Protocols - Location Analysis

The chromatin imunoprecipitation part of this protocol is based on a protocol obtained from the Nasmyth lab and one from Hecht et al. (1996). The Nasmyth protocol was optimized for use with W303a strains tagged with a Myc18 epitope inserted at the C-terminus of various transcription factors (strains obtained from Pia Cosma). The preparation of fluorescent targets was adapted from a protocol obtained from Oscar Aparicio (S. Bell lab / Univ. Southern California). The protocol for hybridization on glass slide arrays has been developed in the Young lab. Revisions to the previous protocol have been introduced by D. Pokholok.
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Preparation of Cells, Cross Linking, Cell Washing and Storing

Step 1 - Preparation of cells and cross linking.

Inoculate fresh media from an overnight culture to OD600=0.1 and allow yeast to grow to OD600=0.6-1.0 (OD600=0.8 is commonly used).

· The experiments are usually done in at least duplicate, which means you need to start overnight cultures (inoculated with independent colonies from the same plate).

Remove 50 ml cells and add to 50 ml Falcon tubes (cat #352070) containing 1.4 ml of Formaldehyde (37% Formaldehyde stock, final concentration 1%, J.T.Baker cat. #2106-01).

· Use a liquid dispenser for the formaldehyde and work in a fume hood. 

Incubate for 30 minutes at room temperature on a rotating wheel.

· For some proteins, you may have to optimize the incubation time with formaldehyde. This may include transferring to 4°C and incubating overnight on a rotating wheel.

Step 1a - Preparation of beads.

If you are planning to continue with the protocol the next day, you also need to incubate the magnetic beads with the specific antibody overnight (see Appendix 1).

Step 1b - Washing and storage of cells – should be done at 4°C.

Spin 50 ml Falcon tubes for 5 minutes at speed 6 (~2800 rpm), temp 4°C in a tabletop centrifuge (Sorvall RT6000) to harvest the cells, and pour off the supernatant.

· Supernatant (medium + formaldehyde) should be treated as hazardous waste – do not pour down the sink.

Wash 3 times with ~40 ml cold TBS.

· Add TBS, mix by inversion / shaking until the cells are resuspended, spin and pour off the supernatant.

After the last wash, resuspend the yeast pellet using any remaining liquid (add some, if necessary) and transfer to an Eppendorf tube.

Spin for 1 minute at maximum speed at 4°C and remove the remaining supernatant using a P-1000 pipette.

Snap freeze in liquid nitrogen and store at -80°C, or go directly to step 2.

Cell Lysis, Sonication, and Immunoprecipitation

Step 2 – Cell lysis.

Thaw cell pellet on ice.

Resuspend in 700 ul Lysis Buffer and transfer to a 1.5 ml Eppendorf tube (cat #2236320-4).

Add the equivalent of a 0.5 ml PCR tube (USA/Scientific Cat.#1405-4400) of glass beads (Sigma Cat.# G-8772).

Vibrax-VXR at setting 1800 for 2 hours at 4°C.

Pierce the bottom of the tube with a needle (Use Becton Dickinson Precision Glide 18G1 1/2) and set up over a 2 ml screw cap tube.

Spin 3-4 seconds (the material should be transferred to the 2 ml tube, while the beads stay in the 1.5 ml tube).

· Turn the centrifuge on, allow it to reach 7000 rpm and then turn off.

Resuspend and transfer to a new 1.5 ml tube (be sure to have at least 700 ul in each tube. Add lysis buffer to bring the volume up to 700 ul, as necessary. Smaller volumes may splash out during sonication).

Step 2a – Sonication.

Shear chromatin by sonicating 4 times for 20 seconds at power 1.5 using a Branson Sonifier 250 – use the 'Hold' and 'Constant Power' settings. (This should result in sheared DNA with an average size of 400 bp).

· Note: Keep samples on ice between each round of sonication. Immerse tip in sample first, turn the power on for 20 seconds, turn the power off and place sample back on ice. Wash the tip with water between sample types (it is not necessary to wash the tip between replicates from the same strain). Before and after use of the sonifier, rinse the tip with 98% EtOH.

Spin for 5 minutes at maximum speed at 4°C and transfer the supernatant to another tube on ice (Supernatant = yeast whole cell extract (yWCE)).

Step 2b – Immunoprecipitation.

Set up a new tube on ice containing: 500 ul of yWCE and 30 ul of a suspension of washed magnetic beads pre-bound to anti-Myc antibody (see Appendix 1). Set aside 5 ul of WCE in a separate tube (to label as a control later) and store it and the rest of the yWCE at -20°C.

· Vortex the beads well before removing each 30 ul aliquot to ensure equal amounts of beads are added to each tube and that the beads remain in suspension.

Incubate overnight on a rotating platform at 4°C.

Bead Washing, Elution from Beads and Reversal of Cross Linking

Step 3 - Bead Washing.

*********** Work in the Cold Room ***********

Wash beads using appropriate device (e.g. MPC-E magnet, Dynal), as follows:

· Put the first 6 tubes into magnet, invert the tubes once, open the tubes and aspirate the supernatant using a vacuum (also aspirate what is left in the cap), add the appropriate washing solution, close the tubes and put them back on the rotating platform. Proceed with the next 6 tubes and so on. Don't forget to turn the rotator on while you are aspirating the supernatant from the next set of tubes etc.

· For this step, you don't need to add protease inhibitors to the lysis buffer.

Wash 2 times with 1 ml Lysis Buffer.

Wash 2 times with 1 ml Lysis Buffer containing an additional 360 mM NaCl.

· 720 ul of 5 M NaCl in 10 ml lysis buffer - the final concentration of NaCl is 500 mM.

Wash 2 times with 1ml Wash Buffer.

Wash once with 1 ml TE.

After you have removed the TE by aspiration, spin the tubes for 3 minutes at 3000 rpm and remove any remaining liquid with a pipette.

Step 3a - Elution from beads and reversal of cross links.

********The next steps should be done at room temperature********

Add 50 ul of TE/SDS to the beads in order to reverse the crosslinks.

Also add 95 ul of TE/SDS to 5 ul of yWCE (prepare one yWCE for each IP).

Incubate overnight at 65°C in an incubator.

DNA Purification and Precipitation

Step 4 - Precipitation of DNA.

Add 400 ul of TE containing 10 ug RNaseA (add 33 ul of 10 mg/ml RNaseA to 1 ml of TE) and 1ul glycogen (Roche 901393).

Incubate for at least 1 hour at 37°C in the warm room.

Add 7.5 ul of proteinase K (Gibco 25530-049, 20 mg/ml stock) to each sample.

Incubate for at least 2 hours at 37°C.

Extract once times with 1 volume of phenol (Sigma Cat. P-4557). Remove aqueous phase to new tube.

Extract once with 1 volume of phenol/chloroform/isoamyl alcohol (Fluka 77617).

To aqueous phase, add NaCl to 200 mM final (use 8 ul of 5 M stock for 200 ul of sample).

Add 2 volumes of cold EtOH and vortex briefly.

Spin at 14,000 rpm for 10 minutes at 4°C.

Pour off the supernatant, add 1 ml cold 80% EtOH, vortex briefly and spin at 14,000 rpm for 5 minutes at 4°C.

Pour off the supernatant, spin briefly and remove the remaining liquid with a pipette.

Let the pellet dry for a couple of minutes and resuspend the pellet in 50 ul TE.

If you are proceeding to step 5 and/or gene-specific PCR, place samples on ice.

Store samples/remainder of samples at -20°C

Blunting DNA and Ligation of Blunt DNA to Linker

Step 5 - Blunting DNA.

Transfer 40 ul of each immunoprecipitated DNA and 1-2 ul of each whole cell extract DNA plus 39 ul ddH2O to separate tubes. Place on ice. Save remaining DNA at -20° C.

· Note: This protocol is based on comparisons of IP and WCE DNA.  As noted in Pokholok et al., Cell 2005, experimental design may call for comparisons of two sources of immunoprecipitated DNA.

Add 70ul of:

11.0 ul

(10X) T4 DNA pol buffer (NE2 Biolabs cat #B7002S)

  0.5 ul 
BSA (10 mg/ml) (NE Biolabs cat #007-BSA)

  0.5 ul 
dNTP mix (20 mM each)

  0.2 ul 
T4 DNA pol (3U/ul) (NE Biolabs cat #203S)

57.8 ul 
ddH2O______________________________________

70.0 ul 
total

Mix by pipetting and incubate at 12°C for 20 minutes.

Place on ice and add 12 ul of:

11.5 ul 
3M NaOAc (Sigma cat #S-7899)

  0.5 ul 
glycogen (20 mg/ml) (Roche Diagnostics cat #901393)

12.0 ul

total

Mix by vortexing, and add 120 ul of phenol/chloroform/isoamyl alcohol (Fluka 77617).

Vortex to mix and spin 5 minutes at maximum speed.

Transfer 110 ul of aqueous phase to a new 1.5 ml Eppendorf tube and add 230 ul cold EtOH (100%).

Vortex to mix and spin for 15 minutes at 4°C.

Pour off supernatant and wash pellet with 500 ul cold 80% EtOH.

Spin for 5 minutes at 4°C.

Pour off supernatant, spin briefly and remove any remaining liquid with pipette. Allow to air dry briefly.

Resuspend pellet in 25 ul ddH20 and place on ice.

Step 5a - Ligation of blunt DNA to linker.

Add 25 ul of cold ligase mix:

  8.0 ul 
ddH2O

10.0 ul 
5X DNA ligase buffer (GibcoBRL cat #46300-018)

  6.7 ul 
annealed linkers (15 uM) (see appendix #2)

  0.5 ul 
T4 DNA ligase (NEB cat #202L)_______________

25.2 ul 
total

Mix by pipetting and incubate overnight at 16°C.

Ligation-mediated PCR

Step 6 - Ligation-mediated PCR.

Add 6 ul of 3M NaOAc (pH 5.2) (Sigma cat #S-7899) to linker-ligated DNA. Mix by vortexing and add 130 ul cold EtOH.

Mix by vortexing and spin for 15 minutes at 4°C.

Pour off supernatant and wash with 500 ul 80% EtOH.

Spin for 5 minutes at 4°C.

Pour off supernatant, spin and remove any remaining liquid with a pipette.

Resuspend in 25 ul ddH2O and place on ice.

Add 15 ul of PCR labeling mix:

  4.00 ul 
10X ThermoPol reaction buffer (NEB cat #007-TDP)

  5.75 ul 
ddH2O

  2.00 ul 
low T mix (5 mM each dATP, dCTP, dGTP; 2 mM dTTP)

  2.00 ul 
Cy3-dUTP or Cy5-dUTP (use Cy5 for IP DNA and Cy3 for WCE DNA)

  1.25 ul 
oligo oJW102 (40 uM stock)___________________________________

15.00 ul 
total

Try to use Cy3 or Cy5 from the same batch i.e. avoid mixing batches.

Transfer to PCR tubes on ice, place in PCR machine and start the following program:

Step
Time/Instruction 
Temp 
Notes
1 
4 min 


55°C 
(make this longer if you have a lot of samples)

2 
5 min 


72°C

3 
2 min 


95°C

4 
30 sec 


95°C

5 
30 sec 


55°C

6 
1 min 


72°C

7 
Go to step 4 for X*

            more times


*32 cycles (total) for Cy5 and 34 cycles for Cy3

8
4 min 


72°C

9 
Hold 


4°C

Add 10 ul of polymerase mix during step 1 of PCR:

  8.00 ul 
ddH2O

  1.00 ul 
10X ThermoPol reaction buffer (NEB cat #007-TDP)

  1.00 ul 
Taq polymerase (5 U/ul) (Perkin Elmer: Use Cat. #N801-0060 i.e. regular Taq., do not use AmpliTaq Gold)

  0.01 ul 
PFU Turbo (2.5 U/ul) (Stratagene Cat #600250-51)__________________

10.00 ul 
total

Run 5 ul on a 1.5% agarose gel. (The PCR product should be a smear ranging from 200 bp to 600 bp with an average size of 400 bp).

Purify with Qiaquick PCR purification kit. Elute in 80-100 ul (Qiagen buffer EB).

Take spectrophotometer readings of each sample. Use OD260 and OD650 for Cy5, OD260 and OD550 for Cy3. See Appendix for procedure and calculations.

· Note: You should have at least 15pmol of incorporated dye in each channel (20 pmol is recommended) to continue with scanning a sample.

Mix Cy3 and Cy5 eluates for a given target. Use the same pmol of incorporated dye for each channel if possible.

Add 3M NaOAc (Sigma cat #S-7899) to a final concentration of 0.36M (12 ul 3M NaOAc for 100 ul eluate). Mix and add 2.5 volumes cold EtOH (260 ul for 100 ul eluate).

Mix and spin for 15 minutes at 4°C.

Pour off supernatant and wash with 500 ul of 80% EtOH.

Spin for 5 minutes at 4°C.

Pour off supernatant, spin and remove any remaining liquid with a pipette.

Store PCR products at -20°C. Keep in a closed box to prevent exposure to light.

Probe Preparation, Hybridization and Wash

Step 7a – Probe preparation and hybridization.

· Note:  Use foil to keep samples in dark as much as possible.
Resuspend each pellet in 2 ul ddH2O.

Make up master mix, for a total of 500 ul per hybe:
Final Conc.
Stock
1x Mix 


50 mM
Na-MES pH 6.9 (500 mM)
50.0 µl


500 mM
NaCl (5 M)
50.0 µl


6 mM
EDTA (500 mM)
6.0 µl


0.5%
Sarcosine (5% -- ultrapure)
50.0 µl



30 %
Formamide (ultrapure)
150.0 µl


250 ng
herring sperm DNA (250 ng/µl) 
1.0 µl



80 µg
yeast tRNA (8 µg/µl)
10.0 µl


____________ddH2O
179.0 µl




Total
496.0 µl

1. Add 248 ul of master mix to each resuspended pellet and combine both together.

2. Heat samples for 3 minutes at 95°C.

3. Transfer tubes to 40°C and incubate for 15 minutes.

4. Spin tubes at 13,000 x g for 45 seconds at room temperature.

5. Assemble arrays as described by manufacturer (Agilent Technologies).  Briefly, slides bearing gaskets are placed face-up in a hybridization chamber.  Hybridization solution is added to the slide and arrays are then placed face-down on the solution.  The chamber is assembled and checked for free rotation of hybridization solution.

6. Incubate at 40°C in rotating oven for 12-18 hours.

Step 7b - Washing arrays.

1. Disassemble hybridization chambers and transfer sandwiched slides to reservoir containing up to 1 liter of Array Wash I.

2. While submerged, IMMEDIATELY and gently separate gasket slide from array slide.  Wash array slide with 2 seconds of gentle agitation.

3. Place array in a slide rack submerged in a second container of Array Wash I. 

4. Wash for 5 minutes by placing dish on orbital shaker set at 60 rpm.

5. During the wash, set up another container with Array Wash II. 

6. After Step 4, smoothly and rapidly remove slide rack, and blot rack on absorbant paper.  Transfer to container with Wash II and wash for 5 minutes with gentle agitation.

7. SLOWLY and evenly remove rack and slides from Array Wash II.  Remaining liquid can be removed by spinning briefly at 1,000 rpm.  It is preferable to scan immediately.

Slide Reuse

Stripping of hybridized slides is done in 500 ul or more of 5 mM potassium phosphate buffer pH 6.6 (see Maniatis, Molecular Cloning Vol. 3, B21). Use a container or beaker, which can fit a slide rack.

Pour the stripping buffer into a beaker, submerge the rack with slides (from 1 to 10) and heat it up slowly with a gas burner or stir block until the liquid boils vigorously (15-20 minutes).

Remove the rack and briefly rinse in a washing container with water.

Slowly remove the rack from the liquid.

Cy5 channel will be stripped much better than Cy3, but the overall performance of subsequent hybing will not be affected.
Appendix 1: Preparation of Magnetic Beads

********* Prepare the day before use *********

Take 50 ul of beads (4 x 108 beads/ml stock i.e. 2 x 107 beads per sample) and place in a 15 ml Falcon tube. Use Dynabeads Protein G, cat #100.04.

Spin for 1 minute at  ~3000 rpm in a tabletop centrifuge (Sorvall RT6000).

Remove supernatant with a pipette and resuspend in 10 ml PBS containing 5mg/ml BSA (make immediately before use from Sigma BSA powder, cat #A-3350).

Wash again with 10 ml PBS/BSA.

Incubate overnight (or at least 8 hours) with antibody on a rotating platform at 4°C (Add the appropriate amount of antibody plus 250 ul PBS + 5 mg/ml BSA per 50 ul of beads).

· Note: The 9E11 antibody we are using has been purified from ascites and concentrated. The amount used has been determined empirically so that the beads are saturated. 

********* Day of use *********

Spin for 1 minute at ~3000 rpm in a tabletop centrifuge (Sorvall RT6000).

Remove supernatant with a pipette and resuspend in 10 ml PBS containing 5mg/ml BSA (make immediately before use, as above).

Wash again with 10 ml PBS/BSA.

Resuspend the beads in 30 ul per sample of PBS containing 5mg/ml BSA.

Appendix 2: Preparation of Unidirectional Linker

Mix the following:

  250 ul 
Tris-HCl (1M) pH 7.9

  375 ul 
oligo oJW102 (40 uM stock)

  375 ul 
oligo oJW103 (40 uM stock)

1000 ul 
total

oJW102: GCGGTGACCCGGGAGATCTGAATTC

oJW103: GAATTCAGATC

· Note: Order these oligos dessicated, then resuspend in ddH20.

Make 50 or 100ul aliquots in Eppendorf tubes.

Place in a 95°C heat block for 5 minutes.

Transfer samples to a 70°C heat block (there should be water in the holes).

Place the block at room temperature and allow it to cool to 25°C.

Transfer the block to 4°C and allow to stand overnight.

Store at -20°C.

Appendix 3: Solutions

TBS (store at 4°C)

1X 




5X 



for 1L of 5X

20 mM Tris-HCl pH7.5 


100 mM Tris-HCl pH 7.5 
100 ml of 1M

150 mM NaCl 



750 mM NaCl 


150 ml of 5M
Lysis Buffer (add protease inhibitors just prior to use, store stock solution at 4°C)

1X 




for 150 ml 


for 5 ml

50 mM HEPES-KOH 
pH7.5 

7.5 ml of 1 M 


250 ul of 1 M

140 mM NaCl 



4.2 ml of 5 M 


140 ul of 5 M

1 mM EDTA 



300 ul of 500 mM 

10 ul of 500 mM

1% Triton X-100 


15 ml of 10% 


500 ul of 10%

0.1% Na-deoxycholate 


1.5 ml of 10% 


50 ul of 10%

1 mM PMSF, 1mM Benzamidine 
1.5 ml of 100X 


50 ul of 100X

10 ug/ml Aprotinin, 1 ug/ml Leupeptin 
1.5 ml of 100X 


50 ul of 100X

1 ug/ml Pepstatin 


1.5 ml of 100X 


50 ul of 100X
Wash Buffer (store at 4°C)

1X 








for 500 ml

10 mM Tris-HCl pH 8.0 





5 ml of 1 M

250 mM LiCl 







25 ml of 5 M

0.5% NP40 







2.5 ml of 100%

0.5% Na-deoxycholate 






25 ml of 10%

1 mM EDTA 







1 ml of 500 ml
TE/SDS (make with ddH2O, store at room temperature)

1X 








for 500 ml

10 mM Tris HCl pH8.0 






5 ml of 1 M

1 mM EDTA 







1 ml of 500 mM

1% SDS 







5 g

Proteinase K mix (make fresh)

For 1 sample 







for 26 samples

140 ul of TE 







3640 ul

7.5 ul of proteinase K (20 mg/ml stock) (Gibco 25530-049) 

195 ul

PMSF/Benzamidine mix 100X stock (aliquot and store at -20°C)

1X 








for 10 ml of 100X

1 mM PMSF 







0.1742 g

1 mM Benzamidine 






0.1566 g

EtOH 








Bring to vol. of 10 ml

Aprotinin/Leupeptinin mix 100X stock (aliquot and store at -20°C)

1X 








for 10 ml of 100X

10 ug/ml Aprotinin 






0.01 g

1 ug/ml Leupeptin 






0.001 g

ddH2O 








Bring to vol. of 10 ml

Pepstatin mix 100X (aliquot and store at-20°C)

1X 








for 10 ml of 100X

1 ug/ml Pepstatin 






0.001 g

DMSO 








Bring to vol. of 10 ml

Array Wash I
1X








for 2L

20X SSPE







600.0 ml

ddH2O








1398.0 ml

0.005%
N-lauroylsarcosine (ultrapure)




2.0 ml 

Array Wash II

1X








for 2L

20X SSPE







6.0 ml

ddH2O








1994.0
