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tant with clinical immunocompromise, HIV-1 variants with
‘‘rapid, high’’ replication kinetics can be isolated (51). A subset
of these rapid, high primary viruses can establish infection and
form syncytia in T-cell lines, thus becoming laboratory
adapted. Laboratory adaptation is associated with loss of the
ability of viruses to replicate in primary monocyte-derived
macrophages. The properties of the primary and laboratoryadapted HIV-1 strains are determined by the envelope glycoproteins and are related to the efficiency with which virus entry
into the target cell occurs (11, 22, 42, 59). The interaction of
the envelope glycoproteins of different HIV-1 isolates with the
CD4 viral receptor appears to differ, since primary viruses are
resistant to a soluble form of CD4 (sCD4), in contrast to
laboratory-passaged isolates (18, 28). Differences in the affinity
of sCD4, apparent only in the context of the oligomeric envelope glycoproteins, for primary and laboratory-passaged HIV-1
isolates have been suggested as an explanation of this relative
resistance (5, 32, 39, 41, 45, 58, 60).
The relationship of several of the neutralization targets on
the HIV-1 envelope glycoproteins to the CD4-binding site (54,
56, 63) suggests the possibility that the resistance of primary
isolates to neutralization by sCD4 reflects structural features of
these viruses relevant to antibody neutralization. Indeed, primary viruses have been suggested to be less sensitive than
laboratory-adapted viruses to neutralization by sera from HIV1-infected patients or vaccine recipients, but whether assayspecific variables influenced this outcome is unknown (3, 4, 36,
50, 62). Here, we examine the sensitivity of recombinant vi-

Human immunodeficiency virus type 1 (HIV-1) is the etiologic agent of AIDS (8, 25). Following acute HIV-1 infection,
in which high levels of viremia are observed, a vigorous antiviral immune response, including both neutralizing antibodies
and cytotoxic T lymphocytes, is generated. HIV-1 loads typically decrease at this time, but virus replication persists (16, 31,
46). Concomitantly, depletion of CD4-positive lymphocytes occurs, eventually resulting in immune system compromise (15,
19, 33). During this phase of viral persistence, HIV-1 variants
resistant to neutralization by autologous sera emerge (1, 3, 4,
37, 57). Eventually, the level of replicating virus increases,
portending the development of a clinically significant immunocompromised state.
Primary HIV-1 isolates, which by definition have been derived directly from patient tissue or have been propagated only
in peripheral blood mononuclear cells (PBMC), have been
classified into two groups on the basis of virus replication
kinetics (6, 12, 20, 21, 26, 53). During early infection and the
long, clinically asymptomatic phase of HIV-1 infection, most
isolates exhibit ‘‘slow, low’’ replication kinetics in PBMC.
These isolates do not replicate efficiently in established T-cell
lines and do not efficiently form syncytia in these cells. During
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The structure, replicative properties, and sensitivity to neutralization by soluble CD4 and monoclonal
antibodies were examined for molecularly cloned envelope glycoproteins derived from human immunodeficiency virus type 1 (HIV-1) viruses either isolated directly from patients or passaged in T-cell lines. Complementation of virus entry into peripheral blood mononuclear cell targets by primary patient envelope glycoproteins exhibited efficiencies ranging from that observed for the HXBc2 envelope glycoproteins, which are
derived from a T-cell line-passaged virus, to approximately fivefold-lower values. The ability of the envelope
glycoproteins to complement virus entry roughly correlated with sensitivity to neutralization by soluble CD4.
Laboratory-adapted viruses were sensitive to neutralization by monoclonal antibodies directed against the
CD4-binding site and the third variable (V3) loop of the gp120 glycoprotein. By comparison, viruses with
envelope glycoproteins from primary patient isolates exhibited decreased sensitivity to neutralization by these
monoclonal antibodies; for these viruses, neutralization sensitivity correlated with replicative ability. Subinhibitory concentrations of soluble CD4 and a CD4-binding site-directed antibody significantly enhanced the
entry of viruses containing envelope glycoproteins from some primary patient isolates. The sensitivity of viruses
containing the different envelope glycoproteins to neutralization by soluble CD4 or monoclonal antibodies
could be predicted by assays dependent on the binding of the inhibitory molecule to the oligomeric envelope
glycoprotein complex but less well by assays measuring binding to the monomeric gp120 glycoprotein. These
results indicate that the intrinsic structure of the oligomeric envelope glycoprotein complex of primary HIV-1
isolates, while often less than optimal with respect to the mediation of early events in virus replication, allows
a relative degree of resistance to neutralizing antibodies. The interplay of selective forces for higher virus
replication efficiency and resistance to neutralizing antibodies could explain the temporal course described for
the in vivo emergence of HIV-1 isolates with differing phenotypes.
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ruses that contain the envelope glycoproteins derived from
molecular clones of primary and laboratory-adapted HIV-1
isolates to neutralization by sCD4 and monoclonal antibodies.
This single-step replication system allows precise quantitation
of neutralization sensitivity under conditions where variables
unrelated to envelope glycoprotein structure are eliminated.
(This research was conducted by N. Sullivan in partial fulfillment of the requirements for an S.D. from the Harvard
School of Public Health.)
MATERIALS AND METHODS

with [35S]cysteine 2 days after transfection and washed once with PBS containing
2% fetal bovine serum, and monoclonal antibodies were incubated with the cells
for 90 min at 378C in PBS. In parallel, cells were incubated with a 1:300 dilution
of a mixture of sera from patients with AIDS. After three washes with PBS–2%
fetal bovine serum, the cells were lysed in Nonidet P-40 buffer, and bound
antibody-envelope glycoprotein complexes were precipitated with protein ASepharose (Pharmacia) and analyzed by SDS-polyacrylamide gel electrophoresis.
Scanning densitometry was performed to determine antibody binding relative to
that measured with a mixture of sera from patients with AIDS.
Binding of antibodies to soluble envelope glycoproteins. To analyze the binding of monoclonal antibodies to monomeric gp120 envelope glycoproteins,
COS-1 cells were transfected with envelope glycoprotein expressor plasmids and
labeled with [35S]cysteine 2 days after transfection. Radioactively labeled cell
supernatants were harvested 12 to 16 h later. Binding of monoclonal antibodies
to soluble gp120 in the supernatants was assessed by immunoprecipitation, and
the amount bound was determined by SDS-polyacrylamide gel electrophoresis
followed by scanning densitometry. Parallel immunoprecipitations with a mixture
of sera from patients with AIDS were performed to control for the amount of the
different gp120 glycoproteins present in the COS-1 supernatants.

RESULTS
Virion-associated gp120 glycoproteins. Five envelope glycoproteins (HXBc2, MN, 89.6, ADA, and YU2) were chosen for
this study. The HXBc2 and MN envelope glycoproteins were
derived from HIV-1 isolates adapted to replicate on established T-cell lines (laboratory-adapted viruses) (23, 25, 52).
The 89.6, ADA, and YU2 glycoproteins were derived either
from viruses that had been passaged only in human PBMC
(89.6 and ADA) or by direct cloning of env sequences from the
tissue of an HIV-1-infected individual (YU2) (14, 27, 35). The
89.6, ADA, and YU2 viruses thus represent primary isolates.
Plasmids expressing the env alleles of these viruses were transfected into COS-1 cells. Immunoprecipitation of the transfected COS-1 cell lysates with a mixture of sera from patients
with AIDS revealed the presence of the gp160 envelope glycoprotein precursor, which was efficiently processed to the
gp120 and gp41 envelope glycoprotein in all five cases (data
not shown).
It has been previously shown that the density of envelope
glycoproteins present on virion particles is higher for primary
HIV-1 isolates than for laboratory-adapted viruses (39, 43, 60,
61). To examine whether the ADA, YU2, and 89.6 envelope
glycoproteins produced in COS-1 cells retained this characteristic, the envelope glycoprotein expressor plasmids were cotransfected into COS-1 cells with the pHXBDenvCAT plasmid.
The pHXBDenvCAT plasmid contains an HIV-1 provirus with
a deletion in the env gene and a gene encoding CAT replacing
the nef gene (30). Radiolabeled virion particles produced by
the transfected COS-1 cells were pelleted, lysed, and precipitated by a mixture of sera from patients with AIDS. The ratio
of the gp120 envelope glycoprotein to the p55 gag protein was
two to three times higher for the primary virus-derived envelope glycoproteins than for HXBc2 or MN envelope proteins
(Fig. 1; Table 1). Thus, primary virus envelope glycoproteins
produced in this expression system exhibit higher virion spike
density, which is probably related to the affinity of the gp120gp41 interaction.
Ability of envelope glycoproteins to complement HIV-1 entry
into cells. The ability of the envelope glycoproteins derived
from the different viruses to complement the entry of the
env-defective virus produced from the pHXBDenvCAT plasmid was examined. COS-1 cells were cotransfected with the
pHXBDenvCAT plasmid and the envelope glycoprotein-expressing plasmids, and an equal number of reverse transcriptase units of recombinant viruses in the cell supernatants
was incubated with target cells. CAT activity in the target cells
was measured 3 days after infection (Table 1). When human
PBMC were used as target cells, the HXBc2 and 89.6 envelope
glycoproteins exhibited the ability to complement entry effi-
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Antibodies and sCD4. The F105 antibody (47) was provided by Marshall
Posner. The Fab b12 antibody fragment (10) was provided by Dennis Burton and
Carlos Barbas III. Antibody 1121 and sCD4 were purchased from AGMED, Inc.,
Bedford, Mass.
Cells and cell lines. Human PBMC were prepared by Ficoll gradient separation, stimulated with phytohemagglutinin for 48 to 72 h, and maintained in RPMI
1640 medium supplemented with 10% fetal bovine serum and 5% interleukin-2.
COS-1 cells were grown in Dulbecco’s modified Eagle’s medium containing 10%
fetal bovine serum. The T-cell lines Molt 4 clone 8 and SupT1 were maintained
in RPMI 1640 medium containing 10% fetal bovine serum.
Envelope expressor plasmids. The 89.6 and YU2 molecular clones were gifts
from Ronald Collman and the AIDS Research and Reference Reagent Program
(source, Beatrice Hahn), respectively. ADA and MN subclones were provided by
Lee Ratner and Philip Berman, respectively. The SV-A-MLV-Env plasmid expressing the amphotropic murine leukemia virus envelope glycoproteins was
obtained from Dan Littman (32b). To create the ADA and MN envelope expressor plasmids, the KpnI(6347)-BsmI(8054) fragment of the pSVIIIenv plasmid (30) was replaced with the equivalent fragments from ADA and MN. YU-2
and 89.6 envelope glycoprotein expressors were made by introducing a BamHI
site into each of the envelope genes by PCR and substituting the KpnI(6347)BamHI(8475) fragment of the pSVIIIenv plasmid with the amplified fragment.
Envelope glycoprotein expression and CD4-binding assay. COS-1 cells were
transfected by the DEAE-dextran method with pSVIIIenv DNA expressing envelope glycoproteins as described previously (17, 30). To measure protein expression, the cells were radiolabeled with [35S]cysteine overnight and precipitated with an excess of a mixture of sera derived from patients with AIDS (30).
To measure the CD4-binding ability of mutant glycoproteins, supernatants of
radiolabeled transfected cells were incubated with an excess of SupT1 lymphocytes at 378C for 90 min (44). The cells were washed twice with phosphatebuffered saline (PBS), lysed, and immunoprecipitated as described above. The
amount of gp120 precipitated from both bound and unbound fractions was
measured by densitometric analysis of autoradiograms from sodium dodecyl
sulfate (SDS)-polyacrylamide gels.
Determination of envelope glycoprotein concentration on the virion. COS-1
cells cotransfected with the envelope-expressing plasmid and the pHXBDenv
CAT plasmid (30) were labeled with [35S]cysteine (70 mCi/ml) and [35S]methionine (100 mCi/ml) overnight. Supernatants were centrifuged at 800 3 g for 10
min to remove cell debris, layered over a 20% sucrose cushion, and centrifuged
for 90 min at 27,000 rpm in a Beckman SW28 rotor. The supernatants were
completely removed, and the viral pellet was lysed in 53 RIPA buffer (0.15 M
NaCl, 0.05 M Tris-HCl [pH 7.2], 0.1% SDS, 1% Triton X-100, 1% sodium
deoxycholate) and immunoprecipitated as described. The ratio of the gp120
glycoprotein to p55gag protein associated with the pelleted virions was assessed by
densitometry of autoradiograms from SDS-polyacrylamide gels.
Virus neutralization assay. Complementation of a single round of replication
of the env-deficient chloramphenicol acetyltransferase (CAT)-expressing provirus by the various envelope glycoproteins was performed as described previously
(30, 54). To inhibit viral replication, either monoclonal antibody or sCD4 was
incubated with recombinant virus for 1 h at 378C before addition of the virus to
target lymphocytes. At 3 days after infection, the target cells were lysed and CAT
activity was measured as described previously (30). The standard deviation in this
assay was experimentally determined and was less than 10% of the mean (data
not shown).
For the cocultivation neutralization assay, virus-producing COS-1 cells were
treated with mitomycin (100 mg/ml) for 30 min at 378C, washed three times with
serum-free RPMI 1640, and incubated with monoclonal antibody for 90 min at
378C. Target Molt 4 clone 8 cells were cocultivated with the COS-1 cells for 60
min, separated from the COS-1 cells, and cultured for an additional 10 to 14
days. Molt 4 clone 8 cells were then lysed, and CAT activity was measured as
described previously (30). The SV-A-MLV-Env plasmid expressing the amphotropic envelope glycoproteins was used to complement the pHXBDenvCAT virus
as a control in some of the F105 antibody neutralization experiments.
Binding of antibodies to envelope glycoproteins expressed on the surface of
COS-1 cells. The binding of the antibodies to the HIV-1 envelope glycoprotein
complex expressed on the surface of transfected COS-1 cells was measured as
described previously (48, 63). Briefly, COS-1 cells were transfected with pSVIIIenv DNA expressing envelope glycoproteins. The cells were labeled overnight
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ciently. The ADA and YU2 envelope glycoproteins were less
efficient in this assay.
While primary HIV-1 isolates do not necessarily replicate
efficiently in established T-cell lines, the T-cell line Molt 4
clone 8 has been reported to support the replication of macrophage-tropic and T-cell line-tropic viruses (24). Therefore,
the ability of the envelope glycoproteins to mediate entry into
the Molt 4 clone 8 cells was examined. Table 1 indicates that all
of the envelope glycoproteins tested displayed an ability to
complement HIV-1 entry into Molt 4 clone 8 cells and did so
with the same rank order of efficiency as that observed with
human PBMC as target cells. Since Molt 4 clone 8 cells do not
exhibit the variability associated with different preparations of

TABLE 1. Properties of envelope glycoproteins
Envelope
glycoprotein

Relative CD4binding ability of
monomeric gp120a

Virion
gp120/p55
ratiob

HXBc2
MN
89.6
ADA
YU2

1.00
0.66
0.33
0.28
0.72

0.6
0.6
1.8
1.6
1.9

Complementation of
virus entryc
Human
PBMC

Molt 4
clone 8

45
ND
77
23
4

46
29
51
26
10

a
Binding of labeled gp120 glycoprotein derived from transfected COS-1 supernatants to SupT1 CD4-positive lymphocytes was determined as described in
Materials and Methods and reference 44. Binding was normalized to that seen
for the HXBc2 gp120 glycoprotein.
b
The values shown represent the ratios of immunoprecipitated gp120 and p55
proteins on virions produced in transfected COS-1 cells, as described in Materials and Methods. The amount of the p55gag precursor detected in the virions
was proportionate to the amount of the p24 major capsid protein (data not
shown).
c
The percentage of conversion of chloramphenicol to acetylated forms observed in human PBMC and Molt 4 clone 8 target cells is shown following
incubation with equivalent reverse transcriptase of recombinant virions containing the designated envelope glycoproteins. Values represent the average of three
experiments.

FIG. 2. Effect of sCD4 on replication of viruses with different envelope
glycoproteins. Recombinant viruses with different envelope glycoproteins were
produced in COS-1 cells and incubated with sCD4 at 378C for 1 h prior to
exposure to Molt 4 clone 8 target cells. (A) The CAT activity (percent conversion) in the Molt 4 clone 8 cells 72 h after incubation with recombinant viruses
is plotted against the concentration of sCD4 used. (B) The CAT activity in the
Molt 4 clone 8 as a percentage of the CAT activity observed in cells infected with
each virus in the absence of sCD4 is shown.

human PBMC, we used Molt 4 clone 8 lymphocytes as target
cells for subsequent experiments in this system.
Neutralization by soluble CD4. Some primary HIV-1 isolates have been shown to exhibit a decreased sensitivity to
sCD4 relative to that exhibited by viruses passaged on T-cell
lines (18, 28). To examine the sensitivity of HIV-1 isolates with
different envelope glycoproteins to neutralization by sCD4,
recombinant virions produced in COS-1 cells were incubated
for 1 h at 378C with sCD4 prior to addition of Molt 4 clone 8
target cells (Fig. 2). Viruses with the HXBc2 envelope glycoproteins were the most sensitive to neutralization, with a 50%
inhibitory concentration (IC50) of 0.7 mg of sCD4 per ml.
Viruses with the 89.6 envelope glycoproteins were slightly less
sensitive to sCD4 neutralization. Viruses with the ADA and
YU2 envelope glycoproteins were not only relatively resistant
to neutralization by sCD4 but also demonstrated enhanced
entry at sCD4 concentrations between 0.1 and 1.0 mg/ml. At
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FIG. 1. Envelope glycoprotein incorporation into recombinant virions. Radiolabeled recombinant viruses bearing different envelope glycoproteins were
produced in COS-1 cells, and virion proteins were resolved on SDS–10% polyacrylamide gels after immunoprecipitation with a mixture of sera from patients
with AIDS.
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higher sCD4 concentrations (10 mg/ml or greater), viruses with
the ADA and YU2 envelope glycoproteins were neutralized.
Previous studies indicate that the susceptibility of patient
isolates of HIV-1 to sCD4 neutralization cannot be predicted
by the binding affinity of the monomeric gp120 glycoprotein
for CD4 (5, 58). Likewise, the binding of monomeric gp120
glycoproteins from the different HIV-1 isolates used in our
study did not correlate with sCD4 sensitivity (Table 1). For
example, the YU2 gp120 glycoproteins bound CD4-positive
cells more efficiently than did the envelope glycoproteins of the
MN and 89.6 viruses, yet viruses with the YU2 envelope glycoproteins were less sensitive to sCD4 neutralization than were
viruses with the 89.6 and MN glycoproteins (Fig. 2; data not
shown).
The ability of sCD4 to bind the oligomeric envelope glycoprotein complexes and to induce the dissociation of the gp120
glycoprotein from these complexes (29, 38) was examined by
incubating radiolabeled COS-1 cells expressing the different
envelope glycoproteins with sCD4. The amount of labeled
gp120 glycoprotein present in the cell supernatants was determined. The amounts of the gp120 glycoprotein detected in the
cell supernatants in the absence of sCD4 were comparable for
the HXBc2, 89.6, ADA, and YU2 envelope glycoproteins (data
not shown). As increasing concentrations of sCD4 were incubated with the envelope glycoprotein-expressing cells, the
HXBc2 envelope glycoproteins exhibited the most efficient
shedding of the gp120 glycoprotein (Fig. 3). The sCD4-induced
dissociation of the 89.6 envelope glycoproteins was slightly less
efficient but was comparable to that of the HXBc2 envelope
glycoprotein at sCD4 concentrations above 20 mg/ml. The
ADA and YU2 envelope glycoproteins exhibited sCD4-induced gp120 shedding only at the highest sCD4 concentrations
tested (20 to 30 mg/ml). There is a rough correlation between
the efficiency of gp120 shedding induced by sCD4 and the
sensitivity of viruses containing the different envelope glycoproteins to neutralization by sCD4. These experiments, along
with the structural and replication studies described above,
indicate that the cloned envelope glycoproteins of the primary
HIV-1 isolates exhibit phenotypes similar to those described
for the complete viruses.

Neutralization by monoclonal antibodies. The ability of viruses containing the different envelope glycoproteins to be
neutralized by monoclonal antibodies was studied. Antibodies
directed against the CD4-binding site and the V3 loop of the
gp120 glycoprotein constitute the major component of the
neutralizing activity in the sera of HIV-1-infected individuals
(40). Therefore, monoclonal antibodies directed against these
two regions were used in these experiments.
Two neutralization assays were used. Inhibition of the cellfree infection of Molt 4 clone 8 cells by recombinant viruses
produced in COS-1 cells was studied. In addition, because the
efficiency of cell-free virus entry was low for viruses containing
the YU2 and ADA envelope glycoproteins, a coculture neutralization assay was developed. In the latter assay, following
treatment with mitomycin, virus-producing COS-1 cells were
incubated with the monoclonal antibody and cocultivated with
target Molt 4 clone 8 lymphocytes for a brief period. The Molt
4 clone 8 cells were then removed from the COS-1 cells and
cultured for 10 to 14 days to allow any contaminating COS-1
cells to die before CAT activity was measured. The absence of
contaminating COS-1 cells, which contain CAT activity as a
result of the transfection, was confirmed by using a control
plasmid (pSVIIIenvDKS) that does not encode a functional
envelope glycoprotein in the complementation system (51).
When the pSVIIIenvDKS plasmid was used, the CAT activity
in the target cells resulted in less than 3% conversion of chloramphenicol to acetylated forms.
Fab b12 is an Fab fragment derived from a combinatorial
phage library prepared from the bone marrow of an HIV-1infected individual (10). Fab b12 recognizes a gp120 epitope
overlapping the CD4-binding site and exhibits particularly potent neutralizing activity against a variety of HIV-1 isolates (7,
10a, 48). Figure 4 illustrates the results obtained with Fab b12
in the cell-free (Fig. 4A) and cocultivation (Fig. 4B) neutralization assays. Viruses containing the HXBc2 envelope glycoproteins were neutralized by Fab b12 in the same dose range in
either assay, with an IC50 of 0.4 to 0.6 mg/ml. Viruses with the
89.6 or ADA envelope glycoproteins required 17 to 25 times
more Fab b12 to achieve 50% neutralization. Viruses with the
YU2 envelope glycoproteins demonstrated even greater resistance to inhibition by Fab b12.
To examine whether the decreased sensitivity of the viruses
with the 89.6, ADA, and YU2 envelope glycoproteins to neutralization resulted from strain-specific variation in the Fab b12
epitope, the radiolabeled monomeric gp120 glycoproteins of
the different strains were precipitated in the absence of detergent from transfected COS-1 cell supernatants (Fig. 5A). Compared with the recognition of the HXBc2 and 89.6 gp120 glycoproteins, Fab b12 displayed decreased recognition of the
ADA and YU2 gp120 glycoproteins, possibly explaining the
decreased sensitivity of viruses with these envelope glycoproteins to neutralization by Fab b12. However, Fab b12 precipitated the monomeric 89.6 gp120 glycoprotein almost as efficiently as it precipitated the HXBc2 glycoprotein, suggesting
that the relative resistance of viruses containing the 89.6 envelope glycoprotein to Fab b12 neutralization is not due to a
loss of the Fab b12 epitope.
Since the binding of Fab b12 to monomeric gp120 glycoproteins did not completely explain the observed neutralization results, the ability of Fab b12 to bind the oligomeric
envelope glycoprotein complex on the COS-1 cell surface was
examined. As shown in Fig. 5B, Fab b12 binding to the different envelope glycoprotein complexes correlated well with the
neutralization of viruses containing these envelope glycoproteins. The HXBc2 envelope glycoproteins on the COS-1 cell
surface were recognized most efficiently, with the 89.6 and
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FIG. 3. Shedding of the gp120 glycoprotein induced by sCD4. COS-1 cells
expressing the different HIV-1 envelope glycoproteins were incubated at 378C
for 1 h, and the amount of the gp120 glycoprotein in the cell supernatants was
determined. The amount of the gp120 glycoprotein in the supernatants is expressed in arbitrary densitometric units. In the absence of sCD4, the amounts of
gp120 glycoproteins of the different isolates found in the cell supernatant were
equivalent (data not shown).
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ADA envelope glycoproteins exhibiting intermediate levels of
recognition by Fab b12. The recognition of the YU2 envelope
glycoproteins on the cell surface was very inefficient, consistent
with the observed resistance of viruses with the YU2 envelope
glycoproteins to neutralization by Fab b12.
To determine whether the relative neutralization resistance
of viruses with envelope glycoproteins from primary HIV-1
isolates applied to other, less potent antibodies directed
against the CD4-binding site, experiments similar to those described above were performed with the F105 antibody. Like
Fab b12, the F105 antibody recognizes a discontinuous gp120
epitope overlapping the CD4-binding site (47, 56). Figure 6
illustrates the neutralization by the F105 antibody of cell-free
infection by viruses containing the HXBc2, MN, 89.6, ADA,
and YU2 envelope glycoproteins. While the F105 antibody
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FIG. 5. Recognition of the different gp120 glycoproteins by Fab b12. (A)
Precipitation of monomeric gp120 glycoproteins from COS-1 supernatants by
Fab b12, normalized for the amount of gp120 glycoprotein precipitated by an
excess of a mixture of sera from patients with AIDS. The values are expressed as
arbitrary units. (B) Recognition of different envelope glycoproteins expressed on
the surface of COS-1 cells by Fab b12, normalized for the recognition of the cell
surface glycoproteins by a mixture of sera from patients with AIDS.

neutralized viruses with the HXBc2 and MN envelope glycoproteins, little or no neutralization was observed for viruses
containing envelope glycoproteins from primary isolates (Fig.
6A). In fact, the addition of the F105 antibody to the viruses
with the ADA and YU2 envelope glycoproteins resulted in an
enhancement of infectivity, which was particularly pronounced
for the viruses with YU2 envelope glycoproteins (Fig. 6).
Treatment of recombinant HIV-1 isolates containing the amphotropic murine leukemia virus envelope glycoproteins with
the identical preparation of the F105 antibody resulted in no
positive or negative effect on virus entry (Fig. 6B).
The recognition of the monomeric gp120 glycoproteins from
the different strains by the F105 antibody is shown in Fig. 7A.
The YU2 monomeric gp120 glycoprotein was recognized more
efficiently than the HXBc2, ADA, and 89.6 gp120 glycoproteins were. Since the viruses containing the YU2 envelope
glycoproteins were neutralized the least efficiently by the F105
antibody, recognition of the monomeric gp120 glycoproteins by
this antibody does not predict the efficiency of neutralization of
viruses bearing the different envelope glycoproteins.
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FIG. 4. Neutralization of recombinant viruses by Fab b12. (A) Cell-free viruses with the HXBc2 and 89.6 envelope glycoproteins were incubated with Fab
b12 at 378C for 1 h prior to incubation with Molt 4 clone 8 cells. The CAT activity
measured in the target cells following incubation of each virus with a given
amount of Fab b12 as a percentage of the amount of CAT activity observed in the
absence of the antibody fragment is shown. (B) Neutralization of recombinant
viruses by Fab b12 in the cocultivation assay. Mitomycin-treated COS-1 cells
expressing recombinant viruses were incubated with different amounts of Fab
b12 prior to cocultivation with Molt 4 clone 8 target cells. The CAT activity
measured in the Molt 4 clone 8 cells 10 to 14 days after cocultivation as a
percentage of the amount of CAT activity observed in the absence of the Fab b12
antibody is shown.
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Incubation of the F105 antibody with COS-1 cells expressing
the oligomeric envelope glycoprotein complexes revealed that
antibody binding was significantly greater for the HXBc2 envelope glycoproteins than for the envelope glycoproteins of the
primary isolates (Fig. 7B). The binding of the F105 antibody to
the cell surface envelope glycoproteins correlated better with
neutralization sensitivity than did recognition of the monomeric gp120 glycoproteins.
To examine whether some envelope glycoproteins derived
from primary patient HIV-1 isolates also exhibit decreased
sensitivity to neutralization by antibodies directed against the
V3 loop, an antibody, AG1121, that recognized the monomeric
gp120 glycoproteins of the HXBc2 and 89.6 strains equivalently (Fig. 8A) was selected. Figure 9 illustrates that viruses
with the 89.6 envelope glycoproteins were less sensitive to
neutralization by the AG1121 antibody than were viruses bearing the HXBc2 envelope glycoproteins. This roughly threefold
difference in sensitivity to neutralization by the AG1121 anti-

FIG. 7. Recognition of the different gp120 glycoproteins by the F105 antibody. (A) Precipitation of monomeric gp120 glycoproteins from COS-1 supernatants by the F105 antibody, normalized for the amount of gp120 glycoprotein
precipitated by an excess of a mixture of sera from patients with AIDS. The
values are expressed in arbitrary units. (B) Recognition of different envelope
glycoproteins expressed on the surface of COS-1 cells by the F105 antibody,
normalized for the recognition of the cell surface glycoproteins by a mixture of
sera from patients with AIDS.

body was smaller than that observed for the antibodies directed against the CD4-binding site in the same assay. Despite
equivalent recognition of the HXBc2 and 89.6 monomeric
gp120 envelope glycoproteins, recognition of the HXBc2 oligomeric envelope glycoproteins on the cell surface was significantly better than that of the 89.6 envelope glycoproteins (Fig.
8B). As was observed for the antibodies directed against the
CD4-binding site, the recognition of the oligomeric cell surface
envelope glycoproteins predicted the observed neutralization
sensitivity better than did recognition of monomeric gp120
glycoproteins.
DISCUSSION
In this study, we used env complementation assays, which
measure the efficiency of the early events in a single round of
HIV-1 replication (30), to study the replicative properties and
neutralization sensitivity associated with different HIV-1 enve-
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FIG. 6. Neutralization of recombinant viruses by the F105 antibody. (A)
Cell-free viruses with the HXBc2, MN, 89.6, or ADA envelope glycoproteins
were incubated with the F105 antibody at 378C for 1 h prior to incubation with
Molt 4 clone 8 cells. The CAT activity shown is described in the legend to Fig.
4. (B) Neutralization of recombinant viruses bearing the HXBc2, YU2, or SVA-MLV envelope glycoproteins by the F105 antibody in the cell-free neutralization assay. The dose-response curve shown for HXBc2 in panel A has been
replotted here for comparison.

J. VIROL.

VOL. 69, 1995

HIV-1 ENVELOPE GLYCOPROTEINS

4419

FIG. 8. Recognition of the different gp120 glycoproteins by the AG1121
antibody. (A) Precipitation of monomeric gp120 glycoproteins from COS-1 supernatants by the AG1121 antibody, normalized for the amount of gp120 glycoprotein precipitated by an excess of a mixture of sera from patients with AIDS.
(B) Recognition of different envelope glycoproteins expressed on the surface of
COS-1 cells by the AG1121 antibody, normalized for the recognition of the cell
surface glycoproteins by a mixture of sera from patients with AIDS.

lope glycoproteins. The envelope glycoproteins were derived
from HIV-1 isolates that were passaged on T-cell lines or that
represent primary, clinical strains. The use of the env complementation system has several advantages for these studies.
First, precise measurement of early-phase replicative ability
can be made. Second, since all measurements are performed
with a single cycle of infection initiated by cloned viral genes,
the possibility of changes in viral phenotype during virus propagation is eliminated. Third, all of the envelope glycoproteins
are synthesized in the identical cell type, in which effects of
genotypic changes on envelope glycoprotein processing, subunit association, and cell surface expression can be readily
determined. Thus, the observed phenotypic differences in replicative efficiency and sensitivity to neutralization can be attributed to intrinsic structural features of the envelope glycoproteins rather than to assay-specific variables.
Our results and those previously reported (30, 55) indicate
that the envelope glycoproteins of extensively passaged viruses
like HXBc2, derived from the HIV-1 LAI (IIIB) isolate, efficiently mediated virus entry into human PBMC and many

T-cell lines. The envelope glycoproteins of the primary HIV-1
isolates exhibited a spectrum of replicative abilities. The envelope glycoproteins of the 89.6 isolate, which is a highly cytopathic primary virus (14), mediated entry into human PBMC
and Molt 4 clone 8 cells with an efficiency comparable to or
better than that of the envelope glycoproteins derived from
laboratory-adapted viruses. The ADA envelope glycoproteins
exhibited lower efficiency in this assay, and the YU2 envelope
glycoproteins, cloned directly from patient tissue without prior
culture of the virus (35), exhibited the lowest intrinsic replicative ability. These results are consistent with those obtained
with a larger panel of envelope glycoproteins derived from
HIV-1 isolates passaged only on PBMC. In the cell-free
complementation assay used here, the majority of these primary virus-derived envelope glycoproteins exhibited efficiencies lower than that observed for the HXBc2 envelope glycoproteins (32a).
Even when the target cells were cocultivated with virusproducing COS-1 cells, the ADA and YU2 primary virus envelope glycoproteins did not support HIV-1 entry into the
SupT1, Jurkat, and C8166 established T-cell lines (data not
shown). Thus, the relative efficiency of primary virus entry into
most established T-cell lines is significantly lower than that in
PBMC or Molt 4 clone 8 target cells.
The rank order of efficiency of complementation of virus
entry into PBMC or Molt 4 clone 8 cells (HXBc2 5 89.6 .
ADA . YU2) resembles that associated with the sensitivity to
neutralization by sCD4. This suggests that one significant factor contributing to the decreased efficiency of PBMC entry for
some of the primary HIV-1 isolates is a quantitative difference
in the efficiency with which CD4 binding occurs. These differences in CD4 binding are most apparent in assays in which
CD4 binds to the oligomeric as opposed to the monomeric
envelope glycoproteins, as has been suggested by previous
studies (5, 32, 39, 41, 45, 58, 60).
At subinhibitory concentrations, sCD4 mediated the enhancement of infection for recombinant viruses with envelope
glycoproteins derived from some primary HIV-1 isolates. Enhancement of HIV-2 and SIVagm infection by sCD4 has been
previously observed (2, 13), but enhancement of HIV-1 infection has not been reported. The enhancement effect on YU2 is
modest (threefold), and it is possible that other neutralization
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FIG. 9. Neutralization of recombinant viruses by the AG1121 antibodies.
Cell-free viruses with the HXBc2 and 89.6 envelope glycoproteins were incubated with the AG1121 antibody at 378C for 1 h prior to incubation with Molt 4
clone 8 cells. The CAT activity shown is described in the legend to Fig. 4.
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eration and titer of particular subgroups of neutralizing antibodies within the individual host. The conformations associated with optimal resistance to the complete spectrum of
naturally occurring neutralizing antibodies may necessitate
some decrease in the efficiency of CD4 binding and virus entry.
Although our sample size is small, among viruses with envelope glycoproteins derived from primary HIV-1 isolates, sensitivity to neutralization by CD4-binding site-directed antibodies correlated with replicative ability. The dual selective forces
of intrinsic replicative ability and neutralization susceptibility
may contribute to the temporal pattern described for the in
vivo appearance of HIV-1 phenotypes (51). In immunocompetent individuals, the presence of high titers of neutralizing
antibodies favors viruses that are relatively resistant to such
neutralization, even if intrinsic viral replication rates must be
decreased to achieve resistance. Later in infection, when immune system compromise results in a decreased titer of neutralizing antibodies, the appearance of viruses with improved
intrinsic replication rates will be favored, since the associated
increase in neutralization sensitivity is less of a liability. In this
model, the emergence of rapid, high viruses is a consequence
of a deteriorating immune response rather than a prerequisite
for pathogenesis.
A second feature of the envelope glycoproteins of many
primary HIV-1 isolates that has been described previously (39,
43, 60, 61) and that we have confirmed is the higher concentration of gp120 glycoprotein associated with the virions. This
property presumably reflects a more stable association between the gp120 and gp41 glycoproteins and results in a higher
density of envelope glycoprotein spikes on primary HIV-1 virions. In vivo, higher spike density may help to compensate for
lower CD4-binding ability of primary virus envelope glycoproteins and may facilitate entry into target cells, like macrophages, with low receptor density. Furthermore, the higher
density of envelope glycoproteins on viruses bearing the 89.6,
ADA, or YU2 envelopes may contribute to the relative neutralization resistance of these viruses. Layne et al. (34) showed
that HIV-1 infectivity is blocked at lower concentrations of
sCD4 in virion preparations containing fewer gp120 molecules
per virion.
Further characterization of the envelope glycoproteins of
primary HIV-1 viruses will be important in determining the
availability of neutralization targets on these clinically relevant
isolates.
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