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“…it is fair to say that much of the advancement in our understanding of chromatin 
modifications and chromatin structure would not have been possible without the 

development of post-translational modification-specific antibodies.”
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Antibody recognition of histone post-translational 
modifications: emerging issues and future prospects

Last year marked the 10-year anniversary of 
the ‘histone code’ hypothesis, which formally 
proposed that combinatorial post-translational 
modifications (PTMs) on histone proteins gov-
ern the diverse activities associated with eukary-
otic DNA [1,2]. In the intervening decade, 
significant advancements have been made in 
our understanding of chromatin biology. For 
example, more than 60 sites of modification 
on histones have been identified (which include 
acetylation, phosphorylation, ubiquitination, 
methylation and others), as have a variety of 
specialized effector domains that recognize 
these histone PTMs [3,4]. The collective results 
of many studies show that histone PTMs con-
tribute to a wide range of biological processes, 
including gene transcription, DNA replication 
and DNA repair. These advances, however, 
would not have been possible without the cre-
ation of PTM-specific histone antibodies [5,6]. 
Histone antibodies have become the predomi-
nant tool for chromatin research, and are ubiq-
uitously used to understand how histone PTMs 
regulate chromatin structure and function.

While histone antibodies are integral tools 
for chromatin research, several issues regarding 
their future utility have emerged. More than 
1000 different antibodies raised against histone 
PTMs are commercially available. The process 
of choosing the right antibody for a particular 
application can be both daunting and expen-
sive. Often, minimal information is available 
regarding the substrate against which these 
reagents were developed, and the long-term reli-
ability of polyclonal antibodies is most often 
limited by the nonrenewability of particularly 
effective lots. To further complicate matters, 
recent findings have highlighted the influence 
of combinatorial PTMs on the recognition and 
binding of these antibodies [7–9]. How then do 

we begin to assess antibody specificity, and 
will future technologies be developed to aid 
in the detection and study of histone PTMs? 
Below, we summarize some of the recent lessons 
learned and future technological advances that 
will likely improve antibody-mediated histone 
PTM studies. 

Researchers have long known that histone 
antibodies are not always specific for their 
intended PTM targets, and often recognize 
‘off-target’ proteins and PTMs. Until recently, 
the primary approaches used to characterize the 
specificity of histone antibodies were ELISAs, 
western blot analyses, chromatin immunoprecip-
itation (ChIP) and immunofluorescence-based 
assays. Typically, PTM-specific antibodies are 
first screened in ELISAs with the PTM-modified 
immunogenic peptide and further validated by 
peptide competition. In addition, antibodies are 
sometimes examined for their ability to detect 
off-target PTMs using peptides that harbor 
PTMs at different residues that might be poten-
tial targets of the antibody (e.g., the ability of 
a H4K5 acetylation-specific antibody to detect 
H4K8 acetylation and so forth). Ideally, these 
antibodies are also validated in a genetically 
amenable model organism (such as yeast) by 
examining a mutated target protein that harbors 
a precise amino acid substitution at the modified 
residue (e.g., H4K5 → H4A5). To date, however, 
there are no uniform approaches for antibody 
characterization. Furthermore, characterizations 
performed on many commercial histone anti-
bodies are limited to their ability to detect a tar-
get PTM in a single organism under select assay 
conditions. While these methods have generally 
been sufficient (when employed properly), they 
still do not report on more complex, but relevant 
issues, such as antibody specificity in the context 
of adjacent PTMs.
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Studies using peptide array platforms, 
along with a large-scale initiative by the 
modENCODE consortium, have revealed 
some alarming results about histone antibody 
specificity [7–9]. Lieb and colleagues of the 
modENCODE consortium performed a large 
and systematic characterization of over 200 
widely used commercial antibodies and found 
that a high percentage of these antibodies 
were incompatible with at least one standard 
technique (including western blot ana lysis and 
ChIP-seq). This information has been made 
available as an online resource for finding 
suitable antibodies [8,101]. In addition, studies 
using combinatorially modified peptide library 
arrays have found that: antibodies intended to 
recognize methyllysine often have difficulty 
correctly distinguishing the correct methyl 
state (mono-, di- or tri-methyl), many anti-
bodies recognize the correct PTM but with-
out the desired sequence context, and many 
antibodies are influenced by PTMs adjacent 
to their particular epitope [7,9]. Recognizing 
the wrong sequence is an obvious weakness of 
any antibody, but not being able to recognize 
the difference between two and three methyl 
groups on a lysine side chain may result in 
the inability to properly distinguish between 
the recruitment of a transcriptional repressor 
complex instead of a transcriptional activator 
complex [10,11]. The prevalence and importance 
of neighboring PTMs is only beginning to be 
understood, and there are now several clear 
examples of neighboring phosphorylation 
marks negatively affecting the recognition of 
methyllysine binding proteins such as HP1, 
TAF3 or CHD1 [9,12,13].

The numerous examples of antibody pro-
miscuity discovered to date clearly underscore 
the need for more rigorous antibody valida-
tion. One question to ask then is who should 
be responsible for increased testing – the user 
or the companies marketing these antibodies? 
On one hand, with technologies now available 
to rapidly screen antibodies against a wide 
array of peptide targets, there should be no 
reason a commercial antibody should not be 
analyzed in this detail and if needed, affin-
ity purified until it exhibits specificity for its 
intended target. However, further testing to 
include all combinations of neighboring PTMs 
would undoubtedly increase the costs of anti-
bodies – especially when you consider that each 
lot would need to be tested. Furthermore, it 
will be nearly impossible for companies to pre-
dict all the applications in which their products 

would be used and thus, at some point, vali-
dation for specialized applications should fall 
upon the user.

Regardless of the concerns highlighted 
above, histone antibodies will remain an impor-
tant and essential tool for chromatin research. 
However, as biological questions regarding 
the histone code (i.e., combinatorial PTMs) 
become more complex, it is a fair question to 
ask whether antibodies will continue to be the 
primary tools of the chromatin biologist, or if 
the field will look to more specialized reagents 
and techniques. New solutions for histone 
PTM detection may lie in alternative strate-
gies for macromolecular recognition. Recently, 
DNA aptamer technology was used to isolate an 
oligonucleotide capable of recognizing acetyla-
tion at K16 of histone H4 [14]. Aptamers are 
extremely appealing, as they are inexpensive 
and completely renewable. Similarly, several 
small molecules have been synthesized which 
selectively recognized lysine methylation [15,16]. 
Small molecules may have promise for recog-
nizing PTMs in a sequence-independent man-
ner, which would have great utility as affinity 
purification or enrichment reagents, and appro-
priate small molecules may permeate living 
cells, expanding potential utility. Furthermore, 
as recombinant and synthetic antibodies as 
well as antibody mimetics are becoming more 
widely used [17], the possibility of producing 
PTM-specific reagents is perhaps more feasible. 
These approaches offer noticeable and signifi-
cant advantages over traditional antibodies in 
that they are largely synthetic and reproduc-
ible, not relying on animals for production. 
However, the ability to achieve either selectiv-
ity or specificity nearing that of antibodies has 
yet to be routinely achieved.

“The numerous examples of antibody 
promiscuity discovered to date clearly 
underscore the need for more rigorous 

antibody validation.”

Another growing approach to combinato-
rial detection of histone PTMs is in the use 
of mass spectrometry (MS). Today, MS is the 
primary tool for identifying new PTMs on 
histones. Using both top-down and bottom-
up approaches, researchers are not only able to 
identify low-abundance PTMs but also identify 
combinations of modifications that occur on the 
same protein [18]. Recently, MS ana lysis has been 
used to identify specific PTM patterns associated 
with a replication origin in yeast, suggesting that 
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this technology may be used to characterize pre-
cise patterns of PTMs at individual chromatin 
loci or domains [19]. However, MS ana lysis is still 
a specialized field which is both time consuming 
and costly. As such, it will need to be paired with 
other probes such as antibodies for more routine 
biochemical studies such as western blotting.

“…today we are nearing a potential impasse, 
where our knowledge of histone PTMs is 

great enough that the tools that brought us 
here are no longer sufficient.”

While concerns about histone antibody speci-
ficity (and nonhistone antibodies) are not new, it 
is fair to say that much of the advancement in our 
understanding of chromatin modifications and 
chromatin structure would not have been pos-
sible without the development of PTM-specific 
antibodies. Yet today we are nearing a potential 
impasse, where our knowledge of histone PTMs 

is great enough that the tools that brought us here 
are no longer sufficient. Our ability to find new 
and creative solutions to these structure–function 
problems will dictate the rate of progress on our 
journey to understand all aspects of how the cell 
regulates access to our DNA.
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