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K40 cm X 50 cm X 40 cm) BUE 1 B 3ME 0, /K i
EFEAE (24 1) CA#-F: 12 h MRS 12 h B #
PG JE I . pH 7.0~7.5, %A N 7.5~8.5 mg/L, &
K 08:00 F1 18:00 FI(0.3540.05) g 2 I 4z % 1y
AR,
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(PBS) . 2 A1 20 43 0 T4 20 g 1Y 2H 240 R A1 20 i
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7 L. B S B L-15 R 3R OB IR 2 k(1 000
r/min, Z B0 5 min)  fe R IR A% ik 28 AR
A JEARHE T MBS He A B AR I RS SR T 28 'C
CO M P 38, 85 4 R AR T2 W 1 K.
T8 8RBT T WL Ml 20 L ) A AR O o Rl S AR 4
Moy 2 =M E, B Al g, Al fr ok
JE AR 895 i 4 Jif E 28 Neu-N Hl B-tubulin #2598 G 40
Ak 25 B R S e Al B, A TE B T 6 I B
M KB IR, Bt = 6 FLA . B A FLEE L 2.0
m 5 TR, A0 S 1 TE s iR i L-15
15 57 HE G 20 M AT DL AL B 18 b, PRSI0 AS [ ¥k i
14 20 S M A jE 43 591k 0.1.0.2.0 FlT 3.0 mmol/L
4 ANV E RS B L R 30 min S5 WCE 40 A L R
24 h JE RN RNA, T —80 “C AR I vk A PR AT »
T IE T AEY 3 bR A I . A IF 5 Fir 128 1) )
W B2 EE T RT MRS
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FIH TRIzol Reagent ik 5| (TaKaRa, H 4) $#2
SRR fii 2H 22 0 AR i 4n A %) . RN, B HiSeript
11 Q RT SuperMix for qPCR ¥ % 5 i 7 & Gt M
e P ) HEAT SR AR B cDNA SR HTSE I 28O0 E
i RT-PCR Jy i 00 5 5% il o & A 7 R HL & H (Tar-
get of rapamycin,zor) JH RGN F 4 (Activating
transcription factor 4,atf4) .M ZJK Y (neuropep-
tideY,npy) il EAH 5C & H (agouti-related protein,
agrp) Fl— B & FE MR A #5 P& £ 1 2(general amino
acid control non-derepressible2, gen2) ZEH A mR-
NA KRR, KWK FR (20 pl):10 pL SYBR
Green Supermix, ENFSI¥ 5300 0.4 pL,1 pL
cDNA #i#, ddH, O 8.2 pL. KW & F: 95 C,
5 min; 95 °C,10 s;iB K 30 sGE IR BE WL 1), 4Efif
30 s, 3k 39 NMEH, B 1 ATER, WE 1 R
DGR FEAF 5 ST 8 FH M M S e 07 35 1 Ok 1Y IR
PR E RIE rpll3a A IE AR &, i 2722
BT AT A A Rk RS E R 3K,
A5 3 09 9 8 B 51 W) R N Primer5.0 3K
PEFEAT BT JF d 2k T AR AR C R Ry A BR A
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Table 1  Primer sequences used for the real-time PCR analysis

519 JFH1(5"-3") BB/ °C
Primer Sequence(5'-3") Anneal temperature
F. GGAAGGATACCCGGTGAAA 52
Y R: TCTTGACTGTGGAATCGTG
F. GTGCTGCTCTGCTGTTGG 65
i R: AGGTGTCACAGGGGTCGC
atfd F. CTCCTTCTCCTCCTCCGAC 58
R: ATACCCGCAAAAGCATCATC
gen? F. GCAGAACAAGAGCAATGACA 58
R: TACAAGACCACCACAGCCAC
F. GCATCAACGAGAGCACCA 55
or R: CGCTTCAAAATTCATAACCG
rpl13a F. TATCCCCCCACCCTATGACA 59

R: ACGCCCAAGGAGAGCGAACT
1.4 Western blot 4 #f

Wt 6 L AR H A 1% 5% 5L . R 4R T B 9 DPBS
VeV 1 WK BFLINA 50 pL fO%E 24 (RIPA , 34
= REYHARAIRAFD 2B TImA 1% & A
ity 410 1) 57 (PMSF) . F 40 L %06 6 L AR iy 20 i i
RFE 1.5 mL MELE T, K E#E 20 min, &0
5 min b FEIFETES) 1 ¥, 8 000 r/min 4 “C &L 20
min J& » S UTTE . B L5 TR, BIDAS G 40 R kR T
—80 “Cl I I K AE TR A7 25 . 2R 1k B A R
A BCARKMEGA S REYHERERAA ., EH
AEPERF A 2 X SDS 1 EAEZE i, 99 °C &
5 min, AR PERE AN R A G —20 CIRFF. BL
il SR TR A7 TR g 6 Ml M 4 e 10 %60) B A BE B RE oy
20 pg, AR T WA B LA 80 V HL K HLJK 35 min,
ToE L 200 VR LK 45 min, 5 BEAE VK
L HRAE L E S 200 mA HLPK 120 min, 5 S L FF B
S SV MIR W i B P =B 4 h 5L H
IX TBSTHEME 3 K. BEK 5 min, —¥3T: NS Pk B
actin(FEB R, AL 50 BB LB 1 = 2 000, H BT
& p-S6(CST, EED MR BELLBI A 1 ¢+ 800.4 C gk
7k S . VERE 3 WK, BIK S miny HL: EAL R
(Licor, & E) MM B LL B2 1+ 2 000, = i Iié % 0%
H1hJE,EE 4R, 8RS min, HEK LG RSE
(LiCor Odyssey, & ) X f5 i 47 1 5% 46 W, A Im-
age J BRAPXT S HEAT K BEAEL 4387
1.5 HIELERFITHHF

BRI I A B 8 ] SPSS 19.0 3 #4748 1127
G3 BT PR AL ECHE 22 D) 1 L A SR I ST REAS ¢ K5
Z ARG Z 6] R A B R R 7 22 53 B (ANOVA) , 22
S B FEIG ST Duncan’s Z HE L&, $¥E % H

“EHHERRER" R P<0.05 HERBE,
2 HBR5GMH

HEBMARNAEFRERIENZI

R 5 P9 43 SIE B 20 g 4L R RN 2 O L g
g ZEEE R WK 1 Uia., 50 R, RS
AR ARG 1.4.8 h J5 3 54 51 6 58 W B 1) £ 12
AR (P=>0.05) HTE 12 h J5 7 5 4 2 R 41 A
2 M 2L L B 1) 4 B e W AR (P <C0.05) , X Fh
PO A T S 24 h R & 2 (P>>0.05)
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0.3
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1 S
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™ S
(9]
Q
<
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48 12 24
BURER [)/h Sampling time
RIRVING 4 R R 22 57 1 3% (P <C0.05) . Different little letter a-
bove the bars indicated significant difference (P<20.05).
Bl MEISFEASBRIAREEEHEHNRFEEE
Fig.1
administration with histidine or histamine
22 MEIFASBRMARMERSMEXXERR
1% B 1
i 28 33 S 2H 2 R A2 B 12 b S L A ORE DG R
PRIRIR RN 2 B, WG 1 56 20 S R N 4 e 3
A EEE R T npy mRNA FRiKIKF i 35 MR
fR(P<C0.05) . Al A {2 & 8K A F agrp mRNA ik
KA T B S T i 25 5 (P =>0.05)
23 AEKE R E S BR 1 AE Bk A 2R X 8% f 20 AR 12
BEMERRENZ M
FHATR e B (0.1.0.2.0 A1 3.0 mmol/L) K4
S8 TR R ZH M o Ak B ik DA QA G 24 hoJm L e AR
HW npy Flagrp mRNA BFRIKMELWME 3 Pimx.,
ZER R IBEE H AR E R T F o npy mRNA 1R
KA AR (P<<0.05) (8 3A) , [ B} agrp mR-
NA B IATE 1.0 A 3.0 mmol/L 21 & 12 1Y 4T
B EPEREAR (P<<0.05) (& 3B), LAk, A [ vk B 1Y
2H Jiz 0 i i AR A O R 2 5 npy M agrp
mRNA 15 (P>0.05) (E 3C.D).

Food intake of Chinese perch after ICV
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Y 7 -2
X% 10b X% 10f
® & ®E *
g2 * £
=Z 05k TEZ 05k
35 s
=2 =1
0.0 0.0
npy agrp nhpy agrp
FEH Genes M Genes

BEFRRELREFE., £ 4H., *indicated significant difference (P<C0.05).The same as Fig.4.
2 HRER(A)NAR(B)MEES 12 n FAEHEREMNRIX

Fig.2 Gene expression at 12 h of Chinese perch after ICV administration with histidine(A) or histamine(B)
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5~ DOXJHE Control m1 mmol/L - OXt e Control  m1 mmol/L
2 mmol/L E3 mmol/L 2 mmol/L E3 mmol/L

a T
£ 1of L

o

ab

npyH)FHXT 15 &
Relative expression of npy
o
agrpW) Ak 2
Relative expression of agrp

L 0.0 1
HE# Histidine HE Histidine
C D

OX%tHE Control @1 mmol/L 90 OXHAE Control M1 mmol/L
2 mmol/L E3 mmol/L ’ 2 mmol/L E3 mmol/L

LT T

n

1.0F —=

i
T

0.5F

npyHI A ik &
Relative expression of npy
|
agrp) X ik 8

0.0 L
ZH % Histamine % Histamine

Relative expression of agrp

%I i bRin A ) 5 BF R W B 3% % 5 (P <C0.05) . Data with different letters above the bars indicated significant difference
(P<C0.05).
B3 HE#%(AB)MARK(C.D)NEFEHMAMERRAERFRE
Fig.3 Appetite-regulatory genes expression in primary brain cells of the Chinese
perch after histidine(A,B) or histamine(C,D) stimulation
24 HAREMPEHE GCN2F1 mTOR ESEEH I
#
i % 1 2H AR S5 R ik GCN2 Il mTOR {55
BRI BN 4 s . 50 BAUA L ik ==
TE AR 41 2 2 7T 51 R S S 8% GCN2 {5 53 JH OC Jlt Ak

[

- OX R Control mAHZ [ Histidine

1.0F

FE A I
Relative expression

0.5F
gen2 Fl at 4 mRNA kKT E ML (P <
0.05) . HX} mTOR 15 5 i I =8 [N F tor mRNA

0.0

FIBKVI B F A (P>0.05), LIER 2.0 tor %ggl;es atft
mmol/L MAZBMERITAMM 30 min /5, West- | B SHAEEER M GON2 T
ern-blot 4l mTOR {5 5 i #% & #iF <5 2 1 p-S6 mTOR 15 S & B M T AL 151
MyFIANTOLILEL 5. HR K, S50 AL EE . 41K Fig.4 Change of GCNZ and mTOR signaling pathways
MR Ak }E%?&ﬁm@ p-S6 E‘J%‘zﬁﬂ'{‘ﬂj(P>0,05) ° of Chinese perch after ICV administration with histidine
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Fig.5 Change of mTOR signaling pathway after histidine

treatment in the primary brain cells of the Chinese perch
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P P L e o 6L W 0% ) B L AT W, ICV 4
20 pg WZHZ R A AR AE 12 h J5 Y] i 25 AT e
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S T RV 2L T X 6 Wi 0 EL AT 0 ) £ ) B RO T X
W7 5P 30 0 1) AT 8 U T 5 R i v 2 1R R 2 i 19 22 1k
YA B IR A O ) A 8 ik a2
SR A R0 5 /0N BRI I 1 S 20 AR T 4 )
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55 ik 2L P ol 228 0 ok 40 o £
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B KEERE npy M agrp mRNA #J 3R KK,
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B AR B R AR Y X — PR AE A b s
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mRNA [ 335 245 R S5 L sh Wik o8 b & 4l
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FH A [ e 35 1) 26 2 R 0 4 i Ac R 5080 36 4t 4G, ity 4
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S TR Ak AT T R G 4 AR B AR R mpy RN agrp
mRNA #9335, 1780 UE T 78 16 K F 1 4 & iR vl
THE BN T npy mRNA B2 55, 52 Wi 58 4 65
HEWEA . AiEdERA,EE D &SR A U E
1A B IS o T L 7 42 ) B R e 3k P e 5
BEME RS AT HRA FRATTFH AH R VR B Y
2 e Ak L i D5 200 B & R e I I A 5 mpy
M agrp mRNA B ARk, X AT GE 2 21 1 b 1A e
JE RN 2 A A B 1] 5 4 SRR AR TR BT S8 22 57

oK B 22 1 AF T AIE 52 . m TOR A1 GCN2 {5 53
B Sh LR B N R B R R R R EAE A
GCN2 {5 538 % 32 B2 76 sh W HL AR S = 20 2k 1% B 38
ek 188 T 2 I oA VR A i) st ik /0 e R ) 2 I Ok A
SYIHLIAR P B 2 3 1R b T — i oRR X S A R S
i mTOR 155 38 6 W) 2 76 3 P ML 38 A & 3L R 72
JEATT 32 B a8 g R 1 9 AR 7 Ok 4
MR P& IR - s AR R R 1ICV i
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oLl AR — 8, &R B = % 5 80E 9 GCN2
ARG Z B LT ATF, il 5 -2 3
TR 1 WH (GABA(BYRD) B HIE, f#i1% v-
AR T8 (GABA) {5 5 18 B4 il . =) i 42 F 2 E 1%
BRI AT A B 000 . PR L FRATT HE I L T i IR
Shy o BECZE T S B I 2% oV VI o8 A5 005 i P 3 1R
b Z RS FEE A E R T L 3% B = R A A5 F
AL HETT R T B GCN2 {5 50 Bk, Al
S, ICV 1 568 20 S0 1R T 300l 48 2 5 V0 A S80S 9%
mTOR 15 5 i #% . 76 41 i /K 7 I 0 £330 28 L iy 25
W 35X 0 Y AF 5 25 SRR — B, AE 0 6 =
T 52 &R AT USRS R B m TOR 5 53 5, 9
T O £ 3K T B 3 R 1Y) b IS A TR T i
125 5
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Effect of histidine and histamine on feeding regulation
of Chinese perch (Siniperca chuatsi)

ZHU Qiangsheng, HE Shan, LIANG Xufang,CHEN Ke,ZOU Jiaming

College of Fisheries/Chinese Perch Research Center , Huazhong Agricultural University/
Innovation Base for Chinese Perch Breeding/ Key Lab of Freshwater Animal Breeding ,
Ministry of Agriculture and Rural Affairs ,Wuhan 430070,China
Abstract In the present study,the effects of histidine and histamine on food intake were evaluated
through intraventricular (ICV) administration in Chinese perch (Siniperca chuatsi),and the primary
cells of Chinese perch were stimulated with different concentrations of histidine and histamine. The food
intake changes were examined within 24 h after ICV,and the changes of the appetite genes and amino
acid sensing signaling pathways were detected. The results showed that histidine and histamine signifi-
cantly decreased food intake at 12 h post-injection,compared with the control group. Meanwhile,the mR-
NA expression of npy,gcn2 and atf4 were significantly decreased (P <C0.05), whereas the mRNA ex-
pression of agrp and mtor were not significantly changed (P >>0.05). At the cellular level, compared
with the control group,1.0,2.0 and 3.0 mmol/L of histidine obviously inhibited the expression of the
npy mRNA (P<C0.05),and this inhibitory effect increased with increasing concentration. At the same
time, 1.0 and 3.0 mmol/L of histidine also significantly inhibited the expression of the agrp mRNA
(P<C0.05). In addition, different concentrations of histamine did not cause changes the npy and agrp
mRNA expression (P>>0.05). Besides, 2.0 mmol/L of histidine didn’t significantly change the phospho-
rylation level of protein S6,the downstream signaling of mTOR pathway. Our results suggest that histi-
dine and histamine can inhibit the food intake of Chinese perch. Histidine suppresses food intake through
its conversion into neuronal histamine,and the inhibitory effect of histidine and histamine on food intake
might be mediated through down-regulating the expression of appetite-promoting genes.
Keywords Siniperca chuatsi; histidine; histamine; primary cells; feeding regulation; artificial
feed
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