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PRBCR B ORI IR, B 2 1998 48, TR itk
1T NPY 7E S8 B Mg i V4 1 158 . Silver-
stein S P KB R PRI fa FIAR BRI #3751 T 2~3 Ji]
FIYUER L 50 5 5 85O B 09 NPY AL (4%
B2 (mRNA) 1 R385 F 5 o Lopez-Patifio 5™
XF 4 AT TRFSE IR NPY nf {2 i 4 fa i & o
Ze N R AR AR BE S SRR DS PN LR R
POVEAECISE T BTER

KEE 6T )R TOERL 22678 |, 2 ™ TRt |
W5 )it b PRV R — B 44 B L H £, 1992 4%
SR R T A Bl i 5 A NE 3 1 (T A NG o
ST 937 NN iy 25 S E o < B B = 2R
RZ—, MBEEE—HRRWE RN, KEE6
YRR T AR FE 0 28, 38 B RN 291
ABE T HL AT 3k Sk fE AR K B 75 4. T NPY
M D4 Tl 5 £ R B P18 O A DG BE PR, X L2 4 A
FIRFFIEMAF TSR L,

AR LLRZZE SR AR5, Tl NPY (1) 42
KM E A B R (cDNA ) FE 51 I % Hegb t k47
30T [FIETHEAT NPY (4 UK St 3Rk, % K38
BEEA TR AR S50, TS NPY ZEHE & 1A
PP RIBIEI . AR — LA NPY KL K Al
REEPHE B IO R B T Jal, [R)A hy it — 2 ) B
RV TR AL T BSR4 , o HL gt
ST T —A AT R KSR HR B T, LA A3
RIHES TRV ER RS T B R R R M
eI GRS A AAFDCHAR 5774,

2 MBEFEE

2.1 #E5IEF
2SS T 4 it B R 22 8 B A0 65 K IR A

FRA ], swfe S 28 T TR ZE 6 (0 - 1 R
H(553.35+5.15) g, PR K A (32.50+1.31) em,
TR R SEE0 =, R £ B LA T AR, T
UK AT, S0 1 0 2L 2450 43 T 0 2 4%
2141, RNAstore FEAS PR AF PR AT I, 75 4 CHI VK
FEHPRAAE 12 W, A 80 CHIVKAR Fh K IMRAE

TR R P45 MR S 365 T FH 1 R 22 66 Sy 60 H 8 A
o, F K E O (55+0.02) g, FH KK N
(2.6+0.5) cm, FEFHKIR M 15 C, IEH L, &K
7SI 7 s AR L RO R}, SCIRTIER 2 ] o
22 FHik
22.1 LR FG| ikt

FIH 32 B B 7 AR W AR B oL (NCBID) Gen-
Bank 4 7 Hh & A 9 R VG S £ g0 A BE 2
ST S PN DL 4640 25 1) NPY FEHIR ST X 8, T4 5
Primer Primer 5.0, &1 86 4%.0 B BEA— X 519
F1FIR1, FHARIE IS A% 0 Bok it 5K i b
P AR (RACE) T H R85 5 199 GSP1 Atk A7 £
R A B N (PCR) B9 514 NGSP1; F R FERY
JriE BT 3'RACE FT FH B9 HR 5519 GSP2 FlEL X
5% NGSP2,

T3 3] 42K cDNA JP 8135 H T 58 1
PCR 45 525191 (qF 1 Fl qR1) , I 4R RS 6T =
FLH B-actin Y 3 P 81115 149 (BFL A1Brl) , FHF
Tkt . A I m AT AR HOR (i) A R
eIk YR RCIL Y/ BRG] =S I
222 KESENPY LE A%

{ifi H TRIzol Reagent( Ambion ) A KZZ6HE R Fr i
PRI B RNA it R i 58 A 43 B T
FE RNA I, HH 1.2 % MBS BRI f ki

1 BTKREENPY EEREMIHEEPCRISIWIFS

Table 1 Nucleotide sequences of the primers for cloning and real-time PCR of NPY in turbot

Gk BN ElL71:2]]
TR BT R B Fl 5-CTTGGTGAGCTGGCTG-3'
R1 5'-GTCATATCTTGACTGTGGAA-3'
S'RACE i 54 GSP1 5" TGGAAGCGTGTCTGTGCTTTCCTTCC-3'
5'-CCTCTTCCCATACCTCTGTCTCGTGAT-3’
NGSP1
3'RACE 5 9 — 5'-CTCTGCCTGAGCGCCCTGACCG-3'
5-CGGCGGAGGAACTGGCCAAATAC-3'
NGSP2
SEI E HE PCR FIres 5 14 qF1 5'-CAGCCCTGAGACACTACATCAACCT-3'
qR1 5'-CTCAGAGACCAGTGTGTCCAGAATC-3'
Bf1 5-TGAACCCCAAAGCCAACAGG-3'
Brl 5'-CAGAGGCATACAGGGACAGCAC-3'
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B RNA 1958844, Fi|  Thermo Scientific RevertAid
First Strand cDNA Synthesis Kit (Thermo) #£17 Jz #%
A cDNA S —4i o 519 F1 AR 1 #E47 H ]
R By, PCRERJT M - 94 CHIAS 4 5 min; 94 C
305,56 CiR Kk 455,72 CHEMH 45 5,3547 354>
PEFR ;72 CIEAH 10 min, 11558 BRASHEEE L DNA
IR & CRAR AE AR R (Jb 50 A BR A ) X
W AS B Bt AT oy B alifl, i B S A AR R
B A A R A " #4707 . ] SMARTer ™
RACE cDNA Amplification Kit (Clonetech) #f 17
5'RACE #13'RACE, I IR F U T : 94 CAEME30 s,
68 CIR Kk 30 s, 17 25 MEEF ;72 CHEAH 3 min, i
T8 PCR G 45 H 9 B, Sl D, sk 3]
pMD™ 18-T Vector(TaKaRa) I, #47#7% PCR ¥ 1iF
J& % B SE R TN o
223 JRHIoHT

{di Fl DNAman 6.0 % JF 7 B 3HE (ORF ) #4743
Br ot 4 & i 2 582 )y 51, # H ProtParam 1. H
(http: //www.expasy.org/tools/protparam.html) il
NPY £ F A B AL 5T, 32 ] SignalP 4.1 (http://
www.cbs.dtu.dk/services/SignalP/) X FIf # 5t A% &
BT HNHATE S BRB0N 32 ] ClustalX 1.83 XA
[ ) Fh i) NPY 22 5L 12 1y 51 2647 [R) Ik e X, 9 H
DNAstar 1) MegAlign 115 [ i 7% , F§ MEGA4.0
I B SR IEA EE NPY B R G
224 KFESNPY KR ALHFEEL

TS B A TG e i 5 10 SR T B
P I GO E JHRE GRS VB RE LA LB AR
P55 16 >4 21, i H TaKaRa MiniBEST Univer-
sal RNA Extraction Kit £2 55 RNA , {8 Fi FH T 520
7E 1 PCR ) i % 5% 105 £ TaKaRa PrimeScript™ RT
reagent Kit with gDNA Eraser (Perfect Real Time) i
17 B %, 77 W) i B 25 4% )5 2 I TaKaRa SYBR®
Premix Ex Tag™ 1l (Tli RNaseH Plus) i8] 511 75K
i€ i PCR, P ROVFE 40T - 95 °C T
A5PE 30 5595 °C A S 5,62 CiR 2k 26 5,40 MG,
TSN 45 A THEAT Vs A i 2 0 A LA G 0 B Y e BOR:
WHEATRE MY 3 o X R S I 3 AT S
55, NPY 2 KR P 2 55 ] B -actin i F AH 7] (1) 45
Jft i
22.5  KESFAOYUE e IR E

SEas AT 2 R YIFR )G fes — IR S
HEATYUERSC S, H 3 P, 58— AE M (0 h)

44 RETRERE

N Er)fF2h.4h.6h.8h.12h. 18 h.24 h .48 h fll
72 h A THURE DL 72 b S BRI BT
(0 h) PP )5 2 hat b AT HORE 5 5 — VLI 48 h
HEAT PR, JF [RIAEFE SR (0 h) FIPR 2 )5 2 itk
AT HORE (M TP MR I R VFAE MR 15 min 5 X
FE) o BORZEBERY T Frfij, SEHT 2 & PCR 897 3% 4
H2.2.4 AR,
22.6 T

JIT A C{ELE o 27 VAT NPY S5 B A A
Feik i, I HAdH SPSS18.0 i) one-way ANOVA
1725 5 B30T (P<0.05 R 25 5 B3, P>0.05 K
ERARE),

3 &R
3.1 KZEHINPY EFE 21K cDNA FE5 ot &
4L

K PCRAEE ARG NPY B H 1A% .0 F BE , i
it RACE J5 145 2 W it )77 51, AT PR 5 15 2110 4
1 cDNA J¥ 41 £ tblastx 43 B i IA S K22 6F NPY 7
H| ., K ZE6F NPY 5 [H cDNA 4 K 729 bp, & A
70 bp B 5'JEFBIPEIX (5-UTR) #1359 bp 4 3'IE FHi%
X (3'-UTR) , Hitf 3-UTR &G M 155 ATTAAA
K PolyA &, ORF K 300 bp, 4 fit & 99 MR IR 1Y
T, N oy 28 D2 FE R R A5 5 BK 55 IS 2 Hh
36 AL LAY NPY B, I $286 1SR
AV 55 Gly-Lys-Arg, F 4y 32 M2 58 0 NPY 7R
FA 25 K BE (CPON) (MLIEI 1) . NPY 2K A9 43
FJHE A 11 301.9 Da, ZFHL 5 pl R 5.26, 70 F 20
CsisHwoNis10150S:, 5 W7 R £ (AL 2 101.52, E-F- 2%
KAEH (GRAVY) Jj-0.284, RfaE 2% (11 )N
79.96, HEWT I NPY & A EEE . NPY 85 1 2%
S5 K0 48.48 % 1Y o- B E | 45.45 % 1 TR A 1 .
3.03 Y%l AEAHEEFI 3.03 %R PHE M2

fifi F] DN Astar 24 %f K 22 8 NPY 25 1 5 HAth
YRR 0 [FIRPE A T A, 45 s REEBENPY 5 H:
sy b 4 TR AR 7E 53.9 %~98 % , Hih 5 6 (1 7]
TR, 0 98 %o i ClustalX 18.3 XF /351 4T
FeXF, exF g 3 aniEl 2 i o i —2548 Ff MEGA4.0
¥ NPY 2 (1110 R ge i AL (DI 3) , AR 4
FETEAER 2B AT i, K ZEBENPY & S8 3 CF
51 S Y 0L 5% ) AR T R A1 B 0 SRS R ) 25—
(A o7 TRl i K fa X — 7% |, O HRZE6ENPY
H 5898 B CFEERISEM LR ) FeAK T [7]— 73325



BEE H (AR ERANIE 5 f) A H (BERSCRED AL o —F8 . REEEENPY B> T E i 5 A=Y

TEREEIROK X —ff b BB e (A SUhlg) . AR A —2
P2 IR ) 5528 (215008 ) K FLah W 3 &

-70 GGCAGAAGAG
-60 CAGAAGAG ACGCAACGGCACOGCGCG TACACACCACCATC TG ACCTACTGGGAATTAATT
1 ATGCATCCTAACTT66 TGAGCTGGCTGO6GACTCTE66GC TCCTGCTG TEGGCGCTGCTC
1 WHPNLYVSWLGTLGLLLWALTL
61 TGOCTGAGOSCOCTGACCG AGGGGTACCCGE TCAAGCCG6 AGAACOCCOGGGACGACGCC
21 CLSALTEGYPYEKPETNTPGEDA
121 COGGCGEAGG AACTGGCCARATACTACTCAGCOC TGAG ACAC TACATCAACCTCATCACG
a1 PAEELAEKYYSALREHEYINLTIT
181 AGACAGAGGTATGGGAAGAGGTCCAG TCC TG AGATICTGG ACACACTGGTC ICTGAGCTG
61 RQRYFKRSSPEILDTLYSEL
241 CTGTGGAAGG ARAGCACHG ACACGCTTCCACAGTC ARG ATATGACCCATCATIG 166 T6 A
81 LYXESTDTLPQSRTYDPSLVW
301 TGCTGOCATCGGT6 16 TCTACAOC TCAC TTCOTG0CGOC6 66005 TOSC TGOS ACAT
361 TCT6ACC TCTGCACATCTG TOCC TCCACATCC TOCTT TCAAC T ACCAOCC TGCCTC T6C
421 GCOCTTTTTTCORCGACGAGOCGOCG S TATATICAACOCCTOCTOC TOC TCAACCATCA
481 CACACGACGG TOG ARAC TGCTTG TAG TATGTGOCACAABACTGTAMATAT TTTATTCTTA
541 G TTATCATCTG T6 ARACATARAGGG TCAGCAGGGGAGAGATATG TTTTGTT TG TATTGTA
601 TAOCTGTGCTATTASATAATCATIGTTTC ARARMAAAARAARAA AR ARAAAARRAARA

1 KESNPY HIE1K cDNA FFI R ATESHNIERF T
Fig. 1 The full-length cDNA sequence and deduced amino acid sequence of NPY from turbot
TE: FRILAREFEE A5 5 I AR NPY JCBYIK ; “F AT HERR S A RN AL s RS 2 LR 1 R bR
ARGEFF(ATTTTA) M2 R IRH TN B (H 'S (ATTAAA)

s e it B 8 e TR . 007 Bk
a g VOIGARNA SN pEASA 0 Cilegy BBy DR PN PG o)A P B ALY YSAT RHY INLT TRQRYGKRS = oy U IO SR S ailbe s R S5

N uulkmscwwm e e s AR e
B MRES ARSI Ny ENASH il Bty DR PIB PGl A P B ALY YSAT RHY INLI TRQRYGKRS /=
b Bgmacriod GbiE I R 18 E0gS
A AR KFLGVETEEC IR 1. [ OMERE R GrDE
N ' YYSALRH! QRYGKRS FlliHEsHC T BOsRD . BSL
i TKPR PGIRA PRSI Al Y YSAT RHY INLI TRQRYGKRS} EILHESTOTLBOSKYE . BSL
% ML KPR DGR APRAM ALY YSAL RHY INLI TRQRYGKRS! BBl KasEC T Bosie . BsL
2 T ; [§YYSALRHY YGKRS| EBILKASEC T BOSRiE . BsL
W B SRR ofof oo B sy TroRicies SV BUGCE Gl o8 )
JIEEE Bl fcar oo Lo fGHeri Bl e e RO RO OEFETEE 111 el Bocfir Bl
K § [Chlejpitcley P < il G A PESaI AT v (GKRSS) MMM -2/ RS S o= 05 R -39

W1 fir RS RACH K [§YYSALRHY ‘ T...|I|Dl1cﬂ.|ESR|QTEYEBHL:.
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B2 XAZEES5HMYFHINPY EQANSERFFIXTLE

Fig. 2 Contrast of the amino acid sequences of NPY from turbot and other species
/NG R R 5E AR E P41, LB 52 100 6 TR BE 3R R 3 91 (9 (RIS 2, 2060 B TR R T 47 [ Mt i s AR F S o s R 1Y)
FREEFENPY 7R [ 47 Fm B <" FoR .
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Fig.3 Maximum-likelihood phylogenetic tree constructed

with the amino acid sequences of NPY

3.2 KEHNPYERMARARIE

R S % 2 PCR X REE 6 16 14141 NPY
P F IR TR . S5 BN, KEEFENPY SEH 7
A3z 78 16 AU G A [A) 72 B i 2R 38 (L
P 4) , 76 i ) 20 AR O3 s, R e R B rp
fZek i, It S HAL 15 N HA R RA LR D E
(P<0.05) , 7ENLIA 1 i B IR v i 2 38 AR X A
I, T e AR N O BE R E R R A

RikERMK.
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NPY % [H fmRNA
X RILE
o w — w (3] w
I

b b
g T & M 0 ATk B BRI H
WG B ER R
]

B4 XZEEHENPY EFEH mRNA EARE AR PHERIE
Fig.4 Expression of NPY mRNA in different
tissues of turbot
T LANPY JERLE LA A 8 2258 S A g 0 B R [ B R 45 2H 41
e 22 5 3 (P < 0.05), A $UE H P-4 b2
(means+SE) /R

3.3 YUBRSHBREEITKELENPY EERERIE
A
TEUR S0 S PR MRS 5G v , DAL SE B8 TT
B (0 h) NPY 3 [ 1 mRNA 35 87 B 6 R , 35
1, YU 256 45 5 W, 16 0~4 h N, B S 5256 1Y

46 HEIERZE

H4T , mRNA 1Y 3RIKXHE T+ 5 7E 4~8 h N, B & DL
B[] R ZE 4K, mRNA FRak it 2 90 R BRI fa 3 78 8~
48 h N, NPY JE 4 A mRNA 26 ik & CH K i 3 T+
e, O Ht gt i YU S S HT 5 (0~8 h) Y mRNA 3£
IATE SRIMAE 48~72 h Y, NPY JE[H ) mRNA ik
PR TRECILES) o

NPYZ[FmRNA
FINTRIEE

S = N W R NN
T T T T T

<
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5 YUETAZEENPY ZEH mRNA Rz £/

Fig. 5 Effects of starvation on the expression of NPY

mRNA in turbot

TSI 25 5 R, YLK 48 h M2 72 h 5 4%
M NPY F A ) mRNA 58 i A XS T 1E 3 R 4
T EE A T 2 h R B R
F(ILE6)
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émmﬂlo w08 52 h
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04J
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6 YUREEREX KELENPY EEKN
mRNA R X E K
Fig. 6 Effects of refeeding after starvation on the
expression of NPY mRNA in turbot
TE A FREOR S AT IR IA R 22 57 W (P < 0.05) ;BT 5UE
FHEA{E PR UEZ (means+SE ) /R

4 it

AR S 3 8 FH 396 5 5% PCR (RT-PCR) Fll RACE
Fe AR R ESE 6 11 g 41 20 7 45 31 42 Kl 729 bp 1)
NPY cDNA 531, 4 it 99 4™ 2 K2 2H 1 1) NPY 75
1, H 36 AN FEFR AL NPY A LK , X 5 HoAil
YIFh 45 SR —50Y, KEEENPY A LR T 51 R H:
by e S AH L, FRIE B i R | e 5 A



T 10 245 () S F K% & PHDUE B4 TR VEME: 5 38 97 Yo~
98 %. I HARYE TR ALA AT vl i, KEE6E NPY
HEAA TR AKX~ b, 58FH CF
0 1 S YA 00 8 ) AR BT IR A B R A ) 25 )
e R B HEE H (B0 RBE S fn) ST H (B
SR ) R (A SO EE ) AT S (FE IR
W) 2 (L0 RS ) KL s ) 6 R, i 5 (7]
VEPE T RA —B, FEREEFENPY B AS &
EMEER (C), RAEfF Z KA 21 s s B A
—ANKBEER (C) , I BLAEFH Xt b 5 5 ik
(S 21 NSRRI R (C) o Fuxtsh
B BR  NPY WK Y 36 D LR A 26 N
PRSF X UL NPY & —FpE i o PR SF I Rl 22 IR
38 o S AE f PCR BARMEGY &3, NPY JE K 7%
KA SURR I T B () 3Rk i A g, X
55 Al 4 Tl ) B R 45 R — B, R B AU X
(LHA) A& A (BRI X ) | 3 ok g % 3
PRETE S VEA s IE A AZ (VMH) AR & P, i
B UGEATE IR B S AR, NPY ZE A mRNA
TR B i 2k i, BEH NPY n] i S5 & fifE
O IR AT 06, NPY 7E M &4l iy 325k
B, TEANE A B0t 3k ROR TR Y A R A
AP NPY R IB WA AN F . 7 REEEESNE 4
U NPY ZEILIA L B v i 3k AR T
FETE R B ORI AR R BRI Hh ) e Tk AR
15, H L AT HE BT 7E RS2 B NPY FTRESZ M- ik, 31X
T Al £ 28 rp A5 B AR R A0 TE I 22 B e
WA E] T NPY [A7E7E , i BL AT /5 H NPY A AT
ERZEBFRRB BT K, KEHENPY FE A
b 2 50 (E A ) b ) 2 38 2 B il R 48 (I 55 )
APkt fe e 1Y, 35 AR A I ST A A — 2

(6]

PURSZ 50 v, BEE DU 21T, NPY (1) 36 55 &
AL (P<0.05) , EISETHE PR, 15 TS
YR — B E K85, R T R 3 3
NPY R GE 6 R4 A0 G, JF HALM HRe g i
NPY Rk i ; 7E PR S0 v, LIRS PR &
i NPY (3635 T, I FLOUVER S Al |, 4%
J5 NPY I ERIA K8k 5, (HR PR 2 h 5 Rk i
SRR R B AR K, X ER TR 25 NPY X
B R ] B —Fh I B R R AL . KSR L
12 h 5, NPY B i Rk 7K HF IR 0 2 15 M
SAUER 72 h 5 NPY JE R B 05 5 A G & T

1o B e DU 5 B 2 /0 = SR R, NPY BE R ) 656
IR 2 BRAR AR 21 3 15 B AT BB AN [ £ 2 1 i
PUERFR B2 I NPY RO XT I8 15 Ao AR, $
0 h 5 M 2 h 5 B NPY By Kk & % 4k B 7
b, X UL T BENPY A S 585 iH ki, R
SRR E] TR E AR . NPY JE XL A
PR 55 At 5% £ 30 R 7 AH — 2, 40 Orexin™
AgRP"HI ghrelin®™ , 55 JAbHE B 90 i1 PR 19 A5 28K
WA, 14 CART?* 1 POMC™ %,

EELE IR NPY 2 5 K2 6E A & IR %,
JEH TRER B e R TER

5 #iE

ARSCEWGERE T RZE6EH) NPY FEH I %) H 45
H NIRRT TP 5E . REZEEENPY 2
TER AP R R KP R  OF BAE T A
e RFRIA L, X5 HA A HE S ) 10 92 56 25 2R A —
L ENPY FEA R TR EY S P ) Rk i
A o AEYUHCR -2 M S v, 028 A R S
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[Abstract] In this study, the full length of turbot neuropeptide Y (NPY) complementary de-
oxyribonucleic acid (¢cDNA) was cloned using reverse transcription polymerase chain reaction
(RT-PCR) and rapid-amplification of cDNA ends (RACE). Turbot NPY cDNA is 729 bp with a
5'-untranslated region (UTR) of 70 bp, a 3'-UTR of 359 bp and an open reading frame (ORF)
of 300 bp. The ORF encodes a polypeptide of 99 amino acids. The first 28 amino acids consti-
tute the signal sequence followed by the mature peptide made of 36 amino acids. Turbot NPY
shares a homology of 53.9 %~98 % with NPY from other fishes, especially a homology of 97 %
~98 % with NPY from other flounders such as Japanese flounder and winter flounder. The NPY
expression in turbot was analyzed by real-time PCR. Tissue distribution studies show that the
messenger ribonucleic acid (mRNA) of NPY is expressed in brain and peripheral tissues, in par-
ticular in the hypothalamic. During food deprivation, the NPY undergoes significant changes in
expression (P<0.05), with NPY level being elevated first, then decreased, and then being sig-
nificantly increased and maintain a high level of expression, after that decreased again. Its ex-
pression level was significantly higher with refeeding after fasting than the normal feeding; the
longer the food deprivation is, the higher the expression level is. But the expression level of 2 h
after refeeding will fall again to a similar level. Our results suggested that NPY is conserved
peptides that might be involved in the regulation of feeding and other physiological functions in
turbot.

[Key words] turbot; NPY; starvation; feeding; differential expression
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