small amounts of calcium and manganese
(17, 19); it thus has a composition similar to
that of the breunnerite in the Calrissian IDP
(Table 1).

Carbonates in carbonaceous chondrites
are believed to have crystallized during
aqueous alteration of their parent bodies
(18-20). However, Macdougall and co-
workers (22) recently showed, on the basis
of strontium isotopic measurements, that
the carbonates in Orgueil were probably
produced much earlier (possibly billions of
years earlier) than the period of extensive
aqueous activity during which sulfate veins
were produced. Thus, they suggested that
carbonate formation may have occurred at
the time of parent body formation.

Alternatively, the carbonates in the Or-
guei] meteorite and the Calrissian IDP may
be primary components that formed before
or during accumulation of solar nebula con-
densates and interstellar dust to planetary
bodies. Lancet and Anders (23) suggested
that the carbonates in' the carbonaceous
chondrites could have formed in the solar
nebula at approximately 400 K and 107*
atm through catalysts like hydrated silicates
and magnetite. Recent TEM studies of
IDP’s provide evidence that a low-tempera-
ture, catalytic synthesis was probably in-
volved in the formation of another mineral
in IDP’s (15, 24).

Studies of interstellar dust have largely
been based on theoretical and spectroscopic
methods. Now infrared, isotopic, and min-
eralogical studies of IDP’s suggest that they
may contain primitive solar materials, some
of which may be residues of the protostellar
clouds. Detailed investigation of IDP%,
therefore, offers potentially important in-
sights into the nature and history of inter-
stellar dust,
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A New HTLV-III/LAV Protein Encoded by a Gene
Found in Cytopathic Retroviruses

Tun-Hou LEeg, JoHN E. COLIGAN,

JONATHAN S. ALLAN,

MaRry F. McLANE, JEROME E. GROOPMAN, M. EssEX

The DNA of the HITLV-III/LAV group of retroviruses contains certain additional
open reading frames that are not found in typical avian or mammalian retroviruses.
The role of these sequences in encoding for gene products that may be related to
pathogenesis remains to be resolved. An open reading frame whose 5’ end overlaps
with the pol gene, but is unrelated to the env gene, has been observed in HTLV-
III/LAV and visna virus, both cytopathic mammalian retroviruses. Evidence presented
here shows that this open reading frame is a bona fide coding sequence of HTLV-
III/LAV and that its product, a protein with a molecular weight of 23,000, induces
antibody production in the natural course of infection.

 HE THIRD MEMBER OF THE RECENT-

ly identified family of human T-lym-
photropic viruses, HTLV-III/LAV

[also designated ARV (1-7)] is now gener-
ally accepted as necessary, if not sufficient,
for the development of the acquired im-
mune deficiency syndrome (AIDS). In addi-
tion to the gag, pol, and env genes that are
present in all replication-competent animal
retroviruses, HTLV-III/LAV also contains
in its genome several other open-reading
frames (orf’s) (8-11). Recently, two lines of
evidence have suggested that at least two of
the HTLV-III/LLAV orf’s are indeed func

tional genes. First, in the process of search-
ing for regions that mediate the observed
transactivation, a new gene, fuf, unrelated to
a9, pol, and env, was identified (12, 13).
Second, an antigen with a molecular weight
of 27,000 (p27) was shown to be encoded
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Table 1. Deduced protein sequence for CNBr cleaved sor product of HITLV-III/LAV, based on the

nucleotide sequence of Ratner ¢ al. (8).

Expected Number of

CNBr amino acids in Deduced NH,-terminal protein sequence
. 1de*

pgfgg;i;s each CNBr peptide of each CNBr peptide
Peptide 1 7 NH,MENRWQVM
Peptide 2 8 IVWQVDRM
Peptide 3 13 RIRTWKSLVKHHM
Peptide 4 160 YVSGKARGWFYRHHYE-M
Peptide 5 3 N G H—COO

*The amino acids identified by the radiosequence analysis are underlined.
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by one of the HTLV-III/LAV orf’s, variably
designated as 3'-orf (8), F (9), orf-2 (10), E’
(11), thus providing direct evidence for the
presence of a fifth gene in HTLV-IIVLAV
14).

The unusually large number of genes
identified in HTLV-IIVLAYV is not the only
feature that distinguishes this class of viruses
from other replication-competent retrovi-
ruses. In most replication-competent retro-
viruses, the 5’ end of the en» gene overlaps
with the 3’ end of the pol gene. In HTLV-
IIVLAV, however, the env gene is located
about 1.1 kb downstream from the pol genc
and there is another orf whose 5’ end over-
laps with the 3’ end of the pol gene. This orf,
known as sor (8), orf Q (9), orf-1 (10), and
P’ (11), encodes an unusually large number
of tryptophan residues. These features of
HTLV-III/LAYV are also found in visna vi-
rus, a cytopathic retrovirus of sheep that is
distantly related to HTLV-III/LAV (9, 15).
The question of whether sor is a bona fide
coding sequence of HTLV-III/LAYV is ad-
dressed in the present study. We describe
here the identification of a new HTLV-III/
LAV antigen with an approximate molecu-
lar weight of 23,000 (p23). Amino acid
sequence analysis of p23 has allowed us to
map its coding origin to sor.

Figure 1 shows the detection of p23 in an
HTLV-IIVLAV producer cell line, Molt-
3/HTLV-III (16), by the techniques of ra-
dioimmunoprecipitation and sodium dode-
cyl sulfate—polyacrylamide gel electrophore-
sis (RIP/SDS-PAGE) (17, 18). Three of the
five representative sera from patients with
AIDS or AIDS-related complex (ARC) and
from asymptomatic homosexual males react-
ed to p23 (Fig. 1). Serologically, p23 ap-
pears to be unrelated to emv encoded
gp160/120 (19-22), gag encoded p55, p24
(19-21), 3'-orf encoded p27 (14) and a 25K
antigen that shares a common epitope with
p24 (23). There appears to be no correlation
between the detection of p23 and other
antigens (Fig. 1A). The virus specificity of
p23 is further demonstrated by the absence
of p23 in the HTLV-III uninfected parental
cell line, Molt-3 (Fig. 1B), and by the
inability of 20 HTLV-III/LAV seronegative
laboratory workers to recognize p23.

To determine whether the coding origin
of p23 is sor, we analyzed the NH,-terminal
protein sequence by radiosequence analysis
(17, 18, 24). Radiolabeled p23 was isolated
from samples of the Molt-3/HTLV-III cell
line metabolically labeled with [*H]valine by
RIP/SDS-PAGE. Automated Edman degra-
dation analysis of radiolabeled p23 eluted
from the gel did not yield any radioactive
peak in the first 20 degradation cycles. This
could result from the absence of valine in the
NH,-terminal region of p23, in which case
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Fig. 1. Antibody reactivities to HTLV-III/LAV encoded
p23. Details of the RIP/SDS-PAGE techniques were de-

scribed (17, 18, 21, 22, 24). (A) Cell lysates were prepared
from [**S]methionine-labeled Molt-3/HTLV-III cells. Anti-
body reactivities of four representative sera from patients
with ARC (lanes 1, 2, 3, and 5), and a representative serum
from an asymptomatic homosexual male (lane 4) are shown.
(B) Cell lysates from [**S]methionine-labeled infected cells
(lanes 2, 4, 6, and 8) and uninfected Molt-3 cells (lanes 1, 3,
5, and 7) were reacted with four representative sera from
patients with ARC (lanes 1, 2, 3, 4, and 7 and 8) and an
asymptomatic homosexual male (lanes 5 and 6). Sera in lanes 1 and 2 were the same as that in lane 2 of
(A). Sera in lanes 3 and 4 were the same as that in lane 3 of (A). Sera in lanes 5 and 6 were the same as
that in lane 4 of (A). Sera in lanes 7 and 8 were the same as that in lane 5 of (A).

p23 would be unlikely to be a sor product, or
from the NH,-terminal residue of p23 being
inaccessible to Edman degradation. To dis-
tinguish between these possibilities, we
treated the [*H]valine-labeled p23 with cy-
anogen bromide (CNBr), which is known
to cleave at the COOH side of methionine
residues, and subjected the unsorted CNBr
fragments of p23 to automated Edman deg-
radation. Valine residues were found in
degradation cycles 2, 5, and 9 (Fig. 2).
Valines at position 2 and 5 match with the
deduced protein sequence of peptide 2 and
valine at position 9 matches with peptide 3

1300

1100 1

900 1

700 1

Radioactivity (dpm)

500 1

300 -

100 1

2 4 6 8 10 12 14
Sequence step

(Table 1). The disproportionately high yield
at position 2 could have resulted from the
presence of peptide 4 in the unfractionated
CNBr fragments. This result suggested the
likelihood that p23 is encoded by sor and the
NH;-terminal residue of p23 is inaccessible
to Edman degradation.

To verify that the observed match with
the unfractionated CNBr fragments was not
due to chance alone, we separated the CNBr
fragments of [*H]valine- and [**S]cysteine-
labeled p23 by Sephacryl $-200 chromatog-
raphy and then subjected the fragments to
automated Edman degradation (Fig. 3).
Comparison between NH,-terminal protein
sequences of CNBr fragments recovered in
the three different pooled fractions with the
deduced protein sequences presented in Ta-
ble 1 revealed that pool I contained peptide
4, pool II contained peptide 3, and pool III
contained peptide 2. Pool II appeared to
contain small amounts of peptide 1 and
peptide 2 also, as indicated by the presence
of valine residues at positions 2, 5, and 6.
The same analyses carried out with [*H]ar-
ginine- or [*H]tryptophan-labeled p23 gave
similar results (Fig. 4). All arginine or tryp-
tophan residues identified in pools IV to X

Fig. 2. Radiosequence analysis of unfractionated
CNBr peptides of p23. Radiolabeled p23 was
isolated from 50 x 10° Molt-3/HTLV-III cells
mietabolically labeled with 10 mCi of [*H]valine
(New England Nuclear, NEN), specific activity
55 mCi/mmol). The serum used for immuno-
precipitation is the same as the one shown in lane
5 of Fig. 1A. Procedures for preparation of
radiolabeled peptides and CNBr cleavage were
the same as described previously (17, 18). Auto-
mated Edman degradation of radiolabeled p23
was performed as described (24).
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are summarized in Table 1. We conclude
from these results that p23 is ¢ncoded by sor.

Because there are no complementary
DNA clones that hybridize to the sor region
probe (11), and because of the lack of
immunoreactivity to sor-related peptides ex-
pressed in the prokaryotes (25), it has not
béen clear whether sor, which occurs only in
the cytopathic vinises HTLV-III/LAV and
visna, is actually a coding sequence of
HTLV-IIVLAV. The results we have pre-
sented provide direct evidence for the pres-
etice of a sor gene in HTLV-III/LAV. These
findihgs bring the number of functional
genes of HTLV-IIVLAV to six (gag, pol,
env, tat, 3'-orf, and sor), thus making the
coding capacity of HTLV-IIVLAV by far
the largest among replication-competent
retroviruses.

The inaccessibility of p23 to Edman deg-
radation suggests that some kind of NH,;-
terminal modification has occurred. It is not
clear if this modification is present on the
native p23 or is the result of our isolation
procedure. The latter possibility appears to
be less likely because identical methods were
used to isolate env gene encoded antigens of
HTLV-I (18), HTLV-II (26), and HTLV-
IIVLAV (22).

It has been speculated that, if sor is a
coding sequence, its product can be translat-
ed either from a transcript that can make a
Jag-pol-sor read-through product or from a

Table 2. Various serological profiles of serum
samples from people with circulating antibody to
gp160/gp120 as detected by radioimmunopreci-
pitation assay.

Presence (+) or absence (—) of

Sero- antibody to

logical

T
(env) Un) (sor) orf)

1 + - - -

2 + + - -

3 + + - +

4 + + + %

5 + + + +

*Oné example of this profile is shown in lane 2 of Fig.
1A, where p27 is marginally detectable.

spliced messenger RNA (mRNA) that uses
a splice acceptor (or acceptors) located 5’ of
the sor coding sequence arid does not con-
tain gag and most of the pol coding se-
quences (11). Because no gag-pol-sor read-
through product has been detected, it is
likely that sor is translated from a spliced
mRNA. A recently identified mRNA of
approximately 5.5 kb, which was detected
by a synthetic oligonucleotide probé com-
plementary to a sor coding region, could in
theory be one of the candidate transcripts
from which p23 is translated (27).

The recognition of p23 by HTLV-III/
LAV seropositive patients demonstrates
that, like env encoded gpl60, gp120, and
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Fig. 3. Radiosequence analysis of CNBr cleaved p23. [**$]Cysteine- and [*H]valine-labeled p23 was
isolated by RIP/SDS-PAGE. After CNBr cleavage (17), peptides were separated in a 2 by 195 cm
column that had been equilibrated in 6 guanidine HCI plus 0.5% acetic acid. Fractions of 2.0 mi were
collected and pooled as indicated. Each pool was then subjected to automated Edman degradation.
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gp4l (19-22, 28), 3'-orf encoded p27 (14),
and gag encoded pl7 and p24 (19-21), sor
encoded p23 is also involved in antibody
induction during the natural course of infec-
tion. Detection of circulating antibody to sor
encoded p23 does not necessarily correlate
with the detection of circulating antibody to
ga encoded p24 and 3’-07f encoded p27
(Fig. 1 and Table 2). On the basis of
experiments with more than 60 human sera,
five serological profiles can be identified
when antibody responses to eny encoded
gpl60 and gpl20, gag encoded p24, 3'-orf
encoded p27, and sor encoded p23 are con-
sidered. It is possible that some of these
profiles are correlated with clinical manifes-
tations of disease or with virus replication
status and may prove useful in differential
diagnosis and prognosis.

The function of p23 is not known. Be-
cause sor transcripts were not detected in an
HTLV-III producer line, the sor product
was recently speculated to be a repressor
that would only be expressed in cells that are
in a “lysogenic” state (29). This hypothesis is
unlikely to be true, in view of the detection
of sor encoded p23 in the virus producer line
Molt-3/HTLV-III and the detection of can-
didate sor transcripts in another HTLV-III
producer line, HY/HTLV-III (27). Howev-
er, it is interesting to note that sor encoded
p23 is unusually rich in tryptophan (8-11).
Since tryptophan residues are rare in most

300 7 A
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o
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Fig. 4. Sephacryl §-200 chromatography of CNBr
peptides of (A) [*H]arginine-labeled p23 or (B)
[*H]tryptophan-[abeled p23. The amounts of iso-
tope used were 10 mCi of [*H]arginine (NEN,
specific activity 30 mCi/mmol) and 10 mCi of
["H]uryptophan  (NEN, specific acrivity 20
mCi/mmol), respectively. Separation procedures
were the same as those described in Fig. 3. Results
of protein sequence analysis of pooled fractions
indicated are summarized in Table 1.
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proteins, this may imply that the function of
p23 is subject to structural constraints exert-
ed by the tryptophan residues. The observa-
tion that an analogous open reading frame
of visna, designated orf Q (29), is also
unusually rich in tryptophan residues, raises
the possibility that some functional features
common to these two cytopathic viruses are
mediated by this region of the virus.
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Replicative and Cytopathic Potential of
HTLV-IIIVLAV with sor Gene Deletions

JoseEpH SoprOSKI, WEI CHUN GOH, CRAIG ROSEN, ANDRE TARTAR,
DANIEL PORTETELLE, ARSENE BURNY, WILLIAM HASELTINE

The genome of the human T-lymphotropic virus type III (HTLV-III/LAV) has the
potential to encode at least three polypeptides 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’-0rf gene
product were necessary for the replication or cytopathic effects of the HTLV-IIL

HE HUMAN T-LYMPHOTROPIC VI-

rus type III (HTLV-IIVLAV) is the

primary etiological agent of the ac-
quired immune deficiency syndrome
(AIDS) and associated disorders (I). Infec-
tion with the virus can result in a depletion
of the T4" subset 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
established lymphocyte lines, mimicking the
effects on the host cell in vivo (1, 3).

1.2 3 4 5 6 7 8
V'-'-J

23K »

23K -
™Y )
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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 funcrions required for replica-
tion (the pol gene) (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 emv and
a second located within an alternative read-
ing frame of env, encodes the 14K transacti-

8 101112 13

p55-

palL
p38~

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 to 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
infected cells revealed two spliced polyaden-
ylated RNA species, of 5.5 and 5.0 kilobases
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Fig. 1. Immunoprecipitation of extracts from HTLV-IIl-infected cells with
antiserum to oligopeptide S. Cell lines were labeled overnight with
[**S]methionine at 100 pCi per milliliter and prepared for immunoprecip-
itation with rabbit antiserum to oligopeptide S (lanes 1 to 8) or sera from
HTLV-III-infected individuals (lanes 9 to 13) as described (17). Lanes 1
and 2: uninfected H9 cells and H9 cells infected with HTLV-III (H9/1IIB),
respectively, precipitated with the antiserum to oligopeptide S. Lanes 3, 4,
and 5: immunocompetition of HY/TIIB cell lysates for the antiserum to
oligopeptide S with increasing amounts (5, 10, and 20 pg, respectively) of

oligopeptide S present in the reaction. Lanes 6, 10, and 12: Jurkat-zazyy cells

p24- DAl

23K >

transfected with pHXBc2. Lanes 7, 9, and 11: Jurkat-zazy; cells transfected
with the pDsorl. Lanes 8 and 13: untransfected Jurkat-zasy; cells. Cells were
labeled 5 to 6 days after transfection by the DEAE-dextran technique (I18)

| with 15 pg of plasmid DNA. Antiserum to oligopeptide S was used to
precipitate cell extracts in lanes 6 to 8, patient antiserum T.W. in lanes 9 and

pPI7- -

10, and patient antiserum 4-3 in lanes 11 to 13.
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