Drosophila embryo ChIP v3
Title_____________________________________________________________

________________________________________________Date____________            

Purpose of experiment

Cells

Antibodies and required volume per IP

Beads
Samples

Day 1 

Harvest, fix and wash cells – takes 1-2 hours
1. Collect 1 g of embryos into basket with brush. Wash embryos with Embryo Wash Buffer (0.03% TritonX100, 140mM NaCl) and water.
2. Transfer embryos to 7 ml Wheaton Dounce homogenizer with 5 ml buffer A1. 
Buffer A1:

15 mM HEPES pH 7.5 

15 mM NaCl

60 mM KCl

4 mM MgCl2

0.5 % Triton X-100

0.5 mM DDT

complete EDTA-free protease inhibitor cocktail (Roche)

3. Add 250 ul formaldehyde (1.8% formaldehyde), homogenize with Dounce three times each pestle and incubate on ice. Fix for a total time of 15 min.

4. Stop cross-linking by adding 0.125 M glycine (add 250 ul of 2.5M glycine).

5. Transfer homogenate to 15 ml Falcon tube and spin for 3 min at 3000 g at 4C.

6. Discard supernatant and add 5 ml buffer A1. Vortex or stir to suspend the pellet and spin again. Wash pellet two more times in 5 ml buffer A1 (three washes total). 

7. Wash with 5 ml buffer A2. Spin and remove 3 ml. Using a cut 1 ml tip, transfer to microfuges (0.15 to 0.3g of embryo extracts to each tube).
Buffer A2:

15mM HEPES pH 7.5 

140 mM NaCl

1 mM EDTA

0.5 mM EGTA
1 % Triton X-100

0.1% sodium deoxycholate
0.1% SDS

0.5% N-lauroylsarcosine
proteinase inhibitors

8. Spin at 14,000 for 2 min. Remove supernatant and snap freeze sample in liquid nitrogen.
9. If continuing the next day, prepare beads and incubate with antibodies o/n:
Bead preparation
10. Make block solution: 0.5% BSA (w/v) in PBS (e.g. 250 mg BSA in 50 ml PBS)

11. Aliquot 100 ul Dynal magnetic beads per IP and wash 3 times with block solution 

12. Resuspend beads in 250 ul/ IP block solution and add 6-10 ug of Ab
13. Incubate overnight on a rotating platform at 4(C.

14. Wash beads 3 times in 1 ml block solution (Day 2).

15. Resuspend beads in cell lysate.

Day 2 
Sonication, purification, start IP – takes ~ 1 hour for few samples
16. Resuspend sample in buffer A2 (0.5 ml per 0.15g of cross-linked embryos). Transfer samples to 15 ml Falcons, if necessary.
17. Sonicate 4 x 30s, power 3 (fragment size should be 200 bp to 5 kb) 
18. Transfer to microfuge tubes, spin 10 min at high speed and transfer supernatant to a fresh tube (keep pellet for diagnostic purposes).
19. Incubate 200 ul of extracts with beads pre-incubated with antibodies o/n at 4C. Keep 50 ul of extracts for WCE genomic control.
Day 3
Wash IP, reverse cross-linking – takes ~ 1 hour for few samples
20. Wash IP 5 times with RIPA Wash buffer and once with TE + 50mM NaCl.
21. Remove liquid and spin 3 min at 3000.

22. Add 100 ul elution buffer (50mM Tris + 1% SDS) and incubate 10-20 min at 65C. Vortex to keep beads in suspension. Spin 1 min at 14K.
23. Transfer 100ul supernatant into new tube with 100 ul TE.
24. Add 100ul elution buffer and 50 ul TE to 50 ul WCE.

25. Reverse crosslinking by incubation at 65C for 6h.

Day 4 

DNA clean up
26. Add 4 ul RNase A ([final] = 0.2ug/ul). Mix and incubate 37(C 2 hr

27. Add 2ul proteinase K ([final] = 0.2ug/ul). Mix and incubate 55(C 2 hr

28. Extract once w/ 200ul phenol and once w/ 200ul phenol:chl:IA 

29. Transfer to new centrifuge tube containing 8 ul of 5M NaCl ([final] = 200 mM) and 1.5ul glycogen (30ug)

30. Precipitate with 500 ul EtOH
31. Spin and wash with 500 µL 70% EtOH

32. Dry and resuspend pellets in 60 µL 10mM Tris HCl pH 8.
Day 5 

T4 polymerase blunting of DNA ends 

33. Mix 2 µl (200 ng) WCE DNA and 53 µl ddH2O for each IP.
34. Aliquot 55 µl for each IP sample.  Keep all tubes on ice until phenol extraction.
35. Make blunting master mix on ice:

Final Conc.
Stock
1x Mix


1x
10x T4 DNA polymerase buffer
11.0 µl




5 ug
10 µg/µl BSA (NEB)
0.55 ul



100 nM
25mM each dNTP
0.4 µl



1.5 U
3U/µl T4 DNA polymerase (NEB)
0.55 µl




ddH2O
42.5 µl




55.0 µl

36. Add 55 µl of blunting master mix to all samples.


37. Incubate for 20 minutes at 12°C in thermal cycler.

38. Add 11.5 µl of 3M sodium acetate, pH 8.0 and 0.5 µl of 20 µg/µl glycogen (10 µg total).

39. Extract 1x with 120 µl Phenol/Chloroform/Isoamyl alcohol.

40. Transfer aqueous layer to new centrifuge tube containing 250 µl EtOH.  Incubate for 30 minutes at -20°C.

41. Spin at 20,000 x g for 10 minutes at 4°C to pellet DNA.  Wash pellets with 500 µl of 80% EtOH.

42. Dry pellets and thoroughly resuspend each in 25 µl H2O. 
43. Chill samples on ice and make ligase master mix on ice (25 µl per reaction):

Final Conc.
Stock
1x Mix

1x
5x ligase buffer
10.0 µl



2 µM
15 µM linkers (see Appendix)
6.7 ul


200U
400U/µl T4 DNA ligase (NEB)
0.5 µl



ddH2O
7.8 µl



25.0 µl

44. Add 25 µl ligase mix to 25 µl of sample.

45. Incubate 16 hours in 16°C water bath.

Day 6

Ligation-mediated PCR (with expansion)

46. Add 6 µl of 3M sodium acetate and 130 µl EtOH.  Incubate 30 min at -80°C.

47. Spin at 20,000 x g for 10 minutes at 4°C to pellet DNA.  Wash pellets with 500 µl of 80% EtOH.

48. Dry pellets and resuspend each in 25 ul H2O.

49. Transfer each sample to PCR tubes.

50. Make two buffer mixes per rxn:

Mix A


Final Conc.
Stock
1x Mix

1x
10X Thermopol buffer (NEB)
4.00 µl



250 nM
dNTP mix (2.5 mM each)
5.00 µl


1 µM
oligo oJW102 (40 µM)
1.25 µl



ddH2O
4.75 µl

15.00 µl

Mix B


Final Conc.
Stock
1x Mix

1x
10X Thermopol buffer (NEB)
1.0 µl



2.5 U
Taq polymerase (5U/µl)
0.5 µl



ddH2O
8.5 µl


10.0 µl

51. Add 15 ul of Mix A to each sample and run program “LMPCR1”: 


Step1:
55°C
4 minutes


Step2:
72°C
3 minutes


Step3:
95°C
2 minutes


Step4:
95°C
30 seconds


Step5:
60°C
30 seconds


Step6:
72°C
1 minute


Step7:
GOTO Step4 14 times


Step8:
72°C
5 minutes


Step9:
4°C
HOLD

52. Midway through Step1, add 10 µl Mix B to each tube to hot start reactions.  If necessary, pause program in Step1 so tubes remain at 55°C while adding Mix B.

53. Transfer product to 1.5 ml centrifuge tube and add 475 ul ddH20 (total ~525ul).

54. Make up PCR mixes:
Final Conc.
Stock
1x Mix


1x
10x Thermopol buffer (NEB)
5.00 µl




250 nM
dNTP mix (2.5 mM each)
5.00 µl



1 µM
oligo oJW102 (40 µM)
1.25 µl



2.5 U
Taq polymerase (5U/µl)
0.25 µl




ddH2O
33.50 µl



template DNA
5.00 µl




50.00 µl
55. Aliquot 50 µl of PCR mix to individual PCR tubes.

56. Run program “LMPCR2”:

Step1:
95°C
2 minutes

Step2:
95°C
30 seconds

Step5:
60°C
30 seconds

Step6:
72°C
1 minute

Step7:
GOTO Step2 24 times

Step8:
72°C
5 minutes

Step9:
4°C
HOLD

57. Make precipitation mix:

Precipitation Mix

Final Conc.
Stock
1x Mix


750 mM
7.5 M Ammonium acetate
25.0 µl




90%
Ethanol
225.0 µl




250.0 µl
58. Pool samples where appropriate.  Add 250 µl precipitation mix per 50 µl of PCR reaction.  Incubate 30 min at -80°C.

59. Spin at 20,000 x g for 10 minutes at 4°C to pellet DNA.  Wash pellets with 500 µl of 80% EtOH.

60. Dry pellets and resuspend each in 50 µl H2O.

61. Measure DNA concentration with NanoDrop (use 10-fold dilutions, if necessary) and normalize all samples to 500 ng/µl.

Day 7

Cy3/Cy5 labeling of IP/WCE material
Open requisite number of CGH kits and consolidate 2.5x Random Primer Solution, lowT dNTP mix, Klenow, and Stop Buffer.

62. Make priming solution mix for each sample:


Final Conc.
 Stock



1x Mix

     x Mix

2 µg
LM-PCR product (100 ng/ul)
20.0 µl




1x
2.5x random primer solution
35.0 µl



ddH2O
20.0 µl



75.0 µl


63. Mix well and aliquot 75 µl mix/well. 

64. Place samples at 95°C for 5 minutes and immediately transfer to ice-water and flash cool for 5 minutes.

65. While reactions are cooling, make up label mix:


Final Conc.
Stock
1x Mix
    x Mix

110/55 nM
lowT dNTP Mix (1.2/0.6 mM)
8.2 µl


17 µM
Cy5- or Cy3-dUTP (1 mM)
1.5 µl


60 U 
Klenow (40 U/ul)
1.5 µl



ddH2O
1.8 µl





13.0 ul
66. Mix well and aliquot 13 µl label mix per tube – Cy5 mix for IPs and Cy3 mix for WCE. Pipette up and down to mix reagents.

67. Incubate for 3 hours at 37°C. Keep samples dark.
68. Add 9 µl stop buffer to each well and mix.
This is a random-primed, Klenow-based extension protocol derived from Invitrogen’s CGH kit.  The protocol varies from the instructions provided by Invitrogen in both reaction volume and reagent concentrations (20 reactions per “30 reaction” Invitrogen kit). One reaction yields material for 1-2 hybridizations. To scale up for more arrays, increase number—not volume—of individual reactions. Reactions can be performed in 96-well PCR plates.

At this point, many different clean-up methods can be used to separate dye and nucleotides from longer DNA fragments.  For small-scale cleanup, we use CGH columns (Invitrogen):

69. Add 400 ul buffer A. Vortex 30 sec. Transfer to column. Spin 10.5 K I min.

70. Check the column to make sure dye bound and then discard flowthrough. Add 600 ul buffer B. Spin 10.5K 1 min and discard flowthrough.

71. Add 200 ul buffer B. Spin 10.5K 1 min and transfer column to to new eppendorf tube.

72. Add 50 ul H2O and let sit for 1 min. Spin 10.5K 1 min.

73. Discard column. Spin 10.5K 5 min and transfer to a fresh tube.

74. Precipitate DNA with 25 ul NHOac and 300 EtOH (10 min at -80), Wash with 500 ul 80% EtOH.

75. Measure DNA and dye with Nanodrop.

76. Labeled DNA can be frozen at this point.  For long-term storage, precipitate DNA and leave in pellet form at -20°C shielded from light.

 Array Hybridization (Agilent CGH protocol)
77. Pair Cy5- and Cy3-labeled samples and add ddH20 for a total volume of 140 ul.

78. Make hybridization mix for each sample:

Labeled DNA



  140 ul

Cot-1 DNA



    20 ul

Yeast tRNA



    30 ul

Agilent Blocking Agent (10x)
  
    50 ul

Agilent Hyb Buffer (2x)


  250 ul

Agilent Control Probe


    10 ul







  500 ul

79. Mix sample and incubate at 95 C for 3 min.

80. Immediately transfer sample tubes to 37C and incubate for 30 min.

81. Spin briefly to collect sample.

82. Assemble hybridization chambers and add 450-480 ul hybridization mix. Watch for bubbles and then tighten valve.
83. Incubate at 65C in rotating oven for 40 h for best results (38-42h).

Keep samples in dark as much as possible (use foil as necessary). 

Protocol is for whole-slide hybridizations. Scale down for part hybridization (e.g. one fourth for 4x44K).
Dissolve Wash III if necessary.

Day 8 
Array Washing
84. Disassemble hybridization chamber. Transfer sandwiched slide to reservoir containing 1 liter of Wash Buffer I and gently separate gasket slide from array slide.  Wash array slide with 2 seconds of gentle agitation and transfer into slide rack in dish with Wash I (and magnetic stir bar). Repeat process for each slide.

85. Wash for 5 minutes (on stir plate or on orbital shaker set at 60 rpm). During the wash, set up two dishes with Wash II.

86. Dip slide rack for 1 second in first Wash II and transfer to the second dish with Wash II (and a stir bar).

87. Gently wash for 5 minutes in Wash II. During the wash, set up two dishes, one with 100% acetonitrile (FPLC grade) and one containing Agilent Wash III.

88. Dip slide rack for 1 second into acetonitrile and transfer to Wash III.  Wash for 30 seconds with stirring.

89. SLOWLY and evenly remove rack and slides from Wash III.  It should take approximately 10 seconds to lift rack from solution (the slides should be dry at this point).

90. Scan immediately or store in vacuum-sealed box.

Wash I
Final Conc.
Stock
For 2000 ml
6x
20x SSPE
600.0 ml


ddH2O
1398.0 ml

0.005%
5% N-lauroylsarcosine (ultrapure)
2.0 ml

2000.0 ml

Wash II

Final Conc.
Stock
For 2000 ml
0.06x
20x SSPE
6.0 ml


ddH2O
1994.0 ml

2000.0 ml 

Wash III

Use 1x solution from Agilent. Dissolve precipitate at 37C and cool to RT before use.

Appendix:

Oligos for blunt end ligation:

oJW102: 5’-GCGGTGACCCGGGAGATCTGAATTC


oJW103: 5’-GAATTCAGATC


Preparation of 15 µM Linker Stock:

1.  Mix the following:

250 µl
Tris-HCl (1M)  pH 7.9

375 µl
oligo oJW102  (40 µM stock)

375 µl
oligo oJW103  (40 µM stock)

NOTE:  Order these oligos desiccated, then resuspend in ddH20 to 40 µM.

2.  Make 50 or 100 ul aliquots in PCR tubes.

3.  Place in a thermal cycler and run program LINKER:

95°C for 5 minutes

70°C for 1 minute

Ramp down to 4°C (0.4°C/min)

4°C HOLD

4.  Store linkers at -20 °C.

Solutions:
2 l Embryo Wash

56 ml 

5M NaCl  (or 16.36 g)


6 ml

10% TritonX100 

500 ml Buffer A1 (w/o PI)
7.5 ml 
1M HEPES pH 7.5
(e.g. Sigma H0887 100 ml – have not tested)
1.5 ml

5 M NaCl 

(e.g. Sigma S5150)
30 ml 

1M KCl

2 ml 

1M MgCl2

2.5 ml

Triton
X100 

(e.g. Sigma T8787)
250 ul

1M DDT

(e.g. Sigma 43816)
Store at 4C.

For 5 ml buffer A1, add 250 ul of 37% formaldehyde for fixation step
250 ml Buffer A2 (w/o PI)

3.75 ml 
1M HEPES pH 7.5
(e.g. Sigma H0887 100 ml – have not tested)
7 ml

5 M NaCl 

(e.g. Sigma S5150)
0.5 ml
 
0.5M EDTA

250 ul

0.5M EGTA

2.5 ml
`
Triton
X100

(e.g. Sigma T8787)
2.5 ml

10% sodium deoxycholate

(e.g. Sigma D6750)
2.5 ml

10% SDS

12.5 ml
10% N-lauroylsarcosine (or 1.25 g)
Store at 4C.
500 ml Wash Buffer (RIPA)                 

[

25 ml

1M Hepes (pH 7.6)


(50 mM final)
    

1 ml

0.5M EDTA



(1 mM final)




35 ml

10% DOC (Na deoxycholate)  
(0.7 % final)
50 ml
 
10% NP-40 (IGEPAL CA-630)
(1% final)
(e.g. Sigma 18896)
31.25 ml
8M LiCl
 
   

(0.5 M final) 
(e.g. Sigma L7026)
357.75 ml
ddH2O
100 ml Elution buffer

5 ml
1 M Tris pH8, 
2ml 
0.5 M EDTA, 

10ml 
10% SDS
2.5M Glycine (75.07 g/mol)

9.4 g per 50 ml ddH2O

10% N-lauroylsarcosine

10 g N-lauroylsarcosine sodium salt (e.g. Sigma L5125) in 100 ml ddH2O
100 ml 1M dithiothreitol (DTT)

Dissolve 1.545 g DTT in 10 ml ddH2O
Store at -20°C

tRNA Sigma R-4251

