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ABSTRACT

We have previously shown that the cell line 6D5,5; chronically infected with the HIV-1 isolate
HTLV-IIl,s,, secretes the HIV-1 envelope glycoproteins gp120 and gp160 in the extracellular
medium. The HTLV-II1,5, gp120 and gp160 were purified by sequential affinity chromato-
graphic steps using a monoclonal antibody to HIV-1 gp41 and an anti-HIV-1-positive human
serum. Amino acid sequence analysis of gp120 and gp160 showed the loss of the signal peptide.
Digestion of the purified gp120 and gp160 with endoglycosidases revealed that both proteins
are heavily glycosylated and contain complex carbohydrates, in contrast to the intracellular
form of gp160 which has been shown to contain mannose-rich immature sugars. Competitive
binding analysis showed that while both gp120 and gp160 bind CD4, the affinity of gp160 was
five times lower than that of gp120. Both gp120 and gp160 inhibited syncytia formation by
HIV-1-infected cells when mixed with CD4™ cells. Furthermore, both gp120 and gp160 had
strong mitogenic effects on the T cells from HIV-1-infected gibbons but not on cells from
uninfected gibbons.

INTRODUCTION

THE env GENE OF THE HUMAN IMMUNODEFICIENCY VIRUS codes for gp160, which is intracellularly cleaved
into the external viral envelope protein gp120 and the transmembrane protein gp41. Several studies using
native and recombinant gp120 have clearly shown that gp120 binds strongly to the CD4 antigen on the surface
of susceptible cells, and is responsible for viral attachment, the initial step in infection.'™> The highly
hydrophobic gp41, which contains the putative fusogenic domain, is probably involved in the subsequent
fusion with the cellular plasma membrane and internalization of the virus. In view of the external localization
on the virus, gp120 and gp4 1 have also been the targets for viral neutralization by the host immune system.®®
Several studies, using native and recombinant gp120 as well as synthetic peptides representing sequences

'Bionetics Research, Inc., 5510 Nicholson Lane, Kensington, MD 20895.
2Laboratory of Tumor Cell Biology, National Cancer Institute, National Institutes of Health, Bethesda, MD 20892.
3BRI-Basic Research Program, NCI-Frederick Cancer Research Facility, Frederick, MD 21701.

3N



KALYANARAMAN ET AL.

thereof, have shown that gp120 contains epitopes that can be targets of neutralizing antibodies against the
virus.®-1° However, the role of gp41 in this process remains uncertain even though there have been reports
showing that antibodies made against synthetic peptides from the gp41 region neutralize viral infection.'!-!?
The role of gp41 has been hard to establish since it is difficult to purify this protein either by recombinant
expression systems or from virus cultures due to its extremely hydrophobic nature.

The nucleotide sequences of a number of different isolates of HIV-1 are now known. A comparison of these
sequences in the env gene of the virus established the presence of a number of common hypervariable
regions.'>~!> These regions may code for epitopes in these proteins which may give rise to type-specific
neutralizing antibodies against the virus. In fact, with the use of synthetic peptides it has been shown that the
region between amino acids 310 and 335, known as RP-135, contains the dominant neutralizing epitope of the
virus and lies in the middle of one of the hypervariable regions of the env gene.!® Although the nucleotide
sequence of a number of HIV-1 isolates is known, the amino acid sequence of the highly divergent gp120 is
experimentally determined for only two of the HIV-1 isolates, namely HTLV-III and HTLV-IIIgg. "¢ It is,
however, essential to characterize the purified gp120 proteins of a number of HIV-1 isolates to understand the
structure-function relationship among these viral isolates. Such a characterization is even more important
since antibodies raised against the gp120 of the above two isolates have shown that they possess mainly
type-specific neutralizing activities against the virus.”"1’7

This report describes the purification and properties of soluble gp160 and gpl120 from the strain
HTLV-IIl,s, of HIV-1. Nucleotide sequence analysis has previously shown that relative to the prototype
HTLV-Illg, HTLV-III,, is one of the most divergent of the North American HIV-1 isolates.'* Furthermore,
HTLV-IIl,s, was chosen for the study because we have previously shown that a cell line, 6D5,s,, chronically
infected with this isolate has an unusual property of secreting the highly hydrophobic precursor protein gp160,
in addition to gp120, in the extracellular medium.'® The availability of monoclonal and hyperimmune
antibodies to these proteins has allowed us to isolate and purify these proteins. They remained soluble in the
absence of detergents. This is in contrast to the gp160 expressed in insect cells which required the use of a
powerful denaturing agent such as sodium dodecyl sulfate (SDS) for solubilization.'® Studies reported here
further show that both gp120 and gp160 have strong affinity for CD4 and have group-specific mitogenic effect
on the mononuclear cells of HIV-1-infected gibbons.

MATERIALS AND METHODS
Cells

Development of 6D5,s; cells chronically infected with HTLV-IIl,s; has been previously described.?°
6D5,s;, MOLT-3 cells producing HTLV-III (MOLT-3/IIlg), and CEMs, cells were grown in RPMI-1640
medium containing 10% fetal bovine serum (FBS). For growth in serum-free medium, 6D5,5, cells grown in
fetal bovine serum were centrifuged and resuspended in serum-free HB104 medium (Du Pont) and grown
further in the same medium.

Antibodies

Polyclonal goat antibodies to the purified gp120s of HTLV-III; and HTLV-III, and rabbit antibody to
HTLV-III; gp41 were kindly provided by Dr. L. Arthur of Frederick Cancer Research Facility. Defined
monoclonal antibodies to HIV-1 gp120 and gp41 were obtained from Du Pont. Development of monoclonal
antibody to HTLV-IIl,s, gp41 used in this study has been described elsewhere.?!

Purification of HTLV-11l,s, gp120 and gp160

Forty liters of 6D5,s, culture (80 roller bottles) grown in serum-free HB104 medium were clarified by
low-speed centrifugation. Triton X-100, NaCl, sodium phosphate pH 7.5, and phenylmethylsuifonylfluoride
(PMSF) were added to the supernatant to final concentrations of 0.5%, 500 mM, 20 mM, and 0.1 mM,
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respectively. The solubilized medium was concentrated 50-fold by filtration through a Pellicon Cassette
(Millipore). The concentrated medium was equilibrated overnight at 4°C with Sepharose-bound goat antibody
(IgG) to the proteins in the HB104 medium. The medium was clarified by filtration and passed through a 30
ml column of lentil-lectin Sepharose overnight at 4°C. The column was washed with phosphate-buffered
saline (PBS) and the glycoproteins were eluted at room temperature with 400 mM a-methyl mannoside. The
eluted protein fraction was adjusted to pH 8.5, and KCl, Triton X-100, and PMSF were added to final
concentrations of 1 M, 0.1% and 0.2 mM, respectively. The sample was equilibrated overnight at 4°C with 40
ml of anti-gp41 Sepharose. The latter was prepared by treating 50 ml of CNBr-activated Sepharose 4B with
250 mg of anti-HTLV-IIl,s; gp41.2' The Sepharose equilibrated with the glycoproteins was packed in a
column, washed extensively with PBS, and the proteins eluted with 100 mM Na,COj; containing 0.1 mM
PMSF. The eluted protein fraction was neutralized with 1 M HCI and concentrated using a Centricon-30
(Amicon). The SDS-polyacrylamide gel electrophoretic profile of this fraction revealed nearly pure gp160.

The unadsorbed fraction from the anti-gp41 Sepharose column was equilibrated overnight at 4°C with
IgG-Sepharose prepared by using a human serum containing high-titer antibodies to HIV-1 gp120. The
equilibrated IgG-Sepharose was packed in a column, washed with PBS, and eluted with 100 mM Na,CO,
containing 0.1 mM PMSF. The eluted protein fraction after neutralization with 1 N HCl was once again
equilibrated with anti-gp41 Sepharose to remove the last traces of gp160. The unadsorbed fraction was
concentrated using Centricon-30. SDS polyacrylamide gel electrophoresis demonstrated that this fraction
contained nearly pure gp120. The average yield of gp120 and gp160 from 40 liters of the medium was 2 mg
and 8 mg, respectively.

Western blot analysis

The proteins were separated on SDS-polyacrylamide gels and transferred to nitrocellulose. The nitrocellu-
lose was treated with specific antibodies, washed, and subsequently treated with '*I-labeled appropriate
second antibodies as described earlier.?? The reacted proteins were visualized by autoradiography .

Endoglycosidase digestion of gp120 and gp160

Five micrograms of purified gp120 or gp160 were digested for 3 h with 5 mU endoglycosidase H or 100 mU
endoglycosidase F (Boehringer Mannheim) in 50 mM sodium acetate buffer, pH 5.5, containing 0.02% SDS
and 0.1 mM PMSF. The proteins were similarly digested with 100 mU of N-glyconase (Genzyme) in 50 mM
sodium phosphate buffer pH 8.0 containing 0.1 mM PMSF and 0.02% SDS. The digested proteins were
analyzed in 9% SDS-polyacrylamide gels.

Amino acid sequence analysis

The HTLV-IIl,s; gp120 and gp160 isolated as above were further purified by high-performance liquid
chromatography (HPLC). Trifluoroacetic acid (TFA) was added to the proteins to a final concentration of
0.1%, and the mixture loaded on a pBondapak C-18 column (Waters). The column was then eluted with a
0-60% linear gradient of acetonitrile in 0.1% TFA. The major protein peak containing gp120 or gp160 was
subjected to automated Edman degradation in an Applied Biosystems gas-phase sequanator. The amino acids
were identified as phenylthiohydantoin derivatives using the Applied Biosystems PTH analyzer.

Binding of labeled gp120 to CEMs, cells

The purified gp120 was labeled with 2] to a specific activity of 2000 cpm/ng in the presence of Iodogen.
Four million CEMs, cells were washed once with the binding medium (RPMI-1640 medium containing 10
mM BES, 2 mg/ml of bovine serum albumin, and 0.1 mM PMSF) and incubated at room temperature with
50,000 cpm of gp120 in 500 pl of the binding medium for 2 h. The cells were washed twice with PBS and the
radioactivity in the cell pellet was measured in an LKB gamma counter. In control assays unlabeled gp120 was
included to determine the nonspecific binding which was nearly 1% of the labeled protein in the reaction.
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Syncytia inhibition assay

In 200 wl medium 1 X 10* MOLT-3/I1I; cells were cocultured for 24-36 h with 1 X 10° CEM cells in a
96-well microtiter plate and the cultures were photographed to visualize syncytia. Alternately, the CEM cells
were preincubated with 1 pg of either gp120 or gp160 for 1 h prior to cocultivation with MOLT3/III; cells.

T-cell proliferation assay

Peripheral blood mononuclear cells were isolated from HTLV-IlIg-infected and uninfected gibbon apes by
Ficoll-Hypaque gradient centrifugation. Cells were washed twice in cold PBS and resuspended at the
concentration of 1 X 10 ml™! in RPMI-1640 culture medium supplemented with 10% autologous serum for
each animal. Triplicate cultures were established for each antigen by seeding 100 w1 of the cell suspension and
adding 100 pl of the relevant antigen at the appropriate concentration. After five days, the cultures were
pulsed with 1 uCi of [*H]thymidine (New England Nuclear, Boston, MA), cultured for an additional 18 h, _
then harvested, and the cell-associated radioactivity determined in a liquid scintillation counter. Data were
calculated as the arithmetic mean from the triplicate cultures. The stimulation index (SI) represents the ratio
between stimulated and unstimulated control cultures. The antigens used in the assay were: HTLV-IIl,s,
gp120 or gp160 used at 1.0 pg ml~' and tetanus toxoid fluid (Wyeth Labs, Marietta, PA), used at 1:10 final
dilution. No animal included in the study had been previously immunized against tetanus.

RESULTS

Characterization of the properties of gp120 and gp160

Both gp120 and gp160 were purified starting with the soluble conditioned media from cultures of 6D5,5, as
described in Materials and Methods. It is extremely important to note that throughout the purification the
glycoproteins remained soluble without the need for harsh detergents and denaturants. The use of the affinity
procedures described yielded apparently homogeneous gp120 and gp160 (Fig. 1). The purified proteins were
stable for several months when stored at —70°C. Purified gp160, however, underwent some degradation to
70K and 55K proteins with time. While gp120 reacted specifically with monoclonal and polyclonal antibodies
to gpll%(; lof HIV-1 strains HTLV-IIlg and HTLV-IIlgE, gp160 reacted with antibodies to both gp120 and
gp41.™

Amino acid sequence analysis by Edman degradation indicated that a 33-residue signal peptide was cleaved
off to generate gp160 and subsequently gp120 having a common amino terminal sequence of NLWVTV—for
the proteins (Fig. 2). The two proteins had apparent molecular sizes of 110 and 140 kD, while the predicted
protein backbones of these proteins were only 54 and 96 kD, respectively. The nature of the glycosylation was
analyzed by digestion with specific glycosidases. Digestion of gp120 with either endo F or endo H resulted
only in partial deglycosylation, yielding a protein of 89 kD (Fig. 3A, lanes 2 and 3). Similarly, gp160 also
underwent limited digestion with these enzymes giving rise to a protein of 106 kD (Fig. 3B, lanes 2 and 3).
However, digestion with N-glyconase (glycopeptidase F) resulted in the complete removal of the sugars from
gp120 and gp160 and the reduction in molecular weights to 62 (Fig. 3A, lane 4) and 89 (Fig. 3B, lane 4),
respectively. This showed that the purified gp120 and gp160 had hybrid sugars which are only partially
susceptible to endo F and H digestion.

Relative interactions of gp120 and gp160 with CD4

HTLV-1IL5, gp120 labeled with '*I bound strongly to CEMs, cells and this binding was completely
inhibited by excess unlabeled gp120 or the OKT4a monoclonal antibody to CD4. In order to determine the
relative affinities of gp120 and gp160 to CD4, serial twofold dilutions of either HTLV-IIl,s; gp120 or gp160
were mixed with 2°I-labeled gp120, and the extent of binding to CEMs, cells was measured under standard
assay conditions as described under Materials and Methods. As shown in Figure 4A, both unlabeled proteins
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FIG.1. SDS polyacrylamide gel electrophoresis of HTLV-IIL,5, gp120 and gp160. Five ug of gp120 and gp160 were
run on 7.5% polyacrylamide gels and (A) stained with Coomassie blue or (B) analyzed by Western blot using an
HIV-1-positive human serum. 1. gp120; 2. gp160.

competed out totally the binding of labeled gp120 to the cells. The slope of the competition curves was nearly
identical, showing that the two proteins were reacting with the same group of sites. However, a nearly fivefold
higher concentration of gp160 was required for the same degree of competition as gp120, which probably
reflects a lower affinity of gp160 to CD4. This is in agreement with our previous observation using
metabolically labeled gp120 and gp160. Although both proteins bind to CD4, at limiting CD4 concentrations
preferential binding of gp120 was observed.'® Figure 4B shows the Scatchard analysis of the binding data.

1 30 40
Deduced gp160 MAM......... S AAANLWVTVY YGVP
Sequence 1
NLXVTVY YGV
Experimentally
Determined
Sequence [ o549 NLX VTV

FIG. 2. Amino acid sequence of HTLV-IIL,s; gp120 and gp160. The proteins purified by HPLC were subjected to
automated Edman degradation and sequence analysis as described in Materials and Methods. The gp160 sequence
predicted from the known nucleotide sequence of the env gene'? is given in the top line. The residue numbers starting with
the initiator methionine is indicated on the top. The bold arrow indicates the site of cleavage of the signal peptide.
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FIG. 3. Sensitivity of purified HTLV-IIL,5, gp120 and gp160 to digestion with endoglycosidases. Five micrograms of
2p120 or gp160 were digested with endoglycosidase F-, H-, or N-glyconase as described under Materials and Methods,
separated in 10% polyacrylamide gel and stained with Coomassie blue. (A) gp120; (B) gp160. Proteins digested with Endo
F- (lane 2), H- (lane 3), or N-glyconase (lane 4). Lane 1 represents undigested proteins and lane 5 molecular weight
standards.
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FIG.4. Competitive inhibition of the binding of labeled HTLV-IIL, 5, gp120 to CEM, cells by purified gp120 or gp160.
Different concentrations of unlabeled gp120 or gp160 were mixed with 50,000 cpm of '2°I-labeled gp120 and the extent
of binding of the labeled gp120 CEMs, cells was determined under standard binding conditions. (A) inhibition of binding
by serial dilutions of gp120 (e—®) or gp160 (X—X). (B) Scatchard plot analysis (8—®) of the binding of gp120 to
CEM,,, cells.
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The dissociation constant (K,) for the gp120 CD4 complex was calculated from the slope of the curve to be
1.2 X 107° M, and the number of binding sites per CEMs, cell was determined to be 13,200. These values are
in the same range as the reported values of 2 to 5 X 107" M and 15,000 for the HTLV-III; gp120.%?* The
interaction of purified gp120 and gp160 with CD4 was further examined by the ability of purified gp120 and
gp160 to inhibit the formation of syncytia when HIV-1-infected cells were mixed with CD4* cells. For this
purpose 1 X 10° CEMs, cells were pretreated with 1 g of either purified gp120 or gp160 and then mixed with
1 X 10* HTLV-IlIg-infected MOLT-3 cells. As shown in Figure 5, extensive large multinucleated cells were
seen 24-36 h after mixing CEM and MOLT-3/IIg cells. However, pretreatment of CEM cells with either
gp120 or gp160 completely prevented syncytia induction.

Mitogenic effect of gp120 and gpl160

We have previously shown that the mononuclear cells from gibbons infected with HTLV-III; can be
stimulated with inactivated virus to show extensive proliferation. There was, however, no effect on the cells
from uninfected gibbons. It was unclear which specific viral antigen mediated this response. As shown in
Table 1, both gp120 and gp160 had a strong proliferative effect on the cells from infected but not uninfected
gibbons. There was no quantitative difference in the response to either gp120 or gp160, which indicated that
the effect is elicited by the gp120 portion of gp160.

FIG.5. Inhibition of HIV-1 induced syncytia formation by purified HTLV-III,s, gp120 and gp160. 1x 10° CEM,cells
were pretreated with 2 pg of either gp120 or gp160 for 1 h and then mixed 1 X 10* MOLT-3/I1I; cells and the cells were
photographed 36 h later. (A) CEM;, cells. (B) CEMs, cells plus MOLT-3/III cells. (C) CEMs, cells pretreated with
HTLV-IIl,s, gp120 or (D) gp160 before mixing with MOLT-3/I1l cells.
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TABLE 1. T-CELL PROLIFERATIVE RESPONSE TOWARD HTLV-Ills; gp120 AND gpl60 IN
GIBBON APES CHRONICALLY INFECTED WITH HTLV-IIlp

Gibbon ape HTLV—IIg? gpl60° gpl120® TTe
Uninfected control 1.9 1.0 14 <1
HIV-1-infected #1 28.8 17.4 20.6 <1
HIV-1-infected #2 343 28.3 27.1 1.3

The values represent the stimulation index, calculated as the ratio between [*H]thymidine incorpo-
ration in stimulated and unstimulated cultures as described in Materials and Methods.

2Whole sucrose-banded virions, inactivated for 60" at 56°C and used at 25 ug/ml.

YHTLV-IlLs; gpl20 and gpl60, present at a concentration of 5 pg/ml.

¢Tetanus toxoid, used as irrelevant control antigen.

DISCUSSION

The present study demonstrates that native soluble HIV-1 envelope glycoproteins can be purified from the
culture media of virus-producing cells. Amino acid sequencing of purified gp120 and gp160 demonstrated the
loss of the signal peptide. Comparison of the amino terminal sequence of the HTLV-IIl,s, glycoproteins with
that of two other HIV-1 strains (HTLV-III; and HTLV-IlIz¢) reveal no conservation of the cleavage site
sequence.

In HIV-1-infected cell lines the intracellular gp160 is present only in the mannose-rich form and is fully
sensitive to digestion by endoglycosidase-H.?* Similarly, the gp160 expressed by recombinant expression
systems in Chinese hamster ovary cells was also shown to contain only endo-H-sensitive carbohydrate.? In
contrast to these observations, the secreted gp160 from vaccinia virus recombinants has undergone extensive
addition of complex carbohydrates.?® In the present study we have shown that the gp160 purified from 6D5 s,
cells is only partially sensitive to endo-H. The possibility that the addition of complex sugars may be a
requirement for the secretion of the viral glycoproteins in the medium is being investigated. There is some
support for this line of thinking from pulse-chase experiments which showed that a considerable lag (~2 h)
between intracellular synthesis and secretion of gp160 in these cells (data not shown).

In this report we clearly show that both gp120 and gp160 bind to CD4 and block the syncytia induced by
MOLT-3/1lIg cells. Both proteins effectively competed with the binding of labeled gp120 by CD4 molecules
on CEM cells, even though higher concentrations of gp160 were needed to achieve the same level of
competition as gp120 (Fig. 4). This confirmed our earlier finding that metabolically labeled gp120 and gp160
from 6D5,s, cells bind with strong affinity to the CD4 molecule.'® However, it cannot be excluded that the
lower levels of competition seen in the present experiments with gp160 may be due to the lower number of
functionally active molecules in our gp160 preparation.

Using in vitro mutagenesis, it has been previously shown that HIV-1 having uncleaved gp160 on their
surface are noninfectious.?” This cannot be due to the inability of gp160 to bind CD4 antigen on the cell
surface because we have demonstrated the ability of gp160 to bind to CD4. Proteolytic cleavage of gp160 to
gp120 and gp41 may be necessary for virus-membrane fusion, which allows the necessary subsequent steps
resulting in the infection.

It has been previously shown that inactivated HIV-1 stimulated the growth of unstimulated T cells from the
peripheral blood of animals experimentally inoculated with HIV-1.%8 A similar effect has also been observed
with mononuclear cells derived from HIV-I seropositive humans. It has been speculated that most of this
proliferative effect of the virus can be attributed to the envelope proteins gp120 and gp41. We examined this
phenomenon further with the purified gp120 and gp160 of HTLV-IIl,5,. As shown in Table 1, both gp120 and
gpl160 had a strong mitogenic effect on the unstimulated mononuclear cells from HTLV-Illg-infected
gibbons, but not from cells of normal gibbons. The effect was comparable to that elicited with inactivated
virus. Since HTLV-IIIg and HTLV-III,s, are two of the most divergent HIV-1 isolates from North America,
it is reasonable to conclude that the mitogenic effect of gpl20 is mediated through group-specific
determinants. This report describes a unique system in which the cleaved and uncleaved envelope
glycoproteins of an HIV-1 strain were obtained in the native form and their functional integrity was verified
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by demonstrating their ability to bind to the viral receptor, block syncytia formation during cell to cell
infection, and elicit a proliferative response in in vivo sensitized target cells.

10.

11.

12.

13.

14.

15.

16.

REFERENCES

. Dalgleish AG, Beverley PC, Clapham PR, Crawford DH, Greaves MF, and Weiss RA: The CD4 (T4) antigen is an

essential component of the receptor for the AIDS retrovirus. Nature 1984;312:763-767.

. Klatzmann D, Champagne E, Chamaret S, Gruest J, Guetard D, Hercend T, Gluckman JC, and Montagnier L:

T-lymphocyte T4 molecule behaves as the receptor for human retrovirus LAV. Nature 1984;312:767-768.

. Lasky LA, Nakamura G, Smith DH, Fennie C, Shimasaki C, Patzer E, Berman P, Gregory T, and Capon DIJ:

Delineation of a region of the human immunodeficiency virus type 1 gp120 glycoprotein critical for interaction with
the CD4 receptor. Cell 1987;50:975-985.

. Matthews TJ, Weinhold KJ, Lyerly HK, Langlois AJ, Wigzell H, and Bolognesi DP: Interaction between the human

T-cell lymphotropic virus type IlIz envelope glycoprotein gp120 and the surface antigen CD4: Role of carbohydrate
in binding and cell fusion. Proc Natl Acad Sci (USA) 1987;84:5424-5428.

. McDougal JS, Kennedy MS, Sligh JM, Cort SP, Mawle A, and Nicholson JK: Binding of HTLV-IIVLAV to T4+ T

cells by a complex of the 110K viral protein and the T4 molecule. Science 1986;231:382-385.

. Arthur LO, Pyle SW, Nara PL, Bess JW Jr, Gonda MA, Kelliher JC, Gilden RV, Robey WG, Bolognesi DP, Gallo

RC, and Fischinger PJ: Serological responses in chimpanzees inoculated with human immunodeficiency virus
glycoprotein (gp120) subunit vaccine. Proc Natl Acad Sci (USA) 1987;84:8583-8587.

. Matthews TJ, Langlois AJ, Robey WG, Chang NT, Gallo RC, Fischinger PJ, and Bolognesi DP: Restricted

neutralization of divergent human T-lymphotrophic virus type III isolates by antibodies to the major envelope
glycoprotein. Proc Natl Acad Sci (USA) 1986;83:9709-9713.

. Putney SD, Matthews TJ, Robey WG, Lynn DL, Robert-Guroff M, Mueller WT, Langlois AJ, Ghrayeb J, Petteway

SR Jr, Weinhold KJ, Fischinger PJ, Wong-Staal F, Gallo RC, and Bolognesi DP: HTLV-II/LAV-neutralizing
antibodies to an E. coli-produced fragment of the virus envelope. Science 1986;234:1392-1395.

. Palker TJ, Clark ME, Langlois AJ, Matthews TJ, Weinhold KJ, Randall RR, Bolognesi DP, and Haynes BF:

Type-specific neutralization of the human immunodeficiency virus with antibodies to env-encoded synthetic
peptides. Proc Natl Acad Sci (USA) 1988;85:1932-1936.

Putney SD, Rusche JR, Javaherian K, Petro J, Lynn DL, O’Keeffe TJ, Grimalia R, McDanal C, Bolognesi DP,
Matthews TJ, Matsushita S, Robert-Guroff M, and Gallo RC: Mapping of the Principal Human Immunodeficiency
Virus Neutralizing Epitope. Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, 1988, pp. 253-258.

Dalgleish AG, Chanh TC, Kennedy RC, Kanda P, Clapham PR, and Weiss RA: Neutralization of diverse HIV-1
strains by monoclonal antibodies raised against a gp41 synthetic peptide. Virology 1988;165:209-215.

Ho DD, Sarngadharan MG, Hirsch MS, Schooley RT, Rota TR, Kennedy RC, Chanh TC, and Sato VL: Human
immunodeficiency virus neutralizing antibodies recognize several conserved domains on the envelope glycoproteins.
J Virol 1987;61:2024-2028.

Desai SM, Kalyanaraman VS, Casey JM, Srinivasan A, Andersen PR, and Devare SG: Molecular cloning and
primary nucleotide sequence analysis of a distinct human immunodeficiency virus isolate reveal significant
divergence in its genomic sequences. Proc Natl Acad Sci (USA) 1986;83:8380-8384.

Hahn BH, Gonda MA, Shaw GM, Popovic M, Hoxie JA, Gallo RC, and Wong-Staal F: Genomic diversity of the
acquired immune deficiency syndrome virus HTLV-III: Different viruses exhibit greatest divergence in their
envelope genes. Proc Natl Acad Sci (USA) 1985;82:4813-4817.

Shaw GM, Hahn BH, Arya SK, Groopman JE, Gallo RC, and Wong-Staal F: Molecular characterization of human
T-cell leukemia (lymphotropic) virus type HI in the acquired immune deficiency syndrome. Science 1984;
226:1165-1171.

Pyle SW, Dubois GC, Robey WG, Bess JW Jr, Fischinger PJ, and Arthur LO: Purification and characterization of the
external envelope glycoprotein from two human immunodeficiency virus type 1 variants, HTLV-IIlg and
HTLV-IlIgg. J Virol 1988;62:2258-2264.

379



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

KALYANARAMAN ET AL.

Nara PL, Robey WG, Pyle SW, Hatch WC, Dunlop NN, Bess JW Jr, Kelliher JC, Arthur LO, and Fischinger PJ:
Purified envelope glycoproteins from human immunodeficiency virus type 1 variants induce mdnvndual type-specific
neutralizing antibodies. J Virol 1988;62:2622-2628.

Kalyanaraman VS, Pal R, Gallo RC, and Sarngadharan MG: A unique human immunodeficiency virus culture
secreting soluble gp160. AIDS Res Hum Retroviruses 1988;4:319-329.

Rusche JR, Lynn DL, Robert-Guroff M, Langlois AJ, Lyerly HK, Carson H, Krohn K, Ranki A, Gallo RC,
Bolognesi DP, Putney SD, and Matthews TJ: Humoral immune response to the entire human immunodeficiency virus
envelope glycoprotein made in insect cells. Proc Natl Acad Sci (USA) 1987;84:6924-6928.

Getchell JP, Heath JL, Hicks DR, Sporborg C, McGrath CR, and Kalyanaraman VS: Continuous production of a
cytopathic human T-lymphotropic virus in a permissive neoplastic T-cell line. J Clin Microbiol 1986;23:737-742.

Veronese FD, Rahman R, Kalyanaraman VS, Pal R, Lusso P, Tritch R, Petteway S, Gallo RC, and Sarngadharan
MG: Monoclonal antibodies to HTLV-IIl 5, gp41: Delineation of an immunoreactive conserved epitope in the
transmembrane region of divergent isolates of HIV-1. AIDS Res Hum Retroviruses 1989;5:479—486.

Sarngadharan MG, Popovic M, Bruch L, Schupbach J, and Gallo RC: Antibodies reactive with human T-
lymphotropic retroviruses (HTLV-III) in the serum of patients with AIDS. Science 1984;224:506-508.

Schnittman SM, Lane HC, Roth J, Burrows A, Folks TM, Kehrl JH, Koenig S, Berman P, and Fauci AS:
Characterization of gp120 binding to CD4 and an assay that measures ability of sera to inhibit this binding. J Immunol
1988;141:4181-4186.

Pal R, Hoke GM, and Sarngadharan MG: Role of oligosaccharides in the processing and maturation of envelope
glycoproteins of human immunodeficiency virus type 1. Proc Natl Acad Sci (USA) 1989;86:3384-3388.

Berman PW, Nunes WM, and Haffar OK: Expression of membrane-associated and secreted variants of gp160 of
human immunodeficiency virus type 1 in vitro and in continuous cell lines. J Virol 1988;62:3135-3142.

Fenouillet E, Clerget-Raslain B, Gluckman JC, Guetard D, Montagnier L, and Bahraoui E: Role of N-linked glycans
in the interaction between the envelope glycoprotein of human immunodeficiency virus and its CD4 cellular receptor.
Structural enzymatic analysis. J Exp Med 1989;169:807—822.

McCune JM, Rabin LB, Feinberg MG, Lieberman M, Kosek JC, Reyes GR, and Weissman IL: Endoproteolytic
cleavage of gp160 is required for the activation of human immunodeficiency virus. Cell 1988;53:55-67.

Lusso P, Ranki A, Gallo RC, Krohn KJE, Markham PD, and Kueberuwa SS: Specific T-cell response toward viral
antigens in gibbon apes (Hylobates lar) infected with human immunodeficiency virus. In Ginsberg H, Brown F,
LemerRA, and Chanock RM (eds.): New Chemical and Genetic Approaches to Vaccination: Prevention of AIDS and
Other Viral, Bacterial, and Parasitic Diseases—Vaccines 88. New York, Cold Spring Harbor Press, 1988 pp.
361-364.

Address reprint requests to:
Dr. V.S. Kalyanaraman
Bionetics Research, Inc.

Department of Cell Biology

5510 Nicholson Lane
Kensington, MD 20895

380



