ATP by the mitochondria. It is not
known whether this results from the loss
of some chemical coupling or from the
swelling of the mitochondria that pre-
vents passage through the matrix of the
axoplasm. ;

The use of AVEC-DIC microscopy
permits direct analysis of all the moving,
membranous organelles for the first
time. To our knowledge, no other mi-
croscopy system is available that can
detect the full range of membranous or-
ganelles in living preparations. Removal
of the plasma membrane and other per-
meability barriers by mechanical extru-
sion makes biochemical, pharmacologi-
cal, and mechanical manipulations possi-
ble without the extraction of components
with detergents. The resulting preserva-
tion of polypeptide composition and or-
ganization in the native state results in a
greatly eéxtended life span for the model.
Therefore, this model fulfills all the crite-
ria for a study of the molecular mecha-
nisms of intracellular transport of mem-
branous organelles.
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In vivo Identification of the Transforming

Gene Product of Simian Sarcoma Virus

Abstract. Simian sarcoma virus (SSV) deletion mutants were constructed from a
molecular clone containing the entire infectious provirus. Transfection analysis of
these mutants localized the SSV transforming gene to a small region of the viral
genome encompassing its cell-derived sequence (v-sis). Antiserum to a peptide
synthesized on the basis of the predicted amino acid sequence of the SSV transform-
ing gene detected a 28,000-dalton protein that was specifically expressed in SSV
transformed cells and that corresponded in size to that predicted from the v-sis
coding sequence. The v-sis gene product designated p28% was not a phosphopro-
tein, nor did it possess detectable protein kinase activity. These findings distinguish

p28%S from a number of other retroviral onc proteins.

Acute transforming retroviruses have
been isolated from a number of verte-
brate species. These viruses cause sarco-
mas or hematopoietic tumors, but in
some cases induce carcinomas as well
(). Simian sarcoma virus (SSV) is the
only known acute transforming retrovi-
rus of primate origin (2). The isolation of
biologically active molecular clones con-
taining the intact, integrated SSV
genome has made it possible to approach
an understanding of its transforming
mechanism. Studies to date have shown
that the 5.1-kilobase pair (kbp) SSV
genome arose by recombination of simi-
an sarcoma associated virus (SSAV)
with a 1-kbp segment (v-sis) derived
from a woolly monkey cellular gene (3—
5). By analogy with information avail-
able concerning the cell derived se-
quences of other transforming retrovi-
ruses, v-sis might be expected to play an

important role in transformation induced
by SSV. Nucleotide sequence analysis of
v-sis has revealed a long open reading
frame that could code for the SSV trans-
forming protein (6). Our studies were
undertaken to establish directly the role
of v-sis in SSV induced transformation
and to use knowledge of the primary
nucleotide sequence of v-sis to identify
the SSV transforming protein.

To localize the region of SSV required
for transformation, we constructed vari-
ous deletion mutants from a molecular
clone of SSV DNA and tested their abili-
ty to transform NIH/3T3 cells in a trans-
fection assay (7, 8). The intact viral
genome (pSSV-11) exhibited a trans-
forming activity of 10*! focus-forming
units (FFU) per picomole of viral DNA
(Fig. 1). A subgenomic clone, pSSV 3/1,
from which the 3’ long terminal repeat
(LTR) was deleted, showed no reduction

I | | | | | 1

o 1 2 3 4 5 6 kbp

l-v-—-i* R }* ?

Pvu |
Pst | Bgl log FFU/pmole

pssv-11 ~—~—{__} 4.1
pSSV 3/1 3 4.0
PSSV 3/2 3 I o

pssv 1711 ~_ }————

pSS8SV 1/2

- o

Fig. 1. Construction and biological analysis of SSV deletion mutants. The integrated form of
SSV was excised from A-SSV-11 Cl 1 (3) and purified by elution from a preparative agarose gel.
Deletion mutants pSSV 3/1 and pSSV 3/2 were constructed by cloning products of a reaction in
which purified SSV DNA was partially digested with Pst I. The intact viral genome, pSSV-11,
was obtained by cloning the \-SSV-11 Cl 1 insert at the Eco RI site of pBR322 (30). pSSV I/l
and pSSV 1/2 were constructed by limited Bgl II digestion of pSSV-11 followed by religation. In
each case; the structure of individual deletion mutants was determined by restriction enzyme
and Southern blotting analysis. Transfection of NIH/3T3 cells with plasmids containing SSV
wild-type or mutant DNA’s was performed by the calcium phosphate precipitation technique (7)
as modified by Wigler ez al. (8). Transformed foci were scored at 14 to 21 days.
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in biologic activity. In contrast, pSSV 3/
2, a subclone that lacked the 3’ LTR as
well as all but 82 base pairs (bp) of v-sis,
demonstrated no detectable transform-
ing activity. These results indicated that
v-sis is essential in SSV transformation.
The mutant pSSV I/1, which lacked an
internal 1.8-kbp Bgl II fragment (Fig. 1),
transformed NIH/3T3 cells with an effi-
ciency of 10*' FFU per pmole of viral
DNA. However, a subclone, pSSV 1/2,
which lacked an additional stretch of 345
bp of SSAV sequences as well as the first
250 bp of v-sis showed no transforming
activity. These results localized the SSV
transforming gene to a region encom-
passing v-sis, along with 345 and 305 bp
of flanking SSAV sequences, to the left
and right of v-sis, respectively.

Primary nucleotide sequence analysis
of v-sis has revealed the presence of a
long open reading frame starting 19 nu-
cleotides upstream from the v-sis-SSAV
junction and terminating within v-sis
(Fig. 2). This potential coding sequence

was included within the region shown
to be required for SSV transformation.
Peptides synthesized on the basis of a
known genetic sequence can be used as
haptens to elicit antibodies capable of
recognizing its translational product (9,
10). Thus, if the v-sis open reading frame
is functional, antibodies prepared by this
approach might be able to detect the v-
sis gene product. We chose for synthesis
a pentadecapeptide derived from the §’
terminal region of v-sis (Fig. 2). Rabbits
were immunized with 100 pg of the pep-
tide, designated sis-N1, either alone or
after it was conjugated with thyroglobu-
lin (/7). Thereafter, 100 pg of peptide
was administered intraperitoneally at 14-
day intervals. Animals were bled 1 week
after each injection.

We monitored the effectiveness of the
immune response by the ability of serum
from sequential bleedings to precipitate
the '®I-labeled sis-N1 peptide. The titer
for 20 percent precipitation increased to
1:2500 by the third immunization with

initlator Terminator

ATG

the conjugated peptide, whereas the un-
conjugated peptide failed to elicit an im-
mune response (titer < 1:20). Subse-
quent studies were therefore performed
with antiserum to the conjugated pep-
tide.

In an effort to detect an SSV transla-
tional product in SSV transformed cells,
cultures were labeled for 3 hours with
[**S]methionine, and extracts were im-
munoprecipitated with preimmune se-
rum or with antiserum to sis-N1. A pro-
tein with an apparent molecular size of
28,000 daltons (p28) was precipitated
with the sis-N1 antiserum from SSV
transformed marmoset cells (lane 2 in
Fig. 3A) but not from uninfected cells
(lane 1 in Fig. 3A). Thus, p28 seemed a
suitable candidate for the SSV trans-
forming protein.

An important test of the virus-coded
nature of a protein is detection of the
protein after virus infection of cells of
distantly related species. We therefore
examined the ability of our sis-N1 antise-
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ATGIACC CTC ACC TGG CAG C CCC ATT CCT GAG GAG CTC TAT AAG ATG CTG AGT GGC CAC TCGATT CGC TCC TTC GAT GAC CTC CAG CQC CTG CTG CAG GGA
Met] Thr Leu Thr Trp Gin Gly |Asp Pro lle Pro Glu Glu Leu Tyr Lys Met Leu Ser Gly His Ser| le Arg Ser Phe Asp Asp Leu Gin Arg Leu Leu Gin Gly

Fig. 2. Location of the sis-N1 peptide within the v-sis open reading frame. The amino acid sequence of the NH,-terminal region of the putative v-
sis gene product as well as the nucleotide sequence from which it was deduced are given in the bottom line. The amino acid sequence of the sis-N1
pentadecapeptide is also indicated. The procedure used for peptide synthesis has been described (31). Selected restriction enzyme cleavage sites
are included for reference. LTR indicates long terminal repeat, and wavy lines indicate host DNA.

Fig. 3. Detection in vivo of a v-sis translational product by immuno-
precipitation analysis. Subconfluent cultures (around 107 cells per 10-
cm petri dish) were labeled for 3 hours at 37°C with 4 ml of
methionine-free Dulbecco’s modified Eagle’s minimal essential medi- b2 12 3
um containing 100 uCi of [**SImethionine (1,200 Ci/nmole; Amer-
sham) per milliliter. Labeled cells were lysed with 1 ml of a buffer
containing 10 mM sodium phosphate, pH 7.5, 100 mM NaCl, 1
percent Triton X-100, 0.5 percent sodium deoxycholate and 0.1 mM
phenylmethyl-sulfonyl fluoride per petri dish, clarified at 100,000 for
30 minutes and divided into four identical aliquots. Each aliquot was
incubated with 4 pl of antiserum for 60 minutes at 4°C. Immunopre-
cipitates were recovered with the aid of Staphylococcus aureus
protein A bound to Sepharose beads (Pharmacia) and analyzed by
electrophoresis in sodium dodecyl sulfate—14 percent polyacrylamide p28— - - ; - ~—p28
gels (32). (A) Immunoprecipitation of labeled extracts of SSV(SSAV)
transformed producer marmoset cells (lane 2) and uninfected (lane 1)
marmoset cells with antiserum to sis-N1. (B) Immunoprecipitation of
labeled extracts of SSV clone 11 transformed nonproducer NRK cells
with preimmune rabbit serum (lane 1), with antiserum to sis-N1 (lane
2), and antiserum to SSAV (lane 6). Antiserum to sis-N1 was also
used to immunoprecipitate uninfected (lane 3), Moloney murine
sarcoma virus transformed nonproducer (lane 4), and SSAV infected
(lane 5) NRK cell extracts. (C) Immunoprecipitation of extracts of
SSV clone 11 transformed nonproducer NRK cells with antiserum to
sis-N1 that had been incubated with 0, 0.1, 0.3, 1, or 10 ug (lanes 1 to
S, respectively) of sis-N1 peptide.
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rum to detect p28 in normal rat kidney
(NRK) cells transformed by SSV (Fig.
3B). When extracts of an SSV nonpro-
ducer NRK cell line were allowed to
react with antiserum to sis-N1 (lane 2),
we observed a 28,000-dalton protein that
was not precipitable with preimmune se-
rum (lane 1), nor detectable in uninfected
NRK cells (lane 3). Analysis of NRK
cells transformed by another retrovirus,
Moloney-MSV, revealed no evidence of
p28 expression (lane 4), a further indica-
tion that this protein was coded by SSV.

It is known that SSV clone 11 codes
for the SSAV gag gene precursor poly-
peptide (12). To exclude the possibility
that p28 was an SSAYV related protein,
we analyzed the ability of our sis-N1
antiserum to bind SSAV coded proteins.
No SSAV gene products were precipita-
ble with this antiserum, as shown by
comparison of results with uninfected
(lane 3) and SSAYV infected NRK cells
(lane 5). Moreover, although antiserum
to SSAV detected SSAV gag related
proteins in SSV nonproducer NRK cells
(lane 6), none of these proteins had the
apparent molecular weight of the p28
protein.

The above findings strongly implied
that p28 was coded by the transforming
region of SSV. As a final test of this
conclusion, sis-N1 antiserum was incu-
bated with varying amounts of the unla-
beled sis-N1 peptide before immunopre-
cipitation of SSV nonproducer NRK cell
extracts (Fig. 3C). Increasing amounts of
sis-N1 peptide effectively competed for
binding of p28, with complete inhibition
observed with 10 pg of peptide (lanes 1
to 5 in Fig. 3C). In contrast, the peptide
did not inhibit precipitation of other pro-
teins nonspecifically observed both with
control serum and antiserum to the pep-
tide. All of these results identify p28 as
the product of v-sis.

The transforming proteins of a number
of acute transforming retroviruses are
reported to be phosphoproteins with as-
sociated protein kinase activity (/3-22).
To test whether p28* was a phospho-
protein, we labeled SSV transformed
NRK cells with [*?Plorthophosphate and
analyzed the cell lysate by immunopre-
cipitation. Under conditions in which the
SSAV gag gene precursor was labeled,
phosphorylation of p28* could not be
detected (data not shown). The fact that
p28% is not a phosphoprotein does not
exclude the possibility that the molecule
has protein kinase activity. Thus, im-
munoprecipitates containing p28 were
tested for their ability to catalyze the
transfer of phosphate from adenosine
triphosphate to associated immune glob-
ulins in a standard retrovirus protein
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kinase assay (/3). Under conditions in
which the transforming gene product of
Snyder-Theilen feline sarcoma virus, a
known protein kinase (/5),
scored positive, p28** did not demon-
strate protein kinase activity.

The 28,000-dalton protein identified as
the translational product of the cell de-
rived gene of SSV was specifically de-
tected in SSV transformed cells and cor-
responded in size to the protein (27,000
daltons) predicted from the v-sis open
reading frame (6). The absence of any
other long open frame within v-sis (6)
and localization of the SSV transforming
gene to a small region of SSV encom-
passing v-sis, make it likely that p28°* is
the SSV transforming protein.

Thiel et al. (23, 24), using antiserum to
SSV transformed nonproducer cells, had
earlier identified SSV transformation—
specific proteins of 20,000 and 200,000
daltons. Neither of these proteins corre-
sponds in size to p28*"*. Moreover, anti-
serum provided by Thiel did not detect
P28, Thus, these SSV transformation—
specific proteins appear to be induced by
SSV rather than coded by SSV. As such,
their role in the induction and mainte-
nance of SSV transformation remains to
be determined.

The finding that p28** is not phosphor-
ylated indicates that p28** differs from a
number of other retrovirus transforming
gene products that are known to be phos-
phoproteins (13-22, 25). In addition,
p28** did not demonstrate autophos-
phorylation or phosphorylation of the
sis-N1 antibody. We cannot exclude the
possibility that p28* is a protein kinase
with specificity for other substrates or
that antibody to sis-N1 inhibits p28
kinase activity by its specificity for a
particular region of the protein. The gen-
eration of peptide antibodies directed
against other regions of p28** should aid
in resolving this question.

Synthetic peptides prepared on the
basis of known nucleotide sequences
have been used in the analysis of several
proteins coded by certain DNA (9) and
RNA (10, 26) tumor viruses, as well as
hepatitis virus (27, 28); these proteins
had all been previously identified by

-other techniques., Our identification of

p28** with antibody to a predicted pep-
tide sequence demonstrates the cfficacy
of this approach in the detection of an
unknown gene product and thus its gen-
eral applicability to the analysis of
cloned genes.

The availability of antibodies capable
of recognizing p28** should be of use in
locating this protein within transformed
cells and in obtaining sufficient amounts
of the protein for detailed biochemical

readily

analysis. Recent studies have revealed
that certain human tumor cells specifi-
cally express v-sis related transcripts
(29). It will be of interest to determine
whether antibodies directed against the
v-sis coded protein are also capable of
detecting a v-sis related gene product in
such tumor cells.
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