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To assess the role of naturally occurring basic amino acid substitutions in the V3 loop of human immuno-
deficiency virus type 1 (HIV-1) subtype E on viral coreceptor usage and cell tropism, we have constructed a
panel of chimeric viruses with mutant V3 loops of HIV-1 subtype E in the genetic background of HIV-1LAI. The
arginine substitutions naturally occurring at positions 8, 11, and 18 of the V3 loop in an HIV-1 subtype E X4
strain were systematically introduced into that of an R5 strain to generate a series of V3 loop mutant chimera.
These chimeric viruses were employed in virus infectivity assays using HOS-CD4 cells expressing either CCR5
or CXCR4, peripheral blood mononuclear cells, T-cell lines, or macrophages. The arginine substitution at
position 11 of the V3 loop uniformly caused the loss of infectivity in HOS-CD4-CCR5 cells, indicating that
position 11 is critical for utilization of CCR5. CXCR4 usage was conferred by a minimum of two arginine
substitutions, regardless of combination, whereas arginine substitutions at position 8 and 11 were required for
T-cell line tropism. Nonetheless, macrophage tropism was not conferred by the V3 loop of subtype E R5 strain
per se. We found that the specific combinations of amino acid changes in HIV-1 subtype E env V3 loop are
critical for determining viral coreceptor usage and cell tropism. However, the ability to infect HOS-CD4 cells
through either CXCR4 or CCR5 is not necessarily correlated with T-cell or macrophage tropism, suggesting
that cellular tropism is not dictated solely by viral coreceptor utilization.

CD4-positive T lymphocytes and cells of monocyte-macro-
phage lineages are the primary targets of human immunode-
ficiency virus type 1 (HIV-1) in vivo (22, 34). During the early
phase of infection, non-syncytium-inducing (NSI) and macro-
phage (M)-tropic HIV-1 strains are predominant (27, 34, 41).
T-cell (T)-tropic, syncytium-inducing (SI) isolates emerge in
the late phase of infection (6, 26). Changes in cellular tropism
by HIV-1 strains in vivo seem to be a key event in the patho-
genesis of HIV-1 disease (11, 16, 31, 32), whereby the transi-
tion from M tropism to T tropism occurs in association with
rapid progression to AIDS (6).

It has been reported that the third variable (V3) region of
the HIV-1 envelope glycoprotein gp120 is the most critical
determinant for cellular tropism (7, 14) or coreceptor use (3–5,
30, 39), although other regions of envelope glycoprotein are
suggested to have some role in conjunction with the V3 loop
sequence contexts (4, 12, 15, 29). Specific amino acid variations
in the V3 loop, especially distribution of charged amino acids,
have been shown to correlate with viral phenotype (2, 7, 8, 10)
and coreceptor usage (30, 39). The V3 loop amino acid se-
quences of HIV-1 SI isolates are more positively charged than
those of NSI isolates (2, 10, 19, 20). The basic amino acids at
positions 11 and 25 (numbering from the amino-terminal cys-
teine residue) of the V3 loop were reported to confer an SI
phenotype on an NSI virus in the genetic background of HXB2
recombined with a patient-derived V3 loop (7). However, most

of these studies were carried out in the genetic background of
subtype B isolates, and therefore it is not known whether the
V3 regions of other subtypes determine such viral characteristics.

In a previous study, we identified an epidemiologically
linked case of intrafamilial infection of HIV-1 subtype E and
isolated genetically closely related HIV-1 subtype E strains
from each family member (24, 25). The X4 virus (HIV-1NH1)
was isolated from the father (NH1; the index case), who had
developed AIDS. The R5 virus (HIV-1NH2) was isolated from
mother (NH2), who was an asymptomatic carrier at the time of
virus isolation. Both isolates were phylogenetically closely re-
lated, indicating that the virus was transmitted directly from
NH1 to NH2 sexually (24, 25).

Close comparison between V3 loop amino acid sequences of
these nearly isogenic X4 and R5 isolates implied the impor-
tance of the basic amino acid residues at positions 8, 11, and 18
in the V3 loop for phenotypic transition from R5 (NSI) to X4
(SI) (23). Furthermore, we showed that the V3 loop of HIV-1
subtype E envelope glycoproteins can specify viral coreceptor
usage and MT2 cell tropism in chimeric viruses in the genetic
background of HIV-1LAI (23). In this study, we investigated
the role of the naturally occurring basic amino acid substitu-
tions on the HIV-1 subtype E V3 loop by using chimeric
viruses with mutated V3 loop in the genetic background of
HIV-1LAI. We found that specific combinations of these amino
acid changes at specific loci in the HIV-1 subtype E env V3
loop were indeed critical for determining viral coreceptor us-
age and cell tropism.

MATERIALS AND METHODS

Construction of V3 loop recombinant DNA clones. For systematic generation
of chimeric viruses with various types of V3 loop mutations, pLAI (21)-derived
subclones constructed previously (23) were used. These include (i) pUC-LAI/SB,
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where the 2.7-kb SalI-BamHI fragment harboring the env region of LAI is cloned
into pUC18, and (ii) pUC-LAI/NH2V3, constructed by replacing the V3 loop
gene of pUC-LAI/SB with that of the HIV-1 subtype E R5 strain HIV-1NH2 (23)
(Fig. 1).

StuI-NheI fragments with the V3 loop mutations were generated by the over-
lap extension method (13), using a primer (mt series) with the point mutation(s)

of interest listed in Table 1. In the DStuI primer, the StuI site present in pLAI at
nucleotide position 6879 (21) was mutated (23). Outer A and Outer B primers
have the original sequences flanking the V3 loop region of the LAI env gene
(Table 1; Fig. 1). For introduction of mutations, pUC-LAI/NH2V3 was PCR
amplified with two sets of primer pairs, either Outer A and an mt primer or DStuI
and Outer B (Fig. 1). The PCR products were then subjected to a second round

FIG. 1. Schematic representation of the construction of LAI-based infectious molecular clones with mutated HIV-1 subtype E V3 loops. Plasmid pUC-LAI/NH2V3
(23) was used as the template for PCR to generate DNA fragments containing the mutation(s) of interest. The PCR primers are listed in Table 1. The mt primers
contain a series of mutations (closed triangle) to introduce the amino acid substitution(s). The native StuI site was mutated (open triangle) in the DStuI primer. Outer
A and outer B primers have the original sequence of the LAI env gene. The mixture of the first-round PCR products generated by either primer pair, Outer A and
an mt primer or DStuI and Outer B, is subsequently amplified with outer A and outer B primers. Two forms of amplified products are generated. The upper form
containing the mutation(s) of interest is readily cleaved with the restriction enzymes, StuI and NheI and thus selectively cloned into StuI-NheI-cleaved pUC-LAI/SB
(23). Subsequently, the SalI-BamHI fragment of the resultant plasmid is cloned into SalI-BamHI-cleaved pLAI to reconstitute the LAI-based chimeric molecular clones
with mutated V3 loops of HIV-1 subtype E.
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of PCR with Outer A and Outer B primers, yielding two forms of PCR products;
one retains the StuI site and the other does not. PCR product with a mutated V3
loop is readily cleaved with restriction enzymes StuI and NheI and thereby
selectively cloned into StuI-NheI-cleaved pUC-LAI/SB (Fig. 1). The SalI-BamHI
fragment of the resultant plasmid was inserted into SalI-BamHI-cleaved pLAI to
reconstitute the V3 loop mutant chimeric molecular clones. The nucleotide
sequences of the PCR fragments and sequences around the cloning sites of each
V3 mutant were confirmed with an ABI PRISM 310 automated sequencer
(Perkin-Elmer, Norwalk, Conn.).

Preparation of cell-free virus stocks. HeLa cells (5 3 105 cells) were grown in
Dulbecco’s modified Eagle medium with 10% (vol/vol) heat-inactivated fetal calf
serum (FCS) in a T25 flask for 1 day and transfected with 30 mg of plasmid DNA
by the calcium phosphate coprecipitation method (GIBCO, Grand Island, N.Y.).
The culture supernatants were collected at 48 and 72 h after transfection, filtered
through 0.45-mm-pore-size filters, and subjected to virion-associated reverse
transcriptase (RT) assay (37). The supernatants were kept at 2152°C before use.

Cell culture and virus infections. Peripheral blood mononuclear cells (PB-
MCs) and CD8-depleted PBMCs were prepared from whole blood of HIV-1-
seronegative donors by Ficoll-Hypaque (Pharmacia LKB) density centrifugation.
Before use, they were stimulated with 1 mg of phytohemagglutinin (PHA) per ml
for 3 days and grown in RPMI 1640 with 10% (vol/vol) heat-inactivated FCS and
20 U of recombinant human interleukin-2 (a kind gift from Shionogi Pharma-
ceutical Co.) per ml. The human CD41 T-lymphocyte cell lines MT2, H9,
M8166, Molt4, and PM1 were grown in RPMI 1640 supplemented with 10%
(vol/vol) heat-inactivated FCS. CD41 human osteosarcoma (HOS-CD4) cell
lines expressing either human CCR5 or CXCR4 (9) were grown in Dulbecco’s
modified Eagle medium DMEM with 10% FCS and 1.0 mg of puromycin per ml.
Monocyte-derived macrophage cultures were prepared as previously described
(18).

Infectivity assay. PHA-stimulated PBMCs (2 3 106) and macrophages (105)
were incubated in 0.1 ml of cell-free supernatant containing each recombinant
virus (2 3 105 to 5 3 105 32P cpm of RT activity) (37) for 2 to 16 h at 37°C,
washed once with phosphate-buffered saline, and grown in 2 and 0.5 ml of the
growth medium in 24- and 48-well plates, respectively. The CD41 human T-cell
lines MT2, H9, M8166, Molt4, and PM1 (5 3 104 cells) were incubated in 50 ml
of cell-free supernatant containing one of the recombinant viruses (4 3 105 32P
cpm of RT activity) (37) for 2 h at 37°C and grown in 0.2 ml of medium in 96-well
plates. Half of the volume of the culture medium was replaced by fresh medium
every 2 to 3 days for either 25 (PBMCs) or 16 (macrophages and T-cell lines)
days after infection. In all infections, a portion of culture supernatant was
collected every 2 to 3 days, stored at 280°C until all samples were collected at the
indicated time points, and analyzed for virion-associated RT activities. The
results were shown as a average of duplicated or triplicated experiments; varia-
tions were within 10% of the average.

Virus infectivity on the HOS cell lines was determined by endpoint dilution of
virus stocks. The infections were done in triplicate in 96-well plates. HOS-CD4
cells (6 3 103 in 200 ml/well) expressing either CCR5 or CXCR4 were incubated
in medium containing serially diluted (fivefold) recombinant virus stocks corre-
sponding to 1 3 106 to 8 3 103 cpm of virion-associated RT activity, washed once
with phosphate-buffered saline, fed with 0.2 ml of culture medium, and moni-
tored for RT production in the culture supernatants. The highest dilution re-
quired to produce an RT-positive culture was taken as the endpoint, and HIV-1
titers of infectious recombinants on the HOS-CD4 cells were expressed as 2, 10,
50, or 250 tissue culture infective doses (TCID) per 5 3 105 32P cpm of RT
activity.

RESULTS
Construction of pLAI-based infectious molecular clones

with a mutated V3 loop derived from HIV-1 subtype E. To
assess the contributions of the naturally occurring basic amino
acid substitutions found at positions 8, 11, and 18 of the V3
loop of HIV-1 subtype E on viral coreceptor usage and cell
tropism, we have constructed a panel of V3 loop mutant chi-
meras in the genetic background of HIV-1LAI (21) by the
overlap extension method (13) (Fig. 1). The V3 loop substitu-
tions and mutagenesis were designed so that only sequences
between two cysteine residues flanking the V3 loop were al-
tered. The predicted amino acid sequences of the V3 loops of
the mutants generated in this study are listed in Fig. 2. In mt1,
the threonine residue at position 8 in the V3 loop of the R5
strain HIV-1NH2, which constitutes a highly conserved poten-
tial N-glycosylation site, was replaced with alanine. In mutants
mt2 through mt8, various combinations of arginine substitu-
tions at position 8, 11, or 18 were introduced into the V3 loop
of HIV-1NH2.

Coreceptor usage of V3 loop mutant chimeras in the HOS-
CD4 cell assay. To assess the contributions of V3 loop muta-
tions in coreceptor usage, infectivities of mutant viruses on
HOS-CD4 cell lines expressing either CCR5 or CXCR4 (9)
were assayed by endpoint dilution infection (23). The chimeric
viruses generated in this study were infective in HOS-CD4 cells
expressing either CCR5 or CXCR4, except for mt3, in which
serine at position 11 was replaced with arginine (Fig. 3). Since
the protein profiles of the virions produced by transfection of
the mt3 recombinant DNA clone appeared to be normal ac-
cording to Western blot analysis (data not shown), the loss in
infectivity of mt3 is not due to incorrect or inefficient process-
ing during viral production. The mutant chimeras which retain
a serine residue at position 11 (mt1, mt2, mt4, and mt6) could
grow in HOS-CD4-CCR5 cells, whereas the mutants in which
a serine residue at position 11 was replaced with arginine
uniformly lost the ability to utilize CCR5 (Fig. 3). It is noted
that the infectivity to HOS-CCR5 cells was reduced fivefold in
mt1, where the threonine residue at position 8, which consti-
tutes a potential N-glycosylation site, was changed to alanine
(Fig. 3).

The mutants with two or three arginine substitutions (mt5
through mt8) were able to replicate in HOS-CD4-CXCR4
cells, whereas mutants with only one arginine substitution (mt2
to mt4) were not (Fig. 3). This result indicates that a minimum
of two basic substitutions are required to confer CXCR4 usage.
In addition, mt5 was less infective than mt6, mt7, and mt8 (Fig.

TABLE 1. PCR primers for introduction of V3 loop mutations by the overlap extension method

Primer Sequence (59339)a Positionb

Outer A 59-ACG TTG ACA AGT TGT AAC ACC-39 6845–6865
Outer B 59-CTT AAT TTG CTA GCT ATC TGT-39 7320–7300
DStuI 59-GTC ATT ACA CtG GCg TGT CCA-39 6869–6889
mt1 59-ACT TGT TCT TGc ATT GTT GG-39 33–14
mt2 59-ACT TGT TCT TcT ATT GTT GG-39 33–14
mt3 59-CCT ATA GTT ATA CgT GTT CTT G-39 50–29
mt4 59-ATA CCA TAC TcG CCC TGG TC-39 40–21
mt5 59-Ctc GCC CTG GTC CTA TAG TTA TAC gTG TTC-39 47–18
mt6 59-CTc GCC CTG GTC CTA TAG TTA TAC TTG TTC TTc TAT TG-39 55–18
mt7 59-GTT ATA CgT GTT CTT cTA TTG-39 55–35
mt8 59-CTc GCC CTG GTC CTA TAG TTA TAC gTG TTC TTc TAT TG-39 55–18

a Lowercase letters indicate the nucleotides mutated.
b Positions of Outer A, Outer B, and DStuI are shown by nucleotide numbers from the 59 end of the HIV-1 LTR of pLAI (21), whereas those for mt1 through mt8

are shown by nucleotide numbers from the 59 end of the V3 nucleotide sequence of NH2 (25).
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3), suggesting that a basic substitution at position 8 may be
required for efficient utilization of CXCR4.

mt6, in which the residues at both position 8 and position 18
were replaced with arginine but the serine residue at position
11 was retained, showed usage of both CXCR4 and CCR5
(Fig. 3). This dual coreceptor usage is consistent with our
observation that the serine residue at position 11 is critical for
CCR5 usage and that the minimal two arginine substitutions
are required for the acquisition of CXCR4 utilization (Fig. 3).

Infectivities of the mutant V3 loop chimeric viruses in PBMCs,
T-cell lines, and macrophages. The tropic properties of the
mutant viruses were examined by infectivity assay in three
human cell types: PBMCs, macrophages, and T-cell lines MT2,
H9, M8166, Molt4, and PM1 cells. Mutant viruses replicated
on PBMCs to various extents (Fig. 4A). We detected no dif-

ference in the pattern of replication kinetics of each chimeric
virus between PBMCs and CD8-depleted PBMCs. As shown in
Fig. 4A, mt2, mt4, mt6, and mt8 grew well, but mt1 and mt7
replicated very poorly in PBMCs. Notably, mt3 was not able to
establish infection in PBMCs, consisting with its lack of usage
of both CCR5 and CXCR4 in the HOS-CD4 cell assay (Fig. 3).
In most cases, the degree of infectivity on PBMCs paralleled
that on HOS-CD4 cell lines expressing either CCR5 or
CXCR4, except for mt7, which replicated efficiently in HOS-
CXCR4 cells but poorly in PBMCs (Fig. 4A). mt7 showed de-
layed replication kinetics in most T-cell lines (Fig. 4C; Table 2).

The chimeric virus LAI-NH1V3, harboring the V3 loop
from the HIV-1 subtype E X4 strain, replicated efficiently in all
T-cell lines, while LAI-NH2V3, with the V3 loop from the
HIV-1 subtype E R5 strain, did not replicate in any of T-cell
lines except PM1 (Table 2; Fig. 4C). The PM1 cells were
permissive to both X4- and R5-type recombinants, including
LAI-NH1V3, LAI-NH2V3, and LAI-AD8V3 as well as paren-
tal LAI and AD8, and to broader ranges of HIV-1 subtype E
V3 loop chimeras, including mt4 through mt8 (Table 2; Fig.
4C). This finding is consistent with the observation that PM1
cells, a derivative of HUT78, are known to be permissive to
certain NSI-type HIV-1 isolates, presumably because of the
presence of CCR5 as well as CXCR4 on the cell surface (5, 17).
In contrast, other T-cell lines, including MT2, H9, M8166, and
Molt4, were permissive only to mt8 and mt7 (Table 2; Fig. 4C).
The V3 loop mutant chimeras mt5 and mt6, which utilize
CXCR4 in HOS cell infectivity (Fig. 3), showed no or little
infectivity in T-cell lines except for PM1 (Table 2; Fig. 4C),
indicating that not all CXCR4-utilizing viruses are T tropic (3).

To assess infectivities to primary macrophages, we prepared
monocyte-derived macrophages as described previously (18).
None of the V3 loop chimeras generated in this study were
infective to macrophages (Fig. 4B). Moreover, the chimeric
virus LAI-AD8V3, harboring the V3 loop of M-tropic HIV-1
strain AD8 in a genetic background of HIV-1LAI (23), also
could not establish an infection on macrophages (Fig. 4B).
These results indicate that M tropism could not be conferred
by replacement of the V3 loop per se, at least in a genetic
background of HIV-1LAI (29, 33).

DISCUSSION

From this study using a pLAI-based chimeric virus with a
mutated V3 loop derived from HIV-1 subtype E, we have
determined the following structure-function relationships.

FIG. 2. Amino acid sequences of the V3 loops of chimeric molecular clones. The positions (shadowed) of the amino acid substitutions of V3 loops are indicated
by the numbers (with arrow) starting from the N-terminal cysteine residue of the loop. The potential N-linked glycosylation site (box) and the net charge in each V3
loop amino acid sequence are shown.

FIG. 3. Coreceptor usage of mutant V3 loop chimeric virus in the HOS-CD4
cell infectivity assay. Virus stocks were generated by transfecting HeLa cells with
each recombinant plasmid DNA. HOS-CD4 cell lines expressing either CCR5 or
CXCR4 were seeded in a 96-well plate 1 day prior to infection and were infected
with 1:5 serially diluted virus inocula (ranging from 1 3 106 to 8 3 103 cpm of
virion-associated RT activity). After overnight incubation, the inoculum was
removed and 200 ml of culture medium was added. Medium was replaced on day
2 postinfection, and virus replication was monitored by virion-associated RT
activity on day 5 postinfection. TCID normalized by RT activity of the virus
inoculum is plotted. Assays were done in triplicate. Since all assays gave identical
TCIDs, error bars are not shown. Each amino acid substitution (amino acid
position in the V3 loop with the substituting amino acid residue denoted in
one-letter code) introduced into the V3 loop of HIV-1 subtype E R5 strain
HIV-1NH2 is shown at the top.
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First, CXCR4 usage was conferred by any combination of
two arginine substitutions at either position 8, 11, or 18 of the
V3 loop. This finding is consistent with the previous observa-
tion that the overall charge around the tip of the V3 loop
appeared to be responsible for viral syncytium-inducing ability,
cell tropism, and coreceptor usage (2, 28). This may imply that
the V3 region, independent of the backbone, directly interacts
with CXCR4 during virus entry. Alternatively, the presence of
two or more positively charged amino acids at those critical
sites in the V3 loop may alter the conformation of the chimeric
gp120 and thereby enable interaction with CXCR4.

The data seemed to support a central role of the overall
increase in charge of the V3 loop in determining the interac-
tion with CXCR4. However, the structure of the V3 loop could
affect the strength of this interaction, as observed in mt5,
where infectivity was fivefold lower than that for mt6 and mt7,
although the net charges of the V3 loops of mt5, mt6, and mt7
are the same (Fig. 2 and 3).

The arginine substitution at position 8 appeared to be re-
quired for efficient use of CXCR4 (Fig. 3, mt6 through mt8).
The residues at position 8 in the HIV-1 subtype E V3 region,
which constitute a highly conserved potential N-glycosylation

site in NSI variants of HIV-1 subtype E, are uniformly lost in
all SI viruses (40). It has been reported that the N-glycan at this
site interferes the viral binding of neutralizing antibodies and
thereby facilitates viral escape from host immunity (1). Our
results suggest that the loss of this potential N-glycosylation
site and the acquisition of a basic amino acid at position 8 may
provide a structural advantage for efficient interaction of X4
viruses with CXCR4.

Earlier studies of HIV-1 subtype B indicated that basic
changes at position 25 in the V3 loop were required for MT2
cell tropism (7) or CXCR4 utilization (30). In contrast, we
found that CXCR4 usage by HIV-1 subtype E was conferred
by two positively charged amino acid substitutions without
changing the negatively charged residue (aspartic acid) at po-
sition 25 in the V3 loop. Therefore, the determinants for
CXCR4 utilization may differ based on the genetic background
of Env proteins.

Among the mutant chimeras constructed in the present
study, mt4, mt5, mt6, and mt8 carry a GPGR motif at the tip
of the V3 loop, which is typical of HIV-1 subtype B (Fig. 2).
Since mt5 grew poorly in the HOS cell assay compared with
other mutant chimeras carrying a GPGR motif (Fig. 3), the

FIG. 4. Replication kinetics of chimeric viruses in PBMCs, macrophages, and T-cell lines. Virus stocks used to infect the indicated cell types were generated by
transfecting HeLa cells with recombinant plasmid DNAs. The CD8-depleted PBMCs stimulated with PHA (A), macrophages (B), and T-cell lines MT2, H9, M8166,
Molt4, and PM1 (C) were infected with each virus stock containing equal amounts of RT activity, and progeny virus production was monitored by RT activity released
into the culture medium at the indicated time points. Each plot represents the average of duplicated or triplicated assays.
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GPGR motif does not necessarily make the virus more robust
like subtype B viruses.

Second, CCR5 usage was abrogated by the arginine substi-
tution at position 11 (Fig. 3, mt3, mt5, mt7, and mt8). Residues
at positions 11 and 25 in the V3 loop have been implicated in
determining the usage for CCR5 or other coreceptors, since
the most viral isolates of various subtypes which exclusively use
CCR5 had uncharged amino acids at position 11 and nega-
tively charged amino acids at position 25, in addition to the
consensus GPG motif at the tip of the V3 loop (39). This
finding is consistent with our observations (Fig. 3, mt1, mt2,
mt4, and mt6). However, the site-specific basic substitution at
position 11 (from serine to arginine) in an HIV-1 subtype B R5
strain did not alter CCR5 usage (39). Taken together, the
results indicate that position 11 of the V3 loop may be critical
for modulating viral CCR5 usage in a context-specific manner.
Furthermore, this study demonstrates that the structural bal-
ance is very delicate, being restrained in a very narrow range of
genetic variation for efficient transmission of infection even
though the virus is rapidly changing.

Third, T tropism was conferred only when positions 8 and 11
were changed to arginine (Table 2, mt7 and mt8). It has been
reported that the introduction of positively charged amino acid
residues at position 11 and/or 25 was required for acquisition
of the SI phenotype in the HIV-1 subtype B V3 loop, where
arginine is present at position 18 (7). Thus, the T tropism of
HIV-1 is conferred by positively charged amino acids in the V3
loop, but the pattern of changes responsible for T tropism
varies depending on the viral genetic background.

Fourth, replacement of the V3 loop with that of M-tropic or
R5 virus and any of the V3 loop mutations could not confer M
tropism to LAI (Fig. 4B, LAI-AD8V3, LAI-NH2V3, and LAI-
NH2V3mt1-8). This finding is consistent with the observation
that the dualtropic 89.6 env V3 domain conferred the ability to

use CCR5 for viral entry but not the ability to establish pro-
ductive infection in macrophages in the genetic background of
HXB2 (29). Similarly, the V1 and V2 envelope sequences of
the M-tropic Ba-L strain were shown to enhance the ability to
spread in macrophage cultures (33). Taken together with our
observations on HIV-1 subtype E, these data show that se-
quences other than the env V3 loop are involved in productive
macrophage infection (2).

Finally, some chimeric viruses utilized CXCR4 to infect
HOS-CD4 cells but showed no or little infectivity in T-cell lines
(Fig. 3 and Table 2, mt5 and mt6). However, our recent study
with patient-derived V3 loop sequences of HIV-1 subtype E
revealed that CXCR4 usage perfectly correlated with MT2 cell
tropism (27a). Since the site-directed mutations introduced in
this study created nonnatural sequences, it is possible that the
mutations which we introduced could render Env glycopro-
teins defective in certain properties such as affinity for core-
ceptors. Moreover, the infectivity of HIV-1 is known to be
highly dependent on cell surface concentrations of CCR5 and
CD4 (38). Therefore, the discrepancy between infectivity in the
HOS-CD4 cell assay and cellular tropism may be explained in
part by the possibility that HOS-CD4 cells are excessively per-
missive to viral infections (e.g., because of overexpression of
the chemokine receptors). Alternatively, the cell-type-specific
differences in certain postentry mechanisms governed by the
V3 loop sequences might influence the infection and replica-
tion processes.

In the present study, we have demonstrated that the natu-
rally occurring basic amino acid substitutions found at specific
residues in the V3 loop of HIV-1 subtype E in fact influence
coreceptor utilization and cellular tropism. Since infectious
molecular clones of HIV-1 subtype E are presently not avail-
able, additional studies are required for a better understanding
of coreceptor utilization and cellular tropism of HIV-1 subtype
E, one of the major strains causing the current epidemic of
HIV-1 infection throughout southeast Asia (35, 36).
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