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The 54K cellular tumor antigen has been translated in vitro, using messenger
ribonucleic acids from simian virus 40 (SV40)-transformed cells or 3T3 cells. The
in vitro 54K product could be immmunoprecipitated with SV40 tumor serum and
had a peptide map that was similar, but not identical, to the in vivo product. The
levels of this 54K protein in SV3T3 cells were significantly higher than those
detected in 3T3 cells (D. I. H. Linzer, W. Maltzmnan, and A. J. Levine, Virology
98:308-318, 1979). In spite of this, the levels of translatable 54K messenger
ribonucleic acid from 3T3 and SV3T3 cells were roughly equivalent or often
greater in 3T3 cells. Pulse-chase experiments with the 54K protein from 3T3 or
SV3T3 cells demonstrated that this protein, once synthesized, was rapidly de-
graded in 3T3 cells but was extremely stable in SV3T3 cells. Similarily, in an
SV40 tsA-transformed cell line, temperature sensitive for the SV40 T-antigen, the
54K protein was rapidly turned over at the nonpermissive temperature and stable
at the permissive temperature, whereas the levels of translatable 54K messenger
ribonucleic acid at each temperature were roughly equal. These results demon-
strate a post-translational regulation of the 54K cellular tumor antigen and
suggest that this control is mediated by the SV40 large T-antigen.

Animals bearing simian virus 40 (SV40)-in-
duced tumors produce antibody to two virus-
coded proteins, the large T-antigen (24) and the
small t-antigen (3, 20), and a cellular protein of
about 54,000 molecular weight (54K) (2, 9, 10,
12, 16, 23). The 54K protein has been detected
in mouse 3T3 cells at about 2% the levels ex-
pressed in SV40-transformed 3T3 cells (13).
SV40 infection of 3T3 cells results in a 20- to 30-
fold increase in the levels of detectable 54K
protein in these cells (12, 13). The SV40 A gene
product, or large T-antigen, is required for this
stimulation in the level of the cellular 54K pro-
tein in both virus-infected and -transformed
mouse cells (13). Similar or identical proteins of
53,000 to 55,000 molecular weight have been
detected in murine chemically transformed cell
lines (4), embryonal carcinoma cell lines (12),
spontaneously transformed cells (4; W. Maltz-
man, M. Oren, and A. J. Levine, Virology, in
press), and lymphocytes from irradiation-in-
duced leukemia (4). Both immunologically and
chemically related 54K proteins have been de-
tected in SV40-transformed rat, hamster, mon-
key, and human cell lines (6, 22). Thus, the
expression of high levels of the 54K protein
appears to be correlated with btansformation
(although not every transformed cell line ex-
presses detectable levels of this protein), and the
54K protein appears to have been conserved, in
part, over evolutionary time scales.

The mechanism by which the SV40 T-antigen
increases the levels of the 54K cellular protein
in virus-infected or -transformed cells is at pres-
ent unclear. The SV40 A gene product might
stimulate the de novo synthesis of the 54K pro-
tein, as it apparently does for several celllar
enzymatic activities (8, 19) and the cellular ri-
bosomal and transfer ribonucleic acid (RNA)
genes (7, 25). Alternatively, the SV40 T-antigen
might act at a post-translational step to stabilize
a rapid turnover of the 54K protein in infected
or transformed cells. This idea gains some credit-
ability because of the observation that SV40 T-
antigen is physically complexed, in solution, with
the cellular 54K protein (10, 12, 15). Thus, the
complex between SV40 T-antigen and the 54K
protein could lead to a reduced turnover of the
54K protein in SV40-transformed cells when
compared with 3T3 cells.
The experiments presented in this communi-

cation demonstrate that post-translational turn-
over of the 54K protein does indeed play a role
in regulation of the differential levels of this
protein in several SV40-transformed murine cell
lines. Furthermore, the turnover rate appears to
be dependent on the presence offunctional SV40
T-antigen in the celLs. Pulse-chase experiments
indicate that the half-life of the 54K protein is
much shorter in 3T3 cells than in SV3T3 cells.
The observations presented here are consistent
with the differential levels of the 54K protein
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detected previously (13) and suggest a mecha-
nism that can account for them.

MATERIALS AND METHODS
Cells. BALB/c 3T3 cells and the SV40-transformed

BALB/c 3T3 derivative, SV40 T-2 (1), were provided
by G. Todaro. SVTERtsA58Cb is an SV40-trans-
formed murine teratocarcinoma-derived cell line (14).
Primary mouse fibroblasts were prepared from the
skins of prenatal BALB/c mice, passaged twice in
NCTC 109 medium (Microbiological Associates) sup-
plemented with 10% fetal calf serum and subsequently
adapted to Dulbecco-modified Eagle medium contain-
ing 10% fetal calf serum.
Preparation of labeled cell extracts. The pro-

cedure for preparation of labeled cell extracts was as
described previously (13). The labeling period was 4 h
unless otherwise specified.

Cell fractionation and extraction ofRNA. Cells
were pelleted in phosphate-buffered saline and lysed
by pipetting for 5 min at 0°C in lysis buffer [0.5%
Nonidet P-40, 150 mM NaCl, 10 mM tris(hydroxy-
methyl)aminomethane-chloride (pH 7.4), 1 mM (eth-
ylenediaminetetraacetate]. Nuclei were pelleted
(Beckman TJ-6, 1,100 rpm, 4 min), and the pellet was
reextracted with lysis buffer. The two supernatants
were combined and incubated at 25°C for 1 to 2 h in
a buffer containing 15 mM KC1-75 mM NaCl-0.25%
Nonidet P-40-5 mM tris(hydroxymethyl)amino-
methane-chloride (pH 7.4)-0.5 mM ethylenediamine-
tetraacetate-1.5% sodium dodecylsulfate (SDS)-100
to 200 jig of predigested proteinase K per ml. RNA
purification was as described previously (5). All solu-
tions and glassware used with RNA were pretreated
with 0.3% diethylpyrocarbonate whenever possible.
RNA fractionation. Polyadenylic acid-containing

RNA was selected by chromatography over oligodeox-
ythymidylic acid-cellulose. Further fractionation was
carried out by sedimentation through a 15 to 30%
sucrose gradient in 10 mM tris(hydroxymethyl)-
aminomethane-acetate (pH 7.4)-0.1 M NaCl-0.1 mM
ethylenediaminetetraacetate.

In vitro protein synthesis. Nuclease-treated rab-
bit reticulocyte lysate was prepared according to stan-
dard procedures (18). In vitro protein synthesis reac-
tion mixtures contained 0.9 mM magnesium acetate,
160 mM potassium acetate, 20 mM HEPES (N-2-
hydroxyethylpiperazine-N'-2-ethanesulfonic acid) (pH
7.5), 0.2 mM guanosine triphosphate, 2 mM dithio-
threitol, 74,uM spermine, 1 mM adenosine triphos-
phate, 8 mM creatine phosphate, 64 ,ug of creatine
phosphokinase (type I, Sigma Chemical Co.) per ml,
50 ,ug of bovine transfer RNA per ml (gift of B. Du-
dock), 40 tLM amino acids minus methionine, and 0.4
to 2.0 mCi of [uS]methionine per ml (900 to 1,100 Ci/
mmol; New England Nuclear Corp.). Incubation was
at 300C for 1 to 2 h.

Immunoprecipitation. Immunoprecipitation was
as described previously (13). Before processing of in
vitro protein synthesis samples, the reaction was
stopped by addition of ethylenediaminetetraacetate to
10 mM and dithiothreitol to 1 mM, followed by cen-
trifugation (17). Immunoprecipitated material was an-
alyzed by electrophoresis on 15% SDS-polyacrylamide

gels (13). Gels were processed by the procedure of
Laskey and Mills (11) and quantitated as described in
reference 13.

RESULTS

Fractionation of the 54K mRNA. The goal
of these experiments was to develop an assay for
the detection and purification of the messenger
RNA (mRNA) that codes for the cellular 54K
tumor antigen. To do this, RNA was extracted
(see above) from cells of the SV40-transformed
line SVT2, and the polyadenylic acid-containing
RNAs were selected by chromatography over an
oligodeoxythymidylic acid-cellulose column.
The RNA was then sedimented through a su-
crose gradient and fractions were collected. Each
fraction was then added to a reticulocyte in vitro
translation system to prime protein synthesis.
The [35S]methionine-labeled products were im-
munoprecipitated by using sera either from mice
carrying tumors induced with SV40-transformed
cells (tumor sera) or from normal mice (normal
sera). These immunoprecipitates were collected
and analyzed by SDS-polyacrylamide gel elec-
trophoresis. Figure 1 presents the autoradiogram
of such a gel. The SV40 large T-antigen (94,000
molecular weight) was synthesized in vitro in
the mRNA fractions that sedimented at about
19S, and this antigen was immunoprecipitated
with tumor sera but not with normal sera. A
54K protein was synthesized in vitro and im-
munoprecipitated with tumor sera (and not nor-
mal sera) from an mRNA fraction that sedi-
mented at about 17S.
Peptide maps of 54K synthesized in vivo

and in vitro. The 54K protein synthesized in
vitro was selectively immunoprecipitated with
tumor sera, but not with normal sera, and was
of the same molecular weight as the in vivo
protein. To determine whether this 54K protein
synthesized in vitro was the same protein de-
tected with tumor sera in vivo, peptide mapping
of the [3S]methionine-containing tryptic pep-
tides was carried out. The in vivo synthesized
54K protein was labeled with [3H]methionine in
cell cultures of SVT2 cells and purified by im-
munoprecipitation and gel electrophoresis
(Maltzman et al., in press). The mixture of the
in vitro [35S]methionine-labeled protein (mRNA
from SVT2 cells) and the [3H]methionine in
vivo labeled 54K protein was cleaved with tryp-
sin, and the peptides were chromatographed on
a Chromobead (Technicon) cation-exchange col-
umn. Figure 2 presents the chromatographic
profile obtained with the tryptic peptides from
these two proteins. Seven or eight ofthe peptides
from the in vivo and in vitro products were
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FIG. 1. Translation products of sucrose gradient-fractionated SV3T3 mRNA. Cytoplasmic RNA was
extracted from SV'2 cells and selected over oligodeoxythymidylic acid-cellulose as described in the text. The
polyadenylic acid-containing RNA was fractionated over a 15 to 30% sucrose gradient, and 19 fractions were
coUected. The peaks of 28S and 18S ribosomal RNA appeared in fractions 5 and 9, respectively. RNA from
the indicated fractions was ethanol precipitated and used to prime in vitro protein synthesis. The reaction
products were immunoprecipitated with serum from either normal (N) or tumor-bearing (T) mice and analyzed
by electrophoresis on an SDS-polyacrylamide gel. Numbers on the left denote the apparent molecular weights
(x 1(1) of the polypeptides migrating to the indicated positions.

identical. Two to four additional peptides were
present in the in vivo product ([3H]methionine
label). Since the in vivo and in vitro products
have similar apparent molecular weights in
SDS-polyacrylamide gels, these extra peptides
may result from some fraction of the 54K pro-
teins in vivo undergoing post-translational mod-
ifications (Maltzman et al., in press). The in vitro
and in vivo 54K proteins are clearly closely
related polypeptides and may well be identical
in primary amino acid sequences based upon

both the immunological and the peptide map
analyses.
Levels of 54K mRNA in 3T3 and SV3T3

cells. When 3T3 cells and SV40-transformed
3T3 cells were labeled for 4 h with [3S]methio-
nine and the 54K proteins were isolated by im-
munoprecipitation, it was found that the SV3T3
cells contained substantially more 54K protein
than the 3T3 cells (13). To determine whether
this was also the case with the levels of 54K
mRNA, the following experiment was per-
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FIG. 2. Tryptic peptides generated from in vivo and in vitro labeled 54K. Cytoplasmic RNA from SVT2
cells was used to prime an in vitro translation system in the presence of [35 lmethionine. 54K protein was
immunoprecipitated from this reaction mixture, using SV40 tumor serum. 3H-labeled in vivo 54Kprotein was
isolated from SVT2 cells labeled for 4 h with [3Hjmethionine (25 uCi/ml), by preparing cell extracts and
immunoprecipitating with SV40 tumor serum. The 3S- and 3H-labeled immunoprecipitates were run on 15%
SDS-polyacrylamide gels, dried without fixation, and exposed to high-contrast X-ray film at -70°C. The 36S-
labeled in vitro and 3H-labeled in vivo 54Kproteins were located by reference to control immunoprecipitates
with tumor and normal sera, which were run on the same gels. The desired bands were located by alignment
of the autoradiograms with the corresponding gel, excised, and electrophoretically eluted. The 54Kproteins
eluted were oxidized withperformic acid and digested with L -(tosylamido 2-phenyl)ethyl chloromethyl ketone-
treated trypsin (310 p,g/ml for 8 h at 37QC). The resulting tryptic digests were applied to a Chromobead P
(Technicon) cation-exchange column which had been preequilibrated with pH 1.9 buffer (water-acetic acid-
formic acid-pyridine, 589:316:88:8, vol/vol). Tryptic peptides were eluted with an exponential gradient
composed ofpH 1.9-pH 1.9-pH 4.5 buffer (water-pyridine-acetic acid-formic acid, 653:158:140:39, vol/vol) at
65°C. Fractions, 2.5 ml, were collected, dried at 85°C, dissolved in 0.1 ml ofglacial acetic acid, and counted
in 4.5 ml of Triton-based scintillation cocktail. For scintillation counting a Beckman LS7500 scintillation
counter was used, with a data reductionprogram which subtracted background counts, calculated crossovers,
and converted counts per minute to disintegrations per minute.

formed. Two cell cultures of 3T3 and SV3T3
cells were labeled with [35S]methionine for 4 h,
and the soluble proteins were extracted and
jimmunoprecipitated with SV40 tumor sera. A
second set of 3T3 and SV3T3 cell cultures was
used to extract the cytoplasmic RNA, which was
then used to prime the in vitro synthesis of SV40
T-antigen and the 54K protein. The levels of
RNA from 3T3 and SV3T3 added to the in vitro
synthesizing system were optimized so that each
sample gave the maximum total incorporation
of [35S]methionine counts per minute into tri-
chloroacetic acid-precipitable proteins. Equal
amounts of trichloroacetic acid-precipitable ra-
dioactivity incorporated in vitro or in vivo were

immunoprecipitated and analyzed by SDS-poly-
acrylamide gel electrophoresis. In this experi-
ment 32 ,ug of 3T3 RNA and 35 ug of SV3T3
RNA were used to prime the reaction samples
taken for analysis. The autoradiogram of such a
gel is presented in Fig. 3. SV3T3 cells labeled in
vivo contained the SV40 T-antigen and the 54K
protein, whereas the 3T3 cells labeled in vivo
had much smaller levels (5- and 12-fold less in
duplicate experiments) of the 54K protein, in
agreement with previous results (13). However,
the levels of the in vitro translated 54K protein
primed with RNA from 3T3 cells were 1.5-fold
greater than those of the 54K protein synthe-
sized in vitro with comparable levels of SV3T3
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FIG. 3. Comparison of 54K mRNA and protein
levels in 3T3 and SV3T3 cells. Parallel cultures
of 3T3 and SV3T3 cells were either labeled with
[36S]methionine or used to extract total cytoplasmic
RNA. The RNAs were translated in vitro, and equal
amounts (13 x If cpm) of trichloroacetic acid-insol-
uble radioactivity from either the in vitro reactions
or the in vivo labeled cell extracts were immunopre-
cipitated and analyzed on an SDS-polyacrylamide
gel. The samples taken for analysis represent the in
vitro products of 32 and 35 pg of 3T3 and SV3T3
RNA, respectively. The immunoprecipitation reac-
tions with in vitro synthesized proteins also included
an amount of unlabeled 3T3 cell extract comparable
to that present in the reactions utilizing labeled cel-
lular extracts. For definitions ofN and T, see legend
to Fig. 1.

mRNA (Fig. 3; Table 1, experiments 1 and 2).
Thus, the difference in the levels of 54K protein
detected in 3T3 cells by labeling proteins in vivo
is not congruent with a similar difference in the
levels of translatable 54K mRNA extracted from
these cells.
To ascertain that the amount of in vitro syn-

thesized 54K protein detected by immunoprecip-
itation can indeed be used as a measure of the
amount of specific mRNA present, a dose-re-
sponse experiment was carried out. Increasing

TABLE 1. Relative levels of the 54Kprotein in 3T3
and SV3T3 cells synthesized in vivo and in vitroa

Relative
Expt Source of Protein Level

(%) of 54K

1 3T3, in vivo 8.6
SV3T3, in vivo 100
3T3, in vitro 159.3
SV3T3, in vitro 100

2 3T3, in vivo 22.1
SV3T3, in vivo 100
3T3, in vitro 156.3
SV3T3, in vitro 100

3 Mouse fibroblasts, in vivo 5.7
SV3T3, in vivo 100
Mouse fibroblasts, in vitro 48.3
SV3T3, in vitro 100

aThe 54K protein was immunoprecipitated from
either [3S]methionine-labeled cell extracts (in vivo)
or reticulocyte lysates (in vitro). For experimental
details, see the text and the legend to Fig. 3. Levels
shown are expressed as percentage of the amount of
54K protein demonstrable with SV3T3 cells under a
comparable set of conditions (in vivo or in vitro).

amounts of cytoplasmic RNA from 3T3 and
SV3T3 cells were translated and analyzed as
described previously. The relative level of 54K
protein detected in each in vitro translation was
calculated from densitometer tracings of the au-
toradiograms (see above) and plotted as a func-
tion of the RNA level used to prime the reaction.
Figure 4 presents these data and clearly indi-
cates that mRNA is indeed limiting in this re-
action and that the levels of the 54K protein
detected by this procedure reflect the levels of
corresponding mRNA in the preparation. A sim-
ilar result was obtained with the translation of
the SV40 T-antigen messenger in vitro, using
RNA extracted from the SVT2 cells (data not
presented).
Although the 3T3 cells used in this study were

carefully maintained and exhibited normnal cell
growth properties, one can still argue that 3T3
cells show an aberrant pattern of 54K protein
regulation because they are a permanent cell
line in culture. For this reason the experiment
described previously was repeated, and the
levels of 54K protein in vivo and translatable
mRNA in vitro were quantitated, using SV3T3
cells and primary mouse fibroblasts derived from
BALB/c mice. The results are presented in
Table 1 and demonstrate that the levels of 54K
protein labeled in vivo were 17.5-fold higher in
SV3T3 cells than in the mouse fibroblasts,
whereas the level of translatable mRNA was
only about 2-fold higher in the SV3T3 cells.
Turnover of 54K protein in vivo. That
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FIG. 4. Correlation between the amount of RNA
translated and the amount of 54K protein detected.
Increasing amounts of total cytoplasmic RNA from
either 3T3 (A) or SV3T3 (0) cells were translated,
and the reaction products were immunoprecipitated
and analyzed as detailed before. The reaction satu-
rated for RNA at about 17.5 pg of RNA (twice the
amount used for the last point). The amount of 54K
protein is expressed as percentage of the maximum
value obtained in this experiment.

comparable levels of RNA from 3T3 and SV3T3
cells translate about the same levels of 54K
protein in vitro, but 5- to 12-fold differences in
the level of54K protein were observed by in vivo
labeling of proteins and immunoprecipitation
(Table 1), could be explained in several ways.
For example, the mRNA for the 54K protein
may be efficiently translated in vitro but specific
inhibitors oftranslation in 3T3 cells or activators
of translational efficiency in SV3T3 may be pres-
ent in vivo. Alternatively, the 54K protein made
in vitro and in SV3T3 cells may be efficiently
immunoprecipitated, but in 3T3 cells most of
this protein is in a form which is not recognized
by the antibody. Yet another possibility is that
SV3T3 cells and 3T3 cells may indeed have
comparable levels of 54K mRNA, but the pro-
tein in 3T3 cells could be rapidly degraded (turn-
over), whereas in SV3T3 cells it may be stabi-
lized and accumulated.
To test this latter idea a pulse-chase experi-

ment was performed. Subconfluent cell cultures
of 3T3 and SV3T3 were labeled with [35S]me-

thionine for 2 h, after which the medium was
removed, and the cells were washed and refed
with medium not containing the radioisotope
(chase period). At several times during the chase
period samples were taken, and the levels of the
54K protein were assayed as described previ-
ously. Figure 5 presents an autoradiogram con-
taining the results of this experiment, which are
quantitated in Table 2. At the end of the 2-h
labeling period the 54K protein was readily de-
tectable in both 3T3 and SV3T3 cells, although
its level in 3T3 cells was lower (Table 2). After
a 3-h chase period little or no detectable 54K
protein was present in the 3T3 cells, whereas the
SV3T3 cells exhibited a fairly constant level of
this protein throughout the 22- to 24-h chase
period. Thus, whereas the 54K protein appears
to be very rapidly turned over in 3T3 cells, it
becomes very stable in SV40-transformed cells.
Role of the SV40 T-antigen in stabilizing

the 54K protein. The SV40 T-antigen (A gene
product) is required for the stimulation in the
levels of 54K protein in virus-infected or -trans-
formed mouse cells (13). To examine the levels
of 54K mRNA in cells transformed by an SV40
tsA mutant, the SVTERtsA58Cb cell line (14)
was used. This cell line is transformed and ex-
presses high levels of the 54K protein at the
permissive temperature, but does not express
the transformed phenotype and contains low
levels of the 54K protein at the nonpermissive
temperature (13, 14). SVTERtsA58Cb cells were
grown at either 32 or 39.50C and labeled with
[35S]methionine for 4 h, followed by a 20-h chase
period at the same temperatures. One set of cell
cultures kept at either temperature was utilized
to extract cytoplasmic RNA for an in vitro trans-
lation reaction. A parallel set of cell cultures was
processed for immunoprecipitation of the in vivo
labeled proteins, which were then analyzed by
SDS-polyacrylamide gel electrophoresis. The
autoradiogram of such a gel is presented in Fig.
6 and these results are quantitated in Table 3.
At the nonpermissive temperature the 54K pro-
tein labeled and chased in vivo was barely de-
tectable (a 100-fold difference between 32 and
39.50C). On the other hand, the levels of 54K
mRNA, as assayed by in vitro translation of this
protein, were not affected by the temperature
differential or were even slightly increased at
39.50C. It is noteworthy that the RNA from cells
grown at 39.50C programmed higher levels of
SV40 T-antigen and t-antigen in vitro than
equivalent levels of RNA from these cells kept
at 320C. This is in good agreement with the fact
that the tsA mutation produces a faulty T-anti-
gen which does not modulate down SV40 early
transcription (21). Thus, the in vitro translation
assay used here can detect different levels of
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FIG. 5. Pulse-chase analysis of 54K protein made in 3T3 and SV3T3 cells. For experimental details see
footnote to Table 2 (experiment 1). Numbers refer to the length of the chase period (hours), N and T denote
serum from either normal or tumor-bearing hamsters. The autoradiogram of the 3T3 cells was exposed for 5
days and that of the SV3T3 cells was exposed for 2 days.

specific mRNA (T-antigen or 54K protein) in
these cells.

This experiment demonstrates that a func-
tional T-antigen is required to provide high
levels of the 54K cellular protein in vivo. This
regulation does not appear to operate at the
level of transcription (translatable mRNA) but
seems most likely to occur at the post-transla-
tional stage of protein turnover.

DISCUSSION
mRNA extracted from 3T3 cells can be used

to prime the in vitro synthesis ofSV40 T-antigen
and a 54K cellular tumor antigen. Evidence that
the 54K proteins synthesized in vivo and in vitro
are closely related is as follows: (i) SV40 tumor
serum but not normal serum immunoprecipi-
tates the in vivo and in vitro proteins; (ii) the
apparent molecular weights on SDS-polyacryl-
amide gel electrophoresis of the in vivo and in

vitro proteins are similar or identical; and (iii)
seven or eight of the [35S]methionine-containing
tryptic peptides generated from the in vivo and
in vitro proteins are identical. The 54K protein
synthesized in SV3T3 cells in vivo had two to
four extra [3S]methionine-containing tryptic
peptides, when compared to the in vitro trans-
lated 54K protein synthesized from mRNA de-
rived from these same cells. Because the in vivo
and the in vitro synthesized proteins have very
similar molecular weights, it appears likely that
these extra peptides, derived from the protein
made in vivo, could be due to post-translational
modifications. The peptide maps of the 54K
proteins from embryonal carcinoma cells or
3T12 cells are identical to the in vitro translated
54K protein made from SV3T3 mRNA (Maltz-
man et al., in press).

Surprisingly, RNA from SV3T3 and 3T3 cells

had roughly equal efficiencies of priming the in

94 -
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TABLE 2. Relative levels of the 54Kprotein in 3T3
and SV3T3 cells: pulse-chase experimentsa

Expt Source of Chase period Relative levelEspt protein (h) (%) of 54K

1 3T3 0 100
3T3 3 <1.2
SV3T3 0 100
SV3T3 3 120.7
SV3T3 10 125.4
SV3T3 22 132.8

2 3T3 0 100
3T3 3 4.1
SV3T3 0 100
SV3T3 3 98.4
SV3T3 10 95.6
SV3T3 24 84.4

a Cells were labeled for 2 h (experiment 1) or 1 h
(experiment 2) with [3S]-methionine. At the end of
the pulses, the culture dishes were exhaustively
washed with methionine-containing medium and in-
cubated in the same medium for the indicated chase
periods. Proteins were extracted, and equal amounts
of trichloroacetic acid-insoluble radioactivity were im-
munoprecipitated and analyzed. Levels of the 54K
proteins are expressed as a percentage of the corre-
sponding 0-h chase samples.

vitro translation of the 54K protein. The peptide
map of the 54K protein synthesized in vitro with
3T3 mRNA was very similar or identical to that
of the 54K protein synthesized from SV3T3
mRNA (unpublished data). Several experiments
indicate that in vitro translation of mRNA can
be used to estimate the levels of cellular mRNA
of a particular protein. First, the level of 54K
protein and T-antigen synthesized in vitro was
proportional to the level of input RNA in the
reaction. Second, under conditions where higher
levels of SV40 T-antigen mRNA were expected
in vivo (SV40 tsA cells at 39.5°C), higher levels
of T-antigen were detected in vitro. If indeed the
levels of 54K mRNA are the same in 3T3 and
SV3T3 cells, then additional infonnation would
be required to explain the differences in the
levels of the 54K protein found in 3T3 and
SV3T3 cells by labeling proteins in vivo. The
pulse-chase experiments carried out with 3T3
and SV3T3 indicate that the half-life of the 54K
protein in 3T3 cells is less than 1.5 h, whereas
this protein is stable over a 24-h period in SV3T3
cells. Taken together, the results on the levels of
54K mRNA and these pulse-chase experiments
strongly indicate that post-translational turn-
over of the 54K protein can, at least in part,
account for the different levels of this protein
detected in 3T3 and SV3T3 cells (13).
There are two reasonable mechanisms for the

stabilization of the 54K protein in SV3T3 cells.
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FIG. 6. Comparison of 54K mRNA and protein
levels in SVtsA-transformed cells grown at 32 or
39.5°C. SVTERtsA58Cb cells were grown at 32°C for
16 h, at which time halfofthe cultures were shifted to
39.5°C. After 3 days at 32 or 39.5°C, one dish of each
group was labeled for 4 h with [3Slmethionine and
chased for 20 h with nonradioactive medium, and
proteins were extracted. The rest of the dishes were
mock-labeled, chased, and used to prepare cytoplas-
mic RNA, which was then analyzed by in vitro trans-
lation. The experimental design was as outlined in
the legend to Fig. 3, except that 12.4 x lt' cpm were
included in each reaction. The in vitro products an-
alyzed were synthesized under optimal incorporation
conditions, using 23 and 25 pg ofRNA extractedfrom
cells grown at 32 and 39.5°C, respectively. For defi-
nitions ofN and T, see legend to Fig. 1.

First, by virtue of the physical complex between
SV40 T-antigen and the 54K protein, the turn-
over of the latter might be reduced. Second, and
not mutually exclusive of the first point, post-
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TABLE 3. Relative levels of the 54Kprotein in
SVTERtsA cells at 32 and 39.50C'

Relative

Source of protein level
of 54K

SVTERtsA58Cb, 32°C, in vivo.100
SVTERtsA58Cb, 39.50C, in vivo.0.8

SVTERtsA58Cb, 32°C, in vitro.100
SVTERtsA58Cb, 39.50C, in vitro. 150.8

aThe 54K protein was immunoprecipitated from
either [3S]-methionine-labeled cell extracts (in vivo)
or reticulocyte lysates in vitro. For experimental de-
tails, see the text and the legend to Fig. 6. The levels
of 54K protein are expressed as a percentage of the
amount of 54K detectable in cells at 320C (in vivo or
in vitro).

translational modification of the 54K protein
could result in a reduced level of protein turn-
over. In either case, T-antigen is clearly required
for this increased stability of the 54K protein
(13). These results do not eliminate the possibil-
ity that transcriptional regulation may also play
a role in some different situations or cell types
in also regulating the levels of this 54K tumor
antigen. In addition, some factors other than the
SV40 T-antigen must regulate the higher levels
of the 54K protein in embryonal carcinoma cells
or 3T12 cells. It is tempting to postulate that the
54K protein has a regulatory function in normal
cells which is compatible with its rapid turnover.
By markedly decreasing the rate of turnover of
the cellular 54K protein, the SV40 T-antigen
could well begin a series of events that results in
the transformed phenotype. The concept that
viral proteins can regulate cellular functions by
altering post-translational turnover rates of
these proteins now appears to be established,
and its role in cellular transformation will need
to be investigated.
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