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mM MgCl,, and 200 wM of each dinucleoside triphos-
phate) containing 5 uCi of [«-32P]dCTP, 0.5 pM of
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efficiency] and the number of amplification cycles re-
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GATTAAGT TGGG-3' for GAL.
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Various regions of IL-2 cDNA were deleted. Del 1 was
constructed by creating an Eco RV site at codon 4 and
codon 5 of IL-2 with PCR-based method to obtain
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replaced with an oligonuclectide that restored the start
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nal of human c-fos or GM-CSF amplified by RT-PCR,
and a chemically synthesized double-stranded oligo-
nucleotide containing two nonamers, UUAUUUAUU-
gauccUUAUUUAUU, and a polyadenylation signal
were subcloned between the Stu | and Kpn | sites of
PBACT-IL2. CAT reporters were constructed by sub-
cloning the entire coding region of the CAT gene,
amplified by PCR, between the Hind Il and Stu | sites
of pBACT-IL2 to obtain CAT-3" UTR (IL2) or between
the Bgl Il and Stu | sites of Del 3 to obtain 5" UTR
(IL2)-CAT-3" UTR (IL2), in which the reading frame of
CAT is in-frame with that of IL-2.
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29. Jurkat whole-cell extract (50 g of protein) was re-
solved by SDS-PAGE and transferred to an Immo-
bilon P membrane (Millipore). After blocking, the filter
was incubated with an antibody specific to phospho-
Ser®3-c-Jun (KM-1, Santa Cruz Biotechnology), and
the antibody-antigen complexes were visualized by
enhanced chemiluminescence (Amersham). The
membrane was stripped and reprobed with an anti-
body to c-Jun (N-G, Santa Cruz Biotechnology).
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A Conserved HIV gp120 Glycoprotein Structure
Involved in Chemokine Receptor Binding
Carlo D. Rizzuto, Richard Wyatt, Nivia Hernandez-Ramos,

Ying Sun, Peter D. Kwong, Wayne A. Hendrickson,
Joseph Sodroski*

The entry of primate immunodeficiency viruses into target cells depends on a sequential
interaction of the gp120 envelope glycoprotein with the cellular receptors, CD4 and
members of the chemokine receptor family. The gp120 third variable (V3) loop has been
implicated in chemokine receptor binding, but the use of the CCR5 chemokine receptor
by diverse primate immunodeficiency viruses suggests the involvement of an additional,
conserved gp120 element. Through the use of gp120 mutants, a highly conserved gp120
structure was shown to be critical for CCR5 binding. This structure is located adjacent
to the V3 loop and contains neutralization epitopes induced by CD4 binding. This
conserved element may be a useful target for pharmacologic or prophylactic intervention
in human immunodeficiency virus (HIV) infections.

Most naturally occurring primate immuno-
deficiency viruses [HIV and simian immu-
nodeficiency virus (SIV)] bind the B-che-
mokine receptor CCR5 as an obligate step
in virus entry into target cells (1, 2). The
gp120 glycoproteins of primary, macroph-
age-tropic HIV-1 strains have been shown
to bind specifically to cells expressing
CCR5 (3, 4). Inhibiting this binding con-
stitutes an attractive means of intervening
in HIV-1 infection, but the gpl20 glyco-
protein is a challenging target because of its
conformational flexibility and variability.
Incubation with soluble CD4 (sCD4) re-
sults in a 100- to 1000-fold increase in the
affinity of HIV-1 gp120 for CCR5 (3), in-
dicating that the CCRS5-binding site on
HIV-1 gpl120 is fully formed or exposed
only after CD4 binding. Efficient CCR5
binding is dependent on the presence of the
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V3 variable loop of gpl20 (3), and the
sequence of the V3 loop influences the
specific chemokine receptors used by differ-
ent primate immunodeficiency viruses (2).
In contrast, the gp120 V1 and V2 variable
loops and NH,- and COOH-termini were
shown to be dispensable for high-affinity
binding to CCR5 (3). No significant CCR5
binding has been observed for gp120 glyco-
proteins derived from laboratory-adapted
HIV-1 isolates, which do not use CCR5 as
a coreceptor (3, 4).

Specific groups of HIV-I-neutralizing
antibodies directed against the gp120 V3
loop or CD4-induced (CD4i) epitopes are
able to block the binding of gp120-sCD4
complexes to CCR5-expressing cells (3, 4).
The CD4i epitopes are conserved, discon-
tinuous gp120 structures that are better ex-
posed after CD4 binding (5). Mutagenic
analysis suggested that elements of the con-
served stem of the V1/V2 stem-loop and of
the fourth conserved region of gpl20 make
up the CD4i epitopes (5). Here we tested
the hypothesis that conserved gpl20 resi-
dues near or within the CD4i epitopes are
critical for CCR5 binding.

We developed an assay to assess the
CCR5-binding ability of a panel of HIV-1
gpl20 glycoprotein mutants. The mutants
were created by the introduction of single
amino acid changes in gpl20 residues near
or within regions previously shown to be
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important for the integrity of the CD4i
epitopes (5). Structural information (6) on
the gpl120 epitope recognized by a CD4i-
directed antibody, 17b, was used to guide
the mutagenesis. The wtA glycoprotein,
which lacks the V1 and V2 variable loops
and the NH,-terminus and is derived from
the YU2 primary macrophage-tropic (R5)
HIV-1 isolate (7), was the starting point for
our studies (Fig. 1). This protein was chosen
because it had been shown to bind CD4 and
CCRS5 with high affinity (3, 8, 9). Further-
more, the use of this protein minimized the
opportunities for indirect effects of gpl120
amino acid changes on CCR5 binding [for
example, by repositioning the V1 and V2
loops, which can mask CD4i epitopes (9)].
Metabolically labeled wtA and mutant de-
rivatives were produced in 293T cells and
incubated with mouse L1.2 cells stably ex-
pressing human CCR5 (3), in either the
absence or presence of sCD4. The cells were
washed and lysed, and bound gp120 protein
was detected by precipitation with a mix-
ture of sera from HIV-1-infected individu-
als (10).

The wtA protein efficiently bound to the
L1.2-CCR5 cells in the presence of sCD4
(Fig. 2, A and B). Binding was significantly
reduced when sCD4 was not present in the
assay. Binding of the wtA protein to the
L1.2-CCR5 cells was inhibited by preincu-
bation of the wtA protein with the 17b
antibody. Binding was also inhibited by in-
cubation of the L1.2-CCR5 cells with the
2D7 antibody to CCR5 (11) or with the
CCRS5 ligand MIP-1B (12). The C11 anti-
body, which is directed against a gpl20
region dispensable for CCR5 binding (3),
did not block the binding of the wtA pro-
tein to the L1.2-CCR5 cells (13). An irrel-
evant chemokine, SDF-la, did not effi-
ciently block wtA binding (13). The wtA
protein did not bind appreciably to the
parental L1.2 cells not expressing CCR5,
even in the presence of sCD4. These results
suggest that the wtA protein binds CCR5 in
a specific, CD4-dependent manner.

Changes in several gpl20 amino acids
resulted in reductions in the ability of the
protein to bind to L1.2-CCRS5 cells in the
presence of sCD4 (Table 1 and Fig. 2C). In
some cases (257 T/D, 370 E/Q, and 383
E/S), the attenuated CD4-binding ability of
the mutant proteins could account for the
observed reduction in binding to the L1.2-
CCR5 cells. In most cases, however, the
mutant proteins that were deficient in
CCR5 binding still bound sCD4 and at
least one monoclonal antibody that recog-
nizes a discontinuous gp120 epitope (5, 14).
As expected, some of the introduced amino
acid changes decreased recognition by the
17b antibody. Two of the gp120 amino acid
changes (437 P/A and 442 Q/L) resulted in
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an increase in CCR5 binding compared
with the wtA protein, even though CD4
binding was not significantly increased. In
the absence of sCD4, the 437 P/A and 442
Q/L envelope glycoprotein mutants bound
to the L1.2-CCRS5 cells slightly better than
the other mutants and the wtA protein,
which exhibited very low levels of binding
[Fig. 2A and (13)].

Recently, the structure of an HIV-1
gp120 core crystallized in a terary complex
with two-domain CD4 and the 17b Fab was
solved (6). The gp120 core is composed of
an inner domain, an outer domain, and a
“bridging sheet” (Fig. 3A). The bridging
sheet is a four-stranded, antiparallel 8 sheet
that includes the V1/V2 stem and strands
(B20 and B21) derived from the fourth
conserved gpl20 region. CD4 contacts
gp120 residues in the outer domain and the
bridging sheet (6). The gp120 residues im-
plicated by our study in CCR5 binding are
located near or within the bridging sheet
(Fig 3, A and B). The bridging sheet is
predicted to face the target cell after the
envelope glycoproteins bind CD4 (6). Even
more than the CD4-binding site, the gp120

Fig. 1. The HIV-1 YU2
gp120 derivative used in the -
binding assay. The wild-type N |!
gp120 and gp41 envelope
glycoproteins are shown in
the upper figure. Conserved
(black) and variable (white)
regions (27) are indicated.

region implicated in CCR5 binding is high-
ly conserved among primate immunodefi-
ciency viruses; this conservation contrasts
with the variability that characterizes most
of the gp120 surface thought to be exposed
on the assembled envelope glycoprotein
complex (Fig. 3C) (6). The CD4i epitope
for the 17b antibody is located near or
within the bridging sheet (6), consistent
with the ability of the antibody to block

CCRS5 binding (3, 4). All of the individual

gp120 residues in which changes disrupted
recognition by 17b antibody (Fig. 3D) are
located close to the gp120-17b interface in
the crystallized complex (Table 1). The
binding of another antibody, CG10, which
disrupts gp120-CCRS5 interaction (3) and
competes with 17b antibody for gpl20
binding (15), is also affected by changes in
amino acid residues within or near the
bridging sheet (Fig. 3E). The position and
orientation of the V3 base in the structure
(6), in conjunction with a number of mu-
tagenic and antibody competition studies
(16), suggest that the gp120 V3 loop resides
proximal to the region implicated in CCR5
binding (Fig. 3A). For example, the binding

v V
3 4

C wtA

The wtA protein, which is derived from the primary macrophage-tropic YU2 HiV-1 isolate (7), is shown
in the lower figure. The NH,-terminal (N) and V1 and V2 deletions correspond to those previously
described for the HXBc2 gp120 mutants A82 and A128-194, respectively (8, 9). SIG, signal peptide; C,
COOH-terminal; TM, transmembrane section of gp41.

Fig. 2. The gp120-CCRS5 bind- ey = =

ing assay. (A) The radioactively e l'bl MIP’]IB i

labeled wtA protein was incu- A a39 B . Lo B 5

bated either with the parental LetpsH (Lo 10,2 2020003108 10°,

L1.2 cells or with the L1.2- T
CCR5 cells. Incubations were =T e
carried out either in the absence J L L ‘ 2 66
or presence of sCD4 (100 nM).

The wtA protein bound to the il
cells is shown. The two bands ., , ., .

represent different glycoforms

of gp120. (B) The wtA protein

was incubated with both sCD4 Total Bound (sCD4) Bound (CCRS5)

and the 17b antibody at the in- ¥ o 8 < Mog 0 « ¥ B D <

dicated concentrations before c § S g SR ok BeRC w k

addition to the L1.2-CCR5 cells. LLEisi sy (E 8885 (2 g8 ,5,9,9,

The L1.2-CCRS5 cells were incu- T
bated with 2D7 antibody to & —_ 97
CCRS or MIP-18 at the indicat- reewe N w i e

ed concentrations before incu-
bation with wtA-sCD4 com-
plexes. The wtA protein bound

to the cells is shown. (C) The amount of radioactively labeled wtA or selected mutant envelope
glycoproteins precipitated by a mixture of HIV-1-infected patient sera ( Total), precipitated by sCD4 and
an antibody to CD4 [Bound (sCD4)), or bound to L1.2-CCR5 cells [Bound (CCR5)] is shown. Molecular

sizes in (B) and (C) are in kilodattons.
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of both CGI0 and CD4i antibodies to
gp120 can be disrupted by some V3 changes
(5, 15). Furthermore, several V3-directed
antibodies compete with CD4i antibodies
for gp120 binding (16).

Our observations suggest that the
CCR5-binding site is likely composed of
conserved gpl120 elements near or within
the bridging sheet and V3 loop residues.
The latter might include more conserved
structures (such as the aromartic or hydro-
phobic residue at position 317, altered in
this study) as well as more variable struc-
tures (17) that determine the specific che-
mokine receptor used. Some of the gpl120
residues identified in this and previous stud-
ies (17) as determinants of chemokine re-
ceptor use could modulate the interaction
of the V3 loop and elements near the bridg-
ing sheet. For example, studies of HIV-1
revertants ( 16) suggested a functional inter-
action of gp120 residue 440, shown here to
influence CCR5 binding, with the V3 loop.

A subset of the gp120 residues in or near
the bridging sheet likely contacts CCR5

Fig. 3. Structure of the HIV-1 gp120 region impli-
cated in CCRS5 binding. (A) A ribbon drawing of the
HIV-1 gp120 glycoprotein (6) complexed with
CD4 is shown. The perspective is that from the
target cell membrane. The two NH,-terminal do-
mains of CD4 are shown in blue. The gp120 inner
domain is red, the outer domain is yellow, and the
bridging sheet is orange. The gp120 residues in
which changes resulted in a =90% decrease in
CCRS binding are labeled. The V1/V2 stem and
the base of the V3 loop (strands B12 and B13 and
the associated turn) are indicated. (B) A molecular
surface of the gp120 glycoprotein from the same
perspective as that of (A). Colored surfaces are
associated with gp120 residues in which changes
resulted in either a =75% decrease (yellow), a

directly. Most of the gp120 residues impli-
cated in CCR5 binding exhibit reasonable
solvent accessibility in the free gp120 core
(Table 1), consistent with this possibility.
The gpl20 surface implicated in CCR5
binding is highly basic (6), potentially fa-
voring interactions with the acidic CCR5
NH,-terminus, which has been shown to be
important for gp120 binding (18, 19). Ad-
ditional, hydrophobic interactions, similar
to those seen for gpl120-17b binding (6),
may also contribute to the gpl120-CCR5
interaction.

The exposure or formation (or both) of
the CCR5-binding site of HIV-1 gp120 gly-
coproteins is dependent on interaction with
CD4 (3, 4). CD4 binding has been shown
to reposition the V1 and V2 variable loops
and thus expose the CD4i epitopes (9),
which overlap the CCR5-binding region
(3, 4). However, because a gp120 glycopro-
tein lacking the V1 and V2 variable loops
also exhibits CD4-dependent CCR5 bind-
ing (3), the interaction with CD4 must
cause other conformational changes in

REPORTS

gpl120 related to the CCR5-binding site.
Our results, which highlight the proximity
of the two receptor-binding sites on gp120,
provide likely explanations for the induc-
tion of such conformational changes. First,
the V1/V2 stem, which is one of the com-
ponents of the bridging sheet, contacts CD4
(6). Thus, CD4 binding, which appears to
distort the V1/V2 stem, may reposition this
structure and allow the formation of the
B-sheet important for CCR5 binding. In
this respect, we note that a substitution of
aspartic acid for threonine-123, which is
located in the V1/V2 stem and contacts
CDA4, significantly decreases CCR5 bind-
ing. This substitution may disrupt CD4-
induced conformational changes in the V1/
V2 stem required for CCR5 binding.
Second, the CD4-bound conformation
of gpl20 exhibits a cavity (the “Phe-43”
cavity) within the gp120 interior (6). This
cavity contacts the gpl120 inner and outer
domains as well as the bridging sheet and
likely forms as a result of interdomain con-
formational changes in gp120 induced by

=00% decrease (red) or a =50% increase (green) in CCRS5 binding, when CD4
binding was at least 50% of that seen for the wtA protein. (C) The surface
depicted in (B) is colored according to the degree of conservation observed
among primate immunodeficiency viruses (27). Red indicates conservation
among all human and simian immunodeficiency viruses; orange indicates
conservation among all HIV-1 isolates, including group O and chimpanzee
isolates; yellow indicates modest variability; and green indicates substantial
variability among HIV-1 isolates. (D) The molecular surface of the gp120 gly-

www.sciencemag.org * SCIENCE ¢ VOL. 280 ¢ 19 JUNE 1998

coprotein. Residues in which changes resulted in a =70% decrease in 17b
antibody binding in the absence of sCD4 are indicated. (E) The molecular
surface of the gp120 glycoprotein. Residues in which changes resulted in a
=70% decrease in CG10 antibody binding in the presence of sCD4 are
indicated. Residues in which changes significantly decreased CD4 binding
(and thus indirectly decreased CG10 binding) are not shown. Images were
made with Midas-Plus (Computer Graphics Lab, University of California, San
Francisco) and GRASP (28). Abbreviations for the residues are in (25).
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Table 1. Phenotypes of HIV-1 YU2 gp120 mutants. The ability of the wtA and mutant glycoproteins to bind
CCRS expressed on L1.2 cells was determined (70). The recognition of the wtA and mutant glycoproteins by
sCD4 and monoclonal antibodies that recognize discontinuous gp120 epitopes (5, 74) was determined (70).
All values reported are relative to those seen for the wtA protein. Values represent the average of at least two
independent experiments and exhibit less than 30% variation from the value shown.

Ligand binding

Protein (FSA)* CCRS bindingt

sCD4 17b CG10 F105
WiA 1.00 1.00 1.00 1.00 1.00
107 D/R 1.02 1.02 0.97 1.11 1.14
114 Q/L 1.22 0.79 0.73 0.71 0.7
117 K/D (0.45) 0.15 0.74 0.64 0.42 0.83
121 K/D (0.57) 0.07 0.73 011§ 0.0 0.99
122 /S 0.98 0.84 1.07 0.18 1.11
123 T/D (0.49) 0.08 0.998 1.06 0.0 1.26
197 N/D 1.33 1.34 0.80 0.81 1.11
199 S/L 1.50 1.32 0.94 1.038 1.04
200 V/S 0.84 0.91 1.056§ 0.49 1.06
201 VA 0.46 0.90 0.67 0.84 0.81
203 Q/L 0.68 0.85 0.888 0.52 0.93
207 K/D (0.23) 0.0 0.85 0.46 0.13 0.98
209 S/L 1.00 1.11 0.85 1.01 1.00
210 F/S 0.65 0.81 0.81 0.85 0.74
211 E/K 0.78 1.13 1.03 1.12 1.24
257 T/D 0.05 0.08 0.49 0.06 0.0
295 N/E 0.86 0.75 0.73 0.98 0.79
308 N/D 0.31 1.10 0.89 0.93 1.03
317 /S 0.08 112 1.05 1.13 1.08
330 H/A 0.22 0.75 0.55 0.66 0.64
AV3 (A298-329) 0.0 0.80 0.08 1.27 0.98
370 E/Q 017 0.08 1.04 0.12 0.0
372 V/S 0.85 1.08 1.08 1.09 0.44
373 T/D 0.48 1.12 1.10 1.16 1.10
377 N/E (0.04) 0.22 0.71 0.52 0.65 0.60
381 E/R (0.07) 0.07 0.81 0.75 0.29 0.96
383 F/S 0.04 0.0 0.0 0.07 0.0
386 N/D 1.22 1.14 097 0.90 0.97
419 R/D (0.82) 0.19 0.86 0.02§ 0.48 0.82
4201/R (0.14) 0.06 0.59 0.08 0.72 0.72
421 K/D (0.32) 0.07 0.86 0.198 0.0 0.0
422 Q/L (0.35) 0.07 0.58 0.08 0.20 0.55
423 1/8 0.61 0.97 0.058 0.30 1.03
424 1/S 0.37 0.25 0.48 0.83 0.81
426 M/A 0.75 0.698 0.69 0.72 1.11
429 E/R 1.54 1178 1.00 1.05 0.82
432 K/A 0.61 1.0 0.928 0.0 1.45
434 M/A 1.22 0.90 0.658 0.07 1.04
435Y/S 0.21 0.33 0.228§ 0.29 1.00
436 A/S 0.98 1.05 0.91 0.99 1.23
437 P/A 1.79 0.80 0.68% 0.78 0.82
438 P/A (0.28) 0.06 1.18 1.00 113 1.18
439 I/A 0.45 0.68 0.76 0.76 0.84
440 R/D (0.43) 0.09 1.03 1.05 1.05 113
441 G/V (0.91) 0.0 0.67 0.70 0.62 0.78
442 Q/L 2.00 1.11 0.74 1.05 0.83
444 R/D (0.80) 0.25 0.79 0.67 0.94 0.74
474 D/R 1.08 0.59§ 0.81 0.74 0.0

*The residue number of the mutant wtA glycoproteins is based on the sequence of the prototypic HXBc2 gp120 glycoprotein (27),
with 1 representing the initiator methionine. The wild-type YU2 gp120 residue is listed first, followed by the substituted residue (25).
The fractional solvent accessibilities (FSAs) associated with gp120 residues in which changes specifically disrupted CCRS binding
are shown in parentheses. Fractional solvent accessibility was calculated as the ratio of solvent-accessible surface area for atoms
of amino acid residue X in the gp120 core (without carbohydrate moleties) to the area obtained after reduction of the structure to
a Gly-X-Gly tripeptide (24). Values cited are for side-chain atoms, except for glycine-441 where the value for all atoms is given.
1The binding of the wtA glycoprotein to L1.2-CCRS5 cells was shown to be linearly related to the concentration of wtA protein in the
transfected 293T cell supernatants, over the range of concentrations used In these experiments (13). The total amount of wta and
mutant glycoprotein present in the 293T cell supernatants was estimated by precipitation with an excess of a mixture of sera from
HIV-1-infected individuals. The amount of wiA and mutant glycoprotein bound to the L1.2-CCR5 cells was determined as
described (10). The value for CCR5 binding was calculated with the following formula: CCR5 binding = (Bound mutant protein +
Bound wtA protein) x (Total wtA protein + Total mutant protein). £The recognition of the wtA and mutant glycoproteins by
sCD4 and antibodies was determined by precipitation of radioactively labeled envelope glycoproteins in transfected 293T cell
supernatants as described (10). In parallel, the labeled envelope glycoproteins were precipitated with an excess of a mixture of sera
from HIV-1-infected individuals. The value for ligand binding was calculated with the following formula: Ligand binding = (Mutant
proteing g + WA protein, . o) X (WA proteinserum mixure + Mutant proteing, - mixue):  §IN the sSCD4 and 17b columns, the
values indicate gp120 residques that exhibit decréased solvent accessibility in the presence of the two-domain sCD4 or 17b Fab,
respectively, In the ternary complex (6). Changes in solvent accessibility were calculated with the MS program of M. Connolly (26).
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CD4 binding (6). Because the bridging
sheet lacks its own hydrophobic core and is
thus dependent on residues contributed by
both inner and outer domains (6), any shift
in orientation between these domains
would alter the conformation of the bridg-
ing sheet. Furthermore, CD4 binding could
also alter the precise orientation of the
bridging sheet with respect to the inner and
outer domains, thus aligning the V3 loop
and conserved gpl20 elements important
for CCR5 binding. To summarize, CD4
binding likely induces conformational
changes within the bridging sheet as well as
between this sheet and the inner and outer
domains to form the high-affinity CCR5-
binding site. For some primate immunode-
ficiency viruses, the CD4-bound conforma-
tion of gp120 must be energetically accessi-
ble in the absence of CD4 to explain the
documented examples of CD4-independent
chemokine receptor binding and entry (19,
20).

It is likely that the CCR5-binding re-
gion defined in this study is also important
for the binding of simian and human im-
munodeficiency viruses to other chemokine
receptors. The identified region exhibits
one of the most highly conserved surfaces
on the HIV-1 gp120 glycoprotein (6), sup-
porting its functional importance for all
primate immunodeficiency viruses. The
laboratory-adapted HXBc2 envelope glyco-
protein, which uses CXCR4 and not CCR5
as a coreceptor (1, 2, 21), can be converted
to an efficient CCR5-using protein simply
by substituting the V3 loop of the YU2
virus (2). Thus, all of the CCR5-binding
region outside of the V3 loop must be con-
served, at least between the HXBc2 and
YU?2 viruses. Indeed, we have shown that
alteration of lysine-117, lysine-207, and gly-
cine-441 in the HXBc2-YU2V3 chimeric
protein also disrupts CCR5 binding (13).
Consistent with the use of this region for
the binding of other chemokine receptors is
the observation (20) that a subset of the
gpl120 changes associated with the conver-
sion of HIV-2 to a CD4-independent,
CXCR4-using virus affects the bridging
sheet and the V3 loop. Alterations in bridg-
ing sheet residues have also been implicated
in changes in the tropism of HIV-1 for
immortalized cell lines that do not express
CCR5 (22). Finally, the 17b antibody neu-
tralizes HIV-1 strains that use different che-
mokine receptors (5, 15), supporting the
involvement of a common gp120 region in
chemokine receptor interaction.

Chemokine receptor binding may trigger
additional conformational changes in the
envelope glycoprotein complex that ulti-
mately lead to the fusion of the viral and
target cell membrane. It is believed that
some of these changes include exposure of
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the ectodomain of the gp41 transmembrane
envelope glycoprotein (23). It is interesting
that the CCR5-binding region defined
herein likely resides close to the trimer axis
of the assembled envelope glycoprotein
complex (6). Indeed, some of the gpl20
residue changes that affect CCR5 binding
also affect the noncovalent association of
gp120 and gp4l subunits in the trimeric
complex (13). These observations raise the
possibility that chemokine receptor binding
alters the relation between gp120 and gp41,
leading to the exposure of the gp41 ectodo-
main and interaction with the target cell
membrane.

The definition of a highly conserved
gp120 structure that is important for bind-
ing to CCR5 should assist the development
of pharmacologic or immunologic inhibi-
tors of virus-receptor interactions. An un-
derstanding of the CD4-induced conforma-
tional changes in this structure may allow
the targeting of such inhibitors to native or

CD4-bound states of gpl120.
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