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E: AR B IR AR T & B (Isoleucine, le) /K FXF 5SS & (Plectropomus leopardus) K. & K&
NEACHRIBEMT . SEIR VT T 1.96% 2.11%. 2.29%. 2.40%- 2.53%. 2.68%F12.84% (5 7k T 58)- Lt F 2
FIRKFRL, 70 B4 5 Nllel .96+ Tle2.11. 11e2.29. Tle2.40. Ile2.53. Ile2.68F11le2.84, A7 ot 2 M2 /K V- 4H
F3ANEE . SR AYIIRIAE R (34.93£0.27) g, 15/HE, FRHHE . 4R IR, Ne2.844H I B HR(WGR). & H
B E(DFD. 2 A K (SGRYME A 5 AH (PER) & % Ik T H A 41(P<0.05), T ik R H(FCR) &% & T3
fliZH(P<0.05). AWGRATEM FEAR, 28 0UR PR3 Mr R 01, TR 7 2 R /K TR 2.68% I, 544l
R A A IR [ Te2 842 AR EL(HST). AR FE(CF) Sz 4=t . LA I IR G & 2 2 35K T oAt 41
(P<0.05), Il 3% H i =H8(TG)~ 2 HH[E EE (T-CHO)~ 1K %5 B A5 &% A JH 8] B (LDL-C) & & R UL H L3R 1 i 3
(P<0.05), T & %5 F g 25 11 0 [# B (HDL-C) 2 2 28 0L HA AH s 28 4 i#a 35 (P<0.05) . Tle2. 844 i 28 434 £ A ik Al
npy X 8 H M AAHCEE K (¢1r1+ t1r3 cck)FRIE KT 23 i T A 2 (P<0.05); 5 H AL AR LE, T1e2.84
2H AT R R 7 40 AR O 3 K] (ampka pparas cpt-1F1 ks I8 7K 5238 B8 IN(P<0.05), 1B AG I & A 9 3E A
(accloFllfas) 321k K B 2 AR (P<0.05). M2, B & 1k 1.96%—2.68%) T 225 & Ik /K 1 (15 Bk - i
3.80%—5.17%) He fi% i /2 50 SRy A= 1 75 2K
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5 R e 0 R A4S VT (Pelteobagrus vachelli %
Leiocassis longirostris)' "R3B . 1EAF 555N
FH R, mFE R AR T R m T AR
HE B2 ) H 52 AR TIR1/T1R3 (Taste receptor type 1/
Taste receptor type 3) 3 [A & 8 [ R IAKF, Hifd
i 18 & —JIH FE U 45 & (Cholecystokinin, CCK)F 3 [A]
FIEKT R, BT RIFEIESE, KA RS T &
S R TR 1) R R A S I v 0 2E 2 ofl B
#H 2% & [ (Proopiomelanocortin, AGRP)FI# £ ik
Y (Neuropeptide Y, NPY) & 18 7K -, a3t 1 41 il 47
IR R, R, KT R ke
[ 73 L 1 ANIE R, A RHR AR T

s R £ 2 R I AR R L R R
ER . AR FkIE, vkl ol & 1 e = R RE %
SER kR &Y. BEm R Ry,
BE S L Z Rk B — 58 KV 5 AR I 7 B 2 PR
&S, AT L, S o 2R R A
AR R AYIME . AT, RS T R E RN
2 1 PR AU 20 HLH B T AT A R, AH SSHH 7T
LT FAS VL . 2R B, kR IEE
() 7 58 A R K1 R AL A oh I D R 5 Bl (Fatty
Acid Synthase, FAS) 1 Z. W4 B A2 AL B (Acetyl-coa
carboxylase, ACC)I &1k 14 I, JIg H R i 1k 8 B
U4 1% (Adenosine 5'-monophosphate-activated protein
kinase, AMPK). 3 40 47) Bl 44 14 58 V) B0 2 A o
(Peroxisomeproliferator-activatedreceptora, PPAR)
W& BB IR I B§ (Hormone-Sensitive Lipase,
HSL) A P B3 A% i 19 %% #% i -1 (Carnitine palmitoyl-
transferasel, CPT-1) ik FFAK, 12 M B %A A G
fitr &, g TR, AR MK ERT R AR
dfer i s R AU BRI 7T, 38 TR it — AR

S SUBR IS (Plectropomus leopardus)1B TR 7R 2
BE, HLAG PRI B 5 04 C 6 TN (0 5, B0 2 A 3R
[ p 7 R g Ay~ R AR
YRR — P T 2 B R, 7230 SUBR RS h 1) 1 5 75 5K
= MR TRE MR B . DRI, AN SIS DAFY S ik
fiyi Ry SIS0 G, R FT R AN [R] SR R 2R K P
AL BE R ARACUT R FZ I, R E o ek R
SERIR T R &, DU 58 8 Ha iR E 77 75 R Huls
F, 3 N G 1B 7 R 45 R0 v RO OR TR R I R
MRS E KA

1 MRERE

11 SR SREARMERS
Nguyens ™ (35 70 2 W], SR A 2 Bk 8 14
JEUREAN /D B iy P R O 2 1 S AR, REAE DA

gE RN SR brA R . R, AR UK. KE
WA O M R AN BB E A, R Lok
e E N B, AR N IR DY, Fed T 74
UNEE: =% = oy S R A b S & Y e
B IR IR 1o TR S R S K 4 N
1.96% 2.11%. 2.29%. 2.40%. 2.53%. 2.68%#
2.84% (HRHFE, K 2), N LI HKIRAE S N
le1.96. 1le2.11. 11e2.29. 11e2.40. 1le2.53. Ile2.68
Flle2.84.

TR AU, K BT A JEORRR 6 a8 i 80 H 9 M,
FEAR 48 AC 7 AERA AR U R . BRI B A 44 &
HEW R SRR AR, R REE
J&, T2 R K AT B, TR TR E . BES,
WO A JERE, I 452055 B EL ik Fit £ £ 15
5o RAEPIRHBN AU HEF K &ML (B 5 F-75,
), $E B4 2.5 mmA SRR, 2 kbl
(#4151 G-500, H E)HIPRL . HI45 BRI RE16°C
Z5AF N IRF-36h, 107 5 2 R85 T-20C.

1.2 SR &EFEER

ARSI B P 5% S R e &) #6009 T AR A
INTTHEHE B W) . 76 1E IR0 S T U6 /i, 45
Bt A5 5% S 8 o 7 %)y £ T 3% 35 61(50 em*60 cmx
60 c) G IR K FRE R G B #5228 o LR,
TR R CREL 2R E150%, KR 7 10%, A4
JOR ) $E M ) S S 5 ) £6.2 1K (8:00F116:30) 1247 9
1o FEYIMLSE R e, B 315 A B HA 1
S #.(34.93+0.27) g, BEHLF35 70 N 214N B BS T,
RAGSE . & H BRI R 27K (8:00F116:30),
HELKARNME., EHRE30minG, 1EHRFFH
IR AR B AR AN A . AR, A H 3 /K 5 e
(#%5: Ammonia N Kit, 44k, HE)F{EHE 2
ZHUK R A (FL 5 : ProQuatro, YSI, 3 [E) I M 7K 5t
(pH 7.2—7.8. )% 28—30°C . & & 30%0—32 %o -
VA5 A A8 VR P 6.0—6.4 mg/LFN S &L Bk B /N
T0.20 mg/L)PA4E FE /K i A2 g o O e
12068 5 12h BB AC, FRAE LI FR B9
1.3 #HERE

TEFRFA SLISTF AR AT, BENLIERC 02 S /E Y46
FERGRATT-20°C, FH T J5 22 1 4 20 BBk 23 50 BT o
TEFRHE SEUG 45 G, Seut f 2R A ik i (20 16h), 10 3%
PGSR A ESHEE. B0 BB
ML 6 72 S0t 1, 15 FH 100 mg/L)3- 2 A Bk 2K fi%
R R 2 VA W (MS-222, iR b T AE AL B i 1
BIRAF, B EHBAT R, Hp, 3B A fRE
WK G ORAFE T-20°C, H T 5 8 4 1 41 i o o3 1T
5 403 R S5 A1 43 S R EE AN A K T AN
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(M T LRI Z A A BR A 7], 1 E) A2 mL
— R T B 3 A A (R R R T S A R ST A
A, ) RAE MR, Bl S N A R 2 D HL(FCS5515R,
Hamburg, Germany)% -» (3500 r/min, 4°C, 15min),
W HL BGOSR LR ARAE TR A E N, SFET
—80°CH#ifF. TEMAERETEG, AT REA
() PR A P AR 2R AT R B, FRUSCER oG« 17 3 R JH A 45
YR S A7 T—80°C; [ B YSc £ 3 J2 7 4% 1) JHF AU
Je I, FREACSE e B3 T % 48(11 em x 16 cm)
£ 20°CLRAT, FH T HENEFILIAI 2 R 70 53 AT o
1.4 SHEE
ARl 28, LA, FFEEEFR S BNE

R 25 1 R D5 2 52 23 ol R FH L 5 B4R e 7 G
% (RAP-ID MAXN EXCEED SYSTEM, Germany)
A2 I $ BU%: (ANKOM XT15i Extractor, USA)il
55 Ko B SR Pk VR s, BT s

T IENL(LGI-18, Jb AR R R R A BR A
A, DA R, R At UL A
KA (BGZ-140, FifgA —, F EHHET

M3EERIBFRME NIRRT E
P34 FH P o B P KR S, 0 R b LA
B H A E M (AST; 185 C010-2-1). A ¥ & i
(ALT; 5% 5 : C009-2-1). s fH [# §# (T-CHO; 1% 5 :
Al11-1-1). H M =HEE(TG; 725 : A110-1-1). K%
F& i B 1 BH [ B (LDL-C; 525 A113-1-1), =% &
JIg 25 F1 JIH [ B¥ (HDL-C; 525 : A112-1-1), #ll 5€ #:4F
RS UL AT .

RNARYHE BXFA I 5% 5% fifi il TRIzoI ™ 51|
155 15596026, Invitrogen, 3% F)FREUK .« 738 Al
JFFEZHZA A RN A . A1 1 % B A 6 P2 FL i A
RNAMSERNE . KA E RN W e i
(NanoDrop® ND-1000, Thermo Fisher Scientific,

R 1 ARECS RS S(%, TE)

Tab. 1 Formulation and analyzed compositions of the experimental diets (%, dry matter)
. Tkl 5 s & R 7K - Dietary isoleucine level
JiUEHngredient

1.96 2.11 2.29 2.40 2.53 2.68 2.84
1} Fish meal 43.50 43.50 43.50 43.50 43.50 43.50 43.50
K 5. # 45 5 (H Soy protein concentrate 11.00 11.00 11.00 11.00 11.00 11.00 11.00
Hp ¥ [ Cottonseed protein 15.20 15.20 15.20 15.20 15.20 15.20 15.20
Tk Flour 6.30 6.30 6.30 6.30 6.30 6.30 6.30
R VE K} Alpha cassava starch 6.00 6.00 6.00 6.00 6.00 6.00 6.00
£ M Fish ol 8.00 8.00 8.00 8.00 8.00 8.00 8.00
1 Seaweed powder 4.70 470 470 470 4.70 4.70 470
il >Z % Betaine 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Jii BB #y Degelatinized bone meal 1.74 1.59 1.44 1.29 1.14 0.99 0.84
iR 5 % Astaxanthin 0.40 0.40 0.40 0.40 0.40 0.40 0.40
& B Arginine 0.67 0.67 0.67 0.67 0.67 0.67 0.67
5t 5% BIsoleucine 0 0.15 0.30 0.45 0.60 0.75 0.90
H A B Methionine 0.48 0.48 0.48 0.48 0.48 0.48 0.48
55 44 4E % Vitamin mixture' 1.00 1.00 1.00 1.00 1.00 1.00 1.00
5417 fi Mineral mixture” 0.50 0.50 0.50 0.50 0.50 0.50 0.50
TRk a4 43 HT Analyzed compositions of diets
T # Dry matter 90.12 86.43 88.92 90.69 90.38 90.79 89.67
17 I Crude protein 51.62 51.55 51.50 51.16 51.54 51.83 51.69
HUIE Wi Crude lipid 11.29 11.45 11.43 11.54 11.76 11.63 11.75

T A Y (mg/ke R 375 mg MR, 25 mg 464 B, 250 mg RS, 0.5 mg 445 EB),, 100 mg 44 EB,, 25 mg 44 E
B¢, 7.5 mg 12, 63 mg 4EA4EKE, 148.4 mg 4EA42 3 C, 0.03 mg 4E4 % D3, 267.9 mg WA, 20 mg 4E4 %K, 2.5 mg ZEME, 10 mg 4EA4 &
A, 8705.17 mg A4 %E; "5 4 ¥R (mg/kgid kH): 15 mg ZnSO,-7H,0, 1635 mg MR 45, 437.9 mg CaCly, 1026.4 mg KCI, 660 mg
MgS0, - 7H,0, 148.5 mg #7 # & &k, 503.16 mg NaCl, 5 mg CoCl,-6H,0, 0.75 mg KI, 4 mg MnSO, H,0, 0.5 mg CuCl,, 0.75 mg

AIC;6H,0, 563.03 mg £F4E 3%

Note: Vitamin mixture (mg/kg diet): 375 mg nicotinic acid, 25 mg thiamin hydrochloride, 250 mg calcium pantothenate, 0.5 mg vita-
min Bj,, 100 mg riboflavin, 25 mg pyridoxine hydrochloride, 7.5 mg folic acid, 63 mg alpha-tocopherol acetate, 148.4 mg ascorbic acid,
0.03 mg cholecalciferol, 267.9 mg inositol, 20 mg menadione, 2.5 mg biotin, 10 mg retinol acetate, 8705.17 mg Cellulose; *Mineral mixture
(mg/kg diet): 15 mg ZnSO,-7H,0, 1635 mg calcium lactate, 437.9 mg CaCl,, 1026.4 mg KCl, 660 mg MgSO,-7H,0, 148.5 mg ferric
citrate, 503.16 mg NaCl, 5 mg CoCl,-6H,0, 0.75 mg KI, 4 mg MnSO,-H,0, 0.5 mg CuCl,, 0.75 mg AlICl;-6H,0, 563.03 mg Cellulose
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5% [ Yk M RNAF 57 8 FIIK . Al ] PrimeScript™
RT Reagent Kit with gDNA Eraser i /) & (1% 5 :
RRO47A, TaKaRa, H %)% 57 BicDNA, B4 #
fEZ MU U] 4T . R4 NCBIH I mRNAFF 41,
f# I Prime 6.0%/:(PREMIER Biosoft, 3 [F)i% it 3t
K 51051 (3R 3).

xR EEPCR (RT-qPCR)NE RT-qPCR
SR AL EeDNARAR L L FE5149)950.4 ul.
TB Green™ Premix Ex Tag™ I (2 5 : RR420A,
TaKaRa, H A) 5 uLfIRNase free dH,0 3.2 pL. fi
FLightCycler 480 System (Roche, %fi 1) 47 S &
IR GHHE N TR R, 18T 2 i TaKaRa
AR P FMEE. BDMFEARINEE. 5109
S 280 2R A% F SASAN [R5 B 6 B2 1) [F] — cDNARE A A4
FRFRAE MR, i E=10"" 1 F 4, SRR kK
SRR L
1.5 HKMEERNIERS FE

1 R (WGR, %)=100x(W 4 /ny—WyIn)(Wyy/

ny)

TR R BUFCR) =W (W 4—Wy;)

R E A K Z(SGR, %/d)=[In(W4/ny)-In(Wyy/n)))/
%100

H 5 & & [DFI, g/(fish-d)|=W/(n,T)

AU (PER, Y%)=(W4—Wy)/ W,

HABUM IR (PPV, %)=100x W,/ Wy,

TF3E (SR, %)=100xn,/n,

A4 B (VST=100% V/my

AR L (HST)=100% H/m

JIE3 B (CF, g/em’)=100xm/L’
W, Wy AL S UR B F, Wy R SR 2R
5, THFRARE, WA TR, Wy
BN R SR, W N R A, myu NSRS
i RWRE, VIWIEER &, KA EE, LYE%
FARI, n RSEIG EAIIR BB, ny NS AR BB
1.6 HESH

B B 50 H s R P 3 bR 1 2R R, 18
AT IR YR A N7 22 55 A 58 5, 732 FHSPSS25
A ) 5K K 7 Z (One-way ANOVA)AI Duncan’s

£2 SRARERBER%, TE

Tab.2 Amino acid compositions of experimental diets (%, dry matter)

kLR E R /K P Dietary isoleucine level

I Amino acid

1.96 2.11 229 2.40 2.53 2.68 2.84
W FEE H R Essential amino acid

A MRIle 1.96 2.11 229 2.40 2.53 2.68 2.84
R Val 2.34 234 239 236 236 232 238
HEFMet 1.53 1.56 1.58 1.54 1.56 1.55 1.56
RN #LPhe 2.24 2.26 2.26 2.26 2.26 226 225
4H % iZHis 1.46 1.47 1.47 1.47 1.46 1.46 1.46
J12 B Thr 1.93 1.98 1.97 1.95 1.94 1.94 1.94
HER Lys 3.36 3.38 3.41 3.39 3.38 3.34 3.35
A Leu 3.43 3.46 3.47 3.45 3.44 3.43 3.43
K Z= R Arg 4.07 411 4.10 411 4.09 4.09 411
WFEAFER S EYEAA 22.32 22.67 22.94 22.93 23.02 23.07 23.32
k0 7 & FEFZ Non-essential amino acid

Ji 2 B2 Pro 2.10 2.20 2.12 2.11 2.13 2.11 2.12
B EMGlu 7.74 7.85 7.85 7.84 7.79 7.75 7.75
% R Tyr 1.50 1.52 1.52 1.52 1.50 1.48 1.51
HE#RAla 271 2.76 2.74 2.73 2.72 271 271
H&EGly 2.65 2.69 2.69 2.68 2.66 2.65 2.66
REAZ R Asp 4.68 477 476 473 471 4.70 4.70
R EL Cys 0.54 0.54 0.54 0.55 0.56 0.55 0.56
25 BZ Ser 2.07 2.12 2.10 2.08 2.06 2.08 2.06
L FEER S FEYNEAA 23.99 24.45 24.32 24.24 24.13 24.03 24.07
IR B EYAA 46.31 47.12 4726 4717 47.15 47.10 47.39

TE: YEAA. B FREILE; YNEAA. BAEL HEILRS; YAA. BEILm

Note: Y EAA. total essential amino acids; ) NEAA. total non-essential amino acids; ) AA. total amino acids
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%= 3 ATRT-qPCREEMEZRSK3I4F5
Tab. 3 The GeneBank accession and primer sequences of genes
used for RT-qPCR

B

PR
Gene 5| %) 7 %|Primer sequence (5'—3) H3% 5 GenBank

accession

pomc ATCCTCCTCCTCCTCCTCTCCT
CGCTTTCGCCCGACAGGTTT
agrp GGTCGAGCCATGCGTTCATCA
AGCGGCAGTAGCAGGTGTCA
npy  AGCCCTGAGACACTACATCAAC
CTGTGCTTTCCTTTAACAACAG
tirl  AGCATCCTCTGGTTCTGTGGTT
GCAGGAGCAGGCAGAAGGTTAT
tlr3  GGTGTTGTGCTGGGCGTTGA
TCTGGCTGAGGTTGCTGGTGAG
cck GCTGCTGGCAAGACTCATCTCC XM_042506870.1
GCTATCCGATGGTTGGCACTCA
ampka CCTCGCCACACACTGGATGAAT XM_033647071.1
GGCACGGCACACTTCTGACAT
accla AAGAGGTGGTGGCGTGGCTA
CGAGGCTGCGTATCTGCTTGAG
fas  TGAGAAACACTCTGACACGAATG XM_042483315.1
TCAAAGCGTAGCCTCGGTAG
cpt-1 AGCACCTGACTGACCGTAAGC
GCATCTCAAGTTCACTGGGTAAG
ppara. AATCCATCCGCTTTTGGTCG
TTGGGGTCTTCCATCCCTGT
hsl  TGTGTGGACCTCCCGATTTG
GCTCGACTGTGCTCCTGAAT

XM_042514722.1
XM_033631076.1
XM_042506476
XM_033647337.1

XM_033626021.1

XM_042499292.1

XM._042495908.1
XM 0424955471

XM_042507190.1

B CCCATCTATGAAGGCTACGC

. XM_042484599.1
actin -
CACGCACAATCTCACGCT

VE: pome. JEF A 7 255 agrp. R IR AHCE A; npy. 14
BRY; t1r]. BERRURGE 24K, 1173, BERRIR 5E 2435 cck. HFEUSHSE
#; ampko. R RRIGE HEE; accla. LIRAHREASRLES; fas.
HE IR & M cpt-1. TRERHEBE e 75 16 pparo. 3 AL M
ETEA BT 3 A o hsl. SR BURNR T, B-actin. B-WZhE B

Note: pomc. proopiomelanocortin, agrp. agouti-related
peptide; npy. neuropeptide Y; ¢/r1. taste receptor tyepl; t/r3. taste
receptor type 3; cck. cholecystokinin; ampka. adenosine 5'-
monophosphate-activated protein kinase alpha; accla. acetyl-coa
carboxylase; fas. fatty acid synthase; cpt-I. carnitine palmitoyl-
transferasel; ppara. peroxisome proliferator-activated receptor o;
hsl. hormone-sensitive lipase; f-actin. f-actin

BT, AU ARA M EREREE. P<0.05
TR AR A A 2 R 52,
2 #£R

2.1 HEAHERERNERLF A
N 4R, AR S 5 B R 7K T 0 54 0 s
SRAIPPVIE & 2 52 1 (P>0.05), 15 1e2.844H [ PPV

KT HAA. SEEpETWGR. SGR. FCR. DFI
FPERTEA R S AR AKFAHZ M A BEER
(P<0.05). Ile2.8421 WGR. SGR. DFIFIPER #
& F HAth 41 (P<0.05), 1M FCRZ 2 i T HoAth 4 (P<
0.05), Ile1.96. Tle2.11. I1e2.29. Ile2.40. Ile2.534l
e2.682H 2 A JG . 3 7 7(P>0.05). W& 157w, LA
WGRNVFA FE bR, 8 URF R AT AR A 43 4745 Hh, 1A
RE R E R K T B L 2.68% I, 544U R f fry A= K
PERE %
22 AESFEMEE, LA, FFIEAR

W SPrR, AR 5 2R 7K 55 5 S o
VSI. FFEK & & LR RKS HEA
&8 % (P>0.05), HHSI. CF. 4.
JULPRFR JHE FE AL G 197 5 B AEAS R e s 2 IR /K- 2 2
8] LA 2 22 7(P<0.05) . Tle2.844H 3 SU ity THSI |
CF. Z=fi. WLPRIHIEAE AR 7 & & B 35 4K T HoA
4 (P<0.05), 1fj lle1.96. Tle2.11. I1e2.29. T11e2.40.
Te2.53F111e2.684H 2 [A] G 2. 3 % 7:(P>0.05).
23 MIREALIEFRR

W 6FT 7N, 7% S U6 20 18] 54 S0 8 ik f 1fn 2% vp
TG. T-CHO. HDL-CHILDL-CH]/KF-15 52 3| A [
T rn RIR KT 1 I 25 521 (P<0.05), {H 54 S i i b
I3 ASTAN ALTYE 14 75 A 7] 57 5% 20 iR /K ~F- 4H 2 (1]
TC i 2 52 0 (P>0.05). 5 H AN AH L, T1e2.8440 %Y
2 ol 1fL 3% TG T-CHOFILDL-CI 7K - & 1%
T HAhZH(P<0.05), TIHDL-CIAZAKF 53 T HAh 20
(P<0.05),1le1.96. Ile2.11. 11e2.29. Ile2.40. Ile2.53
Flle2.682H 2 [A] TG . 3 7 7 (P>0.05) .
24 BFEMNEALRIREEXERNRE

W 2F, AN [R5 2R K 5% 5 S R
Wi 2 Lnpy K f7piEtlrl t1r3. cckW)ZRiEKEFEA
2 B (P<0.05). Tle2.844H 5 H Al 4 A EL, 39 4C
BTN e 1l t1r3F cck 2 inpy I 318 7K ~F &
Tt (P<0.05), 11e1.96+ Tle2.11. T1e2.29. Ile2.40.
Te2.53F1Tle2.68 2 [H) TG & % 22 57 (P>0.05) . fii 2 21
agrpHpomcl) 3215 7K V18 & 5L 56 41 8] O Wt % 22 ¢
(P>0.05).
2.5 FHARBER SIS ERERIFRIK

W 37, ANIR) S 5 SRR 7K 1 X6 5 S0 o
K WE o ampka ppara. hsls cpt-1+ fasFlacclaff
TIE K-35 B B35 5200 (P<0.05). 5 HoAth 20 AH
bt Tle2.84%H 5% £ fiff ok iy JH- U faus Rl ace Lo 32 325 7K
F i R (P<0.05), M E ampko~ pparo~  hsiH
cpt-1FRIEAKVFRZE FFHP<0.05), 1le1.96+ Tle2.11,
11e2.29. 11e2.40. Tle2.53F111e2.684H 2 [A] T i % 7%
F(P>0.05).
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*4 FYHEBESRETERREEK AR ERME KM SERF A

Tab. 4 Growth performance and feed utilization of P. leopardus fed diets with different isoleucine levels for 9 weeks

Tk} AL &L 7K T Dietary isoleucine level (%)

15 H Item

1.96 2.11 2.29 2.40 2.53 2.68 2.84
1 HEWGR (%) 112.37+4.39°  116.05+5.12° 113.3548.28" 109.79+6.21° 115.63+6.68" 114.61+7.41°  75.25+3.89"
F5E A K FSGR (%/d) 1.19+0.03" 1.22+0.04" 1.20+0.06 1.14+0.06" 1.22+0.05" 1.2140.05" 0.89+0.04°
ikl ZEFCR 1.14£0.02°  1.11£0.05°  1.124£0.04°  1.1940.02°  1.100.01°  1.14£0.01°  1.33£0.01°
H 1% & H=DFI 0.71+0.02° 0.71+0.01° 0.70+0.04" 0.71+0.03° 0.71+0.05" 0.72+0.04" 0.55+0.03"
[g/(fish-d)]
A AR PER (%) 1.70+0.03" 1.76+0.08" 1.7440.05" 1.64+0.03" 1.76+0.02" 1.69+0.01° 1.45+0.01°
EAFRFHZEPPV (%)  28.80+1.46  30.69+2.14  29.19+0.58  29.85+1.43  30.28£0.95  29.80+1.10  24.30+1.28
1715 SR (%) 100.00+£0.00  100.00£0.00  100.00+0.00  97.78+2.22  100.00£0.00  100.00+0.00  100.00::0.00

T R BN E R P R R B AR RER R & AL 22 53(P<0.05); TIH]

Note: Data are means of triplicates; Different superscript letters in the same row indicate significantly differences (£<0.05); The same

applies below

ZfParameters: L=114.06 U=1.18 V'=246.03
y=L+U(Z1)+V(Z2)=114.06+1.18(Z1)+246.03(Z2)

R=0.693
140
S
o~ ‘
Q k
= 100 .
i ':
= 80 X268
= :
60 L L et
190 210 230 250 270  2.90

1Ak Z iR 7K F-Dietary isoleucine levels (%)

1 BT XURER ST B 7 M O 30 SCBE ikt &) 0 48 BE R 54
B RERKF R R

Fig. 1 Relationship between WGR of P. leopardus juveniles and
dietary isoleucine levels analyzed by two-slope broken-line model
LEWANTITRRIAT S VI, URSE — NI FRRIREE VRS A
5 FERIRER  XREBIA J7 R 58 S IXHE ; RN s R 21
Z2NBE AR B R EG y AR R R (B 2 WGR)

L is the Y-value at the intersection point of the two equations; U is
the slope of the first equation; V is the slope of the second equa-
tion; X is the X-value at the intersection point of the two equations;
R is the coefficient of determination; Z1 and Z2 are piecewise
functions of the independent variable; y is the response indicator
(weight gain rate, WGR)

3 g
31 ARFEREERKEXSER R E KRR
Al

FE A0 28 IR 22 oy, R R R N R B, I
4547 [ AR 3 AR AR (G R, WGR)5 15
b R I P [ 0 2 5% 28 SR PP Aty £ 20 7 B PR
o 7 SR BN AR T AWGR T A 5 B, 4
XUARF AT SR 2 il 58 1 S & kL 1.96%—
2.68% 5 5 2R (o5 TP 2 BE 0% 1 AL 39 S e fy
RRERMT R AWICE KIRIE 150 Sy
FIR R AR E SRR, It — P 5EE T iz
RS IR T R AR P . 5 AT AN [F] f1 S AE 7T

HH EE, 540 40 i o s 5 2 R 5 SR Ve el v ok iy g
(1.71%, SFEFE). oRaEeY (1.74%, &k
T8, 522 B (1.98%, &7k 8 )BT .
AN, G S AR S BT T, 4h.(8.25+0.37) g
F R F.(615.69+0.03) gfft) 57 5w 2 R 75 =K /=43 ) i 47l
B 5 0 1.46%M11.08% " . L, BEAmRE
SR AFAE 22 57 0] ge VA R T SR R R R N .
TEARWFUH, & 5 s R KT 4 (11e2.844H ) 5L
6 0 A2 K e S DR R R 2 R R, R LA H H
TR EERK, RPEEN TR R ] el F
RS S T () fee b P A K. HEEE
%t A1 3k #5 (Megalobrama amblycephala)™” F 4T i
(Oncorhynchus mykiss)™® WIRF 72 b & IR, 4Dk i
BN R AR S IME A K, X5 AW 7T 4 R
BLe AELIX PR AN AIE 5T 350 R 2R 90 1A R 5 5 R 7K -
EES Sty wd H I
3.2 AR REEERKENSISEE LSRR REN
REEATMARERKERMCRE R
— 2 SRR A B AR R G5 AN
ARG EFEZED . iR AR LR E
Sty S 8 mr T JaE Py 3 WAL L FT S I R
ZARTIRIFITIR3 LA 5 Y = 54 1) 7% R L-2
FEIR, FIW B K WIS R CCK, 2 55 &
AU R R RGENE LY (NPY)ZEfr
WA T2 58T KB b R kK
I B Tle2. 8440, L iz Mo B I 2% ekt IR e H 32 4k
Bl elrl tIr3WRIEKPFIEZE i, X—45 %
A2 R e g AL (B, W2 U (R B AR
R npyIRIEKF 58 HEEEN R EAE R,
KA 45 BLLE X 6 (Siniperca chuatsi)™ (IR 58 1 7R
HE. 2 Lk, T2 F R RN Rt
TS 17 18 CCKYT 1R 52 A4 38 it 3k 177 400 i 5% S0 i s
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3.3 AR R = SERK T X 55080 R 6 BE X5 RY SRty i 17 A S, [RIIR e E 1 IR A

A

R IR A K AR B D B R RR 7 S 5 1 DL
Y, FEARTT T, A K T (2.68%) S 25 U R 1)
B SEIG fa FF AR b . R e 4t LA, AR
MIRRIG & B3 B3 TR, S 8 R R &R T Ae il
i BEAR SN STt 4 g DTAR SRR 2 LA K, TE /N R
RIBIF 5 Hh -t A AL R . AR A I A O A
ABPR B — S PIESE T IR — 4518, Ml 2iE
b £ 28 TR IR AR, I ) AR A F R AR AT s L
PREAEPIR AR E R B, 3 Hm =
(TG)~ A fH [H B (T-CHO). 1K 25 J5£ g 8% 14 HE 3] |
(LDL-C) #1152 Ji i 5 (1 JH [& BE(HDL-C) /K- 5 %
B A G 26 2 BRI AR 0 B 9 1y R
AW TR I, =R = R KT 4 (Te2.844H ) Ift ¢
TG. T-CHOHMLDL-C/K - & 2 F# ik, HDL-C/K ¥

Gay

IR TS e BRI T SR 7 AR 1 L
], A TSI AT T A g 7 A R 4 i
RS R M RIE . BRI S BF(FAS) S 4L
g ARG (ACC) A2 IR 07 A 38 173 1 PR S g, 1 ok
AN RS FE S 52 o (PPAR) R TR
JIG: 105 B (HS L) % PRI B Ao B I % #2 i -1 (CPT-1) U] /2
PP AR B R S s R 700 AR,
1o R B R K T 4 (T2 8440 ) S 6 £ JFT ik i 115 5 ik
RUTAH R K (fas M accl o) 1R IR KT B35 T B, A
5 5 fRAH S IR (ppara hsiRlept-1) 235 KT &
E T, X R T R ST &R 1T Ae i A g 1
A AU AH G 3k DR RA I 328 I 7 23 e A A DG ik [A]
(IR, SR PRS0 St by (1 i i TR
FR LT BR TG Ak 2R (1 B (AMPK) 2 4 15 i AR i

x5 PYBREFRAFFZTEBRKFANEGENEE. Bl FRERFMELSSE

Tab. 5 Whole body, white muscle, liver compositions, and body condition indices of P. leopardus fed diets with different isoleucine levels

for 9 weeks
. kL L & R /K “F Dietary isoleucine level (%)
T H Item
1.96 2.11 229 2.40 2.53 2.68 2.84
PRI 2524 F8 5 Body condition indices
A VST 5.81£0.30  5.50£0.25  5.85+0.38  5.96£0.15  5.86£0.38  6.37+0.38  4.95+0.21
JFAA EEHST 1.54+0.11°  1.57+0.10° 1.63£0.19° 1.64+0.05° 1.7240.01° 1.74+0.07° 1.05+0.15°
JIE35 2 CF (g/em’) 2.46£0.03°  2.45+0.09° 2.40+0.09° 2.47+0.04° 2.58+0.12° 2.62£0.04° 2.16£0.05°
4= i Whole body
/K43 Moisture (%) 72.1040.28  72.12+40.36  71.91+0.19 72.36+0.04 72.36+0.31 71.78+0.37 72.12+0.47
#15 [ Crude protein (%) 17.66£0.44 17.89£0.23 17.57£0.11 17.83£0.18 17.80£0.36 18.00£0.30 17.70+0.30
FHJIE 7 Crude lipid (%) 4774025  4.66+026" 4.55+0.18" 4394026 4.51%0.22" 4.40+021° 3.65+0.12°
WLAIMuscle
7K 43 Moisture (%) 77.10£0.13  77.06+£0.07 77.11£0.12  77.17+0.09  76.95+0.18 77.34+0.05 77.24+0.06
15 A Crude protein (%) 20.05+0.01 20.07+0.04 20.00+0.10 19.95+0.02 19.91+0.03 19.93+0.04 19.90+0.08
A i Crude lipid (%) 1.04+0.00"  1.06+0.02°  1.07£0.09° 1.11£0.05° 1.09+0.03"  1.09+0.04"  0.78+0.05"
AT i Liver
7K 43 Moisture (%) 59.49+0.13  59.45+0.21 59.02+0.21 59.85+0.22 59.16+0.31 59.53+0.26 59.69+0.51
#HAE Wi Crude lipid (%) 14.59+0.08" 14.68+0.05° 14.79+0.07° 14.70+0.10° 14.65+0.16° 15.33+0.12" 13.43+0.14"
%6 FUEHLSIERTEREEEK FEARRE FHIM % B (LiEHR
Tab. 6 Plasma biochemical indexes of P. leopardus fed diets with different isoleucine levels for 9 weeks
1 k) 5 52 Z B2 7K “F Dietary isoleucine level (%)
i H Item
1.96 2.11 229 2.40 2.53 2.68 2.84
BHIHFHIMAST (U/g prot) 14.5240.37 14.52£0.24 14.71+0.28 14.79+0.09 14.80+0.33 14.63£0.65 14.90+0.56
B HEEBFALT (U/g prot) 27.17+0.88 27.40+1.32 27.51+1.38 27.60+0.98 28.36+1.04 28.28+1.53 28.25+1.14
HH=BETG (mmol/L) 2.67£0.04°  2.71+0.03" 2.65+0.08" 2.65+0.07" 2.74+£0.04' 2.74+0.05° 2.05+0.06°
S JH FE FET-CHO (mmol/L) 1.70£0.04° 1.7240.06° 1.77+0.04" 1.81£0.02° 1.7640.06" 1.73+0.04° 1.28+0.07°
162 3 6 25 (1 E BELDL-C (mmol/L)  0.28£0.01°  0.29+£0.02°  0.29+0.01° 0.28+0.01° 0.29+0.01'  0.29+0.01° 0.210.01°
A R (1 E B HDL-C (mmol/L)  0.93+0.07°  0.910.06°  0.93£0.03°  0.96£0.06° 1.01£0.02° 0.97+0.10° 1.18+0.11°
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Fig. 2 Relative mRNA expression of brain npy, agrp, and pomc and intestine ¢/r1, t1r3, and cck genes of P. leopardus fed diets with diffe-

rent isoleucine levels for 9 weeks
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Fig. 3 Relative mRNA expression of hepatic lipid metabolism related genes expression of P. leopardus fed diets with different isoleucine

levels for 9 weeks
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DIETARY ISOLEUCINE LEVELS ON GROWTH, FEEDING, AND LIPID
METABOLISM OF LEOPARD CORAL GROUPER
(PLECTROPOMUS LEOPARDUS)

2

WANG Li-Xing"*’, CAI Qin-Xiao" >, FENG Xia', WU Xiao-Yi" " and ZHOU Zhi-Yu"**

(1. School of Marine Biology and Fisheries, Hainan University, Haikou 570228, China; 2. Hainan Provincial Key Laboratory for
Tropical Hydrobiology and Biotechnology, Haikou 570228, China; 3. State Key Laboratory of Marine Resource
Utilization in South China Sea, Hainan University, Haikou 570228, China; 4. School of Cyberspace Security, Hainan
University, Haikou 570228, China)

Abstract: This study investigated the effects of dietary isoleucine (Ile) levels on growth, feeding, and lipid metabolism
of leopard coral grouper (Plectropomus leopardus). Seven experimental diets, each with three replicates, were formu-
lated with graded Ile levels of 1.96%, 2.11%, 2.29%, 2.40%, 2.53%, 2.68%, and 2.84% of dry matter, designated as
llel1.96, Ile2.11, 11e2.29, 1le2.40, 1le2.53, 11e2.68, and Ile2.84, respectively. Juvenile fish (initial body weight of
34.93+0.27 g) were stocked at 15 fish per replicate, with three replicates per diet, and fed for 9 weeks. Results showed
that the Ile2.84 group exhibited significantly lower weight gain rate (WGR), daily feed intake (DFI), specific growth
rate (SGR), and protein efficiency ratio (PER) compared with all other groups (P<0.05), while its feed conversion rate
(FCR) was significantly higher (P<0.05). The analysis of two-slope broken-line model on WGR indicated that growth
declined when dietary isoleucine levels exceeded 2.68%. The 1le2.84 group exhibited significantly lower hepatoso-
matic index (HSI), condition factor (CF), and crude lipid content in whole body, muscle, and liver compared to other
groups (P<0.05). Consistently, plasma levels of triglycerides (TG), total cholesterol (T-CHO), and low-density lipopro-
tein cholesterol (LDL-C) were significantly decreased (P<0.05), while high-density lipoprotein cholesterol (HDL-C)
levels exhibited the opposite trend (P<0.05). 1le2.84 group showed significantly higher expression of brain orexigenic
genes (npy) and intestinal anorexigenic genes (¢/r1, t/r3, and cck) compared to other groups (P<0.05). The Ile2.84
group exhibited significantly reduced expression levels of hepatic lipid synthesis-related genes (accla and fas), but
significantly increased expression levels of lipid catabolism-related genes (ampka, ppara, cpt-1, and hsl) (P<0.05). In
conclusion, dietary isoleucine level ranging from 1.96% to 2.68% (3.80%—5.17% of dietary protein) are sufficient to
support optimal growth in P. leopardus.

Key words: Isoleucine; Growth; Feeding; Lipid metabolism; Plectropomus leopardus
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