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Cross-linking Chromatin Immunoprecipitation (X-ChiP) Protocol

1. Cross-linking and Cell Harvesting
1.1. Start with two confluent 150cm? dishes (1x107- 5x107 cells per dish).

Cross-link proteins to DNA by adding formaldehyde drop-wise directly

to the media to a final concentration of 0.75% and rotate gently at
room temperature (RT) for 10min*.
1.2. Add glycine to a final concentration of 125mM to the media and
incubate with shaking for 5min at RT.
Rinse cells 2 x with 10ml cold PBS.
Scrape cells into 5ml cold PBS and transfer into 50ml tube.
Add 3ml PBS to dishes and transfer the remainder of the cells to the
50ml tube.
Centrifuge for 5min, 1,000g.
Carefully aspirate off supernatant and resuspend pellet in FA Lysis
Buffer (750l per 1x107 cells).
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*  When using suspension cells, start with 1x107- 5x10" cells and treat with
both 0.75% formaldehyde and glycine as described above. Pellet cells by
centrifugation (5mins, 1,000 g). Wash 3 x with cold PBS and resuspend
pellet in FA Lysis Buffer (750ul per 1x10" cells). Proceed to Step 2.1.

2. Sonication

2.1. Sonicate lysate to shear DNA to an average fragment size of 500 to
1000bp. This will need optimizing as different cell lines require different
sonication times. Analyze the fragment size on a 1.5% agarose gel.

2.2. After sonication pellet cell debris by centrifugation 30secs, 4°C,
8,000g. Transfer supernatant to a new tube**. This chromatin
preparation will be used for the immunoprecipitation (IP) in Step 4.

2.3. Remove 50pl of each sonicated sample, this sample is the INPUT.
This is used to quantify the DNA concentration (see Step 3) and as a
control in the PCR.

** The lysed cells can be snap frozen in liquid nitrogen and stored at -
70°C for up to 2 months. Avoid multiple freeze-thawing.

3. Determination of DNA concentration

3.1. The INPUT samples are used to calculate the DNA concentration for
subsequent IPs. The DNA is purified using either a PCR puirification
kit (add 70ul of Elution Buffer and proceed to Step 3.2%) or
phenol:chloroform (add 350ul of Elution Buffer and proceed to Step 3.2°).

3.2 Add 2pl RNase A (0.5mg/ml). Heat with shaking at 65°C for 4-5hrs
(or overnight) to reverse the crosslinks***. DNA is purified using a
PCR purification kit according to the manufacturer’s instructions.

3.2°. Add 5ul proteinase K (20mg/ml). Heat with shaking at 65°C for 4-
5hrs (or overnight) to reverse the crosslinks***. The DNA is

phenol:chloroform extracted and ethanol precipitated in the presence
of 10pl glycogen (5mg/ml). Resuspend in 100ul H20.

3.3. To determine the DNA concentration, transfer 5ul of the purified DNA
into a tube containing 995ul TE to give a 200-fold dilution and read
the OD260. The concentration of DNA in pg/ml is OD2s0 x 10,000. This
is used to calculate the DNA concentration of the chromatin preparation.

*** The samples can be frozen and stored at -20°C after these steps.

4. Immunoprecipitation

4.1. Use the chromatin preparation from Step 2.2, an equivalent amount
of approximately 25ug of DNA per IP is recommended. Dilute each
sample 1:10 with RIPA Buffer. You will need one sample for the
specific antibody and one sample for the beads only control.

4.2. Add primary antibody to all samples except the beads only control.
The amount of antibody to be added should be determined
empirically, 1-10ug of antibody per 25ug of DNA often works well.

4.3. Add 20ul of protein A/G beads (pre-adsorbed with sonicated single
stranded herring sperm DNA and BSA****) to all samples and IP
overnight with rotation at 4°C.

4.4. Centrifuge the protein A/G beads for 1min, 2,000g and remove the
supernatant.

4.5. Wash beads 3 x with 1ml Wash Buffer (centrifuge as above).

4.6. Wash beads 1 x with 1ml Final Wash Buffer (centrifuge as above).

**** Preparation of protein AIG beads with single stranded herring sperm
DNA: Mix an equal volume of Protein A and Protein G beads and
wash 3 x in RIPA Buffer. Aspirate RIPA Buffer and add single
stranded herring sperm DNA to 75ng/ul beads and BSA to a final
concentration of 0.1ug/ul beads. Add RIPA Buffer to twice the bead
volume and incubate for 30min with rotation at RT. Wash once with
RIPA Buffer and add RIPA Buffer to twice the bead volume.

5. Elution and reverse cross-links

5.1. Elute DNA by adding 120ul of Elution Buffer to the protein A/G beads
and rotate for 15min, 30°C.

5.2. Centrifuge for 1min, 2,000g and transfer the supernatant into a fresh tube***.

5.3. The DNA can be purified using a PCR puirification kit (proceed with
Step 3.2°) or phenol:chloroform (add 280ul of Elution Buffer and
proceed with Step 3.2°).

5.4. DNA levels are quantitatively measured by real-time PCR. Primers
and probes are often designed using software provided with the real-
time PCR apparatus or the following website can be used.

http://biotools.umassmed.edu/bioapps/primer3_www.cgi
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Solutions

FA Lysis Buffer 50ml
50 mM HEPES-KOH pH7.5 2.5ml
140 mM NaCl 1.4ml
1 mM EDTA pH8 0.1ml
1% Triton X-100 2.5ml
0.1% Sodium Deoxycholate 0.5ml
0.1% SDS 0.25ml
Protease Inhibitors (add fresh each time)

RIPA Buffer 50ml
50 mM Tris-HCI pH8 2.5ml
150 mM NaCl 1.5ml
2 mM EDTA pH8 0.2ml
1% NP-40 (IGEPAL) 5ml
0.5% Sodium Deoxycholate 2.5ml
0.1% SDS 0.25ml
Protease Inhibitors (add fresh each time)

Wash Buffer 500ml
0.1% SDS 2.5ml
1% Triton X-100 25ml
2 mM EDTA pH8 2ml
150 mM NaCl 15ml
20 mM Tris-HCI pH8 10ml
Final Wash Buffer 500ml
0.1% SDS 2.5ml
1% Triton X-100 25ml
2 mM EDTA pH8 2ml
500 mM NaCl 50ml
20 mM Tris-HCI pH8 10ml
Elution Buffer 10ml
1% SDS 0.5ml
100mM NaHCO:s 1ml

Proteinase K
Dissolve in H20 at 20 mg/ml, store at -20°C.

At Abcam we use the following reagents:

Compound Order number
Formaldehyde F-8775
Herring sperm ssDNA ab46666
Proteinase K ab51501
Protein A sepharose 17-5280-01
Protein G sepharose 17-0618-01
Qiaquick PCR Purification kit (250) 28106
Rabbit Control IgG ab46540
RNase A ab52579
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ChIP grade antibodies: www.abcam.com/chromatin/chip
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