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Chromatrap® is a solid-state filter-based technology that
significantly enhances and accelerates the important
epigenetic research tool of chromatin
immunoprecipitation (ChIP). It is rapidly developing into
many areas of genome research and is now available for
classical qPCR, sequencing and ChIP from
formaldehyde fixed paraffin embedded (FFPE)
samples using either spin columns or 96-well filter
plates. The simplicity and efficacy of Chromatrap®

ChIP assays, enabling more IPs per sample, using less
starting material and more quickly than traditional
assays has made them a firm favourite with leading
genetics research laboratories worldwide.

Compared to standard methods, Chromatrap® is:
● Faster
● Easier
● More sensitive
● Less prone to errors

Chromatrap® kits use revolutionary spin columns or
microplates which contain discs of an inert,
porous polymer to which protein A or G has
been covalently attached. This patented
format is unique. During an assay, the
chromatin/antibody complex is selectively
retained by the disc. Flushing with three
buffers and an elution step are all that is
required to obtain the selectively enriched
DNA, making Chromatrap® more efficient in
the laboratory.

With under five hours from chromatin
loading to qPCR-ready DNA, Chromatrap®

significantly reduces the assay time for ChIP,
enabling more samples to be analysed,
increasing laboratory throughput and
efficiency. Now available for enzymatic or
sonicator-based DNA shearing and with or
without control antibodies, the range of
Chromatrap® ChIP products continues to
expand. Further exciting new developments

in the Chromatrap® range are planned, so do keep up
to date with our website at: www.chromatrap.com

This catalogue brings all of the Chromatrap® application
notes together in one place – we hope you find it useful.

Chromatrap® – a more efficient, sensitive and robust
method of ChIP
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Chromatin quality is crucial to 
successful ChIP. Poor chromatin = 
poor ChIP result

The success of a ChIP assay is highly dependent on the
quality of chromatin prepared. The 3 most important aspects
of chromatin preparation are lysis, fixation and shearing.
Each step needs to be fully optimised. See below for details.

Keep chromatin on ice at all times

Chromatin degrades very quickly, especially when stored or
handled at room temperature. For best results, ensure
chromatin is kept on ice throughout your experiment.
Freeze/thaw cycles should be avoided. Using small aliquot
volumes of chromatin once stock is prepared will help
prevent degradation. With Chromatrap®, very small volumes
of chromatin are needed per IP, therefore small aliquot
volumes preferred.  

Too much fixing makes cells resistant 
to lysis and shearing

To ensure chromatin quality is good, fixation of cells must be
optimised. Overly fixed cells can become resistant to lysis
and shearing and will reduce cross-linking efficiency. This will
limit downstream signal clarity. Chromatrap® allows cell
fixation with just 1% formaldehyde in either media or PBS.
Ten minutes at room temperature on a rotating platform is
recommended. If yields at this rate remain poor, five minutes
is often sufficient. 

Fixation solution must be fresh

Ensuring the formaldehyde is fresh for every chromatin
preparation gives more reproducible results. Methanol can
disrupt cell membranes, so make sure your formaldehyde is
free of methanol.

Choose an appropriate shearing 
method for your cells, either 
sonication or enzymatic. Some cells 

are resistant to enzymatic digestion and
require sonication

Both sonication (mechanical shearing using ultrasonics) and
enzymatic (micrococcal nuclease digestion) shearing works. It
is important to choose the appropriate method. Chromatrap®

offers its standard ChIP kits with either. We also provide a
stand alone enzymatic shearing kit for optimisation of
chromatin.

Enzymatic shearing is useful if a sonicator is not available. It
is less disruptive to the epitopes of the protein of interest
recognized by the specific antibody. However, it can create
bias due to nuclease sequence specific cleavage. Moreover,
certain cell types may be resistant to lysis, in which case
sonication will help in both shearing and lysis. Enzymatic
shearing is essential when carrying out native ChIP
(chromatin which has not been cross-linked) as sonication
can disrupt the protein/DNA complexes. 

See over for optimisation of shearing via both sonication and
enzymatic digestion.

Top 10 Tips for positive ChIP results

Sonication

Enzymatic

Disadvantages

Potential 
antigenic epitope
damage through
emulsification or
overheating.

Requires 
expensive
equipment.

Cannot be used 
for native
chromatin
preparation (non
cross-linked).

Restriction 
enzymes may
exhibit some
sequence bias
during
fragmentation.

Not suitable for 
some difficult-to-
lyse sample types.

Advantages

Random 
fragmentation.

Suitable for 
difficult-to-lyse cell
types.

Milder treatment, 
less damaging to
epitopes of interest.

Does not require 
any expensive
equipment.

Suitable for native 
chromatin
preparation.
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Make sure chromatin is sheared to 
between 100-500bp. Chromatin 
which is over- or under-sheared will 

reduce ChIP efficiency

For every chromatin preparation it is essential to check the
chromatin is sheared to fragments between 100-500 bp.

Quantitative analysis of chromatin is done with a
spectrophotometer, fluorometer or microfluidics platform.
Qualitative analysis requires an agarose gel or microfluidics
platform. Chromatrap® recommends DNA quantification is
done on a microfluidics platform which offers greatest
accuracy and ideal compatibility with Chromatrap® buffer
systems.

Over-shearing of chromatin will result in very small
fragments which can reduce primer recognition and so lower
PCR efficiency. Over-shearing by sonication also increases
the risk of damaging the protein epitopes. Under-shearing
will produce larger fragments which will increase non-specific
binding in the ChIP assay.

Sonication efficiency will vary between cell types and can be
affected by the extent of cross-linking, heating and
emulsification of the sample. These will all reduce shearing
efficiency. It is important to optimise sonication to ensure a
successful ChIP result. Use sonication tubes as these are
made of harder plastic which transfer ultrasonic waves more
efficiently than softer plastic tubes. Start with optimising a
cell line or tissue sample which is abundant. This allows
optimisation of the different parameters of your sonicator,
including power setting and number of cycles. When using
Chromatrap® methodology, successful shearing of cell lines
and primary cells to convert fragment size (100-500 bp) has
been observed using a water bath (4°C) sonicator with 30
second bursts with 30 second intervals, at a power setting of
3 for 15 minutes.

For enzymatic shearing, the most important factors are lysis
of cell membranes and the concentration of enzyme. It is
important to optimise the chromatin ratio in order to achieve
optimal fragment lengths of between 100-500 bp.

Perform a dilution series of enzyme to chromatin to
determine the optimum ratio in your sample. Alternatively
choose a concentration of enzyme and adjust digestion
times. In Chromatrap® 1U per 5µg chromatin for 5 minutes
provides optimal fragment lengths. For under-sheared
chromatin (400 bp and above) try increasing the
U:chromatin ratio in the reaction. If chromatin is over-
sheared (i.e. completely digested to mononucleosome
fragments) then the amount of enzyme to chromatin ratio
should be reduced.

Optimal sonication and chromatin fragment length.
Following optimal sonication conditions, uniform chromatin
fragment lengths between 100 and 500 base pairs should be
visualised with agrose gel electrophoresis (A). Incorrect
sonication will result in variable fragment lengths and diffuse
smears with samples showing fragment sizes in the range of
100 to 1000 base pairs (B).

Optimal enzymatic digestion for chromatin fragment length.
Optimal fragment sizes of 200-600bp (A). Under-digestion
will result in large fragment lengths greater than 500bp size
(B), over-digestion will result in complete fragmentation to
200 bp (C).

If cell membranes have not been efficiently lysed, the
enzyme has had only limited access to the chromatin. Check
using a phase contrast microscope to ensure all the nuclei are
released prior to proceeding to enzymatic digestion. Remedy
this by incubating the samples for longer in the lysis buffer.
After longer incubation, if cells are still resistant to lysis,
convert to the sonication method.

Top 10 Tips for positive ChIP results

Optimal sonication and chromatin fragment length. Following
optimal sonication conditions, uniform chromatin fragment
lengths between 100 and 500 base pairs should be visualised
with agrose gel electrophoresis (A). Incorrect sonication will
result in variable fragment lengths and diffuse smears with
samples showing fragment sizes in the range of 100 to 1000
base pairs (B).

Optimal enzymatic digestion for chromatin fragment length.
Optimal fragment sizes of 200-600 bp (A) Under-digestion will
result in large fragment lengths greater than 500 bp size (B), over
digestion will result in complete fragmentation to 200 bp (C)
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Use a ChIP validated antibody, 
unvalidated antibodies do not always 
work well in ChIP

The use of high quality and specific ChIP validated antibodies
is essential for the success of a ChIP assay. The antibody
must recognise and bind to native protein that is bound to
DNA. It is essential to include ChIP validated positive and
negative antibody controls to ensure chromatin preparation
and ChIP methodology are appropriate.

Always run a positive and negative 
antibody control

To indicate the efficiency of the immunoprecipitation step
and to ensure chromatin preparation is sufficient, positive
and negative antibody controls should be run alongside any
test antibodies. The Chromatrap® premium ChIP kit supplies
both a polyclonal antibody for the highly abundant histone
mark H3 as a positive control and a negative control, IgG.
Primers optimised for qPCR are also included. These
recognise Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH), an ever-present house-keeping gene (Barber et al.,
2005), to ensure chromatin preparation and methodology
are appropriate. Alternatively, a ‘mock’ ChIP reaction,
containing no primary antibody, can be used as a control to
determine background levels.

In addition to antibody controls, a positive and negative gene
target are good controls to ensure antibody enrichment is
selective.

Get the ratio of antibody to 
chromatin right

In a ChIP assay the antibody to chromatin ratio is important.
An incorrect ratio can compromise the signal to noise ratio. 

Too much antibody can saturate the ChIP assay leading to
unspecific binding. Too little antibody will not be able to bind
to all of the chromatin that is present and therefore won’t
provide a good representation of antibody enrichment in
your sample. Magnetic and agarose beads are known to vary
in their antibody binding efficiency. Due to Chromatrap’s®

unique solid phase platform we provide a much greater
surface area for antibody binding capacity which promotes
molecular mixing and minimises non-specific background.

In Chromatrap® technology very small concentrations of
chromatin are used per IP (50ng-7µg). When lower
chromatin loadings are used, a 2:1 antibody:chromatin ratio
is optimal, at higher chromatin loadings (5µg and above), a
1:1 ratio is optimal – allowing you to save on antibody
usage. It is important to run an antibody dilution series
before processing all samples in your ChIP assay to
determine the optimum ratio.

Top 10 Tips for positive ChIP results
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Graph illustrating high levels of enrichment (7.7% real signal) of
H3k4Me3 onto a positive house-keeping gene GAPDH observed
with Chromatrap®. Little to no enrichment is shown for H3k4Me3

on to the negative target gene B-globin (0.7% real signal). IgG
and a no antibody (mock) control are also shown with 0.15 and
0.38 % real signal respectively highlighting specificity and
sensitivity of Chromatrap® ChIP assay. The percentage of real
signal was calculated as a proportion of the input chromatin,
normalised using the signal generated by non-specific binding of
unspecific IgG.

Chromatrap® offers an inert solid phase scaffold which increases
the surface area for greater antibody binding, allowing for  better
immunoprecipitation and reducing non-specific binding.
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Optimise lysis buffer for cells. Too 
much lysis buffer can interfere with 
antibody binding

Lysis buffers usually contain a mild detergent which when
stored at cold temperatures can precipitate out of solution.
To ensure the lysis buffer is optimal for lysing of cells for the
ChIP assay, always pre-warm solution to 40°C with
occasional mixing or inverting before use to remove any
precipitates. Ensure the buffer is returned to room
temperature for the lysis step and all precipitates are re-
dissolved.

Volume of lysis buffer is important when performing
chromatin preparation. Lower cell numbers (1-5 million)
require less lysis buffer than greater cell numbers (10-15
million). Too much lysis buffer will result in excess detergent
which could have an inhibitory effect on antibody binding
and some downstream analysis. Excess lysis buffer will also
result in a less concentrated chromatin preparation. Ensure
lysis buffer volumes are optimised for each chromatin
preparation before proceeding with your ChIP assay.
Chromatrap® kits have optimised volumes of lysis buffer to
be used depending on starting cell number – see table below.

Top 10 Tips for positive ChIP results

Buffer

0.65M Glycine*

Hypotonic buffer

Lysis buffer**

Cell count (millions)

1-5
5-10
10-15

1-5
5-10
10-15

1-5
5-10
10-15

Buffer volume (ml)

3
4
5

0.4
0.8
1.0

0.3
0.3-0.5
0.5-1.0
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Always use fresh reagents and 
consumables

High quality library preparation is key to a successful ChIP-seq
experiment. It is important to prepare fresh reagents on the
day of library preparation, especially those containing ethanol
which can absorb water from the atmosphere. For gel excision
always ensure a new clean scalpel is used. Library preparation
kits contain enzymes with high rates of degradation at room
temperature that affect their reaction efficiency. Ensure
enzymes are stored at the appropriate temperatures
throughout and return to cold storage immediately after use
to preserve stability. To maximise sample recovery use low
retention tubes which significantly reduce surface binding of
DNA to the plasticware.

Always use a fluorometer to quantify 
DNA

DNA must be accurately quantified before starting library
preparation. Traditional spectrophotometers are not capable of
accurately quantifying low concentrations of ChIP DNA.
Fluorometric techniques that use intercalating dyes to quantify
DNA are more accurate and have greater sensitivity than
spectrophotometers. For the accurate quantification of DNA
critical for ChIP and next generation sequencing (NGS)
Chromatrap® recommend a fluorometric method.

Ensure high quality sheared 
chromatin between 100-300 bp

The success of any ChIP assay is highly dependent on the
quality of the chromatin prepared. The chromatin must be
sheared between 100-300 bp for ChIP-seq. Chromatrap® have
found using a water bath sonicator with 30 second ON/OFF
pulses for 15 minutes at a high power setting produces
chromatin fragments of 100-300 bp. Ensure that the sample is
kept at a stable 4ºC during the OFF phase. Shearing conditions
will need to be optimised by the user prior to starting the
immunoprecipitation. Further validation is recommended using
a microfluidics platform such as the Agilent Bioanalyzer High
Sensitivity DNA kit to ensure ChIP samples are of the expected
size range and concentration.

Always use a ChIP-seq validated 
antibody

The quality of antibody is critical for generating premium data.
Ensure that the antibody is ChIP-seq validated as antibodies
verified for other applications may not work for NGS. A highly-
specific antibody will increase the relative enrichment of the
target, making it easier to detect binding events during data
analysis. Many commercially available antibodies are listed as
ChIP-seq grade and, wherever possible, should be used for
your experiments. The Chromatrap® ChIP Seq kit provides a
positive (H3K4me3) and a negative (IgG) antibody control in
order to help validate your samples for sequencing.
Chromatrap® also offers an antibody validation service, please
contact Chromatrap® Customer Support for more information.

Always use high sensitivity kits for 
library validation

At the beginning and end of library preparation your sample
size distribution should be verified using an Agilent Bioanlyzer.
Always use a high sensitivity DNA kit to ensure that DNA is
accurately quantified and qualified. Remember that any
adapters ligated during preparation will add weight to your
sample and should be accounted for when performing size
selection. For size selection Chromatrap® recommends the use
of SYBR® Gold as the nucleic acid stain due to its sensitivity.
Always leave an empty well between samples when loading
the gel and remember to flank the samples with ladder to
ensure that the gel has run evenly.

Top 10 Tips for ChIP-seq Library Preparation

Marker Sample

500bp
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Quantity of DNA prior to library 
preparation

A typical ChIP experiment yields between 5-200 ng of DNA,
requiring approximately 107 cells. The Illumina library
preparation guide recommends using between 5-10 ng of ChIP
DNA, however, we have found that increasing the starting
quantity from 10 ng to 25 ng significantly reduces PCR
duplication bias. Chromatrap® therefore recommend library
synthesis using 25 ng of IP DNA.

Always prepare controls

Peaks identified during sequence analysis must be compared
to the same region in a matched control sample in order to
verify their significance. For example, a random region of
repetitive sequences may appear enriched due to the number
of copies of the region, creating a false-positive result. There
are three commonly used controls: input DNA (DNA that has
not been immunoprecipitated); mock IP (DNA treated the
same but without antibody during the IP); and non-specific IP
(IP with an antibody targeting a protein not known to be
involved in DNA binding such as IgG). There is no consensus
as to which control is most appropriate to use, however,
Chromatrap® recommends using input DNA as this accounts
for bias related to shearing and is commonly used in peer
reviewed journals.

Always validate by qPCR before 
sequencing

Before beginning library synthesis, we recommend analysing
the immunoprecipitated DNA by qPCR using at least one
gene-specific positive and one negative control target of your
choice. Chromatrap® provides a positive control primer set for
GAPDH which has been validated for use with the positive
control antibody H3K4me3, to validate your results.

Magnetic bead preparation

All library preparation kits use magnetic beads which should
always be vortexed thoroughly immediately before use and
equilibrated to room temperature. Do not over dry the beads
as this can make re-suspension difficult and hamper
appropriate elution. When the beads start to show “cracks”
within the pellet this is a good time to resuspend.

Sound analysis pipeline

Reads must be mapped to a reference genome before peak-
calling software is used to identify regions of enrichment. An
initial impression of ChIP-seq quality can be obtained by the
inspection of mapped sequence reads within a known binding
location. More detailed analysis requires the use of dedicated
software algorithms and The Chromatrap® ChIP-seq Data
Analysis Software allows read alignment and peak calling for
narrow and broad peak marks such as transcription factors and
histone modifications. Users can also compare gene lists to
identify specific targets that are uniquely or commonly
enriched among their dataset.

Top 10 Tips for ChIP-seq Library Preparation
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Chromatrap® enriches epigenetic marks from primary
cells

Introduction

The uterus is a complicated, pear shaped organ with a thick
muscular wall which cradles the human fetus from
conception to birth. The uterus consists of a large upper
body with the ‘fundus’ above the uterine tubes and a lower
barrel shaped cervix. The endometrium lining of the uterine
cavity is a mucosa comprising of a single layer of columnar
epithelial cells overlying a stroma that contains blood vessels
and immune cells as well as endometrial stromal cells
(Strowitzki, Germeyer et al. 2006). The endometrium is the
first line of defence against infection in the female genital
tract (Davies D et al., 2008). 

During the menstrual cycle, the endometrium when initially
exposed to oestrogen becomes a thick blood vessel-rich,
glandular tissue layer. Further precisely controlled
proliferation, differentiation and degeneration stages are
characterised by distinct cellular morphological and
functional changes during a normal menstrual cycle. The
cycle culminates in the window of receptivity, in which
decidualization of the stromal cell layer is a prerequisite for
successful implantation and is essential for establishing and
supporting pregnancy (Gonzalez D et al., 2012).

Driven by oestrogen and progesterone, these 
cellular physiological changes involve the fine control of
many different genes – several of which have been
identified as being epigenetically regulated. There is
however only limited information on epigenetic regulation

in the endometrium. (Munro et al 2010). Clinical translation
of endometrial epigenetic research understanding is
dependent on ex vivo analysis of surgical and patient biopsy
samples obtained from female reproductive organs.
Chromatin Immunoprecipitation (ChIP) is a technique used
to investigate the interactions between regulatory proteins
and eigenetic marks, with a specific genomic DNA region
or target gene. The universal occurrence of epigenetic
alterations in cellular differentiaiton make ChIP assays
invaluable tools for studying the molecular mechanisms
involved in endometrial development and shedding (Tsai
and Baylin., 2011). 

In this short study we detail the isolation of endometrial
stromal cells from small, pipelle biopsy samples taken from
patients attending clinics for infertile pathologies, under full
ethical approval. The isolation and culture of up to 106 cells
is demonstrated as ample for the production of excellent
quality chromatin and subsequent IP of common abundant
epigenetic regulatory marks at both positive and negative
gene loci. The abundance of these methylated histones is
dependent on the chromatin structure and conformation at
the chosen genes of interest. Despite not screening these
genes for RNA expression, some inference can be made
regarding the accessibility of the gene locus to transcription
factors based on the presence of distinct histone
methylation marks. H3K27Me3 is thought to be associated
with repressive functions for gene transcription while
H3K4me3 has long been associated with active gene
expression (Young et al., 2011).

Methodology

Endometrial biopsy and stromal cell isolation - Endometrial
biopsies were obtained and processed for stromal cell isolation
according to previously described protocols (Margarit L et al.,
2009, Gonzalez D et al., 2012). Briefly, fertile control biopsy
samples were taken from women with proven fertility and
regular menstrual cycles. Cycle phase was confirmed by
ultrasound and histological criteria (Noyes et al., 1975). Biopsy
samples were cut into 1mm pieces and placed in Dulbecco’s
modified eagle media (DMEM) containing antibiotic–
antimycotic solution. The tissue was then enzymatically
digested by adding collagenase (134 U/ml) and
deoxyribonuclease type I (156 U/ml) for 1 h at 37°C. Samples
were spun at 500 rpm for 5 minutes. The supernatant was then
removed and discarded and the pellet re-suspended in
complete culture medium DMEM supplemented with fetal
bovine serum (FBS 10%), sodium bicarbonate (2.7%), sodium

pyruvate (1%) and antibiotic–antimycotic solution (1%).  Cells
were then transferred to a 75cm2 falcon flask and cultured
overnight 5% CO2 at 37°C. Media containing epithelial cells
was removed and endometrial cells were washed twice with
PBS to remove blood cells. 

Chromatin collection – Stromal Cells were cultured in 145 x
20mm Cellstar® plates until they reached confluency (100%).
Once confluent cells were fixed and chromatin collected using
the Chromtrap® V5 spin column protocol as standard. Isolated
chromatin was then sonicated to produce chromatin fragments
in the region of 100-600 base pairs (Fig. 1). Aliquots of the
chromatin stock were taken, reverse cross linked and protease
digested before the concentration of DNA was determined
using a NanoDrop Spectrophotometer. In this instance the
chromatin concentration was ˜2.5µg/ml and adjusted to a
standard concentration of 1µg for subsequent IP steps.
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Chromatrap® enriches epigenetic marks from primary cells

Figure 1. Qualitative analysis of Chromatin from endometrial
stromal cells.

Immunoprecipitation - Immunoprecipitation was performed as
standard according to Chromatrap® V5 spin column protocol.
Slurries were prepared prior to addition onto the column
consisting of 1µg chromatin with 2µg antibody. The antibodies
examined in this study include the highly abundant epigenetic
histone marks H3 and H4 (rabbit polyclonals, Active Motif).
Methylated histones associated with activation and repression

of transcription were also precipitated (H3K4Me3 and
H3K27ME3). A rabbit IgG antibody was used as a negative
antibody control. The H4 antibody is a serum derived antibody
and therefore no concentration was available, for this IP the
same volume (2µl) of other antibodies was used but the
concentration was unknown. Slurries containing the antibodies
were incubated on the column for 1h at 4°C. This was followed
by washes and subsequent elution to precipitate the bound
antibody with the provided Chromatrap® buffers. All samples
and inputs (equivalent to 1µg chromatin) were reverse cross
linked and protein digested prior to downstream processes.
ChIP’s were performed in triplicate (3 ChIPs per antibody).

qPCR Analysis - Real time PCR (qPCR) was used as the
method of detection to determine the amount of precipitation
for each antibody. Table 1 represents the antibody and gene
targets used in this study, a combination of both positive and
negative gene targets were studied. Each precipitation assay
was conducted using an equivalent loading of negative IgG
antibody as a negative control. Both the positive and negative
enrichment signals were compared to the Input sample as a %
signal. All data shown is the mean and standard deviation of a
minimum of 3 technical repeats. All precipitation assays were
subsequently run in triplicate for qPCR analysis and compared
relevant to the obtained PCR efficiency.  

Patient
sampleMarker

500bp

Table 1

Antibody Positive gene target Negative Gene target

H3 GAPDH, PABPC1 and B-globin

H4 GAPDH, PABPC1 and B-globin

H3K4Me3 GAPDH, PABPC1 B-globin

H3K27ME3 NA GAPDH, PABC1, B-globin

Table 1

Results and Discussion 

In order to demonstrate the utility, efficiency and
reproducibility of the Chromatrap® Immunoprecipitation assay
on primary tissue, a simple experimental design was employed
to amplify common epigenetic marks at both positive and
negative gene loci. The balance of epigenetic marks at these
loci and the level of amplification clearly show that the assay
is both sensitive and selective, whilst demonstrating that
abundant and low abundant genes are decorated differently
in primary stromal cells isolated from endometrial pipelle biopsy
samples. Amplified real signal, relative to the input chromatin,
was detected for H3K4 and H3K27 tri methylation at each of
the gene loci screened in this study, while the efficiency of the
assay was monitored using highly abundant H3 screening as a
positive control (Figure 2).

Histone H3 is a core component of the cellular chromatin,
which is bound to most gene sequences throughout the
genome. Immunoprecipitation of stromal cell chromatin with
the Histone H3 antibody shows enriched signal for the
GAPDH, B-globin and PABPC1 loci, while Immunoprecipitation
with the Normal Rabbit IgG resulted in very low background
enrichment at each gene respectively. A minimum of 10 fold
more enrichment was observed with the positive H3 antibody
when compared to the negative IgG control (GAPDH 11x, b-
globin 9x and PABPC1 10x enrichment). The Chromatrap®

protocol therefore is, in the first instance, sufficient for the
isolation of excellent quality chromatin and the sensitive
amplification of positive target signal for histones on the DNA
backbone, allowing the monitoring of nucleosome presence.
The ease of handling and speed of the IP process is an added
advantage against many competitor kits available, resulting in
reproducible results (shown by the standard deviation depicted
in Fig 2) from patient samples.  
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Positive amplification for H3k4me3 and H3k27me3 was
detected, at varying levels of real signal at the GAPDH, B-
globin and PABPC1 genes. The presence of these marks in
varying ratios is suggestive of differential gene expression
profiles in endometrial stromal cells. GAPDH is a ubiquitously
expressed gene involved in energy metabolism and therefore
the presence of H3k4 methylation, associated with active gene
expression was expected at this gene locus. Five-fold higher
amplification of H3k4 tri-methylation was observed when
compared to H3k27 tri-methylation (3.3% real signal as
opposed to 0.7%).  Positive amplification was also observed
for anti-H4 antibody at this gene locus. B-globin, which codes

for the oxygen carrier protein haemoglobin is used here as a
negative control, as it is not expressed in the human
endometrium (Townes et al., 1985). As expected, a two-fold
increase in HeK27 tri-methylation was observed at this gene
locus when compared to the presence of H3K4 tri-methylation
(0.38% and 0.16% real signal respectively). Included in this
study as a low abundant gene PABPC2 also demonstrated
strong IP amplification. A positive Real signal of 1.8% was
observed for H4 presence at the gene locus, while 3.5 fold
more tri-methylation was detected for H3K4 than H3K27, once
again suggestive of an active gene locus.

Figure 2. Highly abundant epigenetic marks on positive and negative gene targets in primary stromal cells, illustrating % real
signal relative to input.
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Conclusion

The data shown here is a clear demonstration of
Chromatrap® assay utility in the IP of epigenetic histone
methylation marks from primary biopsy material. A sensitive
and selective approach capable of delineating the balance
between active and repressive associated marks,
Chromatrap® enables fast amplification and understanding
of protein/DNA complexes in clinically relevant material.
The reproducibility of the assay and the strong fold

amplification above negative IgG background, enables the
targeting of both abundant and low abundant marks at
multiple gene targets. While this study demonstrates ChIP
from 1µg (equivalent of 150,000 cells), the assay has been
utilised equally successfully at 100ng of chromatin input,
which is the equivalent of 15000 cells. This highlights the
opportunity for ChIP enabled understanding of the
endometrial epigenetic landscape and its role in the control
of complex and dynamic cellular differentiation systems
observed in both infertile pathology and endometrial cancer.

Chromatrap® enriches epigenetic marks from primary cells
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Chromatrap® – targeting the epigenetic landscape
alongside low abundant transcription factor recruitment

1.0 Introduction

Developed over 20 years ago, ChIP is a technique that allows
researchers to take a snapshot of the regulatory mechanisms
which interact with the DNA backbone. Formaldehyde-fixed
protein/DNA complexes are immunoprecipitated with
validated antibodies and analysed, enabling the epigenetic
landscape of the cells to be revealed. Multiple platforms are
available
for carrying out ChIP; however, the novel Chromatrap®

platform represents a major advance through using a solid
support matrix, which allows the highly sensitive capture of
these complexes in low volume and low chromatin
concentration samples. By eliminating magnetic bead
separation, Chromatrap® speeds up the process whilst
providing low background signal, thus enabling difficult low
abundant targets to be efficiently detected.

The epigenetic landscape is a complex balance between open
and closed chromatin configurations which dictate patterns of
active and repressed gene expression. Understanding this
balance is crucial, revealing the regulatory molecular
mechanisms which underpin normal cell function and
pathology development. Detecting these mechanisms,
particularly with low abundance targets identified in small cell
samples, can be challenging and is a hurdle not easily
overcome. Porvair’s new Chromatrap®, is an excellent platform
for the sensitive and selective capture of high and low
abundant transcription factors and histone marks, providing an
exciting step change in assay technology. 

To demonstrate this, a low volume and high sensitivity ChIP
assay was performed on two in vitro cell line models, HepG2
and K562. For positive expression indicators the ubiquitously
expressed RNA pol II binding onto the Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) gene loci, which is
actively expressed in all cell types, was used1. The balance of
histone tri-methylation at lysine 4 and 27 in the tails of H3 is
used here to suggest the presence of open (high H3k4 and low
H3k27) and or closed (low H3K4 and high H3K27) chromatin
conformation respectively5; 6. The negative gene ß-globin
which is activated only in adult erythroid cells and inactivated
in non-erythroid tissues2; 13 was used as a negative gene for
RNA pol II and the presence of H3K4me3.

The Enhancer of zeste homologue 2 (EZH2) and histone de-
acetylase 1 (HDAC1), were chosen as low abundant TF targets.
EZH2 is capable of gene silencing 

via the tri-methylation of H3K277; 10, and its presence at the
positive Myelin transcription factor 1 (MYT1) gene loci is
compared to the identified negative zinc finger protein 333
(ZNF333) gene loci11. Both Cyclin A and p21 genes are
important in regulating cell cycle progression, and HDAC1
recruitment to them  has been previously described 8; 14; 15; 16.
Due to their low abundance, aberrant repression of several
genes and cell cycle de-regulation associated with cancer
development, they are an ideal IP challenge, highlighting the
effectiveness of Chromatrap® 7; 8; 9.

Application note based on the patented
Chromatrap® technology

Chromatin immunoprecipitation (ChIP) is a commonly
used IP technique for mapping the DNA-protein
interactions in cells which are crucial for correct gene
regulation. The molecular mechanisms of epigenetics
are being studied to evaluate their effect on chromatin
conformation, active or inactive, which control the
accessibility of the DNA backbone to transcription factor
regulators (TF). Detecting the activity and presence of
these mechanisms and their dis-regulation, enables
researchers to understand the aberrant epigenetic
landscapes which occur in pathology development.

Demonstrated here is the sensitivity, selectivity and
reproducibility of solid phase Chromatrap®, as an assay
for Chromatin IP from low cell numbers. Using low
input chromatin concentration, the utility of
Chromatrap® to understand the balance between
histone methylation marks and low abundance TF
recruitment at positive and negative target gene loci is
clearly shown. This exciting new tool enables low
volume, fast IP from small samples, eliminating bead
loss and high background signals which are prevalent in
magnetic bead separation techniques. Handling errors
are also reduced, enabling robust analysis of chromatin
dynamics and their effect on TF recruitment.
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2.0 Methodology

2.1 Chromatin preparation
Hep G2, a hepatocellular carcinoma cell line17, and K562
isolated from chronic myeloid leukaemia18 were chosen for this
study. Cells were grown to confluency and prepared for IP
according to the standard Chromatrap® protocol
(http://chromatrap.com /downloads/). Briefly cells were fixed
in 1% formaldehyde, lysed and the isolated nuclear chromatin
fraction was separated by centrifugation. The Chromatin was
sheared to obtain fragments of 100 – 500bp in length (Figure
1). The concentration of the chromatin was assessed using a
NanoDrop spectrophotometer and aliquots of chromatin were
stored to avoid excess freeze thaw cycles.

2.2 Immunoprecipitation and detection
For each antibody slurry preparation 500ng of chromatin,
equivalent to approximately 80,000 cells, were precipitated
with 1ug of antibody (2:1 antibody: chromatin ratio); buffered
with 1µL of PIC and 5µL of Wash buffer 1 (WB1). Each IP
reaction was made up to a final volume of 40µl with water.
The full list of the antibodies used in each reaction, for both
cell lines is given in Table 2. Aliquots of chromatin equivalent
to 500ng were set aside as the input for qPCR analysis. Each
IP slurry was incubated on the pre-conditioned columns at 4°C
for 1 hour. The columns were then washed with appropriate
buffers  and captured DNA/Protein complexes were eluted as
per the protocol. The eluted samples were subjected to reverse
cross linking and proteinase K digestion, along with the input
sample and then processed directly for qPCR analysis. 

2.3 qPCR analysis
Each immunoprecipitation sample was compared with an
equivalent loading of the unspecific IgG antibody (Table 1)
from the same species, which served as a negative control.
Both positive and negative IP were precipitated and analysed
at the same time, then compared against the input sample as
a percentage signal. Data presented in the results is the % real
signal relevant to input (AB%Signal – IgG%Signal) with the standard
error calculated from the minimum of 3 independent repeats
to demonstrate reproducibility.

Antibody targets Positive Negative
gene targets gene targets

H3K27me3 MYT1 ZNF333
ß-globin GAPDH

H3K4me3 GAPDH ß-globin

EZH2 MYT1 ZNF333

RNA polymerase II GAPDH ß-globin

HDAC1 Cyclin 2A GAPDH
p21

Table 1. Antibody targets for ChIP and the gene loci
at which targets are positive or negative.

Figure 1. Qualitative analysis
of chromatin.
Chromatin was sheared
using a Bioruptor for 30
second bursts with 30
second intervals on ice at a
power setting of 3 for 15
minutes so that desired
fragment lengths between
1-500bp were obtained.

Table 2. Specific and unspecific antibody targets
used in ChIP.

Antibody target Type

H3K27me3 pAb / rabbit

H3K4me3 pAb / rabbit

EZH2 mAB / mouse

RNA polymerase II pAb / rabbit

HDAC1 mAb / rabbit

Unspecific IgG, 1 rabbit serum

Unspecific IgG, 2 mouse serum

Targeting the epigenetic landscape alongside low abundant transcription factor recruitment
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Targeting the epigenetic landscape alongside low abundant transcription factor recruitment

Figure 2. ChIP results in Hep G2 cell line demonstrating the
relationship of methylation marks on potentially transcribed and
silenced gene targets.

-1.0

0.0

1.0

3.0

2.0

4.0

5.0

6.0

7.0

GAPDH B-globin Cyclin A2

%
 R

ea
l S

ig
na

l (
In

pu
t)

% Real Signal (input) in Hep G2

p21

RNA pol II H3K4me3 H3K27me3 HDAC1

Figure 3. The precipitation with low abundance target EZH2. EZH2
induced presence of H3K27me3 is evident on MYT1 promoter. The
% Real Signal (input) values are very low on the negative gene
ZNF333 as expected. Highlights sensitivity of the Chromatrap® assay.
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3.0 Results and discussion 

Chromatin from both human hepatocellular carcinoma cell line
HepG2, and K562 cells isolated from chronic myeloid
leukaemia17; 18, was subjected to IP, using 500ng of input
chromatin. RNA pol II presence at the promoter region of
GAPDH was screened as a high abundant positive
amplification target alongside the negative ß-globin gene
locus to ensure selective amplification. The data, from a
minimum of three independent repeats is presented as
amplified % real signal, where unspecific IgG background
signal is subtracted from the positive antibody relative to the
input sample (see section 2.3).

3.1 Hep G2 Cells
The presence of RNA pol II at the GAPDH gene was detected
alongside the tri-methylation of lysine 4 in the H3 tail,
suggestive of open, actively transcribed chromatin (Figure 2).
Despite the low loading concentration of input chromatin, a
positive 1.7% signal was detected for RNA pol II presence at
the GAPDH promoter, 5-fold above the background IgG.
Similarly, a strong 5.6% real signal was detected for H3K4me3,
a 140-fold increase when compared to the H3K27 tri-
methylation signal, supporting an open chromatin
conformation in these cells. At the negative ß-globin gene loci,
the ratio of H3K4 and H3K27 tri-methylation was reversed,
suggestive of a closed chromatin configuration as expected.
This was reinforced by the lack of RNA pol II signal at the ß-
globin gene (Figure 2). Low RNA pol II recruitment was
detected at both Cyclin A2 (0.09%) and p21 (0.16%) gene

loci despite the balance of H3k4 and h3K27 tri-methylation
presence, being indicative of an open chromatin confirmation.
No H3K27me3 signal was detected at the Cyclin A2 gene
while 1.6% H3K4me3 signal was observed. The presence of
low-level HDAC1 activity (0.1%) suggests interplay between
histone methylation and de-acetylase activity at this gene. A
1.5% H3K4me3 signal was detected at the p21 gene loci;
however, no HDAC1 activity could be detected at this gene
loci in Hep G2 cells.

Low abundant transcription factors HDAC1 and EZH2 are also
targeted to highlight the utility and flexibility of the
Chromatrap® assay. The lower background IgG signal, afforded
by the sensitive Chromatrap® solid phase support, clearly
enables these amplification signals. The regulation of the cell
cycle is a dynamic process, which can become de-regulated in
cancer cells16. Cyclin A2 and p21, a cyclin-dependent kinase
inhibitor, are important in cell cycle regulation.5; 16 The
expression of these gene transcripts will vary depending on the
cell cycle stage at the time of fixation. The low precipitation
with RNA pol II on Cyclin A2 and p21 gene loci suggests that
they are maintained in a dynamic, open chromatin
conformation making them accessible to important
transcription factors such as well as known tumour suppressor
genes such as p5319; 20. The balance of repressive and
transcription promoting marks shown in Figure 2
demonstrates, that the Chromatrap® assay is capable of giving
an insight into complex epigenetic mechanisms.
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MYT1, included here as a positive gene control, showed a high
% real signal for the presence of the low abundant
transcription factor EZH2 (Figure 3). A 14-fold higher signal
(0.7%) was detected at the MYT1 gene loci when compared
to the negative control ZNF33 (0.05%). EZH2 is a transcription
repressor of MYT1 expression and is thought to be able to
recruit the presence of tri-methylation at lysine 27 of histone
H3, commonly associated with closed chromatin
conformations and gene silencing. This is the case here, where
0.7% signal was amplified at the MYT1 locus, a 12-fold
increase when compared to that at the negative ZNF33 loci
(0.06%, Figure 3). A very low level, similar to that seen in the
negative control gene loci, of H3K4me3 and RNA pol II signal
was detected at the MYT1 gene.

3.2 K562 cells
As was the case in the Hep G2 cells, positive amplification of
signal was observed relative to background, showing
recruitment of RNA pol II onto the GAPDH promoter (1% real
signal; Figure 4). Together with a strong 3.7% H3K4me3 real
signal, 28-fold higher when compared to the observed
H3K27me3 signal, the pattern of epigenetic marks present and
recruitment of RNA pol II suggest an open chromatin
conformation at the GAPDH gene loci (Figure 4). At the
negative ß-globin gene loci, as expected, a reversed H3K4-
H3K27 tri-methylation ratio was observed.  The H3K27me3
signal was 5-fold higher (0.1 %) than that observed for
H3K4me3 (0.02 %), suggesting the ß-globin locus is locked in
a closed chromatin conformation. The lack of RNA pol II
recruitment at this gene locus agrees with the suggestion that
this gene is inactive in these cells at the time of fixation. 

A low level of RNA pol II recruitment was observed at the
Cyclin A2 loci, alongside a positive 1.2% real signal for
H3K4me3. Again, a 25-fold higher signal was observed for
H3K4me3 when compared to H3K27me3, suggesting the
gene is in the active, open chromatin conformation. As in Hep
G2, a low level of HDAC1 precipitation (0.16 %) at Cyclin A2
loci indicates some interaction with histone acetylation. At the
p21 gene locus a contrasting profile was observed in K562 cells
compared to Hep G2, indicative of the sensitive and selective
precipitation capabilities of the Chromatrap assay. No
recruitment of RNA pol II was observed at this loci, and
H3Kme3 precipitation was 7-fold lower than in Hep G2
(Figures 2 and 4). Together with HDAC1 recruitment at 0.16%
and 7-fold higher H3K27me3 signal (1.45%) than H3K4me3
(0.21%), the results suggest that this gene is again, in a closed,
inactivated chromatin configuration (Figure 4).

The K562 cells have some characteristics of erythroid cells,
which are capable of expressing embryonic and foetal, but not
adult haemoglobin3; 4. This is likely to explain the detection of
slightly lower H3K27me3 presence at the ß-globin gene loci in
K562 compared to HepG2. Although the ChIP signal profile
on Cyclin A2 was similar in both cell lines, the p21 gene loci in
K562 appears to be in a less accessible conformation than in
HepG2, as indicated by reversed H3K27 – H3K4 tri-
methylation profile. Positive amplification signal (1%) for the
low abundant transcription factor EZH2 recruitment to the
MYT1 gene loci was detected using Chromatrap®, a 12-fold
increase in signal compared to the negative gene loci
(0.08%;ZNF333; Figure 5). Together with the presence of
1.5% H3K27me3 real signal detected at the positive MYT1
locus, 36 fold higher than ZNF333, this data suggests that
EZH2 negatively regulates MYT1 gene expression via its
recruitment of histone methyl-transferase activity. The RNA pol
II and H3K4me3 signals were very low at MYT1 and ZNF333
gene loci as in the Hep G2 cells (Figure 5). 

Figure 4. Chromatin Immunoprecipitation of methylation marks and

transcription factors at multiple gene loci in K562 cell line.
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Figure 5. Detected precipitation of low abundant EZH2 at the MYT1
locus.. The % Real Signal (input) values are very low on the negative
gene ZNF333 as expected. 
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4.0 Summary

In order to demonstrate the ease of use and application of
Chromatrap® for improved sensitivity and reproducibility of
a complex ChIP set up, a matrix of IP assays was designed
to simulate a typical gene-specific epigenetic research
approach. The balance of histone methylation presence,
shown in the literature to be associated with active or
inactive transcription, was detected alongside the
recruitment of TF’s RNA pol II, EZH2 or HDAC1. The
balance of these factors is sufficient to allow hypothesis to
be drawn regarding the possible chromatin conformation
and gene transcription at the time of fixation. The
impressive selectivity amplification of signals observed at
positive gene loci and absence at the negative genes, clearly
demonstrates the utility of this low volume, low input
concentration assay. Both the high and low abundance
targets were assayed using the same low number of cells
(approximately 80,000) showing the flexibility of
Chromatrap® assay without the need to increase the
amount of starting material and incubation times. 

4.1 Conclusion 
Chromatrap® from Porvair Sciences is the first solid state
chromatin immunoprecipitation assay based on true
filtration of antibody-targeted chromatin fragments from
unspecific antibody-chromatin interactions. 500ng of
chromatin, equivalent to 80,000 cells, subjected to
precipitation targeted at high (RNA pol II, H3K4me3,
H3K27me3) and low (EZH2, HDAC1) antibody targets is
shown here. Up to 140-fold difference between
methylation marks is achieved on ubiquitously expressed
gene loci, and up to 28-fold on repressed genes, such as
MYT1, correlated with binding of a low abundance
transcription factor EZH2. Other competitor assays kits are
characterised by high concentrations of starting material
(chromatin, antibody), or to use prolonged incubation times
for increased sensitivity. Chromatrap® overcomes these
obstacles without compromising on achievable sensitivity.
(http://chromatrap.com/uploads/documents/TL0014__1_
Day_Chromatrap_App_Note_1.pdf), clearly demonstrating
the value of Chromatrap® in gaining insight into epigenetic
gene regulation.
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A novel solid-state ChIP platform in high throughput
format – Chromatrap® 96 HT

Summary

Epigenetics is increasingly a key focus of research groups
in both industry and academia for answers to
fundamental transcription regulation questions.
Advances in high throughput ChIP coupled with
automated liquid handing and next generation
sequencing are paving the way for global gene
expression analysis and examination of the epigenetic
landscape of vast numbers of cell types under varied
treatment or disease conditions. In order for this to
become a reality, the technology efficiency needs to be
advanced, allowing multiple gene loci and signalling
mechanisms to be investigated. The novel solid phase
technique employed by the Chromatrap® spin column
technology has been developed to create a 96 well
microplate format for high throughput ChIP.
Chromatrap® 96 HT provides a superior platform for
large-scale examination of disease and metabolic
pathways, biomarkers and biopharmaceutical and small
molecule effects on transcriptional regulation,
generating a vast array of data from small quantities of
starting material.

This technical note demonstrates the tremendous
potential of Chromatrap® 96 HT in the field of
epigenetics. Sensitive enrichment of gene loci following
immunoprecipitation with antibodies directed against
transcription factors, alongside indicative histone marks,
is clearly shown here to be highly selective,
demonstrating excellent reproducibility. Parallel
observation of transcription factor recruitment and
histone methylation in multiple cell lines is described,
demonstrating the capability of the platform to generate
vast quantities of high quality, comparable data in a
single one-day experiment. 

By eliminating the carry-over and unwanted retention
often seen with bead-based assays, Chromatrap® 96 HT
provides higher purity outputs and with a shorter overall
protocol, allowing 96 samples to be processed in one
day.

1.0 Introduction

The development of disease and deregulation of cellular
signalling pathways involves more than basic genetics and
environmental factors. In recent years epigenetic regulation of
gene expression has emerged as a significant factor in these
processes (Ho and Tang, 2007) and chromatin
immunoprecipitation (ChIP) has become a prominent assay for
understanding the interaction of regulatory proteins with their
target DNA backbone. The majority of ChIP platforms currently
available use agarose or magnetic beads. These are associated
with a number of difficulties including high background,
tedious wash steps which result in sample loss and low binding
specificity of beads to antibody. Solid phase
immunoprecipitation of chromatin using Chromatrap® spin
columns is an exciting new technology advance for ChIP. The
Chromatrap® system has been optimized for high sensitivity,
low volume analysis of samples to enable targeting of
epigenetic regulatory mechanisms alongside low abundant
transcription factor binding in model and primary systems
(Chromatrap enriches epigenetic marks in primary cells).
Chromatrap® solid phase ChIP is rapid (1-day spin column
assay) and sensitive with low cell numbers and selective for
low abundant transcription factors (targeting the epigenetic
landscape).

The limitation of single column analysis is that only 24 samples
can be processed at any one time. The advantage of
Chromatrap® 96 HT is that it allows up to 96 ChIP reactions to
be processed simultaneously. Chromatrap® 96 HT not only
offers the technical advantages over magnetic and agarose
beads but also means that 96 samples can be processed in one
day, with excellent DNA enrichment, and is compatible with
automated liquid handling, reducing manual handling error
and processing time. The opportunity to perform 96 ChIPs on
a microplate means that multiple cell types can be tested in
parallel, along with any treatments of interest, with minimal
handling time. Further to this, multiple antibody targets can be
enriched on the same plate providing a vast array of data and
enabling parallel observation of widespread effects in one
experiment. The application of Chromatrap® 96 HT in 1 day
high throughput screening of high abundant transcription
factors and common epigenetic marks has been demonstrated
to be robust and reproducible. The Chromatrap® 96 HT system
is also compatible with ChIPseq methods. The major advantage
of using Chromatrap® 96 HT in pharmaceutical and industrial
settings is the ability to generate large, reliable datasets in a
cost-effective and time-efficient manner. 
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To show the efficiency and sensitivity of Chromatrap® 96 HT
an experiment was designed whereby a low abundant
transcription factor and associated histone methylation marks
were immunoprecipitated from multiple cell lines in parallel.
Chromatin was prepared from five human cancer cell lines
HepG2 (liver hepatocellular carcinoma cell line), K562 (chronic
myelogenous leukemia cell line), HeLa (cervical
adenocarcinoma cell line), Ishikawa (endometrial
adenocarcinoma cell line) and MCF7 (breast adenocarcinoma
cell line) and immunoprecipitated using antibodies directed
against the common epigenetic marks H3K4me3 and
H3K27me3 alongside the low abundant transcription factor
EZH2. The enriched DNA obtained from the Chromatrap® 96
HT precipitation was then subjected to qPCR analysis for a
combination of positive and negative gene targets. Using
Chromatrap® 96 HT a vast quantity of data was generated, a
subset of the results are shown here to demonstrate the
robustness and reproducibility of this large scale platform ChIP
assay.

2.0 Method

Chromatin Preparation 
Chromatin was prepared from five different sources,
summarised in Table 1, as per the Chromatrap® protocol using
the reagents supplied in the kit. Aliquots of each isolated
chromatin stock were used to assess the yield and shearing
efficiency, allowing standardisation of chromatin input,
therefore facilitating cross-sample signal comparison.

Experimental design 
The 96 well platform offers enormous loading potential for
enrichment of samples and analysis using appropriate controls.
To demonstrate the loading capacity of Chromatrap® 96 HT,
and the ability to generate vast amounts of data from a single

experiment using this platform, 96 well ChIP was carried out
to enrich epigenetic marks and transcription factors from
chromatin from five different cell lines simultaneously (see Fig.1
for plate layout). Each antibody/chromatin combination was
carried out in triplicate to demonstrate the reproducibility of
the enrichment using the ChIP matrix.

Antibody and Gene Targets
Details of the target antibodies and the relevant gene loci can
be found in Table 2. The epigenetic marks H3K4me3 and
H3K27me3 are associated with enhancing and repressing gene
transcription respectively (Young et al., 2011). Transcription
factor binding and trimethylation of lysine 4 on histone 3 are
generally associated with regions of open chromatin (Song et
al., 2011), this more relaxed structure enables recruitment of
RNA polymerase II (RNA Pol II) and transcription factors (TFs)
to the more accessible DNA. RNA Pol II binding alongside
H3K4me3 presence at the glyceraldehyde-3-phosphate
(GAPDH) gene locus forms an excellent positive target as
GAPDH is actively expressed in all cell types (Barber et al.,
2005). ß-globin, which is inactivated in non-erythroid tissues
(Levings et al., 2002; Goren et al., 2006), is a negative target
for H3K4me3 in all included cell lines. 

EZH2 encodes the histone-lysine N-methyltransferase, this
enzyme forms part of a complex which adds the three methyl
groups to lysine 27 on histone 3 and is mainly associated with
gene silencing (Cao et al., 2002). Myelin transcription factor 1
(MYT1) is a known positive target of EZH2 (Kirmizis et al.,
2004; Booher et al., 1997; Bracken et al.,2006) unlike the
negative gene target, ZNF333, a zinc finger binding protein
implicated in gene repression (Jing et al., 2004). In addition to
negative control gene targets non-specific IgG antibody from
the same species as the test sample antibodies was included to
demonstrate the low non-specific background obtained using
the Chromatrap® technology.

Cell Line Cell Type Reference

HepG2 Human liver hepatocellular carcinoma cell line Knowles et al., 1980

K562 Human chronic myelogenous leukemia cell line Lozzio & Lozzio, 1975

HeLa Human cervical adenocarcinoma cell line Gey et al., 1951

Ishikawa Human endometrial adenocarcinoma cell line Terakawa et al., 1987

MCF7 Human breast adenocarcinoma cell line Soule et al., 1973

Table 1 – Cell lines included in the study Immunoprecipitation using Chromatrap® 96 HT

Antibody targets Positive gene targets Negative gene targets

RNA Pol II GAPDH ß-globin

H3K4me3 GAPDH ß-globin

H3K27me3 ß-globin, MYT1 GAPDH, ZNF333

EZH2 MYT1 ZNF333

Table 2 – Antibody targets and gene loci included in this study

A novel solid-state ChIP platform in high throughput format – Chromatrap® 96 HT
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1 2 3 4 5 6 7 8 9 10 11 12

A

B

C

D

E

F

G

H

Key:-

Well Cell Line Antibody Well Cell Line Antibody Well Cell Line Antibody Well Cell Line Antibody

1-3 HepG2 RNA Pol II 25-27 K562 H3K27me3 49-51 HeLa HDAC 73-75 Ishikawa IgG

4-6 HepG2 H3K4me3 28-30 K562 EZH2 52-54 HeLa IgG 76-78 MCF7 RNA Pol II

7-9 HepG2 H3K27me3 31-33 K562 HDAC 55-57 Ishikawa RNA Pol II 79-81 MCF7 H3K4me3

10-12 HepG2 EZH2 34-36 K562 IgG 58-60 Ishikawa H3K4me3 82-84 MCF7 H3K27me3

13-15 HepG2 HDAC 37-39 HeLa RNA Pol II 61-63 Ishikawa H3K27me3 85-87 MCF7 EZH2

16-18 HepG2 IgG 40-42 HeLa H3K4me3 64-66 Ishikawa EZH2 88-90 MCF7 HDAC

19-21 K562 RNA Pol II 43-45 HeLa H3K27me3 67-69 Ishikawa ER-α 91-93 MCF7 ER-α

22-24 K562 H3K4me3 46-48 HeLa EZH2 70-72 Ishikawa IgG 94-96 MCF7 IgG

1 2 3 4 5 6 7 8 9 10 11 12

13 14 15 16 17 18 19 20 21 22 23 24

25 26 27 28 29 30 31 32 33 34 35 36

37 38 39 40 41 42 43 44 45 46 47 48

49 50 51 52 53 54 55 56 57 58 59 60

61 62 63 64 65 66 67 68 69 70 71 72

73 74 75 76 77 78 79 80 81 82 83 84

85 86 87 88 89 90 91 92 93 94 95 96

Figure 2 – 96 well ChIP layout
The layout of the Chromatrap® 96 HT well ChIP plate as used in this study. A 40 µl slurry containing chromatin from the source
detailed in the key along with the antibody described in the key was added in triplicate to the designated wells.

Immunoprecipitation
Chromatin stocks were standardised by preparing 25ng/µl
working stocks in sterile distilled water (see Table 3 for example
calculations). Addition of 20µl of the relevant chromatin
working stock to each of the slurries therefore gives a total
chromatin loading of 500ng. Inputs were prepared in parallel
containing 500ng chromatin from each cell line in a total
volume of 20µl, these samples were used for analyses and not
subjected to ChIP enrichment. Each antibody, including the
negative control IgG, was added at a 2:1 ratio to the chromatin

(1µg antibody:500ng chromatin). Slurries were prepared as a
mastermix for each triplicate of replicates for each sample in a
microcentrifuge tube (as outlined in Table 4). 40µl of IP slurry
was then loaded onto the ChIP, in its corresponding well
according to the 96 well plate layout. The plate was incubated
for 1 hour at 4°C before washing to remove any unbound
chromatin, this is followed by elution of the selectively enriched
chromatin specifically precipitated using the appropriate
antibody.
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A significant advantage of the Chromatrap® 96 HT solid phase
platform over bead-based systems for high throughput ChIP
is the suitability of the buffer system for proceeding directly to
downstream processing without the need for DNA cleanup.
Eluted samples were reverse cross-linked alongside the
corresponding inputs and the released protein digested with
proteinase K, leaving DNA suitable for use directly in qPCR. 

qPCR analysis
qPCR was used to analyse precipitation of the desired gene loci
by antibodies directed against proteins of interest known to be
present at the given locus. In order to emphasise the selectivity
and sensitivity of the ChIP assay, precipitation at a negative
gene locus, where the protein of interest should not be present,
was also determined. Each precipitation assay was performed
using an equivalent loading of IgG antibody as a negative
control. The percentage of real signal was calculated as a
proportion of the input chromatin, normalised using the signal
generated by non-specific binding of unspecific IgG. Error bars
represent the standard error of the mean of the triplicate
ChIPs.  

3.0 Results and discussion

To demonstrate the application of Chromatrap® 96 HT in
reliable, rapid and reproducible high throughput ChIP, common
epigenetic marks and transcription factors from five human
cancer cell lines were selectively enriched using the solid phase
platform. The following data represent only a glimpse of the
low abundant transcription factor and epigenetic mark target
results gained from using Chromatrap® 96 HT, highlighting
how much data can be achieved using the high throughput
ChIP system.

Using low chromatin loadings (500ng), equivalent to a small
number of cells (approx. 80,000), the actively expressed
GAPDH gene was precipitated with high specificity using an
antibody directed against the epigenetic mark associated with
promoter regions being actively transcribed, H3K4me3
(Bartova et al., 2008). A 4.35% real signal was observed for
H3K4me3 precipitated at the GAPDH gene locus in HepG2
cells, with around 3.5% for Ishikawa, 3% for MCF7 and
around 2% for K562 and HeLa highlighting the ease of
observation of variations in signal between cell lines when
multiple ChIPs are carried out in parallel. The specificity of this
enrichment is demonstrated by the absence of enrichment of
the GAPDH promoter region following immunoprecipitation
with an antibody directed against modified histone associated

Antibodies ChIP mix (3x)

Antibody Stock Volume Chromatin Wash buffer 1 PIC dH20 Antibody
concentration for 1µg (25ng/µl)

RNA Pol II 0.2µg/µl 5µl 60ul 15ul 3ul 27ul 15ul

IgG 0.2µg/µl 5µl 60ul 15ul 3ul 27ul 15ul

EZH2 1µg/µl 1µl 60ul 15ul 3ul 39ul 3ul

ER alpha 0.2µg/µl 5µl 60ul 15ul 3ul 27ul 15ul

H3K4me3 1µg/µl 1µl 60ul 15ul 3ul 39ul 3ul

H3K27me3 1µg/µl 1µl 60ul 15ul 3ul 39ul 3ul

HDAC 0.7µg/µl 1.43µl 60ul 15ul 3ul 37.7ul 4.3ul

Table 4 – Slurry preparation for single and triplicate sample slurries prepared in 1.5ml microcentrifuge tubes.

500 ng chromatin in 20ul Chromatin for 25ng/µl Sterile dH20 for 25ng/µl

No. of Chromatin Starting working stock working stock

ChIP’s concentration

1 ChIP all ChIPS 1 ChIP all ChIPs

18 HepG2 250ng/ul 2.00µl 36.00µl 18.00µl 324.00µl

18 K562 110ng/ul 4.55µl 81.82µl 15.45µl 278.18µl

18 HeLa 500ng/ul 1.00µl 18.00µl 19.00µl 342.00µl

21 Ishikawa 350ng/ul 1.43µl 30.00µl 18.57µl 390.00µl

21 MCF7 400ng/ul 1.25µl 26.25µl 18.75µl 393.75µl

Table 3 – Concentrations of chromatin stocks and working stocks used for 96 well ChIP.



ß-globin is only expressed in adult erythroid cells (Levings et
al., 2002; Goren et al., 2006). Therefore, in the cell lines used
in this study the locus would be expected to be in the closed
conformation, with absence of RNA Pol II and transcription
factor binding. H3K27me3 at the ß-globin locus of the five cell
lines demonstrates inactive transcription and repressed gene
expression (see Fig. 4). High real signals of 6.31% and 4.54%
were observed at the ß-globin locus of HepG2 and HeLa
respectively following precipitation with H3K27me3, indicating
a tightly closed chromatin conformation and absence of
transcription at this site. 3% and 2% real signal for the
presence of H3k27me3 were observed in Ishikawa and MCF7
cells at the ß-globin locus, with a comparatively low signal of
0.6% in K562 cells. This low signal however represents a 3 fold
increase in signal over background IgG demonstrating the
sensitivity of Chromatrap® 96 HT to detect low levels of broad
factor epigenetic signal at distinct gene loci. This ability is
facilitated by the low level of non-specific binding using solid
phase Chromatrap®, resulting in no signal loss with less
abundant targets. H3K27me3 signal was low (0.07% in
MCF7) or absent in all cell lines confirming the gene locus is
not in the open conformation.

Precipitation of the relatively low abundant target EZH2
alongside an antibody directed against the epigenetic mark
H3K27me3 associated with gene silencing (Young et al., 2011)
was chosen here to demonstrate the use of Chromatrap® 96
HT system to monitor a known TF mechanism of gene
repression in multiple cell lines. High signal for the neural
specific DNA-binding protein MYT1 following
immunoprecipitation with both antibodies is indicative of
excellent enrichment of less abundant targets from relatively
low chromatin concentration. Once again, the low non-
specific background binding of unspecific IgG using
Chromatrap® 96 HT, results in excellent signal to noise ratio
even for less abundant targets. Selectivity of the assay is
demonstrated by the contrast in MYT1 signal with that of the
negative target ZNF333. ZNF333 precipitation generated low
to no signal in all cell lines with all antibody targets, shown
here are the results for chromatin extracted from the diverse
cell lines HepG2 and Ishikawa (Figures 5 and 6).

Recruitment of the low abundant transcriptional repressor
EZH2 to the MYT1 locus is demonstrated in the liver carcinoma
cell line, HepG2, where a 12-fold enrichment was observed
over the negative gene target ZNF333. These data are
complimented by almost 16% real signal for H3K27me3 at the

same locus. Enrichment of H3K27me3 signal at the MYT1
locus was six times that observed using H3K4me3, indicating
a closed chromatin conformation and repressed transcription
(Figure 5). The same pattern was also observed for the
endometrial cell line Ishikawa (Figure 6). Excellent enrichment
of MYT1 following immunoprecipitation with EZH2 and
H3K27me3 with little variation between replicates and no
enrichment of the negative gene target ZNF333 for H3K4me3,
H3K27me3 or EZH2 demonstrates the selectivity, sensitivity
and reproducibility of the platform.
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A novel solid-state ChIP platform in high throughput format – Chromatrap® 96 HT

with gene repression, H3K27me3 (Portella and Esteller, 2010).
A positive enrichment signal for H3K27me3 presence at the
GAPDH locus was only observed in chromatin isolated from
HeLa cells. A background signal of 0.31% represented a 6.5
fold decrease when compared with 1.97% for the H3K4me3
antibody, leaving no doubt this region of the chromosome is
predominantly open in all five cell lines, as expected. Figure 3
demonstrates the value of parallel immunoprecipitation of

chromatin from different cell lines or following different
treatments using high throughput ChIP. The technique
generates data which provides easy visual comparison of
variations in gene expression between different cell lines,
demonstrating the capacity to monitor multiple cell types or
patient response at specific gene loci to the addition of     small
molecules or biopharmaceuticals, in disease progression or as
biomarkers of medical conditions.
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Figure 3 – Positive and negative GAPDH promoter enrichment
from chromatin isolated from five different human cancer cell
lines using antibodies directed against H3K4me3 and
H3K27me3.

H3K4me3

H3K27me3

Figure 4 – Histone methylation signal precipitated at the ß-
globin promoter region of five different human cancer cell
lines using antibodies directed against H3K4me3 and
H3K27me3.



23

4.0 Conclusions

Chromatrap® 96 HT provides an excellent platform for highly selective high throughput analysis of gene regulation which
is dependent on the interaction of transcription factors and a vast array of epigenetic modifications. This technical note
has demonstrated that solid phase ChIP using Chromatrap® 96 HT provides specific and sensitive enrichment of chromatin
associated with epigenetic marks and transcription factor binding sites in multiple cell lines with impressive reproducibility.
With its suitability for automated high throughput ChIP Chromatrap® 96 HT opens up the opportunity for accurate, reliable
analysis of global gene expression and investigation of multiple regulatory pathways following hundreds of different
treatments and/or in many different cell lines in parallel.

The format enables investigation of the effects of biopharmaceuticals or small molecules at varying concentrations in different
cell lines to be carried out in parallel in a single experiment. Similarly, a wide range of biomarkers or metabolic/disease
pathways could be examined along with their regulation/deregulation in different tissues or following different cell/tissue
treatment in just one assay, rapidly advancing the knowledge in a single day. Excellent enrichment of high and low abundant
targets has been achieved with low concentration chromatin from diverse human cell lines in a robust and reproducible
manner demonstrating the potential for this platform to advance epigenetic knowledge in a variety of academic and
commercial fields.

Figure 5 – EZH2, presence at the MYT1 and ZNF333 loci
alongside open and closed chromatin confirmation histone
methylation marks reveal insights into the predicted
mechanism of repression in the HepG2 cell line.

Figure 6 – EZH2, presence at the MYT1 and ZNF333 loci
alongside histone methylation marks indicative of open and
closed chromatin confirmation reveal insights into the
predicted mechanism of repression in the Ishikawa cell line.
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Chromatrap® Enzymatic Shearing Kit isolates high
quality chromatin for excellent target enrichment

Summary

Isolation of good quality, suitably fragmented chromatin is
the most important prerequisite for successful chromatin
immunoprecipitation. Chromatin can be sheared
enzymatically or by mechanical methods such as
sonication. Enzymatic shearing can be advantageous where
expensive sonication equipment is not available or where
native chromatin is to be examined. Illustrated here in this
short application is the effectiveness of the Chromatrap®

Enzymatic Shearing Kit in the fragmentation and isolation
of high quality ChIP grade chromatin. We also highlight
comparable data for enzymatic versus sonication using
Chromatrap® ChIP kits. 

1.0 Introduction

Chromatin immunoprecipitation (ChIP) is an effective tool in
elucidating protein/DNA interactions, thus enabling a greater
understanding of the mechanisms of gene regulation. A critical
step in the ChIP process is the preparation of high quality
chromatin fragments between 100-500bp. These are generated
either by mechanical shearing or restriction enzyme digestion. A
simple and cost effective alternative to mechanical shearing,
enzymatic digestion does not require any expensive equipment.
Added to this, the shearing process is milder and preferable to
sonication in certain circumstances. See table 1 for advantages
and disadvantages of the two different methods of chromatin
preparation.

To demonstrate the utility of the Chromatrap® Enzymatic Shearing
Kit in the preparation of high quality ChIP-grade chromatin, ChIP
was used to enrich high abundant Histone 3 (H3) signal at the
Glyceraldehyde-3-phosphate (GAPDH) gene loci. Chromatin was
also prepared using Chromatrap® Spin Column Sonication Kit to
compare the quality of chromatin between the different shearing
methods. Excellent quality chromatin, sheared to optimal
f ragment  s izes  was obta ined us ing both the
Chromatrap® Enzymatic Shearing Kit and the Chromatrap® Spin
Column Sonication Kit. Excellent target gene enrichment with
high signal to noise ratio was observed with both chromatin
preparations. The Chromatrap® Enzymatic Shearing Kit can
provide an excellent alternative to sonication for quick and simple
preparation of high quality chromatin for use in ChIP without the
need for expensive sonication equipment.

Figure 1. Schematic
illustration of
chromatin shearing by
enzymatic digestion
for use in ChIP.
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2.0 Method

Chromatin preparation
Chromatin was prepared from the human endometrial cell line
Hec50 (Holinka et al., 1996). 1 million Hec50 cells were
processed for chromatin isolation using the Chromatrap®

Enzymatic shearing Kit and the Chromatrap® Spin Column
Sonication Kit as per the standard protocol. Briefly, cells were
grown to ~80% confluency before cross-linking in 1%
formaldehyde, quenching with glycine and collection in ice-
cold PBS. Cells were spun down and the supernatant discarded
before re-suspension and cell membrane lysis in Hypotonic
Buffer. For Enzymatic shearing the released nuclei were then
collected by centrifugation and re-suspended in Digestion
Buffer for in-nucleus digestion of the chromatin. 

A 10µl aliquot of the nuclei suspension was removed and lysed
to measure the approximate concentration using a nanodrop
spectrophotometer. Based on this concentration the
appropriate volume of Shearing Cocktail was added to each
nuclei stock suspension at a ratio of 1U/5µg chromatin and
incubated at 37°C for 5 min. The reaction was stopped with
Enzymatic Stop Solution and suspensions placed on ice. Nuclei
were again collected by centrifugation and lysed by addition
of Lysis Buffer. Finally, suspensions were centrifuged to pellet
cell debris and the supernatant, containing sheared chromatin
stock transferred to a fresh microcentrifuge tube. A 25µl
aliquot of chromatin stock was removed, reverse cross-linked
and proteinase K digested to measure the stock concentration
and assess the chromatin quality using agarose gel
electrophoresis (see Figure 1).

For chromatin prepared by sonication, after cell membrane lysis
the nuclei were released using the appropriate volume of Lysis
Buffer and the isolated nuclear fraction was separated by
centrifugation. The chromatin was sheared using a water bath
sonicator with 30 second bursts with 30 second intervals at a
power setting of 3 for 15 minutes to achieve optimal fragment
lengths of 100-500bp (see Figure 2).

Immunoprecipitation using Chromatrap® spin
columns

Antibody and gene targets – The common epigenetic mark,
core H3 was selected as an antibody target for the study. H3,
one of four histones comprising the protein component of
chromatin, is ubiquitous within chromosomes and therefore
serves as an abundant antibody target for ChIP. The
glyceraldehydes-3-phosphate (GAPDH) locus provides an
abundant gene target and is actively expressed in all cell types
(Barber et al., 2005).

Immunoprecipitation – Chromatin stocks were standardised
by preparation of 50ng/µl working stocks in sterile distilled
water. Slurries were subsequently prepared with 1µg total
chromatin and 2µg relevant antibody. ChIP was carried out
using a Chromatrap® Pro-A Spin Column Kit as per the

Sonication

Enzymatic

Advantages

Random fragmentation.
Suitable for difficult to lyse cell types.

Milder treatment, less damaging to epitopes of 
interest.
Does not require any expensive equipment.
Suitable for native chromatin preparation.

Disadvantages

Potential antigenic epitope damage through 
emulsification or overheating.
Requires expensive equipment.
Cannot be used for Native chromatin
preparation (non cross-linked).

Restriction enzymes may exhibit some 
sequence bias during fragmentation.
Not suitable for some difficult to lyse sample
types.

Table 1. Comparison of shearing methods for chromatin preparation.

Enzymatically sheared

1500bp

500bp

100bp

Sonicated

Figure 2. Agarose gel electrophoresis of  Hec50 chromatin
prepared using the Chromatrap® Enzymatic Shearing Kit and
Chromatrap® Spin Column Sonication Kit. The typical ladder-
like banding pattern  observed after enzymatic digestion,
demonstrate  fragments of 200bp, 400bp and 600bp – ideal
for ChIP using Chromatrap® ChIP columns or high throughput
microplates. (1A). Uniform chromatin fragment lengths
between 100 and 500bp visualised with sonicated chromatin
(1B).

Chromatrap® Enzymatic Shearing Kit isolates high quality chromatin for excellent target enrichment
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standard protocol. Inputs were prepared in parallel containing
1µg chromatin from each cell line in a total volume of 20µl,
these samples were used for analyses and not subjected to
ChIP enrichment. Following elution, samples were reverse
cross-linked alongside the inputs, and proteinase K digested to
release DNA suitable for qPCR. Each chromatin/antibody
combination was carried out in triplicate to demonstrate the
reproducibility of the enrichment using chromatin prepared
using the kit.

qPCR – A significant advantage of the Chromatrap® Spin
Column Kit is the suitability of the buffer system for proceeding
directly to downstream processing without the need for DNA
clean up. qPCR was used to analyse precipitation of GAPDH
gene loci using antibody directed against H3. In addition,
precipitation of these loci using non-specific IgG was
determined. The percentage of real signal was calculated as a
proportion of the input chromatin, normalised using the signal
generated by non-specific binding of unspecific IgG. Error bars
represent the standard error of the mean of the triplicate ChIPs.

3.0 Results and Discussion

Sonicated chromatin from primary cells and cancer cell lines
has been reproducibly enriched for high and low abundant
targets using Chromatrap® spin columns and Chromatrap®

96HT. To demonstrate the application of the Chromatrap®

Enzymatic Shearing Kit as an alternative for the preparation of
high quality ChIP-grade chromatin, chromatin from and
endometrial cell lines was extracted and immunoprecipitated
using Chromatrap® Pro-A spin columns.

Immunoprecipitation using 1µg chromatin (equivalent to
approximately 160,000 cells) resulted in a 12-fold increase in
specific H3 enrichment at the GAPDH promoter, compared
with the non-specific IgG; Illustrating the high signal to noise
ratio resulting from chromatin extraction using the
Chromatrap® Enzymatic Shearing Kit. High real signal was
obtained for H3, precipitated at this locus with 4.87% for
GAPDH from Hec50 chromatin. This is comparable to Hec50
chromatin prepared by sonication which demonstrates a real
signal of 4.56% of H3 at the GAPDH loci. Excellent
reproducibility is clearly demonstrated indicating low variability
between samples, independent of starting cell number (see
Figure 3).

4.0 Conclusion

The Chromatrap® Enzymatic Shearing Kit provides an
excellent methodology for the preparation of high
quality, ideally fragmented chromatin for ChIP analysis.
This short technical note has demonstrated excellent
enrichment, independent of starting cell number, with
comparable GAPDH enrichment from
immunoprecipitation of 1µg chromatin with an anti-
histone H3 antibody for both sonicatated and
enzymatically digested chromatin. With its quick and
simple protocol this makes the Chromatrap® Enzymatic
Shearing Kit the perfect cost effective alternative to
sonication.
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Figure 3. H3 signal enrichment at the GAPDH promoter. Using
chromatin prepared using the Chromatrap® Enzymatic
Shearing Kit and Chromatrap® Spin Column Sonication Kit,
strong amplified signal was obtained at the GAPDH gene
promoter following H3 IP.  Excellent signal to noise ratio in
both Hec50 chromatin preparations.
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Introduction 

Mapping the chromosomal locations of TFs, nucleosomes,
histone modifications, chromatin remodelling enzymes,
chaperones, and polymerases is a key task in modern biology.
The standard methodology for mapping these regulatory
protein/DNA interactions is ChIP followed by massively parallel
sequencing (ChIP-seq; summarised in Figure 1).

In this application note we present a high quality, reproducible
format for ChIP-seq that enables confident analysis of data sets
and integrative analysis. When coupled with the ability to
conduct multiple target/sample analysis, Chromatrap® ChIP-
seq 96 (high-throughput format) enables simultaneous,
challenging TF complexes and epigenetic profiles to be
deciphered. In this format, Chromatrap® provides a platform
for genome-wide, multi-target screening in multiple cell types. 

Chromatrap®: a fast, reliable high-throughput ChIP-seq
assay for genome-wide protein-DNA analysis

Chromatin immunoprecipitation followed by sequencing
(ChIP-seq) is a technique for genome-wide profiling of
DNA-binding proteins and histone modifications. Allied
with next-generation sequencing (NGS) technology,
Chromatrap® provides a simple and easy to use ChIP
format. Compatible with high and low cell numbers,
validated on both transcription factor (TF) and epigenetic
mark identification in primary and secondary cell lines.

The availability of Chromatrap® ChIP-seq in a 96-well
plate allows for high-throughput analysis and, for the
first time, provides an unrivalled tool for studying
complex, co-ordinated gene regulation and epigenetic
mechanisms on a global scale. This application note
demonstrates the utility of the Chromatrap® ChIP-seq kit
to elucidate the genome-wide binding patterns of
nuclear receptor binding events in human
adenocarcinoma cells; highlighting the fast multiplex
capability alongside massively parallel NGS. Chromatrap®

ChIP-seq assays now enable unbiased, high resolution,
low noise amplification for genome-wide
understanding of enriched protein-DNA regulatory
networks.

Figure 1 – Overview of ChIP-seq process
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To demonstrate the ability of Chromatrap® ChIP-seq to
selectively and sensitively enrich DNA for NGS, the activity of
estrogen receptor (ER) was monitored in a cell line model. Here
we demonstrate both ligand-dependent and -independent
binding of ER in cells derived from human endometrial
epithelial adenocarcinoma tumours. We also investigated the
association of the epigenetic marks H3K4me3 and
H3K27me3, these are associated with open and closed
chromatin, respectively, in relation to ER binding.

When coupled with the ability to conduct multiple
target/sample analysis, Chromatrap® ChIP-seq in its
high-throughput format enables simultaneous,
challenging TF complexes and epigenetic profiles to be
deciphered. In this format, Chromatrap® now provides a
platform for genome-wide, multi-target screening across
multiple cell types.

Methodology 

1 x 107 human endometrial epithelial adenocarcinoma cells
were cultured in phenol red-free medium with 10% charcoal-
stripped FBS for 48 hours, followed by treatment with 10 nM
17β-estradiol (E2) for 4 hours. Chromatin was prepared
according to the Chromatrap® ChIP-seq spin column protocol
(chromatrap.com/protocols). Prior to sequencing it is
important to validate the immunoprecipitation at a specific
genomic locus; Chromatrap® provides positive antibody
controls and primers for this purpose. In this experiment,
validation of the immunoprecipitation enrichment for
H3K4me3 and ER antibodies was conducted by qPCR for the
GAPDH and XBP1 locus respectively (Figure 2).

Subsequently, immunoprecipitations were performed for
sequencing using 30 µg of chromatin and 5 µg of antibody
(ER, H3K4me3 or H3K27me3). An equivalent quantity of IgG
was also used in a separate IP and used as a background
control during data analysis. After immunoprecipitation,
chromatin was reverse crosslinked and purified using the
illustra GFX PCR DNA and Gel Band Purification Kit and eluted
in 50 µl Tris-HCl elution buffer. ChIP DNA was validated using
the Agilent Bioanalyzer to verify sample size distribution and
concentration (Figure 3).

Samples were quantified using the Qubit 2.0 fluorometer and
library preparation was performed according to the Illumina®

TruSeq ChIP Sample Prep Kit protocol (IP-102-1012). Illumina®

recommends an initial starting quantity of 5-10 ng ChIP DNA.
For this study, 25 ng of DNA was used to increase library
complexity and minimise the potential for PCR duplications.

Chromatrap® ChIP-seq data analysis – Computational
mapping of the sequenced DNA identifies the genomic
locations of DNA-binding enzymes, modified histones,
chaperones, nucleosomes, and TFs, illuminating the role of
these protein-DNA interactions in gene expression and other
cellular processes (Mardis et al, 2007). Sequences were
mapped to the human reference genome (USCS human
genome assembly hg19) and were aligned using Bowtie 2.
Data was analysed using MACS or SICER for ER or H3K4me3
and H3K27me3, respectively, using Chromatrap® ChIP-seq
Data Analysis software (Figure 5). The corresponding IgG
datasets were used as background controls to determine
regions of enrichment.

High-throughput sequencing was performed using the
Illumina® HiSeq2000 with 1 x 50 bp reads. The quality of
sequencing data was analysed by FastQC. On average a Q30
score, which correlates to a 1 in 1000 probability of a base
being called incorrectly, applied to >97% of reads for all data
sets (Figure 4A). The FastQC scores for the sequencing run and
subsequent duplication levels obtained for ERα are shown in
figure 4 A, B and C respectively.
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Figure 2 - Chromatin IP validation. The enrichment of
H3K4me3 associated with GAPDH (A) and ER associated with
XBP1 (B) was validated prior to library preparation with a
small-scale 2 ug IP reaction.

Figure 3. Size selection and library preparation.
The majority of post ChIP sheared chromatin was
approximately 200-300 bp.
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Chromatrap® ChIP-seq FastQC sequencing quality
parameters – Effective analysis of ChIP-seq data requires
sufficient sequencing depth. The required depth depends on
the size of the genome and the number and size of the binding
sites of the protein. For mammalian TFs which typically have
on the order of thousands of binding sites, approximately 20
million reads are required. High abundant TFs (e.g. RNA pol II) 

and histone marks have many more binding sites and require 
up to 60 million reads for sufficient coverage in mammalian
ChIP-seq [Chen et al 2012].

Figure 5 – ChIP-seq data analysis workflow.

Results

Sufficient sequencing depth was obtained, revealing nuclear
receptor binding patterns and putative consensus sequences.
In the current study, the number of unique reads (74%)
obtained from Chromatrap® ChIP-seq allows researchers to
ascertain with confidence regions in the genome where their
protein of interest is bound and can be used to uncover
putative consensus sequences.

Figure 6 – Graphical visualisation of read alignment. When
aligned to the genome using Bowtie software, MACS-
identified peaks can be visualized through genome-browsers.
(A) Chipster genome browser view of the chromosomal locus
near the SMG6 gene. The dashed lines represents reads, which
align to the reference genome that are associated with
H3K4me3. (B) UCSC genome browser view of the same
chromosomal locus overlayed with H3K27Ac ENCODE data. 

In this experiment single end sequencing was used, we have
also optimised Chromatrap® with paired end sequencing ,
which reduces alignment ambiguity to the reference genome,
particularly in repetitive regions. For more information on what
method of peak calling should be applied to your experiment
please refer to our Top 10 tips for library preparation.

The Chromatrap® ChIP-seq kit has been optimised for
use with Illumina® ChIP-seq library preparation kits and
sequencing platforms to deliver high-quality DNA for
sequencing. Due to Chromatrap®’s unique solid-phase
matrix and the option of a 96-well plate for assays,
sample throughput and reproducibility is increased owing
to smaller sample volumes, centrifugal wash-steps and a
matrix that does not require blocking.

Figure 4 – Sequence quality, total reads and duplication.
FastQC was used to evaluate quality scores across all bases
(A), total and unique reads (B), and the sequence duplication
level (C).
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Selectively Enriched Nuclear Receptor Binding 

ER’s demonstrate a complexity of activation mechanisms and
are natural targets for genome wide binding assays. Both
ligand dependent and independent binding mechanisms have
been shown for ER and this is reflected in the genome wide
patterns discovered. In the control, untreated samples, ER was
shown to be present at 2377 genes and this enrichment was
enhanced following ligand activation (2900, see Figure 7). 

Figure 7 – Ligand-dependent and -independent ERα binding.
Chromatrap® ChIP-seq resolved uniquely identified genes
associated with ER  under both estradiol (left), and untreated
control conditions (right), as well as genes commonly
associated with both (center). In addition, subsequent gene
ontology lists were generated that describe unique or
commonly associated genes between control and E2
treatment.

Genes belonging to each treatment group, are compiled into
a database that contains information about genomic loci, a
description of the gene’s function, the start and end position
of the gene, and whether the peak occurs upstream,
downstream or within the gene itself (Figure 7). Many of the
genes associated with the E2 group belong to cell proliferation
and metabolic pathways.

Nuclear Receptor function and the epigenetic landscape

H3K4me3 is typically associated with the open chromatin
structure of active genes; many of which are constitutively
active due to their involvement in essential cellular processes.
To demonstrate the utility of high throughput Chromatrap®

ChIP-seq on multiple marks, the simultaneous enrichment of
ER and histone methylation marks associated with open and
closed chromatin structures was assayed.

We sought to identify the number of genes that are commonly
associated between ER  and H3K4me3 or H3K27me3 under
basal conditions. Of the 376 genes associated with ER,
approximately one third are also commonly found in
association with H3K4me3 (Figure 8a). Interestingly, a larger
proportion of genes were associated with H3K27me3, an
epigenetic modification typically associated with silenced
regions (Figure 8b). The number of peaks associated with
histone modifications far exceeded those identified for ER.

Figure 8. ER recruitment and the histone methylation
landscape. The number of genes associated with H3K4me3
(left) and H3K27me3 (right) when compared with ER  binding
under basal conditions. Each diagram shows the number of
unique and commonly shared genes between each group.
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Summary

New products and technologies are needed to transform
genome wide ChIP-seq assays to high-throughput
experiments that are capable of mapping multiple marks
simultaneously. Chromatrap® ChIP-seq enables further
understanding of complex epigenetic and TF
mechanisms which control gene regulation.
Understanding these mechanisms in both normal
physiology and disease is crucial for the design of
therapeutic strategies. Furthermore, cohort and
metastudies require the need for standardised sample
preparation, IP, and analysis techniques, encouraging
normalised archiving of large data sets for public use and
metadata analysis.
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Mediated by the combined action of the DNA methyl
transferase enzymes, the covalent attachment of a methyl
group to cytosine residues occurs at CpG dinucleotides. Such
CpG dinucleotides are often clustered in CpG islands, regions
of DNA rich in CpG sites. Most CpG sites in the human
genome are methylated and are often found in gene promoter
regions (1-3). The abundant DNA methylation observed in
normal tissue contributes to the control of transcription,
affecting developmental processes, gene silencing and
imprinting (4-7).

Aberrant DNA methylation changes have been detected in
several diseases such as cancer as well as other non-neoplastic
diseases and aging. In cancer, genome-wide hypomethylation
has been shown to coincide with gene-specific
hypermethylation. These aberrant methylation profiles have
been found early in carcinogenesis and are one of the first
epigenetic alterations to occur in cancer phenotypes. The
profiling of cellular DNA methylation patterns can be used for
disease classification, diagnostics and drug development
studies (8-10).

MeDIP

Due to the importance of epigenetic changes in development
and disease, a variety of techniques for the study of DNA
methylation have been developed over the last few years. For
MeDIP, total cell genomic DNA (gDNA) is randomly sheared
by sonication and methylated fragments are captured using an
antibody specific for 5-methylcytosine. The enrichment of
methylated fractions relative to the input is determined by
qPCR to assess the methylation status of a particular region.
Chromatrap® MeDIP is used here to demonstrate the selective
enrichment of methylated DNA at specific gene loci in gDNA
isolated from endometrial cancer cells in vitro. 

Method

gDNA was extracted using the Chromatrap® MeDIP kit. 500
ng of sonicated gDNA was heat-denatured at 95ºC for 10 min
and then kept at 4ºC. 5mC antibody or mouse IgG (control),
was added to the reaction along with a bridging antibody and
protease inhibitor cocktail and incubated at 4ºC for 1h. An
equivalent quantity of DNA was set aside as input control.
Reactions were loaded into Chromatrap® protein G columns
and incubated for 1h at 4ºC. Samples were then washed with
IP buffer and eluted. Methylated DNA was assessed by qPCR
using primers raised against positive and negative gene targets.

Results

Strong enrichment was detected at CpG island locations
identified in in the positive H19 target gene. Two negative
controls were included which represent un-methylated
constitutively active genes HIST1H3B and UBE2B. There was
minimal methylated DNA enrichment for both of the negative
targets and when compared with the IgG control, highlighting
the specificity of enrichment (Figure 2).

To further demonstrate the sensitivity and selectivity of the
Chromatrap® MeDIP assay, cells were treated with the clinically
approved demethylating drug 5-Aza 2-depxycitidine (5-Aza)
for 96hrs. Significant decreases in target gene methylation
were observed in endometrial epithelial cancer cells treated
with 5-Aza (Figure 3). Target gene A showed a significant two-
fold reduction in % antibody signal (4.1% +/-0.9)  when
compared with the untreated control (10.7% +/-4.2). Similarly,
a significant six -fold decrease was observed in target gene B
following 5-Aza exposure, where signal values reduced to
1.2%+/-0.2 in the treated samples when compared to the
untreated control (7.9%+/-1.6).

Chromatrap® Methylated DNA Immunoprecipitation

The best-known epigenetic event is aberrant
DNA methylation. In addition to its central role
in normal tissue physiology, aberrant CpG island
methylation profiles are now widely associated
with human tumours as well as other non-
neoplastic diseases and aging. Methylated DNA
Immunoprecipitation (MeDIP), is used to
determine DNA methylation at both local and
global levels. Chromatrap® MeDIP is
demonstrated here, highlighting the robust
nature of the fast, efficient and easy to use
protocol. When combined with high throughput
format (C96 MeDIP) Chromatrap® enables
methylation profiles to be mapped at multiple
target gene loci, in multiple samples
simultaneously in just one day. 

The Chromatrap® MeDIP kit is a fast, efficient alternative
to traditional bead-based assays for analysing
methylated DNA. The solid-state spin format reduces
assay time by using centrifugation at each wash step.
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Chromatrap® Methylated DNA Immunoprecipitation
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5mc antibody 

sonication

Downstream analysis 
by PCR
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methylated 
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methylated 

Methyl-enriched DNA

Genomic DNA 

Immunoprecitation 

ShearingHeat Denaturation
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Downstream analysis 
Realtime PCR
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Figure 1 – The principle of MeDIP. Genomic DNA is sonicated and enriched using an antibody targeting 5mC. Input control is
used as a reference to determine enrichment by qPCR.
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Summary

DNA methylation patterns can be used to detect cancer at
very early stages, to classify tumours as well as to predict
and monitor their response to antineoplastic treatment. As
a stable nucleic acid modification that is technically easy
to handle, DNA methylation is a promising biomarker for
many applications. With this development, the
Chromatrap® technology is now aligned with this market
and offers an exciting alternative for MeDIP enabled
screening of cell and tissue methylation profiles. 

Chromatrap® MeDIP is a simple and efficient product for
performing MeDIP. The kit contains all the major
components necessary for genomic DNA extraction from
adherent or suspension cells. The protein-G coated inert
porous polymer minimises non-specific sample binding and
centrifugal wash steps reduce handling errors associated
with magnetic beads, reducing handling time. As little as
500 ng DNA can be used per assay, saving precious sample
for other applications.
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Figure 2 – MeDIP was performed on 500 ng HEC50 gDNA and
the enrichment of H19 (positive) HIST13B and UBE2B
(negative) was assessed by qPCR. 
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Figure 3 – Methylation profiles at the CpG islands of two
target genes in endometrial epithelial adenocarcinoma cells
treated with 5-Aza.
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Chromatrap® Native ChIP

Chromatrap® is pleased to announce the release
of the latest addition to its epigenetic catalogue,
a Native Chromatin Immunoprecipitation (N-
ChIP) Kit (Catalogue no. 500237 & 500238). This
kit focuses on extracting chromatin without the
need for chemical fixation, a benefit for those
wanting to work with chromatin in its native
state. With native chromatin, the proteins and
histones associated with DNA are naturally
linked and traditional methods of shearing can
easily disrupt the DNA-protein complexes. The
DNA is biologically sheared using Chromatrap®’s
Shearing Cocktail to prevent this disruption.
Native ChIP is mainly used for the study of
histone modifications and certain abundant
transcription factors that are likely to be bound
to DNA.

Traditional cross-linked (X-ChIP) involves
chemical fixation of the cells prior to chromatin
extraction, preserving DNA-protein complexes.
This enables researchers to investigate a wider
range of epigenetic modifications, however
chemical fixation can present challenges that
can be overcome with N-ChIP.

Introduction

When performing ChIP, there are two main options on how to
prepare your chromatin: through cross-linking the chromatin
with a chemical agent such as formaldehyde (X-ChIP), or by
non-cross linking the chromatin, known as native ChIP (N-
ChIP). Chromatrap is fully flexible, dependent on the
researcher and scientific questions being asked. Outlined in
table 1 are the advantages and disadvantages of each method.

In order to highlight the ability of Chromatrap®’s Native ChIP
Kit (Catalogue no. 500237 & 500238) and standard ChIP-
qPCR Spin Column Kit (Catalogue no. 500071 & 500117) to
selectively enrich histone marks and low abundant transcription
factors, two epigenetic marks: H3K27me3 and EZH2, were
chosen for this study. EZH2 is an enzymatic subunit of the
Polycomb Repressive Complex 2 (PRC2) associated with
repressive transcription and is a methyltransferase that can
control the methylation status of the histone mark H3K27me3
(Yoo & Henninghausen, 2012). Abnormal EZH2 expression
and therefore H3K27me3 increased methylation is associated
with various cancers (Yoo & Henninghausen, 2012). Together
this transcription factor and histone modification are detectable
at target gene locations in endometrial epithelial cancer cell
lines (Hec50).

Suitable for investigating
histone marks and
abundant targets.

No chemical fixation of 
cells; cells remain in a
more natural ‘native’
state.

In some cases there is 
increased affinity of
antibody binding to
antigens on native
chromatin as it is more
accessible.

Slightly longer due to
overnight dialysis.

Can only shear 
chromatin enzymatically.

Some low abundant 
transcription factors will
not be detected.

ChIP carried out in 5
hours!

Can shear chromatin by 
either sonication or
enzymatically.

Can investigate a wide 
range of histone marks
and transcription factors.

Chemical fixation
required.

Cannot capture 
chromatin from cells in
their ‘native’ state.

Cross-linked chromatin 
can occasionally mask
epitopes of some
antibodies, affecting
antibody/  chromatin
binding.

Table 1 – Comparison of Chromatrap®’s native vs cross-linked ChIP kits

Native ChIP Cross-linked ChIP

ADVANTAGES DISADVANTAGES ADVANTAGES DISADVANTAGES
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Method

Chromatin Preparation
For both N-ChIP and X-ChIP, chromatin was prepared from
the human endometrial epithelial cancer cell line Hec50
(Holinka et al., 1996) as per each Chromatrap® protocol. 

Experimental Design
Both N-ChIP and X-ChIP provide a sensitive and robust
platform for a ChIP assay. Both methods have been shown to
amplify signal for histone marks and low abundant
transcription factors, highlighting the sensitivity of the
Chromatrap® technology. Each antibody/chromatin
combination was carried out in triplicate to demonstrate the
reproducibility of Chromatrap®’s range of ChIP assay kits.

Antibody and Gene Targets
The epigenetic mark EZH2 forms part of the PRC complex,
associated with repressive gene transcription. This
methyltransferase enzyme is responsible for the addition of
methyl groups to the histone methylation mark H3K27me3.
This increase in methylation on lysine 27 of histone H3 aids
with repressing transcription and switching genes off. When
levels of this methylation increases in cancer it can lead to
tumour suppressor genes being switched off. The Myelin
Transcription Factor 1 (MYT1) gene is generally associated with
heterochromatin and repressive transcription; it is a valid
positive target for both of these antibodies. Glyceraldehyde-
3-phosphate (GAPDH) is actively expressed in all cell types; it
is an appropriate negative gene target for both of these
epigenetic marks. In addition to the negative gene targets,
non-specific IgG antibody from the same species as the test
sample antibodies was included to demonstrate the low non-

Figure 1 – Overview of the Chromatrap® Native ChIP process

Chromatrap® Native ChIP
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Chromatrap® Native ChIP
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specific background binding obtained using the Chromatrap®

technology.

Immunoprecipitation
N-ChIP
Each antibody and negative control IgG, was added at a 5:2
chromatin: antibody ratio (5µg chromatin: 2µg antibody).
Inputs were prepared in parallel containing 5µg chromatin;
these samples were used for analyses and not subjected to
ChIP enrichment. Slurries were incubated at 4°C on an end-
to-end rotator for 1hr. After washing to remove any unbound
chromatin, any selectively enriched chromatin specifically
targeted using the appropriate antibody, was eluted using the
specially formulated Native ChIP Elution Buffer. Samples were
then proteinase K digested and subjected to DNA purification
prior to qPCR analysis.

X-ChIP
Each antibody and negative control IgG, was added at a 2:1
ratio to the chromatin. (2µg antibody: 1µg chromatin). Inputs
were prepared in parallel containing 1µg chromatin; these
samples were used for analyses and not subjected to ChIP
enrichment. Slurries were loaded into the Chromatrap®

columns and these were then immediately incubated at 4°C
on a rocker for 1hr. ChIPs were then washed to remove any
unbound chromatin, and eluted using ChIP Elution Buffer. The
samples then underwent the reverse cross-linking process and
Proteinase K digestion prior to qPCR analysis.

qPCR analysis
qPCR was used to analyse MYT1 and GAPDH specific DNA
fragments associated with immunoprecipitated EZH2 and
H3K27me3 antibodies. Each precipitation assay was completed
using an equivalent loading of IgG antibody as a negative
control. The percentage of the input chromatin was normalised
using the signal generated by non-specific binding of
unspecific IgG. Error bars represent the standard error of the
mean of the triplicate ChIPs. Both primer sets were used at an
optimum annealing temperature of 60°C and at a working
concentration of 4mM. 

Results
Enrichment of H3K27me3 onto the positive gene locus MYT1
is comparable for both X-ChIP (Figure 2) and N-ChIP (Figure
4). Excellent signal to noise is shown for both H3K27me3 and
the low abundant transcription factor EZH2 respectively by the
low enrichment for the negative gene target GAPDH (Figure
2/4) and the non-specific IgG (figure 3). 

Again with cross-linked ChIP, low background signal is seen
with the Chromatrap® technology. Figure 4 highlights the low
signal that is produced by enrichment of H3K27me3 onto the
negative gene target (GAPDH) when compared to the high
signal produced by the positive gene target (MYT1).

Figure 2 – X-ChIP H3K27me3 onto Myt1/GAPDH: Low signal
is produced by the negative gene target GAPDH when
H3K27me3 is enriched using the qPCR Standard Chromatrap®

Spin Column Kit.
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Figure 3 – N-ChIP EZH2 onto Myt1: % Ab vs % IgG: Excellent
signal to noise is demonstrated with the Chromatrap® Native
ChIP Kit when specific antibody enrichment is compared to
the enrichment of non-specific IgG.
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Figure 4 – N-ChIP H3K27me3 onto Myt1/GAPDH: High levels
of enrichment is produced using the Chromatrap® Native ChIP
Kit onto the positive gene target MYT1. Low signal is
produced for the negative gene target GAPDH, highlighting
the highly specific enrichment of H3K27me3 onto the positive
gene loci.
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Conclusion

With the addition of the Native ChIP Kit (Catalogue no.
500237 & 500238) Chromatrap® have further expanded
their product range to allow the scientific user a
multitude of options when choosing how to prepare
their chromatin. This application note highlights the
difference between native and cross-linked ChIP,
allowing the user to decide which method is appropriate
for their research. Excellent positive enrichment has
been demonstrated when compared to the negative
gene target and non-specific IgG enrichment for both
the Native ChIP Kit and the qPCR standard Chromatrap®

Spin Column Kit. The Chromatrap® Native ChIP Kit
allows the possibility of preparing chromatin without
the need for harsh chemical fixation. With the
Chromatrap® technology, native chromatin can be used
for studying histone modifications and transcription
factors, including the low abundant target EZH2 as
described in this study. This has been achieved with a
low concentration of chromatin demonstrating the
excellent specificity and high sensitivity of the
Chromatrap® Native ChIP Kit.

Chromatrap® Native ChIP
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1.0 Introduction

Formalin fixed paraffin embedded (FFPE) tissue is an invaluable
source of DNA, RNA and chromatin from clinical and historical
samples. Over a billion tissue samples, comprised mainly of
FFPE tissue, are estimated to be stored in hospitals, tissue banks
and laboratories worldwide (Tang et al, 2009). The vast
majority of pathology samples are stored as FFPE blocks for
analysis such as immunohistochemistry (IHC). Researchers
have already begun unlocking the potential of this tissue using
DNA and RNA extraction for genomic and epigenetic analysis.
In line with the requirements of the current era in personalised
medicine, analysing larger sample cohorts to study numerous
biomarkers used for targeted therapies and prognosis, detailed
profiling of genomes is becoming increasingly important.
Translating the potential of epigenetic profiles for new

biomarker discovery and validation requires access to cohorts
with associated patient information, diagnosis and treatment
outcome. Archived tissue provides an advantage over fresh or
frozen tissue in that it remains viable for further analysis over
a longer time period, disease outcomes and additional clinical
data are often collected long after biopsies are taken.
Genotyping technologies have been successfully employed on
nucleic acids from FFPE tissue to examine mutations in genes
(Beadling et al, 2011, Suz et al, 2011) and gene expression
(Fanelli et al, 2011). Utilising the chromatin from these samples
has proved more difficult due to extensive cross-linking and
damage to protein epitopes resulting from the fixation process
and the destruction of these proteins during typical DNA
extraction protocols. Traditional DNA extraction protocols are
designed to remove proteins (Fan and Gulley, 2001) and often
involve phenol extraction where the protein is separated in the
interphase (Pikor et al, 2011). 

Sample quality and availability remain limitations for high
throughput genetic profiling (Pikor et al, 2011). As a result of
the fixation process and the extensive cross-linking which
occurs in the preparation of FFPE tissues DNA yield is often
low, chemically modified and highly degraded (Bourgen et al,
2014). Formalin fixation leads not only to cross-links between
proteins and DNA but also between the strands of DNA
themselves (Lin et al, 2009) which causes inhibition of
downstream processes such as PCR (Gilbert et al, 2007).
Fixation conditions such as extremely low pH cause additional
fragmentation of DNA which compounds poor PCR efficiency.
In addition to the issues with the DNA component of the
genetic material extracting chromatin from FFPE tissue brings
its own set of unique challenges. 

The Chromatrap® FFPE ChIP kit overcomes these difficulties
using an optimised buffer system for extraction which results
in a much higher yield of chromatin, leading to more protein
epitopes available to ChIP antibodies. Coupled with the
increased sensitivity, eliminating the need for high chromatin
loading in the Chromatrap® system this makes Chromatrap®

FFPE ChIP kit the perfect solution for epigenetic research
utilising FFPE tissue. 

Unlocking the Archive – Chromatrap® ChIP from
Formalin Fixed Paraffin Embedded (FFPE) Tissue

Summary

Tissues from biopsies are routinely preserved by
formaldehyde fixation and embedding in paraffin wax.
These samples provide a vast archive of disease and
comparative healthy tissue information. Unlocking the
chromatin within this archive would provide the field of
epigenetics with a continuing supply of tissue from a
multitude of disease states, allowing examination of the
in vivo histone modifications and transcription factor
occupation of gene promoters from large cohorts. Many
of these samples have been preserved for up to 20 years
giving the added advantage of the knowledge of patient
outcomes of the disease. Extraction of chromatin from
FFPE tissue is difficult, time consuming and fraught with
problems. The fixation process can result in the damage
of many of the protein epitopes, leaving a lower
proportion of epitopes available to be recognised
by the specific antibodies in ChIP. Chromatrap® FFPE
ChIP provides a superior extraction system which results
in a much higher yield of chromatin than comparable
extraction methods providing more available protein for
the ChIP antibody and an efficient immunoprecipitation.

This short technical note demonstrates the success of the
Chromatrap® FFPE ChIP kit in the extraction and analysis
of chromatin from both human and animal tissue
preserved using FFPE. Using chromatin
immunoprecipitation (ChIP) targets are selectively and
reproducibly enriched using the Chromatrap® spin
columns following extraction with Chromatrap® FFPE
ChIP kit reagents.
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2.0 Method

FFPE sample preparation
FFPE samples used in this study were rat uterine tissue (fixed
for 18 hours in 10% formalin and soaked in 70% ethanol
before embedding in paraffin wax, Fig1a) and human breast
tissue (Amsbio, Oxford UK), fixed in 10% neutral formalin for
24 hours before embedding in immunohistochemical grade
paraffin wax (Fig1b).

Each tissue type was sectioned into 5 µm slices using a
microtome (Leica) and the slices placed into a microcentrifuge
tube. 20 x 5 µm slices of each tissue type were pooled into a
microcentrifuge tube per extraction.

Chromatin Extraction
Chromatin was extracted from the FFPE tissue blocks according
to the Chromatrap® FFPE ChIP kit protocol. Briefly, paraffin
wax was removed from each sample by adding 1 ml Paraffin
Removal Solution (PRS) to each tube and incubating samples
on a rotating platform for 5 min at room temperature (RT).
Tubes were subsequently centrifuged for 5 min at maximum
speed at RT and the supernatant carefully aspirated. Fresh PRS
was added to each sample and the preceding process repeated
to a total of 3 washes in PRS. Following aspiration of the final
PRS wash tissue was rehydrated by addition of 1 ml 100%
ethanol and tubes were again incubated on a rotating platform
for 5 min at RT. Samples were then centrifuged for 5 min at
full speed at 4°C before carefully aspirating the supernatant.
The washing process was repeated with 70% ethanol, 20%
ethanol and finally sterile distilled water. Following aspiration
of the final distilled water, the pellet was resuspended in 1 ml
FFPE Lysis Buffer and incubated for 30 min at RT on a rotating
platform. Samples were centrifuged for 5 min at maximum
speed at 4°C, the supernatant was aspirated and the pellet
resuspended in 500 µl Digestion Buffer. Samples were
homogenised by sonicating for 3 cycles of 30s on 30s off at
42% amplitude before addition of 1 µl Shearing Cocktail.
Samples were mixed by pipetting and incubated at 37°C for 5
min before addition of Enzymatic Stop Solution. Pellets were
collected by centrifugation, the supernatant carefully aspirated
and samples resuspended in 500 µl FFPE Extraction Buffer.
Chromatin was extracted by 40 rounds of sonication 30s on
30s off at 42% amplitude. Soluble (supernatant containing
chromatin) and insoluble (pellet of tissue debris) fractions were
separated by centrifugation. To check the fragmentation and
quality of the extracted chromatin 25µl aliquots of each
fraction were reverse cross-linked and proteinase K digested,
measured using a Qubit fluorometer (Invitrogen) and analysed
by agarose gel electrophoresis. From Figure 2 it can be seen
that the chromatin is well sheared (fragments are between
100-500 bp) and of good concentration.

Chromatin Immunoprecipitation
For the immunoprecipitation slurries were prepared according
to the Chromatrap® FFPE ChIP kit protocol. In each 1ml slurry
20 µl of chromatin stock was used with either 4 µg of anti-
Histone H3 (Chromatrap® Product Code : 700000) for the
positive immunoprecipitation or non-specific mouse IgG for
the negative immunoprecipitation. Inputs were prepared in
parallel containing 20 µl of the relevant chromatin stock, these
were used for subsequent analysis and not subjected to ChIP
enrichment. Immunoprecipitation was carried out as per the
standard Chromatrap® FFPE ChIP protocol. Briefly, slurries were
incubated for 1 hour on an end to end rotator  at 4°C prior to
loading onto to the relevant Chromatrap® ProA ChIP column,
followed by a series of quick and simple centrifugation washes.
Chromatin was eluted following a 15 min incubation of the
FFPE Elution Buffer on the column. Samples and Inputs were
reverse cross-linked for 2 hrs before Proteinase K digestion for
1hr. Finally, samples were cleaned using the supplied
Chromatrap® FFPE purification columns and buffers and eluted
in 50 µl DNA Elution Buffer.

qPCR analysis
qPCR was carried out using primers which recognise either the
human or rat GAPDH locus (Barber et al., 2005). These primer
sets generate amplicons <100bp for efficient analysis of highly
fragmented FFPE DNA. Subsequent analysis enabled detection
of precipitation and therefore, specific enrichment at these
gene loci when compared with non-specific IgG. The
percentage of real signal was calculated as a factor of the
amount of input chromatin to enable relative analysis between
samples. Error bars represent the standard error of the mean
of triplicate ChIPs.

a b

Figure 1 – rat uterine and human breast tumour FFPE tissue
blocks

Unlocking the Archive – Chromatrap® ChIP from Formalin Fixed Paraffin Embedded (FFPE) Tissue
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3.0 Results and Discussion

To demonstrate the application of the Chromatrap® FFPE ChIP
kit in the high yield extraction and excellent enrichment of
chromatin from FFPE tissue the common epigenetic mark H3
was specifically enriched from chromatin extracted from FFPE
rat uterine tissue and human breast tumour tissue. 

Excellent signal to noise is demonstrated following enrichment
of the GAPDH locus in human (Figure 3) and animal chromatin
(Figure 4) from FFPE tissue, using an antibody directed against
H3. The sensitivity of the assay is illustrated by high positive
antibody signal from very low chromatin concentrations and
the superior selectivity by the low non-specific binding. The
versatility of the assay allows excellent signal to be obtained
from both 100 ng of human breast tumour chromatin or 1 µg
rat uterine chromatin.

Figure 2 – Agarose gel electrophoresis and Qubit
measurements of chromatin extracted from rat and human
FFPE tissue using the Chromatrap® FFPE ChIP kit.

1500bp

500bp

100bp

Lane 1 – 100bp DNA ladder

Lane 2 – rat uterine FFPE chromatin, soluble fraction

Lane 3 – rat uterine FFPE chromatin, insoluble fraction

Lane 4 – human breast tumour FFPE chromatin, soluble 
fraction

Lane 5 – human breast tumour FFPE chromatin, insoluble 
fraction

FFPE Tissue Soluble Insoluble
Fraction Fraction

Human breast tumour 6.68 ng/ul 3.44 ng/ul

Rat uterus 48 ng/ul 44 ng/ul

1 2 3 4 5

4.0 Conclusions

The Chromatrap® FFPE ChIP kit is the perfect assay kit
for efficient extraction and immunoprecipitation of
chromatin from complex formalin fixed paraffin
embedded tissue from human and animal sources. The
extraction protocol provides a high yield of chromatin
from very difficult sample sources and the superior
sensitivity of the unique solid state ChIP columns allows
high real signal to be generated from low concentration
chromatin. Coupled with shorter protocols and high
throughput capability, these advantages make the
Chromatrap® FFPE ChIP kit a quick, versatile sensitive
and reproducible assay for analysis of patient or research
FFPE archives. 

Figure 3 – Enrichment of the GAPDH locus in human
chromatin extracted from FFPE tissue, using anti-histone H3
antibody.

Figure 4 – Enrichment of the GAPDH locus in rat chromatin
extracted from FFPE tissue, using anti-histone H3 antibody. 
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Products used in these applications from Chromatrap®

Product Quantity Catalogue no. 

Chromatrap® ChIP-seq Pro A 24 500189

Chromatrap® ChIP-seq Pro G 24 500190

Chromatrap® HT ChIP-seq Pro A 1 x 96 500214

Chromatrap® HT ChIP-seq Pro G 1 x 96 500215

Chromatrap® Enzymatic ChIP-seq Pro A 24 500191

Chromatrap® Enzymatic ChIP-seq Pro G 24 500192

Chromatrap® HT Enzymatic ChIP-seq Pro A 1 x 96 500216

Chromatrap® HT Enzymatic ChIP-seq Pro G 1 x 96 500217

Chromatrap® ChIP qPCR Pro A 24 500071

Chromatrap® ChIP qPCR Pro G 24 500117

Chromatrap® Premium ChIP qPCR Pro A 24 500115

Chromatrap® Premium ChIP qPCR Pro G 24 500116

Chromatrap® HT ChIP qPCR Pro A 1 x 96 500161

Chromatrap® HT ChIP qPCR Pro G 1 x 96 500163

Chromatrap® HT Enzymatic ChIP qPCR Pro A 1 x 96 500162

Chromatrap® HT Enzymatic ChIP qPCR Pro G 1 x 96 500164

Chromatrap® Enzymatic ChIP qPCR Pro A 24 500166

Chromatrap® Enzymatic ChIP qPCR Pro G 24 500168

Chromatrap® Premium Enzymatic ChIP qPCR Pro A 24 500167

Chromatrap® Premium Enzymatic ChIP qPCR Pro G 24 500169

Chromatrap® FFPE ChIP-seq Pro A 24 500235

Chromatrap® FFPE ChIP-seq Pro G 24 500236

Chromatrap® Native ChIP-seq Pro A 24 500237

Chromatrap® Native ChIP-seq Pro G 24 500238

Chromatrap® Sonication Shearing 500239

Chromatrap® Enzymatic Shearing 500165

Chromatrap® DNA  purification HT 2 x 96 500220

Chromatrap® DNA clean and concentrate HT 2 x 96 500240


