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YOD1 B LU0 A BRI E SRR FAIZBTE DL . X Hepal-6 MM 25T OA A0, 3 ik H-ih = BRI F0 EoASm 40 it P9 H-3h = g
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Study on YOD1 in regulating liver lipid metabolism

ZHOU Zixin, YANG Xule,ZHANG Xu, LI Zhong"

Key Laboratory of Rare Metabolic Disease, Department of Molecular Biology and Biochemistry, Nanjing Medical
University ,the Key Laboratory of Human Functional Genomics of Jiangsu Province , Nanjing 211166, China

[Abstract] Objective: This study aims to explore the role of deubiquitinating enzyme YOD1 in liver nutrient metabolism. Methods :
The expression of YOD1 in the liver of HFD-fed C57BL/6 mice, db/db mice and in Hepal-6 cells after oleic acid (OA) treatment was
checked by Q-PCR. Then its tissue distribution in C57BL/6 mice and its expression under different nutritional conditions was detected
by Q-PCR. The content of triglycerides in Hepal-6 cells treated with OA was determined by TAG enzymetic kit , and lipid droplets were
observed by Oil Red O staining. Moreover, the mRNA and protein levels of related genes in cells were detected by Q-PCR and Western
blot. Results: After a short-term HFD-fed, the mRNA level of YODI in the liver decreased significantly. But compared with that of
db/+ mice in control group, the expression of YOD1 was no change in db/db mice.However, its expression reduced obviously in OA-
treated Hepal-6 cells. Besides, YOD1 was mainly distributed in the liver, and we observed that fasting led to increased mRNA level of
YODI in mice liver while YOD1 decreased notably after refeeding. Further, YOD1 overexpression remarkably ameliorated OA-induced
steatosis in Hepal-6 cells by inhibiting SREBP- 1c cleavage. Conclusion: YOD1 expression is regulated by nutritional status and
modulates lipid metabolism in hepatocytes by inhibiting SREBP-1c¢ cleavage.
[Key words] non-alcoholic fatty liver disease ; YOD1;lipid metabolism ; SREBP-1¢ cleavage
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Wi HERR , B =l . AR — S TN
NAFLD [ 2 AT e AR TAG VR R 107 10 I 46 Jie A I
WAk AR M, EEAET RFIEAE M BE AR i
() E B AR 2 IR R IR AR 2 A A
A, 27 B- A AR BE AR AR o3 R TR G A5
A Prsde kAR s MR I AEBR AL BE TR (non-es-
terified fatty acid , NEFA) I h, ¥4 0] 5 E IS T

A G JHERE AR R 52 3 0T 52 2% 1) 43
TR . AR R I, R Y A S R A
(sterol regulatory element-binding proteins , SREBP) %
AL i 2 AN Gt i 3 FREE . P, SREBPI
FEHTEAN R YA 2l FAE T Al g 4z SREBP-1a
H1SREBP-1c, 1fii SREBP2 3 [K 1| 455 SREBP2, Shi-
momura 35 ' & B , SREBP-1¢ J& SREBP 437 7£ /)N i),
FAEZAHA AR FEZIEA, FEFIE I Ehgl
L VE BRI R G2 rpE Rk, S 5 IR R
H I =S AR ; T SREBP- 1a U] 32 543 475 75 WL Az
NHHL, 2 5 4G 5 S s BT . SREBP
TES YL ZAFERT . ZENJET |, SREBP 5 SREBP
4 G B 1 (SREBP cleavage - activating protein ,
SCAP) 25 AR Gk, it AN e AR A (coat
protein complex I ,COP Il )/ R4zt , 7o 2
FRIER, Se e St A S1P S2P BT U], JE il 2
A % MY SREBP BT UIA . Z g Jot 8 B e A5 i
JF 40 0 Ja 3l 2 A [ B 5 014 (sterol regulatory
element, SRE) , SREBP 5§ YJ{& A ¥ Ji5 7] 55 SRE AHZ%
A IR BR G

B ARIE 7R, 2592 K ALRE YOD1 2 O 5 g
FHOCHEE F (OTU) KRR — 01, H UBX 5 #3A] 55
4 KR 1 VCP ( XFR P97 5K CDC48) B i & &
Yy, T AR B NN T o Este s FERERE
L, YOD1 By [l 4414 OUD1 AT 4 VCP #E5%,
fi % s R 7~ STP23 (I 7L 35 ) NF-wB 1 [R) 54 ) 252
FAITIE Ak, DT 85 1 200 A PR AN g s 7 1)
RS, BR T IRWIRRACHAN  WH9E K B, YOD1 2
5T SRR K e S 2 A Mt R, AR
SEYS BRI R, R IR RS E  /N BUHE
I YOD1 I8 TR, AW A THRZE YODI ZET
5 FRA T B, A3 S 1 R s R T
/B db/db /N BRI H A 28 OA AZb PR S B Hepal -
6 ZHALN YOD1 iR 7K -, g T HAR/INEUA N
1Y Z55Ai LA SN BRIEAS TR FR AR T R A 1E
L, I7F Hepal-6 20U i 335 YOD1, 48 OA Zb 35

WL 20 i PR i T BRI O, Az A S R A, R
it — D478 K92 R ALEE YOD 1 75 FFERS BT A G i i
IfE B A BT i S a0 K

1 #MRFTE

1.1 A

db/db /N CSTBLAG e /N R (b 5t 4 i
ISR S FARA A ), SEE 3 09158 K
PRAE ARG et BE R R SR B 51 23t (o 2w
5 :TACUC-1901025) . #i Calnexin L {4 (Stress gen
AT INER) BT Flag FifR Bt SREBP-1c HL{A (Cell
Signaling 23 Al , 2E[H ) , T Insig-1 HR(Abcam 2], 3
) ; T [ marker(Bio-Rad 2y @], £ [ ) ; TRIzol . 5
JilEgog%N Lipofectamine™ ZOOO(InVitrogen INGIE SIS DE
1 b S R PR R B Hh = R A D
R & (A6 503 RS A ) 22 F] ) ;5 RevertAid First
Strand ¢DNA Synthesis Kit Wi % 53X 7 & (Thermo
Fisher 2~ 5], ZE[E ) ;SYBR Green 1 Master(Roche 2
AL i) s AR W34 (75 & MDBio 24 F ) ; Hepal-6 4
L CATCC A0 , SE ) 5 B (i DUIE A MRk
FA R ) 560 keal% = i 1 B (D12492) (Re-
search Diets A H] , E[H ),
1.2 7k
1.2.1 Zhh oAt 32

TEI 4 Ji % CSTBLI6 Kt/ BB AIL 232 1E H X
TN EIRIREA , A& 8 H SR 4 5 i U
AELLEZ S Xt 8 JAil CSTBL/6 etk /IN A TILIR T
MR A2 T /N LA R AR SR TR IR DL
#%24 h DALY 24 h /5 B 12 h, B BEHLAN A
6 H/INER, A FREE RSO BUTHIE
1.2.2  Hepal-6 28 L3 fx Ao 4L 22

1E 5% CO, 1 37 CHYIAEL T , 4377 Hepal-6 2
JiL 10% fifs 4 1L 75 /9 5 B DEME 15 37 5685 9% 0 DU
peDNA3.3 Bk Ay 244, #H YOD1 i Rk ok,
H Opti - MEM 1% 7 %& #i B¢ J§ i /K Lipofectamine™
2000 5 Jf#i , Lipofectamine™ 2000 5 Jf ki 4% I8 2: 1
8 L 18] 3 0 T e G VT IR A0, i A 400 P 3 5
P EE AN 4~6 h 5
1.2.3  RNA 2B A= 5% B 32 562 & PCR(Q-PCR)

SIRHL B OHL4 CHUS . 1 mL TRIzol A
SPRAE N BT UK R o UIICNBUFIE , mA
TRIzol 23K [0) 213 N IIA 200 L 5 {5 , il 24
=130 s, JFHE 5 min, 12 000 g 250> 30 min, 7%
b E I EP A (41 RNA #2852 500 wL TRIzol,
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100 pL&T) o M NI SE = S INEE, FRTR AT,
FHE 10 min, 10 000 g B> 10 min, 3 L iH R B UUNE,
JINATE 1Y 75%DEPC £, 10 000 g &0 10 min
WRNAULEE, 57 LI, I T 2 L& . A DEPC
IREEFFDIVE , T FHANES Nano drop MR .

Wi SRR Z A0 F : M RNA 1 pg 5 DEPC /K 3kt
5.5 pL, SR (5%)2 L, RNA ]3] (20 U/pl)
0.5 wL, dNTP ¥4 & (10 mmol/L) 1 wL, FEHLS | ¥
0.5 wLo WG SEART AN 295 CHIAEE 1 min, 95 °C
510 8,60 CIE KFEM 1 min, & 1] F—AEH 407K,
95 CAEME: 1 min, HUH cDNA KL, B T 4 CLR-AF .

Q-PCR K & @1 F : B % DNA (¢cDNA) 1 plL,
SYBR Green 44} 5 L, L35 [4#(2.5 mol/1)0.75 pL,
TSI (2.5 mol/L)0.75 L, £ 8 77K 2.5 pL, Q-
PCRFEFUNT :95 CHAEME, 10 min; 95 CAEYE, 15 s;
60 “CiE K ZEfH, 60 s ; FEFR 407K .
1.24 &8 R Ptk

SIHEHL EOHLA CCTYS o T A1 2SR
4 CHIVE . [ EP IAITA 500 WL 243 , V1B BUIT
WELHZ, 12 AL IF513K . T 6 FLAR 40 M 2 1 4R
RS « 545 7000, R PBS ISR 32 1k L5k
BE SR, N 2 2, UK 24 30 min. Bl
J& . 10 000 g 5.0 10 min, §% 5% 115 2 3% % EP 45
H o Al Thermo 157 &0 7€ 85 FHMREE , LAAF- LTS 2R
FI bR E S22 bR 2 TR 2 8 R

Fic i 109% SDS- 58 P s I iz 458 e, 3 8 J ki 1
W LR (5x) SR IR IRST, &8T5 95 ¢
10 min, ARG BT UK I — B
PR 2 80 V, fpAE Sl A Ve 4 I, 1S in F e &
120 V, 42 Kk . S5 o5 56 R, Pl Se 3.8 PVDF i,
PR PSS i P W5 FEEAT S5 A, DB it , LAV
“CZHHIRTEER L IE 100 V.1 h IO FRLIE. Bl 5%

AU, # PVDF IR, 23] 60 min,

U TIPS LA 1% BSA UK BB EL & 1) —bt, &
Fok b K PVDF & F ¥ B, A —41, G
B IR E R B THRR L4 Cit i i — B S H Y
EEFES . WH ,BUE PVDF I, ISR
B PR E i, AT, i PVDF IiZs & —
PULWEE 1 h, IEUEIE . ¥ ECL & G ¥ 415 nAe
PVDF JiiE I+ B
13 %itEF ik

BR8] Graphpad Prism 8.0 #4347 48 11
M, HAEE. BB LIS R A 22 (x = 5) 1Y
WaER . 4L R H Student ¢ K55, P < 0.05 K
ERHGIFE L,

2 &% R
2.1 483 M8 R A% CSTBL/G6 s AT IR+ YODI

89 Rk R

HIHARF S R IR, = B IR B SR ) L /N BURFIE
B YOD1 35 MR, FETF UL, i 5 7 i s g
TRAE A/ BUFIE 7 YOD 1 92838 15 0, IF 2k B 4 10
B T FEAR C57BL/6 /N BUFIE H YOD1 k7K
SECENIA) o 42 F 2, SRR T 58t A M AR i B db/db
/NERFIE, 5 db/+/NERA EE, YOD 1 Y2 IR 7K S IF R
WMELH) B (B 1B) , $278 YOD1 12835728 4k -4k 5
RRZEEL BT DU YOD1 2 &2 EFAR
VEAT A B RS 5 R I R (oleic acid, OA,
200 wmol/L) AL ¥ Hepal-6 41 16 h & , id 134 FH Q-
PCR &l YOD1 3Rk KF-, BB 45t OA b3
YRR YOD1 F kK- 38 FRE(EN1C) .
22 YODI1 #9£ A KT 2@k AR

T B YODL (AL Lo A i B, SR EC T
C5STBL/I6 /NREZ ML B B RNA, FIF Q-PCR Y

A 154 B 12- C 151
i iz i
® — I ® o
£ 1.0 =08 & 1.0
oo o junng
= = =
< < <
Z = <
2 0.5 Z 0.4 205
= = =
o o o
>-‘ T T >-‘ 0 T T >-‘ O T T
EHKE mIRKE db/+ db/db OA(-)  OA(+)

A Q-PCR K C57BL/6 /N NE AL 4 55 IFIEZH ST YOD1 19 mRNA /K, BH2H FLAS, P < 0.05(n=8) 3 B: Q-PCR A& 1F 5 AR £ 11 8 Jil i
db/db /NI L1219 YOD1 (9 mRNA /K- (=6) 5 C: Q-PCR A& 200 wmol/L iR LB Hepal-6 200 16 h i , 4017 YOD1 9 mRNA /KF, P4

I, P <0.05(n=3),

BE1 EHEERERRE(K CSTBL/6/NRAFAE ) YOD1 RIEKF
Figure 1 Short-term HFD could reduce the expression level of YOD1 in the liver of C57BL/6 mice
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JER I AR DT LH 2 AR AR DT L2 I B
AL B AE A AR TP YOD1 ) mRNA 7K, & 38 YOD1
T PR A 20k 32 B A (JE1 2A) , it — 25378 YODI
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55 RFRE 8 AR, X CSTBL/6 /N BRE T A B )
PRI bR, SRR B 24 h )5, /N EUFIE YOD1
TR R E T, HRE S R E T RE(E 2B) .
FIRGERSR , YOD1 2 E SRR AR T eSS
JHEE TR
2.3 it & ik YODI %) Hepal-6 28 & ¥ OA # 549 i5
JRME AR SR,

R T R YOD1 ZE R4 AR A ThRE , 8
1 HE YOD1 Bk, 75 Hepal-6 40 i 2535 H By it
, 457 Hepal-6 418 OA KPR . 38 4 H vk — R
TGS 4 L b I =R i, A5 R R 5 A Ok
FELHAH FL , 33 33K YOD1 (1) Hepal-6 40 a4, Hih =
i 25 i 0 S PR (B 3A) o RIS, Wb OA Ab B 5
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A:Q-PCRAGIN YOD1 fZHLA 53 A5 1 1L s B: Q-PCRAGINIE # IR & |
P24 h A JE SR 12 h A9 CSTBL/G6 /N RUFIEZL 41 YOD1 #Y)
mRNA 7K, LA, P<0.01,"P<0.001(n=6).

E2 YOD17 C57BL/6 /I RATRE R HIFRIZZE FRSFE
Figure 2 The expression of YOD1 in C56BL/6 mice was

regulated by nutritional status
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fd FI AR BT 44K YOD1 BT KL #% Y JE A Hepal-6 40 Ml )5 , {4 H
200 pwmol/L [ OA Zb 34 Hepal-6 1A 16 ho A FFH H b —Fiil 7 &
i Hepal-6 2 A A HHil =15 & &, M2 [E 3, P < 0.05(n=3) ; B:
Hepal-6 42 OA ZbEJS , 18 1 109% 22 5 PP (] 5 20, S5 D e
VRS, (Sl FHTZ T Y e SR N Y2 10 min(%20) o
B3 FRiEYOD1{E OA 432 /5 H) Hepal-6 4 A X s B AA
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Figure 3 ' YOD1 overexpression reduced OA-induced lipid

accumulation in Hepal-6 cell line

2.4 it &3k YOD1 494 SREBP-1c #3731

T4 2235 YOD1 J5 , Hepal-6 4 fifd PN 4 H il =

Bor i i TR, AR DT HERR A s b . Rk, J2b

HEM , 32K YOD 1 ), AT RES [ Hepal-6 4HAE H IR T
AR o AR SCERIRGE , SREBP I EE 40 T
SREBP-1c A A% s N 1, £ 8 ARG it 45
JA S5 SRE JRA TR, AT LA £ Tt
AFRALRE FE TR A U A R H i -3- BRI LS R il
S O , IR E R T8 B H v =R i) A ai™

Pt , 1756 7E Hepal-6 4 N 3 218 YOD1 i
FH OA (200 wmol/L) b B 16 h J , i 32t 8 1 H028 )15
PRGN H R, il YOD 1 33 Fk il (K 4A)
HE—EAG I 40 N SREBP-1c [ mRNA 7K, 5252k
NFHRLHAH L , 142635 YOD1 5, SREBP-1c¢ Y 5 mRNA
KA MEEEAEL (1 4B) . T SREBP-1¢ 2
o L SC R TE N BT L R B AR Bk 55 U], AR LA
BATEMR S UM AR IEER . 8ROk,
il 8 e B AT I SREBP- Le B ER 13
KK, KRB FIK YOD1 J , SREBP-1c BiffA Ry 261k
TK-BA B (B S SREBP-1¢ B HIAR 47K -1 i
FEMR (B 4C) o #7335 YOD1 #illfi] SREBP-1c 11y
SYU1, sz ARt



A1 12 JAF R IR 5k

VP, 45, 252 Z AL YOD LIAFATIE RS RS 2L 0 5E L) ).

2021 4E12 1 B R RE AR (B ARBIE) ,2021,41(12) : 1735-1740 <1739
A 7 YODIid B o 15- ¢ Z# YODI3d s
ABRAL Fkdl A XU Fokdl =
T R i YT K —
YOD-flag -3k = PO e 30kDa B
Z 04 SREBP-1c 1.0
Calnexin s e s = —05kDa ; N ' . ' '—72 kDa E
= =
£ R
1 0.5 Calnexin| e s @ & 05D, =R 0.5
() ()
o A
= =)
= 0.0 " o = 0.0 o 5
éﬁai e B Qs

£ Hepal-6 4l 13 #3K YOD1, 200 wmol/L i) OA AL FH 16 ho A+ 2RI S ENFETEAG I YOD 1 f AR 17K 5 B Q-PCR 2450 Srebp- 1e Y
mRNA 7K 5 C: 85 A 58 EIGIR K SREBP- e 1Y 8 [ 2835 7KF, DTt IR b A AR 22 B 40T, IR LA, 'P < 0.01(n=3) ., P:SREBP-1c

HifAE 1 ;N SREBP-1c B YA 1 .

El4 Hepal-6 4R 3Ri% YOD1 "5 SREBP-1c K574
Figure 4 YOD1 overexpression in Hepal-6 cell line inhibited SREBP-1c cleavage
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Bl Tl b HERR ) & R , AT A 16 7 =URTik
12 BRI S NAFLD B 5 2 AR R B B R 9%
AL AR Z W . 4K, NAFLD #£3
FAT KRB IR, H 1995—2005 4511 25.28% 1 %
2012—2017 4E1 30.90% , . 3 383 15 80 22 , i
R I TIAKEE Y R RR oA B S S A
SRR AR AL R AL, L2 W
NAFLD. e BARZS T , AT fr 02 4 P 5 I i
B, IF A BEE R AT & 85 SOV (unfolded protein re-
sponse, UPR) , i SREBP-1c 3 , I 1 A8 14 | 41 B
o7 RIS RE KR AN, S EOR R & B, Bl irgR
KB, 23z Z Ak USP20 7] L3 4 5 45 mTORCI -
HMGCR 4l 45 A b (4 I R A g, 4 s 7 P rp
07 RAUBGE IR B A rh &A% R

RIS R, S IR IR MR e, /N B IE rh
M YOD1 Ik TR, AWFSE T ekl 1 & BR e/
FUFFIE T YOD1 A9 3R3K /K7, 1 W2 21 0 1 &g AR 1k
BAET YOD1 ik R, (HAEIEH K& fe
JE 4 db/db 7N B IE R IE2 21 YOD T Rk /K-
HIAEAE . A0, 8 id OA 4L BE Hepal -6 41 , W% 3
AIPY YODIT () mRNA K- BB & N $5T
3, gE— L BHG T YOD1 £E C57BL/6 /)N BUA P9 ) 40
LU AIE DL , K I ILAE R 3Rk B i, R
YOD1 £ AT HE ) vl A & ¥ ZAE M o [/ B, X
C57BL/6 /)N ERIEA THUAR PR A A B, L 52 2 LA
Jei s /NI R Y YOD 1 &3k /K1 38 38 m i F-k
AT, YOD1 FR W /b, 284 DA 253 $R
YOD1 78 JFFHE 1 i 23k 32 B FR RS TR . IR R X

F K A B IE b ) VR, 7 Hepal -6 41 fifd v i 26 35
YOD1, I 1] OA Ab BRAH ML . AR FEMEEE] , 3 %
5 YOD1 T, £ A H il = 7 ek 35 T B T AL
P R, i FRIK YODL S5, 4 ML N IR TR A8 /N B
WA el b, B2 75 YOD 52 i JHF 4 M N A BE AR . Ha
T SREBP-1c 72 AT JIENE D7 R K H-ih =g i 4G h &
R EZEEIE id Q-PCRAEZL OA ALY
i, & Bt ik YOD1 Jf AR50 SREBP-1¢ Y
mRNA KV, BRAEWFIEE 44878 T SREBP-1c 2 11
TS B IR AL LA, 2D A g
BRI A 1 7K P, A Bl 33K YOD1 )7 SREBP-
le B UMARIAACEFI N H . 258 AR it &R
35 YOD1 ) Hepal-6 412 OA b3S , HoH i =k
RO IR L R B 45 R 4R i Rk
YOD1 7] i) SREBP-1c 5198 4 fd r B i IR
HIM=EEA G R, TR P R B AR o
SREBP-1¢ E 4 bHLH-zip (basic-helix-loop-helix
leucine zipper) 25 18], 1 2 %% s PR 38 45 °F i 55 1A
T e /R HR B T Y) . B, 2 HIRE
Il STP £ AT SREBP- 1e 1™ 5 45 4 458 22 Wl fr)
IRDCHEAT O, 0 1 N S (107 S R 145 M B,
BB OB Y 53 R 2R 1 S2P 4R LI , 78 S2P AE
FIF R bHLH S5 R e ZR FEAE 1 i s T ok, B
IR A T PEAAZ R SREBP-1¢ F Bf ., AR5, SREBP-
le VBN HE S H 7, T 45 5 HE 5L R 3 7 SRE JT
4, TG 2 TR S A FR AL (acetyl CoA carboxyl-
ase, ACC) g Wi 2 & B (fatty acid synthase, FAS)
fifi B IPE CoA 2210 A1 (stearoyl-CoA desaturase,SCD)
DA Kz H i -3 -4 2 Tk 3 5% % 1 (glycerol 3-phosphate
acyltransferase , GPAT) 45 , I Fe 24 #EJig 75 1 2 H- 3
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