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Abstract
Histone acetyltransferase enzymes (HATs) are important therapeutic targets, but there are few
cell-based assays available for evaluating the pharmacodynamics of HAT inhibitors. Here we
present the application of a FRET-based reporter, Histac, in live cell studies of p300/CBP HAT
inhibition, by both genetic and pharmacologic disruption. shRNA knockdown of p300/CBP led to
increased Histac FRET, suggesting a role for p300/CBP in the acetylation of the histone H4 tail
present. Additionally, we describe a new p300/CBP HAT inhibitor, C107, and show that it can
also increase cellular Histac FRET. Taken together, these studies provide a live cell strategy for
identifying and evaluating p300/CBP inhibitors.
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Introduction
Over the past 15 years, there has been an explosion of interest in the biology and chemistry
of epigenetic pathways and mechanisms. Many of the enzymes that catalyze the reversible
post-translational modification of histones on lysine residues by acetylation and methylation
have received attention as potential drug targets in cancer and other diseases. To date, there
have been two histone deacetylase (HDAC) inhibitors approved for clinical use in cutaneous
T cell lymphoma,[1] spurring drug discovery campaigns targeted at other histone modifying
enzymes. Although potentially equally important as drug targets, progress in the
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identification and characterization of histone acetyltransferase (HAT) inhibitors has lagged
relative to the vigorous advances in HDAC inhibitor development.

The p300 and CBP histone acetyltransferase paralogs have been pursued as potential
therapeutic targets in cancer, metabolic disorders, congestive heart failure, and viral
diseases.[2] The HAT activity of p300/CBP is proposed to be responsible for acetylation of
histones as well as many other cellular proteins, which together regulate many signaling and
transcriptional networks.[3] Although p300/CBP activity is essential for mammalian
viability,[4] its inhibition is a plausible treatment, as the upregulation or misregulation of
p300 or CBP is associated with various diseases,[5] and p300/CBP activity is essential for
replication of certain viruses.[6] Several natural and synthetic compounds have been reported
to inhibit the action of p300/CBP HAT.[7] One such p300/CBP HAT inhibitor compound,
C646,[8] has been used as a tool in a variety of studies from clarifying the mechanism of fate
switches in mouse development to interrogating the process of memory extinction.[9]

One of the challenges in chromatin drug discovery, particularly in the field of p300/CBP
HAT inhibitor development, is to ensure that compounds are targeting the desired protein in
cells. Such target validation has relied heavily on antibodies of varying specificity and other
indirect assays. In contrast, live cell reporters have become increasingly popular for the
dissection of pathways and the investigation of inhibitors in the study of protein
phosphorylation in signaling.[10] These live cell experiments can offer enhanced
spatiotemporal resolution, do not rely on antibodies, can overcome the limitations of fixing
and permeabilizing cells, and can provide information about single cells rather than bulk
readouts on cell populations. To our knowledge, no live cell assay, other than the work
reported here, has been established for the analysis of HAT activity.

Recently, the live cell FRET-based reporter Histac[11] was developed by fusing the gene for
histone H4 with the BrdT double bromodomains flanked by eCFP and Venus fluorescent
proteins (Figure 1A). Histac was designed to show a change in FRET upon the acetylation
of lysines 5 and 8 in the H4 tail by virtue of a predicted intramolecular conformational
change that involves the association of the bromodomains and the acetylated lysines. This
unimolecular design, while limiting the dynamic range, simplifies data interpretation due to
the 1:1 ratio of the donor:acceptor expression levels. Histac was shown to be incorporated
into chromatin and responsive to trichostatin A (TSA)-induced HDAC inhibition and
hyperacetylation. In principle, Histac could be used to identify HAT inhibitors and evaluate
their effects in living cells.[12] Because cells possess a number of HATs,[13] it was not
obvious which HAT(s) would be most influential in histone H4 K5/8 acetylation. Here, we
explore the possibility that p300 and/or CBP might be critical enzymes for the acetylation of
Histac and use this reporter to study the action of a p300/CBP inhibitor (Figure 1B).

Results and Discussion
Genetic knockdown of p300 and CBP and Histac FRET increase

To determine whether p300 and/or CBP could contribute to the FRET readout of the Histac
reporter, we stably transfected Cos7 cells with shRNAs to knock down p300 or CBP (for
complete data on all shRNAs tested, see Supporting Information). While one could envision
that the cells could compensate for this defect through the activation of other functionally
redundant HATs, and indeed we only knocked down p300 or CBP singly, we hypothesized
that stable knockdown would confer a chronic, if subtle, defect. These shRNAs were
effective in reducing p300 and CBP effectively at the RNA and protein level, as
demonstrated by qRT-PCR (Figure 2A) and immunoblot (Figure 2B). We then transiently
transfected Histac and quantified the emission ratio. Although there was a broad distribution
of emission ratios across each population of cells, a statistically significant difference was
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observed between the Cos7 cells in which either p300 (Figure 2C) or CBP (Figure 2D) had
been knocked down and the Cos7 cells with the empty vector control. This increase in FRET
in cells with p300 and CBP knockdown is consistent with a state of hypoacetylation on K5/
K8 of the Histac reporter.

Development of C107, a nonfluorescent p300/CBP inhibitor
Initially, we examined the potential of a p300/CBP-selective inhibitor, C646, to modulate
the Histac reporter in Cos7 cells. Unfortunately, the intrinsic fluorescence of C646
registered a large time-dependent fluorescent change in the relevant spectral region in
untransfected Cos7 cells, limiting its use for Histac studies. This prompted us to investigate
the characteristics of synthetic derivatives of C646 that might still block p300/CBP HAT
activity but circumvent the fluorescent interference exhibited by C646. For this purpose, we
pursued the analog C107, in which the furan ring is replaced with a phenyl group (Figure 3).
In addition to a possible contribution to C646 fluorescence, furan rings in general are
sometimes associated with pharmacokinetic liabilities.[14] Structure-based modeling studies
with p300 HAT domain had suggested that the furan replacement would be tolerated. The
synthesis of C107 followed a route developed for C646 in which a benzaldeyde building
block was used in place of the corresponding furanyl aldehyde (see Supporting Information
for complete chemical characterization).

Compound C107 was found to be a moderately potent inhibitor of purified recombinant
p300 HAT domain with an IC50 of approximately 9 μM (Figure 4A), about 2-fold less
potent than C646 (Figure 4B). We also examined the inhibition of an extended p300
recombinant protein construct containing the bromodomain and C/H3 domain flanking the
HAT domain (p300 BHC), which we generated from a baculovirus expression system. p300
BHC is considerably more efficient as a histone acetyltransferase compared with the p300
HAT domain, with a 5-fold higher kcat and 10-fold lower apparent Km for acetyl-CoA (see
Supporting Information for kinetic characterization of p300 BHC). Interestingly, both C107
(Figure 4C) and C646 (Figure 4D) showed 4- to 8-fold higher IC50 values with p300 BHC.
This result suggests conformational plasticity in the active site may be influenced by domain
interactions.

Next, we investigated the potential of C107 to block dynamic histone acetylation in C3H
10T1/2 mouse fibroblasts using acid urea gel western blots. Acetylation can be detected on
acid urea gels by the appearance of upper bands, caused by the presence of additional acetyl
moieties (on the same histone) reducing the charge on the molecule. As previously
reported,[15] the treatment of cells with trichostatin A (TSA) for 30 min can induce a rapid
increase in acetylation of histone H3 trimethylated on lysine 4, and pretreatment for 1 h with
compound C646 (25 μM) can block this TSA-induced hyperacetylation. Here we show that
pretreatment with C107 at 25 μM can achieve a similar effect as C646 (Figure 5), consistent
with the possibility that C107 can inhibit p300/CBP HAT activity in cells.

C107 pharmacodynamics using Histac
Compound C107 was devoid of interference in the emission wavelengths recorded for
Histac (Figure 6), enabling us to examine its ability to influence the Histac FRET signal in
Cos7 cells. C107 reproducibly increased the Histac emission ratio of yellow over cyan
(Figure 7A), comparable in magnitude but opposite in direction to the change in emission
ratio induced by the HDAC inhibitor TSA (Figure 7B). Interestingly, the extent of the
increase in emission ratio, around 10% after 50 min, was similar to that induced by the
genetic knockdown of p300/CBP (Figure 2). The C107 impact on emission ratio began
within 5 min of the exposure of cells to the compound and persisted for at least 50 min.
Across a population of cells, some variability in the degree of emission ratio increase was

Dancy et al. Page 3

Chembiochem. Author manuscript; available in PMC 2013 September 24.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



observed with C107 treatment (Figure 7C), but all cells experienced at least a 5% increase.
We also examined the dose dependency of C107 on Histac FRET. There was a dose-
dependent increase in the effect of C107 on Histac, with an intermediate effect seen at 5 μM
and a maximal effect achieved at 10–20 μM (Figure 7D), in the same range as the effect on
dynamic histone acetylation described above (Figure 5).

To verify that the effect on FRET was due to compound activity against p300/CBP and not
an off-target effect, we tested a structural analog of C646, compound 6p, that was previously
shown to be inactive against p300/CBP[8] and is not fluorescent (Figure 8A). The emission
ratio of Histac did not change upon treatment with this control compound as compared with
C107 treatment conducted in parallel (Figure 8B). To ensure that the effect was related to
the expected conformational change of a Histac reporter, we tested the effect of the Histac
point mutation (Y65A) in which a tyrosine residue in the bromodomain, which is implicated
in acetyl-lysine binding, is lost. It has been shown previously that this Y65A Histac is
insensitive to TSA treatment.[11] Here we show that Y65A Histac is also unresponsive to
C107 (Figure 8C), consistent with C107 inducing its effect through blockade of reporter
acetylation.

We further investigated the role of p300/CBP in mediating the impact of C107 on Histac by
testing these reagents in the Cos7 cells in which p300 or CBP had been stably knocked
down by shRNA. These experiments revealed a reduced effect of C107 on Histac FRET in
p300 and CBP knockdown Cos7 cells relative to control cells (Figure 9A). These results are
consistent with the proposition that C107 is targeting p300/CBP because reduction in the
levels of p300/CBP activity could lead to a reduced response to the p300/CBP HAT
inhibitor as judged by reporter acetylation.

We also explored whether TSA treatment of cells could alter C107 effects on the Histac
FRET signal. Interestingly, there was a small, but statistically significant enhancement of
C107 response when cells were pre-treated with TSA (Figure 9B). Moreover, when the same
compound treatments were carried out in the p300 and CBP knockdown Cos7 cells, we
observed that the Histac FRET response induced by C107 after TSA pretreatment was now
similar to that of control Cos7 cells (Figure 9C). Unlike C107, TSA treatment induced a
comparable FRET decrease regardless of whether p300/CBP were knocked down (Figure
9D). These data suggest that pre-acetylation of the reporter by TSA and/or the enhanced
autoacetylation of p300/CBP and/or the acetylation of other proteins can enhance the C107
influence on the Histac reporter under defined circumstances.

Conclusion
Through the combination of genetics and pharmacology, we validate the use of the live cell
imaging fusion protein Histac as a reporter for p300 and CBP histone acetyltransferase
activities. Although it is possible that the effect is mediated by a third entity, the rapid
response to p300/CBP inhibition suggests that Histac is a direct substrate of p300/CBP.
These studies suggest that histone H4 K5 and/or K8 acetylation are mediated in significant
measure by p300 and/or CBP HAT activities in these cells and under certain conditions,
although the contribution of other HATs cannot be ruled out. It is possible that our assay is
biased towards newly deposited histone H4, due to the fact that our reporter is transiently
transfected and assayed within 24 hours of expression, and therefore, it remains unknown
whether p300/CBP act on the H4 of older nucleosomes. Because the reporter is incorporated
into chromatin, its histone H4 likely functions as a similar substrate for HATs as the native
H4, although it should be noted that the readout is based on H4 that has been tagged at both
termini. This tagging is likely disruptive to H4 function, as evidenced by a loss in cell
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viability upon prolonged expression of the reporter.[11] Nevertheless, the overall readout
reflects both HAT and HDAC activities in these cells.

These studies also reveal that the furan ring of C646 can be replaced by a phenyl ring with
only a modest loss in in vitro p300 HAT potency, no obvious decrease in cellular potency,
and a loss of fluorescence that makes this compound suitable for cell-based assays with a
fluorescence readout, including dyes and fluorescent protein-based markers. It is also
potentially noteworthy that p300 HAT and p300 BHC histone acetyltransferase activities
and sensitivities to C646 and C107 compounds are somewhat different. This finding
suggests that the p300 bromodomain and C/H3 domain may serve to regulate the enzymatic
activity of p300/CBP, although further work will be needed to assess the relevance of this
finding to cellular actions.

The use of a live cell reporter for p300/CBP enzymatic activities opens up a variety of
potential applications. Our methods could be adapted for the high-throughput screening for
HAT inhibitors using automated multiwell imaging or flow cytometry. In addition to drug
screening as pursued here, one could investigate particular cell stimuli (for example, stress,
hormones, or growth factors) that might lead to global p300/CBP enzymatic activation with
increased spatiotemporal resolution as compared to past studies. In this regard, it was
interesting that HDAC inhibition seemed to result in enhanced C107 sensitivity. One
possible explanation for this is that HDAC inhibitors can facilitate the autoacetylation of the
regulatory loop of p300/CBP, which can stimulate its HAT activity.[16] However, given that
a multitude of other known substrates of p300/CBP exists, and that the acetylation of many
protein lysines increases in response to TSA, alternative mechanisms for TSA effects on
C107 sensitivities can be imagined.

Another potential application of this reporter would be to investigate HAT activity and
inhibition in cell type cocultures, organotypic cultures, or even animal tissues. Finally, it
might also be feasible in a future study to link Histac to specific transcription factors so that
gene-specific reporters for p300/CBP are formed. Such reporters, when used in conjunction
with established transcriptional reporters, could allow for a live cell dissection of the role of
histone modification in regulating gene expression.

Experimental Section
Plasmids

The vector pcDNA3.1+ containing the reporter gene Histac was reported previously[11] and
encodes Venus (a yellow fluorescent protein) fused to the double bromodomains of BrdT,
followed by a flexible linker and histone H4 fused to eCFP (a cyan fluorescent protein), all
driven by the CMV promoter. The Y65A mutant was created using a QuickChange site-
directed mutagenesis strategy. Knockdown constructs from the RNAi Consortium (TRC)
Collection II were obtained from the Johns Hopkins University High Throughput Biology
Center as pLKO.1 vectors containing short hairpin (shRNA) sequences driven by the U6
promoter along with a puromycin resistance gene.

Cell culture and knockdown
Cos7 cells were maintained in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum (FBS), 1 unit/ml penicillin, and 1 mg/ml
streptomycin at 37°C with 5% CO2. HEK (human embryonic kidney) 293T cells were
maintained in DMEM supplemented with 10% FBS at 37°C with 5% CO2. Lentiviral
production was carried out according to the RNAi Consortium (TRC) protocol (last updated
8/09/10), which consisted of the transient transfection of the packing plasmid, envelope
plasmid, and pLKO.1 plasmid with Lipofectamine 2000 (Invitrogen). The viral supernatants
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were produced in DMEM supplemented with 30% FBS at intervals within 15–63 hours after
transfection. 16 μg/ml polybrene was used to facilitate the infection of Cos7 cells and
selection in 5 μg/ml puromycin was carried out for 2 wk, beginning 24 h after infection.
C3H 10T1/2 mouse fibroblasts were maintained in DMEM supplemented with 10% fetal
calf serum (FCS) at 37°C with 5% CO2.

Protein sample preparation, gel electrophoresis, and western blotting
Subconfluent Cos7 cultures were harvested and total cell lysates were prepared in SDS
sample buffer. p300 and CBP transfer was carried out at 40 mA for 15 h at 4°C in 25 mM
Tris pH 8.3, 192 mM glycine, 4% methanol, and 0.1% SDS, whereas actin transfer was
conducted using an iBlot apparatus (Invitrogen). Mouse anti-p300 (1:1,000) was obtained
from Millipore (clone RW128, catalog #05-257), rabbit anti-CBP was obtained from Santa
Cruz Biotechnology (clone A-22, catalog #sc-369), mouse anti-actin (1:5,000) was obtained
from Sigma (clone AC-15, catalog #1978), horseradish peroxidase-linked sheep anti-mouse
(1:5,000) was obtained from GE Healthcare (NA931), and horseradish peroxidase-linked
donkey anti-rabbit (1:5,000) was obtained from GE Healthcare (NA934). These blots were
imaged using a Kodak Image Station 4000R PRO with Carestream Molecular Imaging
software version 5.0.7.24. Confluent C3H 10T1/2 cultures were quiesced in DMEM with
0.5% FCS for 18–20 h, followed by treatment with trichostatin A (TSA, 33 nM; Sigma),
C646 (25 μM), and/or C107 (5, 10, or 25 μM). Histones were isolated from cells by acid
extraction, separated by Acid-Urea polyacrylamide gel electrophoresis and analyzed by
western blotting as described previously.[17] Rabbit anti-H3K4me3 (1:5,000) and rabbit anti-
K3K9ac (1:10,000) were generated in-house.[18]

RNA sample preparation, reverse transcriptase cDNA synthesis, and quantitative real-time
PCR

Subconfluent Cos7 cultures were harvested, counted, and lysed using QIAshredder
(Qiagen), and RNA was isolated using RNeasy spin columns (Qiagen) according to the
manufacturer’s instructions. The RNA was analyzed for absorbance at 260 and 280 nm,
reverse transcriptase PCR was carried out using SuperScript II First-Strand Synthesis
System (Invitrogen) with oligo(dT), and cDNA samples were treated with RNase H
according to the manufacturer’s instructions. Primers were synthesized by Integrated DNA
Technologies (IDT) with the following 5′-3′ sequences: AGG CAT GGG AAG TGC TGG
CAA C (p300 forward), GCT GTT GAC CCA TGT TGG GCA TTC (p300 reverse), TCG
GCG AAT GAC AGC ACA GAT TTT G (CBP forward), GGG CTG CTG GCG CTC ACA
TT (CBP reverse), CAT GAG AAG TAT GAC AAC AGC CT (GAPDH forward), and
AGT CCT TCC ACG ATA CCA AAG T (GAPDH reverse). Quantitative real-time PCR
reactions were prepared using SYBR Green (Invitrogen) according to the manufacturer’s
instructions and run on a StepOnePlus (Life Technologies) thermocycler, with the threshold
cycle (CT) calculated by its StepOne software v2.2.

Microscopy
Cos7 cells were seeded in glass-bottom dishes (MatTek Corporation), allowed to adhere
overnight, and transfected with Histac using Lipofectamine 2000 (Invitrogen). 24 h after
transfection, cells were rinsed, supplied with Hanks balanced salt solution (HBSS), and
loaded onto a Zeiss Axiovert 200M microscope equipped with a heated stage. A lambda
10-2 wavelength selector (Sutter Instrument Company), Micro MAX BFT512 cooled
charge-coupled device camera (Roper Scientific), and MetaFluor 6.2 software were used to
capture images in three channels every 30 s. The excitation filter, dichroic mirror, emission
filter, and exposure times for each channel are as follows: 420DF20, 450DRLP, 535DF25,
500 ms (channel 1, FRET acceptor); 420DF20, 450DRLP, 475DF40, 500 ms (channel 2,
FRET donor); 495/10, 515, 535DF25, 50 ms (channel 3, total reporter). Average pixel
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intensities were calculated for each nucleus at each time point for each channel. The
background was subtracted from each channel, and the emission ratio (Y/C) was calculated
by channel 1 divided by channel 2.

p300 purification
Semisynthetic p300 HAT domain was prepared as reported previously using expressed
protein ligation.[19] A construct containing the bromodomain, HAT domain, and C/H3
domain (p300 BHC, residues 1036–1822) was amplified by PCR using primers with the
following 5′-3′ sequences: ATG CAT GAA TTC ATG GAT TAC AAG GAT GAC GAT
GAC AAG CAG TCA TCT CCG GCT CCA GGA (forward, includes a FLAG tag) and
ATG CAT GCG GCC GCT CAT AGT CGG TGC TGC AGC TGT TGC (reverse). The
PCR products were ligated into the pFASTbac vector (Invitrogen) for baculovirus
expression, and the sequences were confirmed. Bacmids were then prepared from DH10Bac
competent cells using Large Construct kit (Qiagen) according to the manufacturer’s
instructions. The p300 insert was confirmed using PCR. Bacmids were transfected into SF9
insect cells with Cellfection II (Invitrogen) and grown in SF900III SFM medium with
successive collections of the P1, P2, and P3 baculovirus at 72 h intervals. Following
expression, cells were harvested and lysed in a dounce homogenizer with 20 mM HEPES,
pH 7.9, 150 mM NaCl, 0.1% Triton X-100, 1 mM PMSF, and EDTA-free COMPLETE
protease inhibitors (Roche). The lysate was clarified by centrifugation and applied to anti-
FLAG M2 affinity beads (Sigma) that had been washed. After binding for 3 h at 4°C, the
beads were washed with 20 mM HEPES, pH 7.9, 150 mM NaCl, and 0.1% Triton X-100.
p300 BHC was eluted by a 2-h incubation at 4°C with 150 ng/μl triple-FLAG peptide,
concentrated, and passed through a NAP-10 gel filtration column (GE Healthcare) with 20
mM HEPES, pH 7.9 and 150 mM NaCl. 10% glycerol and 1 mM DTT were then added,
giving a final concentration of 0.8 mg/ml protein, with a yield of 0.25 mg from 1L culture.

HAT assays
Radioactive assays of acetylation were conducted as described previously.[19] Assays with
p300 HAT were conducted in a 30 μl reaction volume in 50 mM HEPES, pH 7.9, 5 mM
DTT, 50 μg/ml BSA, 10 nM enzyme, 100 μM synthetic histone H4 15-mer N-terminal
peptide, 10 μM acetyl-CoA (of which 50% was labeled with 14C), and 2.5% DMSO. Assays
with p300 BHC were conducted in the same manner except in a 40 μl reaction volume with
0.05 nM enzyme and 0.1 μM acetyl-CoA (of which 100% was labeled with 14C). Reactions
were prepared with all reagents except acetyl-CoA, pre-equilibrated at 30°C for 10 min,
initiated with the addition of acetyl-CoA, and allowed to react at 30°C (for 10 min with
p300 HAT or 5 min with p300 BHC) before quenching by the addition of loading dye
containing 14% SDS. Aliquots of each reaction were analyzed for total radioactivity
alongside a 14C-BSA standard using a scintillation counter. Aliquots of each reaction were
analyzed for acetylation activity by separating with gel electrophoresis on a 16% Tris-
Tricine gel alongside a 14C-BSA standard at 140V for 90 min. The gels were washed, dried,
and exposed in a phosphorimager cassette for ~2 d. Bands corresponding to Ac-H4 peptide
were quantified using ImageQuant (GE Healthcare) and background subtracted. The rate of
acetylation was calculated for each reaction and normalized to the DMSO control for each
compound concentration. For p300 HAT domain, the experiment was repeated exactly for a
total of four replicates run on four separate gels, and the replicates were averaged and
standard errors calculated.

Synthetic chemistry
C646 and 6p were synthesized as reported previously.[8] See the Supporting Information for
spectra and complete methods of C107 synthesis.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A FRET-based assay of HAT activity. A) Overall scheme of the Histac reporter fusion
protein in the pcDNA3.1+ vector, driven by the CMV promoter (PCMV), which encodes
BRDT double bromodomains (bromo) joined to the histone H4, separated by a flexible
linker, with yellow and cyan fluorescent protein variants (Venus and eCFP) on either end.
B) Action of HAT enzymes (and reversed by HDAC enzymes) should result in acetylation
of the histone H4 tail encoded in Histac, which is recognized by the bromodomains also
encoded in Histac, and the resultant conformational change is measured (upon excitation of
CFP) as a change in emission ratio, calculated as YFP emission divided by CFP emission
(Y/C). In this study, we employed the Histac reporter to measure the response to genetic and
pharmacologic disruption of p300/CBP.
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Figure 2.
Genetic knockdown of p300/CBP induces a FRET increase. A) Cos7 cells stably expressing
shRNAs against p300 (NM_001429.x-8437s1c1) or CBP (NM_004380.1-3884s1c1) were
harvested, transcriptome cDNA synthesized, and levels of p300 or CBP analyzed by real-
time PCR compared to GAPDH control. The averages and standard errors of four technical
replicates are shown. B) Whole cell lysates were analyzed by SDS-PAGE followed by
immuno blotting against p300, CBP, or β-actin. Images were cropped to show the relevant
bands side-by-side. C,D) Cells were transfected with Histac and images captured after 24
hours. Each nucleus was quantified for average pixel intensity (with background from an
untransfected region subtracted) in each channel, and the emission ratio of YFP to CFP was
calculated for each nucleus. 83 nuclei for p300 knockdown, 84 nuclei for CBP knockdown,
and 333 nuclei for empty vector control were analyzed and shown as a histogram of the
probability distribution function versus FRET ratio. The empty vector control is shown as
open boxes, and knockdowns are shown as grey boxes, with black and grey curves
indicating a log-normal fit and a smoothed empirical distribution for empty vector and
knockdowns, respectively. The difference in the median FRET ratio was statistically
significant when comparing the empty vector to p300 (p = 2×10−6) and CBP (p = 3×10−10).
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Figure 3.
Synthetic scheme for C646 and its analog, C107.
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Figure 4.
C107 is an inhibitor of p300 HAT. A–B) Concentration dependence of C107 and C646
inhibition of p300 HAT domain acetyltransferase activity. C107 and C646 experiments were
run in parallel. Reactions contained 10 nM p300 HAT domain, 100 μM H4 N-terminal 15-
mer peptide, and C107 or C646 compound (with DMSO amounts held constant) were
allowed to pre-equilibrate for 12 min, followed by a 10-min reaction at 30°C with 10
μM 14C-acetyl-CoA. The reaction mixtures were separated by Tris-Tricine gel
electrophoresis quantified with a phosphorimager, and background subtracted. The averages
and standard errors of quadruplicate reactions are shown, and the IC50s were calculated
using a nonlinear fit in Grafit. C–D) Concentration dependence of C107 and C646 inhibition
of p300 BHC (bromodomain, histone acetyltransferase domain, C/H3 domain)
acetyltransferase activity. C107 and C646 experiments were run in parallel. Reactions
contained 0.05 nM p300 BHC, 100 μM H4-15mer, and C107 or C646 were allowed to pre-
equilibrate for 10 min, followed by a 5-min reaction at 30°C with 0.1 μM 14C-acetyl-CoA.
The reactions were analyzed as above, with the C107 experiment conducted with six
replicates and the C646 experiment with two replicates.
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Figure 5.
C107 effects on dynamic cellular histone acetylation. Quiescent C3H 10T1/2 mouse
fibroblasts were treated with C646 or C107 for 1 h, followed by harvesting or addition of
TSA (trichostatin A, 33 nM) for a further 30 min before harvesting. Histones were extracted
and analyzed by Acid-Urea gel. These gels separate histones based on their charge, with
individual acetylation events slowing the migration to produce a ‘ladder’ of bands. The
numbers on either side of the blot indicate the number of acetyl moieties present on each
molecule migrating at these positions. Note that methylation does not affect migration.
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Figure 6.
C107 lacks the fluorescence seen with C646. Untransfected Cos7 cells were imaged using
the same protocol as a typical FRET experiment and treated with 40 μM C107 (circles) or
C646 (triangles) at time zero. The signal intensity for the FRET channel (CFP excitation and
YFP emission) is shown over time for a representative cell.
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Figure 7.
Pharmacologic inhibition of p300/CBP induces a FRET increase. A) Cos7 cells were
transfected with the Histac FRET reporter and imaged after 24 h. A representative nucleus
treated with 20 μM C107 is shown. The emission ratio (Y/C) was calculated for each pixel
and pseudocolored according to a “rainbow” colormap, with lower values at the blue end of
the spectrum and higher values in red. Corresponding images of the total reporter levels
(regardless of FRET), captured by direct stimulation of YFP, are shown in grey scale. B)
The emission ratios for each cell imaged were normalized to the time at which drug was
added and then averaged across a population of cells undergoing the same treatment. The
time course for treatment with 20 μM C107 (orange triangles) is shown in comparison with
1 μM TSA (blue circles). C) Single cells were treated with 20 μM C107. D) Cells were
treated with different doses of C107 with final DMSO concentrations held constant. The
time course data are shown on the left with the averages and standard errors of responses
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after 45 min of treatment shown on the right. Statistical significance (p < 0.05) compared to
control was calculated with a T-test and is indicated with an asterisk (*).
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Figure 8.
Inactive compound and mutant reporter lack FRET response. A) Compound 6p, a structural
analog of C646 that does not block p300 in vitro,[4] was analyzed for intrinsic fluorescence
in untransfected cells under the same conditions as C646 and C107 in Figure 6. B) Cos7
cells were transfected with the Histac reporter and treated with 20 μM C107 or control
compound 6p. C) Cos7 cells were transfected with either WT Histac or a Histac bearing a
desensitizing point mutation in the bromodomain (Y65A). After 24 h, cells were imaged and
treated with 40 μM C107.
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Figure 9.
p300/CBP knockdown desensitizes cells to C107, and TSA pretreatment sensitizes cells to
C107. A) Cos7 cells stably expressing p300/CBP shRNA or empty vector control (as
described in Figure 2) were transfected with Histac, followed by imaging and treatment with
20 μM C107 at time zero (p < 0.05 after 25 min for p300 shRNA and CBP shRNA versus
empty vector). B) Wild-type Cos7 cells transfected with Histac were pretreated with 1 μM
TSA or ethanol control for 1 h, followed by imaging and treatment with 20 μM C107 or
DMSO control at time zero, with TSA or ethanol remaining throughout (p < 0.05 after 30
min for C107 treatment of TSA pretreated versus EtOH pretreated). C) Cos7 cells stably
expressing p300/CBP shRNA or empty vector control, transfected with Histac, were
pretreated with 1 μM TSA for 1 h, followed by imaging and treatment with 20 μM C107 at
time zero. D) Cos7 cells stably expressing p300/CBP shRNA or empty vector control were
transfected with Histac, followed by imaging and treatment with 1 μM TSA at time zero.
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