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vator protein (molecular weight 14,000) (6,
7). The product of taty; induces high levels
of expression of genes under the control of
the HTLV-III long terminal repeat (LTR)
via interaction with specific target sequences
(8). Expression of taty; in infected cells
greatly stimulates the rate of virus protein
expression and thereby contributes o effi-
cient replication of the virus (9). A 27K
protein of unknown function is encoded by
the 3"-orf reading frame, located between
the env gene and the 3' LTR (10).

A third potential coding region in the
HTLV-III genome, designated sor for short
open reading frame, overlaps the 3’ end of
the pol gene (4). Studies of virus-specific
messenger RNA (mRNA) species present in

Replicative and Cytopathic Potential of
HTLV-III/LAV with sor Gene Deletions

JoserH SoprOsKl, WEI CHUN GOH, CRAIG ROSEN, ANDRE TARTAR,
DANIEL PORTETELLE, ARSENE BURNY, WILLIAM HASELTINE

The genome of the human T-lymphotropic virus type III (HTLV-IIVLAV) has the
sotential to encode at least three po tides in addition to those encoded by the gag,
pol, and env genes. In this study, the product of the sor (short open reading frame)
region, which overlaps the 3’ end of the pol gene, was found to be a protein with a
molecular weight of 23,000. An assay was developed for testing the ability of cloned
HTLV-III proviruses to produce viruses cytopathic for T4* lymphocytes. In the cell
line used, C8166, neither the HTLV-III sor gene product nor the complete 3'-orf gene
product were necessary for the replication or cytopathic effects of the HTLV-IIL

~ et ¥

HE HUMAN T-LYMPHOTROPIC VI-
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rus type ITI (HTLV-II/LAV) is the

primary etiological agent of the ac
quired immunc deficiency syndrome
(AIDS) and associated disorders (1). Infec-
tion with the virus can result in a depletion
of the T4" subser of lymphocytes in pa-
tients, which results in the immune suppres-
sion characteristic of AIDS (2). HTLV-III
can exert cytopathic effects on cultured pe-
ripheral blood lymphocytes as well as on
sstablished lymphocyte lines, mimicking the
cffects on the host cell in vivo (1, 3).

The complete nucleotide sequence of sev-
eral independent isolates of the virus has
been determined (4). In addition to the
genes that encode structural components of
the virus (the gag and env genes) and a gene
that encodes functions required for replica-
tion (the pol genc) (5), the genome of all
strains of this virus has the potential to
encode at least three additional polypep-
tides. The taty; gene, which includes two
coding exons, one located just 5' to env and
a second located within an alternative read-
ing frame of env, encodes the 14K transact-
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Fig. 1. Immunopreupltmon of extracts from HTLV-1II-infected cells with
antiscrum 1o %cgudc S. Cell lines were labeled overnight with
[”S]methxomnc at 100 pCi per milliliter and ‘ém pared for immunoprecip-
itation with rabbit antiserum to oligopeptide S (lancs 1 to 8) or sera from
HTLV-IlI-infected individuals (lanes 9 to 13) as described (17). Lanes 1
and 2: uninfected HY cells and H9 cells infected with HTLV-1IT (H9/1IIB),
r:srmvd) precipitated with the antiserum to oligopeptide S. Lanes 3, 4,
and 5: immunocompetition of HY/IIIB cell lysates for the antiserum to
ohgopcpudc S with increasing amounts (5, 10, and 20 pg, respectively) of
gopeptide S present in the reaction. Lanes 6, 10 and 12 )urht-utm cells
d with pHXBc2, Lanes 7, 9, and 11: Jurkat-zaty; cells transfected
with the pDsorl. I.anes 8and 13: unmnsfe:ted Jurkat-tazy,, cells. Cells were
labeled 5 to 6 days after transfection by the DEAE-dextran technique (18)
with 15 pg of plasrmd DNA. Antiscrum to oligopeptide S was used to
r!(l pitate cell extracts in lanes 6 to 8, patient antiserum T.W. in lanes 9 and
d patient antiscrum 4-3 in lanes 11 to 13.

REPORTS 1540




(kb), from which the sor region could be
expressed (11). Here we report that the
HTLV-III sor region encodes a 23K protein
and we discuss the role of this gene in viral
replication and cytopathicity.

The nucleotide sequence of the sor open
reading frame from several HTLV-III
strains predicts that this region could encode
a protein of 192 to 203 amino acids with a
molecular weight of 22.5K to 23K. To
determine whether a protein corresponding
to the translation product of sor is made in
HTLV-Ill-infected cells, a synthetic oligo-
peptide with 14 amino acid residues was
prepared that corresponds to the predicred
residues 166 to 179 (nucleotides 5083 o
5124 of the HTLV-III provirus) according
to the numbering scheme of Ratner er al.
(4). The oligopeptide (Thr-Pro-Lys-Lys-Ile-
Lys-Pro-Pro-Leu-Pro-Ser-Val-Thr-Lys, oli-
gopeptide S; >90 percent pure) was conju-
gated with tetanus roxoid and used to im-
munize rabbits.

The rabbit antiserum to oligopeptide S
was used in an immunoprecipitation analyvsis
of radiolabeled proteins in virus-infecred
cells. For this purpose, a cell line infected
with HTLV-III (HY/IIIB) (1) was labeled
for 12 hours with [**S]methionine. The
rabbit antiscrum precipitated a protein with

o' - —ll Y pHxsc2

[“: sor () ﬁ"u ,,,.lqm Yert
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el ene
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Eco AI Eco RAI
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Fig. 2. Structure of the pHXBc2 proviral clone
and deletion murtants. The structure of the
HTLV-III provirus in plasmid pHXBc2 is shown
(12). The dark boxes represent LTR sequences
and the open boxes beneath the genome represent
coding regions. The two rar exons are designated
tat E1 and tat E2. The 3"-onf gene in the pHXBc2
iirus contains a stop codon (represented by a
vertical broken line). The nucleotide sequence and
predicted amino acid sequence near this stop
codon, obtained by the method of Maxam and
Gilbert (19), is as follows: .
(8720) CAC ACA CAA GGC TAC
His Thr Gln Gly Tyr
TTC CCT GAT TAG CAG AAC
Phe Pro Asp & Gln  Asn
TAC ACA (8759)
Tyr Thr
The middle of the HTLV-III genome is shown in
detail. The positions of splice donors (D) and
acceptors (A) and nucleotide numbers are derived
from the nce of HTLV-III complementary
DNA clones by Muesing et al. [in (4)]. Deletions
made in pHXBc2 are shown beneath the genome,
The locatons of the deletion end points occur at
restriction enzyme cleavage sites, All plasmid
DNA’s were purified by centrifugation in CsCl
before being used in transfection assays.
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an apparent molecular weight of 23K from
extracts of the H9/IIIB cells (Fig. 1, lane 2),
but not from extracts of uninfected H9 cells
(lane 1). The protein was not precipitated
by nonimmune rabbit serum. Oligopepride
S itself, when added in increasing amounts
to the reaction, specifically competed for the
ability of the antiscrum to precipitate the
23K protein (Fig. 1, lanes 3 to 5).

If the 23K protein is the product of the sor
region, viruses with the sor region deleted
should not express it. To test tiis prediction,
a human T-lymphocyte line, Jurkat-tazyy,
was transfected with cither plasmid
pHXBc2, containing an infectious HTLV-
I1I provirus (12), or plasmid pDsorl, which
is identical to pHXBc2 except for a deletion
within the sor region (Fig. 2). The Jurkat-
tatyy line, established by infection of Jurkat
cells with a recombinant retrovirus vector,
constitutively expresses a functional fasyy
protein (13). This cell line was chosen be-
causc when it is transfected with ecither
pHXBc2 or pDsorl, the levels of viral repli-
cation and protein production are similar, in
contrast to our observations in cell lines not
expressing the tasyy product.

The rabbit antiserum to oligopeptide S
precipitated a 23K protein from the
pHXBc2 transfectants, but not from the
pDsorl transfectants or from untransfected
Jurkat-tat); cells (Flg. 1, lanes 6 1o 8)
Radiolabeled protein extracts from the
transfected cells were also incubated with
sera from HTLV-III-infected individuals to
determine whether other viral proteins were
produced after transfection with pDsorl.
Serum samples from infected patients pre-
cipitated approximately equal amounts of
the gpl60, gpl20 env gene products, the
p55, p24-25, and pl7 jag gene proteins,
and the virus-specific proteins of 41K and
38K from cells transfected with either the
pHXBc2 or the pDsorl plasmids. Sera from
some of the infected patients also apparently
precipitated the 23K protein from the Jur-
kat-taryy cells transfected with pHXBc2 but
not from the cells transfected with pDsorl
(Fig. 1, lanes 9 to 13). These results demon-
strate that a deletion in the sor region specifi-
cally currails the expression of a 23K protein
detected by rabbit antiserum  directed
against the predicted sor polypeptide. We
conclude that the HTLV-III sor region en-
codes the 23K protein, which we suggest be
called p23*.

To investigate the role of the sor gene in
HTLV-III replication and cytopathicity, ad-
ditional deletions were introduced into
pHXBc2. The pHXBc2 provirus contains a
termination codon at nucleotide 8744, 123
codons 3’ to the initiation site of the 3"-arf
gene (see legend to Fig. 2). Upon transfec-
ton into peripheral blood lymphocytes,

pHXBc2 produces replicating cytopathic ;.
rus (12). Wild-type proviruses and thoge
containing deletions were introduced ingg
appropriate recipient cell lines 1o monito,
viral propagation and cytopathic effects,
The deletions introduced into pHXBe2 i
the region of the sor gene are shown in Fig,
2. In plasmid pDsorl, the 3’ third of the 59y
gene is deleted, substituting a random op.q,
reading frame for the deleted segment. The
deletion in a second plasmid, pDsor2, en.
compasses nearly the entire sor gene. Neither
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Fig. 3. (A) Infection of C8166 cells with HTLV-
H.Apﬂ:minmdySX 10% donor H9 and HY/
B cells (1) were pelleted and resuspended n
fresh RPMI 1640 medium supplemented with
20% feral bovine serum and mitomycin C (140
pg/ml). After incubation at 37°C for 80 minutes,
the cells were washed twice in phosphate-buffered
saline and cocultivated for 24 hours with
mately 107 C8166 cells in 50% conditioned medi-
um from the original donor cells and Polybrene (4
pg/ml). After cocultivation the cells were pelleted
and resuspended in fresh medium. Medium was
changed in this manner cvery 2 days. Only cells
that excluded blue were included in the
total cell count. Pilot experiments indicated thar
less than 1% of the donor cells excluded trypan
blue 48 hours after mitomycin C treatment, indi-
aﬁngd\amtofd\ccmmwdcdb“m@l“
recipient cells, Membrane immunofluorescence
was examined as described (20) with a 1:8 dilu-
tion of RV119 AIDS patient scrum, and a 1:30
dilution of fluorescein isodxioqanm-conjugmd
goat antiserum to human imm bulin (Cap-
mﬂﬁxpmm nts done in parallel with normal
scrum as a control did not detect mem-
brane fluorescence. Reverse transcriptase was ¢
termined on 100-fold oor:hucmr;h i;gfu‘lf .\,
pernatants as described with an oligo dT-polyl!
template-primer and magnesium cofactor (21)-
(B) Membrane fluorescence (mrvr:b ) ana:dr:\x
transcri his )- ars
mmp:‘é;l(“ m:l%g::‘cd with H9/IIIB;
solid bars and circles, C8166 cells cocultivat
with uninfected H9 cells. The time course of viral
lication varied by no more than 1 day from the
values shown in three separate experiments.
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of these deletions interfered with the coding
regions of the adjacent pol or tat genes. The
more extensive deletion in the pDsor3 pro-
virus removes coding sequences at the 3’
end of the pol gene and extends beyond the
3" end of the sor gene. The proviruses that
carry these deletions express the fafy gene
(at about 40 percent of the level of an
undeleted provirus) as judged by their abili-
tv to stimulate heterologous genc expression
under the control of an HTLV-III LTR in
transient transfection assays (7).

Cells of the C8166 T4" lymphocyte line
were chosen as recipients for the assay be-
cause this line expresses markers typical of
activated T cells and is exquisitely sensitive
to HTLV-III infection and cytopathicity
(14). Figure 3 shows the results of infection
of C8166 cells with virus produced by the
HY/IIB prototype cell line (I). Just before
the C8166 cells showed their maximum
HTLV-III-specific positive membrane fluo-
rescence and extracellular reverse transcrip-
tase (RT) activity, cytopathic changes oc-
curred that included syncytia formation, cel-
lular enlargement, and extrusion of cell
membranes (Fig. 3). The number of viable
cells decreased rapidly thereafter. No such
changes occurred in C8166 cultures exposed
to uninfected HY cells.

The ability of the full-length provirus and
of the proviruses with sor gene deletions to
produce infectious as well as cytopathic vi-
rus was determined. For this purpose, the
pHXBc2 plasmid and plasmids with dele-
tions were initially transfected into a human
B-lymphocyte line, Raji-tat;;, constitutively
expressing the HTLV-III fat protein (13).
Viral gag, tat, and env products were readily
detected at 72 hours in cells transfecred with
pHXBc2, pDsorl, pDsor2, or pDsor3 plas-
mid DNA. At this ume, the transfected cells
were treated with mitomycin C and cultivat-
ed with recipient C8166 cells at a ratio of 1
to 3. Within 4 days, most of the C8166 cells
that had been cocultivated with cells that
received pHXBc2 exhibited HTLV-1II-spe-
afic membrane fluorescence (Fig. 4), and
abour half of them showed cytopathic
changes indistinguishable from those ob-
served after infection of C8166 cultures
with the prototype virus derived from H9/
IIIB cells. Six days after cocultivation with
pHXBc2 transfectants, almost all of the
C8166 cells showed cyropathic changes and
there was a dramaric decrease in the viability
of the culture. Extracellular RT activity was
detected in cell-free supernatants of such
culrures, albeit at lower levels than after
infection of C8166 cultures (sec Fig. 4
legend).

In parallel experiments, C8166 cells were
coculuvated with Raji-tanyy; cells transfected
with the pDsorl, -2, and -3 plasmids. Al-

28 MARCH 1986

though the levels of viral gag and eny pro-
teins transiently produced in the Raji-tatyy,
cells transfected with the deleted plasmids
were the same as in the pHXBc2-transfected
cells, the results of coculavation with the
C8166 recipients differed markedly. No evi-
dence of the virus infection was detected in
C8166 cells exposed to the pDsor3 transfec-
tants. No cytopathic effect was noted and
the number of viable cells was indistinguish-
able from that of control cultures cocultivat-
ed with mock-transfected Raji-raty, cells,
even after 3 weeks. A maximum of 4 percent
of cells showed evidence of positive surface
immune fluorescence, a value that did not
increase with tme. No viral DNA or pro-
teins could be detected in these cells ar 10
days after cocultivation. We conclude that
the pDsor3 deletion renders the virus inca-
pable of replication in this system.

In contrast, C8166 cells cocultivated with
both the pDsorl- and pDsor2-transfected
Raji-taryy lymphocytes did produce virus
(Fig. 4). However, the spread of virus infec-
ton in the culture was delayed. Greater than
95 percent of the cell population showed
HTLV-III-specific membrane fluorescence

>

Total cell count (x 10°%)

Membrane fluorescence
(% positive)

| 3 5 T 9 I 13

at 10 days after exposure to the deleted
proviruses; such fluorescence occurred ar 4
days after exposure to pHXBc2. The C8166
cultures exposed to the deleted proviruses
showed delayed cytopathic changes and
longer cell viability, but nonctheless more
than 95 percent of the cells died after 12 to
13 days.

The protein products present in the in-
fected cell populations were ‘analyzed by
immunoprecipitation of cell lysates labeled
at the time of maximum immunofiuores-
cence, just prior to the onsct of marked loss
of cell viability (Fig. 5). When tested with
serum from an AIDS patient (RV119),
immunoprecipitates of H9 cells infected
with HTLV-III reveal products of the gag
gene (p55, p24-25, pl7, and possibly p38)
(5), env gene (gpl160, gpl 20, and gp41) (5),
and 3'-orf gene (p27) (10). When C8166
cells that had been exposed to pHXBc2 were
tested with RV119 serum, the profile was
similar excepr for the absence of the p27 3"
orf product. This was expected, because the
provirus present on this plasmid contains a
termination codon near the middle of the
3'-orf coding region (see Fig. 2). When

Fig. 4. (A) Infectivity and cytopathicity assays with C8166 cells. Approximately 2 x 10° Raji-tazy; cells
constitutively expressing fazy; were transfected with 15 pg of plasmid DNA by the DEAE-dextran
procedure (18), Approximately 72 hours after transfection, the cells were treated with mitomycin C and
cocultivated with C8166 cells as described in Fig. 3. Plasmids used for the transfection included
pHXBc2 (W), pDsorl (O), pDsor2 (O), and pDsor3 (@). Total cell counts, reverse transcriptase assays,
and membrane immunofiuorescence were performed as described in Fig. 3. Reverse transcriptase levels
(5 % 10” to 10 x 10* cpm/m! compared to background of 4 X 10% 10 6 X 107 cpm/ml) peaked at day §
after cocultivation with the pHXBc2 transfectants and at days 10 ro 11 after cocultivation with cither
pDsorl or pDsor2 transfectants. Reverse transcriptase was not clevated above background in C8166
cells cocultivated with the pDsor3 transfectants. The time course of viral replication varied by no more
than 2 days from the values shown in three separate experiments, (B, C, and D) C8166 cells 9 days after
cocultivation with Raji-fasyy cells transfected with pDsor3, pDsorl, and pHXBc2 plasmids, respectively
(x160). Cytopathic effects are present in (C) and (D). (E) Typical pattern of fluorescence observed in
C8166 cells 10 days after cocultivation with pDsor] transfectants.
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12 3 458 9 10 11 12 Fig. 5. Imm recipitation of C8166 protcins. The C8166 cells were
= labeled with [**S]cysteine overnight at the time of maximal positive men.
90160 - .-- branc fluorescence specific for V-IIT (days 4 to 5 for C8166 celjs
9p120 5 cocultivated with p transfectants, days 9 to 10 for cells cocultivated
with pDsorl, pDsor2, or pDsor3 transfectants). Labeled cell lysates were
66 - = i ipitated (17) with RV119, a positive AIDS patient serum (lanes
e 1 10 6), or rabbit mmmmwum7mz).mom¢
p43 = ww lysates are HY cells infected with -I1I (lanes 1 and 7), uninfected Ho
p38 - as cells (lanes 2 and 8), or C8166 cells cocultivated with transfected Raji-zo:
’ o cells. The original transfected ids include pHXBc2 (lanes 3 and
s - pDsorl (lanes 4 and 10), pDsor2 (lanes 5 and 11), or pDsor3 (lanes 6 and
027 -@B 3 12).
e Ses
FORTRR - 2% Fig. 6. Southern blot of DNA from CB8166 cells. Total cellular DNA was

isolated from C8166 cells at the time of maximum membrane immunofiuo-
rescence specific for HTLV-III (day 4 after cocultivation with pHXBc2-
trans Raji-tatyy cells; day 9 after cocultivation with Raji-tary, cell.
transfecred with pDsorl, pDsor2, or pDsor3). The DNA (10 pg) w.s
Saa digested with Xba I (lanes 1 to 3), Xho I (lanes 4 to 7), Bam HI (lanc 8), or

1 1

C8166 cells that had been exposed to the
deleted proviruses pDsorl and -2, were
tested with RV119 serum, the profile was
the same as that for cells exposed to
pHXBc2 (Fig. 5). The 23K sor gene product
was detected by the antiserum to oligopep-
tde S in C8166 cells exposed to the
pHXBc2 transfectants, but not in C8166
cells exposed to pDsorl or pDsor2.

The structure of proviral DNA present in
cells infected with the intact virus or virus
with sor region deletions was examined by
Southern blot analyses of total undigested
cellular DNA or DNA that had been treated
with restriction enzymes (15). Although the
same DNA forms, predominantly uninte-
grated closed circular and relaxed circular
viral DNA forms, were present in cells in-
fected with whole virus or virus with dele-
tions, the amount of DNA was reduced in
cells carrying the virus with sor deletions
(Fig. 6).

These results show that the sor gene of
HTLV-III is not required for replication of
the virus or for its cytopathic effect on a T4"
cell line. Viruses containing specific dele-
tions in this gene replicate in and kill the
C8166 cell line, but at a slower rate than the
whole virus. Two explanations of this mod-
est effect on virus replication can be offered.
The sor gene itself may slightly accelerate the
rate of virus replication. Alternatively, dis-
turbance of the structure of the viral genome
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Hind ITII (lanes 9 to 11) and Southern blotred as described (15). The
nitrocellulose filter was hybridized mapmbemadcfmmmcouecn‘m
of gel-isolated Bgl II internal \
was washed in 0.2x SSC at forthmbcfonaum:i.?'aph.m
original transfected plasmids used were pHXBc2 (lanes 1, 4, 9), p{):orl
(lanes 2, 5, and 10), pDsor2 (lanes 3, 6, and 8), or pDsor3 (lanes 7 and 11).
Xbal does not cut within the HTLV-III provirus, yielding apparent
§ iled and relaxed circular bands. Both Xho I and g;mH cleave
V-1II proviral DNA once, yiclding an a tly lincar form migrating
slightly fzstir than the relaxed ymdmﬂusfommobscwed in the Xba l%i::n:

ts derived from p The filter

Hind III cuts the HTLV-III provirus at m:l?k internal sites, yielding
0.

fragments of

in the vicinity of the pol and zaz genes may
indirectly affect the level of expression of
these genes, which are essential for virus
replication (9). The latter interpretation is
supported by the observed decreasc in trans-
activating ability in transient expression as-
says of the sor-deleted proviruses com

to the wild-type provirus (7). That the levels
of protein expression and replication kinet-
ics of the sor-deleted viruses approximate
that of the wild-type virus in Jurkat-rasyy
cells (see Fig, 1) further suggests that much
of the atenuation associated with the sor
deletions can be complemented by the ratyy,
product.

Our results also demonstrate that expres-
sion of the intact 3'-orf gene is not required
cither for replication or cytopathic effect of
HTLV-III in the T4" cell line used. All of
the proviruses used for this work contain a
termination codon within the 3’-orf gene
and do not make detectable levels of the
27K 3'-orf protein.

A function essential for virus replication is
apparently deleted in the pDsor3 plasmid.
This deletion removes 148 amino acids from
the 3' end of the pol gene. The deletion does
not remove any coding sequences of tasyyy,
and the provirus that carries this deletion
expresses tafy function (7). The 3’ end of
the pol gene of other retroviruses encodes an
endonuclease or integrase function (I6).
Similarities in the predicted amino acid se-

—— : roximately 4.2, 2.0, 1.6,
i fragment is not ).

6 kilobases (the latter

quence of this region of the HTLV-III
genome to analogous regions of other retro-
viruses suggest that the function of this
region is conserved (£). For this reason, we
speculate that inactivation of the endonucie-
ase-integrase domain of the pol gene pre-
vents virus replication.

The surprisingly mild effect of mutations
in the sor and 3'-orf genes on the replication
and cytopathic activity of the virus poscs
questions regarding the role of these genes
in the natural life cycle of the virus. That the
sor protein plays some role is suggested by
the relatively high degree of conservation of
this gene in independent virus isolates (£).
One possibility is that this protein may be
required for growth or regulation in cell
types not examined here. Assays similar t©
those described here but with the target cells
being derived from the central nervous of
reticuloendothelial system may reveal novel
functions for the sor and 3'-orf products.
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Identification of HTLV-III/LAV sor Gene Product
and Detection of Antibodies in Human Sera

Nancy C. KaN, GENOVEFFA FRANCHINI, FLOSSIE WONG-STAAL,
GARRETT C. DUBO1s, W. GERARD ROBEY, JAMES A. LAUTENBERGER,

Taxas S. Papas*

The nucleotide sequence of the genome of HTLV-III, the infectious agent etiologically
associated with the acquired immune deficiency syndrome, predicts a small open
reading frame, termed sor, located between the pol and env genes. A DNA segment
containing 82 percent of the sor region was inserted into a prokaryotic expression
vector, pJL6, to determine whether sor encodes a viral protein and to gain some insight
into its possible function. The bacterially synthesized sor protein reacted with sera from
individuals infected with HTLV-III, indicating that sor is expressed as a protein
product or products that are immunogenic in vivo. Antibodies to the purified,
bactu-inﬂysyndtuiudmrpmtdnwcrefoundmmctspedﬁaﬂywiththcumc
protein and also with a protein of molecular weight 23,000 (231() in HTLV-III-
infected HY cell extracts. The 23K protem comigrated with a protein mmunoprccxg
tated by the serum of a hemophiliac patient with antibodies to HTLV-III, suggesting
that this protein is probably the sor gene product.

UMAN T-LYMPHOTROPIC VIRUS

type III (HTLV-IIVLAV) has

been implicated as the causative
agent of the acquired immune deficiency
syndrome (AIDS) in humans (I-5). The
published nucleotide sequences of three iso-
lates of HTLV-III and related viruses pre-
dict the characteristic retroviral gag, pol, and
eny genes as well as two small open reading
frames, sor and 3'-orf (6-8). The two small
open reading frames in the HTLV-III
genome are unusual in that they have no
cquivalents similar in size and location in the
genomes of other exogenous human retro-
vituses such as HTLV-I and HTLV-II (9,
10). The sor region Is located between the po!
and env genes and can encode a protein of
192 amino acids with an estimated molecu-
lar weight of 22,500 (22.5K). Its initiator
methionine overlaps with the end of pol and

28 MARCH 1986

its terminator precedes the beginning of env.
The 440 nucleotides between sor and env
contain additional open reading frames that
have the potental to encode small novel
proteins. One of these has been shown to
constitute the second exon of the frans-
activating gene (tatyy) (11, 12). The puta-
tive initiator methionine of the 3'-orf is
located 4 basc pairs downstrcam from the
stop codon of the emy protein. Its open
reading frame extends into the U3 clement
of the 3' long terminal repeat (LTR). The
native gene product of 3'-orf in HTLV-III-
infected cells has been identified as a 27K
protein and shown to be immunogenic in
vivo (13, 14). In this report, we show that
the HTLV-III sor gene product is a 23K
protein that is also immunogenic in vivo,
HTLV-III is an exogenous retrovirus that
infects mainly the T4" human T cells. Un-

like most other nondefective retroviruses,
infection with HTLV-III generally leads to
cell death in vitro and to depletion of T cells
with OKT4 phenotype in patients with
AIDS (2, 5, 15). The small open reading
frames may contribute to this cytopathic
cffect by encoding viral proteins that either
directly or indirectly alter the cell metabo-
lism. DNA probes derived from the sor
region hybridize to RNA species in HTLV-
III-infected cells (12, 16). However, wheth-
er the sorrelated messenger RNA's
(mRNA’s) are translated into distinct pro-
tein specics remains to be studied, and the
functions of the purative sor gene products
are unknown.

In one approach to these problems we
have expressed the sor region in Escherichia
coli. The Alu I-Alu I fragment of the BH10
clone (17) of HTLV-III corresponding to
the segment from nucleotides 4724-5201
[numbered according to Ratner er al. (6)]
was isolated from an Eco RI subclone. The
5' Alu I site is located 34 amino acids
downstream from the putative initiator me-
thionine, while the 3’ Alu I site coincides
with the terminadon codon of ser. There-
fore, only 35 amino acids may have been
deleted with respect to the native protein.
The Alu I fragment was joined to the expres-
sion vector pJL6 (18, 19) at the Hind III site
(Fig. 1). Thirteen amino acids at the NH,-
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