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IK B AR DA T g, A ANIE 2 . A IRIE RSN 5
PR AR A0 AT DL i S s AL 4%, JCH & DNA
FEAk, R I DRI B SR, A A U SR I R A
R o 8] e sk 36 PR 4 1) X Cp G &5 1) FE A SR 1 7
R Eh

FUWE G (Siniperca chuatsi) & VE T4, B 5 I
C R LOE AR A &, 2 KA G 4 ] Lz
B2 N TRR, TR A R o i 2 ST S 2 A
T A £ A AR e e P
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SosHER 22 7 3RIK o [l S 56 % w0 AT 7T R 30 5 9
55 2 Y LA LR RS2 A4 T 1 ) mRNA SR
B B H BN T PR R 5 R 5 Y s A A
DAL, AS S 6; DL e I 5 R AF 0% %, B 22 31812
3 4% A S 1 77 T- 5224 FITKIN-6.2 A H1 65 o 411 g, e
T c-fos A T3 R R U 52 44 2 (K] e-fos ) F IR A7 AE 11 15
VER 4z 77 3K, At — AR5 1 i x5
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5, AGERR R A5 2 I W AR PR
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74 (Fatal bovine serum, FBS). [l AlF. L15K77¢
% (Genom). 1A (Gibco)s PITEFE =B i
PRI K= T 5% 2041 (HyClone A 7)) DPBS.
Dimethyl sulfoxide (DMSO Sigma). T-5224 (Med-
ChemExpress). KN-62 (MedChemExpress)
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e H— R RS P 4 G 5, FH 75 % P A
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BT I8 T 2 57 2 R, IR 5K s H SR
A AIMIVR PR 5 77 ML N 3R 3 75 1.5 h; W Fsi % 57
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7R 28 C 3 #7484k 2h; INL 1535 37 Ui 4k
FTASFIMNZH M, 1000 r/min %7250 5min)& 5 EI,
B J5 L1532 B B IR (1000 r/min, =i 5
Lr5min), Fe Je F USCEE (0 B 40 B I N JEAR B 7 R
o R R0 MBS TR, T 28 CIRCO, 5 74 B
I, FARBEHJF AR IR IR 75BN
ARG L. AR O 24 K H Neu-NFIB-tu-
bulin i 7 AN ML F R %58 T Wi 4 b 28
A, M EAR S B A = AR, B AT
S KN R OREE IR, B e fLAR Y, BN L
BE12.0 mLEF IR, FRA K R 34T R — 2P k.
1.3 ST RIERREE

ARSI i BT HEZH 5 S B0 20, S RE AL N )
FURIFE 7, SO LH I NAS [R) R B F 57 ) 350
DM SOMi B 2238 B &, 8 A0 i 7 5 256
=RZJE, AR HEAT SR8 . K A Y K 5,
W26 em ™ F I, AN IS 2.5 mLEsF29K,
F S E I N28 CTECO, HIRL B FR A P B 9% . K
4d 4 i 78 55 R ] IE80%, 1 F E s ik L 153
fithi 1% 7 S0t JE AR AU B E AT YLk 1 6—24h.  $ 55
DM SO P 22 38 B 4% FH, W PR V0 73 FH TG o
BRFA L SRR FR I AT B Ve . A I T 4
A1) 7)1 22 p R PRI L 1 S ik 7 35 R A PR R AR S
[ 400 7610 5500 0 RECF A [, PR ) 7R A ), AR F
FT-5224K 0. 10, 30F160 umol/LAbH ik FE;
KN-62% FH200 nmol/L), # FEE 11, iN28°C T
CO,HIREEFEFE Y, MLHEAS R0 7 R , o e $i i)
) 4D 3R] 35 B ), A HE 7T T-5224 40 BE24h, KN-62 40 7
2ho B TA) A S5 43 AU 4 i RN AR
DNAJEAT &5 8L L34, FE MR A7 T80 °C B (ki
UKFE -
14 A XEE A mRNA FRiEKFE S

FIF TRIzol Reagent i jfl| (TaKaRa) K4z HG#H
W 5 P JER 4G 40 L ) A RINA, T ] HiScript 11 Q RT
SuperMix for qPCR 1 #% SR 7 & (0 M 38 i3k 47 I
HFEFIcDNA . K SEi 9% % € B RT-PCR J5 ik
52 v 20 P o - fos Al 171 FE K I mRN A 2 15 7K F
SR % (20 uL) W1 R: SYBR Green Supermix 10 pL,
F 0.4 uL, R 0.4 pL, cDNA 4% 1 puL, ddH,0 8.2 uL.
SBFEFEMN R 95°C, 5min; 95°C, 10s; iB kiR E
30sMIIEAH30s, FIOMER . L& —MEIF, IR
RS S, R 2, b
rpl13aFE R )58 B RIE KRN S AT R IE &
M, BEAFER E R 6K AR B F B9 % E
53K i Primer 5.0 F 347 ¥ 0t IR A T A
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1, SRR 1,
1.5 MR 1 EFEDNARE K TE ST
RS L PCR (BSP)

P U DN AFE 5 >R FH TIANamp Genomic
DNA Kit (Tiangen, Beijing, China) {7 i 8 -5 ()
PRt b IR EUE K ZEDNA . % FHEZ DNA Methyla-
tion Kit (Zymo Research, Irvine, CA, USA)i 77l & 15
B 45 1R s o4 2 BRI AT BE R 2L DN A R P AR R S 3R 15
Wio JRELUITN: £ K ZHDNA H F LAY, o i g B AN
B, TRV, R F R e e s g Pl 0 Ak O e A Bl R
e, 20 R A S AR L PCR (Bisulphite Sequencing
Polymerase Chain Reaction, BSP)#™ 34 5 Ay Hii Ji s
WE, AT DX gl FR A0 /R AL 99 2K e s g o AN
Sy 5 S 0 4 3 DR 401 PP 3R A e e 2 T 3
RIS R IX 4, 56— 42 T XE P51, ATG L
#3500 bp 721, FEAC 2 7E 28 T WA s Methprimer
(http://www.urogene.org/cgibin/methprimer/methpri
mer.cgi) #EAT T LAFRIF CpG & (CGI) Fl ik
CpGhLri. #HKCpGEILHIIhE XL, HEINSH
FFARAE S OB AT R A, BOA R Z BT CpG i
Fr Bt K/ (Island size) > 100 bp, GCH# % & &(GC
Percent) > 50.0%, CpG & M 22 {8/ Tl {E (Observed/
Expected, Obs/Exp) > 0.6. BSP5| ¥ Hi7E L # 1F
MethPrimer 14.04%, 48 f5 F Primer 5050 & &5 &
e, HLB A R ke i 1 0 T BSPRIY 1E (3R 1)
KH Taq plus DNA Polymerase (Vazyme Biotech,
Nanjing, China) fEBiometra Thermo cyclers (Bio-
metra, Gottingen, Germany) X #% L #1TPCR.,
PCRIX MAEIA SN 94°C AL Smin; 485 W1 R
P27 HEATA0MEER, E194°CAEME:30s, 52°C (HREEAN ]

F 1 ZRECEER PCR M54

Tab. 1 Nucleotide sequences of the primers for real-time PCR

BAKIRE .
(% 5% F7 51 Annealing PR
ene . VoA Product
Primer Sepuences (5—3') temperature .
name () size (bp)
rpll13a 1pl13a-F TATCCCCCCACC 59 100
CTATGACA
rpl13a-R ACGCCCAAGGA
GAGCGAACT
c-fos  c-fos-F CGATGATGTTTA 60 88
CCGCTTTC
c-fos-R TAGTATCCCAGA
TTGTCCC
tirl tirl-F CGAGAGTGCCA 58 278
AAGGAGGAG
tlrl-R TGGAGAGCAGA
TGGACAGC
tirl BSP tlrl AGGGTTAATATA 52 298
F GATATAGATAAC
GATAGA

BSP tIr]l CAACTAAATAAT
R CAATTAAAAAAT
ACAC

SIPIHIR KR )R K 30s, 72°C 4EMH30s; 2 J572°C
JEAH Tmin, 412 CREIR10s/545 K. R A Gel Puri-
fication Kit (Sangon, Shanghai, China) X7 & 41k
PCR™), 4R J5 v % 22 /A pMD18-T clone vector
(TaKaRa, Tokyo, Japan) 1. {EREANSLIGL H, Jofl
BLIZ B2 A i R AT TR 389 S 73 M, AFFEDNA HY 5
b JE el A6 A o BEANFE A BE AL LS AN BH
PETORE% E B4 T (ABI3730 WA, Applied
Biosystems) #4777, FFAN DI SLI6 2H 2 SR U EE R
D Fe 304 FH M ve B, 2200745 2IDNAF A1 . R
FHAE 2 M3 QUMA (QUantification tool for Methy-
lation Analysis) (http://quma.cdb.riken.jp/) K5l 7 ¥
H 5 WA R S R B A B 5 A 3EAT LU 23 b, AR
bl X & S 8 % e Cp G AL K2 7 A8 FE AL DL &
FRIEALIK.
1.6 Zitoh

KR SPSS 22.0 (IBM, Chicago, IL, USA)
f*)Shapiro-WilkiEbr A B 4iE, 4T LRI R 7 2 7
Mo KA 25514 2 ), 18id Duncan’s multiple range
test (MRT) V2 Aar il B8 [A) 22 5 o 256 26 4H (] fie ik
CpGE 1 A AT 1 22 578 FH 202 F D7 e 36
test) 7 M, S5 2H 41 1] 5 PR ik 7K~ 1 222 S 45 FH
SEREA TR SR 3 T, P<0.05% 58 3% 2 5, P<0.013)
ENWREEZ R A 8RR N ELSEM
CHEME IR IR Z) .

2 £R

2.1 T-5224% %85 Bx 40 B /5 = SR 12 B Fe-fos K
Wk 56 32 K ¢1r] mRNAZFRIZKFELTL

1 FH 2 ST CAZ K 1 e-fos A1 77 T-5224 b 3
i i SR AR 4 B, A RT-PCREEARLL & A T-
52244101 751 4k EE 65 i £ i 240 J= , %k R ZH O 2 56 40
n umol/L c-fosFlt1rl (nZFR/n A AR E)mRNAK
(B 1)o ANTR] S0 A4 S 00090 o A 4 o 75 380 A
A 453, B 1A AR B I T-5224 4038 5 X} 1
HAH L, c-fos mRNA IR IE K35 &3 Bk (P<
0.05), M 10 pmol/LALHE X H i W] {2, 30 pmol/LiX
Z o HIGFEEAEE 1B AR R T-522440 3 5
XTRRZHAH, t171 mRNA R ZRIE K35 0 3 Bk (P<
0.05), 1304160 pumol/L At FF R #% 1 5 o
2.2 KN-62%% 85 X 28 i J5 = S 1B 12 B Fe-fos &
Wk 55 52 {4 ¢1r1 mRNAZRIEKFETL

1 FH 2 33401238 14 C AMK T 1] 77/ K N-6 2 4b B
I AR A, 2 0 S i e o I W) A A2
W B, FRATT 0 58 203X A IS 1] 53R 4T 5 R ZHL O AT 52 56
24200 nmol/LI FE Al 71 RS 46 (K] 2), ££200 nmol/
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Fig. 1 Detection of c-fos and ¢/r1 gene expression level treated
with different concentrations of T-5224
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Fig. 2 Detection of c-fos and ¢/r1 gene expression level after KN-
62 treatment

WA HFE—1NCpGE, CpG HaK N 177 bp. M
t1r 1 B R 45 M B B B T CpG B 9 AME ik
CpG BL i oA O, A5 B4 T-3085. —3071,
~3062. —3049. —3041. —2988. —2981. —2973 Al
—2965 bp (& 3). 3 ik Fi 0 ) 73R P55 AR A 2R B[] 1)
FOE TR, #1477 T-5224 30 pmol/LAITKN-62 200 pmol/
LACEE R BH, T-5224 50 R 2 5 %6} BB 2H 4% Cp G AT i Kk
A L R R IR &, (A B S E R
TTKN-62 403 20 5 % 18 40 4% Cp G A i & A H 34k
LAk MR AR i, (B B E B 3 2 7 (68 2;
4),
3 g
3.1  FIIBIZETF c-fos it FAME HREIK 53 52 el r 1 5
EEERIED

AHIE 5T 2 SR A WA 77 T-52247E10—30 pmol/L
I e-fos (1) % K U R e i, 5 LRIy 1 1)
SRR S22 T ) AR . 1 A FRIKN-62 1
S5 S, KN-6240F )5 e-fos Jot1r1 12255 K- #8
WETE . T-52241F 4R AN H c-Fos/c-Junlt]
DNA &5 &3 M 1T AN 5210 A FENF-x BYE P (1) HoAth 5%
S IR T B 45 0 PR A A ) 50 2 T DU -
fosHFmRNA 5 3 £3%" . FIRKN-621FJ
CaMKII ¥4 7 VB, n] US43 CaMKIIAS g kA
B R AL T Ab T 608 MR S0 R I BT 9 4R 3 el
CaMKIIB| &2 R 14 5 (I CREBAE 51 K 3k F #5477,
T3 ol B A I 5 05 I CREB 2 5 o-fos i PR o i ™,
BANGER G —. G AMIE, c-fosHIRIB /D
BRI 5 XA A 1 AR 2 1) e AZ 1 T AN e 2842 i
AR TR 2 0L T DA I i SR S e £
IR, A BB E W, c-fos T RE A S £
KN SRR TR 2 e L D R Y 5
Rl 2 —, B AR o R B 52 A, 7 Bl 4 5 v T A
YU R R B E F, I TE Sl I P R
BT &5 A v & RAE I e 5 X R0k, 5231812
FEEE0 g g B A o S M 3 A 2
c-fos AR AL AT BE 52 M R B 52 A4 1 T mRN AT i 5%
AR, IS e 6 9N A B2 52 N Ak, AR5
TR AL 5 I S G 44T O AE S T IR R T-5224 % ¢-
fos B 5AE FIKN-62%F c-fos 1 1E 4%, [l 2R B -
SosVER— AN S R TR W] Rg 4% 17 560 g vk it 52
PRFE R 171, T 5 0 A B AR 4T -
3.2 FIBIZEAFc-fos¥t AN WRK T 32 e 11 B
EIDNARE ALK F 5317

DNA H 340 7] 58 22 55 00K i 4 19 56 R R A i
PR R A ECY . DNA F LRI HLE 7 2 A
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CpG island
I 6 exons, 5 introns
1 kb
—3085 |-3062| _304] 2981 | 5945
3071 3049 —2988 973

3 UM 1 1K CpG 5 /3 Aii S CpGAL A5 B
Fig. 3 The distribution and locations of CpG islands of #/r/ gene
R2 TRILEGE IS -MEXEHCpGEHENCpGLLm A RELETE
Tab.2 Methylation status of each CpG (cytosine-guanine) site in the CpG island in the 5'-flanking regions of ¢/r/ (taste 1 receptor member
1) after different treatment

CoG ft AiPosition T-5224 40 F1T-5224 treatment KN-624-FKN-62 treatment
OKEFEL(%) 200 pmol/LAMFEA (%) Siit(%) WEME  OMFIZA(%) 200 pmol/LALFEZH(%) Hitt(%) &2k
-3085 96.7 90 93.3 0.612 90 90 90 1
-3071 100 96.7 98.3 1 96.7 90 933 0.612
-3062 96.7 90 93.3 0.612 96.7 100 98.3 1
-3049 96.7 100 98.3 1 96.7 96.7 96.7 1
-3041 100 100 100 1 933 933 933 1
-2988 100 96.7 98.3 1 93.3 96.7 95 1
-2981 96.7 100 98.3 1 100 96.7 98.3 1
-2973 100 100 100 1 100 933 96.7 0.4915
-2965 100 96.7 98.3 1 93.3 96.7 95 1
4t it Total (%) 98.5 96.7 97.6 0.261 95.6 94.8 95.2 0.8412
A 0 ZbFRZH, 30 pumol/L AbFEZH B 0 AbFHEH 200 pmol/L ALERZH
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LEARNING AND MEMORY PATHWAY INHIBITORS T-5224 AND KN-62 ON
THE EXPRESSION OF C-FOS AND TASTE RECEPTOR TIR1
IN SINIPERCA CHUATSI

XIAO Qian-Qian"’, LIANG Xu-Fang"’, ZHUANG Wu-Yuan"~ and CAI Wen-Jing"’

(1. Chinese Perch Research Center of Huazhong Agricultural University, College of Fisheries, Huazhong Agricultural University,
Wuhan 430070, China; 2. Engineering Research Center of Green Development for Conventional Aquatic Biological Industry in the
Yangtze River Economic Belt, Ministry of Education, Wuhan 430070, China)

Abstract: Animals can improve their feeding efficiency and preference through learning and memory. As a key factor
of learning and memory, c-fos plays an important role in animal feeding behavior. In this study, the brain cells of Sini-
perca chuatsi were treated with the inhibitors of learning and memory pathway T-5224 and KN-62. It was found that T-
5224 had a negative regulation effect on c-fos while KN-62 had a positive regulation effect on c¢-fos, and the approp-
riate treatment time and concentration were selected. The mRNA expression of c-fos and ¢/r/ in the brain of mandarin
fish decreased significantly after being treated with 30 pmol/L T-5224 for 24 hours (P<0.05), and increased signifi-
cantly after being treated with 200 nmol/L KN-62 for 2h (P<0.01). In addition, the methylation changes of #/r/ gene
after inhibitor treatment were also analyzed. However, there was no significant change in the methylation level of ¢/r/
in the brain of Siniperca chuatsi (P>0.05). The above results indicated that the transcription level of taste receptor t/r1/
in brain cells of Siniperca chuatsi may be regulated by learning and memory factor c-fos gene, while c-fos may regu-
late ¢/71 transcription through other ways, but not DNA methylation. At the same time, it provides theoretical basis for
the change of feeding preference of Siniperca chuatsi after domestication. In this study, it was confirmed for the first
time that T-5224 negatively regulated the learning and memory factor c-fos, while KN-62 positively regulated it. At the
same time, the above results indicated that the expression of c-fos, the key transcription factor of learning and memory,
affected the expression of taste receptor ¢/r/, and the c-fos gene might participate in the feeding habits of Siniperca
chuatsi.

Key words: Learning and memory pathway; Inhibitor; c-fos; t1r1; DNA methylation; Siniperca chuatsi



	1 材料与方法
	1.1 实验材料
	1.2 分离翘嘴鳜脑细胞
	1.3 实验设计及样品采集
	1.4 翘嘴鳜相关基因的 mRNA 表达水平分析
	1.5 翘嘴鳜t1r1基因DNA甲基化水平分析和亚硫酸氢盐硫化PCR (BSP)
	1.6 统计分析

	2 结果
	2.1 T-5224刺激鳜脑细胞后学习记忆因子c-fos及味觉受体t1r1 mRNA表达水平变化
	2.2 KN-62刺激鳜脑细胞后学习记忆因子c-fos及味觉受体t1r1 mRNA表达水平变化
	2.3 T-5224和KN-62刺激鳜脑细胞后味觉受体t1r1基因DNA甲基化水平的变化

	3 讨论
	3.1 学习记忆因子c-fos对翘嘴鳜味觉受体t1r1基因调控表达分析
	3.2 学习记忆因子c-fos对翘嘴鳜味觉受体t1r1基因DNA甲基化水平分析

	4 结论

