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ABSTRACT The genome of human T-cell lymphotropic
virus type HI/lymphadenopathy-associated virus (HTLV-
Il/LAV), the infectious agent etiologically associated with the
acquired immunodeficiency syndrome, contains, in addition to
the genes for the polymerase, core, and envelope proteins,
several open reading frames. To investigate whether the 3' open
reading frame (3'orf) located between the envelope gene and
the 3' long terminal repeat is a gene expressed in vivo in infected
individuals, we inserted a fragment of 3'orf in a prokaryotic
expression vector. The protein product synthesized in bacteria
was purified and allowed to react with sera from individuals
infected with human T-cell lymphotropic virus type m as
indicated by seropositivity for other viral proteins. Two-thirds
of the sera, regardless of the clinical status of the individuals,
reacted with the purified protein indicating that 3'orf is a viral
gene the product of which is immunogenic in vivo. A polyclonal
rabbit antiserum reacting against the 3'orf gene product was
obtained by serial injection of rabbits with the purified bacte-
rial protein. The antiserum recognized a 27-kDa protein in the
human T-cell lymphotropic virus type rn-infected lympho-
cytes.

The acquired immunodeficiency syndrome (AIDS) and as-
sociated diseases (1-3) have been epidemiologically corre-
lated with a retrovirus, human T-cell lymphotropic virus type
III (HTLV-III) or lymphadenopathy-associated virus (LAV)
(4, 5). The T-cell tropism of HTLV-III (4, 5) and the
cytopathic effect of the virus or cloned viral DNA on the OK
T4+ lymphocytes in vitro (5, 6) suggest that one or more viral
gene products may be responsible for the depletion ofT cells
of the OK T4 phenotype observed in patients with AIDS (1,
2). Computer analysis of the DNA sequence of the HTLV-III
genome (7) led to the identification of the gag, pol, and env
genes as well as the prediction of at least two additional open
reading frames, sor and 3'orf, located between the pol and
env genes and between the env gene and the 3' long terminal
repeat, respectively. To date, many of the proteins encoded
by the HTLV-III genome have been identified: the core
proteins, p24, p17, p15, and p9, the exterior portion of the
envelope protein gpl20, and the transmembrane protein gp4l
(8, 9).
Another functional gene, tat III, has been localized in the

HTLV-III genome (10, 11) and has been shown to mediate
transcriptional activation of genes linked to the HTLV-III
long terminal repeats (10, 11). However, sor and 3'orfhave
not been demonstrated to be functional genes. We have
approached this problem by expressing a portion of 3'orf in
bacteria. Using the partially purified protein, we were able to
demonstrate that sera ofsome people infected with HTLV-III

are immunoreactive against it, indicating that the 3'orfgene
product is indeed expressed in vivo and is immunogenic.

MATERIALS AND METHODS

Preparation of the 3'orf Recombinant Expression Vector.
The HTLV-III DNA clone BH-8 (12) was cleaved with Xho
I and Sst I, and the resulting 679-base-pair Xho I-Sst I
fragment was isolated. The fragment was treated with DNA
polymerase (Klenow fragment) in the presence of all four
deoxyribonucleotides and ligated in the repligen expression
vector (a kind gift from Scott Putney, Repligen Corp., 101
Binney St., Cambridge, MA 02142), which had been previ-
ously cleaved with Sal I and Sst I and treated with DNA
polymerase (Klenow fragment). The ligated DNA was
transfected in Escherichia coli, and a colony, designated
E-10 containing the HTLV-III 3'orf recombinant plasmid
with the HTLV-III sequences in the correct orientation, was
selected.

Detection of the Hybrid 3'orf Protein by the Immunoblot
Technique. The E10 containing the 3'orf plasmid and the
control untransfected bacterial strain were cultured over-
night in conditions described (13). The cells were lysed in
RIPA buffer (14) and sonicated for 1 min. One one-hundredth
of the cell lysate was applied to a 15% acrylamide/bis-
acrylamide gel containing NaDodSO4 (14). The electropho-
resed proteins were electrophoretically transferred to nitro-
cellulose sheets at 60 V overnight and reacted with human
and mouse antibodies according to the described procedure
(15). We used a 1:100 dilution of the human sera and a 1:50
dilution of the mouse monoclonal antibodies. The antigen-
antibody reaction was detected using 125I-labeled protein A at
a concentration of 5 x 105 cpm/ml (14).
The size of the 3'orf protein expressed in bacteria is

calculated with respect to the prestained low molecular
weight standards obtained from Bethesda Research Labora-
tories.

Purification of the 3'orf Protein from the E-10 Strain.
Several liters of E-10 cells were grown in L broth containing
ampicillin at 100 ,ug/ml for 8 hr (13). Cells were harvested,
resuspended in one-hundredth the volume of the original
culture in 50 mM Tris'HCl, pH 8, and disrupted by sonica-
tion. The E-10 protein, present in the insoluble material
obtained after sonication, was solubilized in 50mM Tris'HCl,
pH 8, containing 1 M sodium chloride, 10 mM dithiothreitol,
and 8 M urea, was applied to a Sephacryl S-300 column and
eluted with the same buffer. Fractions containing the E-10
protein were pooled, dialyzed extensively, and applied to a
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column ofmonoclonal antibody 3H-8-coupled Sepharose 4B.
The 3H-8 monoclonal antibody recognizes the 36 amino acids
encoded by the repligen expression vector. The specifically
bound material was eluted with 2% (vol/vol) formic acid. The
E-10 protein still contained 10-20% impurities as judged by
NaDodSO4/PAGE.

Detection of the Protein by Immunoprecipitation. Rabbit
immune sera reactive with the 3'orf protein were obtained
injecting New Zealand White male rabbits with the purified
recombinant E-10 protein. E-10 protein (250 ,ug) in complete
Freund's adjuvant was injected subcutaneously in the rab-
bit's back. Four boosters of E-10 protein (250 ,ug) in incom-
plete Freund's adjuvant were given 1 week apart. The
animals were boosted again weekly with E-10 protein at 500
Atg in incomplete Freund's adjuvant from the 11th to the 14th
week. Immune sera were obtained by serial bleedings of the
immunized animals.
HTLV-Ill-infected lymphocytes (1 x 107 cells) were met-

abolically labeled with 100 ACi of [35S]methionine in methio-
nine-free medium for 8 hr at 370C (1 Ci = 37 GBq). The cells
were harvested, lysed with RIPA buffer (14), and centrifuged
20 min at 10,000 rpm in an Eppendorf centrifuge. Portions of
the lysate supernatant were mixed with 50 gl of serum
obtained from a rabbit immunized against the purified E-10
protein synthesized in E. coli for 1 hr at 4°C. The im-
munocomplexes, bound to protein-A-Sepharose beads, were
analyzed on a 10-20% polyacrylamide/NaDodSO4 gradient
gel.

RESULTS
Generation of the Recombinant Expression Vector Contain-

ing the 3'orf of HTLV-Il. We introduced the DNA fragment
obtained by an Xho I-Sst I cleavage of the HTLV-III DNA
clone BH-8 (12) into the prokaryotic repligen expression
vector (13). Xho I cleaves in position 8474 of the HTLV-III
nucleotide sequence (7). Therefore, we eliminated 44 amino
acids at the amino terminus of the predicted open reading
frame. The methionine codon presumably required for initi-
ation of translation of this protein is located 1 amino acid
downstream from the termination of the envelope gene open
reading frame. Therefore, only 34 amino acids may have been
deleted with respect to the native protein. The Sst I site is 158
nucleotides downstream from the TGA termination codon,
which is located in position 8991. We expected to have a
protein product of 172 amino acids derived from the 3'or
region. The prokaryotic vector that we used provides 36
amino acids at the amino terminus of the protein, which are
derived from the polylinker sequences. Thus, the hybrid
protein should contain 208 amino acids.

Detection of the Bacterially Synthesized 3'orf Hybrid Pro-
tein. The total lysates of the bacteria containing the recom-
binant 3'orf, designated E-10, and the parental bacteria
control were analyzed by immunoblot (15) using human sera
of patients infected by HTLV-III and a mouse monoclonal
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FIG. 1. The autoradiograms shown above were obtained by
reacting the E. coli lysates with human sera in an immunoblot assay.
E. coli strain E-10 containing the recombinant 3'orf plasmid (lanes 1,
3, 5, 7, and 9). Untransfected bacteria (lanes 2, 4, 6, 8, and 10). HH
sera (lanes 1, 2, 5, and 6). ARC sera (lanes 3 and 4). Sera from healthy
individuals not at risk (lanes 7 and 8). The 3H-8 monoclonal antibody
(lanes 9 and 10) recognizes the amino terminus of the hybrid protein.

antibody (3H-8), which recognizes an epitope located in the
36 amino acids encoded by the linkers of the vector (J.
Ghrayeb, unpublished data). Several human sera and the
3H-8 monoclonal antibody detected a 27-kDa protein on
immunoblots (Fig. 1). The protein was detected in the E-10
lysate but not in the control untransfected bacteria using sera
of patients with AIDS, AIDS-related complex (ARC), and
clinically healthy homosexuals (HH) (Fig. 1, lanes 1-6). No
reaction with the 27-kDa protein was observed when we used
a serum from a healthy individual not in a risk group for AIDS
(Fig. 1, lanes 7 and 8). The 27-kDa protein was also detected
in the E-10 lysate by the mouse monoclonal 3H-8 antibody
directed against the vector epitopes (Fig. 1, lanes 9 and 10).
All the sera showed reactivity with other E. coli proteins as
well. The sera of infected patients displayed higher reactivity
with E. coli protein perhaps indicating a greater exposure to
bacterial antigens. Similar results were also obtained using a
radioimmunoprecipitation assay (14) ofmetabolically labeled
bacterial proteins (not shown). The apparent size of the
protein is again larger than expected and this may reflect an
abnormal conformation of the protein in NaDodSO4.

Detection of Natural Antibodies Against the 3'orf Protein in
Sera from Patients. The hybrid protein was purified from E-10
bacterial lysate by immunoaffinity chromatography using the
mouse monoclonal antibody irreversibly bound to Sepharose
beads. The purified protein still reacted with the human sera
previously tested as well as the mouse monoclonal antibody
proving that it is the hybrid protein that is recognized by the
sera rather than two proteins comigrating on NaDod-
S04/PAGE (Fig. 2). The purified protein was subsequently
used in an immunoblot assay to study the distribution of
natural antibodies in sera of patients at different stages of the
disease. We analyzed the sera of 82 individuals, including
AIDS and ARC patients, HH, intravenous drug users,
relatives of AIDS patients (healthy individuals at risk), and
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FIG. 2. Three micrograms of purified protein obtained from the E-10 strain were loaded in each lane and incubated with human sera in an
immunoblot assay. HH sera (lanes 1, 9-11). 3H-8 monoclonal antibody (lane 2). AIDS sera (lanes 3-5). ARC sera (lanes 6-8).
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sera of people not included in populations at risk (2). An
example is shown in Fig. 2. The sera of some patients
recognized the purified protein whereas healthy persons not
at risk were negative. The serum of some patients was more
strongly reactive and some contained no detectable antibod-
ies. Of the 82 sera tested 79 were seropositive for other viral
proteins (gp4l and p24); the 3 seronegative cases represent
the normal donors without known risk factors. All the sera
were then tested against the purified 3'orf protein, and the
presence of antibodies in the different groups is summarized
in Table 1. The three normal donors not at risk were negative,
whereas approximately two-thirds of the sera from AIDS and
ARC patients and healthy people at risk reacted with the
purified protein. The data indicate that the 3'orfof HTLV-III
is indeed a gene, the protein product ofwhich is immunogenic
in humans.

Identification of the Native 3'orf Protein in HTLV-m-
Infected T Cells. Rabbits were immunized with the purified
protein in an attempt to obtain polyvalent antibodies reactive
with the native 3'orf protein. The animals were bled, and the
antisera were used to analyze the native protein in the
HTLV-III-infected lymphocytes. A radioimmunoprecipita-
tion assay was performed on the metabolically labeled
HTLV-III infected cell lines H9 (16). The rabbit antiserum
recognized a protein of -27 kDa in the infected lymphocytes,
whereas the serum obtained from the animal prior to immu-
nization with the purified E-10 protein failed to detect the
27-kDa protein (Fig 3, lanes A and B). Background bands,
probably due to a specific binding of cellular proteins to the
protein-A-Sepharose were also detected in lanes A and B. A
27-kDa protein, in addition to a high molecular weight band
probably representing an envelope precursor protein (lane
C), was also immunoprecipitated by serum from a HH
infected by HTLV-III. A human serum obtained from a
healthy uninfected donor did not recognize the 27-kDa 3'orf
protein in the H9 HTLV-III-infected cells (lane D). Thus, the
3'orf protein product is expressed in the infected T cells.

DISCUSSION
Our data indicate that the 3'orfofHTLV-III is indeed a gene,
the protein product of which is immunogenic in humans.
Allan et al. (17) reported a lower incidence of natural
antibodies directed against the p27 3'orf product in patients
infected by HTLV-III. We believe that the difference may be
explained by the fact that the use of purified protein in our
assay allowed us to score as positive sera containing low
titres of antibodies. The fact that the protein elicits a
detectable immunoresponse in only two-thirds ofthe infected
people suggests the following possible interpretations: (i) the
3'orf protein may be less immunogenic than the gp4l enve-
lope protein in humans; (ii) the rate of cell death may vary in
different individuals with consequent variable exposure of
viral encoded antigens; (iii) the 3'orf protein may be relegated
to the cellular compartment rather than to the membrane; (iv)

Table 1. Natural antibodies against the 3'of gene product in
infected patients

Clinical status Tested, no. Positive, no. % positive

Healthy donors (not at 3 0 0
risk)

Healthy individuals at risk 29* 19 65
(homosexuals, i.v. drug
users, relatives of AIDS
patients)

ARC patients 22* 15 68
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FIG. 3. Autoradiogram of the immunoprecipitation of the 3'orf
protein from the cell lysates ofH9 HTLV-III-infected cells. Aliquots
of 100 A4 of labeled cellular proteins were immunoprecipitated with
50 ,ul of rabbit antiserum (lane A), 50 ,ul of preimmune rabbit serum
(lane B), 10 Al of human serum from a healthy HTLV-III-infected
patient (lane C), and 10 ,ul of serum from an uninfected donor (lane
D). The arrow indicates the position of the protein recognized by the
antiserum (lane A) as well as the human serum (lane C) in the
HTLV-III-infected cells. The size corresponds to approximately 27
kDa (arrow).

it may reflect a different degree of failure of the immune
system in different patients; and (v) the rate of viral replica-
tion in different individuals in combination with one or more
of the above mentioned factors may play an important role.
The availability ofthe antiserum against the 3'orf protein will
allow the identification of the subcellular localization of the
protein and give some insights on its function in the infected
cells. The 3'orfgene transcript in the infected cells is a doubly
spliced mRNA of 2 kilobases that contains only one open
reading frame (10). The cDNA of this transcript does not
exhibit a transcriptional activation function like the cDNA of
the tat III gene (10). The fact that the 3'orfis expressed in vivo
suggests that it may be important either for viral replicative
functions or for a biological effect exerted by the virus on the
infected T cells. Of interest is the finding that the p27 3'orf
protein of HTLV-III is also recognized by sera of monkeys
affected by a disease comparable to human AIDS (17). These
monkeys have been found to be infected by a retrovirus,
simian T-cell lymphotropic virus type III (18), serologically
related to HTLV-III. The molecular characterization of the
equivalent gene in the simian T-cell lymphotropic virus type
III genome and the possibility of having an animal model to
study the function of this gene will facilitate the study of the
role of the 3'orfgene product.
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