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ABSTRACT

PCAF and hGCN5 are distinct human genes that encode
proteins related to the yeast histone acetyltransferase
and transcriptional adapter GCN5. The PCAF protein
shares extensive similarity with the 439 amino acids of
yGCN5, but it has an ∼350 amino acid N-terminal
extension that interacts with the transcriptional co-acti-
vator p300/CBP. Adenoviral protein E1a can disrupt
PCAF–CBP interactions and prevent PCAF-dependent
cellular differentiation. In this report, we describe the
cloning and initial characterization of a Drosophila
homolog of yGCN5. In addition to the homology to
yGCN5, the Drosophila  protein shares sequence
similarity with the N-terminal portion of human PCAF
that is involved in binding to CBP. In the course of
characterizing dGCN5, we have discovered that
hGCN5 also contains an N-terminal extension with
significant similarity to PCAF. Interestingly, in the case
of the h GCN5 gene, alternative splicing may regulate
the production of full-length hGCN5. The presence of
the N-terminal domain in a Drosophila  GCN5 homolog
and both human homologs suggests that it was part of
the ancestral form of metazoan GCN5.

INTRODUCTION

It is becoming increasingly clear that a response to many cellular
and developmental signals is the recruitment of histone acetyl-
transferases (HATs) or deacetylases for the regulation of gene
expression (1,2). A major advance in understanding the connection
between histone acetylation and gene transcription came with
cloning of the first transcription-associated HAT, HATA1 from
Tetrahymena, finding that it shared significant homology to the
Saccharomyces cerevisiae adapter GCN5 (3). In vitro, GCN5
acetylates specific lysines in a pattern associated with trans-
criptionally active chromatin (4). Furthermore, the HAT activity
of GCN5 is required for activation of GCN5-responsive genes
in vivo (5–7). Together, these studies strengthen the link between
histone acetyltransferase activity and activation of transcription.

To date, two human homologs of GCN5 have been cloned and
shown to have HAT activity (8,9). One homolog (hGCN5) was
reported to have the same structural organization as the
Tetrahymena thermophila and S.cerevisiae proteins. The second
homolog (hPCAF) is highly similar to hGCN5 (75% identity), but
it was found to have a unique N-terminal extension required for
binding to CBP and p300 (9). CBP and p300 are transcriptional
co-activators that interact with a large number of developmentally
important transcription factors (10). Since inactivating one copy
of CBP causes severe developmental defects in Rubenstein–Taybi
syndrome (11), it has been proposed that CBP is a limiting
integrator of multiple signal transduction pathways at the level of
gene activation (10). Recently, CBP/p300 was reported to have
intrinsic HAT activity (12,13). PCAF and CBP are also found in
a complex with a third family of HATs, the hormone receptor
co-activators SRC and ACTR (15,14). Importantly, the in vitro
substrate specificity of each of these HATs is distinct, suggesting that
multiple HATs could act in concert at or near a single promoter.

To gain further understanding into the role of GCN5 in
activating transcription, we set out to clone its Drosophila
homolog. The combination of cytology and genetics in Drosophila
has already proven to give worthwhile insight into relationships
between states of acetylation and levels of gene activity (see for
example 16). In this paper, we report the cloning and initial
characterization of a Drosophila homolog of the histone acetyl-
transferase and transcriptional co-activator GCN5. We find that
this protein shares significant homology to the N-terminal half of
human PCAF. In addition, we find that the hGCN5 gene is subject
to alternative splicing, a process that may be responsible for
generating at least two distinct protein products.

MATERIALS AND METHODS

GenBank accession numbers

dGCN5 complete coding sequence, accession no. AF029776;
hGCN5 complete coding sequence, AF029777; hGCN5 genomic
DNA sequence, AC003104; Arabidopsis, AF031958; yGCN5,
Q03330; Tet p55/HATA1, U47321; PCAF, U57317; hGCN5-S,
U57316.
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Degenerate oligo PCR

An aliquot of 5 µg total RNA from KC0 cells was reverse
transcribed with 200 ng degenerate oligo complementary to
VPDYYD (TCR RAR TAR TCI GGI AC) in a final volume of
20 µl. The reaction was carried out for 2 h with 1 µl Superscript
II (Gibco BRL) at 42�C. The cDNA was used at a final
concentration of 1:500 for degenerate oligo PCR. Samples of 300 ng
each primer were used in a 50 µl reaction. For the first round of
PCR, we used a sense primer for MPKEY (ATG CCN AAR GAR
TAY AT) and an antisense primer for YIK(D/E)Y (CCN TCR
TAR TCY TTD AT). A second round was a hemi-nest using a
nested sense primer for QVRGYG (CAR GTN AGR GGN TAY
GG) and the same antisense primer for YIK(D/E)Y. First round
product was used as template for the second round of PCR at a
final concentration of 1:1000.

Amplification of cDNA ends

3′ RACE was performed according to Frohman (17) and the
anchor primers were kindly provided by Rafaat El Maghrabi
(Stony Brook, NY). A complete 3′-end of dGCN5 was cloned as
evidenced by a polyadenylation signal 29 bases upstream of the
priming site of oligo(dT) (18). cRACE (19) was used to obtain
additional 5′ sequence of dGCN5.

hGCN5 cloning and cDNA analysis

Additional 5′ sequence of hGCN5 cDNA was obtained by the
cRACE method (19) using human liver total RNA (a gift from
Peter Gibbs, Rochester, NY) for reverse transcription. A full-
length cDNA was identified by searching a large database of
ESTs generated by Human Genome Sciences (Rockville, MD).
Pairwise similarity calculations and multiple sequence analysis
were performed with the GCG software package. Shading was done
with the computer program Boxshade (http://ulrec3.unil.ch:80/
software/BOX_form.html ). An amino acid is shaded if three of the
six proteins are similar (gray) or identical (black).

RT-PCR of hGCN5 message was performed on human liver
total RNA, followed by TA Cloning (Invitrogen) and sequencing.
The reverse transcription primer was 5′-TGCTGGGGCTGAA-
GATGGG-3′. Primers for amplification were the sense oligo
5′-CATGTCTTTGGGCGAAGCC-3′ from exon 6 and the anti-
sense oligo 5′-GTGCTGGGAACAACCGCTG-3′ from exon 8.

Genomic library screen

A Drosophila melanogaster genomic library, constructed in λ
EMBL3 using DNA from a th st tra cp in ri pP/TM3 strain
(J.M.Belote, unpublished results), was screened using the dGCN5
cDNA clone as probe and two overlapping recombinant phage
were isolated. A 4.9 kb BamHI fragment containing the
hybridizing sequences was subcloned into pGEM3 (Promega) for
subsequent analysis. From the genomic sequence we realized that
we still lacked the full 5′-end of the cDNA. We predicted the start
of the coding sequence and this prediction was confirmed by
sequencing a cDNA clone LD17356 from the Berkeley Drosophila
Genome Project (clone obtained from Genome Systems Inc.,
St Louis, MO).

In situ hybridization

Hybridization of the chromosomes was carried out according to
standard procedures (20). Probes were prepared for in situ
hybridization by random primed labeling of a gel-purified
restriction fragment containing the entire dGCN5 cDNA. The
modified deoxynucleotide used was biotinylated dUTP from
Gibco BRL and signal detection was done using a Detek-I-hrp Kit
(ENZO).

Northern blot analysis

Total RNA extracted from several different stages of Drosophila
development was generously provided by David Sullivan (Syracuse
University, Syracuse, NY). Poly(A)+ RNA was isolated and
electrophoresed through a formaldehyde–agarose gel as described
(21). The RNA was blotted onto GeneScreen (Dupont) nylon
membrane and probed with a random primed 32P-labeled ClaI
fragment from the dGCN5 cDNA. Following autoradiography,
counts were removed from the filter by treating with boiling TE
buffer. The filter was autoradiographed to confirm that no
residual radioactivity remained. The filter was then hybridized
with a probe specific for the ribosomal protein rp49 (22) to assess
the levels of intact RNA in each lane.

Histone acetyltransferase assays

Full-length (amino acids 1–813) and a fragment corresponding to
the catalytic domain (amino acids 469–634) were expressed as
6×His N-terminal tagged fusion proteins using pRSET vector
(Invitrogen) and BL21 (DE3) Escherichia coli. HAT assays were
performed as previously described (23).

Western blotting

Rabbit polyclonal antibodies raised against recombinant hGCN5
and the N-terminal half of hPCAF were described previously (9).
Anti-dGCN5 antibodies were raised in rabbits, using 6×His-tagged
recombinant dGCN5 (amino acids 349–813) as immunogen.
Affinity purification was done after coupling recombinant protein
to CNBr-activated Sepharose under denaturing conditions as
described (24). HeLa nuclear extracts were made according to
Dignam et al. (25). Drosophila embryo nuclear extracts were
prepared from 0–12 h old embryos by incubating nuclei on ice in
extraction buffer for 30 min then removing debris by centrifugation
at 15 000 g for 20 min. Extraction buffer was 0.5 M KCl, 100 mM
HEPES, pH 7.4, 5 mM MgCl2, 0.5 mM EDTA, 10% glycerol,
1 mM DTT and 1 mM PMSF. Proteins were resolved by
SDS–PAGE and transferred to PVDF membrane and detected
with the ECL-Plus detection system (Amersham).

RESULTS

Cloning, mapping and expression of Drosophila GCN5

To clone the Drosophila homolog of GCN5 we took advantage of
conserved sequences between yGCN5, Tetp55/HATA1 and partial
cDNA sequences of two human genes represented in the
Merck/WashU. expressed sequence tag (EST) database. As
shown in Figure 1A, we designed degenerate primers to amplify
a Drosophila cDNA by RT-PCR, then used 5′ and 3′ RACE to
obtain the ends of the cDNA. Cloning and sequencing of these
RT-PCR products confirmed that they encode a protein closely
related to GCN5. Additional 5′ sequence was obtained from a
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Figure 1. Cloning of a Drosophila homolog of GCN5, dGCN5. (A) Diagram
of the various clones used to obtain the 2.8 kb cDNA. The arrow represents the
proposed start methionine, the open triangles 55 and 62 base introns
respectively and the asterisk denotes the end of the open reading frame. (B) The
predicted protein translated from dGCN5 is shown with the catalytic domain
underlined and the bromodomain double underlined.

cDNA clone found by searching the Berkeley Drosophila
Genome EST database. A cDNA probe was used to isolate the
corresponding gene from a Drosophila genomic library and two
overlapping recombinant phage were obtained. A 4.9 kb BamHI
fragment was subcloned into a plasmid vector and sequenced for
determination of exon–intron boundaries.

The deduced translated protein is shown in Figure 1B. The
putative start methionine is in-frame with an upstream stop
codon. The open reading frame of 2.4 kb encodes a protein of
93 kDa. Protein database searches retrieved hGCN5 and hPCAF
as the strongest matches, while yGCN5, Tet p55 (HATA1) and an
Arabidopsis GCN5-related protein are the next highest matches.
Other significant matches are restricted to the bromodomain (26),
which is a motif found in GCN5 family members and in a wide
variety of co-activators and other transcription factors, including
the HATs TAFII250 (27) and CBP (12,13). Because the derived
protein sequence shown in Figure 1B predicts the presence of an
N-terminal extension with significant homology to hPCAF, a
domain thought to be missing in hGCN5 (8,9), we originally
considered the Drosophila protein to be a homolog of hPCAF.
However, in the course of this study, we have discovered that
hGCN5 also contains an N-terminal extension with significant
similarity to PCAF (see below and Fig. 5). For clarity, we have
elected to refer to the Drosophila gene as dGCN5.

The position of the dGCN5 gene on Drosophila polytene
chromosomes was localized by in situ hybridization. Consistent
with our detection of only a single gene by genomic Southern
analysis (data not shown), we detect a single strong site of
hybridization on the left arm of the chromosome 3 at cytological
position 69C8-12 (Fig. 2A). Northern analysis shows that there
is a single message detected of ∼2.8 kb (Fig. 2B, top), consistent
with the open reading frame of 2.439 kb and the 239 bp 3′-UTR
and 98 bp 5′-UTR. Message is detected at all developmental

Figure 2. Cytological location of the dGCN5 gene and northern analysis. (A) A
cDNA probe was random primer labeled with biotin nucleotides. The probe
was hybridized to polytene chromosomes from late third instar larvae. The left
arm of the third chromosome (3L) is shown. A single site of hybridization was
detected at 69C8-12 (marked by arrowhead). (B) 5 µg poly(A)+ RNA from
various developmental stages were separated on a 1.2% agarose–formaldehyde
gel, transferred to a nylon membrane and probed with a random primed
32P-labeled dGCN5 cDNA. A 2.8 kb band of hybridization is detected
throughout development (top). The blot was reprobed for the rp49 message as
a loading control (bottom). After taking into account loading differences, it is
apparent that there is a large amount of message in early embryos before zygotic
transcription has started and there is also a second peak of message in late larval
development (4–7 days).

stages. After controlling for loading differences (Fig. 2B,
bottom), two peaks of particularly high message levels are
apparent. One peak is detected in early embryos, which can be
explained by maternal deposition; the other peak is detected in
late larval development.

To demonstrate that dGCN5 possesses HAT activity, both
full-length dGCN5 and a fragment corresponding to the catalytic
domain of dGCN5 (amino acids 469–634) were expressed as
6×His N-terminal tagged fusion proteins in E.coli and purified on
Ni+–agarose. As expected and in excellent agreement with other
GCN5 family members (4), each protein acetylates histone H3
when presented with a mixture of core histones (Fig. 3). The
similar substrate specificity between the full-length and catalytic
fragment is consistent with evidence that a corresponding
catalytic fragment from yGCN5 contains all of the sequences
required for full HAT activity (5). An additional substrate utilized
by hPCAF is nucleosomal histones; the ability to weakly
acetylate nucleosomal substrates was attributed to the N-terminal
domain (9). However, despite sequence similarities between the
N-termini of hPCAF and dGCN5, we have not been able to detect
significant acetylation of nucleosomal histones by dGCN5 (data
not shown).
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Figure 3. HAT activity of dGCN5. Full-length dGCN5 (fl), the dGCN5
catalytic domain (cat, amino acids 469–634), yGcn5p or no enzyme (–) was
incubated with chicken erythrocyte histones and [3H]acetyl-CoA and the
histones were then analyzed by SDS–PAGE and fluorography. As expected
from homology to GCN5, full-length dGCN5 and the catalytic domain of
dGCN5 have HAT activity with a preference for histone H3.

Conservation of an N-terminal domain in metazoan GCN5

To confirm the size predicted for dGCN5 (93 kDa), antibodies to
the C-terminus of dGCN5 (amino acids 348–813) detect a single
protein with an apparent molecular mass of 98 kDa in nuclear
extracts from Drosophila embryos (Fig. 4A), consistent with the
migration of recombinant dGCN5 (data not shown). While we
have only been able to find a single GCN5-related protein in
Drosophila, two GCN5-related polypeptides have been described
in humans (8,9). The human homologs differ in the presence
(PCAF) or absence (hGCN5) of the 350 amino acid N-terminal
domain. To confirm the predicted sizes of human GCN5-related
proteins, we probed HeLa nuclear extracts with antibodies
specific for either hGCN5 (Fig. 4B, left) or PCAF (Fig. 4B, right).

As shown in Figure 4B, the hGCN5 antibodies used here react
well with a short form of recombinant hGCN5 (see below) and do
not react with recombinant PCAF, demonstrating selectivity of
the antibody for the appropriate polypeptide. Unexpectedly, when
HeLa nuclear extracts are probed with these antibodies, a single
polypeptide is detected with an apparent molecular weight of
98 kDa, the same size as recombinant PCAF. In contrast, PCAF
antibodies react well with recombinant PCAF (Fig. 4B, right), but
only react weakly, if at all, with the 98 kDa protein in HeLa nuclei.
These results suggest that the 98 kDa HeLa nuclear protein
detected by hGCN5 antibodies is distinct from PCAF, is more
closely related to hGCN5 and yet is larger than that previously
predicted for hGCN5 (8,9).

The previously reported cDNAs for hGCN5 encode proteins
with a predicted molecular weight of 55 kDa, more similar to
yGCN5 than to dGCN5 or hPCAF (8,9). We investigated whether
the hGCN5 gene could also encode a protein similar in size to
PCAF and dGCN5, as was suggested by our western analysis. 5′
RACE and searches of an extensive database of ESTs maintained by
Human Genome Sciences (Rockville, MD) confirm that the hGCN5
gene can encode a larger polypeptide with additional homology to
the N-terminal portion of dGCN5 and hPCAF (Fig. 5A). The new
predicted molecular weight of hGCN5 is 93 kDa, which is similar
in size to the 92 kDa PCAF. For clarity, this longer form of

Figure 4. Western analysis of dGCN5 and hGCN5. (A) Antibodies raised
against recombinant dGCN5 were used to probe nuclear extracts from 0–12 h
old Drosophila embryos. A single band of 98 kDa is detected, consistent with
the predicted molecular weight of 93 kDa. (B) Antibodies specific for hGCN5
(left) or hPCAF (right) were used to probe a western blot of HeLa nuclear
extracts (10 µg), recombinant hPCAF (5 ng) and recombinant hGCN5 (1 ng).
While the anti-hGCN5 antibody did not cross-react with recombinant PCAF
protein, a 98 kDa band was readily detected in HeLa extracts. Although the
anti-PCAF antibody reacts strongly with recombinant PCAF, this antibody fails
to react (or in some experiments weakly intereacts) with this band in HeLa
nuclear extracts.

hGCN5 will be referred to as hGCN5-L (Fig. 5B). Others have
found evidence for the existence of a hGCN5-related protein of
∼60 kDa (28–30), as was expected from the previously isolated
cDNAs (8,9). This shorter product will be referred to as
hGCN5-S (Fig. 5B). We suggest that a more precise and
informative nomenclature be chosen for the metazoan GCN5
family members when more rigorous data clarifies which
polypeptides are produced from the hGCN5 gene in various
biological settings, as well as what function(s) they might serve
(see below).

The hGCN5 gene was recently sequenced by the human
genome project (accession no. AC0033104). Comparison of the
cDNA and genomic sequences allows us to draw exon–intron
boundaries, as shown in Figure 6A. Of particular note is the sixth
intron of 840 bases. Since the first 191 bases of this intron (see
shaded box in Fig. 6) are found in the cDNA clone used to predict
the hGCN5-S protein (9), we performed RT-PCR to confirm that
the hGCN5 message is alternatively spliced.

Human liver RNA was used for RT-PCR, with primers in exons
6 and 8. Both a fully spliced product and a partially spliced
product that contains the first 191 bases of intron 6 were amplified
and sequenced, while amplification of the same region from
genomic DNA yields a fragment that contains all of introns 6 and
7 (Fig. 6B and data not shown). One explanation for the two
cDNA products involves alternative 5′ splice site usage in intron
6 of the hGCN5 transcript. If the 5′ splice site at nt 1 of the 840
base intron is used, the entire intron can be removed in a single
step (Fig. 6B). Alternatively, if a 5′ splice site at nt 192 of the
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Figure 5. A conserved N-terminal extension exists in metazoan GCN5/PCAF family members. (A) 5′ RACE and searches of expressed sequence tag (EST) databases
were used to obtain additional N-terminal sequence of hGCN5, which shares significant similarity to the corresponding region of hPCAF and dGCN5. Shown is an
alignment of the known GCN5-related sequences. Amino acids are shaded if three proteins have similar (gray) or identical (black) residues at that position. (B) A
schematic representation of the GCN5 family is shown, along with the percentage of identical amino acid residues shared between members. All family members share
regions of significant similarity, including the region required for full catalytic activity of yGcn5p (9) and the bromodomain. The metazoan members of the family
share an N-terminal domain not found in the yeast or Tetrahymena proteins (PCAF homology region). The hGCN5 gene can encode long (hGCN5-L) and short
(hGCN5-S) proteins. Amino acid one of hGCN5-S corresponds to amino acid 362 of hGCN5-L.



2953

Nucleic Acids Research, 1994, Vol. 22, No. 1Nucleic Acids Research, 1998, Vol. 26, No. 122953

Figure 6. The hGCN5 mRNA is alternatively spliced. (A) Schematic
representation of the intron–exon boundaries of the hGCN5 gene. Numbered
boxes represent exons. Arrows show which exons encode hGCN5-L,
HGCN5-S and the PCAF homology domain (Fig. 5). The shaded box adjacent
to exon 6 represents a 191 base portion of intron 6 that is not removed in some
cDNA clones. (B) A schematic representation of intron 6 alternative splicing.
Two 5′ splice sites are located at nt 1 and nt 192 of the 840 base intron. If the
5′ splice site at nt 1 is used, the whole 840 base intron is removed to generate
a fully spliced product. If the 5′ splice site at nt 192 is used, only the last 649
bases of the intron are removed, to make a partially spliced product. The 191
base segment from intron 6 that remains in the partially spliced message may
serve as an alternative exon for hGCN5 translational control (see Discussion).
An asterisk marks a stop codon within this 191 base element that would cause
premature termination of translation of the hGCN5-L protein, while the M
below exon 7 represents a proposed start site of translation for hGCN5-S (9).
An interesting feature of the 191 base segment is that it begins with a 5′ splice
site and ends with a potential 3′ splice site, allowing for the possibility that
intron 6 is removed in two steps (arrow with question mark).

intron is chosen, the last three fourths of the intron would be
removed, leaving behind the 191 base segment found in some of
our cDNA clones. Notably, this 191 base element ends with a
CAG, itself a canonical 3′ splice site, raising the possibility that
this intron can be spliced in a two-step mechanism (Fig. 6B).
Inclusion of the 191 base intron-like element in the hGCN5
mRNA interrupts the reading frame of the hGCN5 cDNA; a stop
codon at nt 2 of the intron would terminate translation of hGCN5
at amino acid 361 (as numbered in hGCN5-L, Fig. 5B). The ATG
predicted to be the start site of translation of hGCN5-S (9) is
found at the beginning of exon 7. Therefore, inclusion of the 191
base element splits hGCN5-L into two ORFs, one encoding the
N-terminal domain and one encoding hGCN5-S.

DISCUSSION

GCN5 and associated ADA proteins are needed for full activation
by some transcriptional activators in S.cerevisiae (31,32). The
cloning of human relatives of yGCN5 and yADA2 raised the
intriguing possibility that the encoded proteins play a similar role
in metazoans (8,9). The single homolog of GCN5 in Drosophila
described here (dGCN5) shows equal relatedness (47% amino
acid identity) to the two human GCN5 homologs, while the two
human proteins share 75% identity with each other (Fig. 5B). The
close relationship between the two human homologs is consistent
with a gene duplication of a single GCN5-related gene in the
vertebrate lineage that resulted in the two genes found in humans.
Murine homologs of hGCN5 and hPCAF have been cloned

recently, and their relationship to each other (∼75%) and to each
of their human counterparts (∼90%) supports the idea of a gene
duplication in the vertebrate lineage (S.Roth, personal communi-
cation). Other developmental regulators such as CBP, E2F, Rb
and myb have only one known family member in Drosophila,
while two or more family members exist in mammals (33–37).
However, our failure to find a second GCN5-related gene in
Drosophila does not exclude the possibility that such a protein
exists.

The occurrence of the N-terminal domain in all of the known
metazoan GCN5-related proteins suggests that this domain was
present in the ancestral metazoan GCN5, while the absence of the
domain in the known fungal, plant and protozoan GCN5s
suggests that this domain is unique to animals. Although PCAF
requires this N-terminal domain for in vitro acetylation of
nucleosomal histones, the failure of dGCN5 to acetylate similar
substrates suggests that other functions are responsible for
conservation within this domain. A likely function of this
conserved region is to interact with other transcription factors and
co-activators for the targeted acetylation of chromatin for the
control of gene activation (38,39).

One intriguing outcome of this study is that multiple protein
products may be expressed from the hGCN5 gene due to
alternative splicing. Inclusion of the 191 base element in the
mRNA creates a di-cistronic message consisting of an ORF that
corresponds to the N-terminal portion of hGCN5-L (amino acids
1–161) and a C-terminal portion that corresponds to hGCN5-S
protein (Fig. 5B). An N-terminal domain protein, lacking the
HAT catalytic domain, might bind CBP, as does the corresponding
region from PCAF. The hGCN5 N-terminal product might
compete with PCAF for binding to CBP, as was proposed for the
adenoviral protein E1a (9). Expression of the C-terminal ORF
(hGCN5-S) could produce a histone acetyltransferase free of the
control provided by p300/CBP (9). Recent studies have used
western analysis to demonstrate the existence of the hGCN5-S
product (28–30), but protein sequencing or mass spectrometry of
purified hGCN5-S would help discriminate between proteolysis
of hGCN5-L and alternative start sites of translation.

An additional reason to further investigate the translational
control of hGCN5 is the unusually high conservation of the 191
base element in intron 6 between the mouse and human GCN5
genes (91% identity; S.Roth, personal communication). This
nucleotide conservation is higher than the amino acid conservation
in any of the reading frames within this sequence. We have not
observed any significant matches to other sequences in the public
databases and do not recognize any motifs within this sequence.
Of potential interest is the occurrence of a 19 base palindromic
sequence, since palindromes of this length could form RNA
hairpins and affect translation (40).

The 191 base element could be required for translation of the
C-terminal ORF (hGCN5-S protein) in at least three ways. First,
the element may function as a nuclear export signal for the
mRNA. Typically, the presence of an intron prevents transport of
an mRNA to the cytoplasm; the HIV protein Rev binds to a
particular structure in the viral RNA and facilitates transport of
incompletely spliced RNAs to the cytoplasm for translation
(reviewed in 41). Thus, nuclear export of the partially spliced
hGCN5 mRNA would be required for translation of either the N-
or C-terminal ORFs. A second translational function of the intron
could be to serve as an internal ribosomal entry site (IRES); an
IRES is needed for translation of a downstream ORF in a
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di-cistronic message (reviewed in 42). A third potential function
of the intron element may be to terminate translation after the
upstream ORF in a manner that ensures ribosomal re-initiation at
the correct start site of hGCN5-S (reviewed in 43). Since the
conserved N-terminal domain of hGCN5 is likely to have
important regulatory functions, it will be important to investigate,
in further detail, the regulation of protein expression from the
hGCN5 gene.

The growing list of GCN5/PCAF family members has already
produced unexpected connections between these HAT activities
and cellular transformation. For example, disruption of interactions
between PCAF and CBP by the viral E1a oncogene product is
required for E1a-mediated cellular transformation. Furthermore,
overexpression of PCAF has been shown to have a modest
inhibitory effect on cell cycle progression (9), while a catalytically
active PCAF is required for muscle differentiation (38). Mutations
in the histone acetyltransferases p300/CBP are associated with
developmental disorders (11,44) and a specific subtype of
leukemia (45). Understanding the nature, regulation and specificity
of these highly conserved chromatin-modifying activities will
undoubtedly contribute to our understanding of both normal cellular
and developmental processes as well as abnormal processes which
lead to oncogenesis or other developmental disorders. Isolation of
the Drosophila GCN5 gene will enable us to explore some of these
relationships in a powerful genetic model system.
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