
Vol. 61, No. 11JOURNAL OF VIROLOGY, Nov. 1987, p. 3617-3620
0022-538X/87/113617-04$02.00/0
Copyright C 1987, American Society for Microbiology

Expression of Envelope Glycoproteins of Human Immunodeficiency
Virus by an Insect Virus Vector

SHIU-LOK HU,'* STEVE G. KOSOWSKI,' AND KAREN F. SCHAAF2

Oncogen1 and Genetic Systems Corporation,2 Seattle, Washington 98121

Received 20 January 1987/Accepted 15 May 1987

The envelope gene of human immunodeficiency virus was inserted into the genome of an insect virus vector
(Autographa californica nuclear polyhedrosis virus). Upon infection of tissue culture cells, this recombinant
virus produced immunoreactive polypeptides related to the envelope glycoproteins of human immunodeficiency
virus. Serological survey indicates such polypeptides would be of value as antigens in diagnostics for acquired
immunodeficiency syndrome.

Since the identification of a human retrovirus (human
immunodeficiency virus [HIVI) (3, 17, 23) as the etiological
agent for acquired immunodeficiency syndrome (AIDS),
there has been much interest in using HIV virion proteins for
diagnostic tests and possibly for vaccine formulations. Pro-
teins produced by recombinant DNA techniques offer at-
tractive alternatives to virion-derived materials because of
their specificity and ease of handling. Several expression
systems have been used to produce the envelope (env) and
the core (gag) antigens of HIV. They include Escherichia
coli (5-8, 28, 32), yeast (13), and mammalian cells (4, 11, 12,
16). In recent years, an insect virus, baculovirus, has also
been developed as an expression system (22, 29). Besides
the high level of expression obtainable, this system offers the
opportunity to study the processing and the biological prop-
erties of proteins of mammalian origins in insect cells. The
expression and processing of HIV gag antigens by
baculovirus was recently reported (19). In this communica-
tion., we report the expression of the env gene of HIV in
insect cells by a baculovirus vector and the possible appli-
cation of such recombinant-produced protein in an AIDS
diagnostic test.
The genomes of several isolates of HIV have been cloned

(1, 9, 18), and their nucleotide sequences have been deter-
mined (21, 25, 27, 33). Besides the typical retroviral genes
(gag, pol, and env), the genome ofHIV also encodes at least
two novel regulatory genes (tat and art) (30, 31) and two
genes of unknown functions (sor and 3' orf) (21, 25, 27, 33).
We chose to express the env gene of HIV, not only because
envelope glycoproteins are the most commonly detected
antigens by HIV-positive sera (2, 5, 6, 28), but also because
these proteins are known to elicit neutralizing (16, 26) and
T-cell-mediated immunity in immunized animals (35). The
env gene encodes a precursor glycoprotein of 150 to 160
kilodaltons (kDa) (gplSO/160), which is cleaved to mature
virion glycoproteins of 110 to 120 kDa (gpllO/120) and 41
kDa (gp4l) (21, 25, 27, 33).
To insert the env gene of HIV into the genome of the

baculovirus Autographa californica nuclear polyhedrosis
virus (AcNPV), we used a generalized method for the
construction of recombinant baculoviruses (20, 22, 29).
Briefly, foreign DNA is first inserted into a plasmid vector
(pAc610) downstream from the promoter for the baculovirus
polyhedrin gene. The chimeric gene in the recombinant
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plasmid is flanked by additional AcNPV sequences around
the polyhedrin gene. This plasmid is then transfected with
AcNPV DNA into insect tissue culture cells. Homologous
recombination between the plasmid and the viral DNA
occurs in the regions flanking the chimeric gene and allows
its insertion into the genome of AcNPV. The resultant virus
will lack the ability to synthesize polyhedrin and therefore
will exhibit an occlusion-negative phenotype in plaque as-
says. Using this approach, we constructed a recombinant
virus, Ac-env5 (Fig. 1), which contains the entire envelope
coding sequence of lymphadenopathy-associated virus
(LAV) (3), an isolate of HIV. The HIV insert in this
recombinant virus also contains 96 and 253 base pairs of 5'
and 3' untranslated sequences, respectively. The initiation
codon of the env gene is located 177 base pairs downstream
from the usual start site(s) of the polyhedrin transcript (29).
Since this codon is most proximal to the 5' terminus of the
transcript, translation initiated at this codon will result in
expression of the HIV envelope protein with no additional
sequences from the baculovirus polyhedrin gene.
To determine whether the env gene was expressed by the

recombinant virus, we infected insect cells (Spodoptera
frugiperda) with Ac-env5 and used Western blots (im-
munoblots) to detect HIV-specific proteins in the infected
cell lysates. Three major groups of proteins immunoreactive
with HIV-positive human serum were detected in the Ac-
env5-infected cells (Fig. 2, lanes 1 and 2) but not in the
AcNPV-infected cells (Fig. 2, lanes 10 and 11). The three
groups of proteins consisted of a doublet with a molecular
size of about 150 kDa, another doublet of about 120 to 130
kDa, and a diffuse band of about 41 kDa. The 150-kDa
proteins reacted with HIV-positive human serum as well as
with monoclonal sera against LAV gpllO or gp4l (Fig. 2,
lanes 1, 7, and 8). These proteins therefore represented the
recombinant-made analogs to the precursor envelope
glycoprotein gplSO of LAV. The 120- to 130-kDa and the
41-kDa proteins reacted, respectively, to anti-gpllO (Fig. 2,
lane 7) and anti-gp4l (Fig. 2, lane 8) monoclonal antibodies
and probably represented the recombinant-made analogs of
gpllO and gp4l, respectively. The time course of appearance
of the 150-, 120- to 130-, and 41-kDa proteins was consistent
with the notion that the 150-kDa protein was the precursor
from which the lower-molecular-size species were derived
(Fig. 2, lanes 1 to 4). Minor bands of immunoreactive
proteins with molecular sizes of about 92, 65, 43, and 35 kDa
were also observed. The identities of these proteins are not
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FIG. 1. Construction of recombinant baculoviruses containing
the envelope gene of LAV. A portion of the cloned proviral genome
of LAV (a), from the Avall site at nucleotide 5671 to the KpnI site
at 8349, was isolated (for details, see reference 11). Its termini were
converted into BamHI sites by the addition of synthetic linker
sequences. This fragment, which contained the entire coding se-
quence of the env gene, was inserted into the BamHI site in the
polylinker region of plasmid pAc61O (b). Plasmid pAc610, which is
a derivative of pAc461 (J. Luckow and M. Summers, manuscript in
preparation), contains AcNPV DNA sequences (_) which include
the polyhedrin gene (7T ). The polylinker region is located between
the polyhedrin promoter and the 3' coding sequences of polyhedrin
gene. The resulting recombinant plasmid pAc-env5 has the structure
shown in panel c. Insertion of the env sequence into the AcNPV
genome was accomplished by homologous recombination between
plasmid pAc-env5 and AcNPV DNA transfected into insect cells.
Recombinant virus was recognized as occlusion negative (OCC-) in
plaque assays, and its genome structure is represented in panel d.

clear. They could represent products of partial glycosyl-
ation, proteolytic degradation, or incomplete translation.
Further analysis is needed to elucidate the processing of the
baculovirus-made gplSO analog and to identify the precise
cleavage site(s) involved.

Radioisotope labeling with [3H]mannose indicated that the
recombinant-made 150-kDa proteins were glycosylated (Fig.
3). It has been shown that insect cells recognize the same
glycosylation signals on polypeptides as do mammalian
cells, although the pattern of glycosylation appears to be
different (10). It remains to be shown whether this is the case
for the HIV-env proteins made by recombinant baculovirus.
Very little, if any, of the 120- to 130-kDa and 41-kDa
env-related proteins was detected by radioimmunoprecipita-
tion of metabolically labeled cell lysates (Fig. 3). This result
could be due to the slow processing of the 150-kDa precur-
sor, since the smaller-molecular-size species did not appear
until more than 24 h after the 150-kDa precursor was
detected (Fig. 2, lanes 2 and 4). This result is in contrast to
the efficient processing observed for the HIV env protein
expressed by the vaccinia virus vector in mammalian cells
(Fig. 3, lane 13). It is interesting that a similarly slow rate
was observed for the processing of the baculovirus-
expressed hemagglutinin of influenza virus (14). The proc-

essing of hemagglutinin also involves the proteolytic cleav-
age of arginine- or lysine-rich sequences similar to that
proposed for the processing of HIV envelope proteins (21,
25, 27, 33). It remains to be tested whether these results
reflect the inefficiency of insect cells to process proteins of
mammalian origins at this cleavage site(s).
Using an immunoassay specific for HIV envelope

glycoproteins gpl50 and gpllO, we estimated that the
amount of immunoreactive protein produced by recombi-
nant infected cells was 1 to 2 mg/liter (data not shown).
Although this level is not as high as that achieved for some
other proteins expressed by the same vector system (22), it
represents a significant increase over the level obtainable
with purified HIV virions (23).

Since the recombinant baculovirus produced immunoreac-
tive proteins related to the envelope glycoproteins of HIV,
these proteins could be useful as antigens in diagnostic tests
for AIDS. To demonstrate this potential, we used infected
cell lysate as antigens in a solid-phase immunoassay to
screen a panel of 48 serum samples. This panel included sera
from patients with AIDS, AIDS-related complex, or lymph-
adenopathy syndrome, and sera from other high-risk indi-
viduals, as well as sera from healthy normal donors. This
immunoassay correctly identified all 35 positive and 13
negative samples previously classified by Western blot and
enzyme-linked immunoassays on the basis of disrupted
virions (Fig. 4). The serum sample that gave the lowest
positive reading in this immunoassay reacted weakly to
gpllO but not to gp4l in Western blots, indicating the
comparable sensitivity of these two assays in detecting
antibodies against envelope glycoproteins.

Antibodies against envelope antigens appeared to be one
of the best markers for detecting HIV-positive sera (2).
Several envelope-related polypeptides have been used as
antigens in immunoassays, with a high degree of specificity
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FIG. 2. Western blot analysis of env-related proteins expressed
by a recombinant baculovirus. Insect cells were infected with
recombinant virus Ac-env5 (lanes 1 through 4, 7, and 8) or its
parental strain AcNPV (lanes 10 and 11), both at a multiplicity of
infection of 5. At the indicated times after infection, cells were
harvested and lysed by being boiled in Laemmli sample buffer (15).
Total cellular proteins were resolved on a 10% sodium dodecyl
sulfate-polyacrylamide gel and electrotransferred onto nitrocellu-
lose filters. Proteins immobilized on filters were reacted with HIV-
positive human sera (lanes 1 through 5, 10, and 11) or with
monoclonal antibodies against gp4l (lanes 6 and 7) or gpllO (lanes 8
and 9). Immunoreactive proteins were detected by goat anti-
immunoglobulin antibodies conjugated with alkaline phosphatase
(Zymed). Purified LAV virion proteins were used as markers in
lanes 5, 6, and 8. kd, Kilodaltons.
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and sensitivity (5, 6, 28, 34; W. L. Cosand, U.S. Patent
4,629,783, Dec., 1986). Results from the present study
indicated the same potential for the envelope-related
glycoproteins produced by the recombinant baculovirus. It
is important that a relatively low cutoff value (0.18) and a
high signal-to-background ratio (average, >9) were obtained
with crude infected cell lysate without any purification. This
result is probably related to the fact that the baculovirus is
only known to infect cells of invertebrate origins. In this
regard, baculovirus-produced proteins may have certain
advantages over E. coli-produced proteins, which require
purification before being used as antigens in assays.
Another important feature of the baculovirus-produced

proteins is that they contain the entire amino acid sequence
of the envelope protein of HIV. This sequence might allow a
more complete representation of both linear and conforma-
tional epitopes than do E. coli-produced or chemically
synthesized peptides. On the other hand, it is known that
glycosylation in insect cells follows different patterns than
those in mammalian cells. It is not clear how this difference
in glycosylation will affect the antigenic property of the
baculovirus-made proteins. A more thorough study is re-
quired to determine whether any of these factors could
contribute to the relative merits of the baculovirus-produced
proteins compared with HIV virion proteins or other recom-
binant-made analogs as antigens in immunoassays.
The purified envelope glycoprotein (gpl20) of HIV (25)

and its recombinant-made analogs (16, 24) have also been
used to immunize animals which subsequently developed
neutralizing antibodies. These findings raised the possibility
that gpl20 or its recombinant analogs would be useful as
immunogens in the formation of a vaccine against AIDS.
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FIG. 4. Immunoassay with lysates from recombinant baculo-
virus-infected cells as antigens. Insect cells were infected with
recombinant baculovirus Ac-env5 at a multiplicity of infection of 5.
Two days later, infected cells were harvested, washed in phosphate-
buffered saline, and lysed in phosphate-buffered saline-0.5%
Nonidet P-40. Crude lysate was frozen and thawed twice and
cleared by low-speed centrifugation. Cleared lysate was diluted
400-fold with carbonate buffer (15 mM Na2CO3-35 mM NaHCO3,
pH 9.6), and samples were used to coat the wells of microtiter plates
(-0.3 ,ug of total protein per well). Antigen immobilized on these
wells was reacted with a panel of human sera previously character-
ized as HIV-positive (P) or HIV-negative (N) by whole-virus en-
zyme-linked immunosorbent assays and Western blots. HIV anti-
bodies were detected by goat anti-immunoglobulin antibodies con-
jugated with horseradish peroxidase. Reactivity was expressed as
optical density (O.D.) values after a standard chromogen reaction.
To control for background variations of individual wells, optical
density values are expressed as the difference of the absorbances
measured at 450 and 630 ,um. The arrow indicates the cutoff value
(0.18), which is defined as the mean optical density value of negative
sera plus 3 standard deviations.
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Studies are in progress to determine whether the envelope
glycoprotein analogs produced by the recombinant
baculovirus will have similar immunogenic properties.
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panel of human sera and Cyndy Becker for preparation of this
manuscript.
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FIG. 3. Radioimmunoprecipitation analysis of env-related pro-
teins expressed by recombinant baculovirus. Insect cells were mock
infected (lanes 7, 8, and 16), infected with recombinant baculovirus
Ac-env5 (lanes 4 to 6, 11, 12, and 14), or infected with parental
wild-type virus (lanes 1 to 3, 9, 10, and 15) at a multiplicity of
infection of 5. At 40 h postinfection, cultures were either labeled for
16 h with 160 p.Ci of [3H]mannose per ml (54 Ci/mmol; Amersham;
lanes 1 through 6) or for 2 h with 100 ,uCi of [35S]methionine per ml
(>800 Ci/mmol; Amersham; lanes 7 through 12 and 14 through 16).
At the end of the labeling period, cells were harvested and lysed in
0.01 M Tris (pH 7.4)-0.1 M NaCl-1% Nonidet P-40-0.5% deoxy-
cholate-1 mM EDTA. Cell lysates were reacted with HIV-positive
human sera (lanes 3, 6, and 14 through 16) and with monoclonal
antibody against gpllO (lanes 1, 4, 7, 9, and 11) or against gp4l
(lanes 2, 5, 8, 10, and 12). Immunoprecipitated proteins were
resolved on a 10% sodium dodecyl sulfate-polyacrylamide gel and
detected by fluorography. Lane 13 contained proteins from African
green monkey kidney cells (BSC-1) infected by recombinant vac-
cinia virus v-env5 (11), at a multiplicity of infection of 10. Cells were
labeled with [35S]methionine for 2 h, starting at 10 h postinfection.
At the end of the labeling period, cells were harvested and lysed and
the lysate was reacted with HIV-positive human sera. kd,
Kilodaltons.
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