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ChIP FZEMFE LT 1) Kik—Fa2 DNA 5%
I EARIRAS, 2) 2450 4 M J5 R 8 75 5 i/
BRAZ R B 25 M RREWT 24 DNA; 3) M4 BT
IRIEAT e ILTTE; 4) FIH qPCR U 7 50 =38
P& HEA S DNA BEAE, b
i P H AR M K g, ChiP-seq Bl K
)Tz, B AT LA (PR Ml A R T R AR
HTEA SR A E i, M T g B &
1) T A AR AL . B4R ChIP-seq. ChIP-
qPCR # RN HO &AEH Tz, R DA
HIEAT R ChIP SE56 I8 & A4/

AL — NN TR AR ChIP SIS
T — 20 B uEAIG IR R T 7 X 56 1 A 40 ff 41 & 1 1&
M RE A PR B2 o UL AS BT s IRk T I FHEE S
A ZF4 47 ChIP SCER AR, i H A KR
YT E T b B S B F X H3K27ac K-
1 tnfb LR ik i ot Rtk — 5 B e Ui A%
e A AR T o7 o R Hh A PR A LB ST LRl

1 #MEEFE

1.1 K

G4 1ML W T Gibeo 24 F]; DMEM/F-12 {4
KR F Hyclone A w]; G2k protein A \RNA [if |
TRIzol WJF Thermo Fisher 2 #); H3K4me3 Prif
(ab8580). H3K27ac HiA(abd729)J T Abcam 2\ 7l;
H3K27me3 i A (#07-449)14 T Millipore 4\ 7 ;
ECL B3 T Bio-Rad; PCR 4fi{LiH £ (QIAquick
PCR Purification Kit)lJ F QIAGEN A rl; & [/
K. Z& A 041 7] (Protease Inhibitor Cocktail, PT)
D¢y E 7 PCR 57 (FastStart Universal SYBR Green
Master)l T2 [CA A5 S sk & (PrimeScript™RT
reagent Kit with gDNA Eraser)llJ F TaKaRa /A A,
1.2 {U:Fig&

Y0 MU 1% 5746 (Galaxy170R, eppendorf), 7K
TKAL (A 7S — XA ), T ELH Yk Y (Bio-Rad),
{3 2¢O 0 TBE (Zeiss), M5 4 ML A (Y (Covaris
$220), 7EE & PCR (¥ & PCR480).

1.3 ZHREiE SRR AL IR

I F American Type Culture Collection (ATCC)

BE M40 ZF4 & 10% 8848 17 . 100 U/mL

H R FE M 100 mg/mL £ % K 1) DMEM/F-12 ;3%
5, BT 28°C . 5% CO, MBE A h i T 5% 4%
AR R ZF4 JUHRCE 7E 18 CHEFRA TP G 7
30 d HATIRIEDI1E -
1.4 FERERLIE
141 GREE EEEK R4 531074 ZF4
0 A7 I (R e pE LTI R 1107 440
). P T et SR AT E 8 mL (10 em H5 3R 11L),
T 222 pL 37%H B (AR N 1%), FiREEIR L
J¥F 10 min, JIIA 913 pL 1.25 mmol/L H &R
IFE 5 min Ze0ksCHR, FEAE TR, ] PBS i
Pk 2 30 o A SR 20 B SE 21 S0 mL B0
2300 r/min 4°CE.0> 5 min, 3& [, F PBS #HE
S AR TR S5 B0 o 20 B T UE T LA VRAEAE—80 C B FL
AT e S50 .
142 ARR@ESBERERLER HS 5 mmol/L
PIPES (pH 8). 85 mmol/L KCI. 0.2% NP-40., 1 mmol/L
PMSF. 1xPI ) 10 mL 4 24 fif 0 A 4i i i e
H, VK LW E 10 min, #AJ5 1000 r/min 4°C, .0
10 min. 3 F¥&, MAE 50 mmol/L Tris-HCI (pH 8).
10 mmol/L EDTA . 1% SDS. 1 mmol/L PMSF . 1xPI
40 A% 240 1 mL, VK EOEE 10 min, B2
1 mL milliTUBE ', ffi[{] Covaris $220 #1775
Wewt, BTSN TAER 5% . AGr i s
140 W | B 24053850 200, BB A E 1.5 mL
BT, CE VK E 5 min, SRJS 14000 r/min 4°C
Bl 10 min, ¥R EEHNE.OE R, HRIAE
—80°CE{ H AT IR 4L .
1.43 HEBEHITE HUS0 L WEEEE 1.5 mL B0
b, HCELERN b, FE BE BRI
BEAN 200 pLORZIXTRE 1x10" )5 2 AR
£ 0.01% SDS. 1.1% Triton X-100. 1.2 mmol/L
EDTA . 16.7 mmol/L Tris-HCI (pH 8). 167 mmol/L
NaCl, 1 mmol/L PMSF. 1xPI [#i B —E A
TR D . A S ng Bk, 4°Clie
HARAIA DI E R

W 3 10 I R RO AR RGN I, 3R R,
FH GR35 & 7 A washing buffer {5 3 i, AR
200 puL, / 100 pL washing buffer 5 & 5 %5 25
Brh, R HCE ARG 5E B . IS 10 mmol/L
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Tris-HCI (pH 8). 5 mmol/L EDTA. 300 mmol/L
NaCl. 0.5% SDS eIk 58 uL d B gk . BUl
75 HIRESS 20 uL 754 10% Input, 435 iR BEMR
WZE 58 uL. £HEEIMA 1 ug RNase J5 37 CHE &
30 min, ZRJGMA 20 ug FE A K 37°C 2 h, 65C
6 h (5§ 0.5 h FE— U n] LA IR 20 .

1.4.4 ZE4LEIHL DNA CBE S REZK 10 B O 8 ICE
FERGNR I, 58 L 288 . R QIAGEN
PCR Ziifbilf & i 4T DNA 4lifk, 2ifhis
£/ DNA BN i20) H % DNA R B,

1.5 ARERE NP-40 HfEFREN

SRS 0.0%. 0.2%. 0.3%. 0.4%. 0.5%
WL NP-40 140 i AL R 24 A i, 246 50 S
3 B 0 M AR INAE 408 v b, 7E R
TSR BRI .

1.6 &BAEJE DNA 4k 5 F B X/ &

FE#E7 12 min, 16 min, 20 min. 25 min %
JUASIHR] R, AU AR, 10 uL, A 40 uL &
50 mmol/L NaHCOs 1% SDS HYIE#, FAIA 2 uL
5 mol/L NaCl, 95 CH# & 15 min #FFTR s HE, B
EFEJJFIMA 1 pg RNase, #8514 18 QIAGEN PCR
alifb ik B e 5017 DNA 4lifh K 4lifk )5 59 24
300 ng DNA # i FH 1% S A Wi e e R4 7 FRL K o
1.7 Western blotting #& il #8 7= Xt H1 & 52 2 M4 5 M

TEHEA 12 min, 16 min, 20 min. 25 min 28JL
ANEFE] 5, £ BOH S AR 20 pl, 14000 r/min 4°C
B0 10 min, ¥ DI EHEOE T, IMAE
it SDS-PAGE [ FEZE M, Wh7KTA 5 min, FEAE A
FAMETF 12% SDS-PAGE Bl it frrik, Hykss
WIS EAH®E PVDF & s%liis 415
B, FIREMA 2 h, —PL(H3K4me3) 4°CH
B FHE DUBR S A bR iC i —He iy
HHAWE IR E 2 h, ECL B4R,

1.8 E#H; PCR

A3 3% 25 %I Input DNA A XTI 1gG
ZH ChIP DNA , H3K4me3 21 ChIP DNA , H3K27ac
2 ChIP DNA ,H3K27me3 21 ChIP DNA {f°& PCR
B, 514X -actin 3 31§ XI5 19,
35 149 5'-CCTAGCCTATCAGTGTCACATTAC-3',
FUF5#): 5'-TCAGCCTACATACCCTGTTACT-3',,

P14 54 95 CHIAEPE 5 min; 95°C 15, 55°C 155,
72°C 30 s, 35 MEFR; 72°CHEM 10 min, HL 5 pL
PCR 7=YI7E 1%3 I BHEE e - HLIK o
1.9 SBE= PCR

TRIzol 43 HFEHOE # B 7= AR I 2 5
MY 5L RNA, F-$4 IR TaKaRa [ 5% 51857 &1 1
P TS5k o PCR W 451F: 50°C 2 min, 95°C
10 min; 95°C 10 s, 60°C 30 s, 40 MEH ., HiE
CABIT A AT Fe k&, P B-actin /E KNS IEHA
BEATAR AL . tmfb EES 19 5'-GCACCTGTACC
GGTTAATTCT-3', Fi#514): 5'-CTTCTTCGTTT
GGCTTCATCAC-3', p-actin _Fii#514): 5-TCATCT
GCTTGTAACCCATTCT-3', T i#5I#: 5'-AGC
ATCATCTCCAGCGAATC-3',,

1.10 ChIP-qPCR

43 ) 3%k FH IE H B R AU IR Ik 2 05 0 41 i,
fdi ] H3K4me3 . H3K27ac. H3K27me3 HilkikfT
ChIP 5249, ChIP 54045 217 Input DNA FlHyiE
FLYTTE T ok 1) DNAVERAEIAR, i F &% b B
Ja s X T 5 | 1T 7 PCR. LS4
5'-GCACCTGTACCGGTTAATTCT-3', FiF514:
5'"“TCAGTCTTACCATCACATGCC-3', Jz Ju 514
RGNS #3510 qPCR A& PFAHTR . e FET 1 1Y
AT E AT Input 1) & HE K-

%Input=100 Z[Ct(Inlout)—IOgZ(Input&%*%1%%%1){l (1P)]
L1l it

K H SPSS19.0 St it AF it AT 8uds B o e fy
qPCR SR HIEIEEIRER (¥ + SE) R BIREARI(H
FERER PRSI REA ¢ 4656, P<0.05 I A G55

2 HERE5HH

2.1 ARARERS NP-40 K ENHE

P FH A0 M 24 i 2 A i 22 s, mT DA 4
MR . AR TSR oy bR, R AT T
AT AR S5 o SR R T D/ o 8 1 %) i 2 50 5
(RS o AN TR) P 200 it 24 750 55 B2 A [) it 38 110 284 i T
HEAT 2400, 1E 24 AN X — 2 BR, WFOT B KRR
FH 0.2%~0.5%[%) NP-40 5 # IGEPAL CA-630 1EJ
KRSy A5 0.0%. 0.2%. 0.3%.
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0.4% . 0.5%TL AN E NP-40 114 i ity 24 i i 24 fit
ZF4 A0, SRJE e s N S SRR .
RN 1 TR, 0.2% NP-40 YR 19 240 74
FEA O AW AR RO SN, SARE G R 4
WA, VIR B D) AR 53 i A A
22 BEZHHHE

ANMIA% 2L 2 I, T DNA Y)W AT )5 22
B e SLUTIE . ANBFFT I Covaris S220 1Y,
AR AR AL ol P 56 A 3 P 1 7 P 7 R B, SR S
FE A TE R 7 B TE] R R Y B D) R SOR 2
FIARNTRI AN . L2128, R[] 41 i 52 6 5 B 1) 5
Wi, PRIEAEAS S I e 8 T — A E A8 A A 41 i
RS 1%, 10 min, DNA H B HH7E 200~
700 bp B, BEIAH & AR ChIP DNA Btk
AN NP 2A R, FE#BA 20 min B, DNA
BIR/NEEAB L EPRTE 200~700 bp, 25 min H}
DNA F Bt —2L 45/ T 5 B & 550

0% NP40

0.2% NP40

PUIR e HE M FEAR, 138 T Western blotting #5 Il A
[F) 2 74 0 S5 B AR P 45 & (R AR Ak o] DA S bt
RS HE M AR Ak, DI iE — 25 0 e G 3 1Y) 75 B
i), 4n &l 2B 7R, Rl B[R] A REES, 2%A5 B
BWIARE, M0 25 min AYZAHFIA S L 20 min . 255
D b Szue gt R e 20 min Sy 5 A0 ]
2.3 E#M PCR#FWIE ChIP LI K I

ChIP DNA 74— #f lb i >, Al LL3E i
Qubit £ DNA ¥ & L PCR 4577 WA 4125 H K
SCI R NI o ARSI BEPEAE B-actin 1 B FIX
Wt T X5, BT p-actin JB T AUMERIA
MM, FELVE IR 87 X0 2% & 5 0 AL T
ez J i R A 2 A A AR 3 TR TR, H3K4me3
5 H3K27ac PIFPE0E BRI R 2 30 o B 52 1 2%
M, AR H3K27me3 WL, 455454 T
Wi, PIHEXTHR IgG W4 AR, ULRHIZ L5
T M AR AT,

0.3% NP40

0.4% NP40

0.5% NP40

BT S ARRIMERE NP-40 B 20 i S B0 ZF4 2015 O 4R R 25
Fig. 1 Morphology of nuclei from ZF4 cell lysated with different concentrations of NP-40

24 RIBEAX tnfo BEERIEUE tnfo BE/F
HFRIGAEEAEIF M

o B 2 [ i W i W I D W& S 1k (A
Y xt & B, SRt TR ;b
R FIRIKFE B qPCR G FIEGUE tnfb 3£ H 5 5)

T XIBAEA BRI, nE 4 Fis, 1K
RINE B b IR AT, SIS
) J& mfb F G 3 7 X8 s AR il
H3K4me3 . H3K27ac & H 5 HELTH &, i il 78
Fric H3K27me3 1 & A FEA B W 28 4k
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A 7874 i 1] /min A p gPCR
sonication time i -
bp marker 12 16 20 25 o n=3; x:SED T
o
2 4F
58
&
BT o
2g 21
e
2000 0
POy YR UIfbA

1000 control cold acclimation

750

500 B ChIP-qPCR

1.50 ExA H3K4me3
250 Loo b 73 =SE EZ3 H3K27ac
E3 H3K27me3
100
B #R75 A E] /min
sonication time
12 16 20 25

D IS b - H3K4me3

K12 ASFEDEF I E] S DNA A BER /NI
PSS B Y AG
A, BRUAS A 7 ) ) 5 B i 246 S DNA R,
16 1% IR WHEEE - F Yk ; B. 38 4d Western blotting
A A [ 8 75 s ) 5 e v i S R
Fig. 2 Effect of sonication time on DNA fragment
size and epitope integrity of histones
A. Samples with different sonication times were purified
and electrophoresed on 1% agarose gel; B. Western blotting

was used to detect the epitope integrity of samples
with different sonication times.

6 marker bp

& 2000

1000
L0 750

L 500
250
100

&3 #L PCR #illl H3K4me3 . H3K27ac 5
H3K27me3 7£ f-actin Ji 3l F XI5 19 & 415 O
1: JK; 2: Input; 3: IgG; 4: H3K4me3;
5: H3K27ac; 6: H3K27me3.
Fig. 3 Analysis of enrichment of H3K4me3, H3K27ac and
H3K27me3 at the f-actin promoter by routine PCR
1: Hy,O; 2: Input; 3: IgG; 4: H3K4me3;
5: H3K27ac; 6: H3K27me3.

control cold acclimation

%l 4 qPCR Fll ChIP-qPCR 43546 A8 5. 914k
Rl Je tnfb 3 N 2R KF- FUS 3l 1 X 3 H3K4me3 |
H3K27ac, H3K27me3 i #2451k
[ rh ok B 20 3 YOS AR AT, FEOe R 1R B

45 0T IR ) 22 5 1 B 24, *3R7R P<0.05, ¥*3R7R P<0.01.
Fig. 4 Changes of tnfb expression and H3K4me3, H3K27ac,
H3K27me3 enrichment at the tnfb promoter during cold accli-
mation in ZF4 cells were detected by qPCR and ChIP-qPCR

The data in the figure were from at least 3 independent
biological replicates; * or ** indicates statistically significant

difference between the cold acclimation group and the
control group; * means P<0.05; ** means P<0.01.

Py G L TE R e R E RS
DNA HAER—FhH A o 058 5 6 B 41 %R R Y
20t B8 L S SR AT SRR, S ARt B %
SO AR CAE o AR AR TR ) 6 B T 41 i 4
BB, AU e T UL ZF4 4
Ry SEUSA R AT G 0 B SR R L UTTE A AR . ASHIE
FEAR A 5% 107 A4 (— g I UTTE 2o fi
1} 10" AU PEAT A I 5 o i 5 £ Ak NP-40 ¥
JE, P 0.2% NP-40 B 2en] LA RS i 40 i,
IRHR BE 1Y) NP-40 A LAREARAH M A% 451403, 8204t
TR R 5 W SIL R 4 DNA,
FH A AR s R v . PR ks A R
wi i )R A B BRI R B R
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N, BB R — 5 B AT AR gl
Covaris $220 DA TAEFE 5% A ST DRIG(H 140 W,
SRAE AL 200 (55475 20 min, #] LUfif DNA
R BAEHTE 200~700 bp. I — 4, 2
Je AT R 22 YR S 56 b s A TR] A0 R 7 2 SR, 1A
L AR T ER N, Rl et
VERL T 1) DNA 2lifb 2 J5 & 5 240 H i) DNA
B, M4 p-actin 3 3 T X Ik 40 5 (181 22 57 5 4R
PR, EFXT B-actin 7 7 X TH5 4 LA ChIP
DNA WM 4T H M PCR, A ISR EGIIE ChIP 52
KRBT . PCR &5 RAAGAT& T 1, v
A R AT AR

M SRIE N F R e e . RE . MR
PRFCAE Iy 1 #8455 AR U0 b RN
IR SRPE T R R R, ERE S b 25T 4
BE . PR T Sl 2N (R 6 T HAE R
JE S A4S . Long 281V 3076 BE T 1 4)) £
G2 ARIRAL L 5550 A SEE T, Hu 04 &
PR IR R 1 F BE LD fa o v A5 — 86 25 S R GR LA
5505 N A G, T LI 26 5 4 538 iz 7 A DG A
FE B i 2 I AT . AIEGE R, AR
fRIE AR, b O35 B T, i LA
ChIP-qPCR &I mfb J5 3+ X 5 H3K4me3 .
H3K27ac FFi, 1 H3K27me3 %A W B854k, 1
B FHHT R H3K4me3 A F T 5N 44,
B F TR S0 K A o A SR sh B A B
H3K27me3 W 2x 4l il 5% 5% & A, JF H AT RE4H 55
DNA HIEALAF(EE DNA H 34k, ki K 30 i B
Wr A Rl 5K . H3K27ac M2 —Fh L 8 5 i AL iy
FRiCY), B AT AR (o G o 5T i s DA T (2 2 A
FEIAE YRR, WeR R R AP R
IR TR J1 A v e i ok 8 mfb ) T X I
H3K4me3 . H3K27ac &1 T3 55 tnfb LA (1) 3%
ik, T nfb R RIRATEES S TR 40108
- . (HEREANE FHAE B
H3K4me3 . H3K27ac #4 i, tnfb M@ AF S
Wi R EER, A Reilt— 25 .

LA UL LSS, AT S I AR T A X BE
i ZF4 1YYyt i e s LT iE SR i AR, AT
DIgRA AR YRR H ) DNAL X0 b T —2438

ok v 3 0 A AU T A X 3R D 00 4 4 e [
L 3 B M 3 0 B3 7 LA

5% 3 Hk:
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Abstract: Environmental stresses can regulate gene expression patterns by modulating histone activity. However,
the effect of low-temperature stress on whole-genome histone modification in fish has not been reported. To ex-
plore the effect of low-temperature stress on histone modification in zebrafish (Danio rerio) cells, the experimen-
tal conditions for chromatin immunoprecipitation (ChIP) were established and optimized. The optimum NP-40
concentration for lysing cells was 0.2%. The optimal time of sonication with a Covaris S220 to break the chroma-
tin was 20 min. Primers targeting the f-actin promoter region were used to perform routine PCR to verify the pre-
liminary ChIP experiment results. Optimized experimental conditions resulted in a very low background, with
nearly no IgG band in the agarose gel. Moreover, the lack of H3K27me3 in the f-actin promoter region, accompa-
nied by enriched H3K4me3 and H3K27ac, was observed as predicted. Zebrafish embryonic ZF4 fibroblasts cul-
tured under normal condition (28°C) and cold-acclimated ZF4 cells under long-term cold exposure (18°C for
30 days) were evaluated with the optimized ChIP protocol. The effect of cold acclimation on the expression of
tumor necrosis factor § (¢nfb) and enrichment of H3K4me3, H3K27ac, and H3K27me3 at the tnfb promoter was
detected by qPCR and ChIP-qPCR, respectively. The qPCR and ChIP-qPCR results showed that tnfb was upregu-
lated after cold acclimation and that H3K4me3 and H3K27ac were enriched in the promoter region of tnfb, while
enrichment of H3K27me3 showed no significant change. This suggests that cold pressure regulates tnfb expression
by affecting H3K4me3 and H3K27ac levels in the promoter region of tnfb. In conclusion, the established and op-
timized ChIP method can be used to study histone modification in ZF4 cells and provides a foundation for further
analysis of the effect of low-temperature stress on whole-genome histone modification in zebrafish cells.
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