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An enzyme immunoassay using the purified native gpl60 for the detection of human immunodeficiency virus
type 1 (HIV-1) antibody was developed. This assay was determined to be highly specific, since (i) 157 serum
samples that were confirmed negative by Western blot (immunoblot) (WB) were negative, (ii) 41 serum samples
from populations with medical conditions that might cause nonspecific assay reactivity were all negative, and
(iii) all 15 serum samples that showed false-positive reactions in one or more commercial HIV-1 screening tests
were negative. The assay gave 100% specificity with a randomly selected and unlinked panel of 1,000 serum
samples from healthy blood donors. The sensitivity of the assay was assessed by testing 238 samples confirmed
as HIV-1 antibody positive by a standardized WB assay. All 238 serum samples (100%) were reactive in the
native gp160 assay. In a dilution panel of 14 weakly WB-positive serum samples, 7 samples reacted two- to
fivefold more strongly in the gp160 assay than in a virus lysate-based assay; the remaining 7 samples gave
comparable reactivities in the two tests. The reactivities of 13 of these 14 serum samples in the gpl60 assay
were higher than in a commercial enzyme immunoassay that uses a recombinant envelope protein as the
antigen. The native gpl60 assay was more sensitive to identify seroconversion. In a well-characterized panel of
sequential blood samples from a seroconverter, the new assay detected antibodies at least one sample ahead
of the other commercial assays tested.

The identification of human immunodeficiency virus type 1
(HIV-1) and the establishment of a culture method for the
continuous production of HIV-1 (6, 18, 37) have led to the
development of a series of serological tests for the diagnosis of
HIV-1 infection. These diagnostic tests employed solubilized
virus harvested from infected-cell cultures as the antigen in
enzyme immunoassays (EIAs) for the detection of HIV-1
antibody (10, 42). The major problem associated with the use
of solubilized virus is the nonspecific reaction caused by the
contaminating host antigens (23, 25, 31). Substituting the viral
lysate with recombinant antigen or synthetic peptides in EIA
has reduced the number of false-positive reactions, but such
assays are limited to recognizing only antibodies directed
against chosen portions of the HIV proteins (4, 11, 19, 29, 45,
49). Use of the entire molecule of antigen in its native
configuration may be of great diagnostic importance, especially
for the recognition of antibodies against the conformational
epitopes which may be crucial in the early detection of the
infection (1, 34, 40).

Antibodies to envelope glycoproteins (gpl60, gpl20, and
gp4l) of HIV constitute a major proportion of the humoral
immune response in HIV-infected individuals (2, 30, 32), and
the transmembrane portion of the envelope glycoprotein
(gp4l) has been identified as the antigen most consistently
recognized by the serum antibodies (12, 15, 16, 20, 35, 41, 42).
Since it is impractical to purify gp4l or its precursor polypro-

* Corresponding author. Mailing address: Advanced BioScience
Laboratories, Inc., 5510 Nicholson La., Kensington, MD 20895. Phone:
(301) 881-5600. Fax: (301) 468-9466.

t Present address: Sienna Biotech, Inc., Columbia, MD 21046.
t Present address: Biogen, Inc., Cambridge, MA 02142.
§ Present address: Saliva Diagnostics Systems, Singapore.

tein (gpl60) from virus-infected cells in quantities required for
serological screening tests (50), recombinant or synthetic pep-
tides corresponding to highly antigenic regions of the envelope
glycoproteins were used for the development of sensitive and
specific tests for detecting HIV-1 antibodies (4, 19, 49). We
have described a culture system capable of producing large
quantities of native envelope proteins of HIV-1 by using a
clone of the HUT78 cell line chronically infected with the
HIV-1451 isolate (26). This cell line secreted unprocessed
envelope glycoprotein, gpl60, as well as mature gpl20 into the
extracellular medium. Under serum-free conditions, these cells
released approximately five times the amount of viral glycop-
roteins released by cultures in normal medium. This facilitated
the purification of gp160 and gpl20 in large quantities (28). In
this paper we report the development of a highly sensitive and
specific EIA using gpl60 as the antigen and demonstrate the
distinct advantage of using the purified native antigen for
HIV-1 serodiagnosis. This assay is not intended to detect
HIV-2 antibodies.

MATERIALS AND METHODS

Serum specimens. The following groups of serum specimens
were used to assess the diagnostic characteristics of the EIA.

(i) Three hundred ninety-five serum samples had been
characterized by Western blot (immunoblot) analysis for their
HIV-1 antibody status in a previous study (15). Two hundred
thirty-eight of these samples were classified as HIV-1 antibody
positive and 157 samples were classified as anti-HIV-1 negative
on the basis of the Western blot analysis.

(ii) Forty-four plasma samples representing a variety of
serological conditions that might interfere in specific antibody
tests were provided under code by David Anderson of Food
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and Drug Administration in an earlier study of the serological
evaluation of screening tests for human T-cell leukemia virus
type I (HTLV-1) (3). One of the samples was exhausted, and
two were known to be positive for antibodies to HIV-1. These
were excluded from the analysis, and the remaining 41 serum
samples were analyzed in the present study. The sera were
originally obtained from Boston Biomedica (BBI), Bridgewa-
ter, Mass., and they included sera from multiply transfused
hospital patients, one grossly lipemic serum, one serum with
anti-HLA-DR antibodies, sera reactive for rhumatoid factor,
and sera with reactivities to Toxoplasma gondii, HTLV-I,
cytomegalovirus, Epstein-Barr virus early antigen, hepatitis B
surface antigen, and hepatitis B core antigen. There were sera
reactive by the heterophile test and the Rapid Reagin test and
sera with antinuclear antibodies.

(iii) Fifteen sera were selected from several blood bank
collections for their persistent falsely positive reactions in one
or more commercial HIV-1 screening tests. These sera were
provided by Organon Teknika Corporation, Durham, N.C.

(iv) The following three groups of serum samples were
collected during early seroconversion: BBI panels A and C
(each of these panels consists of a longitudinal series of plasma
samples collected from a single individual before, during, and
after HIV-1 seroconversion [44]) and a panel of four sequen-
tial blood samples collected during acute viral meningitis and
subsequent HIV-1 seroconversion (24).

(v) One serum sample reacted to p24 only in the Western
blot assay, but the donor later became seropositive to addi-
tional HIV-1 antigens (sample obtained from Organon
Teknika Corporation).

(vi) One thousand serum samples were from healthy blood
donors and were collected at American Red Cross centers.
These samples were randomly selected and unlinked.

Purification of native HIV-1 antigens. (i) gpl60. Envelope
glycoprotein gpl60 was purified from the extracellular medium
of the 6D5451 cell line, which is chronically infected with the
HIV-1451 isolate, as described previously (28). Briefly, a series
of anti-HIV-1 immunoaffinity chromatographic steps using
both human immunoglobulin G (IgG) and mouse monoclonal
antibodies was used in the purification procedure. Traces of
human and mouse IgGs that coeluted with gpl60 were re-
moved by passing the preparation through goat anti-human
and goat anti-mouse immunoglobulin columns, respectively.
Approximately 300 ,ug of gpl60 was obtained from 1 liter of
the conditioned medium.

(ii) gpl20. Glycoprotein gpl20 was purified from H9 cells
infected with HIV-1IIIB as described earlier (36). Briefly, the
cells were lysed with a detergent-containing buffer, and the
lysate was reacted with an affinity matrix prepared with IgG
from the serum of an AIDS patient. The eluate from this
human IgG column was passed through a lentil-lectin column,
which separated gpl20 and p24. Glycoprotein gpl20 was
eluted from the lectin column and further purified by immu-
noaffinity and ion-exchange chromatographies.

(iii) p24. The core protein p24 was purified as follows. The
flowthrough from the lectin column was dialyzed against 20
mM Tris (pH 8.2) containing 1 M NaCl, after which Triton
X-100 was added to obtain a final detergent concentration of
0.2%. The dialyzed material was reacted with an affinity matrix
prepared with a monoclonal antibody against p24 (48) and
equilibrated with 20 mM Tris-HCl (pH 8.2) containing 1 M
NaCl and 0.2% Triton X-100. The bound p24 was eluted with
50 mM diethylamine (pH 11.5). The eluate was extensively
dialyzed against 10 mM N,N'-bis(2-hydroxyethyl)-2-aminoeth-
anesulfonic acid (BES) buffer (pH 6.5) containing 1 mM
EDTA and loaded on a phosphocellulose column equilibrated

with the same buffer. The column was eluted with a linear 0 to
500 mM NaCl gradient, and fractions containing p24 were
pooled, concentrated, and dialyzed against phosphate-buffered
saline (PBS).
The purities of gpl60, gpl20, and p24 were assessed by (i)

the presence of single Coomassie blue-staining bands on
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE), (ii) the presence of a single band on Western
blots with HIV-1 antibody-positive human serum, and (iii)
nonreactivity with goat anti-human and goat anti-mouse IgG
by EIA.
ETA using purified viral antigens. Appropriate amounts of

purified native viral antigens were dissolved in 50 mM sodium
bicarbonate (pH 9.6), and 100 ,ul of the solution was added to
each well of a 96-well polystyrene microplate. The antigens
were allowed to absorb overnight at 4°C. The wells were
emptied, and nonspecific binding sites were blocked with
fourfold-diluted BLOT1O (1.25% nonfat dry milk, 2.5% bo-
vine serum albumin [BSA]) at room temperature for 1 h. The
wells were washed with 0.05% Tween 20 in PBS and allowed to
react at 37°C for 1.5 h with 100-,ul quantities of serum samples
diluted fivefold in Dilsim (normal goat serum containing
detergents and salts; Organon Teknika Corporation). The
wells were then washed five times with 0.05% Tween 20 in PBS
and incubated for 1 h at 37°C with peroxidase-labeled goat
anti-human IgG at a dilution of 1:1,600 in PBS containing 10%
normal goat serum and 0.5% Triton X-100. The wells were
washed five times with 0.05% Tween 20 in PBS, and the
contents were reacted with 100 ,ul of a preformulated tetram-
ethylbenzidine peroxidase substrate (TMB microwell peroxi-
dase substrate system; Kirkegaard & Perry, Gaithersburg,
Md.). The reactions were stopped by the addition of 100 R1 of
1 M phosphoric acid, and the optical densities at 450 nm were
measured on a Dynatech reader. Data are shown as a ratio of
signal to cutoff value (S/C ratio). Twice the mean of three
negative control values is taken as the cutoff. An S/C ratio of
-1 is taken as a positive test. Negative control sera were pools
of normal blood donor sera screened for the absence of
hepatitis B and HIV-1 antibodies by using licensed enzyme-
linked immunosorbent assay (ELISA) tests. For positive con-
trols, high-titer sera were diluted with negative sera to give a
test optical density of approximately 0.6. An assay run was
considered valid if the mean optical density of the negative
controls was below 0.2 and that of the positive control was
greater than 0.5.
ELAs using commercial HIV-1 kits. EIAs using virus lysate

(Vironostika HIV-1 microelisa system [Organon Teknika Cor-
poration]) and recombinant envelope protein P-Env9 (duPont)
were performed according to the manufacturers' instructions.
Western blot immunoassay. Detergent lysates of HIV-1

(produced in our own Food and Drug Administration-licensed
virus production facility) were fractionated by SDS-PAGE,
and the protein bands were electrophoretically transferred to
nitrocellulose sheets according to the procedure of Towbin et
al. (46). Nonspecific binding sites were blocked by incubating
the nitrocellulose sheets in BLOTTO (5% nonfat dry milk,
10% BSA). Strips containing representative profiles of viral
antigens were cut from these sheets and incubated at room
temperature for 1 h with test serum diluted 100 times in
Dilsim. The strips were washed three times with wash buffer
(0.1 M NaCl, 0.25% Tween-20, and 20 mM sodium phosphate
[pH 7.2]) and incubated with biotinylated goat antibodies to
human IgG in wash buffer for 1 h at room temperature. Strips
were washed with wash buffer, reacted with avidin-conjugated
horseradish peroxidase diluted 1:1,000 in wash buffer, and
again washed with wash buffer before being reacted with
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FIG. 1. Optimization of precoating with gpl60. The wells of micro-
titer plates were coated with the indicated concentrations of gpl60.
Three serum samples that showed medium-positive (0), weakly
positive (A), and false-positive (M) reactions, respectively, in the
Vironostika HIV test were studied. The assay was performed at a
serum dilution of 1:5 as described in Materials and Methods.

0.003% H202 containing 600 ,ug of 3,3'-diaminobenzidine per
ml in PBS. The strips were then rinsed with water and dried.

Radioimmunoprecipitation assay. An immunoprecipitation
assay using [35S]methionine-labeled proteins was performed as
described earlier (47). Briefly, the labeled cells were lysed at
4°C, and the cell lysates were preabsorbed with protein A-
Sepharose for 3 h at room temperature. The lysates were
clarified by centrifugation, and then 10 [lI of human serum and
200 ,lI of a 10% suspension of protein A-Sepharose were
added to 1 ml of the clarified lysate. The samples were then
incubated for 18 h at 4°C. The immunocomplexes were pel-
leted by centrifugation and washed three times with 10 mM
sodium phosphate (pH 7.2) containing 0.5% NaCl, 1% Triton
X-100, 0.5% sodium deoxycholate, and 0.1% SDS. The washed
pellets were suspended in 50 ,ul of electrophoresis samrgle
buffer, heated for 2 min at 90°C, and centrifuged. The S-
labeled proteins in the supernatant were separated by electro-
phoresis on a 12% polyacrylamide gel and visualized by
autoradiography.

RESULTS

Optimization of the gpl60 ELISA. All available evidence
had shown gp4l to be the most desirable HIV-1 antigen for a
serological test to identify HIV-1 antibodies (15, 42). We
predicted that gpl60 would have the same antigenic features as
its subunit gp4l for antibody detection but would have the
major advantage of being soluble and therefore being amena-
ble to easy manipulation compared with the highly hydropho-
bic gp4l. Our preliminary analysis did confirm that gp160 was
a sensitive reagent to detect HIV-1 antibodies in human sera.
The system was optimized in an EIA format for antigen and
serum concentrations. Because of the purity of the antigen and
its freedom from contaminating cellular proteins, the back-
ground absorbance was extremely low even at low serum
dilutions. All assays were done with 1:5-diluted sera. To
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FIG. 2. Reactivity distribution for 395 Western blot-characterized serum samples in native gpl60 EIA. One hundred fifty-seven Western

blot-negative (0) and 238 Western blot-positive (0) serum samples were tested at a 1:5 dilution with 100 ng of antigen per well on the plate. The
S/C ratio at 1.0 indicates twice the absorbance value of the negative controls (see Materials and Methods).
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optimize the antigen concentration on the plate, we titrated
gpl60 from 800 ng per microplate well downward by stepwise
twofold dilution. Three serum samples were used to evaluate
the effect of the antigen concentration: one that was moder-
ately reactive, one that was weakly reactive, and one that was
falsely reactive in a licensed commercial HIV-1 antibody assay,
the Vironostika HIV-1 system (Organon Teknika Corpora-
tion).
The amount of gpl60 required for a maximal response was

approximately 400 ng per well (Fig. 1). However, at 50 ng of
gpl60 per well, even the weakly reactive serum showed con-
siderable reactivity. On the basis of these data, we chose 100 ng
of gpl60 per well as the antigen concentration for further
studies and used the procedure outlined in Materials and
Methods. The serum which showed a false-positive reaction in
the Vironostika assay was negative with up to 800 ng of gpl60
per well.
Assay specificity. The specificity of the native gpl60 assay

was evaluated by its performance with three panels of sera.
These included 157 serum samples that were confirmed nega-
tive for HIV-1 antibodies as part of a previous study (15). All
157 samples were nonreactive in the gp160 assay. The S/C ratio
for over 90% of the samples was between 0.5 and 0.7 (Fig. 2).
A panel of 41 "problem" serum samples representing a variety
of serological conditions that might produce false-positive
results in the detection of HIV-1 antibodies was also negative
in the gpl60 assay. Similarly nonreactive was a panel of 15
serum samples which showed false-positive reactions in one or
more commercial HIV-1 screening tests.
The performance of the native gpl60 assay was further

evaluated by using 1,000 randomly selected, unlinked serum
samples collected from healthy blood donors by the American
Red Cross. The sera were prescreened with a Food and Drug
Administration-licensed HIV-1 screening test (Vironostika
HIV-1 test). Of the 1,000 serum samples, 2 were repeatedly
reactive. The results of the native gpl60 assay coincided with
the results of the Vironostika HIV-1 test. The two repeatedly
reactive serum samples were confirmed positive by Western
blot analysis and radioimmunoprecipitation assay (data not
shown). The specificity of the gpl60 assay was calculated by the
following formula: [(total specimens screened - number re-
peatedly reactive)/(total specimens screened - number con-
firmed reactive)] x 100 = specificity. Thus, the native gpl60
system has a calculated specificity of 100% from results with
1,000 normal donor serum samples tested.

Sensitivity of the gpl60 EIA. The sensitivity of the native
gpl60 assay was initially evaluated by testing 238 serum
samples that were confirmed by Western blot to contain HIV-1
antibodies. All 238 samples were positive in the assay. The
distribution of S/C ratios for these samples, along with that of
S/C ratios for the 157 confirmed negative serum samples
described above, is shown in Fig. 2. There is a clear break
between the negative and the positive samples. The sensitivity
was further evaluated in comparison with the viral lysate-based
Vironostika assay by using a dilution panel of sera. The
dilution panel was made by serially diluting 14 selected serum
samples that showed limited bands on Western blot profiles.
These diluted samples were then tested in both assays as
described in Materials and Methods. The sensitivities of seven
of the serum samples in both tests were about equal (data not
shown). The remaining seven samples reacted more strongly in
the gpl60 assay than in the Vironostika assay (Table 1). Of
these latter seven samples, five reacted only to gp4l, one
reacted to gp4l and p31, and one (an early seroconverter
sample) reacted only to p24 in the Western blot assay. The
native gpl60 assay was then compared with a commercial

TABLE 1. Sensitivity of native gpl60 assay with a panel
of diluted sera

Result with:
InitialSample dilution" Native gpl6O Vironostika

(t10( ng/well) assay

425 500 + +
1,000 + +
1,500 + + ,
2,000 + -

528 50t) + +
1,000 + +/-
1,500 + -
2,000 + -

554 10 + +
50 + _
100 +/- -

210 1,00( + +
1,500 + +
2,000 + -
2,500 + -

268 2 + +
5 + -
10 -

264 2 + +
5 + _
10 +/- -

ESC 20 + +
40 + +/
60 + -
120 + -
240 - -

"The samples were further diluted 1:5 for the gpl6O assay and 1:76 for the
Vironostika assay.

b +/-, result in the gray zone.

recombinant envelope EIA by using the same 14-sample
dilution panel. Thirteen of these serum samples (Table 2) gave
higher absorbance readings with native gpl60 than with the
recombinant protein at all dilutions tested.
Performance in early seroconversion panels. Three serum

panels were tested to evaluate the performance of the native
gpl60 assay in the detection of HIV-1 antibodies during
seroconversion. Panels I and 2 were BBI seroconversion
panels A and C, respectively (44). Panel 3 consisted of four
sequential blood samples collected during an episode of acute
viral meningitis and subsequent HIV-1 seroconversion (24).
The reactivity of the gpl60 assay with each panel was com-
pared with those of EIAs using virus lysate (Vironostika
HIV-1) and the recombinant envelope protein P-Env9 (du-
Pont). With serum panels 1 and 3, HIV-1 antibodies were
detected in exactly the same samples by all three tests (data not
shown). With panel 2 (BBI panel C), the gpl60 system
detected antibodies in the second blood sample of the panel
(sample 2C) (Table 3). Both the Vironostika HIV-1 and
P-Env9 assays detected the antibody only in later blood
samples.

Reactivity of gpl60compared with those of gpl20and p24.
Since the serum to be tested contains a mixture of antibodies
to different antigens, the sensitivity of the test will depend on
the specific antigen or mixture of antigens on the solid phase.
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TABLE 2. Comparison between the native gpl60 assay and
a recombinant envelope peptide-based EIA with a

panel of diluted sera

S/C ratio' in:
Sample Initial

dilution Native gpl60 Recombinant P-Env9
assay assay (duPont)

432 50 6.6 >3.0

528

523

500
1,000

50
500

1,000

500
1,000
2,000

10
100
200

554

150 100
1,000
2,000

210 100
1,000
2,000

3.2
1.9

6.2
3.4
2.3

2.4
1.7

>3.0
2.4
1.8

6.3
4.3
3.3

4.9
1.9
1.2

5.7
2.9
1.9

6.3
3.0
2.0

>3.0
2.2
1.5

1.9
1.5
0.99

>3.0
1.8
1.3

>3.0
2.1
1.5

TABLE 3. Reactivities of an early seroconverter panel in the viral
lysate, recombinant envelope peptide, and native gpl60 systems

Result with:
Collection

Sample date Viral lysate Recombinant Native gpl6O
(mo-day-yr) assay P-Env9 assay assay(Vironostika) (DuPont) assay

IC 7-16-85 - - -
2C 7-23-85 - - +
3C 7-25-85 - + +
4C 7-30-85 + + +

and GC258, reacted almost equally with all three proteins (Fig.
3A). The reactivities of another panel of six weakly Western
blot-positive serum samples are shown in Fig. 3B. These sera
were initially diluted to near end point in the Vironostika assay
before being tested to determine what specific reactivity re-
mained. All the sera showed high reactivities with gpl60 at end
point dilutions. The reactivities of gpl20 and p24 with these
sera were extremely poor. Even though the total number of
sera tested in the above-described side-by-side comparison was
not large, the results showed that native gpl60 was clearly
superior as the antigen of choice to detect antibodies to HIV-1
in sera of humans infected with HIV-1.

215 100 6.3 >3.0
1,000 3.9 2.0
2,000 2.9 2.0

425 50 6.3 >3.0
500 3.3 2.3

1,000 2.1 1.8

491 50 6.5 >3.0
500 4.0 2.5

1,000 2.4 2.0

446 50 6.2 >3.0
500 3.3 2.6

268 2 4.2 1.9
40 0.9 0.63

264 2 4.3 2.1
40 0.9 0.71

259 2 1.2 1.2
100 0.65 0.63

ESC 80 2.4 1.9
160 1.8 1.5

aAbsorbance twice the mean of three negative control values for native
gp160 assay; absorbance one-half of the mean of three positive control values
for recombinant P-Env9 assay.

The reactivities of a number of sera with native gpl60, native
gpl20, and native p24 were studied to make an evaluation of
the comparative reactivities to the three proteins. The wells
were coated with equal amounts of each purified antigen. A
panel consisting of six serum samples reacting strongly in the
Vironostika HIV-1 assay was used. Four of the six samples
reacted more strongly with gpl60 than with gpl20 and reacted
only poorly with p24. The other two serum samples, SP1009

0
u)

49

0
4u)le

150 432 523 528 5768 5805
(3000) (2000) (1000) (2000) (500) (750)

FIG. 3. EIA of HIV antibodies in a group of selected human sera,
using purified native HIV-1 proteins. The microtiter plates were
coated with 100 ng of p24 (0), gpl20 (u), and gpl60 (l) per well.
The assay was done as described in Materials and Methods. (A)
SP1009, GC258, GC75, GC95, GC100, and BB127 are strongly positive
in several of the commercial EIA tests. The serum samples were tested
at a 1:5 dilution. (B) Serum samples 432, 528, 523, 150, 5768, and 5805
are weakly Western blot positive. Sera were initially diluted in normal
human serum as indicated in parentheses, and the assay was performed
at a further dilution of 1:5.
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DISCUSSION

In this report we describe a highly specific and sensitive EIA
for the detection of HIV-1 antibodies by using pure gpl60
from a HIV-1-infected cell culture. The antigen is native and
homogeneous by several criteria. The background absorption
by cellular contaminants was extremely small. In this study the
gpl60 assay yielded 100% specificity. The assay, therefore,
clearly eliminates those false-positive reactions usually en-
countered with systems using virus lysates. None of the 15
potentially false-positive samples tested showed any reaction in
the gp160 assay. Although recombinant DNA technology has
clearly increased the specificities of second-generation ETAs,
false-positive reactions caused by endogenous bacterial prod-
ucts copurified with the antigen preparations are frequently
seen. One of the 15 false-positive serum samples we tested in
this study (GC9) was found to be false positive in a recombi-
nant envelope assay (data not shown). Furthermore, because
of extremely low nonspecific background absorbance in the
gp160 assay, we could use low serum dilutions (up to 1:5)
without compromising specificity. In contrast, virus lysate-
based assays cannot accommodate high serum concentrations
and have to use higher serum dilutions to minimize reactivities
to nonspecific proteins. This built-in advantage makes the
native gp160 assay two- to fivefold more sensitive than the virus
lysate-based assay.
The relative concentrations of antibodies to major HIV-1

proteins appear to vary widely during early seroconversion
following HIV-1 infection (1, 38). Although some studies
seemed to identify the gag protein (p24) as the first antigen
recognized by sera from patients in the early stages of HIV
infection (8, 17), radioimmunoprecipitation studies identified
gpl60 as the primary seroconversion antigen, recognized even
before p24 (5, 30, 33). EIA using recombinant envelope
peptides has been shown to be more sensitive than some
commercial assays employing solubilized virus in detecting
antibodies early in seroconversion (44). The present study
demonstrates that the gpl60 assay was even more sensitive in
detecting seroconversion than a recombinant envelope pro-
tein-based EIA. A significant feature of gpl60 is that it is a
fully glycosylated viral protein secreted into the culture me-
dium in its native soluble form. These observations would seem
to support the view that conformational structures are of great
importance in recognition of the earliest antibodies to HIV.

Since the envelope glycoproteins contain epitopes naturally
accessible to the immune system, recent studies have been
directed to determine whether gpl60 could be a safe and
efficacious AIDS vaccine (21, 39). The antibodies which rec-
ognize the conformational epitope of envelope glycoprotein
may be more likely to be functional in vivo than those which
bind to denatured proteins or synthetic peptides. Therefore,
EIA using native gpl60 may be ideal for the detection of the
humoral immune response to candidate HIV vaccines incor-
porating envelope glycoproteins or inactivated whole virus.
The availability of sufficient quantities of purified antigen is

a prerequisite for development of serological tests. The neces-
sary amounts of gp160 can be economically purified from the
serum-free culture medium of 6D545l cells. Unlike the recom-
binant gpl60 produced in an insect tissue culture cell line (13),
the native gpl60 produced by 6D545, cells is soluble in the
absence of detergents. Although the native gp160 secreted by
the 6D5451 cells has a 60-amino-acid truncation at the carboxy
terminus (27), this small deletion does not affect the immune
recognition of the molecule because it is substantially removed
from all the known immunodominant epitopes of gpl60 (9).
There are additional advantages for native gpl60 in an

immunodiagnostic test. Since it is a well-defined molecule, the
coating density on the solid surface can be controlled in order
to provide optimum sensitivity. Undefined proportions of viral
proteins on the solid surface may produce variations in assay
sensitivity (7, 14, 22). EIAs designed to detect antibodies to
envelope proteins have been shown to be more sensitive than
the Western blot assay in earlier studies (43, 45). The extreme
sensitivity of the gpl60 assay renders it suitable for further
evaluating the indeterminate or weakly positive samples in
Western blot assay, thus eliminating the need for a second test
to confirm seropositivity. Since the antigen molecule is in its
native configuration, it provides epitopes that may be impor-
tant in the earliest recognition of antibodies during serocon-
version.
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