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NOTE

Envelope Diversity, Characteristics of V3 Region and Predicted 
Co-Receptor Usage of Human Immunodeficiency Viruses Infecting 
North Indians

Subtypes of human immunodeficiency virus type 1 circu-
lating in 21 north Indian patients were characterized based 
on the partial sequence of the gp120 envelope protein. A 
majority of viruses (85.7%, 18/21) were subtype C, while 
14.3% (3/21) were subtype A. Sequence analysis revealed 
that the V3 region was highly conserved compared with V4 
and V5. The predicted use of co-receptors indicated exclusive 
usage of R5, except for two subtype A viruses (AIIMS279 
and AIIMS281). Our results demonstrate conservation within 
the V3 loop of subtype C viruses, and suggest the emergence 
of non-clade C viruses in the north Indian population.

Keywords: HIV-1, subtypes, envelope glycoprotein, variable 
regions, co-receptor usage

Viral diversity has emerged as a major challenge in the devel-
opment of a vaccine against human immunodeficiency virus 
type 1 (HIV-1) (Taylor et al., 2008). The first description of 
HIV-1 in India was from Tamil Nadu state in 1986 (John et 
al., 1987). The virus has rapidly spread throughout the coun-
try, with subtype C the most predominant, and a fraction 
of other subtypes circulating in the population (Lakhashe 
et al., 2008). Subtype C is the major cause of the current 
global HIV-1 pandemic, accounting for more than 50% of 
worldwide infections (Hemelaar et al., 2006), with most in-
fections occurring in Africa, then followed by India. Even 
between these two geographic regions, the envelope sequences 
of the subtype C viruses are distinctly different (Shankarappa 
et al., 2001). The binding of HIV-1 gp120 to the CD4 receptor, 
and subsequent binding to the co-receptor (CXCR4 or CCR5) 

on host cells, facilitates viral entry. The crucial involvement 
of the gp120 envelope protein for viral entry makes it a po-
tential target for HIV-1 vaccines (Pantophlet and Burton, 
2006). The HIV-1 gp120 consists of five constant (C1–C5) 
and five variable (V1–V5) regions (Modrow et al., 1987). The 
third variable region (V3), usually a 35-mer, cysteine-bound, 
variable loop of the viral envelope gp120, has been shown 
to be a critical determinant of co-receptor selectivity. Based 
on which co-receptor is used, HIV-1 can be classified as X4- 
tropic (using CXCR4) or R5-tropic (using CCR5) (Berger et 
al., 1999). Phenotypic and genotypic analysis has shown that 
the viruses from India are R5- and X4-tropic, with mostly a 
non-syncytium inducing (NSI) phenotype (Cecilia et al., 
2000; Shankarappa et al., 2001). R5-tropic viruses are predo-
minant during the early stages of infection, and persist throu-
ghout subtype C infections. Approximately half of HIV-1 
subtype B viruses switch from R5- to X4-tropism as disease 
progresses (Richman and Bozzette, 1994). We previously 
showed that the V3 region in HIV-1 subtype C-infected in-
dividuals was highly antigenic compared with the membrane 
proximal external region (MPER). Anti-V3 plasma antibodies 
were dependent on virus persistence (Andrabi et al., 2011). 
We undertook this work to determine the subtypes present, 
and to assess HIV-1 envelope diversity in infected individuals 
residing in the northern states of India.
  HIV-1 seropositive patients (n=21) were recruited for this 
study from the Regional STD Teaching Training & Research 
Centre of Safdarjung Hospital (New Delhi, India). The study 
was approved by the institutional ethics committee, and 
written informed consent was obtained from all participants. 
Of the 21 patients, 5 were females and 16 were males, with 
ages ranging from 25–52 years. Fourteen patients were drug 
naïve and seven were undergoing antiretroviral therapy for 
a period of up to two years. The viral load in naïve patients 
(n=10) ranged from 1660–2,180,000 RNA copies/ml of 
plasma (median=43700). For treated patients (n=5), the viral 
load was low (128–703,000 RNA copies/ml of plasma, me-
dian=248). The viral load could not be estimated in the re-
maining six patients. The median CD4 count was 190 (range, 
14–442) and 197 (104–405) cells/mm3, while the mean total 
immunoglobulin G (IgG) levels were 12.21 and 12.27 mg/ml 
for the naïve and treated patients, respectively.
  Genomic DNA was isolated from whole blood using a 
QIAamp Blood Mini kit (QIAGEN, Germany). The viral 
envelope from part of the C2 through a part of the C5 re-
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Table 1. Comparison of V3 sequences and co-receptor usage in patients studied

AIIMS ID Subtype V3 sequence Amino acid at 25/11 
position of V3

Net charge 
on V3

V3 crown 
motif

Co-receptor 
used

Accession 
number

Con_A CTRPNNNTRKSIRIGPGQAFYATGDIIGDIRQAHC
AIIMS235 A ---------R--H---------SNI-T------Y- SI 4 GPGQ CCR5 JF320896
AIIMS279 A ----------GVH----RV--*-NN------K-Y- GN 6 GPGR CXCR4 JF320908
AIIMS281 A -------IIRRRIHIGPGRAFY-SNTR------Y- RN 7 GPGR CXCR4 JF320910
Con_C CTRPNNNTRKSIRIGPGQTFYATGDIIGDIRQAHC
AIIMS287 C ----------------------------------- SD 4 GPGQ CCR5 JF320913
AIIMS212 C --------------------F--*----------- SD 4 GPGQ CCR5 JF300177
AIIMS265 C -I--S------------------------------ SD 4 GPGQ CCR5 JN019803
AIIMS275 C ------------------------E---N------ SE 5 GPGQ CCR5 JF320907
AIIMS278 C ----------------------R-E---------- SE 5 GPGQ CCR5 JN019805
AIIMS245 C ------------------A-----E---------- SE 4 GPGQ CCR5 JN019801
AIIMS239 C -I----------------------E---------- SE 4 GPGQ CCR5 JF320897
AIIMS234 C -I----------------------A--------Y- SA 4 GPGQ CCR5 JF320895
AIIMS224 C ---------R--------------A---------- SA 5 GPGQ CCR5 JF320920
AIIMS264 C ----G-------------------E------K-Y- SE 4 GPGQ CCR5 JN019802
AIIMS261 C ----------------------------P--E--- SD 4 GPGQ CCR5 JF320903
AIIMS269 C -A--G------V--------------T-------- SD 4 GPGQ CCR5 JN019804
AIIMS290 C -I--S---------------------T------Y- SD 3 GPGQ CCR5 JF320915
AIIMS213 C -V--G--------------------VT-N------ SD 5 GPGQ CCR5 JF320891
AIIMS240 C ------------GM---R----------N--E--- SD 4 GPGR CCR5 JF320898
AIIMS215 C -----------V---------------------Y- SD 3 GPGQ CCR5 JF320892
AIIMS241 C -----------T----------M------------ SD 4 GPGQ CCR5 JF320899
AIIMS226 C -I--------------------R------------ SD 5 GPGQ CCR5 JF320894

The V3 sequences of envelopes from patients were aligned with their corresponding consensus sequences using Seqpublish (http://hiv.lanl.gov).
Based on the V3 sequences, the co-receptor in use [CCR5 (R5), CXCR4 (X4)] was predicted using Web PSSM. This program also showed the net charge on V3, and amino acids 
present at the co-receptor determining positions within V3 (11 and 25). All subtype C viruses were R5-tropic. AIIMS279 and AIIMS281 were predicted to be X4-tropic.
*indicates a deletion mutation in the V3 sequence

gion of gp120 was amplified using nested PCR. All PCRs 
were performed with high fidelity Taq DNA polymerase 
(New England Biolabs) using primers Env-1 gp120 (5 -TCA 
GCA CAG TAC AAT GTA CAC ATG GAA T-3 and 
Env-2 gp120 (5 -GTG CTT CCT GCT CCC AAG AAC 
CCA-3 ), yielding an 861 bp amplicon. A 675 bp fragment 
(C2–C5) was amplified in the second round PCR using pri-
mers Env-3 gp120 (5 -TGT TAA ATG GCA GTC TAG 
CAG AA-3 ) and Env-4 gp120 (5 -TTA TAT AAT TCA CTT 
CTC CAA TT-3 ). The first round reverse transcription and 
amplification were performed using a Superscript One-Step 
RT-PCR® kit for long templates (Invitrogen, USA). The sec-
ond round of the nested PCR was performed using platinum 
PCR Supermix High Fidelity® 120 (Invitrogen). The PCR 
amplicons were purified using a gel purification kit (QIAGEN) 
and cloned into a TA cloning vector (Real Biotech Corp.). 
Three randomly selected clones were sequenced (Macrogen, 
Korea) from each sample and one representative clone was 
selected for analysis. The sequence data obtained was sub-
mitted to GenBank with the following accession numbers 
assigned: JF300177; JF320891–JF320892 JF320894–JF320899; 
JF320903; JF320907–JF320908; JF320910; JF320913; JF320915; 
JF320920; and JN019801–JN019805.
  Changes in HIV-1 diversity are posing a major challenge in 
the development of an effective vaccine. Viral heterogeneity 
is ever-increasing with the emergence of more complex viral 
mosaics or circulating recombinant forms (CRFs) arising 
through complex biological processes. In this study, we per-
formed a detailed genetic analysis of part of the envelope 

sequence (C2–C5) of gp120 from 21 HIV-1-infected indi-
viduals living in north India. Subtypes were determined using 
HIV-1 genotyping tools [REGA version 2.0, Recombinant 
Identification Program 3.0 (RIP) and NCBI Genotyping tool]. 
Subtyping revealed that 85.7% (18/21) of the viruses de-
tected in the patients were subtype C, with subtype A present 
in the remaining 14.3% (3/21) of subjects (Table 1 and Fig. 2). 
For phylogenetic analysis, viral sequences were aligned with 
reference sequences retrieved from the Los Alamos HIV 
database (http://hiv.lanl.gov) using CLUSTAL X. The phy-
logenetic tree was constructed with Mega (version 4) using 
the neighbor-joining method. Bootstrap values in the phy-
logenetic tree revealed that 18/21 viral sequences clustered 
with a subtype C Indian isolate, while three subtype A viruses 
aligned with subtypes A1 and A2 (Fig. 2).
  We observed a range (11–17) of potential N-linked glyco-
sylation sites (PNGS) within the C2–C5 region we examined. 
We further assessed the sequence and length corresponding 
to the V3, V4, and V5 regions and found that V3 was highly 
conserved as compared with V4 and V5 (Fig. 1). Sequence 
analysis of the donor viruses showed high sequence variability 
in the C3 region of gp120, especially in the 18 amino acid 
α2-helix residues (Fig. 1) consistent with previous findings 
in subtype C viruses (Gaschen et al., 2002).
  We aligned the V3 sequences of viruses in patients with 
their corresponding consensus sequences (consensus-A and 
consensus-C V3) using Seqpublish. It was observed that V3 
was conserved (35 amino acids; Table 1) except in two 
samples (AIIMS212 and AIIMS279), which had a one amino 
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Fig. 1. Comparison of variable regions (V3, V4, and V5) from the viruses of patients studied. Deduced envelope sequences of viruses (partial C2–C5 of 
gp120) were aligned with corresponding consensus subtype C sequences using Clustal X program. The regions corresponding to third (V3), fourth (V4) and
fifth (V5) variable segments of envelope gp120 protein are shown in boxes. A high conservation in V3 compared to V4 and V5 was observed. The median 
number of amino acids for V3, V4 and V5 was 35 (range, 34–35), 31 (22–41) and 12 (9–15), respectively, compared with 35, 25 and 9 in the corresponding 
consensus-C envelope sequence. Also the 18 amino acid residues forming the α2-helix in third constant (C3) region of gp120 is shown, which displays 
high variability particularly in subtype C viruses. Within the alignment, dots indicate identity with the consensus sequence and dashes indicate deletions.

acid deletion (Table 1). Among the 18 clade C viruses ana-
lyzed, the GPGQ motif was conserved throughout, which 
is characteristic of subtype C viruses (Korber et al., 1994). 
In AIIMS240, the glutamine residue (Q) was substituted for 

an arginine (R) at the apex of the crown (Table 1). Of the 
three clade A viruses, two (AIIMS279 and AIIMS281) con-
tained a GPGR instead of a GPGQ motif (found in con-
sensus-A V3) at the tip of the crown. Additionally, AIIMS281 
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Fig. 2. Neighbor-joining phylogenetic tree con-
structed from HIV-1 gp120 envelope protein 
sequences. The Indian viral envelope sequences 
were aligned with HIV-1 reference sequences 
from major subtypes (A–K) and two circulating 
recombinant forms (CRF02_AG and CRF08_BC)
using CLUSTAL X. The phylogenetic tree was 
constructed using Mega (version 4) employing 
the neighbor-joining method. Red circles indicate
subtype C, and the purple diamonds indicate 
subtype A.

also contained an amino acid insertion and deletion at po-
sitions 8 and 27, respectively (Fig. 1).
  The choice of co-receptor selectivity (CXCR4 or CCR5) is 
primarily determined by overall charge of the V3 region, but 
certain amino acid positions in V3 are particularly crucial. 
Based on the V3 sequence of viruses, we predicted the co- 
receptor in use through a web-based program (PSSM). All 
subtype C viruses were R5-tropic, while two of three subtype 
A viruses (AIIMS279 and AIIMS281) were predicted to be 
using CXCR4 (X4) as their co-receptor (Table 1). For con-
firmation of the co-receptor prediction, we compared a few 
patient virus V3 sequences with the V3 sequences of viruses 
tested previously for in vitro co-receptor usage and observed 
consistent results (Ndung’u et al., 2006).
  Phylogenetic analysis of the subtypes of donor viruses in 
this study showed that 85.7% of patients were infected with 

subtype C, consistent with previous reports from India 
(Hemelaar et al., 2006; Lakhashe et al., 2008). The remain-
ing subjects were infected with subtype A viruses. The occur-
rence of a fraction of viruses not contained within clade C 
for these patients was important in the context of overall 
HIV-1 diversity across India where greater than 95% of in-
fections are caused by subtype C viruses. Interestingly, sub-
type C viruses in this study showed a high degree of sequence 
similarity with CRF08_BC compared with subtype C. This 
is to be expected, as both of these subtypes have similar en-
velope sequences, but it may also be cautionary with respect 
to the possible emergence of more complex viruses in India. 
These findings could also be attributed to the small sample 
size, a limitation of the study, with assessment required in a 
greater number of patients from different regions across 
India. A few recent studies have shown the existence of non- 
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clade C viruses, including CRFs, from India, but again a 
small sample size and region-specific sample collection 
cannot consolidate these facts, and more data must be gen-
erated (Lakhashe et al., 2008; Neogi et al., 2009).
  The V3 region of the HIV-1 envelope gp120 protein is im-
portant for co-receptor binding. This region is exposed as a 
consequence of the conformational changes induced by in-
teraction of the CD4 binding site on gp120, and the CD4 
receptor on host cells. Based on the V3 sequence of viruses, the 
co-receptor in use (X4 or R5) was predicted by web PSSM, 
which has a high degree of reproducibility. All viruses were 
predicted to be R5-tropic except for AIIMS279 and AIIMS281, 
which were predicted to be X-4 tropic. Coincidently, both 
these viruses had a GPGR at the V3 crown instead of GPGQ, 
which is commonly found in subtype A viruses. Further, V3 
sequence analysis revealed that AIIMS240, a clade C virus, 
had an unusual Q to R transition at the crown apex (observed 
in less than 1% of subtype C viruses) (Patel et al., 2008) and 
a substitution from “RI to GM” just before the GPGR motif. 
A similar kind of a mutation has been found to be associated 
with dual co-receptor tropism (viruses using both CXCR4 
and CCR5 as co-receptor) (Zhang et al., 2010). These ob-
servations correspond with those described in some recent 
studies, which showed that HIV-1 exploited several co-re-
ceptors in addition to CCR5 as a consequence of unique 
amino acid substitutions in the V3 crown region (Gharu et 
al., 2009; Zhang et al., 2010).
  Overall, we observed high conservation in the V3 region, 
especially in subtype C viruses (Table 1). A reason for this 
could be that it is primarily involved in interactions with the 
co-receptor required for viral entry into host cells. Another 
plausible reason for the limited variation or conserved nature 
of V3 could be a low immune selection pressure within the 
V3 loop of the native virus. The latter hypothesis is further 
supported by the presence of a highly conserved hydro-
phobic core in the V3 crown (amino acid I14 in V3; Table 1), 
which favors immune evasion by epitope masking in sub-
type C viruses (Lynch et al., 2010). Our study is also sugges-
tive of the emergence of non-subtype C virus infections in 
this population.
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