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We have identified the oncogene and the putative transforming protein of the
Parodi-Irgens feline sarcoma virus (PI-FeSV). The PI-FeSV is defective and
needs a helper virus for its replication. The v-onc sequences in the PI-FeSV were
found to be related to the v-sis sequences of the simian sarcoma virus (SSV). Pl-
FeSV nonproducer cells express two viral RNAs, a 6.8- and a 3.3-kilobase RNA.
The 6.8-kilobase RNA contains gag, sis, and env sequences but lacks the pol
gene. The 3.3-kilobase RNA, on the other hand, contains only env sequences. We
have detected one feline leukemia virus-related protein product in these cells,
namely, a 76-kilodalton protein which contains determinants of the feline leuke-
mia virus gag proteins p15 and p30. The v-sis sequences in the PI-FeSV have been
located near the 5' end of the viral genome. Taken together, these results imply
that the p76 protein contains both feline leukemia virus gag and sis sequences and
probably is the transforming protein of this virus. In contrast, in SSV the sis
sequences are located towards the 3' end of the viral genome, and the sis protein is
thought to be expressed via a subgenomic RNA. PI-FeSV and SSV therefore use
different schemes to express their onc-related sequences. The v-sis sequences in
the PI-FeSV contain restriction sites which reflect the different origin of the v-sis
sequences in the PI-FeSV and SSV. The homologous oncogenes of the PI-FeSV
and SSV thus were transduced by two different retroviruses, feline leukemia virus
and the simian sarcoma-associated virus, apparently from the genomes of
different species.

Acute transforming retroviruses have been
isolated from a number of vertebrate species,
from naturally occurring tumors of animals with
frequent retrovirus infections or after in vivo
passage of leukemia viruses in laboratory ani-
mals. It is now widely believed that the onco-
genes (v-onc sequences) of the acute transform-
ing retroviruses have been acquired by
transduction of cellular genes (5, 44). Such cellu-
lar homologs are highly conserved in the animal
kingdom; thus, they probably serve important
functions in cellular physiology or differentia-
tion. To date, 16 different retroviral oncogenes
have been identified in at least 31 virus strains.
Of these 31, 18 were isolated from chickens, 1
was isolated from a turkey, and 12 were isolated
from various mammals. Several retroviral onco-
genes are shared by more than one virus strain
isolated from the same species, but only twice
have homologous v-onc sequences been found
in viruses isolated from different species (1, 38).
onc sequences are arranged in different ways

in the genomes of acute transforming retrovi-

ruses; thus, different strategies are used for their
expression (19, 36, 44). In most cases, the pri-
mary translation products of the onc sequences
are protein fusions with various viral gene prod-
ucts at their N-terminus (6, 42, 45). Less fre-
quently, the v-onc translation products derive
entirely from the v-onc sequences, as is the case
for Rous avian sarcoma virus, Harvey murine
sarcoma virus, and Kirsten murine sarcoma
virus (8, 44). Most viruses with homologous v-
onc sequences have a similar oncogenic spec-
trum, and their v-onc sequences are expressed
in analogous fashion (16).

Feline leukemia virus (FeLV) is horizontally
transmitted between domestic cats and has been
shown to be the etiological agent for lymphosar-
coma and a variety of other feline diseases (18,
44). Five feline sarcoma viruses (FeSVs) have
been isolated from naturally occurring FeLV-
associated feline fibrosarcomas (22, 30, 44).
Three of them, the GA-, the ST-, and the SM-
FeSV, have been characterized extensively (10,
12, 37). The ST- and the GA-FeSV contain the
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oncogene fes (13), which is related to the avian
oncogene fps (38). The SM-FeSV contains the
oncogenefms (10). The Parodi-Irgens FeSV (PI-
FeSV) was isolated in 1973 from an 8-month-old
FeLV-infected pet cat with a naturally occurring
multicentric fibrosarcoma (22). Simian sarcoma
virus (SSV) was isolated from a naturally occur-
ring sarcoma of a pet woolly monkey and is the
only acute transforming retrovirus which de-
rived from a primate (43). SSV originated by
recombination of the simian sarcoma-associated
virus and woolly monkey c-sis sequences (33,
48). In the present communication, we report
that the oncogene of the PI-FeSV is homologous
to the SSV oncogene sis, that the sis sequences
in PI-FeSV and SSV are in different contexts of
the viral genomes, and that PI-FeSV specifies a
gag polyprotein.

MATERIALS AND METHODS

Cells and viruses. NIH 3T3 (23), BALB 3T3 (21),
FRE-3a rat (obtained from J. R. Stephenson), mink
CCL64 (20), and FG10 S+L- (2) cells were grown in
Dulbecco modified Eagle medium supplemented with
10% calf serum, and feline embryo fibroblasts (FEF)
were grown in McCoy medium supplemented with
15% fetal calf serum.
The isolation of the PI-FeSV has been described in a

previous report. Cloned Moloney murine leukemia
virus (Mo-MuLV) and amphotropic murine leukemia
virus (292 amph-MuLV [14])-producing cell lines origi-
nated from D. Baltimore's laboratory. Transformation
assays were performed according to standard proce-
dures. Transformed cells were cloned in 0.25% agar-
ose or 0.3% agar by the endpoint dilution method.
amph-MuLV and Mo-MuLV titers were determined
by using FG10 S+L- indicator cells, and reverse
transcriptase assays were performed as described pre-
viously (3).

Analysis of integrated provirus genome. High-molec-
ular-weight DNA from PI-FeSV-infected and uninfect-
ed cells was prepared by the method of Steffen et al.
(41). For gel analysis, 10 ,ug ofDNA was digested with
restriction enzymes according to the supplier's in-
structions. Restriction enzymes were purchased from
New England Biolabs and from Bethesda Research
Laboratories. Digested DNA samples were fractionat-
ed by electrophoresis in 1% agarose (Seakem) in Tris-
acetate pH 7.9 (40 mM Tris [pH 7.9]-5 mM sodium
acetate-1 mM EDTA). The DNA was denatured and
transferred to nitrocellulose as described by Southern
(40). Baked nitrocellulose filters were prehybridized in
6x SSCPE (0.72 M NaCI-0.09 M sodium citrate-0.075
mM H2PO4-0.0006 M EDTA [pH 7.2]), 50% forma-
mide (vol/vol), 5 x Denhardt solution, 0.25 mg of yeast
RNA per ml, 250 p.g of denatured salmon sperm DNA
per ml, and 0.1% SDS at 42°C for 12 h. Hybridization
was done in 6x SSCPE, 50% formamide, 1 x Denhardt
solution, 0.25 mg of yeast RNA per ml, 0.125 mg of
salmon sperm DNA per ml, 0.1% sodium dodecyl
sulfate (SDS), and 10 ng of 32P-labeled hybridization
probe per kilobase pair per ml (5 x 108 cpm/,ug) at 42°C
for 48 h. Low-stringency hybridizations were done at
35°C. The blots were washed three times for 30 min
each at 25°C in 2x SSC-0.1% SDS (pH 7.4), twice at

65°C, and, for hybridization with FeLV probes, twice
at 66°C in 0.2x SSC-0.1% SDS (SSC: 0.15 M NaCl
plus 0.015 M sodium citrate). For low-stringency hy-
bridizations, the blots were washed four times at 25°C
and three times at 550C in 2x SSC-0.1% SDS. After
blotting, dry filters were exposed at -70°C with Ko-
dak XAR-5 film and intensifying screens.

Analysis of cytoplasmic RNAs by blot hybridization
procedures. Cytoplasmic polyadenylated [poly(A)+]
RNA from nonproducer cells was prepared by the
urea-SDS method as described previously (4). RNA (5
jig) was denatured with glyoxal and dimethyl sulfoxide
and then was fractionated on a 1% agarose gel in 10
mM phosphate (pH 7.0) according to the method of
McMaster and Carmichael (26). The RNA was trans-
ferred to diazophenyl-thioether paper, and the RNA-
containing filters were hybridized with 32P hybridiza-
tion probes as described previously (4). For
hybridizations with FeLV hybridization probes, the
filters were washed twice each at 66°C for 20 min in
0.2x SSCPE-0.1% SDS. For low-stringency hybrid-
izations, the filters were washed twice in 0.2x
SSCPE-0.1% SDS at room temperature.

Hybridization reagents. The viral insert of FeLV B
was subcloned into the EcoRI site in the chloramphen-
icol resistance gene of the plasmid pBR325 (pB-FeLV-
B). The v-fes sequences in the ST-FeSV DNA genome
contain several PstI restriction sites (37). Two PstI
fragments, 0.5 and 0.55 kilobase pairs (kb), respective-
ly (2.3 to 2.8 and 2.8 to 3.45 kb on the ST-FeSV map),
contain 80% of the v-fes sequences. A recombinant
plasmid, pB-v-fes, was derived which contains both
the 0.5- and the 0.55-kb Pstl fragments of ST-FeSV.
This plasmid was designated pB-v-fes. Recombinant
plasmids containing fragments of the SSV genome
were obtained from K. Robbins and S. A. Aaronson
(31). The two sis-specific fragments SacI-Xba (1.05
kb) and PstI-Xba (1.0 kb) were prepared by double
digestion with the enzymes Sacl and Xba and Pstl-
Xba, respectively, from the SacI-EcoRI and the PstI
SSV plasmids. Plasmids were prepared essentially by
the cleared lysate method of Rambach and Hogness
(29) and centrifugation in CsCI-ethidium bromide gra-
dients.
The following DNAs were used as hybridization

reagents: plasmid pBFeLV-B as an FeLV rep probe;
plasmid pB-v-fes as a v-fes-specific probe; the 1.05-
and the 1.0-kb SacI-Xba and PstI-Xba v-sis fragments
as v-sis probes; the FeLV BglIl-BamHl fragment (1.13
to 2.1 kb of FeLVb) which contains the coding se-
quences for the FeLV gag proteins p12 and part of p27
as 5' gag-specific probe; the FeLV BamHI-BgII frag-
ment (2.1 to 4.6 kb of FeLV-B) which contains the
coding sequences for the C-terminal half of p27, p19,
and part of the pol gene as 3' gag-pol-specific probe;
and the FeLV HindIll fragment (5.4 to 7.2 kb of
FeLVB) as env-specific probe. DNA probes were
labeled by nick translation according to the method of
Maniatis et al. (25) to a specific activity of 5 x 108 cpm/
p.g, using [32P]TTP at 3,000 Ci/mmol.

RESULTS
Biological properties of the PI-FeSV. Feline

embryo fibroblasts infected with the PI-FeSV
complex were obtained from Andre Parodi. Vi-
rus stock derived from FEF cells infected with
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helper virus in the PI-FeSV stock, designated
PI-FeSV-associated virus, was isolated by end-
point dilution on FEF cells. Interference tests
done by O. Jarrett in Glasgow indicated that the
PI-FeSV-associated virus belongs to the FeLV-
B subgroup (34, 35). To extend the host range of
the PI-FeSV complex, amphotropic murine leu-
kemia virus pseudotypes were made of the Pl-
FeSV, which then were used to infect heterolo-
gous cells. Foci of transformed cells were
detected on BALB 3T3, NIH 3T3 mouse, and
FRE rat cells, but not on mink CCL64 cells, a
cell line commonly used in transformation as-
says. A focus of FRE-3a rat cells transformed by
PI-FeSV is shown in Fig. 1. Foci are compact
and mounded and consist of nonrefractile cells.
Foci induced by the PI-FeSV are easily distin-
guished from those induced by most other acute
transforming retroviruses on the basis of their
characteristic focus morphology. To clone the
PI-FeSV, FRE cells were infected with PI-FeSV
amph-MuLV pseudotypes and transferred into
soft agar, and colonies of transformed cells were
picked and grown up to mass culture for analy-
sis. Of the transformants, 75% were found to be
virus nonproducers, that is, they did not release
virus particles detectable by the reverse tran-
scriptase assay; nor, when tested, did they re-
lease infectious virus. Superinfection of the NP
transformants with amph-MuLV or with Mo-
MuLV produced 103 to 104 focus-forming units
of PI-FeSV per ml, as determined by the focus
assay. The morphology of the foci induced by
the rescued sarcoma virus was identical to that
induced by the original PI-FeSV complex. These

results demonstrate the replication-defective na-
ture of the PI-FeSV.

Identification of the PI-FeSV v-onc sequences.
To characterize the v-onc sequences of the PI-
FeSV, we first analyzed the integrated PI-FeSV
genome in the cellular DNA of rat NP cells.
High-molecular-weight DNA from PI-FeSV-in-
fected rat cells (RP-5 cells) and from uninfected
rat cells was digested with the restriction en-
zymes EcoRI, HindlIl, and Sacl and analyzed
by blot hybridization. The following FeLV-relat-
ed restriction fragments were detected: EcoRI,
11 and 7.1 kb; Hindlll, 9.6 and 6 kb; and Sacl,
5.1, 3.9 (faint), and 2.2 kb (Fig. 2A). With a gag-
specific probe, the 7.1-kb EcoRI, the 9.6-kb
HindIII, and the 5.1-kb Sacl fragments were
detected, and with an env-specific probe, the 11-
kb EcoRI and the 5.2-kb Sacl fragments were
detected (data not shown). Furthermore, two
EcoRI fragments each, of various sizes, were
found in the DNAs of five different PI-FeSV NP
cell lines. The simplest interpretation of these
results is that the NP cell lines contained one Pl-
FeSV provirus and that the provirus contained
one site for the restriction endonuclease EcoRI
and two sites each for HindlIl and Sacl.
To characterize the v-onc sequences of the Pl-

FeSV, we undertook to determine whether they
were related to any of the known retroviral
oncogenes. Two distinct oncogenes have been
identified in acute feline retroviruses, the v-fes
gene in the GA- and the ST-FeSVs, and the v-
fms gene found in the SM-FeSV (19). The v-fes
gene is homologous with the avian oncogene v-
fps, which is found in the avian sarcoma virus
FSV, PRCII, PRCIV, UR1, and 16L (28, 44).
Because v-fes and v-fps are the most abundant
oncogenes in viruses isolated from cats and
chickens, we first determined whether the trans-
forming sequences of the PI-FeSV were related
to v-fes. A duplicate DNA blot containing DNA
from PI-FeSV-infected rat cells and from unin-
fected rat cells (Fig. 2A) was hybridized with a
v-fes probe to determine whether the fragments
containing PI-FeSV sequences identified by the
FeLV rep probe also contained v-fes sequences.
Hybridization with the fes hybridization probe
revealed only rat c-fes sequences that were
present in the DNA samples of both infected and
uninfected rat cells (Fig. 2C). Since no fes
sequences were found to be associated with
FeLV sequences, the PI-FeSV did not contain a
fes oncogene.
We then determined the relationship of the Pl-

FeSV v-onc with the sis sequences of SSV. The
woolly monkey-derived SSV is the only acute
transforming virus which contains v-sis (33, 48).
The v-sis sequences in SSV constitute a 1-kb
segment which has been mapped toward the 3'
end of the viral genome (15, 33; see Fig. 6). A
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FIG. 2. Identification of sis sequences in the integrated PI-FeSV provirus by Southern blot analysis. DNA
from RP-5 cells (R-PI) and from uninfected rat cells was digested with the restriction endonucleases EcoRI,
HindIII, and Sacl. The DNAs were fractionated in 1% agarose gels and transferred to nitrocellulose paper. The
filters were hybridized with the following 32P-labeled hybridization probes: (A) FeLVrep, (B) sis, and (C)fes. The
DNAs analyzed were as follows: R-PI-DNA digested with EcoRI (lane 1), HindIII (lane 3), Sacl (lane 5), rat
DNA digested with EcoRI (lane 2), HindIll (lane 4), Sacl (lane 6), FLF-3 cat DNA digested with EcoRI (lane 7).
Migration of BamHI-digested charon 4a DNA fragments is indicated at the left in kilobase pairs (kb).

duplicate DNA blot containing DNA from Pl-
FeSV-infected rat cells and from uninfected rat
cells, as described above, was hybridized with a
v-sis probe (SacI-Xba restriction fragment, 4.0
to 5.0 kb of the SSV map [Fig. 2B]). Under
relaxed hybridization conditions, the v-sis probe
detected rat c-sis sequences which were present
in the DNAs of both the uninfected and the
infected rat cells and DNA restriction fragments
which were detected only in the DNA of the Pl-
FeSV infected cells, namely, an 11- and a 7.1-kb
EcoRI fragment, a 9.6-kb HindIll fragment, and
a 5.1- and a 2.2-kb Sacl fragment. When com-
paring the sizes of the restriction fragments
detected by the FeLV probe and those detected
by the v-sis probe, it is apparent that all of the v-
sis-containing fragments also contained FeLV
sequences, demonstrating that the FeLV and the
v-sis sequences are linked in the PI-FeSV
genome. The size of the c-sis-containing restric-
tion fragments in EcoRI-cleaved FRE cat DNA
and cat DNA (Fig. 2, lanes 2 and 7) is in
agreement with data published by others (33)
indicating that our sis hybridization probe is
authentic.
The PI-FeSV v-sis sequences detected by the

SSV v-sis SacI-Xba probe contained sites for
the restriction enzymes EcoRI and SacI (Fig.
2B, lanes 1 and 5), and the cellular homolog of v-
sis in the cat genome contained two internal
EcoRI sites generating fragments of 4.0, 4.3, and

8.0 kb (Fig. 2B, lane 7). The SSV v-sis insert, on
the other hand, does not contain sites for EcoRI
and Sacl, and the woolly monkey and the human
homologs of v-sis do not contain internal EcoRI
sites (33). These observations suggest that the
PI-FeSV v-sis sequences are more closely relat-
ed to the cat c-sis than to primate c-sis se-
quences, and they are consistent with a feline
origin of PI-FeSV v-sis.

Transcriptional and transitional products of the
PI-FeSV genome. We have analyzed viral tran-
scription in a BALB-PI-FeSV NP cell line,
which contains a single provirus (data not
shown) by blotting analysis. Hybridization of
32P-labeled DNA fragments corresponding to
various regions of the FeLV-B genome to blots
containing cytoplasmic poly(A)+ RNA is shown
in Fig. 3. Two RNA species were detected with
the FeLVrep probe, a 6.8- and a 3.3-kb RNA.
The same two RNAs were also detected with an
env-specific probe (5.4 to 7.2 kb of the FeLV B
genome). The 5'-gag and the 3'-gag-pol probes,
1.1 to 2.1 kb and 2.1 to 4.6 kb of the FeLV-B
genome, respectively, and the v-sis probe, react-
ed only with the 6.8-kb RNA; however, hybrid-
ization of the 3' gag-pol probe with the 6.8-kb
RNA was very weak, indicating a minor homol-
ogy of 0.1 to 0.2 kb. The 6.8-kb RNA which
presumably is the genome of the PI-FeSV thus
contains gag, sis, and env sequences but lacks
most of the pol gene. The 3.3-kb RNA only
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FIG. 3. Blot analysis of RNAs specified by the Pl-
FeSV genome in BALB/c nonproducer cells. Cyto-
plasmic poly(A)+ RNA (5 jig) from a BALB/c Pl-
FeSV nonproducer cell line was denatured with
dimethyl sulfoxide, glyoxal fractionated in a 1% ag-
arose gel, and transferred to diazophenyl thioether
paper. The blot was hybridized with the following 32P-
labeled hybridization probes: (a) FeLVrep, (b) FeLV 5'
gag, (c) FeLV 3' gag-pol, (d) FeLV env, and (e) sis.

contains env sequences, suggesting that it is a
subgenomic RNA. Our results imply that the
6.8-kb RNA is the mRNA for the synthesis of
the sis protein of the PI-FeSV.
To identify PI-FeSV-specific proteins in trans-

formed nonproducer rat cells, immunoprecipita-
tion assays were performed. Cellular proteins
were radiolabeled by incubating cells in the
presence of [35S]methionine and then were sub-
jected to immunoprecipitation from cell extracts
with antisera to FeLV structural proteins. A
76,000-dalton protein was precipitated with rab-
bit antiserum against FeLV p27 (Fig. 4). The
same protein was also detected by immunopre-
cipitation with anti-FeLV p15 but not with nor-
mal rabbit serum or rabbit anti-FeLV gp7O se-
rum (data not shown). The 76,000-dalton protein
was associated with PI-FeSV infection in five of
five rat nonproducer clones analyzed, and it was
not found in uninfected FRE cells (data not
shown).
Mapping of the sis sequences in the PI-FeSV

genome. The 1.05-kb segment of v-sis sequences
in SSV has been localized towards the 3' end of
the viral genome (15, 31). To determine the
location of v-sis in the PI-FeSV genome, South-
ern blots containing cellular DNA of PI-FeSV
NP cells and of uninfected FRE rat cells were
hybridized with probes specific for different
regions of the FeLV genome and with the SSV
v-sis hybridization probe (Fig. 5). Upon hybrid-
ization of DNA digested with the restriction
enzyme Sacl, the FeLVrep hybridization probe

detected fragments of 2.2, 3.9 (very faint), and
5.1 kb (Fig. SA). The 2.2-kb SacI fragment was
found identically in five of five independently
isolated rat nonproducer cell lines, indicating
that it was an internal fragment of the PI-FeSV
genome. When hybridized with the various
probes, the 2.2-kb Sacl fragment was detected
with the 5' gag probe (BglII-BamHI fragment;
1.13 to 2.09 kb of the FeLV-B restriction map
[Fig. SC]) and with the v-sis probe (Fig. SB), but
only faintly with the 3' gag probe (BamHI-BgIII
fragment; 2.1 to 4.6 kb of the FeLV B restriction
map [data not shown]). All molecularly cloned
FeLVs and FeSVs contain a Sacl site between
the 5' long terminal repeat and the gag N-
terminus (10, 12, 27, 37), and by analogy, we
assume this Sacl site to be the 5' terminus of the
2.2-kb fragment. We presume this fragment to
contain 1.4 to 1.5 kb of sequences corresponding
to sequences of the FeLV gag genes p15, p12,
and p27 (17), and 0.7 to 0.8 kb of the v-sis gene.
Therefore, in contrast to SSV, the PI-FeSV sis
sequences are located near the 5' end of the viral
genome.

DISCUSSION
The studies reported here indicate that PI-

FeSV and SSV were generated by transduction
of the same or a closely related cellular gene
from different species with FeLV and SSAV,
respectively. The PI-FeSV is thought to be of
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FIG. 4. SDS-polyacrylamide gel electrophoresis of
[35S]methionine-labeled proteins in an extract of FRE
cells nonproductively transformed by PI-FeSV which
are precipitable with 5 ,ul of rabbit anti-FeLV p27
serum (left lane) and normal rabbit serum (right lane).
Proteins in S. aureus-bound immunoprecipitates were
subjected to electrophoresis in a step gradient slab gel
of 7.5 to 12.5% acrylamide and were visualized by
autoradiography according to published protocols
(39).
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FIG. 5. Mapping of the sis sequences in the Pl-
.FeSV genome. Southern blots with DNA from Pl-
FeSV-infected cells (R-PI, lane 1) and from uninfected
rat cells (lane 2) digested with the restriction endonu-
clease Sacl were hybridized with the following 32p_
labeled hybridization probes: (A) FeLVrep, (B) sis, and
(C) FeLV 5' gag.

feline origin for the following reasons: (i) the
virus was isolated from a pet cat with multicen-
tric fibrosarcoma; (ii) PI-FeSV derives from
FeLV; and (iii) the v-sis sequences in the Pl-
FeSV contain restriction sites which are charac-
teristic for the cat c-sis locus.
To date, at least 16 different retroviral onco-

genes are known which can be distinguished by
their nucleic acid sequence (44). Viruses isolated
independently from the same species are fre-
quently found to contain related oncogenes.
Only twice has homology been reported be-
tween retroviral oncogenes from different spe-
cies (1, 38). The results presented here and the
recent finding that there is homology between
the Abelson-MuLV v-abl sequences and those
of another new FeSV isolate (P. Besmer and
W. D. Hardy, manuscript in preparation) pro-
vide further evidence for the transduction of
homologous cellular genes from different species
by retroviruses. The increasing number of reiso-
lations of oncogenes in viruses originating from
the same species, as well as in viruses from
different species, as reported here, is in agree-
ment with the idea that the number of cellular
oncogenes that can be transduced by retrovi-
ruses is limited.

Our analysis of the structure of the PI-FeSV
genome shows that the v-sis sequences in this
virus are located toward the 5' end of the viral
genome. The boundary between the FeLV 5'
and the v-sis sequences predicts that the 76,000-
dalton protein we have identified is a gag-sis
fusion protein (Fig. 6). We presume, therefore,
that the gag-sis 76,000-dalton fusion protein is
the transforming protein of the PI-FeSV. By
contrast, in SSV the v-sis sequences are located
toward the 3' end of the viral genome, and they
are expressed via a subgenomic message (11).
The recently published nucleic acid sequence of
v-sis predicts a 25,000-dalton sis protein which
contains a short N-terminal viral env leader
sequence (9, 32). Thus, it appears that the sis
protein sequences of the PI-FeSV and of SSV
are expressed in different contexts of the retro-
viral genome. In most acute transforming retro-
viruses which contain homologous onc se-
quences, these sequences are expressed in
analogous fashion (16). The PI-FeSV and SSV
thus provide an example of homologous onco-
genes being expressed with different strategies.
Similarly, different strategies have been report-
ed for the expression of the v-myb gene in the
avian retroviruses AMV and E26 (7).
Our tissue culture characterization of the Pl-

FeSV showed that the PI-FeSV and SSV dis-
played indistinguishable behavior. The same fo-
cus morphology is observed with transformation
induced by SSV and PI-FeSV, and mink cells
support the replication of both viruses but are
not transformed by either (20; P. Besmer and
J. E. Murphy, unpublished data). SSV has been
shown to induce well-differentiated fibrosarco-
mas and fibromas in marmosets when adminis-
tered intramuscularly (47) and gliomas when
injected intracerebrally (46). Only fibrosarcomas
were obtained upon injection of kittens with the
PI-FeSV; no intracerebral inoculations, howev-
er, have been performed with this virus (22).
Thus, whatever the mode of expression, the v-

PI-FeSV

gag sis

sa-saMsac sac

p15p12p27 sis
76 kd protein

1 lkb
ssv

sis_Emw
protein: 27 kd?

FIG. 6. Physical maps of PI-FeSV and SSV. The
positions of the sis sequences are indicated by cross-
hatched lines.
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sis product appears to act similarly in both SSV
and PI-FeSV.
Three different subgroup FeLVs, A, B, and C,

have been isolated from FeLV-infected pet cats
(34, 35, 38). All isolates of FeLV-B and FeLV-C
have been shown also to contain FeLV-A (24).
Thus, although we have isolated a FeLV-B
subgroup virus by endpoint dilution from the Pl-
FeSV complex, we cannot rule out the possibili-
ty that an FeLV-A virus was involved in the
generation of the PI-FeSV.
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