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IR e S PTIRE g A | BN I RSP U 2 S5
WS RN E AW, B, BERAA
Wi AEREREN T ERE R EAEZaY 1
(mechanistic target of rapamycin complex-1,
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J3E RN B T R, RS =R A NO i
NO/c-GMP i % 2 i/t i J5t 48 fb FUE I i A F 0,
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MR IR BN M IR BRI, Bol 5 FhaE &, 45
NEGARL (51% FHLEE 1R 12.5% G ), K& R
FEEE AR 1.92% . 2.65% . 3.40%. 4.17% FlI
4.88% (4 B T B Ry 1~5), - H & R k47 id
FED. RAASHEARYMAEERIESY
P NE S TR N E =B Ik S i ¥ SR Y 1]
H i BfF S B Ak, Je e S5 MK R A,
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BHTE 45 °C MR T4 18 h, —20 °C 17,
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BE0E AR KRR M. fEIESER T 2 A,
H 3 Sk O R KVl 3.40%) MR K 32 61 Jf:
i LRGSR Ak . BT IRAS RS, oA 24 h,
SRIGHRIE RN A] . B — | (RAREDH: K
32 6 (43.07+0.10) g 43 it & 45 72 FHAH (300 L)
BEAE 12 B A, REANALTE 3 PTG, 72 10
JE R R RS T, BEK 7:00 F119:00 X 52 56 £ i
ITANTHRREW R, JrEfr K, D
BRI B RID R RE A TS R R
o IR SRR K S E: KR 16~20 °C, £k
i 29~32, F A <0.1mg/L, Wi4fRih<0.1 mg/L,
Ff A 7 mg/Lo

1.3 #mXE&E
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R AOAC(2012) 52 50 K X JFUkE . f] L A
Stk oy RLER A BT . RIS IR 4 ik
R, B ke AE 105 cCHEAE TP T 48 h =
PEE, DA K o o i R I E A (Kjel-
tec TM 8400, FOSS, i #iL) ] 1 KL &% (1 3 & & . HL
g W % 2 R FH R I % (Buchi 36680, i +) #4172
ik A6 AT BT o K 43 % 38 i AE B 3R rp 550 °C
BB 16 hill il & . % EZ A5 (GB/T 5009.124—
2003) X FE i HEAT S LR e B o FRIURE A SRS
% T ## (ALPHA1-2 LDplus, Christco, Ltd, 7% [ )
48 h EIEE, F 6 mol/L EhFRVE M AE 110 °C HLAH
FiiE e 22 h, a4 H sh & LR 4 Hr A (L-
8900, HITACHI, HAS) #1753 H15 3 ikl 2 HE MR 2H 1
(#2).
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F 1 AREERIEIER (FHR)

Tab. 1 Formulation and proximate composition of diets (dry matter) %

i H Tk diet numbers

items 1 2 3 4 5

J5Hl  ingredients

fig 8 A casein (93.69% crude protein) 32.00 32.00 32.00 32.00 32.00
B gelatin (99.95% crude protein) 8.00 8.00 8.00 8.00 8.00
SRR TUREL  crystalline amino acids mixture' 9.54 9.54 9.54 9.54 9.54
gy fish oil 10.00 10.00 10.00 10.00 10.00
KEIIWERE  soy lectithin 2.50 2.50 2.50 2.50 2.50
WikE  dextrin 27.71 27.71 2771 2771 27.71
Yk ZFUREL  vitamin premix’ 2.00 2.00 2.00 2.00 2.00
W TR mineral premix’ 1.00 1.00 1.00 1.00 1.00
%8 — 4% monocalcium phosphate 2.50 2.50 2.50 2.50 2.50
FHA  attractants® 1.00 1.00 1.00 1.00 1.00
SALHEBE  choline chloride 0.50 0.50 0.50 0.50 0.50
NERES  calcium propionate 0.10 0.10 0.10 0.10 0.10
=454k =4 yttrium oxide 0.10 0.10 0.10 0.10 0.10
CAAIEMEME  ethoxy quinoline 0.05 0.05 0.05 0.05 0.05
Hi%H  arginine 0.00 0.75 1.50 225 3.00
HA® glycine 3.00 225 1.50 0.75 0.00

JEIAE  proximate composition
FHR dry matter 91.45 91.62 91.42 91.58 91.5

FHFEH  in dry matter

HE AR crude protein 50.97 5111 51.05 50.89 51.28
AARWT  crude lipid 12.49 12.41 12.36 12.57 12.28
K4y ash 3.87 3.82 3.86 3.79 3.77
HEB(%TYR)  arginine (% dry matter) 1.92 2.65 3.40 417 488
T EBR(%E A R)  arginine (% protein) 3.77 5.19 6.66 8.19 9.52

e L IR E SRR AW (g/100 glilkl), HER 0.60, MR 0.64, KA 031, Fro@ R 030, MK 0.62, HEMK 0.96, HE 0.30,
HEMR 175, REEM 1.93, 25 031, FHER 1.41, BER 041, 2. %4 XTURR (me/kgkl): 4ERA32, 4EKDS, 4/ KE 240,
HEEFRK 10, 4EAE R BERRHEE 2 000, 4E/E3B, 10, EME 60, FHEZ 20, WLEZ 800, JHEZ 200, DiZ R4S 60, #hERMLMGEE 20, #i/E3B,45, 4
4 %B, 25, MEML4ER 16 473, 3. TR R me/kgtiAh): BREREE 1200, BilR4M 10, BRFREL 80, MilRE: 50, BRMR%R 45, LA 5, TEAN
T4 20, WUALES 60, WhATH 8 485. 4. IEEFI(gkemkl): FHEMR 4, —FE-NERMES 2, HEM 2, WA 1, S-BEmILT 1

Notes: 1. amino acids mixture (g/100 g diet), histidine 0.60, lysine 0.64, phenylalanine 0.31, isoleucine 0.30, threonine 0.62, methionine 0.96, valine
0.30, glycine 1.75, aspartic acid 1.93, serine 0.31, alanine 1.41, cystine 0.41. 2. vitamin premix (mg/kg diet), retinyl acetate 32, cholecalciferol 5, a-
tocopheryl acetate 240, menadione sodium bisulphite 10, ascorbic acid 2 000, cyanocobalamin 10, biotin 60, folic acid 20, inositol 800, niacin 200, D-
calcium pantothenate 60, pyridoxine HCI 20, riboflavin 45, thiamine HCI 25, microcrystalline cellulose 16 473. 3. mineral premix (mg/kg diet),
MgS0O,4-7H,0 1200, CuSO4-5H,0 10, FeSO4-7H,0 80, ZnSO4-H,0 50, MnSO, -H,0 45, CoCl, 5, Na,SeO; 20, calcium iodine 60, zeolite powder
8 485. 4. attractants (g/kg diet), betaine 4, DMPT 2, glycine 2, alanine 1, inosine-5'-diphosphate trisodium salt 1

L5 MR TE4R 5 H T 5 T 19 0 2 10 2 X & (35 5. A045-2).
WL RE SR s, I B ST R T AR A & (595 A050-1-1). H i g
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x2 BENEERAR (TYR)

Tab. 2 Amino acids composition of the diets (dry matter) %
LR Tk diet numbers
amino acids 1 2 3 4 5
WEEIEMR essential amino acids
KR arginine 1.92 2.65 3.4 4.17 4.88
%L histidine 1.28 1.29 1.26 1.28 1.29
i  lysine 3.29 3.26 33 3.27 3.29
%M  phenylalanine 1.98 1.96 1.96 1.98 1.97
AR leucine 3.14 3.12 3.14 3.14 3.13
S5e% MR isoleucine 1.68 1.66 1.69 1.66 1.67
HZM methionine 1.77 1.8 1.78 1.79 1.78
HEER  valine 2.06 2.06 2.04 2.03 2.05
7558  threonine 1.65 1.67 1.65 1.66 1.67
JENHEBEERE non-essential amino acids
HE® glycine 7.69 6.96 6.23 5.46 4.72
HER  glutamic acid 7.46 743 7.44 7.45 7.43
RAZM  aspartic acid 435 437 435 435 4.37
Y5 /% serine 22 2.23 2.21 2.22 221
% ® alanine 2.89 2.87 2.88 2.86 2.88
FBEEM  cysteine 0.38 0.40 0.40 0.39 0.38
M7 B tyrosine 1.93 1.96 1.94 1.96 1.94

M ERF & (P85 CO16-1-1), A JIH [ Fist ) 5 3,
Fl & (5. A054-2-1) HEATINE . Fr A 454524
A e R R R R R, BN
KA g/l Ron, HAR 48 45 A7 H] mmol/L
Fw,

1.6 SEETRAEE PCR 47

ffi FH RNAeasy™ 2 # RNA #& I il 7 &
(Beyotime Biotechnology, "7 [E) M I 2H 21 b 42 Bt
A RNA, #2 BUH RNA ¥ B F NanoDrop 2000 43
366 ¥ 3 (Thermo Fisher Scientific, 32 [#) I i& .
FH 1.2% 728 0 A 5 e 1 A3 L) RNA 19 58 %
P, SRJE, it Vazyme(H B m4 50) #) HiScript” T
RT SuperMix i 7] &K RNA [ #% 5% & cDNA, R
P30 5 s iR &R B, K 1000 ng RNA %5 fin 3]
W R GE T, HJC RNase 19 7K 6 I % 5% 19 cDNA
i B % 100 ng/uL. 7E & it #49E 7 {L (CFX96TM
Real-Time System, BIO-RAD, M) fiitfy qRT-

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

PCR. 7E qRT-PCR 45 SN, 43 #1445 fifk ith £ LA
PRALAEAE B QRT-PCR 72 W) o BT B-actin 1545
ARG BRI AKX E 2, BT LABESE B-actinfE NS
FH . gRT-PCR W51 W74 U3 3. ¥4 RN
B I B-actin FRfEL LI VAT RN i, JFRT
2R AL H R AR X SRk

1.7 HESD

14 H % (weight gain rate, WGR, %) = (W, ~W,)/
Wyx100%

T A8 A2 K % (specific growth rate, SGR, %/d) =
(In W~InWy)/1x100%

TE B UR (feed efficiency rate, FER, %) = (W~
W) Wx<100%

11 3% (protein efficiency rate, PER, %) =
(W W) (W< W) <100%

JE 3 & (condition factor, CF, g/cm®) = W/L’x
100

https://www.china-fishery.cn
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#*3 KB EE PCRSIHIFTY
Tab.3 Primer sequences used for qRT-PCR

2 LiEsIH iElE EERE]
genes forward primer (5'-3") reverse primer (5’-3") accession no.
glud] TTCGTCATCCAGGGGTTTG GCGTTCCAGATACTTCCGT MH174955
sds ATGGCAGCGGCTTATTCT GCTTCACCCTTAGGTCTCG MH174956
fas GGCAACAACACGGATGGATAC CTCGCTTTGATTGACAGAACAC KC189927
gopd ACGTGCCAGGAGACATATTTAGT AACTCATCACTGCGGACAAAG MH174959
srebpl GCCATTGACTACATCCGTTAC CATCAGCCTGTCCATCTACTTC MH174964
acox]1 AGTCCTCGCCCAGCTTTACT GGCTTCACATAGGTTCCGTCT KC189925
cptla ATGGGAAGAGTGGACTGAATG GCTGGAAGGCATCTGTGG KC189926
hadh TTCACAATGAATCCAGGCG TCATCGGAACCTCGGCAACAAG MH174957
gk CGACACGAGGACATTGACAAG CCAACAATCA TCCCGACTTCAC 1X678944
pk TGGATACGCTGAAGGAGATG ACGCACGTTCTTGATGGTC DQ848903
hifla AGGGACAGGTCAGCACAGG CATCATCGGTCTGCTCCAAAG MH174960
cs GTGACCAACAGCCAGAAG GAACAGACCAGGATCAAAGAAC MH174951
idhl TCCTGGAAGATGTCTTTGAAGCG GAGAGCGGAGAACCCGTTAAATATG MH174952
dist CCGTTGCTGATGGTGAAG CCCGCTGTCAATGCTGTA MH174953
ucpl CAAAGTGGCAAGGCAGAT GCGTGGACTATGGAAAGG MH174946
atpSo TTGGTCCCCATTGGTCGT GCGTTTCTGGTTGATGATTGTGTC MH174954
atp5e GGAAGCCAACGTCAAAGTGG ACAGGGGCAGGACCTCAACT MH174958
P-actin GCGTGACATCAAGGAGAAGC TGGAAGGTGGACAGGGAAGC EU686692.1

JFAA& L (hepatosomatic index, HSI, %) = W,/Wx
100%

AEAA . (viscerosomatic index, VSI, %) = W, /Wx
100%

1715 % (survival rate, SR, %) = N,/Nyx100%
AP, W, KRR & (final body weight, FBW,
g), Wy NI HA K i & (initial body weight, IBW,
g), RN REL ), W hERAE (), W,
FRVE A R (%), WOk E (g), LA
AR (em), Wy, b EFIEB A (2), W, K
BT (g), N, WEREE, Ny WHIh R

>k J SPSS 25.0 (SPSS Inc., 3% ) # ik 7
geitor#r. BN ER T 220 B (ANOVA) Ak 3
A5, RH Tukey [ 25 LBk 56 40 B A [H] 1) 22
5, 3 P<0.05 AN ZRA G AR L. BiH
PSP {E+SE R

2 iR
21 E£KMee. ARFA. REEiEmMEa

bifi 5 1) RL RS IR 7K S AN 1.92% 18 & 3.40%,

https://www.china-fishery.cn

KZE 6T SGR. FER. PER. WG il CF . &4 5
(P<0.05), 3.40% ZJGPRFEFEE (P>0.05)(F 4). 1M
T Ak A R 7K - 35 A % SR, HSIT AN VST 7 A% i
FRM (P> 0.05). 2T SGR Eu4ls vt 4744k [0l 15
YT, R ZE T 1 S5l R R RS R 7 oK N R R
W) 3.17%, fREHE B 6.21% (8 1),
22 PRARS RN AR BHE AR

FEETXF HR4H, 3.40% Tl khis A e K T i 3
PR T REEEER R PN B S i (P<0.05). T AA]
IR 2 2 7K - 1 A % R 22 6 Ath {4 21 1% (0K 45
fig 5 UK 43 72 A I 3 52 W (P>0.05)(F 5).

Xt RLAR I, 3.40%~4.88% 1A RHHE & ik /K
I B R T OREE BT I K BB BT (P<0.05),
[T, 3.40%~4.88% Tl FHAE 4 iR K F & AR T
2% 46 75 B8 K 7 (P<0.05), T Al BHAG 22 2 7K SF- X
M3 HH =G . EIE E KT B3 50 (P>0.05)
(# 6).

23 Kl S EBRMEMEXERRE

TR RS Z R T AT HE M 2 R 1R I fe A G
& R WA W 1(glutamate dehydrogenase 1,
gludl) I L-22 2 1R %, L-75 2 B2 ft Z i (L-serine or

R E K P72 22 3240 sponsored by China Society of Fisheries
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Tab. 4 Growth performance and morphological indices of S. maximus fed diets of different arginine levels
saki RIS R ER K /%  dietary arginine levels
indexes 1.92 2.65 3.40 417 488
YilRik /g IBW 43.11x0.06 43.07+0.04 43.04£0.07 43.04+0.04 43.07£0.02

AR TiR/g FBW 174.48+0.87

191.85+1.91°

202.33+1.45°

197.96+1.87%

197.04+1.73%

WEZ/% WGR 305.07+2.03° 345.39+4.08" 369.73+3.06° 359.59+4.47% 357.4343.65™
e £ KR /(%/d) SGR 2.00£0.01° 2.14+0.01° 2.21+0.01° 2.18+0.02" 2.17+0.01%
AR E /%  FER 1.68+0.01° 1.71£0.02" 1.75+0.01° 1.73£0.01° 1.74+0.01°
EAMKZEY% PER 3.29+0.01° 3.37£0.03" 3.43+0.02° 3.40+0.01° 3.42+0.01°
fIE#% B /(g/em®)  CF 3.77+0.05° 3.87+0.03" 4.17+0.06° 4.12+0.07™ 4.1240.08"
JIFAR /% HSI 0.82+0.03 0.84+0.04 0.89+0.03 0.88+0.04 0.84+0.01
MR /% VSI 3.26+0.1 3.28+0.11 3.36+0.06 3.37£0.1 3.34+0.08
HER/% SR 100:0.00 100+0.00 100+0.00 100+0.00 100+0.00

e [F—AT WA _EAR T RN AF AR .35 22 5 (P<0.05), n=3, T[H

Notes: values in the same row labeled with different superscript letters are significantly different (P<0.05), n =3, the same below

23 ¢
*

= 22 |
\O * *
S 21t |
= : y=0.144 2x+1.730 3
- |
K 8 2.0 H | when x>3.17, y=2.19
H gl | R*=0.94
s ' |
i 18 L | - x=3.17

1.7 - - - - - )

1.15 190 2.65 340 415 490 5.65
TS R A /(%o T4 50
dietary arginine levels
Bl1 HEERKERSABRBRKFTHFEXR

Fig. 1 Broken-line relationship of
specific growth rate to dietary arginine levels

L-threonine ammonia-lyase, sds) B3k (% 7). 5
X RALH A EE, A 3.40%~4.88% K & IR /K - fl

(20 gludl F1 sds ) mRNA /K- 3 ZFEAK (P<0.05)

GED. 4

REW, HxA

HALE, 3 A R

SR KA T RS O JE U e 22 R i
2.4 RFBERS AR S HE X B ERIE

JFF IOE R 107 R G 1 AR O 5 TR 1 s R 4 B g
(fatty acid synthetase, fas). %W -6-5% f2 It 2 i
(glucose-6-phosphate dehydrogenase, g6pd) FIEINEH

RIBIER

Zh

protein 1, srebpl) [ &3k 32 1o BHKG 2 B 1)
W GEET. S5XF

AV

(=)

e 21

AR R=

L,

E [ -1(sterol regulatory element-binding

LS4
w

M 11
T RERS &R IKF-

3.40%~4.88% 1) fas Fl g6pd 4H mRNA %5 i ip %
T+ (P<0.05). 4.88% T b K % R /K 1 Sk 35 3 i
T srebpl FEH KR (P <0.05)GE 7). 1R
M R T IR DR B A Ak AH DG IE R Ik S G A 41

=5 ARTERESEKTIARIN KEFAERNEN GEE)
Tab. 5 Body composition of S. maximus fed diets of different arginine levels (wet weight) %
LR RS ERR K F/%  dietary arginine levels
body compositions 1.92 2.65 3.40 4.17 4.88
/K43 moisture 78.09+0.26 77.93+0.20 77.91+0.13 77.84+0.30 77.840.36
MEEM  crude protein 14.98+0.13" 15.43+0.03* 15.58+0.15° 15.54+0.10" 15.56+0.17*
KAREW;  crude lipid 3.00£0.04 3.07£0.08 3.20£0.01 3.23£0.08 3.19£0.03
K4y ash 3.94+0.13 3.57+0.08 3.35+0.06 3.43+0.17 3.44+0.17

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

https://www.china-fishery.cn


https://www.china-fishery.cn

1698 KopE o R 45 4

® 6 TARAEHEEE KT IAR K E AR M R A R R R IR

Tab. 6 Plasma metabolic index of S. maximus fed diets of different arginine levels

ML AR AR R K F/%  dietary arginine levels
plasma metabolic indexes 1.92 265 3.40 4.17 4.88
HEMA/YL) total protein 24.93+0.33" 25.53+0.27% 28.21+0.65° 27.93+0.55° 27.55+0.45%
Wi % HE/(mmol/L)  glucose 2.45+0.09° 2.07£0.12® 1.84+0.08" 1.77+0.10° 1.77+0.13°
Hh =88/(mmol/L)  triglyceride 2.17£0.03 2.23+0.05 2.25+0.06 2.25+0.07 2.21+0.1
S HE[E B/ (mmol/L)  total cholesterol 1.44+0.05 1.46+0.05 1.43+0.03 1.46+0.05 1.46+0.09

®7 RS ERERBRKFER N AEE AT HEEXERRIEK TR

Tab.7 Expression of metabolism-related genes in liver of S. maximus fed diets of different arginine levels

HA TARFS R IR/K /%  dietary arginine levels

genes 1.92 2.65 3.40 4.17 4.88

SHERPEM  amino acid degradation
gludl 1.01+0.08° 0.76+0.07" 0.63+0.04° 0.66+0.04° 0.61+0.10°
sds 1.0140.09" 0.84+0.04" 0.72+0.06" 0.73+0.05° 0.70+0.08"
JERFERARH  fatty acid metabolism

HEWiERA Rk fatty acid synthesis

fas 1.00+0.07° 1.49+0.14° 2.44+0.25" 2.49+0.16° 2.5+0.20"
g6pd 1.00£0.06" 1.010.10° 1.440.10° 1.43+0.11° 1.43+0.13"
srebpl 1.02+0.13° 1.37+0.09™ 1.52+0.11° 1.47+0.12° 1.68+0.14"

HeWiTRpEAL  fatty acid B-oxidation

acox1 1.02+0.14° 1.73£0.16" 1.71£0.21% 2.06+0.25° 1.98+0.24°

cptla 1.00+0.07 1.25+0.15" 1.66+0.08" 1.46+0.09" 1.47+0.09™

hadh 1.01+0.10° 2.14+0.17° 2.39+0.22° 2.3540.13° 2.52+0.08°
WEER  glycolysis

gk 1.03+0.18° 1.05+0.09° 1.54+0.15% 1.6£0.10™ 1.7240.16°

pk 1.01+0.1° 1.55+0.09" 1.74+0.12° 1.67+0.16° 1.74+0.16"°

hifla 1.02+0.13° 1.27+0.05% 1.49+0.09° 1.51+0.10° 1.53+0.11°

REE/  energy metabolism

ZHRERIEH  tricarboxylic acid cycle

cs 1.00+0.06 2.11£0.12° 2.37+0.17™ 2.66+0.08" 2.88+0.14°
idhl 1.03+0.19° 1.98+0.12° 2.33+0.16° 2.29+0.16° 2.42+0.19°
dist 1.01+0.09° 1.43+0.13° 2.27+0.16° 2.31+0.21° 2.25+0.22°
ucpl 1.02+0.15 2.05+0.25" 2.77+0.31™ 3.93+0.29° 3.98+0.41¢

SALBER1L  oxidative phosphorylation
atpSa 1.00+0.02* 2.16+0.02° 2.65+0.23" 2.63+0.25° 2.68+0.30°

atpSe 1.02+0.13° 1.62+0.15% 2.28+0.23 2.34+0.17° 2.32+0.08"

e n=6, [F—4T WA EhRT BEME AR (R 23 72 57:(P<0.05)
Notes: n=6. Values in the same row sharing a different superscript letter are significantly different (P<0.05)
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AL B 1(acyl-CoA oxidase 1, acoxl). [ B F: HH ik
% % B 1A(carnitine palmitoyltransferase 1 isoforms
A, cprlo)fl 355 It L 5 i A B S8 (3-hydroxy-
acyl-CoA dehydrogenase, hadh) W&k (P<0.05),
% LA L, 4.17%~4.88% Tl BLAE 2 iR 7K F- 2
FACHE T acoxI B FE P IE 1 (P<0.05), 3.40% il
BHE MKV BER S T cprla BRI INE (P<
0.05), TR &M K K- 2.65%~4.88% (1941 2. 3%
P25 T hadh mRNA {3 R ik 1 (P < 0.05)(£ 7).
GERRW], SXFMAHARLG, AR DR RS E R
KAAAAE I TR BT & 1, e 9t T iR 1D R
B AL LR DA AR, DL A T RRRS &
TR 7K AR 2 T 3 6 U A g o A8
2.5 BTEEERZMRMEXEERIE

T b IR bR T T TR I A A O B TA
WIS (glucokinase, gk). TATRIRIELEE (pyruvate
kinase, pk) F k1% F A F la(hypoxia-inducible
Jactor 1-alpha, hiflo) IRk (3R 7). SXTREAAHLL,
4.88% TPERE 2 BR KV i E $2 5 T gk ) mRNA 7K
(P <0.05), 3.40%~4.88% Tl BHKG & R K F %
23T pk F hiflo ) mRNA Fik i (P<0.05)(£ 7)o
SRRV, SXTHAIA L, 35 A EDE G =R
IR E T R 22 B I 0 e A, D T A b
I

2.6 RFBEREEREHEXEERE

T RRS 2R L T 5 TCA 3 AH G 5E A A7
BEMR A WL (citrate synthesis, cs). SEFFG IR LA
fif 1(isocitrate dehydrogenasel, idhl). —. S Hf ¥
Tk iz B% 30 Bt 5 B2 B (dihydrolipoamide succinyltrans-
ferase, dlst) FIFEAMECEE H 1 (uncoupling protein 1,
ucpl) I 3RIE (R 7)o TR E IR 3.40%~
4.88% WIEH , cs. dist Fl ucpl ) mRNA 3 ik & 7.
FE TR (P<0.05), RS ZRRIKT-H 2.65%~
4.88% 4L, idhl FRikHRFETHF (P<0.05)(% 7).
[F RS, 58 bR LA G L A F A H'-5% 15 ATP
WAV EE o (F-type H -transporting ATPase subunitalpha
atpS5a) FF B H' 5412 ATP BRI € (F-type H -trans-
porting ATPase subunit epsilon, atp5e) K32 ik 1 3%
B4R BERE Z R 1 S (P<0.05) (£ 7). 5 % HR4H
AL, 2.65%~4.88% TR E IR K B35 $2 T+ T
atpSo Y FE TR ik & (P<0.05), 1M 3.40%~4.88%
RS AR AL, atpSe MFEH FRE & B E#H S

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

(P<0.05)(# 7)o &5REW, SXRAMLIL, &EH
4 B A 2 R K P fie T O 22 B I A f) fiE A

W, 4RE TR KT,
3 iR

K WFFE LW, & BB 2 R K 7]
DI R R 250251 SGR, FCR Ml PER!'™ 21231
XEARM TR, AR, & HAE
BORG Z IR KV B35 f i T RZE6F R SGR, FCR,
PER. WG Ml CF. i B} Af 2 R K F- B A7 % SR
HSI FI VST = A= 52, X 5 7EXT - 6F (Paralichthys
olivaceus) . SWIEERE5(Trachinotus ovatus) F1A1 3k fj
(Megalobrama amblycephala) [T 45 R —2(" ",
ARWEFERW], R R =R K (4.17%~
4.88%) Xf R 22 6F A W] WO RS2, X 5 7E R
M2 5 (Micropterus salmoides) f H ] (Pagrus
major) " BIF 5T 45 R —EO SR, XPALE M
(Rachycentron canadum) F1 5P JE 88 85 (g tF 52 R W]
gt rbd i RS R B TR AR RN B
TSGR Hr&k nl = 70 M, 22 S ARDRI 2R 19 e
18 R N R YIBY 3.17%,  EHE Y
6.21%, —J5 I, K3 6 1Y) d 3 ) oh G 20 R 5 oK
it (R P %) BPEAG (A S — S fa b i 4 (8
AR, AnZEE 4n (6.20%) FIBRFEARG5(6.32%~6.35%);
Fy—Jr i, I E WS R R BT AR, H
{E A T H 3k 5 (7.23%) F1 2 6 (Sparus macroce-
phalus,7.74%), (= TRW)F (Lates calcarifer, 3.8%)
6 (4.08%~4.20%) . K 1B 65 (4.16%) F1 L
(4.74%)" 07 18:23.25.27.29

BT ADEFE AR, W E A ER RS 2 K P
T AR BT A3 SR KR
X 5 7E B8 F R A BE 8 (Epinephelus coioides)
g F I A5 R — B, R, 3 E DR
iR 7K V- Jib 3 B AR T T U o 5 2 R 1R I e A DG G
B glutl A1 sds ) mRNA ik &, XLogh 1%
B, ARDRE R ARG R K F AT LA ) I 2
FER B A, B 2R BB UK, i AR O
TRESFEATMII, A, FREIHEE
R B AT WG 2B K 4% 5 mTORC1 RYRE Sy, H
WG T R AR BT A Y X T B R TRRLRS
K5 R AR 1 AR A R A

YR LSRR, TRRE =R AKX R 22
PR o I I = R R IR KT A
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1700 KopE o R 45 4

R ARSI SRS Tl & BT B A
BEAN, 3 BB RRG ZR K T B R TR
A& Wi IR A W AH G FE A fas . gbpd Fl srebpl HYFEIA
[ IR, 38 BB TR RS R R K 4 e TR S
g Wi B2 B A AL AH C X BE B acox1 . cptla FI hadh
) mRNA K st J2 vl , fakRh o B AR &
PR K- 1 T KR B AR W R AR I, (H AN
SR L% H I =S LR IR R KO R R A
WHoE R, KR 1T LA mTORCL ¥R, ©
(P T AR HERR A R, esh, KSR F1 NO
A3 43 NO/c-GMP i i 34 5 g i /6™ 9, Xl
DU R AR S50 PO 2 W RS2 6T AR oA G i 52 i

FEASZE v, Bl 2 RS 2R K 1 T
R ZE B 1 3% b A A KO R AT, X S
i A0 47 B P BF ST 25 R — B0, 45 A SGR K
LI, 4 SGR Ik B f SAE AT, I % i % b5 K
SF-H 1.76~1.84 mmol/L, X 42 71 3d ‘B 1Y K & R 7K
SRR T R 2E 6 0l A B KT (A RE A
EEMEE N, R REFYERK, RLR K
B, DR P EAORS R R KO B R T E
BHEE AN SC I IR gk pk F hifla W35 . BEEE MR
AN Ry 20 M AR i B A, 34 hy A0 i AR R
B FPAC I P AT AT BT, AE &R FINO 1]
i3 NO/c-GMP 4 14 45 i A A 0 0 AL S se4h,
i R A AT LA i b A 28 J 5 2 R,
AT A2 248 4 2 40 1 AR O 3k AT R R R v i
BRGS0 7K ST 12 2 A 1% A R A R 22 60 it A
IR A o

SCH SR, AR RS R K T
BER S T RZEGEFNE 5 TCA UG HH 1) ¢
HEWE es. idhl . dist T ucpl BN 55 R,
55 5 A0 B2 A0 AR 5 1Y G B8 43 aipSa Bl atpSe 1Y
mRNA AP B 88 T &SRR, WK
T B RS SRR 7K P X BE A A B Y A gk A
o FE R NO M B FTAR . NO ] U i
A AR Tl A 4 5 0 TG A2 Ry L TR -l 1Y
Fik, MR HEZR R A B e A R A AR R AR
XTI RE AR AR RG 22 R A2 i K 35 B fE o A Y IR
BHan BTk, WE A IR 7 IR 48 Ak R % N
TCA 1 3 F 48 Ak 5 2 10 42 438 57 22 g A0 o ] 4
WA T RE A O 8RR 2 A R
HE

o

e

22 R, T SGRATZ WA, K
T 14 F 3 1R R RS S BR T R O AR T 4 G
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3.17%, FARHE 1T 1%, 38 B i) RbRE R K-
fie HE 7T NG A . R . REEE AR,
il RS A, AEEE T MOBERS E, fedt T
REH U, R&EH T REFWAER, &
W SEIEAN T O 2 4R BHRE 0. 1Y Jrg 0l 7 SR i
I 7R TR R T A AR e RS AR
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Dietary arginine requirement and effects of dietary arginine levels on
the metabolism of Scophthalmus maximus

FU Fengshun '?, LIU Chengdong '?, WANG Xuan ’, ZHOU Huihui ",
MAI Kangsen **,  HE Gen "**
(1. Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China;
2. Key Laboratory of Aquaculture Nutrition, Ministry of Agriculture and Rural Affairs,
Ocean University of China, Qingdao 266003, China,
3. Qingdao National Laboratory for Marine Science and Technology, Qingdao 266235, China)

Abstract: The purpose of this study was to investigate the arginine requirement and effects of dietary arginine
levels on the growth and metabolism of turbot (Scophthalmus maximus). Turbots with an initial body weight of
(43.07+0.10) g were selected as the research object. Five isonitrogenous and isolipid diets (51% crude protein and
12.5% crude lipid) were formulated with casein and gelatin as the main protein sources and fish oil and soybean
lecithin as the lipid sources. The arginine contents of the diets were 1.92%, 2.65%, 3.40%, 4.17% and 4.88% of dry
matter by adding crystalline amino acid mixture, respectively. (The corresponding diet number was 1, 2, 3,4 and 5,
respectively). The group fed 1.92% arginine level diet served as control group. Each treatment was set to 3 replic-
ates, each containing 12 fish, and the breeding period was 10 weeks. The results showed that 3.40% to 4.88%
arginine (6.66% to 9.52% of dietary protein) significantly improved the growth performance and feed utilization of
turbot compared with the control group. According to the broken line regression analysis based on specific growth
rate (SGR), the optimal dietary arginine requirement of turbot was estimated to be 3.17% of dry matter (6.21% of
dietary protein). Appropriate dietary arginine levels significantly increased body protein content and plasma total
protein level, while significantly decreased plasma glucose level. In addition, appropriate dietary arginine levels
significantly enhanced the expression of genes related to fatty acid synthesis, fatty acid B-oxidation, glycolysis, tri-
carboxylic acid (TCA) cycle and oxidative phosphorylation, while significantly decreased the expression of genes
associated with amino acid degradation in liver. The results demonstrated that 3.40% to 4.88% arginine (6.66% to

9.52% of dietary protein) can regulate the nutrient metabolism and promote the growth of turbot.
Key words: Scophthalmus maximus; arginine requirement; growth; metabolism
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