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WE: NERFIF4IRZ K T 4 (hepatocyte nuclear factor 4, HNF4)TE B G E S (Eriocheir sinensis) g B & 1K
B Z2 AN FE R (long-chain polyunsaturated fatty acid, LC-PUFA)AE#)& iR RS/, AR 788 F RACE iR
i ARG Hinf4 JEH, qPCR Kl Hnf4 B A 2 AU 3R BE 0L, FF58E 1 RNA TH0 38 HA0 il 57 A8
Bl A B 5 53 BT B A A DG X 1) FRaB ARk 5 R o, AR EE Hnf FEIN 2K 3554 bp, Hob SRR XK
J 4 569 bp, 3'EAS X A 1179 bp, FFHBEHE A 1806 bp, 4ifi% 601 4% LR . HNF4 2 118 P E B K M H-0.177,
I HNF4 2 O Rk P A [R5 A7 A 3 b AR S8 B HNF4 5 50 [R5 AR (Procambarus clarkii) . 10077 B
(Scylla paramamosain), —JIR T (Portunus trituberculatus)=5 i8S AT &5 19 7 5 6] — M M & LR R R, H
TE R GEHEAL I v 540 CH BRI = MR T8 HNF4 8 —3Z. qPCR 451 WoR, Hnf4 T2 HEUh A7 325k, EAENT
Jge iR b ik Bt de i o FEH] dsRNA T8 Hnf4 SERRINIG, HARGEBERTIBIR T Fas. Scd. Fad6 ., Fad9 VX Elovi4
B PR A W A, Hsl FERI 35K 038 1 (P<0.05); 1454 BI-6015 5 RNA THRZRARML, i i 514 3 7
Benfluorex 15 2] TS M ZE IR, X475 Hnf4 Fe RN rh A2 5 208 i AR B AT B2 LC-PUFA A W15 iR A — & 1EH .
IRWFFEAEHE AT UK HE— 20 PR5T HNF4 189 4 YR v VR RO vh AR 3 2 i o A Q45 2 BRI P ML R S ik 2%

KR PARGEE, TN F 4 (ANF4);, FEHE TR, A5t
FESZES: S917 XHFRAERAD: A XEHE: 1005-8737—(2025)06—0786—11

HF2m a4 K F-(hepatocyte nuclear factor, HNF)
JETERFE AR R R A SRR T, sk
B AR s S A0 . AN i e T hg
Ve A= B B 7 T A AR AT . HNF S
FZ4JHE HNF-1 HNF-3 \HNF-4 HNF-6 ,CCAAT/
5 74545 M (C/EBP)AI D 454 % H .. HNF-1
f14% HNF-1a A1 HNF-1p, 322538 2 9815 P9 203 Al
S ol A ) U PR TR RE T A L BRAR Ll AN
JUE S5 4 AR PRI AER) . HNF-3 f04% HNF-30.,
HNF-3B8 fil HNF-3y, 7AW HIAT . 4
O3 AC SR T RE, AR AR N R AR RS A5 T T K
R B, HNF-4 F A5G HNF-40., HNF-48
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C-I1, Apociii), AH[EEE 7o #2 1L (cholesterol 7o
hydroxylase, CYP7A1) . fg i R & B (fatty acid
synthase, FAS) . i[5 BE4HlE-A 22400 Fl T (stearoyl-
CoA desaturase, SCD)ZE 2% 5 g A58 45
Ak, HNF4o /& LC-PUFA A= ¥4 i 1 85 52 7 5% A
T, FEFE KPR PUFA A R S i R
5 LC-PUFA & Mfe T Z B EAEH], 25
PUFA 4 7,

K45 2 AN R B2 (long-chain  polyunsaturated
fatty acid, LC-PUFA)Z48 & A WS =3, ki1
=20 MEZAEMAENR, BA EE04HE
o Hrp, — ik UG BR (EPA)FI — 1 NI R
(DHA 4ERFILATR S B X E % . EPA RRASME
ML AL A0 H 90 = T (triglyceride, TG)HY %
fife, P NI G PR; DHA RE6% (2 3 v 4H
KB . AP, LC-PUFA /2 40 i Ewi g 1) 241
LAY, BEAE AR A0 R B Pk, I Y R R R ok
TN N5 S A% S, o 1098 5 40 g = B oh g
HNF4 j24: )& i LC-PUFA [ B 2450 H 7, fig
EH 4% LC-PUFA HY A= 15 LSS S iR [N L 2
TR T HTE P AR ST L B, KA K 7= Bl
YIARE 454 1 LC-PUFA fiE 1, SCEAT #5514 L
LC-PUFA fEN", M, W% Hnfe S KX
LC-PUFA A=W R, BEA LMK ™ 37 58
b R 0T AR, XK SR B Y R R A
BRI,

rhAE 2 F & (Eriocheir sinensis) e-T% [E B2 1)
IR FRAE R, BB VA . S
AR G iR SRR R AR R R R AR, A B TR
o G 1 BB AR T, 1 0 s I SR AN
EFsE . IR, ABF5EHRIE T 25 HNF4 Xf
LC-PUFA =96 UG HE Wi 5L X DL B B s IR 1 1
PELTRAR BAE ], (HAEH 7 sh) - &EA 5T
A5 K H RACE (rapid amplification of ¢cDNA
ends)HR FERE TP ARG B Hnf4 BRI, i — DR
7% RNA T Hnf4 7551 HNF4 #3057 (benfluorex)
s (BI-6015)Ab B J, Hh A48 5 B g o Qi
AH SR SRR AR A, R IR ST rh AR ok 2 i
B A BRI 2%

1 #MEEFE

1.1 SR

TR EE 2 B (30+5) g DR H RV R
SEUIFRAE AL, UG iR 4088 T U SR A b
Fr—J o BIRARREIIAT 24 h AR LT, BEALIL
B e MERE R AEIRA . 88, H . 0L . WA
s 227 R0 R R S 2H 2, ORI 2 2 ST 0
AWBAEETR, FEAET-80 CUKFE T RFERFH
1.2 Hnf4 BEEMNZEERNF

ffifl RNAiso Plus (TaKaRa, HA%)if7#HK
HAB GBI TR S RNA, FHIREE N 1%8935 08
WEEE RS AT FL UK, A L 5E B4 . i ] NanoDrop
One 43966 11 (NanoDrop Technologies, 32 )il
JE RNA FYVREEFIBTHE, PEHE A260/A280 BLELTE
1.8~2.0 Z[A]fY) RNA I B8 %5 {871 PrimeScript
RT Master Mix (TaKaRa, HZAX)¥ RNA %R
cDNA. AR ¥ C AR>S B Hinf4 1751,
H Primer Premier 6.0 /451 91(£ 1), LIE K
) cDNA 5 AR A, PCR 9 W4 3R 15 Hnfd ¥t R
Bfo (HRIBIE PR DNA DGR & (CRAR,
) [Tk AS B iy R Bealife =y, 8 T 8K, ¥
2RI RS2 S A0, 707 73 Ao AR iR
TR Hnf4 384 cDNA F BOS S5 19,
{4 ] GeneRacer™ Kit (Invitrogen, 3£ [E)if47 &
DB Hnfq D 3R STUmAGYT I . K IRAS A 3
SR BOT N SO R BEDRE, AR T AR g
Hnf4 cDNA 2K JF41
1.3 REHERE Hnff EREREFRHBIERF T
HEMESZSH

HIHI NCBI 47 fr i h A 2025 B Hnfg 2L 1)
FIVEPE Hed; I SMART W) i T A <1 45 44
I (https://smart.embl.de/); F Clustal W K {F4347
FE X 2% ¥ R HNF4 S0k 12 5 91 [6) 950 Al ]
MEGA %" %E T “Neighbour-joining vk 4 2
Hh AL 25 18 HNF4 R Ge EAEA; FIJH ProtParam 4K
4 (https://www.expasy.org/) Fiill HNF4 £ H 1) #
et FIH BIOXM-26 Tl HNF4 2 11501
i AL NPS@ (https:/npsa.lyon.inserm.
fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_sop
ma.html) fll SWISS-MODEL (https://swissmodel.
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expasy.org) Tl HNF4 & 1 M =454 .
1.4 HREGESE Hnff ERPARRESH

FH Primer5 BAFAE 5o BE TR Hnf4 FERAZ 0
it X %71 PCR 5|¥)(F% 1), NWZIEH N B-actin,
SERE B PCR (qQPCREIATFIBEAR . 88, B . .
OHE . WL Bkl 25 FIHR 140 Hnf4 mRNA
2235, IR Z N 20 pl: cDNA Bifg 2 uL;
SYBR Premix ExTaq 10 puL; PCR 1E525 [4(10 pmol/L)
£ 0.4 puL; ddH,0 7.2 pL. KW AEFF: 95 C 30 s;
95 ‘C 55,59 C 345,72 C 20 s, 40 MEH; 95 C
15s;65 C 60s;95 C 15s,
1.5 RNA FHE®

A P AR 2B Hnf4 JEH cDNA 751, M
RNAi #v fS A2k 1% 8 siDirectversion 2.0 Tl
WA I AT R R S (R Do &
BRI T B B, DIFIEEARE cDNA WA, §7
W52 3y FBt, 4 MiniBEST DNA Fragment
Purification Kit (TaKaRa, HA)Zifby 14 =4y, It

HE4E T7 RNAI Transcription Kit (JMERE, HE)id
W, G dsHnf4, ET-80 CUkFf#H; dsEgfp
il & ) 5 dsHnf4 M,

H 90 KT 7 d By P ARG BEREHL Yy 5 4
EH A (ST Saline) . dsEgfp 4 (T-H X 1R) . dsHnf4
2H .Benfluorex 20 #l BI-6015 21, #F4H3 EE,
ANEE 6 HInE ., Mg B E TR R
IR, dsHnf4 207354 1 ng/g dsHnf4, Benfluorex 41 .
BI-6015 414351 5t 5 ng/g Benfluorex 1 BI-6015.,
TETES IR 24 h WS T IBERAE i, qPCR A5l Hinf4 |
% 2R BUR M IR Wi T (hormone-sensitive triglyceride
lipase, Hsl). JENTER G EE (Fas). TEIEEESHAG A
00 I (Sed) . TR Bl A il 5k % 7% 1 -1 (carnitine
palmitoyl transferase 1, Cpt-1) . JEHiTR 210 A1l
6 (fatty acyl desaturase 6, Fad6). & /ifR2=1f F17iE
9 (fatty acyl desaturase 9, Fad9). Hg/Iif& 4t K i

4 (elongase of very long chain fatty acids 4, Elovi4)
SENR AU AR OCEE I Y R IB K (B IILER 1)

*1 5I¥CR
Tab.1 Summary table of primers used

5|#) %4 FX primer name JF#%1(5'-3") primer sequence (5'-3") Hi%& usage
Hnf4-F ATATGCCCCCCCACCCTCAGT RT-PCR
Hnf4-R CCGAGTTCCCAGACTCATCAT RT-PCR
Hnf4-F1 GCCGCTCCGTGAGGAAGAACCACACA 3’ RACE
Hnf4-F2 CCAGTGTCGCTATTGTCGACTTCGT 3’ RACE
Hnf4-R1 CCTCCGACATTGCACAGAGTTGAGGTT 5"RACE
HNF4-R2 CCGCTGCATTTGGAACTATAACAGAATGG 5'RACE
dsRNA-Hnf4-F taatacgactcactatgggCCCCACCCTCAGTCCAATC dsRNA
dsRNA-Hnf4-R taatacgactcactatgggCCTCCTGTAGTGTTTCCTCCTCC dsRNA
dsRNA-Egfp-F taatacgactcactatggg TGCTTCAGCCGCTACCC dsRNA
dsRNA-Egfp-R taatacgactcactatgggTCCAGCAGGACCATGTGAT dsRNA
qRT-Hnf4-F CTCCACAGCGTCTCCTATTCC qPCR
qRT-Hnf4-R CATCCATCACCTCCTCCTTG qPCR
p-actin-F ACCTCGGTTCTATTTTGTCGG qPCR
f-actin-R ATGCTTTCGCAGTAGTTCGTC qPCR
qRT-Hsl-F TCCAGACAGCGAGATGA qPCR
qRT-Hsl-R CTCCAGGATGTCCAGAGTGA qPCR
qRT-Fas-F GGGCTCCGTCAAGTCCAAC qPCR
qRT-Fas-R CACCTTTATTCTGCCATCATTCA qPCR
qRT-Scd-F TGTCTTGGAAGTGCGGGAAAT qPCR
qRT-Scd-R CATGAAGTACAGGATCAGGGTGAA qPCR
qRT-Cpt-1-F ATGCCTCCGCCCAAGTC qPCR
qRT-Cpt-1-R GTGGTCCCGAATCACAAG qPCR
qRT-Fad6-F CCCAGGAACTCACCGTAC qPCR
qRT-Fad6-R AGGAAAGAGCCAGACCAT qPCR
qRT-Fad9-F CAAGCCCCAGAACAGGA qPCR
qRT-Fad9-R GCAGGAGCGAGAACAGAA qPCR
qRT-Elovi4-F CATCGTGGTGGGGTGTGACT qPCR
qRT-Elovi4-R TGTGGGCTATGCCGTTGGAG qPCR
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1.6 Zitoth

M qPCR Z55:, SR 2744 k40T B i3 K
i AR X 2 ik UL BOHE SR O 2 (8 £ 4 o
(x £SD) (n=3)#/R, ffi[H Prism 6 X {:(GraphPad,
La Jolla, CA, EE)HHTH I M. KH
Shapiro-Wilk £ F1 Levene 473 iR 56 1F 255345 Al
05 2255 MR SPSS 18.0 #fF, RIHEA K )7 2243
Hr(one-way ANOVA)FI Bonferroni ¥ 14745 1K 56,
P<0.05 INNTEG % FHA B2 R0,

2 HRE5SW

2.1 HEEGERE Hnfd4 EFE cDNA FIIHNRER
S

DI il cDNA AR, ik PCR ¥ 33515
HAR G B g Hnf4 L R B, K/NR 561 bp (A
la), it C RGP F#E1T RACE 5190 ieit, it
17 3'-RACE PCR H1 5'-RACE PCR ¥4, 55K/
435k 2356 bp (& 1b)F1 825 bp (K 1c) H BEF 51,
LR ARSI E S A T e P S 15 8 3554
bp B Hnf4 34K cDNA(E 2), ZEHFHE
4% NCBI, %354 PQ870873, J¥ 443 Hr &K B,
T B GBI Hinf4 SEIR 0 5" IR 4t [X K JE R 569 bp,
3'AEGRASIX A 1179 bp, FFHLHIEHE A 1806 bp, %
i 601 AE IR (K 2). X HNF4 ZFEB 751 47
43, FH HNF4 & A — 548 DNA 25545
¥R (DBD) il — ML R 45 & 25+ 8 (LBD)(E 2).
AP RERY, rhieg 38 HNF4 501

M5000 M5000 M5000
bp

2000
2000 2356 bp 825 bp
1000

750

500 561 bp

250

100

a b c

B 1 ARG E B Hnfd FER Y25 51
a. Hnf4 373 i B; b. 3'RACE; c. 5'RACE;
M5000: DL5000 DNA marker.
Fig. 1 Amplification products of Eriocheir sinensis Hnf4 gene
a. Partial fragments of Hnf4 gene; b. 3'RACE;
c. 5’RACE; M5000: DL5000 DNA marker.

4 55.85 kDa, HSAEHLEN 8.46. HNF4 B-F
PSR GUKMEN-0.177, RN HNF4 28 5 5K
PEEE (A 3).
22 REBFIISHRRFTHEURIGE

WA G % HNF4 2 MR 5 5 Q2
WR(Procambarus clarkii, XP 045622671.2), 17
& (Scylla paramamosain, XP 063885300.1), =
W71 (Portunus trituberculatus, XP 045123926.1) .
LI BN N Cherax quadricarinatus, XP 069961229.1)
FEMEE I AN (Homarus americanus, XP 042234157.1)
BE Oy i (Danio rerio, AAI24294.1) fl N\ (Homo
sapiens, AAF00110.1) HNF4 47 [R1 R MHr . 45
KW, hAEGEE HNF4 5IMEL Y HNF4 B
A B 1A A — M A R R R, Horh 55
FCJFEN A IR R 79.46%, S0 M i R PR
H 78.04%, 5 =P TEERIRIIRIE N 73.54% (151 4).

XIARFYIF HNF4 LTS HEAT LU, %
JE T A BRI LF S 65 340 DESERR . RS
AR AT o, ARG HNF4 (27
PG HE B =R 78 HNF4 B —32, 5
T QRS | £ BCRHR R 56 PN B T iR 45 H 52 sh )
RGVEROR, 55 55 A 28 DA R NI/
(Mus musculus)SEWWHFL W) 264 % 2t (K 5).

TRES RN ZE R R, HNF4 2R 1 H Jo AL )
%1 (66.22%) . o-12JiE (26.46%) F1 LE i1 £ (7.32%)
A 6a), —ZA5H TS5 R 5 g4 14 7
A —F(K 6b).
2.3 HEHEBARFALN Hnf4d mRNA Rikk
FEo

SEHF G RE 1 PCR 25 s, Hnf4 mRNA 7£
MR R R IR . B RN . L. maE .
B DRI R AT R A Rk, Horb Hif4 TEAT
s RO B ¥ = I 0 (U G2 s |77 E
L RBKFRZ, LA O SRR
A B AP EAR (B 7).
2.4 RNA FHEW

Benfluorex . BI-6015 F1 dsHnf4 Ab ¥ f5 &5
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RGN T AR DG HE ) mRNA 9335 . 45

WoR, SXFHEAAM L, dsHaf4 AR E R T
Hnf4, Fas ., Scd, Fad6, Fad9 U} Elovi4 [3%ik,
Hsl . Cpt-13£H 5 2 [ 1# .Benfluorex &b ¥R J5 Hnf4

H1 Cpt-1 23k B E AR 55 dsHnf4 41AHALL, BI-6015
WIS Cpr-1 FikWETHE, Hnf4, Fad6, Fad9
VL Elovi4 (3R 8 %A%, 5 dsHnf4 Ab PR
FH I, BI-6015 Zb 34 Fas ., Scd kM85, H

Scd, Fad6 1 Elovi4 W3k EBETR, M Hsl RT3 8).

91
181
271

CTCCTCTCTCGCTCTATCTCTTTTTCTCTTGTTTTTGTTTTTTCTTTTTCTTTTTTTCCTAATTATAGTTTCTTCTTTATTAGTCTTGTT
ATTCGCTTCCTATTTTTCTCTTTTTCTCTTTCTTTCTCTCTTTCTTTCTTTTTTTCCTTCATACGTTTCATCAGTATTTTTATCATTATT
TGCTATCTTTATCTTTTCTTTCTTTCTTTCTTTCTTTCTTCCTTTCTTTTTTATTTATGTAATTAAGTTCAATTTTGTTTTTTTTAAGCG
AGTTACTCATTTATATTATTTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTC
TCTCAGCTATCGAGAACGTGAAAAAAAACAAGAACAAGAAGAAGAAGAAGAAGAAGAAGAACAAAAAGAACAAGAAGAACAAGAACAAGA
AGAACAAGAACAAGAAGAACAAGAAGAAGAACAAGAAGGAAGAAGAAAAGGAAGAGAAGAAGAGCGCACACACACATACACACACACACA
CACACACACACACACACACACACGTACACINYEAGCTTCACACACACAGAGGTAGACATGACTGGTGGAGGTGGTGGCGGAGGAGGGCATA

M 8§ F T H T E V D MT G G G G G G G G H I
TAGTGCTAACCCCCTCCCCTCATAACTATCAGGCCTCCCCCACCACCAACACCCCCTCCAACACCCCCTCCCCCCTCCCCCAGAGCTTTC
v L T P S P HN Y Q A S P TTNTUP S N TP S P L P Q S F H
ATGGGGGTGGGGGGCGGGGGGAGGGGAACGCGCCCCCCCATATGCCCCCCCACCCTCAGTCCAATCCCCCAGCCGTCCATTCTGTTATAG
G G G G R GE GNAPUPHMM®PUPH?PQSNUPUPAV HS VIV
TTCCAAATGCAGCGGTTCTTCATCAGCAAGGAACCTCAACTCTGTGCAATGTCGGAGGAGTGGCCGTTTCCATACCAGGCGGGGGGGGGA
P N A A VL HQ QG TS TULICNUV G GV AV S TUPGG G G 1
TTCTACTACCCAGCGGAGGAGGCGGCGGAGGTGGAGGAGGAGGAGGAGGAGGAGGAAACACTACAGGAGGGACTGGTACAGGAGGAGGAA
L L pPpS GG GG GG GG G G6G G666 GGG NTTGGGTG TG G G N
ACGGAGGATCAGGACTAGGAGGAGTAGGAGGAGGAGGAGTAGGGAATGGGTTATCGTGTACCATTTGCGGAGACCGGGCCACAGGGAAGC
G G S G LG G VGGG GV G NG L s ¢ T 1 C_ G.D R_A_T G K_H

AGAACGAGAGGGACAGAATCAGTACCCGACGCCCGTGTTATGATGAGTCTGGGAACTCGGGGGGCATCAACCTGGCGACGATATTGAGCG
N E R D R I 8 T R R P C Y D E S G N S G GI1I N L A TTL S A
CTGAACACCTCTCCAGACAGTTCTCGCCCGCGGTGGAGGAGGTGAATGTGATGAGCAAGAAGGTGGCGGGTGTGATGGACGTGTGTGACA
E H L S R QF S P AV E EV NV M S K K V A GV MD V C D S
GCATGAAACAGCAGCTTCTCATCCTCGTGGAGTGGGCCAAATACATCCCCGCCTTCTGCGACCTCACCCTCGACGACCAGGTTGCTTTGT
M K Q Q L L I L V E W A K Y I P A F C DL T UL D D Q V A L L
TGAGGGCCCACGCCGGGGAACACCTACTCCTTGGGGCTGCCTGGCGCTCCATGAGGCTGCAGGACATGATACTGCTGGGGAACGATTGCG

IBD R A H A G E H L L L G A A W R S MU®RUL QD MTIUL UL G N D C V

TCATCCTTAAGAACTCAGCAGCCGAGATGGAGATCAGTCGCATCGGGCAGCGTGTCTTGGAGGAGCTCATCAAGCCTCTCCGCGCAGTTC
I L K NS A AEMZETISU RIGA QU RV LETETILTIZ KU PILT® RAUV Q
AGCTGGACGAGCACGAGTACGCCTGCATCAAGGCCATCGTGTTCTTCGACCCAGTCATTCGGGGTCTGCGTAACGTGGAACGCGTCAAAA
L D EHEJYAGCTIZKATIVYV FFDZPVIRGLTZRNIVYVETRUVIEKM
TGCTGCGTTACCAAGTCCAGCTGCTTCTCGAGGACTACATCAACGATAGACAGTTTGAGTCGCGTGGCCGCTTCGGGGAGATCCTTCTGA
L R Y Q V Q L L L ED Y I NDUZ RQTFZESU® RGT®RTFGETITLTLT
CCCTCCCCGCGTTGCAGTCCGTGACGTGGCAGATGATAGAACAGATACAGTTTGCCAAGCTCTTCGGCGTGGCACGAATTGACAACCTTC
L P ALQ SV TWIOQMTIE- QTIOQTFA AT KTLTFEFGVARTIDNTLL
TGCAGGAGATGTTGCTCGGAGGGGCAAACGGTGAAGGAGTGAACGGCGTCTCCGGTTCTTCAGGAGGGTACGGCGGCGGGGACGGCGGGA
Q EMLILGGANGETGV VNGV S G S S GG Y GG G D G G I
TAGGCATAGGCGTCCCCGCTCCTCCACCGGGGGGCGTGGGGCTCCCTATACCCCTGGGGGCGGCCACGGCGGCGGGGGGAGGCCTGGCTA
G 1 GV P APPPG GV GLZPTIZPILGAATAAGTG GG GTULAM
TGGGCATGAGTACAGCTGGGGACGGCACGCAGGTCTCCACAGCGTCTCCTATTCCCCAGCAAAACCAGCTCCCCTCCCAGCCCGGCCTTC
G M S TAGDGTQV S TAST PIPQQNIQTULTPSQZ®PGTL?P
CCACAGCTTCCTCGCCCTGTGGTTCCCAAGAGTCGGCCAATAGCCACCTCGGGGTCATTACTAGAGACGCGGGTAAAGTCAACAGGACGT
T A S S P C G S QE S AN S HTULGV VTITT RUDAGT KV NI RTF
TCAAGGAGGAGGTGATGGATGCTGCGACGTGCIENAGAGGTGCTGAGCGGCTGGGTGCATTTGCTGACTCGATTTTTATGAGTTAGTATT
K E E VMDD A A T C *
TCTAAATGGAGGGATCGAGTTTTTAGTGTACCGAGTGGATGATAGTTTTATTTTTTTTCACAGAGGAAGCAGCTCAAGGGCATAAAAGAG
GAGACAAAAGAGCCCACTGTCGCTGCTCAAACAAATAGTTGATAGAGTAGTCGGGTCAAAATCGAATGGAGAGAGAGCGTTTAAGTCTTA
GGCAGGAGGAAATACAGACGAAGGGAGGCTGTTCCAGCGCTTACCAGAGAAATGTATGAGAGAATAAAGATGCTGGTTAACTCTTGCATA
AGGGGTTCGGATAGCACGGGGAGGTAGGGAGGCACGCAGTTAGCAAGTTCAGAAGAGCAGTTAGCAGGAAAATATCGATAGAAGATAGAA
AGAAAAGCAACACTGCGGGGAGGTTTAAGAGGTAGAAGACTGTCAATAAGAGGATCGAGGGAGTTGATGAGACGAAGAGCATTTGACTCC
GTTCTATCCAAAAGGGTTGTGTGTGTGGAATCCCCTTGCTTGCTCCTAAATGGTTTTGAAGTGTTTTTATCTGCTTGTGTTTTATTCAGA
TGTGGTTTTGCTCATGTTCATTTGCGGTTTGTTCCTAGTTCAAGACGTTTTTCTTCATTGAGGCATTTTTTTCTATTTGTTTTACGCTAA
TGAAGAAAAGAAACGCTTGGTATGTATGTGTGTGTATTTTCTGTTTTCTTATATTTTAGTTTTGTTATCCTTGCATTATTTTATTAGTGT
TATATTGTGTTCATGCACTTACCTGTATTATTATTATTATTATTATTATTATTATTATTATTATTATTATTAT TATTATTATTATTATTA
TTATTATTATTATTATTATTATTATTATTATTATTATTATTATTATTATCATTACTACTACTACTGCTGCTACTAAGTACTATTACTATT
ACATATTTCAGTCACGTACAAATATATATGGCTTTATCATTGATGTTCAACTATTATATTTTGTTATTTTCCTGTAAGTCATCTCTCTGT
ACATACTGCTAAAATTCTCGGTAGTTATAATGTTCTCTTCTTCCTTGTTATAACGATCTTCGCTATGTATTCTTTGTTATACATTTGAGA
GTTTATGAAGGACAAATTACACGAGAAAAGTCAAAAAAAAAAAA

B 2 ARG EE Hnf4 cDNA FE 9 K H TR0 ) 22 568 5 471

FENBFFORATRIF I 4T, RIS T AL EH T AR O ORI, BT RILATR DBD, Si4 FRIZEIR LBD.

Fig.2 cDNA and deduced amino acid sequences of Hnf4 in Eriocheir sinensis
The number on the left indicates the nucleotide sequence number. The start and stop codons are highlighted
with black boxes. The dashed underline represents the DBD, and the solid underline represents the LBD.
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Fig. 3 Hydropathicity/hydrophobici
HNF4 of Eriocheir sinens

PHELLHEME Eriocheir sinensis

M Scylla paramamosain
ZPH T8 Portunus trituberculatus

SEEJFHEAR Procambarus clarkii

LIKHEAF Cherax quadricarinatus

LW AAR Homarus americanus

Bt Danio rerio

‘A Homo sapiens

Consensus

HIHARHEMR Eriocheir sinensis

A Scylla paramamosain
ZHEMRTME Portunus trituberculatus

FLEJEHEAR Procambarus clarkii
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Fig. 4 Aligment of the amino sequencs of HNF4 among different species

Identical amino acids are highlighted in colour, with darker shades indicating higher similarity at the

same positions. The dashed box represents DBD, and the solid box represents LBD.
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Fig.5 Phylogenetic tree based on amino acid sequence of HNF4
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794 K 7 R

%3248

(R BT, 78 A4Fads WIFEIRTETEHLE] & IE1E,
PETT 45 LC-PUFA 194 AR Pan 25P0HF5E
K, Hnf4 FEH HILEAT N Elovi2 W3Rk,
Elovi2 BRIk 23 BiE Hnf4o ik wny i
M. teAh, BFFTUESE HNF4 j& LC-PUFA £
A A IE RS R, AT EE S 5 R SR IA [
U FI L, W CypTa ¥RALEG . BENITR S
FNENR ML A RIRAEGSE . AR AR iR
ALA . EPA Hl DHA 5 HNF4q 19454 540 i 2ot
S e S BT FE K AR S BT P A B
TRk, Fln, BREE S ALA (Y RPEHEER
JEAt, #E CPG {7 i 48T A Spl FIl Hnfda 4540 15
DNA H A, FARMIFNET Sedia M Hnf4o
Fok R Ak,

AHESE 1 KRS T AR G B P AP AR Hnf4
LM, FF & B Hnfa LR 035K 1E [n] 45 Hh AR g8 2
1% Elovi4, Fad6 F Fad9 551k, X1}l HNF4a
T RETE Th AR B4 % LC-PUFA & AR 5 b ke
KHEVEF o WFFT 4l SR nT LA ik — B 45 5 T AR i S
NG A A B AL R AL S 2 . RO BTN
HE— 25 43 B 1% 5 IR A v A2 8B 8 v i L A
JFRAIREST HNF4a 76 LGRS IR AR 15
Hh ) ELAAR T 8 KA FHBIL

S % 3 Hk:
[11  Zheng J, Li J, Yu S N, et al. Progress about hepatocyte
nuclear factor[J]. Medical Recapitulate, 2008, 14(4):

491-493. [FRiE, ZEHE, THIME, 5. FF4nii A T s
VERE[D]. BE2AZEIR, 2008, 14(4): 491-493.]

[2] Begum S. Hepatic nuclear factor 1 alpha (HNF-1o) in
human physiology and molecular medicine[J]. Current
Molecular Pharmacology, 2020, 13(1): 50-56.

[3] Yang Y A, Yu J D. Current perspectives on FOXAI1
regulation of androgen receptor signaling and prostate
cancer[J]. Genes & Diseases, 2015, 2(2): 144-151.

[4] Sladek F M. Orphan receptor HNF-4 and liver-specific gene
expression[J]. Receptor, 1993, 3(3): 223-232.

[5] Rastegar M, Lemaigre F P, Rousseau G G. Control of gene
expression by growth hormone in liver: Key role of a
network of transcription factors[J]. Molecular and Cellular
Endocrinology, 2000, 164(1-2): 1-4.

[6] Wisely G B, Miller A B, Davis R G, et al. Hepatocyte

nuclear factor 4 is a transcription factor that constitutively

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

binds fatty acids[J]. Structure, 2002, 10(9): 1225-1234.
Jump D B. Dietary polyunsaturated fatty acids and regulation
of gene transcription[J]. Current Opinion in Lipidology,
2002, 13(2): 155-164.

Xie D Z, Chen F, Zhang Q H, et al. Advance in the regulatory
mechanisms of LC-PUFA biosynthetic metabolism of teleost[J].
Journal of Shantou University (Natural Science Edition),
2015, 30(2): 3-19. [ 2, Bii7, sRIRR, & Mk
LC-PUFA & BURBHRE LGRS R[], sk K24k
(ASRBIERR), 2015, 302): 3-19.]

LiY Y, Zeng X W, Dong Y W, et al. Hnf4 o is involved in
LC-PUFA biosynthesis by up-regulating gene transcription
of elongase in marine teleost Siganus canaliculatus[J].
International Journal of Molecular Sciences, 2018, 19(10):
3193.

Shi Q Y, Yang Z G, Yao Q Q, et al. Full-length cDNA
cloning of ELOVLG6 and its tentative study in Chinese mitten
crab (Eriocheir sinensis)[J]. Journal of Fisheries of China,
2016, 40(6): 844-855. [k, NI, BEESE, 4. e
GEEE ELOVL6 cDNA 2Kl M HFR ). A
2F4R, 2016, 40(6): 844-855.]

Saitou N, Nei M. The neighbor-joining method: A new
method for reconstructing phylogenetic trees[J]. Molecular
Biology and Evolution, 1987, 4(4): 406-425.

Livak K J, Schmittgen T D. Analysis of relative gene
expression data using real-time quantitative PCR and the
2724 method[J]. Methods, 2001, 25(4): 402-408.
Cardot P,

Hepatocyte nuclear factor 4 a coordinates a transcription

Martinez-Jimenez C P, Kyrmizi I, et al.
factor network regulating hepatic fatty acid metabolism[J].
Molecular and Cellular Biology, 2010, 30(3): 565-577.
Wang S Q, ChenJ L, Jiang D L, et al. Hnf4 a is involved in
the regulation of vertebrate LC-PUFA biosynthesis: Insights
into the regulatory role of Hnf4 o« on expression of liver
fatty acyl desaturases in the marine teleost Siganus
canaliculatus[J]. Fish Physiology and Biochemistry, 2018,
44(3): 805-815.

Perera E, Turkmen S, Simo-Mirabet P, et al. Stearoyl-CoA
desaturase (scdla) is epigenetically regulated by broodstock
nutrition in gilthead sea bream (Sparus aurata)[J]. Epigenetics,
2020, 15(5): 536-553.

Zhang M, Li W B, Zhu Y Y, et al. Cloning, functional
characterization and expression analysis of the elovl4a gene
in the large yellow croaker (Larimichthys crocea)[J]. Journal
of Ocean University of China, 2021, 20(6): 1515-1527.
Wang L, Yan B, Liu N, et al. Effects of cadmium on

glutathione synthesis in hepatopancreas of freshwater crab,



%5 6 3]

W NI A Hnf4 BEDR I 5o b B 33K 43 B

795

(18]

[19]

[20]

(21]

[22]

(23]

Sinopotamon yangtsekiense[J]. Chemosphere, 2008, 74(1):
51-56.

Carballo C, Shin H S, Berbel C, et al. Heritability estimates
and genetic correlation for growth traits and LCDV
susceptibility in gilthead sea bream (Sparus aurata)[J].
Fishes, 2020, 5(1): 2.

Li J, Ning G, Duncan S A. Mammalian hepatocyte

differentiation requires the transcription factor HNF-4alpha[J].

Genes & Development, 2000, 14(4): 464-474.

Yin L, Ma H, Ge X, et al. Hepatic HNF4a is essential for
maintaining triglyceride and cholesterol homeostasis[J].
Arterioscler Thromb Vasc Biol, 2011, 31(2): 328-336.

Louet J F, Hayhurst G, Gonzalez F J, et al. The coactivator
PGC-1 is involved in the regulation of the liver carnitine
palmitoyltransferase 1 gene expression by cAMP in
combination with HNF4 a and cAMP-response element-
binding protein (CREB)[J]. Journal of Biological Chemistry,
2002, 277(41): 37991-38000.

Xu Y H, Tan X Y, Xu Y C, et al. Novel insights for
SREBP-1
lipogenesis in a freshwater teleost, grass carp Ctenopharyngodon
idella[J]. British Journal of Nutrition, 2019, 122(11): 1201-1211.
Yao Q Q, Yang Z G, Guo Z H, et al. Prokaryotic expression

as a key transcription factor in regulating

[24]

[25]

[26]

[27]

of fatty acyl-CoA A9 desaturase in Eriocheir sinensis[J].
Journal 2015, 22(6):
1177-1185. [WKEE3E, HENI, T4, 5. ez A9
i i R 2 AN IR S b 5 SR R IR 0], h KR,
2015, 22(6): 1177-1185.]

Yang Z G, Yao Q Q, Cheng Y X, et al. Full length cDNA
cloning and prokaryotic expression of fatty acyl-CoA A6-b

of Fishery Sciences of China,

desaturase in Eriocheir sinensis[J]. Journal of Fisheries of
China, 2016, 40(1): 24-35. [#7dNI, BEEEZE, AUAOHE, %
ARG FADGO-b JER ) 4 I e B e J5U 330 7 A 1],
IR, 2016, 40(1): 24-35.]

Khan I, Lu Y, Li N, et al. Effect of ammonia stress on

AMPK regulating-carbohydrate and lipid metabolism in
chinese striped-neck turtle (Mauremys sinensis)[J]. Comparative
Biochemistry and Physiology Part C: Toxicology &
Pharmacology, 2023, 263: 109491.
Pan G, Cavalli M, Carlsson B, et al. rs953413 regulates
polyunsaturated fatty acid metabolism by modulating
ELOVL2 expression[J]. iScience, 2020, 23(2): 100808.
Dong Y, Zhao J, Chen J, et al. Cloning and characterization
of A6/AS fatty acyl desaturase (Fad) gene promoter in the
marine teleost Siganus canaliculatus[J]. Gene, 2018, 647:

174-180.



796 Hh K R #0328

Cloning and expression of Hnf4 gene in Eriocheir sinensis

YANG Zhigang" %, HU Yun"? LEI Jinyun"2, CHEN Aqin"*", LI Teng"?, WANG Aimin’, CHENG Yongxu'?

1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs; Shanghai
Ocean University, Shanghai 201306, China;

2. Centre for Research on Environmental Ecology and Fish Natration of the Ministry of Agriculture and Rural Affairs;
Shanghai Ocean University, Shanghai 201306, China;

3. College of Marine and Bioengineering, Yancheng Institute of Technology, Yancheng 224000, China

Abstract: Hepatocyte nuclear factor 4 (HNF4) is a pivotal transcription factor that regulates lipid metabolism and
the biosynthesis of long-chain polyunsaturated fatty acids (LC-PUFA) and plays a critical role in maintaining
hepatocyte function. LC-PUFAs, such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), are
essential for various physiological processes. However, most aquatic species exhibit limited biosynthetic capacity.
Eriocheir sinensis, an economically significant crab species, serves as an important model for investigating lipid
metabolism mechanisms in aquaculture. Despite its importance, the functional role of Hnf4 in crustaceans remains
poorly understood. This study aims to elucidate the molecular characteristics and regulatory mechanisms of Hnf4
in E. sinensis. The full-length Hnf4 gene was cloned using rapid amplification of cDNA ends (RACE) technology,
and its mRNA expression profile across multiple tissues was analyzed via quantitative polymerase chain reaction
(qPCR). The full-length sequence of the Hnf4 gene in E. sinensis is 3554 bp, including a 5 "UTR of 569 bp, a
3" UTR of 1179 bp, an ORF of 1806 bp, and Hnf4 cDNA encoding 601 amino acids. The overall average
hydrophilicity and hydrophobicity of HNF4 protein is —0.177, indicating that the HNF4 protein in E. sinensis is a
hydrophilic protein. Homology analysis revealed that the HNF4 of E. sinensis has high sequence and amino acid
homology with crustaceans such as Procambarus clarkii, Scylla paramamosain and Portunus trituberculatus, and
is clustered together with the HNF4 of Portunus trituberculatus and Procambarus clarkii in the phylogenetic tree.
The qPCR results showed that Hnf4 was expressed in multiple tissues of E. sinensis, with the highest expression in
the hepatopancreas. E. sinensis were treated with dsHnf4, inhibitor BI-6015, and agonist Benfluorescex. After 24 h
of treatment, hepatopancreatic tissue samples were collected to detect changes in the expression of lipid
metabolism-related genes. The results showed that after injection of the inhibitor BI-6015 and interference of Hnf4
gene expression with dsRNA, the expression of Fas, Scd, Fad6, Fad9, and Elovi4 in the hepatopancreas of E.
sinensis was significantly reduced. Meanwhile, the expression of Hs/ was significantly upregulated (P<0.05),
whereas injection of the agonist Benfluorescex yielded the opposite result. This indicates that the Hnf4 gene plays
a role in regulating lipid metabolism and LC-PUFA biosynthesis in E. sinensis. This study represents the first
successful cloning of the Hnf4 gene in E. sinensis and demonstrates its regulatory role in LC-PUFA biosynthesis
by modulating key lipid synthesis genes (Fas and Scd) and enzyme genes (Fad6, Fad9, Elovi4). The
hepatopancreas has been identified as the primary site of Hnf4 activity, where its suppression leads to reduced
fatty acid synthesis and enhanced oxidative metabolism. Notably, the relatively low expression of Hnf4 in the
eyestalk of E. sinensis suggests potential species-specific regulatory mechanisms distinct from those observed in
mammals. These findings provide valuable insights into the biological specificity of HNF4 and its physiological
regulation of lipid metabolism in E. sinensis. Furthermore, they offer a theoretical foundation for elucidating the
lipid metabolism network in crustaceans and for reducing the reliance of aquaculture on fish oil. Future research
should focus on exploring the distribution of HNF4 subtypes and their interactions with other transcription factors.

Key words: Eriocheir sinensis; HNF4; gene cloning; lipid metabolism
Corresponding author: CHEN Aqin. E-mail: aqinchen@shou.edu.cn



