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We have compared the expression of full-length gpl60 envelope protein from human immunodeficiency virus
type 1 with that of a deletion mutant lacking the N-terminal 31 amino acids of the mature protein (gp160A32).
The gpl60 and gp160432 proteins are processed to yield gp4l and gpl20 or gpl20A32, respectively. In contrast
to full-length gpl20, gp120A32 failed to associate with gp4l at the cell-surface, despite conformational integrity
as judged by soluble CD4 binding. Thus, the N-terminal 31 amino acids of gpl20, which contain hypercon-
served sequences, are likely involved in forming a contact site for gp4l.

The envelope glycoproteins of human immunodeficiency
viruses (HIVs) are derived from a precursor protein, gpl60,
which is proteolytically cleaved to form the external enve-
lope glycoprotein gpl20 and the transmembrane glycopro-
tein gp4l (1, 21). The gp4l protein serves as an anchor for
gpl20 at the surface of the virus or infected cell and also
directs membrane fusion with target cells (9). The gpl20
protein targets the virus to CD4+ cells by binding to the CD4
receptor on host cell surfaces (14, 15). Thus, virus, infected
cells, or cells expressing recombinant envelope proteins at
their surface are able to bind to and fuse with CD4+ cells (9,
13, 17, 19).
The gpl2O protein remains associated with gp4l at the cell

surface by noncovalent interactions, and substantial
amounts of gpl20 are also shed into the medium (8, 15). The
regions of gp120 and gp4l responsible for their association
have not been fully defined. Mutational analyses have indi-
cated that sites within the first 30 amino acids of gp4l and
one site near the middle of gp4l are involved in association
(4, 9). In addition, several insertion mutations ranging from
amino acid residues 36 to 279 of the mature gpl20 molecule
(residues 66 to 309 of the precursor) have been shown to
disrupt association with gp4l (9). This distribution of muta-
tions in gpl20 suggested that multiple contacts between the
amino terminus of gpl20 and gp4l may be responsible for the
association of the proteins.

Previously we used a construct encoding a gpl60 molecule
with a short truncation at the N terminus to study HIV type
1 (HIV-1) env expression in Drosophila Schneider 2 cells (6).
In the construct used, pMttl6OA32, the env signal sequence
and N-terminal 31 amino acids of the mature HIV-1 BH10
envelope protein were replaced with the signal sequence of
the human tissue plasminogen activator (tPA) gene (Fig. 1).
Cleavage of the tPA signal sequence from this type of fusion
leaves four amino acids from tPA (Gly-Ala-Arg-Ser) preced-
ing amino acid residue 32 (Asp) of the mature envelope
protein (5). Transcription of env in the pMttl6OA32 construct
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is controlled by the inducible Drosophila metallothionein
(Mtn) promoter (7). Upon induction of the Mtn promoter in
stably transfected cells, gp160A32 can be detected in asso-
ciation with cells by Western immunoblot analysis of whole-
cell lysates (Fig. 2A). The gp160A32 appears to be pro-
cessed, as evidenced by the accumulation of a gpl20-sized
cleavage product (gpl20A32) in the culture supernatant (Fig.
2A). However, no processed gpl20A32 can be detected in
association with cells, even though pMttl6OA32 contains all
of the sequences previously shown by mutational analyses to
be involved in gpl2O-gp4l association (4, 9).
The failure of gpl20A32 to remain cell associated is in

marked contrast to the retention of gpl20 on virus-infected
cells or cells expressing full-length recombinant envelope
protein (9, 10, 17, 23). It is possible that expression of env in
Drosophila cells or our fusion of env sequences to the tPA
signal sequence may have generated a gpl20 molecule
incapable of association with gp4l. Alternatively, the dele-
tion of the first 31 amino acids of mature gpl20 may be
responsible for the failure of gpl20A32 to remain cell asso-
ciated. To determine whether these deleted sequences en-
compass a previously unidentified region required for asso-
ciation with gp4l, the sequence encoding the 31 N-terminal
amino acids was restored at the beginning of the env gene in
pMttl6OA32 so that the tPA signal sequence was fused to the
first amino acid of the mature envelope protein (Fig. 1). This
construct, pMttl6O, was transfected into Drosophila cells in
the same manner as pMttl6OA32 to generate a stable cell
line. After induction of the Mtn promoter, whole-cell lysates
and culture supernatants were analyzed by Western blot
analysis for envelope protein production (Fig. 2B). As seen
with gp160A32, the full length gpl60 is expressed and found
present in the cell pellets. However, in contrast to gpl20A32,
full-length gpl20 can now also be found to be cell associated
in addition to being shed into the medium. Apparently,
adding back the N-terminal 31 amino acids leads to a
cell-associated form of gpl20. We also note that a gp4l-sized
protein can be detected in whole-cell lysates of both the
pMttl60A32 and pMttl6O cell lines by Western blot analysis
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FIG. 1. Envelope expression plasmids. At the top, the HIV-1 envelope open reading frame is shown with the signal sequence shaded. The
N-terminal sequence of the envelope precursor protein is represented underneath with the one-letter amino acid code. The underlined
sequence is hyperconserved (15). The site of cleavage between the signal sequence and the mature N terminus of gpl20 (1) is represented by
a slash. The positions in the mature gp120 sequence numbered 1 and 32 represent the beginnings of the sequences that were fused in frame
to the tPA signal sequence (striped box) to generate pMttl6O and pMttl6OA32, respectively. The open reading frames shown for pMttl6OA32
and pMttl6O are preceded by the Drosophila metallothionein promoter on a pBR322-based plasmid.

(Fig. 3). A summary of the cell-associated envelope proteins
in the pMttl6OA32 and pMttl6O cell lines detected by West-
ern blot analysis is shown in Table 1.
The cellular location of envelope protein expressed in the

induced pMttl6OA32 and pMttl6O cell lines was investigated
by indirect immunofluorescence assays using rabbit poly-
clonal antiserum specific for gpl20 and then fluorescein-
conjugated anti-rabbit immunoglobulin G antiserum (Cappel
Laboratories, Malvern, Pa.). The results are summarized in
Table 1. Both the pMttl6OA32 and pMttl6O cell lines showed
strong cytoplasmic staining, in contrast to nontransfected
Drosophila S2 cells. However, membranous staining was
detectable only on cells expressing full-length envelope
protein from pMttl6O. The fact that no surface fluorescence
was detected with the pMtt16OA32 cell line suggests that the
cell-associated gp160A32 detected by Western blot analysis
is not expressed at the cell surface. Thus, envelope expres-
sion in Drosophila cells appears identical to that in mamma-
lian cells, where cleavable gpl60 is not transported to the
cell surface but rather is cleaved intracellularly (10, 18, 23).
Assuming that the full-length gpl60 produced by the pMttl6O
cell line is also internal, the surface expression detected with
this cell line likely results from gpl20 being present at the
surface. This interpretation is consistent with the fact that
surface expression is detected only with the cell line
(pMttl6O) in which gpl20 can be found to be cell associated
by Western blot analysis. Thus, although both gp160A32 and
full length gpl60 appear to be processed appropriately,
gp120A32 fails to remain cell associated while the full-length
gpl20 appears to stably associate with gp4l at the cell
surface.
The association of full-length gpl20 with gp4l at the cell

surface rules out the possibility that some effect of expres-
sion in Drosophila cells (e.g., different glycosylation from
that in mammalian cells) is responsible for the failure of
gp120A32 to remain cell associated. We cannot rule out the
formal possibility that gp120A32 fails to associate with gp4l
because of an interfering effect of the four tPA-derived
amino acids at its N terminus, even though these amino acids
clearly do not interfere with gp4l association in the context
of the full-length gpl20 molecule. Thus, the four tPA-derived
amino acids in and of themselves are compatible with gp4l
association. The more likely explanation for the difference in
gp4l association between gp120 and gp120A32 is the large
deletion of 31 amino acids of envelope sequence.
The role of the N-terminal 31 amino acids of mature gpl20
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FIG. 2. Western blot analysis of envelope protein expression in
stably transfected Drosophila cells. Cells cotransfected with the
indicated envelope expression plasmid and a rev expression plasmid
(pMtRev) or nontransfected cells (-) were induced for 5 days by the
addition of 0.5 mM CuSO4 to the culture medium. Cells were
removed from culture by centrifugation, and whole-cell lysates from
the cell pellets (7 x 105 cells) or culture supernatant samples (15 ,ul)
were analyzed by electrophoresis on 10% polyacrylamide gels
followed by Western blot analysis using rabbit antiserum directed
against gpl20 and 125I-protein A (New England Nuclear). The center
lanes in each panel contain gp160 and gp120 protein standards
produced in recombinant baculovirus and Drosophila expression
systems, respectively. Apparent molecular masses (in kilodaltons)
are shown on the left. (A) Expression from the pMttl60/v32 cell line.
(B) Expression from the pMttl6O cell line.
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FIG. 3. Western blot analysis of gpl60 and gp4l protein expres-

sion. Analysis of whole-cell lysates was carried out as described in
the legend to Fig. 2, except that HIV-1-infected patient serum was
used for detection. In previous blots with gpl60 and gpl20 stan-
dards, this patient serum detected gpl60 efficiently but detected
gpl20 inefficiently. This suggests that the predominant env-specific
antibodies in the serum are directed to gp4l epitopes. The cell lines
analyzed were transfected with pMttl6OA32 (160A32) or pMttl6O
(160) or were not transfected (-). Transfected cells were analyzed
both uninduced (-) and induced for 5 days (+).

in allowing association with gp41 may be direct or indirect.
These sequences may provide a direct contact site for gp4l.
Alternatively, deletion of this region may disrupt the confor-
mation of the molecule to such an extent that the appropriate
arrangement of gp4l contact sites is destroyed. To investi-
gate the effect of the 31-amino-acid deletion on the confor-
mation of gp120A32, the ability of the protein to bind to a
soluble form of the human CD4 receptor (sCD4 [3]) was
compared with that of the full length gpl20. Culture super-
natants containing gp120A32 or gpl20 were incubated with
0.5 ,ug of sCD4, and bound material was immunoprecipitated
with excess anti-CD4 antibody as described elsewhere (5).
As a positive control, rabbit polyclonal antibody to gp120
was used in separate reactions. Bound material was eluted at
90°C in Laemmli sample buffer (11), and bound envelope
protein was identified by Western blot analysis (Fig. 4). The
results indicate that both the full-length and truncated enve-
lope proteins were quantitatively bound by sCD4. Neither
protein was bound when sCD4 was omitted or when an
antibody (OKT4A) which competes with specific gpl20
binding to sCD4 (15) was used for immunoprecipitation.
Since binding to sCD4 is thought to require an intact tertiary
structure formed by discontinuous sequences in gp120 (2, 9)

TABLE 1. Detection of cell-associated envelope proteins by
immunoreactivity

Reactivity in:

Plasmid Immunoblota Immunofluorescence assay
transfected

gp160A32 gp41 gpl20A32 Cytoplasmicb Membranouscor gpl6O P or gpl2O

pMttl6OA32 + + - + -
pMttl6O + + + + +
None - - - - -

a Data from Fig. 2 and 3.
b Immunoreactivity of anti-gpl20 antibody with cytocentrifuge preparations

fixed in absolute methanol.
c Immunoreactivity of anti-gpl20 antibody with viable-cell suspensions.

Mtt160 A32 Mttl6o

gp120
A321 2 34 gpl201 2 34

* 4I 8 *

lane sQD4 Antibody

1 - OKT4
2 + OKT4
3 + OKT4A
4 - al20

FIG. 4. Specific binding of secreted gp120A32 and gpl20 to
sCD4. Culture supernatants containing gp120A32 or gpl20 secreted
from the pMttl6OA32 or pMttl60 cell line, respectively, were
incubated in the presence (+) or absence (-) of sCD4 and then
immunoprecipitated with antibody as indicated in the chart. Bound
material was analyzed by Western blot analysis as described in the
legend to Fig. 2. Lanes marked gp120A32 and gpl20 contain
untreated culture supernatants equal in volume to those used in the
immunoprecipitation reactions.

and since the sCD4 binding of gp120A32 is indistinguishable
from that of full-length gpl20, the 31-amino-acid deletion
does not disrupt the overall conformation of the protein.
Other means by which the 31-amino-acid deletion may

indirectly affect gpl20-gp41 association include altering the
extent or actual site of gpl60 cleavage. We do not detect any
significant differences in the mobility of gp41 produced from
the full-length and deleted constructs (Fig. 3). However,
there is a small difference in the amount of gp4l detected,
but it seems unlikely that this difference could account for
the complete absence of cell-associated gp120A32. It seems
more likely that full-length gpl20 remains cell associated, in
contrast to gp120A32, because the N-terminal 31 amino acids
of the protein are somehow involved in the formation of a
critical contact site for gp4l.
Alignment of the amino acid sequences at the N termini of

19 different HIV-1 isolates (16) reveals a hyperconserved
stretch of 26 amino acids in which 21 of the positions are
invariant and 4 are rarely substituted, with conservative
changes only. Across this region (amino acids 4 to 29 of
mature gpl20), the sequence of the HIV-1 BH10 isolate used
in this study (Fig. 1) is identical to the consensus. The role of
this highly conserved region within the envelope has not
been previously defined. Clearly, we and others have shown
that it does not affect CD4 binding (2, 12, 20). Our finding
that deletion of this hyperconserved region completely abol-
ishes association of gpl20 at the cell surface suggests that the
role of this conserved sequence is to provide important
information for stable association with gp4l. Others have
shown that a small insertion very near this region, at amino
acid 36 of the mature envelope protein (amino acid 66 of the
precursor), abolishes gp120-gp41 association in mammalian
cells (9). Mutations in other regions within the first 300
amino acids of mature gpl20 downstream of the N-terminal
hyperconserved region also have been shown to disrupt
gpl20-gp41 association without affecting CD4 binding (9).
Thus, the association between gp120 and gp4l appears to
depend on multiple contacts.
We find that the pMttl60A32 and pMttl60 Drosophila cell

lines fail to fuse with CD4+ cells. Other insect cell lines
(Spodoptera frugiperda) have been shown to fuse with
CD4+ cells upon expression and cleavage of gpl60, suggest-
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ing that insect cells cleave gpl60 into functional gpl20 and
gp4l molecules capable of directing fusion (22). It is possible
that the Drosophila S2 cell line lacks some accessory factor
needed for env-mediated fusion with CD4+ cells. Alterna-
tively, it may be that the gpl60 cleavage efficiency, the
density of gpl20-gp41 at the cell surface, or the presentation
of the molecules at the surface is inappropriate to allow
fusion to occur.
Our data suggest that the N-terminal 31 amino acids of

mature gp120 are critical for gpl20-gp41 association and thus
presumably for viral infectivity. The evidence that these
sequences may provide a contact site for gp4l provides a
plausible role for a hyperconserved region present at the
extreme N terminus of the HIV-1 envelope protein.
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