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THHASHERKF (neuropeptide F, NPF) SERRFFHEBIVIMIASHERLY (neuropeptide Y) HY—HEIERL -
SR HEB I R QR BEEEATA MR SORE  fif SRR AR R B2 o (i AT
SR - FEERE L FRIAH LR B R AR R R TRy - AEBRAENT IR R T - NPFALA]
FBUH B (Litopenaeus vannamei) .75 LU NPF 7E RS AR -H RO R #8H RT-
PCR 737t R NPF B[R AL A AR RS -y - S E i Rl T EHEGiies NPF
BN 2R > e RAT L hr > NPF JERRGRSHIERE BTt SRtk - NPFECAIRI BRI -
BEAh > K200 ~ BLACRHSRR (DMPT) REAL—HIE (TMAO) =Rk [Tl & AR (i (e
NPF ZERAYEHEE - HIRGHEA DMPT & TMAO RIEAGIRIEA - #ERAIEE TMAO Ha]fE
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TE—f TGN EYIE AR st & 2 R (food
intake) * Kt &G ARTTH (feeding behavior) [
A EEINEEARYIMARE R (satiety)
IR SLEE LR - IR T Rl g s ik - iRk
WIUEHIIRY) SR T IS RHER B Frld
HHBUERTT Ry (KRB 2 - HRKE S
EEWR  CEWMRITRE L (AREYZEE
1Y IREWMENER (R, 2005) -

FRER i B 1T Ry — % T 4 B L e A T
T 1. S RYINAFAE (perception) » —fi 2R
BIEL B BRYINIRIR 2. PERYZRIRT
J3la] (orientation) 5 3. FAAG=FHFIRYIHY ] IS E)
(movement) ; 4. HOZRYINE (arrival); 5. FEBIEE
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40 o3 Ry SR — RS g - AU - S A
Wl AL 2N - RSN R YN E
(Reidenbach and Koehl, 2011) » FAZZAAE R H
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BY) - R AR (GHE) DA% - SRR H
SHHEAIREATTRZY) (EE, 2010) -
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F R e FUBRR SR A 2 B AR IR B2 AR A2 2
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A F RIS - BRI R
) R iR Fr (Peter and Crim, 1979; Demski and
Northcutt, 1983) » £ Nk FE# 5 ik £ (arcuate
nucleus, ARC) HHHRIHHHHETT » 730 B E i
IR A ~ BN ARRN NPY/AgRP (neuropeptide Y
/ Agouti-related peptide) i TCAHIFIFRE ~ B
& & 1y POMC/CART (pro-opiomelanocortin /
cocaine- and amphetamine-regulated transcript) jifl
F&IL (Volkoff et al., 2005) » H NPY/AgRP jiti#&
TCRERCGHLH NPY R LURIBOR IS R R - Rl
L) ¢ 58 % A [K] ¥ (Narnaware et al., 2000) -
Narnaware and Peter (2001) 7E<FIMFSE 23 -
GRS ER RS NPY HYELR]
FHIE 5 FIRESHEER NPY - e fE
R REERAETTE (Narnaware ef al., 2000) °
TEfEAHEBIY R A2 NPY AYTELE  (HAE
KR E S — i AR F (neuropeptide
phenylalaninamide, neuropeptide F, NPF) thE5%H
FEHEREIIER (Lee et al., 2004; Christie ef al.,
2011; Nassel and Wegener, 2011)

THASHERR F 2 E 39 fl [k BEme i R e
FE B > i 44 09 He 2R 2 ER R A I BR 8 4% O Ui
(carboxyl-terminal) FY i B& B #K 2 % N I FR
(phenylalaninamide) #5E @ #7445 neuropeptide
phenylalaninamide » [fj phenylalaninamide F9JEZ
fEi%5 Ry F - #CLRE{E neuropeptide F > {7 Ky NPF
(Stanek and Brown, 2002) - NPF = BEHG 25 I A 4
HMEENY) - A RIEEY) (Dougan et al., 2002;
Humphries et al., 2004) ~ ¥XiSE1%Y) (Rajapara et al.,
1992) ~ BREiEIY (Roller et al., 2008) FIHENIY)
(Brown et al., 1999; Stanek et al., 2002; Nuss et al.,
2010) <5 Bl BEFEH LA HEEN Y)Y NPY TJREMH
L Fetl e ~ QR ~ BEIEASMRRI Y e E
B (Nissel and Wegener, 2011) » 41 R &7 NPF
u DI{E ¥ & (Gonzalez and Orchard, 2009;
Krashes et al., 2009) ; iy NPF EEHE -~ &
B~ PR RSN ~ ZEIMERIBLZ DIRE (Wuet
al.,2003 5 Lee et al., 20006) > J ki) NPF Bilf £ 5%
BIH L YIREHRA (Collins et al., 2010) - HEE IR
NPF QI fe & P Al R B D AE (Nassel and
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o PSRBT RN AT E N - fkE
B - EHEER (betaine) ~ FRLATEHZE® (Dimethyl-
B-propiothetin, DMPT) (Nakajima, 1992) ~ & {L.=H
% (trimethylamine N-oxide, TMAO) (2%, 2006) -~
MHEPR ~ e (EBiE, 1994) REMEYIZAR (5,
1997) LA OR35S 11 -

AFFEA T R M NPF FE[K] B R o B b
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FRHEL 5 4
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tul > HEBRISE IR 9 om > SHEYER
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AR ARS T ~ IR ~ LEATRHAS: > B LA RNase-free
KIBBE > MMA 10 5 5&FE 2 TRIzol® reagent
(Invitrogen, USA) » FI5Y JJ5&BHAHAR SR FF R 28
Be¥THE - A /5 4886 %) (chloroform) - 5@
JI#E5 30sec BHNZER FHE 10min » {F 4°C
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T 16,000 x g @0y 15 min o BEHY FIHHEHTHIT
EREOET 0 A 2 1588881 isopropanol » #815
CHRE% - RNER NEE 10min > FERE4°CT
16,000 x g Bfe.0» 5 min PEJ% RNA - ¥ RNA {5EAE
20 pul RNase-free 7Kktfe B 55°C N 10 min»
RIGBETEAE -80 °C UkFEH i FH - HI&E RNA JREE
BRI LA -

= ~ g%k (reverse transcription, RT)

HY 5 pg & total RNA fA 200 wl fEHLLE
Hall LA RNase-free 7K RHEBSREEREEE 13 ul > A
1 ul 2 oligo (dT)is ~ 10mM dNTPs » Fjrvk | -
A 5 x AMV buffer 4 ul 2 AMV reverse
transcriptase (Invitrogen, USA) 1 ul (40 units/ul) » 5
ERRE 0 T 42 °C ZJE 60 min LI cDNA > F
LA 70 °C {EA 10 min DIFRIE SCE -

9~ BEESHEE X E (polymerase chain
reaction, PCR)

B RT fi§fFHy cDNA 54K (template) » L Taq
polymerase {7 PCR $&H4453H7 o B 1 pl cDNA I
A 0.5ul 79 10mM dNTPs~2.5 ul /9 10 x PCR buffer-
BE—M:5[F (gene specific primer » GSP) (beta-actin-
F/R 5’-GCATCCACGAGACCACTTACA-3’/5-CTC
CTGCTTGCTGATCCACATC-3’; NPF-GSP-F/R 5°-
ATTCGGCAAACGCAGCGACTA-3'/5'- GAGAGG
GAAGGAAGGCGGACA-3") £ 0.5 ul K& 0.25 pul
Taq polymerase A R B 7KK AT 5 2
25 ul - B FEREE A PCR [ZJfEZS (DNA thermal
cycler ; Applied Biosystems 2720 Thermal Cycler)
o BOE LU B BRE ¢ 94 °C fi#E 2 min 5 94°C
728t 30 sec ;s 64°C 54 30ec; 72°C &% 1 min;
fillt ~ R5G - GECPEREM 30 (NPF) /25 (beta-
actin) HIEERE IR1FAE 4 °C T - HUERRY PCR
FEY) 5~15ul > DL 1.5% BEARIB R EI T8 vk o4 -
KR Z5E (EtBr) et 10 min £& - DUZKRBEK)
10 min B IEAHRH1 Digital Gel Image System
HUs2 # » 36 DL UN-SCAN-IT gel - Gel Analysis
Software Version 6.1 (Silk Scientific, USA) E& °
Ll beta-actin F:[K|FIL F4E internal control Ei

NPF BRI S TS R 2B AT -

o~ G

(—) BEERBEH @ ORSHEEREEE
& NPF ERZFKITHEIN (expression
pattern)

B A —E L LB - SR E
R 6~8 gt o DL 2% HeE L Bkl AT THER -
NEFREBERERR (11:00~11:30 & 19:00 ~19:30) -
TERIZEREEAE 20 73 PRSI - S#EE K - 28/UK
SETTEEE - 43HIAE 17:00 ~ 18:00 ~ 19:00 ~ 20:00 ;%
21:00 FRAEE - LA MEEREEREEIE, - /o PRER R ES
El FRP f-hFERES I = F il - U ~ O
gk ~ HARES ~ S ~ BB ~ HRAW ~ oS B LEAY
FHA > S AHEZAH A% Total RNA - JETTE &
(semi-quantitative) RT-PCR 434fT

() RFrZEW (garlic extract) » TMAO &
DMPT #1381k NPF ERRIRZZE

FEMETTHEANAT 30 min - DURE=0RFKFRZE
%) ~ TMAO ~ DMPT (Sigma-Aldrich, USA) JERE
By 50 ppm ¥R G - FEHIRH AR IS (7
AR RS 5 min SETTERES » S AR BhRE
PEEREN 3 MRy 3 A - 2L 7 (EWRFRIES -
& RIS TR AR - S ASHUEZAHAR total RNA -
{742 RT-PCR 537

(=) BREE TMAO HiRBRSE — RIERRE
BERSCTE

B ER T BARRE TMAO 2 #EHIR > KR
1 TMAO (50 ppm) < EEERHFH - 7:H 3 EH
iy EEEETT 6 K - EERHAE I RIZEHT 10 min
# TMAO MAZKES » DIEFTRAGHIGZRE G /K
Hh o TAE 10 min ZRAEFTHER - AR ERAE [ E
TLEERT L » ETIRFRARH s 6 Bk 5 — B e
MR » ARG Ry 30 min © 58— S JfEIRF ]
Ry EAREREEIR - HiRie 2158 —MEET R TRy
RFfE -
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Fig. 1 The mRNA expression of neuropeptide F (NPF) at different tissues in white shrimp. Significant differences (p
< 0.05) among different groups were compared using one-way ANOVA followed by Duncan multiple-comparisons
test. Br: brain, Ga: ganglion, He: heart, Ey: eyestalk, Hem: hemolymph, Mi: midgut, Mu: muscle, Hep: hepatopancreas.

(W) BE-RESERMES R LA
B (TMAO~DMPT) #X81%¥ NPF EH
RIRZE

BHE:4> ks DMPT ~ TMAO DI REZREGS=
#H (DMPT/TMAO) LUE i A A7k i » R
Fy 50 ppm » BLURIMAGES B TEREHIE - 16
RIS 1751 20 min FREITERER - FEMEALANHY 3
EFIEIER 3 HE - RIS ETHR > I ALY
FZAHA total RNA > {7 E R RT-PCR 5347 ©

(R) AR PRINAFGFZERY « TMAO K
DMPT HiRBBMRZFE

LIARFFAERUW) ~ TMAO J DMPT S33IRAIA
TSRS » FRIIE R AR R 0.2% » FFRLA
65°C etz - T 4°C (R17 - BRI
TS B2 PR~ THHSERHH - TMAO 1
DMPT ff1 + A2 HUHEL - LRy 20 15 IR
IREARy 73 mg o SR KK RIS 5% -
1 RHBRIR - HEBUISTST IS 11:00 K 19:00 -
15 IRPELR A ARE M 5 H A
R F T -

WE R (percent weight gain, PWG) (%)
= {[¥*EH(g) — W H ()= ¥ H(2)} X 100%

SEEEER (average daily growth, ADG) (g)
= [#XE(g) — ¥ EHE(Q) |- R EK

HigE R (specific growth rate, SGR) (%)
— {[InG& ) (g) — In(HI ) ()] SR B} X 100%

o R

— ~ NPF BLNfEA Rl AR 2 =X

FEEBERTFE R B > 20 A ~ SOl ~
IALARESS ~ Hofls ~ FFFIBRIER ~ HRAVS ~ e iy B UL P REL e -
FHHVE total RNA - DL TE & SO SRR Sl g
JFEASH > 534t NPF B R{ERSHIIIREIE - o4
RGBT - NPF BL[A & FRIAEN ~ e ~ O -
HRAPS ~ MAARES ~ il ~ WILPA ~ Tl (Fig. 1) <l
i > e DU T RE A 2R B R e ~ AR
i MDA ~ PR Ry a2 . -

= BEREEDTT - i EiLk
NPF EE[XFH

FEIEE R FREET TR - /2 IER AT 2
1 hr ~ SERZR LU R 1 M1 2 hr EITHHE -
DU B S k-2 o B S AT NPF (A
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Fig. 3 The mRNA expression of neuropeptide F (NPF) in white shrimp were immersed with garlic extract. Significant
differences (p < 0.05) among different elapsed times were compared using one-way ANOVA followed by Duncan

multiple-comparisons test.
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HiiE B a2 NPF EKFMHE RILE (relative
expression) & FE & BRIV EEM#EE L7t

L] Thr NPF ERXIRYAHESRILERZE (p <0.05)
EREERRT 2 hr o (HERRZREYGEERE 0 >
0.05)- fi IR NPF EL[RIFGAE S 28 S Pus T [
s | hr FOAHE R E Mg BB R 2 hr &
FEMEL (Fig. 2) » fERHESR 1 ~ 2 hr ] » NPF ESXAY
FEETRILEARIG NS - A 2 hr » NPF LK
T EMEREME  EEERBEZRNE @
<0.05) - fEFTAEFRFRHIEEH - NPF BRI AEE R &
TR 1 hr fs > R REN - #RR] 2hr

BAFE A% 1 hr ADB R ER R > #R% 2hr
NPF JE[RIHAH S FR B Ry Fr A IR R A -

=~ Ker2£i¥) ~ TMAO k¢ DMPT #fji%
F1#t NPF LN & 22

BEERAEIR AT - TE KRR A SRR -
TMAO J DMPT % » SHtE 11 NPF SEKI 5 it
AR  ZERRETH 30 min > 25 10 ~ 15
min » NPF BRI REEH R » 7E45 20 min B4
T (Figs. 3~ 5)  HpARAREUIER A1 NP
P B RERIRE 15 min (Fig. 3) 3Ek%
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Fig. 4 The mRNA expression of neuropeptide F (NPF) in white shrimp were immersed with TMAO. Significant

differences (p < 0.05) among different elapsed times were compared using one-way ANOVA followed by Duncan

multiple-comparisons test.
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Fig. 5 The mRNA expression of neuropeptide F (NPF) in white shrimp were immersed with DMPT. Significant

differences (p < 0.05) among different elapsed times were compared using one-way ANOVA followed by Duncan

multiple-comparisons test.
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Fig. 6 The mRNA expression of neuropeptide F (NPF)
in white shrimp were immersed with attractants.
Significant differences (p < 0.05) among different groups
were compared using one-way ANOVA followed by
Duncan multiple-comparisons test

Table 1 The first response time in white shrimp were
immersed with TMAO

First response time (sec)

TMAO Control

Elapsed time 135 37+14

Table 2 The food intake in white shrimp were
immersed with TMAO

Pellet uptake (pellets )

TMAO Control

30 mins 10.2 £6.2 7.9 +5.2

i~ BRI R s 2 LY ~ TMAO J
DMPT %A iRk R 5228

He 49 RECEREERAS RN - S HEE
(Fig. 7) JeHafe (Fig. 8) - BSERRIRINGES [HEH
T PEHIRHAREL - $RBREFE S BB Bk e

EHEIN 65% - BEEIEIN 32% © A TERCR AR LI BAR
A TMAO (e Ryt G EERTy 13.08% >
REHGIHIE 19.50 mg » FEHIHEFKTR, 5.38%) >
fin DMPT [ERHHKE GHERE 11.66% > FH
SEEPNEE 17.37 mg > S HIGERTy 5.18% - ) » AR
IS BV (PEERE 8.99% - REH
WE 13.40 mg > FFHIEFKTy 4.69%) HIRRHIEHE
BARLARTI SRR G ER Ry 8.72% » f#HY
YIREE 12.99 mg > REHIERE, 4.63%) HURERAT
T EHREERIRE GYERTy 7.51% > FHHIME
11.19 mg » f HIYERE, 4.36%) HIMHRRHGRIEHE -

PRSI A R MO S SRS R - i
i thi ey > H b BRI Al 2 B P HESD
VISHEEE - LEAEMETSENRESEARE - AT
FEAREEUR - R NPF BLIK] 1 SERIRAEN ~ O
G S AR E R - T E U E S Rl - 9
RHj 1 hr > NPF ARSI EZW BTl - Rk
SUITRSE T RE - SIS 22 R e S o R 38
FHEHSET NPF BN TR - EmRk - KIS
e R AR R FEZE N e B R
KHITEDLT - NPF BEKIRRE R e - bR
7 NPF 2 AL R el Bl fah R 2e 5
TEAHRBRRITHEIERR -

ML 58 e A A4 L P A Yy b RS L (bipolar
neurons) > — i L BAEIIEE (cilia) AUREE - B
A ELSRR o TR G IR S22 88 (olfactory
receptor) » AN EHYSEIR 7> & LA RIFIR 5L 32 i
ity » T B e 5 SR R R Ty » AESERY
BT - BEAVIN RV 25 A TER
2RegEfit > 2RI > A TR R AR BRI AHLE - )RR
A PR AEIRAE R - HARINZKEEY)
WHEREREL > FTLUEAEARFIZK EE IR
SR FRES [P > Zefgm A TaETRIAEE R i
I (5%, 2007) © AWFFERE K730 ~ DMPT k¢
TMAO fEReifs5 Bl - ARIMHEK ST - REREUR
AR 1 NPF BLAZR SN - WAERR P 10
~ 15 min BEEE - BAEEZER (p<0.05)
Hrt DL TAMO W55 [ AT - feste NPF ZE[AIZ%
BB IIRIRBCR AT RHEZ 30 min - BUREES [Hler
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Fig. 7 The body weight of white shrimp fed with attractant-containing diets.
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Fig. 8 The body length of white shrimp fed with attractant-containing diets.
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RS A T apk b - S i R b=
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NG R ERPRE > ] e R R R S B R Y
WA AERG R ~ A H VI E e g I B R
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BEAMER R YERE - (HEBER N0 S E LU
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R R REALE S [R5 [WCRATE T8 -

AWFFEE KL E H 4 NPF Al 52 E 7k g ks |
AR > o BL AR BN WS R R TRy
LU KRR R N 0 R HIRE A e R
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Attractants Activate Neuropeptide F Gene Expression to Promote
Appetite and Growth in White Shrimp (Lifopenaeus vannamei)

Chia-Hsuan Sung', Ting-Yu Chen? and Jenn-Kan Lu*"

'Planning and Information Division, Fisheries Research Institute

2Department of Aquaculture, National Taiwan Ocean University

ABSTRACT

Neuropeptide F (NPF) is one of the homologs of vertebrate neuropeptide Y and mainly regulates food intake,
metabolism, reproduction, and stress reaction in invertebrate. Feeding regulation genes are widely distributed in
the central and peripheral nervous systems and influence appetite and feeding behavior via the inter-regulatory
relationship between the two systems. This experiment investigated the effect of the expression of a feeding
regulation gene, NPF, on Lifopenaeus vannamei feeding behaviors and examined its expression in different tissues
of shrimp. The results of semi-quantitative RT-PCR analysis showed that NPF gene was dominantly expressed in
ganglia and brain. Under the fixed feeding periodicity, the NPF gene expression level significantly increased one
hour before feeding, and gradually decreased after feeding. Such attractants as garlic extract, dimethyl propiothetin
(DMPT), and trimethylamine N—oxide (TMAO) can significantly promote NPF gene expression in white shrimp.
A combined use of DMPT and TMAP has a synergistic effect. TMAO utilization before feeding can significantly
increase NPF gene expression in white shrimp (p < 0.05), shortening the time they need to search for forage and
improving food intake. In this study, we have demonstrated that attractants can improve appetite and ingestion by
effecting the expression of NPF gene and showed the relation of NPF to feeding behavior of crustaceans, which

makes NPF an important feed regulation gene in white shrimp.

Key words: food intake regulation, neuropeptide F, feed behavior, attractant
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