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Abstract
The envelope (Env) glycoproteins of human immunodeficiency virus (HIV-1) mediate viral entry
and are also the primary target of neutralizing antibodies. The gp160 envelope glycoprotein
precursor undergoes proteolytic cleavage in the Golgi complex to produce the gp120 exterior
glycoprotein and the gp41 transmembrane glycoprotein, which remain associated non-covalently
in the trimeric Env complex. Monomeric soluble gp120 has been used extensively to investigate
conformational states, structure, antigenicity and immunogenicity of the HIV-1 Env glycoproteins.
Expression of gp120 alone (without gp41) leads to the accumulation not only of monomeric gp120
but also an aberrant dimeric form. The gp120 dimers were sensitive to reducing agents. The
formation of gp120 dimers was disrupted by a single amino acid change in the inner domain, and
was reduced by removal of the V1/V2 variable loops or the N and C termini. Epitopes on the
gp120 inner domain and the chemokine receptor-binding surface were altered or occluded by
gp120 dimerization. Awareness of the existence and properties of gp120 dimers should assist
interpretation of studies of this key viral protein.

Keywords
HIV-1; virus entry; CD4; envelope glycoprotein; conformational change

1. Introduction
The envelope (Env) glycoproteins of human immunodeficiency virus (HIV-1) mediate viral
entry and are also the primary target of neutralizing antibodies. Following synthesis in the
endoplasmic reticulum, post-translational events including oligomerization, disulfide bond
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formation, and glycosylation occur (Allan et al., 1985; Robey et al., 1985). The gp160 Env
glycoprotein precursor is transported through the Golgi complex, where additional
carbohydrate modifications and proteolytic cleavage take place. The resulting mature Env
glycoproteins, gp120 (SU) and gp41 (TM), constitute a trimeric complex that is transported
to the surface of infected cells and is anchored on the virion surface by the membrane-
spanning segments of gp41 (Chan et al., 1997; Farzan et al., 1998; Weissenhorn et al., 1997;
Zhu et al., 2003). The gp120 exterior Env glycoprotein is retained on the trimer via labile,
noncovalent interactions with the gp41 ectodomain (Helseth et al., 1991). The gp120
glycoprotein binds the initial receptor, CD4 (Dalgleish et al., 1984; Klatzmann et al., 1984).
CD4 binding triggers conformational changes in gp120 that promote its interaction with one
of the chemokine receptors, CCR5 or CXCR4, and that eventually result in the fusion of the
viral and target cell membranes (Chan et al., 1997; Lu et al., 1995; Weissenhorn et al., 1997;
Alkhatib et al., 1996; Choe et al., 1996; Deng et al., 1996; Doranz et al., 1996; Dragic et al.,
1996; Feng et al., 1996; Trkola et al., 1996; Wu et al., 1996).

Soluble forms of the HIV-1 envelope glycoproteins have been produced for structural and
biochemical studies. For example, cleavage-defective gp140 glycoproteins consist of the
complete gp120 and the gp41 ectodomain lacking the transmembrane anchor and
cytoplasmic tail (Earl et al., 1990). It has been previously shown by sucrose gradient
sedimentation and/or chemical cross-linking that mammalian-cell-expressed gp160 and
soluble gp140 (sgp140) glycoproteins exist as a mixture of dimers and higher-order
oligomers (Center et al., 2000; Doms et al., 1991; Earl et al., 1990; Schawaller et al., 1989).
Soluble gp140 glycoproteins have been shown to be cleaved at a low level into gp120
glycoproteins, some which exist as disulfide-linked dimers (Hallenberger et al., 1993).
Soluble gp120 expressed in the absence of gp41 was also found to contain a fraction of
disulfide-linked dimers (Center et al., 2000). Dimerization of gp120 was more efficient
when the variable loop 2 (V2) region of gp120 was intact (Center et al., 2000).

This manuscript reports that expression of gp120 in the absence of gp41 results in the
formation of stable dimers within the cells and that these dimers are ultimately secreted into
the supernatant along with monomeric gp120. These dimers represent a substantial amount
of the overall secreted gp120. Changes in a single residue located within the gp120 inner
domain can modulate the extent of dimer formation. Removal of the conformationally
flexible major variable loops, particularly the V1/V2 loop, and/or the N and C termini also
decreased the proportion of dimers formed. Several conformational epitopes on the
monomeric gp120 are either disrupted or not accessible on dimeric gp120. An awareness of
these differences is important for structural, biochemical and biophysical studies. These
results suggest methods to separate these two forms of gp120 to allow their independent
analysis.

2. Materials and Methods
2.1 Cell lines

293T human embryonic kidney, Cf2Th canine thymocytes (American Type Culture
Collection) and TZM-bl (NIH AIDS Research and Reference Reagent Program) cells lines
were grown at 37°C and 5% CO2 in Dulbecco's modified Eagle's medium (Invitrogen,
Carlsbad, CA, USA) containing 10% fetal bovine serum (Sigma, St Louis, MO, USA) and
100 μg/ml of penicillin-streptomycin (Mediatech, Inc., Manassas, VA, USA).

2.2 Site-directed mutagenesis
Mutations (H66A, L111A, S375W, L111A/S375W, C54A, C205A) were introduced into the
pSVIIIenv plasmid expressing the HIV-1YU2 gp120 glycoprotein using the QuikChange II
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XL site-directed mutagenesis protocol (Stratagene, Cedar Creek, TX, USA). The codon-
optimized pcDNA3.1-HIV-1YU2 gp120 vector has been previously described (Yang et al.,
2004). The presence of the desired mutations was confirmed by DNA sequencing. All
residues are numbered according to those of the prototypic HXBc2 sequence, as per current
convention (Korber, 1998). The mutants are designated with the amino acid residue to the
right of the number substituted for the amino acid residue to the left of the number.

The codon-optimized pcDNA3.1-HIV-1YU2 44-492 expressor plasmid contains the signal
peptide of the T-cell surface CD5 glycoprotein, with the following junctional sequence at
the N-terminus: ...SVLA 44VWKE... (leader sequence underlined) and a stop codon at
position 493.

The codon-optimized pcDNA3.1-HIV-1YU2 ΔV1/V2 expression construct was made by
replacing the sequence encoding ...124PLCVTLNCTDLRN...VPIDNASYRLISCNT198...
from the V1/V2 loop with a sequence encoding a GG linker in the codon-optimized
HIV-1YU2 gp120 expression construct.

The codon-optimized pcDNA3.1-HIV-1YU2 ΔV3 expression construct was made by
replacing the sequence encoding ...302NTRKSINIGPGRALYTTGEII323... from the V3 loop
with a sequence encoding a GGSGSG linker in the codon-optimized HIV-1YU2 gp120
expression construct.

In the ΔV1/V2/V3 and 44-492 ΔV1/V2/V3 proteins, the truncations described above were
present in combination.

2.3 Immunoprecipitation of envelope glycoproteins
For pulse-labeling experiments, 2 × 106 293T cells were cotransfected by the calcium
phosphate method with pLTR-Tat, a plasmid expressing the HIV-1 Tat protein and the
pSVIIIenv plasmid expressing the HIV-1YU2 envelope glycoproteins. Beginning one day
after transfection, the cells were metabolically labeled for 16 hours with 100 μCi/mL [35S]-
methionine/cysteine ([35S] protein labeling mix; Perkin-Elmer, Waltham, MA, USA) in
Dulbecco's modified Eagle's medium lacking methionine and cysteine and supplemented
with 5% dialyzed fetal bovine serum. For pulse-chase analysis, cells were metabolically
labeled for 2 hours with 100 μCi/mL [35S]-methionine/cysteine in Dulbecco's modified
Eagle's medium (DMEM) lacking methionine and cysteine and supplemented with 5%
dialyzed fetal bovine serum; the cells were then chased for different time intervals in
DMEM containing excess unlabeled methionine and cysteine. Cells were subsequently lysed
in RIPA buffer (140 nM NaCl, 8 mM Na2HPO4, 2 mM NaH2PO4, 1% NP40, 0.05% sodium
dodecyl sulfate (SDS)).

Precipitation of radiolabeled HIV-1 envelope glycoproteins from cell lysates or medium was
performed with a mixture of sera from HIV-1-infected individuals. Alternatively, the
radiolabeled gp120 envelope glycoprotein in the medium was precipitated with various
amounts of anti-gp120 monoclonal antibodies or the recombinant CD4-Ig protein for 1 hour
at 37°C in the presence of 70 μl of 10% Protein A-Sepharose (American BioSciences,
Blauvelt, NY, USA).

2.4 CCR5 binding
To assess CCR5-binding ability, normalized amounts of radiolabeled gp120 envelope
glycoproteins from transfected 293T cell supernatants were incubated in the presence or
absence of 400 nM sCD4 for 1 hour at 37°C. This concentration of sCD4 greatly exceeds the
Kd and therefore most of the monomeric and dimeric gp120 would likely be complexed to
sCD4. The gp120-sCD4 mixtures were then incubated with 2 × 106 Cf2Th-CCR5 cells for 2
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hours at 37°C. The cells were washed twice with PBS prior to lysis in RIPA buffer. The
bound gp120 glycoproteins in the cell lysates were immunoprecipitated with a mixture of
sera from HIV-1-infected individuals.

All precipitated proteins were boiled for 5 min before being analyzed on NuPAGE Novex
Bis-Tris polyacrylamide gels (Invitrogen, Carlsbad, CA, USA), in absence or presence of
1.25% of β-mercaptoethanol (BioRad, Hercules, CA, USA) followed by autoradiography
and quantification with a PhosphorImager (Molecular Dynamics, Pittsburgh, PA, USA).

3. Results
3.1 Expression of gp120 from 293T cells results in a mixture of monomeric and dimeric
gp120

Numerous investigators studying HIV-1 Env glycoprotein structure and antigenicity have
utilized a secreted recombinant form of the gp120 protein lacking gp41 sequences (Kang et
al., 1994; Kwong et al., 2000; Kwong et al., 1998; Moore et al., 1994). The expression of
gp120 alone is efficient and results in the secretion of high levels of the gp120 glycoprotein
into the culture medium, facilitating purification. Interestingly, HIV-1 soluble gp120
glycoprotein overexpressed in 293T cells migrated at the expected size on SDS-
polyacrylamide gels under reducing conditions (Figure 1A). However, under non-reducing
conditions, an additional band appeared with a relative mobility above 150 kD, suggesting
the presence of an oligomeric form of gp120.

To determine the oligomeric state of the gp120 glycoprotein in the 293T cell supernatant,
the two bands observed under non-reducing conditions were analyzed by mass spectrometry.
Of note, the name applied to gp120 reflects its relative mobility on SDS-polyacrylamide gels
rather than its true mass. A mass between 89-92 kD was previously determined for
monomeric gp120 by scanning transmission electron microscopy, mass spectrometry and gel
filtration (Center et al., 2000; Thomas et al., 1991). Consistent with this analysis, the fast-
migrating gp120 band had an estimated mass of 91.1 kD. The mass of the slow-migrating
band was estimated to be 181.4 kD, indicating that this band represented a dimer of gp120
molecules. Quantification of the dimeric and monomeric forms of gp120 indicated that
dimeric gp120 represented 15-20 % of the overall mixture (Figure 1B).

3.2 Dimeric gp120 is poorly recognized by CD4-induced antibodies
The appearance of dimeric gp120 on SDS-polyacrylamide gels was sensitive to β-
mercaptoethanol treatment (reducing conditions) (Figure 1A above). As the non-reduced
samples were boiled prior to loading, a treatment that denatures HIV-1 gp120 (McDougal et
al., 1986), this observation suggests that dimer formation involves intermolecular disulfide
bonds. As unliganded HIV-1 gp120 normally samples multiple conformations (Myszka et
al., 2000; Kwong et al., 2002), such disulfide bonds might limit the conformational
flexibility of gp120 and the access of particular antibodies to their epitopes. To test this
possibility, secreted gp120 was immunoprecipitated with a panel of monoclonal antibodies
that recognize different gp120 conformations, as well as with CD4-Ig (Figure 2A). CD4-Ig
is a fusion protein in which the N-terminal two domains of CD4 are linked to the Fc
component of human immunoglobulin G (Chowdhury et al., 1991). Monoclonal antibodies
b12 and F105 recognize epitopes overlapping the CD4-binding site (CD4BS epitopes) (Thali
et al., 1991; Zhou et al., 2007), whereas A32 and C11 recognize the gp120 inner domain
(Boots et al., 1997; Moore and Sodroski, 1996; Wyatt et al., 1995). The binding of CD4-
induced (CD4i) antibodies, which preferentially recognize the CD4-bound conformation
(Trkola et al., 1996; Wu et al., 1996; Thali et al., 1993), was also tested. Only CD4-Ig and
CD4-binding site (CD4BS) antibodies precipitated modest amounts of dimeric gp120,
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whereas antibodies directed against the gp120 inner domain or CD4i antibodies barely
recognized the gp120 dimers (Figure 2A and B). These observations suggest that
dimerization may occlude or disrupt the inner domain and/or the co-receptor binding site.

To compare the ability of the two forms of gp120 to bind CCR5, monomeric and dimeric
gp120 with or without a soluble form of CD4 (sCD4) were incubated CCR5-expressing cells
(Figure 2C). In the absence of sCD4, only a small fraction of monomeric gp120 bound to
CCR5-expressing cells; an even lower amount of dimeric gp120 bound CCR5 (Figures 2C
and 2D). Importantly, whereas addition of sCD4 enhanced by more than ten-fold the binding
of monomeric gp120 to CCR5, it had only a modest effect on the binding of the dimeric
form. Altogether, these data suggest that dimerization disrupts or occludes gp120 structures
on the inner domain and near the CCR5-binding site.

3.3 A residue in the inner domain affects dimer formation
The possibility that gp120 inner domain changes, reported to alter the spontaneously
sampling of the CD4-bound conformation (Kassa et al., 2009a,b; Finzi et al., 2010), may
affect dimer formation was also addressed. As previously reported (Finzi et al., 2010),
gp120 variants H66A and L111A exhibited slight decreases in recognition by CD4-Ig and
substantial decreases in recognition by CD4i antibodies (Figure 3). The H66A change
slightly increased the amount of dimers in the supernatant relative to the amount of
monomers. By contrast, the replacement of leucine 111 with alanine almost completely
abrogated dimer formation, implicating the gp120 inner domain in modulating the formation
of secreted dimers.

The possibility that gp120 changes known to favor the spontaneous sampling of the CD4-
bound conformation may affect dimer formation was also addressed. Serine 375 flanks the
Phe 43 cavity; substitution of a tryptophan residue for serine 375 fills the Phe 43 cavity with
the indole ring (Zhou et al., 2007). As a result, the S375W mutant favors conformation(s)
closer to that of the CD4-bound state (Xiang et al., 2002). As previously reported (Xiang et
al., 2002; Finzi et al., 2010), relative to wild-type gp120, the S375W mutant was recognized
better by CD4-Ig and CD4i antibodies and less efficiently by CD4BS antibodies. However,
the S375W change did not modify the relative amount of gp120 dimers. Nevertheless, when
combined with the L111A change, the S375W change partially restored dimer formation.
These results suggest that dimer formation can be modulated by the different conformations
adopted by the gp120 glycoprotein.

An analysis of the gp120 dimers by mass spectrometry suggested that cysteines 54 and 205
in the inner domain may be involved in disulfide bonding during gp120 dimer formation
(not shown). The individual replacement of these residues by alanine resulted in an
enhancement of the relative amount of dimers (Figure 3). These results suggest that an
unpaired cysteine residue in the gp120 inner domain can promote dimer formation. The
C54A and C205A mutants were recognized by CD4-Ig and CD4BS antibodies, but not by
CD4i antibodies. When cysteines 54 and 205 were simultaneously changed to alanine, the
resulting mutant gp120 (C54A/C205A) still formed dimers (data not shown). Thus, at least
in the absence of cysteines 54 and 205, other cysteines can contribute to the formation of
disulfide bonds between secreted gp120 monomers.

To determine whether the dimers in the secreted gp120 preparations would return to a native
conformation after reduction, supernatants of gp120-expressing 293T cells were treated with
0.5 and 5 mM β-mercaptoethanol, followed by dialysis. Although the amount of gp120
dimer in the preparation (as assessed by recognition by polyclonal sera from HIV-1-infected
individuals) was reduced by β-mercaptoethanol treatment, the recognition of the total
amount of gp120 in the preparation by the 17b antibody was also greatly reduced by the
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treatment (data not shown). Thus, β-mercaptoethanol treatment, although able to oxidize the
disulfide bond(s) stabilizing the dimers, also resulted in significant disruption of the native
conformation of gp120.

3.4 The gp120 dimers form intracellularly
To determine if the inter-gp120 contacts leading to dimer formation were made within the
cell prior to secretion, transfected 293T cells were metabolically labeled for 2 hours and then
chased for different time intervals in DMEM containing excess unlabeled methionine and
cysteine. As shown in Figure 4, dimers were observed intracellularly from the first time
point. Over time, a decrease in both monomeric and dimeric gp120 was observed within the
cells, with a concomitant increase of both forms in the supernatant. Therefore, dimer
formation occurs early in the process of gp120 folding inside the cell.

3.5 The variable V1/V2/V3 loops and the N- and C-termini contribute to dimer formation
To identify gp120 regions that influence dimer formation, the N- and C-termini (residues
1-44 and 492-511) and the V1/V2 and V3 variable loops were deleted alone or in
combination. The V1/V2 variable loops apparently make a significant contribution to dimer
formation, as their removal decreased dimer formation by more than 60%. Deletion of the
V3 loop had a smaller effect, with a 20% decrease in dimer formation. Finally, removal of
the N- and C-termini decreased dimer formation by almost 40%. Importantly, these effects
were additive, as a mutant lacking the V1/V2 and V3 variable loops and the N- and C-
termini exhibited a decrease in dimer formation of more than 80%. Thus, different regions
of the gp120 glycoprotein contribute to dimer formation.

4. Discussion
It has been shown previously that expression of the full-length HIV-1 gp160 envelope
glycoprotein can result in the formation of oligomeric complexes, some of which were
apparently native and others apparently aberrant (Owens and Compans, 1990). The aberrant
oligomers were found to contain disulfide bonds between the individual gp160 subunits
(Owens and Compans, 1990). Likewise, overexpression of the soluble HIV-1 gp140
glycoprotein in cells infected by recombinant vaccinia viruses resulted in disulfide-linked
dimers of gp140 and cleaved gp120 (Hallenberger et al., 1993). This manuscript reports that
over-expression of soluble HIV-1 gp120 also results in a substantial amount of dimer
formation. The gp120 dimers appear to be stabilized by intermolecular disulfide bonds, as β-
mercaptoethanol treatment disrupted the gel-stable dimers, whereas boiling in SDS sample
buffer did not. Analysis of cell lysates and supernatants following pulse-labeling
demonstrated that gp120 dimers formed intracellularly.

Interestingly, gp120 dimers were recognized efficiently by patient serum and, to a lesser
extent, by CD4 and CD4-binding site (CD4BS) antibodies. Thus, the gp120 region in the
vicinity of the CD4-binding site is still exposed to some extent in the context of gp120
dimers. The transitions of unliganded gp120 into the particular conformations recognized by
CD4 and the CD4BS antibodies apparently can occur in the gp120 dimers (Myszka et al.,
2000; Kwong et al., 2002). By contrast, gp120 dimers did not efficiently bind to cells
expressing the CCR5 coreceptor and were poorly recognized by CD4i antibodies. Whereas
addition of sCD4 increased the binding of monomeric gp120 to CCR5, this was not the case
for dimeric gp120. Thus, one or more elements of the gp120 CCR5-binding region is
apparently occluded and/or disrupted in the dimers. Finally, gp120 dimers were poorly
recognized by two antibodies directed against the inner domain, suggesting that elements of
the inner domain may likewise be occluded or disrupted by dimer association.
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The results presented in this study implicate the gp120 inner domain, which interacts with
the gp41 ectodomain in the assembled HIV-1 envelope glycoprotein trimer, in the formation
of aberrant dimers. Mass spectrometric analysis of the gp120 dimers suggests that cysteines
54 and 205, which normally form an internal disulfide bond in the gp120 inner domain, may
be involved in the disulfide bond linking the gp120 dimers. Alteration of these cysteines
increased dimer formation, perhaps as a result of positioning an unpaired cysteine at the
dimer interface. However, when both cysteines 54 and 205 were changed to alanine,
disulfide-linked dimers of gp120 still formed. Thus, at least in this context, other cysteines
can participate in the formation of the disulfide bond(s) that stabilize the gp120 dimers. For
example, cysteine residues located in the V1/V2 stem-loop structure may participate in
intermolecular disulfide bonds during the formation of dimers, as the deletion of this
structure significantly reduced the appearance of gp120 dimers. This is consistent with a
previous report suggesting the involvement of the V2 loop in the formation of gp120 dimers
(Center et al., 2000).

It has been reported recently that the transition from the unliganded to the CD4-bound state
is regulated by two potentially flexible topological layers (“Layers 1 and 2”) in the gp120
inner domain (Finzi et al., 2010). The interaction between these layers contributes to the
ability of HIV-1 gp120 to sample the CD4-bound conformation. The alteration of one Layer
2 residue, leucine 111, involved in the Layer 1-Layer 2 interaction decreased dramatically
dimer formation, whereas changes in Layer 1 residues (histidine 66 and tryptophan 69) that
also contribute to the Layer 1-Layer 2 interaction did not. Thus, the inner domain Layer 1-
Layer 2 interaction per se is not required for gp120 dimer formation. However, leucine 111
is involved in a network of interactions that stabilize gp120 association with the unliganded
trimer (Finzi et al., 2010; Xiang et al., 2010). This network involves gp120 regions that are
also involved in the transition to a conformational state that is competent for chemokine
receptor binding. The gp120 conformation that binds CCR5 and that is recognized by CD4i
antibodies is very sensitive to disruption (Thali, 1993). Indeed, inner domain alterations
involving leucine 111 have been shown to decrease the binding of CCR5 and CD4i
antibodies (Finzi et al., 2010). Taken together, these results suggest that inner domain
interactions are involved in dimer formation, which results in disruption and/or occlusion of
the gp120 regions involved in coreceptor binding. Perhaps some of the hydrophobic
interactions that normally exist between gp120 and gp41 in the Env glycoprotein trimer
contribute to the interactions that promote gp120 dimer formation.

5. Conclusions
In summary, this manuscript reports that expression of gp120 in the absence of gp41 results
in the formation of stable dimers within the cells; these disulfide-linked dimers are then
secreted into the supernatant. Dimers represent a substantial fraction of the overall secreted
gp120 and exhibit differences in the conformation and/or accessibility of certain surfaces
compared with monomeric gp120. Consequently, awareness of the secreted gp120 dimers is
important for interpreting biochemical, biophysical and antigenic analyses of secreted gp120
glycoproteins. Therefore, samples should be analyzed under non-reducing conditions by
SDS-PAGE when assessing different gp120 conformations, in an effort to distinguish
between native monomeric gp120 and aberrant disulfide-linked dimers. For some studies,
purification of the native monomeric gp120 glycoprotein is desirable. Reduction and dialysis
proved damaging to the native conformation of a significant fraction of the gp120
preparation. Instead, immunoaffinity purification using CD4i antibodies, which do not
recognize the dimers, represents an attractive option for obtaining native gp120 monomers.
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Figure 1. Expression of gp120 in 293T cells results in a mixture of monomeric and dimeric gp120
(A) A transfected 293T cell supernatant containing radiolabeled wild-type gp120 was
incubated with a serum mixture from HIV-1-infected individuals for two hours at 37°C.
Precipitates were analyzed by SDS-PAGE in the presence or absence of 5 mM β-
mercaptoethanol followed by autoradiography/ densitometry. The result shown is
representative of those obtained in at least three independent experiments. The gp120 dimer
is designated gp120-D. (B) The bands presented in (A) were quantified by densitometry.
Results are expressed as the percentage of each different form (monomers or dimers)
relative to the total amount of gp120 (monomers + dimers). Data shown represent the means
+/- SEM of two independent experiments.
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Figure 2. Dimeric gp120 is poorly recognized by CD4-induced antibodies and CCR5
(A) A 293T cell supernatant containing radiolabeled wild-type gp120 was incubated with a
polyclonal mixture of sera from HIV-1-infected individuals (PS) or 13 nM of monoclonal
antibodies or CD4-Ig for two hours at 37°C. Precipitates were analyzed by SDS-PAGE
without β-mercaptoethanol followed by autoradiography/densitometry. The result shown is
representative of those obtained in two independent experiments. The gp120 dimer is
designated gp120-D. (B) The gp120 bands detected in (A) were quantified by densitometry.
Results are expressed as the percentage of dimeric gp120 relative to the total amount of
gp120 (monomers + dimers). Data shown represent the means +/-SEM of two independent
experiments. (C) Radiolabeled HIV-1YU2 gp120 glycoproteins in 293T cell supernatants
were incubated in the absence or presence of 200 nM sCD4 prior to addition to Cf2Th cells
expressing CCR5. After two hours at 37°C, the amount of input and bound gp120 was
determined by immunoprecipitation with PS. Samples were analyzed by SDS-PAGE under
non-reducing conditions. The gp120 dimer is designated gp120-D. (D) The gp120 bands
detected in the experiment shown in (C) were quantified by densitometry. The percentage of
dimeric gp120 in each sample relative to the total gp120 is shown. The data represent the
means +/- SEM of two independent experiments.
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Figure 3. Recognition of gp120 variants by CD4 and monoclonal antibodies
(A) Comparable amounts of radiolabeled wild-type (WT) and mutant gp120 glycoproteins in
transfected 293T cell supernatants were incubated with a polyclonal mixture of sera from
HIV-1-infected individuals (PS), CD4-Ig, or different monoclonal antibodies (13 nM) for
two hours at 37°C. Precipitates were analyzed by SDS-PAGE without β-mercaptoethanol
followed by autoradiography/ densitometry. The results shown are representative of those
obtained in two independent experiments. The gp120 dimer is designated gp120-D. (B) The
gp120 bands observed in (A) were quantified by densitometry. Results are expressed as the
percentage of dimeric gp120 relative to the total amount of gp120 (monomers + dimers).
Data shown represent the means +/- SEM of two independent experiments.
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Figure 4. Intracellular gp120 dimer formation
Transfected 293T cells were metabolically labeled for 2 hours and then chased for different
time intervals in DMEM containing excess unlabeled methionine and cysteine. Cell lysates
and supernatants were incubated with a mixture of sera from HIV-1-infected individuals.
Precipitates were analyzed by SDS-PAGE without β-mercaptoethanol followed by
autoradiography/ densitometry. The results shown are representative of those obtained in
two independent experiments. The gp120 dimers are designated gp120-D.
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Figure 5. Effect of deletion of the gp120 N/C-termini and variable loops on dimer formation
293T cells were transfected with plasmids expressing wild-type (wt) HIV-1YU2 gp120, the
44-492 gp120, or gp120 protein with deletions of the V1/V2 and/or V3 variable loops.
Comparable amounts of radiolabeled wild-type (wt) and mutant gp120 glycoproteins in
transfected 293T cell supernatants were incubated with a polyclonal mixture of sera from
HIV-1-infected individuals for two hours at 37°C. Precipitates were analyzed by SDS-
PAGE without β-mercaptoethanol followed by autoradiography/ densitometry. The results
shown are representative of those obtained in four independent experiments and are
normalized to the amount of dimer observed for wt gp120.
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