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Lysine acetylation is a well-studied post-translational
modification on both histone and nonhistone proteins.
More than 2000 acetylated proteins and 4000 lysine acety-
lation sites have been identified by large scale mass spec-
trometry or traditional experimental methods. Although
over 20 lysine (K)-acetyl-transferases (KATs) have been
characterized, which KAT is responsible for a given pro-
tein or lysine site acetylation is mostly unknown. In this
work, we collected KAT-specific acetylation sites manu-
ally and analyzed sequence features surrounding the
acetylated lysine of substrates from three main KAT fam-
ilies (CBP/p300, GCN5/PCAF, and the MYST family). We
found that each of the three KAT families acetylates
lysines with different sequence features. Based on these
differences, we developed a computer program, Acetyla-
tion Set Enrichment Based method to predict which KAT-
families are responsible for acetylation of a given protein
or lysine site. Finally, we evaluated the efficiency of our
method, and experimentally detected four proteins that
were predicted to be acetylated by two KAT families when
one representative member of the KAT family is over
expressed. We conclude that our approach, combined
with more traditional experimental methods, may be use-
ful for identifying KAT families responsible for acetylated
substrates proteome-wide. Molecular & Cellular Pro-
teomics 11: 10.1074/mcp.M111.011080, 1–9, 2012.

In order to function properly, natural proteins suffer from
various post-translational modifications, among which
acetylation plays critical roles in protein stability, gene ex-
pression regulation, protein-protein interactions, and cellu-
lar metabolism (1–5). Acetylation occurs mainly on lysine
residues and has been extensively studied on histone N-
terminal lysine (6, 7). Further study shows that lysine resi-
dues of nonhistone proteins, such as p53 and ER can also
be acetylated (8, 9). Although the number of nonhistone
protein acetylation reports is rapidly expanding, it is difficult
to detect the acetylation of all lysine residues in the whole
proteome by traditional experiments because of the huge
number of lysine residues. There are over 600,000 lysine
residues in the human proteome according to UniProtKB/
Swiss-Prot (version 188).

To find more acetylated proteins new technologies have
been developed, such as immune-precipitation combined
with mass spectrometric analysis. At least three groups suc-
cessfully used this technology to get precise acetylation in-
formation from about two thousand proteins (3, 5, 10). Their
research greatly increased the number of known acetylated
proteins and expanded our knowledge of acetylation. How-
ever, the number of discovered acetylation sites is still small
compared with the huge amount of lysine residues in the
whole proteome. In addition, acetylation is a dynamic and
condition-dependent process, as different cells and the same
cells in different conditions have various acetylation profiles.
Because it is impossible to determine the acetylation status in
every cell and condition, researchers took full advantage of
known information and developed in silico methods to predict
acetylation. The most widely used method is the support
vector machine method which can classify new sequences by
learning the features of sequence contexts surrounding the
acetylated lysines. Several acetylation predict tools were
based on this method and each achieved a good performance
(11–13). Besides support vector machine, other methods
such as meta-analysis and sequence clustering have also
been used to predict acetylation sites (14, 15). All these pre-
dictions provided valuable insights for further acetylation
identification.

These previous efforts, both mass spectrometry and in
silico prediction, focus on the acetylation itself, and no meth-
ods give any information about which (K)-acetyl-transferases

From the ‡Department of Biomedical Informatics, Peking University
Health Science Center, Beijing 100191, China; §Institute of Systems
Biomedicine, Peking University Health Science Center, Beijing
100191, China; ¶Key Laboratory of Carcinogenesis and Translational
Research (Ministry of Education), Department of Biochemistry and
Molecular Biology, Peking University Health Science Center, Beijing
100191, China; �MOE Key Laboratory of Bioinformatics and Bioinfor-
matics Division, TNLIST/Department of Automation, Tsinghua Univer-
sity, Beijing 100084, China; **College of Computer Science and Tech-
nology, Jilin University, Changchun 130012, China; ‡‡Advanced
Computing Research Laboratory, Institute of Computing Technology,
Chinese Academy of Sciences, Beijing 100190, China; §§Graduate
University of Chinese Academy of Sciences, Beijing 100049, China;
¶¶The Center for Life Science, Peking University, Beijing 100871,
China

Received May 14, 2011, and in revised form, August 13, 2011
Published, MCP Papers in Press, September 30, 2011, DOI

10.1074/mcp.M111.011080

Research
© 2012 by The American Society for Biochemistry and Molecular Biology, Inc.
This paper is available on line at http://www.mcponline.org

Molecular & Cellular Proteomics 11.1 10.1074/mcp.M111.011080–1



(KAT)1 is responsible for one given protein or lysine site. Like
kinases which catalyze phosphorylation of a specific subset
of substrates, KATs are substrate-specific enzymes. Over 20
human KATs have been identified (supplemental Table S1).
Although it is not ease to categorize all of these KATs because
of their variety, 9 KATs are divided into three families by
sequence and structural similarity (supplemental Table S1,
supplemental Fig. S1) (16–18). They are the CBP/p300 family,
the General control of amino acid synthesis protein 5-like 2
(GCN5)/p300/CBP-associated factor (PCAF) family and the
MYST family. Each of the three families catalyzes a special
subgroup of substrates. For example, WRN is acetylated by
CBP or p300, but not by PCAF or TIP60 (19); PARP-2 is
acetylated by PCAF, but not by CBP or p300 (20). Even
though different KAT families can target the same protein,
they acetylate different lysine sites. For instance, PCAF acety-
lates p53 at site K320 (8), whereas TIP60 acetylates it at K120
(21); CBP acetylates HMGI(Y) at site K65, whereas PCAF
acetylates it at K71 (22). Hundreds of acetylated sites in
human proteins with identified KATs from the three families
have been reported (supplemental Table S1). We have previ-
ously provided evidence about the acetylation of nonhistone
proteins, such as p53 and Forkhead box protein O1, and their
functional roles in cells (23–25). However, the KATs respon-
sible for most non-histone proteins are not clear. Although we
have predicted kinase-specific phosphorylation sites (26, 27),
there is no KAT-specific acetylation site prediction tool
available.

Here, making full use of the manually collected acetylated
sites with known KAT information, we found that acetylation
sites of different KATs have varied characters. We then de-
veloped an Acetylation Set Enrichment Based (ASEB) method
to predict acetylated proteins or sites and the KAT families
responsible for the acetylation. We predicted that proteins
methyl-CpG-binding domain protein 1 (MBD1) and MTA1 are
acetylated by the CBP/p300 family and that DNA polymerase
� and DDB1 are acetylated by the GCN5/PCAF family. Using
an immunoprecipitation assay combined with Western blot-
ting we evaluated the acetylation of these proteins. To our
knowledge, this is the first time that KAT-specific acetylation
sites have been characterized and the initial data presented in
this work should bring important information to bioinformatics
and experimental studies on acetylation.

EXPERIMENTAL PROCEDURES

Data Preparation—We collected human proteins acetylated by
each of the three families by searching the PubMed literature with key
words (supplemental Table S2). We also searched substrates of other
KATs, but because of the small number of substrates, we did not
include them in any further analysis. After examining these papers and
related references, the papers with identified acetylation sites and
KAT information were picked out. The acetylated proteins were ex-
tracted and mapped to the UniProt Database and we retrieved their
exact UniProt ID. The acetylated sites were carefully checked to make
sure the acetylated position was exactly the position mentioned in the
literature.

The ASEB Method—Gene Set Enrichment Analysis (GSEA) was
developed and used on DNA microarray data to detect coordinated
expression changes in a group of functionally related genes and then
was applied to find the putative functions of the long noncoding RNAs
(28–30). Taking advantage of the idea of GSEA, we proposed a new
method called ASEB to detect new sites acetylated by a specific KAT
family. For each family, we focused on finding sites which were similar
in sequence with discovered ones. We treated the acetylated lysine
sites and their surrounding amino acids (eight on each side) as
acetylated peptides. Acetylated peptides from two KAT families
formed two acetylated peptides sets (the CBP/p300 set and the
GCN5/PCAF set). Because of the small number of peptides in the
MYST family, we just analyzed the sequence features of this family
and omitted it from the prediction processes. The following calcula-
tion was based on the conception of the 17 amino acid long peptides.
To determine whether a given peptide could be acetylated by one of
the two families, we just needed to know whether the given peptide
was similar to the acetylated peptides in that set. The ASEB method
was developed to estimate this similarity and the significance of the
similarity. Compared with the original GSEA method several neces-
sary changes have been made. The details of the ASEB method are
described as follows:

Input—Predefined KAT special peptide set Sk containing N pep-
tides. Here, Sk (CBP/p300) containing 267 peptides (the other 13
peptides which had less than six surrounding amino acids on a side
were excluded); Sk (GCN5/PCAF) containing 82 peptides (the other
two peptides which had less than six surrounding amino acids on a
side were excluded). Predefined background peptide set Sb contain-
ing 10,000 randomly selected peptides.

Step 1: Calculate Similarity Scores—At first, similarity scores be-
tween the query peptide (denoted as pquery) and each peptide in Sk

�Sb were calculated according to the BLOSUM 62 matrix. Then,
these similarity scores were normalized to [0, 1] and [-1,0] for positive
and negative scores separately. Third, all similarity scores were mixed
together and ranked from high to low. According to the above steps,
we know that if pquery is similar to the peptides in Sk for a specific KAT
family, these peptides in Sk should be enriched at the top of the
ranked similarity score list, and pquery is likely a novel substrate for
that KAT family.

Step 2: Calculate Enrichment Score (ES)—To determine how en-
riched the peptides in Sk were at the top of the ranked list, a running sum
score was calculated by walking down the list. Let us denote ri as the
similarity scores between peptide pquery and peptide pi �Sk, and R as
the sum of �ri� for all pi �Sk. While walking down the list, the running sum
statistic increased �rj�/R when encountering a peptide pj in Sk and
decreased 1/10,000 when encountering a peptide in Sb. The enrichment
score (ES) was defined as the maximum of the running sum statistic.

Step 3: Estimate Significance of ES—To estimate the significance
of the ES for a given peptide, a total of 9999 peptide sets with the
same size as Sk were randomly generated from the background
peptides, and denoted as Snull1 to Snull 9999. Then the ES for each set
was calculated by treating each as predefined peptide sets. Finally,

1 The abbreviations used are: KAT, Lysine (K)-Acetyl-Transferase;
ASEB, Acetylation Set Enrichment Based; DDB1, DNA damage-bind-
ing protein 1; ES, Enrichment score; GCN5, General control of amino
acid synthesis protein 5-like 2; GSEA, Gene Set Enrichment Analysis;
MBD1, methyl-CpG-binding domain protein 1; MEC-17, Alpha-tubu-
lin N-acetyltransferase; MTA1, metastasis-associated protein; MYST,
MOZ, YBF2/SAS3, SAS2, and TIP60 protein; p300, E1A-associated
protein p300; PCAF, p300/CBP-associated factor; WRN, Werner syn-
drome ATP-dependent helicase; pquery, the query peptide; Sb, back-
ground peptides set; Sk, KAT special peptides set; Snull, randomly
generated peptides set.
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these 10,000 ES (ES(Snull1), ES(Snull2),..ESnull9999, plus ES(Sk)) were
ranked from high to low. Suppose the rank of ES(Sk) is L, the nominal
p value of the given peptide was defined as L/10000. The p value
should be between 0.0001 and 1, with the minimum interval of 0.0001.
The smaller the p value, the more significant the chance that the given
peptides were acetylated by the KAT family. In practice, the number
of randomly generated peptide sets can be changed according to
different needs.

The ASEB method has several advantages. It did not require the bal-
anced number of positive and negative datasets, as support vector ma-
chine did. It directly calculates the similarity between two single peptides.
In most of the cases, peptides in the KAT set can be divided into several
subsets which share little variation with each other. The ASEB method is
particularly fit to these cases, because the ES of a given peptide would be
significant as soon as it is similar to some but not all peptides in the KAT
set.

Cell Culture and Transfection Experiments—The human cervical
carcinoma Hela cell line used in this study was purchased from the
American Type Culture Collection. The cell line was maintained in
Dulbecco’s modified Eagle’s medium supplemented with 10% fetal
bovine serum. For transfection, cells were seeded into 10 cm tissue
culture plates and grown overnight to 80% confluency. Typically, 8 �g
of human p300 and PCAF expression plasmids and 16 �l Lipo-
fectamine 2000 (Invitrogen, Carlsbad, CA) were used for each trans-
fection. Cells were harvested 48 h after transfection.

Co-immunoprecipitation and Western blot—Cell extracts were pre-
pared by lysing cells in Nonidet P-40 buffer (50 mM Tris-Cl, ph 7.5/300
mM NaCl/1% Nonidet P-40/0.1% SDS/2 mM EDTA/1 mM PMSF/2.5
�g/ml aprotinin/2.5 �g/ml leupeptin/10 mM sodium butyrate). MBD1,
MTA1, DNA polymerase �, and DDB1 were immunopurified from
clarified supernatant with the relevant antibodies. Immunocomplexes
were pulled down by Protein-A beads and washed three times in
Nonidet P-40 buffer, diluted in 2� SDS loading buffer, and resolved
by SDS-PAGE. Pan lysine acetylation antibody was used to detect
acetylation of immunoprecipitated proteins.

RESULTS

We began the project by manually collecting and reading
the related literature. We then extracted acetylated proteins
with identified sites and KATs, and summarized them in Table
I. In total, we found 280 unique peptides acetylated by the
CBP/p300 family; 84 by the GCN5/PCAF family; and 20 by the
MYST family. Large scale acetylation analysis data with mass
spectrometric data but with no KAT information were also
collected. All the validated acetylation sites (with or without
KAT information) can be downloaded from (http://cmbi.bjmu.
edu.cn/huac). Using this data set, we first analyzed the func-
tion, secondary structure and amino acid frequency of sub-
strates (or acetylated sites) from each of the three KAT fam-
ilies, then predicted and validated substrates of two KAT
families (prediction of the MYST family was omitted because
of the small number of known acetylated unique peptides).

Functional and Secondary Structure Analysis of Substrates
From the Three KAT Families—Because the three KAT fami-
lies have differential substrate specificity, we first intended
to find out whether substrates of each of the three families
participate in different biological processes. Analysis of bi-
ological process enrichment was performed by the online
DAVID program (Fig. 1A) (31, 32). Transcription related pro-
cesses were enriched in all three families, which is consistent
with the previous reports that KATs are transcription cofactors
(7, 33–35). Substrates of the CBP/p300 family also participate
in other important processes such as “stimulus response,
apoptosis, chromosome organization, and DNA repair” (yel-
low rectangle in Fig. 1A). This indicates that CBP/p300 regu-
lates universal biological processes, including transcription (8,
36–38). There are fewer substrates of the GCN5/PCAF family
than that of the CBP/p300 family. No substrates of this family
have been found enriched in the DNA repair process. Similar
to the CBP/p300 family, substrates of the GCN5/PCAF family
also play roles in stimulus response and chromosome orga-
nization. The most significant character of the MYST family
substrates is their high enrichment in the chromosome orga-
nization process. Altogether, the three KAT families catalyze
substrates which have overlapping but different functions.

Different enzyme structures are always associated with dis-
tinct substrate selection, which is an indication of enzyme func-
tional preference. Our analysis of functional enrichment of sub-
strates demonstrates that the three KAT families own different
but overlapping functional spectra. For example, the CBP/p300
family is functionally enriched in apoptosis, while the other two
are not. The GCN5/PCAF family substrates are not enriched in
the DNA repair process, while the others are. We do not exclude
the possibility that this functional spectrum will change as increas-
ing number of new substrates are discovered. However, the func-
tional differences among the enzymes should exist, even after all
the substrates of the KAT families have been identified.

Secondary structure can influence post-translational modifi-
cations. Thus, we analyzed the secondary structure of acety-
lated lysine sites (validated by mass spectrometric data or tra-
ditional experiments), and the three KAT families acetylated
lysine sites, by SABLE (39). As shown in Fig. 1B, compared with
all the lysines in the human proteome, acetylated lysines were
enriched in helix and reduced in coil structures (10), while no
difference was found in �-sheet structures. Surprisingly, catal-
ysis of lysine by the three KAT families increased in coil struc-
tures and decreased in helixes and � sheets. This difference
may be biologically meaningful. Because genome-wide acety-
lation is preferential on structured sequence, it is significant that
the three KAT family mediated acetylation prefer unstructured
sequence. This indicates again the existence of undiscovered
KATs or undiscovered substrates of known KATs.

What we found in the secondary structure analysis is inter-
esting. For all acetylated lysine sites, structured helix is pre-
ferred. For the three KAT family acetylated lysine sites,

TABLE I
Collected acetylated proteins or sites

Proteins Sites

All validated 2114 4483
CBP/p300 family 83 280
GCN5/PCAF family 33 84
MYST family 10 20
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unstructured coil is enriched. We assumed that the three KAT
families tend to acetylate unstructured peptides. Weather
there are other KAT families that preferentially acetylate struc-
tured peptides remains to be discovered.

Frequency Analysis of Acetylation Motifs—We further char-
acterized the acetylation motifs of different families. We ex-
tracted 17 amino acid (AA) long peptide sequences with the
acetylated lysines surrounded by eight residues on both

FIG. 1. A, Functional analysis of substrates from the three KAT families. Color represents the significance of functional term enrichment.
A deep color means significant enrichment. Numbers on the color bar are equal to -log10

P. p value is adjusted by the Benjamini method. B,
Secondary structure analysis of substrates sites. All lysines: all the lysine sites in the human proteome. Acetylated lysines: all validated
acetylated lysines including those without KAT information. CBP/p300: CBP/p300 family acetylated lysines. GCN5/PCAF: GCN5/PCAF family
acetylated lysines. MYST: MYST family acetylated lysines.

FIG. 2. Sequence frequency analysis of the three KAT families acetylated peptides. A, B, and C, Frequency analysis of acetylated peptides
of the three KAT families as indicated in the figure. D, All validated acetylated lysine (AC-K) peptides including those without KAT information.
Sequence logo plots represent amino acid frequencies for 8 amino acids from both sides of the lysine acetylation site. N: amino side. C: carboxyl
side. AC-K: acetylated-lysine. Number of peptides in each family: CBP/p300 280, GCN5/PCAF 84, MYST 20, All validated 4483.
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sides. The length selected was based on the structural studies
of published KAT domains coupled with peptide substrates
(16–18). We found that Glycine (G) at –1 is the dominant
residue in all three families (Fig. 2A–2C), which is consistent
with previous reports that “GKXP” might be the KAT recog-
nition motif (18, 40). The CBP/p300 family prefers lysine (K)
from the –4 to �8 positions (Fig. 2A). However, this prefer-
ence decreases in the GCN5/PCAF and MYST families. Com-
pared with the CBP/p300 family, K seldom appears at –7, –6,
–2, –1, �6, or �7 position in the GCN5/PCAF family and –6,
–1, �1, �5, �6, or �7 position in the MYST family (Figs. 2B,
2C). The –1 and �1position is very important for KAT recog-
nition and catalysis. The difference in K alignment in this
position between the CBP/p300 and GCN5/PCAF MYST fam-
ilies might reflect that the CBP/p300 family prefers to acety-
late two neighboring lysines, where the GCN5/PCAF and
MYST families tends to accept a single lysine.

We also collected all the validated acetylated lysine sites
(including those without enzyme information) and analyzed
the acetylated peptide frequency (Fig. 2D). A different pattern
of acetylation motifs was discovered: lysine was the preferred
amino acid beyond the �3 to �2 position which is different
from the CBP/p300 family’s preference of lysine at these
positions. Also, lysine frequency decreases gradually from the
–3 to –1 position and increases from the 1 to 3 position (Fig.
2D), which is consistent with a previous analysis (10). This

indicates that acetylation may take place at lysine without
other lysine residues in the surrounding sequence. The CBP/
p300 family may be distinct from other KAT families according
to this pattern. Altogether, we identified a KAT family specific
pattern of acetylation motifs. All the function, secondary
structure and amino acid frequency analysis showed distinct
patterns between all acetylated sites and the three KAT fam-
ilies. We conclude that the sequence features (both the amino
acid frequency and secondary structure) of acetylated lysine
from different KAT families vary.

Prediction of KAT-specific Acetylation Sites with the ASEB
Method—We next sought to predict novel acetylation sites in
a KAT-specific way. Here we proposed an ASEB method. In
this method we first define all the validated acetylated peptide
sequences from one KAT family as a KAT-specific set, and
define random peptides from the whole proteome as a back-
ground set. When given a new peptide sequence, scores are
calculated according to the BLOSUM62 matrix between this
new peptide and peptides in the KAT-specific set and back-
ground set (Fig. 3 step 1). A list is then created by ranking the
scores (Fig. 3 step 2). If most of the KAT-specific set peptides
are on top of the list, which means that the new given peptide
is more similar to the KAT-specific set rather than the back-
ground set, the probability of this new peptide being acety-
lated by this KAT family is large. By defining a nominal p value,
we could estimate the significance of the probability (Fig. 3

FIG. 3. Detailed processes of the ASEB method. Step1: Calculating similarity score. Step2: Calculating enrichment score (ES). Step3:
Estimating significance of ES by calculating a nominal p value.
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step 3). Using a threshold p value, we could predict substrate
acetylation of specific KAT families.

To test the power of the new method for increasing signal
relative to noise, the background distribution of p values was
estimated. We randomly generated 10 peptide sets for each
family. Each set had 267 and 82 peptides for CBP/p300 and
GCN5/PCAF respectively, and were used as predefined pep-
tide sets to test 1000 randomly selected peptides. 10,000 p
values were then determined to estimate the background
distribution. A histogram for these p values was shown as
gray bars in Fig. 4A and Fig. 4B for CBP/p300 and GCN5/
PCAF. For comparison, we also randomly selected 10,000
peptides and tested with the original known predefined
peptides sets for each family, and their p values represented
the distribution of p values for our real tests. A histogram for
these p values was shown as black bars in Fig. 4A and Fig.
4B for CBP/p300 and GCN5/PCAF. From these two results,
we observed that the ASEB method can increase signal
relative to noise and detect a lot of sites with relatively low
p values.

Finally a leave-one-out method was used to test the signif-
icance for known acetylated peptides from each KAT family.
Each time, a known peptide was picked and the others were
treated as the predefined peptide set. The p values for all
known peptides were then calculated by the ASEB method.
For comparison, 1000 peptides were randomly selected and
tested using all known peptides as the predefined set. The
results are represented in Table II. From the table we can see
that, for each family, the percentage of known peptides that

were picked by the method was much higher than the ones
picked from the background.

Experimental Validation—We scanned human proteins for
putative KAT-specific acetylation sites by the ASEB method.
The acetylation status of proteins MBD1, MTA1, DNA poly-
merase � and DDB1 which were predicted to be more acety-
lated by the CBP/p300 or GCN5/PCAF KAT families were
monitored after overexpression of p300 or PCAF. When p300
expression plasmids were transfected into HeLa cells and
expressed at high level, the acetylation signal of MBD1 and
MTA1 increased as equal amounts of the proteins were im-
munoprecipitated (Fig. 5A). By contrast, when PCAF ex-
pressed at high level, acetylation of MBD1 and MTA1 in-
creased slightly, consistent with the prediction that MBD1 and
MTA1 were preferred substrates of CBP/p300 family. Simi-
larly, for DNA polymerase beta and DDB1 which were pre-
dicted to be more acetylated by GCN5/PCAF family than by
CBP/p300 family, DNA polymerase beta and DDB1 acetyla-
tion increased when PCAF plasmids were overexpressed (Fig.
5B). These experimental data indicates that the ASEB method
can predict KAT families which were responsible for a given
protein.

The other two proteins RB and PARP1 which were pre-
dicted to be more acetylated by CBP/p300 family did not
show to be acetylated by either p300 or PCAF, at least
under the condition of overexpression (supplemen-
tal Fig. S2). We also tried the other two proteins LSD1 and
EED for acetylation, both of them did not seem to be acety-
lated by the predicted KATs (data not shown). For the

FIG. 4. Histogram of p values in the CBP/p300 and GCN5/PCAF families. A, Histogram of p values for the CBP/p300 family. The black
bars and black lines are for p values for 10,000 sites that are randomly extracted from all sites with the pre-defined 267 peptides for CBP/p300.
The gray bars are for p values of 10,000 sites that are randomly extracted from all sites with random predefined peptides (267 in size). B,
Histogram of p values for the GCN5/PCAF family.
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proteins that can’t be acetylated after overexpression of
p300 or PCAF, there might be several reasons. First, these
proteins really were not acetylated by the indicated KAT
family. Second, these proteins can be acetylated by the KAT
family, but not in the cell line we used. Third, the proteins
can be acetylated by the KAT family, but not under our
experimental conditions.

DISCUSSION

In this paper, we first collected the experimentally identi-
fied acetylated protein and lysine sites, and integrated them
into our website, which can be freely visited (http://cmbi.b-
jmu.edu.cn/huac). We then analyzed the sequence features
surrounding the acetylated lysine of substrates from three
KAT families, and developed a computer program ASEB to
predict both the acetylation sites and the KAT families re-
sponsible for the acetylation. Evaluation by p value distri-
bution, leave-one-out analysis and experimental validation

of predicted proteins reveal the good performance of the
method.

Because of the limited number of acetylated lysines iden-
tified in the three families (especially the MYST family), the
acetylation motif patterns of all three families may change
when more acetylated sites are discovered in the future.
However, there are indeed distinct features of substrate
peptides in the three families, such as a lysine preference
near the acetylated sites in the CBP/p300 family and a
lysine reduction at the –1 position in the GCN5/PCAF family.
Furthermore, the frequency distribution of all validated
acetylated peptides show patterns different from all three
families, which might indicate that unknown KATs exist
which catalyze different lysine peptides. In fact, novel KATs,
such as Circadian locomoter output cycles protein kaput
and MEC-17 have been found and their acetylated lysine
peptides remain to be explored (41, 42). The biggest prob-
lem in acetylation prediction is the sequence heterogeneity
surrounding the acetylated lysines. The reason stems from
the large number of KATs which catalyze different sequence
peptides. Here, we picked two main KAT families for acety-
lation prediction, which can efficiently reduce the sequence
heterogeneity. Prediction of acetylation using KAT family
specific peptides not only avoided the sequence heteroge-
neity, but also revealed the KAT family of the predicted
acetylation sites. For validated acetylation sites, the predic-
tion strategy directly predicts the KAT families responsible
for the acetylation.

Although we predicted substrates for only two KAT fam-
ilies because of the limitation of known acetylation sites with
KAT information, the ASEB method can be used to predict
more KAT families or particular KAT substrates as soon as
identified acetylation lysine sites with KAT information ac-
cumulates. The website will be updated and the ASEB
method can be used to predict substrates of more KAT
families or KATs.
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TABLE II
Evaluation of the ASEB method. While testing a specific known peptide, the other peptides were used as the predefined peptide set. While
testing the background peptides that were randomly selected, the known peptides for each family were used as the predefined peptide set

CBP/p300 GCN5/PCAF

Total peptides Known Background Known Background

267 1000 82 1000
Significant peptides (p value �1e-4) 36 32 10 11
Significant peptides (p value �1e-3) 64 65 16 22
Significant peptides (p value �1e-2) 101 111 29 47
Significant peptides (p value �1e-1) 149 243 43 144

FIG. 5. Detection of predicted acetylation substrates by the
CBP/p300 and GCN5/PCAF families with Western blotting. A,
Acetylation of MBD1 and MTA1 significantly increased after p300
overexpression, whereas increased little after PCAF over-expression.
-: pcDNA-vector transfection. �: pcDNA-p300 or pcDNA-PCAF
transfection as indicated in the figure. The upper panel plots indicate
expression of p300 or PCAF. Equal amounts of indicated proteins
were immuniprecipitated and followed by blotting with pan-acetyla-
tion antibody after transfection with pcDNA-vector, pcDNA-p300 or
pcDNA-PCAF. B, Acetylation of DNA polymerase � (pol-�) and MTA1
significantly increased after PCAF than p300 overexpression. Labels
indicate the same as in (A).
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