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BE: ARG IAHRERE, FR4MEBKTF (21.5%. 32.2% . 42.5% F151.6% ) F) 1% 5
( Cirrhinus molitorella) A1 . JHABGEMLRBSEAEKEF (IGF-1) mRNA Rik/KFHEM, S8 FHFF
FERE, ARAEMERKTET, BEOEEESRFE4EKE(SCGR) ik BEMIEMHRM (P<0.01); SFHHA
IGF- [ mRNA ik 8 555 E A KR MR BE EAR (P <0.01) ; BF4 2 IGF- | mRNA WRFE 5 EHERE
P AR B IEARSEME (P <0.01) , Z53RK, FSEITAH L IGF- I mRNA FIFAE AT AYE L 2 mR R E,
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Research on assessing effects of diets of mud carp ( Cirrhinus
molitorella) using IGF- | mRNA expression level
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(1. Tianjin Fisheries Research Institute, Tianjin 300221, China;
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Abstract: Using Peru fishmeal as the only dietary protein source, the effects of dietary protein level (21.5% , 32.2% , 42.5% and
51.6% ) on the growth, digestive enzyme activity and insulin-like growth factors- I as well as IGF- | mRNA expression level of mud
carp ( Cirrhinus molitorella) were investigated by using 4 formulations. After an 8-week growth trial under different dietary protein lev-
els, the protease activity showed a very significant correlation to specific growth rate ( P <0.01) ; the quantity of GH and IGF- [ mR-
NA in liver of mud carp showed a very significant correlation to specific growth rate (P <0.01) ; the quantity of IGF- [ mRNA expres-
sion in liver of mud carp showed a very significant correlation to the protease activity (P <0.01). The results indicated that IGF- I
mRNA expression level in liver was a suitable index for assessing the potential of new diets quickly.
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(Scortum bacoo) F)'H FE H BN 7 T 14 1 B 175 1L 184
e AR BIBFSE ik 8kt ( Siniperca chuat-
si) FRDRHPE X R H KA R T AR R E A
B IETER G, RFARKMEE, X TR
1 ( Oncorhynchus kisutch) , 256 S 2 H AT
KESEEKE T (insulin-like growth factors- I
IGF-1) mRNA JK-F T F, B8R Ja I+
IGF- I mRNA 7KF 308 B TR a2 1 A
KHEE SR E N EEFRKFERIXRR, A
BHE IR A4 5 A K F 5 04K BT 3 08 1) T AL B T
YWY, [FE, A5 T E KR
THEYWTARMERKEE, FHik, Hitas
MAEKEE S EEEAEEEE. &2 KEFHEXYER
K B[] 1) 56 R S 8 L TADRH G 5 SOR PR AN B
TR sl PEFT DL AP E AR XA R =
WRIK FEFE Fh 2588  ( Cirrhinus molitorella) Xt £,
BT T RREE AKX SEARKEE, A RKETFH
RIXFEACERTE TE R BE oY, JFAE T MR Mo
B, R T HAKREFREE R E O AR R
e 5 ROR T

U BPR i

11 X6 S5HEFFE
e by )T B XK PO TR, A
HFRFBRIE . KNS TR FRAmRE

J7 (8.9 £0.02) g MK & 600 B, BENLA N 4
4, BH3INER, HHFER4 HAREBKFEH
ATk ZER/NH3.3mx2.5mx1.2 mf12
Ak, 7758 8 . R BiEgxw<, 8K
#e 172 WK B DMRF KR REF. 5 R 2%
RRER 3% (Bt E) 4451 F B4 9:00 FIF
3:00 M 1R,
1.2 IR

R SR i B 85 AR L IE 07 2 BB Bk R & x
BEREAT RO RHATIR, DBREREART
SKAMKIEF 553 BTN ik . I R e
AR LSk, 4 HmPEHE S B KT 770
21.5% . 32.2% . 42.5% F 51.6% $E {741, 47
BHEEH B S G INA 40% B Rk 3RS, 245
SRR 42 2.0 A1 3.0 mm Bk, BTHEETF
-20 CUkAEPRFFE . BB L& 1,
1.3 HAELE

marRd e, AR 1R, ARKRER
T EREKL, PR 13 aBNERREE, T
Bpfgil 4 setifa, BUFBRAR . KINfi4ls, JHiEvE
HiERN S YERRE, TWA P RER G [E
SEE, BT -80 CKFEHIRF
1.4 SBAERKEERNE

i K R BE SR AR B AE K ('special growth
rate, SGR) M, AT

x1 ABRAMELTREFRHS

Tab.1 Formulation and proximate analysis of experimental diets %
28 3] group 1 2 3 4

EK com 51.05 34.32 17. 58 0. 84
F %k wheat gluten 22.38 15.21 8.03 0.86
FhE- 8 peruvian fish meal 9.63 19. 19 28.75 38.32
K extracted soybean meal 14. 44 28.79 43.13 57.48
£ 3 fish oil 3.60 2.40 1.20 0
B #EE mineral premix 1. 50 1. 50 1.50 1.50
B A YA R vitamin premix 0.50 0.50 0.50 0.50
%557 adhesive 0.50 0.50 0.50 0.50
EFR 43 proximate analysis #%E H crude protein 21.50 32.20 42.50 51.60

M JER ether extract 9.70 9.51 9.64 9.58

K4y crude ash 7.20 7.50 9.30 13.70

7K 43 moisture 8. 60 10. 00 7. 80 8. 80
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SGR (%-d™") =100 x (In AKEKFEE - In ¥)
RIARRE) /i RE

In 2y B AR XTH
L5 EEEMERKEFENRIEENNE

FEMY IR I R SR LR ks A
R 5 SR Folin-F il ) 5 Jig s s 7 90 = 3R
FARE T BEE S 2 w0 & (s EBAEY TR
FEFTH ) 5 IGF- I mRNA AHXTRIXERAF E R
RT-PCR 17,
1.6 HEFEHH

FH SPSS 13.0 e it 70t R G 3k 4 347 %48 7
#r; F Duncan REE R FIEHITHBZR BE
Yot BARYILL (CFME £ i) TBAERR.

2 4

2.1 APZEAKFXERL SGR FAFHLR IGF- 1
mRNA RiZERIFMN
ME2 AT, BEE E B KFR3E i, 4 SGR

BEFR, FEEEKF 51.6% B SGR ik 3| &im
H, 5/BEHKFE 21.5% 4. 32.2% 4
R.5%HZEZFRBZE (P<0.01); 42.5% 4
521.5%H %7 B%E (P<0.05); HAhHEZER
AepZE (P>0.05),

MEE AR HK O 3, BT AL IGF- |
mRNA fFRERA PN, H 51.6% 4 5HAh 3
HEEMBEESR (P<0.01), 2.5% 45
21.5% M 32.2% HZ A ERBE (P<0.05); I
R RR 1) 28 3 B LTS PR A, o 51.6%
HE521.5%HEZRHEZE (P<0.01), 42.5% H
H52L.5%HERBE (P<0.05); JiiHiTHRERK
TE R B LV T B R R R KT B 3G ek B T R,
51.6%4521.5% f132.2% HEBZEER (P<
0.05) ; A5 iHs L I% PEBER R B K 3 i B
BT FRE, 21.5% 405 32.2% . 42.5% #151.6% 4
ZRMEZE (P<0.01), HftHEZEFARE (P
>0.05),

F2 ANERKEMNSEE, EKEFENREZEMNHLETENZ N
Tab.2 Effects of dietary protein level on weight gain, growth factors relative expression

level and digestive enzyme activity of mud carp

FFHZR IGF- 1

R Saiap SN0k ik A= i VT %8 AR g FEAKE mRNA 931k Bt [ E B u-g ™!
crude protein content RIS .g body weight /%-d ! . = intestine protease
. . initial body weight " quantity of IGF- [ o
of experimental diets at 8" week SGR .o activity
mRNA in liver
21.5% %M 21.5% protein  8.90 +0. 02* 11.21 £0.51* 0.41 0. 08* 0.82 +0.07* 0. 46 +0. 09*
32.2%EH  32.2% protein 9. 00 +0. 03* 11.87 +0.88*"  0.49 +0. 13** 0.79 0. 09** 0.51 +0. 07**
42.5%FH 42.5% protein  8.80 +0. 02" 12.55 £0. 10** 0.63 +0.01* 1.14 0. 13% 0.62 +0. 154
51.6% %M 51.6% protein  9.00 +0. 02° 15.44 +0. 43" 0.96 +0. 05 1.76 £0.27™ 0.76 +0. 03>
. N JFBRAR 2 . i JFRR R VER _ JF R AR R
Al SN ik AR Db E1f/ug! [ veE b B/ u-g ! B /u-g ! J R i/ g ! B/u- g
crude protein content & intestine amylase & intestine lipase &
. . hepatopancreas . hepatopancreas . hepatopancreas
of experimental diets . activity ) . activity I L.
protease activity amylase activity 1pase activity
21.5% %M 21.5% protein 0. 12 +0. 02 1.90 +0.07* 1.20 £0.02% 2.11 +£0.27™ 1.24 £0. 08™
32.2%7EH 32.2% protein 0. 12 £0. 03** 1.83 +0. 08" 1. 16 0. 02" 1.10 £0. 12** 0. 67 +0.03*
42.5%%H 42.5% protein  0.16 +0. 02* 1.27 0. 15* 0.87 +0.01* 1.01 £0. 04* 0.70 +0. 02*
51.6% %M 51.6% protein  0.25 +0. 02" 1.45 +0. 06** 1.05 £0.08™ 1.30 +0.05* 0.70 +0. 02*

e FSPREREFRARERREFWEE (P<0.01), NEFRARFERREFBE (P<0.05); FEEKE (%d™') =100 x

(In ZARMAFTE - In FIEAARTR ) AREREL, In 2 B ARXTEL

Note: In the same row, values with different superscripts in capital letters are very significantly different (P <0.01) ; values with different super-

scripts in lower case letters are significantly different (P <0.05) ; specific growth rate =100 x [ (ln (final body weight) —In (initial body

weight) ] /days, In was natural logarithm.
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Fig. 1 Correlation analysis between specific growth rate and digestive enzyme activities
2.2 SGR SR M1 . 25,
8 N =
2.2.1 # SCR SEAMHEERMXES T 2 ®Wa 20| B —0.9757
FIFRME 21.5% . 32.2% . 42.5% F 51. 6% & H K %‘Zﬂ
" ; 2 1s)
TAYGR, BB IR BT S SR 9% 3 B
1B B IEARSEHE (Pearson RESHHIN 0.878 ™ 28 VO
0.905™, P<0.01) (F 1 -a), £ os)
2.2.2 1 SCR SYEMEREERMAIENYT 6 =% o0 - - -
=) 0.0 0.5 1.0 1.5

A VER BG5S SCR B B3 FAHEHE (Pearson R

Bh-0.591", P<0.1), {BiFEmBFEHES SGR

TJoAHFE M (Pearson &K -0.417, P<0.1) (& 1

-b),

2.2.3 # SGR S5[RWiEgTE LA R T 8.

[ RV BEE 5 SGR B MHKME (Pearson REN

-0.471, P<0.1), {HAFIE SIS S SGR F 7

FXME (Pearson RECH -0.535, P<0.1)(E 1 -

c)o

2.3 SGR 5EEKEATFHEMREENHERESH
5T 41 4% IGF- 1 mRNA £k &5 SCGR i

Pearson ZEH 0. 896 ™, WiE A &M IEAHX

P (P<0.1)(E2),

2.4 PFFEZ IGF- I mRNA WRZEESHLEEE

ok PSSy

2.4.1 #EFT4H41 IGF- ] mRNA R XE 5% A

BEAERKE/%
specific growth rate
B2 AL IGF- I mRNA KRk &
5 SGR AHKMES T

Fig. 2  Correlation analysis between quantity of

IGF- I mRNA in liver and specific growth rate

-0.297#1 -0.380, ¥FAHRME (P<0.1) (&3 -
b).

2.4.3 BEFF414 IGF- 1 mRNA PWEX B S5EN
EERAEME T FF4ZUIGE- [ mRNA fyik
2 5HTER EERY Pearson RECH -0.548, HATAM
Xt (P<0.1), FF4HZ IGF- 1 mRNA R ZXE S
FHVE 43 B3 1) Pearson RECH - 0.437, JoAHKEHE
(P<0.1)(E3-¢),

\‘ \/\
EHERIA T P4 IGE- [ mRNA fRik 3 Mg
ES5HEABMTEERK Pearson 45N 3.1 AREZEAKRESH T# SGR & IGF-1 15
0.726™ #10.892" , HEEMBEMIEMLE (P WAH

<0.1)(E3-a),

A BT A AR/, AE 56 d IR B

2.4.2 BTAHZICF- 1 mRNA FRIXBSIENEE &, RERESEAFRREREM. BERRED
MR FFHZUIGE- I mRNA f95R3K JKFR9ME N, 85 SCR BE T H. X—HIR&RS

5 i I 17 B AR NS 5 B8 A9 Pearson R X000 H 4

FEAH | B (Aristichthys nobilis)'® | # ( Cypri-
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Fig. 3 Correlation analysis between amylase activities and quantity of IGF- [ mRNA in liver

nus carpio ) ! | i ( Mugil cephalus)™ F1 1Y 45 i©
(Barbodes alwus) """ % 7 £ Ve f1 JS B e HAE 2 A —
B, RAREREEAE, BEORNRETERR
BIRKRER, ZMERFESAHME, EKHEK
MR KBS R B i AP OB B B SR
HEHRTFERRZWA R,

IR R, MEEBKFREE M, 8 SGR
BEIE, WEEBKFN 51 6% i SCR ik 2| &
R, 5EBEBKTF 21.5% 4., 32.2% 4 A
R2.5%HZEZRKREE (P<0.01); 42.5% 4H
H521.5%HERBE (P<0.05); HAHMZESR
AEZE (P>0.05), HEBRIERNA, HEF
RHE KR 42. 5% Kkl X SRR %
Yi4E4% ( Sinilabeo rendahli) %4 )& H R TR &
BT HIBEFR S RARRL, FOA N RRLE B & 0k
37. 6% i EGE A4tk gy A K EAEFFET
WFFE R E 7K X M 0 ( Culter alburnus) )
SGR EFBEEmM (P<0.05), 40.89% fARlEH
#lfy SCR BE & T 31.04% | 35.53% fa Rt E A 4
(P<0.05), {HY5 46.62% #i1 50.33% TR E HH
BABEXER (P>0.05), XIKRE"HET#
WREE H BUK - 46% 1Rk (236 1A R B i 2
IKFE) BIHRBERIA B (Sciaenops ocellatus) %
) SR feid o FA MRS BIFALIRPEIN G B 157
FE4h B, AR B TR R O 48. 7% H K
Hr i E A SGR Wl . BEMHE WBRE
B, FMEEMRE SRR E S BIRE, ML
( Erythroculter ilishaeformis) BJAEEEMBR, EH
FERESE N 54% A ERK L ERE, X3
0.87% o X 15 B MR AL = 2 I Lo & - B i e

FIF PO L B R A, ddE R A, SR,
BEHRESECN 54% HAEKH R 48% HABH
B, HIRET 3.5% . xR 4 RE AR
R HER S B —E RN, FHMINELRYRE
SEEBTRERELMNAERKEE. X558
SERAM

B X} IGF- I mRNA REKF-HH T B8 4
MEFsT, 25 RRIRAEE AR K T BUF L v
IGF- I K F &', LINDSEY """ B 57 i 6§
( Oncorhynchus mykiss) FH, 2B AT IGF- 1
mRNA 7K5FF[%; IGF- I mRNA /KE7EZEE 2 )G
BT 57% , R 6 JRRMREILT 86% ; Jif IGF-
| RABFEFHRRGAE LA, SESBRROTF
IGF- [ RIXEAAML, 2576 Fj5, 8 IGF-1 MK
KEWEMRT 83%, BHTAHAMBEMRT 91%.,
BRIAN %) BF 5% T 45 £ %) 5 /5 LR (Lesalurus
punctatus) [l 3EH IGF- 1 FiAKEZE (growth hor-
mone, GH) 7KFJKH mRNA FRikWgmg, kR
BAZE A 3 ARSI E - GH TGl B ARfk, T I
IGF- T R Al — o2 [ B2 ot & 43 B % ik . UCHIDA
%[20] W T2 X B dEMA  ( Oreochromis mossambi-
cus) GH/IGF-1 fysgme, SZ5RKH, SxFHAHK,
2 FzEExt P AefamyE GH, WFLBFE (prolactin,
PRL) 7KF-PAK% GH mRNA EiXFEMALRZE (P>
0.05), T4 G M3+ GH 5 & 430 i 2 4k
GH mRNA /KB ETE (P<0.05); &2 FH
4 J&J5 M3 A IGF- T it & 4 BOR AT ik IGF- [ mR-
NA K-8 B Z Rk (P <0.05), 7E K74 ¥ &k
(Salmo salar) #heazEE 22 d 5T HHER IGF-1 F
BERAEFTES , ZRGRSRFAEWREATESR
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HEHRKMERT, I IGF- [ AixtFEREWU,
3.2 SGR SFif{LEsEEREXES#T

Al 21.5% . 32.2% . 42.5% 1 51. 6%
FEHHEAKFREEL, 8 SCR 5 HEE AN B
FERIEAHRKME (P<0.01), BI&EHMEEESE R
B EEKF RIS . XUBEBRERT
HEMNEAKEAREZNMEMN, WERST
i) ( Paralichthys olivaceus) . = A fifi 5D O}
HF) (Penaeus monodon) F1E EVBIF™! ( Macro-
brachiu rosenbergii) HIBFFEEERAHM., Hik, 7T
TR A G T R AR NS R ) 2, T T R 2 HE T 1 7
MR ERFE SR FERDEHE B K B3,
ffRREAEE T IR A AN E B BRI, USRS A
FHEEMHEA SR, A REE K, &5
VEM EETETES SGR A fitH%M: (P <0.1, Pearson
FHCH -0.59) , HAFISEGENES SCR JoAHKAE
(P<0.1, Pearson ¥ N -0.417) . 15 7 I8 i B
EMES SGR &AM (P <0.1, Pearson RECHN
-0.417), {HJFJE W5 g & £ 5 SGR A £ AH M
(P<0.1, Pearson 2%~ -0.535) ., XyiRA#ME
B HKFEAR AR, 8 28858 5 T A s 7 A
WESORAN A K BER IEAE, (HRHARA KRMRCR
RTEBR, NmERKEE.
3.3 FF4AHZ IGF-1 mRNA HRIAE 5 SGR #y1H
RS

SRR 21.5% | 32.2% . 42.5% Fi1 51. 6%
EEKFRERL, 8 HHEE 5 F4HA IGF- [ mRNA
KRB B AR BEREMLHE (P<0.01), X
VLR T4 28 2046 IGF- [ mRNA (8 X HAE K BA
REZEREER, AT LU R SR X 5 55
W5 IGF- I mRNA BRI HEN ) FRI S A K
FIEFRROL. L4515 ANTHONY ™! B 58 fry )
fifi (Lates calcarifer) P48 H B2 R —5, IGF-1
mRNA KRB RS H I ERIEMX . PR
£ ( Oncorhynchus kisutch) " Bt % 31 IGF- [ mR-
NA fyik B 5 B B RUIEAISE; BECKMAN %17
WFSTER KBRS a2 BT IGF- [ mRNA R X B 5H
W4T AR IE AH 565 PICHA 1% BF 5% 2% 52 B 4L "
( Morone chrysops x M. saxatilis) 3, 3% B if IGF- 1
mRNA {235 8 5 H | RIEME; L& BT
B X It B IGF- [ fk A B 5 SGR MIEHM
%; TAYLOR %" oy s th K T IGF- I /K F

K BIEAS; CRUZ %P B R B B 4kt
(0. niloticus) WARIXHE,

3.4 FFELIGF- 1 mRNA WRIEESHHEEGE
BItE RS T

KPS E SRR . REAKFE. FRAEE
IKFEEERE W A K EZE  (growth hormone, GH)
MIGF- 1 Rk, AR AHABEER, HPER
R 2 GH #l IGF- | mRNA XM EERHHE T,
BFRYE AT LGB PR GH Al IGF- 1 fyRB &4k
KB AER, XESIYREA —E TR
P

#5 P20 27 IGF- | mRNA 3B 8 5E LIS
AR E RIEAHRME ; B8F4128 IGF- [ mRNA )R
R SR EE A AR 8R4 4 IGF- 1
mRNA REE 5 IEM A TUHEXHE, H58E
MEETCA R . XfE—B U R E R ARESR
M EERIE, HEEWEHARK,

IR, AREAKF B E R T4
IGF- I mRNA REE ., HRBEBAKFK, F7E
Xt 5 P AL R A B B AR ST SR AR, LR IF LN
IGF- I mRNA ) 3% 3k & 1 B 43 W5 (4 25 [ 6l 07 1 el
%, BEMZEERIEMEHE, X088 5550
X 52 T4 U 85 P40 27 IGF- [ mRNA fy ik Bk
FE TR R B T AR
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