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FHRLHEENR. X 4R ELIATHRERT S,

FigiE LER, RERAAIERE,. MEL 48, £58 2R

FRaRT Q8

ERFEE N TOEATMAFNLRE, B2
Ax & B E A e F et [ B R R s
2. 5RZAMAR, EZEMNEESA DNA L
Rt FRERTEE. Hik, PREAHS DNATE
uta IR T B0AH B 1R R B A B B R R L
RMEAZRRE —&FE, EN DNA BRESE,
BARTT LAF R MR iy DNA-ZE BRI EFH,
{B#0 72 75 B 2 A A RO B 6 5 & R U IE TR
(chromatin immunoprecipitation assay, ChIP) &
WFiEA DNA-EE B ERAMNESE LR €4
AT LA RGN Eir e B 5% 5 DNA RIS
HIEM, B AR RAEREERREMNX
. MEAZEAW RS ZSWEER ML B
i, OBk, FEAL, BEERL, ERMALE, X
g SEZERMNFREEVIMAR, 1iE 458
H 8" (histone code) {Rit, AEH S
BifgAs, sUMASRERNTXESRAENT
AT REE . Eil, ChIP BAWRAELE
MEEFRFRETAEH, 2EEAEZEFRNRIE
WEALHRM R DRIV A,

ChIP MEAREME 1 fron, HiRELER
KRS REE ., TR =20- F£—FHH
B, BIEFEAMRAST, MWEEE EE B R-DNA
E&Y, RERANE (MR SENW (BF
B MT BB EALIIE A — 2K EE E AR RA
FUNRE S0 AREIE, MAHENESR
FRF SRR i i R B AR e R B DINA-EE 5 -

MiEE &, RAEHELESE, FRIEMEEE
MEELZEN DNA FBG =288 1R B4
S, MedEBelS DNA # G5, DNA
FESLEAER, H PCR HHEBT DNA 5%
=Pk g e
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Formaldehyde cross-linking of cells

Cell and fragmentation of chromatin
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- Reversal of cross-link,
— extraction of DNA
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nonassociated  amplification

DNA

Fig.1 The schematic outline of ChIP

@ targeted protein; O : non-targeted protein; [ : antibody; —: DNA;
WCE: whole-cell extract; IP: immunoprecipitation.
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TSk 6 R A oA o X B ) R IR AR 2B 5 A0 Z B4k
(hypoacetylation) ™1 IR 3 PR A% B W5
AEAZEILSEFREUXENETELR, 88
4 PIEEEEF . Ey-ghl-fmai-fmin. (PR B 5 F &
FEMFEREEREAMNEHK (locus control
region, LCR) i ¥ Ey-EFEH L, HEFE A T
B A (HS1~7), TEEMBRLALE (mouse
erythrolevkeria, MEL) #HFLH, proaj B H 2 —
EKFHFTIE, W Ey ZENAFRE; ELIESE
f MEL 2B, Bmaj ZEFERIREERFIEM, M
Ey Z2E{HA R, ATHRAESZEMHS
REATRIENRER, DURBIFFTE ] ChIP kM
TERRYE, BAESEA A HS2, ANEREE By FiE
FREE pmay FBFER SRS T 3 %) PCR
B, *HiX s AREMATE H ZEEl S
J& 89 MEL 4088 3 807 A5 LT T B3

1 % H

1.1 {438

Fisher Scientific 550 25 AL,
1.2 RF

FF AR EE S, (phenylmethylsullonyl [luoride,
PMSF), ML (levpetin . 8 E H B 41 6 51
(pepstatin A, BiEAHEEH ., NP-40, HERWE
Sigma 2 &), Triton X-100, This, EEM K W E
Roche v A]. A EERAE (protein A agrose), 2Bt
HAEH H2 IR B Upstate 4 7). Tag DNA #
GHEEE MBL AR, HAEFAE A&, PCR 5
WMHBEABAT SR, HS2 (279 bp). Ew5H 5
TTCCTACACATTAACGAGCCTCTGC 3/, & mF|
¥ 5" AACATCTGGCCACACACCCTAAGC 35 Ey
(291 bp). IE M 5|4 5 CAAAGAGAGTTTTT-
GTTGAAGGAGGAG 3", R Im314% 5" AAAGTT-
CACCATGATGGCAAGTCTGG 3’5 Bmaj (269 bp).
T3] 4 5 GACAAACATTATTCAGAGGGAG -
TACCC 3/, Rm 34 5" AGGTGCACCATGATG -
TCTGTTGCTGG 3.
1.3 Al
1.3.1 HHEHFEEMME,. 10 mmol/L Tris-HCI
(pH 8.03. 10 mmol/L NaCl, 0.2% NP-40, =&
RfFE. A MAEBEBEAHF (50 mg/L
PMSE., 1 mg/L leupetin, 1 mg/L pepstatin A).
1.3.2  #HAEMEME. 50 mmol/L Tris-HCI
(pH 8. 1), 10 mmol/L EDTA, 1% SDS, =iR{R

2. RN EZEABEAEF (50 mg/L PMSF,
1 mg/L. Leupetin, 1 mg/L pepstatin A).
1.3.3 ChIP MiBZ M. 0.01% SDS, 1.1%
Triton-X 100, 1.2 mmol/L EDTA. 16.7 mmol/L
TrissHCl (pH 8. 1), 167 mmol/L NaCl, ZE &R
7. FATMAEBBAHEF (50 mg/L PMSF,
1 mg/L. Leupetin, 1 mg/L pepstatin A).,
1.3.4 fRHEBEM. 0.1% SDS. 1% Titon-X 100,
2 mmol/L EDTA . 20 mmol/L Tris-HCl (pH 8.1},
150 mmol/L NaCl, ZFiRH7F.
1.3.5 ®EE#E. 0.1% SDS, 1% Triton-X100,
2 mmol/L. EDTA , 20 mmol/L Tris-HCI (pH 8.13,
500 mmol/L. NaCl, =R RAE.
1.3.6 SRS 0.25 mol/L LiCl, 1% NP-40.
1% A B &S, 1 mmol/L EDTA. 10 mmol/L
Tris-HCL (pH 8. 1), ZEARFF.
1.3.7 ChIP #2EU. 1%SDS. 0. 1% BB S5,
S P
2 a1
2.1 [EzE

MEL 41 Jil7E &8 10% Ffla 4 M5 1640 ¥ 77
B, £37C, 5% CO, BI&HTHEFRER. &
FIREREESRAE T, O 1.5% 89 DMSO, 55 4
K, S MEL @b, nA 379 0 B4
F2X1 MMELHHENEFEDE&EE
0.4%, FWBEHEE 10 min. REMAHEBRE
LR 0.125 mol/L, ERBEMBES) 5 min, &I1E
Ep s
2.2 EHRMEDTIRE

[ %2 5 #I4H B 2 000 r/min B0 5 min J5, H
Yl PRS YEARTTIE B IR, BN 150 ol 4 B 347 42
FREENE, K ERE 10min B, 2 500 r/min,
4CEL 5 min, £ EE. AL ml EREZ MR
BRiEE, BBEES 18 0.4 ¢ BEEIRAIELO
BH, 4°C, ERESIETES 3K, 8K 30 s
K EBEROE, AEEEHTAMRET 6
W, BEAGARKAEE 20%, HE 2 s, &
KB BN A R h 1 min, FE 75 AL IE
JG. 4T, 12000 r/min &L 15 min, B _EFE. 31
53 S AEAMREY (wholecell extract, WCE).
2.3 R

B 200 ;o WCE, JAA 1 800 pl ChIP FFEE M
W, B, N 80 ul protein A agarose, 4CHEM



< 636 - EYES ERY AR

Prog, Biochem, Biophys, 2002; 30 (4)

FE2 20 min fA, 2 000 r/min, 4C&EL 1 min. 7
LEELEES —2ml MELES, MA4 1L
ik AE E H3 3k, 4CEMBENRERE, BN
N 60 pl protein A agarose, ACHMESN 1 h /5,
2 000 r/min, 4°CEG 1 min. FHEF, EKIKHAL ml
RMEEIER, SEvEl, SAEERIRRITES 1
i, BB 3~5 min, 4C, 2000 r/min &
L1 min, FJFH TE VBT 2 1R, BIREMES
3~5 min, 4C, 2 000 r/min &L 1 min 5,
i}
2.4 DNA BI98 &gtk

e BB RIPTIE S, A 250 ol BE I EIR
ChiP #£ B, E W B W & 35 15 min J5,
2 000 t/min, 4'CEL 1 min, NOHRE LEZ25H—
FHELED. BMA 250 4 ChIP 2EGE, B8 =
HEAE— IR, AIFPIIRATIRE ChlP BRI (&
500 ul>. TEFT 15 K1 ChIP I A Input £ &
(200 ul WCE+300 4 ChIP B E gD +, 23l
BIA 20wl 5 mol/L NaCl, 1 ul RNase A (10 g/L),
RAE, 65CIRE 5 h. REHMA 10 11 0.5 mol/L
EDTA . 20 ul 1 mol/L Tris-HCl (pH 6.5}, 10 ul &
Ef K (10 mg/mb, #4E, 45CIREFLR A%
ARy « F07 : RRER IR 2 IRJE, FELE T
A2 ul BEGA 2 BRI TEK 28, 1S, —207C
ME2hlE, T4C, 12000 r/min &L 15 min,
¥, BN CBEENE LR, BTRE, BT
40 ul REKF.
2.5 PCR M

25 pl RINAEZR P EH 25 pmol P 5] 9,
0.2 mmol/L dNTPs, 1 U Tag DNA R-&EE, 5 4l
DNA iR, 94°CA M 4 min 7, BK T¥ &M41E
PCR X _FHHTR, 04 CARME 40 5, 62°CIEK 40 s,
T2CHEAR 50 s, 30 MEFE, 72CHRE 10 min,
PCR Fe 48 1. 5% BR IR R 66 i v vk 4> 55, EB 35
i, F Kozak 1D Image BAFHAT 2B

3 &R5ite

3.1 FEFEEAEREAF

DNA HE IR A% F ChIP HIR B4R+
EEE DNA FEH/, BERTRSEREHR -
SEHFENEANMAEAF ENEANKE, WE
FRAMEE ER, DNA FEX = EmW
PCR ¥ M0%2. Fit, 543008 DNA R EESE
EEE., BRI —RIAR 500~1 000 bp FI/NEE

I BEE R,

HRRIEE R DNA HEB, HA1#ER 7 &
TOREFS BRI A, B ECRAE -5 T8 AORE 75 b
A (B2 PRI 6 ikiE). EERENE, AF
B R . A R, HAIERMHEE
TR EAT AL

Fig. 2 Adjusting the size distribution of DNA [ragments by
sonication
Samnples of the lysate were taken after the different times (0~ 6) of
ultrasound pulses, DNA from each sample was purified and analyzed by
electrophoresis on a 1. 5% agarose gel and ethidium staining . Mi ;
ADNAS Hind[ll DNA marker; M2 : 100 bp DNA ladder marker,

3.2 EENEE

TiRRZE 05 ChIP FEMEEDIA X, i
pERD, R EEENTS,; RELE,
I ges Pl RS R R, SIEMNPEERN
i WCE T AR e R, 23 kRE1d5E,
WATEFE 4 PR THRELRMAFR (ERAXE
).
3.3 PCRERE L

DNA E17F, PCR &3 n] F£8H4T DNA
B0 thts), DNA BN AR ER ., EE{E
4. PCR A%, BEFHANEERCEE,
NEFRNFEWwICHEREE, DERFH realtime
PCR BB#. REHFEEAHLME S mEES
BEEELE, B FAE PCR EHEH
WEFERE, BEEBIEAE; real-time PCR BT
WPER 2R, MRS, ENRRR.

EAREEF, RITEAEANEREEEZL
EXR—HiEH, SREMEEIEEE. FAR
TEIE AR RIRE T, PCR A 5MARKRE
MELEMEHNELLRE. S8R, HAIEE
TE 25 p]l RNARFE PRI A RBEIERE R (IP)
B 1/0 AFFREFES (Inputy B9 1/120 34T PCR &

B3, RGTHEHRASR
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1127 1/9 173 17360 1/120 1/40

Fig.3 PCR products obtained with HS2 primer and
increasing amounts of template DNA from IP and input
samples, respectively
The numbers indicate the percentage of template DNA used in

the corresponding PCR reactions,

3.4 AEA W B EREERRE

ChIP s+ 5 RF M. £IEF K MEL i,
HS2 M pmaj F1B80 TR EFER GG NHAEHR H
LA E, IP/Input #ILEHITE 0.4 224, T Ey
R shF RN LR A RAE T H3 512544
(B 4. MEL A SESE, HS2 7 Bma) K13
HITFREMAES H3 ZEHLAFE K, IP/Input
BIEEEIE 1.0 &2F, 1 By BBz TR 284k
KFELFERZM,. X—ERIRAHAEN L/
DAEAREREFELNIERZ —, RIEEMEL,
REFEWERE, AEQ LB KERE R
B, ZLings R s DIgTETiRE g R Ay e,
BT ST 49 ChIP ik BRI,
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Fig. 4 Histone H3 acetylation patiern of the JFglobin locus in
MEL cells by ChIP analysis
(a) A representative ethidium bromide-stained agarose gel of PCR
products, (b) The graphs show the relative intensity of the PCR
products, M; 100 bp DNA ladder marker; 1. HS2 input; 2;. HS2
IP before induction; 3; HS2 IP after induction; 4, HS2 contral;
5; Ey imput; 6, Ey IP before mduction; 7; Ey IP after induction;
8 : Ey contrel ; & ; fmaj control ; 10; fmaj nput ; 11; fmaj IP
before nduction; 12: pmaj IP after induction,

FHE TR EEAEHRANEANTTRE, TRER
AKFIT R EEMFRILIFEE S MEHEZERRE
AENEIR A 2 B, ChIP AN R A 44 2y 52
HXEFE DNA H¥IshAER, A DA RAE
HEEMHEMBMMEERNFTEN XA WA,
ChIP 5 Hih Fik Mg &, ¥ R THNHEE.
ChIP 5E:FEE A A8 -& B &30 B ChIP-on-chip 77
B EATRERAEBFEEEANSRER
#bevl, ChiIP 5HA R BEMESE, HTIHK
RE T EE AN & &7 081, RNA-ChIP A T3
RNA fEREFFEFZEPOERY. dittn] R, FE
A ChIP 1t —# 5 E, v B EREREREAE
WRPRESEREENER.
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Abstract Chromatin structure plays a critical role in eukarvotic gene expression. Chromatin
immunoprecipitation assay (ChIP) provides a powerlul tool to analyze the interaction ol trans-acting
lactors with specilic chromatin regions in wivo, as well as the role ol histone modilications in gene
regulation. A simple ChIP protocol is established and used to study the H3 acetylation pattern ol the -
globin locus in MEL cells. DMSO induction results in a dramatic increase in H3 acetylation at
hypersensitive site HS2 and active gene (Bmaj) promoter, whereas the inactive gene (Ey) promoter

maintains low acetylation. This result indicates that the ChIP method is [easible.
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