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ABSTRACT The seven-transmembrane CCRS5 was recently
found to double as a coreceptor for a genetically diverse family of
human and nonhuman primate lentiviruses. Paradoxically, the
main region of the envelope protein believed to be involved in
CCRS utilization was mapped to hypervariable region 3, or V3, of
the envelope glycoprotein gp120. In this study, we addressed the
question of whether functional convergence in CCRS utilization is
mediated by certain V3 residues that are highly conserved among
HIV type 1 (HIV-1), HIV type 2, and simian immunodeficiency
virus. Site-directed mutagenesis carried out on three such V3
residues revealed that the Arg-298 of HIV-1 gp120 has an impor-
tant role in CCRS5 utilization. In contrast, no effect was observed
for the other residues we tested. The inability of Arg-298 mutants
to use CCRS was not attributed to global alteration of gp120
conformation. Neither the expression, processing, and incorpo-
ration of mutant envelope proteins into virions, nor CD4 binding
were significantly affected by the mutations. This interpretation is
further supported by the finding that alanine substitutions of five
residues immediately adjacent to the arginine residue had no
effect on CCRS utilization. Taken together, our data strongly
suggests that the highly conserved Arg-298 residue identified in
the V3 of HIV-1 has a significant role in CCRS5 utilization, and
may represent an unusually conserved target for future anti-viral
designs.

HIV type 1 (HIV-1) enters target cells through fusion of the virus
envelope with the target cell membrane. Initial entry is generally
believed to involve high affinity binding between the external
envelope glycoprotein gp120 and CD4, the primary receptor of
HIV (1). This interaction is followed by post-CD4 binding events,
which involve a series of incompletely characterized processes.
These events include conformational changes in gp120 and gp41,
interactions with certain cellular proteins, and the insertion of the
fusion peptide of the transmembrane envelope glycoprotein, gp41,
into the cell membrane (2, 3). The cellular coreceptors involved in
HIV entry have recently been found to belong to the seven-
transmembrane (7TM) chemokine receptor family (4-9).
Chemokines are small proteins that mediate leukocyte chemo-
taxis. There are four types of chemokines. Those with two con-
served cysteines in the N-terminal domain include two major
groups, CXC—or a-chemokines—and CC—or B-chemokines—
according to the position of two conserved cysteines in the
N-terminal domain (10). The receptor for the a-chemokine stro-
mal cell-derived factor 1 is CXC-chemokine receptor 4 (CXCR4),
also known as LCR-1, LESTR, HUMSTR, or fusin (4, 11, 12). This
receptor has been found to function as the coreceptor for T cell
line tropic, syncytium-inducing (SI) viruses (4). The B-chemokine
receptor CCRS, which binds RANTES, MIP-1«, and MIP-18, is
the major coreceptor for macrophage-tropic, non-SI (NSI) viruses
(5-9). A few of the NSI and dual-tropic isolates can also use other
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B-chemokine receptors, such as CCR2B and CCR3, as the core-
ceptor (8, 9, 13, 14).

The importance of CCRS as an in vivo HIV-1 entry coreceptor
is supported by the observation that all primary NSI viruses tested
so far use CCRS (8, 15-20). NSI viruses are found primarily during
the asymptomatic stage of infection (21), and are believed to be
associated with sexual transmission (22). In addition, a homozy-
gous defect in the CCRS gene containing a 32-bp deletion was
found to occur at a higher frequency among multiply exposed
uninfected individuals (23-26) than it occurs in the general pop-
ulation. This suggests that defects in this gene may confer protec-
tion against infection by viruses that use CCRS as the coreceptor.

Several studies have attempted to characterize the interac-
tion between gpl20 and CCRS. Using mouse and human
CCRS, or human CCRS5 and CCR2B chimeric coreceptors, it
has recently been reported that several extracellular domains
of CCRS are involved in coreceptor function (27-30). Other
observations suggest that hypervariable region 3 (V3) of gp120
isinvolved in CCRS utilization. (i) V3 of HIV-1 gp120is known
to be a major determinant of host cell tropism (31). Chimeric
viruses containing V3 of a NSI virus on a SI virus background
were recently shown to utilize CCRS5 (8, 30, 32). (ii) It was
reported that a complex of gpl20 and soluble CD4 could
inhibit binding between CCRS and MIP-1a or MIP-1p. Such
inhibition can be blocked by deletion of V3 in gp120 as well as
neutralizing antibodies to V3 (33-36). (iii) The NSI viruses,
which use CCRS as a coreceptor, can be inhibited by B-che-
mokines, RANTES, MIP-1« or MIP-1 (37, 38). The V3 loop
of gp120 has been shown to be critical for such inhibition (39).

It is known that in addition to HIV-1, several simian immuno-
deficiency virus and HIV type 2 isolates also utilize CCRS as a
coreceptor (40-44). The high degree of sequence divergence
observed within the V3 of this large family of human and nonhu-
man primate lentiviruses would seem to be incompatible with the
functional convergence in CCRS utilization. A closer examination
of various V3 sequences, however, reveals that there are four
residues highly conserved among all the viruses known to utilize
CCRS (Fig. 1). The possibility that some of these highly conserved
V3 residues may mediate the observed functional convergence of
CCRS utilization was addressed in this study. We report that a
highly conserved Arg-298 within V3 plays a critical role in CCRS
utilization.

MATERIALS AND METHODS

Construction of Chimeric and Mutant Viruses. Consensus
B (ConB) virus is identical to the previously described molec-
ular clone, HXB2RU3CI (45). The primary isolate CB11D.v
was isolated from the peripheral blood mononuclear cells of an
HIV-1 infected individual in Boston as described (46).
CB11D.v is a macrophage tropic, NSI virus, as determined by
the ability to replicate in primary macrophages but not in MT-2
cells. To generate the chimeric provirus CB11D, DNA purified
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Fi1c. 1. The V3 sequences of HIV-1, HIV-2, and SIV known to use
CCRS coreceptor. Parentheses indicate the genetic subtype of HIV-1.
The numbers of two cysteine residues of V3 are shown on top. The four
residues within V3, which are highly conserved among CCRS5-using
viruses, are numbered and marked with asterisks on top. The infor-
mation was derived from references 5-9, 13, 15-20, 32, 35, 40-45. For
brevity, viruses that use both CCR5 and CXCR4 are not included.

from the CB11D.v-infected peripheral blood mononuclear
cells was subjected to 30 cycles of PCR amplification of the
envelope gene. The oligonucleotide primers —7A, 5'-
GAAAGAGCAGAAGAC-AGTGG-3' [corresponding to po-
sition 6,202-6,221 of HXB2 genome (47)], and 614B, CCAAC-
TAGCATTCCAAAGCA-CAG-3' (position 8,061-8,080 of
HXB2), were designed to amplify a 1.87-kb env fragment
containing the entire gp120 and the N-terminal 300 bp of gp41
as described (48). Amplified product was cloned into TA
cloning vector PCRII (Invitrogen). DNA obtained from col-
onies with insert was digested with KpnI and Bsml. The 1.7-kb
Kpnl-Bsml fragment, which contains the 470 C-terminal res-
idues of gp120 and 100 N-terminal residues of gp41, was cloned
into a shuttle vector EX-PGEM11, which contains the 3.2-kb
EcoRI-Xhol fragment of HXB2RU3. The 2.6-kb Sa/I-BamHI
fragment containing the Kpnl-Bsml insert derived from
CB11D.v was cut to replace the 2.6-kb Sa/l-BamHI fragment
of the HXB2RU3 to generate the chimeric provirus CB11D.

Oligonucleotide-directed mutagenesis was performed on the
3.2-kb EcoRI-Xhol fragment of ConB or CB11D, by the method
of Kunkel (49). Mutants were identified by DNA sequencing as
previously described. The 2.6-kb Sa/l-BamHI fragment containing
the directed mutation was excised from the replicative form of
each mutant and used to replace the 2.6-kb Sall-BamHI fragment
of HXB2RU3. All mutations in the HXB2RU3 construct were
further verified by DNA sequencing.

Virus Infection in HOS-CD4.CCRS5 Cells. HOS-CD4.CCRS,
HOS-CD4.pBABE-puro, and HOS-CD4.CXCR4 were HOS-
CD#4 cells stably expressing CCRS, pBABE-puro, and CXCR4,
respectively. They were obtained from the AIDS Research and
Reference Reagent Program (National Institutes of Health, Be-
thesda, MD), and were propagated at 37°C in DMEM supple-
mented with 10% heat-inactivated fetal bovine serum, 1% peni-
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cillin-streptomycin and puromycin at 1 ug/ml as described (6).
COS-7 cells were propagated in DMEM supplemented with 10%
heat-inactivated fetal bovine serum and 1% penicillin-streptomy-
cin. Four micrograms of wild-type or mutant DNA were trans-
fected to 3-5 X 10% COS-7 cells by the DEAE-dextran method
(48). Cell-free supernatants were collected 72 hr after transfection,
filtered through 0.45 wm filters, and assayed by p24 ELISA
(DuPont). Equal amounts of wild-type and mutant viruses, 10 ng
of p24, were used to infect 3 X 10* HOS-CD4.CCR5, HOS-
CD4.pBABE-puro, or HOS-CD4.CXCR4 cells in a 24-well plate
with 1.5 ml medium per well. A half-milliliter of the culture
medium was collected from each culture every 3 days for p24
analysis. The culture was monitored for 7 days.

Western Blot Analysis of Envelope Proteins in Cell Lysates.
Four micrograms of wild-type or mutant DNA were transfected to
3-5 X 10% COS-7 cells by the DEAE-dextran method (48).
Mock-transfected, wild-type, and mutant-transfected COS-7 cells
were collected 72 hr posttransfection, washed with PBS and
subjected to centrifugation at 2,500 rpm. Cell pellets were resus-
pended with 100 wl RIPA lysis buffer (0.15 M NaCl/0.05 M
TrissHCL, pH 7.2/1% Triton X-100/1% sodium deoxycholate/
0.1% SDS) and spun at 28,000 rpm (F-13 rotor, Sorvall) at 4°C for
40 min. Ten microliters of each cell lysate was electrophoresed in
a SDS/10% polyacrylamide gel. A reference HIV-1 positive
serum (1:200 dilution) was used for Western blot analysis as
described (49).

Western Blot Analysis of Viral Lysates. Four micrograms of
wild-type or mutant DNA were transfected to 3-5 X 10° COS-7
cells by the DEAE-dextran method (48). Cell-free supernatants
were collected from two transfection cultures and filtered through
0.45-pm filters (Nalgene). The supernatants were centrifuged at
20,000 rpm (Beckman, SW28 rotor) for 2 hr through a 20%
(wt/vol) sucrose cushion. Virus pellets were dissolved in RIPA
lysis buffer (0.15 mM NaCl/0.05 mM TrissHCI, pH 7.2/1% Triton
X-100/1% sodium deoxycholate/0.1% SDS) and electrophoresed
on a SDS/12% polyacrylamide gel. A reference HIV-1 positive
serum was used for Western blot analysis as described above.

CD4 Binding Assay. CV-1 cells were infected with recombinant
vaccinia virus vCBS, a soluble CD4-expression vector, for 3 hr in
cysteine-free medium and were labeled with S-cysteine over-
night. Equal amounts of supernatants (1.5 ml) were incubated with
cell lysates of wild-type or mutant transfectants at 4°C for 3 hr and
the mixtures were incubated with reference serum preabsorbed to
protein A-Sepharose beads (50). After washing, the immunopre-
cipitates were eluted in a sample buffer and electrophoresed on
SDS/10% polyacrylamide gel.

RESULTS

Utilization of the CCR5 Coreceptor Is V3-Dependent. A previ-
ously described molecular clone, HXB2RU3 (45), which contains
the entire coding sequences of the vpu, vpr, and nef genes was first
assayed for chemokine coreceptor utilization. Cell-free viruses
collected from culture supernatants of COS-7 transfectants were
used to infect a human osteosarcoma cell line, HOS, stably
expressing CD4 and CCR5 or CXCR4 (6). In agreement with what
has been reported (4-9), this molecular clone was found to use
CXCR4 (Fig. 2B). ConB used in this study is identical to the
previously described molecular clone, HXB2RU3CI (Fig. 24)
(45). The only difference between ConB and HXB2RU3 is in the
V3 in that ConB contains the consensus V3 sequence of HIV-1
subtype B (51). Several macrophage tropic NSI viruses, including
HIV-1JRFL and HIV-1ADA (51), have a V3 sequence identical
to the consensus V3 sequence of HIV-1 subtype B. As shown in
Fig. 2C, cell-free ConB virus collected from culture supernatants
of COS-7 transfectants was found to infect CCR5-positive cells,
but neither CXCR4-positive cells nor negative control cells trans-
fected with pPBABE-puro. This finding confirms previous obser-
vations that V3 is an important determinant of chemokine core-
ceptor utilization (8, 30, 32). ConB was subsequently used as the
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FiG. 2. (A) Schematic drawing of the envelope region of ConB
virus and HXB2RU3. The ConB virus contains the consensus V3
sequences of HIV-1 subtype B in the backbone of molecular clone
HXB2RUS3. (B) Utilization of CXCR4 by HXB2RUS3. (C) Utilization
of CCR5 by ConB virus. Equal amounts of viruses derived from
supernatants of COS-7 transfectants, as standardized by p24, were
used to infect HOS-CD4 cells expressing pBABE-puro (vector con-
trol), CCRS5 or CXCRA4. The p24 level of culture supernatants at day
7 were shown. Mock refers to cultures infected by supernatants of
mock-transfected COS-7 cultures.

parental virus to generate more mutants for the purpose of
identifying V3 residues that are important for CCRS utilization.

Alanine Substitution of Highly Conserved V3 Residues. Com-
paring the V3 sequences of viruses known to utilize CCRS, the four
highly conserved residues are Arg-298, Pro-299, Thr-303, and
Ala-328 (Fig. 1). To test our hypothesis that some of these highly
conserved residues may be critical for CCRS5 utilization, the
approach of alanine scanning was adopted. Of these four residues,
the first three were individually replaced by an alanine residue by
site-directed mutagenesis. The fourth residue, Ala-328, was not
included in this analysis. The resulting mutant viruses of ConB
were designated 298R A, 299PA, and 303TA, indicating the posi-
tion of each alanine substitution (Fig. 34). Cell-free viruses from
culture supernatants of COS-7 transfectants were collected 72 hr
posttransfection. Equal amounts of mutant and wild-type viruses,
as standardized by p24, were used to infect HOS-CD4 cells
expressing pBABE-puro, CCRS, or CXCR4. The levels of p24 in
HOS-CD4.CXCRA4 cells or HOS-CD4.pBABE-puro cells infected
by the wild-type and mutant viruses were comparable to that of the
mock-infected cells (Fig. 3B). The p24 levels of 299PA- and
303TA-infected HOS-CD4.CCRS cells were comparable to that of
ConB-infected HOS-CD4.CCRS cells, suggesting that the con-
served proline and threonine residues are not absolutely required
for CCRS utilization. In contrast, there was a significant reduction
of p24 in 298R A-infected HOS-CD4.CCRS5 cells, indicating that
this highly conserved arginine has a critical role in CCRS5 utiliza-
tion.

Mutation of the Positively Charged Arg-298 in V3. Arginine, a
positively charged residue that has been shown to be involved in
protein-protein or protein-RNA interactions, contains a long side
chain with two terminal amino (NH,) groups at the 1 position and
one secondary amine (NH) at the ¢ position (52). To examine
whether a positively charged residue at position 298 is essential for
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F16.3. (A) The V3 sequences of ConB-derived mutants, which had
alanine substitutions introduced to each of the three highly conserved
V3 residues. (B) Alanine substitution of Arg-298 affects CCRS
utilization. The assay conditions were identical to those described in
the legends of Fig. 2.

CCRS utilization, the arginine residue was replaced with three
different classes of amino acids. These were glutamic acid, a
negatively charged residue, glutamine, a neutral residue, and
leucine, a hydrophobic residue. The corresponding mutants were
designated 298RE, 298RQ, and 298RL, respectively (Fig. 44).
None of these mutants infected HOS-CD4.CXCR4 cells or HOS-
CD4.pBABE-puro cells (Fig. 4B). In the HOS-CD4.CCRS cells
infected by 298RE and 298RQ, a >100-fold reduction of p24 was
observed when compared with cells infected by ConB. A signifi-
cant reduction in p24 was also observed with 2908R L-infected cells,
although it was less prominent than 298RE- or 298RQ-infected
cells. These findings are compatible with the interpretation that a
positively charged residue at position 298 of V3 is important for
CCRS utilization. To further test this notion, mutant 298RK, which
had the arginine residue replaced by another positively charged
residue, lysine, was constructed. As shown in Fig. 4B, the level of
p24 in 298RK-infected HOS-CD4.CCRS cells was comparable to
that of ConB-infected cells. This finding provided further evidence
that a positively charged residue at position 298 of V3 appears to
be required for CCRS utilization.

Arg-298 of Another Primary Virus Linked to CCRS Utilization.
To exclude the possibility that the role Arg-298 has in CCRS
utilization is only limited to the ConB virus, the involvement of the
same arginine residue of another primary virus, CB11D, in CCRS
utilization was studied (Fig. 54). The V3 sequence of CB11D
differs from that of ConB in three positions, but the arginine
residue at position 298 is conserved (Figs. 1 and 54). As shown in
Fig. 5B, CB11D was able to infect HOS-CD4.CCRS cells, but not
HOS-CD4.CXCR4 or HOS-CD4.pBABE-puro cells, indicating
that this virus also utilizes CCRS as a coreceptor. Mutant viruses,
designated CB11D/298RA and CB11D/298RE, were generated
by substituting the arginine at position 298 of CB11D with alanine
and glutamic acid, respectively. These mutations had a significant
effect on virus replication in HOS-CD4.CCRS cells (Fig. 5B).
However, substitution with another positively charged residue,
lysine, designated mutant CB11D/298RK, did not affect the ability
of the virus to utilize CCRS as a coreceptor. This finding lends
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FiG. 4. (A) The V3 sequences of the Arg-298 mutants 298RA,
298RK, 298RL, 298RQ, and 298RE. (B) Positively charged residue at
position 298 is critical for CCRS utilization. The assay conditions were
identical to those described in the legend of Fig. 2.

further credence to our hypothesis that the highly conserved
Arg-298 of V3 has an important role in CCRS utilization.

Alanine Substitution of Residues Adjacent to Arg-298. The
Arg-298 residue is located at the N-terminal base of the V3
loop, a region separated from the known S strand-f turn-g
strand motif in the center of V3 (51, 53). To investigate
whether residues adjacent to Arg-298 in this region may also
be involved in CCRS5 utilization, five more alanine substitution
mutants, designated 297TA, 300NA, 301NA, 302NA, and
304RA, were constructed (Fig. 64). As shown in Fig. 6B, the
level of p24 in HOS-CD4.CCRS cells infected by all these
mutants was comparable to those infected by the wild-type
virus. These results, taken together with those shown in Fig.
3B, demonstrate that of the eight consecutive residues in the
N-terminal base of V3, only the highly conserved Arg-298 is
indispensable for CCRS utilization. Because seven of the eight
residues in this region did not affect CCRS utilization, it is not
likely that the inability of Arg-298 mutants to utilize CCRS are
a coreceptor is caused by conformational changes in this
region.

Characterization of Arg-298 Mutants. Expression, processing,
and incorporation of HIV-1 envelope proteins into virions, as well
as CD4 binding, have all been used to assess if drastic changes have
occurred in gp120 conformation as the result of mutation (49). To
address the question of whether substitutions introduced to the
Arg-298 drastically alter gp120 conformation, lysates from COS-7
cells transfected with 298R A, 298R L, 298R E, 298RQ, and 298RK
were prepared for Western blot analysis. As shown in Fig. 74, both
gpl60 and gpl20 were readily detected by a reference HIV-1
positive human serum, indicating that neither expression nor
processing of the mutant envelope protein was drastically affected
by the substitutions. Western blot analysis was also performed on
viral lysates derived from cell-free supernatants of COS-7 trans-
fectants. As shown in Fig. 7B, mutant gp120 was readily detected
in viral lysates and the ratio of gp120 to p24 in the viral lysates was
comparable to that of the wild-type virus. Based on coprecipitation
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F1G. 5. (A) Schematic drawing of the envelope region of CB11D
and HXB2RU3. CB11D contains the Kpnl-Bsml fragment (amino
acids 42 to 612) of a primary isolate, CB11D.v, in the backbone of
molecular clone HXB2RU3. Also shown are the V3 sequences of the
CB11D and mutants, which had different type of amino acid substi-
tutions introduced to the Arg-298. (B) Positively charged residue at
position 298 is critical for CCRS utilization by primary virus CB11D.
Equal amounts of CB11D and mutant viruses, as standardized by p24,
were used to infect HOS-CD4 cells expressing pBABE-puro (vector
control), CCRS or CXCR4. The p24 level of culture supernatants at
day 7 were shown.

of CD4 and gp120, the amount of CD4 bound to 298 mutant
proteins was found to be comparable to that of wild-type envelope
protein (data not shown). This is in agreement with reports that V3
residues are not involved in CD4 binding (54, 55). Taken together,
these results indicate that the inability of those 298 mutants to
utilize the CCRS receptor is unlikely to be due to global pertur-
bation of gp120 conformation.

DISCUSSION

CCRS belongs to the superfamily of 7TM G-protein coupled
receptors, which contain rhodopsin-like 7TM domains (56). The
ligands for 7TM receptors cover a wide range of molecules
including metal ions, monoamines, purines, peptide hormones,
and large proteins (56). The interaction between 7TM receptors
and their ligands follows three general patterns. The first pattern
involves mainly small molecules that can penetrate the membrane
and interact with residues deep in the transmembrane helices. One
such example is the interaction between adrenaline and the
adrenoreceptor (57). The second pattern involves peptide hor-
mones that interact with both transmembrane and extracellular
domains of the receptor. The interaction between angiotensin II,
an eight-amino acid peptide, and the angiotensin AT1 receptor
serves as an example. The C-terminal phenylalanine residue of
angiotensin II is believed to interact with the transmembrane
domain of the angiotensin AT1 receptor, whereas the N-terminal
aspartic acid and arginine residues interact with the extracellular
domain (58). The third pattern involves large polypeptide ligands
that interact with the extracellular domain of the receptor. One
such example is the interaction between interleukin 8 (IL-8) and
the IL-8 type A receptor. A cluster of four residues in the



5744 Medical Sciences: Wang et al.

W~ OrN = <
a0 595 3 @
]A @@m . o
ConB CTRPNNNTRKSIHIGPGRAFYTTGEIIGDIRQAHC
297TA  =A-------mmmme e e mememmmmm——mee
300NA  ————A-——mmmmmmm oo
30INA  ----- A m e -
302NA ------ Am e o
304RA  ---————- Bmm e
100000
10000 -|
.’a‘ PBABE-purc
£
£ 1000 - O cers
<«
2 W cxcre
100 -

T
] = & =

H 2 z 2 é
o~ ] = o -
o o o o =3
~ @ m - By

FiG.6. (A) The V3 sequences of ConB-derived mutants, which had
alanine substitutions introduced to five adjacent residues of the
Arg-298. (B) Alanine substitutions introduced to five residues adjacent
to the Arg-298 do not affect CCRS utilization. The assay conditions
were identical to those described in the legends of Fig. 2.

N-terminal domain of IL-8 are critical for the interaction with the
extracellular domain of the IL-8 type A receptor (59, 60). One of
the underlying hypotheses of this study is that the interaction
between gp120 and CCRS is likely to follow the third pattern and
involves only the extracellular domain of CCRS and selective
¢p120 residues.

The V3 of gp120 has been found to have a significant role
in coreceptor utilization (8, 30, 32-36, 39). Our finding that the
chimeric virus, ConB, utilizes CCRS5 as a coreceptor is in
complete agreement with previous studies (8, 30, 32). Muta-
tional analysis conducted in this study further identified an
arginine residue at position 298 within the V3 of gp120 as
critical for CCRS utilization. This finding supports our hy-
pothesis that some unusually conserved residues in the V3 loop
of gp120 may be involved in CCRS utilization.

Several lines of evidence have suggested that V3 is likely to form
a structurally independent domain of gp120. (i) The entire V3 can
be removed from gp120 without affecting its binding to CD4 (54,
55). (if) Deletion of V3 does not abolish recognition of gp120 by
several conformational dependent mAbs (55). (iii) Because V3 is
the target of several neutralizing antibodies, it is unlikely to be
buried deep inside the core of gpl120 (61). In this regard, our
finding that point mutations at position 298 did not significantly
affect the expression and processing of mutant proteins, their
incorporation into HIV-1 virions, or their ability to bind CD4, is
compatible with the interpretation that the global gp120 confor-
mation of these mutants was not drastically altered.

Although substitutions are frequently found in the V3, the
length variation of V3 is rather limited due to the absence of large
insertions and deletions, a feature not shared by other variable
regions of gp120 (51). Based on secondary structure studies, the
central part of V3 is likely to adopt a conserved motif of 8 strand-3
turn-B strand. In contrast, the N-terminal part of V3, where the
Arg-298 residue and seven other residues studied here are located,
is predicted to assume a less rigid structure (51, 53). In addition to
these structural features, an N-linked glycosylation site is present
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F1G.7. (A) Western blot analysis of envelope proteins expressed in
COS-7 cells transfected with proviral DNA of ConB or Arg-298
mutants using a HIV-1 positive human serum. Both gp160 and gp120
are indicated. (B) Western blot analysis of envelope proteins incor-
porated into virions of ConB and Arg-298 mutants. Viral lysates
prepared from ConB, 298RA, 298RK, 298RE, 298RL, and 298RQ
viruses were reacted with a HI'V-1 positive human serum. Molecular
mass markers are shown in lane MW.

in the N-terminal part of the V3 of many human and nonhuman
primate viruses (51). Our finding that mutations introduced to
either Asn-301 or Thr-303 of the canonical N-linked glycosylation
sequence had no discernible effect on CCRS utilization suggests
that this relatively conserved N-linked site is not critical for CCRS
utilization. However, this N-linked sugar may play a role in
blocking the accessibility of a previously described mAb (62).
Similarly, substitution of the conserved Pro-299 with an alanine
residue does not affect CCRS utilization. This highly conserved
proline residue, which is located immediately adjacent to Arg-298,
is unlikely to be involved in CCRS utilization. Taken together, the
observation that only substitutions of Arg-298 had an effect on
CCRS utilization, while substitutions of the seven adjacent residues
did not, favors the interpretation that the involvement of the
N-terminal part of V3 in CCRS utilization is limited to the
Arg-298. It is worth noting that of the four residues of IL-8 that are
known to be essential for interacting with the IL-8 type A receptor,
the most critical one is a positively charged arginine residue (59).
The possibility that the positively charged Arg-298 residue may
interact with the CCRS coreceptor in a manner analogous to the
interaction between the critical arginine residue of IL-8 and its
receptor should be considered.

In addition to the Arg-298, other gp120 residues must be
involved in CCRS utilization as well. Recent studies have shown
that identical HIV-1 isolates interacted with chimeras between
human and murine CCRS or with chimeras between human CCRS
and human CCR2B with distinct efficiencies (27-30). These
observations suggest that the interaction between gpl20 and
CCRS is likely to involve multiple extracellular domains of CCRS.
Furthermore, because the Arg-298 of V3 is conserved by all the
HIV-1 isolates analyzed in those studies, other gp120 residues
must account for the different efficiency in CCRS utilization.
While the V3 appears to form a structurally independent domain
of gp120, functional interactions between the V3 and other regions
of gp120 have also been reported (63-67). In fact, a recent study
reported that gp120 residues outside of the V3 might have a role
in CCRS utilization (30). Further studies are needed to address
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how other gp120 residues inside and outside V3 are involved in
CCRS utilization.

A more comprehensive analysis of the V3 sequence reveals that
the Arg-298 is not only conserved by those viruses known to utilize
CCRS, but is also conserved by the majority of human and
nonhuman primate lentiviruses including those known to utilize
CXCR4 as their coreceptor (51). This appears to indicate that this
residue is a necessary, but not a sufficient determinant of HIV-1
for CCRS utilization. For example, because ConB, which utilizes
CCRS5, and HXB2R U3, which utilizes CXCR4, share the common
Arg-298 and differ only in the V3, the determinant of HIV-1
coreceptor specificity must therefore be conferred, at least in part,
by V3 residues other than Arg-298.

Interacting with chemokine coreceptors through the highly
conserved Arg-298 exemplifies functional convergence by the
highly divergent HIV-1 envelope protein. In light of recent
reports that triple therapy does not fully suppress HIV-1in vivo
(68-70), and that resistant mutants of any of the available
protease inhibitors tend to be class-specific (71), it is important
to continue identifying new targets for potential anti-HIV-1
strategies. The possibility that the Arg-298 represents an
unusual target for antiviral therapy should be carefully con-
sidered. It is particularly intriguing that although the positively
charged lysine residue appears to be interchangeable with
arginine in this study, a lysine residue has not been found at the
same position of Arg-298 in naturally occurring human and
nonhuman primate lentiviruses. The evolutionary significance
and the molecular basis of the requirement of an arginine
residue in the N-terminal part of V3 remain to be explored,
however, this invariable Arg-298 may represent a promising
target for development of new anti-viral compounds.
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