JOURNAL OF VIROLOGY, July 1986, p. 181-184
0022-538X/86/070181-04$02.00/0
Copyright © 1986, American Society for Microbiology

Vol. 59, No. 1

Identification of a Protein Encoded by the trans Activator Gene
tatlll of Human T-Cell Lymphotropic Retrovirus Type 111

WEI CHUN GOH,' CRAIG ROSEN,! JOSEPH SODROSKI,! DAVID D. HO,2 AND WILLIAM A. HASELTINE!*

Laboratory of Biochemical Pharmacology, Dana-Farber Cancer Institute, and Department of Pathology, Harvard
Medical School, Boston, Massachusetts 02115,' and Infectious Disease Unit, Department of Medicine, Massachusetts
General Hospital, Harvard Medical School, Boston, Massachusetts 02114?

Received 31 December 1985/Accepted 24 February 1986

The human T-cell lymphotropic virus type III (HTLV-II/LAV) is a retrovirus associated with acquired
immune deficiency syndrome. The region on the viral genome that is necessary for trans-activation of the
HTLV-III/LAY long terminal repeat called taflll has previously been determined to lic between nucleotides
5365 and 5607. Here we report that a bacterial fusion protein containing amino acid sequences specified by the
first coding exon of the fa/III gene is recognized by some patient antisera. We also demonstrate that lymphoid
and epithelial cells that express the frans activator function express a 14-kilodalton (kDa) protein recognized by
a patient antiserum that reacts with the bacterial farfIIl fusion protein. Cells transiently transfected with a
deletion mutant of the trans activator protein produce a 12-kDa protein rather than the 14-kDa protein. These
observations indicate that the tafIII region contains a functional gene and is capable of expressing a protein that
migrates with an apparent molecular size of 14 kDa in some lymphoid and epithelial cells transfected with
plasmids containing the zafIII region. We propose that the product of the trans activator gene be designated

plqil,

Human T-cell leukemia virus type III (HTLV-III/LAV) is
the etiological agent of acquired immune deficiency syn-
drome (AIDS). Infection with the virus may result in AIDS-
related complex and other virus-related disorders, including
degeneration of the central nervous system, lymphoid inter-
stitial pneumonitis, an increased incidence of Kaposi sar-
coma, B-cell lymphoma of a Burkitt type, Hodgkin’s
lymphoma, and thrombocytopenic purpura, collectively
called HTLV-III/LAV-related disorders (2, 3, 5, 7-9, 15-17,
21). AIDS is clinically typified by a depletion of T cells of the
T4* class in vitro (6). Large-scale production of the virus
was made possible by the development of T4 cell lines that
were susceptible to virus infection but were partially resist-
ant to its cytopathic effects (11). Such cell lines permit the
production of high virus titers. The prolific replication of
HTLV-III/LAV can be attributed in part to the presence of
a viral trans activator gene called tafIIl that positively
regulates gene expression directed by HTLV-III/LAV long
terminal repeat (LTR) sequences (1, 18, 19). The rate of
HTLV-III/LAV LTR-directed gene expression, as measured
by chloramphenicol acetyltransferase (CAT) activity, in-
creases approximately 1,000-fold relative to the activity in
uninfected cells.

Although the region of the HTLV-III/LAV genome nec-
essary for the trans-activation of the HTLV-III/LAV LTR
has been determined and shown to contain an open reading
frame capable of encoding a protein of 86 amino acids in two
exons (Fig. 1), the trans activator protein itself has not been
identified. Here we report that a protein that migrates with
an apparent molecular size of 14 kilodaltons (kDa) is synthe-
sized from the HTLV-III/LAV trans activator gene and that
this protein can be immunoreactive in some individuals
infected with HTLV-III/LAV.

The predicted first coding exon of the HTLV-III/LAV
trans activator gene is shown in Fig. 1. It lies 5’ to the
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envelope gene (from nucleotide 5357 to 5625). A single ATG
codon at position 5411 could potentially initiate the trans
activator protein tatlll. The second coding exon is present in
an alternative reading frame within the env gene. Doubly
spliced RNA molecules containing these exons have been
detected in virus-producing cell lines (1, 10).

To determine whether the predicted open reading frame
encodes a functional protein product that is antigenic in
patients, 221 nucleotides of the predicted first coding exon
from nucleotide 5391 to 5611 were inserted into an open
reading frame vector containing the bacterial beta-
galactosidase gene (20). Both promoter and translation
initiation signals are provided by the ompF gene, an Esche-
richia coli gene encoding an abundant outer membrane
protein. A plasmid containing the tazIIl region was con-
structed to create a continuous open reading frame between
the ompF and beta-galactosidase genes (ompF-tatlll-beta-
galactosidase, pBGT-III) (Fig. 2). A plasmid containing an
in-frame fusion product between the ompF and beta-
galactosidase genes without an insert was also constructed
(ompF-beta-galactosidase, pBG).

To analyze the proteins expressed by the bacterial open
reading frame vectors, TK1046 cells containing pBGT-III or
pBG were grown in L broth at room temperature until the
optical density at 550 nm was approximately 0.3 to 0.4. They
were then labeled in M63 glucose medium with 100 wCi of
[>Slcysteine per ml for 15 min. Labeled proteins were
processed for immunoprecipitation as previously described
(20). Cells containing the pBGT-III plasmid express an
approximately 120-kDa protein that can be detected by
immunoprecipitation with rabbit anti-beta-galactosidase se-
rum (Fig. 3A). The rabbit anti-beta-galactosidase serum also
immunoprecipitates a smaller protein of the expected
116-kDa size from cells transformed by the pBG plasmid
alone. To determine if the fusion protein is immunogenic in
patients, a panel of serum from people seropositive for
HTLV-III/LAV was used to immunoprecipitate extracts
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FIG. 1. Structure of HTLV-III/LAV deletion mutants that retain frans-activating ability. The restriction map of the complete
HTLV-III/LAV provirus in plasmid pHXBc2 is shown on the topmost line. The second line drawing depicts the splicing pattern of the
message coding for the potential zafIIl gene product based on the sequence of cDNA messages from HTLV-III/LAV-infected cells (1, 10).
The coordinates for the zatIll gene-coding domain are 5411 to 5625 [exon 1] and 7956 to 8001 [exon 2]. Construction of the deletion mutants
and the pZIPNeotatIII plasmid have been described elsewhere (14, 18). Numbers corresponding to the deletion endpoints are based on the
sequence of Ratner et al. (13) where the RNA cap site is designated as +1. Zigzag lines mark the polyadenylation and splice signals from the
simian virus 40 small t-antigen coding region. Abbreviations: H, HindIIl, S, Sall; Bg, Bglll; Bm, BamHI.

derived from bacteria containing plasmids pBG or pBGT-III.
Of 20 tested serum samples (5 of which are shown in Fig.
3A), 1 was positive (38-1). This serum specifically im-
munoprecipitated the pBGT-III fusion protein, but did not
react with the product of the pBG plasmid, indicating that
the antigenic determinants recognized by the serum were
probably provided by the HTLV-III/LAV insert. We con-
clude that the rarIIl gene can encode an immunogenic
product.

To determine if the positive antiserum 38-1 could identify
the native viral protein product encoded by the tarIII gene,
cells that express only the rarIll gene were used in immu-
noprecipitation analysis. For this study, lymphocytic cell
lines were established by infecting Raji, a human B-cell line,
and Jurkat, a human T-cell line, cells with a retroviral
vector, pZIPNeotatIIl, that was constructed to allow ex-
pression of the tarIII gene (Fig. 1) (14). The retroviral vector
does not contain the gag, pol, sor, or 3’ orf open reading
frames. These cell lines stably express the HTLV-III/LAV
trans activator gene as judged by an enhanced rate of
HTLV-III/LAV LTR-directed expression of the CAT gene
(Table 1). For immunoprecipitation studies, about 2 X 10°
cells were labeled with 100 p.Ci of [**S]cysteine per ml for 12
h. Cells were lysed in 500 pl of RIPA lysis buffer (0.15 M
NaCl, 0.05 M Tris hydrochloride [pH 7.2], 1% Triton X-100,
0.1% sodium dodecyl sulfate, 1% sodium deoxycholate) and
clarified at 100,000 x g for 1 h at 4°C. Total cellular lysates
were then incubated with S .l of patient serum and 80 wl of
10% protein A-Sepharose beads (Pharmacia, Inc.,
Piscataway, N.J.) overnight. To reduce the nonspecific
binding of cellular proteins, the serum-bound beads were
precleared with cold uninfected Raji or Jurkat cellular ly-
sates. Precipitated proteins bound to the beads were washed
five to six times with RIPA lysis buffer minus sodium
deoxycholate and two times with 0.15 M NaCl-0.05 M Tris
hydrochloride (pH 7.2) before loading on a sodium dodecyl
sulfate-polyacrylamide gel. In both the Raji ZIPtarIII and
Jurkat ZIPtatIIl cell lines, a 14-kDa protein was im-
munoprecipitated by patient serum 38-1 (Fig. 3B). This
protein was absent in the uninfected parental cell lines.

Similary, HeLa cells were transfected with a deletion
mutant of the HTLV-III/LAV genome that had previously
been designated pA(83-5365/8053-9296) (18). Cell lines were
established by cotransfection with a plasmid that encodes a

gene for resistance to the antibiotic G418. Immunoprecipi-
tation of the transfected cells with the patient 38-1 serum
showed a 14-kDa protein that was absent in the un-
transfected HeLa cells (Fig. 3C). Serum 4-3 that does not
immunoprecipitate the tatIll-beta-galactosidase fusion pro-
tein also failed to recognize the 14-kDa protein.

To examine further whether the epitopes on the 14-kDa
protein recognized by patient serum 38-1 are those provided
by the tarlll region on the zatlll-beta-galactosidase fusion
protein, we analyzed the expression of a deletion mutant of
the tarIll gene, pA(83-5365/5607-7719/8053-9296), that con-
tains only the first 69 amino acids of the first coding exon
and deletes most of the envelope gene. Raji cells (107) were
transiently transfected with 10 pg of either this plasmid or
pA(83-5365/8053-9296) by using DEAE-dextran as previ-
ously described (12). Cells were harvested after 48 h and
labeled with 100 pnCi of [**S]cysteine per ml overnight.
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FIG. 2. Construction of a tarlll fusion product in a bacterial
open reading frame vector. About 221 nucleotides (Taql-HindIIl
fragment) of the first coding exon of tarIII (nucleotides 5391 to 5611)
from a proviral DNA clone, pHXBc2 (kindly provided by G. M.
Shaw, F. Wong-Staal, and R. Gallo), were inserted into the Smal
site of pORF1 (20). Shown below are the frames of the ompF gene,
the tatlll gene, and the lacZ gene. Plasmids were initially selected in
E. coli MH3000 by scoring for blue lacZ* colonies on L broth-
ampicillin plates containing 5-bromo-4-chloro-3-indoxyl-beta-p-
galactoside (20). Plasmids were then transferred to E. coli TK1046,
a strain that permits higher expression of the ompF promoter.
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FIG. 3. (A) Expression of the fusion ompF-tatlll-beta-galactosidase protein. Lanes 1 through 6 are immunoprecipitates of the
ompF-beta-galactosidase product from pBG with rabbit anti-beta-galactosidase serum and patient antisera 4-3, 11-2, 12-4, 13-4, and 38-1,
respectively. Lanes 7 through 12 are immunoprecipitates of the ompF-tatlll-beta-galactosidase protein from pBGT-III with rabbit
anti-beta-galactosidase serum and patient serum 4-3, 11-2, 12-4, 13-4, and 38-1, respectively. (B) Immunoprecipitation studies of cells infected
with pZIPNeozarIIl. Patient serum 38-1 was used to react with lysates from Raji ZIPtatllI (lane 1), uninfected Raji (lane 2), Jurkat ZIPtatIII
(lane 3), and uninfected Jurkat cells (lane 4). (C) Immunoprecipitation of HeLa/pA(83-5365/8053-9296). Cells were labeled overnight with 100
wCi of [*3S]cysteine per ml, and total lysates were used for immunoprecipitation with either patient antiserum 38-1 (lane 1) or antiserum 4-3
(lane 2) as described in the legend to Fig. 3B. Lanes 3 and 4 are immunoprecipitates of untransfected HeLa cells with patient antisera 38-1
and 4-3, respectively. (D) Protein expression in Raji cells transiently transfected with HTLV-III/LAV deletion mutants. Total cellular lysates
were prepared as in the legend to Fig. 3B and reacted with patient antiserum 38-1. Cold Raji lysates were used as a competitor to reduce
background during immunoprecipitation. Lanes 1 through 3 show immunoprecipitation of cells transfected with pA(83-5365/8053-929),
untransfected Raji cells, and pA(83-5365/5607-7719/8053-9296), respectively. Indicated to the right of each panel are positions and molecular
sizes of marker proteins (Amersham Corp., Arlington Heights, Ill.). Abbreviation: k, kDa.

TABLE L Effect of HTLV-IIVLAV rar . Immunoprecipitation analysis revealed that whereas
. €Ct O - at gene expression on :

. . pA(83-5365/8053-9296) produces a 14-kDa protein, the 38-1

HTLV-II/LAV LTR-directed gene expression serum recognizes a smaller protein of approximately 12 kDa

Relative CAT activity with plasmid®: in cells transfected with pA(83-5365/5607-7719/8053-9296), a

Cell lines* shift in size consistent with the expected loss of 17 amino

SV2 CAT U3 R-II . ; A .
P P acids (Fig. 3D). The results indicate that the 14-kDa protein
HeLa 1.0 0.10 recognized by serum 38-1 must be encoded by the tarIll

HeLa III extat 1.0 67 (670) gene.

Raii L0 0.24 In summary, the 14-kDa protein is present in all the cells
R:J‘; ZIPNeotatlll 10 602708  W© tested that demonstrate trans-activation of HTLV-
J : ’ III/LAV LTR-directed gene expression. The cell lines con-
Jurkat 1.0 0.60 tain plasmids constructed so as to express specifically those
Jurkat ZIPNeotatIII 1.0 330 (550) proteins encoded by the tatIIl gene. The cells contain

portions of the HTLV-III/LAV genome in which the entire

2 The Raji ZIPNeotrarlll and Jurkat ZIPNeotatlll cell lines were established ’
by infection with the retroviral rarIIl expression vector pZIPNeotat; as gag, pol, sor, and 3’ orf genes have been deleted. For these

previously described (14). The HeLa Ill-extat line was established by cotrans-  €as0ns, we conclude that the zarIIl gene encodes the
fection with plasmids Ill-extat (formerly pA83-5365/8053-9296) and pU3R- protein that migrates with an apparent molecular size of 14
IIINEO. kDa. The immunoprecipitated 14-kDa protein in the cell

."_Plasmid pSV2CAT contains the bacterial CAT gene under control of the lines tested is somewhat larger than its predicted size (10
simian virus 40 early region promoter sequence (4). Plasmid pU3R-III kDa). This may be caused b osttranslational modification
contains HTLV-III/LAV LTR sequences directing expression of the CAT ‘ . y yp . < 0 C )
gene (18). Cells were transfected with 2 pg of plasmid DNA, and CAT assays or, alternatively, by anomalous migration associated with
were performed 48 h posttransfection. CAT activity is normalized to the highly basic and proline-rich polypeptides.
activity obtained with pSV2CAT in the same cell. Numbers in parentheses The 14-kDa protein identified in this study is probably the
represent the fold stimulation in the infected compared with uninfected cells. £ . . .

actor responsible for the greatly increased expression of

genes under the control of the HTLV-III/LAV LTR. Pro-
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duction of a viral trans-acting factor in HTLV-III/LAV-
infected cells that positively regulates the expression of
virally encoded genes is likely to play an important role in
the life cycle of the virus. The identification of the mediator
of trans-activation and antisera that recognize this product
may lead to therapeutic modalities designed to interfere with
this viral replicative mechanism.
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ADDENDUM IN PROOF

To identify the tarIIl protein in HTLV-III/LAV-infected
cell lines, we have also overexpressed the entire native tatIIl
product in bacteria. Bacterially produced rarIIl competed
out an approximately 14- to 15-kDa protein from infected
cells.
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