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The external domain of the envelope glycoprotein, gp120, of simian immunodeficiency virus (SIV) has been
expressed as a mature secreted product using recombinant baculoviruses and the expressed protein, which has
an observed molecular mass of 110 kDa, was purified by monoclonal antibody (MAb) affinity chromatography.
N-terminal sequence analysis showed a signal sequence cleavage identity similar to that of the gp120s of both
human immunodeficiency virus type 1 (HIV-1) and HIV type 2. The expressed molecule bound to soluble CD4
with an affinity that was approximately 10-fold lower than that of gp120 from HIV-1. A screening of the ability
of SIV envelope MAbs to inhibit CD4 binding revealed two groups of inhibitory MAbs. One group is dependent
on conformation, while the second group maps to a discrete epitope near the amino terminus. The particular
role of the V3 loop region of the molecule in CD4 binding was investigated by the construction of an SIV-HIV
hybrid in which the V3 loop of SIV was precisely replaced with the equivalent domain from HIV-1 MN. The
hybrid glycoprotein bound HIV-1 V3 loop MAbs and not SIV V3 MAbs but continued to bind conformational
SIV MAbs and soluble CD4 as well as the parent molecule.

Since its discovery and molecular characterization (6, 13,
23), simian immunodeficiency virus (SIV) has been used ex-
tensively as an animal model for human immunodeficiency
virus (HIV) infection, particularly with a view to the develop-
ment of a vaccine for the prevention of human AIDS. A num-
ber of reports have detailed the successful use of inactivated
viral vaccines or infected cell preparations for the protection of
primates from challenge with SIV (9). However, more recent
findings suggest that the mechanism of protection in these
experiments may be related to antibodies to cell components
rather than to viral antigens (5, 41). In contrast, protection
against infectious viral challenge in a related system, i.e., HIV
infection of the chimpanzee, can be elicited solely by viral
envelope preparations (1, 10) or by the passive transfer of
anti-Env antibodies (8). Differences between the external en-
velope proteins of HIV and SIV have also been suggested
following studies on the molecular basis of tropism and viral
diversity. The most dramatic changes in the HIV envelope are
largely, although not exclusively, associated with the V3 loop,
while those in SIV are spread throughout the molecule (30,
40), although recent reports of the determinants of tropism in
SIV have also mapped such sequences to the V3 loop region
(14, 21). The identity of the principal neutralizing determinant
on SIV Env also appears different from that of HIV-1 (17).
Thus, although the sequence relatedness of the outer glyco-
proteins of HIV and SIV is clear (36), these results suggest that
the conformation and/or presentation of the envelope to the
host during infection may be different for HIV and SIV and
indicate that further comparative studies on the biophysical
properties of the envelope proteins of SIV are necessary in
order to confirm the authenticity of SIV infection as a model
for HIV. This is especially so when preparations for trial vac-
cine usage are considered, since it is increasingly clear, for both

HIV and SIV, that the conformation of the surface (SU) gly-
coprotein can dramatically affect the antibody response elicited
(7, 12, 17). Recently, evidence was presented that SIV and
HIV envelope proteins differed in the sequences responsible
for a fundamental property of the envelope, CD4 binding.
Changes in the V3 loop of SIV were reported to abrogate CD4
binding (16), whereas the V3 sequences in HIV type 1 (HIV-1)
have previously been shown to be wholly dispensable for bind-
ing to the receptor (31, 39, 46).
Here, we characterize a recombinant source of SIV gp120

and map the monoclonal antibodies (MAbs) to the SU domain
that inhibit CD4 binding. We show that although some MAbs
strongly inhibit CD4 binding, none of them maps to the V3
loop. Further, we confirm the lack of SIV V3 loop involvement
in CD4 binding by describing a hybrid envelope glycoprotein in
which the entire SIV loop is replaced with that of HIV-1 MN.
This molecule continues to bind CD4 as well as the wild type.
Results and discussion. SIV gp120, a representative of the

SIVmac251 strain, was expressed as a soluble secreted mole-
cule by using a recombinant baculovirus generated by standard
technologies (22). The product was identified in cell lysates
and supernatants by Western blotting (immunoblotting) with
MAbs (Fig. 1, lanes 1 and 3). The expression profile for this
molecule was very similar to those we have described earlier
for the expressed external envelope glycoproteins of HIV-1
(34) and HIV type 2 (HIV-2) (33). The protein had an ob-
served molecular mass of 110 kDa, which was consistent with
the addition of a high-mannose, low-complex-type carbohy-
drate typical of insect cell-expressed glycoprotein (32, 44). Cul-
tures that were harvested late (more than 3 days postinfection)
showed evidence of some glycoprotein cleavage, giving posi-
tively reactive antigen at 70 kDa (Fig. 1). We have not deter-
mined the exact site of cleavage; however, the size of the
product formed would be consistent with nicking of the mol-
ecule in or around the V3 loop region, as has been observed for
HIV-1 (4). SIV gp120 was purified to near homogeneity by
MAb affinity column chromatography using MAb KK8 (19)
essentially as described for HIV-1 gp120 (34), except that elu-
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tion of the column was achieved using 50 mM diethylamine
(pH 10.5), which was immediately neutralized by solid Tris
sufficient to adjust the pH to 8.0. The purified protein was
greater than 90% homogeneous, as judged by sodium dodecyl
(SDS) sulfate-polyacrylamide gel electrophoresis (not shown)
and was subjected to amino-terminal sequence analysis. The
derived sequence was TQYVTVFYGVPAWR-ATIPL. This
sequence starts at amino acid 23 of the predicted SIV gp120
coding sequence and formally identifies the signal cleavage site
of the SIV SU glycoprotein as GIYC/TQYV, which is very
similar to the LVYC/TQYV cleavage site that we previously
reported for HIV-2 gp110 (33). Residue 15 was not identifiable
in the sequence determination but is an asparagine in the
predicted sequence that is part of an N-linked glycosylation
site (NAT). This finding would be consistent with occupation
of this site by a carbohydrate, as has been shown for HIV-1
gp120 (25).
CD4 binding by recombinant SIV gp120 was assayed by a

capture enzyme-linked immunosorbent assay (ELISA) using
the carboxy-terminal peptide serum D7368, which was similar
to that previously described for the gp120s of HIV-1 and
HIV-2 (26). Capture of SIV gp120 by the carboxy terminus did
not alter the pattern of polyvalent serum binding to the enve-
lope (28) or the binding of a panel of SIV envelope MAbs
(data not shown). When it was directly compared with equiv-
alent quantities of HIV-1 gp120 expressed in the same system
(34), SIV gp120 was approximately 10-fold less active in bind-
ing receptor (data not shown). This figure is very similar to the
value described for gp110 of HIV-2 (27) for the virion-derived
SIV envelope (28) and is also consistent with the higher levels
of soluble CD4 required to block SIV, as opposed to HIV,
infection in culture (3). Seventeen MAbs raised against the
SIV envelope (19) were purified and screened at saturating
concentration for their ability to block the gp120-soluble CD4
interaction. Four MAbs, KK3, KK18, KK44, and KK56, were
shown to completely prevent CD4 binding by SIV gp120 (Fig.
2), whereas many MAbs, including those directed to the V3
loop, partially reduced the level of gp120-CD4 binding. The
pattern of inhibition shown by each MAb in the single-point
assay was maintained after titration of each antibody (Fig. 3),
and only the four MAbs originally identified showed complete
abrogation of CD4 binding. MAbs KK44 and KK56 are neu-
tralizing (18), recognize a conformational epitope, and com-
pete with all MAbs in the previously defined competition
group 1 (17a, 20). MAbs KK3 and KK18 have no neutralizing
activity and belong to a separate competition group (group 4)
that has been mapped to the peptide YCTQYVTVFYGVP
AWRNATI (20). These data indicate that epitope occlusion by

MAbs at either of two distinct regions of SIV gp120 (see inset
in Fig. 2) leads to inhibition of receptor binding. Partial inhi-
bition of the binding reaction seems likely to be due to steric
hindrance but not direct occlusion of the CD4-gp120 site of
contact. The identity of conformational MAbs KK44 and KK56
as inhibitory is consistent with a number of MAbs with similar
properties that have been reported for HIV-1 (see, e.g., refer-
ence 43), although it should be noted that MAbs KK9 and
KK5, which also mapped to competition group 1, did not
occlude CD4 binding. Recent mapping data have shown that
both KK9 and KK5 are distinct from KK44 and KK56. The
binding of KK9 to SIV Env is uniquely effected by sequence
changes in the V3 loop, and KK5 is the only MAb in this group
that binds to SIVsm7 in addition to SIVmac251 (18). Thus, the
properties of KK44 and KK56 mark them as a distinct sub-
group within the group 1 MAbs (group 1C), which is consistent
with their sole ability to inhibit the gp120-CD4 binding reac-

FIG. 1. Recombinant baculovirus expression of SIV gp120 wild type (lanes 1
and 3) and V3 loop-exchanged molecules (lanes 2 and 4) detected by Western
blotting of infected-cell supernatants. Spodoptera frugiperda cells were infected at
a multiplicity of infection of 10, and the supernatant was harvested 2 days
postinfection. A 10-ml volume of supernatant was resolved on an SDS-10%
polyacrylamide gel, and Western blotting was performed (2) using MAbs KK8
(lanes 1 and 2) and KK42 (lanes 3 and 4). Molecular masses in kilodaltons taken
from prestained markers are listed on the left.

FIG. 2. Screen of 17 SIV Env MAbs for their abilities to inhibit CD4 binding
by SIV gp120. Soluble CD4 at 2 mg/ml was captured to the solid phase by using
MAb L120.3 (15) and was incubated with tissue culture supernatants containing
SIV gp120, which had been previously incubated overnight at 48C with 100 mg of
each of the KKMAbs shown per ml. SIV gp120 glycoprotein was allowed to bind
to CD4 for 2 h at room temperature (208C) before being washed and detected
with D7368 as described elsewhere (28). The readings are the means of duplicate
wells. The control well received no antibody. (Inset) Locations of the epitopes for
MAbs that inhibit CD4 binding. KK44 and KK56 are conformational epitopes
and are indicated as binding to the whole gp120 structure. KK3 and KK18 bind
to a distinct amino-terminal epitope, YCTQYVTVFYGVPAWRNATI. OD490,
optical density at 490 nm.

FIG. 3. Titration of the MAbs that affect CD4 binding. Two MAbs were
selected from each class of response shown in Fig. 2 (i.e., no inhibition, partial
inhibition, or full inhibition), were diluted in twofold steps from an initial con-
centration of 50 mg/ml, and were incubated with SIV gp120 at 1 mg/ml overnight.
CD4 binding was subsequently assayed as described in the legend Fig. 2. To MAb
symbols: ■, control (no MAb addition); F, KK10; }, KK56; X, KK44; h, KK42;
1, KK52; ❉, KK17. OD 490, optical density at 490 nm.
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tion. The epitope for MAbs KK3 and KK18 in the amino-
terminal region of the molecule is not normally considered
part of the CD4-binding site of HIV-1 gp120, since mutations
in this region have only a marginal effect on CD4 binding (37).
However, an antiserum raised against HIV gp120 amino acids
42 to 129, part of which overlaps the sequence analogous to
that of the KK3-KK18 epitope, has been reported to inhibit
CD4 binding (42). Taken together, these data strongly suggest
that the regions of SIV gp120 that are involved in CD4 binding
are the structural equivalents of the sequences previously
mapped as important in HIV-1 gp120. Since the finding that
MAbs to the V3 loop failed to prevent CD4 binding did not
agree with the report by Javarherian et al. (16), we sought to
examine the role of SIV V3 loop sequences in CD4 binding by
a direct assay. Accordingly, a hybrid SIV glycoprotein was
constructed in which the V3 loop was replaced cysteine to
cysteine with the equivalent loop from HIV-1 MN. As a con-
sequence of this construction, the sequence identity of the loop
was completely altered, although we cannot rule out the pos-
sibility that some essential features of the loop were main-
tained despite the sequence exchange. Following expression of
the hybrid glycoprotein using recombinant baculoviruses, the
antigenic structure of the molecule was assessed by Western
blots and ELISA. The loop exchange molecule (SIV gp120 V3
MN) reacted in Western blotting with the V1-V2 loop MAb
KK8 but not with the SIV V3 loop-specific MAb KK42 (Fig. 1,
lanes 2 and 4). Similarly, in ELISAs, exchange of the loop did
not alter the binding of the conformational MAb KK56, yet
binding of the V3 loop MAb KK42 was abolished and replaced
by positive binding by MN V3 loop-specific MAb ADP4033
(Fig. 4). CD4 binding was assessed for the hybrid glycoprotein
in the presence of a subset of MAbs that prevented binding of
the wild-type molecule. The hybrid glycoprotein bound CD4 as
well as the parental molecule and was similarly inhibited by
KK44 (Fig. 5). In contrast to the parental molecule, there was
no partial inhibition of CD4 binding by the hybrid in the
presence of KK42, as expected from the sequence changes
made.

Earlier studies of SIV envelope expressed in mammalian
cells showed the molecule to be in a conformation suitable for
CD4 binding and to elicit neutralizing antibody; however, a
map of the regions of the molecule involved in CD4 binding
was not reported (38). More recent mapping experiments sug-
gested that sequences involved in CD4 binding were located in
the SIV V3 loop (16), in stark contrast to the results available
for HIV-1 (31, 39, 46). As far as we have determined, the
structural properties of SIV gp120 expressed by recombinant
baculoviruses appear to be very similar to those previously
described for the SU glycoproteins of HIV-1 and HIV-2 and
reinforce the idea, which has been primarily derived from
sequence comparisons, that the overall conformation of SIV
gp120 is very similar to that of HIV gp120. The finding that
antibodies to equivalent regions of the molecule block receptor
binding is a particularly strong indicator of a structure-function
relationship shared between the two molecules. In our assays,
MAbs to the V3 loop of SIV gp120 diminished but did not
abolish CD4 binding, a result that was confirmed by the ex-
change of the V3 loop of SIV for that of HIV-1 MN without
loss of CD4 binding. The discrepancy between our results and
those of Javaherian et al. (16) remains unclear, although there
is confirmatory evidence in support of a link between V3 loop
identity and the biochemical properties of the envelope (45).
Moreover, for both HIV and SIV gp120s, there is a clear and
close link between the V3 domain and the CD4-binding site
since, in both systems, mutants in the CD4-binding domain can
be compensated by mutations in V3 (29, 35, 47). The CD4-
binding assays reported by Javaherian et al. were based on
immune precipitation and so were, in essence, single-point
assays. Since the binding of KK42 to SIV gp120 lessened the
CD4 binding reaction, it is possible that at the concentrations
used by Javaherian et al., reduction in binding was sufficient to
score as nonbinding. Similarly, in their work only the sequence
identity at the crown of the V3 loop was changed. The loop has
been predicted to form a distinct three-dimensional structure

FIG. 4. ELISA characterization of hybrid SIV gp120 containing the HIV-1
MN V3 loop. Parental (A) or V3 loop exchange (B) glycoproteins were captured
to the solid phase using D7368 and were incubated with threefold dilutions of
MAb to SIV Env or to the MN V3 loop (MAb ADP4033) beginning at 25 mg/ml.
MAb binding was detected by an anti-mouse alkaline phosphatase conjugate and
AMPAK (28). MAb symbols: F, control; h, KK42; }, ADP4033; ❉, KK19; 1,
KK3; X, KK56. OD490, optical density at 490 nm.

FIG. 5. CD4 binding by V3 loop-exchanged glycoprotein in the presence of
inhibitory MAbs. The CD4-binding assay and preincubations with MAbs were
done as described in the legends to Fig. 2 and 3, with an initial MAb concen-
tration of 50 mg/ml. 1, control (no MAb addition); h, KK56; ❉, KK42. (A)
Parental SIV gp120; (B) the SIV gp120 (V3 MN). OD490, optical density at 490
nm.
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that is shared between many strains despite sequence variation
(11, 24). It is possible that, at least in SIV, the relevant struc-
ture must be preserved for the molecule to function. A par-
tially changed V3 loop may not allow such a structure to form,
whereas a complete exchange may successfully substitute the
necessary structure despite the changed character of the pri-
mary sequence involved.
Since we conclude that the gross aspects of envelope con-

formation are shared by the gp120s of HIV-1 and SIV, it
remains difficult to explain the apparently altered presentation
of the variable domains of SIV gp120 to the host compared
with those of HIV gp120 (17). However, these findings may
reflect the altered properties of the higher-order structure of
the envelope (as reported for HIV-1 [7]) rather than differ-
ences in conformation measured in soluble, largely monomeric
gp120 antigen. Further studies of the envelope of each virus
will be necessary to understand this aspect of conformation
and to provide additional data for the development of ratio-
nally designed candidate vaccines.
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