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Human immunodeficiency virus type 1 (HIV-1) entry is triggered by the interaction of the gp120 envelope
glycoprotein with a cellular chemokine receptor, either CCR5 or CXCR4. We have identified different muta-
tions in human CXCR4 that prevent efficient infection by one HIV-1 strain (NDK) but not another (LAI) and
sought to define these strain-dependent effects at the gp120 level. The lack of activity toward the NDK strain
of the HHRH chimeric CXCR4 in which the second extracellular loop (ECL2) derived from the rat CXCR4 and
of CXCR4 with mutations at an aspartic acid in ECL2 (D193A and D193R) was apparently due to the sequence
of the third variable loop (V3) of gp120, more precisely, to its C-terminal part. Indeed, substitution of the LAI
V3 loop or only its C-terminal part in the NDK gp 120 context was sufficient to restore usage of the HHRH,
D193A, and D193R receptors. The same result was achieved upon mutation of a single lysine residue of the
NDK V3 loop to alanine (K319A) but not to arginine (K319R). These results provide a strong case for a direct
interaction between the gp120 V3 loop and the ECL2 domain of CXCR4. By contrast, V3 substitutions had no
effect on the inability of NDK to infect cells via a mutant CXCR4 in which the amino-terminal extracellular
domain (NT) is deleted. In experiments with a set of chimeric NDK-LAI gp120s, the V1/V2 region from LAI
gp120 was both necessary and sufficient for usage of the NT-deleted CXCR4. Different variable domains of
gp120 can therefore cooperate for a functional interaction with CXCR4.

The envelope glycoproteins of human immunodeficiency vi-
rus type 1 (HIV-1) consist of trimeric complexes of a surface
(gp120) and a transmembrane (gp41) subunit and mediate
fusion of the viral envelope with the target cell membrane
(reviewed in references 21, 37, and 57). To achieve this goal,
the gp120-gp41 complex must undergo conformation changes
which are not yet understood in their molecular details but are
known to be triggered, in most situations, by the interaction of
gp120 with two components of the cell membrane, CD4 and a
chemokine receptor, either CCR5 or CXCR4 (reviewed in
references 2, 18, and 44). These chemokine receptors can
therefore be viewed as CD4-associated coreceptors for HIV-1.
Viral strains dependent on CCR5 or CXCR4 or capable of
using either of them are termed R5, X4, and R5X4, respec-
tively. While R5 strains can be isolated at all stages of HIV-1
infection in vivo, R5X4 and X4 strains generally emerge at
later stages, marked by a decline of the immune defenses (17,
38, 45). Several types of CCR5 and CXCR4 ligands can pre-
vent the interaction with gp120 and block HIV-1 infection (4,
15, 24, 39, 49). To pursue this type of antiviral strategy, it is
important to gain a better understanding of the interaction of
gp120 with chemokine coreceptors and of its consequences on
the HIV-1 entry process. Among other means, this can be
achieved by functional studies involving mutant forms of che-
mokine receptors and HIV-1 envelope proteins.

There is relatively limited information on how gp120 binds
chemokine receptors. Elucidation of the crystal structure of

the gp120 core (30) allowed definition of a CCR5-binding site
formed by juxtaposition of residues from different conserved
domains (43). It is not known if these conserved residues of
gp120 also participate in the interaction with CXCR4. Regions
of gp120 that display extreme genetic variation among HIV-1
strains, in particular the third hypervariable loop (V3), seem to
contribute in an important way in the interaction of gp120 with
the chemokine receptors. First, the CCR5-binding site seems
to be masked by variable loops V3 and V2 until gp120 has
interacted with CD4 (43). Second, there was no detectable
binding to CCR5 of a recombinant gp120 with a V3 loop
deletion (56). Finally, there are numerous observations that
the primary sequence of the V3 and to a lesser extent the
V1/V2 loops can determine the selectivity of HIV-1 strains for
CCR5 or CXCR4 (13, 26, 27, 35, 47, 51); likewise, it deter-
mines biological properties, such as tropism for macrophages
or cell lines and ability to induce syncytia in infected cell
cultures, which are largely dependent on coreceptor choice
(reviewed in references 2 and 25). On the cellular side, the
absence of information on the spatial structure of chemokine
receptors is a major obstacle to determining their interaction
with gp120. Indirect information was mainly gathered from
functional studies performed with mutant forms of CXCR4 or
CCR5. For both receptors, the amino-terminal domain (NT)
and the second extracellular loop (ECL2) seem to play a crit-
ical role in the interaction with HIV-1, as evidenced by the
effect of mutations or domain swapping with other chemokine
receptors (reviewed in references 3 and 44). These effects often
vary between HIV-1 strains, indicating a certain flexibility in
the interaction.

Here we took advantage of such strain-dependent effects of
mutations in CXCR4 to address its interaction with HIV-1.
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Cells expressing ECL2 mutants or an NT-deleted form of
CXCR4 could be infected by HIV-1 strain LAI but not by
HIV-1 strain NDK (6, 8, 41). We found that the inability of the
NDK strain to use the ECL2 mutants resulted from differences
with the LAI strain in the level of the V3 loop, while the lack
of infection via the NT-deleted CXCR4 was due to differences
in the V1/V2 region. These results suggest that the variable
domains of gp120 can both contribute to the interaction with
CXCR4.

MATERIALS AND METHODS

Cell lines and viruses. The CD41 human astroglioma cell line U373MG-CD4,
stably transfected with the Escherichia coli b-galactosidase gene (lacZ) under
transcriptional control of the HIV-1 long terminal repeat (LTR) (23), and de-
rivatives stably expressing the human or rat CXCR4 (31) have been described.
U373MG-CD4 cells were cotransfected with the D193A or D193R human
CXCR4 expression vectors (see below) and a vector allowing selection with
puromycin. Individual clones were screened for their ability to fuse with cells
expressing HIV-1 envelope proteins as described previously (42). Viral stocks of
HIV-1 strains LAI (40), NDK (52), and 89.6 (16), as well as LAI and NDK
derivatives with mutant env genes (see below), were produced by transient
transfection of HeLa cells with molecularly cloned proviruses. Stocks of HIV-1
strains GUN-1 (48) (a gift from R. Weiss). OUA, and ATE (50) were superna-
tants of acutely infected T cells. All infectious titers were determined by scoring
b-galactosidase-positive cells 24 h after infection of LTRlacZ HeLa-P4 cells (14).

Plasmid vectors. All forms of CXCR4 were expressed from the cytomegalo-
virus immediate-early promoter. The vectors allowing expression of the wild-type
(WT) human (H) and rat (R) CXCR4 (41), the HHRH and RRHR chimeras,
and the D4-36 CXCR4 (8), D193A, and D193R human CXCR4 mutants (6) have
been described. All HIV-1 envelope proteins (Env) were expressed in an LAI
provirus with a gag-pol deletion (46). The WT LAI Env and chimeric LAI-V3NDK

Env vectors have been described (32). The NDK Env vector (33) actually allows
expression of a chimeric Env with gp120 and the gp41 ectodomain from NDK
and the rest of gp41 from LAI (see Fig. 6A for the structure of the chimeric Env).
A ClaI restriction site created in the V3-encoding region of LAI env at nucleotide
(nt) 6471 (provirus sequence) was used to derive the LAI-V3LN and LAI-V3NL

constructs by ligating SalI (nt 5320)-ClaI and ClaI-BamHI (nt 8068) PCR frag-
ments amplified from LAI env or from LAI-V3NDK env, respectively. Restriction
sites flanking V1/V2 (PstI, nt 6192, and SpeI, nt 6409) and V3 (MluI, nt 6706, and
SmaI, nt 6818) created in the LAI env gene allowed exchanges with PCR frag-
ments amplified from the NDK env. Site-directed mutagenesis was performed on
an NDK env subclone with MluI and SmaI sites flanking V3 (32), allowing
substitution of mutant NDK V3 into either NDK or LAI Env expression vectors.
For infection assays, LAI and NDK proviruses with V3 substitutions (LAI-
V3NDK and NDK-V3LAI) have been described (41). All other mutant env were
subcloned in an LAI provirus (40).

Infection assays. Infections of subconfluent U373MG-CD4 cells were per-
formed in 12-well trays with approximately 103 infectious units (I.U.) per well
24 h after transfection with WT or mutant CXCR4 expression vectors as de-
scribed (41). Cells were washed and fixed in 0.5% glutaraldehyde 48 h after
infection and stained for b-galactosidase activity with the X-Gal (5-bromo-4-
chloro-3-indolyl-b-D-galactopyranoside) substrate as described previously (19).
Blue-stained foci were scored under 203 magnification. Cell counts of .200
were obtained by extrapolation from randomly selected fields.

Cell fusion assays. Subconfluent monolayers of HeLa cells in six-well trays
(;2 3 105 cells per well) were transfected with Env expression vectors by calcium
phosphate precipitation. An equivalent amount of U373MG-CD4 cells stably
expressing WT or mutant human or rat CXCR4 freshly detached by trypsiniza-
tion was added 20 h after transfection. After overnight coculture, adherent cells
were fixed in 0.5% glutaraldehyde and stained with X-Gal. Blue-stained foci were
scored under 203 magnification.

RESULTS

V3 loop and ECL2 substitutions. The HIV-1 coreceptor
activity of different forms of CXCR4, i.e., their ability to allow
infection of CD41 cells, was tested in the human astroglioma
cell line U373MG-CD4, which is naturally resistant to HIV-1
entry and to fusion with cells expressing the HIV-1 envelope

proteins (23). Cells transfected to express the human (H) or
the rat (R) CXCR4 or the derived HHRH and RRHR chi-
meric receptors corresponding to reciprocal ECL2 substitu-
tions could be infected by the LAI HIV-1 strain, while infec-
tion by the NDK HIV-1 strain was detected only for cells
expressing human CXCR4 or the RRHR chimera (Fig. 1).
Previous studies have shown that these different forms of
CXCR4 were expressed at a similar level at the surface of
transfected cells (6). In agreement with our earlier observa-
tions (41), substitution of the NDK V3 loop in the LAI gp 120
context yielded a chimeric virus (LAI-V3NDK) infectious for
cells expressing the human but not the rat CXCR4, while the
chimeric NDK-V3LAI virus (NDK gp 120 with the V3 loop
from LAI) could infect cells via the human or the rat CXCR4
(Fig. 1). The V3 substitutions also modified the ability of LAI
or NDK to infect cells via the chimeric forms of CXCR4,
HHRH, and RRHR (Fig. 1). The efficiency of infection by the
NDK-V3LAI virus was relatively low whether cells expressed
chimeric or wild-type receptors. This suggests that this V3
substitution impairs the function of the gp120-gp41 complex in
a way that is independent of CXCR4. In these experiments, the
NDK V3 loop determined a strict dependence for receptors
with the human CXCR4 ECL2, while the V3 loop of LAI was
required for usage of receptors with the rat CXCR4 ECL2 and
could confer this property on the gp120 of a genetically diver-
gent strain (LAI and NDK belong to clades B and D, respec-
tively).

This analysis was refined by substituting the N-terminal or
the C-terminal part of the V3 loop of LAI with the homolo-
gous region from the NDK V3, yielding the LAI-V3NL and
LAI-V3LN chimeric Envs, respectively (Fig. 2). Both forms of
Env mediated HIV-1 infection or syncytium formation with
U373MG-CD4 cells expressing human CXCR4, but only the
LAI-V3NL Env allowed infection and fusion when cells ex-
pressed the rat CXCR4 (Fig. 3A and B). Sequence differences
in the distal part of the V3 loop therefore seem to account for

FIG. 1. Infection of U373MG-CD4 cells expressing human or rat
CXCR4 or the derived chimeric receptors HHRH and RRHR by
HIV-1 strains LAI and NDK or derivatives with substitutions of the
gp120 V3 loop. Cells were infected with approximately 1,000 I.U. per
well (12-well plates) and stained with X-Gal after another 48 h. Blue-
stained cells, representing HIV-1-infected cells, were scored in dupli-
cate wells. Bars represent means of three independent transfections.
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the phenotypic differences between LAI and NDK in usage of
the rat CXCR4 as a coreceptor.

Mutagenesis of NDK V3. A striking feature of the NDK V3
loop in its distal moiety is a cluster of four adjacent lysine
residues (positions 316 to 319), while only one lysine is found
in the corresponding region of the LAI V3 loop (Fig. 2). Each
of these four lysine residues of the NDK V3 was replaced with
an alanine, and the resulting mutant V3 was inserted in the
LAI gp120 context. The function of these chimeric envelope
proteins was tested in HIV-1 infection (Fig. 3A) and cell fusion
(Fig. 3B) assays. The K317A and K318A mutations were ap-
parently not compatible with these Env functions. The K316A
mutation markedly reduced the efficiency of infection and fu-
sion with cells expressing human CXCR4 and did not seem to
confer ability to use the rat CXCR4. In contrast, the K319A

mutation was compatible with efficient infection or fusion with
cells expressing the human CXCR4 and also with cells express-
ing the rat CXCR4. When the lysine residue was replaced with
an arginine (K319R), the corresponding chimeric LAI-V3NDK

gp120 could only mediate HIV-1 infection and fusion with cells
expressing human CXCR4, not rat CXCR4. In the NDK gp120
context, the K319A and K319R mutations resulted in a com-
plete loss of function in infection assays (Fig. 3A) but not in
syncytium formation assays (Fig. 3B). In that case, the K319A
but not K319R mutation restored usage of the rat CXCR4 by
the NDK gp120. The presence of a positively charged residue
at a defined position in the V3 loop of gp120 apparently ex-
plained why the NDK HIV-1 strain cannot functionally inter-
act with the rat CXCR4. Why the mutant NDK Env can me-
diate cell-cell fusion but not HIV-1 infection has not been
determined, but mutations in the V3 loop can reduce the
stability of the gp120-gp41 complex (55). This can result in
gp120 shedding from virions and loss of infectivity. But even
unstable gp120-gp41 complexes can probably mediate syncy-
tium formation, provided they reach the cell surface.

Usage of ECL2 mutants. We have previously shown that a
negatively charged aspartic acid residue (Asp193) in the ECL2
of the human CXCR4 was critical for a functional interaction
with the NDK strain (6). The presence of a neutral asparagine
residue at the corresponding position in the ECL2 of the rat
CXCR4 could therefore explain its lack of coreceptor activity
for NDK. We have tested the ability of LAI and NDK gp120
with V3 loop substitutions or mutations at the Lys319 residue
to mediate infection of U373MG-CD4 cells stably expressing
human CXCR4 with mutation of the Asp193 residue to alanine
(D193A) (Fig. 4A). This mutant CXCR4 enabled infection by

FIG. 2. Alignment of the amino acid sequence of gp120 V3 loops of
NDK and LAI strains and derived mutants. Numbering is according to
the NDK gp120 sequence (52).

FIG. 3. Effect of V3 substitutions and mutations on usage of rat and human CXCR4. (A) Infections of U373MG-CD4 cells stably expressing
human or rat CXCR4 were performed and scored as described in the legend to Fig. 1. (B) Syncytium formation assays between these cell lines
and HeLa cells transfected with Env expression vectors with the indicated type of gp120. Cocultures were performed in six-well plates, and cells
were stained with X-Gal after 24 h. Blue-stained foci representing syncytia were scored in duplicate wells. Bars represent means of three
independent transfections.
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the LAI and NDK-V3LAI viruses, but not the NDK or LAI-
V3NDK virus. Also, infection via the D193A receptor was
markedly more efficient for the LAI-V3NL virus, in which the
first part of the V3 loop derived from NDK and the second
from LAI, than for the LAI-V3LN virus. The distal moiety of
the LAI V3 therefore seemed important for usage of human
CXCR4 with the Asp193 mutation, likewise for usage of the rat
CXCR4 and HHRH chimera.

Cells expressing the D193A mutant CXCR4 could be in-
fected by a chimeric LAI-V3NDK virus with the K319A but not
K319R mutation in the NDK V3 loop (Fig. 4A). Similar results
were obtained in syncytium formation assays performed with
cells expressing these different HIV-1 envelope proteins and
U373MG-CD4 cells stably expressing human CXCR4 with a
D193A or D193R mutation (Fig. 4B). The latter CXCR4 mu-
tant was used because it yielded clearer results. Indeed, cells
expressing the D193A mutant were not completely resistant to
fusion mediated by the NDK or LAI-V3NDK Env. If a negative
charge at position 193 in ECL2 is important for function, it was
not unexpected that substitution with a positively charged res-
idue (D193R) would have a stronger effect than substitution
with a neutral residue (D193A). In cell fusion assays, we could
also monitor the effect of the K319A and K319R mutations in
the NDK Env context (Fig. 4B). Again, the inability to use the
D193A or D193R mutant CXCR4 appeared to be related to
the presence of a positively charged residue at position 319 in
the V3 loop of the NDK strain.

Usage of NT-deleted CXCR4. The deletion of 32 of the 39
residues of the amino-terminal domain (NT) of CXCR4 is
compatible with coreceptor activity for the LAI HIV-1 strain
(8). The efficiency of infection mediated by this mutant (D4-36)
or the WT CXCR4 was in proportion of their levels of cell
surface expression (8), suggesting that the NT domain of
CXCR4 is dispensable for a functional interaction with the

gp120 of the LAI strain. Cells stably expressing the D4-36
CXCR4 could be infected by the HIV-1 strain 89.6 (R5X4) but
were resistant to infection by the NDK (X4) and GUN-1
(R5X4) strains and almost resistant to infection by the primary
X4 isolates OUA and ATE (Fig. 5). Among this limited set of
HIV-1 strains, there was no apparent correlation between the
ability to use the NT-deleted CXCR4 and a strictly X4 or
R5X4 phenotype, or with the genetic subtype, since LAI,
GUN-1, and 89.6 all belong to env subtype B.

The V3 loop sequence had no apparent role in the ability of
LAI to use the NT-deleted form of CXCR4, since cells ex-
pressing the D4–36 mutant could be infected with similar effi-
ciency by the LAI and NDK-V3LAI viruses and were equally

FIG. 4. Effect of V3 substitutions and mutations on usage of human CXCR4 and the derived ECL2 mutants D193A and D193R. Infections (A)
and syncytium formation assays (B) were performed and scored as described in the legend to Fig. 3.

FIG. 5. Effect of a deletion in the amino-terminal domain (NT) of
CXCR4 on its coreceptor activity for different HIV-1 strains. Infec-
tions of U373MG-CD4 cells stably expressing human CXCR4 or the
D4-36 mutant were performed in 12-well plates with approximately
2,000 I.U. per well. Cells were stained with X-Gal 48 h later, and
blue-stained cells were scored in duplicate wells.
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resistant to infection by the NDK and LAI-V3NDK viruses
(Fig. B). We sought to determine whether a defined region
of gp120 (or the gp41 ectodomain) was responsible for the
ability of the LAI strain to use the NT-deleted form of
CXCR4, likewise V3 for the ECL2 mutants. We tested the
ability of a set of LAI/NDK chimeric Envs (Fig. 6A) to
mediate HIV-1 infection of U373MG-CD4 cells stably ex-
pressing either WT or D4–36 CXCR4 (Fig. 6B). Results with
the LAI-(C1-C2)NDK chimera showed that the region of
LAI gp120 which is N-terminal to V3, i.e., the C1 and C2
conserved domains and the interventing V1/V2 variable
loops, was required for usage of the NT-deleted CXCR4.
Replacing the C1 or C2 domain of LAI gp120 with the
corresponding NDK domain (LAI-C1NDK and LAI-C2NDK,
respectively) reduced the efficiency of infection of cells ex-
pressing D4–36 CXCR4 but did not abolish it. In contrast,
there was no detectable infection of these cells when the
V1/V2 region of LAI gp120 was absent, for example, with
the LAI-(C1-V1V2)NDK or the LAI-(V1V2)NDK chimera.
We next found that substitution of the V1/V2 region from
LAI into the NDK gp120 context (NDK-V1V2LAI chimera)
was sufficient to restore detectable infection of cells express-
ing the D4–36 CXCR4. The V1/V2 region of the LAI gp120
was both necessary and sufficient to confer usage of the
NT-deleted CXCR4 in the genetically distant context of the
NDK gp120. Other regions of gp120 or the gp41 ectodomain
apparently had no role in the phenotype difference between
LAI and NDK.

DISCUSSION

Mutations or substitutions in the extracellular domains of
the CCR5 and CXCR4 chemokine receptors can reduce or
abolish their HIV-1 coreceptor activity, that is, their ability to
mediate HIV-1 entry in CD41 cells. The effects of such muta-
tions can be very different in different HIV-1 strains, suggesting
that not all gp120 envelope glycoproteins have the same re-
quirements for a functional interaction with their coreceptors.
This may represent an obstacle to antiviral approaches but can
also be a source of information on the gp120-coreceptor inter-
action. Here we have used two CXCR4-dependent (X4) HIV-1
strains, LAI and NDK, that have relatively divergent gp120s
and display clear-cut phenotypic differences in usage of certain
forms of CXCR4. The NDK strain cannot infect CD41 cells
via (i) the rat CXCR4 (41), (ii) the HHRH chimeric human
CXCR4, in which the second extracellular loop (ECL2) derives
from the rat CXCR4 (8), (iii) human CXCR4 with mutations
at position 193 in ECL2 (D193A or D193R) (6), or (iv) human
CXCR4 with an almost complete deletion of the amino-termi-
nal extracellular domain (NT) (7). These four types of CXCR4
were functional coreceptors for the LAI strain. We had already
observed that the ability to use the rat CXCR4 as a coreceptor
could be conferred on NDK by replacing the third variable
loop (V3) with the homologous region of LAI gp120 (41).
Here we found that this V3 substitution was also sufficient to
allow usage of the HHRH chimeric receptor and the D193A
and D193R CXCR4 mutants, but not the NT-deleted CXCR4.

FIG. 6. Effect of exchanges between the envelope proteins of LAI and NDK on usage of the NT-deleted CXCR4. (A) Schematic organization
of chimeric env genes, with restriction sites created to allow substitutions. m.a., membrane anchor domain of gp41. (B) Infections of cells stably
expressing human CXCR4 or the D4-36 mutant with LAI or NDK virus or recombinant LAI viruses bearing the indicated env gene, performed
and scored as in Fig. 5.
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It confirmed the importance of the V3 loop of gp120 for a
functional interaction with CXCR4 and showed that other
domains of gp120 contribute to this interaction.

The role of the V3 loop was further studied by exchanging
fragments of V3 between the gp120 of LAI and NDK and by
site-directed mutagenesis in the NDK V3 loop. In the LAI
gp120 context, only the C-terminal part of V3 appeared to be
necessary for infection of cells via the rat CXCR4, the HHRH
chimera, and the D193A and D193R mutants. The importance
of the C-terminal part of V3 for usage of CXCR4 is in agree-
ment with a recent study based on chimeric gp120 derived from
X4 and R5 HIV-1 strains (27). The usage of these three types
of mutant CXCR4 coreceptors was restored by the mutation of
a lysine residue of the NDK V3 loop to alanine (K319A) but
not to arginine (K319R). These results were consistent with
some form of interaction between the V3 loop of the NDK
gp120 and the ECL2 domain of CXCR4. The LAI V3 loop
could have different requirements for its interaction with
ECL2; in particular, it could be independent of the Asp193
residue. Alternatively, the LAI V3 loop could allow an inter-
action with CXCR4 that is totally independent of the ECL2
domain. We consider the second possibility less likely, given
the negative effect of other ECL2 mutations on HIV-1 infec-
tion (6, 7) and its blocking by reagents targeting the ECL2
domain of CXCR4, such as the AMD3100 bicyclam (31) and
the 12G5 monoclonal antibody (8).

There is evidence for the accumulation of basic amino acids
in the V3 loop of X4 HIV-1 strains (20, 29). These positively
charged residues could allow electrostatic interactions with the
negatively charged residues of CXCR4 that are apparently
involved in HIV-1 coreceptor activity and located in the NT or
ECL2 domain (10, 11, 28, 54). In line with this view, it could be
proposed that contact between the Lys319 residue of the NDK
V3 loop and the Asp193 residue of ECL2 is critical for a
functional interaction of gp120 and CXCR4. However, for the
effect of the K319A mutation to fit with this model, one also
has to envision that the basic residue Lys319 in the NDK V3
loop is detrimental to the interaction with CXCR4 in the
absence of a negatively charged Asp193 residue in ECL2,
which is the case for the rat CXCR4 (Ser). Alternatively, the
K319A mutation could indirectly affect the structure of the
NDK V3 loop, allowing it to cope with mutations at the
Asp193 residue, likewise the LAI V3 loop.

The V3 loop sequence had no apparent role in the ability of
the LAI strain to infect cells via an NT-deleted form of
CXCR4. This property was apparently linked to the first vari-
able loops V1/V2 of the gp120, which suggested their role in
the functional interaction of gp120 with CXCR4. This is in
apparent contradiction to the observed binding to CXCR4 of a
recombinant gp120 deleted in the V1/V2 region (36). Two
types of explanations can be proposed. First, the monomeric
gp120 used in direct binding assays may behave differently
from the trimeric gp120 complexed to gp41 involved in func-
tional assays. Second, the V1/V2 region could have a minor
role in terms of binding of gp120 to CXCR4, as it can be
physically measured but still be important for a correct posi-
tioning and hence a functional interaction. In the case of the
NDK gp120, it can be postulated either that the V1/V2 region
directly interacts with the NT region of CXCR4 or that it has
no role in the interaction with CXCR4. We lack experimental

evidence to sort out these possibilities, but the former is indi-
rectly supported by several reports involving the V1 or V2
region of gp120 in the tropism of different HIV-1 strains for
T-cell lines and hence their adaptation to the CXCR4 core-
ceptor (1, 5, 9, 22). More recently, substitution of either the
V1/V2 or the V3 region from a dualtropic strain (R5X4) in the
context of a macrophage-tropic (R5) strain was found sufficient
to confer ability to utilize the CXCR4 coreceptor (12). It can
therefore be proposed that the V1/V2 and V3 variable loops of
gp120 cooperate for interaction with the extracellular loops of
CXCR4 (LAI strain) or with the loops and NT domain (NDK
strain).

An important issue that could not be addresed in this study
is the possible contribution to the interaction with CXCR4 of
the conserved gp120 residues forming the putative CCR5 bind-
ing site (43). Does this site contribute to the interaction with
CXCR4, particularly in R5X4 strains, or is it dispensable, par-
ticularly for strictly X4 strains? These questions will probably
be answered by functional assays with a set of gp120 mutants.
More generally, it can be wondered if the ability of CCR5 or
CXCR4 — and other chemokine receptors in certain experi-
mental conditions — to mediate HIV-1 entry is due only to
their ability to bind gp120, itself dependent on the structure of
their extracellular domains, or is also dependent on other fea-
tures, for example, the colocalization of chemokine receptors
with CD4 (53) or their monomeric versus dimeric status (34).

Differences in the interaction of HIV-1 strains with CXCR4
could represent an obstacle to the development of CXCR4
ligands as antiviral agents. The NT domain of CXCR4 contains
a high affinity binding site for the SDF-1 chemokine, but sig-
naling requires binding to a conformational site formed by
residues of the extracellular loops and membrane-spanning
domains (7). Natural or synthetic CXCR4 ligands binding to
the NT domain of CXCR4 may have limited antiviral efficacy
for HIV-1 strains such as LAI and 89.6. On the other hand,
ligands targeting the extracellular loops of CXCR4 could have
a broader spectrum of antiviral activity but be more likely to
interfere with the natural signaling function. This should be
kept in view for the selection or design of inhibitors of the
CXCR4 coreceptor.
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