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A [E19E R 7K S o K TR 55 B o SR AT A2 TR AR A4
X ERRIEHF N

ZHwW, IW%, ITHEE, BIEN, %

(P E K P= BL 22 58 Bt SRV K P28 50T, BIRYL FE/RiE 150070)

E K

WE: W E AR RN B, TR R R AT X AR 45 8 AR B A B (GKfn HK).
¥ 5 4 B8 (G6Pasefn PEPCK)#n 4 X %t 4H % 2 B (IGF- 1 fn GHR) mRNA% ik K T 8y % vy, 5L
o R RA2}2ME FRIT £, HFRR T ER2MEIR, 208 AT Q5%F50%), 44
LA, oA A RE R A(LS). I 4L (HS). 1K A % 4 4 (LG) A & 4 & # 41 (HG). %
JH AT 46 R B A (8.30+£0.15) gy AN 45 484202, MMl K44, BU3INELE, B EL
SRE. ERAMANTA. £ERExR, FRFAN K, HKE EMIGF-1 X FEF B £
AWk REAR -3, HKERERBIAREXRAERE AT, ZEHAHERIK, IGF-1
HEEFRFIAN KA ERE T EFEFANE, GK. PEPCK. G6Pasefs GHRIE A
kA BBPIHEKTEMLG T EREATTOSHAMLGY), R EEFXIAT 4
R f#%, GKIMGHREH 1B kA ERE, ZEFETH; PEPCKIEH 3
MLk ERE; GoPaseE |l EFEFf T, ZETH, ETHANKELEXH LA#ESE.
EEBEAFT, HSANGKERNW LRI EAENFREANBREZRT R F, MHGH HGKE
N EIAkAEREI T, HSHAFHGHAWPEPCKE RN kh EE AN FEN K £ R
T8 % ; HSH th GoPase  F M k£ BELNFRAMEE R A B %, MHGH W G6Pasek
EM AR KXkEAEREAE; HGAWGHREAF MW R L EALNFENBRZR T EF,
MHSA W GHREF M AE3A M KX ERFHH. EXRAWHAR), HEA/LEFRHET
HK3 F %3k, 34| 7 PEPCK. G6Pasefn GHR: [ Hy 3 3k o

XU\ N HR A, WA, N BEME; BR4ew;, XEERA

FEZES: Q785; S963.7 XktrERE: A
sy N S Ny e I S VR 53 N e = [, Ze M8 (Cyprinus carpio) b A& M £ 285 1]

O i 2 B A3t BE R ) R BT B RE DR . R 2R A
b AR I B OB SE  , AT A B £ R
BIE= & e SCINIRCT A T Gif S 5 -GS DI & S
Ie] st 3 i A0 RO R, I/ 3R e T e (H
e, MARBA MRS, HA KRR TR,
PUWRE D TR, R RS B, A 5 i
H AR IE R DIAE, AT D RE R R
WFFERMT, A [a] £ 2 08 AN ) 2 19 1) TR0 A

WIS HER: 2017-04-14  {&EIBEA: 2017-07-14

R ORI A R R s, T LB SE S 1 )
FRBATHAE, It H B 52400 g/kg Ml
L7/ 15 iR

PR AR R, RS
R BB AR S AR SR SR R S L, AR K
# 2 (growth hormone, GH)J2 i L sh ¥ 14 N 8 #2
MBS PR 22—, B[R 83 3l 4 1 A
KR E AR RE AT, Hillid 52 KkGHRES

BWEINTIE : o 970 35 MR T B R A RBLRF AL 25 9% 5 T (HSY201605): [ 5K AR Rl % 5 42 (31702353);  BLAR R L 7= b 35 A Ak &

& % & I (CARS-45)
BIEEE: %K, E-mail: xuqiyou@sina.com
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G, WEEGHN N — I AMIIRE . RS R
H: K K F-I(insulin-like growth factor- I , IGF- 1) &
JE GH N U 8 95 40 M 38 58 5 40 4k . 300 40 B A
7o, fEEAERNC S R EZ N Y, Enes!
WH5E 1T IGF- 1 E98 75 % ¥ 85 (Dicentrarchus labrax)
HEARS T B E I . 22 m U IBESE TIGF- 1 Al
GHRAE N 82 BL(Cyprinus carpio) M5 A TR 42
ML o FERERE L 2, O B I (hexokinase,
HK) &R G E, Hi K20k, HA%Z
WK 0995 S o 8 % 0 PG (glucose kinase,
GBIy 2t AU b i = SR e A il ,
6 M 5 Rk oK A6 & W KCE BTG, R
il 11 28 X R 23 R 3 A 8 7 2 2 A
MR EEE EEER, ElsAT, WA
i -6- 1 B2 i (glucose-6- phosphatase, G6Pase) &5
— PR, B R s I X DY R R R VB (phos-
phoenolpyruvate carboxykinase, PEPCK)J2 T I 1
JUE oo D S 2R A OGS, B OC TR S 4R IS
PSR ACEZ PR, BRA SR — 14
WML HRE, X TORREEREKCE T, B
XoF 5 5 B B rh B AR I A DG J5 DRR A DG i 3 PR 3R
KA AR AL A G

I T 5 R FR e VT K 7 it 5 I T A [ 5
HEH R F M SR LIEF W Fh, HA B R
M AERKHEENR . SRR, AL, BAMR
AT ME. BAl, CaELEER N Z
W7o ARSZIR LIS G F R &, A
KRN TE R 2RI IR, 25% AR K T 1 50% w5 7K
S, W SEAS (R BE KWE KV 7E AN [R) 5% B8 B B X s
T L A QI M DG IR R IGF- T FIGHR, DA BOREAR
AHSCHGK . HK . PEPCKHIG6Pase & H ik i)
S, O 5 f0 2 AR AL 29 B Rl

1 MRS FE
1.1 SR8

P VR B e [ v [ K R A4 BE 5T B R BT
IKFEREIE IO 223 00 vl . LR R AR AT, e 5
TEMEA K IR R G, VR SR, i S
N FRIE I . B2 JE, dEEERLAS ST, R
f@mEnfh, 42082, KWL H4d, A3 E
52, BAEEISEM, 55T 2R KA B
(AR 200 L), 555 10/ ) bh 14k BT &=
(8.30+0.15) g,

1.2 SLIEEAR

S0 LR 2 W R UE R A MR, OB KT R
25%F150%, W& A AR, A E
ARG YR, O AR AE AR IR B TR, B
ARG 7 DL 1. AR RURL 2 Ry i 60 H i S
R IR G5, DR KRB RY Kk
BA, AR B ALH 2 mmBORL R R, B 2R
KA, BF-20 CoRFEPRAETEH .

®1 EMARESREFARTE)

Tab. 1 Ingredients and approximate composition in
the basal diets (air-dry matter) %
HE
JE)H 205 groups
ingredients HS LS HG LG
VENT 50 25 0 0
starch
HIEIHE 0 0 50 25
glucose
AHER 0 25 0 25
cellulose
EF/KF nutrient level
HEA 31.97 31.90 3191 31.89
crude protein
FELI 7 5.76 5.71 5.66 5.65
crude fat

e FERER R, AR 10%, BREA30%, ®mil2.5%, il
1.5%, JAGR0.5%, WL —%2U52%, BEiE1%, H2 AL 4 FM2%,
LR TUREI0.3%, 1B BUREN0.2%; 4E/E 2 BUR B 1) 51 Tt
JE Al (mg/kg or TU/kg): VA 8000 TU, VE 70 mg, VB, 18 mg, VB, 35 mg,
VB, 18 mg, iZ & 60 mg, 2200 mg, £ % 2.5 mg, VB, 0.6 mgit
2 6 mg, LEE1000 mg, VC 500 mg, VD5 2000 IU, VK 7 mg, Zn 65 mg,
Fe 75 mg, Cu 3.5 mg, Mn 16 mg, 1 0.65 mg, Co 0.1 mg, Se 0.1 mg
Notes: basal diet, fish meal 10%, casein 30%, fish oil 2.5%, soybean oil
1.5%, choline chloride 0.5%, Ca(H,PO,), 2%, soybean lecithin 1%,
CMC 2%, vitamin premix 0.3%, mineral premix 0.2%; Vitamin premix
and mineral element premix provide (mg/kg or IU/kg diet): VA 8000 IU,
VE 70 mg, VB, 18 mg, VB, 35 mg, VB4 18 mg, calcium pantothenate
60 mg, niacin 200 mg, biotin 2.5 mg, VB, 0.6 mg folic acid 6 mg,
inositol 1000 mg, VC 500 mg, VD; 2000 IU, VK 7 mg, Zn 65 mg, Fe 75
mg, Cu 3.5 mg, Mn 16 mg, 1 0.65 mg, Co 0.1 mg, Se 0.1 mg

1.3 ZRWRITS5AFEE

R 2 F LI035 5L 4k e T
A (HS). Ve AL(LS) . % 40 4 (HG) A
HIMEAL(LG) . SCU0JE WA 7R, W a) 4K e e 4
WAV, BRRA R LI ORI i . A=
PR 4 I PR K A L EAT TR A (24#1) °C,
24 KR B fiE 40, AR %K 5 mg/L, B H IR
15, IEMEIC kA E ML T G, R A
IR N 2/37K FFTE A C B K o

14 HMEXE&E
A, IR SRR . 3L 5.
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768 KopE o R 245

TR JE R AR ERTILER24 b5,
T2 A RERE, 1R hie RAERES:, AL
fo, BT VKA LR, BOE e, Jf R0
WELHZR, AR B K TEVE T4, s Tl A
R A H G TE T-80 cCIR iRk, T
RNA$ZHL

1.5 ZHZH 2 RNARYEZEL

A Trizolih S BUIF HE AL 2B RNA . JIFAEAH
2, BTWATOHE M A, %215 mLE.L
B, AT mL Trizol 2, $RHAELERNA,
i 1 2 ) BE B b {X Evolution 260 Bio (Thermo Sci-
entific, USA)FG I BLRNA ) 4l B Fiifk 55, [a] it A
FH %35 B W58 Je B Uk R I RN A S8 280, Il -
PrimeScriptk RT Master Mix (TaKaRa, Japan)i 7] &
1 pLIRNAEAT S e 5%, Bt BB 4550 & it
W AT, %SRRI cDNATRTE T-20 °C.
MF¥GK. HK. PEPCK. G6Pase. IGF-1 A
GHREED B A

1.6 A EIFEMEERSGHECEAMERERIE
T M

2 # GenBank I U4 X 35 AH 5 3L [l GHR I
IGF-1, BifQWIHH CBEGK. HK. PEPCKHI
G6PaseJ F:H ¥ 51, F| H Premier 5.05| #5114k
PEBET 9O E BPCRAF R SIY, S K/ANH
100~250 bp, BIYFFIWFK2, FiA 519 H L
B 37 8 /A RS g

2% £ P mRNAAH % 3 35 2 R HISYBR Green
15 B 28 Y6 2 S PCREG A, FI A FKF K B-actin
YR AR FEA . Real-time PCREZ W A 2 420 pL,
£ 45 2xSYBRIFIR M 10 uL. 10 umol/LI¥) I F 75|
Y1450.8 uL. cDNABIH 1 pnLHIK FH 7518 K 7.4 uL,
MR #ESYBR Premix Ex Taq (TaKaRa, Japan)iiifl &
VB R4, R ABI 7500 Real-time PCRAY (Ap-
plied Biosystems, USA)#EA 753 #Hr . #3445 14 795 °C
WAE 30 55 95 °CAE S s, 60 °CiB k34s, #E1T
A0MEIN s IR Al B . B R AT
BCTH(AACT) o M X F ik =2 =
o (CTum-seTym) [ TM*”mzs)*(C%w”mﬂ’ B4R B
3R HEE HFIE .
1.7 %itoh

SCG 25 B I SPSS 20,0540 47 A R & )y 2
ST, HE4TDuncan[C £ & A, FOFE S (E 4RV

http://www.scxuebao.cn

*2 EREEXEBMAXERESIYR

Tab.2 The primers of enzymes and genes related to

carbohydrate metabolism

ElE Fro(5"-3") R

primer sequence from 5’ to 3’ accession no.
HK-F 5'-GATGCTTTTGGTAAAGATTC-3' AF119837.1
HK-R 5-TTCTTCATCCCCATATAGTC-3’
GK-F 5-TGCTGCCCACTTATGTCCG-3' AF053332.2
GK-R 5-TTCATCCTCACCCACTTTCA-3’
PEPCK-F 5'-AGGCTGGACGGTTGAGTGT -3’ AF427865.1
PEPCK-R 5'-GTGTTCCTGGAGATGGTTGC-3'
G6Pase-F 5'-TCGCAGGAGTTATTTCAGG-3' AF427863.1
G6Pase-R 5'-CCAGGGTCCACAGCAGAT-3'
GHR-F  5-GGCACAGATACCAAGCAAAGAA -3 AY691176.1
GHR-R  5-TGAGAGAAGATGAGGAGGACAAGA-3'
IGF-1-F 5-AGACAGCCCAAGGACAGCA-3' D83272.1
IGF-1-R 5-TACAGTGGAGCACATCTCTGGAA -3’
p-actin-F 5'-GGCAGGTCATCACCATCGG-3' J1Q619774.1

p-actin-R 5-TTGGCATACAGGTCTTTACGG-3’

7% (mean+SD)F /R 45, MK F-P<0.05,
2 R

21 HKERREEZTK

NS HKIE R () e IR — B, 7F
FRAE 1 B HKHE P 23k i 10 25 8 1 Hfh 7R 5 By
Br(P<0.05), 3FBIFIHMYE, TR, 3~7H
A KR PR 36 38 e AT I 35 22 57 (P>0.05)(E1 1),

22 GKERARIEETK

HSZH7E 45 7258 Wy Bt GKHE [ ik 7 22 7 R ik
F(P>0.05)(12), LS4 . LGH FMHGH 1Y GKFR ik
WEVERR B R, 2RI R, ESHR
Feak i me il A AW A A R AE 5 T R i SO T
A H (P<0.05),

2.3 PEPCKERFRIE=ZTL

BB 20 5 v W 4 PEPCK I [F 78 A [A) 352 5 By
BWMRLBHFEDEER ., ELSHLGHH
PEPCKIEINFEFFE A3 H T Rk e, BE &
T 7 W) 1) 2% 35 B (P<0.05), T fEHSHIHGHZ
PEPCKHE: H (1) 335 1 & A FR A By BOAH L 22 A8
.2 (P>0.05)(JK13),
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K SRR Sk

K SRR S

g 1 8 r b
i S 167
Ke ol
o
2o a
2208t
206 |
e :
N 2 0.4 a
T £ 02
8 0 Il Il Il
14 3 5 7
FrIEM B
feeding stage
(a)
% 2.5 ¢
i b
gsé 20 |
T 215t
m O
52
g 1.0 + ab
fucd 5 a a
M 205}
N
B o . . .
14 34 i 7)
TRHHB L
feeding stage
(c)

o o O
[ e S|

o S
~

ab

¥ m
[
15 34 5)4 7

FrHaR B
feeding stage

(b)

e e @<
—_— N W

relative expression of HK gene

[

14
1.2+

ol 17
0.8 |

0.6 |
04 | . ¢ a

2t (T

14 38 50 7
FREE M B
feeding stage

(d)

relative expression of HK gene

1 AEXRWA P HKEREAREFEMEHTLES
(@)LS#; (b)LGH; (c)HSH: (HHGH; A [E/IN5FHRR %7 8FE(P<0.05), T

Fig.1 The change trend of HK gene in different culture stages in groups

(a)LS group; (b)LG group; (c)HS group; (d)HG group; value columns with different small letters mean significant difference (P<0.05), the same below

2.4 G6PaseEFRIEETL

AR F2 58 By Bt GoPase Rk [F 1) 3 ik B e &
S (] 25 5 LA i 35 (B14) . LS4 G6PaseFE A
FR S AR T, 3R G IR IG Ml
e SJE I ek e A, 7R I 3 T & R KR
(P<0.05)., LG#H G6Pase}t [H 3215 2 15 5558 1 JH it
TG T, 3R Rk Rk, S~TERA %%
T EF(P<0.05), HSZ G6Pasedk ikt 24k 1
PR —3, H2E 548 B2 (P>0.05), HGH
TS5 38 B GO Pased% 35 1 1k 2 H 5 (P<0.05), 5%
B SIE I 1, S5 T I Rk BT AR BT
25 IGF-1EERE=ETK

AR FE B BIGF- T 38 3 ik #a i R AR —
B, FREIEFRERET R, BESTHAM
% 5 B B (P<0.05)(1815) . HGHH 1 775 7 Bif
IGF- 1 ik A &S

2.6 GHRERARIEETL

LSH FILGHAL GHRAE [F 75 37 51 1 J] B 3 3k &
i, ZJEITERTRE, FREESHITE N GHRZR X &
B EAR T 3558 18 (P<0.05), HSZH7E 558 3 4 i)
GHRHEH 25 3k B35 3 i 5 . (P<0.05), ZJ5 14
TR, AEFREE T B B K (P<0.05) . HGALTE
ARSI BE SR GHRIL N £k 2EF A B FH
(P>0.05)(16).

27 FEVHSERRIEELL

FESRFRII W 2 oW I A Bl KRS TR 1Y
Fak i 0 E TR 4L(P<0.05), 1 GKJE R 1 4%
WG P R IRE 27 A B EP>0.05), HFA
fiti PEPCK 1 G6Pasefr i 5 41 i) 32 15 1 44 B 1K
TARBELH (P<0.05), IGF- T DA Y 36 35 B A6 37 51
I3 45 A R A 35 25 5 (P>0.05), 17 i i
GHRHEF ) 2R3k 1t i 25 (I8 TIORE 4 (P<0.05)(K17)

http://www.scxuebao.cn
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Fig.2 The change trend of GK gene in different culture stages in groups
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Fig.3 The change trend of PEPCK gene in different culture stages in groups
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220 p 208
W 518 | - e
K g 16t 206
K& 14+ re
2O 12} 'S 05 ¢}
Z5 10/ 2504 b
208 ab = 8§03
206 | a 2 02 ab
B S04t e a
28502+ 28 0.1} - |—1—|
20 ' ' ' Sz 0 '
C 5 1/ 34 SH O 5,}’ 14 3 5K 78
) FAM B FRAAWT B
feeding stage feeding stage
0 (a) 0 (b)
s 5
EEJH oDo6 % 10 ¢ b
N3 g 9t
RE sy RE s Bl
TS 4| 'O 74
£% 2% 6}
25 3} 2§ S5t ab
i 2 I d L2 3¢t a
o & 1L o & 2| a ’_I_‘
8 o s O
AL o L o 1+
SE o - - SE o - -
3 1 3 5J 7 B 1 304 5H 7
FRIHPT FRIHPT B
feeding stage feeding stage
(©) (d)
4 AEILIGE P GoPaseE R ENE FAM BT LS
Fig. 4 The change trend of G6Pase gene in different culture stages in groups
2 35 2 40 ¢
EEJHE“ 30 b ﬂﬂgﬂfﬂ 35 ¢ o
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g S
T= 20t T =
Gy G
&= o 15 L = o 20 r
=5 I 28 15t
a - 2 10 L
FE 5| a 2 ®E S . 2
5 . N T8 f . = .
koo S
S g 1 30 5JH 7S£ 1 30 s 7
& FRIAMT B & FrRIE T B
feeding stage feeding stage
o @ . (b)
5 5
912, ) i & 60 b
HY e i
R0 + gg 0 ms ab
e 8t =< 40
=] o o
S« S«
235 6+ 235 30
s 4t b 5 20 ¢ 2
eSS eSS
8 21 . "1“ b T5 0 ’—h
o o
SE oL . , ¢ $E oL . .
2 1 3/ 5K 7 e 1) 3 5/ 7/
FRHHPT B FRIART BL
feeding stage feeding stage
(©) (d)

5 FAESREAFIGK | ERERREFEMBREHLES
Fig. 5 The change trend of IGF- | gene in different culture stages in groups

http://www.scxuebao.cn


http://www.scxuebao.cn

772 Ko kAR 2%
e 18 e 12 b
D16 g
& & 10
E% 14+ E%
% 1.2+ be £ = 8
= o 1.0 ¢ m o
< g = E 61}
=27 08} 57 ab
£ 06| g o4t
m % 04 ab a m &
o o 2}
S2o2tf "I—‘ ’—I—‘ S 2 a a
.;—1:; 0 1 1 1 ) T; 0 L = L I
13 34 5)E 7 14 3 5)4 7
FRIART B FRIART B
feeding stage feeding stage
(a) (b)
235 L6,
i & 3.0 o i &
ME 93T
KO25¢ KO, |
z% =5
ZEg 20 ab ab =g,
£ 2 2237
g 15¢ 4
= =2t
HE10t e
IS &
S2ost . Sz}
B 0 L B 0
1 3 5 7R 1) 3 5F 7
FRIAMT B FRIART B
feeding stage feeding stage
(©) (d)
6 T EEWAP GHREREFEFEM BT ILHESE
Fig. 6 The change trend of GHR gene in different culture stages in groups
3 Wig K K TR 3 3 i R P (0 B A — B,

HEK G K& 05 A b v W i 0 O 58 il
HEKGERIG T , BFFEE A HKW Bk =2 N GKI G
PEAR, S22 AR B 0 AR I R, A
Tk K AL G W B HK ) R ¥ 7 1, Furui-
chifg "N Sy £ A e ] 46 45 40 Fe KOS 4 T
H G ok — SL A 58 3 4 R A e M T A R
HDRH B, HK B PR EAS & A AR AR T
— e R BN, WRHROK LG W S RS GG
BEYIAROC 20 A e HOR PO R OK
6B VAT GRIE P L B GKHE A 1 3635t R B i —
EMTREER . PRERER, SkKEED
WRHAE S T 43k 08 (Sparus aurata)'™ . HT85(Onco-
rhynchus mykiss), #2172 Kiff (Ctenopharyn-
godon idella)?" . W3k fifj(Megalobrama amblyceph-
ala)P WK N GKIF PE 09 38 I A0 R E h G 3R
ik, HTEHEG6h GKIFRBEIFIHIER, 24~
30 h 4 . ARSI A IR o, AEE Lo
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s 8 VR s HKIE IR Rk B A B THE
HLH 3R 3K 1 A 5% 56 ) 191 BE WS K 7 19 T e i
B, XA EE R 5 Furuichi 25 U AF 58 45 SR,
{0 Z 5 HKHE PR E AN 28 v AP35, I,
GKIEHFEA B OB Kk S T, R TA
— MR RB B, ZATE RS R BN, SR
8JEJG, GKILHTEmEm A Ris g B E R TH
A1, G553 — 45 R0 = UE M 7E FR FE )
8 F AT T GKIEM M FRIL, I+ H 7358 b Bt
TR AR i K OF 3k o 3 AT 2 R Ve #
JIhF T pE, AR A2 fa Rk &5 7K 7 BE K
A A

G6Pase M PEPCKJE Ml S A () Ol , 7F ff
R AT g5 R W, R N RUR SN i 45 Ff
A, EEZ A HLE 7 A AR, #R AT AR X
G6Pasei 1 FI 21k 1 WA [ R B s ma 7, AR 512
525 R Won AR AL A SR A R T
G6Pasel) 3R ikt , 1M = UE By 20 76 5> 5% 56 B B
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Fig. 7 The effect of different dietary carbohydrates and carbohydrate levels on

different genes expression in 1 week culture stage
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Effects of different carbohydrates and different carbohydrate levels on mRNA
expression of glucose metabolism related genes in different feeding stages of
Songpu mirror carp (Cyprinus carpio)

LIJinnan, WANG Chang'an, WANG Liansheng, ZHAO Zhigang, LUO Liang, XU Qiyou"
(Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China)

Abstract: This experiment was aimed to study the effect of different carbohydrates and different carbohydrate
levels on mRNA expression of glycolytic enzyme (glucose kinase, GK; hexokinase, HK), gluconeogenesis en-
zyme (Glucose -6- phosphatase, G6Pase; phosphoenolpyruvate carboxykinase, PEPCK), glucose metabolism re-
lated genes (Insulin-like Growth Factor- I , IGF- I ; Growth Hormone Receptor, GHR) in different feeding stages
of Songpu mirror carp (Cyprinus carpio). Four experimental diets were formulated to contain two carbohydrates
(starch and glucose) diets with two levels (250 g /kg and 500 g/kg) (Low level starch group: LS; High level starch
group: HS; Low level glucose group: LG; High level glucose group: HG) two carbohydrates (glucose and starch)
and two carbohydrate levels (25% and 50%) (LS/HS/LG/HG) using 2x2 double factor experimental design, 420
Songpu mirror carp (mean weight=[8.30+0.15] g) were randomly divided into 4 dietary treatments with 3 triplic-
ates and 35 fish per triplicate and were reared for 7 weeks. The results showed that in different feeding stages, the
mRNA expression levels of HK gene and IGF- 1 gene in different experimental groups were basically in the same
trend. The mRNA expression levels of HK gene at feeding 1W was significantly increased and then decreased. The
mRNA expression level of IGF- | gene was significantly increased at feeding 3W. IGF- | gene expression in-
creased significantly at feeding 3W. In different feeding stages, the mRNA expression levels of GK, PEPCK,
G6Pase and GHR genes were affected by carbohydrate levels and carbohydrate types. At low carbohydrate level
(LS group and LG group), the mRNA expression levels of these genes showed the same trend. The mRNA expres-
sion levels of GK and GHR genes were significantly higher at feeding 1W and then began to decline. The mRNA
expression level of PEPCK gene was the highest at feeding 3W. The mRNA expression level of G6Pase genes
were significantly higher at feeding 1W, then began to decline and showed a rising trend at feeding 7W. At high
carbohydrate levels, the mRNA expression level of GK gene in HS group was not significantly different at differ-
ent feeding stages. But the mRNA expression level of GK gene in HG group was increased significantly at feeding
IW. The mRNA expression level of PEPCK gene in HS group and HG group had no significant difference at dif-
ferent feeding stages. The mRNA expression level of G6Pase gene in HS group had no significant difference at
different feeding stages. But the mRNA expression level of G6Pase gene in HG group was increased significantly
at feeding 3W. The mRNA expression level of GHR gene in HG group had no significant difference at different
feeding stages, while the mRNA expression level of GHR gene in HS group was increased significantly at feeding
3W.In the early feeding stage (1W), the mRNA expression level of HK gene was significantly promoted by high
carbohydrate diet. While, the mRNA expression levels of PEPCK, G6Pase and GHR genes were suppressed by
high carbohydrate diet. In conclusion, this study investigated the effects of different carbohydrates and carbo-
hydrate levels on the expression trend of enzymes and genes involved in glucose metabolism at different feeding
stages. It provides a theoretical basis for the application of carbohydrate in feed.

Key words: Songpu mirror carp(Cyprinus carpio); glucose; starch; glycolytic enzyme; gluconeogenesis enzyme;

gene expression
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