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ABSTRCT

Kisspeptin is product of the KiSS1 gene and the endogenous agonist for
the GPR54 receptor. Kisspeptin has been reported to facilitate sexual
maturation and ovulation by directly stimulating GnRH neurons via the
GPR54 in several mammalian species. The report suggests that
KiSS1/GPR54 system is play a important role of the reproductive system.
Longtooth  grouper, Epinephelus bruneus, a marine protogynous
hemaphrodite, which is sex change from female to male begins around
the age of 5 years, and it takes too much time until sexual maturation.
Therefore, it makes difficult to obtain stable fertilized eggs and to
understand the mature characteristics in the female longtooth grouper.
The purpose of this study is understand to primary expression mechanism
of KiSS1/GPR54 system, for research that KiSS1, KiSS2 and GPR54
mRNA cloning, KiSS1/GPR54 mRNA distribution in several tissues and
regulation of KiSS1 mRNA expression by photoperiod, melatonin and HCG

injection in the longtooth grouper.

I. Molecular cloning of KiSS1, KiSS2, GPR54 cDNAs and tissue specific

expression in the longtooth grouper, E. bruneus

The full length sequence and open reading frame of KiSS1, KiSS2 and
GPR54 were 516 bp (312 amino acids), 557 bp (125 amino aicds) and
1230 bp (378 amino acids) long, respectively. Each gene showed about
70% (KiSS1), 90% (KiSS2) and 95% (GPR54) homology in amino acid
sequences comparing to each other among other teleosts. Phylogenetic
analysis revealed that the longtooth grouper KiSS1 and KiSS2, GPR54

was grouped with european seabass and orange—spotted grouper. KiSS1
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and GPR54 mRNAs are common expression in the brain and particulary
both gene expression in the hypothalamus.

These results suggest of the co-existence of two kisspeptin coding
genes, KiSS1 and KiSS2. Also KiSS1/GPR54 system is suggestive of

control of reproduction in the longtooth grouper.

0. Regulation of KiSS1/GPR54 mRNA expression by photoperiod and

melatonin in Longtooth grouper, E. bruneus.
1. KiSS1/GPR54 mRNA expression by photoperiod and HCG injection.

Experimental group were classified into two groups, long day length
(LD 16:8, light on at 04:30) and short day length (LD 8:16, lights on at
08:30), respectively. Each experimental group was injected HCG The
KiSS1/GPR54 mRNA expression was high in long day length group and
HCG injection group. These results suggest that KiSS1/GPR54 mRNA is

upregulated by long photoperiod and positive feedback control of GTH.
2. Sensitive expression of KiSS1 by light

Longtooth groper were acclimated in LD 12:12 condition for one week.
After one week, the fish were sampled at am 01:00 (dark condition) and
am 03:00 (photo exposure for 2 hrs). The KiSS1 mRNA level of photo
exposure group siginificantly higher than dark condition group. This result
suggest that KiSS1 have photo sensitive expression.
3. KiSS1/GPR54 mRNA expression by melatonin injection

Melatonin and vehicle daily injection for 2 weeks. The KiSS1 and

_Vi_
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GPR54 mRNA expression level of melatonin injection group was lower
than vehicle injection group. This result indicates that KiSS1/GPR54

mRNA expression is inhibited by melatonin in the longtooth grouper.

= Vil -
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o7 WHAWEHA = Y¥H-¥H3FA-BA el FH(brain-pituitary—gonad;
B-P-G axis)&® o]FolA lom, ztzte] 7yas2 AR ARAQ 7e
o fste] AT, ofFe] WHAWEHIA FF2 ¥y F2 5 9F3
Aacle] ozt A A M (Goos, 1993), o9 £ FH2JEL 77
7N1Hs AA Heol AFERAA F@Eel $  Gonadotropin-releasing
hormone (GnRH, A xA=3220&3522)9 WES fFE3th(Kobayashi
et al.,, 1997; Okuzawa and Kobayashi, 1999). GnRH+ ¥st5A2 dd

o] ¥ 71A E%F9 Gonadotropin (GTH, AAA2AFIER) = Follicle

["O

o

stimulating hormone (FSH, o ¥*= 3% 2 ¥)3} Luteinizing hormone (LH,
g F4 w289 FES AFeA Ao AA L= FSHe LHE| 5ol 4
LA 7 EA8H, 27 o] GTHE A4 d4AE dAEH o] 75& YEW
t. FSHO A% Asz7]d 479 G523 7Y AAF o #o st
w, LHO A5 As37]dd dAdA Fo HFvighs FEghrl. A2 Ao A
= ol e AFe Yaf 2HEO|E SE o] FHEHM AHREOE TEF
=52 g He HerEA= %] o] negative feedback® positive
feedbacks ©]Fo] B-P-G axisE& X434l " (Tena-Sempere and
Huhtaniemi, 2003).
B-P-G axisol o3 WHAWEH ] =22 AW 1093 o7
o HFsEe HAHE=EIA
KiSS13 19] 4842l G protein—coupled receptor 54 (GPR54)9] &4
O AMER WAWENAL Fo] S AL Y. KiSS1E 54k ¢

=
SAE)Y Aol oA FAAR Hz LA

=
=
0o
S
Q
5
=
=
@
Q
5
S
=
Q
iy
o
o,

5 s AdARTEEs aEa AT Ee T I So14 A
AA FAAR WS ATHLee et al, 1996). T F oA FxA
U8 7l KiSS1/GPR54 ] WA EH] yhofol i Fop Abghol Al GPR54°]

Holg 2l&] hypogonadotropic hypogonadism (A A2 WA= 5 28 A A Al
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Astg)ol wAstel A4 Ad=o] Asjet puberty ol dEEol YEtHFOoRA <
HA A HAH(de Roux et al., 2003; Seminara et al., 2003). °]¢} &
7 o] % KiSS1/GPR54¢} B-P-G axis¢te] WAl &2u] 4 JaAdAE o
Wel M B2 A7 AdE e, dA KiSS1/GPR564¢] 7] e &
712 e #e AT dFE EHFE T4 S®E B-P-G axisol Al GnRH}
GTH (FSHB, LHB) &l m X 3 (Gottsch et al., 2004; Irwig et al.,
2004; Matsui et al., 2004; Thompson et al., 2004; Shahab et al., 2005)
W 2 Ro|E mEE 98 feedback ¥A(Smith et al.,2005a; Smith et
al.,2005b), 123l puberty®] & (Funes et al., 2003; Navarro et al.,
2004; Plant et al., 2006) sl #af o] FoxaL At}

ok

[-4 I

Ztke], Epinephelus bruneust 59 & (Perciforme) v}2] ¥ (Serranidae)
54914 (Epinephelus)oll &8t AAY A717F 1 m7F & HIdAT
otdd e Aol AAH AL o7t FHF, FAF s= 4
. AL dH(Kim et al., 2005). =& I A&, T L ol
Alotell A 715 0] Fof w2 7HAdd A7t o] FA AL = A
TolA R FHZ G P Wste| mE AAdHA
AN FEF 7 F(FAO)= AdZol F
kel E. akaara B OO vbg 3 oS EZFSESITH(Annalie et al.,
2000).

Avtg = F3k §F BRE VA AR AESEEY A F dE AV
TRORE dAs= Ela= A= 2+-& & A o] (protogynous
hermaphrodite)®] 4 54& zZt1
ool £QF o tHAH FA AFsle] @ o go] Arh. HE Anpgl 9
P2 ARSEE flste] A Ay A AsFE B puberty e S w3

AT A A3 #AH F AHRo = =28 Wslel A A< Puberty ¥
A % GTHY ®W37F s Ao (Oh, 2006; Hur, 2008; Ryu, 2008).

o] AFdE HT AEY B-P-G axisol o] gatekeeper i new
frontier #ta1 =¥ A& KiSS1/GPR54 systemo] Apubele] WA uliu]o] gl
of Ui 81 e AAAYGEJAAERS] BAE A f18ke]
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AA}F cloning ¥ F57]Z4d 3 melatonin 5ol W& KiSS1, GPR54 1¢]
3l GTH subunits mRNA®] W3} IS ZAFSS T},
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A 1R

Apupe] o] A|EHRe A KiSS1, KiSS2 18] GPR54 ¢DNA

CERESERE L

/\1 =

KiSS1¢] iz 2FE9] kisspeptin> RF-amide peptide AIGZA AL
HoloA 7S stesor BuHUTHLee et al, 1996). @A EfFollAl
kisspeptin® cleavage productd] ™2} kisspeptin-54, kisspeptin-14,
kisspeptin-13, 12]1 kisspeptin-10¢] YEl}= Fo® d#x  JrHOthaki
et al, 2001; Bilban et al., 2004). KiSS1 %z #e]-5Ad #3 A4
HEE EFFolA o|Fo]F oy H<L zebrafish Danio rerio, medaka Oryzias
latipes, european seabass Dicentrarchus labrax Z12]3l goldfish Carassius
auratus®t #o] oJFAME -5 Ho] ol Hgoem WA Add V% A
T-Eo] S8 Arh(van Aerle et al.,, 2008; Kanda et al., 2008; Felip et al.,
2009; Yang et al., 2010).

METFLA Al G protein—coupled receptore] #3+ A= QS =
Heow sl o]Foxler A °F 160%1 FT#Fel G protein-coupled
receptor’} ¥3]A 3tk GPR54 9 A] G protein-coupled receptor®] AlE=ZA
kisspeptin®] receptorZ 7]5°] B8HOoH, FHollA= GPR54 18]l Al A
T AXORI12% 747t ®H o] Harsdth(Lee et al., 1999; Muir et al., 2001).
GPR549] 4 KiSS1¥= w27 offeld #2 7F #dHa 9lon,
cichlid fish Haplochromis burtoni, cobia Rachycentron canadum, flathead
mullet Mugil cephalus, zebrafish D. rerio, fathed minnow PFimephales

promelas “18]3l senegalese sole Solea senegalensis oA #8575
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A7 A A= pubertyd #AE FAHSE ThAI A7t FHL 3
(Parhar et al., 2004; Mohamed et al., 2007; Nocillado et al., 2007; van
Aerle et al., 2007; Filby et al., 2008; Mechaly et al., 2009).

KiSS1/GPR54 systemel o|3F fiAAde|xz4d A4+ i LTH7E SHSR
o|Follom, Jol B J1x ATEM 2 /¥ B FFol B A7} of
FolA A vk EFF KiSS1/GPR54¢] 7% it}

I AFAom = A4 F2 EFe] AY(Muir et al, 2001;

Ho

o

e
ry

.

Colledge, 2004). =284 3z o5 <o AJAgelFo EAs= GnRH
neuron¥ L A Ex7} &QlEo] GnRHS o4 285 o= Ao
2 By Jdrwig et al.,, 2004; Messager et al., 2005).

o] A= AutE] 2] KiSS1/GPR54 system= ZAFSHZ] 918l KiSS13}
KiSS1-like geneo® Hi1¥ 3l )l KiSS2 1831 GPR54 ¢cDNAS] #2]-574,
e FHo A4 9 ATFABRAE ZAEIoH, KiSS1 mRNASE GPR54

mRNAS] 229 we 5 At

el

g}ols

=T
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Az 2w

O
i)

1. 4

o2

o]

Zpute] o] Al AFEFE ol Al KiSS1, KiSS2 zelal GPR54 cDNAE #3817
Akl AupEl el A A7 7Ll AFUsta G HFA AT A AL
=2l 54 ARt E ol &atdlon, AL mHAS ¥, HIA 2w V)
3 (e, F, AR, 23, 28, AR 4 23S HEEN Y. £33

) ’

H o] R KiSS1/GPR54 mRNA w3 3el& 93le] HE telencephalon
(+>)), optic tectum (A7), pineal gland (£ 3A]), cerebellum (&%),
hypothalamus (A|AF3h5) 18] 1 pituitary (Hst5A)E FE23519, & %

Ao BA A7tx] -80TCo| B39 H(Fig. 1).

2. Total RNA 5% % c¢DNA 34

)

AZsr 7b 22 37182 300~500 2] TRI REAGENT (MRC, Cincinnati,
OH, USA)E H7l & ST &3 dd3} AHow, TRI REAGENT 100 w3

Ol

chloroform 20 wE #H7}sle] 4C, 12,000 golAl 1587 LA Re 39
A4%e F RNAZ EFote 4592 A=g FHz $A0m, F3

o
iso-propanol& #H7}ste] 9AE g & RNAS HAA#Hth. RNA 3

j&

A4 & Ab=dlS B g 1l diethyl pyrocarbonate (DEPC)S 7138k 75% ol €
2S ol g5ty AFst o, Aol 10%3F X359 RNase-free T
Fol galdte] o] g3ttt F=% total RNAE NanoVue (GE Healthcare,
Ver.1.0.1, UK)E Ab&sto] sks SAsk3lon, A260/A280 nme] W& o]
1.7~2.1 "9l 3t 2= RNAE Aol o] &3t

cDNAE 7t 270 M %3 total RNA 0.5 pgs FY O 2 PrimeScript’ "RT
reagent Kit (Takara, Japan)S ©]&3dlo] /43I th. Total RNAO| S/

= 9g& 6.5 e Fyu7} A w3 3 Oligo dT Primer 0.5 ¢, Rnadom
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bmers 0.5 uf, PrimeScriptTM RT Enzyme mix 0.5 pf “18]al SXPrimeScriptTM
Buffer 2 wE F7lste F ¥39& 10 w7t A sk 37T 1583
AHAL wbg& AL F O 85TOlAM S TEAIRLH, Aol B 4
cDNA+ 7} polymerase chain reaction (PCR) 2 @9 353 WA E 93
Nuclease-free T 7 40 W& H7lsto] HFTHFIE 50 w7t HA A3t
o A-g-st3ltt

3. KiSS1, KiSS2¢} GPR54 cDNA ¢

KiSS1¥ KiSS2 c¢DNA ##E 93t orange-spotted grouper E.
coioides (accession number, GQ258777), european seabass D. labrax
(accession number, FJ008914) 183l japanese madaka O. Ilatipes
(accession number, NP_001116393)o4 Hid A7 AES Fu=
degenerate primerE A A3, GPR54 cDNAS EHZE st
orange-spotted grouper E. coioides (accession number, GQ258778)<}
cobia R. canadum, (accession number, DQ790001)oA HiH KA7|Ads
112 degenerate primerE A A9 tHTable 1).

Degenerate primer®} PCRel 93 SZd FAA FES AT 3,
pGEM-T easy vector (Promega, USA)d HAste]l IM109 competent
cellol F&AA% AFth. LB agar platedA #ldE SFAHAZEZ2YUZHE
plasmid DNAE &35l Genotech (Korea)d] ¢ & sl A7 4d& }
Ak 2 AR FE 971492 National Center for Biotechnology
Information (NCBD<®] BLAST HAMS o] &3sfe] getsitt. zhzte] A 7]
] Ee SMART RACE c¢DNA amplication kit (Clontech, USA)E A}-&3}¢]

Tt o, & 5ol4 primer MEL FAE FEAVAMLES Fauz A2

M
>
off

3}t (Table 2).
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Fig. 1. Discrete brain area of the E. bruneus that used in the tissue
specific expression by RT-PCR. 1, telencephalon; 2, optic
tectum; 3, pineal gland; 4, cerebellum; 5, hypothalamus; 6,

pituitary.
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Table 1. Primer sets used for partial cloning of KiSS1, KiSS2 and
GPR54 in E. bruneus

Name Primer sequence Note

KiSS1 F1 5'=CSACTCATTGTYGCTCTGAT-3'
forward primer for KiSS1 cDNA fragment
KiSS1 F2 5'-GGTTCTCAGGGGAACWGAYA-3'

KiSS1 R1 5" “TCCRTAACGKAGACCAAAGGA-3'

reverse primer for KiSS1 ¢cDNA fragment

KiSS1 R2 5'-AGGCCGAAGGARTTGAGATT-3'
KiSS2 F1 5'-YGACTCTGCACAGAGGACAS-3'

forward primer for KiSS2 cDNA fragment
KiSS2 F2 5'-CTCTGCCGGRAYTYGACTCT-3'
KiSS2 R1 5'-GWAGGCACCTCCAGTTCTCG-3'

reverse primer for KiSS2 c¢cDNA fragment
KiSS2 R2 5'-CRAACGGGTTGAAGTTGAAT-3'

GPR54 F1 5'-GCCACYGACATCATCTTCTT-3'
forward primer for GPR54 c¢cDNA fragment
GPR54 F2 5'-YCTCCCTGGATGGATCTTYG-3'

GPR54 R1 5'-CAGTTGGCCCAHGTCTTGAT=-3'
reverse primer for GPR54 cDNA fragment
GPR54 R2 5'-CTBGAAGCCATGCTGCTRTC-3'

¥ HA, T, 0, Y (C, T, K(G@G T),RA G,S G OO, WA T
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Table 2. Primer sets used for isolation of KiSS1, KiSS2 and
GPR54 in E. bruneus

Name Primer sequence Note

5'-GATCCACCATCCTGACCTGGGAAAC-3' gene specific primer for KiSS1 ¢DNA 5'

5'-TGATGGCTGCTTTGTCAACAGAGGTC-3  gene specific primer for KiSS1 cDNA 3'

'

KiSS1
nest gene specific primer for KiSS1
5'-TGCTGATGGTGGTATTGATGCATGG-3'
cDNA 5'
nest gene specific primer for KiSS1
5'-GAGGTCTGCACCACTGGCAGTTTGA-3'
cDNA 3'
5'-CTCGCGAGAAGAGAGAAAAGGGTGA-3 gene specific primer for KiSS2 ¢DNA 5'
5'-GGAGAGTTTGTGGCGGAGGATACCA-3 gene specific primer for KiSS2 ¢DNA 3'
KiSS2
nest gene specific primer for KiSS2
5'-GGCTGCTTTCACGGCTCTCCTGTAA-3
cDNA 5'
nest gene specific primer for KiSS2
5'-ATACCAGCCCGTGTTTGTCCCTGAG-3
cDNA 3'
5'-GCAGCAGGTAGGCAGCAATGAACTG-3"  gene specific primer for GPR54 ¢cDNA 5'
5'-ATCGCACCCCAAGAGTAGCCATGAT-3' gene specific primer for KiSS1 ¢DNA 3'
GPR54

nest gene specific primer for GPR54
cDNA 5'

5'-AGGAGCCAATCCAAATGCAGATGCT-3'

nest gene specific primer for GPR54
cDNA 3'

5'-CTGCATGTCCTACGCCAACTCTTCG-3'
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4. @71 <E wA

KiSS1, KiSS2 1¢]al GPR549 F3t Ae+d @A €42 Phylip 227
WS ol &sto] AT, 2 FE9 ofv| Ak A E Multiple alignmenti=
ClustalW Z =275 o] &3l #2435t BOOTSTRIP #2412 SEQBOOT
ZRIHE o835k 10008 RbEsglvh. SEQBOOT] 98 align® 1000
seti= PRODIST =Z=Z13o] 93| distance matricesE A4St AlAtE
distance matricesi= NEIGHBOR Z=Z13°] tree 2 input Hlo|H=Z o]
13
Out group< zebra fish®] mu opioid receptorg o|&3}lem, 2zt {2}
°] multiple alignmentel] ©]& ¥ F3 {2+ NCBI® BLAST AME o

239 tH(Table 3).

ol

§3t9l3l, CONSENSE Z 23§ o] §3te] consense trees 2143
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Table 3. Gene information of used for multiple alignment

Gene Species shorten Aceession number
name
Longtooth grouper 1gKiSS1 GU984382
Japanese medaka mdKiSS1 NP_001116393
Zebrafish 2K i8S AB245404
KiSS1
Goldfish gfKiSS1 FJ236327
European seabass sbKiSS1 FJO08914
Chub mackerel cmKiSS1 GU731672
Longtooth grouper 1gKiSS1 GU984383
Japanese medaka mdKiSS1 NM_001142585
Zebrafish zfKiSS1 NM_001113489
KiSS2 Goldfish gfKiSS1 GQ141877
European seabass sbKiSS1 FJO08915
Chub mackerel cmKiSS1 GU731673
Orange—spotted grouper 0gKiSS2 GQ258777
Longtooth grouper lgGPR54 -
Orange-spotted grouper ogGPR54 GQ258778
Southern bluefin tuna stGPR54 GQ150542
Flathead mullet fmGPR54 DQ683737
Senegalese sole ssGPR54 EU136710
GPR54 Cobia coGPR54 DQ790001
Nile tilapia ntGPR54 AB162143
Cichlid ciGPR54 GQ860302
Zebrafish zfGPR54 EU047917
Atlantic croaker acGPR54 DQ347412
Yellowtail amberjack yaGPRb54 GQ150543
12
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5. RT-PCR

RT-PCRell AH&® primere w&® A7IA9S Fuz Asigon,
housekeeping gene® 2%+ 18s rRNAZ A}-£3}9 v} (Table 4). RT-PCR wF
=< 2.5 e cDNAE T3 2= Go tagq Green Master mix (Promega,
USA)®} primer M ES &3] 95T A 45%, 55TolA 45%, 72TlA
o}

90% A 35cycles =3}

32
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Table 4. Primer sets used for RT-PCR of KiSS1, GPR54 and 18s

rRNA in E. bruneus

Name

Primer sequence

Note

Product length

KiSS1 F

KiSS1 R

5'-CTCTGATGATGGCTGCTTTG-'

5'-TGGTCTGAGGGAAGATCACC-3'

forward primer

reverse primer

230 bp

GPR54 F

GPR54 R

5'-GCCACTGACATCATCTTCTT-3'

5'-CTTGAAGCCATGCTGCTTTC-3'

forward primer

reverse primer

802 bp

18s rRNA F

18s rRNA R

5'-AAACGGCTACCACATCCAAG-3'

5'-CCTCCGACTTTCGTTCTTGA-3'

forward primer

reverse primer

599 bp
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4 3
1. Ambeg] KiSS1, KiSS29F GPR54 cDNA9] ¥ % A%A Hla

Apuke] AlgebE 24E o] &sto] AAE cDNAE Fd 2=, KiSS13 GPR54
cDNAE #8to] A7 E& 4% 23} KiSS13} KiSS29] cDNAZ ol 747}
516 bpet 557 bp o™, GPR54°] c¢DNA Ze¢]i= 1230 bp Stk KiSS1¢]
open reading frame (ORF) Zo]&= 312 bp (104 aa)°llew, 5° UTRY 3
UTRS] 4ol& 72} 19 bpet 185 bpith. 18 al KiSS1 &9 7| &5 o] F+=
kisspeptin-10 (YNLNSFGLRY, 193~202 aa)$ Ea3ithFig. 2). KiSS29]
ORF #e]i= 375 bp (125 aa)°llem™, 5° UTR¥} 3° UTRS| Hol= #4215
bpet 167 bp Tl KiSS2 HA] KiSS29] 7]E FxE o]F+ kisspeptin—10
(FNENPFGLRF, 81~90 aa)& X9t} ith(Fig. 3). GPR64°|] ORF 4eol= 1137
bp (379 aa)oloem, 5 UTR¥Y 3° UTRY dol= ZZ 78 bpet 15 bpSth
(Fig. 4).

ZkukE] o] KiSS1, KiSS2¢t GPR549] cDNAE thE FolA Hig ofmiil
A v B4 A3 KisS14 45 s°]#°] european seabass D.
labrax$t 78%, 11591 chub mackerel S. japonicus®t 72%% =S A5A]
S yERAY. KiSS29 A% #vFg]#e] orange-spotted grouper E. coioides<}
96%2] Wj§- =& A=AS JEWon, Fo]1e] european seabass D. labrax
¢} 81%, 115932 chub mackerel S. japonicus®} 72%2] A3 YERT
(Table 5).

GPR549] 7§ +dAFA vlgl#2] orange-spotted grouper, E. coioidesS}
99%, EA 7172l cobia, R. canadum, A& =3}2] nile tilapia,O. niloticus)<}
96%, il5ol7e] southern bluefin tuna, 7. maccoyi, $o]3}2] atlantic
croaker, M. undulatus®} 95%, At 3}2] senegalese sole, S. senegalensis,
%0]39] flathead mullet, M. cephalus® 94%% & AEAS 7MxE yhd,
o]z}l zebrafish, D. rerio®} 85%, w5132 goldfish C. auratus®}=
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83%= BlH vt JEdS YEtH(Table 6).

Apukel o] KiSS1, KiSS2 “12]al GPR549] F3F AlefAddAE F4e A,
Akeke] KiSS19] 79 european seabass, chub mackerel®} 7} 717k <1
HAE 7HHo ™, KisS2¢9 GPRb49] 7% k2] #<l orange-spotted grouper @}t
7 7V aAdAlE Baltk(Fig. 5, 6).

rot
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ACGCGGGCTGACTGTCATCATGCCACGACTCATTGTTGCTCTGATGATGGCTGCTTTGTC 60
HWRE L™= ¥ B 9 MFfAMaLA A L. S 14
AACAGAGGTCTGCACCACTGGCAGTTTGARATCCACCTACCACAGTGRAAGATCAGAGAGT 120
T E V4gC ™ N G S L. K 8§ T Y H S DN R VvV 34
ACTCAAAGCTCTCAGAGATTTAAGCCATGCATCAATACCACCATCAGCARAGAGTTCCGT 180
L KpgEA%Il "R D L S5 HEA 8 I P P S A KESHSK V 5H4
GAATTTACCTGCTGACAGGGTCCATTCAGCTGATGGARAGTTTCCCAGGTCAGGATGGTG 240
N L P*A D R V HEks BB D G K F P R S G JgFw 74
GATCTCAAAGGTGATCTTCCCTCAGACCAT CAAGAAACATCAAGATGTGTCTTCATACAA 300
L _SWK V I F P QNTEE K K H Q D VvV 8 s ¥ N 04
CCTCAACTCCTTTGGTCTACGTTATGGAAAATGACAGGGAACATGATGTCTGTTGTTATT 360
Beall, S F G L. R AN Gk +* 104
CTGTGTTAGATCTGATATTTTCATTGAT TGTAGTTTACATAATTTTTACATTCAGACAGG 420
GGARAGAARACACTGTTACTGTTAAGGCTCAATTAAAATAATAATAATAAAAAGTCAGTGA 480
AAGACTAAAARAARAAAAAAAAAAAAAAAAARAAR 516

Fig. 2. The KiSS1 nucleotide sequence and deduced amino acid
sequence of E. bruneus. The KiSS1 ¢DNA was
i1solated by RACE. It was 516 base pairs long, contains 312
base pairs of ORF region encoding 104 amino acids, 19
base pairs of 5° UTR and 185 base pairs of 3° UTR
regions. Underline indicated KiSS1 Kkisspeptin—-10 region.
Possible polyadenylation signal (AATAAA) is boxed.
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ACGCGGGGTCCAAACATGAGACTGGTGACTCTGGTTGTGGTGTGTGGCCTGATTGTTGGA
M R LV T E PP NIVagC G L I V G
CAGGATGGAGACGGTGTGGGAGCAGCTCTGCCGGGATTTGACTCTGCACAGAGGACACGT
Q D G D G VAGRLA®=1L P c P g4, AR T R
GCAACAGGATCCATCCTGTCTGCACTGAGGAGAAGGAGCACAGGAGAGTTTGTGGCGGAG
A T G Ff W® s A2 L RRUR ST G ENFHN JA E
GATACCAGCCCGTGTTTGTCCCTGAGGGAGAATGAGGAGCAGCGGCAGCTGCTGTIGTAAC
D TS W C L 85 L RB NWE E Q R Q L & ¥ W
GACCGCAGGAGTAAATTCAACTTCAACCCGTTCGGCCTCCGCTTCGGGARAACGATACAAC
D R.BR "™ K F N F @ BEF 6 L R F G K R %N
GGCTACATTTACAGGAGAGCCGTGAAAGCAGCCAGGACAAATAAGTTTTCACCCTTTTCT
Gael ¥ Y R R A VUK @A R T N K F 8 P F"8
CTCTTCTCGCGAGAACTGGAGGTGCCTTCTTGAAATAGATGCGTGTCTTCCTTTGAGGAC
L™pg S R E L E JF B *
TTGTGTCCCACTGGTGAAAAGT CAACATGACAAGTGTCTGTCTATATGT GTTTGGAAAAG
GCCTTTTGTCTCAGATGAAATGATGTT TCTGTGAATAAAACTTTTGTACCCAAAAAAARAA
AAAAAAAAAAAAAAAAA

Fig. 3. The KiSS2 nucleotide sequence and deduced amino
sequence o O E. bruneus. The KiSS2 cDNA

isolated by RACE. It was 557 base pairs long, contains

base pairs of ORF region encoding 125 amino acids,

60
15
120
35
180
55
240
75
300
95
360
115
420
T25
480
540
557

acid
was
375

15

base pairs of 5 UTR and 167 base pairs of 3~ UTR

regions. Underline indicated KiSS2 kisspeptin—10 region.

Possible polyadenylation signal (AATAAA) is boxed.
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CGCGGGAATTGCCATCTCTTCTCGACTTCACTTTTTTCCCCCCATCTCCCCCACGCTCAA
ACCGCCCGTCCTGTCACGATGTACTCCTCCGAGGAACTCTGGAACTCCACCGAGCAGGTG
M ¥ 5 S E E @I W N S I E 9 ¥
TGGATCAACGGCTCCAGGGCAAACTTCTCTCTAGGAAGACAAGGGGATGACGATGATGAA
w i N 66 s R A N F § L G R Q G D B D P K
GAGGAAGGGGATCAGCACCCTTTCCTCACAGATGCCTGGCTGGTCCCTCTCTTCTTTTCC
B s G O o H OB kR L O DA MW L N B I [ e S
CTTATCATGTTAGTCGGACTGGTGGGCAACTCTCTGGTTATTTATGTGATTTCCAAGCAC
T, @& M EH ¥ I & ¥ G N 5 &4 N &£ ¥ W L S KB B
AGGCAGATGAGGACGGCAACCAACTTTTACATAGCAAACCTGGCAGCCACTGACATCATC
E o M B T A I' N EFE ¥ 48 2 N L. A A I D 1 T
TTCTTGGTGTGCTGCGTCCCCTTCACTGCCACCECTCTATECTETCCCTGGATGGATCTTT
F L ¥V C C V., PR B A T W RWE o 0P &6 W I F
GGCAACTTCATGTGCAAATTTGTTGCGTTCCTACAGCAGGTGACAGTCCAAGCCACCTGT
G N F M _C WsgE ®y A F L QO O V T® g8 A .T C
ATCACTCTGACAGCTATGAGTGGGGACCGCTGTTACGTCACTGTCTACCCTCTGAAATCT
I T L T 2AFM S G DR C Y V T V Y P @ S
CTCCGCCATCGCACCCCAAGAGTAGCCATGATTGTCAGCATCTGCATTTGGATTGGCTCC
. Ryl F™T P R V A MmaT W S5 I C T W I %% RS
TTCATCCTGTCCACCCCGATTTTAATGTACCAGCGTATAGAGGAGGGTTATTGGTACGGC
F s T P T .. I Ysaw R T E E G Y W Y %G
CCGAGGCAGTACTGCATGCGAGAGATTTCCCTCAAAGACACATGAGAGGGCTTTCATCCTC
P Y C M E R S Em KT H E R A F T L
TACCAGTTCATTGCTGCCTACCTEGCTGCCTGTCCTCACTATCTCATTECTGCTACACTCTG
Y "omgrF I A A Y ST AR Vol T T 0 Saac Y T 2L
ATGGTGAAGAGGGTGGGCCAGCCCACTGTGGAACCTGTAGATAACAACTATCAGGTTAAC
M V K B V G OSSP G Vo B V D R O V N
CTCCTGTCTGAGAGAACTATCAGTATCAGAAGCAAAGTCTCCAAGATGGTTGTGGTAATT
s S E R T @ 5 1T R S5 K V S Eamimw Vv V T
GTCCTICCTCTTCGCCATCTGCTGGGGTCCCATTCAGATCTTTGTCCTCTTCCAGTCTTTC
YV LEL F A I gEEW GNP I SaEsil,. F S o S F
TATCCAAACTACCAGGCCAACTACGCCACATACAAGATCAAGACATGGGCCAACTGCATG
YR GRS Y O A WHEY A T ¥ K & K TS’ N C M
TCCTACGCCAACTCTTCGGTCAACCCCATAGTTTACGGT TTCATGGGAGCCACCTTCCAA
S B A N S S VAN P I g YR SBF e " T F O
AAGTCCTTTAGGAAAACCTTCCCGTTTCTGTTCAAGCATAAGGTCAGAGATAGCAGCATG
K S F R K T F PisE L BEE®IH FEFae?y D S S M
GCTTCCAGGACTGCCAACGCTGAGATCAAGTTTGTTGCCGCAGAGGAAGGCAACAATAAT
A S R T ARN A E T sl L L GaN N N
AATGCAATGAATTGAATAAANARAADADNARR
N A M N *

60
120
14
180
34
240
54
300
74
360
94
420
1104
480
134
540
154
600
174
660
194
720
214
780
234
840
2l
900
274
960
284
1020
314
1080
334
1140
354
1200
374
1230
38

Fig. 4. The GPR54 nucleotide sequence and deduced amino acid

sequence of E. bruneus. The GPR54 cDNA

was

isolated by RACE. It was 1230 base pairs long, contains

1137 base pairs of ORF region encoding 379 amino

78 base pairs of 5 UTR and 15 base pairs of 3= UTR

regions.
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Table 5. Overall amino acid identities of KiSS1 and KiSS2 between

E. bruneus and other fishes

Overall amino acid identity(%)

SRecies KiSS1 KiSS2
E. coioides (Orange-spotted grouper) - 96
D. labrax (European seabass) 78 81
S. japonicus (Chub mackerel) 72 72
O. latipes (Japanese medaka) 46 45
C. auratus (Goldfish) 33 36
D. rerio (Zebrafish) 30 32

20
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Table 6. Overall amino acid identities of GPR54 between

E. bruneus and other fishes

Overall amino acid identity (%)

Species
GPR54
E. coioides (Orange-spotted groupe) 99
R. canadum (Cobia) 96
O. niloticus (Nile tilapia) 96
T. maccoyii (Southern bluefin tuna) 95
M. undulatus (Atlantic croaker) 95
S. senegalensis (Senegalese sole) 94
M. cephalus (Flathead mullet) 94
D. rerio (Zebrafish) 85
C. auratus (Goldfish) 83

21
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Zebra-Uop
mdKiss1
409 IgKisSs1
[~ sbKiss1
4| 380
b cmKiSs1
I zfKiss1
| %84
gfKissi
1000 mdKiss2
528 cmiKiss2
663 sbKiss2
653 %
752 [ = |g|(l552
L ogKiss2
I ZfKisS52
{ %5
gfKissz

Fig. 5. Phylogenetic relationship of KiSS1/KiSS2 between E. bruneus and other fishes. Thousand bootstrap
repetitions were performed, and values are shown at the inner nodes. Zebrafish mu opioid receptor was
used as out group. cm, chub mackerel; gf, goldfish; lg, longtooth grouper; md, madeka; og,

orange-spotted grouper; sb, seabass,; zf, zebrafish.

_22_
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Zebra-Uop

yaGPR54
1000 zfGPR54
819 ssGPR54
fmGPR54
973
IgGPR54
g8
Ba7 ogGPR54
453
acGPR54
a03
287 coGFR54
stGPR54
401
ntGPR54
B16
ciGPR54

Fig. 6. Phylogenetic relationship of GPR54 between E. bruneus and other fishes. Thousand bootstrap repetitions
were performed, and values are shown at the inner nodes. Zebrafish mu opioid receptor was used as out
group. ac, atlantic croaker; ci, cichlid fish; co, cobia; fm, flathead mullet; lg, longtooth grouper; nt, nile
tilapia; og, orange-spotted grouper; ss, senegalese sole; st, southern bluefin tuna; ya,

yvellowtail amberjack; zf, zebrafish.
— 23 —
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2. Ak KiSS1/GPR54 mRNA®] x4 ¢

Zukg] o] 713 A3} o] 7} HQlolA KiSS1 mRNA®F GPR54 mRNAS]
WS RT-PCRE o]-&ste] &Rlgh A3 7|¥hd 225 KiSS19] 49 = 4
Ao A LEE AT HollA AsA dds o Aol wlg- ks W
@stelth. GPRE4= Hol At o] vebth(Fig. 7A).

vl zh e IES KiSS19 49, A4S @dete AUiS AAAASE
&S 2 (GnRHE S ARG ASsHEA 2 Wdo] YEgon, ¥
FA A g oFetA wdo] yERRtth. GPRo4AE A EHREolA 7MY 7S
o] vERow, ©, AN e 3 HEEA A dd o] #EH A vH(Fig.

_24_
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(A) . :
Peripheral tissue

KiSs1 230bp

GPR54 802bp

wava [T T T 1 T 1 J v

M Re, Br Li Ki In Mu Go N.C

(B)

KiSs1

GPR54

18s1TRINA

M Te Op Pn Ce Hy [BEEEEN.C

Fig. 7. Tissue specific expression of E. bruneus KiSS1/GPR54
mRNA in peripheral tissue (A) and nerves tissue (B).
18s rRNA were used as an internal control to verify the integrity
of the RNAs. Negative control for PCR which were performed
with sterile water as template. Br, brain; Ce, cerebellum; Go,
gonad; Hy, hypothalamus; In, intestine; Ki, kidney; Li, liver; M,
marker; Mu, muscle; N.C, negative control; Op, optic tectum; Pn,

pineal gland; Pt, pituitary; Re, retina; Te, telencephalon.

_25_
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T oFE EI HFFEANA HAWER ] do] KiSS1¥ KisS1 &4

21 GPR54°9] 75d #& A7 3L o, EfFidMs S B=
KiSS1-like genel KiSS27} medaka, zebrafish Z12]3l seabass®t 2 4

F8 FAHo= YA Jdvk(Kanda et al., 2008; Felip et al., 2009;
Kitahashi et al., 2009). KiSS1¢] 4% Y-Y form (YNLNSFGLRY), KiSS2¢]
749 F-F form (FNFNPFGLRF)9| kisspeptin-10°] 7}Z} EAjatH, KiSS19]
kisspeptin—-10> WA EH] A GTHS #Hlo 9SS v chH(Felip et al.,
2009; Kitahashi et al., 2009).

o] oA AmbE] KiSS1, KiSS2 1#] i GPR54 fxizate] ®e-54 A,
KiSS13} KiSs2 + #Fdx7F #&ste Aoz AT Anke] Kiss13
KiSS27te] Zds/dL v wok o, kisspeptin-108] HlaLol M= 60%<] LAE
Hol, F §Fdx9 71e34 FAMS dEATE KiSS29] 44 european
seabass® TFelA  KiSS1®ETE o A GTHEE 7]5S e,
non-mammalian type kisspeptin®Z# ol Mo A« JgFS F=
Ao g Bl tH(Felip et al., 2009). Kisspeptin®] &AQ1 GPRb4+= F
BEol Fol HFETEY FAIAl Ul =& HEHES EAFUH
(Parhar et al., 2004; van Aerle et al., 2008). Au}g]2] GPR54 <Al ORF 4
o] 1137 bp, 378 aaZ o]Folx glo] T2 d501(>99%), T40](>93%)9}
9 2 54 HERATH

o] ATollA KiSS1¥ GPR54 9] x2¥ e A} KiSS19 A5 WA 7
g HE T A Ao okgk whgo] vtk or, GPR64S] -5 Wl AT Hd
o] HAT}t o HEH R Uir FTFA QoA wao M= KiSS13 GPR54 &
T Aol A T AR AsHA Edskdvr. Abbke] o] KiSS1 XA TE e
medaka, seabass, zebrafish 28]l goldfish®} -A}3F%t}. seabass, medaka,
zebrafish®] 73-% Apute]el sAtA ¥ o ARt B SH, goldfish
o] A5 Hef Aol Astd, AA, HAE TEE AT (Kanda et al,

i

_26_
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2008; Felip et al., 2009; Kitahashi et al.,2009; Yang et al.,2009). o]<} #&
2 A3+ kisspeptin®] o] AldSH-o] #iESA = GnRHE Z2EA=EA 7]
T, AR oA FHEE AHEO|E SEFEEC] WE AYE o] kisspeptin®
positive feedback¥} negative feedback®] Ay #Ho] Q= Aoz Algd
HColledge, 2008; Colledge, 2009).

Zhabe] o] KiSS12 ¢ F915 Al s ® A7fe =
el FFAA WA AFdxAAAFHGAEA ] Vs T3S A
ok KiSS19] AA&dA S of2] oFSdA: Hilxi glow S
Ratoll A KiSS12 A7) o Eo] e E(theca cell)ol FEo] Hof i
AEe] A3t LHO| &ulddl d3Fe Fo] wighs 2dste oz ded
(Castellano et al., 2006). Z¥l2] GPR54+:= ol A gt
grey mullet?} fathead minnow?] 74-9- ¥} AJ24 F 2o A L& o] YElS:
t}. Fathead minnow ¢HR 3 79 GPR564 H|aL W&o x FHlo] hFle] B
3l Wi =kom, grey mulet A5/ mE GPR54 2do] A LoA Z
ZFel 7k A AHNocillado et al., 2007; Filby et al., 2008). #tvta]e] 29~ =14

Heq AgEAZ, A0 ALE AAE dReldem A d%ol 9dd] o]

QA

A7 e AElon® Wy ke ZAo® AlmEr:. AvhE] GPR54HA
KiSS17} FdstAl Aldshiol A Z-st w3do] #zeo] KiSS1# AR ®2%
d 7lss A, 4l A s BAVE e e E Adr.
q Aol M E KiSS1¥  KiSS27h  &&Eshd

KiSS1/GPR54+= ¥ o] APgslitel FJFHo= wdsto], Autee] HAUEH]
Al KiSS1/GPR547F GnRHS} GTHE] #H] 9} dAo] S He= Aztu oz
#FF KiSS1/GPR54 9] AldstiolA Wete wa {75 2AMsH7] 948ke] in
situ hybridization ®+= immnohistochemistry "5 %3+ 2z st4 A37F I

2% Aoz Az

{

_27_
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A 2%

F37) 243 AgEdY 93 KiSS1/GPR54 ¥#&d A+

)
1
g
oy
o
i
rlo
oZ
i)

X,
oo
rlo
v

715 Z+=tH(Mayer et al., 1997).

3 KiSS1/GPR54 systemo] Hel o9&l wdo] ZAHM, Ho} faee) 2
= AdH AAFIE 2 BEAdA BT 23S @ S3ls W GTH, 2H
Zolt 2 & Wglel Ao KiSS1 mRNA®] T&o] Wslsliz o=z By
3L tHRevel et al., 2006; Revel et al., 2007). &&o] F7}sk= Al7]o H
2|7]& 2zt Syrian hamster®] 73, & Ad S W WAy T As}ot
AsH-¢] arcuate nucleus (ARC)HF-9]olA] KiSS1 mRNA®S] & o] 7hHAsh=

© 2 e}t Syrian hamster® ARCE #HZEU F=&A7F A48t o=
A, ole} e A= KiSS1 neurono] HWtEWI #AZEU F=&Ad o
Fo] et Aoz HuEdH(Revel et al., 2006). QatEUS #F

F71 AWzt o 2dAEA dF7] ®stel wep #H7F 24EHY ERE
FH(tryptophan)¥ Al ZE(serotonin)eS AA FAE  F  arylalkylamine
N-acetyltransferase (AANAT)2] &Ao] o8] AzEUe] HatEdo g dAH
tH(Axelrod et al., 1965; Klein et al., 1971; Voisin et al., 1984). #gEd-2
o] =& 9 Aa7|al dura SapAlolA S, L/HFe ofF BT d
of oaf eHtEo Tt doFe WaEY S e Frlstar sro] HAsh

_28_
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o 5ol Hla| Agel =4 FdH= dF7|ek dF7IE e WERHHH(Underwood,
1989; Arendt, 1997; Ekstrom et al., 1997). @etE o] AF7]-dF7]4 L o
ol dol A, A% AT 24 g fiAde fofsts Jlo® HuEg]
t}(Zhdanova et al., 2001; Pinillos et al., 2001; Herrero et al., 2005).

o] 914"+ KiSS1/GPR54 system®] &dol lo] T8 =4 3HAAAE A 7HE
= o] S dolr iz, FFr] A AY, W gAY, dgEd Fo
AFE AAgen, feedback #HAIE BAME7] S FF7] 2d APF

human chorionic gonadotropin (HCG) F<ojol| w& W3}

il
BN
>,
P‘L
32
id

_29_
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1. #3357 243} HCG Foo] w2 KiSS1/GPR54¢] uH3

Aol = AFUstn U HSFATF LA AFFFe 598 ARtgE 2719
FRP 9342 (g 30090 cm)oll Z+z} 24wia](Hd4 23.322.3 cm, B AF
486.91120.5 @& F&35¥ o A7|7F2 20109 8¥€ 16¥€95-H 99 6Y7}
2 209 o]t EE A EL MAE AHES 9t 5 5ol micro chip

&} AHS B8 Al micro chip reader ISO MAX IV (Data Mars
SA, Swizerland)E ©]-&3to] ERI8I3ItH(Table 7). Z44e] Fx= AFut 2
AHlE S YolA oFe HE AFston, MAFA00 W)t 2443k A& &

oM & AAate] 16A13F 7] 841 47I(LD 16:8)8] 571k 8413k W7 16

AZE 71D 8:16)¢] @719 FxUS 247 A2t

© A
=2

>
A
m>~

15 =l
=4 =

2) HCG ¥

7tz 88 24vkE] AYelE HiET2l vehicle T 129k ¢}
HCG A2 A7 1272 Zp7) F2skgith. HCG= A= Asdol &dlisthed
coconut butter (EA, Japan)®} 1:9 H]| &= =3 & 50 [U/keg BW 3= 45
TFAFS 319 o, vehicle 919 A-$ Agl2 949} coconut butter &3NS
FAFFR . HCG 2 vehicle A2l 109 HA o2 BT 23] A2ls3i).

MERDL AIZA 6ukE], AR & 1099 20l ZF A ekt HCG 59 6
vlE] 9} vehicle Fol 6viz] & 12v}E]E A A8k o, KiSS1/GPR54 mRNAS}
A2 225 5 22 (FSHB/LHB mRNA)S| 5748 flstelo] o AlAslieb 3}
FAE &3 80T H#EATHTable 8).

_30_
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3) Total RNA F% % cDNA &4

Z}zbe] Adol= HE AE3 F KiSS1¥ GPR5H47E Aoz d st
A AFehE BEOES FEsto] total RNA F=o] AF839th. Total RNA 3

AN
=<2 TRI REAGENT (MRO)E AF&3sttt. =42 F&3 423 A7l &
chloroform 60 wZ Z7kste] 4T, 12,000 golA 1583 AA1E a4},

AAEY F RNAE Efsts F5qS FE89] %2 iso-propanols #
7bstel RNAE A7 & DEPCE H7FE 75% ATh&S Ab&ste] Al
Atk ALeA 10%1F x5t RNase-free SF50l &dlstlon, &

H total RNATE 5% 374 ¥ genomic DNA9| contamination A& <3l
RQ1 RNase-Free DNase (Promega)E A 233l th. ¢cDNA+ DNaseg A
3k total RNA 0.5 pgS 5392 PrimeScript' "RT reagent Kit (Takara)E
Atgete] skl

4. Real-time quantitative RT-PCR

Real-time quantitative RT-PCR< SYBR Premix Ex Taq I kit (Takara)
E AREe o, 7 A @UIMdEEs FaE 5olA primerEs A|F ST
(Table 9). ¥hg<i& 3 we] cDNAE FHo=, 125 w° SYBR Premix Ex
Taq$t 1.0 9] primer AE 283 8.5 ue nuclease free =755 £33}
o] & 25 wl® volumel & WHE3}3T). Real-time quantitative RT-PCRel A}
83871913 standard®] Az PCRE#(80~120 bp) WSS £33 ME& A
Bl3le] circle plasmid DNAZE Spel (Takare, Japan) AgtaAsrE AFE35Ho]
linearized plasmidE A 2}sle] AFE3F3 T} Real-time quantitative RT-PCRE]
F3-& CFX96'" Real-Time System (BIO-RAD, USA)& o]&-3}e] 95CojA]
30%7} initial denaturation sF3le™, 95TCe|A 5% denaturation, 60T A
30% annealing®} elongation 3}¢] 40cycleS WHEA|A At} ZF AEL 24t

3 o]} 5431900, 18s rRNAE ol§3e] Juj3ae sairh
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5. A

=4 ko] EAAZE SPSS version 12.0& o] &390 1, ANOVA-testS
21A]3Fe] Duncans's multiple range test (Duncan, 1955)% H 7k foJAlS

AR,
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Table 7. Experimental fish size and identification of E. bruneus by

photoperiod condition

Photoperiod condition ID No. Body weight (g) Experimental group

216570 441
215296 524
520632 502
216258 378
520474 557

Si6101 517 Veticle injectio
216058 506
518667 520
519396 260
520356 338
. 517783 449
LDWi6:8 518572 141
517898 524
518143 502
518705 378
519507 557

?égég? 212 HCG injection

520124 506
215892 520
216120 260
517996 338
517993 449
518371 380
519918 355
216286 290
214870 355
215423 430

2??22? 2?2 Vehicle injection
215578 517
216217 860
214835 700
517896 510
. 520251 550
LD SIS 518525 582
519725 400
518477 585
518078 424
214896 731

;}22?? izi HCG injection
517441 518
215533 406
519136 439
216291 339
215780 427
- 33 -
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Table 8. Sampling design for the

photoperiod experiment of E. bruneus

No. of sampling fish

Photoperiod condition [nitial 10 DAY 20 DAI
HCG Vehicle HCG Vehicle
LD 16:8 6 6 6 6
6
LD R:16 6 6 6 6
UDAI : Day after initial
— 34 —
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Table 9. Primer sets used for Real-time quantitative RT-PCR of
KiSS1, GPR54 and 18s rRNA in E. bruneus

Name Primer sequence Note Product size

5'-TACCTGCTGACAGGGTCCAT-3' forward primer

KiSS1 83 bp
5'-TGGTCTGAGGGAAGATCACC-3' reverse primer

5'-GCATGTCCTACGCCAACTCT-3' forward primer
GPR54 101 bp
5'-GCTTGAACAGAAACGGGAAG-3' reverse primer

5'-AAACGGCTACCACATCCAAG-3' forward primer
18s rRNA 103 bp
5'-GGCCTCGAAAGAGTCCTGTA-3' reverse primer
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Agol= AFdstn FASHAFrNA AFSFTQ] 2@ A At 8ukEl(H
+1. 76.7£10.9 @2 17019 270 L ¥Fxd +&
sle] A Fo A o B ARSIl o, 2o HE 20.2+1.1TCE A8+

FxE ARy ARudS dol 9Fo HS xFatglon, MEF(100
W)k 2427 A& glo]m S A Aske] 124]7F % 7](07:00~19:00, 12hr light),
12A17F ¢F71(19:00~07:00, 12hr dark)e] %A% At

12112 A2 454 5 01:00A]< %ol fl= eddA 4ntelE HE9 siele
M, Yz 4vtg]= 03:00A1 74 2A17F Wlo] =EA1Z & MEY 35tk ME
% WA= KiSS1 mRNA® SAS fal] ¥ AAeki-E A &ste] -80T B
#sktH(Table 10).

3) Total RNA % % c¢DNA 34

Gk, Ao A 1083 7A%3te] RNase-free /5o &dlston, F+=
H total RNAE 5% =4 % genomic DNA®] contamination WA E 93}
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RQ1 RNase-Free DNase (Promega)S #2331t} ¢cDNA+ Total RNA 0.5
(8% 7302 PrimeScript' VRT reagent Kit (Takara)E AF&3lo] 343819

=
4) Real-time quantitative RT-PCR

Real-time quantitative RT-PCR< SYBR Premix Ex Taq II kit (Takara)
= ARSI T wkgle 3 o] cDNAE Fd o=, 125 nl2 SYBR Premix
Ex Taq®t 1.0 2] primer AlE Z18]3l 8.5 ul9] nuclease free THITE &
grslo] & 25 w9 volumel & WHE-3}S T} Real-time quantitative RT-PCRo|
AF8317] 98k standard: circle plasmid DNAZE Spel (Takare) Adtass
AF3}o] linearized plasmidE A &tsle] AFE-3F3 T Real-time quantitative
RT-PCR®] 432 CFX96'" Real-Time System (BIO-RAD, USA)& °]&3}3}
=3

5 TAAZ

7+ A5 o4 FAL T-test (P<0.05)% o] &3kt
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Table 10. Experimental design for the photo sensitive and sampling

of E. bruneus

. A . No. of
Light condition Body weight (g)  Body length (cm) )
. ] D sampling
(sampling time) MeanstSEM. MeanstSEM. fish
is
Dark (am 01:00) 75.6+10.3 19.2+0.8 4
Light exposure (am 03:00) 77.8+12.6 18.4+1.3 4

USEM.: Standard error of means.
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3. W Eye] 93t KiSS1/GPR54 mRNA 2 =4 o

AlFoist s FARF Aol ARFF 2348 AukE] 20vke] (B
L7 con, BHEAT 118.5£28.7 @& HFHAAATL ot FBEH
AalEd Foj el 279l vehicle T2 Yo
g3kglom, 7] 208 LD 13:11, $29 ¥el= 20.7+1.

2) WIHEY ol U HEY

TR
N,

o
U DN

W2 E U (Sigma, USA) 9= 5 mg/kg BWE =& 257 mjd A58
ot BEEU] A= dEdEe] &IAA FAHE AE2S
9} 1:9 B &= &3 & Hlo] FASYG I, thZ12 vehicle ALY AS- 9

B4 FARIG Y. SRS AEAL 15 & 17
A5 oW, KiSS1/GPR54 mRNA <]
SRS slal Ho A& AEste] -80Tol ®Estth(Table 11).

L

k1
\)
N
o
2
i1k
e
-
i
1
=
i)
1%
-
L)
do
HU

3) Total RNA 5% % c¢DNA 4

747e] Aol HE HE3 F KiSS13 GPR547F AFd oz wdss
Al A BEuES g islo] total RNA F=o] AF&3tth. Total RNA F
=< TRI REAGENT (MRC)& AR&etlon, =48 Fi3s] &3t A7 &
chloroform 60 w=E Z7Fste]l 4T, 12,000 gollA 1583F QA E 31}
YA F RNAE Xgsle TSNS F=539 529 iso-propanols #
g 75% olerES ARgste] Al H st

Ak, Ao A 1087 HdAZx3sle] RNase-free =750 &alstd oy, F&

¥ total RNA+= 5% 574 % genomic DNAQ| contamination WA E ]3|

EN
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RQ1 RNase-Free DNase (Promega)S #2331t} ¢cDNA+ Total RNA 0.5
(8% 7302 PrimeScript' VRT reagent Kit (Takara)E AF&3lo] 343819

=
4) Real-time quantitative RT-PCR

Real-time quantitative RT-PCR< SYBR Premix Ex Taq II kit (Takara)
= ARSI T wkgle 3 o] cDNAE Fd o=, 125 nl2 SYBR Premix
Ex Taq®t 1.0 2] primer AlE Z18]3l 8.5 ul9] nuclease free THITE &
grslo] & 25 w9 volumel & WHE-3}S T} Real-time quantitative RT-PCRo|
AF8317] 98k standard: circle plasmid DNAZE Spel (Takare) Adtass
AF3}o] linearized plasmidE A &tsle] AFE-3F3 T Real-time quantitative
RT-PCR®] 432 CFX96'" Real-Time System (BIO-RAD, USA)& °]&3}3}
=3

5 TAAZ

7+ A5 o4 FAL T-test (P<0.05)% o] &3kt
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Table 11. Experimental design for the melatonin treatment and sampling

of E. bruneus

No. of sampling fish

Body weight (g) Body length (cm)

Treatment D Weeks
Means*SEM. MeansE=SEM.
1 week 2 week
Melatonin 122+36.6 21.9£1.9 5 5
Vehicle 115+16.9 20.9£1.3 5 5

DSEM.: Standard error of means.
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23
1. #5F7] 243 HCG Fo]o] w& KiSS1/GPR54 mRNAY] 43

F7] 243 HCG Fodo 93k AlA3HF-ol A4 KiSS1/GPR54 mRNA9| HHg
S skt

KiSS1 mRNA9] w3 ze 1094 LD 16:8 A& oA LD 8:16 A&
Hl8)] =2 AEdS BSlA Zpo) = gIRith 204 Ao, 1099 FAF

2]
ddE Eoy Ee ddye woHd Aol glo] wdATe] Wokth

rﬂ
Ho
o

2
ro
2

o

Ha] fFoldoz =%om(P<0.05), 2087 BE
glo] o] viglr)

KiSS1/GPR54 mRNA E5 10¥# LD 16:8 A&Fe] HCG Fo7olA7}
vehicle fFol7tell Hlaf W@ o] 7Hd =k ow, GPR54 mRNA® 79 2%
kol & YelUH =3th(P <0.05, Fig. 8).

FSHB mRNAE 1094l LD 16:8 A3 F-cllA LD 8:16 A3l vla] %%
or, 20dAe] BE AT wA LGt LHR mRNAE 1094 =
= AT A Fdo] yotom 20dA9 LD 16:8 A¥ 2] HCGFo A
B o] FoH o2 HATHP<0.05, Fig. 9).
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(A)

Relative KiSS1 mRNA level

B)

Relative GPR54 mRNA level

Fig.

Lh

| ]

v =1 G0 O

D = k2 W s La

8.

W

T n
By
Initial ILD&:16 LD 16:8 LD 8:16 1D 16:8
10Day 20Day
: %%
| *
11 !
] T
= M e
Initial LDS&8:16 LD16:8 LD8:16 LD 16:8
10Day 20Day
[] vehicle injection B HCG injection
Expression levels of KiSS1 (A) and GPR54 mRNA (B) in the

hypothalamus of E. bruneus by photoperiod and HCG injection.

Data are expressed as meantsem. Asterisks indicated

significant differences at P<0.05.
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(A)

10
o
o
55
=1
>
&6 -
= 5
7 .- T
2 3
= 2 I
o
z 1 i ’L‘ - .
0 ' N == 3
Initial ID8:16 ILD16:8 LD8:16 LDI16:8
10Day 20Day
(B)
25 5
= x
l:s 20
T
<ELE
=
= 10 A
vl
i
= 5
[F]
a1
0 =
Initial ID8:16 LD16:8 ILD&:16 LD 16:8
10Day 20Day
[ ]| Vehicle injection [l HCG injection

Fig. 9. Expression levels of FSHB (A) and LHB mRNA (B) in the
pituitary of E. bruneus by photoperiod and HCG injection. Data
are expressed as meanxtsem. Asterisks indicated significant

differences at P<0.05.
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2. KiSS19] 4 74 A9

KiSS12] Hlof sl w35 3elstry] 93t "Wl A A Az 24
of %3 A9 AFHor Gz Ao HlF KiSS1 mRNA2] wadzfo]

o) ow =grh(P<0.05, Fig. 10).

o
o
©
HE
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. %
510 A L
-1
% 8-
tn 16 7
o] -
Z
E 5
s 2
o4
D I T 1
Dark Light exposure

Fig. 10. KiSS1 mRNA expression of 2 hr light exposure in the
hypothalamus of E.bruneus. Data are expressed as meanszxsem.

Asterisks indicated significant differences at P <0.05.
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3. WetE ] o3k KiSS1/GPR64 mRNAYE x4 A+

Ul Z 7o) 9]3k KiSS1¥ GPR542] wao] Hl Al o] Ay s=28#9] ek
of o3t JElA #Asr] fste] Awigle] WtEW FoAE HAG &

KiSS1/GPR54 mRNAS2] &S gelslit).

KiSST mRNA®] #dde, Weted Fof 7d F detEd Fof Aol
vehicle Fof7tell Hld] diotow 144 F A WHEU Fo AFolA

vehicle Fo]-tol H]3l wktt)
GPR54 mRNAS] & 79 F dgted Fof Ao vehicle £ 7
vl worom, 14U § oA dWHEY F ol A vehicle Fool H] )
skt w3k 7L A Bl M e FAskTH(Fig. 11).

(R
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(A)

o
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M

51

i

=
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a— IR -
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=1 2 A
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E ]'__:: 4
b
LTy
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=
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1 week 2 week
[] Vehicle injection [ Melatonin injection

Fig. 11. Expression levels of KiSS1 (A) and GPR54 mRNA (B) in the
hypothalamus of E. bruneus by melatonin treatments. Data are
expressed as meantsem. Asterisks indicated significant

differences at P<0.05.
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offel 4 4% AL W Fed e 9y B4 299 JFL wor
WA o] Mol e]a] o] FolUthNish, 1979). 58] We] AT Wehmy
Bulo] G Fol, WetEde suRols 2R BAE i) Ao

GnRH ¥##]o] 43S wxe= Aow Huxi ¢vkKarsch et al., 1993;
Tamarkin 1976; Goodman 1982). #:* mice®} hamster 72 AX|FolA
KiSS1/GPR54 Al th& WA U#H] 2253 fAlsAl Wy} detEde o
3 2 S wE ZAow BuFi o (Greives et al., 2007; Mason et al.,
2007; Simonneaux, 2009), olFolA= B3} KiSS1/GPR549] #Alel gk 1+
7F 719 o] Fol A YA et

o] AFtollX= FF7]ol o3 A Axo] 2HEE AutgE hdem da 4l
Az Ad s2#EQ WekEdoe] KiSS1/GPR549] #ael| ojujgh 3
=4 gAer] fal, 7] 24 A3 daEd Fo A3S AAS

AR 2R BAe S,

F57] 24 2¥ Ay KiSS13 GPR54 25 AAAIZ 10€4 LD 16:8¢9 A
dolA LD 8:169 AF ol vl =%on, 27 A Asol d3& F+= FSH

B mRNAS F7F7} vetstth 209400l = FHFaie] 93-S F+= LHB mRNA
7} 343 ZUrstden, dAdoes HCG F9d 98 @do] =gkl FF7]
z79 o3k zAputE] AGEE 224 KiSS1/GPR549] w7 4% 5
of ¢s] WHA&%S = Syrian hamster —L2] il Siberian hamster®} ALY
t}. Syrian hamster®] 4% 457 A3 TolA ©57] ATl Bls] AldsH
9] anteroventral periventricular (AVPV)%} arcuate (ARC) nuclei F¢ ol A
KiSS1 cell?] =7} @tom, A2 4 FAI9} testosterone W& o] EUTHRevel
et al., 2006). Siberian hamster®] 4$-d% 7] A FA 7] A+
of Hla]l AVPV F-9]ellA KiSS1 cell®] 7F Wokar A 4o FAZE F7Fsfe
A7) A=l Ad A A3 KisS1e] S7He UEHtHGreives et al., 2007).
o Aol AutE] JA] dFFTre] o7 AxINATE o] FoA X = ofFom, FF
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PN

71Z27e] 93] KiSS1 mRNA9}F %7 A Ao 9SS = FSHB mRNAZQ
o] S7He Zlow AbsHTh
KiSS1¢] ae ZHRol= 2o 9% negative feddback¥ positive
feedback?] 9&S W Aow WuHE ok dFH I =% mouseol A ~HE
ol T E2HXo] AAEE AAL

o L =1

Fol7b KiSS19] #de) wx= 9
27F AAE RS AVPVH-lollA KiSS19] e sl om, ARC H-9]o
Me ST agal AL A7 F ZEHREo|E TEES FASIAST
AVPVE$ oA KiSS19] @dLe F7latglon], ARC F-9olxe gHaste] 242
o HIJoA  AHZOE= SE2E 9%k positive feedback¥} negative
feedback®] &=Ast= Ao Z YEFSTHSmith et al, 2005a; Smith et al.,
2005b). HCGE ol 7<) Asfd g2 ARgHa sdon, AF dx 2 A
ol s U= GTH A4S 2otk (lam, 1982; Donaldson and
hunter, 1983; Hodson and Sullivan, 1993). GTHE ®H2AIWEH| o)A ]34
A A KA Aol ~HRoE TERo EHE =3 UHTena-Sempere
and Huhtaniemi, 2003). °] A&olA et HCG Fofell wE KiSS1/GPR54
mRNA®S] & F7k= HCG Fololl ¢ GTHe L 2el= 28 ZR7F &
7}8ke] positive feedbacke] ZHg-3F Atz A7t O}

P37 7o w2 KiSS1/GPR54¢] 2] o7} Wl A5 2 AUYa ddsls
7R A QA EW Y] FRFIX] dolr 7] flal, 14947 Y AT 2A1%F A Az
EWs Fodto] vehicle Fol ol Hlal oftFe] AexdS 2A1F A FU
o} 1 A7} KiSS1/GPR54 257 743 14l vehicle FolFtel] vls] @etEd
Folgtell M ddol Fasklth. @F7] FxelA KiSS1e] FHAshs Syrian

PN
hamster®] ¢ ©F7] FxdoA Ak e A 73 $3A= A A3

o] A7} geEdon, FF7] 20 oF KiSS1/GPR549] W3l 1o we
Aty o] o8 2d we Aoz A7t
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o] Frketalon, WatEd Fof AFoM s WHEY Fogro A whgo] v
o} KiSS1/GPR54¢] &2 Hla Wt o] o3 =4 WaS 89 A
o &% AT A= kisspeptin®] GnRHeF GTHel H|X&= 24 A<l
Hzol= 52239 feedback WAE 8ot A77F dad Zo= Algd
t}.
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2 o

KiSS19] whulzl AFE-Ql kisspeptine 19 84121 GPR54¢} 7 WA &
Hlo 9le] GnRHSF 254 #AE B A A o] #ojdtia Al
om, olof e HL ATER WHAWENY T8 HAR AAHIL T

vk 2]z E. bruneust A =E Abes AR, 5 o]de] Aol A
FRORE AAZo] dojup A o] o] FoA77HA] o/ AJFto] A= o
Frolth olet 2 o] f = MAA FAT A Fe] A BEA ol B
B go] gttt o] A= Aukg]e] o] KiSS1/GPR54 system®] @d 7] 2HS-
dlalz] 913 71x AT EA KiSS1, KiSS2 12l GPR54¢] c¢DNA &¢]-%74
KiSS1/GPR54 mRNA®] 2 &, W detede o 1d =4S o|afs

7 @ BFy) 24 A9e AN,

e -

ol

I. &A=kE] KiSS1, KiSS2 183 GPR54 cDNA £3g ® zzZg dg

kel o] KiSS1, KiSS2 1#]al GPR54 c¢DNA¢] ol 717} 516 bp (125
aa), 557 bp (125 aa) 22| 1230 bp (378 aa)th 2 A I FE3} ofn
=AF A gigk AEAe o 70% (KiSS1), 90% (KiSS2) =L#lal 95%
(GPR5DE YHEUAH. AleFddA  EAeA=  Awke]l KiSS19] 4
european seabass 11l KiSS2, GPR54¢ AF A=<l orange-spotted
grouper®} 1FS FASATH =¥ @& Ay} KiSS1¥ GPR64 E5F Mol A

A A FHFH o2 Wit weba 2]
2lo] KiSS13} KiSS27h &3, KiSS1/GPR54 system®] WAl zdxtgzxe] 714

2 s

FEH o LA

lo
)
el
o=
o
o
T

M. 3537 287% dgEde] o3 KiSS1/GPR64 2@ AT

1. 337 243 HCG Folo W& KiSS1/GPR549] 1w+
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::l,

137] 23S 57 274D 16:8, light on at 04:30 ¥} ©F7] A (LD
8:16, lights on at 08:30 h)© = o] HCGE 73+ A¥ KiSS1¥ GPR54
5 57 2133 HCG FolgdlA =dvh webA Abke] o] KiSS1/GPR54
mRNA+= A7) Fx7do] o8 Z7Fsty GTHel 93+ positive feedbacke] &
sk Ao = A7t

/‘;:]

o

2. Kiss1e] ¥z

ki)

k]S LD 12:129] ZdoA 743F x5 oey, 74 F okxA A7kl

=4
01:00A] ¢} 1 T 23go]E 241 ek W w=Z3F 24 03:004]0] A=

oA
HS st 2 A3, W] &3k Ag oA KiSS1 mRNAS] ¥ o] f-9]4
o7 Eoht) uebAd KiSS1e dlof] tislk 7o) EA5tE Aoz AZhE

3. AgtE] 93 KiSS1/GPR54 & x4 A+
A ey 272 vehicle Fo15 25 AA3 A3} 793 149 BT 9
FEU T A vehicle T B3] KiSS1/GPR54 mRNA<Q] w&o] wrgk

o} wpeba =gl o] KiSS1/GPR54 mRNAS] 2 & HgleEdo] o8] oA %=
Ao A7t
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