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BRI MR . S50 IR, X B2 R LE , T 5 2H 20 4 2 R 40 W 35 IR T TG Bt 1) B 2 == 5[] I 3 O3
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(1) ELHEAR 5 S8R0 LA 2 A 5 A 40 ) B A 5 B, AR
AR5 3 3 i 2 T S 2 9 T 400 2 T A ) Ak dfe = 2 4
TR RN 4 2 R 2 A 7 SORAR F X 2 P 2 25 1R X 56 I8 ¢
BB MSZ M, LA K GON2 {5538 B A ) 8 17 3L
HR] REAELE R R AE T, DA o 36 OO 75 2 SR R R 4
R A AL

1 MRE5ER=E

1.1 REH R

T 50 FH L g i S L AR £ 27 85 (0.3740.05 g) ¥
F A H AR R = 5 £ B 5 P PR AR . SR RN TG
A RH ORI B B0 e 2 ] R IR Rt
W 1R AR R A BRA R A L -4 2R
L4 R (AR = R R ) I Sigma-Aldrich 24 7,
GCN2 17 GCN2iB Il § MCE A 7 .

1.2 REHARLIE

1) 028 7 B 6 . 0k 40 AR R L Ik
AL R Y mE 6%, o735 BT (404+4) g, ALYy 4
H, B 10 B, B 7K EL (50 em X 40 ecm X 40 cm)
Bl 1 RamEeR . R AT EIE I K R R IR L
JE AR 2 A B R R i SR 1 VR e i
TE R 50 B R A RO U ES % o B,
24 h LR AL FH 5 FH MS-222 K5 588 W B RR 195 , 1% 1 10
oL R A B Y S A T R A W
ZRSCHER[8] . EIEMRIE T PBS RS 7 i 2 Sk
(8], GCN2 il 7] GCN2iB 2 Mk #l i s T H
WA (DMSO) . R I8 & 48 X B | & R 1 4t
2 GCN2IB i ZH A2y it B . Horpras Foxd i
41 2 pl DMSO 30 min Ji Fi-{E 41 2 pl. PBS, 23R
H 5 2 pl. DMSO 30 min J& B 5 20 pg (T
2 pl PBS) B L4028  L-40 2R , 30 i 770 21 33 5 10
ng GCN2iB (3 F 2 uL. DMSO) 30 min Ji5 #7520
pg (AT 2 pL PBS) ) L-4H AR | L4 A 2 , 254 %t
HEZH ST 10 pg GCN2iB (% F 2 plL. DMSO) 30 min
JE ST 2 pl PBS. 4TS 15 min PN SRK 2 1E
Hia 8, BRI 30 B R, et ES S 1h &4 h
HH B,

2) fal B IR R B . 200 2 38 S 7 24 R Rl
(250£10) g, B 2K e, ik 108 R/ NI
— 3 RRT BRI R A R AL 5 3
4L (IR H AR = 4 SRR = 4) , B4 64
W46 , AN BI4F (100 em X 100 cm X 100 em) #ik 6 J2
R | RS N KR AE R AE (26 1) °Co fPR IRt

BT 1R, SR PG 2L DRk 45 M el 0 £ 1) A DR A
TR — KV, Ak e gl %2, H
ok T B 64.5 00 R 1A 8.6 26 KELAR DT 5 I AR 1
i 88.7 % KLEE 11 A1 0.8 % KLAR 7 5 3& ¥y h % 0.3%
HLER 102 % HLIR I 5t b 2 98 %6 KLIR G s K=
e 98 %0 HLAR M o kb 2 HUR AR A LAY (BT
sa Ak JEAK, 1 000 mg; WLEE, 600 mg; 4E4: % A,
40 mg; HEEZE D, 60 pg; 44 E C,210 mg; A E
E, 200 mg; 4/ & K, 10 mg; 44 % B, 20 mg; 4
H:#E By,,0.1 mg; MR, 200 mg; Z 12,50 mg; MR,
10 mg; Bl %, 15 mg; ZHE, 25 mg; AEWE,3.2
mg. WY B (BT 35efakH : CaHPO,, 94.9 g;
KCI,7.1 g; MgSO,,4.6 g; NaCl, 3.8 g; CuSO,,39.1
mg; FeSO,, 455.4 mg; ZnSO,, 220.3 mg; MnSO,,
39.9 mg; Na,SeO;,2.0 g; KI, 1.4 mg; Na,MoO,,0.4
mg; CoS0,,0.1 mg; KF,0.8 mg., % % iRk
T 86.27 % MM .

®1 KB EARMS
Table 1 Ingredients of experimental feed %
LgEl oy HARRZ  WERRZ
Item Control His™~ Val™~
J5UB} Ingredients
4} Fish meal 33 33 33
fi% 5 H Casein 10 10 10
JEH Corn starch 8 8 80
fayi Fish oil 4 4 4
K523 Soybean oil 4 4 4
=W Alginates 4 4 4
COTEE
ﬁiijotr;italhne cellulose I I I
Z{[H:%‘??JWE&H 9 9 9
Vitamin premix
WP IRk 9 9 9
Mineral premix
o FL R TR
fff: zti{:;:jremix 24 24 24
it Total 100 100 100
%43 Compositions

A Crude protein 50.93 51.11 50.42
MU Crude lipid 10.77 10.77 10.77
TH5 Dry matter 56.64 56.64 56.64
W5 Ash 4.62 4.62 4.62

BER 2B, 7307 77 8: 00 F R
5:00, H A UAE B 2 SR, 3 %K K E1E R
el (s ] 1 S 1P o M O €280 11 R4
DA AR FE B 2GR, BT 24 h Lk AL 2
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Table 2 Compositions of amino acid premix %
53 X B HEfpiz  HERE=

Compositions Control His™/~ Val™~
IR Threonine 4.85 4.85 4.85
BEE R Cystine 0.79 0.79 0.79
AR Valine 4.49 4.49 0.00
i 22 Methionine 3.07 3.07 3.07
FR SR Tsoleucine 4.75 4.75 4.75
LA MR Leucine 8.93 8.93 8.93
i 2R Tyrosine 3.35 3.35 3.35
ZN %R Phenylalanine 4.33 4.33 4.33
AR Lysine 8.11 8.11 8.11
2% Histidine 2.27 0.00 2.27
&M Arginine 6.53 6.53 6.53
{65 Tryptophan 0.85 0.85 0.85
KITLHMR Aspartic acid ~ 10.83 10.83 10.83
fifi %@ Proline 3.10 3.10 3.10
225 % Serine 4.08 4.08 4.08
A& R Glutamic acid 18.14 18.14 18.14
H&# Glycine 4.93 4.93 4.93
N2 Alanine 6.60 8.87 11.09
Mt Total 100.00 100.00 100.00

Je , X PR 2 45 R SR o0 Rk, A R R Bk = 4 45 R
ARG Z (AR, 40z TR b = 2 P Rz IR ok = T,
TRLHAAA 30 min J5 , 755 80 V6 FTBIME R AN £ £ W) 452 11 4%
MR THAAR AR £ . A 2 Wi 2 m) (E) B 3 d, 4
(] FH 6T HER 2 ] A 45 M AP 52 25 2L s 5 2 LIRS
1.3 ZRNARBEK gq-PCR&#

A 2B 7= R a5 156 W, £ Trizol Reagent
(TaKaRa 2\ ] ) $2 BGHME 0% T F il 21 20 5 RNA. 2R
Je 2 B AR (BioTek, Winooski, USA ) £
TS RNA HREE SR, =80 CIRAFFE M o MR ™ il 13
45, ffi F Hiscript 11 Q RT SuperMix for qPCR i¥i % 5%
IR & O MERE 1 50 ) B B RNA (1 pg) W6 5% 5%k
cDNA, & F-20 ‘CHi A7 .

T B DR 2 B P v R AR ORI W 2 K P
51, i Primer Premier 5.0 Z {4 % 1128 2 w51 W) o
H 1 3L R (1) 2855 5 MyiQTM 2 XU 32 PCR £
i 2 4% (Bio-Rad, Hercules , USA) #EAT 461 . mRNA
4 AT R 95 °C 3 min AR PE , SR 5 #E 95 “CASPE
30 s, 1Bk 30 s, B 40 DEER o A it 2o B A
65 CHU7H,0.5 °C/6 s BB N £ 95 °C, AF i PCR
SR I 5 S o rpl13a FE D DY R 0 HREE TR SR T
27 R A H R SE R I A 2R A K. 45 SR
9 PCR 5| W1 P51 845 BRI AR 3.

R3 EMEAEEEPCRSY
Table 3 Primer sequences used for RT-PCR

IR JOR
BE/C
Anneal
temperature

PR AHSE
/% R
E-values R®

FEA

Genes

5IHIFFI(5-3")

Primer sequences

F: TATCCCCCCACCCTAT-
GACA
rpll3a 59 97.7
R: ACGCCCAAGGAGAGC-
GAACT

0.995

F: GGAAGGATACCCGGT-
GAAA
npy 53 95.4
R: TCTTGACTGTGGAATC-
GTG

0.993

F: GAGCCAAGCGAAGAC-
CAGA
agrp 60 99.4
R: GCAGCACGGCAAAT-
GAGAG

0.978

F: TGTTAGTGGTGGTGAT-
GGC
pomce 58
R: CTGTCGCTGT-
GGGCTTTC

104.0  0.990

F: CTGCTGTCCGTCATTT-
GTCAC
cart 60
R: TGGGAT-
GCTTCCTCTTTTCTC

109.8  0.998

F: GGACCAAGAT-
GAAGAAGAAGC
atf4 58 94.1
R: CAGCCAGTGGAGCGA-
GA
1.4 Western blotting
N e H U A 1% PMSE A% iR 1k
FEEA ] 550 B9 1 X RIPA 88 24 (38 = %, P ED 3k
WM. 764 ‘CF LA 12 000 r/min 20> 10 min J5
W 135 WO BCA S5 1 v Bl e 37 & (O 25
) R B B R . 4% LB IN 5 X SDS L
FEZ il (38 = K, P D) IR A1 F 95 °Crm AR 1
10 min, HUFEARMEEMHE AT 10% SDS-PAGE
LUK 0 B 450 R R 20U BN & 48 (Bio Rad, USA)
¥ & 1 ¥ B 2 PVDF i (Millipore, USA) . 1X
TBST (% 0.1% Tween 20)¥ER% 2 K5 , 767 10 %% i
REW B B PR P = R 4 h R 4 Cil i E
—4i. HEPE R P-elF2a (1:1000,CST) .ATF4
(1:1000,CST) .P-S6 (1:1000,CST), NS4kt
FH B-tubulin (1:2 000, Bioss) . —#t 4 ‘C i R F & 25
G, 1XTBST (% 0.1% Tween 20) e 2 ¥, — i
FIRME 1 he Pk H Goat-anti-rabbit (1:30 000,
CST) . Goat-anti-Mouse (1: 15 000, CST) . 1X
TBST (& 0.1% Tween 20) % I 4 K5, T 114
(Licor Odyssey, USA) H i 52 i 1% , H Image J # {4
AT 5 AT

0.975
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1.5 RS 0.05), M S 4R E B2 4 h 5 BES .22 B0 0 M 5% 1) 45k

PR A AR N S F I E L hRifERR ™. SPSS 22.0
AT A TEE I GETT 3 A, (P S AR AR 2 46 56 LU A
A 2H B8 =2 ] Y 2 5, 0 FH BR324 (ANO-
VA)FI Duncan’s 25 A 53 H BRAR 5 22 4185080 , (8
MR ZE T 28T (ANOVA) Fl Duncan’s Z 5 HL s
WA R ZHBAE . P<<0.0580A M EAS = FE X,

2 FERS5HMH

21 WEFHASHRITIHBRNAEFERHN
A

ZRGET AT 0 28 T S 4 ) S 4 e T [ R 5
W 8950 5% £ AR 0 G 38 BV (P>0.05) o 525 X
HEZH (DMSO-+PBS) M H , 7 5 20 pg 41 20K o 451 2
Mz 1 h i 4 f 1 2 B A0 5 119 4 12 i (P<<0.05) ,
T 5 20 202 4 h i X 50 W S 7 4k B = I R e (P>

A

_ O DMSO+PBS W DMSO+His
A GCN2iB+His O GCN2iB+PBS a

0.20
#

0.15

| i a ab %-
ab b
2 0.10F be
¢
0.05F
0.00
1 4

451 HiHE] /b Statistics time

b

FiHEE Ry
Accumulative food intake

B (P<<0.05) . BEAbh, ST 10 pg GCN2iB, A fifi i
SR 1 b BEAS AR B KPR EG i S 40 2
1% 5 | A 1 1 £ AR TR AR (P=>0.05) o [Al B i
10 pg GCN2iB 120 pg H 2RI, 4 hH BB
FRET1h4(P<<0.05) (K1),

22 AMPHRZASBIAIETAEFKEEN

A1)
I — TR S YO S R R e, oA 20K
TR 22 [ T B 3l i) 39 Tk 452 MR ok R 2 e AR 52

2% 2H R R ) A BROK P o S52R o, 5k IR ARDRE
FH L, SR 80 0 e = 2] % R i 40 2 R ) e B S
B B B R R RN R B (18] 2A B) , T Hxf s =
2 2 R A 2 R 14 ) e SR B e b (P
0.01) (K 2C.D).

B
[0 DMSO+PBS W DMSO+Val
0.15r @ GCN2iB+Val O GCN2iB+PBS
a
() a T ab
. I
< £ o.l0f a
R T
i b p
e
= E o005t
B =
g
<
0.00
1 4

51 HiHE] /b Statistics time

EAARF TR Z [ B 22 57 (P << 0.05), [/ 3 4Rl #3RFE—4U7E1 h 4 h 227 3. Significant differences between groups
are shown in the form of different letters (P<C0.05) ,the same as Fig.3,Fig.4. # indicates significant differences in the same group at 1 hand 4 h.

&1

Fig.1
2.3 AR sk = A R A SR X M R T B B
GCN2{ES @ Ea M

50T HEAAH b SR 5 A A B = 2 2 R B A A
R AR RS, R ik GON2 {5 5 1 % R i 7% 1A
T atf4 W LR 338 3 FEAIR(P<<0.05) (& 3A) ,{H P-
eif2a 1Y 2 H K F JC B 3 1 2= R (P>0.05) (K
3B.C).
2.4 AR HEkZ E R SER X M R T B A
BREENZNE

SR B S A Bk = 2 A R i A R 1 D RS,
T i B A P ek Ak B 4 R . xR
AR LY, S0 000 42 £ fil = A S sl 4 20 1R 1 AR RS

R EESH AR (A SRR (B EHEHHRITERS

Accumulative food intake of Chinese perch after ICV administration with histidine (A) or valine (B)

el npy cagrp B ) mRNA A 7K L3R B4
H(E4A B), H npy FEH A mRNA 23K /K -5 3] i
= TR (P<C0.05) (E 4A) , 11 pomce., cart 3 K 1)
mRNA FACF- 2B E TS ((E4C D).

3 i #

AHEMIES SSRGS EE Y 5T, 2
TR SRR F I — R R T sh X e i
Ad o AWFFEER AN S 4T 20 pg 42 R ol 4
SR 1 h R A £ R IR, R = AL
2 P2 A1 2 A A ) P s T o i) kA ) £
P B o X 5 0TI A A e R e R R
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0.1F
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WA 7 (gl )
Food intake per experiment

0.0

0.3r Xt Control W4

B

AR Z His' 0.3 OXF I8 Control  MZAZ LT = Val™”

0.2-

EEd

0.1k o

LUK S 0 £ B (/)

Food intake per experiment

4 5 1 2 3 4 5

SZEGUEL Experiment frequency G UKL Experiment frequency

C

SR R/ (g/g)
Accumulative food intake

cant difference (P<<0.01).A \B: HR SRS

I OXF AR Control  MALEBRHL= His”’

D
OXFH8 Control  MZiZ R B = Val™”

3K
3

0.5F

SRR (o/g)

Accumulative food intake

1 5 9 13 17
i1 [E]/d Statistics time 4Tt [E]/d Statistics time
*JIR 25 5 0 E (P<<0.05) , #+ 3K m 22 il 3 (P<<0.01) . * indicated significant difference (P<C0.05) ,** indicated extremely signifi-

;C.D: RiMEE®E. A,B: Food intake per experiment; C,D: Accumulative food intake.

B2 AEHGHRTZASRIGERANNERE

Fig.2 Food intake of Chinese perch on deprived feed of histidine or valine

O %} & Control

15 i AR 0.8~ — s
o XTH CAOMT] — - W4 R = His”
< W 2 Z Rk 2 His S O AR S Val -
T OMERRZ Val " W F - '
e a
Eg = a %= 06
WE o loF - H 2
® @ v = a
=8 h b il 56 s
jnag a T { 3
A E¢ B oyg £ 041 —|—
= s g
#WE o5l S
Tt i= o 02r
v ~ =
= £
F
0.0 0.0
| Groups 2 5 Groups
Control His"™ Val~
B —tubulin|
C
P-eif2 al

A: atfd; B.C: P=if2a.
B3 AEHRRMRT ASBRIMIR ARG T L P-eif2 Ml ati RiIAE
Fig.3 Expression of P-eif2a and atf4 in hypothalamus after ingesting deprived feed of

histidine or valine in Chinese perch

DU R B ST A R 2 h S A A2 8] G RS R R 0 E KOG B B GON2 i 4 ) 5
AR B MRV R — R GCON2iB AL ZR 1 h 2> (M % T B 1 48 /K7
Y JEE o T 2 2 ) HL At R R A R AR AT ) 4 KR, T GON2 {5 Tl B 3 i i, 2 R R I ik
S A MR K A AR R BERNE R 1 GON2 {5 53 B plam il 4 h 5 , i
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L5 O % #8 Control
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i < . OHERIHKZ Val "
®E b L
B .
E = b -
=
27
5
o ]
F
0.0
215 Groups
E O % #8 Control
2.0 T

a

1.5 —|—

Lo —

0.5[

pomcHk B AHXT 4 0k
The relative expression of pomc

0.0

215 Groups

W4 R Z His "
O/ AR Z Val "~

T b 2 R o e £ 2 81 2 A 173
B
L5 O X H8 Control
a 4 W E Gk = His”
m S O 4 &R = Val "
il
ﬁ 2 LOF
£
£ % T
K e
j-q_é_; é 05F
e
S o
o =
[—1
0.0
215 Groups
D
3.0
. O %4 48 Control a
AR His T
OME R Z Val ™
2.0
a a

wf L

cartFE i AH Xk
The relative expression of cart

0.0

215 Groups

A:npy; B:agrp; C: pomces D: cart.
E4 HMEFESRZASBRIAIRANETERERERNREETL
Fig.4 Expression changes of appetite genes in the hypothalamus after ingesting deprived

feed of histidine or valine in Chinese perch

2T S S R A A TR SR A, T RE IR R 4
WA 0 SCBE R HE ML 2 B T mTOR 7 538 % (1) 94
P DL SRR, GON2 (S Sl IR il fES 5 T I
2 TS A TR AT R S AT A AT T

YN E AR LT FZ IR 2 Y, X2
— Tl AT O AR A K S R
FATSE B E LB A L B AR AR s R
W 5 45 Wi ke = 2] 2 Il 4 2 T 1 e, 445 2R I 7
s 5 2 S 2 Dl 2D % ik = 4 TR A 2 R R Rk 1
Ao i, R ik sk = HERAM ARG, L E
BT SRR b SE R AR
KB, RBR R 1™ 5 A R (Y3 A =
B 80Y) M, B L B — T SRR B = )
AT, ILTE P T 5 0% R b 5 S R KT
A 77 AR A e R /K T3 o, ke = A b e 2
BR A2 DR Y A N LR O I RE . I, AR
ST 2H R A A R ik = 1) L ] RE 5 | S I h SR R
A, T X A 1R S OB ME B 0 i L IR B = B
fEE . A, 7 AL H2 i (anterior piriform cortex,
APC) H 1y 1 28 TC R A% 1 #2 B AT B W1 48 A I

S8 i I S A T L T ST R O GCON22Y L R
HELTR AR PEEE, GCN2 il Ui R
LR A TH FE , I 5 | IR 1 45 4 K AR R 1) 3 I 1 O
W 220 BRI, ASHIF ST 45 R N S A £ e = 4 R
PR ol 25U R () ) RIS, R el GON2 A5 538 % Eif2a
R AR LK B AR Ak (H U a4 IR Rk 32
B F VI . AR R, ZERR = X T a1
PTG A7 AE 2 I IR, BB TR 9 S L R Bk = 25 5|
atfd 7% 1 A P AR LAWK S AL A B AR 2 1 A A 12
I, AR 5 45 S 1T B8 2 DR Sk BRORE 19 B [ A2 AR W I
FEAERY o (R AEDRE R = 2H SR ol A TR 5 R B
M5 GON2 A5 5 A AE AR O

KR & R R SR B 0 R R 2
SR BAZ TR S SRR R A S R AR
BMHTFRE, REMTRE S, AHFREIA
S 2 PR PR K i 2 R R R B ) R ) B
o 78N K X %Y, NPY/AGRP #l POMC/
CART #u e T it S 58 e M —%
2050 NIk, R T A T R R iR X 4
FER AN O A e 0, FAT AT 1 4 Fh = AR A - 1Y
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LS N AN S o ¢

941 %

mRNA LB, 85 R B, 5 %5 BATAH L, 3 5
R = A MR AR 2 MR B RS T ik s
npy F H B mRNA £ 35 7K F 8 3 FEAG, 2 agrp.
pome ,cart 5K ) mRNA KAk VIR E 28k, %8
A PR R A LATE I 25 SR 3R W 21 R 5 | e s
SR 5 npy B I FGR AR A T 2, K
5/ B B A R Bk = IR B S, npy B AT mRNA
?éiiﬂ@lziﬂﬁﬁkﬁﬂ"]ﬁ%m] PL I 45 R W EDRL
i = 2H S R B4 2 IR T R 3T I mpy BE DR A 23K
U\ﬁﬁi&fﬂﬁ?ﬂ@%ﬁﬁ%%é\io

i LTI 2H S TR R A T i i T A R A
gk = /75 Al R N RS, H 5 GCN2 {5
51 B AT O, TR = 2H R el A R ] R i T
PR B A T npy ZE RIS E R EEH] .
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Regulatory effects of intracerebroventricular injection and deprived
feed of histidine or valine on feeding of Chinese perch
(Siniperca chuatsi)

720U Jiaming, HE Shan, LIANG Xufang,ZHU Qiangsheng

College of Fisheries/ Chinese Perch Research Center ,Huazhong Agricultural University/
Ministry of Education Engineering Research Center for the Green Development of Bulk Aquatic Biological
Industry in the Yangtze River Economic Zone , Wuhan 430070, China

Abstract The regulatory effects of intracerebroventricular (ICV) injection and deprived feed of histi-
dine or valine on the feeding of Chinese perch (Siniperca chuatsi) were studied to explore the direct signal
perception of the central nervous system and the indirect signal perception of the peripheral tissues. In the
ICV injection test, the control group was injected with phosphate buffered saline (PBS) , and the experi-
mental group was injected with histidine or valine or simultaneously with an inhibitor of general control non-
derepressible-2 (GCN2) GCN2iB. The changes in food intake of Chinese perch at 1 h and 4 h after injec-
tion were detected. In the feed deprivation test, the control group was fed with amino acid complete feed
and the experimental group was fed with deprived feed of histidine or valine. The changes in food intake,
GCN2 signaling pathway-related factors and appetite genes were detected. The results showed that the in-
jection of either histidine or valine significantly reduced the food intake of Chinese perch compared with the
control group (P<C0.05). Simultaneous injection of GCN2iB and histidine restored the food intake of Chi-
nese perch to normal levels. Compared with the control group, the intake of deprived feed of histidine or va-
line was significantly decreased (P<C0.05). Moreover, the mRNA expression of activating transcriptional
factor 4 (atf1) , a key activating transcription factor downstream of GCN2 signaling pathway , was signifi-
cantly down-regulated (P<Z0.05) in deprived feed of histidine or valine. The mRNA expression level of the
appetite factor neuropeptide Y (npy) in the hypothalamus was significantly decreased (P<Z0.05). Howev-
er, there were no significant changes in the mRNA expression levels of agouti-related protein (agrp) , pro-
opiomelanocortin (pomc) , and amphetamine-regulated transcript (cart) genes. In conclusion, both histidine
and valine can inhibit the feeding behavior of Chinese perch via ICV administration and feed deprivation.
The changes of feeding behavior of Chinese perch are related to the GCNZ2 signaling pathway. The deprived
feed of histidine or valine might result in the anorexia by down-regulating the expression of appetite-stimu-
lating factor npy gene.

Keywords Chinese perch (Siniperca chuatsi) ; amino-acid sensing mechanism; GCNZ2 signaling

pathway ; appetite factors; food control
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