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ABSTRACT

Aim: Carry out molecular characterization of subtypenB &€ sequences encompassing the hyper-variablenr€gB-
V5) of envelope (env) gene of HIV-1 to determine tfenetic characters that distinguish and may plysaccount for
differential pathogenicity of the two subtypdscperimental Design: Blood samples were collected from 25 HIV-1
sero-positive patients from India. Hyper-variabgion (V3-V5) of env gene was amplified and seqedncl73
sequences belonging to subtypes B and C werewetriftom Los Alamos database. Co-receptor predictimtigenic
loop, co-receptor variability in CCR5 and CXCRA4liming subtype B and C sequences, N glycosylatits) signature
sequence and phylogenetic analysis was carriedRmstlts; Loss of N glycosylation sites in CXCR4 co-receptor
utilizing sequences were observed in 37% of subB/pend 23% of subtype C sequences. Antigenic timajority of
the subtype C isolates was GPGQTFY. Significantogyt differences were observed in CCR5 and CXCR4 co
receptor utilizing sequences of subtypes B and €.o0lserved several signature amino acid residugehwlecurred in
high frequencies in Subtype C CCR5/CXCR4) co-remepitlizing sequencesConclusions: In conclusion, the
determined molecular characteristics of subtypeanB C may partially be involved in the high pathugiy of
subtype C.
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INTRODUCTION

As per the UNAIDS Report 2010, since the be more pathogenic than subtype B (3, 4, 5, 6). The
beginning of the epidemic of HIV in 1981 the envelope énv) gene (gp120) plays a crucial role in
deadly virus has infected almost 60 million people the process of entry of HIV-1 into target cellseTh
worldwide and claimed about 25 million lives due five variable regions (V1-V5) of thenv encompass

to HIV-related causes (1). India harbours world’s the potential pathogenic region of the virus. The
third largest HIV burden after South Africa and V1-V2 region influence replication efficiency, V3
Nigeria. Estimates of the department of AIDS region is important in host cell tropism, V4 and V5
control (2009-10) report that 2.27 million people regions are involved in CD4 binding and
are living with HIV/AIDS in India (2). Human neutralizing antibody responses (7). The virus
immunodeficiency virus type-1 (HIV-1) exhibits an attacks human cells by interacting with CD4
extensive genetic variability. Among the different receptor which is followed by a conformational
subtypes of HIV-1, subtypes B and C are the majorchange in gp 120. This exposes the co-receptor
subtypes worldwide. HIV-1 subtype C is the binding site for CXCR4 or/and CCR5 (major co-
predominant subtype in India and is considered to receptors for HIV).
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Based on differences in growth properties andafter collection using Ficoll's Reagent. Genomic
cytopathic effects on PBMC's, HIV produces DNA, including proviral DNA of HIV was
syncytium inducing (SI) and non-syncytium extracted with the help of QlAamp DNA Blood
inducing (NSI) viruses in vitro. NSI viruses utéiz  Mini kit, according to the manufacturer’s protocol.
CCR5 as their major co-receptor, whereas SIPolymerase Chain Reaction (PCR)

viruses utilize the CXCR4 co-receptor. Newly PCR for g-globin was carried out as described
infected patients primarily exhibit CCRS5 (R5) co- previously by Khoja S et al (15). This was done to
receptor usage whereas patients in later stagesheck the quality of the genomic DNA. PCR was
exhibit CXCR4 (X4) co-receptor usage (8). Co- carried out for partiabag gene of HIV to confirm
receptor determination can be useful in monitoringthe serological diagnosis. PCR was carried out as
disease progression. V3 loop of HIV is a significan has been described previously by Grankvist et al.
region of the hyper-variable region efiv as its PCR for partialenv gene (V3-V5) of HIV was
amino acid sequence can be used for prediction otarried out (11). Amplifications were carried ont i
co-receptor and give a fair idea about the utilizedABI 9700 thermal cycler. The PCR reaction was
co-receptor while avoiding expensive phenotypic carried out using Go Taq PCR core system I
tests. N-glycosylation of the V3 loop shields the (Promega) as per the kit protocol.

virus and prevents it from the neutralizing antiypod Automated nucleotide sequencing

responses/ host immune responses (9). ThéCR products were purified using Promega Wizard
antigenic tip of the V3 loop possesses a conserve®V Gel & PCR Clean up system. Purified PCR
secondary structure. It is also a target for hostgroducts were subjected to automated nucleotide
neutralizing antibodies and is therefore ansequencing with forward and reverse primers
important determinant of viral pathogenicity (10). separately. Sequencing was carried-out using Big
Most of the published data on co-receptor Dye terminator kit (ABI, USA) using the kit
utilization, replication efficiency and cytopathic protocol.

effect relates to HIV- 1 subtype B; while limited Analysisof Sequences

information is available with regard to subtype C Gene sequences fanv obtained in the present
(11, 12, 13, 14). The present study was carried oustudy were submitted to GenBank at
on Indian samples and sequences retrieved fromwww.ncbi.nim.nih.gov and accession numbers
database to understand the epidemic of HIV-1were obtained. A BLAST search was carried out in
subtypes B and C through phylogenetic analysisorder to confirm identity of the strains. Samples
and molecular characterization of the two subtypes.were assigned subtypes based on closest homology
MATERIALS& METHODS found With thg subtype references in N(?BI. DNA
Sample collection and study subjects and protein alignments wer.e created using Clustal
IX program. REGA subtyping tool was used to

Ethical approval was obtained from the ethica _
Idetermlne the subtype of our samples (16, 17).

committee of National Centre for Disease Contro _ _ :
(NCDC) and Maulana Azad Medical College Phylogenetic analysis was performed using
(MAMC) & Associated Lok Nayak Hospital. HIV max!mum I|kel|hood. W_'Fh the help Of, MEGA
positive cases from different risk groups including version 5 and the reliability of the branching oede

heterosexual males, heterosexual females and/@S determined b_y '?Oo_ts”ap method (18). o
antenatal risk group were recruited for the study.CO'receptor prediction: Co-receptor prediction

Informed consent was obtained from all V&S performed using the PSSM tool (C-PSSM,
participants http: //indra.mullins.microbiol .washington.edu/web

Peripheral Blood Mononuclear Cells (PBMC) pssy), (ds) Kernel [ttp://genome.ulaval.ca/hiv-

Isolation and DNA Extraction M)- N B Geno2pheno
Whole blood (3-4ml) was drawn in K2EDTA (http://coreceptor .bi oi nf.mpi-inf.mpg.de/).
vacutainers and PBMC's were isolated immediately
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Antigenic tip: Deduced amino acid sequences fromregion ofenv gene of HIV using nested PCR. Only
the nucleotide sequences, using MEGA software 16 samples exhibited amplification for thaav
was used to study antigenic tip. gene.

Sequence variability: Sequence variability was Sequencing and GenBank Submission

determined in the V3 loop for CCR5/CXCR4 co- The sequences obtained were submitted to
receptor utilizing subtypes B & C sequences usingGenBank and accession numbers were obtained
“Entropy two tool” in Los Alamos Database. This (HM630277- HM630292).

tool was used to construct sets of aligned seqeenceBLAST search and phylogenetic analysis

and determine any positions with significant BLAST search revealed that our isolates belonged
variation at the corresponding position in the othe to HIV-1 env gene (V3-V5). The samples were
set (18). found to belong to subtype C. Samples were
For the sequence variability study we retrieved 51aligned using Bioedit vesion 7.0.9.0. Phylogenetic
sequences from CCR5 utilizing subtype B analysis was carried out using the MEGA software
sequences [AF310109-AF310115, AF310124-version 5 with Maximum likelihood method
AF310127, AF310131, AF491737-AF491742, (Figure 1).

AF540994-AF541001, AF541102-AF541114, N-linked glycosylation

AJ418478-AJ418484, AJ4184850, AJ418486-In the CXCR4 utilizing V3 sequences, loss of the
AJ418488], 43 CCR5 utlizing sequences glycosylation site was observed in 37% sequences
[EU161644-EU161645, EU293445-EU293450, in subtype B sequences and 23% sequences in
EU786673, EU786681, EU855133, EU884500, subtype C sequences.

FJ653278-  FJ653294, HM60277-HM60279, Antigenictip

HM60281-84, HM60285-HM60292], 36 CXCR4 Central domain of the V loop identified as the
utilizing subtype B sequences [A04321,AF033819, principal neutralizing determinant comprising
AF035534, AF07572, AF075721, AF075722, GPGR motif determined the cross clade
AF146728, AF189159, AF310132, AJ810482- neutralizing activity of a human monoclonal
AJ810484, AY173951, AY173956, AY189526, antibody. Our isolates showed GPGQTFY to be the
AY736819, AY736820, AY842799, AY842819, antigenic tip most common in subtype C V3 loop
AYB842825,AY842826, AY842828, AY842831- sequences in about 87.5% cases. GPGQAFY motif
AY842834, DQ177202, DQ286957, EU578431, commonly found in subtype B isolates was found in
EU604587, FJ653148,K03455, L31963, M14100, 12.5% of our subtype C isolates.

u08447, X01762] and 43 CXCR4 utilizing Co-receptor prediction

sequences subtype C sequences[AF411966-ourteen sequences were found to be predictive of
AY265948, AY265949, AY529666, AY529677- utilizing CCR5 co-receptor by the three methods.
AY529679, DQ382362, DQ382372, V3loop sequence variation

DQ382378,0Q904342, DQ904343, FJ846628-In both subtypes B and C, increase in sequence
FJ846637, FJ846640, FJ846641, FJ846643variability was observed in the V3 loop sequences
FJ846660, L22956]. in CXCR4 co-receptor utilizing sequences when
RESULTS compared with CCR5 co-receptor utilizing

25 HIV-1 sero-positive subjects were enrolled in sequences (Figure 2). The subtype C exhibited

the study from various risk groups, 117 including increased sequence  variability for CCRS and
heterosexual male, heterosexual female an

GCXCR4 co-receptor utilizing sequences when
antenatal risk group.

compared with subtype B.
Amplification of samples by PCR

Sgnature Residues
All 25 samples were found to be positive for the

Signature residues include arginine at position 15
. o . e
~142 bp region ofiag gene of HIV. The samples (in 96.6% isolates), glutamine 146 at position i3 (

were then amplified for hyper-variable (V3-V5)

100% isolates) in the CCR5 co-receptor utilizing
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sequences in subtype C. A signature residue in thenostly CCR5 co-receptor even in late stages. Thus,
CXCR4 c0148 receptor utilizing sequence was atthis viral escape strategy is not of much
position 15 (in 86%) in subtype C. [Figure 3, Table significance in subtype C, but is certainly impatta
2]. for the B subtype. The antigenic tip in the subtype
C isolates from our study reveals the predominant
antigenic tip to be GPGQTFY in 87.5% of our
isolates, the rest showed GPGQAFY. Antigenic tip
analysis is important for epitope-specific
neutralizing antibody preparation and vaccine
, , _ o , _ development. As has already been reported, the
mutations in the primer binding region in our numbers of CXCR4-using isolates in subtype C are

Indian isolates. Al sequences from this Stuclylimited and so was the case in our study, whdre al

clustered with previously published subtype Cisolates were predictive of utilizing CCR5 co-

sequences |.nd|cat.|ng that subtype C 'S the SUbtyp(?eceptor. It is possible that there might be alvira
currently circulating in the Indian isolates.

adaptation within the subtype C V3 loop that allows
Regarding the epidemiology and transmission of ptation withi ubtyp P W

for a limited CXCR4 co-receptor usage. Signhature
the epidemic of HIV, with reference to subtypes B P g g

residues in the V3 loop were therefore studied. The
and C, sequences of subtype B, subtype C and. . : .

_ _ Signature residues possibly could account for & hig
recombinants clustered separately with the

. _ }Pathogenicity, since these occur in high percemstage
bootstrap values of the major nodes being ver in subtype C CCR5/CXCR4 co-receptor utilizing

high. The neighbouring countries of India such as. : .
, o ) , isolates and the corresponding residue was replaced
China and Myanmar exhibited clustering of isolates. . . .
. e in subtype B. Effect of these amino acid residues
with our sequences. This is indicative of

. . . ) . needs to be studied in order to better understand t
transmission of the infection between India, China

subtype’s high pathogenicity.

and Myanmar and thus is essential to monitor theD . o . . .
. . _ _ uring the initial asymptomatic stage of infection
risk behaviours through surveillance in order to .

r the CCR5 co-receptor utilizing stages, the

prevent/reduce transmission. N-glycosylation of o )
. . sequence variability is less as the immune system
variable loops, such as the V3 loop, often restrict . .
exerts a selective pressure on the virus and

access to conserved host receptor binding Sitestherefore its sequence remains comparatively
This limits  their exposure 'to the ‘host immune conserved. Eventually, as the infection progresses
system, and confers a survival advantage for th%owar ds symptomatic phase or towards CCR4

virus. We observed in the CXCR4 utilizing V3 utilizing co-receptor stages, the sequence vaitgbil

sequences loss of glycosylation site 37% sequences . .
_ increases as immune system of the body is now
in subtype B sequences and loss of 23%. . .
. . : immune-compromised and is not able to exert
glycosylation sites in subtype C sequences when . .
) _ _ _ selective pressure and allows the virus to become

compared with their respective glycosylation

o ._more variable. When comparing the CCR5 utilizing
sites in CCR5 sequences. The loss of glycosylation . L

.. ... .sequences in subtype B and C, significantly
sites in CXCR4 sequences suggests that possibly in

_ _ _ Increased variability in the subtype C and simigar
the later S'Fages of mfegnon the loss of glycm the case with CXCR4 utilizing co-receptor
sites providing a survival advantage to the virus. .

. . . ; sequences of subtype C. The subtype C HIV-1 virus
This advantage is observed in a higher percentage. . . . - .
, IS infectious and the body is not so efficient in
of B subtype B as compared with subtype C. This . : .
. _ ._exerting a selective pressure on the virus, thus
possibly may be due to the fact that the virus in . . .
, o leading to comparatively increased entropy.
subtype B mainly utilizes both co-receptors (CCR5

in early stages and CXCR4 in late stages of HIVIn conclusion, - our results —on molecular
! i g . ! .g .. Characteristics of subtypes B and C show that these
infection), whereas in subtype C the virus utilizes

DISCUSSION

Out of the 25 HIV-1gag gene positive samples,

only 16 (~64%) successfully amplified the V3-V5
region of the env gene. The unsuccessful

amplification in the 9 samples could be due to
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possibly may be involved in the subtype C’s high C envelope V3 to V5 regions in viral entry, co-
pathogenicity. receptor utilization and replication efficiency in
primary T-lymphocytes and monocyte-derived

F““‘?“ ng . . . macrophages. Virology Journal. 4:126.
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Table 1: Table showing the risk group, predicted co-
receptor, and clinical stage of infection.

Acossssion | Risk | AgeBex Web PSSM Genolpheno | (ds)Kemel Climical
Number | group Score Tropusm manifestations
HMB3027T | ANC OF |03 RS Jii] Ji5] Asymptomatic
HMB30278 [ ANC UF |04 RS Ri Ri Asymptomatic
HME30079 | HM HM |08 RS Ri i8] Asymptomatic
HMB30280 | HF RS X 3] Asymptomatic
HMA30281 [ ANC BE |86 RS Ri Ri Asymptomatic
630282 | HM M |-2907 RS Ri Ri Asymptomatic
HME30083 | HM M O[-B13 B 5] 5] Asymptomatic
HLA30084 [ ANC NF |88 RS R RS Asymptomatic
HMB30285 | ANC BE |8 X Ri Ri Asymptomatic
HME30286 | HF NE |81 RS Jii] Ji5] Asymptomatic
630287 | HM M [-08 RS Ri Ri Asymptomatic
HLA30288 | ANC WNF |06 RS Ri i8] Asymptomatic
HMA30280 [ ANC EENERS Ri 3] Asymptomatic
HMB30200 | HF WE |00 RS Ri Ri Asymptomatic
HME30291 | HF AF |84 RS Ri Ri Asymptomatic
HIA30292 [ ANC NF [-2817 RS 5] 5] Asymptomatic

* ANC: Antenatal eare; EM: Heterosexual male: HF: Heteroseual famale

Table 2: (a) Table showing signature residues énGER5 co-
receptor utilizing sequences of V3 loop. (b) Tablowing
the signature residues in the CXCR4 co-receptoiiziat
sequences of V3 loop (Subtype C-Query; Subtype B-
Background)

SubtypeC R [ T F - v N
Signanrzs
Feqancyin | 0066 | 1LOD0 | 0680 | 0680 | 0386 | 038 | 0690
SubtypaC B N A |
Feqencyin | 0.000 | 0.000 | 0000 | 0000 | 0235 | 0235 | 0000
SubfypeB
SubtypzB H E A T G I D
Simmature:
Feqancyin | 0000 [ 0000 | 0276 | 0276 | 0345 | 0414 | 0301
SubtypeC
Feqancyin | 0647 | 0388 | 100D | 1000 | 0723 | 0748 | O7H
SubtypzB
@

SubtpsC | 5 v 3 I G 3 ] T A R
Bimature:

Fequncyin | 0483 | 0383 | 0060 | 0419 | 0628 | 0435 | 0603 | 0605 | 0674 | 0349
SubtypeC

ey | 011 | 0036 | G | C19 | G028 | D00 | G000 | 00m | 0306 | 0000 |
SubtypzB

SutypsB | R I H - - P R A T K
Bimatures
Fequangyin | 03002 | 0372 | 0000 | 0372 | 0372 | 0442 | 0233 | 03% | 010 | 0140
SubtypaC

Fequancpin | 0983 | 0833 | 0361 | O778 | O77B | 0730 | 0844 | 0500 | 0611 | 0444
SubtypzB

Arvind Rai, et al.

HIV-1.07 BC.CMN.1997 AF1EA226
HIV-1.U7 BCCN. 199 AXI4989E

HIV-1.07_BC.CIN 2003 FF420986
HIV-1.CIN1993 931995 AFD67154

HIV-1.07_BC.CN.-HQ316132

it

HIV-1.07_BC.CH.2005. EF368371
HIV-1.07_BC.CN.2007 HM215373
HIV-1.07_BC.CN.2006 HQ695994
HIV-1.CIN1999 HIV_23710_2 EF117271
HIV-1.07_BC.CN.2004 JF346904
HIV-1.07_BC.CN.2006 JF346913

HIV-1.C.CN.1998 AY967806
—I_— HIV-1.BC.C.2008.GLB362013
HIV-1_C__HMS30284_NCDC
97— HIV-1_C_ HMS30277_NCDC
{ HIV-1_C__HMS30288 NCDC
HIV-1_C_HMS30290_NCDC

HIV-1.08_BC.CH.2007.HQT00001
100 HIV-1.C.CN. 2007 HM21 5416

—l HIV-1.08 BC.CN 2007 HQT00004
HIV-1.C.CIN.2007 CNES3 HM215417
HIV-1.08_ BC.CN.2007.HQ699976

L HIV-1BCLOD..- AF268277

HIV-1.08 BC.CN.1997 AY008717

[_— HIV-1.5C.CN. 2007 EM21 3425

HIV-1_C_ HMS30279.NCDC

{ HIV-1_C_ HM630291_NCDC

HIV-1_C__HM630281_NCDC

HIV-1_C_ HMS30278 NCDC
HIV-1_C_ HMS30287 NCDC

HIV-1_C_HME30283 NCDC

HIV-1_C__HM630289_NCDC
HIV-1.C.CH.2007.HQ699950

HIV-1_C_ HM630280_NCDC
HIV-1_C__HM§30282_NCDC

HIV-1_C_ HM630286_NCDC

100L1.C.FL1992 FIND210 AF219266HIV-1_C_ HME30292 NCDC

—|:HIY-1 C.ZA 1995 TVOITA AF3I91238

HIV-1.C.ZM2002.022M112 ABI34144

HIV-1.C.ZA 1999 99 ZARWI0 AYS29669
HIV-1.C.ZA 1997.97ZA012 AF186227

HIV-1.C.TZ.1998.98TZ013 AFIB6134
HIV-1.CZA 199 DUITI AY43174
HIV-1.C.ZAI003.5E11IBLAYT 72695

V-1.C.ZA-DUL3 _patent A4 57084
HIV-1.CZA000.C_ZA 11890BAY 385264
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100

100

I: HIV-1.C.ZA 1998 il 3 AY 529661
HIV-1.C.ZA 2003 03ZASK019B2 AYE78063

HIV-1.C EW.1996 9%6BW11BOLAF110971

HIV-1.CTZ 1997 97TZ(4.AF361874

HIV-1.CTZ200000TZ_AM6 AYTI6825
HIV-1_C_HME30283 NCDC
HIV-1.CBR.2004 04BRO21 AY727523

HIV-1.CDJ.-DI239 AB483644
HIV-1.CIL.1999.99ET17.AY255826

39 HIV-1.AICD8E.1995.8E8603.AF075702
HIV-1.01_AG.CN.2004. HQ700002

HIV-1.01_AE CN.2007FJ441290
HIV-1.01_AE.CN.2005 HQ699987
HIV-1.01_AE.CN.2006 HM213427
HIV-1.01_AE.CN.2006 HQ699993
HIV-1.01_AE.CN.2008.GU473016

HIV-1.01_AE.CN.1997 AY(08714

HIV-1.01_AE CN.2006 EF036331

HIV-133_01B.1D.2007 JKTI94-C AB347464
HIV-1.01_AE.CN.2007 HQ899955
HIV-1.B.JP.2004 (41PDR6075B. AB221126
HIV-1 BKR 1997 WK AF2243507
HIV-1 BKR 2004 04WK7_EIV_1_wkDQ295194

‘ * D HIV-| BNL.199 B434-42-CLAY970949

100

100

HIV-1BJP.2003 DR6737 AB2 7365
HIV-L BN EUI6828
HIV-1B.CY 1999 177863

HIV-13 CH.2000 F446
HIV-1B.C 2008 FH618
HIV-1 BN 2004 AVHAM2
HIV-13 (N N06EUI3 1804
HIV-1.B.CN 2002 2HNam DO 01
HIV-1BTT.1995.QE0%08 FAFT0
HIV-1B.CH 2003 NABpe o 43 ELIBA1
HIV-1 BFR.19831TB LALAD4E2
HIV-1 B.FR. 1983 BH10_pstert EDDS81 14
HIV-1 BFR.1993 I 60.ARM113]

—————— %1 BUS-HI0GHDQ2II16
—— HIV-1BAUI%IMBCCH AFM2103

S

HIV-1.B.US.1985 Ba-L AB221005

100" HIV-1B.US.1983.Bs_LABL3343]

003

@)

0.2 |
11
" I
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GENETIC CHARACTERISTICS OF THE HYPER-VARIABLE REGION
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Figure 2: The above figure shows the entropy plots, conttliusing
‘Entropy’ tool of the Los Alamos Database. On thexis is the
amino acid position, whereas, the y-axis shows ehieopy/sequence
variability. The above entropy plots show sequemagability in (a)
CCRS utilizing V3 sequences of subtype C (b) CCRitizing V3
sequences of subtype B (c) entropy difference éatva’ and ‘b’ (d)
CXCR4 utilizing V3 sequences of subtype C (e) CXGRiizing V3
sequences of subtype B (f) entropy difference betwd’ and ‘e’ (g)
entropy differences between the CCR5 and CXCR#iuntl co-receptors
in subtype B sequences (h) entropy differences dmtwthe CCR5
and CXCR4 utilizing co-receptors in subtype C seqas. The sites with
a significant (g 0.05) difference in the entropy are shown in red.
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Figure 3: Sequence logos of (a) CCR5 co-receptor utilizimgtype C
sequences (b) CCR5 co-receptor utilizing subtypeseBuences (c)
CXCR4 co-receptor utilizing subtype C sequences GXCR4 co-
receptor utilizing subtype B sequences. Size of eharacter displays
the proportion of sequences in which a particutaina acid occurs.
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