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5% AE R X 68 bp, 3 AL X 423 bp, JFHIEEHE291 bp, FiGo6 MR IR, BB AU EL A R Gi kL
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NPY mRNATE i of )R8 = i 3% B, R B oh )5 T B RIS AOK T, RUINPYXHERE B (e 2E 1 ; 75T
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1.1 SLIesrst

BR-REHRREE SR pR R K R
S KL A= WS 2 i e I Bt . JEHK
EFETCHT . Bk — B E330 BT/ (13.93 +
1.35) g, AEFR5H 4 1B FRAEAT(500 L) A B 772, R
LMLl — 5B ek (G E R R 2 7])24%(8:00F1
16:00), #/%(29.5£1.2)°C. RJF R sciabanl o b
3IANSZIGPAT AL, 20 BIAE3ASFRAAG(500 L) N 724,
RE1102 £, 256 15d, bGPk R BEME15d (SE56
G R 7 D), SI2 6 3 1e) 2 4 FH IR0 H kK,
AT BRI R, B ORIk 173, W A R FE A
7 mg/LUL L, ARG 2> BILEAR o R 4L)
1d. 2d. 3d. 5d. 7d. 10dFf115d; 7592 # 5
lh. 2h. 4h. 6h; FPKEHMEE1d. 3d. 5d. 7d.
10d. 15dHUFE, R PRAFHURE IR (0] — 3, AR ds R A
12:00H0FF o 752 SEEG AR T, 1555 N2 (4
R e NN N 1 S = S 1 I 19770 o1 17/ =
W WAL 8. 2. B FNPYILZARIE 3 HT;
TEAE T - S S0 T 06 i, AN R FE RV
AT 20 B S A5 A0 (3N SR AT 2 43 E A4 i 0
FH TG DA - Pk 52 50 SE 6 6 NPY mRNA KA 5
fRsema o B EORE St 38 DR AT T—80°C £ H o

AT 5 S RNA$E A Trizol
Reagentll [ Invitrogen /A l; [ %% 5177 PrimeScript
RT Reagen Kit with gDNA Eraserfl . v [ 2 {4
pMD" 18-T Vector systeml [ K& 5 44 T4

B 28 7 (TaKaRa); B AR EEIR RIHR 71 Agarose Gel
DNA Fragment Recovery Kith 5 1650 28 7d A4
A5 B2 ] (Bioteke); 33 F15 3 (14 144 FISMART
RACE ¢cDNAAmplication Kitl% F & [¥ Clontech /A 7 ;
799 52 IR FQuantiFastTM SYBR” Green PCR
Kith [ 1 [F Qiagen A ] ; KT R DHS o A< 52 5
R HAITR Y S 7 oy A Al

%6 58 EPCRAX K Qiagen /s w) 4 7 [f) Rotor-
Gene 6200 system, 284073 66 TH A UNICOA v
UV-380258 44 6 B v, IR R RGN
Syngene s H] [)G: BOX.

5149 P8 GenBank 1 A A1 4 B i)
NPYFE K cDNA P A IO 7 X Bt 5 NPY LT T
P EENPYRER ] fy B, Bt I #ISMA NPY 34
SMA NPY SHI T4 il 4 54 NP Y& DA 1 3 i K153 o
RT NPY 14 @ mREMEE RS, B-actin 1
(GenBank & 3% 51 AF301605) 4 € KL N 5|
Y. VLS4 K I Primer 5.0%8, ol R E
M ARARAF A . 51PN,

12 7%

ERNAMIREVSDNAGRL  FREL Ed T
fif ZH 212100 mg (M2 T4 3 L R4 K, 8 H]
Trizol Reagent (Invitrogen)iat 7l 3 #R 4 L A4 FH 15 #H
FEHERNA . A A3 0 BE v e RN AWK FE,
%*E?EA%O/A%O{E%U%ERNAB/‘]EE; /;%HTC EEVTK@(M
RNA 523 DLARNA A R4, 18 FH PrimeSeript
RT Reagen Kit with gDNA Eraser (TaKaRa)i 5 JF
FZ U] H 5 icDNA .

3'RACEFI5'RACE B SMART RACE
cDNAAmplication Kit (Clontech) i 7l &5 1F 2K,
KM GIWSMA NPY 3. SMA NPY 5HEATH 1.
PCR [ W AAFR 425 pL, HoA10xBuffer 2.5 uL, I\

*1 IWFAASH

Tab. 1 Primers used in the experiment

5|H)4 FR Primers name 511741 Sequence (5’ - 3')

FH# Application

NPY IF TCTGGTCTGGGGGTGGGACTCTG NPY CDS¥ 1
NPY IR GCCTTCCTCTTGTTCGCCTGCTT

SMA NPY 3A GCCTTCCTCTTGTTCGCCTGCTTGGG NPY3' ity 4
SMA NPY 3B CAGAGTCCCACCCCCAGACCAGATATGAG

SMA NPY 5A GCTGGACCTTTTGCCATACCTCTGCCTTG NPYS5' 54714
SMA NPY 5B TCCCAAGCAGGCGAACAAGAGGAAGGC

RT NPY IF CGAAACCCACGGAGCAAGAAGT P PCR
RTNPY IR CAAGCAGGCGAACAAGAGGAAG

B-actin 1F GAACCCCAAAGCCAACAG e EIL]

B-actin 1R

CAGAGTCCATCACGATACCAG
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NS (10 pmol/L) %1 uL, dNTPs (10 mmol/L)
0.5 pL, H{#H TaghF0.3 uL, Bif1 uL, LLddH,0%h
SEARFR . RN FEF R 94°C Smin; 94°C 30s, 58°C
30s, 72°C 45s, 35/Mfi#4; 72°C 10min. PCR™“#4
HLEKRII . I, R, BAL )R, Bk ou e R v %
DA A EARA BRA R .

F5 55 I H ContigExp ¥ AF %] 3R A5 (1) fie
NPY c¢DNAJFHI AT i BP0 T 50 o3 i, H
DNAStar software 5.0 {1 i NP Y2 JE 18 7 41 13F
ATHEZ L 23041, FlClustal W F1 MEGA 5.0 %}
fife S FE IR 7 A AT 2 P 1 LR N R IS 40 #T

BENPY mRNAZFRIZHIH EEPCRA sl
H5I#RT NPY 1HIANZ514) B-actin 1K MINPYRE
DRAE M M aEfAc, GOo . RS AR, . HR
W5 Belk. 8. wilm. . S AN A & A
P RIEE S . PCRIMVAKRZR NS pL, HFE
10xBuffer 1.5 pL, . FFE5I4) (10 pmol/L) %
0.5 puL, dNTPs (10 mmol/L) 0.3 pL, Tagl#§0.2uL, 45
$20.8 uL, PAddH,O%h & A F . R NFEF: 94°C
5min; 94°C 30s, 58°C 30s, 72°C 30s, 27( p-actin)Fll
29(NPY)MEIR; 72°C 10min. XfPCR;=HIHEAT
1% B IR B FELIK, JF4 URAT o

AR E EPCR T FIFH S YIRT NPY
VRN S5 B-actin 1K INPYIERZE AL, LA
JeAE YU A B 4% AT 140 0 R EE U P 1 0 1
S NAKZ 420 pL: 2xSYBR RealtimePCR Rremix-
ture (Qiagen, Germany)10 pL, F-. "F#54#)(10 pmol/L)
%1 uL, cDNABEH 1 uL, inddH,0%220 uL. <5k
f£: 95°C 10min; 95°C 15s, 58°C 15s, 72°C 20s, 40
¥ . f# Rotor-Gene 6200 system ¥ H 77 4 7
SENPYRUN Z: B-actinffibnifE i e, NPYAI B-actin(t]
1825 3 59 R 1.00F00.98, W95 2% W £F f0 2 25 4

— PR PEMAAE T -actinf LR RGE T,

L2 T I MR AT 00T, B 715 %
SCHR[18], T AT

Formula = 272~

F=2-[(FF 2L 105 38 Coft )~ 2 P 20
[ SP-48) CHAEL)Y R IR AL L 936 DR 7439 Cofit )~ Ot e 241

W Z LT H5) CHE)]
it ot S 485 B Means+Standard er-

ror (SE)E 271, KT SPSS17.08 44 v (1) B8 25 7
Z25 Wik (One-way ANOVA)([A] P46 56 P>0.05)
FlDuncan’s % 5 LV 73 B SE 56 45 1 35 B0 2%
S RFNE, AR P<0.05,

2 #$#R

2.1 BENPYEE RIS

fift NPY3: M cDNA 4= K782 bp (GenBank %3¢
7 KJ933391), f14568 bplf5 i #IEEX . 291
bp 155 R I S HE 1423 bp (13 0 R . 1%
cDNAJF SIS 96 A 2 21, 753 v AR 1 XA B
AN B 15 5 (AATAAA)FIPoly(A) 2 ..
2.2 BENPYEREMELRME SRR ZH L RIDE

EH GenBank H TV 1) — L8P R FINPY 22 &
R34 N(Homo sapiens, NP_000896.1). [R5
(Gallus gallus, AAA48991.1). “}(Bos Taurus,
AAR37328.1). AEYITIE (Xenopus laevis, AAA499-
17.1)~ /M (Musmus culus, EDK98613.1). Bt ff
(Danio rerio, AA162071.1). H.Afi(Ctenopharyn-
godon idella, AG144276.1). A3 (Spinibar-
bus sinensis, ABE73783.1). VL iffi(Pelteoba-
grus vachellii, AEM75018.1). #&fifi(Anguilla japo-
nica, AFN84517.1). ¥ fiE(Monopterus albus,
AEX97162.1). BRI (Dicentrarchus labrax,
CAB64932.1). 5% 34§ (Schizothorax prenanti,
AGF80335.1). K tE(Salmo salar, BAH241-
01.1). 1 [HIDNAMan softwarf {51 64 Ff i
MINPY 2B R 7 HUREAT LU XS o 45 SRR WINPY 2
PRy HUAE 7> T R P BLOR ST, 5 S FINPY 7
B R — 8ok, b, s, rh e
7 H R AL B, 390028 100% - 97.9% Al
97.9%., 55 S5 IR L)) ) AU th 35 60% LA
s

T T A VA (NIVE) b 2 (0 2 T BENPY 28 L PR
FeO Rk B W (& DBE— 2w LUE ), it
NPY 5 HANPY ({2558 4 ¢ R i, R a5 8% H A
fig % H A INPY SR AE S, B8R, VG vEsE, pdg
AMRRIGTRINPY SR A3 N A= KRl U An
EMITHEIR Ny — 3. AHESI W HINPY B 1R 75
FAALE LR 4 IR 5 RGBT I 45 SRR A — 5
2.3 BENPYEFRBEARIAIE

3 ) FH 2 E R SIS 98 1 5E F PCRPY A 7 12
FrMINPYIE ARG . KR, OE FFRE. B
WES EE. BRAE . k. 88, il . B
ML AP RRILE DL 2. K 3). PIATS
VARSI ) 4 IR — 8, NPYERR AR R, R
JIES B BRI oK ERGE, R IE T RIA
B, FEMG S RS A B SR A R ik, ELIA
L TFARIE . PRI VER DI 25 RAFAE— 21
ZESeL, HE S T AR ) R AR B
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N Homo sapiens

N Mus musculus

FEMITIE Xenopus laevis

L e
% JRAS Gallus gallus

6841 Anguilla japonica

Kityts: Salmo salar

72 { # ik Monopterus albus
100 T Dicentrarchusl

VLEE . Pelteobagrus vachellii

PEE 4 Danio rerio

{ Y54 Ctenopharyngodon idella
99

fit Hypophthalmichthys molitrix

85 { 35O 3NE . Schizothorax prenanti
47 R AR BT Spinibarbus sinensis

K1 NPYIRGEHEACH
Fig. 1 The phylogenetic tree of vertebrate NPYs

e K X ] M
. v O SO N &
%@\“ Q\@‘\ X\eﬁx\ \;\46‘ < @&\d@e R QO@"@ @\&’9 Q;\o&‘yv\o@ Qo&\“o

2000 bp
1500 bp
750 bp
500 bp
250 bp
100 bp

2000 bp
1000 bp
750 bp
500 bp
250 bp
100 bp

K2 NPYIEA R KR IE(RT-PCRE )
Fig. 2 The expression of NPY mRNA in different tissues of the silver carp (with RT-PCR)
Brain, Pituitary, Heart, Liver, Spleen, Kidney, Eye, Skin, Gill, Foregut, Midgut, Hindgut, Muscle, Control 4} JZ& /s 4=/« A4 O
JEWE S AR BEE. HRMEE . BB 8B . T M. UL WAL of AR BIPE R BINEERT RS in T 514, AN

cDNAFR The control group was a negative control with primers only

24 HQ-REHRMRITEERKFIAT IR NPYRIZAR
i

I 4n]LAE H, 258 1—5dX%H i NPY mRNA
(K2 IE AT S 254 58T R, NPYRIA R BF LT+
(P<0.05), HLEIZEE 515K _ETF 21K (P<0.05); Pk
R0 G T 4R, NPY2URIHL R % (P<0.05), .2
6hJi B BIFEAIKT o ZEFREF (1 5), 25 TTSd,
NPY mRNAZK L & 3% FTH(P<0.05); 22 B TR,
NPY k8 2R R B (P<0.05), BEJG N Mty o
(P<0.05); {EREHWE, NPYRILELEF[F
(P<0.05), H 21 BE4h 5 Pk & 2 AT

3 iTig
3.1 EENPYE[ECDNAFSI S

NPYRUE B2 5 ME 3 33 4o 7 v e R 57 1)
Pz U LR, E AR AL
PE LA W il NP YL [R5 4 R NP YIS TR )R] 95—
Bk =k 60% A b, 5 R NPYIR R 30k 2
K 100%, R WINPYIE R LA KK 43 7 b f b
AR ST, H U TS M NP YL PR AR & R 1 T R
V12 LU PR, A0 28 Y LA I 7 B £ R R
BT EE . 52 R 7 FI A L i 45 1 — 3K,
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Fig. 3 The expression of NPY mRNA in different tissues of the
silver carp (with real-time quantitative PCR)

Brain, Pituitary, Heart, Liver, Spleen, Kidney, Eye, Skin, Gill,
Foregut, Midgut, Hindgut, Muscle, Control 43 5 R/ Al i
Py OB FFRES RNEL BME. MRRE . Rk, B8R wiig.
W Ja i WU SR Sk IR D g R, BIIARE I s
T 514, %G McDNAKHR The control group was a negative
control with primers only
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4 BE-IRE BT, NPYFEN I RIE
Fig. 4 The effect of fasting-refeeding on the level of NPY mRNA
in the brain of the silver carp

Control. F1d. F2d. F3d. F5d. F7d. F10d. F15dfIR1h.
R2h. R4h. R6h. R1d. R3d. R5d. R7d. R10d. R15d%
R WAL AAfr1d. AEE2ad. AAE3d. A Esd. 2AETd.
ZEfr10d. %ﬁﬁlsd%ﬂ%&&ﬂ%lh\ PR B2 W%{Tﬁﬂ?\%
4h. ‘W(E?iﬂﬁ'%h\ PR B 1, PR BER3d KPR
RS BERT PP 10d Ma&ﬂ 15d. PR FRE A
iR u(EIJ QOd)ﬂ’JTfuﬂ’EﬁXﬂﬁéﬁ E%i%%ﬁé&
|mﬁ£t¢i%$ﬁm%muﬁiP@Mﬁ%ﬁﬂ%?ﬁ
The control, F1d, F2d, F3d, F5d, F7d, F10d, F15d and R1h, R2h,
R4h, R6h, R1d, R3d, R5d, R7d, R10d and R15d represented
sampling points: control group, fasting 1 day, fasting 2 day, fast-
ing 3 day, fasting 5 day, fasting 7 day, fasting 10 day, fasting 15
day and refeeding 1 hour, refeeding 2 hour, refeeding 4 hour,
refeeding 6 hour, refeeding 1 day, refeeding 3 day, refeeding 5
day, refeeding 7 day, refeeding 10 day, refeeding 15 day, respec-
tively. The control group was the sampling point at fasting 0 day.
In this experiment, there were three replicate groups, and five fish
was randomly taken from each group per sampling point (P<0.05);
the same applies below
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Fig. 5 ffect of fasting-refeeding on NPY mRNA levels in liver of
silver carp
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i A R R IA T B O, AE b E AR . HEN
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Ik 0 3 A A Sy PR AN AL 2R Sl R (2) #0214 i
AR Ay A 0 AR I A A 5 2, R AR 32
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YEH, T A7 AP 2T AEAL AL (KT B o 2 8 (1) 50 23 B
K, IR PRI FE = 25, Y SR T B Ak
L ERU N T NPY AT R K,
M EEIXKWERZ —, 1T w5 WMEE A7 5 f
SR, NPYAE i HE AR oA 2k 5 SOV P YAE i
PR R R B PUAE I

NPYAEAE A A 2R () AR A7 A Bl fa) 22 e A
WFFEas R o, NPYAEFTRLI 1350 21 21 #4 3&

. 7. . 25
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i%; MacdonaldZ:"" >R BLNP YAE 35 LI (Pseu-
dopleuronectes americanus)~ “-#%(Raja ocellata)IV]
i WoiE. AR BAE. LA, o IERTE R A
Foik; M 2R D K BB ( Mystus macropterus) ]
O B IR RN BINPYRIL; Cerda-Re-
verter: > E G (Dicentrarchus labrax)f Pl
I B b R BINPY RIS .

NPYAESE g vh 2k, Ui W 5 i L 3h 9 Fn— L8
A —HE, NPYW] Re 52 ik 5 Jizp i () e 4 AR A
Hl. DumontZ N\ Sk NPYZE N FL3h 4 453 15 i
Ak i) #71(4; Shahbazi®s"" R BINPYHE G SO PUH: 65
() 157 &F 5K R 3 W 45 Bjenning 0% TR B
NPYAT 43 H 0 2 B Wi f0 S s e R
33 HR-kERRXIEENPYRIARF M

T SR NPY M TG — N R B
RK, 2L AN R AR b G T e R A T A
1K LY AL 1, NPYMZE T61F5 345 B >R i )3 41 )
FRBERA™. EFLEI R, NPY T S5 70,
5 NG TR B IR G, AR Be 54 7 T & 4%
FHEEEM AP, 1558 -k E HE 4
K, NPY mRNA P 2328 15 1 i R0 v #4847 7 JRl
FAEAK, K SIS Y, NPYXE ) £ 0
Re AR E HEAHER . e, 22 a3
NPY mRNARIA & ETF, M 5Tk, &Y
NPYE A 12 2k 6 58 i /EH o (A3 =512,
Narnaware25 VR I, 4172025 (1 )5, 4 NPY
mRNAK L B2 LT, B A H#H3h, NPY#R L
B s T BRI E %K, WP s mia
NPY I, £5€r96h)a, B INNPY mRNAK Ik &
SN, EOHBE S 3h NPYRIRIA B R B2 E
K AEARWFF T, 25T HT5d, NPY mRNA [f51X
B E LW WA, ZEE TR, NPYIIRIEE T ih
WF BT, kB oh 5 B B 2 1E 5 K Ke-
hoe %" E K PGPS b & B, 25 fr7d -ENPY mRNA
RILEMEAHE B, FIRHTERH, NPYRS
WAEEEE — I L 00 B 2 R 1E ], R
FEANTFIFR IR I A A NP Y HS IR 15 48 FH (1) 25 2 s i)
AN—E, HEMX W] GE 5 25 R L e AR,
HEDNRKIE R — e BEA R ENPY R G
A8

Elwirh—FE, R R- TR R, R
NPY mRNAZK- R AT R 2944k, 25 a5 R
NPY mRNAR L& B3 B, b5 26 B B 3 E
BN G VA B BEA K, R IE T FINPY R
N AR — PR RGP 2 T e N, R 2 S A
Fae A T . (HA, FHIENPY mRNAK]#R
AR 05 i B R — 3, Sucajtys-Szule5 R

FO 1 BB 6 K B A IENPY mRNA (1) 52 Wil s
R I, KPR AR ERUINPY mRNA) R L &= |
Ft, MAFENPY mRNAR)RIE EH N . RIS
i FUFE NP Y S 5 5l Wt R RE S AU 16 7y
AT REANE], ARG TS I Th R NP YR B U3
5/, NPYLES I () B ARAE FH AT 05 2,
NP YAE A A i 48 AL J AT T3 — 2l
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CLONING AND EXPRESSION OF NPY IN THE SILVER CARP
(HYPOPHTHALMICHTHYS MOLITRIX) DURING FASTING AND REFEEDING

YANG Zhen-Yu"’, WANG Dan”’, LI Zhong’, LIANG Hong-Wei’, ZHAO Jin-Kun"’,
2 g g 2
LUO Xiang-Zhong and ZOU Gui-Wei

(1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China; 2. Yangtze River Fisheries Research Institute,
Chinese Academy of Fisheries Sciences, Wuhan 430223, China; 3. Freshwater Fisheries Research Center of Chinese Academy of
Fishery Sciences, Wuxi 214081, China)

Abstract: NPY plays a significant role in regulating food intake and energy metabolism in teleosts. To understand the
biological role of NPY in the silver carp (Hypophthalmichthys molitrix), in this study we determined the full-length
cDNA sequence of NPY and investigated the effect of fasting and refeeding on the level of NPY mRNA in the brain and
the liver. The full cDNA sequence of NPY consisted of 782 bp, including a 291 bp open reading frame that potentially
encodes 96 amino acids, a 68 bp 5'-untranslated region and a 423 bp 3'-untranslated region. Our study on the similarity
of the amino acid sequence and the phylogenetic analysis of NPY demonstrated that the NPY gene was relatively con-
servative during the molecular evolution. The mRNA of NPY was ubiquitously expressed in all the tested tissues and
especially abundant in the pituitary. In the brain, the expression of NPY mRNA increased significantly during fasting,
and then decreased to the basal level at 6h after refeeding, which indicated that NPY could boost the food intake of the
silver carp. In the liver, the expression of NPY mRNA increased significantly until 5d after fasting, then decreased
sharply on the 7" day, and finally returned to the basal level at 4h after refeeding. NPY was expressed in a tissue-speci-
fic pattern in both the brain and the liver. However, the function of NPY in the liver needs further study. Our study
provided insights into the biological roles of NPY in the silver carp.
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