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The transcriptional coactivators p300 and CREB binding protein (CBP) are important regulators of the cell
cycle, differentiation, and tumorigenesis. Both p300 and CBP are targeted by viral oncoproteins, are mutated
in certain forms of cancer, are phosphorylated in a cell cycle-dependent manner, interact with transcription
factors such as p53 and E2F, and can be found complexed with cyclinE-Cdk2 in vivo. Moreover, p300-deficient
cells show defects in proliferation. Here we demonstrate that transcriptional activation by both p300 and CBP
is stimulated by coexpression of the cyclin-dependent kinase inhibitor p21"V*¢'™®!, Significantly this stimu-
lation is independent of both the inherent histone acetyltransferase (HAT) activity of p300 and CBP and of the
previously reported carboxyl-terminal binding site for cyclinE-Cdk2. Rather, we describe a previously unchar-
acterized transcriptional repression domain (CRD1) within p300. p300 transactivation is stimulated through
derepression of CRD1 by p21. Significantly p21 regulation of CRD1 is dependent on the nature of the core
promoter. We suggest that CRD1 provides a novel mechanism through which p300 and CBP can switch
activities between the promoters of genes that stimulate growth and those that enhance cell cycle arrest.

The p300 and CREB binding protein (CBP) transcriptional
coactivators are important regulators of many cellular pro-
cesses. Both proteins are highly homologous (2), contain his-
tone acetyltransferase (HAT) domains (5, 33), and interact
with a wide range of DNA binding proteins, including p53, the
RelA (p65) NF-«B subunit, E2F, MyoD, AP-1, nuclear recep-
tors, and many others (13, 14, 37, 38, 42). Interaction with p300
and CBP provides an additional level of regulation for certain
transcription factors. Single-allele knockouts of both p300 and
CBP have demonstrated that both are present at limiting con-
centrations relative to many DNA binding proteins (40, 50),
which can result in cross talk between many classes of tran-
scriptional activators as they compete for binding to the coac-
tivator complexes (4, 19-21, 25, 45). Furthermore, and provid-
ing additional complexity, the transcriptional activities of p300
and CBP are themselves directly regulated. A number of sig-
naling pathways, including cyclic AMP-activated protein kinase
A, nerve growth factor activation of the p42/44 mitogen-acti-
vated protein kinase pathway, insulin-activated pp90™¥, and
nuclear calcium signaling, have been shown to modulate p300
and CBP function (8, 27, 31, 46). In addition, the binding of
other cellular coactivators such as P/CAF, P/CIP, Mdm2, and
Srcl (43, 48, 49), many of which also have HAT activity, and
the interaction with viral oncoproteins, such as Tax, T antigen,
and E1A (3, 7, 10, 17, 24, 32), have profound effects on p300
and CBP function.

That p300 and CBP are both targets for viral oncoproteins is
also an indication of the central role that both proteins play in
the regulation of the cell cycle and tumorigenesis (38). In
addition to interacting with cell cycle-regulating transcription
factors such as p53 (4, 16, 26, 39) and E2F (25, 44), both p300
and CBP are phosphorylated in a cell cycle-dependent manner
(1, 47), while cells derived from p300 knockout mice show

* Corresponding author. Mailing address: Department of Biochem-
istry, Division of Gene Regulation and Expression, MSI/WTB Com-
plex, Dow Street, University of Dundee, Dundee DD1 SEH, Scotland,
United Kingdom. Phone: 44 1382 345 606. Fax: 44 1382 348 072.
E-mail: n.d.perkins@dundee.ac.uk.

2676

profound proliferative defects (50). Moreover, mutations in
p300 have been found to be associated with colon and gastric
carcinomas, while CBP is found to be translocated in a number
of leukemias (12, 30).

Previously it has been demonstrated that the cyclin-depen-
dent kinase (CDK) inhibitor p21 strongly enhanced transacti-
vation by the RelA (p65) NF-kB subunit (34). This was shown
to correlate with inhibition of a cyclinE-Cdk2 complex bound
to the carboxy termini of p300 and CBP (34). More recently it
has been shown that phosphorylation of CBP by cyclinE-Cdk2
stimulates its inherent HAT activity (1). In that report it was
proposed that stimulation of p300 and CBP HAT activity by
cyclinE-Cdk2 promoted entry into S phase. That p21 can in-
hibit p300- and CBP-bound cyclinE-Cdk?2 activity would thus
be consistent with repression of their inherent HAT activity
being associated with cell cycle arrest. This does not explain
how p21 was able to stimulate RelA transactivation (34), how-
ever, or how p300 and CBP are required for the activity of
transcription factors known to stimulate cell cycle arrest or
differentiation through induction of p2l1, such as p53 and
MyoD (reviewed in reference 38).

In this report we have investigated the mechanisms through
which p21 regulates p300 and CBP transcriptional activity. We
find that p21 stimulates transactivation by both p300 and CBP.
Significantly we demonstrate that p21 induction of p300 results
from the activity of a discreet domain in the amino-terminal
half of the protein which functions to repress transcription.
The activity of this domain is dependent on the promoter
context, however, and we propose a model in which p300 and
CBP activity might be switched between promoters following
p21-induced cell cycle arrest.

MATERIALS AND METHODS

Plasmids. All Gal4 fusions were constructed using the pVR-1012 Gal4 expres-
sion plasmid. pVR-1012 is a cytomegalovirus-based expression plasmid, kindly
provided by agreement with Vical Inc., and has been described previously (18).
pVR-1012 Gal4 was constructed by insertion of a HindIIl/BamHI fragment
containing the Gal4 DNA binding domain from pSG 424 (36) into the polylinker
of pVR-1012. Additional restriction sites were then inserted into the polylinker
using a double-stranded oligonucleotide.
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FIG. 1. Transactivation by p300 and CBP is stimulated by p21. (A) Schematic diagrams of Gal4 p300 and Gal4 CBP showing the locations of the three cysteine-
and histidine-rich domains (C/H), the bromodomain (Bromo), and the HAT domain. (B) Induction of Gal4 p300 and Gal4 CBP activity in U20S cells. U20S cells
were transfected with 5 pg of the Gal4 E1B CAT reporter plasmid and expression plasmids encoding either Gal4 alone (100 ng), Gal4 Sp1 (5 ng), Gal4 p300 (full length)
(100 ng) or Gal4 CBP (full length) (100 ng) as indicated. Four micrograms of Rous sarcoma virus (RSV) p21 or an RSV control (—p21) was included as indicated.
Results are the means of at least three separate experiments (with standard deviations).

Gal4 p300 (full length) was created using a Sall/Notl fragment from pBlue-
script p300 (34). Gal4 p300 (1239-2414) was created using a BamHI fragment
from pVR 1012 p300 (34). Gal4 p300 (1-1301) was created using an Xbal
fragment from pBluescript p300. Gal4 CBP (full length) was created using a
BamHI fragment from RSV HA CBP (containing the murine CBP cDNA;
provided by Richard Goodman, Vollum Institute, Portland, Oreg.). Gal4 CBP
(1-1097) was created using an Xbal fragment from the Gal4 CBP (full length)
coding sequence. Gal4 CBP (1098-2441) was created by religation of the Gal4
CBP (full-length) plasmid following the Xbal digestion used to create Gal4 CBP
(1-1097). All additional plasmids encoding the amino and carboxy termini of
p300 and CBP were created by PCR using Pfu Turbo (Stratagene). PCR products
were engineered to have an Xbal site at the coding sequence for the amino
terminus and a Bg/II site at the coding sequence for the carboxy terminus, which
were subsequently used for subcloning into pVR 1012 Gal4. Gal4 p300 (A851 to
1045) and (A1004 to 1045) were generated in two stages. The sequence encoding
the amino terminal fragment was first generated by PCR and engineered to have
a Sall site at the segment encoding the amino terminus and a Notl site at the
segment encoding the carboxy terminus. This fragment was then subcloned into
PVR 1012 Gal4 using these restriction sites. A PCR fragment encoding a car-
boxy-terminal fragment (from amino acid 1045 to 2414) was then generated with
Notl sites at either end, which were used to create the full-length, final plasmid
with an internal deletion. pVR-1012 p300 (A1004 to 1045) was created from the
equivalent Gal4 fusion protein by removal of Gal4 by digestion of the coding
sequence with Sall.

Gal4 Spl, Gal4 p53 (1-42), Gal4 E1B CAT, Gal4 E4 CAT, Gal4 (—31) HIV
CAT, G5 TK CAT, and GO TK CAT were supplied by Stefan Roberts (Univer-

sity of Dundee). The construction of Bax CAT has been described previously
(45).

Calcium phosphate transient transfections and reporter gene assays. Cells
were transfected using calcium phosphate as previously described (45). In all
experiments cells were harvested 24 h after transfection and chloramphenicol
acetyltransferase (CAT) activity was assayed with 10 to 100 g of protein from
whole-cell extracts. All results shown are representative of at least three separate
experiments.

Western blots. Whole-cell lysates were prepared, resolved by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and transferred to
polyvinylidene difluoride before incubation with anti-Gal4 antibody (sc-510;
Santa Cruz Biotechnology).

RESULTS

p300 and CBP transactivation is induced by p21 and can
occur through the amino terminus. Previously it has been
shown that the ability of p300 to coactivate the RelA (p65)
NF-«B subunit is strongly enhanced by cotransfection of a p21
expression plasmid (34). These experiments were complicated
by the need to recruit p300 to the promoter through RelA,
which itself can be a regulated event (52), and thus it could not
be concluded that the effect of p21 was directly on p300 itself.
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FIG. 2. p21 stimulates transactivation by the amino termini of p300 and CBP. Transactivation by the amino-terminal domains of p300 and CBP is induced by p21
in U20S and 293 cells. U20S and 293 cells were transfected as for Fig. 1 with the indicated Gal4 p300 and Gal4 CBP expression plasmids. The levels of each Gal4
plasmid used were 50 ng (A); 25 ng (B); 100, 25, 12.5, and 100 ng for Gal4 alone, Gal4 CBP, Gal4 CBP (1-1097), and Gal4 CBP (1098-2441), respectively (C); and
25, 10, 10, and 50 ng for Gal4 alone, Gal4 CBP, Gal4 CBP (1-1097), and Gal4 CBP (1098-2441), respectively (D). Results are the means of at least three separate

experiments (with standard deviations).

Similarly, other transcription factor interactions, such as those
with CREB and p53, have been shown to be regulated by
posttranslational modifications or the interactions of other cel-
lular proteins (9, 15). To overcome this problem and to enable
analysis of p300 and CBP directly, both proteins were fused to
the Gal4 DNA binding domain (Fig. 1A). Targeting to the
promoter through Gal4 also overcomes any effects from en-
dogenous, wild-type p300 and CBP. Both Gal4 p300 and Gal4
CBP were then cotransfected with the Gal4 E1B CAT reporter
plasmid into U20S cells. As expected, both Gal4 p300 and
Gal4 CBP stimulated CAT activity (Fig. 1B). Interestingly, the
additional cotransfection of p21 resulted in a strong enhance-
ment of both p300 and CBP transactivation, while Gal4 alone
and Gal4 Spl were unaffected (Fig. 1B). Similar results were
observed with 293 cells, COS cells, and human foreskin fibro-
blasts (data not shown and Fig. 2). These results confirmed
that the transcriptional activities of both p300 and CBP are
specifically induced by p21.

It has been shown previously that p300 and CBP bind a

cyclinE-Cdk2 complex through a carboxy-terminal domain (1,
11, 34) and that the activity of this kinase is inhibited by p21
(34). To determine whether p21-induced transactivation oc-
curred through modulation of this complex, additional Gal4
fusion plasmids encoding either the amino- or carboxy-termi-
nal domains of p300 and CBP were constructed. Surprisingly,
when these plasmids were cotransfected with Gal4 E1B CAT
into either U20S or 293 cells, p21 inducibility was only ob-
served through the amino-terminal constructs (Fig. 2), indicat-
ing that this effect occurs independently of the previously char-
acterized cyclinE-Cdk2 complex (11, 34) and the inherent
HAT activity of p300 and CBP (5, 33). Interestingly, the car-
boxy-terminal p300 construct (amino acids 1064 to 2414) was
repressed by coexpression of p21 (Fig. 2A and B).
Identification of a transcriptional repression domain within
p300. Since both p300 and CBP are similarly regulated by p21,
it was decided to concentrate on p300 to further characterize
this effect. A series of additional mutants with deletions from
the carboxy terminus of p300 were then constructed and fused
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FIG. 3. p300 transactivation is regulated by a domain located between amino acids 995 and 1044. U20S (A, B, E, and F) or 293 (C) cells were transfected with 5
ng of the Gal4 E1B CAT reporter plasmid and 10 (A), 100 (B), 5 (C), 50 (E), or 50 ng (F) of the indicated Gal4 p300 expression plasmids. In panel F 5 ng of the Gal4
HIV CAT reporter plasmid was used where indicated. Results are the means of at least three separate experiments (with standard deviations). (D) 293 cells were
transfected with 100 ng of the indicated Gal4 p300 fusion proteins. Whole-cell lysates were prepared, resolved by SDS-PAGE, and immunoblotted with anti-Gal4

antibody.

to Gal4. Cotransfection with Gal4 E1B CAT produced a strik-
ing result. While longer p300 constructs were relatively tran-
scriptionally inactive, deletion from amino acid 1044 to 1004
resulted in a very strong increase in transactivation in both
U20S and 293 cells (Fig. 3A to C). Mutants with further
deletions from the carboxy terminus were similarly transcrip-
tionally active. Additional experiments using a range of protein
concentrations in the CAT assay revealed that this represented
an 85-fold stimulation of transcriptional activity in U20S cells

(Fig. 3B). Western blot analysis demonstrated that no signifi-
cant differences in expression level could be observed with
these proteins (Fig. 3D).

To further examine the function of this domain, and since
the Gal4 fusion protein previously used to analyze the function
of the carboxy terminus of p300 (Fig. 2) did not extend to the
region of amino acids 1004 to 1044, additional plasmids were
constructed. In contrast to the results seen with the amino
terminus of p300, transactivation by both Gal4 p300 (852-2414)
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FIG. 4. p300 contains a transcriptional repression domain. (A and B) U20S cells were transfected with 5 pg of either the G5 TK CAT or G0 TK CAT reporter
plasmids and 250 ng of the indicated Gal4 p300 expression plasmids. (C) 293 cells were transfected with 100 ng of the indicated Gal4 p300 fusion proteins. Whole-cell
lysates were prepared, resolved by SDS-PAGE, and immunoblotted with anti-Gal4 antibody. (D) U20S cells were transfected with 5 pg of the G5 TK CAT reporter
plasmids and 250 ng of the indicated Gal4 or Gal4 CBP (1019-1082) expression plasmids. Results are the means of at least three separate experiments (with standard

deviations).

and Gal4 p300 (995-2414) was similar to transactivation by
Gal4 p300 (1064-2414) in U20S cells (Fig. 3E). Upon a further
deletion to amino acid 1239, an increase in transcriptional
activity was observed, but this was much less than that seen in
Fig. 3A. Again no significant differences in expression level
could be observed (data not shown). Importantly, however,
deletion of amino acids 850 to 1045 and 1004 to 1045 within the
context of full-length p300 also resulted in a strong increase in
transactivation relative to that for the wild-type protein in
U20S cells (Fig. 3F). These experiments utilized the Gal4 E1B
reporter plasmid, which contains the TATA box from the ad-
enovirus E1B promoter. To test whether the same effect was
observed with other reporter plasmids, a Gal4 HIV CAT re-
porter, in which Gal4 sites have been inserted immediately
upstream of the human immunodeficiency virus type 1 TATA
box was used. A similar increase in transactivation was ob-

served using this reporter plasmid upon deletion of amino
acids 1004 to 1045 within full-length Gal4 p300 (Fig. 3F).
Western blot analysis demonstrated that these fusions were
expressed as full-length proteins (data not shown).

The results shown above are consistent with p300 containing
a transcriptional repression domain, the activity of which is
abolished by deletion of the region of amino acids 1004 to
1044. Moreover, this domain appeared to specifically repress
the activity of the amino-terminal transactivation domain of
p300 (Fig. 3). To test whether this domain was capable of
repressing transcription in isolation or whether its activity
could only function in the context of the amino terminus of
p300, Gal4 fusion proteins containing the amino acid 1004 to
1044 domain alone were cotransfected with a G5 TK CAT
reporter plasmid, which contains Gal4 DNA binding sites up-
stream of the thymidine kinase (TK) promoter and thus has a
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FIG. 5. p300 contains a p2l-responsive transcriptional repression domain. (A to D) Deletion of the p300 transcriptional repression domain abolishes p21
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of at least three separate experiments (with standard deviations). (E) Western blot analysis of the indicated Gal4 p300 fusion proteins expressed in 293 cells. One
hundred nanograms of each Gal4 p300 expression plasmid was transfected, and 4 pg of RSV p21 or an RSV control was included as indicated.

high intrinsic level of expression. Interestingly, p300 constructs
containing amino acids 1004 to 1044 were strong repressors of
the TK promoter while the adjacent region from amino acids
852 to 1004 had no suppressive activity (Fig. 4A). This effect
required targeting to the promoter since a plasmid lacking
Gal4 DNA binding sites (GO TK CAT) was not inhibited (Fig.
4B) while p300 (1004-1071) not fused to Gal4 did not signifi-
cantly affect the transcriptional activity of G5 TK CAT (Fig.
4A). Similar results were obtained with 293 cells (data not

shown). Western blot analysis demonstrated that the levels of
expression of these Gal4 p300 fusion proteins were equivalent
(Fig. 4C). Taken together, these results demonstrate that p300
contains a domain located between amino acids 1004 and 1044
that can function as a transcriptional repressor. Interestingly,
the equivalent domain of CBP could also repress transcription:
a Gal4 fusion of CBP containing amino acids 1019 to 1082 was
also capable of strongly repressing G5 TK CAT activity (Fig.
4D).
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Identification of the p21-regulated domain. To determine
whether p21 inducibility of p300 transactivation resulted from
the action of this transcriptional repression domain, further
experiments using these Gal4 fusion proteins were performed.
Cotransfection of p21 with Gal4 p300 (192-1044) demon-
strated that this construct retained strong p21 inducibility (Fig.
5A and B). In contrast, Gal4 p300 (192-1004) was not induced
by p21. In the latter case, much lower levels of plasmid had to
be used in this experiment in order to obtain results in the
linear range of the CAT assay. All other amino-terminal p300
Gal4 fusion proteins containing the region from amino acid
1004 to 1044 shown in Fig. 3 were similarly strongly induced by
p21, while those lacking this domain were not (data not
shown). Western blot analysis demonstrated that induction of
p300 transactivation did not result from increases in the ex-
pression levels of these plasmids (Fig. SE). p21 inducibility of
these plasmids was also dependent on the presence of an
amino-terminal transactivation domain (51) since neither the
plasmid encoding Gal4 p300 (600-1071) nor other plasmids
encoding proteins lacking the amino-terminal 600 amino acids

are transcriptionally active or stimulated by cotransfection of
p21 (data not shown).

Surprisingly, although the region of amino acids 1004 to
1044 did not actively repress transactivation by the carboxy
terminus of p300, it did regulate p21 inducibility. Similar to
what was found for the amino terminus, Gal4 fusions of the
carboxy terminus of p300 that contained the region of amino
acids 1004 to 1044 were inducible by cotransfected p21 using
the Gal4 E1B reporter plasmid. Deletion of this domain abol-
ished this effect, resulting in a construct that was now repressed
by p21 (Fig. 5C). Underlining the importance of this domain,
internal deletion of the region of amino acids 1004 to 1044 also
abolished p21 induction of transactivation of full-length p300
(Fig. 5D). These results are summarized in Fig. 6A. Western
blot analysis again confirmed that p21 induction did not result
from an increase in the expression levels of these proteins (Fig.
SE).

Thus, p300 contains a p21-regulated transcriptional repres-
sion domain from amino acid 1004 to 1044, which we have
termed cell cycle regulatory domain 1 (CRD1) (Fig. 6B).
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of either Gal4, Gal4 p300, or Gal4 p300 (192-1044) expression plasmids. Four micrograms of Rous sarcoma virus (RSV) p21 or an RSV control (—p21) was included
as indicated. Results are the averages of three separate experiments (with standard deviations).

p21 regulation of p300 is dependent on the core promoter. A
number of laboratories have shown that the requirement for
different domains of p300 and CBP can vary depending on the
context within which they are functioning (22, 23, 28, 46). Since
most of our previous experiments (Fig. 1 to 3 and 5) utilized
the Gal4 E1B reporter plasmid, we decided to determine
whether the nature of the core promoter could influence the
ability of p21 to regulate p300 transcriptional activity. When a
Gal4 E4 CAT reporter plasmid containing the adenovirus E4
core promoter was used, both Gal4 p300 (full length) and Gal4
p300 (192-1044) were still p21 inducible, although less so than
with the Gal4 E1B CAT reporter (Fig. 7). Surprisingly, how-
ever, with the Gal4 HIV CAT reporter p300 was no longer
significantly p21 inducible (Fig. 7). Although the repression
function of CRD1 still functions with the Gal4 HIV CAT
reporter (Fig. 3F), with both the E4 and human immunodefi-
ciency virus core promoters, p300 displayed a higher intrinsic
level of transactivation than with the Gal4 E1B CAT reporter.
With lower levels of the p300 plasmid, where less transactiva-
tion was seen, these reporters were still unresponsive to p21
stimulation (data not shown).

CRD1 still represses transcription when p300 is not fused to
Gal4. Although CRDI1 clearly exerted a strong regulatory func-
tion on p300 as a Gal4 fusion, it was important to demonstrate
similar behavior when p300 was recruited to DNA through an
interaction with a heterologous DNA binding protein. To de-
termine if this was the case, p300 not fused to Gal4 was co-
transfected with a Gal4 p53 activation domain fusion protein
and the Gal4 E1B CAT reporter plasmid in 293 cells. As
expected, wild-type p300 strongly stimulated transactivation
through Gal4 p53 while no effect was seen with the reporter
plasmid alone (Fig. 8A and data not shown). Cotransfection of
p300 (A1004 to 1045) consistently produced a significantly
higher level of coactivation than cotransfection of wild-type
p300 (Fig. 8A). Similar results were observed with U20S cells
(Fig. 8B). Surprisingly, in COS cells, wild-type p300 repressed
Gal4 p53, while p300 (A1004 to 1045) still strongly functioned
as a coactivator (Fig. 8C). To investigate this further, experi-
ments were performed with full-length p53 and the promoter
of the Bax gene, a known p53 target gene which is induced

during apoptosis (29). p53 strongly stimulated transcription
from the Bax CAT reporter plasmid. Wild-type p300 again
strongly repressed p53 transactivation, and, although repres-
sion was still seen with p300 (A1004 to 1045), it was strongly
reduced (Fig. 8D). Similar results were observed with the Bax
promoter in U20S cells and with p53 transactivation of
p21WATVCIPL CAT and PG13 CAT (which contains multimer-
ized p53 binding sites) in COS cells (data not shown). Thus,
although p300 can have diverse effects on transcription, CRD1
can function as a repression domain when not fused to Gal4.

DISCUSSION

In this report we have characterized the regulation of p300
and CBP by the CDK inhibitor p21. We have shown that p300
contains a previously undescribed and novel transcriptional
repression domain located between amino acids 1004 and
1044, which we have designated CRD1 (Fig. 6). CRD1 can
function to repress transcription both in isolation (Fig. 4) and
within the context of p300 (Fig. 3 and 8). p21 stimulation of
p300 transcriptional activity is abolished by deletion of this
domain (Fig. 5). Importantly, we have also demonstrated that
the activity of CRD1 is dependent on the structure of the core
promoter (Fig. 7). This promoter specificity is reminiscent of
previous reports examining the domains within p300 and CBP
that are utilized. For example, STAT1 has been shown to
require the CH3 domain of CBP while the retinoic acid recep-
tor (RAR) does not (23). Furthermore, while CREB and
STATI1 require CBP HAT activity, the RAR does not and
utilizes P/CAF instead (22). Similarly, the requirement for
amino-terminal versus carboxy-terminal activities and the in-
herent HAT activity of p300 and CBP vary according to the
cellular stimuli for Pitl-mediated transactivation (46). It is
possible that this differential usage of p300 domains and coac-
tivators is responsible for the divergent results seen upon p300
cotransfection in Fig. 8. While these experiments clearly dem-
onstrated the repressive function of CRD1 when not fused to
Gal4, inhibition of transactivation by p300 itself should be
viewed with some caution. For example, should COS cells have
low levels of an essential p300-interacting protein such as
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FIG. 8. Analysis of CRD1 function in non-Gal4-fused p300. 293 (A), U20S (B), and COS (C) cells were transfected with 5 pg of the Gal4 E1B CAT reporter
plasmid, 2.5 ng (A and B) or 5 ng (C) of the Gal4 p53 expression plasmid, and 2.5 pg of the p300 or p300(A1004-1045) expression plasmid as indicated. (D) COS cells
were transfected with 5 pg of the Bax CAT reporter plasmid together with the indicated quantities of p53, p300, or p300(A1004-1045) expression plasmids. Results are

the means of at least three separate experiments (with standard deviations).

P/CAF, overexpression of transiently transfected p300 would
have the effect of diluting out these transcriptionally active
complexes, leading to an apparent repression of transcription.
We were unable to observe stimulation of transcription by
lower levels of wild-type p300 in COS cells (data not shown),
however, and the repressive effects seen are consistent with
CRD1 having a dominant effect on transcriptional activation
under some circumstances. The cell type, transcription factor,
and promoter specificity of these p300-repressive effects will be
the subject of future investigations.

The region of CBP equivalent to p300 CRD1 also represses
transcription, demonstrating that this effect is functionally con-
served between both proteins (Fig. 4). A comparison of these
domains in p300 and CBP reveals a conserved sequence of
highly charged amino acids (Fig. 6B). While many transactiva-
tion and repression domains contain highly charged domains
(6, 41), we have not so far determined the significance of this
motif with respect to p300 function. It is unclear at present
through what mechanism CRD1 represses transcription and
mediates p21 stimulation of p300. We have also found that a
mutant transdominant-negative CDK2 expression plasmid has
effects on CRD1 similar to those of p21 in 293 cells (data not
shown). Furthermore, p21 does not directly bind CRD1 (data
not shown), suggesting that regulation of CRD1 is indirect and

arises from cell cycle arrest. Although CRD1 functions to re-
press transcription at all promoters tested, p21 stimulation
through this domain appears to be highly selective and specific
(Fig. 7). We have found that in addition to not stimulating
p300 transactivation with the Gal4 HIV CAT reporter plasmid,
p21 is unable to reverse repression of G5 TK CAT by Gal4-
fused CRD1 (data not shown). Thus, while it is probable that
a cosuppressor complex interacts directly with CRD1, it does
not appear likely that its interaction with p300 or its intrinsic
function is cell cycle regulated. Rather, it is likely that cell
cycle-regulated components of the basal transcription complex
or pol II holoenzyme are selectively required at different pro-
moters and function as the target for CRD1. The elucidation of
the precise mechanism through which CRD1 functions will be
the subject of future investigations.

Previously, it has been shown that a cyclinE-Cdk2 complex
binds the carboxy terminus of CBP and stimulates its intrinsic
HAT activity (1). With the reporter plasmids and cell lines
used in this study, we have not been able to observe stimulation
of transcription by the HAT domain of p300 alone (data not
shown). We observed, however, that in the absence of CRDI,
p21 represses the transcriptional activity of the carboxy termi-
nus of p300 (Fig. 2 and 5). Further mapping of this effect has
demonstrated that this results from repression of a transacti-
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vation domain at the very carboxy terminus of p300 and occurs
independently of the HAT domain (data not shown). While
this effect correlates with the previously described binding site
for cyclinE-Cdk2 within p300 (11), we have not yet precisely
mapped the effect. We cannot rule out, however, the possibility
that cell cycle regulation of the HAT activity of p300 does
occur, but given the differential usage of this HAT domain (22,
46) we suggest that the effect of this is also promoter context
dependent.

p300 and CBP are required both for E2F activity, which
promotes transition from G, to S phase (25, 35, 44), and for
p53 and MyoD function, which promotes cell cycle arrest (re-
viewed in reference 38). The presence of multiple cell cycle-
regulated domains within p300 suggests a model for how this
coactivator might function as a regulator of both growth arrest
and cellular proliferation. Promoters requiring the inherent
HAT activity or other transactivation functions contained
within the carboxy termini of p300 and CBP will be suppressed
following cell cycle arrest through the p21-mediated inhibition
of the cyclinE-Cdk2 activity binding the carboxy termini of
p300 and CBP. In contrast, at other promoters where this
inherent HAT or carboxy-terminal activity is not required,
possibly as a result of the involvement of P/CAF or other
proteins interacting with p300 and CBP, p21 can stimulate
p300 and CBP activity through CRD1. Thus, we speculate that
p300 and CBP activity will have a central regulatory role in the
response to signals inducing growth or differentiation and will
direct the switch from using growth-promoting genes to using
those required following cell cycle arrest.
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