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replication machinery is provided by the observation that p53
is localized to foci of replication in the nuclei of herpesvirusinfected cells (55) and that a C-terminally truncated form of
p53 which is constitutively active for DNA binding inhibits
nuclear DNA replication in transcription-free DNA replication extracts from Xenopus eggs (9). Additionally, p53 binds
the single-stranded-DNA-binding protein RP-A (13, 21, 31). It
is therefore possible that p53 functions directly in both transcription and replication in its role as a checkpoint for cell
growth. The fact that p53 binding sites have been identified in
the vicinity of viral (3; this study) and putative cellular (26)
origins of replication, combined with the striking loss of DNA
binding among mutant p53s, suggested the possibility of a
DNA-binding-dependent role for wild-type p53 in DNA replication.
It has recently been shown that p53 is able to restore polyomavirus (Py) replication in vivo at origins that lack the requisite enhancers when p53 binding sites are placed adjacent to
the origin (24). This restoration is similar to that seen when
other transcription factors are allowed to bind in this region (8,
18, 53). However, we believe it is interesting to look at the
effect of p53 bound adjacent to a Py origin that is able to
replicate in the absence of p53 because this situation may more
closely mimic the way that p53 confronts cellular origins.

The cellular protein p53 has been implicated in the control
of cell proliferation and tumor progression. In the wild-type
form, p53 acts as a tumor suppressor, while several of the
mutant forms display oncogenic activities (for reviews, see
references 12, 30, and 43). Wild-type p53 is a sequence-specific
DNA-binding protein that is able to activate transcription from
promoters containing p53 response elements both in vitro and
in vivo (for a review, see reference 50). In addition, p53 is able
to repress transcription from many promoters that lack p53
binding sites. This is possibly accomplished through its interaction with the TATA-binding protein (33, 37, 38, 45, 48).
Thus, p53 could potentially regulate growth in the cell by
activating genes that repress growth or by repressing genes that
activate growth or both. In sharp contrast to the wild-type
protein, many of the mutant forms of p53 found in human
cancers are unable to bind DNA specifically and have therefore lost transcriptional activation capabilities (50, 61).
p53 accumulates in the nucleus of cells that have undergone
DNA damage and is postulated to act in a damage response
pathway that can result in either cell cycle arrest at G1 (28, 36)
or apoptosis (29, 35, 59). Several genes containing p53 response elements have been identified as potential targets for
activation by p53 after cellular DNA damage and may be
components of the damage response pathway; GADD45 (25),
WAF1/p21 (15), and mdm2 (2, 42, 58) can all potentially be
activated by p53 following DNA damage.
Although p53 is clearly active in regulating transcription,
there is suggestive evidence from several sources that p53 may
play a role in DNA replication as well. Simian virus 40 (SV40)
T antigen when complexed with p53, is unable to replicate
SV40 origin-containing DNA both in vitro (17, 52) and in vivo
(5), suggesting that p53 could inactivate some host cellular
counterpart of the viral protein, thus inhibiting cellular replication. Further evidence for a direct interaction with the DNA

MATERIALS AND METHODS
Plasmids. The constructs used in this work described as VwnPyCAT and
VmnPyCAT and the constructs with p53 binding sites placed at a distance from
the origin described previously as PGn-CAT, MGn-CAT, and PGn-MGn-CAT
(where n is the number of repeats of the wild-type or mutant p53 binding site
derived from the ribosomal gene cluster [RGC]) (27) were kindly provided by B.
Vogelstein. pJSCATori(5317-mer), the construct containing five GAL4 sites
adjacent to the Py origin and referred to as 53GAL4-PyOri elsewhere in the text,
was created by cloning the five GAL4 sites from pG5E4T (32) into the BglII site
of pJSCATori (4) and was kindly provided by J. Hassell. p373.A2 carries Py A2
strain DNA inserted into the BamHI site of pAT153 (34).
Proteins. Wild-type and mutant p53 proteins were immunopurified from Sf21
insect cells infected with recombinant baculoviruses as previously reported (52).
Py large T antigens were also immunopurified from baculovirus-infected Sf21
cells by previously published procedures (52). Protein concentrations were esti-
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The p53 tumor suppressor gene product is a sequence-specific DNA-binding protein that is necessary for the
G1 arrest of many cell types. Consistent with its role as a cell cycle checkpoint factor, p53 has been shown to
be capable of both transcriptional activation and repression. Here we show a new potential role for p53 as a
DNA-binding-dependent regulator of DNA replication. Constructs containing multiple copies of the ribosomal
gene cluster (RGC) p53 binding site cloned on the late side of the polyomavirus origin were used in in vitro
replication assays. In the presence of p53, the replication of these constructs was strongly inhibited, while the
replication of constructs containing a mutant version of the RGC site was not affected by p53. Several
tumor-derived mutant p53 proteins were unable to inhibit replication of the construct with wild-type RGC sites.
Additionally, the transactivator GAL4-VP16 was unable to inhibit replication of a construct containing GAL4
binding sites adjacent to the polyomavirus origin. We also show that the inhibition by p53 can occur from sites
cloned as far as 600 bp from the origin. Preincubation experiments suggest that p53 inhibits replication at a
step mediated by ATP, possibly by inhibiting the binding of polyomavirus T antigen to the core origin. The
presence of an endogenous p53 binding site in the polyomavirus origin suggests potential mechanisms for the
observed inhibition.
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RESULTS
p53 inhibits the in vitro replication of constructs containing
multiple copies of the RGC site adjacent to the Py ori. To
investigate a DNA-binding-dependent role for p53 in DNA
replication, the Py in vitro replication system was used as
previously described (52). The constructs, containing multiple
copies of the RGC site cloned adjacent to or at a distance from
the Py ori on the late side, have been used previously to
demonstrate transcriptional activation by p53 both in vivo (27)
and in vitro (16). DNA containing 16 copies of the wild-type
site (Vw16PyCAT) or 15 copies of a mutated site that does not
bind p53 (Vm15PyCAT) was incubated in the standard reaction mixture with increasing amounts of immunopurified wildtype human p53. Replication of Vw16PyCAT was strongly inhibited by p53, while replication of Vm15PyCAT was not
affected (Fig. 1a, compare lanes 5 to 10 with lanes 15 to 18).
Although starting levels of replication vary from experiment to
experiment, we found that this inhibition occurred over a wide
range of DNA and T antigen concentrations.
To confirm the need for DNA binding in the inhibition of
replication by p53, tumor-derived mutant p53 proteins were
used in the Py in vitro replication assay. The Trp-248 and
His-273 mutant p53 proteins have been shown to have poor
DNA-binding abilities and are thus unable to activate transcription from constructs containing p53 binding sites (16).
The Vw16PyCAT construct was used in replication mixtures
containing increasing amounts of either wild-type or mutant
(Trp-248 or His-273) human p53 protein (Fig. 1b). While the
wild-type p53 protein strongly inhibited replication, the mutant
p53 proteins were not inhibitory even at high concentrations
(Fig. 1b, compare lanes 1 and 5 and 6 and 10). The slight
stimulation at lower levels (200 to 400 ng) has not yet been
elucidated. Taken together (Fig. 1c), our experiments show
that the inhibition of replication by p53 is DNA binding dependent.

FIG. 1. (a) Wild-type p53 inhibits the in vitro replication of Py ori-containing
constructs with wild-type but not mutated p53 binding sites. DNA (Vw16PyCAT
or Vm15PyCAT) was added to reaction mixtures containing Py T antigen, murine
FM3A cell extracts, and other components as described in the text. Mixtures
were incubated in the presence of increasing amounts of wild-type human p53,
and replicated products are shown. (b) Mutant p53 does not inhibit the in vitro
replication of the Vw16PyCAT construct. DNA was incubated in the presence of
increasing amounts of the tumor-derived mutant p53 protein Trp-248 or His-273.
DpnI-resistant linearized products are shown. p53 concentrations are indicated.
(c) Phosphorimaging analysis of replicated products.

p53 inhibits the replication of a construct containing four
RGC sites, but GAL4-VP16 does not inhibit replication of a
construct containing five GAL4 sites adjacent to the Py ori.
Constructs with four RGC sites or one RGC site cloned adjacent to the Py ori were also tested in reaction mixtures containing increasing amounts of wild-type p53. Replication of the
construct with one RGC site was only inhibited by p53 at very
high levels of p53, at which the construct without RGC sites
was also inhibited (data not shown). Inhibition of replication
by p53 of the construct containing four RGC sites (Vw4
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mated by the Bradford assay and silver staining of protein gels. Purification of
GAL4-VP16 protein from Escherichia coli was done by previously published
procedures (7), and protein was dialyzed into BC100 buffer (20 mM Tris [pH
8.0], 100 mM potassium acetate, 0.1 mM EDTA, 1 mM dithiothreitol [DTT],
20% glycerol). RP-A was purified as previously described (39).
Replication of Py ori DNA in vitro. The reaction conditions and methods used
for the preparation of mouse FM3A cell extracts have been described previously
(52). Standard reaction mixtures (50 ml) contained 40 mM creatine phosphate
(pH 7.7); 7 mM MgCl2; 0.5 mM DTT; 4 mM ATP; 200 mM each CTP, UTP, and
GTP; 100 mM each dATP, dGTP, and dCTP; 20 mM [a-32P]dTTP; and 100 mg
of creatine kinase per ml. FM3A extract (300 to 400 mg of protein), Py T antigen,
and reaction mixtures were incubated at 338C and subsequently analyzed by
either acid precipitation or phosphorimaging analysis of agarose gels following
DpnI treatment of purified and linearized replication products (52) with a Molecular Dynamics PhosphorImager. Preincubation experiments were performed
as outlined in the figure legends; 10 min of preincubation with Py T antigen was
sufficient for binding of the protein to the Py origin in footprint assays under
replication conditions (unpublished data), and this preincubation time was used
in replication reactions when binding of Py T antigen was a prerequisite for
further addition of protein.
DNase I footprint reactions. The DNase I footprint method was performed as
previously described (3). A p373.A2 Py origin-containing fragment was produced
by digestion with DdeI, filling in with 32P-labeled deoxynucleoside triphosphates
(dNTPs), digestion with HinfI, and gel purification of the labeled fragment. This
produced the end-labeled whole 408-bp origin fragment representing nucleotides
5075 to 187 in the Py genome. Reaction mixtures (50 ml) containing 40 mM
creatine phosphate, 4 mM ATP, 7 mM MgCl2, 0.2 mg of bovine serum albumin
per ml, 0.5 mM DTT, 10 ng of plasmid pAT153, and 1 ng of 59-32P-labeled
fragment were incubated with various amounts of protein at 338C for 10 min. The
amount of DNase I required to produce an even pattern of partial cleavage
products was tested empirically. Following digestion, 50 ml of DNase stop solution (2 M ammonium acetate, 100 mM EDTA, 0.2% sodium dodecyl sulfate
[SDS], 100 mg of sheared salmon sperm DNA per ml) was added, and the DNA
was extracted with phenol-chloroform and then ethanol precipitated. The DNA
was subjected to electrophoresis on denaturing 8% polyacrylamide gels.
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PyCAT) was intermediate at levels of p53 that completely
abolished replication of the construct containing 16 sites. At
higher concentrations of p53, replication of the construct containing four sites was greatly inhibited (Fig. 2a). In this case,
replication products were quantitated by acid precipitation.
The results with this method are generally in close agreement
with the results of autoradiographic analysis of DpnI-resistant
products (44). The greater inhibition of replication with more
RGC sites is similar to the greater activation of transcription
previously seen with more p53 binding sites (27).
It was possible that any protein bound adjacent to the Py ori
could disrupt the replication process through physical hindrance of T antigen binding or simply by impeding the progress
of the replication fork. To address this, a construct containing
five GAL4 sites adjacent to the Py ori was used in the in vitro
replication reaction with increasing amounts of GAL4-VP16
protein that had been shown to be transcriptionally active
(16a). The GAL4 DNA-binding domain shows very high affinity for its cognate site, much more so in fact than the p53
protein for the RGC site (16a, 23). However, GAL4-VP16 was
unable to inhibit Py replication even at very high protein concentrations (Fig. 2b). It is therefore unlikely that the inhibition
by p53 is due to simple roadblock effects. The result also
establishes that the inhibition by p53 is not a general effect
caused by the binding of transcription factors adjacent to the
origin during replication. Because we believe that the inhibition of replication by p53 of Vw4PyCAT and Vw16PyCAT
results from similar mechanisms, in subsequent experiments
the Vw16PyCAT construct was used to ensure strong inhibition
by p53 so that the mechanism of inhibition could be defined.
p53 can inhibit replication when bound to RGC sites at a
distance from the origin but cannot inhibit in trans. To further

FIG. 3. p53 inhibits in vitro replication of Py ori-containing constructs with
p53 binding sites placed at a distance from the origin but does not inhibit in trans.
(a) Constructs with sites placed adjacent to (20 bp) or 200 or 600 bp from the
origin were incubated under replication conditions in the presence of increasing
amounts of p53. Replicated products were analyzed by phosphorimaging of the
product gel. (b) Py origin-containing DNA was replicated in the presence of 200
ng of plasmid DNA containing 16 copies of the RGC site; 500 ng of p53 protein
was added as indicated, and replication was measured by acid precipitation of
replicated DNA. Vw16PyCAT, Py origin plasmid alone, and Py origin plus plasmid DNA containing mutated RGC sites were present as controls.

examine the inhibition by p53, constructs that contained the
RGC sites placed either 200 or 600 bp from the Py ori on the
late side were acquired (27). The replication of these constructs was compared with that of the construct with the sites
adjacent to the ori when increasing amounts of wild-type p53
were present in the reaction mixture (Fig. 3a). Surprisingly, the
dose-dependent inhibition by wild-type p53 of all constructs
was very similar. One possibility suggested by this result was
that when p53 bound DNA, the protein underwent a conformational change (19) that enabled it to bind or sequester some
replication factor, thus inhibiting DNA replication. If this were
the case, then p53 should also be able to inhibit in trans. To test
this, replication-incompetent ori-minus plasmid DNA bearing
16 copies of the RGC site was added to mixtures containing Py
ori DNA in the presence of increasing amounts of wild-type
p53. The concentration of p53 binding sites was made equal to
that in previous experiments in which inhibition of replication
by p53 was seen. p53 was not able to inhibit in trans (Fig. 3b).
Thus, while p53 is able to inhibit from a distance of 600 bp, it
must be bound to the plasmid containing the origin.
RP-A does not relieve the inhibition caused by p53. RP-A is
an essential component of the machinery required to replicate
ori DNA (51, 57). Since p53 binds RP-A, it was an interesting
possibility that p53, when bound to a plasmid containing an
origin, might be able to sequester this protein from the replication fork, thus inhibiting replication from that origin. To
examine this, purified RP-A was added to replication reactions
to see whether the protein could overcome the inhibitory effects of p53 (Fig. 4). RP-A greatly stimulated ori DNA replication, indicating that the FM3A murine cell extracts were
limiting in this protein (Fig. 4, compare lane 1 with 4 or 7).
However, replication of the construct containing p53 binding
sites was still strongly inhibited by p53 (Fig. 4, compare lane 3
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FIG. 2. p53 but not GAL4-VP16 protein inhibits Py replication when bound
near the origin. (a) The Vw4PyCAT construct, containing four copies of the
wild-type p53 binding site, was added to reaction mixtures. Replication was
measured by acid precipitation of replicated DNA. (b) DNA (53GAL4-PyOri)
was replicated in reaction mixtures containing increasing amounts of GAL4VP16 protein, and replicated products were analyzed by acid precipitation of
replicated DNA.
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FIG. 4. RP-A does not relieve the inhibition of in vitro DNA replication
caused by p53. Plasmid DNA containing copies of the RGC site adjacent to the
Py origin (Vw16PyCAT) was replicated in the presence of 0 (lanes 1 to 3), 80
(lanes 4 to 6), or 160 (lanes 7 to 9) ng of RP-A. Increasing amounts of p53 were
then added to each set, as indicated.
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FIG. 5. Preincubation with Py T antigen relieves the inhibition of DNA
replication caused by p53. Reaction mixtures which lacked deoxynucleotides
were prepared. Vw16PyCAT was preincubated in the reaction mixture for 20 min
in the presence (1) or absence (2) of Py T antigen. p53 was then added in
increasing concentrations, and Py T antigen was added to reactions initially
lacking it. After 10 min of further incubation, deoxynucleotides were added, and
the reactions were allowed to proceed. The autoradiogram shows DpnI-resistant
products.

to ensure that the mechanism of inhibition by p53 was the same
in both cases, and it was (data not shown). This experimental
result supports the idea that p53 inhibits replication at a step
prior to stimulation by RP-A and that the inhibition is possibly
linked to the prevention of T antigen binding.
p53 inhibits DNA replication at a step mediated by ATP.
Further preincubation experiments were performed to more
closely pinpoint the step at which p53 inhibits replication.
Depriving the reaction mixture of ribonucleotides (other than
ATP) allows T antigen to bind and begin unwinding the origin,
but replication would cease because primase would be unable
to synthesize RNA primers (reference 51 and references therein). Depriving the reaction mixture of all ribonucleotides (including ATP) would stop T antigen from being able to form
the double hexamer-DNA complex at the origin (34). After
these preincubations, p53 was added, and after incubation to
allow binding, the withheld components were added to the
reaction mixtures. While deprivation of ATP resulted in similar levels of inhibition compared with those in the situation
without preincubation (Fig. 6a, compare lanes 1 and 10, 2 and
11, and 3 and 12), in the two cases when T antigen was capable
of binding the origin before p53 addition, the strong inhibition
of replication was significantly relieved (Fig. 6a, compare lanes
6 and 9 with lane 3 or 12; also see Fig. 6b). Once again, full
restoration of replication levels would not be expected because
any initiation events that occurred after the 10-min incubation
would be inhibited by p53.
Endogenous p53 binding site present in the Py core origin
region may influence p53 binding at adjacent RGC sites. Because the previous experiments suggested that not all 16 RGC
sites were necessary and perhaps only facilitated inhibition by
increasing local concentrations of p53, we were interested in
directly examining in detail the binding of p53 to the constructs
used in this study. To do this, we used the DNase I protection
method under replication conditions on a fragment containing
the origin region alone. We were surprised to discover that the
Py origin contained an endogenous p53 binding site (spanning
Py nucleotides 66 to 85) that overlaps part of site A (Fig. 7).
Site A contains strong binding sites for Py T antigen and is
indispensable for normal levels of replication (54). Examination of the region protected by p53 revealed that there is
indeed a strong candidate sequence for p53 binding (Fig. 7).
The consensus sequence for p53 contains two copies of the
10-mer 59-RRRC(A/T)(T/A)GYYY-39, where R is a purine
and Y is a pyrimidine (14). The region within the Py ori that
was well protected by p53 contains two such adjacent 10-mers,
each with an 8 of 10 match to the p53 consensus sequence.
Although p53 binding to this region could potentially inhibit
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with 6 or 9). As a general rule, we found that the higher fold
inhibitions by p53 were always seen in extracts with the greatest
competency. Similarly, over the course of this work, several
different preparations of Py T antigen were used, and it was
also true that the greatest fold inhibitions were seen with the
more competent T antigen preparations.
Since p53 can bind RP-A, the possibility remained that the
inhibition of replication seen by p53 in the RP-A-stimulated
extract did not rely solely on sequence-specific DNA binding
by p53. We therefore tested the construct containing mutated
p53 binding sites in this context and found that, indeed, p53, at
the highest concentration tested (500 ng), was able to inhibit
replication of this construct by approximately 25% (data not
shown). However, because the inhibition by p53 was significantly greater when p53 binding site-containing constructs
were used (Fig. 4), it is likely that, in the context of added
RP-A, inhibition by p53 has two components; one based on
DNA binding, as previously seen, and one based on sequestering or inactivating RP-A in a non-DNA-binding-dependent
manner.
Preincubation of DNA with T antigen relieves the inhibition
by p53. The fact that RP-A did not stimulate DNA replication
in the presence of p53 suggested that p53 might inhibit DNA
replication at a step prior to the involvement of RP-A. The
nature of the in vitro reactions allowed us to design preincubation experiments in order to predict at what step replication
was being inhibited by p53. As demonstrated with SV40 ori
DNA replication, when reaction mixtures are deprived of deoxynucleotides and preincubated with T antigen, the presynthesis complex forms (56), but the complex is unable to begin
elongation. p53 could then be added, followed by addition of
deoxynucleotides, to see if inhibition of DNA replication occurred at the elongation or initiation stage. Preincubation with
T antigen was carried out for 10 min, increasing amounts of
p53 were added and incubated for a further 10 min, and then
deoxynucleotides were added to allow elongation. DNA replication after this treatment was compared with that in replication reactions when p53 was added without preincubation (Fig.
5). While p53 was able to inhibit DNA replication in reactions
without T antigen preincubation, when T antigen was allowed
to form the presynthesis complex at the origin, p53 was no
longer able to inhibit replication (Fig. 5). Full restoration of
replication was not seen, most likely because any initiation
events occurring after the incubation with T antigen would
take place in the presence of p53 and would be equally inhibited; the slight differences among levels of replicated products
in the reactions preincubated with T antigen are due to experimental variation.
This preincubation experiment was repeated with the construct containing the RGC sites placed 600 bp from the origin
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binding by Py T antigen to site A, inhibiting DNA replication,
we do not see inhibition of replication unless additional p53
binding sites are present in the plasmid.
We have attempted footprint anasysis of the constructs containing both the origin region and adjacent p53 binding sites;
however, to date we have been unable to produce definitive
results. As discussed further below, p53 molecules could bind
both the endogenous site in the core origin and the adjacent
p53 binding sites and then, through self-association, loop the
DNA (46). This might influence DNase I digestion. We are
currently working to extend our results in this area.
DISCUSSION
Transcriptional elements and transcription factors are
known to play important roles in the regulation and initiation
of DNA replication in many diverse biological systems (10, 22).
The Py replicon has been extensively studied in this context
(18, 20, 60). In this study, using the Py in vitro replication
system, we have demonstrated a potential new role for p53 as
a repressor of DNA replication. We have shown, in two ways,
that sequence-specific DNA binding by p53 is an absolute

FIG. 7. The Py origin contains an endogenous p53 binding site. The DNase
I fragment footprint of the Py origin region after binding by increasing levels of
wild-type p53 (as indicated above lanes) is shown. Lanes 0 (no protein) show the
DNase I digestion pattern at two different DNase I concentrations. Landmarks
of the Py ori region are indicated at the left. The sequence within the protected
site is indicated by the expanded region to the right (which also depicts the
relationship of the protected site to site A of the Py ori).

requirement for the strong inhibition of Py replication in vitro.
First, wild-type p53 is unable to inhibit replication when mutated binding sites are used. Second, tumor-derived mutants of
p53 that are unable to bind DNA in a sequence-specific manner do not inhibit Py replication. GAL4-VP16, a potent transactivator that binds specifically to GAL4 binding sites, is unable to inhibit Py replication when GAL4 sites are adjacent to
the Py origin, demonstrating that the inhibition by p53 is not
caused simply by bound protein impeding the progress of the
replication fork. Furthermore, this illustrates that the inhibition of replication that we see with p53, unlike the stimulation
seen with previous in vivo studies, is not a general property of
all transcription factors.
How does p53 inhibit Py ori DNA replication in vitro? At
least three possibilities can be suggested: (i) modulation of
DNA structure, (ii) sequestration of DNA replication factors,
and (iii) DNA renaturation. Although p53 activities supporting
all three possibilities have been documented, we favor the first
possibility, that the presentation of the core origin is altered by
p53, for the following reasons. p53 inhibits at a very early stage
of the replication reaction and is also able to inhibit replication
when bound to sites placed as far as 600 bp from the Py origin.
This could occur through bending or looping of the DNA
bound by p53. Support for the looping idea comes from our
observation that there is a single p53 binding site within the Py
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FIG. 6. p53 inhibits DNA replication at a step mediated by ATP.
Vw16PyCAT was added to replication mixtures as described previously with the
following exception. For the preincubations, Py T antigen was incubated with the
DNA and FM3A extract and all components of the reaction mixture except those
indicated for 10 min. Wild-type p53 was then added, and the mixture was
incubated for a further 10 min. The withheld components were then added,
allowing the reaction to proceed. (a) DpnI-resistant replicated products. (b)
Phosphorimaging analysis and normalization of replication levels reveal relief of
inhibition when Py T antigen is allowed to bind before p53 addition (preincubation without dNTPs and without rNTPs).
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origin when constructs containing a single p53 binding site
were used in similar cell transfection studies (24). Although
this would appear to directly contradict our results, it must be
stressed that there are two basic differences between the effects
of p53 in cell transfection and in our in vitro approaches. First,
in the in vivo study, only the replication of templates containing single and not multiple p53 binding sites was compared.
Second, in cells, the origin functions very poorly without an
activator, while in vitro, there is no requirement for the presence of enhancer sequences (44), and in fact, there is no effect
of at least some activators bound in the vicinity of the SV40
origin (8) or the Py origin (this study). Thus, in the in vivo case,
p53 was tested against a background of extremely weak replication of an enhancerless ori DNA plasmid, while in vitro, the
enhancerless template system has strong replication capability
that is not increased by the presence of bound transactivators.
Indeed, in the in vivo case, the extent to which p53 activated
replication from templates bearing p53 binding sites but lacking an enhancer was markedly less than that seen when the
enhancer but not p53 binding sites were present (24). Whether
this suggests that the relatively lesser stimulatory effect by p53
represents the sum of p53 activation and inhibitory activities is
difficult to assess. Experiments to determine whether activation by p53 is greater or less than that seen with GAL4-VP16
or whether a construct containing both the Py enhancer and
p53 binding sites replicates less well than a construct with the
enhancer alone are in progress.
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