---~ 91
TLHCO023_ TGPKCKSRLSVHFESIR----- TRGFIRRNDDSMPGSGRTRHKARVLAE-—-————————— 67
MYSLO33_ TGPECKSRLSVNFKSIR---~-~ DRGYIRRNDDSMPGSXRTQPSTRVLAE-———=—=====— 92
TRMHOL0X =~ ——mm e e
MYDHO063 K-HVLDPKCKS

MYDH0035_ XXLYWIQKXQON

MADH014 CSEMOIQIVSPFSEHSDO--~~GLHSKRCCO-HAREWEDPATKOGCWLR-—~——=—==—=— 91
MYDH110: CSKMQIQIVSPFYEHSDQ----GLHSKRCCQ-HAREWEDPATIKQGCWLR-—————————— 91
MADH004_ WSKMQIQIVNPFYEHSDQO--~-GLHSKKCCQ-HAKEWEDLAIRQGFWLR-————=—==—-— 91
MYDH026-1_ WSKMQIQIASPFSEHSEQ----GLHYKKCCQ-HAKEWEDLAIKQGFWLR-=—=—=-——=——= 97
MYDH026-2_ WSKMQIQIASPFSEHSEQ----GLHYKKCCQ-HAKEWEDLATIKQGFWLR-————=—==—— 97
MYDH049_ WSKMQTQTVSPFCEHSDR----GLVRRIDDS-MPGSGRTLAIKQG--CS—=————==—=—— 86
MYLDX005_ WSKMQTQTVSPFSEHSEQ----GLHSKKCCQ-HAREWEDHGHKARVLAE-~——-—————— 89
TLHC019_ CSKMQTQIVRPFYKHWKR----GFIRRNDDS-MPGSRRALAIMQGF-——====——=———— 88
MYDHOO06_ WSKMQIQIVSPFYEPSDQ----ELHSRKCCQ-HVRESEDPATIKQGFWLR-————=——==— 97
TLHC018 _ WSKMHLQIVVS T Limm = = == e e e e e e e e 59
MYDHO046_ WSKMQIQIASPFYEHSEQ----GLLLEEMIDSMPRSGRTQPSSKDFGLE-—————————~ 95
MADH008 _ LGPRKXQX-======—m—mmmmm—— e P e e e 60
MYDHO015_ LGPKCKSRLYVHFSRSIRFLTSLGEIEXPXXXXVVXEXPXLSXKGXSXLXAXSXXSXRLS 113
READHOUS « = e i e e e e e e m e e e
TLHCO033_ S--KMQIQTVSPFSE----HSEQGLHSKKCCQHAREWEARPSSKSFGLR-—===—===== 89
MYSLO31_ LGPKCKSRLSVHFKS----IRTRGFIRKKCCOHAREWEARPYGKGFGLR-—————————— 94
MADHO002_ LGPKCKSRIVRPF— === = mm e e e e e 68
MYDHO19F _ LGPRCKSRIVRPF = == = = e e e e e e 68
MYSL0O30_ L=AKMQIQTIVSPEY — = = = m = e e e e e e e 65
MYDH022X LLLGPRXAKIPXLXXAHFFX----XRLCXFXXXLSXXGGXXVSXXFXLG-—————————— 104
MYDHOS55_ IGPKLONPELS-———======== GPFLRSFRFFGAHRXGXXXXDXFXRX——————————— 92
MYLDOS8_ LGPKCXSRXGXPXIIXX--———— XIXXRXVXENXCOXXXLSXXTRXSKX——========— 78
MADHO11_ --AISQVQGASIIMQKSNFRG---SEKDSVFQLWQKRTPSQKLQAPVGKRLCNCG~- 140
MYLDLO3_ --AISQVQGASIIMQKSNFRG---SEKDSVFQLWQKRTPSQKLQAPVGKRLCNCG- 140
TKMHO].Z_ e L RQ = = e e e e e e e 98
MYDHO37_ ——AMSQVQHTNIMMORGKLSEP—————— === mm o e 112
MADHO005_ --AIESSTAYKLNDAERQFSG--PEKISMFQTVAKK--—-—-— GPV-————————— 133
MYDH028 _ —-AMSQGAKYKRNDAERQFLE--ARKELSVSTVAKKDTYPGIAGPLEKRA-——-——— 136
MYLDO7_ --GNEPSTKCKCNDCKEATLGGRPEKRLSVINCGKD-—----~ GHSSQKFVG---- 130
MYDHO38_ --AIESSTAYKHNDCREAFSG--PCKGLSASTCGKE------- GHLARNCRAP--- 129
MADHO010_ ==AMSQVQUTN=- IMMQRATLK=-=--VEKELSVSTVAKKDISPEIAGPYEKGLVEFWL 141
TLHC023_ --AMSQVQQHTNIMMPRGNFSR-ATKGLKRFNCCXEGHLARNL--——=—====~-— 107
MYSLO033_ --QCVKHKIQTYLMQ-RSNFRG-PIKGLRCFNCGKEGILARNCKVPRKKGLFGM-- 142
TRMHOL0X =~ —mmm e e e e o
MYDHO063 — S LA — e e e 78
MYDHOO035 =~ =————mmmmm e e e e e e
MADHO14_ ==QCVRYNLPTYCC-KEV ILEAKEGLSVSTVAKKGLSP-—-K1AGP Y KKGCEN--- 138
MYDH110_ --QCVRYNIPTYCC-REVILEAKEGLSVSTVAKKGTSP---KIAGPSEKGCEN--- 138
MADHO04_ --QCVKHTRQTYCC-RKATLGGOKKIKCFNCGKEGHLARNCRVLGKRAVKCG-~--~ 140
MYDHO26-1_ --QCARSAYKHN--~--~~~ DAERQF ~ === == == e o e e e 113
MYDH026-2__ -—QCARSAYKHN--—===-— DAERQF—=—=cm o s mdm s m s e S s e e 113
MYDHO49_ --ACAMSQVONTY----~ TIDAKRQ-——— === == == ——m e 104
MYLDX005 _ —--AMSQAQHTNIMM-QRGNFRGTEKDYVFQLWQRRTSSQKLQAPRKKAVK-————— 136
TLHCO19 —mm e e e
MYDHO006_ --QCGQAQLTNIMM-QRGNLEGQKRIKCFNWWQRRTCPONWQAPSKKGC-—-———- 143
TLHCO18 o e e e e
MYDH046_ --AMSRAQQTNIMMMQRGNFKGQKRIKCFNCGKEGHLAR-———=======—————— 132
MADH008 _ -=DCXX----LX-——————= XX-XXXFFXFYXX---GG--—-——-- XRX=======— 83
MYDHO015_ KLXCSXXXXXFX-—————=— GAXSKEFXXFXXGXXXXGXLWPXNXLRPXEXGXX-- 159
MADHOO3_ ~  mmmmmmmmmmmmmmmmmm e
TLHCO033_ -—QCVKYN-——————————————— IQTYCCMR-GNFRG-——=====—————————— 108
MYSLO31_ --QCVKSADKRNDAERQFSGDKKGIKCFNCGKEGHLAGTAGPLEKRLWK-—————— 141
MADHO002_ -=SKLRDQ-=========== GRHWEGMMDSMPG=====m==—————— e - 87
MYDHO19F _ --SKLRDQ------—--=---GRHWEGMMDSMPG~—————=———=——=————————— 87
MYSLO30_ —-EQLFXX-——=——=—=-—— AXXGXKWMDSMSXXXXKPPXLKSQ-—————=——==— 95
MYDHO22X = — e e e e
MYDHOS55_ ——KGGRPKAKK — = = = = = e 101
MYLDO8_ --GXSACXTLX--————————==== XYXHXXXRXXDRH= === == m e e 100
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¢) Gag subtype C alignment

MADH0O09 = = ———mm————— GVSPAAFWKY DKGQRNPLET-MSDRFFKTLR-AEQATQE-VKNWMI'KTLLY 48
MYDH111 = ——mmm———- GVSPAAFWKYDKGQRNPLET-MSDRFFKTLR-AEQATQE-VKNWMTETLLV 48
MYDHOO4: —————————— SALAAFWTSDKVQKNPLET-MYDRFFKTLR-AEQATQD-VKNWMTETLLV 47
MYDHO16 —--FVNNSSDVSPAAFWTSNKGQKNPLET-MSDRFFKTLR-AEQATQD-VKNWMTDTLLV 54
TKMHO17 ~ ———mm——m—mm e QHFGHKTRAKGPFRD-YVDRFFKTLR-AEQATQE~-VKNWMTDTLLV 43
MYDHO07 ~ ———————————— ALQYFGHKTRAKDHLRD-YVDRFFKTLR-AEQATQD-VKNWMTDTLLV 45
MYDH0020 —~GFLMEQSGCLALSAFWDIKQGPKEPFRRLWYDRFFKTLRSWNKLHKM-SKIGWTDTLLV 58
MYDH024_— ———————————————————————— DYVR ===~ PVLSNLKSCTSYTSM-YKIWMTDTLLV 30
MADBO1S .  =-svo=——- KLYSPAAFWISDKDQRNLLETMS TGS LK-LYELNKLHKM-SK1GCQIrrCws 49
TLHC120 = =  -————————- RLYSPAAFWTSDKDQRNLLETMSTGSLK-LSELNKLHKM-SKIGCQTPCWS 49
TLHC012: —————————— FYRPSSILDIKQGPKDPLETMSTGSLK-FYELNKLHKK-SKIGCQTPCWS 48
TEMH010 =  —==ce—eee SIYSPAAFWTSNKGQRTFYGLCRPVLSN-IIELNKLHKR-SKIGCQTPCSV 49
MYDH040— -——-LFKASEVYSPAAFWTSNKGQRSPLETMSTGSLK-PSELNKLHKM-SKIGCQKPCYV 54
MYDHO12 = ————mmmm e GPAAFWHKTRSKGTFSRLCRSVLSN-FKQLNKLHKM-SKIGCQTPCSV 46
MYDH039: ——————— LAFCVAPQHFGHKTRTKRTLSRLCTTDSLQ-LSELNKLHKM-SKIGCQTPCSV 51
MYDHO18  s=recoem——ae LALQHFGHRTRAKGPFRDYVCPVLSN-LKSCTSYTRC-QKLDGQTPCWS 47
MYDHOOZT_ ——————— NSKMLALQHFGHKTRAKEPFRDYVGPVLSN-LKSCTSFSRC-KKLDGQTPCWV 51
MYSL1030 =  sere—em———e RPRQHFGHKTRAKEPFRDYVDRVLSN-LKSLNKLLKM-YKIGCQTPCWV 47
MYDH013__ —————— PSKFVYPRSILDIKQGPKEPFRDYVRPVLYN-FKSGTSYTRC-KKLDDRHLVG- 51
MY¥DHO®Z - = —e-——mee RGLWTLQHFGHKTRAIGTLSKTSGXGSLKPSRSCTSYTXMXKNWDDXKPWXV 52
MYDHO002_ ----FYSLVRFIALQHFGHKTRTKGTLSRLCRTGSFKP---——————————=——==—==— 34
SYNHD23 @ ey APQHFGHKSGSKVTLXXLSYDRFFKTLSSCTSYTRX-KKLDDXTPCAV 47
MYDHO36_ ~ -————————- FSPSSILDIKQGPKDPLEIMWT-GFSN-LKELEQAFQDVKKLGCETPLLG 48
MYDHO027_ VKQGVLKTGRFYPFIIFDMKQWPNGPFIYYGRPGLSN-FKDLEQSTQDGKNLMNMTPFS—- 58
MYDHO47 = = =eoteesme—es GPAAFWTSNXXQXNPLXTMSTGSLKLSE-QNKLHKI-VKNWMTXHLVG 46
MYDH052_ = ----- FGAYYFGGPVAFWTSNKVQRNL L1 MS DR F KT LK-AEQATQD-VKNWMTDTLFG 53
MYBRODS . 2 —eememeoeere SPCSILDIKQGPKDPLETMYDRFFKTLR-AEQATQD-VKNWMTGYLVG 46
MYDHOOS6 = @ —=——— LLGQCDFSPAAFWTSDKAKGPFRD-YVDRFFKTLRAEQATQEV--KNWDDRHLVG 52
MYDHOO1_ === I NRRM Y O P AR T — s === e e e e = e e 15
MYDHOI1 - - e FWGEKPAXXP-—---—-——-- HLKLSSGQATQDV--KNWIDRHLV- 32
MYDH048_ —-—-——-PPFEHSRFSPPAFCQRQG-LGPFRD-—---- LGPVLKTQSCTASQDVKNWIQTLLGX 50
MYDHOOZ = = =rmmeeTed WILPLQHFGNKTRPNYPLET-MSDRFFKTLRSWNKLHRE-VKIWMTETLVG 49
MADHO009_ QN-ANPDCKT-ILRALG-PGAT LEEMMISCY=GVGRPGHKARV LABAMSOMNN=-=-ANVM 101
MYDH111 QN-ANPDCKT-ILRALG-PGATLEEMMTSCQ-GVGRPGHKARVLAEAMSQMNN---ANVM 101
MYDHO004_ QN-ANPDCKT-ILRALG-PALHSKRCCQHAR-EWEDPVIKQEFWLEAMSQATNNVNAAIM 103
MYDHO016 QN-AEPRLYD-HFKSIR-ARGYFRRNDDSMS-RSGRPGHKARVLAEAMSQANS----SIM 106
TKMHO17_ QN-ANPDCKS-ILRALG-PGATLEEMMTACQ-GVGGPSHKARVLAEAMSQANQ---TSIM 96
MYDHOO07_ QON-ANPDCKT-ILRALG-PGAYIRRNDDSMS-GSWAASPQS--MSVACGNEPKQIIQTSC 99
MYDH0020__ QON-ANPDCKT-ILRALG-PGATLEEMMQHVR-EWEGLPQSKGFG-RALTKSTI---HTYC 110
MYDH024 _ QON-ANPDCKT-ILKALG-TGATLEEMMTACQGEWEDLGTKQGFWLRQCAKETM---PTSC 84
MADHO15_ KM-LNPDCKT-ILKALG-TGAT | KKNDDSMSGSGRPGHKARV L=AKAMSQLNN=-=-=TTVM 102
TLHC120_ KM-LNPDCKT-ILKALG-TGATIRRNDDSMSGSGRPGHKARVL-AEAMSQLNN---TTVM 102
TLHCO012_ KM-ONPDCET-ILRGEG~QGATL———EEMMPAC-———=———rr———m—m e = e 75
TKMHO10_ QON-ANPDCKS-ILRALG-PGATLVRNDDSMSRSGRTSPQSKSVGLRLMSQANQ---TSII 103
MYDH040_ QON-AEPRLQD-HFKSIR-ASGHIRGNDDSMSGEWEASPQSKSV-VCAMSQANN---TNIM 107
MYDHO012_ QON-ANPDCKT-ILRALG-PGASLEEMMTACQRVGGPGHKARVL-ArAMSQVNN---SNIM 99
MYDHO039__ QN-AEPRLYD-YFKSIG-TRGYIRRNDDSMQGVGGPGHKARGL-AEAL.SOVNN---PHIM 104
MYDHO018_ KM-QT-QIAR-HFKSIRSRGY-IRRNDDSMSRESEAWPQSKECWLRQCAKQTM---RTYY 100
MYDH0021 ON-AT-QIVR-PFYEHYGQGHPLEEMMTACQGVGRTQPQSKSAWLEELSQATN---ASYC 105
MYSL1030_ QON-AEPRLYD-HFKSIRARGL-IRRDDDSMSGSGRTQPQSK-SLLRQLSQATN---ASIM 100
MYDHO013_ PK-CEPRLYD-HFKSIRTRGFIRRND-DSMSGSGEDLGHKARVLAEAMSQGNN---TYIM 105
MYDH062_ QKXXNPGLYE-PFXEAXXFFFXXXWGXXCXQXXKVXXXGPLXXXARXXXXXXX---XQXX 108
MYDHOO2 e e e e e e e e
MYDHO023_ QON-ANPDLSE-HFKXX-—==—===——m—————————— LGPXGXXSEVNRWT-——————-— 75
MYDHO36_ PKMRNPDWKDHFLRAL-~-~CFXXXX~==—==—=— XGENYRIGIN-=—ms——r———r———— 80
MYDH027_ AKMRNPDWKT-ILRALGPWGFIRKKGLDSLA---RGVGRDLAIKARSF—-—————————— 102
MYDHO047_ PK-CEPRLSD-HFKS | RKTRGGGSKKCCQHVREWE DLATKQGFL === === === = m—mm A 88
MYDHO052_ PK-CEPRLSD-HFKSFRTRCYTRKKCCQHVREWEDPATRQELLGLRQLSQINNA---NII 108
MYDH009_ PK-CEPRLSD-HFKSTRTRGFIRRNDDSMSGSRRTWPQSKGFGCGNEPSNQYN~——-—~~ H 98
MYDH0056_ SKMRNPDLSRLFLRSIRASGPTLWGNCCPALSRGLGRPLANKAKSVPLEGNGTRQTNSNL 112
MYDHOO1 e e I e D Bl e
MYDHO1l =~ ==——m—mmmm—eees VPKCEPRLQEHSYVALGPGAG-—-—————===—==-= GSKEYDRL- 61
MYDHO048_ KX-QTXDWQT-LFSDXXXFWPTXXGKCSPLXXGXWXRPLAXXQRXPXXSXEPX——————— 101
MYDH003_ PKCCXQVWXX-LFXXPX-———-— XXLXXPXGGGXXTTSXSRGVXXXLATXQGX~—————— 95
MADH009_ MORNNFKG-PRRIVKCFNCGKEGTSPKIAGS-RKKGVE----- 137
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MYDH111 MQRNNFKG-PRRIVKCFNCGKEGTSPKIAGS-RKKGVE-——-- 137
MYDHO004_ MQRGNFKG-PKRSVKCLTCGKEG---HIARN-CK-———————— 132
MYDHO16_ MQKSNFKG-TKRTFKCFNCGKEGTSPEIAGPPRKKGFG-—-—-- 143
TKMHO17 _ MQKSNFKG-PKRNIKLFQLWQGRASSQKLQAPSEKGLC-—---- 133
MYDHOO7_ CRRGNFYGSPRGTIKCS————————————mmmm e ——— 116
MYDH0020_ CRETILKA--LREWLNVQLWQGRALAQKLQGPSE-————-——= 142
MYDH024_ Cmm e e e e 85
MADHO15 MOKSNFKG-PKRLLNVSTVARKAPSSK-LQGPRKKGGGN-—-- 139
TLHC120_ MQKSNFKG-PKRLLNVSTVARKAPSSK-LQGPRKKGGGN---- 139
TLHCO12 mmmmmmmmmm e
TKMHO10_ DASKQFSG-PYKIYSMFQLWQGMASSQEIAG-——————————— 133
MYDHO040 MQKSNFKG-PRRPVKCFNCGKEGPISQEIAGPSEKGLLEMWG- 148
MYDH012_ MQRNNFSR-PYENYYMFQLAARKGTSPEIAGPLGKRAFEN--- 138
MYDHO039 MQ= e e 106
MYDHO018_ CREAFLKG-LKEMLSGSTVAKEGTSQEIAGPLGKGLLERIGIN 142
MYDH0021_ CRKAISRA-LKELSNVQFVARRGNW-—~==—==—=———==—=== 129
MYSL1030_ MQ— 102
L10 MQKSNFKG-PSKNYSMFQLWKGRTFSQKLQAPRKKAGG-———- 127
MYDHO13 MORNNTEG D=~ i A S0y St timn e St 114
MYDHO062__ XSX————— e e 111
MYDHOO2 == mmmmm e e
MYDHO23  mmmmmmm e
MYDHO36 ~ —mmmmmmmmmm e
MYDHO2] = senteseemmeeeeee e i e e
MYDHO047_ DA ——— s 90
MYDHO052_ DACKSIFSGPSKNYSMLQLVAWEG-—————————————————— 132
MYDHO009_ NDAKKQFSRPYENCYMFQLVAREGTSPEIAGPSEKGL-~———- 135
MYDH0056__ NGAEKRIFSGSSENLLK---———===——= = m e e — 129
MYDHOOL =~ mmmmmmm e
MYDHO11 ~— mmmmmmm e
MYDHO048_ —QTPHLM— === m = e e e 107
MYDHOO03_ XPXAR=—=———m e e — e — e ————————————— 100

3. GaG ClustalW alignment

Amino acid sequence from gp 120 subtypes were aligned according to subtypes (A1, C
and D) to determine if they were conserved. The areas marked in red colour indicate
conserved regions. While blank area indicate regions with high variability in the amino
acid sequences.

a) gp 120 subtype D alignment

MADHO012 FLGVKPVVQLNYCWNGSLAEEDIVIRNCKSHKSCKKHNSTAS~CVCNNSLHKALQQYKTR
MYDHO56_ ———-—KPVVSTQLLLNGSLAEEDIVIRNCKISQIIAKNIIVQLNESVTINCTRPYNNTRQG
TPLECODS. = s TQLLFNGSFAEEDIIIRSENLTNNARTIIVHLH-KTLLLNCTRPNNNTRQOG
TIHCOZ1F KA —————m==s TQLLFNGSFAEEDIIIRSENLTNNARTILVHLH-KTFMLNCTRPNNNTRQG
MYDHO57_ FLGVKPVVQLNYCWNGSLAEEDIVIRNCNLTNNAKNIIVQLN-ESVTINCTRPYNNTROG
TLHC102 = = —=seseeeaa PLLLNGSLAEEDIIIRTANLTDNTQONIIVHLT-ATVMINCTRPNNNTRQG
TLHC040_ ——-——RSANSAINCCEWQSSRKRDNNSICKYHKQCONYNSTSY-ESVTINCTRPNNNTRQS
MYDH062_ ——~INQWCNSIARCMAVSQKKTYYLGSENLTNNAKTIIVHLN-KTVMINCTRPNNNTRQG
MADHOO7_ —-—--INQWCNSIARCMAVSQKKTYSLGSENLTNNAKTIIVHLN-KTVMINCTRPNNNTRQG
TEMHOdS =~ @ @ e LHCCKWQSSRRRDNNSISKISQVILKTSYVQFN-ESITINCTRPNNNTRDG
TLHC023 ————RSANSAINCCCMAVSQKKRSSLDLKISQTMPKLSSYILMSLSQLIVPGP-TTIQGK
MADHO012 YAYRTRASTLYNKDNRRYKTSTLYHSWSSMESNITTGSSKIKGPFYPDKSNLSSTRGRGT
MYDHO56_ THIGTRASTLYNKDNRGYKTSTLYHSWTAWNT TLQQGSSKIKGAFSPDKSNLSSTRGRG-
TLHCO09 _ VHIGPGQAIYTTDVIGDIRKAHCNISRADWNKTLQHVAMQFRNLLHLPRIHFNSSSGGDP
“TLHCO21F _ VHIGPGQAIYTTDVIGDIRKAHCNISRADWNKTLOQHVAMQLRNLLNLPRINFNSSSGGDP
MYDHOS57_ THIGPGQALYTTKITGDIRQAHCNISGAAWNKTLQQOVAKKLRGLEFNLTKVIFHPPAGGGP
TLHC102_ VHIGPGQALFTTEVIGDIRKAYCTIRTIADWE ~—~~——=—===—=r=c=rsco—e=co—c=a
TLHCO040_ VRIGPGQAFYTTNIIGDIRQAHCNISGTIWKKTLQRVANKLREHFN-KTINFTQSSGGDP
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MYDHO062_ VHLGPGQALYTTEVIGDIRQAHCNISREDWNRTLQQVATIKLGKPFYPDNNNFYAILRRGP
MADH007_ VHLGPGQALYTTEVIGDIRQAHCNISREDWNRTLQQVAIKLGKPFYPDNNTF—-——-——--~-
TKMHO15_ VHIGPGRAYFTTEIVGDIRKAYCTINETQWGKTLYQVASQLGVFLTGTNITFYPTCGRGP
TLHC023_ VCVSDQGKHSIQQTSSETYDKHIVILVEQYGRKLYNGSLTNSENTLTKQSILLNPREGTQ
MADHO12_ QKLQCTVLIVEGIFSGIQQSGYSSWGGECYSPIVLESITSMRVNNFNM-—————————-—
MYDHO56_ SRISMHALIVEGNFPLHSQICS—————————=—————m oo m oo oo oo oo
TLHC009_ EITTHSFNCGGEFFYCNPHDCFIAHGOMAL~~===============———————————e
TLHCO21F _ EITTHSFNCGGEFFYCNPHDCFIAHGOMAL -~ ==—=========== === — o
MYDHO57_ RNYNAQFYLWRGFSLEYNNLVNSHGEESVIPQSYSSPSPPCGYTIFT---————=====—
TLHC102 mmmmmmmmmmm e e e
TLHC040_ EITTHSFNCGGEFFFCNTSGPVYSSWNALTARG-————==—=~ TCVTYTSPCRIKQLYHV
MYDHO062_ EIQHTALIVEGNFSTAIPHNCLIAHGKWDRGYSSNACHHLHADKQF YMWRRGSM--—--~
MADHOO7 = e e e e e
TKMHO15_ LENYKHTALTGRRY === === = = == = = = e o
TLHC023_ KLQHTALIVEGSFSSATHQGLFNSLGMHYQPGEHECHI I LHAESNNYNM-—————=---—
MADHO12 ~ ———---

MYDHO56 ~ —---—-

TLHC009_ ~ ————--

b)gp 120 Subtype C Alignment

TLHCO001_
MYDHO58_
MYDHO35_
MYDHO17_
MADHO015_
MYDHO032_
MADH008_
MYDH009_
TLHCO12F _
TLHCO013_
MYDHO31_
MYDH036_
TKMHO17_
MYDHO45X_
MADH002_
MADHO013_
TKMHO18F _
TLHC012_
MYDHO19F
* MYDHO13_
TLHCO14_
TKMHO11F
MYDHO44_
MADH001_
MADHO11_
MYDH2663
MADHO009
MYDHO18_
TLHCO18F _
MYDHO11 _
MYDHO043_
MYDHO010_
TLHCO24F _

———SKPVVSTQLLLNGSLA-EEEIVIRISKSDRQCQONNNS--TASRPCKHCVVQGPNNNT
——-DSGOWYQLNYCYGSLA-EDETIIRICICTN-NAIIIV--QLNKTVAINCTR-TQQYT
———DNQWYQLNYSLNGTPSRKRDNNSISKICQTMPKQSIV--HLKTPVEIECIR-PGNNT
——-DNOWYQLNYSLNGTPSRKRDNNSISKICQTMPKQSIV--HLKTPVEIECIR-PGNNT
----- SPVVSTQLLLMVVSQKKTSYLGSENLTNNAKTIIV--HLKDPVEIVCTRPNNNTR
————— YPVVSTQLLLMVVSQKKTSYLGSENLTNNAKTIIV--HLKDPVEIVCTRPNNNTR
--------- STQLLLMVVSQKKRSSLGSENLTDNVKTIIV--HLONPVEIVCTRPNNNTR
————————— STQLLLMVVSQKKRSYLGSENLTDNVKTIIV--HLOQNPVEIVCTRPNNNTR
—————— NRVSTHYCSMVVCRRKDS-NSSENLTNNVKLIIV--HLKKSVDIVCTRPNNNTR
————— KPVVSTQLLSWSSRRRGDRNSGSKNLTDNAKIIIV--HLQDYVEIVCTRTRQYYK
—————————— SLLLNGSLAEEEQIIRS-ENLTDNTKTIIV--HLNESCRNSLYK-AQQYY
FFEMKPVVSTQLLLNGSLAEEDIVIRISKSGTDNAKIIIV--HLNESVRIVCTR-PGNNT
-——=YASSINSTTVKWSSSRRRDSNSDLKICQTMPKYSSY~--SLKT-LYTLCGTRAQQSY
————— KPVVSTQLLSWSSSRRGDSNSDLKICQTMPKSSSY—--IFKT-MSRLCVQGPGNNT
————— SAICINSTTVNGSLAEEKIVIRISRSDRQCQONNNS--TSSRTLSKLCAQGPAIIL
———————— FOLNYCSMVRLAEERSYLGSKDLDRQCQNNNS--TSSRPCRNCVYTGPAIIL
—-———INQWYQLSYYSNGSIAEDEIIIRIWKICKQCQNNNS—--AASCTCRNKLYQDLTIIQ
——————— RINPLLLNGSLAEERGSNSSRRSWTNNRQQSMIGDILTESVRNCVYKAQQSNT
———————— STOQLLLNGTFTQRETYSLDLKICQTMPKYYSY---SLMNLSQLIVCDPTIIQ
———————— STQLLLNGTSSSNKRYYLRSENLTDNAKIMIV--QLKDPVEIECTETQQSYK
—--IKPVVSTQLLLNGTSSRRRGGNYGLENLTNNAKTIIV--QLKKPSRNSLLOMQPSHF
—-——RLSQCINSTTACMVVSQKKRSSLGSENLTNNAKTIIVTSYNPCSTVLLCITLRRGPR
———————————————————— CRDNNPDLKMCQTSAKTIIA--HLKEPVTNTSERDLAINT
————AKPVYQLNYCMHGRLAEEEIVIRICKSAKQCQONNNSHILQPLSYCPSLHHTQEGTQ

————————— FWGLPPLPFLSFVLFCIGVSWLHLKYYSYYSICMYCSTVLMYYNRKNSPPQ
—==-LLGARLPCTCLSFVLFCWECDGCISIIVCTIVSYYSTCMYYSTVWMCCNKKNSPLQ
—————— CPFLSFVLFCIEVCWLNLKYYSYCYDMYVLLNSFGCIAICKILLHNSSYVLYSL



TLHCO14F _
MYDHO16_
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