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1. ERIRM KA EE2ERE, R T M 510642;

2. WA E SR A BE, TLIRAE K S s IR B iR, 1095 M At 210095

WE: MRS ALY BRI 5 15 fb 32K y 305 7 1B (peroxisome proliferator activated receptor y coactivator 1P,
PGCIB)IEHTE B R A VE T, ASTF22 R F RACE 5 ik 3K45 T H3k ) PGC1B i) cDNA F BLF 5, R4 W1H
SRR X 12 R R R LT G i B 1 A SR R E R AT T 40T, SR S E B PCR R, K T R bl (45%) IRl | 2
Y B 1 55 38 07 ey XoF T Sk o JEE R RN UL IR PR iz 3 TR Rk gl . 25 5 R, P13k @5 PGCIB cDNA Bl 1759 bp, H
HIF B EAE Ry 1719 bp, Hifid 573 ANE AR, [FIEM AT R BoR, H k5 PGC1p 5 HALHEENO 21 PGCIP &
JE [RR (Z ZERR AL 78% LA 1), I+ 550 PGCLB Mk R, Sl FNERLA B PGCIp BRIk T
YRR, (HTC W E25 5, BLAh, RN S RS, PR PGCI JEM A RTE 2 h W E LR 5/IME,
B S T R K . LA EZESRARIR, PGCIB AT RETE Y 2R b R T BRI

KR MKy, R G AR y RS N7 1B; R eRE; BEACHE, SEPIRGR

HRESES: S961 MERAREED: A

Bl A O B B RE I o, LA 0 ) ) P i
e/l | CIRGESREEE 700 % N O L (A R R B SPOp
) T RE D R, B 2 K 1 1 < W B s
s R RS N £ S Bt 25 Rk AR T
BRI ZEAL, 77— R B NE,  HE TR A=
R e o e 0 7 B IR AR Ry S 3R R R
AR AKX AL, e s DY 7 5 v 0 5 4 Ak
VB FEAR PTG 2 AR v HEIOE R 1 (perox-
isome proliferator-activated receptor y co-activator
1, PGCI)ITAF k%) 1z Xk . PGCIB i Bl
W TR Z—, Z 50 LA Er e
REE R, WFSRR, PGCIA W] LIS i 4 b
32K 4 (glucose transporter 4, GLUT4)f3K 1A,
SRS WL R ECRE )10, KA, PGCIp RS iR

K BH: 2021-01-25; f&IiTHHA: 2021-03-05.

TEHS: 1005-8737—(2021)08—0959—09

HEWE S AR G B E, n B R AR T N TR R R
(phosphoenol-pyruvate carboxykinase, PEPCK) . #j
b 6 BEMRME(glucose-6-phosphatase, G6Pase) X
OB -1,6- — % iR I (fructose-1,6-bisphosphatase,
FBPase) & A 1Y 335, Bl 1T I ) %5 0% i i 10 1
i, A RS I o e ) FERE AR
Hr, PGCIB 3 I BTN AG 107 I A A it 40 PR RlA A
Wk 7% i la (carnitine palmitoyltransferase la,
CPTI1a)W) 5% 58K, $EmJFNERG IR B 4 Ak ek
K, IR AERFLA I R O, SR, DA b4k

FEORIE T FLEY, TE7K™ 3 i 5% 1 45
= o HEl, INAEBE L (Danio rerio) . 4 fi(Cara-
ssius auratus)F £ (Ctenopharyngodon idellus)™
SLMEARAG T PGCI S cDNA JFAIU1, Xl

EE£WE: ERHRPAILETHE (31872576, 32002361); WHBCERAIAR MY ARATHB E K ILACAR M 7= Ml 47 AR A4 Z 72 BT B (CARS-45-14).
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TR I, DU AR R KT Y 4 i 2
8 PGCIp mRNA Wik, sk, Kk
(Megalobrama amblycephala) [T 418 ) PGC1p
FE R 3 e IR REAS 3 B s L2 R 1 A 1 B iR
FUO DL R SR RELR, 2 Rt 25 g AR g
P mE AP ERY, 8 PGCIB 1t IR
TR AR RS o ik DL AR 3

W1k 5 PR A, BB Jram . PR o
R, B IR xR a2k, B
B OB T 52 B8 77, AR & i iRDRbgE S AT 2 X
R A A, SRR A KR E . IR
ST KT, AW B 1 v B A Sk
PGCIB F:H ) cDNA F BUFS, Iorir Hoor Fo%
fiE; Bije, $R55HSk PGC1A 3R TE mt g |
M S Sy R A R A R L. B AR
K i A A B 437 L R A B AR 4

1 ST

1.1 LIS FIsLIgigit

SCE R HVL A M T ER Ry, L5
FERETT, g TR RFIEH KRS,
IR PR 32%3K 11 RN 3 1% 7K - A R S RDR, 2
Jio. BfJE, BEPLE 4 BB, F MS-222 (g ikfE
100 mg/LYFREE, WAEIEHZH T PGCIp FEH
FLRE .

b5, 15 160 RS 5 — I Sk 4 fa [ A E
(50.45+0.33) glRfiHLAr K 2 MLl 4 NER),
390 48 W 35 A R (3.0% 5 K S ) A s ) e (45 %
WK, BRI (8:00 Fl 17:00), T2 M1E
WFRIEET KA 28 500 L)FR4E 8 JH . SL8 i
R KB FRA N LR 1. Wi, KR RETE
(23£0.5) 'C, pH Jy 7.1~7.5, &% N 7.5~7.8 mg/L,
JEREFE IR 12 h 2 12 he fRPRHEC 5 A0k 2 iR . 52
ek, B4 B MS-222 (MEJE 100 mg/L)
SR, WCEEAFAE LA A8 TR A PR, JFE
F-80 C&H.

G, Bk —. KH(52.49+1.02) g A
Skt a5y i 4 A, 0 B HEA TR A (2 4 fa) g
S5 3R (D7 2 2 ) B far S0 o 4 M £ AT 2B v
LAY G ST 16.7 mL/kg AREE 19 4E FEER K |

x1 ZHREABEATREFAR
Formulation and proximate composition of
different experimental diets
%, T H dry matter

Tab. 1

W content e
control carbohydrate
BeJ7 formulation
fa )} fish meal 8.00 8.00
T soybean meal 26.00 26.00
SEH rapeseed meal 17.00 17.00
M1 cottonseed meal 17.00 17.00
il fish oil 2.00 2.00
29l soybean oil 2.00 2.00
EKYEH corn starch 12.00 25.00
AL 4EE microcrystalline cellulose  13.00 0.00
Wik — 445 calcium biphosphate 1.80 1.80
TR KL © premix® 1.20 1.20
EFRH M, proximate composition
/K43 moisture 6.96 6.93
LR ether extract 5.93 5.94
HJKSr crude ash 8.46 8.78
M crude protein 29.82 30.23
FLEF4E crude fiber 16.97 7.48
Al AL PR © digestible carbohydrate®  31.86 42.64
BfE/(MI/kg) total energy 19.09 19.14

FE: CBORENN T e AR AL LU 0T ) B (g/kg) M ZEZE (U or
mg/kg): CuSO4-5H,0, 2 g; FeSO4-7H,0, 25 g; ZnSO4 7H,0, 22 g;
MnSO4-4H,0, 7 g; Na,SeO;, 0.04 g; KI, 0.026 g; CoCl, 6H,0,
0.1g; #EAE A, 900000 1U; A% D, 200000 1U; i3 E,
4500 mg; 4k Ki, 220 mg; i E By, 320 mg; 4iEE B,
1090 mg; #4E4:% Bs, 2000 mg; 4E/ER Bg, 500 mg; 44 Bo,
1.6 mg; 4E4E 2 C, 5000 mg; ZFR, 1000 mg; "FEZ, 165 mg; JHH,
60000 mg. ° AT Ak M A BT R 100-(K AL 1+
AL+ 5+ L2746,

Note: * premix supplied the following minerals (g/kg of diet) and
vitamins (IU or mg/kg of diet): CuSO,4 5H,0, 2 g; FeSO,4 7H,0,
25 g; ZnSO4-7H,0, 22 g; MnS0O,4-4H,0, 7 g; Na,SeOs;, 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 K3, 220 mg; vitamin By,
320 mg; vitamin B,, 1090 mg; vitamin Bs, 2000 mg; vitamin B,
500 mg; vitamin Bj,, 1.6 mg; vitamin C, 5000 mg; pantothenate,
1000 mg; folic acid, 165 mg; choline, 60000 mg. "Digestible car-

bohydrate content=100—(moisture+crude protein+ether extract+ash+
crude fiber).

1.67 g/kg VT [ AT WA 1B R S fr 248 o,
AL M I ST 1.00 mL/kg 1A T 1 2 FER K |

0.052 mg/kg AT Y i Z . K R i A
SN 24 N FRFEEL OKEZS 54 200 L),
r 4 Bfa, M5, /397 0h, 1h,2h, 4h, 8h
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Ml 12 h 6 DBFETCE RN, &F
—-80 CAH .o L RAR ISR o A B[] R R — A
PEFRFRFHGL, DARRAR S 2 SRATE X A4 32 B8 1oz 384 o
1.2 PGCIBEERESFEINH

5'F1 3' SMART cDNA 1482 SMART™
RACE ¢cDNA Amplification Kit (Clontech, USA)1ji
B, HRE T3R50 cDNA #4355, 163t 50 37
RACE 5|#1(3 2), FIHPFEH5I5 UPM §°
14 PGCIB cDNA ¥J 5'Fll 3'%t, RACE-PCR JZ v 5%
#5:94 C 4 min; 94 C 305,70 ‘C 2.5 min, 5
MEFR; 94 C 30,68 C 30s,72 C 2.5 min, 5
AMEFR; 94 °C 30s, 66 C 30s, 72 °C 2.5 min,
25 MIEH; 72 °C 10 min, P AW 4l s,
DNA Star Package 5.01 {4 X} PGCIp (¥ 1E T4
HATH A, A ik AG 58 B 1 A1 Sk ) PGCIB 4k
cDNA K Bi¥51.

®2 KBEARSIMFT

Tab.2 Primers used in the experiment

ElR7E2

i
: FE9s"-3) AL
primer sequence (5'-3") annealing usage
name q temperature &
pocipp1 AGTGGTCATCAAAAACGAGGA e
GCG - JrB
PGCI-R1 TTGATGAGTTCCACTACCGA Eilc]
PGCIB-F CTCTAAGGGTGAATCGCAACG g R
PGCIB-R TCCTCCGCCACTTCCACAT ' PCR
EFlo-F  CTTCTCAGGCTGACTGTGC RT-
s200 4
EFia-R  CCGCTAGCATTACCCTCC PCR

H: PGCIP Fomid S Ay B 1A 34 5 W06 2 1k v SL0E B 7 185
EFlo FRiERKHF la.

Note: PGCIf indicates peroxlsome proliferator-activated receptor y
coactlvator 1B; EF/o indicates elongation factor la.

MY NCBI Y FF 51342 (ORF) Finder #:4F
Wi, & PGCIB cDNA Wi ORF, ffi f] NCBI
K3 i) BLASTN Il BLASTX #F #E47 [A] JE AL [
38R . W ExPASy M3l E PGCIB 145 HL
SR . B MG http:/sable.cchme.org/Fll
http://swissmodel.expasy.org/53 5| Hill PGC1B —
9¢F 3D HE 45 . FIH MEGA 5.0 f9# PGCIp
# R G AL (neighbor-joining tree).

1.3 AL PGCIp BEEREENT
FIHA Trizol iR FIFREORIE T 4 2 Sk & ik

MWL BYE RNA, S5kl cDNA R AR, Kl
i EFla (P15 X77689. ) S HI
il PGCIB ¥ MG ¥(PGCIB-F 1 PGCIB-R,
£ )T B PCR b, Kl PGCIp 13k
PR K- . Horfr, 20 uL 2 4R 2 20 il 40
cDNA B 2 uL, SYBR® Premix Ex Taq™ II
10 uL, ROX Reference Dye II 0.6 pL, LiiF514)
0.2 uL, FU#54 0.2 pL Ml ddH,O 7 pL. it
2RI R A U R PGCIR AR 3
kA,
1.4 BEEITSHH

FIFH SPSS 16.0 K4 MR 45 50 K 28 Jy 22 43 Bt
BESROGT E PoA SE IR RS AT T . TR A, AR
MR 25 22 T BER XA A B e o eI 2 A
SR AE HEAT M, HAEAE 1B 25 59 (P<0.05) I,
FIH Turkey’s HikiE T ZHE LI

2 HERE5HH

2.1 H3k&5 PGCl1p EEMZERF 5447

ARWEGEH, K15 1759 bp i PGCIR L Bt
75, Horb a5 KN 1719 bp (TR EekE, H
ifith 573 AR (E 1) [HRF, PGC1B AT
N 63653.25 D, SFHLEN 8.53, F M5y
MraEml, N & A LXXLL ¥ 5H406 X, CSaf
RNA 5 [X(RRM) . PPAR AH H.AF 1 . TPPTTPP
F1 DHDYC %5448, Ak PGC1B & H —HA5H
HAEAE 3 4> o-8RTE . 4 > B-HT B Al 8 B A (1A 2,
Kl 3),
2.2 Bk&5 PGCIB #HW S HT

fii ] NCBI Hfy) BLASTp & XA ] 4 Fil
PGC1p ZHERR 55 BEAT [RIIRIE L Xt 70 #r, 4Rk
B H 5 R 0 SR A B s AR DL . B L X &
W ¥ (Ctenopharyngodon idella) 97.70% . i
(Cyprinus carpio) 85.46% . Bt (Danio rerio)
80.45% . 4 fli(Carassius auratus) 78.63% . Bt XL
Bl (Ictalurus punctatus) 57.98% . KR £1(On-
corhynchus mykiss) 56.56% . KPUHHEE(Salmo salar)
55.74% . 43<8(Sparus aurata) 45.99% . K
(Larimichthys crocea) 47.39%., F MEGA 3.1 ¥4
H SRR T PGCLR A EETR T 5148 i i AL,
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100
21
199
54
298
87
397
120
496
153
595
186
694
219
793
252
892
285
991
318
1090
351
1189
384
1288
417
1387
450
1486
483
1585
516
1684
549

2L REAC I SR P W A S T 54 52 PR (PPAR)AH L AR TR, S (A HEAUE RNA PUIIX (RRM),

gazgaggagsagsagtottocagcagt gagastgagagcATGETGTGOGTTGAGC CAGOGAAGCCTCAGTTCTCCTCAGAGAAGGAACTGCACTCGGTA

M VCVEPAEKPGQPFSSETEKETLEHSYV
GTGGAACTCATCAAATACATGCACACGTACTGCCTGOCGATACGCAAACAGGCCAGCTGGGATCOCAAAGAGOGTGAGGCTTTGCEOGAAAGACCAAG
VELIKYMHTVYCLPIREKG® GASTDREKERTEA ALAEREKTEK
CCTGAGAACCOGCAGGTCOCCOGTEECCTTCCTCAGAACTCTCAGAAACCGCCCOOCCAGACCAGCAGTGGGACCAGGCCAAGGOTGOCCTTCACTCGE
PENPQVPRGLPGQNSQEKEPPPQTSSGTRPRVYVPEPEFTR R
CGCAGGGAAATCAAAGCCCACTCCCTGCTCAAGGAGCTGTTAGAGGCAGTCAGTTCCTTTGACGTAAGCAAGCCTTACAGAATGCACAGCCOCCCTTAT
RRETIKAHSLLEKELLEAVSSFDYVSEKPTYRMESTPEPZY
ATCCACTGCAGAGGGGCAGTGACTOGGCCTGECECTGACGTTTCT TCCTCCCCTGCACGTCAGCOCAAAGCTGAAGCTAAAGACTCAGACTGCGAGAGT
IHCRGAVTRPGADYVSSSPARGQPEKAEAEKDSTDTCES
TCGCAAAAGGO0GCAAAGOGCCCCAAAAGCCOC0GAGOCAGAGGAAGGCTCCTTTTCAGTCAGGCGTTCCOGCOGTCTAGCCTCCTTOCCCAGCOGATTC
S QKAAKRPEKSPEPEEGSTPFSVRRSRERELASTFTPSTEREPF
GCTAAGAAGGTCCGTGAGAACTOTGOGCEETTOGAGOCCATTGCTGROCAATCCAGGGAAGAGGAGAACGTGOTCAAACATCCTCCCACTGAGCCTCCT
AKXKKEVRENCGRLETPTIAGAQSREEENVVYEKHPPTETPHTEP
TCTGATAGCAGOCAGAAGACCAACTOCCACAAGGCTTCTGAAGOCCATAACCCATGCTGCAGGGACGAGAAACGCTOCTGCCTCTGTCTGCOGCTGG0G
S DSSQKTNSHEKASEAHBNPCCRDEEKERSC CLCLEPLA
TCCAAATOCAATGGAGACACGCAGTATGOCAACAAGOCCTTTGAGCAGACTCTCTOTCTGGAATTGTCTGGCACAGCAGGCCTGACTCCOCOCACCACA
S KSNGDTG QY ANEKPPEQTLCYVELCGTA[ELTPEPTT
COCCCTCATAAACCAGTGGAGGATGAGCTCT TCAAACCAGACGGAAAAGCTGAGCTCACCACCAAGAGCTCGTGCCTGGOGCGGEOCCCACATACGCAAG

PPHKPVEDELTPFEKPDGEKAELTTIEKSSCLARAHTIREK

CTOCCAGAGCAGACAGAACTGTACGOCCAGCTOCOCABGATGOGCCAAACGEG0GACACEGACTCTAAGGGTGAATCOCAACG TGCATACGGGGACCAC
LPEQITELYAQLRRMGQTGDTDSEKGES QRAYGDH
GATTACTGCCTATTGGGACTGEGAGAGAGTCGCAA GAGAACGGCAGCGGCGCTCROCTCTCAGTGCCATGTGGAAGTGGC6GAGGAGGATGAGATGGAT
DY CLLGLGESREKTRTAAALASQCHYVETVAEETDEWMD
GTGAGGAACGGGGAGATTGAGGGACAGGAGGAGAGGCTCCTAACGAAGGTOCCOGATTACCAGCAAACGACTGAGGCOGACTCGGCCACTGOGTTGACC
VRNGEIEGQEERLLTEKTVPDYQQTTEADSATALT
ACGCCCAGTOCOGAGCAGACCAGTGAACCCATACCTGTCOGTTCTCOCAGOCCAGAGCTGGACGOOCAGTCCOCAGTTTOCTGTTCACCCCOCTCACCC
TPSPEQTSEPIPVRSPSPELDAQSPVSCSPPSEP
AGCTGCAAACTCTCCTTCAGCGATGAGAGCTCTGAGACATGCCACGAAGCAACTGAAAAAAGGAGCAAGACAAAGTGTGGACAAGAGAATGATCTGAAC
SCKLSPFSDESSETC CHEATEE KRS KTE KCGQENTDV VN

IA&MC&WAMA&WMUMAWWMTMATWTMM TTGAGGCCTTCGGCCGTCCAGAAGACTGTAAA

KCQVIYIHNLPNSFTAQSMLRIEKERTFEA AWAFGRPETDTCHK

GTGGTCATCAAAAACGAGGAGOGCTGTGEAGTGATCACACTGAGGCCCACTCAGAACGGCCAGACCT CACGGCACAGGT GGGACTCGCTTGGTCCGAGT

VVIKNEERCGVITLRPTQNGQTS SRHRTWVWDSLGEPS
GGAGGGAACGGCAGCOGGLGETTCGGL. AGGAAGCGTTACATAGATCNGATGAGGCGGGFGOCGGGCG}OGGGA&

G GNGSRRPFGRIEKRERTYTIDLUDEA AWGATGTPGE

Bl 1 HFkif PGCI HIR cDNA A B F 41 LA N B3R A0 & L 1R 7 51)

XCRE T RIZ, PORAH R E T RIZ051E% LXXLL, TPPTTPP fil DHDYC 4543k
1 The nucleotide sequence of PGCIf cDNA fragment and its encoding amino acid sequences in Megalobrama amblycephala
The red and green boxes indicate peroxisome proliferators-activated receptors (PPAR) interaction domain and RNA recognition

motif (RRM), respectively. The double black underline, wavy line, and single black underline indicate LXXLL,

TPPTTPP, and DHDYC motifs, respectively.

HEAER 3k 5 PGCIR PP SEM B N—, if  PGCIB FK kR TXRAH, B EE %7 P>
AR R — KL (H 4), 0.05, & 5)

2.3 ARMEKENIFREFALA R PGCIp Rikt

A1)

8 JHIRFAS I A, e A AL A AL A

RIZH R

2.4 HEEEMNREE DG E LGS PGCIS

) ZRE N PR B 2R AT i, SRS IR ) A0 7 5 5
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963

C

T T T T T T T 8
MVCVEPAKPQFSSERELHSVVELIKYMHTYCLPIRKQASWDREKEREALARKTEPENPQVPRGLPOQNSQEPPPQTSSGTRP

—)

81 T T . T - T T 160
RVPFTRRREIKAHSLLKELLEAVSSFDVSKPYRMHSPPYIHCRGAVTRPGADVS SSPARQPRAEAKDSDCES SQRAAKRE

161 T T T T T T T 2.
KSPEPEEGSFSVRRSRRLASFPSRFAKKVRENCGRLEPIAGQSREEENVVKHPPTEPPSDSSQKTNSHEASEAHNPCCRD
- P P’ P/ n  r o b
R Bl EE Il = EE R B O B O s

241 T T T T T T T 320

ERRSCLCLPLASKSNGDTQYANKPFEQTLCVELCGTAGLTPPTTPPHEKPVEDELFKPDGKAELTTRSSCLARAHIRKLPE

321 T T . T - T r 400
QTELYAQLRRMGQTGDTDSKGESQRAYGDHDYCLLGLGESRKRTAAALASQCHVEVAEEDEMDYVRNGEIEGQEERLLTKY

401 T T T T T T T 480
PDYQQTTEADSATALTTPSPEQTSEPIPVRSPSPELDAQSPVSCSPPSPSCRLSFSDESSETCHEATERRSKTKCGQEND

481 T T . T T T T 560
VNECQVIYIHNLPNSFTQSMLRRRFEAFGRPEDCKVVIRNEERCGYVITLRPTQNGQTSRHRWDSLGPSGGNGSRRFGRKR

H "EEEEE B B "E BN R B BT BN BOET O BEEESEET
561 ——— 573

YIDLDEAGAGPGE

E—

I @ =

el
) K legend [ T FAXT AT 14 relative solvent accessibility (RSA)

0123456789 0-524#H 0-completely buried (0%—9% RSA)

9-52 4 2 9-fully exposed (90%—100% RSA)
~ o-12%E o-helices

. B4 B-fold e TN B (S 7K confidence level of prediction
0123456789 0-FfEK/KF 0-the lowest level
—— C-#:£4 C-corner 9-F = 7K 9-the highest level

K2 Mk PGCIP 3 45 il 4h
Fig. 2 The secondary structure of the PGCI1p protein in Megalobrama amblycephala

WU HEZ BRI PGCIR ByFRIkY
FEAE B 52 (P<0.05)(I&] 6). 71254 Al g & K 7
¥4 B EREL T PGCIB MR8 (P<0.05), Hix
REHF RS 2 h b, BEE L RE B
LH(P<0.05), F451FFffE 12 h A8 h Al 5]
FERIE . FEAEFE KA T, PGCIp FRik &t fifit[H]
N B R (P<0.05), & THESHIE, 0 h (b
RS Z A 8 h & 12 h (B FE ffn) IFAE
PGCIB MRk TC I 2 25 7 (P>0.05), FRILZ AP, e —
WA RO RN PGCIS MR Fie 3 The 3D stmctur of PGCTpprten
B E LT R4 (P<0.05) . Megalobrama amblycephala
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0.05

100

93

99

100~ H3kfh Megalobrama amblycephala

it Ctenopharyngodon idella (A1250772.1)

E i Cyprinus carpio (XP 018921592.1)
99

44 Carassius auratus (XP 026081207.1)
Bt 44 Danio rerio (XP 009289336.1)

By XA Ictalurus punctatus (XP 017329790.1)

— KIKWA 4 Oncorhynchus mykiss (XP 021416523.1)

100 — Sy vttt Saimo salar (XP 014055548.1)

—— &3k Sparus aurata (XP 030252050.1)

100 L K#44 Larimichthys crocea (KAE8286310.1)

K4 JET PGCIB 74 B4 W a] RETHEAL 704 (4845 1%, MEGA 3.1)

Fig. 4 Phylogenetic tree based on PGC1 sequences made by MEGA 3.1 software

s 15+ a
O n=4; x+SE
i £
H e —
K210t
= 3
E g
S8
S 8
8 05¢F
58
=2
=
) !
X} HR4H control
Kl 5

2 high carbohydrate

QR 1IS5rb
n=4; x+SE

1

1.0

05

NN PGCIBHNFEER

relative expression of muscle PGC.

1
*T H&4H control 4 high carbohydrate

i MR s B AR I Pk 877 AEE () FAL Y (b) R PGB B g sk i A8 Ak

Fig. 5 The mRNA levels of PGCIp in the liver (a) and muscle (b) of Megalobrama amblycephala fed high-carbohydrate diets

SLHESHT two-way ANOVA
HA] time: *** HEHEHE glucose dose: *
] < B Ak time % glucose dose: *

a l5ra  n=4,7:SE . % *
. 3 o * X 1 T m
35 |me T
®2 10z 2
o
:: :
xQ 5 c
Jan Y
Q g
é £ 05t de
% e
=2
=
8 0 L1 | | | | | |
0 1 2 4 8 12
SRAEHT [B]/h sampling time

3 itig

WEE AT two-way ANOVA
FiFA] time: ** J2.5 &5 & insulin dose: *
B ] [ 5% ZE 3R & time x insulin dose: *

< 157 b n=4;¥:SE
8 10 x * a L ab
I & E90.052 * T
X T il
W2 orfmad T
T '
= 5
£
o 7Y
O @
G c
g 051 d
48 ¢
=2
=
2 0 L1 1 | | | | |
0 1 2 4 8 12
SRAEH] [B]/h sampling time

6 %M () FIBE S 3R (b) 5 J5 MK BT IR PGCIp B IA B
ANTR B /NS 7 3 7R A ) 2EL 1) (A 80 280 Ml R 53 3R 700 b R IR R A TR 800 PGC 1B 3B 25 57 1 35 (P<0.05),
* R AN [A] A B 20 78 A [5) SR AR 8] 78 B 3 22 5% (P<0.05). WL Z 43 #Hr i * P<0.05, ** P<0.01, *** P<0.001.
Fig. 6 The mRNA levels of PGCIp in the liver of Megalobrama amblycephala subjected to glucose (a) and insulin (b) loadings

Significant differences (P<0.05) among sampling times within each treatment are indicated by different letters. * indicates a
significant difference (P<0.05) between the two treatments at each sampling time. * P<0.05, ** P<0.01,*** P<0.001.

3.1 HXkty PGCI1p BEEMREFFE IS

PGC1B PR AR AU i 22 w2

Hhoe:, H A2 HRIE R ST AT B o AR5
AR T 1759 bp A L85 PGCIS #B%Yy cDNA JF51),
2[RRI, H5 R PGCIP RN R M B s,
ik 97.70%, 5 HALBERL 028 B R JEE A 78.63%~
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TRESE: WISk PGCIS FEDN ve ke b e Wi in |

I R 28 974 X0 mRNA R 52 965

85.46%. ULPH PGCIp T 2eh HA 8 AR sF
P oAb, Bl S R A X 45 R s, Sk
il PGCIB 45t rhad & Z 00 50 3L sh A [A] i 445
FOi s, 0N S A LXXLL 57 53805 X, C i dr
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Molecular characterization of PGCIfS from Megalobrama ambly-
cephala and responsiveness to dietary carbohydrate levels and glucose
and insulin loadings

XU Chao', LIU Wenbin®, XIE Dizhi', DING Zhirong', Jean-Jacques Yao Adjoumani’, SHI Quan', LI Xiangfei’

1. College of Marine Sciences, South China Agricultural University, Guangzhou 510642, China;
2. Key Laboratory of Aquatic Nutrition and Feed Science of Jiangsu Province, College of Animal Science and Tech-
nology, Nanjing Agricultural University, Nanjing 210095, China

Abstract: Carbohydrates are an excellent source of energy and carbon for mammalian cells. A constant supply of
glucose prevents hypoglycemia and its potentially catastrophic effects on the cells of the nervous system. Unlike
for mammals, it is not usually regarded as the panacea for fish. Although the continual ingestion of a carbohy-
drate-enriched diet or glucose-loading can provide essential metabolic energy, most fish species appear to have
impaired glucose tolerance and often display prolonged postprandial hyperglycemia. Recently, several approaches
such as metabolomics and transcriptomics have been employed to assess diet-induced metabolic syndromes in fish.
Findings from such studies have suggested that the disruption of energy homeostasis in fish is strongly implicated
in the development of disturbances in the glucose metabolism. Peroxisome proliferator-activated receptor y coac-
tivator 1B (PGCIp) is a coactivator of nuclear receptors and other transcription factors that regulates several
components of energy metabolism, particularly aspects of hepatic glucose metabolism. To investigate the molecu-
lar regulatory mechanisms of glucose metabolism in fish, the full-length cDNA sequence of PGCIf from Mega-
lobrama amblycephala was identified by rapid amplification complementary DNA ends, and the structural features
of the gene and its encoded protein were analyzed through bioinformatics methods. Using real-time PCR, the
transcriptional response of this gene to dietary carbohydrate levels and glucose and insulin loadings was studied.
The result revealed that the obtained cDNA of PGCIf in M. amblycephala was 1759 bp in length, and consisted of
a 1719 bp open reading frame encoding 573 amino acids. Additionally, conserved motifs were identified in the
amino acid sequence of the PGCIp protein, including the peroxisome proliferator-activated receptor interaction
domain; the RNA recognition motif; and the LXXLL, TPPTTPP, and DHDYC motifs. Alignment based on amino
acid sequences showed that M. amblycephala PGCIf had a 78.63%-97.7% homology to its counterparts in the
Cyprinidae family. Phylogenetic analysis showed that M. amblycephala PGCIf clustered with that of grass carp.
Compared with the control group, the expression levels of PGCIf in the liver and muscle of fish fed
high-carbohydrate diets had increased, although there were no significant differences (P>0.05) between the two
treatments. In addition, glucose and insulin administration resulted in a significant decrease in PGCIf expression
in the liver, with minimum values attained at 2 h after injection. Thereafter, the expression rapidly returned to the
basal value at 12 h after injection. These results elucidate the glucose metabolism regulation mechanism in fish
and lay a foundation for further functional research into the PGCIf gene in fish.
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