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Acetyltransferase machinery conserved in p300/CBP-family proteins
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CREB-binding protein (CBP) and p300 are highly
conserved and functionally related transcription coacti-
vators and histone/protein acetyltransferases. They are
tumor suppressors, participate in a wide variety of
physiological events, and serve as integrators among
different signal transduction pathways. In this study, 11
distinct proteins that have a high degree of homology
with the amino acid sequence of p300 have been
identified in current protein databases. All of these 11
proteins belong to either animal or plant multicellular
organisms (higher eucaryotes). Conservation of p300/
CBP domains among these proteins was examined
further by sequence alignment and pattern search. The
domains of p300/CBP that are required for the HAT
function, including PHD, putative CoA-binding, and ZZ
domains, are conserved in all of these 11 proteins. This
observation is consistent with the previous functional
assays and indicates that they are a family of
acetyltransferases, i.e. p300/CBP acetyltransferases
(PCAT). TAZ domains (TAZ1 and/or TAZ2) of PCAT
proteins may allow them to participate in transcription
regulation by either directly recruiting transcription
factors, acetylating them subsequently, or directing
targeted acetylation of nucleosomal histones.
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The cellular 300-kD protein (p300) was first discovered
as one of the major cellular proteins that interact with
adenoviral E1A transforming protein in 1986 (Harlow et
al., 1986). The cDNA encoding human p300 protein was
cloned in 1994 (Eckner et al., 1994b). The predicted
amino acid sequence of p300 has a high degree of
homology with those of CREB-binding protein (CBP)
(Chrivia et al., 1993) and another hypothetical protein
CBP-1 in Caenorhabditis elegans database (Shi and
Mello, 1998; Wilson et al., 1994). Thus, they were
proposed to belong to the same protein family (Arany et
al., 1994). The fact that both p300 and CBP bound to
E1A and coactivated CREB-mediated transcription
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supports this proposal. Later, this protein family was
expanded after the discovery of Drosophila CBP (dCBP),
which was also able to bind to EIA and coactivate
CREB-dependent transactivation (Akimaru et al.,
1997a). Recently, p300/CBP-like proteins of the plant
Arabidopsis thaliana have been reported (Bordoli et al.,
2001), suggesting that they are possible members of the
p300/CBP family. It is interesting to know how large the
p300/CBP protein family could be and how this family of
proteins is conserved evolutionarily.

Taking advantage of recent progress in genomic
sequencing of different organisms, we performed a blast
search (Altschul et al., 1990) with the WU-Blast 2.0
software (Yuan et al., 1998) using human p300 protein
sequence as bait against current protein databases
covering different organisms. Eleven distinct proteins
homologous to p300 were recovered, with P-values less
than 10~2*. The P-values for the other proteins recovered
in the search were higher than 102 Therefore, the 11
homologous proteins are proposed to be part of the same
family (Table 1). They are either animal or plant
proteins. Besides five of them that have been cloned
and are animal proteins, five others were found in
Arabidopsis thaliana, and the other one in Oryzae sativas
(rice). In addition, a 348-AA fragment of Zea mays that
has significant homology with the HAT domain
sequence of p300/CBP was also found in Plant
Chromatin Database (ChromDB, http://Ag.Arizona.e-
du/chromatin/chromatin.html). Interestingly, no p300/
CBP-family protein was found in single-cell organisms,
suggesting that p300/CBP function is associated with
physiological pathways defining multicellular organisms
during development. Consistent with this, the mice
lacking either p300 or CBP and the fruit flies defective
in dCBP lead to embryonic lethality, dying at the early
stage (Akimaru et al., 1997b; Yao et al., 1998; Giordano
and Avantaggiati, 1999; Puri and Sartorelli, 2000).

p300 and CBP were initially identified as transcrip-
tional coactivators (Eckner et al., 1994a; Kwok et al.,
1994; Lundblad et al., 1995), which were defined as
adapter or integrator between DNA-binding activators
and the basal transcriptional machinery (Goodrich and
Tjian, 1994). In support of this, they have been found to
interact with a variety of transcriptional activators
(Goodman and Smolik, 2000; Shikama et al., 1997), as
well as components of the basal transcriptional machin-
ery, such as the TATA-binding protein (TBP), TFIIB,
and RNA polymerase II (RNAPII) (Abraham et al.,
1993; Kwok et al., 1994; Nakajima et al., 1997; Yuan et
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Table 1 p300/CBP acetyltransferase (PCAT) family of proteins*

Organism Protein name Other name Residues Accession#
Homo sapiens (Human) p300 (Eckner et al., 1994b) E1A-binding protein 2414 AA Q09472
hCBP(Giles et al., 1997) CREB-binding protein 2442 AA AAC51331
Mus musculus (Mouse) mCBP (Chrivia et al., 1993) CREB-binding protein 2441 AA P45481
Drosophila melanogaster dCBP (Akimaru et al., 1997a) CG15319 (Adams et al., 2000) 3275 AA QIW321
(Fruit fly)
Caenorhabditis elegans CBP-1 (Wilson et al., 1994) RI0E11.1 2056 AA P34545
HACI PCAT?2 (Bordoli et al., 2001) 1654 AA AAG60059, HAC000001
(ChromDB)
HAC2 PCATI (Bordoli ez al., 2001) 1689 AA HAC000002 (ChromDB)
FIN21.18
Arabidopsis thaliana HAC4 PCAT3 (Bordoli et al., 2001) 1550 AA QILGI11, HAC000004
F14J16.27 (ChromDB)
HAC5 PCAT4 (Bordoli et al., 2001) 1670 AA Q9LE42, HAC000005
(ChromDB)
1498-AA protein PCATS, F17F16.8 1498 AA QIFWQ5
Oryza sativa (Rice) rCBP Putative CBP-related 994 AA QIXHY7
acetyltransferase
Zea mays zCBP Putative CBP-related 348 AA (partial) HAC000101 (ChromDB)

acetyltransferase

*The proteins homologues to p300 were searched by using the Washington University BLAST software 2.0 version [Rel. 2.0MP-WashU, 09-Sep-
1999] (advanced WU-blast search) at Bork’s group in EMBL (Heidelberg) (Yuan et al., 1998). In the search, the amino acid sequence of human
p300 protein was used as a bait. The protein databases used in the search were provided by the ExPASy (Expert Protein Analysis System)
proteomics server of the Swiss Institute of Bioinformatics (SIB), including nrdb95, swissprot, pdb, sp-nrdb and nrdb. The similarity of the
recovered proteins to p300 was determined by their P-values provided by the search. Some homology information used in this study was

obtained from the Plant Chromatin Database

al., 1996). Because the wide variety of transcriptional
activators important to many different signal transduc-
tion pathways use p300 and CBP as coactivators, the
cellular demand for p300/CBP is so high that they may
be used competitively among these pathways and are
limiting factors at least in some of the pathways.
Therefore, p300/CBP plays the role of a real cellular
integrator and regulator in physiological processes
(Akimaru et al., 1997b; Yao et al., 1998).

The breakthrough in understanding p300/CBP func-
tion resulted from identification of their intrinsic histone
acetyltransferase (HAT) activities (Bannister and Kou-
zarides, 1996; Ogryzko et al., 1996). They not only use
nucleosomal histones as substrates but also many other
transcription factors (Boyes et al., 1998; Deng et al., 2000;
Guand Roeder, 1997; Imhofet al., 1997; Naar et al., 1998;
Zhang and Bieker, 1998; Cress and Seto, 2000). p300/CBP
can also acetylate itself (Kraus and Kadonaga, 1998). In
most of these cases, acetylation has been found to affect
p300/CBP function and its participated transcription.

In comparison with the intensive studies of p300/CBP
HAT and transcriptional coactivator activities, studies of
the structural basis of their function have been relatively
few and preliminary. p300 and CBP contain multiple
conserved domains, such as the CREB-binding domain
(KIX) (Lundblad et al., 1995; Radhakrishnan et al.,
1999), bromodomain, and three cysteine/histidine-rich
regions (CH1, CH2 and CH3) (Eckner et al., 1994a).
Three CH regions are composed of four zinc finger motifs
which are TAZ1 in CH1 (Ponting et al., 1996), PHD in
CH2 (Aasland et al., 1995; Koken et al., 1995), and ZZ
and TAZ2 in CH3 (Ponting et al., 1996). Besides, several
other conserved domains have also been found in
mammalian p300 and CBP. An N-terminal nuclear
receptor-interacting domain (RID) interacts with nuclear
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receptor activators (ER, RAR, RXR, T3R) (Chakravarti
et al., 1996; Kamei et al., 1996). A bipartite nuclear
localization signal (NLS-BP) resides at the middle part of
p300/CBP (Yuan and Gambee, 2000). A glutamine/
proline-rich (QP) domain near the C-terminus associates
with other coactivator and HAT proteins P/CIP and
SRC-1 (Fontes et al., 1999). A C-terminal proline-rich (P)
domain s also conserved but there are no reports about its
function yet.

The function of p300/CBP is executed through different
domains. RID, KIX, TAZ1 and TAZ2 bind to different
sets of transcriptional activators and regulators (Good-
man and Smolik, 2000). These interactions are required
for p300/CBP to be recruited onto DNA. These domains
are essential to p300/CBP targeting acetylation of
nucleosomes on chromatin templates and transcription
coactivator function (Kundu et al., 2000; Utley et al.,
1998). Both N- and C-terminal regions of p300/CBP (e.g.,
1-569 and 1737-2414 of human p300) contain tran-
scription activation (TA) activity when they are fused to
the DNA binding domain (Chrivia et al., 1993; Yuan et
al., 1996). Although no defined domains have been
experimentally confirmed to be responsible for TA
function, TAZ2 binding to TFIIB and RNA helicase A
(Kwok et al., 1994; Yuan et al., 1996) and QP domain
binding to P/CIP and SRC-1 (Fontes et al., 1999) have the
potential to participate in the intrinsic TA activity of
p300/CBP.

The HAT function of p300 and CBP is associated with a
large conserved region, spanning from the PHD domain to
the ZZ motif (Bannister and Kouzarides, 1996; Ogryzko et
al., 1996). In the middle of the HAT domain there is a
conserved region with certain homology to the coenzyme
A (CoA)-binding domain of PCAF and GCNS (Clements
etal.,1999; Rojas et al., 1999). The function of the putative



CoA-binding domain in p300/CBP has not been con-
firmed yet, and it is still unknown how the PHD and ZZ
domains are involved in the HAT function. In PCAF, the
bromodomain has been shown to bind to acetylated lysine
(Dhalluin et al., 1999), implying that it may be involved in
HAT function. However, the bromodomain of p300/CBP
is not required for the HAT function (Bannister and
Kouzarides, 1996; Ogryzko et al., 1996).

To find out how p300/CBP domains are conserved
among 11 proteins of the p300/CBP family, we aligned
these protein sequences by different groups with
CLUSTALW (Thompson et al., 1994), and the align-
ments were tuned up with UCSC SAM-T99 protocol
(Karplus et al., 1998). We also conducted a pattern search
with PATTINPROT protocol on NPS@ server (Combet
et al.,2000) using the pattern sequences of each domain or
motif against these 11 protein sequences. Both methods
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yielded similar and consistent results. The p300/CBP
domains that were conserved only in mammalian systems
included the RID, NLS —BP, and the C-terminal QP and
P domains (Figure 1a). The KIX domain and bromodo-
main were shared only by all animal proteins of the p300/
CBP family (Figure 1b). The TAZ domains (TAZ1 and
TAZ2) that interacted with a variety of transcriptional
activators are conserved among almost all of the p300/
CBP-family proteins with only two exceptions, Arabi-
dopsis HACI and the rice rCBP (Figure 1c). The domains
required for the HAT function including the PHD,
putative CoA-binding, and ZZ zinc finger domains were
conserved absolutely in all proteins of the family (Figure
1d). Many of those in Arabidopsis contained two copies of
the ZZ motif. In addition, the HAT activity of Arabidopsis
HACI and HAC2 has been confirmed experimentally
(Bordolietal.,2001). Therefore, it is reasonable to refer to
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these p300/CBP family proteins as p300/CBP acetyl-
transferases (PCAT) (Bordoli et al., 2001). It still needs to
be tested whether they also use other transcription factors
as substrates during acetylation.

Although the putative CoA-binding domain of PCAT
has certain homology with that of GNAT (GCNS5-related
N-acetyltransferase) proteins including GCNS5 and
PCAF (Neuwald and Landsman, 1997) (Figure le), the
PCAT CoA-binding domain is highly conserved within
PCAT proteins (Figure 1d). The predicted secondary
structures between these two CoA-binding domains are
also distinct (Clements et al., 1999). These observations
suggest that the PCAT CoA-binding domain belongs to a
separate family. So far, the 3-D structures of the PCAT-
related domains, such as the PHD, CoA-binding and ZZ
domains, and the mechanisms for them to function in
acetylation have not yet been reported.

PCAT proteins can acetylate histones and other
transcription factors. Recruitment of PCAT proteins
onto chromatin by DNA-binding activators is required
for targeting acetylation of nucleosomal histones (Kundu
et al., 2000; Utley et al., 1998). It is possible for PCAT
proteins to acetylate other transcription factors only if
they interact with each other. Thus, the conserved TAZ
domains would make the acetylation potential of PCAT
proteins functionable. However, not all of PCAT proteins
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contain TAZ domains, suggesting that they may have
other mechanisms to access substrates.

The ability of PCAT proteins to acetylate histones and
other transcription factors allow them to remodel
chromatin and modulate activity of the transcription
factors. These functions are essential for p300 and CBP
to serve as transcription coactivators. Because PCAT
proteins have acetylation function, they are likely to have
transcription coactivator activity too. This hypothesis
needs to be tested. Besides the acetylation-dependent
mechanisms in transcription coactivation, mammalian
p300 and CBP also contain intrinsic transcriptional
activity (Chrivia et al., 1993; Yuan et al., 1996). The
remaining question is whether other PCAT proteins
contain similar intrinsic transcriptional activity when fused
to a DNA-binding domain and participate in transcription
regulation through a HAT-independent mechanism.

In summary, p300- and CBP-related proteins are all
found in multi-cellular organisms and belong to a
distinct family. Because of the conserved acetylation-
related domains in all members of this protein family
and other experimental evidence, they are believed to
be acetyltransferases and therefore are called as PCAT.
The potential of PCAT proteins to acetylate histones
and other transcription factors suggests that they are
transcription coactivators as well. Because conserved
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d Plant homeodomain (PHD) motif
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e CoA-binding domain of PCATs and GNATs
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HAC101 Zaa 177-348 . W ON L RE GV VVERNTLSDF[(|LOQETNECKANI|= alacpdn | |
PCAF_ Human 493-653 LT YT cY|FRE BIXIPKTKYVEY|I|K.DYEGAT . .LMCICEMNER
GCN5_Human_505_665 LT I Y KESOCFE KD KVEPKSRYLGY|[IK . DYEGAT . . LME/cEMNER

Figure 1 The multiple protein sequence alignment of the p300/CBP-family proteins were carried out by using the CLUSTALW protocol
(Thompson et al., 1994). In the alignment, the p300/CBP-family proteins were gathered by different groups at different levels of the
taxonomic relation. The alignments were tuned up further by using the Sequence Alignment and Modeling System (UCSC SAM-T99
program) provided by the Computational Biology Group at University of California-Santa Cruz (Karplus et al., 1998). The protein pattern
search was performed by using the PATTINPROT protocol on Network Protein Sequence Analysis (NPS@) server at the PBIL Lyon-
Gerland (Combet et al., 2000). In the pattern search, the sequences of the known p300/CBP domains and motifs were used against all of the
p300/CBP-family proteins that we recognized in this study. The secondary structure of these proteins were analysed by the Profile Network
Prediction HeiDelberg (PHD) (Rost and Sander, 1993) using PredictProtein service from Columbia University. The sequence alignment is
displayed with the ESPript 1.9 program. The top line of each alignment block is the secondary structure predicted by PHD protocol (Rost
and Sander, 1993). Helix symbols indicate a-helices. Dashed line with or without arrows indicates f-sheet. The labels ‘o’ and ‘f’ indicate the
predicted structures with high probability. The bottom line of each alignment block represents the consensus sequence generated using
MULTALIN Algorithm (Corpet, 1988). Uppercase is identity. Lowercase is consensus level >0.5. ‘"isTor V. ‘$’is L or M. “%’is F or Y.
‘4 is either one of NDQEBZ. (a) The domains conserved only in human and mouse p300 and CBP. (b) The domains of the p300/CBP-
family proteins conserved within animal systems. (¢) The TAZ zinc finger domains that are conserved among almost all of the p300/CBP-
family proteins. (d) The domains conserved in all of the p300/CBP-family proteins. (¢) Amino acid sequence alignment of the CoA-binding

domains of PCAT proteins and GCNS5 and PCAF
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