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Abstract 

 

ChIP-seq is rapidly becoming a routine technique for the determination of the 

genome wide association of DNA binding proteins and histone modifications. Here 

we provide a protocol for the isolation, purification and immunoprecipitation of DNA 

fragments associated with a target transcription factor of interest. Although the 

method makes use of adult mouse hearts, it can, with relative ease, be adapted for 

the in vivo ChIP isolation of DNA from other cell and tissue sources with the 

intention of massive parallel sequencing. 

 

1. Introduction 

 

Chromatin Immunoprecipitation (ChIP) is a method commonly used to determine 

the location of DNA binding sites on the genome for a particular protein of interest 

(1-2). This technique provides a temporal view of the protein-DNA interactions that 

occur inside the nucleus of living cells or tissues. Insights at this level of protein-

DNA interaction can provide crucial information about the position of regulatory 

elements, such as enhancers, and their occupation and function during 

development and disease progression. 

ChIP-Sequencing, also known as ChIP-seq, combines chromatin 

immunoprecipitation (ChIP) with massive parallel DNA sequencing to identify the 

cistrome of DNA-associated proteins (3). In this way, protein-DNA interactions can 

be studied on a genome-wide level. ChIP-qPCR provides a confirmation of the 

presence of a given protein at a known, fixed position within the genome. Prior 

knowledge of a confirmed or suspected binding site is required to assess the 

quality of the ChIP. This binding site can either be compared to a site known not to 

be bound by the protein or to a reference ChIP carried out using a control antibody.

 Since it is an acceptable hypothesis that two spatiotemporally co-

expressed interacting transcription factors may share a set of gene targets and that 

the function of such an interaction may be the coordinated regulation of shared 

targets (4-6), we recently made use of chromatin immunoprecipitation (ChIP) 

coupled to genome wide sequencing technology to assist in the identification of 

regulatory elements across the genome bound by the transcription factor Tbx3 (7) 

(see Fig. 1). Although our initial study made use of an over expression system in 

mouse hearts, we have since applied the same approach to endogenous 

transcription factors of interest in the heart, with similar success. With the 

increasing application of this technology (ChIP-seq, (8)) to different transcription 

factors, available data resources can be mined and compared to help shed light on 

not only gene regulation in general, but provide new insights into transcription 

factor complexes and their in vivo function. The protocol we present here was 
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designed to perform ChIP on adult mouse hearts. However, with minimal 

adjustments it can be applied to most tissues and cells, delivering DNA fragments 

which can either be submitted for sequencing on a suitable platform or used in 

focussed single/multi target quantitative PCR (qPCR) experiments. The latter is 

particularly applicable if the tissue resources are limited. Following this approach 

we were able to verify our results with qPCR during early development using 

relatively small numbers of embryos. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
2. Materials 

 

Ultrapure water is defined as purified de-ionized water with a resistivity of 

approximately 18 M Ω at 25
o
C. Sterilization, unless otherwise stated, is by 

autoclaving at 15 psi (121
o
C) for 15 minutes. 

 

2.1 Materials and chemicals 

1. Protein G plus agarose beads (Pierce) 

2. Specific antibody to target protein of interest (see Note 1) 

3. Complete Protease Inhibitor Cocktail (Roche) 

4. 37% Formaldehyde (P.A. grade) (Merck). Bottle should be as fresh as possible 

(unopened <6 months) 

5. PBS (Phosphate buffered saline) tablets (Invitrogen). Solubilise and sterilize by 

autoclaving 

6. RNase A (Sigma) 

7. Proteinase K (Invitrogen). Stock 10 mg/mL in ultra-pure sterile water 

8. Glycine 

9. NaCl 

10. HEPES 

Fig. 1. ChIP-seq of 3 transcription factors in the adult mouse heart. The figure shows the ChIP-seq 
genome peak alignment to chromosome 1 of the mouse. The 3 transcription factors are key proteins 
with key roles in heart development; Tbx3, Nkx2-5 and Gata4. The control sample was carried using 
the Tbx3 antibody in hearts lacking induced Tbx3 expression. Nkx2-5 and Gata4 represent normal 
endogenous expression experiments. 
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11. Tris-HCl 

12. EDTA 

13. EGTA 

14. LiCl 

15. NaHCO3 

16. Sodium dodecyl sulphate (SDS) 

17. Triton X100 

18. NP-40 

19. Deoxycholic acid 

20. Phenol (Tris-buffered biophenol pH 8.0(Biosolve)) 

21. Chloroform 

22. Glycogen (Roche) 

23. Absolute Ethanol (100% and 70% solution made with sterile ultra pure water) 

24. Sterile ultra pure water 

 

2.2 General equipment 

5.0mL Stopper Tubes (Sterile) 

2.0mL Eppendorf tubes (Sterile) 

1.5mL LoBind Eppendorf tubes (Sterile) 

Lab-bench Rotator 

Centrifuge with cooling 

Dounce homogenizer (2 mL) 

IKA Ultra Turrax T5 FU (Or equivalent macerator) 

Sonics VCX-130 (Or equivalent ultra-sonication device) 

 

2.3 Working solutions 

Working from stock solutions (see Note 2). 

1. X-link buffer (freshly prepared): 100 mM NaCl, 50 mM HEPES (pH 7.9), 0.5 mM 

EGTA, 1 mM EDTA (see Note 3). Add glycine to a final concentration of 125 mM.  

2. Lysis Buffer: 50 mM Tris-HCl (pH 8.1), 10 mM EDTA (pH 8.0), 1% SDS. Add 1x 

Complete Protease Inhibitor Cocktail tablet just before use. 

3. Dilution Buffer: 20 mM Tris-HCl (pH 8.1), 150 mM NaCl, 2 mM EDTA (pH 8.0), 

1% Triton X-100.  

4. TSE I (Low Salt Washing Buffer): 20 mM Tris-HCl (pH 8.1), 150 mM NaCl, 2 mM 

EDTA (pH 8.0), 0.1% SDS, 1% Triton X-100 

5. TSE II (High Salt Washing Buffer): 20 mM Tris-HCl (pH 8.1), 500 mM NaCl, 2 

mM EDTA (pH 8.0), 0.1% SDS, 1% Triton X-100  

6. LiCl/detergent: 10 mM Tris-HCl (pH 8.1), 1 mM EDTA (pH 8.0), 250 mM LiCl, 

0.5% NP-40, 0.5% [w/v] Deoxycholic acid 

7. TE buffer: 10 mM Tris-HCl (pH 8.1), 1 mM EDTA (pH 8.0) 
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8. Elution Buffer: 100 mM NaHCO3, 1% SDS (This solution should be made fresh 

just before use and kept at room temperature) 

9. Proteinase K. Make a stock solution of 20 mg/mL in ultra-pure sterile water. 

Store at -20 °C 

 

3. Methods 

 

The following protocol is based on a single adult mouse heart sample. A single 

adult mouse heart contains approximately 1x10
7
 cells. Although sufficient 

chromatin can be obtained from smaller sample sizes, we recommend starting with 

an equivalent of this number before optimizing for smaller numbers of cells. 

 

3.1 Tissue fixation 

1. Isolate the tissue/cells in sterile 1xPBS. Good fixation will require that the fixative 

can enter the material (e.g. for adult mouse heart, cut it into small pieces). Once 

the sample has been sliced in to small pieces, transfer to a 5 mL stoppered tube. 

2. Fix the material with 1% formaldehyde in X-link buffer (see Note 4) for 30 

minutes (this has been optimized for adult mouse heart (see Note 5)) at room 

temperature (RT) with constant steep rocking/tilting.  

3. Remove formaldehyde by pipetting off the supernatant. 

4. Add fresh X-link buffer containing 125 mM glycine. 

5. Remove the X-link buffer and rinse 2x with sterile, ice cold PBS.  

6. Transfer tissue to a 2mL Eppendorf Tube.  

Note: At this stage the sample may be snap frozen and stored at -80 
o
C. 

 

3.2 Lysis and sample shearing  

1. Add 1 mL of sterile PBS to the material. The ratio of PBS to sample is 

approximately 10:1. 

2. Make an even suspension of the material. If the sample is a tissue this can best 

be done by physically chopping via maceration (see Note 6).  

3. Centrifuge at 5000rpm for 5 minutes at 4°C and discard the supernatant 

4. Resuspend in 1mL of Lysis Buffer containing 1x Protease Inhibitor Cocktail and 

incubate for 1h at 4 °C with rotation (see Note 7). 

5. Physically grind the cells with a pre-cooled Dounce homogenizer 20x (see Note 

8).  

At this stage the sample may be snap frozen and stored at -80 
o
C.  

 

3.3 Chromatin isolation and shearing 

The use of LoBind (Eppendorf) or similar reaction tubes with a low attractive 

surface is strongly recommended in all subsequent steps. 
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1. Transfer material to a 1.5 mL tube (see comment above) prior to sonication (see 

Note 9) 

2. Adjust the settings of the sonicator to medium power. For the sonicator used 

here we use an amplitude of 40%, though for other instruments this stage may 

need optimization.  

Pulse using successive rounds of 30s ON / 45s OFF 

Depending on the type of tissue being used, the number of rounds may need 

optimization (see Note 10)  

3. Centrifuge at full speed for 15 minutes at 4 
o
C and collect the supernatant (see 

Note 11). 

4. Save 2.5% (=25 μl) supernatant sample to determine shearing efficiency, 

continuing with the protocol for this test sample listed under section 3.5 (see Note 

12) 

5. Add 1mL PBS and 1mL Dilution Buffer, both containing 1x Protease Inhibitor 

Cocktail and mix well. (see Note 7) 

6. Aliquot in 1.5mL tubes. We recommend using 1mL of sample per experiment; 

this can be adjusted depending on the estimated expression of the protein of 

interest.  

At this stage the sample may be snap frozen in liquid nitrogen and stored at -80 
o
C 

before continuing. 

 

3.4 Immunoprecipitation 

1. Gently resuspend Protein A or G beads (see Note 13) and then wash 30ul of 

beads in an eppendorf tube 3x with TSE I (without protease inhibitor cocktail). 

Washing definition: add 500ul of TSE I to beads, gently resuspend (see Note 14), 

and centrifuge at low speed (2800 rpm), 2 min, 4°C. Carefully pipette supernatant 

away (see Note 15), but avoid disturbing the beads. Repeat. 

2. Add 1 mL of isolated chromatin to washed beads for pre-clearing. 

3. Incubate for 1 hour with rotation at 4°C. 

4. Centrifuge at low speed (2800 rpm) for 2 minutes at 4 °C. 

5. Remove a 2.5% (=25 μl) supernatant sample. This sample will function as a 

future input reference (see Note 16). 

6. Transfer the remaining supernatant to new tube and add 2ug of antibody against 

the protein of interest. 

7. Incubate from a minimum of 2h to overnight with rotation at 4 °C. (See Note 17). 

8. Wash 30 μl protein A or G beads and wash them 3x with TSE I (without protease 

inhibitor cocktail) as in step 1 above. 

9. Add antibody/chromatin mix from step 6-7 to washed beads. 

10. Incubate for 1 hour with rotation at 4 °C. 
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11. Centrifuge at low speed (2800 rpm) for 2 minutes at 4 °C. Carefully pipette 

away the supernatant. 

12. Wash the beads 2x with 1mL TSE I (containing protease inhibitor cocktail). 

Centrifuge at low speed (2800 rpm) for 2 minutes at 4 °C. Carefully pipette away 

the supernatant. 

13. Wash the beads 1x with 1mL TSE II (containing protease inhibitor cocktail). 

Centrifuge at low speed (2800 rpm) for 2 minutes at 4 °C. Carefully pipette away 

the supernatant. 

14. Wash the beads 1x with 1mL LiCl/detergent. Centrifuge at low speed (2800 

rpm) for 2 minutes at 4 °C. Carefully pipette away the supernatant. 

15. Wash the beads 1x with 1mL TE buffer. This is the last wash. Remove as much 

buffer as possible (see Note 18) without disturbing the beads.  

16. Add 200 μl freshly prepared Elution Buffer to the beads. 

17. Incubate for 15 minutes with rotation at room temperature (see Note 19). 

18. Centrifuge, at room temperature, at low speed (2800 rpm) for 2 minutes. 

19. Collect the supernatant in a new tube. 

20. Perform elution again, repeat steps 16-18. Pool eluates in one tube (total 

volume will be approximately 400 μl). 

 

3.5 Cross-link reversal and proteinaseK treatment 

The input reference sample should also be processed in the following manner. 

1. Add 16 μl 5 M NaCl (end concentration will be 200 mM) to the 400 μl sample. 

For input: add 75 μl sterile ultrapure water to the 25 μl input sample and then add 4 

μl of 5 M NaCl. 

2. Incubate from a minimum of 4 hours to overnight at 65°C. 

3. Add 2 μl RNase A to ChIP sample (add 1 μl to input sample) and incubate for 30 

minutes at 42 °C. 

4. Add 8 μl 0.5 M EDTA, 8 μl 1 M Tris-HCl (pH 6.5) and 8 μl Proteinase K solution 

(20 μg/μl). 

For input use 2 μl 0.5 M EDTA, 2 μl 1 M Tris-HCl (pH 6.5) and 2 μl Proteinase K 

solution (20 μg/μl). (See Note 20). 

5. Incubate for 2h at 42 °C. 

 

3.6 DNA purification 

(See Note 21) 

1. Add 1 volume of biophenol, mix by vortexing and centrifuge at 4°C for 10 

minutes at full speed in a microfuge. 

2. Collect top aqueous phase in a sterile microfuge tube. 

3. Add 1 volume of freshly prepared, settled, 50:50 phenol:chloroform, mix by 

vortexing and centrifuge at 4°C for 10 minutes at full speed in a microfuge. 
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4. Collect top aqueous phase in a sterile microfuge tube. 

5. Add 1 volume of chloroform, mix by vortexing and centrifuge at 4°C for 10 

minutes at full speed in a microfuge. 

6. Collect top aqueous phase in a sterile microfuge tube and add 0.5ul Glycogen, 

0.1x volumes of 3M NaAc pH 5.2, mix and then add 3 volumes of ice cold absolute 

ethanol. 

7. Leave in -20°C freezer for 30 minutes (see Note 22). 

8. Centrifuge at 4°C for 30 minutes at full speed. 

9. Wash with 500ul of cold 70% ethanol. 

10. Centrifuge at 4°C for 5 minutes at full speed. 

11. Remove all traces of ethanol from the pelleted DNA and air dry until all 

moisture droplets have gone. 

12. Resuspend pellet in 30-50 ul sterile utlra-pure water. A typical ChIP-experiment 

yields about 5-10 ng DNA. This is sufficient for quantitative PCR and sequencing.  

 

3.7 Sample concentration determination and further applications 

The sample concentration can be accurately measured by fluorometric quantitation 

(e.g. Qubit Quant-iT). This is especially important for downstream applications such 

as ChIP-sequencing, where it is vital to know that the protocol is entered with 

sufficient DNA for ligation of adapters and amplification of the material.  

Another application for which the material can be used is quantitative PCR. The 

enrichment of a DNA-fragment can be measured compared to the input sample, a 

sample treated with a control antibody or a control DNA-fragment that is not bound 

by the protein of interest. ChIP-qPCR can be used as a final result or to determine 

the quality of a ChIP experiment for other downstream applications. The quality can 

best be assessed by checking DNA fragments that are known to bind the protein of 

interest over DNA fragments that are not binding. We find an enrichment of at least 

10-fold over a control region to be a reasonable standard for ChIP-sequencing 

quality.  

 

4. Notes 

 

1. Our experience with choosing an antibody for ChIP-seq is that polyclonal 

antibodies raised against goat work very well with this protocol. However, 

antibodies raised against rabbit and other species have been commonly used for 

ChIP-seq throughout literature as well. When using an IgG control antibody, 

consider matching this to your antibody against the protein of interest (i.e. both 

raised against the same species).  

2. We usually make 5-10x stock solutions of all components for the working 

solutions. These are then autoclaved for longer term storage (typically for up to one 



Acquisition of High Quality DNA for in vivo ChIP-seq 

   55 

month). We typically then make solutions in either sterile glassware or pre-

sterilized tube (eg. Greiner). Adequate sterile ultrapure water must be available for 

diluting the components to make up the final working concentrations. Additionally, 

all working solutions used after the immunoprecipitation should be filter-sterilized. 

3. The amount of X-link buffer required will depend on the number samples. We 

recommend making at least 5 mL per sample. We also recommend using a stock 

solution of 0.5 M EDTA pH 8.0 for the addition of EDTA to the X-link buffer. 

4. We typically use 5 mL of X-link buffer per extraction when using adult mouse 

heart.    

5. The time required for fixation will vary between samples and will probably require 

optimization. As a general rule, the younger or softer the tissue, the less time 

required. For example, early embryonic samples (ED10.5) use a reduced fixing 

time (15 minutes at RT). Optimization of this step can be done in two ways; fixation 

can be varied by changing the percentage of the fixative or by changing the time of 

fixation. We recommend choosing one of the two, make a range around the 

standard protocol and compare the shearing efficiency and qRT-PCR outcome to 

the standard protocol (for adult or embryo) in one experiment. 

6. We make use of an IKA Ultra Turrax T5 FU with the power set to 40000/min, 

keeping the sample on ice during the maceration process. 

7. For some tissue types cell lysis can be a problem. It is recommended to check 

the lysis of the cells under a microscope when optimizing the protocol for a new 

tissue type. When lysis is insufficient, the volume of lysis buffer can be increased. 

The volume of other buffers throughout the protocol should then also be equally 

adjusted. When doing this, it should be noted that the immunoprecipitation in this 

protocol is performed in 1/3 of the total sample, based on the amount of chromatin 

that can be isolated from one sample.  

8. The dounce tube should have a well fitted pestle. 

9. Shearing is more efficient in a conical shaped tube compared to a round-

bottomed tube. 

10. An adult mouse heart requires 25 rounds of sonication. For embryonic tissue 

15 rounds are sufficient. The objective is to shear the chromatin (DNA) into pieces 

of approximately 150-500 bp in length. During optimization, samples may be 

withdrawn, reverse cross-linked (see section 3.5) and the DNA purified for gel 

analysis see Fig. 2. During sonication it is advisable to keep the sample on ice to 

prevent over-heating. However, SDS will precipitate if left on ice reducing the 

efficiency of DNA shearing. During sonication, the heat generated keeps the SDS 

in solution. Therefore care should be taken to ensure that just prior to sonication 

the sample is warmed between finger and thumb to ensure SDS is in solution.  

11. At this stage only a small pellet should be visible, possessing a white/grey 

colour. A black pellet may be a sign of 'burnt' cellular debris and as a rule we do  
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not continue with these samples. A large pellet may mean incomplete lysis which 

can result in reduced shearing efficiency. A small sample can be checked on gel 

(see note 7, 10 and 12). In this case the sample may be resuspended in fresh lysis 

buffer and sheared again before proceeding. 

12. We recommend checking the shearing efficiency before continuing with the 

immunoprecipitation. The remaining sample can be frozen at -80 °C. When 

shearing is insufficient, the sample can be subjected to an additional round of 

sonication. After this, the step needs to be repeated after which the chromatin 

sample may be refrozen at -80 °C.  

13. Choice of antigen bead (A or G) may depend on the primary antibody. See 

Table 1. 

14. Resuspend Protein A or G beads by gently flicking the tube until there is no 

visible pellet anymore. 

15. Pipet using a tip with a large opening or cut the end of a 200ul tip off. 

16. This sample may be snap frozen and stored at -80 °C. 

17. A 2h incubation period works well for most proteins. 

18. Use of a needle and syringe is an option. 

19. The buffer will precipitate at 4°C. 

20. Making a mastermix is an option when treating a large number of samples. 

Fig. 2. Chromatin shearing using sonication. Optimization of the 
number of rounds of sonication may be required. A typical average 
fragment bp length for efficient ChIP sequencing is around 200-300 
bp. 
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21. DNA purification may also be carried out using a commercial DNA purification 

kit and following the manufacturer’s instructions. 

22. Incubations at -20°C will increase DNA yield. The period of incubation may be 

extended to overnight. 
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Ig Origin Protein-A binding Protein-G binding 

Goat IgG1 Weak Strong 

Goat IgG2 Strong Strong 

Human IgG1, 2 and 4 Strong Strong 

Human IgG3 No Binding Strong 

Mouse IgG1 Weak Strong 

Mouse IgG2a, 2b and 3 Strong Strong 

Rat IgG1 Weak Weak 

Rat IgG2a No Binding Strong 

Rat IgG2b No Binding Weak 

Rabbit IgG Strong Strong 

Sheep IgG1 Weak Strong 

Sheep IgG2 Strong Strong 

Table 1 




