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ABSTRACT

Growth hormoen (GH) and preprosomatostatin (PSS) play a important role
in vertebrates including fish. GH which is affect multifunctions, including
somatic growth, reproduction, feeding and osmoregulation. PSS is a
hypothalamic hormone which primarily release—inhibiting GH secretion
from the pituitary. PSS is widely detected not only central nerve system
but peripheral tissues and modulate a number of physiological processes,
including feeding behavior, digestion, reproduction and osmoregulation.
Although functions of PSS have mainly studied in mammalian, little
information has been reported about the physiological roles in fish. In
order to characterize the expression pattern of PSSI and GH mRNA in
olve flounder (Paralichthys olivaceus), we performed PSSI mRNA
cloning, and investigated tissu specific expression and daily rhythm of
PSS1 and GH mRNA. We also investigated regulation of PSS1 and GH
mRNA expression by melatonin, human chorionic gonadotropin (hCGQG),
estradiol-178 (Ey).

A nucleotide sequence (638 bp in length) of PSST mRNA was obtained
from the hypothalamus of olive flounder. The homology of PSS1 amino
acid sequence between other fish was 86%. Phylogenetic analysis
revealed that the olive flounder PSS1 was grouped with burtoni
(Haplochromis burtoni). The strong band for PSSI mRNA was detected in
the telencephalon and hypothalamus, GH mRNA wast detected in the
pituitary.

To investigate the biological rhythm of PSSI and GH mRNA in olive
flounder, experiment group were categorized into three groups; 12L:12D,
continuous dark (24D) and continuous light (24L) condition, respectively.

In the treatment group under 12L:12D condition, PSST mRNA expression
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in the hypothalamus was significantly higher during light phase than
during dark phase (P<0.05). Circadian rhythm of PSSI mRNA was
observed under 24D condition. In case of GH mRNA, no significant
expression pattern under all photoperiod conditions (P>0.05).

In the melatonin injection experiment, PSS1 and GH expression was
higher in 5 and 1 mg/kg body weight injection group, respectively. In the
hCG and E» injection expresiment, treatment with hCG at 500 IU/kg body
weight increased the both PSSI and GH mRNA expression, treatment
with Ez at 10 mg/kg body weight increased only PSST mRNA expression.
These suggested that circadian rhythm of PSSI mRNA was observed,
but no detected rhythm of GH mRNA in olive flounder. Especially, PSS I
mRNA expression was regulation by external light and darkness change
or biological clock, and GH mRNA expression was regualtion by
melatonin. Also, considered expression of PSSITand GH mRNA have

important effect in olive flounder sex maturation.

_VI_
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growth factor-1 (IGF-D> GH-IGF %<& @435t ddxde $23 A&
g3 tH(wood et al., 2005).

GHE Efwol Aol 71 &3] 4l 4% £ s =230 mA AAdsH
Al ®H)¥E Growth hormone releasing hormone (GHRH)S] ZFgo] <& %]
stAlel A A ET. HekrAld A EHlE GHe dAesAE g8 2 Alxy
71l g o] AAE P g Fo FEFS v (Corin et al., 1990;
Copeland and Nair, 1994). o]Qlo % wwz stAo|L} g Rol= A yE 3%
Ho] o  FX7)E(rainbow trout, Oncorhynchus mykiss)o| A 5o]% 2.
2 AHFE2E o] shH (Sakamoto et al.,, 1993; Tatsuta and Hirano, 1993),
a9 (goldfish, Carassius auratus auratus)®} gilthead sea bream (Sparus
aurata)s oAM= A= #Hostti(Van Der Kraak et al., 1990; Le Gac et
al., 1993; Mingarro et al., 2002).

Somatostatin  (SS)= AIsHFlA A, EHIH= AAsHFIEZolnh &
(Ovine)®] Algsti-olA A5 A" SSe= F= 3}
o] Al s}
WA ®x3dY(Brazeau et al., 1973; Reichlin, 1983; Patel, 1999;
Trabucchi et al., 2002). SS+& A=Al Preprosomatostatin (PSS)ell
ojs] ¥ PSS7F SSo e HekFA ol wheka kg SS isoformo] =4
Al "t} o /oAM= SS7F A (Petromyzon marinus)ol A HZZ 2] &
Slal(Andrews et al., 1988), o] § thefg FollM PSS, PSSH, PSSII7} &
gE o 7}7te] SS= BAARL o QlojA C-"ee] Apolm FHiEETh
PSST2 C-®gtell 14-opw|idt fd7jM o] EAjstal (SS-14-1), PSS+

AT EEZAATER 0T F34]

g
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[e]
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[Tyr’, Gly1°]-SS-14 (SS-14-11), PSSII¥ [Pro®]-SS-14 (SS-14-IM¢]
25 e Aol F¥ArK(Sheridan et al,. 2000; Nelson and Sheridan,
2005).

AFANA In vivoet In vitro 28-S &3t PSS1-S GHe W= A<} dd
o] 9&o] Z=wWEArHRousseau et al., 2001; Very and Sheridan, 2002;
Canosa et al., 2007). 3}A®F 2= SS formel Al o8 st GHW = A a37}F 3l
= A2 olln, AojoA EeH PSSHE T899 HalAdA 8% = GH
of o}f#l Jae w A A ekt Marchant and Peter, 1989). o]2]dl%= PSSi=
A S (Atlantic cod, Gadus morhua), FA W&o, 225 vF2] (Orange-
spotted grouper, Epinephelus coioids)oN* A3} Zrgoluyp AHFES; 24, 1¢
A QiR SEFE Aok #HostE AR AR deExa

(Holstein and Cederberg, 1988; Very et al.,, 2001; Poppinga et al., 2007,

A A B F SolAl S-S vErd wi= v

HFsEe oA WS HAgEWe dQd e AR EHE 4 T8
374 @ 4olth(Falcon, 1999). HetEW S F2 US A sk goha) $ahA] o A
AE = AAUER] SEZoRA HAEIAE Fote] NkdET BRE HFE
ol oA dF9o AotEd FRE Wl Frketal vl fAsks dFUIA8E
et dhe] o]zt #e ofF Rt jFe] Holrh 11 Ao #

7V d5714S Bt (Underwood, 1989; Arendt, 1997; Ekstrom and
Meissl, 1997). ®WglEde] AdF71A4 L zebrafish (Danio rerio)®} &350 ol
Ao, AAEsE Hold A a e thkdk el 7)sol o]t (Zachmann
A et al., 1992; Zhdanova et al., 2001; De Pedro et al.,, 2008), #z}E 9]
F71E FAME0]9 European eel (Anguilla anguilla)N A 733 A2

FS m R tH(Falcon et al., 2003; Sébert et al., 2008).

o

L
N

of

0.

Y X (olive flounder, Paralichthys olivaceus)s 7}A1]E(Pleuronectiformes)
| X ¥} (Paralichthyidae)dl 43l ol F& 4 10~200m T & nlgo
T2 Ak SEvete] A Aoty dE TgEla dE s Ao EAESH(H

ol 9 2005). WA= WA dEA] ofFemA 1984d AEFH
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1. 94 PSSI #FA#¢ 293 PSSI/GH cDNA9 =A¥ &d

o)

o= AFdista s FHA AT NN AFFFT FAX(F A 25.6+0.6
em, B AT 164.848.0 g5 AFEst¥ T PSSI 3 GH #FAAEAS ¢aA
= 2-phenoxyethanol(Sigma Co.)& ©]&3}o] v} st

SeAlE HESATFig. . £d 248 BAS 387 ] F207
e

i1

0%

2

—{01

>

o

ol

-z

Yo
N

| A A Z3 A 5o RNAiso Reagent(Takara, Japan) 500 wZS #H7}st
o] homogenizer® A3 351 th. Chloroforme 100 wS #H7bste] &3
3 5 QARG R 9AEYEATH RNAZ 2389 AESAS FHE 4 5d
#9] iso-propanolZ #7Fste] 12000 rpm, 4CellA] 1047 Y412l ste] RNA
pellets H#AAIZTh DEPC7F #7He 75% ol eh&s o] &ate] FAlste] oet&
|43 & RNase-free SFT= RNA pellets §3AIA total RNAE A2

KeN
=

2

o}, o]  Total RNA 2.0 pg = FTI2=Z RQl RNase-Free DNase
(Promega, USA)E ©]&3lo] DNase A 2l& 3}t Total RNASF SHFTE H
7bstel 7.5 W F39E 2531 RQ NRase-Free DNase 10XReaction buffer 1
1, RQ RNase-Fee DNase 1.5 wE & 39 10 w7} H== 73t o]
& 37ColA 3083F v & 1 e Stop Solutione #H7}ate] 65CelA 10E
b HESAIA  DNase A& @39l total RNA+ Nano Vue(GE
Healthcare, Ver.1.0.1, UK)E ol&sto #XEE =433, A260/A280nm2]

il
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Hlgo] 1.7~2.1 ¥ W e ZE RNARHS AeEste] Ado] ARgai)

cDNAE DNase A#¥ total RNA 0.5 pgS F3O= PrimeScript' 'RT
reagent Kit (Takara, Japan)& AFg&3ste] A48ttt Total RNAY SHTE
A7bst & F97F 6.5 pw ¥ =5 2FE F Oligo dT primer 0.5 40, Random
6mer 0.5 g, PrimeScript’” RT Enzyme mix 0.5 uf, 5% PrimeScipt'"
Buffer 2 wE ztz} H7bele] & 10 w0 H-9)7F Y%= w531, 37CoA 158
P REE F 85TAA FAS FEART. Aol e & ZZFe] cDNAC] 40
2] Nuclease-free T FT5 #H7Ist] HFTHIAE 50 w7t A 3483 T

3) PSST cDNA &g

HAxe] PSSI cDNAE #E38t7] {8t Crenopharyngodon  idella
(accession munber, FEUbS71475), Megalobrama pellegrini (accession
number, AY247267), Carassius auratus (accession number, CAU40754)°] A]
HuE A7MES o839 degenerate primerE A ZEItH(Table  1).
Degenerate primerE PCR 7|HS &3tY FH1AE 53 AA pGEM-T easy
vector (promega, USA)| 4t¢dste] JM109 competent cell (Takara, Japan)?l
A A Hh 8w YE plasmid DNAE #83le] Genotech (Korea)ol 2]
T REEQVINES AT FE7IAES National Center  for
Biotechnology Information (NCBI)2] BLAST #HAS §3sFo] gQlstlar, &2l
H FE7IAE s ol&ste] & 5ol% primer AEE AZSEeItHTable 1).

PSST 9 AAA7IEE SolGent T-Blunt PCR 24 kit (SolGent, Korea)

PSS T ¢ signal peptide #4]& SignalP4.0S o]&3te] EAs o, =7

ASGADA BAS PHYLIP Z2Z 1388 o] &3le] HEA59t). #A]o o] &%
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F59] olu]:=At A Multiple alignment® ClustalW 2133 o] 83to] &
2381 a1, BOOTSTRIP #4]& SEQBOOT X 21318 o]&3}e] 10003] WHE3}
Gt SEQBOOTe 93] align® 1000 set> PRODIST X Z13& o]8-3}¢]
distance matricesE Z4Fs}Slth. Al4kE distance matricesi= NEIGHBOR X~ =2
239 tree 24 input Hlo]E|® o] §3}3lal, CONSENSE T =135 ©]-8-38}¢]
consense trees ZAsIETE 2 572 A9] multiple alignmentel] o|-&%¥ F3}
2= Table 20 YFERH AT

5) RT-PCR

PSST ¥ GH mRNA®| ZAH W PdS dolrr] 918t RT-PCRS 3
stk PCRol AHE-% Primer PSSIT 9 49 E2d Q7IAES 7|22 A%
akaL, GHe NCBIY &F¥o3l= |39 $¢7]4 < (accession number,
PAIFGH)& #arsho] Al&gl o, housekeeping genel 2+ 18s rRNAS A&
St tH(Table 3). ®¥Hgx71 95CeA 45%, 55TeA 45%, 72TelA 90%,
35cycle atellA cDNAE FJHAIZ oW, T34 AHES 1% agarose gels ©]&

sto] 417195 At
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Fig. 1. Separate brain area of the Paralichthys olivaceus that used in the
tissue specific expression by RT-PCR. 1, telencephalon; 2, optic tectum;

3, cerebellum; 4, hypothalamus; 5, pituitary.
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Table 1. Primer sets used for cloning of PSS 1 in Paralichthys olivaceus

Primers Sequence(5'-3") Note

forward degenerated
PSSI F GCSCAGAGAGACTCCAAACT

primer

reverse degenerated
PSSI R GAAGTTCTTGCAKCCAGCTT

primer

forward gene

PSS1-5R CGTTCCAGATCCACATGGATGTCCT o i
specific primer

reverse gene

PSS1-3R  AGAGACTCCAAACTCCGCCTGTTGC o i
specific primer

forward nest gene

PSS1-N5R TCTCCTCCTCCAGAGCCTCGTTCTC o )
specific primer

reverse nest gene

PSS1-N3R CCGCTGCTCTCCAACAAACAGGAAC o )
specific primer
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Table 2. Gene information of used for multiple alignment

Gene Species Accession
number
Teleoster
Pleuronectiformes  Paralichthys olivaceus -
Cypriniformes Carassius auratus CAU40754
Ctenopharyngodon idella EU571475
Megalobrama pellegrini AY247267
Danio rerio AF435965
PSS1 Lepidosireniformes Protopterus annectens AF126243
Perciformes Epinephelus coioides AY677120
Haplochromis burtons AY585720
Siniperca chuatsi JN034584
Siluriformes Pelteobagrus vachellii HQ830200
Chondroster
Acipenseriformes Acipenser sinensis FJ792687
Teleoster
Cypriniformes Carassius auratus CAUB0262
Ctenopharyngodon idella EU571476
PSS Osteoglassiformes  Chitala chitala AY785129
Gnathonemus petersii AY785130
Perciformes Epinephelus coioides AY677121
Siniperca chuatsi JN104627
Salmoniformes Oncorhynchus mykiss NM_001124703
Teleoster
Cypriniformes Ctenopharyngodon idella EU571477
PSS Perciformes Epinephelus coioides AY677122
Siniperca chuatsi JN104628
Chondroster
Acipenseriformes Acipenser sinensis FJ792688
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Table 3. Primer sets used of RT-PCR of PSSI, GH and 18s rRNA in

Paralichthys olivaceus

Primers Sequence(5'-3") Note
PSST F CAACAAACAGGAACTGTCTCG forward primer
PSST R TTCTTGCATCCAGCTTTCCT reverse primer
GH F TGTCCTCTCAGCCAATCACA forward primer
GH R GAGAATCCACCTGCTCCATC reverse primer
18s rRNA F AAACGGCTACCACATCCAAG forward primer
18s rRNA R CCTCCGACTTTCGTTCTTGA reverse primer

_10_
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2. 921¢] PSSI/GH mRNA 937] g%

AE ol FAA X (HAFAF 25.240.4 cn, BdAZF 153.5+8.5 g) 967}
(150%x150%150 cm)el] 32v}]¥ F2F9= 483t W7] 12

it
wW
=
Lo
syl
BN

2) Total RNA % % cDNA &4

A% 1 A Py B

3) Real-time quantitative RT-PCR

Ao AFE¥ primert PSS 3 GH Z}7zte] 7|4 4ES Faz sfo] 5o]4
primerE A 239 2™ (Table 4), Real-time quantitative RT-PCR< SYBR
Premix Ex Taq II kit (Takara)& AF83F3Ith. cDNA 3 ulE template® 3}
SYBR Premix Ex Taq 12.5 ¢, primer ste 1.0 u{, nuclease—free water 8.5
ws 22y Hrubste] = 25 W volumel®  WHEEFTE Real time
quantitative RT-PCRS CFX96™ Real-Time System (BIO-RAD, USA)S o]
gotlem,  95CHA  30%7%F initial denaturation, 95TelA 5x%F
denaturation, 60C°lA 30%%t annealing® elongation 3} 2™ 40 cycle
REEAIA FATh 72 AES 3R or 35 %om, 18s rRNAE o] &3}
g ekl

o

0%

_11_
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4) BAAE
=A47ke SPSS version 17.0& o] &3l o™, ANOVA-testE A A3}

Duncans's multiple range test (Duncan, 1955)%2 =74 37189 Fo94&

A4 s,

_12_
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Table 4. Primer sets used of Real-time quantitative RT-PCR of PSST,
GH and 18s rRNA in Paralichthys olivaceus

Primers Sequence(5'-3") Note
PSSI F CAACAAACAGGAACTGTCTCG forward primer
PSST R AGGGAAGTTCTCCTCCTCCA reverse primer
GH F TGAGGACCCAGGTTACATCC forward primer
GH R GAGAATCCACCTGCTCCATC reverse primer
18s rRNA F AAACGGCTACCACATCCAAG forward primer
18s rRNA R GGCCTCGAAAGAGTCCTGTA reverse primer

- 13 -
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I

T
T

3. AgtEdo] PSSI/GH mRNA #@e] w|X]

oo
<

o A 153.1+3.4 g)F 3

;
skl A}

3

o AA 24.7+0.2 cm,

A (3

i

=
=

g1 om, Ehold

°]-&

12A1ZF W71} 12A13F 47](12L:12D)

il

=
=

#77)

5

°o]-&

18.0£0.2TC3

=9 1 mg/kg, 5 mg/kg, 25 mg/kgS

guke) 4

of

4] @ Real-time quantitative RT-PCR

zél—

2) cDNA

=)

23] 2614 9

3) SAAY

H

A3 20 A ¢
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4. hCG¢} E; Fojo @& PSSI/GH mRNA 2d

Aol A4 94 60 kel (HA 4 35.840.1 em  H AT 486.0£6.9
9% 2 719 AdTet 1 Al vEFR PRetel 39 Fxel 27 20ukeH

A A
A AL AZYOE ARSI ARTIES FLE

]

O

SERS AMAEFTEX human chorionic gonadotropin (hCG)¢F A 2~

Zol=g 2 #Ql estradiol-178 (Ex)E AF&3I3lar, 2do] As9 hCG 500 1U/

ko), Bz 10 me/ke® 25T sgich S2E FAb A A@TER 2nked A
Shla, BEE FAL T 12, 24, 48 A7 AAAAS W 247 suhe s A stol
Qg HEEAE AEse] BASY] A -80T wagt

3) cDNA 34 % Real-time quantitative RT-PCR
A3 2049 W Y
4) FA A

A 200149 W s

_15_
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m. a3

1. 94 PSSI #FA#¢ 293 PSSI/GH cDNA9 =A¥ &d

qxo] AAelt 245 e s PSST cDNAES Egdle] 97 ds 14
s A3 F 638 bp Hole AVIAES st PSST 9 open reading
frame (ORF) Zo]& 363 bp (120 aa)ellem™, 5° UTR¥ 3" UTRY Zol+=
72+7} 96 bpet 179 bpith. T& 26709 signal peptide o}v]:=Al 714 QGS
geolatglon, C-Zeko A SS-14-19] 1471 ofvjwal A4S el
(Fig. 2).

WAl A E0E PSST cDNASH the o] F37te] ojwxit sy 4 A7
EolEo] o]F o AEAS poow, AF #F(Cichlidae)d Haplochromis

86.0%% 71 w2 AEAdES HtHTable 5). PSST ¢ &3 A%
FAWAE X A3 Haplochromis burtoni ¢k 7 QAT A dA 3

AtH(Fig. 3).

n
Ny

2) 9% PSS I/GH mRNA¢] A4 43

32
o

(Fig. 4). GH= 21

- =< -
AzANNE oF HasAlAu Faatgon, FuzAelA s A4 2o A

_16_
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1 ACGCGGGGAGAACATCCAGAGACACGCAGACTGAGACAGCCAGAGACAGAGAGACAGACA
61 GTTAGACAGTGAGAGACAGACTCAGACAGACAGGTGATGAAGATGGTGTCCTCCTCGCGC
M KMV S 8§ S R
121 TGCCTCCTCCTCCTCTTCCTCTCTCTCAGCGCCTCCATCAGCTGCTGCTCCGCCGCTCAG
c L L L L F L S L S A S I s C C s A A Q
181 AGAGACTCCAAACTCCGCCTGTTGCTGCACAGGAGCCCGCTGCTCTCCAACAAACAGGAA
R DS K L1 R L L L HR S P L L S N K Q E
241 CTGTCTCGCTCCTCGCTGGCCGAGCTGCTCCTGTCCGACCTCCTGCAGGTGGAGAACGAG
L S R §$ S L A E L L L S DL L Q V E N E
301 GCTCTGGAGGAGGAGAACTTCCCTCTGGCTGACGGAGAACCTGAGGACATCCATGTGGAT
AL E E ENF P L A D G E P E D I H V D
361 CTGGAACGAGCCGCCGGTGCCACGGGGCCGCTGCTCGCCCCCCGAGAGAGGAAAGCAGGC
L E R AAGATGU?PULILAUPIREIRK A G
421 TGCAAGAACTTCTTCTGGAAGACCTTCACTTCCTGCTGAGAGCTCCGCCCCCTCACCTCC
C K N F F w K T F T S C *
481 ATCAGACTCTGTACAGGAACTGATCCGATTGGTTTGGAGGAAAAGTTTAGATTCTTCTGA
541 GCTGATTCTTTCTGAATGTAAAACTTGATGAAAATATTTTTAATGGTTGTTCGAATAAAA
601 TCTGTTTGAGATAAAAAAAAAAAAAAAAAAAAAAAAAA

Fig. 2. Nucleotide sequences and deduced amino acid sequences of
Faralichthys olivaceus PSS 1. The putative signal peptide sequences are
shown as bold upper case letters. Polyadenylation signals (AATAAA) in
the 3'-UTR are underlined. The amino aced sequences for

somatostatin—-14 are underlined at the C—terminus of precursor.

_17_
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Table 5. Overall amino acid adentities of PSS between PFaralichthys

olivaceus and other fishes

Species Posl
Homology(%)
Teleoster
Perciformes Haplochromis burtoni 86.0
Epinephelus coioides 85.0
Siniperca chuatsi 85.0
Cypriniformes Ctenopharyngodon idella 54.0
Megalobrama pellegrini 53.0
Danio rerio 53.0
Carassius auratus 52.0
Lepidosireniformes  FProtopterus annectens 42.0
Pelteobagrus vachellii 41.0
Chondroster
Acipenseriformes Acipenser sinensis 45.0
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Carassius auratu PSS T

Ctenopharyngodon idellaPSS I

Megalobrama pellegrini PSS T 749

Protopterus annectens PSS 1

Acipenser sinensis PSS T

Paralichthys olivaceusPSS 1
Haplochromis burtoni PSS T
Epinephelus coioides PSS T

Danio rerio PSST

Pelteobagrus vachelliiPSS T
Siniperca chuatsi PSS T

Ctenopharyngodon idellaPSSI
Oncorhynchus mykiss PSSTI

Acipenser sinensis PSSII 1000

Epinephelus coioides PSS Carassius auratu PSSII

Siniperca chuatsi PSSII
Ctenopharyngodon idellaPSSTI
Gnathonemus petersiiPSSTI

Chitala chitala PSS
Siniperca chuatsi PSSTI

Epinephelus coioides PSSTT

Fig. 3. Phylogenetic relationship of PSS 1 between Paralichthys olivaceus
and other fishes. Thousand bootstrap repetitions were performed, and

values are shown at the inner nodes.
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M Te Op Ce Hy Pt L K In Go N.C

18s

Fig. 4. Tissue specific expression of Paralichthys olivaceus PSS1 and GH
in nerves and peripheral tissue by RT-PCR. 18s rRNA was amplified at
the same conditions as a positive control in sample. Negative control for
PCR which were performed with sterile water as template. M; 100 bp
DNA ladder marker, Te; Telencephalon, Op; Optic tectum, Ce;
Cerebellum, Hy; Hypothalamus, Pt; Pituitary, Li; Liver, Ki; Kidney, In;

Intestine, Go; Gonad, N.C; Negative control.
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2. 921¢] PSSI/GH mRNA 937] g%

Adols 747 12L:12D, 24D, 24L9] Fx72
12L:12D Zz1elA PSST 2 W7IA7]1e] 9AI9F 15A16A] %
719] 21A1%-E Wdo] ytolx]7] Al&tate] 3Ael froHo® 7hg W wds
Bo] PSSIo] 7] MEtt W7ol £ BHdS wolx: dF7] g

St tH(Fig. 5A). GHe| A9 EE AlZdolA fo4<l Aol gl o PSS
e TR oA e HEA TS HOtH(Fig. 6A). 24413 7] %

fru
>,
o
_O‘
)
o
o A
38
o
o
N
N

5B). AN GHE Et AlHgoA SolAQl WHdGALS g & & gt
(Fig. 6B). 24A|1%F W7]olA = PSSI 3 GH E5F Eo]%<l wawsts el
4 919 vHFig. 5C, 60C).
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(A)

ab

Relative PSS 1
mRNA level

Time(h)

(B)

Relative PSS 1
mRNA level
o
=]

Time(h)

15 21

Time(h)

©

Relative PSS I
mRNA level
[y
o

Fig. 5. PSS1 mRNA levels in the hypothalamus of Paralichthys olivaceus
under 12L:12D (A), 24D (B), 24L (C) condition. Means represented by

different letters are significant (P < 0.05). Values are mean * S.E.
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(A)

Relative GH
mENA level
[

o

9 15 21 3
Time(h)
(B)
2.0
T 1.5 1
65 %
L =
< 4
ﬁ 1.0
o
[ 0.5 -
0.0
9 15 21 3
Time(h)
(®);
2.0

Relative GH
mRNA level
[u
o

Time(h)
Fig. 6. GH mRNA levels in the pituitary of Paralichthys olivaceus under

12L:12D (A), 24D (B), 24L (C) condition. Means represented by different

letters are significant (P < 0.05). Values are mean * S.E.
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3. @gtEdoe] PSSI/GH mRNA @dd)] wX& I

Aol 4 detedo] o3 Akt PSS 3 ¥ak<=A] GH mRNA9 23

S fxTet vugds o AGEY 1 ng/ke AT
A= SolAl wdARsE 2 & F o, 5 me/ke TFIA PSSI o
oA o w2 wEs velloy, W EY 25 mg/ke A2 oA PSST 9
Al #A4sts 43S B uk(Fig. 7A). GHE H2tEd 1 mg/kg A2
% o ¥ o] yetwon, AatEd 25 mg/kg L
oA E wEe] fadhe A4S Boy dxTe fofxkE slithFig. 7B).

4
=
=
=~ 2
Ho
1o
)
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2

2.0

1.5 4

1.0 -

0.5

Relative PSS 1 mRNAlevel

0.0 -
Control melatonin 1 melatonin 5 melatonin 25

S

2.0 -

1.5 ab

1.0 -

bc

0.5 ~

Relative GH mRNA level

0.0 -

Control melatonin 1 melatonin 5 melatonin 25

Fig. 7. Expression of PSSI (A) and GH (B) mRNA in Paralichthys
olivaceus by melatonin injection (1, 5, 25 mg/ BW kg). Means represented

by different letters are significant (7~ < 0.05). Values are mean * S.E.
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4. hCG¢} E; Fojo @& PSSI/GH mRNA 2d

A A= 22l human chorionic gonadotropin (hCG)¢t A2 ZEo|=s 2
® estradiol-178 (Ey Foldl o8 ¥x<9 PSSI 7 GH mRNA &=k A7k
W3tE ZARSFATE hCG £2# FAF & PSST mRNAE 24 AIZH7HA] Oz
T-oF AR DES Blon, FAF & 48 AFbAe] fejHow & WHS
E}th(Fig. 8A). GH mRNAS] 7% PSST mRNAQ| W&z} n]s=ale] 24 A
M= Wsk zpol7b filow, 48 AZACA fFoHoR He wdS HT
(Fig. 8B).

E, 328 FAMEE Ay} PSST mRNAE FAF 3 Ajgbo] o] uhgl & o]
MAs] Srteke AES Beolth 48 AlRbAo] FoAom

A hCG Z=2F FAME AR 593 A3dE HAHFig. 9A). A"t GH
mRNAE E; TEF FAF § Agreo] Ay Sol#l Wy ®sts &9 &

A THFig. 9B).

e

£

e
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(A)

2.5 1

2.0 1

Relative PSS 1
mENA level

0.0 -

Initial

24

Time(h)

(B)

2.5 -
2.0 -
1.5 - b

1.0 - b

Relative GH
mRNA level

0.0 -

Initial 12
Time(h)

Fig. 8. Expression of PSSI (A) and GH (B) mRNA in Paralichthys
olivaceus by human chorionic gonadotropin (hCG, 500 IU/kg) injection.
Means represented by different letters are significant (P < 0.05). Values

are mean £ S.E.
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(A)

2.5 1
2.0 A
1.5 -

1.0 - b

Relative PSS 1
mENA level
o

0.5

0.0 -

Initial
Time(h)

(B)

2.5 1
2.0 1
1.5 -
1.0 -
0.5 A i - -

0.0 -

Initial 12 24 48
Time(h)

Relative GH
mRNA level

Fig. 9. Expression of PSSI (A) and GH (B) mRNA in Paralichthys
olivaceus by estradiol-178 (E2, 10 mg/kg) injection. Means represented by

different letters are significant (7 < 0.05). Values are mean * S.E.

_28_

@ jeju



V. 1%

1. 94 PSSI #FA#¢ 293 PSSI/GH cDNA9 =A¥ &d

o] AFollA | PSS1 FAxE F249 3 & AVMd B4 F 638 bp
o] dolz FA¥Aem, PSST FdA7F SS-14-19 AFAdS &9 &
C-deboll A 14709] ofv]:it A7 DE &led o AT

HFEE Qo)A PSS1 2 AR5 Tsts Ho TFAAANA T
I HskEA A e GHE| M E oAlskeE 4Es ki 4 A 9lvh(Brazeau
et al., 1973). o]l SlojA PSS o] FA/ME e} FHof, A G S ollA]
Hol FFAAAL] diFelA Ido]l Rl (Kittilson et al., 1999; Lin et
al.,, 1999; Xu and Volkoff., 2009), F¥ A oA % o] glr] o] v}
3 Agd gl PBoste Aoz d#Wk(Patel, 1999; Lin and Peter,
2001). ©] A@elA P PSS-S ¥ FFAAZANA ek A, A3t
Hodo] HHS Felatgda, FHEHAME 92 ParoAnt wEo] e
Atk o] Axp= miE|#Ql A FukElol A PSS o] SRz e B
M= HHAAI(Ye et al, 2005; Li et al,

ol

_

GHE ¥atsAdA F2 dd=Aw FHzAdqAE dgo] gldrt. A7)
Folo A HaFAoAe Bd oo m olrtuin} A A, 3 A B
WAL FHEAqE BFHEE Ao

T ouE, A LA GHE wdo]l el tH(Yang et al., 1999; Li et al.,
2005). o] AgoME g9 HaAA GHe Hde] F35HA el & 4
JRom, FHzA A= A LAt weo] glElrt

o]’Fo] Ao A {xe] PSSI# GH mRNAE 77} Aldalio} w ab A o A]

;O

Fe WAL Yo, 247 FA4 4% 52 2 Al 48 wol @
Aolek YZhAch w3 PSS wilsh ANAE BAL s Ao Ho} F
FAAANNA AAzAR w= ARAGREAL 5E FAGE Ao 47
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#e], PSS13} GH X

A2 Zo] e W g A
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2. 921¢] PSSI/GH mRNA 937] g%

e 25 443 AL s 7AW dopzitt ol g AESA 2w
S 1Yo, < E)
T X, — H

=
, Holide] T e oREA s FIFS wrom, yiH|A
r}

o] AgoA FF7]E FHst] HAE A SE somatstatin (SS)e] WA
PSST ¢} GHe dF7] g5 A A3 PSST 2 357 12L:12D Z7dofA]
7l BT Pl A FYHoR & BHS Hole dF7] Fu5S IUss
oh B3k 24D FF oA circadian 5 &9 ¥ 4 AT} AT circadian
wo 12L012D 3ol et dAzte] HEuE S Hojx fgton, o=
12L:12D Z=7o|Al 24D o2 Hoj7}= Ao A phase shifting @d7to] ¢
ot o g Alg ¥tk SS9 gl #3 A= HAE ol&ste] tA o] FoA
A ¥H(Fukuhara et al., 1993; Holloway et al., 1994; Takeuchi et al., 1992),
ool e Ao A7t wug Aoty He| Al A grslzl PSS
mRNA®] g5 A Yo H2 dF7] o] gl=HAon, o] A3 gl &
Aoz HAAHAME UdAHZ 5SS Hol: circadian FHFeol FAHATE
(Nishiwaki et al., 1995). sp#|%t ¥l& #AA T 5 gl= A& dde= 3 249
ANME= wizZkAl = w2k sjRe] A HEo]l P o R A (Yang et al,
1994), PSS 1 3} Blyke] A= v d47F 288 Ao Azhe
of 7ol SholA GH wwle] d=57] % circadian 252 FANE et 5895
F3le] 98] HtHReddy and Leatherland, 1994; Gomez et al., 1996; Canosa
and Peter, 2005). stA%F GHe| 2ol &% dASH #ZEA= =t &
HFolel A3 Ao (chinook salmon, Oncorhynchus tshawytscha)®l % GH
25 A gkom(Le Bail et al., 1991), ¥
ANEA Y A5 b s v HuAe] w2 Tde Bk
FH(Niu et al,, 1993). o] dA7rollA FF7] 4ol &3 ¥ GH mRNA9| 2
d 23 GHe EE 357 2ddA FoAog Solgt wiess 49 &
Stk AR 12L:12D9) Z7eA GHE PSS b= W& W 7)o A wo}
A O = ] S YERAATE S7FAI X (rabbitfish,

z

)
<
@,
T
-
i
~|
1o,
o
(o
e
=N
AC)
uly
)
s

NL
Z
_‘d
o

N
4o

o2

ol\
N
-
ol
-

-
T

o
ofk
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Siganus guttatus)® ¥HetFAoA GH TdS ARE Aol 7jHt %7

M EF2 FAE Hol= dF7] gEo] &d¥al Jrk(Ayson and Takemura.,

2006). "A9l4 GH mRNA® d=7] g5l dg A7+ 5% A4 A7t

FQstthal AbsE

olFe] Aol A gx9 PSSI mRNAw #F57] 2dol| ofgt Faido UF7|

257 circadian #5S Slsiith. ¥ GH mRNAE w3t F57] =4

UM &= oAl Aol S Kolx] skt AR F57] 12L:1

AAA Fo ARl Aol fIAT 7|l A vhA ko] Frbstal PSST o
Aol d} vidiE = 43S Btk o= GHO 94F7] #@s T PSSI Hdod

o]t GH #d AAZEo = As A= AlmHrh

rlr
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3. @gtEdoe] PSSI/GH mRNA @dd)] wX& I

Ul g2 Hol] 2 QRIAF L2 ofFo] HHd g v A, 53] FF7]9
o3 Aol AAAQ xto]E Rolm(Boeuf and Falcon, 2001), A& 35
7] 24& E3lo] Ak X (Atlantic halibut, Hippoglossus hippoglossus L.),

FA NG FAAA S =4 & 4 At (Norberg et al., 2001; Moustakas
et al., 2004; Taylor et al., 2005).
AetEdE Ul o3 FH|7F 2dEE dRA] SEZOEA AEY Fs
2k sEEolt. WEtEdE ol
of delA F=3A, AHFE, B4, "elAel, AAH A & thdd A AE
of #elst= Zo® deA Uth(Faleon et al, 2007a; Falcon et al, 2010).
T o]t A g (atlantic salmon, Salmo salan) A A&
285 3th(De Viaming, 1980; Poter et al., 1998). &x]%+ o]2}
x4 o wWelEdo] A|Fy AAEo] 7HAaA7]al(Taylor et al., 2005), ® o]
Aolel  ofste] Holfolgs FAAaATI= ABRE UEZIE  Ftk(Rubio
Sanchez-Vazquez, 2004; Lopez-Oleda et al., 2006; De Pedro et al., 2008).
ada WAHEUS FAES A AGsHA HEFAlR olojA =
hypothalamo-pituitary Foll Q&S vA vhkst WErA28S 2438k, v
strAlT 2l GH A detEde os) #H|7F %
(Falcon et al., 2003).
o] Ao A= UM AFolA FF7] -l 9$ PSST 3 GH mRNAS Uy
kol 7F WS Ao FH| ¥ = delEdoel] ok #ERIAE dolrr] 3] 4

Bt WehEy gad A9 dskel MRS ¥ AFY 44 1, 5,

T = H
25 mg/kgd] FEE FAFEATE 71 A PSST 2 #EtEW 5 mg/kg A g ol A
FoHoR we WAL BYoM, GHE 1 mw/he APTolA FoHoz we

F2 oy e® PSSI ¥ wWatEde] #3F A nE5d A
olu}, EfHol oA FF7)o] 9F PSS HE FAlA PSSIo] dF7] g
55zttt 284 JuH(Nishiwaki et al., 1995). b4 Ao 4 PSST & %
o og AdF7] gES BEow, o] Ao PSSIS AatEY 5 me/keg

o,

_33_

Collection @ jeju



A TN el oR F& Ids Hol Wetkdoe] PSSIHd 2 dF=
A= Ao® Abngh vt GHeF vuge w @etEde] WiE e o

A
Bo] PSSTHUE #etE] digh el 2 S & F AN
ole] Ao PJH HtrAe] GH mRNAE €)F-9o dl AHo) o] o x
o} wrel] 1 WH7F Fobehe WetEd S2RS F 2d9S #1ls)
WetEde] kAol AiEo® kst PSST mRNAE 249 4l Arod o3|
A AatEdol opd the AAERAIAE T 249

< dA57F dasithal Al
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4. hCG¢} E; Fojo @& PSSI/GH mRNA 2d

Il oA AiHBEoETEEQ] estrogen®] AlZddHES] SS #HIE X
Atk ARdol delen, dFl FolA estradiol-17B (Ex)A 2] F Al7dsh4-
oF A2 el A PSST mRNA® @de] F7bskglal(Pillon et al., 2004), ol
NAXE Eo7b AlAstiolAel PSS 2 HdS A=t th(Zorrilla et al.,
1990). stAIRF o7l oA += estrogendl 23+ P Aol #at AG= ofF
got, 2o o vt Bd sielS ®Qltk(Nelson and Sheridan,
2005). FA/NEA= Eo5 FARRE A5 AlEsHFol el PSS PSSIIe| T
o] AR oY, F5o1e A9 PSSI 3 PSSIHIE= Eoof 98 F7lstslen, 2
Aeatgol = PSSTo] F7kste] ofFol weh vhdd dddes Hln
(Holloway et al.,2000; Canosa et al., 2002; Zhang et al., 2009).
offol AojM GHe| EHl= FHI ALl F&e Holw, i ros o
2o Fr7kshe A4 A7l GHe #4]7F F7kgtth(Marchant and Peter,
1986; Einarsdottir et al., 2002). °]&gF GH &H|WH3}= A2 4 A 7)o &
HlE = AAHRols 32 o8 Aor Faolet depylol, FAZE el 9l
o4 Ex& AP W dEF GHE ¥Fol F7ekAtHTrudeau et al, 1992;
Melamed et al.,, 1995; Holloway and Leatherland, 1997; Canosa et al.,
2002). slAIYE ole} txAHo=w F-goly Fathead minnow (Pimephales
promelas)| A= Ex7t Hakr Al A9l GH mRNA & ofFdd J&s 1A~
= Ao® Ay A (Zou et al., 1997; Filby et al.,, 2006), A 2HZol= T2
¥ GH =428l weiM= o474 &2 e el
o] AFellM= {WAe Aol SlolA PSST 3 GH #F32ke] A o
B7] 98] AAAZFIEZEQ] chorionic gonadotropin (hCG)eF A A Zol=3
23X B2 At Azbe] §4a BEAs e AR Y. 1 A3 hCGA
ol A= PSST¥ GH mRNA E5F 482174l S7bshslal, Exxfel el A PSS
= A8AIRMA STFeIAIRE, GHE AlREe] Ay opf-dl wrastE A
LA T
of A% A3 ¢JA<Ql hCG A= A8 PSSI mRNA$E H&tA GH

y

-
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=4 GH mRNA<]
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V. 89

ol fol QoA Growth hormone (GH)&= A7 o]9jex= wolido], A2, g
al 4HEeE Toll #eddttl. Preprosomatostatin (PSS)<> 2] Al43}4-ol| A 4]
HeE 32208 HagAda GHE #HE dAletes 98-S stth PSSE 5
AZGERE ofy e} FREAAME §A ZHEetH AoldE, 4% A4 gl 9

2iks

F4% 5o Bgd 4UA G wol@rh AW PSSE FE ZHFE
o A7} ool on, ol RSl HulY g A AR HE
@ Mol Wtk o ATE YA tldow GHe} PSSe) BASHE xAka] 9

[e)
=

AT, S AE AU W AEHY T2379
Z ¥ human chorionic gonadotropin (hCG), AZHZo|= T2 estradiol-17
2}

B (Eo)E FAste] 72+ 3280 PSST ¥ GH §4

ga1e] Aol Al 223 PSSI ¢l cDNAE % 638 bpel 971ALS 744
W, e olE1b ofulmAl f19A BAZAY oF 41~86%° AEAL RATH
ZA Y 9y

HE Aol PSST 2 wef Agetiol A Tdo] E%kew, GH

(3

PSST 3 GH @9 AAgES A7) 98 ddoes 357 2315 ¥7]
12A17k2F k7] 12A17H(12L:12D), 24A12F 1&59471(24D), 24A13F A4 7]
(24L) A& 7)ol o ® FRale] AP &3t 1 A 12L:12D F7 oA
PSST 2 7ol Arnt} grjoA wdo] 2 dF7] 5 sl e
ZNME 12L:12D A A 9 WE3 FAFSE circadian #vS &
GHO A% 2E 7oA fozel wa o] gll o 12L:12D, 24D %719
A PSST 7 whdjo] wdA S I8 + U

Wl FAMA oA At HAegtEde] seE2 77t 1, 5, 25 mg/kgl =
AYHATt. A A3 PSST mRNAE 5 mg/ke, GH mRNAE 1 mg/kgoll A &
e S B ow, GH mRNAZF PSS I mRNAG Hla] Atjd oz wWalgEdd oj

A
\)
i~
w)

rO
QL
32
Y

g
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AAARFE 22 ArHRolmsEE FAPAI hCG (500 [U/kg)= PSST ¥
GH mRNAS #dES F7HA7I= A%/E Elow, E; (10 mg/kg)= PSSI
mRNAS] #dL& F7PAAA R GH mRNAQ] #H&o= offel &S mx#| &
a3t

olg]3 AaEeA Pxe PSSI mRNAS W@AMEo] 24A7ke] AAF A5
7] HEs /M A AT F ARAR, GH m
T fldth 53] PSS1 mRNAS| @2 oo wetwslel AE A7t Y&
AR A Al o8] Z2d=™, GH mRNAE 9]

ate] Wdo] A= Zow AlmETh ES P

2o Lol tsi e Holals o8 FHEo X
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