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KAWL B A=, BN 430070)

HE: BT R %&@a, BRI IA N R F IR 87 (Siniperca chuatsi) T5 1A% 2 ¥ AT (Mammalian target

of rapamycin, mTOR){E 518 #% K B AR W2 . 45

LR RN =N R RS, (DRSS R, QB

1% it S B 5L K] (Glutamate dehydrogenase, GDH). 43 555 2 i 2 [F (Glutamic oxaloacetic transaminase, GOT)#
JIR T 18 i = B 2 [] (A denosine monophosphate deaminase, AMPD) %X, 1 R AH o 2 ik & 35 3% 1 _E 1 (P<0.05);

(3) B A = B

1(P<0.05). Z5REW: Frou KB WU 9% IFmTORAE

SR, Rl R % .

XKHEIR: O ReER, AL FmEREEA
& 4> 25: $965.1

B TR A AR B P o B, AR A B
BRI, e A, B B AR ) A R
4y, AR T EIN65%—T5% . & ERAE A K
ﬁiﬁfﬁﬁfgﬁéﬁwﬁizg FE A AR ) 2474

A, Forh A s AR KF T L d i 2 A HE
ma&@%“ o DRI, FE i Py T LU R R A
o [ B J k£ 4 P 2 R R AL A R A ™. B

N T 52 £ 2R S R ME DR (R A 7T S AR TR AE

B AT YURS. koo NS T, T
1A 30 oK 1 RS o B A R TR ) A R E AT
FAHM . M, fEXT UL 5 (Oncorhynchus mykiss)
FRRIE 2 B, 30 N R Rl i s T I A R R R
H(mTOR){E 5 10 AN MM 2 ot s i 07 AR 2
SREFRWFARE . Eik, EIER S KRR
ZHEME 7] (1) 58 RAA A — P R T

55 & R (Isoleucine, Ile) XK N o- 2 3 -B- H &
IR, 1 56 2 Ehrlich A SERE K 3 B H2 B H R 1,
Ja Rd ik B KRS B, BT A R A
FSCAH [R] T BEAGAE AN [R], WP A o 2

Y is B HA: 2018-01-30; 1817 HEA: 2018-04-13

o
o FFIUE

SCRRARIRED: A XE

FE0.5h 2 2 VE AR (P<0.05); (4)0E T S5 IEmTORYE S8, (248 R il 7 TR Wi 1A 2 1 S6 iR

I, S PRIERACHS, $E R R ]
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PERE R A — 2 W2, TRk o B K B R e AR
] AR AR R 2R 50, 3 st E AR TR,
R AR AE N . BRI A RE R, T
e B B ER IR A T RE, 2k
FHUAEE A KK EA RIS TR,
5 2 EE 1 (mTOR) 2 i R LS -3- B i A
KIHEG ZT) —Fh R o> 7 2 85I 2 2 1R/
TRV o S R AE F T IR BERT EL R 7 3 A A
{”}Eﬂ?ﬁlj 7155 11 %% 2% (Rapamycin) A1 P4 5848 H
e, FENLARGH IR T, mTORMS 5 i 1 ot 5 &
AR MRS AT Bl 5 AQ U 45 R 42 40 i i A=
KA. B R IS 3R R T LUMIE mTORSS
5 JE R Y B A R, A ORI AT S A A
AR A mTORE 5@ B2 . AR T UL E
PLok ) A F T mTORMS S #, Wi/ S E A
AR SRR IR D, AR SN
R, fEN HE . AR SREA [P Fh b E8 A ik
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7B m TORHE B4 (B FUAR X e,

% (Siniperca chuatsi)sf J& T H Perciformes
fifi I £} Sinipercinae, {8 FREETE . HEA. RAFEE
WSz, W I A, A2 R Rr AT 1 A S A ) 44 2 IR
K, BB EE . SATT DG kR A& B DL £
WF g fr, A SR B PR DX £ 2K AT S DA
H TR R, 8 I v S S o g R 5 2 U HE
L OB ZUHE I IR R R IA I mTORAE 5 #
P BRI, fRAT s R R s, £ R
A B PR AR S I B B AR 9 (R B L TR, ST K
Bk N\ T RLR B ARHE o

1 #RERE

1.1 SLWEMFERM

UG P8R E 0 A D A A Rl K 2 £
WEFE A0 o SEEG AR 77 T4 b Ol KB R K
RYU7d, 8RR MR 205 Cirrhinus mrigala).
IR YEFR7E(2540.4)C, pH 6.8—7.2, IEH N6.5—
6.8 mg/L, J6 IR A HH AR S HE A A
1.2 XEiIt

75 1E RS2 R, LR 24h, S2a6 A AEAS B A
T SLRAB AT 46 K AR N 100 L, 3300 5 W1 4R K 7R 2R
B ER T E. Phk1502 4T R, k51
(20.29+0.61) ghlHL 5 2N, FEASHIANTAT,
BAPAT25 R . H AP X A5 S WL B #h 22
MELIK(PBS), S ZHVESFS nLIE AR )20 pgfh) 57 5%
AR (Sigma, 3 [H), AR Ft 1 iF 5 5 52 2R 1 77 =
ST LRTHF A" T e R M S 222 (7
J£ 28200 mg/L)FRIE, SRJGHARE . ik =i ESH(ICV) R
A2 I8 PedroffI 713" o 5 R B 8T S A1
AU ATHCR R R R AR N, TRV S S, A
CUAR R TR P AR, 6 O 20 3 8N iE K
FRp LK 5 Y1l R TR (R BE D JE L R R B 2
AT 7R £ G (R S 56 FH A TR A T SR A . 7R SR8 S
it ik FE SR ZH VG 57 B S AR R R R TR 2
%£(0.59+0.01) g, 73 A GivHE S /50.5h, 4h, 12hAH
24BN ZI B . ARSI S 4 R,
HR 2 5 S 06 2H A (R BF Z0 F v 5, VR e B ), A
ST 2H - BT [F] B AR 0 4 B B AR, A TR S
JE0+ 0.5h. 4hAT12h#EME 5 5156 20 A [R] & 1 k) £,
SIIG P OR B, o R % (R PE 5 A B % 2 TE A R
4, v UGRAIE A I S 06 Hh S5 56 28 R0 HE 28 5 4
AR =R . 540, T HERR TR X K A4
QAR HEA 3N [BAE T BRI, WIURKARFK
100 L, -2 146 K AR PR B 2 A B &, &L 50 il

R ST B Hh A (] i TER) £, BETBONT 1) 5 A S
56 5 JE I [A] — 2, g 24h JE /KR s B .
1.3 #HmifitsE

FEFES G0 0.5hy 4h. 12hF124h 5% i A p5 A5
KR o 0 22 UK B, 5 L ATLER S R 03tk AT R
T, A BRI J, 73 ) s e Mk BT 3000 L0 IR 5 2,
T HEK I 2H 23 A I B 1 R IA AR DR R Ak 4y
My WLRIZHZ3 R TRl 5 DR R 08, A il K 4R 58 )5 ST
RV EOE R I R AF T80 CHEBARIR VKA -

14 FRSEMMESENE

R B IR IR 9N B L ik, fE 2 1)
RERE bR X (BioTek) L&, I 5 & F I B A (Ac-
cu-Chek Performa, Roche)Jl| & .

1.5 ERERESH

RIAEE 5L FPremier 5.0 3K 1%
TR 6 E =L W) A LAY TR B A R
Aw)E R, Hh S 7 R E 8 Pl (Glutamate de-
hydrogenase, GDH). M & it & 55 X (Adeno-
sine monophosphate deaminase, AMPD). 73 H#H
A3 [Kl (Glutamic oxaloacetic transaminase, GOT)
K %% K (ribosomal protein L13a, RPLI3A)H) 5]
YFFHINE 1.

RNAZ B PREECERJF0. 0.5h. 4h,
12hF124hit] 8] SUULALRTT ERNA, $EHUTE LS
ERNAiso Plus(TaKaRa, H 4%) 3 B F4AE, S H
KETEFIRNA] 2 DI fE A bR X (Bio Tek) MM 5& il
J¥, HARHEOD,60/OD g0 LU AE TET.7—2. 118 3 i
RNAF BT &

RT-qPCR  HRAE WA FIRNAWK v+ 5T 5
MRNA, FiPrimeScript reagent Kit (Takara, [
A WG HEAT SO 5%, A eDNAZE —8E. S35 H
AceQ"” qPCR SYBR"” Green Master Mix (¥4 Mt %, 75
50X 71k 47 Real Time PCRY™ 8 [ 57, F o J Wi A
%4: 10 uL AceQ” qPCR SYBR" Green Master
Mix. 1 pL cDNA. 0.4 pL Forward Primer (10 mmol/

1 KAEEPCRITASIYFT
Tab. 1 Primers used for real-time polymerase chain reaction
(Real-Time PCR)

H A 51475
Gene Primer sequence (5'—3")
CATTTTCCTTCCCGTGTT
AMFPD TCTGTCTGCGGAGTTGGT
GACGACGACCCCAACTTCT
GDH GACCCGCTTCCTCTTCTGC
GGCTTTGCGAGTGGAGATA
Gor GTGGGTTGGAGTAAATGGG
i TATCCCCCCACCCTATGACA
RPLI3 ACGCCCAAGGAGAGCGAACT
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L). 0.4 pL Reverse Primer (10 mmol/L). 8.2 pL
ddH,0. J MR EC I 7E oK k47, O BFE 7o
95°C, 30s; 95°C, 5s; 40xcycles; 58°C, 30s; ¥ fift #h 2&:
65— 95°C, B - 7+0.5°C 1 Ss.
1.6 Western - Blot

FREUE &= T AERE &, K B 203, 16 FRipaZd fig
WU EZH 28 B, $2 U5 & A HBCAR I &
g E AWK E . I RipaZ i B TS & A, IF
TONSxEE H EREGE I, & B0 . BLE RN
Pk e 5 Fioz (R i 2 10% ), R 4 e HH A8 V HL S FELVK,
S EH EA200 VEL R LK. LA200 mATE L L 3%
2h, AL BT UOK R AT R, B B 4 o s
5% MG Wk TBS T W Hh & 1, T, —di: B-
actin’y1:15000, P-S6491:4000, 4 CL & it #; —
Pu: FEPLRA1:4000, EEFFE 1h, P, HXAL
AN A R 8 (Odyssey Clx, & B g, it 5¢
Be JE A5 2R N 0 2515, P Imaged B4 % 4% 5 HE4T K
PEAE ST
1.7 BIBRSH

SIS BoHE S 3 bR R R R XK R, H
SPSS 19.03K AT R vt B, 2R AR 2 (1]
(1) LA ST AR AR K 56, 22 N FEAR 2 8] 1 LR 3%
i LR 27 290 (ANOVA). #57P<0.05, | E
AREZER. BREFRIEKFUBHFRPLIZANHN S 1
PRI, 7 220 2 i 2 R AR v 2 i B

2 4R

2.1 WREFHERSEXHE THEH A0

TESZIG I AR R, B = 93 5 R R R S KRR
REVZAE 1R KRR E R EAE24h N il
I (B HERS 3B 7 T =, fEVEST f50.5hy 4hy 12h A0
24hIX AN 2, 1o 2 5 s A IR A K AR ) 2 R
J5E 3 M T IR 4H.(P<0.05) . A, FES2EG K AR
o, R KRS EIRFE R an ] 2R . S5 R
FEH, VERL 0 22 65 2 4h P 28 ZCHE T X K A4 = AR
WA BEMWZ R (P>0.05).
22 REFSFEZEETHmTORES BB
i

TEM SN Roe R IR G, B FmTORE 5
I )R 9> A% A S6 2R U RR Ak (P-S6) 7K -1
s 3T R . FEVE ST 12hF124h )5, V5 TR &
PR 2H 5 %o RE L AH EL, T P-S 6 R Ak /K °F 55 28 P T
=(P<0.05).
23 REIFHEZZEITAMPD. GDH. GOT%
ESE vy A

Bl i = 9 B S S SRR SR 24h N AR Ak P 4

TNe FEVESF0.5h. 4h. 12hA124h/J5, 7E 5T R A B
H LA AMPDEE R R 3k 8 5 38 1 v 1 ) R
#(P<0.05). fEVES ARG, MM+ GDHEE A
FE R IR B AEVE ST 4h A 1205 523 1k v T 0 HR 4
(P<0.05), 7 HL7E7E: Bt 4h)a, A X 3k B2 T,
B8 J5 T B, AR 12, X BRZH T E H GD HAE R A
X I B AT 240 J5 TF U6 53 1t T 5 (P<0.05)
FAN, EES R RAR G, R GOTEF M X &
IBEAE0.5hy 4hAl12h )5 &35 1 & T X R4 (P<
0.05).
24 FNEFHF SRR M B R0

B 25 3 S S e e X 9 LR P A5 Ak dn 1) ST
No TEVES0.5hG, H e d IR G & &R
P T R ZH(P<0.05), (H TR ST4h 5, Tk & &
B VKT X R 2H(P<0.05)
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Fig. 1 Effect of ICV injection of isoleucine on ammonia-N
excretion of Chinese perch
{E P I BEARHE IR (n=6) REIR, b5 B 5 () RBES &
TR 20 5 SRR Bh 22 ph EOK X IR LA B = R
(P<0.05); F A
Data are presented by meanstandard error of mean (SEM) (n=6).
Significant level is marked with an asterisk (P<0.05), compared
with the values obtained from phosphate buffered saline (PBS)
injection into the muscle tissues of Chinese perch; the same
applies below
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Fig. 2 Effect of Cirrhinus mrigala on ammonia-N excretion on
water (n=3)
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Fig. 3 The expression of liver ribosomal protein S6 of Chinese perch after ICV injection of isoleucine
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Fig. 4 The expression levels of AMPD, GDH and GOT of
Chinese perch after ICV injection of isoleucine

AR BER TR VE S B IR £R 92 v R /K 4R 5 S B R AL 45 4L 2 ()
I3 TS ZI4G 535 1 22 57(P<0.05)

Significant level is marked with different letters (P<0.05),
compared with the values obtained from injections of isoleucine
and PBS into the muscle tissues of Chinese perch, respectively
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Fig. 5 Effect of ICV injection of isoleucine on glucose level of
Chinese perch

R, T B I HEA R EHE o5 iR KR S HE
BEI80%— 90% . /NI MR AN Uy
T fg AT 1 S0 o £ S CHE T 5 R 1 A 2 1 1
K Z, KA B BE A 5 (5120 35 0 i 54 .
BRI, S0 f 2 2 ZCHEE () B 7 ] DA SE it — 2D B e £
HREE AR LS . 7E S0 AR o i A
W B A} £ 5 8 7 2 4h PR 2 2 ) HE T S 7K AR U R
WEEARAG LT3 A 52 (18] 2), PR, PER) o HEE )
RN KM E BB A . FEARSLIH, KARE A
A A B AT DAAE — 5 72 b I ot it 4 1) HE O
Wi = VS T A R, (R 24h N B AR R R
FEwmr, W FUUE BIAE A R R AR A AT DA 42
B SRR AR ALY R, R R RS
HEOF S HEME o 1255 BRI i g T I 1 ) B L —
B, HE R R a iR R SR e Ak iR
553 i 5 A B AR 7K AT A2 2 i) 2 2 21 HE
TR,

CE RPN IR 5. B AR
PEAIAZ EAR A B SE AE )it 2 A0 5 mTORAE 53
R, FENUIRZE T, mTORYE = il % fe
N ANE TR R ERKE TGS, A4l
A B AN A AR . 2 Bt g B A R R
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TENEENGES, REHIEmTORSE 5B, M
A SARRI A AriE s . FEAHT S, AR
SLE B 12hF124h )5, ST IEmTORAE 5 38 % T i P-
S6FRIL K2 T, KRR R RS T T
MEmTORYE 5 %, %45 R 5L 72 —5, 7w
IR AL BT mTORSS 5@ ™, mTORSS 518
B Tl RN E O A R IR
FRE =AW & B 8 A ORI T A R AR T
3. PRk, 55 S R O 5 ITm TOR (S 5 18 2,
RS T R R A 2 1 SO R AL, IR MLAA A S F)
HERIA R, TR T 2 IR .

JFF I A2 AR AR S B 1) E AR, fER R
Wit REEEER . BRARNER(GDH)E
BAFE T REE R, 22 R i AR B, 7
BEPR 4y fife AU DA B 4 3544 9 20 K 5 TR O
svE RS, VAL RIS f K LA R, AMPD
TEIER R, FES SRS B RGN A GE A
i, KRR AR GOT) KL & A&
AR A", 2 5B RAEREE.
B P9 G025 18 AR Jo 2 11 B 2 2 0 it S A
S B 32 A )2 A 2 IR M S R R 1 1R o 2
5 A B R ) R B OCRR OR A E R A
. 760 =5 5 & R0.5h /5, GOTMAMPDH:
DR AR R S 2238 B vt R 4 58 25 1k T, T GDHZE A
AN K, F AL T AMPDE: R R 7 A A% 1
BROEIR, SE L2 R ER R, 4, GOTIE R 4
THEARE H IR R N A R A E R, R AR TR
S G AR g™, ik, w2t F AR
RN R B A B AR I e 2 FR4h A1 2h )5,
GDH. GOTHMAMPDI:R X RIL B B EM ST
X RRAH, =3 St A (e ks R ER AR, AT (2 kAL A4
PR . WA, EES R R AR K240 )5, NI
AMPDHE R AN 223 5 5 28 Ve v 1 ok R 41, i AT AE
H GDHMGOTH: R X RIS BB A %A 5%
PEARAL, SR EH LD A R A 1 BRI 2R, A A7) i 4T
SRIGER, (LA = AR IR & B A B
BT A GDHA GO THE IR AH %o 2% 14 & i i ) 48
IR, GOTHE FIAH X 1k & b I [R] A8 40 T8 B . 22
5, T GDHAEE R A R 1A R AE4h T E T, b G
FEUE T B, 7E24h % 2 BRAK, AR I X 4 GDHEE
R AH X RIA R AE24h B E T DR, FE AR
FERR o) R AR VS B BE I [ A8 2%, /& tH T2 e IR
MIE R R, mTORAS 538 B B0, (24 R (5 5@
P> T AL BB S6 T A MR AL, R A RO N, 52
B JFE A R RR AR, SRR o AR RS . ST

FANE R IR, B R IR T LA M UA SR I fE,
IR 25 5y 7= b A i i, 7 g AR AN AR i Pt 3
IREEMERY Y, R E e R, 1
KRBT R I, 552 B8 7] LA 5 GDH I 521
RhEZN™ . e bR R I, SRR RN
&5, (B mTORME 5@ FIFE 59 FRERR 1k,
17 308 3 AR A T PR AT B G 1 1 1 2R b A4
5, T RS HE R A A i 3h T B A
SURNHAS 5401, 10 HLR 3 R R A 2R A B R 1L
S S TR AT R T, TR I mTORYE 538 B4 4
TN TR 1k, HE T MR AT 5 2 X
Rk, fEASLI T, R A RIENE ST R
i FFAEmTORYE 538 B e A% Bl 7R 5 (1 Sem B 1k,
VAT O HE S R (2 0A, AT B2 T 8 e HE
il

IR 5O R B, IR S 5 IbE AR U 1 4%,
308 3 A 0 T R R R R I, AR I S R
15 5, BRI & B 7E0.5h B B ERRAK, KU R d R
BRI RE S B . XN RIS R B, AN
IR =& R, 720 5hA Lh, b & & B 35 v pe
I, 552 2R 0 B e i Jok o LR B 1 P R i it
LA P 7 20 0 £ 4, AT AR IR g AP,
H X A AE ML 3 22 @ik AL FmTOR L)
PI3K (i HE Bk LI -3 -3 15 5 A% T IE B A 3 58 ik
0T, MR SR B, W AR KR T AT A
PI3K (T AR EBE LR 398 ), 38 3 A 2 P 8 45 AL AR, A
T /2 i mTORE B #H 56 & A BERRL" . bab, 763
W or R IRAN G, RN S B A T s o HLR
1 T HEAHL, AT R S o R B A I b 4 B A B Ak
PE, TR SR R R A BRAR AR Ve o BEE
(RS, AL Al AR A 05 A i b 25 2 7 =,
BARME B RE fFl— BRIt

gE LRTIR, TEAR T, N =S TR E R G,
WO B9 AT IEmTORAE 5 8 %, M S & LA, &
LI R % 5% 7K P v, SR A LA A AR UG K,
T R R . e A, S R A e e T P %
i MK, 7T 665 PI3K (B ARMELEE-3- ) (5 514 5
WA, B E REMTORE 514 Sl % 5PI3K
&AL Tl 2 (R R AT R B R T
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EFFECT OF ISOLEUCINE ON mTOR SIGNALING PATHWAY AND NITROGEN
METABOLISM OF CHINESE PERCH (SINIPERCA CHUATSI)

HUANG Kang"’, LIANG Xu-Fang"”, HE Shan"?, LI Jiao"”, TANG Shu-Lin" and ZHANG Zhen"’

(1. Chinese Perch Research Center, College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China; 2. Key Lab of
Freshwater Animal Breeding, Ministry of Agriculture, Freshwater Aquaculture Collaborative Innovation Center of Hubei Province,
Wuhan 430070, China)

Abstract: In the present study, the effects of isoleucine on the mammalian target of rapamycin signaling (mTOR) path-
way and nitrogen metabolism were investigated through Intraventricular (ICV) administration in Chinese perch (Sini-
perca chuatsi). In one hand, the ammonia excretion significantly increased, and mRNA levels of nitrogen metabolism
genes involving glutamate dehydrogenase (GDH), glutamic oxaloacetic transaminase (GOT), and adenosine monophos-
phate deaminase (AMPD) remarkably increased after ICV injection of isoleucine as well (P<0.05). On the other hand,
the results showed that blood glucose levels markedly decreased at 0.5h post-injection. The expression of liver ri-
bosomal protein S6 was also notably enhanced, demonstrating that mTOR signaling pathway was activated. The results
also indicated that isoleucine could activate the mTOR signaling pathway, mediate amino acid metabolism, and en-
hance ammonia-N excretion via nitrogen metabolism genes in Chinese perch.

Key words: Siniperca chuatsi; Isoleucine; Nitrogen metabolism; mTOR



