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We investigated the formation of native complexes between simian virus 40 large T antigen and the cellular
protein p53 (T-p53) by using simian virus 40 tsA58-transformed mouse fibroblasts (tsA58 F2b). We observed
that newly synthesized p53 bound to all structural subclasses of large T antigen detectable on sucrose density
gradients. This led to various intermediates of T-p53 complexes which converted within 2 h into typical mature
aggregates. The final levels of stable T-p53 complexes seemed to be determined by p53 rather than by large T
antigen.

The idea that the cellular p53 protein may be involved in
the process of oncogenesis arose by virtue of its stable
association with two different viral oncogenic proteins,
simian virus 40 (SV40) large T antigen (14, 15, 17, 20) and the
adenovirus 5 Elb 58-kilodalton protein (24). Recent reports
demonstrated a direct role for p53 in cell transformation in
that it was able to immortalize primary rodent cells and to
transform these cells by complementing activated ras genes
(5, 12, 23). Simian virus 40 large T antigen is a multi-
functional regulatory protein essential for virus growth and
cell transformation (for a review, see reference 29). This
phosphoprotein occurs in various structural forms such as
monomers and different homologous oligomers (2, 7, 9, 16)
which arise by noncovalent self-assembly after posttransla-
tional modulation of monomers (18, 19). In addition, large T
antigen forms complexes with p53 which aggregate into
extremely stable heterologous oligomers (2, 6, 16). Studies
with temperature-sensitive simian virus 40 A gene mutants
(tsA) showed that, in tsA-infected permissive cells at the
nonpermissive temperature, large T antigen failed to convert
into oligomers (7, 13, 21, 22) and to form complexes with p53
(7, 21) simultaneously. However, large T antigen from
certain tsA58 mouse transformants is apparently only par-
tially defective for these structural features (2, 9). In these
studies it was postulated that large T antigen-p53 (T-p53)
complexes may assemble after appropriate modification of
large T antigen, whereas very recent data suggested that
large T antigen binds very rapidly, probably without proc-
essing, to p53 (27).

In the present study we dealt with the questions (i)
whether only a distinct structural subclass of large T antigen
is able to bind p53 and (ii) whether intermediates of T-p53
complexes are detectable.
As already shown for large T antigen from tsA58-infected

monkey cells (7, 13, 21, 22), large T antigen from tsA58-
transformed BALB/c 3T3 mouse cells, the tsA58 F2b (3)
used in the present study, was also heat sensitive for
oligomerization and complexing with p53. Furthermore, we
could demonstrate that oligomeric forms of large T antigen in
tsA58 F2b cells formed at the permissive temperature re-
mained stable after shift up to the nonpermissive tempera-
ture as already observed in tsA58-infected TC-7 cells (21).
These typical heat-sensitive properties of large T antigen

in tsA58 F2b cells enabled us to study T-p53 complex
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formation under extreme conditions, i.e., binding of newly
synthesized p53 at 39°C to old large T antigen preformed at
32°C. tsA58 F2b cells were cultured at 32°C, shifted up to
39°C for 2 h, and then radiolabeled with 40 jxCi of
[35S]methionine for 2 h (Fig. 1). Cells were lysed at pH 9 with
0.5% Nonidet P-40 as described previously (21). Cell ex-
tracts were analyzed for T-p53 complexes and for free large
T antigen by sequential immunoprecipitation with non-cross-
reacting monoclonal antibodies specific for either p53 (PAb
122 [10]) or large T antigen (PAb 430 [11]). Immunoprecipi-
tation of the labeled extract with monoclonal p53 antibody
PAb 122 showed only a p53 band (Fig. 1A, a, lane 122).
Newly synthesized large T antigen, but no p53 protein, was
detected by subsequent immunoprecipitation with PAb 430
from the supernatant (Fig. 1A, a, lane 430). Since large T
antigen synthesized and modified at 32°C remains stable at
39°C and if newly synthesized p53 binds to old large T
antigen processed at 32°C, the immunoprecipitates shown in
Fig. 1A, a, lanes 122 and 430 should also contain unlabeled
large T antigen. Furthermore, in this case one would expect
T-p53 complexes containing labeled p53 when PAb 430 was
used first. Anti-large T antibody PAb 430 immunoprecipi-
tated large T antigen and p53 (Fig. 1A, b, lane 430). PAb 122
detected no more labeled p53 in the supernatant (Fig. 1A, b,
lane 122), suggesting that p53 newly synthesized at 39°C in
fact binds completely to old, i.e., unlabeled, but not newly
synthesized large T antigen.
To find out whether complexing of newly produced p53

has to undergo time-dependent processing, we applied the
same protocol as described for Fig. 1A but pulse-labeled
cells for only 10 min after shift up to 39°C (Fig. 1B). This
experiment indicated that p53 needs either no or at least very
rapid processing for binding to large T antigen. Even under
pulse-labeling conditions, no uncomplexed p53 protein was
detectable (Fig. 1B, b, lane 122).
To prove directly that all p53 newly synthesized at 39°C in

fact binds to old but not to labeled large T antigen, we
repeated the experiment (shown in Fig. 1A and B), but
instead of radiolabeling proteins we stained the gel with
Coomassie blue. As expected, PAb 122 coprecipitated a
reasonable amount of large T antigen (Fig. 1C, a, lane 122),
and in the supernatant PAb 430 recognized almost equal
amounts of supposedly free large T antigen (Fig. 1C, a, lane
430). Conversely, using PAb 430 first precipitated signifi-
cantly more large T antigen, including both free and, most
likely, p53-bound large T antigen (Fig. 1C, b, lane 430). PAb
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FIG. 1. Sequential immunoprecipitation of 35S-labeled (A and B)
or unlabeled (C) T-p53 complexes and uncomplexed large T antigen
from tsA58 F2b cells. tsA58 F2b cells were grown at 32°C, shifted up
to 39°C for 2 h, and either labeled with [35S]methionine for 2 h (A) or

T-Ag pulse-labeled for 10 min (B). Alternatively, after the shift up, cells
were kept at 39°C for 2 h and extracted without labeling (C).
Extracts from 3 x 101 to 4 x 106 cells were immunoprecipitated with
normal hamster serum (a, lane N), then with PAb 122 (a, lane 122),
and subsequently with PAb 430 (a, lane 430). Alternatively, after
precipitation with normal hamster serum, the supernatant was
immunoprecipitated first with PAb 430 (b, lane 430) and second with
PAb 122 (b, lane 122). Sodium dodecyl sulfate-polyacrylamide gels
A and B containing [35S]methionine-labeled proteins were
fluorographed; gel C was stained with Coomassie blue. The molec-
ular weight markers were phosphorylase a (Mr, 94,000 [94]), bovine
serum albumin (Mr, 68,000 [68]), and ovalbumin (Mr, 43,000 [43]).

122 precipitated no complexed large T antigen from the
supernatant (Fig. 1C, b, lane 122). Unlabeled p53 was not
detectable on these gels mainly because of the presence of
unlabeled heavy chains of immunoglobulins running, like
mouse p53 protein, close to an apparent molecular weight of
about 50,000. Taken together, these data confirmed the
hypothesis that newly made p53 binds at 39°C to old large T
antigen processed at 32°C. Hence, large T antigen seems to
be temperature sensitive for appropriate modification but not
for the mechanism of binding p53.
Next we analyzed the rapid binding of p53 to mature large

T antigen in more detail under temperature shift up or shift
down conditions by sucrose density gradient centrifugation.
tsA58 F2b cells cultured at 32°C were first shifted up to 39°C
for 2 h and then either pulse-labeled with 100 iXCi of
[35S]methionine for 10 min or, additionally, chased for 2 h
with medium containing unlabeled methionine and then
subjected to density gradient centrifugation as previously
described (21). The gradient fractions were analyzed for p53

by using PAb 122. Proteins were separated on 10% sodium
dodecyl sulfate-polyacrylamide gels which were fluoro-
graphed as described by Bonner and Laskey (1). Distinct
amounts of pulse-labeled p53 sedimented around 14S, and
slightly more was found at the bottom of the gradient (Fig.
2A). Disappearance of the 14S forms during a 2-h chase
suggested that these complexes are intermediate forms
which convert slowly into mature forms (23S and beyond)
(Fig. 2B). Expectedly, no labeled large T antigen comigrated
with the intermediate forms around 14S or with the mature
forms sedimenting at 23S and beyond. From the data pre-
sented in Fig. 1A, B, and C, one would expect that these
forms consist of labeled p53 and unlabeled large T antigen
synthesized at 32°C. Indeed, Coomassie blue staining of the
gel clearly demonstrated large T antigen and p53 in com-
plexes (data not shown). In another control experiment,
gradient fractions were immunoprecipitated with PAb 430,
which produced the same sedimentation profile for p53 as
that obtained with PAb 122 (data not shown).
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To detect higher amounts of intermediates in low-
molecular-weight forms, we set up another type of experi-
ment. To avoid the presence of old, high-molecular-weight
forms of large T antigen, we pulse-labeled cells grown at
39°C for 10 min with [35S]methionine and then shifted them
down to a low temperature (32°C) and chased them for 30
min. The p53 running with large T antigen sedimented in a
wide profile ranging from 7S up to .23S. One can assume
that all detectable forms of large T antigen, including mono-
mers, are able to complex with p53. Furthermore, we
learned that large T antigen synthesized at 39°C was rapidly,
i.e., within 30 min at 32°C processed to regain the ability to
form complexes with p53.
Recovery of T-p53 complex formation after a shift down to

the permissive temperature excludes the possibility that
large T antigen synthesized at the nonpermissive tempera-
ture is rapidly degraded and therefore inactive in binding to
p53. Large T antigen, which was coprecipitated with p53
under these conditions, sedimenting around 7S, may repre-
sent the smallest T-p53 complex with a 1:1 stoichiometry (8).
By using the specific monoclonal antibody PAb 101, which

recognizes only mature large T antigen, it was shown by
Carroll and Gurney (2) that p53 binds to mature large T
antigen. According to Schmieg and Simmons (27), this
specific maturation occurs within 5 to 15 min, whereas the
oligomerization of large T antigen in various permissive and
nonpermissive cell lines proceeds more slowly within 1 and
2 h (7, 19). According to our present results, pulse-labeled
p53 binds preferentially to high-molecular-weight forms of
large T antigen. However, under appropriate experimental
conditions p53 binds to nearly all structural forms of large T
antigen detectable on sucrose density gradients. Nearly all
intermediates finally converted into high-molecular-weight
forms, sedimenting at 23S and beyond (Fig. 2).
Both large T antigen and p53 are modified by phosphory-

FIG. 2. Density gradient centrifugation analysis of tsA58 T-p53
complex formation after a shift up from 32 to 39°C, by pulse (A) or
pulse-chase labeling (B) or by pulse-labeling at 39°C and, after a shift
down, chasing at 32°C (C). tsA58 F2b cells grown at 32°C were
shifted up to 39°C for 2 h and labeled with [35S]methionine for 10 min
(A) or labeled for 10 min and chased for 2 h (B). Alternatively, tsA58
F2b cells grown at 39°C were labeled at 39°C for 10 min, shifted
down to 32°C, and chased for 30 min (C). Extracts from 6 x 106 to
7 x 106 cells were run on 5 to 20% sucrose density gradients. PAb
122 immunoprecipitates obtained from gradient fractions were elec-
trophoresed on 10% sodium dodecyl sulfate-polyacrylamide gels.
The bottom of the gradient was to the left. rRNAs (5S, 16S, and 23S)
were run as markers in parallel gradients. The standards used on
10% sodium dodecyl sulfate-polyacrylamide gels are described in
the legend to Fig. 1.

lation at multiple positions (4, 26). Analysis of the phosphor-
ylation of large T antigen in a complex with p53 in our
laboratory has revealed, in contrast to previous reports (6, 9,
16), that the p53-complexed subset of large T antigen is
considerably less phosphorylated than unbound large T
antigen (28). These observations are in agreement with
results reported for the Elb 58-kilodalton protein from
adenovirus 5-transformed cells, which is also less phosphor-
ylated in the p53-complexed than the free form (25). How-
ever, it has yet to be determined whether the low phosphor-
ylation of large T antigen is a specific prerequisite for
complex formation with p53 or whether complexed large T
antigen is either protected against further phosphorylation or
even more susceptible to dephosphorylation.
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