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UFR de Biochimie, 75005 Paris,2 France

Received 15 November 2000/Accepted 23 February 2001

Seven mutations in the C2, V3, and C3 regions of gp120 are implicated in the tropism of the first CD4-
independent human immunodeficiency virus type 1 isolate, m7NDK. Site-directed mutagenesis revealed that
three amino acids are essential to maintain this tropism, one in the C2 region and two in the V3 loop. Two
mutations implied N glycosylation modifications.

The human immunodeficiency virus (HIV) enters its target
cells after interaction of its gp120 with cellular receptors. The
first step implies CD4 binding, which induces conformational
changes in gp120 (23). This allows it to interact with a co-
receptor belonging to the family of hepta-spanning, trans-
membrane G-coupled chemokine receptors, the two well-
characterized ones in vivo being CXCR4 and CCR5 (1, 7).
Conformational changes in the V1/V2 and V3 regions of
gp120 seem to be implicated in the exposition of coreceptor
binding sites (2, 22, 25, 27, 28).

However, CD4-independent isolates have been character-
ized: primary or laboratory-adapted X4- or R5-dependent
HIV-2 (6, 11, 20, 21), laboratory-adapted, forced HIV-1 X4
(13) or R5 (15) viruses, and a naturally derived, HIV-1 X4
laboratory-adapted isolate, m7NDK. m7NDK is the first CD4-
independent HIV-1 isolate, and it was characterized in our
laboratory (10). Since these viruses are CD4 independent, di-
rect interactions between gp120 and the coreceptor might
allow virus entry (10, 13, 19). Our aim was to analyze the
role of each of the mutations of the m7NDK isolate in this
interaction.

Since seven mutations in the C2, V3, and C3 regions of the
env gene are responsible for the phenotype change in the
m7NDK isolate (10), we performed site-directed mutagenesis
to revert, one by one, each of the mutated amino acids (Fig. 1).
For each reverted mutation, we used overlap extension PCR to

introduce the mutated base (18). Mutated amplified fragments
were then digested using ScaI and HindIII restriction enzymes
and cloned in the context of the wild-type NDK (wtNDK) env
gene digested by the same enzymes. Those env genes were then
cloned in an expression vector (10). As a positive control for
CD4 independence, the C2, V3, and C3 regions of the m7NDK
env gene were inserted into the ScaI-HindIII sites of the
wtNDK virus env gene. Using this strategy, all env genes dif-
fered only by the mutation introduced.

HEK293 cells were then transfected by each Env expres-
sion vector by using the calcium phosphate coprecipitation
technique (5). Forty-eight hours later, transfected cells were
trypsinized and mixed (ratio, 1:1) with HeLaLTRLacZ CD4-
positive (P42) or CD4-negative (Z24) indicator cells (9) to
analyze fusion efficiencies. CD4-independent fusion was mea-
sured 24 h later using a CPRG (chlorophenol red–b-D-galac-
topyranoside) test (Roche) as previously described (10). For
each mutated Env, CD4-independent fusion efficiencies were
compared to either those obtained with the CD4-independent
control (100% CD4 independent), i.e., the C2, V3, and
C3 regions of m7NDK virus cloned in the wtNDK Env pro-
tein, or those obtained with the wtNDK Env protein (0%
CD4 independent). CD4-independent fusion efficiencies were
estimated as the ratio of A570 measured with HeLaLTRLacZ

CD4-negative cells (P42)/A570 measured with HeLaLTRLacZ

CD4-positive cells (Z24). The result obtained with the CD4-
independent control was defined as 100% and was identical to
that obtained with the complete m7NDK Env protein (data not
shown). We first observed that all Env proteins induced syn-
cytium formation with CD4-positive indicator cells at an equiv-
alent efficiency (data not shown). As expected, compared to
the CD4-independent control, the wtNDK Env protein pre-
sented a CD4-independent fusion efficiency lower than 5%.
Each of the reverted mutations in the C2, V3, and C3 regions
of the m7NDK env gene led to a decrease of at least twofold in
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CD4-independent fusion efficiency (Fig. 2A). This signifies
that all amino acids in the m7NDK C2, V3, and C3 regions of
gp120 are necessary for providing an optimized CD4-indepen-
dent fusion. However, they could be classified into three
groups: (i) mutants N297Y (Asn at position 297 was mutated
into Tyr) and V333A, which presented two- or threefold-lower
(33 and 46% efficiency, respectively) CD4-independent fusion
efficiencies than the CD4-independent control, (ii) A195T and
N296K, which presented five- to ninefold-lower (11 and 18%,
respectively) CD4-independent fusion efficiencies than the
CD4-independent control, and (iii) N192D, I298T, and
G307R, which presented 15- to 20-fold-lower (less than 7%)
fusion efficiencies than the CD4-independent control. Mutants
N192D, I298T, and G307R thus presented a CD4-dependent
fusion; therefore, we focused on these three mutants in the
work that followed.

The G307R mutation in m7NDK gp120 changes a small
and uncharged amino acid (Gly) to a large and charged one
(Arg). We therefore changed the Gly into another positively
charged (G307K), negatively charged (G307E), or nonpolar
(G307A) amino acid (Fig. 1). We observed that the intro-
duction of a charged, either positive or negative, amino acid
led to a strictly CD4-dependent fusion phenotype (0 and
2% of CD4-independent fusion efficiency, respectively; Fig.
2B, group 1). Furthermore, introduction of an alanine led
to a drastic reduction in CD4-independent fusion efficiency
(16%; Fig. 2B, group 1). As all changes had a major influ-
ence on the CD4-independent fusion efficiency, we supposed
that the CD4-independent tropism required exclusively a
noncharged small amino acid at position 307 of the Env
protein.

The two other mutations (N192D and I298T) potentially
implied modifications of N glycosylation sites (14). Indeed, the
N192D reversion eliminated a potential N glycosylation site in
the m7NDK C2 region (Fig. 1). We thus mutated this consen-
sus site without modifying the N192 amino acid. We created
S194A (no N glycosylation site) and S194T (N glycosylation
site) (Fig. 1). We observed that the S194A mutant presented a
CD4-independent fusion efficiency more than 10-fold less than
that of m7NDK gp120 (9%), whereas a 31% CD4-independent
fusion efficiency was obtained with the S194T mutant (Fig. 2B,
group 2). These results strongly suggest that the presence of an

N glycosylation site is required in the C2 region at position 192
to allow CD4 independence.

The I298T mutation introduces a potential N glycosylation
site (NNT) (14) at position 296. This N glycosylation is not
present in either of the wtNDK (KYT) or m7NDK (NNI)
gp120 proteins (Fig. 1). As K296N is one of the mutations
implicated in CD4-independent tropism, we could not mutate
this residue directly. Instead, we created I298L (no N glyco-
sylation site) and I298S (N glycosylation site) mutants (Fig. 1).
After transfection and fusion analysis, we observed that I298S
presented a strict CD4-dependent tropism (2.5% of the CD4-
independent fusion efficiency), whereas the I298L mutant pre-
sented a 41% CD4-independent fusion efficiency (Fig. 2B,
group 3). We thus concluded that the absence of a potential N
glycosylation at this position is a prerequisite for CD4-inde-
pendent tropism.

To confirm the role of N glycosylation site modification,
Western blot analysis was performed on HEK293 cells express-
ing the Env proteins by using a gp120 monoclonal antibody
(D7324; Aalto). After washing, bound antibody was detected
using a sheep horseradish peroxidase-conjugated secondary
antibody followed by enhanced chemiluminescence (ECL;
Amersham). Briefly, cells were lysed (1% NP-40, 150 mM
NaCl, 10 mM Tris, and 1 mM DTT with 1/100 protease cocktail
inhibitors; Sigma) and mixed with an equal volume of 23
Laemmli buffer (8). Extracts were then loaded on a 12% poly-
acrylamide denaturing gel. Clear differences in migration pat-
tern could be observed between the CD4-independent control
(one N glycosylation site) and its revertants N192D (no N
glycosylation site) and I298T (two N glycosylation sites) (Fig.
3). Considering that the only difference in these Env proteins
is one mutated amino acid, this clearly demonstrated that dif-
ferences in migration pattern are associated with differences in
N glycosylation: in the m7NDK Env protein, residue 192 is N
glycosylated whereas residue 298 is not. On the other hand, the
mutation N192D suppresses an N glycosylation site, whereas
the mutation I298T introduces one.

We showed that three mutations are essential for maintain-
ing the CD4-independent phenotype. The first corresponded
to a small noncharged amino acid, namely G307. It is worth
noting that this amino acid is in the GPG consensus motif
(GLG in the case of m7NDK gp120) and that the change

FIG. 1. Comparison of amino acids of the C2, V3, and C3 regions of the wtNDK and m7NDK HIV-1 isolates. Amino acid differences are in
boldface, and dashes indicate identical amino acids. Positions of the reverted mutations and the different substitutions and their positions are
indicated and numbered according to the HIV-1 wtNDK Env sequence.
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occurring in m7DK gp120 is R to G. This motif is probably
situated at the tip of the V3 loop, and it is suspected that it
forms a type II b-turn (3, 4, 12, 26). As the tip sequence of the
V3 domain seems to be implicated in cell tropism (24), the
insertion of an electrostatic charge, as well as the presence of
a side chain with high steric hindrance at position 307, might
constrain the V3 loop conformation and alter CXCR4 binding
affinity. On the contrary, the presence of G307 might lead to a
better flexibility of the V3 loop, thus allowing a direct and
efficient interaction with CXCR4. The two other mutations
implied modifications of potential N glycosylation sites. Ac-
cording to the same logic, the existence of an N glycosylation at
position 296 might interfere with CXCR4 binding, whereas the
N glycosylation in the C2 (amino acid N192) region might
stabilize the open conformation of coreceptor binding site.

These hypotheses are supported by the recent finding that
the presence or absence of a conserved carbohydrate moiety
on the V3 region of the gp120 V3 on clade A and B vi-
ruses could modulate the CD4 or chemokine binding sites
(17).

Although a common mechanism may explain the direct in-
teraction between Env and CXCR4, no consensus region can
be evidenced between the different CD4-independent isolates,
even though most (16, 21) or all (15) of the modifications
concern N glycosylation sites. As alternative conformations of
the coreceptor binding site have been suggested (2, 22, 25,
27, 28), a consensus explanation would consider that all
CD4-independent viruses present a set of mutations which
together provide better accessibility to the coreceptor bind-
ing site because of a better flexibility of V3 and/or V1/V2

FIG. 2. Fusion phenotype analysis of mutated gp120s. Mutated env expressors were transiently transfected in HEK293 cells. Fusion analysis was
performed after a coculture of the transfected cells with HeLaLTRLacZ cells expressing (P42) or not expressing (Z24) the CD4 protein. Analysis
was performed using a quantitative CPRG test (10). The CD4 independence index was stated as the ratio of A570 of Z24 cells/A570 of P42 cells
relative to the 100% value corresponding to the m7NDK gp120 CD4-independent fusion efficiency. Experiments were performed in quadruplicate
in 96-well plates. The data are representative of three experiments. (A) Each of the seven mutations was reverted one by one in the C2, V3, and
C3 regions. These regions were reintroduced in the expression vector. (B) Substitutions of the three essential mutations. Groups 1 to 3 represent
revertants G307R, N192D, and I298T and their related mutants, respectively.
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loops. Taken together, our results strongly suggest that mu-
tations in m7NDK gp120 lead to a high-affinity conforma-
tion of the coreceptor binding site since the essential mutations
we characterized might have consequences on V3 loop confor-
mation.
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FIG. 3. Alteration of migration patterns of mutated gp120 after
modification of potential N glycosylation sites. Expression plasmids
were transfected in HEK293 cells. Cell extracts were prepared for a
Western blot experiment and were analyzed using a monoclonal anti-
gp120 antibody (1). C2, V3, and C3 regions from m7NDK virus were
inserted in the wtNDK isolate env gene (one N glycosylation site) (2),
N192D gp120 mutant (no N glycosylation site) (3), and I298T gp120
mutant (two N glycosylation sites). M, molecular mass marker (in
kilodaltons) (BenchMark Prestained Protein Ladder; Life Technolo-
gies). Arrow, gp120.
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