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The c-Myc oncoprotein (Myc) controls cell fate by regulating gene transcription in association with a
DNA-binding partner, Max. While Max lacks a transcription regulatory domain, the N terminus of Myc
contains a transcription activation domain (TAD) that recruits cofactor complexes containing the histone
acetyltransferases (HATs) GCN5 and Tip60. Here, we report a novel functional interaction between Myc TAD
and the p300 coactivator-acetyltransferase. We show that p300 associates with Myc in mammalian cells and in
vitro through direct interactions with Myc TAD residues 1 to 110 and acetylates Myc in a TAD-dependent
manner in vivo at several lysine residues located between the TAD and DNA-binding domain. Moreover, the
Myc:Max complex is differentially acetylated by p300 and GCN5 and is not acetylated by Tip60 in vitro,
suggesting distinct functions for these acetyltransferases. Whereas p300 and CBP can stabilize Myc indepen-
dently of acetylation, p300-mediated acetylation results in increased Myc turnover. In addition, p300 functions
as a coactivator that is recruited by Myc to the promoter of the human telomerase reverse transcriptase gene,
and p300/CBP stimulates Myc TAD-dependent transcription in a HAT domain-dependent manner. Our results
suggest dual roles for p300/CBP in Myc regulation: as a Myc coactivator that stabilizes Myc and as an inducer
of Myc instability via direct Myc acetylation.

The c-Myc oncoprotein (Myc) is the ubiquitous member of
a small family of highly related DNA-binding transcription
factors (including L-Myc and N-Myc) that regulate a wide
variety of genes involved in the control of cell growth, prolif-
eration, differentiation, and apoptotic cell death. Myc is essen-
tial for embryonic development and both Myc expression and
activity are tightly regulated by mitogens and other physiolog-
ical stimuli in normal somatic cells. Notably, unregulated Myc
expression is tumorigenic in mice and has been associated with
most types of cancer in humans. Myc binds to E-box DNA
elements having the core consensus sequence CACGTG as a
heterodimer with an obligatory partner protein called Max.
Myc and Max dimerize and bind DNA via their respective
basic-helix-loop-helix-leucine zipper (bHLHZip) domains.
While Max does not have a transcription regulatory domain,
Myc has a phylogenetically conserved N-terminal transcription
activation domain (TAD) that is also essential for oncogenic
cellular transformation (reviewed in reference 10).

Several proteins have been shown to interact with Myc
N-terminal TAD and are potential regulators or mediators of
Myc transactivating and transforming activities (10, 30). Among
these, the TRRAP protein has been shown to contribute to the
transformation activity of Myc through interactions with the

conserved Myc box 1 (MB1) and MB2 regions within the TAD
(23) and is a subunit of various transcription regulatory cofac-
tors complexes that have histone acetyltransferase (HAT) ac-
tivity. These TRRAP-HAT complexes include the GCN5
HAT-containing complexes STAGA (21, 22) and TFTC (3),
the related PCAF HAT-containing complex (25), and the
Tip60 HAT-containing complex (14). Although the paralogous
mammalian GCN5 and PCAF HATs preferentially acetylate
histone H3, the preferred substrate for the Tip60 HAT is
histone H4 (29). Significantly, Myc-stimulated gene transcrip-
tion in vivo correlates with an increased acetylation of both
histones H3 and H4 in the vicinity of E-box elements within
regulatory regions of Myc target genes (2, 8, 24). This suggests
that Myc-induced transcription in vivo might involve the re-
cruitment by Myc of the TIP60 complex and GCN5/PCAF-
containing complexes. Consistent with this, Myc associates with
STAGA components in vivo and directly interacts through its
TAD with the purified STAGA complex in vitro, TRRAP and
GCN5 synergistically stimulate Myc TAD transactivating func-
tions, and components of the TIP60 complex, including the
Tip60 HAT subunit, are recruited to Myc target promoters in
vivo during Myc-activated transcription (9, 19). Although these
results suggest that TIP60 and GCN5 might mediate Myc
transactivating functions via acetylation of histones on target
promoters, additional nonhistone protein substrates for these
HATs have been described (reviewed in reference 35). In par-
ticular, GCN5, Tip60, and CBP were reported recently to in-
duce Myc acetylation in mammalian cells (26, 31). Thus, co-
activator-HATs might regulate Myc functions at multiple
levels and perhaps differentially.
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Here we have investigated the possible role of the p300
coactivator-HAT as a mediator of Myc transactivating func-
tions and as a regulator of Myc via direct acetylation. We show
that p300 interacts with Myc in vivo and in vitro, and that the
N-terminal 1-110 region of Myc TAD is necessary and suffi-
cient for efficient and direct interaction with p300. This is
different from the reported interaction of CBP with the C
terminus of Myc (31). We further demonstrate that the 1-110
TAD region is also essential for Myc acetylation by endoge-
nous HATs and by ectopic p300 in mammalian cells and that
full-length p300 efficiently acetylates both Myc and Max within
a Myc:Max complex in vitro. In contrast, GCN5 and the
GCN5-containing STAGA complex only acetylate Myc, whereas,
unexpectedly, neither Myc nor Max is a direct substrate for
acetylation by Tip60 in vitro. We further identify several lysine
residues located between the TAD and the HLHZip domains
of Myc that are acetylated by p300 in cultured cells and in vitro.
Our results suggest that p300-mediated acetylation increases
Myc protein turnover but also that p300 (and CBP) can stabi-
lize Myc in mammalian cells independently of acetylation. We
further demonstrate that p300 is recruited by Myc to the pro-
moter of the endogenous human telomerase reverse transcrip-
tase (hTERT) gene in human cancer cells and that p300/CBP
mediates the transactivating functions of Myc TAD at the
hTERT promoter and at an artificial promoter independently
of Myc/Max acetylation but in a HAT domain-dependent man-
ner. Altogether, our results reveal a complex regulation of Myc
by p300 through interactions with Myc TAD that lead to acety-
lation-dependent and -independent regulation of Myc protein
turnover and stimulation of Myc TAD-mediated transcription
activation.

MATERIALS AND METHODS

DNA plasmids. The bacterial expression vectors for His6-tagged human Max
short isoform, pET-His-Max (33), His6-tagged human GCN5 short form, pR-
SETA-His-GCN5-S (6), and His6-tagged human full-length c-Myc, pRSET-His6-
Myc (7) were described previously. The hTERT luciferase reporter vectors
p2xEB (hTERT wt) and pBTdel-208 (Del.E2) were described elsewhere (13);
p2xEB Mut.1 (Mut.E1) was derived from p2xEB by site-directed mutagenesis of
the upstream E-box from CACGTG to CACCTG by using the QuikChange
site-directed mutagenesis kit (Stratagene) and verified by DNA sequencing.
pG5-E4-Luc was provided by Xuan Liu. Plasmids pSV-Gal4(1-147), pSV-Gal4-
Myc(1-262), pSV-Gal4-Myc(1-103), and pSV-Gal4-Myc(41-143) were described
elsewhere (16). The plasmids pRc/RSV-CBP (18) and pRc/RSV-CBP(F1541)
referred to as CBP�HAT, in which the Phe1541 essential for CBP HAT activity
was substituted with alanine (20), were described previously. The expression
vectors for p300 were pCDNA3.1p300 (5), pCMV�-p300-CHA (gift from
R. Goodman), and pCI-p300-FLAG (obtained from Y. Nakatani). The expres-
sion vectors for human c-Myc, pUHD-Myc (27), and for Flag-tagged mouse
c-Myc, pCbS-Flag-Myc full-length and �1-110 (23) were described previously.
The expression vectors for the mouse c-Myc K3R mutants (NR, R5, R6, CR,
and NRC) were derived from pCbS-Flag-Myc by site-directed mutagenesis and
verified by DNA sequencing. The expression vector for Flag-tagged human Max
short isoform (pCbS-Flag-Max) was obtained by cloning between the BamHI and
Hind III sites of pCbS plasmid a Flag-Max cDNA fragment obtained by PCR of
pET-His-Max with the primers 5�-CCTGCCGGATCCACCATGGACTAC
A A G G A C G A T G A T G A C A A G C C C G G G A T G A G C G A T A A C
GATGACATCGAGGTGGAG and 5�-CTGCCCAAGCTTAGCTGGCCT
CCATCCGGAG.

The baculovirus transfer/expression vector pFastBac-p300-Flag encodes p300
Flag-tagged at its C terminus and was obtained by cloning the p300 cDNA as a
NotI-HindIII fragment from pCMV�-p300 (Upstate Biotechnology) into pFast-
Bac1 (Invitrogen). The NheI-HindIII fragment of the resulting vector containing
the p300 stop codon was replaced with an NheI-HindIII DNA fragment having
a tyrosine (TAC) codon instead of the stop codon and an in-frame Flag epitope

sequence. The construct was verified by DNA sequencing. The pFastBac-Flag-
Tip60� was created by cloning the Tip60� cDNA (28) obtained by PCR from the
human HeLa QUICK-Clone cDNA (Clontech Laboratories, Inc.) by using the
nested primers 5�-AGTGACGTCTCCCAGAGGGGCCGGAAGT and GGG
TGGGCTATCAGCCCCAGTCCTGC (first PCR amplification) and then
5�-CGTCTCCCAGAGGGATCCGAAGTGGC and 5�-CCAGTCCTGCGG
CCGCCTTGGC (that introduced BamHI and NotI sites during the second
PCR amplification) between the BamHI and NotI sites of pFlagFast baculo-
viral vector, a derivative of pFastBac1 encoding a Flag epitope. The resulting
pFastBac-Flag-Tip60� encodes a Tip60� protein having a Flag tag and a
16-amino-acid spacer sequence at its N terminus. The construct was verified
by DNA sequencing.

Antibodies. The antibodies used in immunoprecipitation and Western blot
analyses were: hTBP (gift from R. G. Roeder), Gal4 DBD, Pol II N-20, p300
N-15, Max H2, Max C-17, Max C-124, Myc C-33, and Myc N-262 (Santa Cruz
Biotechnology), Acetyl-K (Cell Signaling Technology), Flag M2, and Flag M2
affinity resin (Sigma).

Cell culture, transfection, immunoprecipitation, and Western blotting.
COS-7, HEK293, and HeLa cells were maintained in Dulbecco modified Eagle
medium supplemented with 10% fetal bovine serum at 37°C with 5% CO2. For
luciferase reporter assays, HeLa cells at 80% confluence were transfected in
six-well plates by using Lipofectamine reagent (Invitrogen) and 0.5 �g of
hTERT-Luc plasmid, 0.1 �g of pCbS-Flag-Myc, 1 �g of pcDNA3.1p300 or
pRc/RSV-CBP, and 0.2 �g of pCMV-�-galactosidase (see Fig. 6) or 0.2 �g of
pG5-E4-Luc, 0.1 �g of pSV-Gal4-Myc, 1 �g of pcDNA3.1p300 or pRc/RSV-
CBP, and 0.2 �g of pCMV-�-galactosidase (see Fig. 7). Corresponding empty
vectors were used to keep total DNA constant. Luciferase assays were performed
as previously described (19). Since �-galactosidase activity was moderately in-
creased by transfection of p300 and CBP, luciferase activity was normalized to
protein concentration, and each result is the mean � the standard deviation (SD)
from at least three independent experiments, each performed in duplicate.

For immunoprecipitation of Flag-tagged proteins, HEK293 cells in 10-cm
plates at ca. 95% confluence were transfected with Lipofectamine 2000 (Invitro-
gen) and pCI-p300-FLAG (10 �g) and pUHD-Myc (8 �g) as indicated in Fig. 1B
or with pCbS-Flag-Myc (8 �g), pCbS-Flag-Max (3 �g), and pCDNA3.1p300
(10 �g) as indicated in Fig. 1C. The corresponding empty vectors were included
in control lanes, as indicated. At 48 h after transfection, whole-cell extracts were
prepared in lysis buffer (50 mM HEPES [pH 7.9] at 4°C, 250 mM NaCl, 0.1%
IGEPAL CA-630, 0.2 mM EDTA, 0.2 mM phenylmethylsulfonyl fluoride
[PMSF], 2 mM 2-mercaptoethanol). Lysates were diluted with BC-0 (20 mM
HEPES [pH 7.9] at 4°C, 20% glycerol, 0.2 mM EDTA, 0.05% IGEPAL CA-630,
0.2 mM PMSF, 5 mM 2-mercaptoethanol) to reach 179 mM NaCl final concen-
tration (immunoprecipitation [IP] buffer), and cell extracts from one 10-cm plate
were incubated with 10 �l of Flag M2 resin for 12 h at 4°C under constant
rotation. Immunoprecipitates were washed three times with IP buffer, resolved
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and
analyzed by Western blotting with the indicated antibodies. For immunoprecipi-
tation of endogenous Myc and Max proteins, HeLa cells were lysed as described
above. Lysates in either IP buffer (Fig. 1A) or lysis buffer (see Fig. 3B) were
precleared, respectively, with 15 �l of protein G-Sepharose resin (Amersham
Biosciences) or with 25 �l of TrueBlot anti-rabbit immunoglobulin IP beads
(eBioscience) for 30 min at 4°C. The indicated antibodies (5 �g) were incubated
with the lysates (from one or two 10-cm plates) for 14 h at 4°C and precipitated
after incubation with 10 �l of protein G-Sepharose for 4.5 h at 4°C (Fig. 1A) or
40 �l of TrueBlot anti-rabbit immunoglobulin IP beads (eBioscience) overnight
at 4°C (Fig. 3B). Immunoprecipitates were washed four times with IP buffer or
lysis buffer and analyzed by SDS-PAGE and Western blotting with the indicated
antibodies and the enhanced chemiluminescence (ECL) kit (Amersham Bio-
sciences). Rabbit immunoglobulin G TrueBlot-HRP reagent (eBioscience) was
used in the Western blot of Fig. 3B (top panel) to lower the background signal
of denatured immunoglobulin heavy chains.

Expression and purification of recombinant proteins and glutathione S-trans-
ferase (GST) pull-down assays. Recombinant human Myc-Max and Max-Max
complexes and recombinant human GCN5-S were expressed in bacteria and
purified as previously described (7). The STAGA complex was purified from a
HeLa cell line expressing Flag-tagged SPT3, as described previously (22). The
recombinant baculoviruses for Flag-Tip60 and p300-Flag were prepared by using
the Bac-to-Bac baculovirus expression system (Life Technologies). Flag-tagged
Tip60 and p300 were expressed in insect Sf9 cells and purified from whole-cell
lysates by anti-Flag affinity chromatography as described before (15). GST pull-
down assays were performed essentially as previously described (22).

In vitro acetylation assays. Acetylation reactions were performed in a 20-�l
final volume by incubating about 2.5 pmol of recombinant Myc-Max or Max-Max
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complex or a 2-�g mixture of calf thymus histones (Roche) with one of the
following HATs: 6 to 13 ng of GCN5-S (or equivalent HAT units of STAGA
complex), 36 ng of Tip60�, and 4 to 8 ng of p300 in the presence of 2 �M
[3H]acetyl-coenzyme A (CoA; 27.5 Ci/mmol, 1.0 mCi/ml; Sigma) in HAT buffer
(50 mM Tris-HCl [pH 8.0], 14% glycerol, 70 mM KCl, 0.18 mg of bovine serum
albumin/ml, 0.1% IGEPAL CA-630, 10 mM sodium butyrate, 8 mM 2-mercap-
toethanol, and 0.3 mM PMSF) for 1 h at 30°C. Proteins were resolved by
SDS-PAGE and stained with Coomassie blue. For fluorographic detection of
3H-acetylated proteins, the gels were further soaked in “Amplify” solution
(Amersham Biosciences), dried, and exposed to autoradiography films with in-
tensifying screens at �80°C. Cold acetylation reactions were performed essen-
tially as described above but with 50 ng of p300 and the indicated amount of
unlabeled acetyl-CoA, and the acetylated proteins were identified by Western
blotting with the acetyl-K antibody.

Analysis of Myc acetylation in cultured cells and stability assays. HEK293
cells in a 10-cm plate were transfected as described above, with 7 �g of pCbS-
Flag-Myc wt or �1-110, 1 �g of pCbS-Flag-Max, and 10 �g of pcDNA3.1p300, or
the corresponding empty vectors, as indicated (Fig. 3D). COS-7 cells were trans-
fected twice with a 6- to 8-h gap between transfections, with 4.5 �g of pCbS-
Flag-Myc wt or mutants, 0.5 �g of pCbS-Flag-Max, and 4 �g of pCDNA3.1p300
(or pCMV�-p300-CHA). After 36-h expression, the cells were incubated with
histone deacetylase (HDAC) inhibitors (10 mM sodium butyrate, 10 mM nico-
tinamide, 2 �M trichostatin A) or the corresponding solvents for an additional
12 h before extract preparation in lysis buffer containing 10 mM sodium butyrate.
Immunoprecipitations and Western blots were as described above. For the ex-
periment of Fig. 4C, HEK293 cells were transfected, three times with a 4-h gap
between transfections, with 3 �g of pCbS-Flag-Myc wt or the indicated mutants,
5 �g of pCMV�-p300-CHA, or the corresponding empty vectors. After 40-h
expression the cells were incubated for 8 h with the HDAC inhibitors before
extract preparation, immunoprecipitation, and Western blot analysis with the
indicated antibodies. Mass spectrometry mapping of the Myc acetylated residues
is described in the supplemental material.

For the stability assays (see Fig. 5), HEK293 cells were transfected in a 6-cm
plate at 80 to 90% confluence with 3 �g of pCbS-Flag-Myc wt or R6 mutant and
5 �g of pCMV�-p300-CHA, pRc/RSV-CBP, or pRc/RSV-CBP(F1541/�HAT)
or their empty vectors. After 12 h, the transfected cells from one 6-cm plate were
treated with trypsin and distributed into six new plates (one for each cyclohex-
imide time point). At 12 h after the replating, HDAC inhibitors were added to
the medium, and the cells were incubated for 8 h before addition of 100 �g of
cycloheximide/ml (time zero). MG-132 (20 �M) was added to the culture me-
dium 90 min before cycloheximide, where indicated. Whole-cell extracts were
prepared after the indicated times of cycloheximide treatment and Flag-Myc
content was analyzed by Western blotting directly or after immunoprecipitation
with the Flag antibody. The relative amount of Flag-Myc in cell extracts at
different times after cycloheximide addition was determined by densitometry
scanning of Western blot signals on X-ray films by using the NIH Image software.
Signals obtained on the same blot with an antibody to vinculin were used for
normalization. For each time course analysis a serial dilution of the extract at
time zero min (100% Flag-Myc) was analyzed on the same Western blot. Stan-
dard curves were generated for each blot from the Flag-Myc signals in the serial
dilution. Film exposures were selected for linearity of film response and to avoid
signal saturation. The amount of Flag Myc remaining at each time point and its
half-life (i.e., time at which 50% Flag-Myc remains) were determined from the
standard curves and linear regression of the logarithmic values of Flag-Myc
signals as a function of time. Flag-Myc half-life under each condition was deter-
mined from at least three independent experiments. The effect of p300/CBP on
Flag-Myc half-life within each independent experiment (i.e., relative half-life)
was obtained by dividing the half-life of Flag-Myc in the presence of p300/CBP
by that in the absence of cotransfected p300/CBP. The average relative half-lives
(�SD) are shown in Fig. 5F.

RNA interference (RNAi), stable cell lines, and reverse transcription-PCR
(RT-PCR). The vector pSUPER.retro.puro (OligoEngine) was used for transient
(see Fig. 8A) and stable (see below) expression of human c-Myc short hairpin
RNAs (shRNAs) in HeLa cells. Oligonucleotides encoding shRNAs were cloned
between the BglII and HindIII sites, and expression vectors were verified by
DNA sequencing. The pSUPER-Myc827 vector was obtained by cloning the
human c-Myc-si827 annealed oligonucleotides: 5�-GATCCCCGGTCAGAGTCT
GGATCAACTTCAAGAGAGGTGATCCAGACTCTGACCTTTTTA (sense) and
5�-AGCTTAAAAAGGTCAGAGTCTGGATCACCTCTCTTGAAGTTG
ATCCAGACTCTGACCGGG (antisense). The control pSUPER-GL2 vector en-
coding an shRNA against luciferase was obtained by inserting the annealed
Luc-siGL2 oligonucleotides 5�-GATCCCCCGTACGCGGAATACTTCGATTCA
AGAGATCGAAGTATTCCGCGTACGTTTTTA (sense) and 5�-AGCTTAAAA

ACGTACGCGGAATACTTCGATCTCTTGAATCGAAGTATTCCGCGTACG
GGG (antisense). The specific targeting sequences are in boldface and un-
derlined.

For transient knockdown of human Myc, HeLa cells (at 90% confluence in
35-mm plates) were transfected with 2 �g of pSUPER-Myc827 or the control
pSUPER-GL2 vector. At 24 h after the first transfection, cells were transfected
again with the same amount of pSUPER-shRNA vector with Lipofectamine
2000. To verify the specificity of the knockdown, 1.5 �g of the mouse Myc
expression vector (pCbS-Flag-Myc) or the human Myc expression vector
(pUHD-Myc) was also included during the second transfection. Six hours after
the second transfection, the medium was changed to fresh medium containing
puromycin (1.5 �g/ml). After 48 to 72 h, total RNA was isolated for RT-PCR and
Western blot analyses (Fig. 8A and B).

For stable knockdown of Myc, HeLa.Myc-shRNA and HeLa.pSuper control
cells were generated by transfecting HeLa S3 cells in 35-mm plates with 2 �g of
pSUPER-Myc827 or pSUPER.retro.puro plasmids, respectively, with Lipo-
fectamine 2000 (Invitrogen). At 24 h after transfection, cells were transferred to
150-mm dishes in normal growth medium. After another 24 h, the medium was
replaced with fresh medium containing puromycin (500 ng/ml). Single colonies
were analyzed by Western blotting with Myc, p300, and TBP antibodies to select
Myc-specific knockdown cells. The pool of resistant colonies was used as HeLa.p-
Super-control cells. Experiments were performed with low-passage-number
HeLa.Myc-shRNA cells as they eventually stop growing after 1 to 2 months in
culture.

For RT-PCR, 3 �g of total RNA was isolated by using RNeasy minikit
(QIAGEN) and reverse-transcribed by using the SuperScript First-Strand Syn-
thesis System (Gibco) with oligo(dT) according to the manufacturer’s instruc-
tions. Alternative splice variants of hTERT transcripts were detected by PCR
with oligonucleotides TERT 2109 (5�-GCCTGAGCTGTACTTTGTCAA-3�)
and TERT 2531R (5�-AGGCTGCAGAGCAGCGTGGAGAGG-3�) (36). Hu-
man �-actin was amplified with primers �-actin-forward (5�-TGACGGGGT
CACCCACACTGTGCCCA-3�) and �-actin-reverse (5�-CTAGAAGCATTT
GCGGTGGACGATGGAGGG-3�). PCR conditions within the exponential
phase of product accumulation were chosen for each primer set and determined
by serial dilution of template cDNA.

Chromatin immunoprecipitation (ChIP). HeLa.pSuper and HeLa.Myc-
shRNA cells at 90% confluence in 15-cm plates were cross-linked with 1%
formaldehyde, lysed, and sonicated to obtain 0.4- to 1.0-kbp genomic DNA,
essentially as previously described (8). The normalized and precleared chromatin
lysates were incubated with 2 to 3 �g of anti-Myc (N-262), anti-p300 (N-15), and
anti-Pol II (N-20) antibodies or 15 �l of anti-TBP or preimmune (as negative
control) rabbit serum at 4°C overnight. The immune complexes were recovered
with 40 �l of preblocked protein A beads. Beads were washed sequentially with
1 ml each of ChIP buffer (50 mM Tris-HCl [pH 8.0], 150 mM NaCl, 2 mM
EDTA, 0.06% SDS, 1% Triton X-100), ChIP-500 buffer (25 mM Tris-HCl [pH
8.0], 500 mM NaCl, 2 mM EDTA, 0.06% SDS, 1% Triton X-100), and LiCl
buffer (10 mM Tris-HCl [pH 8.0], 1 mM EDTA, 0.5% NP-40, 0.5% sodium
deoxycholate, 0.25 M LiCl) and three times with TE buffer, and protein-DNA
complexes were eluted twice with 1% SDS–0.1 M NaHCO3. Eluates adjusted to
0.3 M NaCl were heated at 65°C overnight, and DNA was purified with the PCR
purification kit (QIAGEN). PCR was performed with hTERT promoter-specific
primers CH3 (5�-AGTGGATTCGCGGGCACAGA-3�) and CH4 (5�-AGCACC
TCGCGGTAGTGGCT-3�) (24). As a negative control and as a means to nor-
malize samples to their nonspecific DNA content, the third intron region of the
human �-globin gene was PCR-amplified by using the following primers: �-glo-
bin/5� (5�-ATCTTCCTCCCACAGCTCCT-3�) and �-globin/3� (5�-TTTGCA
GCCTCACCTTCTTT-3�) (24). The GAPDH promoter fragment encompassing
nucleotides �147 to �48 was amplified with the primers GAPDH/5� (5�-GCT
ACTAGCGGTTTTACGGG-3�) and GAPDH/3� (5�-CGACGCAAAAGA
AGATGCA-3�). PCR products were analyzed on 2% agarose gels stained with
ethidium bromide.

RESULTS

Myc interacts with p300 in vivo and in vitro through its TAD
domain. To test whether endogenous Myc-Max complexes and
p300 interact in human cells, Myc and Max proteins were
separately immunoprecipitated from HeLa cell lysates with
specific antibodies, and immune precipitates were analyzed for
the presence of p300 by Western blotting (Fig. 1A). Both the
anti-Myc and the anti-Max antibodies coimmunoprecipitated
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p300 from HeLa cells, although the anti-Myc antibody was
more efficient (lanes 3 versus 4). As a control, the anti-Flag
antibody did not precipitate endogenous p300 or the Myc/Max
proteins (lane 2). Consistent with an association of Myc with
p300, Flag-tagged p300 and untagged Myc overexpressed in
HEK293 cells by transient transfection were also both specif-
ically coimmunoprecipitated with the anti-Flag antibody (Fig.
1B, lane 6). To further address whether p300 interacts specif-
ically with Myc and/or Max and to test the role of the Myc
TAD domain in this interaction, Flag-tagged Myc wild type
(wt) and a mutant deleted of the first N-terminal 110 amino
acids (�1-110), as well as Flag-tagged Max, were separately
transfected in HEK293 cells and immunoprecipitated with the
anti-Flag antibody (Fig. 1C). Although p300 coimmunoprecipi-
tated with Flag-Myc wt (lane 11), no p300 interaction with

Flag-Max could be detected (lane 14). Notably, the amount of
p300 coimmunoprecipitated with Flag–Myc�1-110 was signif-
icantly lower than with Flag-Myc wt, whereas similar amounts
of Max coimmunoprecipitated in each case (lane 12 versus lane
11). This indicated an important role of Myc N-terminal TAD
residues 1 to 110 in p300 binding in vivo.

To further test whether p300 directly interacts with Myc and
to address the role of the N-terminal Myc TAD region, we
performed GST pull-down experiments in vitro with purified
recombinant p300 and GST-Myc fusion proteins containing
various domains of Myc. Consistent with the above results
p300 strongly interacted with Myc N-terminal TAD-containing
region 1-263 (Fig. 1D, lane 3) but not with the C-terminal
92-amino-acid region comprising the bHLHZip domain (C-92,
lane 11). Myc residues 2 to 108 were sufficient for efficient p300

FIG. 1. Myc interacts with p300 in mammalian cells and in vitro via its TAD. (A) A HeLa whole-cell extract was immunoprecipitated (IP) with
Flag (lane 2), Max H2 (lane 3), and Myc C-33 (lane 4) antibodies and analyzed by Western blotting (WB). Different stripes of the same blot were
probed with p300 (N-15), Myc (N-262), and Max (C-17) antibodies. Lane 1 shows the input extract. (B) Extracts of HEK293 cells transfected with
pUHD-Myc and/or pCI-p300-Flag, or the corresponding empty vectors as indicated with “�” and “�,” respectively (input, lanes 1 to 3), were
immunoprecipitated with the Flag antibody (IP: Flag, lanes 4 to 6) and analyzed by Western blotting (WB) with p300 (N-15) and Myc (N-262)
antibodies. (C) Extracts of HEK293 cells (input, lanes 1 to 7) transfected with Flag-Myc wild-type (wt), Flag-Myc deletion mutant �1-110 (�),
Flag-Max, and p300, or corresponding empty vectors as indicated (� and �), were immunoprecipitated with the Flag antibody (IP: Flag, lanes 8
to 14) and analyzed by Western blotting with p300, Flag, and Max antibodies, as indicated (WB). The positions of Myc wt and �1-110 are indicated.
A nonspecific band was detected in lanes 13 and 14 (�). (D) GST pull-down assays. Purified recombinant p300 (lanes 1 and 8; see also Fig. 2A)
was incubated with immobilized GST (lanes 2 and 9) and GST-Myc fusion proteins with different Myc regions as indicated (lanes 3 to 7, 10, and
11, see also panel E). Specific binding of p300 was analyzed by Western blotting with p300 (N-15) antibodies. (E) Summary of the above p300-Myc
interaction results obtained by coimmunoprecipitation assays (in cells) and by GST pull-down assays (in vitro). MB1 and MB2 are Myc boxes 1
and 2; bHLHZip is the basic helix-loop-helix leucine zipper domain. Strong interaction with p300, i.e., comparable to wild-type Myc (���),
medium (��), weak (�), and no detectable (�) interactions are indicated.
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binding (lanes 4 and 10), while the 21-108 region still bound
p300 but less efficiently (lane 5) and the 47-108 and 1-48
regions did not bind p300 at all (lanes 6 and 7). Altogether,
these results indicate that p300 interacts preferentially with the
N-terminal Myc region 1-263 and that an N-terminal TAD
domain comprising residues 1 to 110 is necessary and sufficient
for efficient and direct p300 binding (Fig. 1E).

Direct and differential acetylation of the Myc-Max complex
by p300, GCN5, and the GCN5-containing STAGA complex
but not by Tip60 in vitro. Since Myc interacts with p300,

GCN5, and Tip60 HATs, we tested whether Myc is a direct
substrate for acetylation by these HATs in vitro. Recombinant
full-length p300, Tip60, GCN5-S (short form), and the native
GCN5-containing STAGA complex were purified (Fig. 2A),
and their HAT activities were normalized in acetylation assays
in vitro with purified histones as substrates (Fig. 2B). We first
tested whether a purified recombinant Myc-Max complex (Fig.
2A), which is functional in specific DNA binding (7), can be
acetylated by full-length p300. As shown in Fig. 2C, p300 acety-
lated both Myc and Max subunits (lane 2). Notably, p300

FIG. 2. Acetylation of the Myc-Max complex by p300, GCN5, and STAGA but not Tip60 in vitro. (A) Purified recombinant proteins analyzed
by SDS-PAGE and stained with Coomassie blue: p300 (1 �g), Tip60� (1 �g), GCN5-S (0.2 �g), Max (1 �g), and Myc-Max heterodimer (1 pmol).
The STAGA complex (8 �l) was stained with silver, and asterisks indicate nonspecific proteins. Positions of molecular mass standards are on the
left. (B) In vitro acetylation of histones with the indicated HATs and [3H]acetyl-CoA was analyzed by SDS-PAGE and fluorography (3H-Acetyl).
Acetylated histones H3 and H4 are indicated. (C) In vitro acetylation of the Myc-Max complex (2 pmol, lanes 1 and 2) and histones (25 pmol,
lane 4) without (�) and with (�) 4 ng of purified recombinant p300 as indicated, was analyzed by SDS-PAGE and fluorography. Lanes 1 to 3 and
lane 4 are from distinct regions of the same gel (spliced together) and same autoradiographic exposure (33 h). Acetylated Myc, Max, p300, and
histones are indicated. (D) In vitro acetylation (as described above) with Myc-Max complex and the indicated HATs normalized for their HAT
activity (see panel B). Myc-Max was omitted in lanes 4 to 6. The left panel (lanes 1� to 3�) is the Coomassie blue-stained gel of the middle
fluorographic image (lanes 1 to 3). Coomassie blue-stained BSA, Myc and Max are indicated on the left. The positions of acetylated Myc and Max
are indicated on the right and with dots next to the respective bands in lanes 1 and 3. Autoacetylated p300 and Tip60 are indicated on the right
(open arrowhead and arrow, respectively). Autoacetylated Tip60 is indicated with open arrowheads in lanes 2 and 5. (E) In vitro acetylation of the
Myc-Max complex, as described above, but with normalized GCN5-S and STAGA. (F) In vitro acetylation of Max-Max homodimer (lanes 1 to 3),
as in panel D. Max-Max was omitted in lanes 4 to 6. The top panels show an autoradiography of the portion of the Coomassie blue-stained gel
shown in the bottom panels.
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auto-acetylation was specifically stimulated in the presence of
the Myc-Max complex (compare lanes 2 and 3, top) but not in
the presence of histones (lane 4) or the Max-Max homodimeric
complex (data not shown). In accord with this, we have shown
recently that the isolated p300-HAT domain also acetylates
Myc-Max in vitro; however, autoacetylation of the HAT do-
main is not stimulated by Myc-Max (37). These results estab-
lish that both Myc and Max within a functional Myc-Max
complex are direct targets for acetylation by p300 in vitro and
suggest the intriguing possibility that the Myc-Max complex
might stimulate autoacetylation of p300 and perhaps its acetyl-
transferase activity.

To determine whether the other Myc-interacting HATs can
also directly acetylate the Myc-Max complex and to compare
their activities to that of p300, similar HAT units of each
GCN5-S, Tip60 and p300 (see Fig. 2B) were used in acetylation
assays as described above. Interestingly, whereas p300 effi-
ciently acetylated both Myc and Max (Fig. 2D, lane 3, dots),
GCN5-S only acetylated Myc (lane 1), and Tip60 did not acet-
ylate Myc or Max (lane 2), although it was efficiently auto-

acetylated (open arrowheads in lanes 2 and 5) and efficiently
acetylated histones (Fig. 2B, lane 4). The native GCN5-L (long
form)-containing STAGA complex also acetylated Myc (Fig.
2E, lane 2) but not Max (data not shown). Similarly, the ho-
modimeric Max-Max complex was specifically acetylated by
p300 (Fig. 2F, lane 3), although acetylation of Max within the
Myc-Max heterodimer was more efficient (data not shown). As
expected from the results presented above, neither GCN5-S,
STAGA or Tip60 acetylated Max-Max homodimers (lanes 1
and 2, and data not shown). These results demonstrate that
p300, GCN5, and the GCN5-containing STAGA complex can
all directly acetylate Myc within a Myc-Max heterodimer, but
only p300 acetylates both subunits of the Myc-Max complex
and the Max homodimer. In contrast, neither Myc-Max nor
Max:Max dimers are acetylation substrates for purified Tip60.

Reversible acetylation of Myc in mammalian cells by endog-
enous HATs and p300 requires the Myc TAD1-110 region. To
analyze Myc acetylation in mammalian cells, we used an anti-
body directed against acetyl-lysine residues (acetyl-K antibody
hereafter) that specifically recognizes Myc acetylated by p300

FIG. 3. Myc is acetylated by p300 in mammalian cells. (A) Acetyl-K antibody recognizes p300-acetylated Myc in vitro. The Myc:Max complex
(0.3 pmol) was acetylated in vitro in the absence (�) and presence (�) of p300 (50 ng) and cold acetyl-CoA (2 �M, lane 3, and 10 �M, lanes 4
and 5). The reactions were analyzed by Western blotting (WB) with p300 (N-15), Myc (C-33), and acetyl-K antibodies. The Myc portion of the
filter was probed first with acetyl-K antibody and then stripped and reprobed with Myc (C-33) antibody. Acetylated Myc is indicated with an
arrowhead. (B) Endogenous Myc-Max complexes were immunoprecipitated with Myc (N-262) and Max (C-124) antibodies (lanes 2 and 3,
respectively) from HeLa cells transfected with p300 and treated for 4.5 h with HDAC inhibitors and MG-132. A control immunoprecipitation was
performed with a Gal4 (DBD) antibody (lane 1). Western blot was performed first with the acetyl-K antibody and, after stripping the same filter,
was reprobed with Myc (C-33) antibody. TrueBlot reagents were used for IP and Western blotting (see Materials and Methods). Arrowheads
indicate the position of Myc. (C) COS-7 cells and (D) HEK293 cells were transfected as described in Materials and Methods with either Flag-Myc
wt or Flag–Myc�1-110 mutant (�1-110) and p300 (�) or the corresponding empty vectors (�), as indicated. Cells were treated (�) or
mock-treated (�) with HDAC inhibitors (HDAC inh.), as indicated. Immunoprecipitations were performed with the Flag antibody and Flag-Myc
proteins were analyzed by Western blotting (WB) with the acetyl-K antibody first (top panel) and then, after stripping the filter, with the Flag
antibody (bottom panel). Flag-Myc wt and �1-110 are indicated with filled and open arrowheads, respectively. An asterisk indicates the
immunoglobulin H chain.
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in vitro (Fig. 3A, bottom panel, lanes 3 and 4) but not unacet-
ylated Myc (lanes 1, 2, and 5) in Western blots. Endogenous
cellular Myc-Max complexes were immunoprecipitated with
specific antibodies to Myc and Max from HeLa cells that were
transfected with a p300 expression vector and treated with
proteasome and HDAC inhibitors to prevent the rapid turn-
over of acetylated Myc (see below). A control immunoprecipi-
tation was performed with an antibody to yeast Gal4. Western
blot analysis indicated that immunoprecipitated Myc was spe-
cifically recognized by the acetyl-K antibody (Fig. 3B, top
panel, lanes 2 and 3) and, as expected, no Myc was immunopre-
cipitated with the Gal4 antibody (lane 1). Interestingly, the pro-
portion of acetylated (versus total) Myc was higher in complexes
immunoprecipitated with antibodies to Max (lane 3) compared
to anti-Myc immunoprecipitated complexes (lane 2). This
might suggest that acetylated Myc is preferentially found in
association with Max or alternatively that Myc acetylation hin-
ders its direct recognition by Myc antibodies. Acetylation of
endogenous Myc in HeLa cells was further confirmed by tan-
dem mass spectrometry analyses of complexes immunoprecipi-
tated with Max antibodies, which identified K148 as one of the
residues acetylated in human c-Myc (see Fig. S6 in the supple-
mental material and further below). These results demonstrate
acetylation of endogenous Myc and that acetylated Myc can
associate with Max in HeLa cells.

To further analyze Myc acetylation by endogenous cellular
HATs and p300 in mammalian cells and to test the role of the
TAD1-110 region of Myc, both Flag-tagged Myc wt and the
�1-110 Myc deletion mutant were transiently transfected in
COS-7 cells with or without a p300 expression vector. The cells
were either incubated with HDAC inhibitors or mock incu-
bated and Flag-tagged Myc proteins were immunoprecipitated
and analyzed by Western blotting with the acetyl-K and Flag
antibodies. As shown in Fig. 3C, in the absence of transfected
p300, increased levels of Myc acetylation were observed in cells
treated with HDAC inhibitors (lane 5, top panel) compared to
untreated cells (lane 3). This indicates that Myc is a target for
both endogenous HATs and HDACs in COS-7 cells. Signifi-
cantly, Myc acetylation levels were further increased by coex-
pression of p300 (lane 6), although p300 alone had basically no
effect (lane 4), indicating a synergistic action of HDAC inhib-
itors and p300 in acetylation of Myc in COS-7 cells. In stark
contrast, the Myc �1-110 mutant protein was not detectably
acetylated under the same conditions, either in the absence or
presence of p300 (lanes 7 and 8). A similar synergistic action of
HDAC inhibitors and p300 on acetylation of Myc wt but not
Myc �1-110 was observed in HEK293 cells (Fig. 3D). These
results demonstrate that Myc can be acetylated in mammalian
cells by p300 and that Myc acetylation in COS-7 and HEK293
cells by both ectopic p300 and endogenous cellular HATs
requires the TAD1-110 region and is actively counteracted by
cellular HDACs.

Myc is stabilized by p300/CBP independently of acetylation
and destabilized by acetylation of lysine residues located be-
tween the TAD and bHLHZip domains. To address the role of
p300 and Myc acetylation we mapped the location of p300-
acetylated Myc residues in vitro and in mammalian cells
(COS-7 and HEK293 cells). We have recently identified by
mass spectrometry six Myc lysine residues that are direct sub-
strates for acetylation by p300 in vitro (37), and we report here

the identification by tandem mass spectrometry (MS/MS) of a
novel p300-targeted site in vitro (see data in the supplemental
material). Thus, p300 directly acetylates a total of seven lysine
residues in vitro, which are in mouse (and human) c-Myc: K144
(143), K149 (148), K158 (157), K275, K317, K323, and K371
(mouse and human c-Myc coordinates differ only at the N
terminus). We have further found that four of these residues,
K149 (148), K158 (157), K317, and K323 are also acetylated in
HEK293 cells upon cotransfection of Flag-Myc and p300 (see
MS/MS data in the supplemental material). Interestingly, these
residues are not located within the 1-110 region that is essen-
tial for p300 binding and Myc acetylation in vivo, but reside
between the TAD and the HLHZip domains (Fig. 4A). Nota-
bly, the TAD1-110 region contains only two lysine residues at
position 51 and 52 (K51 and K52), whereas the bHLHZip
domain contains 10 conserved lysine residues (Fig. 4A).

To determine whether the p300-acetylated sites identified by
mass spectrometry are also acetylated by endogenous HATs in
COS-7 cells and include the major acetylation sites in vivo, we
expressed Flag-tagged Myc mutant proteins containing various
combinations of lysine-to-arginine substitutions targeting a to-
tal of 17 of the 27 lysine residues present in mouse Myc and
analyzed their acetylation by Western blot, as described above.
A Myc mutant (NRC, Fig. 4A) having each of these 17 lysine
residues substituted to arginine was not acetylated (Fig. 4B,
top panel, lane 9). In contrast, a Myc mutant having only K51
and K52 substituted to arginine (NR, Fig. 4A) and a mutant
Myc protein (CR) having all of the 10 conserved lysine residues
within the bHLHZip domain substituted to arginines were
both as efficiently acetylated as the wild-type Myc protein (Fig.
4B, lanes 5 and 8 versus lane 4). Significantly, the substitution
of 6 (mutant R6) or only 5 (mutant R5) lysine residues dras-
tically reduced Myc acetylation (Fig. 4B, lanes 6 and 7). No-
tably, Myc acetylation was not significantly affected by substi-
tuting these lysine residues individually; however, a significant
but partial reduction (ca. 60% inhibition) in acetylation was
observed with a mutant having both residues K158 and K323
substituted to arginine, indicating that these two residues are
major acetylation sites in vivo but also that other residues
substituted in R5 and R6 mutants contribute significantly to
the overall Myc acetylation level (data not shown).

To determine whether these residues comprise the major
acetylation targets for p300, Flag-Myc wt and mutants were
expressed in HEK293 cells in the presence or absence of p300
and the cells were treated with HDAC inhibitors. Flag-Myc
proteins were immunoprecipitated and analyzed by Western
blot as described above. As shown in Fig. 4C (top panel) p300
induced acetylation of Myc wt (lane 3 versus 4), as well as the
Myc mutants with lysine-to-arginine substitutions in the N ter-
minus (NR, lane 5) and C terminus (CR, lane 8). However,
consistent with the above results, p300-mediated acetylation of
Myc was drastically reduced (but apparently not completely
eliminated) in mutants R6 and R5 and in the �1-110 deletion
mutant (�N, lane 10). Consistent with the fact that Max is
directly acetylated by p300 in vitro and in vivo (see above;
F. Faiola and E. Martinez, submitted for publication) endog-
enous Max coprecipitated with Flag-Myc and was also acety-
lated by p300 in these assays (two bottom panels, lane 3 versus
4). Interestingly, p300-mediated Max acetylation was indepen-
dent of Myc acetylation (lanes 6, 7, and 9) but required the
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N-terminal 1-110 region of Myc (lane 10). These results sug-
gest that there are two main regions within Myc that are tar-
geted for acetylation by p300 in vivo: i.e., a region immediately
flanking MB2 in which lysine residues K144, K149, and K158
are acetylated and a region overlapping with a nuclear local-
ization signal containing the acetylated residues K317 and
K323 (Fig. 4A). Thus, we conclude that efficient p300-medi-
ated acetylation of both Myc and Max within Myc-Max com-
plexes in mammalian cells requires the Myc N-terminal (i.e.,
1-110) p300-binding region.

Since acetylation often regulates protein stability we an-
alyzed the role of p300/CBP in regulation of Myc protein
turnover in vivo under both nonacetylating and acetylating
conditions. To first address a possible role of p300/CBP in
regulating Myc protein turnover independently of Myc acet-

ylation, Flag-tagged Myc and p300/CBP expression vectors
were cotransfected in HEK293 cells cultured in the absence
of HDAC inhibitors. Under these conditions Myc is not
detectably acetylated (Fig. 3). Protein synthesis was then
inhibited with cycloheximide and the relative amounts of
Flag-Myc were determined by semiquantitative Western blot
analyses (see Materials and Methods) at different times after
cycloheximide addition. As shown in the representative exper-
iment of Fig. 5A (top 3 panels) and the relative half-lives
obtained from several independent experiments (Fig. 5F), both
p300 and CBP stabilized Myc by increasing its half-life by
	3-fold. Significantly, a mutant CBP�HAT that lacks acetyl-
transferase activity due to an amino acid substitution in its
HAT domain (20) also stabilized Myc to a similar extent (Fig.
5A, bottom panel, and Fig. 5F). Thus, these results demon-

FIG. 4. Mapping p300-acetylated Myc residues in mammalian cells by mass spectrometry and site-directed mutagenesis. (A) Diagram of mouse
c-Myc wt indicating seven lysine residues acetylated by p300 in vitro (arrowheads; see reference 37 and additional data in the supplemental
material). Filled arrowheads indicate those lysine residues acetylated by p300 in HEK293 cells and mapped by MS/MS (see text and mass spectra
in the supplemental material). The lysine-to-arginine (K3R) substitution mutants used below are indicated. Boxes 1 and 2 are MB1 and MB2.
“N” is a nuclear localization signal. (B) Analysis of Flag-Myc wt and K3R mutants in transfected COS-7 cells treated (�) or mock treated (�)
with HDAC inhibitors (HDAC inh.). Equal amounts of immunoprecipitated Flag-Myc wt and mutants were analyzed by Western blot as in Fig.
3C. Acetylated (Ac-Myc) and total Flag-Myc (Total Myc) is indicated. (C) HEK293 cells transfected with Flag-Myc wt or the indicated K3R and
�1-110 (�N) mutants, and with p300 (�) or the empty vector (�) were treated with HDAC inhibitors and equal amounts of immunoprecipitated
(IP: Flag) Flag-Myc proteins were analyzed by Western blot as described above. Endogenous Max coimmunoprecipitated with Flag-Myc proteins
was analyzed on the same blot with the acetyl-K antibody (Ac-Max) and with Max (C-124) antibody (Total Max).
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strate that p300/CBP can stabilize Myc independently of acet-
ylation (see also below).

To address the role of acetylation, the assays described
above were repeated in HEK293 cells treated with HDAC
inhibitors since this allows p300-mediated Myc acetylation (see
Fig. 4C). Under these conditions and without cotransfected
p300/CBP, Myc half-life was only slightly reduced from 97 to

88 min on average (Fig. 5F, Myc wt column). In stark contrast
to the results presented above, in the presence of HDAC
inhibitors neither p300 nor CBP stabilized Myc, and p300
overexpression led to a small but reproducible decrease in Myc
half-life (Fig. 5B and C, compare two top panels, and Fig. 5F,
columns wt�p300 and wt�CBP). Interestingly, the CBP�HAT
mutant increased Myc half-life more than twofold under the

FIG. 5. Regulation of Myc turnover by p300/CBP in HEK293 cells. (A) Cells were transfected with Flag-Myc wt and, as indicated, with
expression vectors for p300, CBP, CBP�HAT, or the empty vector (�). Cycloheximide (CHX) was added at time zero and whole-cell extracts were
prepared at the indicated times (in minutes), and Flag-Myc (arrowhead) was detected by Western blotting with the Flag antibody. An asterisk
indicates vinculin detected on the same blot with a specific antibody, as a loading reference. (B and C) Same as in panel A, but cells were incubated
with HDAC inhibitors for 8 h prior to (and during) treatment with cycloheximide. In panel C, Flag-Myc wt and mutant R6 were analyzed with or
without cotransfected p300. (D) As above, but Flag-Myc wt was immunoprecipitated with the Flag antibody, and approximately equal amounts of
immunoprecipitated Flag-Myc were loaded on the gel (equal. load) and analyzed by Western blotting by successively probing with the Acetyl-K
antibody (Ac-Myc) and then with the Flag antibody (Total Myc). (E) Same as in panel D except that MG-132 was present during cycloheximide
treatment. (F) The half-lives (T1/2) of Flag-Myc wt and R6 mutant without and with cotransfected p300, CBP, and CBP�HAT were determined
in the absence (�) and presence of HDAC inhibitors and normalized to the half-life of Flag Myc wt without cotransfected HAT which was set
to 1* (average Myc wt T1/2 � the SD indicated in minutes). The relative T1/2 is the average (�the SD) from at least three independent
experiments. The value in parentheses indicated by a superscript “a” is from one experiment. n.a., not analyzed.
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same conditions (Fig. 5B, bottom panel, and Fig. 5F, column
wt�CBP�HAT). Thus, a functional HAT domain interferes
with the Myc stabilizing functions of p300/CBP in the presence
of HDAC inhibitors. These results suggested specifically the
possibility that the Myc stabilizing function of p300/CBP was
counteracted by acetylation of the specific lysine residues iden-
tified above. To test this, the acetylation-defective Myc R6
mutant was analyzed similarly. In the presence (but not in the
absence) of HDAC inhibitors Myc R6 had a 30% longer half-
life than Myc wt (Fig. 5F, Myc R6�HDACinh.). Significantly,
cotransfection of p300 further increased the half-life of Myc
R6 mutant to more than the double that of Myc wt under the
same conditions (Fig. 5C and Fig. 5F, �HDAC inh., compare
Myc wt and wt�p300 with R6�p300). This result further sup-
ports the notion that p300-mediated Myc acetylation increases
Myc protein turnover. However, since only a fraction of total
Myc was acetylated under these conditions (see below), we also
analyzed the turnover of acetylated Myc more directly. Flag-
Myc proteins were immunoprecipitated at different times after
cycloheximide addition and then analyzed by Western blotting
with the acetyl-K antibody (for acetylated Myc) and with the
Flag antibody (for total acetylated and unacetylated Myc). If
the fraction of acetylated Myc was more stable than unacety-
lated Myc, a time-dependent increase in the relative amount
of acetylated Myc versus total Myc should be observed after
cycloheximide addition. Furthermore, since we inhibited cel-
lular HDACs but not HATs, ongoing acetylation during cyclo-
heximide treatment (see below) should also lead to accumula-
tion of acetylated Myc even if acetylation had no effect on Myc
stability. If, however, acetylated Myc was less stable than un-
acetylated Myc, a time-dependent decrease in the ratio of
acetylated versus total Myc (or minimally a constant ratio)
should be expected. Since the total cellular amount of Myc
decreases during the cycloheximide time course, approximately
equal amounts of immunoprecipitated Myc were analyzed for
each time point to facilitate this comparison. As shown in Fig.
5D, the ratio of acetylated to total Myc did not increase but
rather decreased from 30 to 210 min of cycloheximide treat-
ment. Thus, these results confirm that p300-mediated acetyla-
tion does not increase Myc stability but instead further support
an increased turnover of p300-acetylated Myc (see also below).

To determine whether the turnover of acetylated Myc is
proteasome dependent, the same assay (as in Fig. 5D) was
performed in the presence of the proteasome inhibitor MG-
132. As shown in Fig. 5E, MG-132 increased the relative
amount of acetylated versus total Myc during cycloheximide
treatment. This specific increase in the amount of acetylated
Myc, while total Myc remained constant in cells treated with
MG-132 (data not shown), confirmed that only a fraction of
total Myc was acetylated and that acetylation continues during
cycloheximide treatment in the presence of HDAC inhibitors,
a finding consistent with the fact that p300 levels remained
unchanged during the time course analysis (data not shown).
These results therefore indicate a proteasome-dependent turn-
over of acetylated Myc. The fact that Myc acetylation contin-
ues after inhibition of protein synthesis, but the fraction of
acetylated Myc versus total Myc does not increase over time
(Fig. 5D), strongly supports the notion that p300-mediated
acetylation increases Myc turnover.

Altogether the above results suggest that p300/CBP both

stabilizes Myc independently of acetylation and increases pro-
teasome-dependent Myc turnover via acetylation of one or
several of the acetylated lysine residues located between the
TAD and bHLHZip domains. We propose that under acety-
lating conditions (e.g., cellular HDAC inhibition) the Myc sta-
bilization effect of p300/CBP is counteracted by its acetylation-
dependent Myc destabilizing function.

Synergistic transcription activation by Myc and p300/CBP
from the hTERT promoter requires Myc TAD1-110 region and
p300/CBP HAT activity but not p300/CBP-mediated Myc ace-
tylation. To determine whether p300 can function as a tran-
scription coactivator for Myc, we analyzed activation of the
natural hTERT promoter (an established Myc-regulated pro-
moter [12]) by transient transfection of Myc and p300 in HeLa
cells. All experiments described hereafter were performed in
the absence of HDAC inhibitors. Under these conditions we
did not detect Myc acetylation either in the presence or ab-
sence of coexpressed p300 (data not shown and see below).
The activity of a chimerical hTERT promoter-luciferase re-
porter gene construct having both Myc E-box binding sites (E1
and E2, hTERT wt, Fig. 6A) was stimulated eight- to ninefold
by coexpression of Myc and p300 (Fig. 6B, lane 1 versus lane 4).
Deletion of hTERT promoter sequences (�6 to �40) down-
stream of the transcription start site, which include the down-
stream E-box (E2), increased promoter activity in the absence
of transfected Myc and p300 (lane 2) and resulted in a reduced
activation by Myc and p300 (lane 5), suggesting that the down-
stream E-box element (E2) has both activating and repressive
functions, as previously proposed (12). A single nucleotide
substitution in the upstream E-box (CACGTG3 CACCTG),
which was shown previously to strongly inhibit Myc activation
of the hTERT promoter (34), reduced hTERT promoter ac-
tivity by ca. 50% (lane 3 versus lane 1) and was not (or only
marginally) activated by coexpression of Myc and p300 (com-
pare lanes 6 and 3). Thus, both E box elements are required for
maximal activation of the hTERT promoter by the combined
action of Myc and p300 (see also below).

We further analyzed the mechanisms of hTERT promoter
activation by Myc and p300 and also addressed the role of
CBP. Interestingly, whereas the combined action of Myc and
p300 led to an eight- to ninefold activation of the hTERT wt
promoter, Myc and p300 separately only activated about three-
fold and less than twofold, respectively (Fig. 6C, lanes 2 to 4).
Similarly, cotransfection of Myc and CBP activated the
hTERT promoter nine- to tenfold (Fig. 6D, lane 5), whereas
each separately activated only about threefold (Fig. 6D, lanes
2 and 4). The synergistic activation by Myc and p300/CBP was
abolished by deletion of the Myc TAD region 1-110 (Fig. 6C,
lane 6, and Fig. 6D, lane 8). The failure of the �1-110 Myc
mutant to synergize with p300/CBP did not result from a com-
plete loss of transactivating potential of this truncated Myc
protein since under these conditions the �1-110 Myc mutant
still activated the hTERT promoter about two- to threefold
(Fig. 6C, lane 5, and Fig. 6D, lane 7). Consistent with the fact
that both E-box elements were important for Myc-dependent
activation, the synergistic activation by Myc and p300/CBP was
also abolished by mutation of the upstream E-box element
(Fig. 6B, lane 6) or by deletion of the downstream E-box
sequence (Fig. 6C, lane 10, and Fig. 6D, lane 13). Thus, the
Myc1-110 region and both E-box elements are important for
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synergistic activation of the hTERT promoter by Myc and
p300/CBP.

To address the role of p300/CBP HAT activity in this
synergism, we analyzed Myc-dependent activation of the
hTERT promoter in the presence of the CBP�HAT mutant
(20). As shown in Fig. 6D, CBP�HAT did not activate
hTERT transcription by itself or in combination with co-
transfected Myc (lanes 3 and 6, respectively). Western blot
analyses further indicated that, under these conditions, Myc

protein levels (both Flag-Myc wt and �1-110) were not
significantly affected by cotransfection of p300/CBP (Fig.
6F) and Myc was not detectably acetylated (data not shown).
These results suggest that stimulation of Myc transactivation
by p300/CBP was not simply the result of increased Myc
protein levels or Myc acetylation. Consistent with this, the
acetylation-defective Myc R6 mutant was as active as wt
Myc (Fig. 6E, lane 5), and its transactivating function was
also stimulated by p300 (lane 6).

FIG. 6. Synergistic activation of the hTERT promoter by Myc and p300/CBP in HeLa cells requires E-box elements, p300/CBP HAT activity,
and the Myc TAD1-110 region. (A) Schematic of hTERT-luciferase reporters. Two E-box elements and five Sp1 sites are indicated. The bent arrow
is the transcription start site. (B) HeLa cells were transiently transfected with hTERT wt (black), Del.E2 (gray) or Mut.E1 (white) constructs and
expression vectors for Flag-Myc and p300 (lanes 4 to 6) or corresponding empty vectors (lanes 1 to 3). Luciferase activities are relative to the
activity in lane 1 (set to 1, *). (C) Cells were transfected with hTERT wt (■ ) (lanes 1 to 6) or Del.E2 (u) (lanes 7 to 12) and with p300 and Flag-Myc
wild-type (wt) and �1-110 (�110) expression vectors, as indicated. The “Fold Activation” is relative to the luciferase activities obtained with
hTERT wt reporter alone (lane 1) or Del.E2 alone (lane 7), which were set to 1 (*). (D) Cells were transfected with hTERT wt (■ ) (lanes 1 to
8) or Del.E2 (u) (lanes 9 to 16) and expression vectors for Flag-Myc proteins (as described above) and CBP or CBP� HAT, as indicated. (E) Cells
were transfected with hTERT wt reporter and Flag-Myc wt or R6 mutant and either p300 (�) or the empty vectors (�), as indicated. Fold
activation is relative to lane 1. (F) Extracts of cells transfected with either Flag-Myc wt or Flag-Myc �1-110 expression vectors and with (�) p300
(upper panel) or CBP or CBP�HAT (bottom panels) or with the corresponding empty vectors (�) were analyzed by Western blotting with
antibodies to Flag (wt and �110) and TATA-binding protein (TBP).
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Altogether these results demonstrate a synergistic activation
of the hTERT promoter by Myc and p300/CBP, which requires
both E-box elements, p300/CBP HAT activity and the Myc
TAD1-110 region and strongly suggest that activation of Myc-
dependent transcription by p300/CBP is not simply mediated
through Myc acetylation and/or indirectly through alterations
in Myc protein levels.

Myc TAD1-103 region is sufficient for synergistic transcrip-
tion activation with p300/CBP. To further determine whether
the synergistic transactivation by Myc and p300/CBP is medi-
ated through interactions with the N-terminal Myc TAD and
does not require the rest of the Myc protein, Max, or other
gene-specific promoter-binding transcription factors, transient
transfections were performed in HeLa cells with a luciferase
reporter gene under the control of an artificial promoter com-
posed of five Gal4 binding sites upstream of the adenovirus E4
TATA box and expression vectors for p300/CBP and Gal4-Myc
fusion proteins containing different regions of Myc TAD fused
the Gal4 DNA-binding domain. As shown in Fig. 7A, the Gal4

reporter gene was activated four- to fivefold by p300 in the
presence a Gal4-Myc1-262 fusion protein containing the
N-terminal 262 amino acids of Myc (Fig. 7A, lane 4) but not in
the presence of the Gal4 DNA-binding domain alone (lane 2).
Significantly, a minimal Myc TAD1-103 region was sufficient to
confer a three- to fourfold induction by p300, whereas the Myc
TAD region 41-143, which lacks residues 1 to 40 that are
important for interaction with p300 (see Fig. 1D), conferred
less than twofold activation by p300 (lane 8). The fact that the
MB2-containing Myc 41-143 region did not significantly syner-
gize with p300 was not due to a lack of transactivating potential
of this domain as Gal4-Myc41-143 activated this reporter bet-
ter than Gal4-Myc1-262 and Gal4-Myc1-103, as reported pre-
viously (16; data not shown).

Similarly, CBP also synergized (6-7-fold) with Gal4-Myc1-
262 and Gal4-Myc1-103 (Fig. 7B, lanes 4 and 7) but much less
efficiently (two- to threefold) with Gal4-Myc41-143 (lane 10).
Furthermore, the CBP�HAT mutant did not stimulate Myc
TAD-dependent transcription (lanes 5 and 8), suggesting that
acetylation of histones or other targets distinct from Myc and
Max is important for the synergistic action of Myc TAD and
p300/CBP. These results demonstrate a functional synergy
between p300/CBP and an isolated p300-interacting Myc
TAD region that requires the HAT activity of p300/CBP but
not Myc acetylation and is independent of other gene-spe-
cific activators.

Myc is essential for p300 recruitment and transcription
activation of the endogenous hTERT promoter in HeLa cells.
To address the role of endogenous Myc in p300 recruitment
and activation of the natural hTERT gene in HeLa cells, we
used RNAi to inhibit Myc expression. Expression vectors for
shRNAs directed against human Myc (h-Myc) and against
luciferase (GL2, as control) were transiently transfected in
HeLa cells. Expression of the h-Myc shRNA but not the con-
trol GL2 shRNA decreased the mRNA levels for several es-
tablished splicing variants of hTERT (36) as determined by
RT-PCR (Fig. 8A, lane 1 versus lane 2). To confirm that the
reduction in hTERT mRNA levels is due specifically to the
knockdown of Myc, we overexpressed mouse Myc (m-Myc),
which in contrast to the endogenous and overexpressed human
Myc cannot be silenced by the h-Myc shRNA sequence used
here (see Fig. 8B). Mouse Myc restored hTERT mRNA levels
in cells expressing the h-Myc shRNA (Fig. 8A, compare lanes
2 and 3). These results establish an essential role of endoge-
nous Myc in activation of the hTERT gene in HeLa cells.

To address whether Myc and p300 are recruited to the en-
dogenous hTERT promoter and whether Myc is required for
p300 recruitment, we generated HeLa S3 cells that stably ex-
press the h-Myc shRNA described above. As shown in Fig. 8C,
cells stably transfected with the h-Myc shRNA expression vec-
tor had a reduced expression of endogenous Myc compared to
cells stably transfected with the control vector, whereas p300
protein levels were not affected (lane 1 versus lane 2, top
panels [WB]), and this correlated with reduced levels of
hTERT transcripts (lane 2, bottom RT-PCR panels). We then
analyzed the recruitment of Myc and p300 to the endogenous
hTERT promoter in these cells by ChIP assay. As shown in Fig.
8D, control cells had both Myc and p300 bound to the endoge-
nous hTERT promoter (lanes 9 and 11). In contrast, the interac-
tion of both Myc and p300 with the hTERT promoter was inhib-

FIG. 7. Myc TAD 1-103 region is sufficient for synergistic transcrip-
tion activation with p300/CBP. (A) HeLa cells were transfected with
pG5-E4-luciferase reporter and expression vectors for either Gal4
(lanes 1 and 2), Gal4-Myc(1-262) (lanes 3 and 4), Gal4-Myc(1-103)
(lanes 5 and 6), or Gal4-Myc(41-143) (lanes 7 and 8) and with a p300
expression vector (�) or the corresponding empty vector (�). The
activity of each Gal4 fusion activator in the presence of p300 (■ ) is
given as the percentage of its activity in the absence of p300, which was
set arbitrarily to 100% (�, asterisks). (B) HeLa cells were transfected
as described above but with (�) expression vectors for CBP, or
CBP�HAT or the corresponding empty vector (�), as indicated. The
activity of each Gal4 fusion activator in the absence of CBP/
CBP�HAT was set to 100% as described above.
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ited in Myc shRNA-expressing cells (lanes 10 and 12). The
association of Myc and p300 with the hTERT promoter was
specific since a region of the �-globin gene was not immunopre-
cipitated with Myc and p300 antibodies (lanes 9 to 12, bottom
panel). In addition, the inhibition of Myc and p300 binding in Myc
shRNA-expressing cells was not due to a generalized nonspecific
inhibition of gene expression, since the �-actin and GAPDH
genes were not inhibited (Fig. 8C, bottom panel, and data not
shown) and the binding of TBP and Pol II to the GAPDH pro-
moter was not affected (Fig. 8D, lanes 19 to 22). These results
establish an essential role of endogenous Myc in p300 recruitment
and transcription activation of the hTERT gene in HeLa cervical
cancer cells, which is consistent with the synergistic activation of
the hTERT promoter by Myc and p300 presented above.

DISCUSSION

In this study we have uncovered a complex regulation of Myc
by p300 involving p300 interaction with Myc N-terminal

TAD1-110 region, a region that is essential for Myc-dependent
oncogenic transformation. We provide evidence that p300 con-
trols Myc protein turnover via acetylation-dependent and -in-
dependent mechanisms and functions as a Myc coactivator that
stimulates Myc-dependent activation of the hTERT promoter
in human cancer cells.

We have shown that Myc (but not Max) recruits p300 in vivo
and in vitro through direct physical interactions with its N-
terminal TAD1-110 region. Interestingly, the fact that Max
does not interact directly with p300 but that Myc TAD is
essential for efficient acetylation of both Myc and Max within
Myc:Max heterodimers in mammalian cells suggests that Myc
TAD might stimulate acetylation by functioning as a docking
site that tethers p300 in close proximity to its substrates. In
contrast, GCN5 (or STAGA) only acetylates Myc and Tip60
does not acetylate either Myc or Max in vitro. Thus, our anal-
yses demonstrate important differences and specificities in the
acetylation of the Myc-Max and Max-Max complexes by p300
and by the other Myc-interacting HATs and suggest that

FIG. 8. Myc is required for activation of the endogenous hTERT gene and for recruitment of p300 to the hTERT promoter in HeLa cells.
(A) HeLa cells were transiently transfected with pSUPER vectors expressing shRNAs for luciferase (GL2) or human c-Myc (h-Myc) and either
the mouse Myc (m-Myc) expression vector pCbS-Flag-Myc (lane 3) or its empty vector pCbS (lanes 1 and 2), and transcripts for hTERT and �-actin were
analyzed by RT-PCR. Several hTERT splicing variants (�� �� and ��) are indicated. (B) HeLa cells were transfected as described above with vectors
expressing GL2 or h-Myc shRNAs alone (lanes 1 and 2) or together with expression vectors for human Myc (h-Myc) (lanes 3 and 4) or mouse Flag-Myc
(m-Myc) (lanes 5 and 6). After 72 h endogenous and ectopic human Myc (h-Myc) and ectopic mouse Myc (m-Myc) were analyzed by Western blotting
with a Myc antibody and with the hTBP antibody. (C) HeLa.Myc-shRNA cells stably expressing the h-Myc shRNA (�) and HeLa.pSuper control cells
(�) were analyzed by Western blotting (WB) with p300, Myc, SPT3, and TBP antibodies (upper panels) and by RT-PCR (bottom panels). The hTERT
splicing variants and �-actin transcripts are shown. (D) Equivalent amounts of chromatin from HeLa.Myc-shRNA and HeLa.pSuper control cells, which
express (�) or not (�) Myc shRNA were immunoprecipitated (ChIP) with either rabbit serum (C, lanes 7 and 8), or specific antibodies to Myc (lanes
9 and 10) or p300 (lanes 11 and 12). The position of the hTERT promoter PCR fragment is indicated with an arrowhead. PCRs with dilutions of input
chromatin from both cell lines are shown (lanes 1 to 6). A region in the third intron of the �-globin gene was amplified as background control. Chromatin
precipitated with hTBP and RNA polymerase II antibodies and PCR amplified with GAPDH promoter primers is shown in lanes 19 to 22.
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Tip60-induced Myc acetylation in transfected cells (26) is ei-
ther indirect or requires additional Tip60-associated proteins.

We have identified 5 Myc lysine residues (K144, K149, K158,
K317, and K323) located between the TAD and bHLHZip
domains that are direct targets for acetylation by p300 in vitro
and in mammalian cells. The fact that individual and combi-
nations of two lysine substitutions do not abolish Myc acetyla-
tion in vivo (data not shown) suggests that most (if not all) of
theses five lysine residues contribute to the net acetylation of
Myc by p300 in cultured cells. Although it is possible that
additional Myc lysine residues might be acetylated under spe-
cific conditions (and/or by other HATs [see below]) in vivo,
their contribution to the overall acetylation level of Myc under
the conditions used here is clearly negligible.

Interestingly, we show that p300 targets Myc residue K149,
which was previously found acetylated in vivo by an unknown
HAT different from GCN5 (26). Thus, K149 appears to be a
specific substrate for p300. Notably, one of the lysine residues
acetylated by p300 (K323) is also acetylated by GCN5 in trans-
fected cells and GCN5 in addition acetylates K417, a residue
that is not phylogenetically conserved (26) and does not appear
from our results to be a major acetylation site for p300. Al-
though the complete set of Myc lysine residues acetylated by
GCN5 (and Tip60) remains to be determined, it is clear from
these combined observations and from the fact that only p300
acetylates Max that GCN5 and p300 have overlapping but also
distinct acetylation target specificities within the Myc-Max
complex. This suggests the possibility that acetylation by p300/
CBP and GCN5 might play distinct roles in the regulation of
Myc functions.

Our results indicate a complex regulation of Myc protein
turnover by p300/CBP involving both stabilizing and destabi-
lizing functions. Myc is stabilized by p300/CBP under nonac-
etylating conditions, including in the absence of a functional
HAT domain and of Myc residues that are substrates for p300-
mediated acetylation. This is partly consistent with a previous
report that indicated Myc stabilization and reduced Myc ubiq-
uitination by overexpressed CBP in HEK293 cells (cultured
apparently in the absence of HDAC inhibitors). That study
concluded that Myc stabilization results from its acetylation by
CBP (31). However, as shown here, Myc is not detectably
acetylated in HEK293 cells in the absence of HDAC inhibitors
(Fig. 3D). Moreover, we have found no evidence for a Myc-
stabilizing role of p300/CBP involving acetylation but rather
our data indicate that p300-acetylated Myc has a faster turn-
over than the bulk of unacetylated Myc and is disposed by a
proteasome-dependent mechanism in HEK293 cells. Thus, our
results strongly suggest that Myc is stabilized by p300/CBP in
HEK293 cells independently of its acetylation and destabilized
by p300/CBP-mediated acetylation at one or several of the
lysine residues identified here. In contrast, GCN5 has been
reported to stabilize Myc in H1299 lung cancer cells in a
manner that is dependent on GCN5-acetylated lysines 323
and/or 417 (26). Thus, Myc acetylation by p300/CBP and
GCN5 appears to have opposite effects on Myc stability. It
remains, however, to be shown whether this difference is cell
type or growth condition dependent or whether it reflects a
more general difference in Myc regulation by these two types
of HATs.

The mechanisms involved in regulation of Myc protein turn-
over by either GCN5 or p300/CBP remain to be determined.
While acetylation of specific Myc lysine residues by GCN5
could prevent their ubiquitination and ubiquitin-mediated pro-
teasomal degradation (26), the interaction of p300/CBP with
Myc could potentially interfere with the recruitment of specific
Myc ubiquitin ligases and/or could mask potential ubiquitina-
tion sites, resulting in acetylation-independent Myc stabiliza-
tion. This would be consistent with the direct interaction of
Myc TAD with p300 and the role of Myc TAD in recruitment
of ubiquitin ligases and in regulation of Myc turnover (re-
viewed in reference 1). Although much less frequently ob-
served, acetylation of lysine residues has also been associated
with increased recruitment of ubiquitin ligases and ubiquitin-
dependent proteasomal degradation of proteins (reviewed in
reference 35). Such a mechanism could potentially explain the
increased turnover of p300-acetylated Myc.

In addition to its role in acetylating Myc and regulating its
turnover, we provide evidence that p300/CBP also functions as
a coactivator for Myc via its interaction with the N-terminal
Myc TAD domain. We demonstrate that endogenous Myc in
HeLa cells is essential for transcription of the chromosomal
hTERT gene and for recruitment of p300 to the hTERT pro-
moter. We show that p300/CBP stimulates Myc-dependent
transcription from the hTERT promoter and that this requires
both E-box elements, the Myc TAD1-110 region, and p300/
CBP HAT activity. Although these results do not exclude ad-
ditional functions of p300/CBP through the C terminus of Myc
at certain promoters as suggested previously (31), our data
strongly suggest that Myc directly recruits p300/CBP to pro-
moters in vivo via interactions with its TAD domain. Indeed,
p300 directly binds to Myc TAD in vitro and p300/CBP also
stimulates activation by Gal4-MycTAD fusion proteins. The
p300/CBP HAT activity-dependent stimulation of Myc trans-
activation described here is not merely the result of increased
Myc stability since a functional p300/CBP HAT domain is not
required for Myc stabilization and most likely involves acety-
lation of targets other than Myc since p300 can stimulate tran-
scription activation of the hTERT promoter by an acetylation-
defective Myc mutant. The mechanism underlying the synergy
between Myc and p300/CBP remains, however, to be eluci-
dated. The fact that synergistic transactivation by Myc and
p300/CBP from the hTERT promoter requires the down-
stream E-box sequence, although an hTERT promoter con-
taining only the upstream E-box can support a significant level
of activation by Myc and p300/CBP separately, suggests a pos-
sible role of p300/CBP HAT activity in antagonizing a repres-
sor, perhaps including nucleosomal histones, which might in-
terfere with Myc binding or function at the downstream E-box
element. To our knowledge, these results provide the first
evidence for a role of p300/CBP in Myc-dependent transcrip-
tion activation of the hTERT promoter in cancer cells.

In conclusion, the analyses reported here have uncovered
a dual role of p300/CBP in Myc regulation: a “positive” role
as a coactivator-HAT that stabilizes Myc and mediates Myc
transactivating functions on natural target genes such as
hTERT and a “negative” role as an inducer of Myc insta-
bility via direct Myc acetylation. These apparently antago-
nistic activities of p300/CBP in Myc regulation are reminis-
cent of the roles of p300/CBP in cell proliferation and as a
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tumor suppressor and inducer of cell differentiation (4, 11).
This “double-edged sword” activity of p300/CBP in Myc
regulation trough the TAD domain appears also strikingly
similar to the role of Skp2 in ubiquitin/proteasome-medi-
ated degradation of Myc and in stimulation of Myc transac-
tivation (17, 32; for a review, see reference 1) and suggests
a potential cross talk between these two Myc regulatory
pathways that warrants further investigation.
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