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Immunoprecipitates of extracts of simian virus 40-infected permissive monkey
kidney cells contained two proteins with molecular weights of 56,000 and 32,000
(52K and 32K) in addition to the known viral early gene products. Immunopre-
cipitates of cells infected with the 0.54-0.59 deletion mutants that lack the viral
17K gene product did not contain the 56K and 32K proteins. The additional
proteins appeared in immunoprecipitates of deletion mutant extracts if unlabeled
extracts of wild-type-infected cells were added before addition of antiserum. The
proteins can also be identified in uninfected cells by co-precipitation with unla-
beled viral proteins. Thus, it appears that the 56K and 32K proteins are cellular
products that associate with the viral proteins, the 17K in particular, and are
indirectly immunoprecipitated by anti-tumor serum.

After infection of permissive CV-1 cells by
simian virus 40 (SV40), two known gene prod-
ucts are synthesized from the early region of the
SV40 genome (5, 10, 11). These are the nuclear
T antigen (A gene product) and a smaller non-
nuclear protein that has been referred to as
small-t or t antigen. The A protein is a phospho-
rylated protein that binds to double-stranded
DNA (3, 13) and, specifically, to the origin of
replication on the viral chromosome (25). The
protein functions both in the initiation of viral
DNA synthesis (19) and in cellular transforma-
tion (7, 21), and the protein is altered by muta-
tions of the tsA class (24). The smaller SV40
gene product is altered in one class of viable
deletion mutants of SV40, a class that lacks
portions of the genome between 0.54 and 0.59
map units (5, 14). The viability of this class of
deletion mutants suggests that intact t antigen
is not required for productive growth of the
virus. The protein is involved in cellular trans-
formation because the viable deletion mutants
are altered in their ability to transform cells to
anchorage-independent growth (2, 17).
Both viral proteins have been studied by im-

munoprecipitation with serum from tumor-bear-
ing hamsters (anti-tumor serum) and electro-
phoresis on gels containing sodium dodecyl sul-
fate (SDS). The T antigen has an apparent
molecular weight of 94,000 (94K) on SDS gels;
the smaller protein has an apparent molecular
weight of 17K. Immunoprecipitates of wild-type
(WT) SV40-infected CV-1 cells also contain two
proteins with apparent molecular weights of56K
and 32K. These proteins are absent in infections
with deletion mutants that lack the 17K protein.

In this paper, we show evidence that the proteins
are cellular in origin and that they are only
indirectly recognized by anti-tumor serum. Im-
munoprecipitation of the 56K and 32K proteins
requires the presence of intact viral 17K protein.

MATERIALS AND METHODS
Cells and virus. The experiments described in this

paper were performed with the TC7 clone of CV-1
cells (12). Cells were grown in Eagle basal medium
containing 5% fetal bovine serum and were infected at
confluence. Infections were carried out with a multi-
plicity of infection of 3 to 10 PFU/cell.
SV40 WT strain VA45-54 (22) and its derived mu-

tant, tsA58 (20), were obtained from Peter Tegtmeyer.
The WT strain SVS (18) and the deletion mutants dl-
884, -885, -888, -890, and -1410 (14) were kindly pro-
vided by Thomas Shenk. Virus stocks were grown in
CV-1 cells at 33 or 370C from an input multiplicity of
0.01 to 0.1 PFU/cell.

Labeling and extraction of infected cells. In-
fected cells (107 to 2 x 107) were incubated at 390C for
36 h, washed twice with Hanks salt solution, and then
labeled for 1 h with 0.1 mCi of [3S]methionine in 1 ml
of methionine-free medium. To label with [nP]phos-
phate, cells were placed in phosphate-free medium
(serum-free) immediately after infection. At 36 h post-
infection, cells were washed twice with phosphate-free
medium and then pulsed for 1 h with 0.8 mCi of
[32P]phosphate in 1 ml of phosphate-free medium.

Radiolabeled cells were washed twice with Tris-
buffered saline, pH 8, containing 1 mM CaCl2 and 1
mM MgCl2 and then extracted with 0.5% Nonidet P-
40 and 0.25 mg of phenylmethylsulfonylfluoride per
ml in the same buffer (13). Extraction was at 00C for
5 to 10 min. The extracts were centrifuged at 45,000
x g for 20 min to remove nuclei and aggregated
protein.

Immunoprecipitation. Soluble protein fractions
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were incubated on ice with anti-tumor serum (0.01 ml/
ml of extract) for 45 min. Immune complexes were
isolated after the addition of a 10% suspension of S.
aureus Cowan strain (0.06 ml/ml of extract) that had
been Formalin fixed and heat inactivated (6). After a
30-min incubation on ice, the bacteria and immune
complexes were removed by centrifugation at 2,000
rpm and washed three times with Tris-buffered saline,
pH 7.4. Buffer containing 2% SDS and 5% 2-mercap-
toethanol was added to the bacterial pellet, and the
immunoreactive proteins were recovered in soluble
form by heating the bacteria at 60°C for 5 min. After
removal of the bacteria by centrifugation, the proteins
were boiled for 10 min to completely disrupt immune
complexes. The proteins were analyzed by electropho-
resis on 20% polyacrylamide-SDS gels as described
(13, 24).
DNA cellulose chromatography. DNA cellulose

was prepared with double-stranded calf thymus DNA
by standard procedures (1). Extracts to be analyzed
on DNA cellulose were prepared as described above,
and then the pH was adjusted to pH 6 by dropwise
addition of 0.2 M phosphate buffer, pH 6 (approxi-
mately 0.35 ml/ml of extract). Nonbound proteins
were washed off the DNA cellulose at pH 6, and a
bound protein fraction was recovered with pH 9 buffer
as previously described (13). The pH 6 fraction was
mixed with an equal volume of the pH 9 column buffer,
and each fraction was centrifuged at 45,000 x g to
remove aggregated material and then immunoprecip-
itated.

Tryptic peptide analyses. Methionine-labeled
proteins were isolated from SDS gels and freed of SDS
as described elsewhere (13). After SDS removal, pro-
teins were dialyzed against water, lyophilized, and
then oxidized at 0°C in 0.05 ml of performic acid (7).
Oxidized proteins were lyophilized and then trypsin-
ized in 0.2 ml of 0.08 M NH4COOH, pH 8.6, with 0.03
mg of trypsin-tolylsulfonyl phenylalanyl chloromethyl
ketone for 8 h and then an additional 0.02 mg for 17 h
at 35°C. The peptides were lyophilized three times
and then suspended in 0.2 ml of electrophoresis buffer.
Insoluble residues were removed by centrifugation at
45,000 x g, and soluble peptides were concentrated by
lyophilization for analysis. Solvent used for electro-
phoresis was pyridine-acetic acid-water (289:111:
1,600); that for chromatography was pyridine-acetic
acid-n-butanol-water (28.9:11.1:40:40).

RESULTS
Appearance of the 56K and 32K proteins.

CV-1 cells were infected either with WT virus
or with the viable deletion mutants dl-885 and
dl-888. Infected cells were incubated at 39°C for
36 h, pulsed with [35S]methionine and extracted
for immunoprecipitation. The immunoprecipi-
tated proteins observed on SDS-polyacrylamide
gels are shown in Fig. 1. The 94K protein was
present in cells infected with WT virus and with
the deletion mutants. As previously reported,
the deletion does not alter the size of the 94K T
antigen. The 17K protein was present in WT
infections but absent in infections with dl-885,

which made a visible deletion fragment, and
with dl-888. The 56K and 32K proteins were
detected only in extracts of cells infected with
WT virus. Although not shown here, extracts of
additional deletion mutants (dl-884, dl-890, and
dl-1410) did not contain the 56K, 32K, or 17K
protein.
Under these radiolabeling conditions, only

small amounts of 56K and 32K proteins were
present. The amount of [35S]methionine in the
56K protein was 5 to 10% that present in the
94K T antigen. The intermediate bands were
detected throughout infection (8 to 72 h), and
maximal amounts were present at 32 to 48 h, at
which times maximal amounts of viral proteins
were also present.
The 94K T antigen is known to be phospho-

rylated (23). In contrast (Fig. 1G and H), neither
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FIG. 1. Immunoprecipitated proteins from cells in-
fected with WT SV40, dl-885, and dl-888. Cells in-
fected with the WT viruses SVS and VA45-54 and
cells infected with the deletion mutants dl-885 and
dl-888 were pulsed for 1 h with [35S]methionine or
[32PJphosphate at 36 h postinfection at 39°C. Radio-
labeled cells were extracted with Nonidet P-40-con-
taining buffer and immunoprecipitated as described
in the text. The immunoreactive proteins were ana-
lyzed on 20% polyacrylamide-SDS gels. The proteins
in lanes A to F were obtained from methionine-la-
beled cells. Those in lanes G and H were from phos-
phate-labeled cells. The patterns shown are (A) WT
SVS infected, normal serum; (B,E) WT SVS infected,
anti-tumor serum; (D) dl-888 infected, anti-tumor se-
rum; (F,G) WT VA45-54 infected, anti-tumor serum;
(H) WT VA45-54 infected, normal serum.
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the 17K gene product nor the intermediate pro-
teins were labeled with [32P]phosphate. These
results contrast with the presence of 3P in the
85K and 88K protein species. The 85K and 88K
proteins are degradation products that are gen-
erated during extraction of the infected cells,
and the appearance of these products is highly
dependent on the conditions of extraction (23).
Levels of the 56K and 32K protein bands did not
vary with the appearance of the known degra-
dation products.
DNA cellulose chromatography. Infected

cells labeled with [3S]methionine were ex-
tracted, and a portion ofthe extract was adjusted
to pH 6 and applied to DNA cellulose. Proteins
that did not bind the double-stranded DNA were
eluted with buffer at pH 6. A bound protein
fraction was eluted with buffer at pH 9. The
extract and each fraction were immunoprecipi-
tated. As shown in Fig. 2, the 94K protein was
present in both the pH 6 and pH 9 fractions.
The 56K, 32K, and 17K proteins did not bind
DNA, and these proteins were present only in
the pH 6 fraction.

In addition to DNA binding studies, experi-
ments have been performed to determine the
intracellular localization of the immunoprecipi-
table proteins. The 56K, 32K, and 17K proteins
were consistently found in non-nuclear fractions
of extracted cells, even under conditions in
which much of the 94K protein remained asso-
ciated with the nucleus (23, 24). These condi-
tions included extraction with Nonidet P-40 at
pH 6 and Dounce homogenization in the pres-
ence of 5 mM CaCl2.

Identification of the 56K and 32K pro-
teins in deletion mutant extracts. Radiola-
beled extracts prepared from dl-888-infected
CV-1 cells were mixed with unlabeled extracts
of WT-infected cells (Fig. 3). After incubation of
the mixed extracts at 30°C for 30 min, both 56K
and 32K protein species were detected in the
immunoprecipitates. Incubation of the dl-888
extract alone under the same conditions did not
result in the appearance of the intermediate
bands. The quantity ofthe 56K and 32K proteins
was small, and the proportion resembled that
observed in immunoprecipitates of WT-infected
cells. In similar experiments, these proteins have
been identified in extracts of cells infected with
the other deletion mutants that lack the 17K
protein. In each case, the proteins were observed
only when extracts of cells infected with the WT
virus were supplied before immunoprecipitation.
Extracts of mock-infected cells or cells infected
with the deletion mutants did not replace the
WT extract.
Co-precipitation of the 56K and 32K pro-
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FIG. 2. Immunoprecipitation of infected-cell pro-
teins after DNA cellulose chromatography. Cells in-
fected with WT strain VA45-54 were pulsed with
[35S]methionine for 1 h. After extraction with Nonidet
P-40 buffer at pH 8, one portion of the extract was
immunoprecipitated. The remainder of the extract
was adjusted to pH 6 and applied to DNA cellulose
as described in the text. Proteins were washed from
the DNA cellulose atpH 6 and then a bound protein
fraction was recovered with a pH 9 buffer. The two
fractions were immunoprecipitated and analyzed on
SDS gels. The patterns shown are from (A) the whok
extract; (B) the pH 6 wash; (C) the pH 9 bound
fraction.

teins. Results with mixed extract experiments
suggested either that the 56K and 32K proteins
were generated proteolytically from the viral
94K proteins or that the proteins interacted with
viral proteins such that they were immunopre-
cipitated indirectly by the antiserum. Several
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a possible proteolytic origin of the 56K and 32K
proteins from the 94K.
The experiment shown in Fig. 4 also showed
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FIG. 3. Identification of the 56K and 32K proteins
from dl-888 infections. Cells infected with dl-888 were
pulsed for 1 h with [35SJmethionine. Unlabeled cells
infected with WT strain VA45-54 were extracted at
the same time. Before immunoprecipitation, 0.3 ml of
the radiolabeled dl-888 extract was mixed with 0.3 ml
of the unlabeled WT extract or with 0.3 ml of buffer.
The mixtures were incubated at 30°C for 30 min.
After the incubation, the proteins were precipitated
with anti-tumor serum. The patterns shown are from
dl-888-infected cell extracts incubated (A) without
WT extract; (B) with 0.3 ml of WT extract.

experimental approaches have shown that the
56K and 32K proteins are not proteolytic prod-
ucts of the 94K. Amino acid analogs and pro-
tease inhibitors did not prevent the appearance
of the 56K in immunoprecipitates. In addition,
radiolabeled 94K proteins was completely re-
moved from radiolabeled deletion mutant ex-
tracts by pretreatment with anti-tumor serum,
yet the 56K and 32K proteins were still identified
in the remaining extract by co-precipitation with
WT extract (Fig. 4). This experiment ruled out
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FIG. 4. Co-precipitation of the. 56K and 32K pro-
teins in the absence of radiolabeled 94K. Cells in-
fected with dl-888 were pulsed for I h with [35S]-
methionine. Unlabeled cells infected with WT SV40
were extracted at the same time. The dl-888 extract
was divided into three portions, and then one portion
was incubated with anti-tumor serum and Staphylo-
coccus aureus to remove the 94K protein. Proteins
remaining from this pre-incubation with anti-tumor
serum were then incubated with unlabeled WT ex-
tract. A second portion of the dl-888 extract was
immunoprecipitated directly, and a thirdportion was
mixed with WT extract before immunoprecipitation.
The patterns shown are immunoprecipitates of (A)
dl-888; (B) dl-888 pretreated with anti-tumor serum,
then mixed with WT extract; (C) dl-888 mixed with
WT extract.
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that the 56K and 32K proteins were present in
the extracts of deletion mutant-infected cells but
were not recognized by the anti-tumor serum.
Addition of extracts of WT-infected cells did,
however, allow the precipitation of the two pro-
teins. This observation suggested that the 56K
and 32K proteins complex with proteins present
in infected cells and are immunoprecipitated
only as a result of this association. A second
observation that indicates complex formation
and lack of direct precipitation of the 56K and
32K proteins is that sera that are inefficient in
the precipitation of the viral 17K protein are
also unable to precipitate the 56K and 32K
proteins. These sera, notably those produced in
hamsters bearing tumors against the H65-trans-
formed cell line, recognize the 94K protein (data
not shown).

Experiments with N-ethylmaleimide (NEM)
have provided further evidence that the 56K
and 32K proteins are not directly immunopre-
cipitated by anti-tumor serum, but are indirectly
immunoprecipitated in association with the viral
proteins (Fig. 5). After NEM treatment of WT
extracts, only the 94K and 17K viral proteins
were detected in immunoprecipitates, even
though the 56K and 32K proteins are clearly
present in untreated extracts. (A band with a
slightly greater mobility than that of the 32K
protein appeared in the NEM-treated samples.)
This observation suggested that NEM pre-
vented the formation of a complex that con-
tained the two additional proteins and that the
proteins were not directly recognized by the
antiserum in the immunoprecipitates. The de-
creased mobility of the 17K protein after NEM
treatment has been described (5) and appears to
be the result of the high cysteine content of this
protein.

Cellular origin of the 56K and 32K pro-
teins. Strong evidence for a cellular origin of
the 56K and 32K proteins was obtained by direct
demonstration that these proteins are present in
uninfected cells (Fig. 6). Radiolabeled extracts
of uninfected CV-1 cells were mixed with unla-
beled WT extracts before immunoprecipitation.
As described for deletion mutant extracts, 56K
and 32K proteins were co-precipitated with the
unlabeled viral proteins, but were not immuno-
precipitated directly from uninfected cell ex-
tracts. The requirement for intact 17K protein
was again observed, and extracts of deletion
mutant-infected cells were unable to replace the
WT extract.
The 56K and 32K proteins observed in im-

munoprecipitates of WT-infected cell extracts
are also likely to be cellular in origin. Tryptic
peptide analyses of methionine-labeled proteins
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FIG. 5. Effect ofNEM on immunoprecipitate pat-
terns. Cells infected with WT SV40 were pulsed at 36
hpostinfection with [3SJmethionine for I h, and then
extracted with Nonidet P-40 atpH 8. The extract was
divided into two portions, and then 10mMNEM was
added to one half. After 60 min on ice, 12mMcysteine,
pH8, was added to both the NEM-treated and control
extracts to stop any further reaction ofthe NEM. The
extracts were immunoprecipitated and analyzed on
SDS gels. The patterns shown are (A,D) untreated
control extract; (B,C) NEM-treated extract.

(Fig. 7) have shown little, if any, similarity be-
tween the viral 94K protein and the 56K and
32K proteins. Analyses of mixtures of the tryptic
peptides derived from the 56K and 32K proteins
and those of both the 94K and 17K viral proteins
have confirmed that the two associated proteins
are nonviral in origin (data not shown). Tryptic
peptide analyses of the two proteins from unin-
fected cells have not been done, but it seems
highly likely that the proteins will be identical
to those observed in infected-cell immunoprecip-
itates.
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DISCUSSION
Among the proteins observed in im

cipitates of SV40-infected cell extract:
proteins (56K and 32K) that appear to
lar in origin. The immunoprecipitatior
proteins appears to be dependent on
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FIG. 6. 56K and 32K proteins of uninf
Confluent cultures of uninfected CV-1 celi
with Eagle basal medium containing 5% fi
serum and then pulsed 24 h later with [3
nine. Radiolabeled extracts were then n

unlabeled extracts of uninfected cells, cel
with WT virus, or cells infected with d
mixtures were incubated for 30 min at 3004
immunoprecipitated. The patterns shown
noprecipitates of radiolabeled uninfecte
tracts mixed with (B) unlabeled uninfect
tracts; (C) unlabeled dl-888-infected cell eJ
unlabeled WT SV40-infected cell extra
marker, the immunoprecipitated protein
beled cells infected with WT virus are sh
and (E).

ence of the viral early gene product, t antigen
mnunopre- (17K product), because the proteins do not ap-
s are two pear im immunoprecipitates of cells infected with
be cellu- deletion mutants that lack the 17K protein. The

a of these 56K and 32K proteins are present in uninfected
the pres- cells and in cells infected with the deletion mu-

tants, but immunoprecipitation of these proteins
requires the addition of extracts of WT-infected
cells. The WT extracts supply intact 17K protein
and allow the co-precipitation of the cellular
proteins.

It is likely that a complex exists in infected
cells with 17K, 32K, and 56K proteins as minimal
components. The nature of the complex is not
known, but the complex can be disrupted by

94K agents, such as NEM, that irreversibly bind
sulfhydryl groups. At present, there is no direct
evidence that disulfide interactions are neces-
sary for complex formation. It is possible that
NEM disrupts the structure of the 17K protein

- 56 K so that complex formation cannot occur.
The proteins described in this report have

been observed in newly infected permissive and
nonpermissive cell lines (BSC-1, CV-1P, rat
Fill) and do not appear to be unique to the CV-
1 cell line (unpublished data). In addition, sev-

- 32 K eral SV40-transformed cell lines contain a prom-
inent protein, or a pair of proteins, with molec-
ular weights of 50 to 60K. In one report, a
cellular origin for a 53K transformed cell protein
has been proposed (8). In our experiments with
transformed rat Flll cells, a prominent protein
has been observed in immunoprecipitates (60K
molecular weight). In contrast to the proteins
described in this paper, however, the protein is
phosphorylated and is present in cells trans-
formed by the 0.54-0.59 deletion mutants (N.

- 7 K Bouck, G. di Mayorca, and K. Rundell, unpub-
lished data). Further structural and biochemical
comparisons of the proteins species found in
these two types of infections should help to
determine whether any relationship exists.

Immunoprecipitates of cells infected with pol-
yoma virus also contain proteins other than the

ected cells known viral gene products, 100K, 63K, and 21K.
lecwere fed In particular, proteins with molecular weights of
etal bovine 56K and 32K are observed in immunoprecipi-
15S]methio. tates of WT-infected cells (15). The 56K and
nixed with 34K proteins are absent in immunoprecipitates
{Is infected of cells infected with hr-t deletion mutants that
11-888. The lack the 21K and 63K gene products. Thus, a
Cand then similar situation may exist in polyoma virus
are immu- infections in which the 56K and 34K proteins
!d cell ex- are associated with viral gene products, but are
etracts (eD) not viral in origin. In a recent report, tryptic
xtsr A's a peptide analysis has shown that the 56K protein
s from la- present in polyoma immunoprecipitates appears
own in (A) to be cellular (16). However, co-extraction of

cells infected with WT polyoma and hr-t mu-
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FIG. 7. Methionine-containing trypticpeptides of94K, 32K, and 56Kproteins. Methionine-labeledproteins
were excised from SDS gels, eluted from gel slices, freed ofSDS, oxidized, and trypsinized as described in the
text. The patterns shown are two-dimensional separations ofthe trypticpeptides from (A) the 56Kprotein; (B)
the 94K viral protein; (C) the 32Kprotein.

tants has not allowed the detection of proteins
other than the lOOK protein from radiolabeled
hr-t-infected cell extracts (15).
Demonstration of the 56K and 32K proteins

in uninfected cells by co-precipitation with viral
extracts will allow direct studies ofthese proteins
and their role in the uninfected cell. For exam-
ple, experiments are underway to determine
whether the expression of these proteins is re-
lated to growth state or stage of the cell cycle.
In addition, the intracellular location of the pro-
teins in uninfected cells is being determined.
With additional information on the behavior of
these proteins in uninfected cells, it may be
possible to speculate on whether interaction
with viral early proteins can explain any of the
alterations of the cell that occur as a conse-
quence of infection.
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