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KiSS1, KiSS2, GPR54 mRNA Expression of the Blacktip Grouper
Epinephelus fasciatus
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ABSTRACT : Kisspeptin has been reported to facilitate sexual maturation and ovulation by directly stimulating GnRH
neurons via its receptor, GPR54. The KiSS-GPR54 system is playing an important role in the reproduction of several
mammalian species. However, little is known about their function in fish. The aim of this study is to understand the
physiological function and evolutionary conservation of KiSS-GPR54 system in teleost fish blacktip grouper, Epinephelus
fasciatus. In the present study, we have partial cloned KiSS1, KiSS2 GPR54 mRNAs from a brain samples. Tissue
distribution analysis using RT-PCR revealed that the KiSS1, KiSS2, GPR54 transcripts were expressed in different tissue.
The KiSS-GPR54 system in gonadal of immature and mature stage were analyzed using gqRT-PCR. The partial sequence
of KiSS1, KiSS2, GPR54 were 232 bp, 304 bp, 613 bp long, respectively. KiSS1, KiSS2, GPR54 mRNAs are shown
common expression in the brain. The amount of KiSS1, KiSS2 mRNAs expression were significantly higher in mature stage
than immature stage. However GPR54 mRNA expression was higher in immature stage. These results are in good
agreement with the hypothesis that KiSS-GPR54 system plays an important role in the regulation of reproductive function
in the blacktip grouper.
Key words : Blacktip grouper, KiSS1, KiSS2, GPR54

F Zol M Kisspeptin©] L &9 GPR549} &7 GnRH #4115 AA=3te] A A3} HSu) 2ol
Aty BRI FET Q) o] #d BRI E-2 KiSS-GPR54 system©] W47 W Ao] &S AASTL AT,
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ZNBEE AR FRAR] 75 o5t A A of 7o ¥
AW A S5 YW £ 5 ARS8l st A
A= H(Goos et al., 1993), o]k & A Q21EL T2
HE AA ¥ o] AFsHEA 54 E 01X § Gonadotropin-
releasing hormone(GnRH, A4 AAFT2E2WETE )Y
U9 G 3tK(Kobayashi et al., 1997). GnRHE > 8}
A& dgso] F 74 F7¢ Gonadotropin(GTH, A 2|4
A2 E2E), & FSHS LHE] B&E A= ok 44
ol = FSHeF LHE| 5ol 4 +&A17F £43kw, 747+e] GTH
T Ao dAR HdEH 75 Uekdth FSHY 39,
ezl A dEEH G FA e AP Bt
m, LHe] 739 ds$7lo] d2leA v HFmas e
ghok, A Aol A = o] g 2 AT o3 AHEOE TE
o] EHjEH, AHZo|E TEEES U] ¥ 9} ¥4
2 A5 o] negative feedback} positive feedbacks ©|F
o] B-P-G axisS 4317 ¥ th(Tena-Sempere & Huhtaniemi,
2003). B-P-G axisell &Jgt HAYEH & 282 Ad 109
b olRE XSS o AFFEY] WS AT 7MY
galo] HE Ugoloy, A KisS1# 19 84 G
protein-coupled receptor 54(GPR54)] HACZ A2 H
A EHIA ] Fo] A AL YTk KiSS1 FHeHe]
42! malignant melanoma(®H3 SA3E)9 ol A 4
AR HER B F e HRTEE 19y A3
3 22 YT EY 5olA Aol AA FHAAE HAh
(Lee et al., 1996). AA EfrFolA KiSS Az A=<l
kisspeptin-> cleavage product®ll w2} kisspeptin-54, kisspeptin-
14, kisspeptin-13, 18] 1 kisspeptin-10©] YEl}= Ao 2
4d# A Arh(Othaki et al., 2001). Al Z2FL4 ALl G
protein-coupled receptore] #3+ A4= Q7HS FAOF &
3] o] FojHom, dAl oF 1609 F/F2 G protein-coupled
receptor’} ¥8A 9tk GPR54 ¥A| G protein-coupled
receptor®] A EZH kisspeptin®] TE&AHE 755 o] A
oo, FollAl= GPR54 112] 3 Abghol A= AXORI2E 77}
g Eo] B thLee et al, 1999; Muir et al., 2001).
GPR549] 7% o] oA B2 77} = 2 1M, cichlid
fish Haplo chromisburtoni, cobia Rachycentron canadum,
flathead mullet Mugil cephalus, zebrafish Danio rerio,

fathed minnow Pimephales promelas Z1€]1. senegalese

VAE - YR - e - A - oA E

WA A4

sole Solea senegalensis S~ 2] - FHH o7 A
g3t puberty®] #AE FAHSE thdd AF7F FYEHLY
A Th(Parhar et al., 2004; Mohamed et al., 2007; Nocillado
et al., 2007; Mechaly et al., 2009).

oA ko] Aol At ¥E 2l KiSS-GPR54¢] ¥
2] o] of B F 9 ARl A GPR549] Hlo| & <13
hypogonadotropic hypogonadism(A A AWM A= 52 = A 4]
AR skg)o] WA ste] A Aol Alal 9o puberty o]/ ol
el 24 d#A)A =% thde Roux et al., 2003; Seminara
et al.,, 2003). ©]9} 722 TA o]F KiSS-GPR549} B-P-G
axis9+e] WA EH A AFHaA = theke WA B2 o
T7F R E S 9l eH, A KiSSl, KiSS2, GPR549] 7%
I a7z #e AFE R ERFE T4A2E B-P-G
axis®l 4l GnRHS GTH(FSH B, LH ) W&o n A& 3
(Gottsch et al., 2004; Irwig et al., 2004; Thompson et al.,
2004; Shahab et al., 2005)3} ZEH| 20|t S 2o 3
feedback ¥7|(Smith et al., 2005), L& puberty®] 2
(Funes et al., 2003; Plant et al., 2006) 5ol &) o]F0jX]
Itk

Hhe] 3 o) fe= HAAAA SR 7557} Fob ATt A
7F olF AL Qlom, FAVIENEE A FEAMNT ¥
A S g AFE0] o] FoJA L THSong et al,
2005; Lee et al., 2010). <Hl2] Epinephelus fasciatus<
710 40 cm®] 4 wieHEM, AFE ZalE E3e T, 2
2, A& A AASARE A F7E o Aol 23]
Ho] AlFgh ootk AN Sl AgH WA A E oA
AT A vHIE deoln, A ASfEE T3 TEAMN E
3 A2 G AslE ofE] - A4 o]t Kawabe & Kimura, 2007).

o] A+= FH B-P-G axisol o] WAUEH] 9| gate-
keeper =& new frontier 2t &A= KiSS1, KiSS2 1
2] 2L GPR549] Sule] Epinephelus fasciatus 7t 22 gt
3 ns dA} s dAY BEE B

EREIRTE
1. KiSS1, KiSS2, GPR54 mRNAS| £2H7|MY &0l

BN

Fuke] KiSSl, KiSS2, GPR54 mRNAS] H-E 7]14<F
g8 98l AFhstn AYFIAA RN A F9

\a
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S E AL v § HE AE5d AER }\]"Q‘O}')\}\——-
KiSS19] 7§ European seabass®} medaka, KiSS2<] 73
European seabass®} Orange-spotted grouper, GPR549] 7
% Oarnge-spotted grouper®} cobia 52 NCBI A15& H}&
9 2 degenerated primers | 2tsl ). 24 ¥ Wd & ol
at7] Sl o, HsteA 1 71EEE, o, A,
A7, A, Zh SR, A AAL) 7 23 AE5H total

RNAE 28 ¥ RT-PCRS A4 39tk RT-PCRO| AH&-
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Table 1. Primersets used for the cloning, RT-PCR and qRT-PCR of KiSS1, KiSS2 and GPR54

Note

Forward and reverse primers

Forward and reverse primers

Forward and reverse primers

set for KiSS1 partial cloning

set for KiSS2 partial cloning

set for GPR54 partial cloning

Forward and reverse primers

Forward and reverse primers

Forward and reverse primers

Forward and reverse primers

set for RT-PCR of KiSS1

set for RT-PCR of KiSS2

set for RT-PCR of GPR54

set for RT-PCR of 18s rRNA

Primer Sequence

KiSS1 F CTCTGATGATGGCTGCTTTG
KiSS1 R TTSGTCTGAGGGAAGAYCAC
KiSS2 F CTCTGCCGGRAYTYGACTCT
KiSS2 R GWAGGCACCTCCAGTTCTCG
GPR54 F YCTCCCTGGATGGATCTTYG
GPR54 R CAGTTGGCCCAHGTCTTGAT
RT-KiSS1 F CTCTGATGATGGCTGCTTTG
RT-KiSS1 R ATCAGCTGAATGGACCCTGT
RT-KiSS2 F GCACTGAGGAGAAGGAGCAC
RT-KiSS2 R GTAGGCACCTCCAGTTCTCG
RT-GPR54 F CGTTCCTACAGCAGGTGACA
RT-GPR54 R CCACAACCATCTTGGAGACTT
RT-18srRNA F GATCAATTGGAGGGCAAGTC
RT-18srRNA R CCTCCGACTTTCGTTCTTGA
gRT-KiSS1 F CATGCATCAATATCGCCATC
gRT-KiSS1 R AGATCCACCATCCTGACCTG
qRT-KiSS2 F AACAGGGTCCATCCTGTCTG
gRT-KiSS2 R CGCTCGTCCTCATTCTCTCT
gRT-GPR54 F TTGTTGCGTTCCTACAGCAG
gRT-GPR54 R GATGGCGGAGAGATTTCAGA
gRT-18s rRNA F AAACGGCTACCACATCCAAG
gRT-18s rRNA R GGCCTCGAAAGAGTCCTGTA

Forward and reverse primers

Forward and reverse primers

Forward and reverse primers

Forward and reverse primers

set for qRT-PCR of KiSS1

set for QRT-PCR of KiSS2

set for qRT-PCR of GPR54

set for qRT-PCR of 18s rRNA

KiSS2, GPR54 12|11

4912 29 7, 280

AN
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T HE A A& HolA TRI REAGENT(MRC
Cincinnati, OH, USA)E ©]&3] total RNAE 3

™, total RNA 0.5 pg& FJ02 PrlmeScrlptTMRT reagent
Kit(Takara, Japan)E ©]-&3l ¢cDNAE ¢/d 3%t Real-time
quantitative RT-PCR®] %52 SYBR Premix Ex Taq II
kit(Takara)& AHE&-3tom, 7k §479] F7IMES F1
Z 5014 primers AlZatith ¥H& 3 uLe] cDNAE
F807 125 uLe SYBR Premix Ex Taq¢t 1.0 pLe]
primer A E 123 8.5 uL2 nuclease free 5745 E33}
o % 25 uL9] volume 2.2 A A3}t Real-time quantitative
RT-PCRE] 432 CFX96TMReal-TimeSystem(BIO-RAD,
USA)<S ]85} 954 3027} initial denaturationd}$]
o 95Tol| A 5% denaturation, 60 ClA 30%
elongationd}o] 40 cycle BHSAIA FATh 2+ AAZ-2 2%t
5 ol S439om, 18s tRNAE ©] &3t AJuld s

kit

annealing¥}

5. SHXE

=7 7ol EA A2+ SPSS version 12.02 °]£34 2
™, ANOVA-testE& 4434 Duncans's multiple range test
(Duncan, 1955)2 H+ 7+ FoA< A3t

2 1

1. EHI2| KiSS1, KiSS2, GPR54 mRNA2| HEH7|M
¥ &0l 3l TXIY Hi

S]] ¥ 2Z& o] &l AT cDNAE FHOE,
KiSS1, KiSS2, GPR54¢] #-i& A7|ME S ZAket A3, 7
7} 232 bp, 304 bp, 613 bpS 3 H th(Fig. 1). Tvk2] 9
¥, HskrAl, ge A, A B 7 9 A el A
2] 2ol A KiSS1, KiSS2, GPR54 mRNA¢] 2 -S RT-PCR
S o] &3lo] 3Hole A} KiSS13 KiSS2+ ol Myt ik
o] VFEFEEA, GPR54¢] 739 ¥ 9 WA oA wdo]
EFstTh(Fig. 2).

o~

2. MKEDIE YA WE T
QeaAel e gaze Y BAE 2448 wEe
ol g8 Helskgich tlETel A%, @ Fuol qlo] EA\s=
Fue17) FRATE 200 pm P} RS A

a7 - 7))

ol E

ERERE

(A) KisS1 mRNA partial sequence 232 bp
CTCTGATGATGGCTGCTTTGTCARCAGARGTCTGCACCACTGGCAGTTTGAAATCGACCT 60
ACCACAGTGAAGATCAAAGAGTACTCAAAGCTCTCAGAGATTTAAGCCATGCATCRATAT 120
CGCCATCAGGAAAGAGTTTGGTGAATTTACCTGCTGACAGGGTCCATTCAGCTGATGGAA 180

AGTTTCCCAGGTCAGGATGGTGGATCTTAAAGGTGATCTTCCCTCAGACCAA 232

(B) KiSS2 mRNA partial sequence 304 bp
CTCTGCCGGARCTTGACT CTGCACAGAGGACACGTGCAACAGGGTCCATCCTGTCTGCAC 60
T AGCRCA

AGTTTGTGGC! TACCAGCCCGTGTTTGTCCCTGA 120

GAGAGAATGAGGAGCAGCGGCAGCTGCTGTGTAATGACCGCAGGAGTARATTCAACTTCA 180
ACCCATTTGGCCTCCGCTTTGGCAARAGATACAACGGCTACATTTACAGGAGAGCCGTGA 240
AAACAGCCAGGACAAATAAGTTTTCACCCTTTTICTCTCTTCTCGCGAGAACTGGAGGTGC 300

CTAC 304

(C) GPR54 mRNA partial sequence 613 bp
TCCCTGGATGGATCTTTGGCAACTTCATGTGCARATTTGTTGCGTTCCTACAGCAGGTGR 60
CAGTCCRAGCCACCTGTATCACT CTGACAGCTATGAGTGGGGACCGCTGTTACGTCACTG 120
TCTACCCTCTGAAATCTCTCCGCCATCGCACCCCGAGAGTAGCCATGATTGTCAGCATCT 180
GCATTTGGATTGGCTCCTTCATCCTGTCCACGCCGATTTTAATGTACCAGCGTATAGAGG 240
AGGGTTATTGGTACGGCCCGAGGCAGTACTGCATGGAGAGATTTCCCTCARAGACACATG 300
AGAGGGCTTTCATCCTCTACCAGTTCATTGCTGCCTACCTGCTGCCTGTCCTCACTATCT 360
CATTCTGCTACACGCTGATGGTGRAGAGGGTGGGCCAGCCCACTGTGGAACCTGTTGACR 420
ACRACTATCAGGTCRACCTGCTGTCTGAGAGAACTATCAGTATCAGGAGCRAAGTCTCCA 450
AGATGGTTGTGGTAATCGTCCTCCTCTTCGCCATCTGCTGGGGTCCCATTCAGATCTTCG 540
TCCTCTTCCAGTCTTTCTATCCARACTACCAGCCCAACTACGCCACATACAAGATCARGA 600

CGTGGGCCAACTG 613

Fig. 1. The partial nucleotide sequence of blacktip grouper
KiSS1, KiSS2 and GPR54.

(A) KiSS1

(B) KiSS2

(C) GPR54

(D) 18s rRNA

M Br Pt Re H K 8Sp L Sk In Go NC

Fig. 2. The tissue-specific expression of blacktip grouper (A)
KiSS1, (B) KiSS2, (C) GPR54, (D) 18s IRNA mRNA
assessed by RT-PCR. M; marker. Br; brain, Pt; pituitary,
Re; retina, H; heart, K; kidney, Sp; spleen, L; liver, Sk;
skin, In; intestine, Go; gonad, NC; negative control.
Negative control for PCR which were performed with
sterile water as template. 18s rRNA transcripts was used
as a control to verify the quality of the RT products.
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Fig. 3. The representative (A) micrographs of ovarian stages
and the (B) relative expression level of KiSS1, KiSS2,
GPR54 mRNA in brain between the immature and
mature blacktip groupers. (a) Immature stage; (b) mature
stage. PNS, peri-nucleolus stage; ODS, oil-droplet stage;
SYS, secondary yolk stage. Scale bars correspond to
400 pm. Data are expressed as meantsem. Asterisks
indicated significant differences at P<0.05.

A
(‘47 400~500 um)7t o2 2R A THFig. 3A).

3. MSCHof| 2 KiSS1, KiSS2, GPR54 mRNA 8

AsgAd B2 KiSS1, KiSS2, GPR54 mRNA<S] &
< real time quantitative RT-PCRS ©]-8-35}o] 891519 th.
KiSS1 mRNAS] &8, A< Adejol A 71 v Adeiel 1]
8§92 ApolE Holm #9kom, KiSS2 mRNA HA] 4]
& delell A7t ml s AgElel Bl fo4 AtelE Heoln &
YEH(P<0.05). GPR54 mRNA<S] 7%~ KiSS1, KiSS2 mRNA
S v 2w Agejell A7t s el vlE) foHoR
=9T(P<0.05. Fig. 3B).

FHT AFE XS HFFE WAU R 9lo] KiSSl
9l GPR549] 7|50l &3t A7F =

o, XHFAAE EAEA e KiSSl-like genedl
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KiSS2¢] &4} 7} medaka, zebrafish 121 seabass®} 7=
AEARE THLE YA thKanda et al., 2008;
Felip et al., 2009; Kitahashi et al., 2009). Kisspeptinell <]
g A 2E AT dE IHRE THLE o] Fo
Rom, 1o A5k 712 AFEA 7 713E 3 fio] &
g A7 olFojRnh. EfFe] KiSSl, KiSS2 1#i
GPR54:= BjRtst &, HeteAloh 22 W Jyzew
Aol Sl 2AA FE Lelo] Hw(Muir et al., 2001;
Colledge, 2004), 53] KiSS13# GPR54+= 2% 8H7] 72
oall 9] AlFeHitell 48t GnRH neuronst F4 g+ 9]
Ao A Bx7} golEo] GnRHYF 452 #4E dh= Ao
2 HIHY Joi(Irwig et al., 2004; Messager et al., 2005).
Zute] el A KiSS1, KiSS2 123 GPR54 mRNA®S] 24
L A3, KiSS1# KisS2+ Ao MRt wéoe] w9lon,
GPR54+= 9k HalmA oA &3 o] B3tk gkl 9] KiSSl
ZA¥ 982 medaka, seabass, zebrafish 12| 7 goldfish
9} §-A}sFA T} Medaka, seabass, zebrafish®] 73-%- = 9} A
2 2o Muk W 5] Q) 01, goldfishe] ¢ 9} A 2] 490
43, A, ZH M @ 5 9l thKanda et al., 2008; Felip
et al., 2009; Kitahashi et al., 2009; Yang et al., 2010). ©]
o} 72 A= Kisspeptin©] 9] Al/Fshol #2389l
£ GRHS| 282424 71530, 442014 Rolsh= 28 o)
T 32F7E0] M2 HYE o kisspeptin®] positive feedback}
negative feedback ¥7ol #ojgiths AFE st
(Colledge, 2009). GPR54 *A] KiSS13} F Y3t ol 4]
sk Ay o] Ao KiSS19 F&AEA KiSS14 $HA
A7 el HARE 7S 78T AoE AztEr
7o 4 e AL Y #3295 34 291
il

A1 o] Wstol s o] Fo]Atk(Goos

T
o]

et al,, 1993). 53] W] A= Weted TH|d JFE F
o, dEYS A Eo|E SERIY HAES Fa) AAe
¢ GnRH #H & 93F& A& 208 BiHY gl

(Karsch et al., 1993). 3| mouse¢t hamster 72> |70
AN BF7] 28E B A%524 4 GnRHS} KiSS1/GPR54
o] e qdel S AF7t o] FoyA L ) 2 K(Greives et
al., 2007), o7l = AsdAl ©E Kisspepting TheE
WA EY] S2REF] #A A7t v FsEie) o] At
A SukElE R As el mE, KiSSl, KiSS2,
GPR54 mRNAS] #&-2 g<lsh A3} KiSS13 KiSS2 mRNA
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= 4% RN} o el ve) o5 Bk
¥, GPRs4S] 7% Wb o] WH S etk 4% o)

o
o4} KiSS1 mRNA®] 4§37k A X F<] Syrian hamster
12 2 Siberian hamsterel] 4] = WEFsETE, Syrian hamster 2]
A, BAFNE T ST ARTelA AL T4 testos-
terone '3lo] FROm, AsAA Aol Bl AldsHt
9] anteroventral periventricular( AVPV) %} arcuate(ARC) nuclei
HJel A KiSS1 celld] 471 Z3tthRevel et al., 2006).
Siberian hamster®] A& F5718 3 A HE A
T A eAl Aol Hls] AVPV #9194 KiSSI cell
o) 7F B, A FATE STket] A Adso] o] Fo
A& o KiSS19] ' Z7He UERItHGreives et al., 2007).
KiSS29] 7%, Eutg]9} 722 Fol&E 0]F 9l red seabream
Pagrus majord| X A% A& GSUF VS =& A
A7)0 ¢k - - oA KiSS2 W Al EEo] Tk 7
&S JER S (Shimizu et al., 2012), grass puffer Takifigu
niphobles®} chub mackerel Scomber japonicus I X = A4
a7F wrdsty] Algbehe W] HEAE @A o A KiSS2
mRNAS] @& o] Z7151%1 thSelvaraj et al., 2010; Shahjahan
et al., 2010). GPR54°] 739, KiSS1, KiSS2¢} wij 2 w]A]
o el M 7E o] A Yesth ko E iRl
e A 4% 58S 471 A puerty DAl GPR54°] &
do| F7kste A2 HYHY JthDungan et al., 2006).
StAIRE A7) 75, puberty A3} & R0 GPR547t
=7 YA Y(Han et al., 2005), A4 Ao AEglo] o
AsA @do] Uelk(Roa et al., 2006), GPR549] 3% &
5ol7 W ofide]l EAlste AR AAAL Stk of Fol
A Grey mullet Mugil cephalus> 3-812] ¢} 543 74
& A717F 44521719 vl GPR549] @ o] =7 YEH S
o, oluj WA F #Ho] 3= GnRH2, GnRH37} GTH
o] Hd S 243s= GnRHIY Hs| &2 $do] eyt
(Nocillado et al., 2007). SFA%F nile tilapia Oreochromis
niloticus?| A= 35748l ol A 71 1] A& AFE ol H]3] GPR54
¢} GnRH19] o] B =7 Webgtth(Parthar et al., 2004).
GPR547} 4 /34:6] 7HA] 75 A4 5t Puberty 2 A4
o] Ethe A+EX GnRH EH|ZHAE A S GPR54 715

AL AR, WAYEE ZHE GnRIL,
T EZAET T AAX L ) o] AT A

037} A - ol FE

ERERE

= AsAE Y W2 GnRHE 23S Folatx] £ato] Snf
2ol A GPR54¢F GnRHE] A#AA & FASIA = L3192

U, 2 AW EH] 9] gatekeeper®Z H 7T & KiSSI,
KiSS2, GPR54¢] A</ defol wE LdatolE st

AR =
o] AF= FHFMHEFT FHIISNLAA(FHAIH =
109197-3, &ul2] Epinephelus fasciatus F22HY 24 8}
Z1=7h e Aol ofsf = AFH T

S

ol
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