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UHRF14k36i B 51 R E L2 ImiEE
HIF-1a89E HK ¥

T HHE EZA HERBT EEY
(PR 3 T 5 44 R R0 5, o B A A2 BB 225, LT 100193)

BE  #805F B F-1(hypoxia-inducible factor-1, HIF-1)fEA& 2 4 42 % X 4845 F . HIF-1
A @ HIF-104=HIF-1pFAF TR 40 A 69 — KRR B T, AR IRT T 884 T, 2 &4 PHD
#2148 3% 1 (ubiquitin-like with PHD and RING finger domains 1, UHRF1)*t HIF-10%& & 7K-F 6975 #f1. |
) UHRF13¥2%) s F #HRNAF7 4| UHRF 149 %35 )5 , %38 i Western blot#= QRT-PCRAZ | HIF-10% &
BmRNA#) £ X KF, fEHeLafrHepG2an it ¥ i & X UHRF 1, i i Western bloth | HIF- 1049 % @ &
AR, BB IR R AP H] 6L A SET4 MRG0 & & F A 444585 7/9(SET domain containing histone
lysine methyltransferase 7/9, SET7/9)% UHRF1, Jf Western blotAa M HIF-10%& & & A K-F. F)H %% 3k
iﬁlifi 87 x4 UHRF1 AR R B 842 & & 5 HIF-10& & Z 10 4948 ZAF B . 4% UHRF 149 5 38545 #4

RER R A RBR, A)F BB EREANZ R EEE L HIF-l0& A Z B M ZER. AR LIN, £

KRBT, #7% UHRF 169 %38 4849% LiAHIF-1049% & /K-F, B AREAHIF-1at mRNAK-F; $#5kid
%k UHRF 1 F A% A HIF-1069 % @ /K-, 122 4 B i it & ik UHRF 4= SET7/9%¢, HIF-10%& @ /K- &
1 ; 5+ ELR) B 37 4] UHRF [ %= SET7/949 & 3K 2488 447 4] UHRF 1% A B HIF-10% & K- 38 Aa b4 31
%.. #t—4 K I, UHRF 4= HIF-10%& @ 48 LA R, B4 Z 18] 6948 ZAE B X A 4R 8T UHRF149 % 385
A5 BB T AASAR |, Bz F 5462 2] SET7/9499A4% . UHRFIT4R# SET7/90F8 A F&& F
FAAEAH 5 HIF-1048 ZAF A, FF% A HIF-1089 % @ K-F.

F*i#iF K% HIF-1a; UHRF1; SET7/9

UHRF1 Regulates the Protein Level of HIF-1a Dependents
on Its Own Methylation Modification

WANG Di, GAO Chao, WANG Mengdong, XIAO Chenglu®, TANG Jun*

(National Key Laboratory of Veterinary Public Health Security, College of Veterinary Medicine,
China Agricultural University, Beijing 100193, China)

Abstract HIF-1 (hypoxia-inducible factor-1) plays a key role in hypoxia response system. HIF-1 is a het-
erodimer transcriptional factor formed by HIF-1a and HIF-1B. This study aimed to explore the effect of UHRF1
(ubiquitin-like with PHD and RING finger domains 1) on HIF-1la protein under hypoxic conditions. UHRFI-
targeted small interfering RNA was used to inhibit the expression of UHRF1. Western blot and qRT-PCR were used
to detect the expression levels of HIF-1a protein and mRNA respectively. UHRF1 was overexpressed in HeLa and
HepG?2 cells, and the protein expression level of HIF-1a was detected by Western blot. SE77/9 (SET domain con-
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taining histone lysine methyltransferase 7/9) and UHRF1 were overexpressed or knocked down synchronously, and
the expression level of HIF-1a protein was detected by Western blot. The interaction between full length UHRF1
or different truncated UHRF1 proteins and HIF-1a protein was detected by co-immunoprecipitation. The 385th
lysine of UHRF1 was mutated to arginine, and the interaction between the mutant protein and HIF-1a protein was
detected by co-immunoprecipitation. The results showed that inhibition of UHRFI expression could upregulate the
protein level of HIF-1a under hypoxic conditions, but had no effect on the mRNA level of HIF-1o. UHRF1 overex-
pression didn’t affect HIF-1a protein level. However, when UHRFI and SET7/9 were overexpressed synchronously,
the protein level of HIF-1a decreased. In addition, simultaneous inhibition of UHRF'I and SET7/9 expression could
rescue the increased HIF-1a protein level when UHRF'I expression was inhibited. It was further found that UHRF1
and HIF-1a could interact with each other, and this interaction depended on the 385th lysine methyl modification
of UHRFI, and the methylation modification was regulated by SET7/9. SET7/9 mediated methyl modification of

UHRF]1 is necessary for its interaction with HIF-1a and its effect on the protein level of HIF-1a.

Keywords

B LT 2 RS AL SR R b, IR A A
TG, SR B i 57 BIPH FE Bk B I, 3k
RS T 1E 5 TR AR, AT 52 T e 400 A Fr 4
I ATHESR, 38 BT R A XA R R P s A 1
T A A DX I ) e 20 o 3 o R — I AR
RIS ARSI, BRAEIF 5 K11 (hypoxia-inducible
factor-1, HIF-1) (R 307E Bl 17 ik D\ by 2 s A 200 i B 241
SR R S BB B, HIF-1/2 i1 HIF-10f1 HIF-
1B I 2H B ) 57 R AR SR, TR e 5254
g R ZRIE A X R e, TTHIF-1ou2& — M BRI & A,
HEAKTFZEIRE R, REEN T, HIF-1o/E
R 1S DAL, PR B R gz, 5
HIF-1BI 456 T2 i — SR /K HIF-1, HIF-1456 2 T
PO R IS S B e TS 5 LR SRG , 1K
S YOG IR SE R 2 5 4% 2 P A B, 9 a0
EIHEARUT . AU A AT R . I AR RORH G2 S B
S 09 T 4 7 1 4% P TR0 4T ) A A7 AR 8 £
RARES, kel W, HIF-10E A RS 4ER0T
HIF- 156 3¢ K A7 1B ThRE 2 o 2L

W HIF- 102K AE M 2R G 2. 7
A, HIF-10 1 208 -4-F2 AL (prolyl-4-hy-
droxylases, PHDs) 2B )5 , BeE#z RE AN
A AR AR, DRI AE O E A SR R HIF-1o8E 46
LA THARAKE, HAP 1 S minZi A7 . MTERE
REirh , PHDM 26 22051, HIF-1045 DAZE 5T T fa g
FAEFF R FIZ N T, BhAh HIF-1af 2 7K F K3
PR32 )R A BERAL Y. 2B, SUMOtLM, 2
A S F A A ) R 4%

hypoxia; HIF-10; UHRF1; SET7/9

UHRF 1B % 4 B} NP9SEL ICBPO!, HAT £ F
Uige, FEZ 51T DNAH EALZ . DNAT 12
SN S L FE 1), UHRF 18 2 E I ThRE A2
YERF DNAR FFILAAZMN , X DhRE M A 3 it 3 54~
SER IR TR R P R ELAE S IR, s i s &=
FELE R (ubiquitin-like domain, UBL). 3 Bt #8445
}J15k (tandem tudor domain, TTD). FE 4 [F) 5 25 K35k
(plant homeodomain, PHD). SETHI RINGAH 45 #445,
(SET and RING-associated domain, SRA)LA & RINGF&
g5 (RING finger domain)!'®, 7E IEH A HRE T,
UHRF X AE VS BRIG 5 4 i v 380, I B LB HKF
SRR PR . TEEER IR 2 AR, 1
$EUHRF 18 H /KPR TR 052 2 AT 1 an e Al
FUNREE S, 25 E g U0 TR PO e PSR
UHRF1 28 i JERA IS, X8 & A= A e
Rt KRR . UHRFIE A IDIRE. e
AR 248 i A7 56 .52 218 18 J5 1211 (post-translational
modifications, PTMs) ¥ 152, 51|41, UHRF 147 € 5k
(R IR A Pl R AL P2 AR 1] 5200 UHRF 1 A2 4)
s, 2 R AGE AT RS UHRF 1A A AR 1 27,
W FER W], UHRF 12 F ¥ H LA AB 152 SETT/9M 2
PR S 1 4H 5 11 2 FH AL I 1 A(lysine-specific histone
demethylase 1A, LSD1)f 152,

VA EHIF- 1ol B35 P & R 28 7 DL IEAS
SEATE R, AHIT B IR FUEk SRS BAUHRF DG
HIF-1aE FUKP 0. 0 F 45 SRR, TEIRA S
£ R, UHRF1 7 #HIF- 1) 8 K, JF Bl bl s
HIF-1oAH HAFH, SET7/9id 5 FF ZE 2 i UHRF 1) 55
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3857 M TR S I UHRF 16 HIF-1 088 A 5 .

1 #RA7E

11 #R
1.1.1  fmfe HeLa. HepG2. Hep2. HI1299!

293 T4 RN T 26 H ATCCHNALZE , FF AL
= HAF
1.1.2 E£&KHA DHS5 o252 45 4H ) - 75 M < e
BAPRHAA R A A B4 51 T35 E Hyclone A
7] ; DMEMBART 753, . GenOptili #7: 3£ /110.25% i 5%
HER T RHE R BRI AR H R R
T3 E AMRESCO 7 ; jetPRIMEZH % G417
JtF-3% [ Polyplus A 7] ; RNAIMA X T3 E Invitrogen
A ; chemifect4H A Gk T AL F 8D H AR
H IR/ 7] ; Western blothH G714 T 32 [E Amrescoa
F] ; M-MLV 2 #% 3% A T - 55 [ Promega /s 7 ;
UltraSYBR Premix T Jb i BN ARG A TR A
#]; PrimeSTAR HS DNA A, Taq plus DNA SR A1t
DA [l B A B 350 15 H BRI E AR (L) A TR A
] ; TS Direct PCRAGTIEIE T AL 5 2RV E R i A
AR F]; T4 DNAZEFIE T 3£ ENEBA F; DNAK
S k7R A o s Hh B4R B0 T 55 1 GeneMark 24
o FEHTAAFE: o-Tubulin(PM054, MBL, 1:10 000).
Anti-Flag(F1804, Sigma, 1:1 000). Anti-GFP(sc-9996,
Santa Cruz, 1:1 000). HIF-1a(D1S7W, CST, 1:1 000).
SET7/9(2813S, CST, 1:1 000). UHRFI(ab213223.
ab57083, Abcam, 1:10 000). CXCR4(ab181020, Abcam,
1:5 000). mono-methyl lysine(14679, CST, 1:1 000)+
HRPHRC L ZED TN B IgGA HRPFRIC LU 23T % IgGAL
U B AR IR A R

UHRF 1415 siRNA[si-UHRFI#1: 5-AUG UGG
GAU GAG ACG GAA UUG-3, si-UHRFI#2: 5'-AAA
CAG AUG GAG GAC GGC CA-3', si-UHRFI#3: 5'-
GAG AGC GAG AGA AGG AGA ACA GCA A-3';
SET7/9%L ] siRNA: si-SET7/9: 5'-GGG AGU UUA
CAC UUA CGAAGA-3'; [JIPEXf HEsiRNA(si-NC): 5'-
UUC UCC GAA CGU GUC ACG UTT-3"1¥J i1 75 M
T I EL R A BR 2 7 BT 6
1.2 753k
12,1 @@fg3Es  FHeLa. HepG2. Hep2. H1299
F1293T4H i 15 7% T 5 10%fA 2F 1 7 FIDMEME; 7%
Ferf, IR R BlofLAN MR R, ARG HEAT R Bk

SIRNAFG YL b B o 48 i 2% FE 1K 31 70%~80% (75 (1K 4
AR PRI, 20 25 P AR FE S0% A2 A7) K i jetPRIME
e e R BEAT O i e, % e wi FH G B PBSH 320
e, R A s . 40 i % 5 N30%~40%F,
K HIRNAIMAXH G il 751 4% JLsiRNA, ¥ G4 i HIPBS
BRIG Ve AE3IR, SR 5 N1 mL GenOptit 77 %,
FIMAN FUR IsiRNAE R YL R 776 h, 3¢ LG WG
B3N B 10% 6 4 L5 FIDMEMS: 77 4 . (KA Ab 2
M BT, AR SR 75 5K, CEWSCHL A B A b BT RE A I [
AR BRRNAR N E R, R =05 94%
N 5%HICOF11%H00,), 7833 min/e A7 F &
PR AR &, RFFRRIRELE1.0%~2.5%, A5
F4 8 B RN 3T CCIRIR R =M

122 FkatMzE  RBFFE I BRCR A B D) Ek
I Y5 20 1) 77 258 O . HeLaly Az B 41 i 4% 4K
K72 12 hig, FRE AN 2 RNAJE 85  ili cDNA.,
I PCRY™ 38 1) 77 15 R B H A v B, @i [A]
PE AR 7 H 5 N-y w5 A Flag-588 HA-FR 25 1)
pRKS L IR H A, 8iA A GFP-45%% 1) pEGFP-C1
HIZRIEBARER: , )5 A3 DHS o 52 25 41 i
o IR T B SRR T, GBI R R A IE A I
JRRL, FFH Western bloths JUAH B 8 (42 75 4 IEAf 3
k. UHRFIAN[R A8 AR RO AR i 2L 6 P 51 ok B
TH LR UHRFIZER P 5, R Bk 7 b6 Hod i
MR A . Hoh, HT 3k Flag-UHRF1-K385R
RARFEFIIBI Y EFINS'-AAG AAG GCG AGG
ATG GCC TCG-3', ix B[Rk 2 B 4= UHRF I
70 E 5 38507 S i i 2 R (AAG) I 7 51 R A8 R o
ks 2R (AGG)HI 41 ; Tl T 3k15 Flag-UHRF I-simt
KA P B 5107518 5'-CTG GCC AAC CGA
GAA AGA GAA AAA GAA AAT TCC AAG AGG
GAG GAG-3', X B IR ZE 4 UHRF 1T 5|+
siRNA#L ] £ 51 (5-GAG AGC GAG AGA AGG AGA
ACA GCA A-3"WRAL ; UHRFIHFART 545
Flag-UHRF1 1-723. Flag-UHRF1 286-723. Flag-
UHRF1 286793, iX H I3 UHRF 18 H N2
IR T5 .

1.2.3 Western blot#&i & & & A K-F  FIPBSIEW
Y, PRI AR AN, S FELEUK BT, REYE
FEUSCFEI [A] . R 2208 75 A3 5 1100 °C/KI I
10 min, SR J5 T80 CCHAVRIRAT . il 453 HORE S
10%[1")SDS-PAGEREAT HLIK, 28 J5 44 H % #2 2PVDC
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JEE b, 5%/ fE 5L % iR 3 11 h, PBSTH¥E 5 A
X BN — M BRI 4 °CiF B I, PBSTIH BE3 IR, B
FIHRPAE I () B M(1:10 000F5 B = IR H 1 h,
PBSTiE W), TEAL 2R R IGER Hit% £ 45 (Tanon5200)
AR R A I B T 2R

124 &A%k E  FiHeLadl Ml TofLIR H,
3712 WG Lok, 6~8 hJE ik, AL T 24 hf5
WEE4n M. HIPBSIE 4t fa, 7ERFLH A 200 pL
1) 2 P 200 PR AR (1 mL 22 P n 10 uL PIC AN
10 uL DTT), F 20 & TR 2R A 5 SE 211.5 mL
EPE T, 5 7 P A A A 1) Th 30 8 R 10%, 8
FETAE2 s, (51 s, UL A DIR 6 IR 5 vk L
H 15 min, 4 °C+ 13 000 r/min > 15 min, Y& EiE
FJERNARE1)1.5 mL EPE A1, R AT 5 B30 nLAE R
INPUT, 456 52 2430 FHZLR0ANE B | mLJ5 7 &
AFESTFIINT0 pLIM2REER, B T4 Cleik iz R -
W E 6 high AT RBEDUIE . 8 45 0 5 U R 5 Tk
F#E3 min, 3 000 t/min. 4 °CE.0»3 min, /NOIRGE
3, FEREZ i A M2REER, NN mLAH PR
0.5% DTT), B T REIR 4 °CiF &5 YE3 min, i
&3 min/iI, 3 000 r/min. 4 °CE§.(»3 min, F#i B, b
THEVPIRE H 3K, o — IWGE B 54220 pL
Y AR, ARG N4 pLiI6x FEHFRESI, 100 °C
S BRI INFAT0 min, R 251 FFE il T —80 °CHA R IR
1781 B 2317 Western blotFll .

12.5 MK ABRE AR £E  7ENCBI(https:/
www.ncbi.nlm.nih.gov) /3l 1 ## F human-HIF-
loSE BB A 751, 8 human-HIF-1a )3 3 ¥ 7 1)
(0~1 000 bp), ¥ A2 % pGL3(E1751, Promega)
et 2 R A IH 8k Ak LA B pGL3-HIF-1a-
promoter-luciferase/fi¥i. FfHeLa. Hep24ilfifli &
245U, REAH L % B IA 31 50% J5 K H chemifect H
%20 2 G iR AT e 4, BFLINAN 0.5 pg pGL3-
HIF-1a-promoter-luciferasefi 5 2 K Jii ki . 20 ng
pRL-TKPL X1 pg pRKS5-Flag-UHRF1 i ki, W&
pRKSZ# % MR, #545416 hjG (R AL H A0, AN[H
I IE) s SCER A L S, R R E R S S8 R 4tk
7 &5 (E2980, Promega)Zb FRANMY , F: H K& IGA AL
(E6080, Promega)fa: Il 4H i 22 fif 47 1) 5% 't 3% Blg 0
P

1.2.6 gRT-PCR F RNA$EHGA & (R4011-
03, Magen) & BV 4N D 2 RNA . i ] M-MLV ¥ #% 5%

filf (M1701, Promega)i¥i #% 5% & RNA(0.8 pg) LATH F|
cDNA. 14 cDNAFFE 815 )5, HL 10 pL cDNABLHR 5>
BT pL b/ R 51%0(10 pmol/L) & 8 uL 2x Ultra-
SYBR Premix, 20 pL% M AR 2Tt € & 96 1L
MR, RS BT EOAHLT 000 r/minZ 0 1 min.
BT 96 E 8 PCRACH TR . % i 1 LA
N54: UHRFI-F 5'-CGA CGG AGC GTA CTC CCT
AG-3', UHRFI-R 5'-TCA TTG ATG GGA GCA AAG
CA-3'; H-18S-F 5'-CGG CTA CCA CAT CCA AGG
AA-3', H-18S-R 5'-GCT GGA ATT ACC GCG GCT-
3'; HIF-10-F 5'-GGC GCG AAC GAC AAG AAA AA-
3", HIF-10-R 5'-GTG GCA ACT GAT GAG CAA GC-
3'; CXCR4-F 5'-ACT ACA CCG AGG AAA TGG GCT-
3', CXCR4-R 5'-CCC ACA ATG CCA GTT AAG AAG
A-3"; H-18S1E R N IR0 HE

127 %tz o FGraphPad Prism 8.3.0% 4
X} 25 AT 3 b AR B, 22 E B R ke 56 23 BT A
A a R B M E R, *P<0.05; *+P<0.01;
% P<(),001; ***%P<0.000 1.

2 R
2.1 HIHIUHRFIR)FR1ESHHIF- 108 E HKF
LA

SR E A B HIF- 1o A 215 KT 347
TR, Western blot#& il 25 B 27~ , K4 AL F HeLa
FlHepG24H i1 12 h/5 , HIF-1afk A /K& EiF,
24 h/SHIF-1afE & A FGEH (B1A). A TR
UHRF 1%} HIF-1a8 H /K150, {8 UHRFIHE
/N HERNALL B HeLadf g, 5% HEsiRNA KL EEZH
FHEE, UHRFI siRNAANEEZH A i) HIF-1a85 H/KF
FEH A AR (12 h)BL CoClL(FE MK S A 85 ) A B 2%
¥ R (B 1B). ff AN T I UHRF 1R
/NTHERNA(siRNA UHRFI#1. siRNA UHRFI#2.
siRNA UHRF I#3): 3 Hep2 A1 HeLaZM ], 45 5[] k¢
Bon, TEARE BN 24 WL~ , UHRFI
215 52 2PN J5, HIF-1a 2 F AR CXCRAM &
FH7KF IR B (K 1CATE D). N T4l UHRFI1
JE 5 R HIF-1a 1) 55 5K, 1 FH UHRFT#E 17 /N
PLRNA XL HeLaZ i, (IR AL BEAHNN 18 h)m, FIH
qRT-PCREZM HIF-1aJ% i3 K CYCR4FImRNA
KV, G5 R EERT ™, UHRF 133552 BI130H] LS,
HIF-1aff] mRNAKG- A 52 B0, 1 CXCR4P)



Tl 4 UHRF VR 5 (1 F A B i 2 HIF- Loty 8 KT 1013
(A) (B) N + -+ -+ =
$i-UHRFI — + — 4+ — +
Hypoxia Oh 6h 12h 24h Hypoxia Oh 12h 24h HIF-10 | #% .”-._
v N
HIF-1a - UHRF1 | S S S s
o-Tubulin | SEEGE—G—— T, }—- —| - Tubulin | S ————
HeLa HepG2 Normoxia Hypoxia: 12 h CoCl,: 12 h
HeLa
© FSNY) Al ®) e FIE et FIR g1 s
¥ )\ ¥ ¥ siRNA
SRNA O R R e R et SO R RE R e R e
HIF-1la ——-—n--- HIF-1a —-.--—=---
UHRFI|*~‘" ‘I UHRF1 -- — . --‘-
o-Tubulin | S S S— a— | o-Tubulin | E— G — — G G — —
Normoxia Hypoxia: 24 h Normoxia Hypoxia: 24 h
Hep2 HeLa
(E)
e UHRFEI CXCR4
50207 === s =N 306 - N\C 23 ot = NC
Z01s W Si-UHRFI#1 5 W Si-UHRFIHL 5 ok . si-UHRFI#1
< mm si-UHRFI1#2 §0.4 mm si-UHRFIH2 < 2 W si-UHRF 1#2
%0.10 % Z
£
£0.0s £02 2!
Normoxia Hypoxia Normoxia Hypoxia Normoxia Hypoxia
HeLa HeLa HeLa
(F) @
. = 13 B Flag-Ev
2 15 ns £ 15 ns g B Flag-UHRF1
£ B 5310
s 5] S
EX g =505
gz 05 s Eo0s e
g ” 5 E
£ 0 Z 0 & 0
3 $ $ 2 $ »
= FER e o \&
\&; Q\(’\g HeLa
HeLa Hep2

A: HWestern blotté: il HeLaF1 Hep G241 ity 7 A [ S AL BEASF 1A] S5 A4 R HIF- 108 [(1FRIA R L; B~D: /N T-HRNAG UHRF13235, Western blothil]
Hep2 FllHeLa il FHIF-10 % Tl AR CXCRAMI 8 (I RAEKCF, (IR AN AESRE/N F 39724 h, SURIZ4EHRFE1.0%~2.5%; E: {EHeLaZi /il
h, F/NFHERNA#I UHRFI5R1%, qQRT-PCRESUHRFI . HIF-1o ¢ T 8RR CXCR4ImRNA K, ARE S AMAESE /N = h 559718 h, %
WRIEYEFFTE1.0%~2.5%; F: 79t 3R B 5 5 4 S 304G M He La M Hep2 41 - 4I5S G+ 1) Flag-UHRF I} HIF- 103 3111 J8 1 0 5 6 22 B 5 PE A fE i,
IRAEUSRAT: FUREEAERFTE1.0%~2.5%; G: 56 FBE S JE DK S ks I HeLaZi i v, SMIE %% Y (¥ Flag-UHRF IV HIF-1 % S FE L I RE, 1453 51 b
HANAEO0 hy 6 hy 12 hflI24 ho ™P>0.05, **P<0.01, ****P<0.000 1.

A: HIF-1a protein expression in HeLa and HepG2 cells under different hypoxia treatment times was detected by Western blot; B-D: small interfering
RNA inhibited the expression of UHRF ', the protein expression levels of HIF-1a and the downstream target gene CXCR4 in Hep2 and HeLa cells were
detected by Western blot, hypoxic conditions: the cells were cultured in a hypoxic chamber for 24 h, and the oxygen concentration was maintained at
1.0%-2.5%; E: in HeLa cells, small interfering RNA inhibited the expression of UHRFI, qRT-PCR was used to detect the mRNA levels of UHRFI,
HIF-1o0 and the downstream target gene CXCR4, hypoxic conditions: the cells were cultured in a hypoxic chamber for 18 h, and the oxygen concentra-
tion was maintained at 1.0%-2.5%; F: dual-luciferase reporter assay was used to detect the effect of exogenous transfection of Flag-UHRFI on lucifer-
ase activity driven by HIF-1a promoter in HeLa and Hep2 cells. Hypoxia condition: the oxygen concentration was maintained between 1.0% and 2.5%;
G: luciferase assay was used to detect the effect of Flag-UHRFI on the transcriptional activity of HIF-1a in HeLa cells. Cells were treated with hypoxia
for 0 h, 6 h, 12 h and 24 h, respectively. “P>0.05, **P<0.01, ****P<(.000 1.

B HIFIUHRFI13R3A R HIF-1089 8 B7K &0
Fig.1 HIF-1a protein level increases after inhibiting UHRF1 expression
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mRNAZKT L (B 1E). F4b, 5O KRS
N ARG, Kl ANEEE e UHRF 15 HIF-1o /05 55505
PEMIAR AL, 25 S B oR SNE L Y UHRF IASRE AR HIF-
1aJ3 87 5 3 6 =l M (B 1F); H7E HeLa4f
Har, AR A R B, AMREL G UHRF 1Y)
A REEHIF-1a ) 7% 5 (B G) . UL R4 R 4ER,
FEAR IR B th k] UHRF 11 22 15 T2 3 HIF-1085
K3 Tt .
2.2 UHRF1EHBSHIF-1¢EBHEER

N 7485 UHRF1 5 HIF-10/& 75 7] LAAH HAE T,
FEAN R AR kAT R B e e Se e . il 2A
B, FE293 T4, 40 AN UHRF1 5 HIF-1a8g
2 A AR EAEH . W 2BATR, AMNEE Rk
UHRF1 1] 5 8 8 B S 26 A 15 77 (1 He Ladll i P YR 1)
HIF-1afg AAHEAEH . 7R AL HepG24H i 1,
[EREAR IS T 4ME UHRF1 5 HIF-108 (A A BAE
(K20).
2.3 UHRFIMEME S mE SHIF-10HE1EA

CHUHRFlZ2 —MZOREH, HEAZA
SERIR Y, R TR I IX L 1 RE 45 #4 3 UHRF 1 5
HIF- 1o [ 2 (A A AR R sz m, AT E T A FH
UHRF I35 5ok (B 3A, 1-723. 286-723. 286
793, $F4 AL FK UHRF 1 AR BRI BT ).
£ HeLaZt B o 43 5ol i G AN [5) B0 R0 4 (1) JB0RE, IR
P A I AT 5 40 B PN HIE- 1o 56 % SLVTTE 1

L, 5 R AnE 3BR 7R, T UHRF1H UBL. TDDAI
RING 5 #4456) UHRFE 1R HIF-102 7] (4 AR &
KEE,
2.4 SET7/9% 5UHRFI1%THIF-10&E B7K R
EAPUR 3

N T #E— 4R 50 UHRF LA™ HIF-104E H 7K F
BACHIHLH], 75 HeLaZli ffd op % Yeii G Flag-UHRF1
s H kL, DAME S R IAUHRFI, ARA A FR41M24 h
Jii 1 Fif Western blot#6 Il HIF-1a%5 [ %k 481k .
Bl4AFT RN, SXTHAAM L, 78 % SR AR 5,
UHRF13d 1541 v HIF-1a4E [ K7 5A B B 481k
HAZIRAE HepG241 i h B 45 3|3k — P IIE . %45
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A: the interaction between endogenous UHRF1 and HIF-1a protein in 293T cells was investigated by Immunoprecipitation and Western blot analysis.
HIF-1o was immunoprecipitated by negative control IgG antibody and UHRF1 antibody respectively. B,C: Immunoprecipitation and Western blot were
used to detect the interaction between exogenously overexpressed UHRF1 and endogenous HIF-1o in HeLa and HepG2 cells. M2 beads were used to
pull-down HIF-1a, cells was were cultured in hypoxic chamber, and MG132 was added 6 h before cell sample collection to inhibit ubiquitin degrada-
tion.
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Fig.2 UHRF1 protein interacts with HIF-1a protein
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A: schematic diagram of different truncations of UHRFI; B: Immunoprecipitation assay was used to detect the interaction between exogenously trans-
ferred different truncations of UHRF1 and endogenous HIF-1a protein in HeLa cells. M2 beads was used to precipitate HIF-1a, and the indicated pro-

tein was detected by Western blot. Flag-UHRFI-iso2 was the abbreviation for the UHRFI homologue 2 gene sequence.
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Fig.3 The interaction between different truncations of UHRF1 with HIF-1a
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A: Western blot was used to detect HIF-1a protein expression in HeLa and HepG2 cells cultured under normoxia and hypoxia conditions; B: HeLa cells
were transfected with different plasmids represented in the figure, and the protein expression level of endogenous HIF-1a was detected by Western blot.
Hypoxia condition: the cells were cultured in anoxic chamber for 24 h, and the oxygen concentration was maintained between 1.0% and 2.5%.
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Fig.4 The influence of overexpression of UHRFI and SET7/9 on HIF-1a protein



1016

BRI -

BEKTEFEF TGS, /£ HeLaZli i b, Fl UHRFI
HISET7/9%8 [ /NF-Ht RNA A 401 UHREF TR SET7/9
HIZ2ik )5, F Western bloth& il HIF-1af 25 H /K-
B WEISARTR, S5XIZAAL, SET7/9 siRNAAL
HAH v HIF- 1o KT R AEARAL, R [R] IR )
UHRFI1H SET7/933 15, HIF-1aff) 8 H/KF 5 8k
IR UHRF IR AH A B2 T IS, HAEH1299
2 i 45 BISRAL I 25 R (EISB). thAb, FRAT TR RS
UHRFI1ZFRIEMANEEAT 7 UHRF1RIAMEEE , R34
A=K HeLaZH s ] UHRF1 siRNAZLFE 12 b,
¥ Flag-UHRF I-simt(UHRF 1551 ot siRN A FF 51457 55
Wl FEAR ) G PR SRS Y 2 240 g o DL S EX UHRF T
R E b, R 24 hjiG, FFH Western blotha il
HIF- 1o FRIA K148 4k, W SCHR, 5 R
& UHRFIZAA LY, UHRF 1[5 %0 71 HIF-1aff) 855 7K
PR N A, 5 R SR UHRFIFISET7/9fH L,
&) IS UHRF 1A SET7/9(%) 2% 1% 3 [51 %k UHRF1 )5 ,
HIF-1af) 8 AR RIPERILH TR dibr]
W, HSET7/9) 323k % BN, H UHRFI1ZR15%2 |
) BT T 2 HIF-1088 K BRI A3 3] T 2%
i
2.5 UHRFIKHEHBSHNERRENLEIHEZI
HIF-1089F& Bk E

FAT#E— LK T SET7/94E UHRF1 5 HIF-10
HHEAE FH A R R 3% HIF-1 0 8 A 7K P 72 o i 1

ML %1 SET7/97E 44 A 4R35 m Fi B4k UHRF1
) K385124201 HETi 5 m UHRF 1 (1) & A Thfg, FAll
JE M UHRF 1A HIF-1o /& A /K520 0] 5 5
SET7/94" 3 1 UHRF1 H AL B A ¢, R ILFRAT]
H % | UHRF 155 385K #i 2 IR K AL A4 (Flag-UHRF I-
K385R)J5i K LUH 43 UHRFE 1) 38547 fii & 12 H 34k
BiE 2k, HeLadl Mo w70 0 % g% 17 B A2 Y (Flag-
UHRF1-WT)M %A 7 (Flag-UHRF1-K385R) i ¥,
i A, B B 5 A Ak L 00 S R P 2 S v S
o B A= A UHRF1 A1 5822 A UHRF1 5 HIF-1afk
FZ EEHEER, mE AR, EIRAKMT,
K385R %A% () UHRF 15 HIF- 1o AH H.AE I W 208
59. N7 UUESET7/95 UHRF1/ K385 H 34k &
MR &R, HREILDUE S & Western blot [ /5 7%
K7 UHRF L FE S, SEI0800E R, 510
Yt Flag-UHRFIFRLALL , [ 55 Y% Flag-UHRF I
GFP-SET7/9JFi ki J , B F JAL 21 1) UHRF 1 &
KRR 2 | I HIRIW ¥ 3t Flag-UHRF1-K385R
A GFP-SET7/9fi ki 5 , B H BB i ) UHRF1 &
KT B R (K 6B) . 5 ML YL Flag-UHRF1
ORI AR B, [F)I3E Yt Flag-UHRF 11 GEP-SET7/9
JF ki 41 UHRF 15 HIF- 102 [8] () A7 B.AF B 5
B T (B 6C). thah, SXTRAARL, [F R4 G
Flag-UHRF IR GFP-SET7/9)7 %i4H + HIF-1aE [
ISP BRAK 5 12 55 55 e BRUTOR AR BL [ B % e

A C
(A) B) N+ - - - - © Ne + - -+ - =
SEUHRFHAESS S SIS S-UHRFI  — + + — + o+
N O+ - - =+ = = = SFUHRFIH2 —  —  —  — 4+  + Si-SET7/9 - o+ - - 4
si-UHRFI — - + + = . + + si-SET7/9 — + - + - + Flag-UHRFI-simt ~ — _ _ + + e
si-SET7/9 — 0+ - 4+ - 4+ - +
HIF- 1o S5 S5 S5 S HIF'I“M -] 0 0 0 0
L UHRFl‘“-“ P ‘ Flag P
SET7S|( e v o o4 | '
il ssro il i SET7/9 . e
o Tubuling SN AN A A A S S | '
. Tt A
Normoxia Hypoxia: 24 h o-Tubulin
H ia: 24 h A
HeLa H1299 ypoxia Hypoxia: 24 h

HeLa

AL B: B YA N FEEE R FsiRNA J5, Western blotf il HeLa. H129941 i HHIF-1a. UHRFIFISET7/9/ 2 1K IA /K C: 5 JesiRN AL H 1)
R 2235 5, AR S e Rl #9848 T siRNATHR 55 41 (19 948 B UHRF 1 R (Flag-UHRF I-simt), Western bloths IIHIF-1aff) & [ 2614 K . G4 &1

YT HTE R AN 2 8 9724 h, SR MR 1.0%~2.5% 2 1] .

A,B: the protein expression levels of HIF-1a, UHRF1 and SET7/9 in HeLa and H1299 cells were detected by Western blot after transfection of siRNA of
corresponding target genes; C: after transfection of siRNA to knock down the expression of target gene, the mutant UHRF'I plasmid (Flag-UHRF I-simt)

with mutated siRNA recognition sequence was transfected exogenously. The protein expression level of HIF-1a was detected by Western blot. Under hy-

poxia conditions, the cells were cultured in a hypoxia chamber for 24 h, and the oxygen concentration was maintained between 1.0% and 2.5%.
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Fig.5 SET7/9 is involved in the regulation of UHRF1 to HIF-1a
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tant Flag-UHRF1-K385R plasmid transfected exogenously in HeLa cells and endogenous HIF-1a proteins. M2 beads was used to pull-down HIF-1a

protein, protein expression was detected by Western blot; B: after exogenous transfection of the corresponding plasmid, the level of methyl-modified
UHRF1 protein (1Me-UHRF1) in HepG2 cells was detected by Immunoprecipitation, and UHRF1 was immunoprecipitated by M2 beads, Western blot
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[El6 UHRFI1XHIF-1af9{ER&#i T SET7/93f UHRF1#) R EAL 1216
Fig.6 The effect of UHRF1 on HIF-10 depends on the SET7/9 mediated UHRF1 methylation modification
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