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5 EYE B R R AR KFERD FKE
fa F [ Xt K Z= 8 (Scophthalmus maximusL .)
S 4K R BFRE | GF-| SR RIERIE T

2@ REED HEA LEe!
(1. FEAPRHTFE AR HE 266071; 2. FIGFHEERY KT G4 FiE  201306;
3. HEBHRESEARERLEE R RLEASEY B RIRELE HE  266071)

WE AHRARARSTFABAEIRITT 4 A% 245N EaYE A, FRT B AP KL
F Kk & B 5 2tk % £ (Scophthalmus maximus L.) 47 # [(4.16+0.01) g] 4+ K M #8 . & 1 2 % B AT
(Mg 5 & £ K H T I %K (nsulin-like growth factor receptor, IGF-IR) & 1A 89 % 7 , K & & G 497 &R
BB E 1 5%(UF-5), 10%(UF-10). 20%(UF-20)8 & 4, 77 n FPH 41 4 %t B 41(UF-0), HliX 4 78
BB AE4 e 84 d, £ R T 7, UF-0, UF-5 f1 UF-10 AW ER ExtkELEE2LR
(P>0.05), {2 % % & T UF-20 41(P<0.05); UF-0, UF-5 Lt B3R . B ARREME G RARAR
T8 # # 5(P>0.05), %% T UF-10. UF-20 4(P<0.05); UF-0, UF-5 1 UF-10 = 4 # (A &
B, MEM 4 E L L #F £3(P>0.05), {22 %% T UF-20 41(P<0.05); UF-5 410 %F @848 Kb
FAEBRSELFEAERIIVELES THM 3 4(P<0.05), Hf 3 4L T #F = 7(P>0.05); AT
# IGF-IRmRNA W kA F K& EaBRAK TN AT, HUF204 53 A=rE%
(P<0.05), &R %W, ELHMEAKFAMEAEEQUF-S)TR#IAZFYHENEK, BFEEE
FAESALA L F AR AR & AT R Ko F KM & & 8 (UF-20)2 W% 2 & K ZAREA A %
KaFAEeEaTRGKZFFES IGFIR XE N XK E,

KA K& a; MmEE; KE; £K; IGF-I %K

FEDES S963 XEHRIEEE A XEHS  2095-9869(2016)03-0049-09

K 22 ##F (Scophthalmus maximus L.)J& T £ H
(Pleuronectiformes) . &} #l (Bothidae) . Z¥ #f J&
(Scophthalmus), BFr“ZFE >, NE=FRIGERF
MV KPR K 128 (& 4555, 2003), 1992 45|
HIREE, BT HGENAOKERA R | ARKRE . 250
5. 5 THEAMTEHER S (Bromley, 1980), KZZHF
1) T AR S5 © 28 B AL 7 1 K IR B8 ) SRR Pl .

fa Ry TR BT, MR ORI Lk, KSR R
SRR IR ZME LA R K IRl Y R TR K
FH A s AV R 10 4 2 1 2 A 4 £ R J2 i e H i £
oy Jo e ) B8 P — AT O G, (R AR A S A B
BIRHETF | ARERATHEE, BT A K=k
RSN (B 745, 2005; Bureau et al, 1998; Francis
et al, 2001; Gomes et al, 1995; FfH%, 2009"; El-Saidy
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1) B, U8 IR %) 5 6F (Paralichthys olivaceus olivaceus)F| k& 2 (IR 9520 . F ] M v R S - P9 2k 2 or

B3¢, 2009
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et al, 2003; Kaushik et al, 1998; F3F4%, 2002).

JK fiftf1 45 H (Fish protein hydrolysate, FPH)J&ff
RS | DRl 0 45 18 T K AR A3 1 —Fh & AN )
B 1 22 R R BRI/ i i 5 2 6 TR 1) A 11 ] (Liaset
etal, 2008; EH R, 2011), FPH EAF I —Fh B ALY
P HIE A T K= B E R =4, 1995; Liaset et al,
2000; Kotzamanis et al, 2007; Zheng et al, 2013), £
HIEFRAF B FPH 73 F- /U, R7r1 FPH 1R 2515
BHR I ROR B T 54> T FPHORETHTSE, 2011; Bui
etal, 2014), Aksnes %(2006a)if 55 % B, {45 FPH
S 40T % (Oncorhynchus  myki ss) 7 1) M2 w5 48 ) &6 11
R S O T A e B e =DA% N1 R )5 s e i 3
(OI2)EMFFRARIK AR+ FPH X -6 (Paralichthys
olivaceus) 2 IS & B, R A% fE . ik
BRSNS FPH WS (32 L TG TR
B BRI, ST REE O R AR Y 8 A iR R IR FPH
F14)3E5 B IS I KT R BT AR HE

ARG B R TE S A AR R R RS 6
SRR Ep S R | N [ O O (35 e el 2 0 & B = AW £
PR T K EE B4y 0 A K AETAR B L AR 2H R e
RS EA KN T %2R (Insulin-like growth factor
receptor, IGF-IR)FE: K iK1 152 , If LA S IPA IR 53
+ FPH &R RYRCR , i 185 1 19 FPH UK,
AR A A FPH K4 e R W 45 1 TR Y )
FARCR R — 2 i BRI

1 HRETE
11 K@BpeaZEAMFIERS FENE

K fift £ 11 S50 P £ A 2 Sk R I 1 RO
M6 71 (Theragra chalcogramma), 7K fif fa. 45 [ 19 45
7% Zheng 5 (2012)[W )51k

I FH i 00 A e i (S 5 K A R R o o, AR
i Zheng “F(2012)[ 1%, MRS /K i 25 1 1)
Sr R IR 1,

1.2 SEmgfAst

ARSI LIk . YRR EREAR.
A WA KoK it 8 A o AR E R, LU R AR DR
HFERL 4 B4R AERERY LR 2): JCUS N FPH 4024
X} HR4H (UF-0), FPH BARAEE Y 5%, 10% . 20%5
Wk UF-5. UF-10. UF-20 4. Fif BRI 80
H i, & AR 7 (R 2% JBRHE A, il sokiie
3 mm AGERE, FMLAZE SSCTRHE 12h E2fEE, BT
20 CUKFEPAAF A o TR L FR AL A L2 3.

®1 KBEEANSTENH

Tab.1 Distribution of molecular weight of FPH
St KA 1
Molecular weight (Da) Fish protein hydrolysate (%)

10000-5000 0.20
5000-2000 1.14
2000-1000 5.21
1000-500 21.34

200-500 56.64
100-200 3.66
<100 11.82

1.3 ITRBERFEEE

S A0 FH A IR R BN (4.16£0.01) g B RS2 6 4)
fr, FRIEFEHAEM G TP & X KIFEK A RA A . #
WS 14 d MIGE N FREAE . R-IARRG, &
B FKARARF R 120 L BB BSANAR P o FRFE K A IR
K, SRATUK IR, WA S L/imin, #E4E
TR, KN (14.0£0.5)°C, EEET 7 mg/L, EhE
7 30.0+0.5, pH K 7.5-8.0, AKLEIFIAEE, FE
24 h, EEERNYL] L PRAK R FLAR SR TORS i) K B
ith, FREEJEBEPLAECAE 16 SILIEANAR P (1 % R
4, 3T, A 25 B, R
EHMERG R (06:30 F1 16:30), HMELEH 30 min J5, X
RIS, MR 100 B gkl iy S 1 B 5 R
P E . SR 84 d.

14 HWmEEMELSH

ST TFRAT, BEMLEC 10 B AR , fR 7
TF—20°C LIHE 5 22 1 fa AR iR o0 o3 BT S50 o S0 25 SR
{58 24 h, WAMARRE, YRS Bf, 57 F-20C
TR sr b, AR ariln, RET
—20°C; ARARHC 1 RBfa, R —07 B AT
RNAwait £ 7 (Slarbio) 1 .

TRl R AR RE S E 105 CHET ZfE &, il k&
I E Y S, ARG R T AR E o MR R
FLECE A MU IR R IR KB %
JEAE L FoRAE S FE ARG SS0°CHAEE 3 h, R
FREIGE , HH H 7 L-8900 T4 3R 43 B A3 5 ]
REF 0 (AR UL TR 28 B TR 4 K

15 ZIHEEKRNAFES IGF-IREERIE=S

1.5.1 RNA ## 8 fe cDNA #)4m% FIFH RNA
Extraction Kit(TaKaRa)i{ 7] & M 5256 £ fif J1F A $i2
BLRNA, S 2R I 22 1 (Nanodrop ND2000)£:
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*2 ZWEABEAMERAR
Tab.2 Formulation and proximate chemical
composition of the experimental diets (%)

®3 AREERIESHITETY%)
Tab.3 Amino acid composition of the experimental
diets (Dry matter%)

J5 8} Ingredients (%) UF-0 UF-5 UF-10 UF-20

ff1 %} Fish meal 1500 11.50 8.00 1.00
2K Soybean meal 24.00 24.00 24.00 24.00
iﬁ%ﬁjﬁmeal 12.00 12.00 12.00 12.00
A ek Wheat gluten 18.00 18.00 18.00 18.00
JK fif¢ 4. 55 H FPH 0 3.10 620 12.40
/NZE# Wheat meal 12.30 12.50 12.60 12.90
431 Fish oil 870 890 9.20 9.70
B #EfiE Soybean lecithin 1.00  1.00 1.00 1.00
iﬁfjﬁijﬁxl 150  1.50  1.50 1.50
YRS

Mineral premix? 1.50 150 1.50 1.50

S {LREBE Choline chloride  2.00  2.00 2.00  2.00

Wiz — A4S CaH,PO, 2.00 200 200 2.00
#i A% C Vitamin C 0.50 0.50 0.50 0.50
L-#i % % L-lysine 0.80 0.80 0.80 0.80
D/L-#% % B2 D/L-methionine  0.40  0.40  0.40  0.40
LK% MR L-arginine 030 030 030 030
B

Proximate composition (%)

HLEE H Crude protein 51.81 5242 5224 52.16
AR Crude lipid 10.56 10.71 10.75 10.78
K41 Ash 724 7.06 7.00 6.83

He 1 4RI AR (mg/kg or g/kg AR BAEER,
25mg; BHEEK, 45mg; ML E, 20 mg; 44 EK By,
0.1 mg; 4E/E# K;, 10 mg; ALEE, 800 mg; iZFR, 60 mg;
JHER, 200 mg; MR, 20 mg; EWEK, 1.20mg; 4i/EK A,
32mg; 4EEER D, 5mg; 44K E, 120 mg; Wk 18.67 g

2. WY IR S B (mg/kg or g/kg KL : TALEN, 2 mg;
MAEER, 0.8 mg; SALEE, 50 mg; BUMHT, 10 mg; iR
B, 80 mg; BIFRFE, 50 mg; BiAREE, 1200 mg; WAL A
5, 3000 mg; AL, 100 mg; WAKE, 1551¢

Note: 1. Vitamin premix (mg/kg or g/kg diet): thiamine
25 mg, riboflavin 45 mg, pyridoxine 20 mg, vitamin By, 0.1 mg,
menadione 10 mg, inositol 800 mg, pantothenate 60 mg,
tocopherol acetate 200 mg, folic acid 20 mg, biotin 1.20 mg,
vitamin A 32 mg, vitamin D 5 mg, vitamin E 120 mg, wheat
flour 18.67 g

2. Mineral premix (mg/kg or g/kg) diet: NaF 2 mg; KI
0.8 mg; CoCl,-6H,0 50 mg; CuSO,-5H,0 10 mg; FeSO,-7H,0
80 mg; ZnSO,4-7H,0 50 mg; MnSO,4-4H,0 1200 mg; Ca(H,POy),
H,0 3000 mg; NaCl 100 mg; Mordenzeo 15.51 g

B HMR Amino acid (%) UF-0  UF-5 UF-10 UF-20
REHR Asp 286 258 247 277
FE R Thr 1.43 134 1.28 1.36
25 R Ser 1.92 178 1.75 1.86
B E R Glu 1054 9.61 959 10.38
H& M Gly 167 158  1.54  1.65
W& Ala 2.07 198 193 206
R Cys 053 058 049  0.55
R Val 1.81 1.74 1.63 1.75
E R Met 089 062 084 092
S5 IR Tle 1.61 1.61 1.50  1.60
R Leu 356 350 338  3.59
% R Tyr 1.58 147  1.33 1.43
HINZIR Phe 272 3.06 372 3.42
AR Lys 231 245 232 238
AR His 1.02 1.06 0.96 0.89
AR Arg 193 224  1.88  1.90
-T2 Tau 0.14 0.15 0.15 0.16
MEIER TAA 38.59 3735 36.76  38.67
TR R EAA 17.28 17.62 17.51 17.81
TR NEAA 2131 1973 19.25  20.86
EAA/TAA 4478  47.18 47.67  46.06
EAA/NEAA 81.09 8931 90.96 85.38

T RNA e BE Al BE {8 H 1% 0 B g b ¥ e FL kAo
Il RNA 1Bt ; —80°CIRAF o

LB B O BE B RNA b BT f , AR 8
PrimeScript MRT Reagent Kit(TaKaRa)Z ¥4 ik 7] &
B AE U B A L cDNA,  FI FH A3k o A2 R I 2 Y
(Nanodrop ND2000)#: Il cDNA AYHEE ; —20°CH-7F
152 3l4peyiit A% S 2R T SR 2 E B 1Y
AR R 274 Bk, R B-actin ¥ FFEN, HAYFEH
IGF-IR A 5| ¥ MR 45 GenBank 1 K 2% #F IGF-IR
(AJ224993. ) JEH FFHI LT, PRSI Y FigAE T A
Y TR AR A PR R (R 4),
153 #%Kk%E% R SYBR Green I Yk}, %
e R TaKaRa 2w $2 4k 78280 € wX
(Applied Biosystem 7500 Real-Time PCR System) [~ it
F1  FEE AT o SV R R 10 pl: SYBR® Premix
Ex Tag™ Il (x2) 5 pul, ROX Reference Dye I (x50) x 3
02ul, ETFWHLIH4A 0.4 ul (10 pmol/L), Hifz cDNA
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4 RT-PCRIEAFIHSIW

Tab.4 Real-time PCR primers used in the experiment

FH 59 ¥ 51 SIYKE
Gene Primer sequence (5'-3") Length (bp)
B-actin F:CCAAAGCCACACGGGAGAA 19
¢ R:AGAGGCATACAGGGACAGCACA 22
IGF-IR F:CGTGGACAAATGCTGTGGAT 20
) R:CCAGAAGGCAGATGAAGAGG 20
1 pl, ddH,O 3 pl #MFE 2 BURFR . SRl : 95°C

30s; 95C 55, 60°C 34s, 40 MEH; 95C 155,
60°C 1min, 95C 155, R 27353145 IGF-IR FEH
HIFAXT B 5, AACE(C nnen—Crrrsoni)sa— (Cy raven—Cy

AR )R
16 HEERSZIHHSNFE

iﬂﬁz(%) 100 (2R A4 55 —47) 4 1A 52 ) /400 4y 1Ak o

558 1E K (%/d)=100x [ In(Z& K A& )~ In(¥] 15 74
) ]/5E 5 R AL

BB R (%R E/A)=100x< 8 T4
o< (W1 R R+ AR R ) /2]

Tl s R = R T (R ) T R i

B R =(LOR R W IR R ) R (A =

1 A R IUR R (%)=100x fi 1A 5 ([ A7 /45 H
BEA R

K1 SPSS 17.0 GE iR X 52 5 A5 B dE 4 7 o R 36
J7 23 Hr(One-way ANOVA), 422 53k 5 i /K
(P<0.05), #E47X3# £ & 4 (Duncan’s multiple range
tests), EHEFR R NV EHAARE 2 (Mean+SD),

2 H#R

21 AEIKFRSF FPH X RZEE 4 & 4 KRR R

AFVKFAR ST FPH WK S5 A K BE AY 52 0
W 5 i, 20t 84 d TME, 4 4 KEE6EL)

k3= VEE SN

£5 AREKTFEESF FPH Xt KE=6T4) 4 KRR

R T SR TE 98% LA I, LRI B 76 4% 21 22 W) G 35 22
5(P>0.05). MY AARBIAL UF-5 iS5, 4F
EEKFEE T UF-0, UF-10 4, HER AR E
(P>0.05), 3 #H 5 # & T UF-20 41(P<0.05), UF-5 41
AR R . B A RRCR MR A RV R S UF-0 41
Tl 2 5(P>0.05), {HEE & T UF-10 fil UF-20 4]
(P<0.05). UF-10 41 RDRICE | 2 A R M [ %
DUBRR B2 5T UF-20 4(P<0.05), & X% FPH
NI R LT, B OUF-20 48 3% 5 T HAl
3 4 (P<0.05).

2.2 ARKEESF FPH I KEFHBEBEES K
AL P S B B 4H R R 221

e AR B FA ek HR S AN TR) AT K i £f B
AL R RS ISR 6., KR4 UF-0 5 UF-5.,
UF-10 ZH iRk 43 . FLER L RHLAR G & 2 0t 2 25
5 (P>0.05), {H UF-5 415 UF-10 4l [ &5
KRR & T4, Ho A2z xR
(P>0.05), FPH E¥sN4 UF-20 Ak o> & s, &
H ARG & k. UF-0 iR &8s, S5H
i 3 4125 5% 5 3% (P<0.05).

4 2] SIS AR AL IR 2R B iﬂﬁmﬂ(%ﬁ 7,
UF-5 NP IR . AR . R R
iR 4 FhbTHEER S HEEST UF-0. UF-20 4
(P<0.05), 5 UF-10 HT i 2% %, UF-5 AR RN
MR | W 2 R RN 2H 2R 3 b s 2 R IR % i w2 v T
fib 3 ZH(P<0.05), HiAth 3 2412 [A] TG i 3 2% 5 (P>0.05).
UF-5 b5 2308 & 1 b5 @R 5 A s A AL
PR LU e, H i 2508 T Ot 3 4H.(P<0.05), UF-0.
UF-10 Fl UF-20 =4[] JC it} 3% 2% 5 (P>0.05) .

23 IGF-IREFZHEENRIEZER
A5 S B SR BORE O 5 8 1 2724 B X IGE-IR J: N 78
YZH UF-0 FMISCEG4H UF-5. UF-10. UF-20 fH3#

RN (P-4 fE AR 1fE 22)

Tab.5 The effects of small molecular weight of fish protein hydrolysate levels on the growth
performance of juvenile turbot (Mean+SD)

PN oz e KK Il o i 3% VLR
gy BEEEER S RELICR Bk v PR BRI
Grou Weight gain Specific growth Feeding rate(%/d) Feed officienc Protein efficiency Protein deposition
p rate(%) rate(%/d) & 0 y ratio rate(%)
UF-0 630.92+44.02% 2.37+0.07% 1.29+£0.02° 1.38+0.03* 2.37+0.06* 35.02+0.72%
UF-5 642.04+37.65% 2.38+0.06" 1.31£0.05° 1.41+0.07% 2.43+0.13% 35.51+1.74°
UF-10  578.29+109.81* 2.27+0.18" 1.36£0.03° 1.29+0.08° 2.2240.14° 32.77£1.97°
UF-20  428.20+15.49° 1.98+0.02° 1.45+0.02° 1.12+0.01°¢ 1.92+0.03° 26.89+1.00°

H: [ESECE A E] EAR B3RS 25 7 i 2 (P>0.05)

Note: Values in the same column with same superscripts are not significantly different (P>0.05)
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R 6 ARKFRSF FPH X X & KL 8 A B R0 (735 fEAR 1fE 22)

Tab.6 The effects of small molecular weight of fish protein hydrolysate levels on the body chemical
compositions of juvenile turbot (Mean+SD)

2H 91 Group 7K 43 Moisture(%) HLHE H Crude protein(%) HUIEWT Crude lipid(%) WA Ash(%)
UF-0 76.93+0.42° 14.64+0.20° 3.99+0.20™ 3.40+0.10°
UF-5 76.87+0.35° 14.74+0.02° 4.3140.22° 3.13+0.24°
UF-10 76.88+0.39° 14.75+0.11° 4.53+0.37° 3.15+0.10°
UF-20 78.94+0.69° 14.12+0.30° 3.64+0.67° 3.05+0.10°

H: [EZECE A E] EAR T3ROS 22 7 i 2 (P>0.05)

Note: Values in the same column with same superscripts are not significantly different (P>0.05)

RT7 ATEKFRSF FPH X X EEF & AL P SEERA M BRI (%) (P4 (AR 22)

Tab.7 The effects of small molecular weight of fish protein hydrolysate levels on the amino acid
composition of fish muscle in juvenile turbot (%) (Mean+SD)

Z AR Amino acid(%) UF-0 UF-5 UF-10 UF-20

RAHIR Asp 8.54+0.12° 7.07+0.03° 8.73+0.15° 8.52+0.14°
IR Thr 3.78+0.09° 3.44+0.13° 3.88+0.05° 3.79+0.06°
22 2R Ser 3.39+0.08" 2.96+0.15° 3.45+0.02° 3.42+0.08%
A AR Glu 13.78+0.20° 12.94+0.64° 14.17+0.19° 13.42+0.11°
HER Gly 4.03+0.04° 3.66+0.24° 3.81+0.07° 3.72+0.04°
HA Ala 5.20+0.13% 4.97+0.22° 5.25+0.03° 5.12+0.11%
LA Cys 0.79:£0.04° 1.78+0.21° 1.00£0.15% 1.09£0.12°
H R Val 3.79+0.17° 4.18+0.18° 3.88+0.12% 3.91+0.12%°
AR Met 2.31£0.04° 2.56+0.07° 2.31+0.03° 2.1840.11°
SE R e 3.69+0.02° 3.91+0.14° 3.80+0.07% 3.68+0.08"
SE R TR Leu 6.45+0.09° 6.72+0.26° 6.63+0.11° 6.49+0.13°
&SR Tyr 2.82+0.03% 2.91+0.07 2.74+0.03° 2.79+0.08°
AN Phe 3.57+0.07° 6.83+0.58° 3.55+0.05° 3.64+0.18°
i Lys 7.68+0.10° 8.42+0.32° 7.79+0.14° 7.83+0.07°
HA TR His 1.70+0.02° 1.93+0.02° 1.7240.02° 1.70+0.02°
K AR Arg 5.00+0.07 5.02+0.12 4.99+0.09 4.84+0.13

iR Tau 0.12+0.01° 0.15+0.02° 0.12+0.02° 0.20+0.04°
BEIR TAA 76.63+1.04° 79.45+1.23% 77.82+0.78% 76.37+0.63"
W E IR EAA 37.97+0.50° 43.01+0.37° 38.55+0.33" 38.09+0.56"
JE T H SRR NEAA 43.01£0.57° 36.43+0.95° 39.28+0.51° 38.29+0.10°
EAA/TAA 49.55+0.15° 54.14+0.53° 49.53+0.24° 49.87+0.33°
EAA/NEAA 98.22+0.60° 118.09+2.53" 98.14+0.93° 99.47+1.29°

e RISEHE AR R AR REFROR 22 7 A8 i 2 (P>0.05)

Note: Values in the same column with same superscripts are not significantly different (P>0.05)

P T AN E R, UF-0 4 FRBEBE N 13 8), PR 2 T 3 4H(P<0.05), UF-10 A& & T
MFE 8 AT LIE H, IFAE IGF-IR JEH [ FRIBKFRE  UF-0 41(P<0.05), UF-5 415 UF-0. UF-10 154K
FOKfE A WIS TR BT, H UF-20 4138 .35 (P>0.05).
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&8 AREKFERSF FPH X K674 & FFRE R
IGF-IR & mRNA Rix 880 (CF B ELbR )
Tab.8 The effects of small molecular weight of fish protein
hydrolysate levels on mRNA expression of IGF-IR gene in
liver of juvenile turbot (Mean + SD)

20 5] IGF-IR #:[H mRNA X} ik &
Group mRNA relative expression of IGF-IR gene
UF-0 1.00+0.00°
UF-5 1.120.20"
UF-10 1.37£0.22°
UF-20 1.90+0.39*

T BdE AR R AR TR R 22 5 A8 .35 (P>0.05)
Note: Values with the same superscripts are not
significantly different (P>0.05)

3 iFig
31 KO FFPH R AREESEEKIZIN

AWFFEH 90%(%) FPH 143 T/ F 1000 Da, 7
BFEEBHLT AR . 0k ER LR .
Oliva-Teles 45 (1999)7E K22 -4 £ fal e} v i3S A [F] 7K
SEF) FPH, 45 5 & I, FPH A fEHE 2 HB 2 %, Refstie
45 (2004) 75 K P T fi (Salmo  salar) T Rl 73 i A i) 7K
P FPH, ABEREE FPH W IN7KF09 & i
Thim s AW R RREE FPH g i 7t & i 7+
=, H UF-20 %25 T HAth 3 44(P<0.05), £ FPH
REPE M R OTL iR 32, [tk £ SC0ndi Z MY
A K22 R R TR RS D PR Y, 5 Refstie
Q00N ZERMML, VFEIFRE, E—E VLN
hn FPH ] IR R 0 28 0 A K RE AR R, (H
KT B8 8 0 2 3 B £ 8 A K P BE Y R [ (Hevroy et al,
2005; Aksnes et al, 2006b; MIJILA5F; 2010; 7 HADES,
2012). Espe 4 (2012)F K VU VEEE m Al ) & H Dk
TSN fifevie 4 1. 76 11 (FPO) IO RIF SR 6 B, L4 SE 50 1R
BHE LR AL, TN FPC %A s (iRl 2 Lz
IR, KEE FPC AN AE K 2 N, nlgEJEH
SETHAER A B RRESE, B K FPC BRAK /KA
Fe2s AR Z R RER A b, PRI KR R,
T A K PERE R R, T TE 45 R RAR 5T 19 A K 25
SR, AHIFST R KR N4l UF-20 A3 B | 4F
AR R E KIS bR i E (LT UF-0. UF-5. UF-10
41(P<0.05), UF-20 415 UF-0. UF-5. UF-10 24k}
AR TC 2 25 5 (K 3), UL Rk 4 FPH
A KA BT & LR A v B . Oliva-Teles
S(1999)7E KZZ B4y fa I sk v IR [R] K SF- FPH, 28
BRHH FPH X K22 0 40y 0 1) A 4 K AR TG A it

YER, 43t FCJE A AT e fa b & e, AEX Pl s
R EREE A FPH, T RESHiEsE FPH MI1E
I, AR Ak &' HA 15%, UF-5.
UF-10 } UF-20 H3 5 R &A 11.5%. 8%. 1%Hyfh
Wy, AR &AM, UF-5. UF-10 5% B4 1K)
HWHEAR . R AR R IR E 2 5 (P>0.05), KXt
KREEBEY) () A A& ORI SE ), AT DA IRk 2 it
AT FPH MMERIARTT Z0., Bk, SHEY & A
BpE B ARAIL T FPH W 2 ol &, 42
AP DB R, TR AR A 7= iliAs , $ve
HEFERIAS

32 (K% F FPH Xt KZE &4t fa (R 4 B B9 3200

f%5rF FPH 520 T 4038 5 £ A B 43 CHF F0 3] 452
2011; DHE R, 2014), FHIMEZ2012)7E F S5k
R IR R KA 4> 7 FPH, & PRSI 4.5% FPH 40
(FPH ) s 48 = T fa (4O 8 1 ROHLRS 5 5 1 L i /K7
FPH 21 (FPH o) M 25 1 & it itk . Zheng 55(2013)7E =
TP EE R EE SR R 2 BRI 1.2% . 3.7% 911K
S FOKRAE I, RIUK R A A T AR E N
i, H O37%A AR A o B TR
S BI%SE(2012)F1 Zheng(2013)45 S AL, A B 5% h
UF-5 F1 UF-10 20 i fa (A 25 75 s AOHLAG 5 2 o i
FE TR R A UF-20 436 6), FMTE KE6TE4h 4
T ek o 8 I8 R AR 2> FPH AT fE sk fe iR 28 (1 Fi s
AR 2R

ARG X AR LR SRR Ay M, 4 LS
MR 16 PP, BRTHEAmRSTERAES
Ah, HALZEIERRIA 253 7), FWRIN FPH XL
5 fa LA LR 4L A S . Bspe 45(1993 . 1999)
B, Ak R T K S £ B A A R P R 1 2 AL
H AR L RR MG AN . Hevroy Z5:(2005)0F58 X B, 7
TSR ZKSE B FPH X P P e £ R JUL PR 35 PR 401
TCRELM, MAVIIEN 4 RPN EER . 5
SRR SRR RNERR . B . A& R ILFh
T RILR I Er A, B UF-5 AL TR I SN 2R
R . AR 3 FhaE LR & i . TR E IR & K
DT EKER G LT AR L E S 5 T HA 3 4
(P<0.05), B /KF FPH 0] LU 3k LA 06 5 S BL TR
ISR R, 2 R LR 5 R 1 1 i

3.3 R4 F FPH St KEHHEFAED IGF-IR EE
FIEHI =M
K REAEREFZ R RS FZ KA TR
B — b1, ) AR TR ME SR N (Toyoshima et al,



%31

R MAE: SR DR AN ] KA 23T KA i 0 R EE B4 £ 2 1 I INE TGF-1 52 1R 3% 18 i 52 ) 55

2008; Laustsen et al, 2006), J&Tlrfi = KEEHF(Elies
et al, 1996). Bt ffi(Ayaso et al, 2002)F1 7 f#f (Nakao
et al, 2002)%5 ) IGF-IR 454 1A= BLO) e i i 52
B . IGF-IR & — 5 R s 22 R ity , e ) i i 4
A 22 244 A R T, FRUEIRAG | R R Y
ARER, SHaRRERKIE A EEATRTER.
IGF-IR 7 IGF ZEH A HZAEN, IGF-IR 456
IGF-1 VU IGF-1 5 Ifil % BE iz il (Chauvigne et al,
2003), FE IGF-I ZEIMR 2w, $2m IGF-1 1
R KA, IGF-IR mRNA [0FRikZ 553 . RE
KN 455 R R ) R2 ) (Chauvigne et al, 2003; Pk 3¢
&%, 2012; Montserrat et al, 2007), Gabillard ££(2003)
Xof 0T ) A AT A, K T R W 25 S AR 4 X i i
IGF-IR mRNA BJ#iAi#47#77 . Valentinis 55(2001)
W58 &, IGF-IR M{5 S5 A 5 19 5 RS2 (AR
¥ 1(Insulin receptor substrate 1, IRS-1)/JHREH % .
IRS-1 ¥ B i, IGF-IR St & L fie 5 224754 . fidn
M TS WEMRRT, IGF-IR st &L F Ay
5, REGE MR R S Ak . ASWESE UF-20 20 1F
H1 IGF-IR mRNA ik i i 2% 5 T4 I 41(P<0.05), {H
AR H B K T X B4 (P<0.05), W] A5 ik N (1)
IRS-1 W BEA G, [FIRF, AAFFY IGF-IR A AHX &
KA SE R G AR 45 (2012)4 1 AY IGF-IR IR EA
—3, HEWT IGF-IR (1 m RB e X AR IGF-1 i3
IR — BRI, AT TGF-T {445 41 2 U Fn e
AR, (AR EE— D RSk IGF-IR 5
IGF-1 RILH K FR

4 it

R ALY A ARDRE A IR K SR 7 F FPH(UF-5)
At R EE SPGB AR R, (R AL
WL AR . IINE 7K FPH(UF-20)4 il
HAK, BIMKA>F FPH AT 48 &5 IF I IGF-IR 14
ik, Ik, KEZEFL 0 s R & e T
YRR F FPH DL ekl i i, 42 S
FEHBF

2 % X M

e TESERR, VRIS, . REEOPEFRTR 5B oT it
. TSI, 2003, 34(4): 450-459

THER, RoT, A, & Kt o keEersh gk
R, KA AR, 2014, 38(5): 910-920

TRz, Mk, 7R, % NESampE R RBOKSEA. B
WIVEIE IR, 1995(4): 33-39

TR, LU, FETRE, . KRR VS SR AU N
Ol RFE3ERE, 2011, 32(3): 104-110

FEF, BRER, ER-F, &5 R et b ik i s ) R
HELIITSE. s 3244k, 2002, 14(1): 61-64

VRRAIRE, GlvE, B, 55 miE s R U1K
fifp 2 PR A B X 2 B AR A il B AR S T SR B )
ol Bl BERE, 2012, 33(3): 60-69

S, AT, BLoE. AMEA KX B 4REY IGF-1  IGFBP-1
JKF B IGF-1, IGF-1R mRNA KM, shY#=0oT,
2012, 33(3): 298-303

SRRy, Wi, BUTE, %, Western E[LI AN IGF-T & H
ZRE A SRS PRIk, R,
2012, 21(5): 679-683

JEIAE, ZZRERR, XKW, 4. Zhkid s A I ki T ik
JEE. K724, 2005, 29(3): 404-410

REUEl, GEET, WA, 4. TERAEYIER B DR B K i
35 A P SRR A S . K AR AR 2R, 2011, 35(5):
829-834

MITBZR, BT, sk, &5 fapeh e asinoK i (o oo i
o BRAE £ A 4 S B AR AR AR SR KA A oA,
2010, 34(2): 242249

Aksnes A, Hope B, Hestmark @, et al. Inclusion of size
fractionated fish hydrolysate in high plant protein diets for
Atlantic cod, Gadus morhua. Aquaculture, 2006a, 261(3):
1102-1110

Aksnes A, Hope B, Jonsson E, et al. Size-fractionated fish
hydrolysate as feed ingredient for rainbow trout
(Oncorhynchus mykiss) fed high plant protein diets. I:
Growth, growth regulation and feed utilization. Aquaculture,
2006b, 261(1): 305-317

Ayaso E, Nolan CM, Byrnes L. Zebrafish insulin-like growth
factor-I receptor: molecular cloning and developmental
expression. Mol Cell Endocrinol, 2002, 191(2): 137-148

Bromley PJ. The effect of dietary water content and feeding rate
on the growth and food conversion efficiency of turbot
(Scophthalmus maximus L.). Aquaculture, 1980, 20(2): 91-99

Bui HTD, Khosravi S, Fournier V, et al. Growth performance,
feed utilization, innate immunity, digestibility and disease
resistance of juvenile red seabream (Pagrus major) fed diets
supplemented with protein hydrolysates. Aquaculture, 2014,
418: 11-16

Bureau DP, Harris AM, Cho CY. The effects of purified alcohol
extracts from soy products on feed intake and growth of
Chinook salmon (Oncorhynchus tshawytscha) and rainbow
trout (Oncorhychus mykiss). Aquaculture, 1998, 161(1-4):
27-43

Chauvigne F, Gabillard JC, Weil C, et al. Effect of refeeding on
IGF 1, IGF 11, IGF receptors, FGF2, FGF6, and myostatin
mRNA expression in rainbow trout myotomal muscle. Gen
Comp Endocr, 2003, 132(2): 209-215

Elies G, Groigno L, Wolff J, et al. Characterization of the
insulin-like growth factor type 1 receptor messenger in two



56 ook B

E %37 %

teleost species. Mol Cell Endocrinol, 1996, 124(1): 131-140

El-Saidy DMSD, MMA Gaber. Replacement of fish meal with a
mixture of different plant protein sources in juvenile Nile
tilapia, Oreochromis niloticus (L.) diets. Aquac Res, 2003,
34(13): 1119-1127

Espe M, Lieda E, Torrissen KR. Changes in plasma and muscle
free amino acids in Atlantic salmon (Salmo salar) during
absorption of diets containing different amounts of
hydrolyzed cod muscle protein. Comp Biochem Phys A.
1993, 105(3): 555-562

Espe M, Ruohonen K, El-Mowafi A. Hydrolysed fish protein
concentrate (FPC) reduces viscera mass in Atlantic salmon
(Salmo salar) fed plant-protein-based diets. Aquacult Nutr,
2012, 18(6): 599-609

Espe M, Sveier H, Hogoy I, et al. Nutrient absorption and
growth of Atlantic salmon (Salmo salar L.) fed fish protein
concentrate. Aquaculture, 1999, 174(1-2): 119-137

Francis G, Makkar HPS, Becker K. Antinutritional factors
present in plant derived alternate fish feed ingredients and
their effects in fish. Aquaculture, 2001, 199(3—4): 197227

Gabillard JC, Weil C, Rescan PY, et al. Effects of environmental
temperature on IGF1, IGF2, and IGF type I receptor
expression in rainbow trout (Oncorhynchus mykiss). Gen
Comp Endocr, 2003, 133(2): 233-242

Gomes EF, Rema P, Kaushik SJ. Replacement of fish meal by
plant proteins in the diets of rainbow trout (Oncorhynchus
mykiss): digestibility and growth performance. Aquaculture,
1995, 130(2-3): 177-186

Hevroy EM, Espe M, Waagbo R, et al. Nutrient utilization in
Atlantic salmon (Salmo salar L.) fed increased levels of fish
protein hydrolysate during a period of fast growth. Aquacult
Nutr, 2005, 11(4): 301-313

Kaushik SJ. Whole body amino acid composition of European
seabass (Dicentrarchus labrax), gilthead seabream (Sparus
aurata) and turbot (Psetta maxima) with an estimation of
their IAA requirement profiles. Aquat Living Resour, 1998,
11(5): 355-358

Kotzamanis YP, Gisbert E, Gatesoupe FJ, et al. Effects of
different dietary levels of fish protein hydrolysates on
growth, digestive enzymes, gut microbiota, and resistance to
Vibrio anguillarum in European sea bass (Dicentrarchus

labrax) larvae. Comp Biochem Physiol Part A: Mol Int
Physiol, 2007, 147(1): 205-214

Laustsen PG, Russell SJ, Cui L, et al. Essential role of insulin
and insulin-like growth factor 1 receptor signaling in car
diac development and function. Mol Cell Biol, 2006, 27(5):
1649-1664

Liaset B, Espe M. Nutritional composition of soluble and
insoluble fractions obtained by enzymatic hydrolysis of
fish-raw materials. Process Biochem, 2008, 43(1): 4248

Liaset B, Lied E, Espe M. Enzymatic hydrolysis of by-products
from the fish-filleting industry; chemical characterisation and
nutritional evaluation. J Sci Food Agr, 2000, 80(5): 581-589

Montserrat N, Gémez-Requeni P, Bellini G, et al. Distinct role of
insulin and IGF-I and its receptors in white skeletal muscle
during the compensatory growth of gilthead sea bream
(Sparus aurata). Aquaculture, 2007, 267(1): 188—198

Nakao N, Tanaka M, Higashimoto Y, et al. Molecular cloning,
identification and characterization of four distinct receptor
subtypes for insulin and IGF-I in Japanese flounder,
Paralichthys olivaceus. J Endocrinol, 2002, 173(2): 365-375

Oliva-Teles A, Cerqueira AL, Gongalves P. The utilization of
diets containing high levels of fish protein hydrolysate by
turbot (Scophthalmus maximus) juveniles. Aquaculture,
1999, 179(1): 195-201

Refstie S, Olli JJ, Standal H. Feed intake, growth, and protein
utilization by post-smolt Atlantic salmon (Salmo salar) in
response to graded levels of fish protein hydrolysate in the
diet. Aquaculture, 2004, 239(1-4): 331-349

Toyoshima Y, Monson C, Duan C, et al. The role of insulin
receptor signaling in zebrafish embryogenesis. Endocrinology,
2008, 149(12): 5996-6005

Valentinis B, Baserga R. IGF-I receptor signalling in transformation
and differentiation. Mol Pathol, 2001, 54(3): 133-137

Zheng KK, Liang MQ, Yao HB, et al. Effect of dietary fish
protein hydrolysate on growth, feed utilization and IGF-I
levels of Japanese flounder (Paralichthys olivaceus).
Aquacult Nutr, 2012, 18(3): 297-303

Zheng KK, Liang MQ, Yao HB, et al. Effect of size-fractionated
fish protein hydrolysate on growth and feed utilization of
turbot (Scophthalmus maximus L.). Aquac Res, 2013, 44(6):
895-902

T PN



=

#33 R MAE: SR DR AN ] KA 23T KA i 0 R EE B4 £ 2 1 I INE TGF-1 52 1R 3% 18 i 52 )

57

Effects of Small Molecule Weight Fish Protein Hydrolysatein
High Plant Protein Diets on the Expression of Liver | GF-I Receptor and
the Growth of Juvenile Turbot (Scophthalmus maximusL.)

MU Yuchao'?, LIANG Mengging'*", ZHENG Keke', WEI Yuliang'

(1. Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. College of Fisheries and
Life Science, Shanghai Ocean University, Shanghai  201306; 3. Function Laboratory for Marine Fisheries Science and Food
Production Processes, Qingdao National Laboratory for Marine Science and Technology, Qingdao  266071)

Abstract This experiment was conducted to investigate the effects of small molecule weight fish
protein hydrolysate on the growth performance and the expression of insulin-like growth factor I receptor
(IGF-IR) mRNA in the liver of juvenile turbot (Scophthalmus maximus L.). Four isonitrogenous and
isoenergetic diets were formulated and fed to fish with initial weight of (4.16+0.01) g. In the experimental
diets, fish meal was replaced with fish protein hydrolysate by 0% (UF-0), 5% (UF-5), 10% (UF-10), and
20% (UF-20) of total dietary protein, respectively. The experiment lasted 12 weeks. The results showed
that there were no significant differences in the weight gain rate and specific growth rate among groups
UF-0, UF-5 and UF-10 (P>0.05), but these groups showed higher values than group UF-20 (P<0.05).
UF-0 and UF-5 showed similar feeding rate (P>0.05), which was significantly lower than that of UF-10
and UF-20 (P<0.05). The feed efficiency, protein efficiency, and protein retention effiency of UF-0 and
UF-5 were significantly higher than those of UF-10 and UF-20 (P<0.05), and the parameter values of
UF-10 were significantly higher than those of UF-20 (P<0.05). There were no differences in the contents
of crude protein and crude lipid among groups UF-0, UF-5 and UF-10 (P>0.05), but the values in these
groups were higher than those of UF-20 (P<0.05). The content of essential amino acids in the muscle and
the ratio of essential amino acids to non-essential amino acids in group UF-5 was higher than those of
other groups (P<0.05). It was also found that the expression of insulin-like growth factor I receptor
(IGF-IR) mRNA in the liver increased with increasing levels of dietary fish protein hydrolysate, and it
was higher in UF-20 compared to other three groups (P<0.05). These results indicated that low level of
small molecule weight fish protein hydrolysate could improve the growth and feed utilization of juvenile
turbot. However, higher level may restrain the growth. Furthermore, dietary fish protein hydrolysate could
improve the expression of IGF-IR mRNA in the liver of juvenile turbot.
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