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1 1 vl o 1 \ 1,2
WA BREF AoUR KEER  BEH
(1. FE RO KR 50 5 RS 2 58, {78 K P sh W) s 97 8 45 s2 56 =, 7 5 210095,
2. BRSO S AEY) %, i 200240)

WBE: K HRACEF: R wlE 1 B3k (Megalobrama amblycephala)G’E H AL Z1A43(GPRA3)FHE: A K
cDNATFHI, FFRIT T AFRIHL P HIGPRA3 mRNAK L & M 3 F T HRIE BN . 451 EIR, kS 2
1) 413k 85 GPR43 3 Rl [fIcDN A J7 51 4 £ 252026 bp, & A I 981 bp HIFF U BLAE, 4ifd T 32612k
% . RT-PCRIG I I GPRAZTE ] S 105 (i . LI SEANAT AR b B B m 8k . A8 & i 52 Ak 56
R4 R (80.00+0.90) g 13k 7320, BEALS: T 164N W4, 1Rl MEARPAS [H] (94R 36 H AR, 437 8 IE & H AR
(I & 8 95%) 1B HAR+50 mg/kgdiEz . millg HARENT & 8 810%) millf HAR+50 mg/kgiaiE k. 45
BEIR: FEIEHLS T, 5IE% FRAM L, SIE4 K GPRA3E LB, IS E K ALy B & THm H &Rk
F(P<0.05). 5 IEH HRRALAE L, 7 HE 2E 1 IE [E B2 (CHO) & 2 DA K 40 i 70 24 5 2R 11 (p38) I ik B 1 S 9
TRZE LT (P<0.05)1)a %, IINHIER G H &8 AREE R E FHP<0.05). JFHEMRA SR 42 F i
ZABANE I BR(PUFA) & BB A 5 A LR 55, T P BRER RS 55 A5 G 1 (CPT 1) i Sl i3 (A
FFoa&p (PPARa&PB) AMPHKI M & [ K EF(AMPK) 13814 5 DA K2 2™ 20 23 A (1) 1 R0 i i 1 (SF A) AER AN A
FREWTFR(MUFA) & & 2P T H RS 1Ak, 76 EH HAR PR INTE R IEA RN FiA S 484574 ] &
HIR RN, A 45 SRR R RN . 28 45 SRR, R A B LI GPRA3YE = lg |~

(IR, R BE NS SR A e IR 175 3 (0 141 Sk 7 T IR R A I O, st HCRE W A R o B0 300 1 A i A 1

VAV FH AT Re i@ GPRA3 Z 4k 523l .

KA sIER, HIEkW, BRNTACETERE GEREBIKAZ 1443

FE 3 3ES: $965.1 XRRPRIRAD: A

VE 7Ny A DR T R B 1) 7= 0), g
Ji R (SCFA) 2 S A WL o i £ B pe B ki
B IR TR AE 2 M A (PMNC) H R4 2 5 %%
MK A T ae™ . BRI AR, G A1
16 2 AR S0 ) GPRA3 REHS 5 J B i Iy IR 4hr 2 MR 45
r, X 3R B R BE AR D7 BR AE 2 % 41 B (PMINC) H 1 2B
WA S s n] R It 5 GPRA3 IS5 Ak Sl
%, WS W, AF 9 B G R 524K (¥ GPRA3TE
AT AR T AR DA K 6T AH S0 iE B v WL 0 4%
THI#3A  AS FT st P 44 P, T 3k 40 3 5 2 3
o VR Rk A S e e A E . T

ks B HA: 2017-09-07; 1817 HER: 2018-01-23

X EHS: 1000-3207(2018)04-0663-10
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oK A S5 ) ) J2 2R, f A T D7 A 2R L
A FRATL e B i S5 I R A I A7 R A o [] B A S o
A, IR R O 2Rk i 22 Mg 7R i A,
DRI M 3 4 1 32 v TRDRL o 1R I 7 7K1 B 8 A 50 7y
21 R AR, BT R AR 2R (B2, B
(e B B N b R 2 3 BUIR W AE B S B i v o &
HCRR, 380 e D I A AR R AT RE, T 51K — &R A
o f R I RS . R T R IR G ] R, ASHIF A e R
TR NFHER K, RSN 2 EEE DU B
R IR AR, SR S B R R D AR
S HA P IR A R D RE, JF C A TR = s I
SEAUT AR T RERAg

413k 17 (Megalobrama amblycephala) &t 5t I
HER KT MM BT H R HEREP R,
FEpE 2R T ORA N AN E Z I Bk
IR . AR, 5 AR FRGE AR L, (4] 3k f B
A5 A R aE . R, AR,
A48 FH Sk 855 4 9 R B B4, 8 B8 JE 1) v M Al
kA5 MR Sk R T I 2K T I T AU R 2 A IR
5 UTAR BRI o

1 #R5REE

1.1 R RARE S

RIS V4R SRR, 2051 IE & HAR (IR i
IKF5%, NDAH). =g FARIE T 7K1 10%, HD4).
I IN50 mg/kg 3% 2 11 1E 5 HARNDBZ) A & i H
HHDBA), FRHAC 77 FUE F2 A B WLk 1. 4R
YA RHEC 78 5 A R R . FRER, 4R/ NELE
KRG T7 3, BGIRE], IiE &K, A /N e k)
R AL R 422 mmK AR R I Uk R, T
8RR T 5 BT 20" CUKFEfRAF 7% F
1.2 REBE5FEER

FRHE RIS TE VL 7548 7 5 T LK P28 R 5
PRI S AT, B8 BT FH ] Sk fi5 4 1 B 5 VT 954 1)
E R EAKF=EMI . P E G, 1R AR (8 R
TR . IR EESE, 5B N (80.00+0.90) gffy ]Sk
73202, BEHLI 70 A 164 FE GBEAS: 2.0 mx1.0 mx
1.0 m)H . 728 A () FRFE SR, 4 K€ I B 4%
ME37K(7:30h. 12:000/7116:30h). F-Hf 5E B0 5E 7K
M KPR E pH. RN R RIS 1, /KR
25—32°C, pH 7.0—7.6, I EMRFFES.0 mg/LLA L.
1.3 HmRESHHh

5 R v B FH 4] Sk 855 B H VL7548 me ot T 9 )
X B AR K K7 RIS S b . DL Sk i 1T 1R
R NAEAR 31T GPRA3IE A R cDNA W B, R & /T
AR BpiE. WLAIZE100 % WAH 2 T-80°C IR 17,

DL J SR 2H 2SR 43 Bl e

TEFFE RIS WG, B AL 24h AHE H
TENEY), T FEREALE S R, DU 7E vk a1
BT . FHIRIE N80 mg/LIIMS-222 KR, M\ 5 ik
SR, MR AR 5 BT T Bt v, 3000 1/
min®S 0 10min (4°C), HIAF MK . fFH 5 50 25 Ak
R4, SR J5 70 25 W JFFFRAE, FH4°C Tivd () A= 2 2
KB e JH JR i 4 21 F FH 8 4R T 7K 4, AR A D%
IRE WA FE AR . T4 232200 1 1) g i
2 550 1 % ) FR RS B2, 5% 110 18— [ 2 o
14 GPR43EFEHIcDNARIESNF

GPRA3E[E3' RACEY X5 RACEY &
LA B RNASREUR I Trizol” Plus RNA Purification
Kit (Invitrogen 5% 51 12183-555)#E47, FLAA$REUS 2
Z %A E MU $EEUE o e R TR

#= 1 R HT R ARIOEL S REF AR

Tab. 1 Formulation and composition of experimental diets

R EARET e R

Ingredient Normal diet (%) High-fat diet (%)

£t} Fish meal 5.00 5.00

5 HSoybean meal 26.00 25.82

S HRapeseed meal 11.86 11.86

H k1 Cottonseed meal 12.58 12.58

#k I Wheat bran 10.00 4.00

T# Wheat meal 28.50 28.50

¥ Lard oil 133 4.42

.l Soybean oil 1.33 4.42
)

gﬁ%iujfb“iﬁ;osphate 2.00 2.00

54 BUR KL Premix 1.00 1.00

£ #hSalt 0.40 0.40

Tkl E 77 4 i Proximate composition (%)

7K 43 Moisture 13.90 11.22

#H 2 A Crude protein 29.64 29.38

FL A8 B Crude Lipid 4.77 10.10

A& i Energy (MJ/kg) 17.05 18.80

VE ST TR RS . CuSO,-5H,02.0g; FeSO, 7H,0
25 g; ZnSO4 7H,0 22 g; MnSO,4-4H,0 7 g; Na,SeO; 0.04 g;
KI0.026 g; CoCl,-6H,0 0.1 g; 4EA4EZ A 900000 TU; 443D
200000 TU; %4 KE 4500 mg; 484 %K 3220 mg; 4/ %B,
320 mg; 442 3B, 1090 mg; L2000 mg; 4E4E % Bg 500 mg; 4
HEKB), 1.6 mg; 4E4FKC 5000 mg; 72 R 1000 mg; "R 165mg;
JEB#60000 mg; 2417 1.2 mg; JULEE15000 mg

Note: “Premix supplied the following minerals (g/kg) and
vitamins (IU or mg/kg): CuSO,-5H,0, 2.0 g; FeSO,-7H,0, 25 g;
ZnS0O,-7H,0, 22 g; MnSO,-4H,0, 7 g; Na,SeO;, 0.04 g; KI,
0.026 g; CoCl,-6H,0, 0.1 g; Vitamin A, 900000 IU; Vitamin D,
200000 IU; Vitamin E, 4500 mg; Vitamin K, 3220 mg; Vitamin
By, 320 mg; Vitamin B,, 1090 mg; Niacin, 2000 mg; Vitamin By,
500 mg; Vitamin B,, 1.6 mg; Vitamin C, 5000 mg; Pantothenate,
1000 mg; Folic acid, 165 mg; Choline, 60000 mg; Biotin, 1.2 mg;
Myoinositol 15000 mg
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VKA T, BB F GeneRacer ' Kit (Invitrogen, 5%
5: L1500-01)# 1T & . fEPCRE WG, KA
1.2%35 B W ¢ Ji FL Uk B AT A, VIR Bk, i
pUCMEA, F 4k @ ik 5 B2 S 4 e DHS o, 14T
M.

HEYEEPCRY 12 & Bl LA 2k iy - i
HRCDNA N EITPCRY 1. fEPCREE 5, K
FA1.5% 55 g W gt Jie L vk gk AT 20, PCRZ4) 2 30 H
— RS, KANZI400 bp e A, VIR RIS,
BB pUCM-TE AR, A= 2 2 2 45 41 i
DHS50, #4707
1.5 Mg {LigtrllzE

A28 s R v = R U S A 1 R K
SPE8 4 A A R S, VRN e TR LT
AR UL 15
1.6 AHRRIREEZRIZRINE

B AR S RN ASREL: BUK 29100 mg i T AR A
A B B B 2 VR BUA B EER R, A A S A
A, FAASWT IR, B2 0B iR AR . )
W4 b O\ 3&E & RN Aiso Plus, #%IERNAiso Plus
T U0 PR, FREUERNA.

% #%3%: % Fil Takara Prime Script” RT reageat
Ktz % 56070 S U6 I AT #4E, i3 cDNATR AT
F20CHH

FE#EPCR: (1) 5191511 #R#E Genbank 5
R FE A, B Primer 5.0 %1 ¥ i P9 2 35 K g-
actin. WHAFHABLREL R 1 (CPT 1) dEM4LD
g 1 Bl Rl 7 (PPARs)« AMPR#iME 25 (A iy
(AMPK) e 40 7 34 3 B L B (p38), 517 5112
W3 2, 5190 B Invitrogen A & & k. (2) iR g
TaKaRa’A &) 4 7 [ISYBR” Premix Ex Tag ' II&
AU T IR _EAL
1.7 BFERBREREHRINE

JF Jig R A 5 76 FH 2.5 % 1 1 — 1% 8] 52 24h )i
0sO, [ 5E 1h, Y170 nm & IV F, Gt fa i it
HLF 5 s 6% (Hitachi H-7650) ML %%

1.8 (ALBERH S 2 K BEAERLE BN E

i J0 PR 4L B SR PSR B i 9 0 5 (B EEGC-
201), F &5 A ER B VR A B AR 4 R i B )
0.5 mol/L& S A8 - H Iy v 1 H Rk Js, AL
W5E o REWTER 5 M1 25 1F: cross-linked 5% phenyl-
methyl silicone B4HE ik AE, KN30 m, HiE
0.32 mm, fE)50.25 mm. FIDK 2%, SAL IR E
250°C; KR EE270°C; #E9 2 110 mL/min, #SHN
N,, #it 829 mL/min, KM E30 mL/min, %
S BIBRARIEE300 mL/min; REUFE 5 THiR: &G

%2 FEEPCR3IHIFS
Tab. 2 Nucleotide sequences of the primers used to assay gene
expression by real-time PCR

H R gl
Target gene Sequence (5'—3")
CPTI-F TACTTCCAAAGCGGTGAG
CPTI-R AGAGGTATTGTCCGAGCC
PPAR o-F GTGCCAATACTGTCGCTTTCAG
PPAR a-R CCGCCTTTAACCTCAGCTTCT
PPAR B-F CATCCTCACGGGCAAGAC
PPAR B-R CACTGGCAGCGGTAGAAG
PPAR y-F AGCTTCAAGCGAATGGTTCTG
PPAR y-R AGGCCTCGGGCTTCCA
AMPK-F GCGACGGACAAACAGAAACA
AMPK-R TTCCCCACCACATCCAGACT
p38-F CACTCGCATTCCAAGCAGAC
p38-R GCATCAAACGCAGAGCAAAC
B-actin-F CGGACAGGTCATCACCATTG
B-actin-R CGCAAGACTCCATACCCAAGA

1100°C; LASC/minif & T+ 22200°C, £ FE5Smin; LA
2°C/minig £ FF2225°C, £ 2min; 2 Hr I [A]
39.5min,
1.9 HBEHITSHA

IS 45 5K P Y A5 4 1R (Mean=SEM) i3
1T BAEAEExcel 2010 EW) 5 4 78 j5, H
SPSS 17.08 44T FL R 22 77 22 53 T (One-Way AN-
OVA), 2 J&1# H Duncan’s 7 #1v2 LL 8 DL _E 45 11
BEERNE, ZR L EMEKT NP<0.05.

2 R

2.1 [FkEH GPRA3IEE DNAL K RENFT
T

Xt B3k i GPRA3 3 [ cDNAKZ O 7 A 3E AT 1™
B, R R B R B, A A EE TG,
5 3]GPR43(Genbank: MH157215)3% K 4 KcDNA
FH. %cDNA4K N2026 bp, & —MNKERN
981 bp P FFJif I 52 HE(Open reading frame), Wi T
326 MBI
2.2 HkEGPRA3EREME S

/S 2 GPRA3 cDNAJF FI & 45 6 B 5 [l [X
I, 7 IfE6—34. 41—68. 77—116. 122—148.
170—204. 21424501 &, /E8—2800 EH —1>
7tmA-FFAR2-FFAR3 25 A i 45 #4935 .
23 RGHUR O

WK 1R, I MEGA 4.08 4% 1 NI #
UL BRI 7 A i R Gt p . 45 R EoR, Bk
i /') GPR43 T 1 5 7 67 {1 GPRA3 7 HI A AL M i =,
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TN AN AN R NFIBRE S
— 3, ME AR AR 2RO — 3, TR N
R R R IR N — . X E5ESME
AR ARRAE 23 Sk Ab 7 B A — B
24 [FLEHGPRAIEFELARIEERT T

W 277, JE kS 5 % S PCRI & 4]k
S HA (e 8. e R M.
BHE. BRAE. ORE. R WLR)H GPRA3IIFRIA

I 3R 03 m T AN A 4, kRIS E A XS
iﬁ%ﬁ’]éﬂ,/djﬂaﬂﬁéﬂ,,\\ o R T, A o AN
B ik Fh R IA & 5 R (P<0.05)
2.5 A[E HIRLE R F k8% LR GPR43FTRIEH]
220

W 3, fEMIE AL, w3 E R AW
GPRA3FILE R 5 T R4 (P<0.05), 5 H A%
Y18 2 AR F(P>0.05). GPRA3FRIEEAENT IR

THL. S5 REoR, fEpiE. 8. R, LA AL LA o (3R L B 72 AN B35 (P>0.05)

J‘: Rattus norvegicus
42 Neotoma lepida
51 \———— Fukomys damarensis
79 —|: Homo sapiens
100 Macaca fascicularis

76 Oryctolagus cuniculus

Sus scrofa

Camelus ferus
60 { Bos taurus
100 Capra hircus

Ailuropoda melanoleuca

81

Paralichthys olivaceus
1ol Megalobrama amblycephala
Bl 1 ARPENIEM B I GPRAIEILIR 7 5| R Gt AL
Fig. 1 Phylogenetic tree of the GPR43 amino acid sequence with Neighbour-Joining method
AT AN R NE B FR, HRERE V1000 EZHAE. GenBank/F 55 7351 4: KR (BAD02826.1). ¥R
(OBS72789.1). X5 Hi R (KFO32380.1). AZ5(AAB86713.1). BEM(EHH59466.1). FKA(AOE47572.1)« JH(NP_001265687.1)+
I%0Y (EPY81301.1). 4 (ACMO07438.1). LI=E(NP_001272584.1). HEJ(EFB29861.1). F HFE(ALI30163.1)
Numbers at nodes indicate the bootstrap value (%) that obtained from 1000 replicates. GenBank Accession No.: Rattus norvegicus
(BAD02826.1), Neotoma lepida (OBS72789.1), Fukomys damarensis (KFO32380.1), Homo sapiens (AAB86713.1), Macaca fascicularis
(EHH59466.1), Oryctolagus cuniculus (AOE47572.1), Sus scrofa (NP_001265687.1), Camelus ferus (EPY81301.1), Bos taurus (ACM

07438.1), Capra hircus (NP_001272584.1), Ailuropoda melanoleuca (EFB29861.1), Paralichthys olivaceus (ALJ30163.1)

20 . . .
- a COEH HMND AR +3E NDB
2 ab T COEAFHAR HD  =a dfig+3ES NDB
I8 § Pl ke b ST .
K S ab e =
] L bed g
ﬂé §D b0 § ab ab T ;
g2 0s cde nglo 1 l;
E D de de B b ‘ N
O
o 05
& ‘g& 6‘6 \\%$° og? &\d % Qeﬁ%%¥§o%&e '% g g &
B Tt oo™ e TN e ° g N N
A K W 2 % N N
AN !&%@@ 0 ’ 1 | |
\9 \\‘(\ 0\6 eqfa
\&efa &0% Q‘bﬁ\c‘
B2 585 & S4IGPRAS I T W S Rt
Fig. 2 The gene expression of GPR43 in different tissues of blunt Q(‘g%"

snout bream

[F47 )8 b5 BEA R R 22 53 i 3 (P<0.05); TR
Values in the same line with different superscripts alphabet
showed significantly difference (P<0.05); the same applies below

K3 AR HRRR T Bk 5 % 2 GPRA3 R IL I 72 5t
Fig. 3 The expression of GPR43 in different tissues of blunt snout
bream fed with different diets
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2.6 [M¥REHIEHR

W 3R, SHZEPTGHE 2% Tk
(P>0.05). 5IEH HRRAMLL, milsdh FFAR
TCHEWA LRk Ele+IE R4 MFFAR

CEHEYRELT mE4WP <0.05).

2.7 FHERBRIEERIEEXERRIE

mFk 4RE 4fR, 5IEE BIRAM, migd
) CPT 1 MIAMPK mRNA Rk & & 2% [F%(P<
0.05), FlE+3E R UM AMPK mRNARIE 8215 %
F = (P<0.05). mE+EERHAMPPARAK
PPARBHIMRNAR L & &3 & T =I5 (P<0.05). %

R 3 AE HARRIRI F Sk 85 M 3% & L AR RS20
Tab. 3 Results of blood biochemistry in blunt snout bream fed
with different diets

o WERIIR  SAEREEE Hh =1
Group FFA (mmol/L) TC (mmol/L) TG (mmol/L)

E#AMND  0.7740.04°  7.81£0.34% 3.06+0.33

IEH+EER b ab
> N + =+
NDB 0.73+0.06 8.91+0.37 3.20+0.49
EHSHMHD  0.83+0.10° 9.64+0.98" 3.64+0.19
R EIER

HDB 0.73+0.06 7.40+0.63" 3.02+0.19

T TR HUE 3 DU A7 1R (MeantSEM)EEAT 7R
— BB PR AN E] R R 2 R R 3 (P<0.05); T

Note: All values are expressed as Means+SEM Data in the
same line with different letters showed significantly difference
(P<0.05); the same applies below

H [ PPARy mRNARKIA 8 7 7 A 23 (P>0.05). 1
JEZHp38 mRNAZRIA &8I0 3 i T 1E % HARA AR
RE-+34 % 2 41.(P<0.05).
2.8 FTempEEBRLEH

TE H R ZE 1D Sk 55 448 B /DS e e R S HE
FIE R, A 4B A% A7 T 40 B i o s B (B 5A).
SR, 1 FE 2L 1RO 400 e B K o T R, B PN I

T 3 B0 A i 72

3 240 i 312 % VA K 4 I S 0 2k (1

5C). BLHEZ HJASINTT DR 25 1 58 I e 7 IR S
JFAE A0 B 2 2O IEH RS (K] 5D). fE7
NSRS 3R A I FUORZEL A0 S i v, g i i A IR
Ji A AL i 2 (18] 5B).

2.9 ATERBRFNAILEDAYAE AR ERZE AR

e SPa, FE IR L A 2 2 1) i 197 1% 2 1
ZES R FERTBRAR D, 5IE% HRAMLL, mllE

HIIC18: 0F1 C18: 1n-97

& 3 FRIK(P<0.05), T

C18: 2n-6. C18: 3n-3. C20: 5n-3. C22: 5n-3.
C22: 6n-3. n-3 LC-PUFAFIn-6 LCPUFA ¥ & . %
THEI(P<0.05); EflE+3ERAMCI8: 0. C18: In-
9. C18: 2n-6. C18:3n-3. C20: 5n-3. C22: 5n-3.

sz~ 6n-3f1n-3LC-PUFA S

BERANLE. EIA

HAF, 5IEH HRAME, SR KC16:1n-941
ClS.ln—9m%V1EE(P<0.05), C18:2n-6. C22: 6n-
3. n-3 LC-PUFAFIn-6LC-PUFA S E R Z T &

(P<0.05);

*4 TRIBRERTEKERTERRERSHE TR R E

Tab.4 Relative gene expression for lipid metabolic genes in hepatopancreas of blunt snout bream fed with different diets

ER+FE R4 ACL16:1n-9F1 C18:1n-

WGroun AR A KLU A T
- [cPT1 PPARa PPARB PPARy
1EH HARND 1.00+£0.07" 1.00+£0.06 1.00+0.08" 1.00£0.08
IEH+#%E RNDB 0.99+0.06° 0.83+0.06" 0.78+0.12° 1.02+0.09
=il HHD 0.750.10" 0.83+0.08" 0.78+0.14" 0.86+0.06
i lE+#%E £ HDB 1.17£0.11° 1.59+0.16" 1.60+0.08" 1.01+0.02
20 AMPK 220 g p38
S 2
st 2 S st ;
v g o ] % b ab T
H@Q 1.0 ; b ﬁ‘“ b= [ ;
Z L e w— [~
e - . ?% T
m = b = °
~§ 0.5 + ,; 05
k) <
[ 0 I | I 1 = 0 L . ' !
o e P RS S
A R
£ ¥ £ EA

4 ANJE] AR 1Skt BB 7 A B PR AR X SRR

Fig. 4 Relative gene expression for lipid metabolic genes in hepatopancreas of blunt snout bream fed with different diets
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Fig. 5 Transmission electron microscope (TEM) images of hepatocytes in blunt snout bream
A IEH FRR RN I [ Sk 55 0 IR 40 0 B A TE 3 (A B 45 405 B TE 5 FMR 55 3 3 AR 1) [ Sk B (0 R 4 e v B T 2 I IR R €L
Ji: R R MR R [T Sk 557 010 JER 00 L PP PR ke T KR R IR R D v IR AR 550 32 3 MR 1 ) S 8 V) T 48 s i s N A

¥, LR HR i

A. Normal structure hepatocytes in fish fed control diet; B. Hepatocytes with a lot more lipid droplets exist in the fish fed with the
supplement of berberine in normal diet; C. extensive intracellular lipid droplets present in the hepatocytes of fish fed with high-fat diet; D.
Hepatocytes structural abnormalities of high-fat status alleviating with berberine; N represented Nucleus, L represented lipid droplet

9% 2 [#{IK(P<0.05), {H/2C18: 2n-6. C22: 6n-3. n-
3 LC-PUFAMIn-6 LC-PUFAE B ZEF AR E
(P>0.05).
3 Tig
3.1 GPRA3EEDNAZKITEIERFT5 T
G AR Z2 4 (G protein-coupled receptors,
GPCR)E— KK EA 7K E5 I ol e 45 44 1A 2 1
SEARIIGERR Y, IR ARG K R 3 B A
FHREMEE AL TIRNMLNE, Z 502
Alffs S SR, A ZEw .
GPR43(G protein coupled receptor 43) B[l 1% 37 &
(GPCRs) KR — &, ©FH R Z 0T &R,
GPRA3X T HERE K8 PR 5 1 AR 0 1 17

TR RE AT B S FIME . AN1997 4 Sawzdargo
L BLGPRASIEIN LUK, e T8 I F0IE 1 24
HAE R R FLBN Y 2 B PR 14 3l A S5 ) Al
b, K= 30 A S GPRA3EE R [ AH S HfF T 20 5
Lo MEsEsi ik LRI TEA3 50, GPRA3HE A
BLOAENUR I I8 bR R RRITAH LR, %
AN a v AP £ T i
WS UL b T 13k GPRA3EL R [FIcDNA ST 41,
IR HRT-PCRECARIR D] 1 1% A RIE [4] 3k ) &> 4H
LI ) FRIK G B, 45 R BRI B AR (1 2 23
NIIE . WL SRR R, JFLOGR B EAN S
Jig, IR BARI N ME O AT Bk . Dass!®
TEXF K B (Rattus norvegicus) R 5T HH & B T
GPRA3TEBA KRN B Wil b # A Rk, Hrh eSS
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Tab. 5 The composition of fatty acid, hepatopancreas and muscles of blunt snout bream fed with different diets

PR ek H;?Hepato?ancreas AP Muscle
Fayacid W R ERAER  WIRIR  @RO0EE  EROR  EROUER  BROR SREO0ER
ND NDB HD ND NDB HD HDB
Cl14:0 126£0.06  1.00+0.16  128+023  1.08+0.03 0.90£0.09°  0.83£0.08  0.99+0.06" 0.67+0.04°
C16: 0 20.64+0.61  20.39£0.41  19.81+0.47  21.26x1.11 20.93+0.71"  21.40+0.93" 20.33+0.69"  19.33+0.40°
C18: 0 16.56£0.45"  16.34£0.53"  14.77+0.72°  15.85+0.89  10.36+0.42" 10.09+0.69" 9.61+0.68°  11.11+0.81°
€20:0 0.1240.02  0.14x0.01  0.13+0.01  0.12+0.01 0.1240.01  0.1320.01  0.16+0.01 0.16+0.02
YSFA 38.60+1.68  38.28+0.77  36.77+1.47  3857+1.61  32.60+030  31.80+0.45 3136+0.61  31.61+1.03
Cl6:1n-9  2.62+0.07  2.80+0.22  233+0.16  2.25+0.17 336+026a  2.5240.22"  1.96+0.22" 1.810.21"
Cl8: 1n9  46.28+1.06" 41.7042.21° 41.58+1.54" 42.95:2.16" 33.86£0.34" 28.04+0.64" 27.68+1.02°  28.06+1.97"
C20: 1n-9 1.25+0.03°  1.35+0.03"  1.40+0.03°  1.14+0.03° 1.08+0.07 0.95+0.05  0.82+0.07 1.05+0.12
YMUFA  50.08£0.66 46.38:273  45.68+1.80 4636+3.87  38.46£0.17° 32.64£1.09° 30.57+321"  31.80+131"
Cl18: 2n-6  3.132024°  6.68+0.17°  8.62+0.14°  7.68+0.39" 16.18+0.26" 15.80+1.16" 19.29+0.76  17.80+0.81"
C18: 3n-3 0.1940.04°  0.3240.09®  0.44£0.06°  0.36£0.06  1.10£0.05°  1.08+0.05° 1.21+0.03" 0.89+0.07"
C20:5n-3EPA  0.13£0.02°  0.1840.04" 0212001  0.10£0.02"  081£0.02  0.83+0.11  0.89+0.10 0.78+0.08
C22:5n-3  0.06£0.01°  0.09+0.02°  0.11£0.01°  0.05£0.02°  0.29+0.02°  0.45+0.04°  0.37+0.03"  0.26+0.05"
C22: 6n-3 236+0.12°  2.73:0.32"  3.18£022°  2.80£0.17"  3.2240.07°  6.22+0.57°  6.28+0.30" 4.69+0.69"
SPUFA  11.85:1.60° 15.52:2.83" 17.51£1.63° 15.73+1.80" 28.89+032° 35.56x1.50' 38.06+3.29"  36.49+0.81'
-3 276+0.41° 3324059  3.95£047°  331x0.77"  5.43x0.11°  8.57£1.08" 875+2.72"  6.62+0.90"
-6 3.1330.24°  6.68+0.17°  8.62+0.14°  7.68£0.39"  16.18£0.26" 15.80+1.16" 19.29+0.76"  17.80+0.81"
Jigg Hh 2Rk B (CPT 1 )2 JH i iR 20 23 4 A Hh % 1 7 12 B- A A 1Y

3.2 GPRI3EFEEHALEHREHELFHRIES

TF ok 2z 45N E s MR AN B (Mus musculus)H
5T R R, FLEERE W R B W AE GPRA3HIFE B N A
ARSI AR A RS LR RN S IE RIE R
VE R, T AE TR 8 25 AL FE (3 T3-L 1 g o 4 i 14385 5 40
it FEh "™ GPRA3I ik B £ % PPARy %3k
= N g n, 2448 HsiRNAB AR UTER T GPR43
I 5, N7 40 i 1) 0 A s FE A 52 31 7 B 5 i BE
5. DL LTS e K, GPRA3SZARLE I i 4
i (R385 5 3 A R b A 2 AN T sk v A
ARSI IE S R IR IRA T m R R S W ERDN
YE R XHZ I R RIS [ 52, 45 R0, 78 = fe #md
A=kt 1 i . BT BE AR AL 21, GPRA3 K 3%
IS I BT BRI, DhRE P DR N7 3 0% 2= i A
W %GR B T GPRA3TEIX Ml 4 il ik &7,
3.3 HEZNHESLEHATRRARAE B S X EE/
R

JHF FER Ji P R 7 A P A7 A — A L R 4
T2, BIEARF M ri, s FE . £ HRAEH X%
R, BRI B4 WA R L 2 AR E SN . 78
NERH, PR R R J5 43 117 L € A2 P i A i 7 R
=R E, FEART A, SX AL, EE
ZH A 2 H v = Bk B SR 2B N, X R B T IR
i 7 5 35 Ab TR BRR S o A BRE R TR B % g 1

SRR T TR PR I, L P R R T R AL T
KB R R . 1 I AR A ) i A 1 B R 7 (PP ARSs) XY
CPT 1 15 5 /K~ (i 45 00 e i AR A %6 % &
BRE X, fE— 2% T LA CPT 1 HIERIX,
A PPARaS CPT 1 TE R R B v () 8 2R 1 5%
2", PPARaBAT U NG ZHFLHIME T, PPARS
IR B AT G T IR REPEAE I 78 7E B bR, 76 MR AR
b B S VR, PPARy I 3500 4 1 g i
2, BENEE S IR AN A S5 TR AT
WA g REoR, mAR4MCPT 1 . PPARa S5 PPARS
IMRNA A SAK T FR 2, 2200 24 g i B N3
I, BRI I I A R /b, 8 I 3 0% 2R T DA 3
EHmRNARIE . 500 AL, 28115
NEWZ I, bR E R E XS mE ™, — AT
RE 1) Ji R A2 vy I 2 Hp 4 14 IR 7 H6 N & 1 384 40
T PR A R, CAZESRE M ERDRL A I AL Fr A 5 AR
JO T A A B G R D PR B A

AMP-R 1 2 1 B (AMPK) /2 41 i B8 &R
AT S 182, etk MG 107 IR 638 B 2 hr 4>
AMPKGH I 05 ATP = AR @ 42 K 1 BE AR, 1X
Se iR 15 T ELALFE MR MR, AR TR AL DL A ATP
THFEIR AR (IR T T A BE [ B ) o B AMPK AT i
Ve RGBT E R A, LRFEEE
P (MAPK) & — i 22 R/ 75 2 I 2 1 i,
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TEAHUR R0 R B A v Bk IAE L, 254000
WEE . Ak AR TSR AT, B S RAER R
A R DL iR S5 A SR I T 3 A B &R o p38
RMAPKsK IR EEK Az~ B E,
P38 RS K S 5 I RS T iR
AT RN, S xR L, & e 4L p38 mRNAZR
AR E T, X R 2 08 AR R T
e fE R BRI In e 0% 3R n] DU B B p38 1
mRNAR A &, R TE R A RO % = 55
SHINENT IR . AN ML, AMPKEFImMRNAR & B 5
p3SEI TR AT, XM — P IE T IR ER
Ho T JEE A 2L 2 AR 7
34 EHEZRXMESLERTAMBREHN ST

— MR, Bt R G L AR T A TR T
(P F AR IR AR, XA B 2 K= R R TE
Fi, ()Nt 5 WA FHF 24 AR o 5 4 ) e 5 AR AL . X
U S AN G T D Re R4, IR EL T ML
(S AR PR ST TR AR A o, o R 2 R R 52
B IE W BT B(E SA), %40 M5 A 250 4
Jo3, ¥ T (P AZ AN A R TG o v T AL R A A P
R (K SC)RHE: feiid AR, T4 i A2 DA
S A MOAZ () AR A FERBE o I 26 S B AIE S 1 M MR
HH IR S ST AT S EUF4E R . Ak, W
I35 25 1T DA 0 G 0% 6 S i A, v T 4L VAR
IR % 25 5 a5 A A2 /N (] SD), BRI I AR g e
WATH R, 2 ECNE R LR, A 5 TR
IEWAT A, 5 AR — 8 ESEERE, 1
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A 5T e BRI, XA E B AR E AL S A
Feit— B9
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AR AR A TR L SR8 I o I T R 2 A4
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GENE CLONING OF GPR43 AND ITS DISTRIBUTION IN THE TISSUE OF
BLUNT SNOUT BREAM AND THE EFFECT OF BERBERINE ON
ITS MRNA EXPRESSION

2

CHEN Dan-Hong', CHEN Qing-Qing', LIU Wen-Bin', ZHANG Ding-Dong' and XU Wei-Na"

(1. Jiangsu Key Laboratory of Aquatic Animal Nutrition, College of Animal Science and Technology, Nanjing Agricultural
University, Nanjing 210095, China; 2. School of Agriculture and Biology, Shanghai Jiaotong University,
Shanghai 200240, China)

Abstract: This study was conducted to explore the effects of berberine on the mRNA expression of G protein coupled
receptors 43 (GPR43) and the lipid metabolism performance of blunt snout bream fed with high-fat diet. GPR43 in
blunt snout bream was cloned and sequenced with a RACE assays. The effects of berberine on GPR43 mRNA expres-
sion in tissues were also investigated. The obtained full-length nucleotide sequence covers 2026 bp, which has an open
reading frame of 981 bp, and translates a total of 326 amino acids. Moreover, GPR43 mRNAs were detected in differ-
ent tissues of blunt snout bream. In blunt snout bream, the expression of GPR43 in intestine, hepatopancreas, gill and
white muscle were the highest. 320 fish (80.00+0.90) g were randomly divided into four trial groups (each has four rep-
licates) and fed with 4 diets (normal diet, normal diet with 50 mg/kg berberine, high-fat diet, and high-fat diet with 50 mg/kg
berberine, among which normal diet has 5% lipid and high-fat diet has 10% lipid), respectively. The expression of
GPR43 mRNA in the high-fat diet group decreased compared with control group, while it significantly increased
(P<0.05) after adding in berberine. Compared with the control group, the contents of free fatty acids (FFA), trigly-
cerides (TQG), cholesterol (CHO), and mRNA expressions of Cytokinins protein kinase (p38), and Peroxidase value-ad-
ded factor (PPARYy) all increased (P<0.05) in the high-fat group, but a dramatic decrease (P<0.05) happened after
adding in berberine. The same result was found on the composition of Polyunsaturated fatty acids (PUFA) in hepato-
pancreas and muscle tissues. A completely inverse variation was presented on the mRNA expressions of Carnitine palm
acyltransferase I (CPT I ), Peroxidase value-added factor (PPARa&f) and AMP dependent protein kinase (AMPK), as
well as on the compositions of Saturated fatty acids (SFA) and Monounsaturated fatty acids (MUFA) in both tissues.
Nevertheless, the difference between berberine supplemental normal diet group and control group was out of regular
pattern. So further work is still needed to explore the role of berberine in normal circumstances. Overall, the results
showed the supplement of berberine could slow down lipid deposition in hepatopancreas, and restore lipid homeostasis
which has been damaged by continuous high-fat diet feeding.

Key words: Berberine; Megalobrama amblycephala; Lipid metabolism property; G protein coupled receptors 43



