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|. Formaldehyde Crosslinking Drosophila Embryosand Chromatin
Purification. Based onToth,J and Biggin, M.D. (2000 Nudeic AcidsRes., 28. e4.

I Formaldehyde Crosslinking of Drosophila Embryos

1. Prepae crosslinking solution by combining hexanewith 10X PBS and 379 formaldehydeso
tha thefind conaentrationsare 5% formadehydeand 1X PBS. Shake vigoroudy and then mix
with a stir bar for at least 30 minutes before use. Be sure to use only thetoplayer for
crosslinking embryos

10X PBS /1L
1.37 M NaCl 80gNaCl
27mM KCl 2gKCl

43 mM NagHPO4  6.10gNapHPO4
14 mM KH2PO4 29 KH2PO4
adjug pHto 7.3 and autodave

5% Formaldehydesaturated hexanes

2105 ml hexanes

37 ml 376 formaldehyde

275 ml 10X PBS

Prepare this mixture ontheday of crosslinking. Aliquotthetop (hexanes) layer to a separate
containe if small amount are needed during the course of severa hours.

* modification of Beta-gdactosdase staining protocol from Christian Klambt

2. Collect propely staged embryoson doublle nitex mesh. Wash away yeast and dechorionae
embryosfor 2 minutesin 50 ml of 50%bleach pe 5 g of embryos Pour into small mesh and
wash extengvely.

3. Trander embryosto a cup with mesh onthebotom. Completely immerse theembryosin a
beaker of isopropanol and shake back and forth to disperse clumps Remove cup and dry
embryosas much as possible with pgper towels beneath the mesh.

4. Trander embryosto a 50mL Falcontubecontaining 10 ml formaldehydesaturated hexanes per
gram of embryos Shake vigoroudy for 5 minutes at roomtemperature. Allow the embryosto
settle and pour off as much of the hexanes as possible.

5. Resugpend embryosin the same volume of 1X PBS, 0.5% Triton X-100and shake vigoroudy at
roomtemp for 5 minutes. Pour onto nylon mesh and repeat with fresh buffer. Embryosshould
clump at first butthen eventudly become monodspersed. Dry embryosas much as possible and
trander them to plastic tubes; the amourt of embryosfor each tubeshould be enoughfor a CsCl,
gradient in thechromatin purification step and depend on the stage of the embryos collected.
Flash freeze embryosin liquid nitrogen.



I Formaldehyde Crosslinked Chromatin Purification

Use autodaved glassware and stir bars. Set up therequired amounts of CsCl, gradient solutionsso that
they will beready when needed

1. Thaw thefrozen embryos To each embryo sample, which should contain enoughembryosfor
oneCsCl, gradient (check table at end of the protocol for amountof embryosaccordingto thear
stages), add 35 mis of cold NIB buffer + DTT + PMSF (shake hard to break theclumps andto
decrease embryos sticking to tube wall).

2. Trander embryosto a glass doune tube and dource theembryosat 8,000rpmfor onestroke
and two strokes at 7,000rpm usng amotor Bdrive homogenizer system (Glas-Col).

3. Trander to alargehand hdd doune and doune five timesusng A size pestle.

4. Pourinto an SS34 tubeand add 0.5 ml 20% Triton X100to afind conaentration of 0.3% and put
onrotatingwheed for 10 minutes. Spinfor15minat 4,000rpm at 4;C.

5. Pour off supenaant and add 5ml Nudear Lysis Buffer (+ 1 mM PMSF) and loosen pdlets by
swirling gently.

6. Trander toasmal (B pestle) doune and completely homogenize with severa strokes.

7. Pourinto al5ml falcontube sonicate for 20 secondsat setting 1.5 in a Branson sonifier 450
(settingsmay vary depending ontype of sonicator) to patially fragment chromatin. Thismild
sonication step is notto reduce the chromatin fragment to sizes desired for ChlP, butrather to
decrease viscosity of the sample in thefollowing step with the addition of detergent.

8. Trander toaclean SS-34tube Add 1.8 ml 20% SDS (to afind conc of 3%) and quickly
vortex.

9. Add1.2ml 20% Sarkosyl, and 1.2 ml 20% Triton X-100.Incub&e onrotator at room
temperature for 10 minutes.

10. Spin at 4,000for 20 minutes in an SS-34 rotor. There should bea small pdlet of vitelline
membranes and unlysed cells.

11. Set up CsCl; gradients (check table at end of protocol for volumes of CsCl, solutionsto each
gradient), and layer thelysed nude ontop of them.

12. Stop the ultra spin after the approprate length of time. Secure each SW28 tubein a clamp and
locate the gdatinousgrey band (which isthe chromatin) about3 cm from the botom of thetube
Gently insert an 18 1/2 gaugeneedle attached to a5 ml syringe0.5 D1 cm bdow this band.
Slowly pull the plunge and removethis material, collect 2-3 ml for each gradient.

13.Trander themateria to Spec 2 dialysis bagsand dialyze agang 0.1 % Sarkosyl, 2mM EDTA,
20mM TrispH 7.9+ 1 mM PMSF at 4;iC for 2 hrs, repeat 2 more times with fresh buffer. The
chromatin appears as aggregaes at this stage, butwill be solublized after sonication.

14. Adjud the Sarkosyl concentrationin thechromatin solutionto 0.5%. Sonicate the chromatin to
averageof ~750bp. Power and duration of sonication degpendson the sonicator, and have to be
determined empirically.

15. Store chromeatin at -80;C



Buffersand solutionsfor chromatin purification

NIB buffer 1L

0.3 M Sucrose ultrapure 20549

15mM NaCl 0.88g

5mM MgCl2 1.02¢g

15mM TrispH 7.5 75 ml of 2M TrispH 7.5
60 mM KCl 4.48¢g

0.1 mM EDTA 0.2 ml of 0.5M EDTA
0.1 mM EGTA .038¢g

Filter sterilizeudnga0.2! mfilter and storeat 40C. AddDTT to 0.5 mM and PMSF to 1 mM jug
before use.

Nude Lysis Buffer 1L

100mM NaCl 20m of 5M

10mM TrispH 7.9 5ml of 2M

1 mM EDTA 2 ml of 0.5M

0.1% NP-40 1 ml of pure NP-40

Filter sterilizeudnga0.2! mfilter and store at 40C. Add PMSF to 1 mM before use.
CsCl,_gradient buffer 1L

2% Sarkoyyl 209

1 mM EDTA 0.372¢g

Parametersfor chromatin purification:

Embryos (grams):
4-5 hour 1-3g 5-8¢
5.5-7.5 hour 255¢g
8-10 hour 0319 15-25¢g
0-12 hour 509
Embryo homogenization
Nudei Irradiation buffer 13ml 35ml
Nudear Lysis
Nudear Lysis buffer 1.7ml 5ml
20% SDS 0.6ml 1.8 ml
20% Sarkosyl 0.4 ml 12ml
209% Triton X 100 04 ml 1.2 ml
total volume 39ml 118 ml
Ultracentrifugaion:
Beckman rotor SwW4a1 SW28
Run speed/time (200C) 37K/~24hr 25K/~40hr
CsCl, steps:
1.5g/mi 26ml 8.5ml
14 g/ml 2.6 ml 8.5ml

1.3 g/ml 26ml 8.5ml



CsCl;, preparation (to make 400ml of each solution)

Dengty gram CsCl mls Buffer*
1.50g/mi 2668 3332
1.40g/ml 2135 3465
1.30g/ml 160 360

* Buffer should contain find concentrationsof 2% Sarkosyl, 1mM EDTA



II. Chromatin Immunoprecipitation Using Chromatin from
Formaldehyde Crosslinked Drosophila Embryos
Based on Toth, J. and Biggin, M.D. (2000) Nudeic AcidsRes,, 28.¢e4.

Chromatin IP (ChIP) is carried outusng chromatin tha has been isolated from formaldehyde
crosslinked embryosand sonicated to an averagefragment size of 750bp. Use 100! g of chromatin for
each ChIP reaction.

1. Jud before use, spin thechromatin solution (in TE + 0.5% sarkosyl) in amicro centrifugeat full
gpeed for 15min at 4;C. Trander the chromatin solution to new Eppendoff tubes.

2. Addb5x IP buffer to thechromatin solutionat 1 : 4 ratio, to find conentration of 1x.

3. Add 7!l of nomal rabbit IgG (0.4 ! g/! |, Santa Cruz BioTechnology)/100! g chromatin.
Incubae 30 minonice.

4. Trander thesample to an Eppendorf tubecontaining protein-A sephacryl-1000beads use 15! |
(packed volume) of beadsfor each 100! g of chromatin. Incubae 1 hr onarotator.

Preparation of protein-A Sephacryl beads beadsfor the abovestep are prepared as follows: wash
beadstwice with 1x IP buffer, and after finishing washing, remove buffer and leave jus the
beadsin thetube see Appendix for preparation of protein-A Sephacryl beads

5. Spininamicro centrifugeat full speed for 15 mins, trander the precleared chromatin solution to
al5ml falcontube

6. Dilute chromatin to 100! g/1.2 ml with 1x IP buffer, add4 ! | 50 mg/ml BSA for each oneml of
diluted chromatin, and add PMSF to 1 mM. Save 24! | of thechromatin solution as | nput
sample (representing 2% of total inputDNA).

7. For each IP or negdive control IP sample, use 12! | of thediluted chromatin (~100! g). For
IP samples, add 0.5 D3 ! g of purified polyclond antibody, or appropriate amountof monodond
antibody or antiserum.

For control IPs, add an equivalent amountof normal IgG, or preimmuneserum. Incubae the
samples onice for 3 hr, or overnight at 4°C.

8. Spinthesamplesin amicro centrifugeat full speed for 15 mins at 4 jC, Trander supanaant to
tubes containing 100! | of the protein A-Sephacryl sugpenson.
Incubae 30 mins on arotator.

Prepare Protein A beads

wash beads 2x with 1 ml 1xIP buffer + 200! g/ml BSA. Resuspend beadsin 1xIP buffer with
BSA at avolume of 100! | foreach 10! | beads

Use 100! | of theprotein A beads sugpensonfor each IP reaction.

9. Pellet thebeadsby spinningthe samples at 4K rpmfor 1 min. in amicro centrifuge discard
supenatant.

10. Resuspend beadsin 1. 4 ml 1x IP buffer, trander to anew tube rotate at room temp for 5 mins,
pelet beads discard supenaant Bthisisthe 1% wash.

11. Carry out thefollowing consecutive washes at roomtemperature similar to step 10, except do
not changethetube
1xin IP buffer, 10 min
2xin 0.5 M IP buffer, 10 min each*
1xin LiCl buffer, 10 min*
1xwith TE, 20min
*Note: if theantibodybindng reactionisincubaed overnight, increase these washing stepsto 15




-20min.

12. Resuspending thepdlet in 1 ml TE, trander to anew tubg and spin down thebeads Discard
supeanaant. Removetheremaining buffer in the beadswith a 30G1/2 needle attached toa 1 ml
syringe

13.Add 150! | elution buffer, puton arotator for coninuousmixing for 15 min at roomtemperature,
spin at 4K rpmfor 1 min, trander supanaant to anew tube

Repedat the elution step, and combine the supenaant.

14.To each sample, add 30! | of thefollowing PK solution:
1511 1M TrispH 7.5
7'10.5MEDTA
411 5M NaCl
411 10mg/ml Proteinase K (Invitrogen)

For inputsample (saved from step 6), add 235! | H,0, 15! | 20% SDS, and 30! | of theabove
PK solution

15.Incubae al the samples at 55;C, overnight
16. Trander thesamplesto 65;C, incubae for 6 hrsto reverse crosslinks

17.DNA purification.
add 30! | 3M NaOAc, and 20! g glycogen to each sample.
Extract once with phenol:chloroform
Extract once with chloroform.
Ethanol precipitate at -80;C for 4 hrs or more.
Spin 15mins
Wash with 75% ethanol twice. Remove as much ethanol as possible after the last wash.
Dry the DNA pdlet at roomtemperature ~10 min.

18.Resugppendin TE (10mM Tris, 0.1 mM EDTA): 20! | for IP samples, and 40! | for InputDNA
samples (2% of total DNA). Thesamples are nowready to be andyzed by PCR, or processed
for chip andysis.

Buffers and solutions:

1x IP buffer

10mM TrisCl pH 8.0

1 mM EDTA

150mM NaCl

0.5% Triton-X100

0.1% Nadeoxycholate

0.5% Sarkosyl

add BSA and PM SF asindicated in procedure

Sx IP buffer

50 mM TrisCl pH 8.0
5mM EDTA

750 mM NaCl

2.5% Triton-X100
0.5% Nadeoxycholate
0.5% Sarkosyl



LiCl buffer

10 mM TrisCl pH 8
1mM EDTA
250mM LiCl

1% NP40

1% Nadeoxylcholate

TE
10mM Tris-Cl, pH8.0
0.1 mM EDTA

Elution buffer
0.1 M NaHCO;3 (pH 10)
1% SDS

Elution buffer should be madefresh each time from NaHCO;3 (2x) stock solution, which is stored in
aliquotat £20;C. [a solution of 120mM NaHCO;+80 mM NaCOs; has a pH around10)

Other needed reagents

Chromatin, purified throughCsCl, gradient, sonicated to averagelength of lessthan 1 kb.
Antibodies, affinity purified

Normal 1gG as controls

Protein A Pagarose beads*

BSA

Glycogen

*Weuse protein A Bsephacryl 1000beads prepared in housg. This seems to work better than
commercia protein A-agarose beadsfor critical applications



[11. DNA Amplification and Hybridization to Genomic DNA Tiling
Array

I DNA Amplification

This protocol is derived from an Affymetrix Protocol with thefollowing modifications i) A
modification to the origind primer sequenceisintroduced to avoid primer dimer formation, ii) 15x
highe primer A concentration accompanied with different purification procedures following random
priming,iii) highe sequenase concentration, iv) more randompriming cycles (4 vs. 2), v) some changes
in PCR conditions and some other adjugments. These modificationstogeher improvethe DNA
amplification efficiency and congstency. With this protocol, highly reproduable amplification can be
obtained even when aslittle as 0.5 ng Drosophilawhole genomic DNA is used.

For atypical ChlP reactiontha uses~100! g chromatin (correspondsto ~1x1 cells), resugpend the
DNA samples after thefind ethanol precipitation step in small volumes (10-20! ). Normally, use at
least 50% of the IPed material for amplification. Butif theefficiency of ChIPishigh (e.g. if more than
0.1% of target sequenced is |Ped), a smaller portion of thelPed sample can be used. The amountof
inputDNA used can vary from 5-200ngwithoutaffecting theresults. But, typically, it can be
determined based on the ChlIP efficiency of aknown target sequence, e.g., if 0.2% of thetarge sequence
is1Ped based on a PCR andysis, use an mountcorresponding to 0.2% (200ng) of inputDNA for each
amplification reaction.

1. Set upfirst roundreaction asfollows:

1 DNA

1 H20

4 1] 5x sequenase buffer
4 1] 200! M primer A

185! total
primer A (new version). GTTTCCCAGTCACGGTC(N)9

2. Carry outthereactionsugng thefollowing cycle conditions(total 4 randompriming cycles)
usng a Perkin Elmer 96000or 9700PCR machine

i) 95;C4 min
sngp freeze sample (i.e. trander sampletoice)

i) 10jC 5 min, or longe if more time needed to finish adding NTP mix or sequenase
once cycler temperature reaches 10;C, place sngp frozen samples back in cycler, and add
16! 1 NTP mix (only thefirst of thefour randompriming cycles) and 1! | of 6x diluted
sequenase (USB Corp).

iii) ramp to 37iCove 9-10min (1jC/20sc) [With a PE 9600PCR machine, theramp time
can be set directly to 9 min; with the 9700PCR machine, set theramping speed at 3%, for
60! | reaction (even thoughthe actud volumeisless), it will take 10 min to reach 37C]

iv) 37iChold for 8 min

Repedt (i-iv) 3 more times.
NTP mix (per reaction):
01"l 20mg/ml BSA

111 0.1MDTT
05!l 25mM dNTPs

6x diluted sequenase
dilute sequenase with sequenase dilution buffer




3. Purification of DNA samples fromthe 1% round add 20! | TE to each sample, pass the samples
throughtwo Amersham microin S 300HR columnssequentiadly by following the
manufacturer@ ingructions(e.g. first remove buffer from column by spinning column at 3 krpm
for 1 minin micro centrifuge then load sample; and spin at 3 krpmfor 2 min; save flow
through) For the second column, after removing buffer in the column, re-equilibrate the column
by adding 300! | of 20mM Trig/HCI, pH 8.5, followed by a 1 min centrifugaion, and then load
thesample. Thepurfied DNA isready for PCR amplification.

4. 2" roundPCR amplification: (It isworth checking the amplification first with 7! | of sample
from 1% roundin 20! | reaction, if notenoughamplification obtained, use more cycles).
35! | of theDNA sample fromthe 1% round
10! | 20X PCR buffer
3! 25mM Mgdl,
15!'125mM dNTPs
411100! M Primer B (new version: GTTTCCCAGTCACGGTC)
4451 H0O
2!15U/'| Tag (Stratagene Tag2000)
Total reactionvolume 100! |

Cycle conditions(total 30 D35 cycles):

15 cycles of
95;{C30sec
45;C30sec
55iC30sec
72iC1min

15-20 cycles of
95i{C30sec
45;C30sec
55iC30sec
72iC 1 min + D50

Hold 4;C

5. Purify amplified DNA. Use Qiagen PCR purificationkit. Elute DNA usang 35! | H,O. Check
DNA conaentration by measuring OD 260nm Upto 12! g of DNA can beobtained for each
sample.

i. DNA Fragmentation

Since theefficiency of DNase | digestionis sengtive to a nunber of conditions(for example purity of
DNA, thevendorand lot of DNase 1), the exact amountof DNase | to beused needsto be determined
empirically.

1. Dilute DNase | (1U/! |; Epicentre) 15xinto 1X One-Phor-All buffer (Roche)

2. Set up reactionsas follows:
25-31'g Amplified DNA

?21 H,O

3.28!1 10x One Phor-All buffer
221 15X diluted DNase |
35! totd

3. Incubatefor5 minat 37;C
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. Inactivate DNase | at 99;Cfor 10 min, then place onice.

. Check 10%rxn on 1.5 % agaose gd, the bulk of DNA should beat 50-100bp. If not, repeet the
digest.

TdT labeling

. Set up reaction:
312! DNase | treated DNA
10! | 5x TdT buffer
501 25mM Codl,
36!I 1 mM biotin-ddATP
0.18!1 TdTase (Roche)
50! | total

.Incubae at 37°C for 2 hr

Hybridization to chips

Dilute 2x MES-tritonto 1x, inject 200! | to each chip
Prehybe~ 1 hrin the Affymetrix hybridization oven at 45rpmand 45;C
Mix 200! | hybridization cocktail with 50! | of the sample from TdT reaction.
Boil sample for 10 min, trander to a45;C temperature block, incubae for 20min
Spin in amicrocentrifugeat maximum speed for 3 min
Inject 200! | of the samplein to the chip.
Carry out hybridization in the hybridization oven at 45 rpm and 45;Cfor 18 hrs
At end of hybridization, save the hybridization solution and store at -80;C so tha rehybridization
can becarried outif necessary; the chipsare ready to be processed.

Hyb. cocktall each chip find

2083!1 12x MES 1x

150! | 5M TMAC 3M

31 3nM B2 30-50 pM

211 herring spe'm DNA (10mg/ml) 100! g/ml

501 1% Triton 0.02%

18671 H-.0

200 ! | total

12X MES 1 liter

704 g MES free acid monohydate

1933 g MES-Na

800 ml water, mix and adjus to 2000ml
pH should be between 6.5 and 6.7, do not adjus
filter as above



2X MES-triton  10ml
166ml 12xMES
344ml  5M NaCl
0.8 ml 05M EDTA
0.2ml 1% triton-x100
39ml H,O
10ml
Filer sterilize, store at 4iC, shield fromlight

V.  Washing/ staining

Use an Affymetrix GeneChlP Fluidics Station to process the hybridized chipsfollowing the wash/stain -
protocol EukGeWS2v4.

M aterials and Solutions

10mg/ml n.god IgG: resugpend 10mgin 1 ml 150mM NaCl, aiquot store at 4;C, and long
term at -20°C

0.5 mg/ml biotinylated anti-streptavidin: 0.5 mg resugpendin 1 ml H,O, aiquot store at 4;C,
andlongtermat -20;C

Wash buffer A (1 liter)

300ml 20x SSPE

1ml 10% Tween 20
700ml H,O

filter sterilize

Wash buffer B (500ml)

416 ml 12xMES
2.6 ml 5M NaCl
05 ml 10% Tween20

4552 ml H>O
filter sterilize and store at 4;C, shield fromlight

2x stain buffer (50 ml)

8.35ml 12x MES
185ml 5M NaCl
0.5ml 10% Tween20

22.65ml H-O
filter sterilize and store at 4iC

SAPE <ol (1200! | each chip)

600! | 2x MES stain buffer
48! | 50mg/ml BSA
1211 1mg/ml SAPE

540! | ddH20O



Ab solution (600! | each chip)

300! | 2x MES stain buffer

2411 50 mg/ml BSA

6!l 10 mg/ml n. Goa IgG

36!I 0.5 mg/ml biotinylated antibody
26641 H.O

For each array, need 1 tubeof 600! | of Ab solution and two tubes each containing 600! | SAPE

vi.  Scanning Chips
Scan chipsusng Affymetrix GeneChip scanneg



APPENDI X

Coupling of Protein A to Sephacryl S1000 Resin

Reference: Hornsey VS, Prowse CV, Peppea DS. Redudive amination for solid-phase coupling of
protein. A practical alternaive to cyanogen bromide. Joumd of Immunological Methods 93 (1986) 83

88.

rProtein A isfrom Pierce. Reconditute by resugpending5 mgin 1 ml H2O. (eventhoughitissaid that
after recongitution protein A can be stored at 4iC for upto 1 month, we foundsome degradation aready
occurred (10%?) following storage throughweekend).

Protein A / beadsratio: 1.5 mg protein/ml beads

Activation

1.

3.

Wash Sephacryl S-1000(Amersham Pharmacia) 3-5 timeswith 0.1 M NaOAC pH4.7. Use 50
ml Falcontube and resugpend beadsat 5 ml buffer/ml beads Pellet the beadsby spinning at 0.5
krpm for 30 secondsin a Beckman J6 centrifuge

. Resuspend beadsin 3mM sodium periodaein 0.1 M NaOAC pH4.7 (5 ml/ml beads), mix end-

over-endfor 15min a roomtemperature IN THE DARK.

Wash with H,O (10m/ml beads), and 3 times with 0.1 M trisodium citrate in 50 mM Sodium
Carbonde pH10 (10 ml/ml beads).

Oxidized gd can be stored in distilled water at 4°C up to 4 mo. (NaNz may be added).

Protein Coupling

4.

Dilute Protein A into fresh pH10 buffer tha contains5mM ascorbic acid (For each ml beads use
0.3 ml 5 mg/ml protein A, and 5 ml pH10 buffer + 0.25 ml 100mM ascorbic acid). Add this
solutionisto thesettled gd, and incubae for 20 hrs at roomtemperature in dark with mixing.

Let thegel to settle. Remove supenaant and resugpend beadsin pH10 buffer 5 ml/ml beads),
and trander to a empty BioRad chromatography column. This and all wash stepsbdow are
carried outin the column.

Blodking

6.

Gel isresugppended with 1M Ethanolamine pH9 containing 5 mM ascorbic acid (5 ml/ml beads).
Incubae with mixing for 1 hourat roomtemperature.

Gel washed successively with 5 ml /ml beads of each:
a Distilled water
b. 0.1M glycine pH3.0; incubae 30 min while mixing.

c. Digtilled water



d. 1M Ethanolamine pH9
e. 5M Urea

f. 3M Potassium thiocyanae

8. A find wash with 10 ml 15mM citrate, 150mM NaCl pH7, +0.03% NaNs.

9. Store in 20% ethanol.

Solutions

1.

2.

8.
9.

0.1M NaOAC pH4.7. >1.23g150ml anhydrous adjug pH with acetic acid.
3mM Sodium m-periodae: 6.42mg/10m 0.1M Sodium acetate (above.
0.1M Trisodium citrate; 50mM Sodium carbonde pH10, pH with HCI

>> 4.41/0.795g150ml

100nmM Ascorbic acid: 0.176/10m

1M Ethanolamine pH9.0: 6.1g/100m

0.1M Glycine pH3.0: 0.376g50ml

5M Urea pH6.0: 15g50m

3M Potassium thiocyanae: 14.6g/50m

15mM Citrate, 150nM Sodium chloride pH7:0.315g & 0.87g/100m.

All solutionswere filtered sterilized with 0.22! filters. The propea pH was achieved usng HCl or
NaOH.



