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Abstract

In the present study, we investigated genetic divergence between complete autologous HIV-1 env genes am-
plified directly from plasma of two antiretroviral-naive, slow progressing Indian patients with broad neutral-
izing antibody response. All the envelope (Env) clones obtained from one patient (LT1) belonged to subtype C;
the second patient (LT5) harbored quasispecies comprised of pure B, C, and B/C recombinants with distinct
breakpoints indicative of dual infection with genetically distinct strains. Further characterization of these Envs
would provide insight into the biological properties under strong humoral immune response.

The persistence of HIV-1 in the presence of immense
humoral immune pressure leads to a remarkable in-

crease in diversity in its envelope protein. With progression in
the disease course, individuals with human immunodefi-
ciency virus type 1 (HIV-1) infection usually harbor numerous
genetically related viral variants termed quasispecies.1,2 Such
variants are believed to either determine disease progres-
sion3–6 by overcoming the host immune response and/or
develop resistance to antiretroviral therapy agents.7–11 The
HIV-1 envelope (Env), which plays a key role in the interac-
tion with cellular receptors and coreceptors in the viral entry
process, remains exposed on the virus surface under incessant
host-selective pressure, particularly that of the autologous
neutralizing antibodies. The continual evolution of viral
quasispecies by mutation poses an impediment in successful
recognition both by virus-specific cellular and humoral im-
mune mechanisms.12,13 In addition, viral sequence diversity
also takes complex shape through recombination, particularly
in cases of dual infection11,14–19 by different subtypes. Studies
of Env diversity would provide information on selective for-
ces such as humoral immunity that might influence the rate of
progression of disease and also would help in the identifica-
tion of determinants on the Env protein that modulate viral
response to immune pressure such as neutralizing antibodies.
Here, we investigated the genetic properties of env genes re-
presenting viral quasispecies amplified from plasma of two
antiretroviral treatment (ART)-naive slow progressing Indian
patients with broadly neutralizing antibody response.

First, the neutralization potential of plasma specimens ob-
tained from the two slow progressing patients (NARI-LT1
and NARI-LT5) was examined against 28 Env-pseudotyped
viruses comprising tier-1, tier-2, and tier-3 viruses as de-
scribed previously.20 Plasma samples were diluted in growth
media (DMEM supplemented with 5% fetal bovine sera; In-
vitrogen Inc.) starting from a 1:20 dilution and incubated with
Env-pseudotyped viruses for 1 h at 37�C. Subsequently 1 · 104

TZM-bl cells21 were added to this mixture in 96-well tray
tissue culture plates supplemented with 25 lg/ml DEAE
Dextran (Sigma Inc.) and further incubated for additional 2
days at 37�C in a CO2 incubator. The degree of neutralization
of Env-pseudotyped viruses of TZM-bl cells in the presence of
LT1 and LT5 plasma was determined by measuring the re-
duction in relative luminescence units (RLU) as described
earlier.20 As shown in Table 1, the majority of viruses tested
here were significantly neutralized by LT5 plasma; LT1
plasma also showed substantial neutralization potential albeit
to a lesser extent than LT5 plasma. Of viruses, 16/28 showed
50% neutralization in 1:100 LT1 plasma dilutions while 11/28
viruses showed 50% neutralization at 1:500 dilutions and up
to 1:5361 dilutions. On the other hand, 21/28 viruses showed
50% neutralization to LT5 plasma at 1:100 [including PVO.03
(tier 3 virus) and JRFL (tier 2 virus)], while 12/28 viruses
showed 50% neutralization at 1:500 and up to 1:8210. Overall,
LT5 plasma was found to be a better neutralizer than LT1,
although both of them showed broad neutralizing property
against the viruses tested here.
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We next examined the genetic properties of Env obtained
from these two patients harboring broadly neutralizing anti-
bodies (Table 2). Complete gp160 was amplified from reverse
transcribed plasma viral RNA of both samples in the presence
of high fidelity proofreading polymerase, Platinum Taq (In-
vitrogen Inc.). The gp160 amplicons were cloned in either
pcDNA3.1TOPO (Invitrogen, Inc.) or in pSVIIIenv as de-
scribed previously20 (Table 2). For patient LT1, Env clones
were obtained from two different time points—2007 and 2009.
Due to unavailability, we were able obtain Envs from patient
LT5 at only one time point (2007). More than one Env clone
was obtained from each plasma specimen. DNA sequences of
patient Env clones were obtained through Genetic Analyzer
3130XL (Applied Biosystems, Life Technologies Inc.) using
Big Dye terminator as described previously.22 The genetic
properties are summarized in Table 1. We found that in re-
gard to patient LT1, all the Envs were found to have compa-
rable potential N-linked glycosylation sites (PNLGS)
(between 26 and 27); however, for patient LT5, the PNLGs
ranged from 25 to 34, indicating a variation in the glycosyla-
tion pattern in viral quasispecies in this patient. The V1V2
loop length also varied between the LT5 Envs, while it re-
mained comparable in that of patient LT1. The V3 loop charge
of LT1 Envs ranges from + 3 to + 5 and all possessed the
GPGQ motif at the tip of the V3 loop; however, in case of LT5
Envs, the V3 loop charge ranged from + 2 to + 7 and six of
them (LT5.J3, LT5.J10, LT5.J11, LT5.J13, LT5.J24, and LT5.J25)
were found to contain the GPGR motif. Out of 10 LT1 Env
clones, all but two (LT1_07.J10 and LT1_07.J15) showed in-
fectivity in TZM-bl cells that express CD4, CCR5, and CXCR4.
On the other hand, only 4/14 Env clones (LT5.J3b, LT5.J4b,
LT5.J7b, and LT5.J12) obtained from LT5 plasma showed in-
fectivity in TZM-bl cells. Other Envs showed infectivity below

Table 1. Neutralization Properties of LT1 and LT5
Plasma to Heterologous Env-Pseudotyped Viruses

IC50 values (reciprocal
dilutions)

Origin Envelope LT1 LT5

India Clade C 2.J8 1500 772
2.J9 882 723
3.J6 3064 4190
4.J2 5361 8210
4.J22 1530 2890
4.J27 819 3880
5.J41 893 3398
7.J16 < 50 1650
7.J20 < 50 1530
11.J25 609 730
11.J28 480 464

African Clade C Du156 343 181
Du172 274 124
Du422 115 90
Zm109 38 74
Zm197 < 20 123
CAP45 815 462

Clade B QH0692 33 < 20
SC422661 32 85
PVO.04 < 20 147
AC10.0.29 36 < 20
RHPA4259.7 40 138
6535.3 651 3400
JRFL < 20 195

Clade A Q461.E2 162 128
Q482.d12 < 20 < 20

Recombinant CRF02_AG 62 84

Table 2. Genetic Properties of Patient Env Clones

Year of Year of ART
CD4
count

Loop length
PNLGS

V3
loop CoR

Patient ID infection collection Status (cu/mm3) Env clones Vector V1V2 V3 V4 V5 gp41 (gp160) charge V3 tip usage

97139 (LT1) 1997 2007 Naı̈ve 736 LT1_07.J1 pSVIIIenv 62 35 28 11 352 27 3 GPGQ CCR5
LT1_07.J4 pSVIIIenv 62 36 28 11 352 27 5 GPGQ CCR5
LT1_07.J26 pSVIIIenv 62 35 28 11 352 26 3 GPGQ CCR5
LT1_07.J10 pSVIIIenv 62 35 29 12 352 27 3 GPGQ NF
LT1_07.J15 pSVIIIenv 62 35 29 11 352 27 3 GPGQ NF

2009 Naı̈ve 508 LT1_09.J3 pSVIIIenv 65 35 21 11 352 27 4 GPGQ CCR5
LT1_09.J6 pSVIIIenv 62 35 28 11 352 27 3 GPGQ CCR5
LT1_09.J8 pSVIIIenv 65 35 21 11 352 27 4 GPGQ CCR5
LT1_09.J9 pSVIIIenv 62 35 28 11 352 27 3 GPGQ CCR5

991566 (LT5) 1999 2007 Naı̈ve 720 LT5.J3 pcDNA3.1 65 35 35 13 345 26 7 GPGR NF
LT5.J3b pSVIIIenv 76 35 26 13 352 32 3 GPGQ CCR5
LT5.J4 pcDNA3.1 71 35 26 14 345 32 2 GPGQ NF
LT5.J4b pcDNA3.1 65 35 32 13 345 25 4 GPGQ CCR5
LT5.J7b pSVIIIenv 68 35 26 14 352 32 4 GPGQ CCR5
LT5.J10 pcDNA3.1 65 34 35 13 345 26 6 GPGR NF
LT5.J11 pcDNA3.1 65 35 35 13 345 26 6 GPGR NF
LT5.J12 pcDNA3.1 74 35 26 13 345 34 3 GPGQ CCR5
LT5.J13 pcDNA3.1 65 35 35 13 345 26 6 GPGR NF
LT5.J20 pcDNA3.1 73 35 26 12 345 34 3 GPGQ NF
LT5.J24 pcDNA3.1 68 35 35 13 345 26 6 GPGR NF
LT5.J25 pcDNA3.1 65 35 35 13 345 27 6 GPGR NF
LT5.J26 pcDNA3.1 74 35 26 12 345 34 3 GPGQ NF
LT5.J28 pcDNA3.1 74 35 26 12 345 34 3 GPGQ NF

PNLGS, potential N-linked glycosylation sites; CoR, coreceptor usage; NF, nonfunctional Env clones; ART, antiretroviral therapy.
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an acceptable range. All the functional Env clones from both
LT1 and LT5 were found to be CCR5 tropic (Table 1). None-
theless, LT5 Envs that contained the GPGR motif in the V3
loop and possessed a net positive charge of greater than 6 in
the V3 loop revealed the presence of viral quasispecies that
were presumably CXCR4 using. Importantly, two of the Env
clones (LT5.J6 and J28) showed premature stop codons, in-
dicating the presence of defective Envs in this patient.

For analysis of intrapatient genetic divergence of Env
clones, the deduced amino acid sequences were subjected to
phylogenetic analysis using the neighbor-joining method
with Kimura two-parameter using MEGA software (version
4). As shown in Fig. 1, for patient LT1, Envs obtained at the
first time point (2007) clustered closely, while those obtained
after 2 years (2009) were found to diverge away from Envs
obtained in 2007. Interestingly, two of the Env clones (LT1-
09.J3 and J8) obtained at the second time point (2009) showed
significant deviation from the other Env clones obtained at the
same time point. Indeed, all the Env clones belonged to sub-
type C. On the other hand, Env clones obtained from patient
LT5 were found to be composed of pure clades B and C and
B/C recombinants as identified by the Recombinant Identi-
fication Program (RIP; www.hiv.lanl.gov) leading to greater
intrapatient genetic diversity in comparison to LT-1 Envs.
While pure clade C (LT5.J3B and LT5.J7B) and pure clade B
(LT5.J3, LT5.J24, and LT5.J25) Envs clustered closely with the
respective subtype reference strains in the phylogenetic tree
(Fig. 1), others varied considerably.

We further examined the percent similarity of nucleotide
sequences of autologous Env clones using SimPlot analysis.23

As shown in Fig. 2, in case of LT1 Envs, LT1-09.J3 and LT1-
09.J8 were found to differ significantly from the other LT1
Envs, suggesting considerable evolution of Env during this
period. SimPlot analysis of LT-5 revealed that LT5.J4 and
LT5.J4B were found to be clearly distinct between nucleotide
positions 1000 and 1200. Although the LT1 complete Envs
form a monophyletic cluster, when examined for domain-wise
divergence, Envs obtained in 2009 (after 2 years) were found to
diverge with respect to the variable loops and gp41 (data not
shown). With regard to patient LT5, significant divergence in
Env sequences in variable loops and gp41 was also found (data
not shown). The divergence in LT5 Envs was presumably due
to differences in subtypes and recombination in Env.

We next examined whether Env clones obtained from both
LT1 and LT5 patients despite having genetic distances re-
presented descendants closest to a common ancestor of the
members of the group. For this, deduced amino acid of gp120
sequences of the Env clones was aligned with limited clade B
and clade C global gp120 sequences and bootstrapped phy-
logenetic trees were constructed using the neighbor-joining
method using MEGA (Version 4). As shown in Fig. 3, LT1 Env
clones clustered closely to the Indian clade C, indicating that
they evolved from a common ancestor. However, we found
that LT5 Envs clustered with both subtype C and subtype B
gp120 sequences; clade B sequences were close to Thai B se-
quences and clade C were closely clustered near Indian sub-
type C. The Env clone LT5.J4B gp160 sequence was found to
diverge from the rest of the LT5 Envs. Our observation indi-
cated that this particular patient LT5 was dually infected with
different strains, possibly with Thai B and Indian C strains,

LT1 LT5
LT1

L
T

1
07

.J
6

T5.J
24

5.
J2

5

T5
.J

3

LT
5.

J1
0

SUS B

261N
FLT1 07.J1

LT1 07.J4

1
07.J15N

F
7.J10N

F LT
1

09
.

LT1 09.J9

1 09.J3

LT5.J11

LT5.J13 LT5

LT
5

L
T L

CONSENSU

L
T

1
07

.J
2

LT
1

07
.J

1N

LT1 0

LT1 09.J8 LT5.J4B

C
O

N
SEN

SU
S

C LT5.J4LT5.J26

L
T5

.J
12

LT
5.

J2
8

LT5.J20

6

C
O

N
S

LT5.J3B

CS
E

N
S

U
S

 B

0.01

LT
5.

J7
B

C
O

N
S

E
N

S
U

S
C

0.01

FIG. 1. Genetic relatedness
of autologous Envs. Deduced
amino acid sequences of Env
clones were used to prepare
bootstrapped phylogenetic
trees using MEGA4.1.
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and had likely undergone recombination during the course of
infection.

To further analyze the genetic relatedness of recombinant
LT5 Envs, we studied the breakpoints. The amino acid se-
quences were thus subjected to breakpoint analysis through
the jpHMM (jumping profile Hidden Markov Model) web
server at GOBICS (http://jphmm.gobics.de) and using the
breakpoints, the recombinant structures of each Env were
drawn (Fig. 4) using the recombinant HIV-1 drawing tool
(http://www.hiv.lanl.gov/content/sequence/DRAW_CRF/
recom_mapper.html) available at the HIV Los Alamos data-
base (www.hiv.lanl.gov) to precisely dissect the position of
recombination. As shown in Fig. 4, LT5.J3, J24 and J25 were

found to possess Env of pure subtype B while only LT5.J3B
and 7B contained pure subtype C Env. The rest of the autol-
ogous Envs were found to be mosaic in nature with distinct
breakpoints between subtypes B and C. LT5.J4B was found to
possess three breakpoints [5954–6495 (subtype B), 6495–7414
(subtype C), and 7414–8821 (subtype B)]; this recombination
pattern was likely responsible for its significant deviation
from other autologous Envs in the phylogenetic tree.

In conclusion, we report attributes of env genes amplified
directly from plasma of two ART-naive HIV-positive slow
progressing individuals. The two individuals were found to
possess neutralizing plasma with considerable breadth. Both
LT1 and LT5 plasma showed a fair degree of potency but
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subtype bias toward clade C Envs, especially LT1 plasma.
Nonetheless, LT5 plasma was found to provide 50% neu-
tralization with tier-2 and tier-3 Envs ( JRFL and PVO.04),
indicating that patient LT5 indeed harbored broad neutral-
izing antibody.

Phylogenetic tree of LT-5 sequences (Fig. 3) revealed that
the Env variants were distinctly separated and clustered with
epidemiologically unlinked reference viruses. Additionally, a
multiregion hybridization assay (MHAbce v2)24 using LT-5
plasma also indicated recombination events in Env, suggest-
ing that recombinant Env quasispecies constitute a major
portion in the plasma (data not shown). It is unclear as to what
impact dual infection has on disease progression. Results of
previous studies25–30 suggested that superinfection by two
different strains tends to result in faster disease progression
and it was hypothesized that dual infection facilitates/accel-
erates viral adaptation and exploitation of cellular niches that
would take many years to develop from a homogeneous in-
fecting strain. Interestingly, in our study, we found the pres-
ence of distinct subtype B and C strains in the viral
quasispecies in plasma in an antiretroviral-naive patient in-
fected for more than 8 years. We also obtained evidence of
Env clones from patient LT5 with premature stop codons.
This indicated that this particular patient was infected with
strains that gave rise to few defective virions. Similar obser-
vations were reported by Braibant et al.31 and Wang et al.32,33

Our findings are significant as these env genes represent
viral quasispecies that were in circulation and were under

immense humoral immune pressure, in contrast to the reports
by Braibant et al. 31 in which they characterized Envs from
proviral DNA that may not necessarily represent circulating
viruses. Further analysis of these Env variants obtained from
both the patients would help characterize factors that mod-
ulate replication and also identify important targets for virus
neutralization.

GenBank Accession Numbers

The GenBank accession numbers of the LT5.J3, LT5.J4b,
LT5.J12, LT5.J13, LT5.J20, and LT5.J26 envelopes are FJ515874,
FJ515875, FJ515876, FJ515877, FJ515879, and FJ515878,
respectively, while that of LT1_07.J1, LT1_07.J4, LT1_07.J26,
LT1_07.J10, LT1_07.J15, LT1_09.J3, LT1_09.J6, LT1_09.J8,
LT1_09.J9, LT5.J3B, LT5.J4, LT5.J7B, LT5.J10, LT5.J11, LT5.J24,
LT5.J25 and LT5.J28 are JN400529, JN400530, JN400531,
JN400532, JN400533, JN400534, JN400535, JN400536,
JN400537, JN400538, JN400539, JN400540, JN400541,
JN400542, JN400543, JN400544 and JN400545 respectively.
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