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Abstract

Gonadotropin-releasing hormone (GnRH) is an important regulator of reproductive function
in vertebrate and invertebrate. However, knowledge of the biological function in the abalone is
inadequate. Therefore, we have study the biological function of Haliotis asinina (Has) GnRH and
buserelin, mammalian GnRH agonist, on the ovarian proliferation by in vitro BrdU assay. The effect
of HasGnRH and buserelin on luteinizing hormone (LH) and estrogen release was also determined
by ELISA technique. Groups of one-year-old female abalone were injected with HasGnRH and
buserelin at doses of 10_6 M exhibited a stimulatory effect on ovarian maturation and oocyte
proliferation (P<0.05). The HasGnRH at high dose of 10_4 M had a lesser effect on inducing
ovarian maturation and oocyte proliferation. Inaddition, injections of buserelin and HasGnRH
stimulated estrogen secretion in the ovary and hemolymph with the dose-dependent. In contrast,
injection of HasGnRH and buserelin at low doses of 250 ng/gBW promoted LH release in the
hemolymph. These findings provide important knowledge on the biological function of GhRH on

the reproduction which could be applied in abalone aquaculture to stimulate the ovarian maturation.

Keywords: Gonadotropin releasing hormone, Haliotis asinina, ovarian cell proliferation, BrdU assay
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o o A o ¢ , A @ Y& o e, A
NITUIUMINAIVEIDTLILRUNUT uaznIzuIunIlsesiaasiunuslunasithdanugensg dau
1 ot ﬂq: q’; [ a a AI v a 1 [
wandan Neldinegnuansmznilising fnaday 01917 g LATTIHNIAINAIIN NANIA
(Counihan et al., 2001; Litaay and De Silva, 2003; Najmudeen, 2004)
3.4 anwmenaldvas gonadotropin releasing hormone (GnRH)

Gonadotropin releasing hormone (GnRH) n30l38nn luteinizing hormone
releasing hormone (LHRH) iflwiundaailuu Adunumaaylunismvguizuufunuizessain
fin3zQndundd (Gorbman and Sower, 2003) GnRH gnaswanldsdusueifiiend’ GnRH

preprohormone AMNBWAANIZLIBNNT posttranslational modification Twleidu active form a9

[
a

GnRH (Seeburge and Adelman, 1984) GnRH QﬂﬁuWUﬂ{GLLiﬂﬁ]’]ﬂﬁ&laG“ﬂad‘ﬂH LazAITaIN

v o
o A

mammalian GnRH (mGnRH) (Amoss et al., 1971) ﬂ?ﬁ;ﬂuwﬂm\aa{wﬂgugﬁmaa GnRH 1384 33

s a

Iha 1Usznauels GnRH ﬁﬁuwumné’mf"ﬁm:@ﬂ URRITUIN 15 THA WAz GNRH NABWUINN

% {A = > o o a L dl
amﬂvl,wﬂsxgﬂaumaﬁnmu 18 THG AIN1INN 1

= v a A v eda L a o 1A a a
MN1979N 1 LLﬁ@GIﬂ?GﬁiWGﬂENQNﬂIE}G GnRH ﬂWUluﬁ@]ﬁﬂNﬂiz@ﬂﬁ%%a\‘]LLﬂzﬁ@]’ﬂ&l&lﬂiz@ﬂﬁ%ﬁad

uwnufinusaininasiiludineyinyg (dauLladnn Treen et al., 2012)



1 2 3 4 5 6 7 8 9 10

Vertebrates

Mammal pGlu His Trp Ser Tyr Gly Leu Arg Pro Gly-NH,
Guinea Pig pGlu Tyr Trp Ser Tyr Gly Val Arg Pro Gly-NH,
Chicken-I pGlu His Trp Ser Tyr Gly Leu GIn Pro Gly-NH,
Chichen-lI pGlu Hs Trp Ser His Gly Trp Tyr Pro Gly-NH,
Rana pGlu His Trp Ser Tyr Gly Leu Trp Pro Gly-NH,
Seabream pGlu Hs Trp Ser Tyr Gly Leu Ser Pro Gly-NH,
Salmon pGlu Hs Trp Ser Tyr Gly Trp Leu Pro Gly-NH,
Medaka pGlu His Trp Ser Phe Gly Leu Ser Pro Gly-NH,
Catfish pGlu Hs Trp Ser His Gly Leu Asn Pro Gly-NH,
Whitefish pGlu His Trp Ser Tyr Gly Met Asn Pro Gly-NH,
Dogfish pGlu Hs Trp Ser His Gly Trp Leu Pro Gly-NH,
Herring pGlu His Trp Ser His Gly Leu Ser Pro Gly-NH,
Lamprey-I pGlu His Tyr Ser Leu Glu Trp Lys Pro Gly-NH,
Lamprey-II pGlu His Trp Ser His Gly Trp Phe Pro Gly-NH,
Lamprey-lll pGlu His Trp Ser His Asp Trp Lys Pro Gly-NH,
Invertebrates

Tunicate-I pGlu His Trp Ser Asp Tyr Phe Lys Pro Gly-NH,
Tunicate-I pGlu Hs Trp Ser Leu Cys His Ala Pro Gly-NH,
Tunicate-lll pGlu His Trp Ser Tyr Glu Phe Met Pro Gly-NH,
Tunicate-IV pGlu Hs Trp Ser Asn GIn Leu Thr Pro Gly-NH,
Tunicate-V pGlu Hs Trp Ser Tyr Glu Tyr Met Pro Gly-NH,




Tunicate-VI pGlu Hs Trp Ser Lys Gly Tyr Ser Pro Gly-NH,

Tunicate-VII pGlu His Trp Ser Tyr Ala Leu Ser Pro Gly-NH,
Tunicate-VIII pGlu His Trp Ser Leu Ala Leu Ser Pro Gly-NH,
Tunicate-IX pGlu His Trp Ser Asn Lys Leu Ala Pro Gly-NH,
Octopus pGlu Asn Tyr His Phe Ser Asn Gly Trp His Pro Gly-NH,
Aplysia pGlu Asn Tyr His Phe Ser Asn Gly Trp Tyr Ala Gly-NH,
Sepia pGlu Asn Tyr His Phe Ser Asn Gly Trp His Pro Gly-NH,
Owl limpet pGlu His Tyr His Phe Ser Asn Gly Trp Lys Ser Gly-NH,
Annelid pGlu | Ala | Tyr | His | Phe | Ser | His | Gly | Trp | Phe | Pro | Gly-NH,

Sea Urchin pGlu | Val | His | His | Arg | Phe | Ser | Gly | Trp | Arg | Pro | Gly-NH,

Marine worm pGlu | Ala | Tyr | His | Trp | Ser | His | Gly | Trp | Phe | Pro | Gly-NH,

Leech pGlu | Ser | lle His | Trp | Ser | Arg | Ser | Trp | GIn | Pro | Gly-NH,
Scallop pGlu | Asn | Phe | His | Tyr | Ser | Asn | Gly | Trp | GIn | Pro | Gly-NH,
Oyster pGlu | Asn | Tyr | His | Phe | Ser | Asn | Gly | Trp | Tyr | Ala | Gly-NH,

Tassminavguniinas GnRH saulngjdsznaudionsaeziluduin 10 @ il
pyroglutamate U mlanae1u N-terminal wazdl amidated glycine ﬁlﬂmﬂﬁ’m C-terminal (King and
Millar, 1995) 8nLi14 GnRH ﬁﬁuwﬂué’mﬂﬁﬁngné’wé’waa octopus, Aplysia, sepia, owl limpet,
annelid, sea urchin, marine worm, leech, scallop, oyster L8z abalone Usznaudianinasdluiiuin
12 @2 (Treen et al., 2012) agndlsnanfandindwiuaainsaazlluazarani LL@iTﬂiaaﬁ”mJgugﬁ
283 GnRH ﬁﬁ’makﬁ'ﬂﬁﬁuﬁnmﬁ’m NH,-terminus (pGIu1, His2 and Ser4) iLae COOH-terminus
(Pro’ and Gly*NH,) (597 1) asaadiamwinisnin 500 &l usasliidiuwinuSownanig
AMUAALNSLATIFTNUAZ bioactivity U89 GnRH LTw uUSMASURLURISY (receptor binding
site) Lﬂm_l%nmﬁﬂuﬁia enzymatic degradation %%au‘%nmﬁﬁmﬁaaﬁu receptor-mediated event
(King and Millar, 1995)

INMIANBIU89 Gorbman ez Sower 1uil a.a. 2003 WUT1 GNRH vaIFas AT
m:@né’uﬁé’ammmLL'u'o"I,@TLﬂu 4 nqy auduriTasnsugaseanmeluauasuazningif



\fizTas MINdImIIaTzing phylogenetic 3:@‘i'u1maqa nanfangy 1 130091 GnRH-I (B8
mGNRH) WULSL 0k hypothalamus mjuﬁ' 2 AaGnRH-1l ®3a138n31 chicken GnRH-II (cCGnRH-II) WU
UL midbrain ﬂ@juﬁ 3 @8 GnRH-IIl W30158n1 salmon GNRH (sGnRH) Tawutanizlu teleost
ATIVILIM terminal nerve LAz olfactory system a4 telencephalon (Fernald and White, 1999) ﬂﬁju‘ﬁ'
4 @a GNRH-IV WUUSIIMH hypothalamus L8z diencephalon 284UaNZLA LU (sea lamprey)
athalsfimwldinsnunsdunungulnaizes protostomian GnRH 138131 GnRH-V %uﬁumjmﬁayj
Tu monophyletic lineage (Tsai and Zhang, 2008; Zhang et al., 2008)

Fernald Waz White (1999) VL@TﬁsmuLﬁmrTU%ﬁ’]ﬁmaamju GnRH-I  luns
muQmszmumsﬁuw”uﬁ:sﬁaﬁﬂavlﬂ@”af: GnRH &314991N neurosecretory cell Tu hypothalamus LLag
Qﬂﬂé’ﬁaaﬂmh portal vessels Lilatdumeananisdanldauas GnRH nzguirasvasdonldauad
Iﬁﬁmi%ﬁh luteinizing hormone (LH) L8z follicle-stimulating hormone (FSH) sﬁaaaﬂwuﬂ%aawﬂﬁ
nazdunINAuIaIaTITRUNLE Tuued ngu GnRH-II Fnified1efiL  neurotransmitter Waz
neuromodulator (Jones et al., 1984) S1unTNNVD NRUGNRH-IIl £9laiaLau wel Fernald uaz White
(1999) Faindfiaanony  GnRH-I uanmnf‘tﬂ’aﬁﬁzmumﬁa”ﬂumjwao GnRH-IV  WuN
lamprey GnRH-I (IGnRH-1) uaz IGNRH-IIl fiununndanlunizuiunfunug fa sansanszduld
LAANIZLIWNIT steroidogenesis mIank waz MIAia spermiation 1w sea lamprey dudnielay
NIWN4 pituitary-gonadal axis (Deragon and Sower, 1994; Gazourian et al., 2000)

3.5 Tn39a519209 GnRH ludailaifinszandunas

GnRH wulué’mﬂajﬁﬂizgﬂé’wﬁwg@ﬁm 5 lWay lduA Mollusca, Cinidarian,
Platyhelminthes, Annelida W82 Arthropoda (Tsai, 2006) GnRH luaéf"m“hiﬁnszgnﬁmé’agnﬁuwm%
LININUINIUUNUIZRIN cerebral WAz neural gland Va4 Chelyosoma produductum aadusas
SMININSI9WIRaN (tunicate) 3913unidu tunicate GRRH lABWLYIEY 9 isoform (tGNRH-I-IX)
(Powell et al., 1996; Adams et al., 2003) wonanisadnenumisunullsauidsnusmeadig
GnRH ludaniin  Octopus vulgaris Sadumwan protostomian ﬁ)“@a%l;sl,uvl,wgu Mollusca 9%
cephalopod 3NN octopus GnRH (octGnRH) %Gﬂif:ﬂm_lﬁ’mﬂmazmu 12 a1 (lwakoshi et al.,
2002) uananigsinonumsinenlasaiuas GnRH  lufsiieafinou 9 ﬁﬁ]"’@myﬂuﬂgﬁu
protostomian L% Aplysia californica woldsdunfianwoasis GnRH 58091 Aplysia GnRH
(apGnRH) M13n3a0:01uAN@1997n octGNRH 2 §uwiks (Zhang et al., 2008) Sepia officinalis G495
faunInasdlumiauny octGnRH (Di Cristo et al., 2009) uaﬂmﬂﬁﬂi‘lwﬂﬂsﬁuﬁﬁqmﬁ'ﬂwmzﬂfﬁ’]zl
GnRH  luwasyn Lottia gigantea, l&faunzia Capitella teleta viauLiw Strongylocentrotus
purpuratus, Aa8u1NIN Crassostrea gigas WazWaglLAId Patinopecten yessoensis (Roch et al.,

2011; Bigot et al., 2012; Treen et al., 2012)



= 2 & a ! o & X =)

fnsnunifinmaesddsznavesdn GnRH wuitludadngu protostomian 4
a9Adsznavvedin GnRH Mindaunude Usenaualsusiim signal peptide, GnRH dodecapeptide
waz GAP  Fumdaunumsnumidunulusadinizandunas adrilafionuiiu GnRH Aidunulu
v & . & Al A \ v eda ) oA A X A o A )
dainduit Ssunuandsnndainiinszgnaunasfe mainduvainiaesiily 2 dndaodu
NH,-terminus LLazu??nmﬁmTwaominam%"'alué’mfﬁﬁm:@né’u%é’aﬂi:ﬂami”aﬂﬂi@a:ﬁiu proline
uALlUEAIIIWIN protostomian Azuan@1anwaanly (Tsai and Zhang, 2008)

3.6 GIURHIUAZNITNTZA1LAIVDY GnRH Tudadlaifinszandunas
a o di 1 £ 1 a s ]

NUNWIWRABITBINUIY GnRH aansawu launnnin 1 siialuaisizedngg
vasda T linIzgnaunas dratnatu nMIdnwvas Tsutsui Tull a.a. 1998 wuilulndndianwmue
las9a519a818 GnRH 31171 2 ofla A8 mGNRH waz sGnRH lududsean cerebral, neural gland
wasHIIawluvad dorsal blood sinus “anand Di Fiore uazaAmsz (2000) labiinaiian1s HPLC,
RIA W8z mass spectrometry @T73WU GnRH 2 wfla luaiiizfunusiweiiiuvas Ciona intestinalis
A U v Qs .
F901ATIRI9AANEAL cGNRH-I WAz MGNRH NTBNUNTANT1284 Iwakoshi WazAA (2004)
618735 immunohistrochemistry WaZ in situ hybridization WUNIUEAI08NVIEH octopus GnRH
(0ctGNRH) wazmsnenaavadtulndluszuudszann vievhl uaz oviductal gland 1w O.
vulgaris lwnsAnsiauntiniiaad Young wazame (1999) wuldsauniilasia3nenais mGnRH i
iwadvastudszam  uaziaddsza AN ADITUURURUTIRNOINAY  Helisoma trivolvis uaz
Lymnaea stagnalis fulunas A. californica WUNNINIZANEVBY tunicate-] GnRH (tGnRH-I) wae
mGnRH 1w hemolymph, hemocyte L8z ovotestis (Zhang et al., 2000) #ONINBATIBIIUIL R A.
californica ANUANTNTZANEVBY tGNRH-I LAz octGNRH Ll aaa sz nuedszuuyszan LazwULTas
ffauda ant-mGnRH lu peripheral chemosensory organ 2713UFAd ML ARDINM I RINNLANENS
MUvad GnRH udazzfia 1w pdainunsfiuenms maadewlnd sTuuTuANLiEn uazszuy
UseRMoaluN@ (Tsai et al., 2003; Zhang et al., 2008) wananilalnaunIANL1vad Nuurai
2010b) lagldinafin  immunohistochemistry wWunIAIzANEvelL Indndlaseainsnaany

. . o =3 A o ] =) v a 1
GnRH w4 H. asinina wweLils $1uu 2 fia SelduniinsnszansuastSinanmsdendafuandns
% fa IGNRH-III waz tGnRH-I laswulwawadlszanudngaslunvesdudszan cerebral uas
pleuropedal  4aNAIMNALIWL IGNRH-IIl WAz tGNRH-I LU TaAFUNUTIZHZTNUIN WATARTUNUT
a A A o A o &

iendurzosNnikuazaeIv8Ia T IZRUNUE

v n:i' > 1 a >

3.7 wifiwas GnRH ludailafinszandunas

NNWNTIVARNUTULEFAIAAUIN GnRH a1avin lenansnsinn i 1duans

fedszan sInwdudszam lunsmiugunizuiunfunus  uazidusaadnaiugunn@nssa

MIFURUTVEITAT (Gorbman and Sower, 2003) ¢7at19LTU native GnRH fignaansaly awnan



mz@julﬁl,ﬁ@mmé’haaﬂwumﬂlu Ciona intestinalis uaznMIMa4 luteinizing hormone (LH) a1ndoy
léiwuasvasny (Di Fiore et al, 2000) MIAA tGNRH-I FAATER FwIanIzdunIUsasiTas
fuWusldlu C. intestinalis (Terakado, 2001) NM3%1 MGnRH agonist anlElunInszdumvham
2p9.0% 10y aromatase LLazmzﬁuﬂ’li%a&d LH testosterone Az estradiol %aﬁwamuqums
wigdulavenaadll  uaznszgunsddesimasfunusludadiwandszniss  Euphylia  ancora
(Twan et al., 2006) WONINNHEITIIBNUNIANBAINDIN IGNRH-I UaZ tGNRH-Il a1avmsirfinan
AU pheromone 1umsﬂsz@jumiﬂ§iammaﬁﬁuw”uﬂuﬁumm Mopalia sp. (Gorbman et al., 2003)

fypnumsdnenfontiiiives GnRH ludafsmanwesuazwiin 159 mGnRH
mmmﬂiz@uﬂﬁmﬂﬂmi@‘[mﬂué ndanldauaswoslames uazmiipildiiansnslalu
H. trivolvis (Goldberg et al., 1993; Young et al., 1997) LLazﬁll‘Ylmﬂﬂi:@l:’uﬂ‘izll’mﬂ’]‘ié'aLﬂi’]:ﬁ
DNA lulwad livad C. gigas (Pazos and Mathieu, 1999) octGnRH mmsnmz@jumsm?wLLa:v\éﬁ
sex steroid 31N39 MiLAzE Mz uazviliiianInadvasviasi lvesniin O. vulgaris (Kanda et al.,
2006) s1vanaanyulszan cerebral waztulszan pedal Aflasea9nansny GnRH a3
IifAa spermatogonial proliferation lurasuass P. yessoensiss (Nakamura et al., 2007) MIANBIN
UNLINTBI 0ctGNRH  Uaz mGNRH agonist l4n1anIzgum N va L oas SUNUILAZNIZGUN1IAN
lolunosiihde H. asinina (Nuurai et al., 2010a) LaZMIANBAIUNUIMTBITNIFILATIZN pyGnRH 1
ﬂ’]iﬂix@j%lﬁlﬁ@]ﬂizﬂﬁuﬂﬁLLli\‘iL"'ﬁai\ir spermatogonia MABTUNZVBINBLLATI P. yessoensiss (Treen
et al,, 2012)

¥ 4

mqﬂ‘smaﬂ
A = a5 ~ 'Y & \ A o ¢ H &
LNAANENNINNTINTWYDIRIIRILATIZH  GnRH @amzmummuwu‘gmamammaa

H. asinina
25A1L W15

1. MSLATPNFITHILAIILY GnRH LAz mGnRH agonist
ﬂ’liﬂ@]ﬂﬂdﬁl‘fﬁ’ﬁﬁmm’ltﬁ GnRH 331 2 THea Ao HasGnRH Wae mGnRH agonist
(buserelin) 198 HasGnRH 1@annm3aanehaauiuauad DNA ﬁaﬁﬂﬂﬂﬂﬂuﬂizaﬁﬂ cerebral Lz
pleuropedal vasnashde H. asinina uwiihanudasianugnasudullsdu Salusaniulsinalad
sanwuelasdaNIAseny GnRH ﬁwulué’mﬂ&iﬁm:gné’wé’mﬁw5% nniwhdaunsaesdlud
lduwiaidumiganaszd @u buserelin nImesnumIfinshmaninnzdunInauwzasas
ﬁuw”ufua:ns:@jummnvl,ﬂ@”l,mamﬂwz“?a H. asinina (Nuurai et al., 2010a) §1389LAT1EH HasGnRH

=) A’ s w A ] a Qg 1 v =)
ANWAATUNNUTEN Genscript (Piscataway, NJ) Ta1unIImagauanuuIgnsannnit 90% de3d



high-performance liquid-chromatography (HPLC) a2 mass spectrometry &% buserelin FaN1N
US1¥N Sigma-Aldrich (St. Louis, MO)
1 1 @ 6’ o ¢ a T
2. NMIANBINAVDY GnRH mamsumm‘madmaaﬁuwuq @875 5-bromo-2’-deoxyuridine
(BrdU) assay
=1 qu dw = . . f 1 = o 1l
mMyAnassmdunI@nsInT  proliferation  vadiwas lUlutisvaInINaIMITEITI 12
A= § .. @ 4 g . A o !
vasneuida H. asinina lauMIMENT BrdU Saiduansqasases thymidine analog T3813Q4NAT7
224911 incorporate U DNA iz S-phase 289033 UIWNNTHLLTAS
a A A v g
2.1 mMaasSsabatdaseldinziags
o + & A o & o Aa A o ¢ . .
msmma\ﬂ:maﬂLﬂﬁaal,wmmlmmmElmlmmdﬁ]iauwuqizm proliferative
wia premature angdszanm 1 O dhwvindszanm 25-30 N3y nduriimMIdaiiialasa i dutu

WWneg smadszanm 1-2 Aa8Nas L&NE19 3 A9 FreamsiasdTaanUsznauaiy Medium

199 U1k 2 ml 10% fetal bovine serum (v/v) Lag ampicillin/streptomycin 100 LLg/ml awnfuﬁﬁuﬁ
laadlu 24-well culture plate ka3 lvinnsnasassa’ly
2.2 MSNAFDUAITHILATILY GNRH WAz mGnRH agonist AN1SULIAIVDILTAS
%uﬁuﬁ:‘lmﬁaLﬁa%’alﬁmﬂztﬁyﬂa
ﬂ’]imaaumuﬂumjumuqu UANYNNARDY I@mmaﬂq’umaamﬂu 6 NguLoy
(n=3) d9%k ngul 1-3 1iudIn HasGnRH uaznguf 4-6 udas buserelin Tanldanuidudu 107, 10°
waz 10° M enudey Juna 7 ﬁgmwgﬁ 37 °C LLa:LﬂﬁsummiLgmwﬁaﬁnﬂ6] 48 T2l
niwrhnstuitiedesslumwindosdas BrdU finnagatu 10° M woe 24 alus udath
ilofounadeannedn 4% paraformaldehyde tJuasn 12-16 Falug udinlddr9das 0.1M PBS
pH 7.4 3 @33 A398z 5 WAl uasutlu 70% ethanol 9NTwinNssAtiNean (dehydration) &2
ethanol nWLTUTW 70%, 80%, 90%, 95% (2 A1), 100% (3 ASI) ANEGL Tuaauaz 30 w17
Nuwins dearing lasld xylene (2 33) A%Ia 30 Wf ¥ms infiltrate uazHaLitoLdoasly
paraffin  Mntwihdatniflaldasasiaias microtome ANWRWILITZANTA 6 m %mﬁtaﬁgﬂﬁ@
SIPSAISTER) e]ﬁ]:gﬂﬁﬁ"l,ﬂmaaauuavlaﬁﬁl,ﬂ§am‘1’aal 817 silane
2.3 NM3A3I9FDY mitotic activity VAIIBANKUNKS
\{uwn1s@iagay  incorporated BrDU lwimasninisutean  linafiens

%

immunohistochemistry laaauladddn1Iu19eI%aIn Nakamura wazamue (2007) add

o

iduiield
234 paraffin 8anale xylene 3 ﬂ% ﬂ‘i‘laz 5 W7 LLazLﬂ"lﬁmgmlauﬂ’m@uﬁ’l (rehydration) 1uLLNw§u
Lﬁaﬁ’lElLLElﬂﬂﬂElEliﬁﬂ’J’]&lLf&lﬁ%ﬁﬂﬂiﬁﬂﬂ@:ﬁ w35 100% 2 ﬂ%), 95%, 90%, 80%, 70% MUS1AU
duaauaz 5 w1t 1Nt l& ey 0.1M PBS pH 7.4 uf1uude 0.25% Trypsin fiazanels 0.1M



PBS pH 7.4 ﬁqm‘mgﬁ 37 °C 1Junan 6 Wil InNTuE9eIe §138za1e 0.1 M PBS, pH 7.4 filda
0.1% Tween 20 (PBST) waauue2s 2N HCI ﬁlqmﬂgﬁ 37 °C waan 1 1alug annvurims
neutralization ¢28N13L@4 0.05M borate buffer LIWIa1 10 WA URIE1NG28 PBST wazinanmineg
non-specific binding AENILEN blocking solution (5% normal goat serum Tu PBST) @1%“7?01’?2 T,
‘ﬁlqm%n“ﬁ 37°C %ﬁi‘lmnﬁ?ﬂﬁi primary antibody (mouse anti-BrdU monoclonal antibody) ﬁé'mﬁmu
1:100 (v/v) mgo“?iyo"lfﬁqmwgﬁ 37°C wan 12-16 . é’mmj&lﬂ’mqmﬁlﬂu negative control Azl
preimmune mouse serum UN% BaIINTWEIaIn PBST 3 A3 A39az 5 Wit udLdin secondary
antibody (anti-mouse IgG-alkaline phosphatase-conjugated) 2aTEIW 1:250 (v/v) ﬁlazmﬂlu 2.5%
normal goat serum i PBST @f&ﬁﬂ'ﬁ”ﬁqnmgﬁ 37°C 1Juwan 1 1. UAIF90N WALy detection
buffer (1M Tris-HCI a8 5M NaCl, pH 9.5) WJwaan 30 w1l waaduels NBT/BCIP alkaline
phosphatase substrate solution ﬁluﬂizﬁi‘iLﬁ@ﬂﬁi@@ﬁmﬂmﬁmﬁﬁﬁmi incorporated BrDU i]’mfl?u
Ynmavgadfisundieniadu stop buffer (1 M Tris-HCI and 0.5M EDTA, pH 8.1) 1wiaan 10 wifl
LLﬁaﬁWLNuLﬁaLﬁandaag@hﬂﬂa”aaa;am‘iﬂﬁ Nikon Eclipse E600 fssagnsthunaisidanungas
#3908 Nikon DXM1200 lasiiudnwiuwad BrdU immunopositive oogonia Waz early stage oocyte
Hwafifudadofiounudwiuses oogonia uas early stage oocyte YIHUA sfqﬁfmmuﬁjumﬂ
USmfitnanInd uan 3 LLs\iu%uLﬁamaaLwia:mju
3. MSANBNAYDIENIAILATIEY GNRH ansvadtaalastowluvasilge H. asinina

mnaasdduns@nunavad GnRH daszabvadlaalasianluiiaauassslivasnas
Whda H. asinina T,@ﬂl%viasJLﬂ'}ﬁyameﬁﬂéﬁLﬁm‘“sjﬁﬁmmaﬁ]smsﬁuw‘"ufmm proliferative 138
premature 81211/3zaN0h 1 3 dhminyszanm 20-25 N3y AnwsienUszanm 4 LEudiwas 90N
amﬁ‘?aﬁﬁﬂmmam"’mqmmLLa:ﬂuﬁﬁﬂﬁf?m \MZETI ﬁ].?jaﬁﬁ SUNIARLTTN D 25 @1 9N
ﬁ'm'mujomimaaoaaﬂLﬂuﬂﬁjmmugmmzﬂﬁjumaao (n=3) nq’umquﬁ@ﬁwmiazmﬂ Normal
saline WATNFNNARBIAAGIY HasGnRH WAz buserelin AMLTUTYU 250 500 WAz 1000 ng/gBW
anuiey TasdadnAinaruita adductor vaswasiihda udaaeslsidunm 24 $alus nsiurinms
saunasLlhgadan 5% MgCl, (giv) uam 15-20 wifi ugavhnsiiusmagiaidaa (hemolymph)
waziitorfiasslasail

3.1 nMsthuAladlfen
iheataiaauduiiauss 1000 souAwf Wue 5 wfi ﬁ'qmﬁgﬁ 4°C

FMIAUENIaZaBEIULY (supernatant) Mtilu plasma LLazLﬂ“u"L'j”ﬁQMﬁQﬁ -80 °C aunIzviariing
nanadda i

7 ]
3.2 NMIENALEALAILWInLILE D39 1)



vmsanaiiaifionasssliausinisues Matsumoto uazame (1997) 634 aa
dlaifiassliuenlalunasananas :niwas absolute ethanol 88518 5 ml dodwiile 1 N3u UA
Fuilolazidon ﬁ'qmmqﬁ 4°C nsmdninandszanm 25 mi ufsin lidwndssdeanusa
12,000 iamiamﬁﬁqm%nﬁ 4°C {wan 20 wfi LAY supernatant ANNTHALEY n-hexane U331A3
15 ml wglwidnin aanelianuendu ﬁnﬂifu@@mia:mﬂufu hexane 9 FLLRADLAWIZTH
aqueous layer ganalh el organic solvent 3Izl#g NnUENITaERLealATIaudIE benzene
USnas 3 ml g0 2 a3t wdaasne el benzene stweanuts 3ntiwidia benzene/methanol
lugaain 85:15 (viv) wanih ludnsnszauvasaalasiandls3d ELISA

3.3 MIANBITLAVUVILALATIANAILIS ELISA

MINARBIHALNMNTANINTEALVE estradiol GﬁoLﬂugﬂLLuuﬁwuLﬂuﬁaulﬂrgmao
LEIGHED ﬂﬁiﬂ@ﬂﬂdl’f‘g@ﬂ@aauﬁ’u%gﬂ (Estradiol assay; R&D systems) widSunomaalasianly
\Haauazivli lay 96-well plate gniARaudy monoclonal estradiol antibody ﬁa”uag;ﬂ‘“u goat anti
mouse antibody ﬁ]’m‘tfuﬁ’m’]‘m’]ﬁ’] standard 289MINA8ad lauMI@suN estradiol ﬁmmrﬁwﬁu
@19¢ (0-3000 pg/ml) ﬁ]’mifuﬁ’]milﬁu standard ﬁ%aplasma ﬁamiaﬁ'@a’mLﬁal,ﬁa%'o"hiaﬂu plate

UAzLAN estradiol conjugate WENAW AI9LT 2 Talas Ngmanndves NKuE1 plate 3 ATIAIE

=

washing buffer WaILAN substrate a4l plate gl 30 wdi ﬂqm%ﬂ“ﬁﬁad LAILAN stop solution
fa]’mlfuﬁ'] plate &J’]é’mﬁ’m’ﬁg@ﬂﬁuumﬁ’m microplate reader ‘ﬁlm’mm’mﬁu 450 ez 570 nm Uae
i lUduiownnen standard curve waaadunsWilSouisuszninalesidudaad B/Bo nuUAINN
WuTUad standard &IUAIANNLTNTUVEY estradiol VaIRIBENIEINNTAMMWIBUSHUIABU TGN
@1 standard q@ﬂ@ﬁauﬁﬁ@iﬁ Intra W&z Inter-assay variability coefficient Lvinnu 3.6 uaz 5.8
e uazdenilasifud cross-reactivity Al 170-ethynylestradiol, 17[3-estradiol 3-Benzoate,
Estriol, Estrone W&z Progesterone L¥innu 0.07, 0.03, 0.86, 0.26 Laz 0.06 AN&1AU
4. MIANBINAVDINISAILATIZY GnRH @an1mas LH ‘luﬁaaaaas%uﬁuﬁ:wamﬂ'lga H.
asinina
MINaaasdwnIenmKHaas GnRH daszeuaas LH lwidaauasmenihda H.
asinina lapieiatnafananda 3.1 andnwszauzas LH du3f ELISA lasmisnanasldya
nasaud3azy (LH Elisa kit; Enzo life Sciences) it Leinz1ax 96-well plate anLARBUGIEY goat
anti mouse 1gG antibody NNTHANNNTHAAN standard 18sMINAREs lasmstases LH finn
LUNTUE9 9 (1.2-280 mIU/ml) MNUWIN13L6Y standard wie plasma WIasIaNANNUNUTZRINGS
Iuﬁqu LRILAN biotinylated LH tracer Wazi@a monoclonal LH antibody NaNnwaIna 1 1 alus 7
qmﬁﬁﬁﬁad mnifu&i"’mﬁ’m washing buffer 3 ﬂﬁzx‘i LRI Streptavidin-conjugate Horseradish

Peroxidase @479l 30 w1l Migaawniisios iU 96 washing buffer 3 A33 UAILGN TMB



substrate aﬂuvx@u 9791y 30 wn Naanmnilvies uadN stop solution NN plate H1EAN
NIQANALLEIFIE microplate reader 1A1WBNIARYK 450 nm uaziin lUAWIANIA standard curve
ugaatdunIWilSouisuseninalasiduduas B/Bo AUANMNITNTWIAY standard  §IuATAINN
U v Qs [ o = = U 1 dQ/d 1
N WYEd LH 2a9e908198n313f1w oo uiiau leainen standard anaseuhlen Intra Loz
Inter-assay variability coefficient L¥inAL 3.9 Uaz 14.9 A& wazdailasidud cross-reactivity
AU TSH, FSH ka2 hCG NNy 0.3, <0.004 waz <0.004 aNE1AL
5. mﬁl,quﬁ"ffaa‘dlawma?\a

ﬁﬁayjaﬁ"lﬁm’imm:ﬁ‘[wUlﬁ’[ﬂ‘sumw SPSS 11a37% 12 239N kavnuILlSauneuny
1 A U 1 ni ~, & o 1 dl % 1 di o aa
ANaUINKIaaUm oA dsuwinNesgn (X £ S.0.) Mnuwiaf ldumisanudso i unaia

#1837 one-way analysis of variance (ANOVA) 13261 p<0.05 Daduanddadinasianniana
NAN13298

1 a a o s ¥ > 1 ‘s
1. WaYa9 GnRH mamsmstyuazmumwmwaamaaﬁuwuﬁﬂwsﬂwamamﬂﬁa H.

asinina

nnsnassstutiteriiasalamnzasde HasGnRH waz buserelin innudadu 107, 10°
ez 10° M iwasn 7 3% 9ntuUude BrdU fenududn 10° M iduan 24 5alus tednen
ﬂ'mmm”waammfﬁuw"’uf‘s:m oogonia WAr early oocyte Wudwmiuﬁlﬂmﬁm HasGnRH L&z
buserelin ﬁﬂ’nmﬂ'&lﬁu 10_8 M Wlm’lil,’ﬁty?laalfmﬁi:zlz oogonia Lae early oocyte ﬁim'ml,ﬁmfu
\u 43.01 uaz 37.5 asibua LfiaLﬁﬂﬂﬁ'ﬂﬂ@;wmuqu%\iwumﬂﬁ@maomaa‘ﬁuw”ufl,ﬁu 16.19
WasiFud uazdaiRnanuitutunas HasGnRH uas buserelin 1w 10° M wuiiwasszas oogonia
Wz early oocyte ﬁmmu’oLemﬁl,ﬁmiwmumﬂifuasmﬁﬁfslahﬂ”tymaaﬁﬁ fa 5516 uaz 52.88
Wasifuaausau Lﬁ"al,ﬁyuﬁ'umjwmqu (gﬂﬁ 1y agwlsianw  Wainanudutuves
HasGnRH uaz buserelin 1l 107" M wuiimasszz oogonia Waz early oocyte §31WIUNTIULY

iradaUNUT aaadidu 26.55 uaz 25.77 wWeiidudaudauilaifisunungunasainguiug
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317 1 NaV8I HasGNRH uaz Buserelin anIzUIUNIRTLANTININYDILTAA 113282 oogonia Wae
early oocyte lulitaifiasilivasnasitnda H. asinina EWLUIAILEAIAT mean + SD (n=3). ABNTH

LEAIANLANGAIN DL NI EIANINRDE (P<0.05)

2. HA2DI GNRH ABN1IKAILAALATLIO1 I3 biuaz hemolymph 2as H. asinina

NMINARBIRARIL HasGnRH ez buserelin inadutu 250 500 waz 1000 wilunsy
fatinwings (n3N) udhsevesuhde H. asinina 1Hdwnm 24 galus wu'j'méjuﬁﬁﬂéfm
HasGnRH W&z buserelin ﬁﬂ%mmaaimwulu%’avbmﬁm%uaahoﬁﬁfﬂé’m”rywmaﬁal,ﬁaLﬁyuﬁ'm@;u
AR (gﬂﬁ' 2) lagUSunonaalasanastRuiuaunnudutuaas HasGnRH uas buserelin 71la3y
uanmnﬁﬂ'&wudm&juﬁﬁaﬁm HasGnRH waz buserelin ianudutu 250 uaz 500 wilunsude

« e a

gj o a AI J AI j 1 a o o Qs aa
iwinaa (niw) du3anaiealasiauli hemolymph AngsUn uaziiagslnadIdnodAyn19aia
lungundasdiy HasGnRH waz buserelin AAMLTNTY 1000 wilunTudatiwnine (niu)
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250 500 1000 250 500 1000

Control HasGnRH Buserelin
(ng/gBW) (ng/gBW)

317 2 HA289 HasGnRH waz Buserelin damsnadiaalasnanlusaly (ovary) uaz hemolymph 83

H. asinina \§WLIAILEAIAT mean + SD (n=3). ABNTULEAIANNULANGABLNIRIRIAYNIIEDE
(p<0.05)

3. Ha2d9 GnRH dam‘mﬁi‘l LH T hemolymph 284 H. asinina

NNMINARDIRARIY HasGnRH uaz buserelin fianuitudi 250 500 waz 1000 wlunsa
fatiwing (n30) udtieswande H. asinina 13idwnan 24 $alus wu’j’m@;wﬁﬁ@ﬁw buserelin
Aanututu 250 wlunsudeinnings (nsu) Jszeuwas LH 1w hemolymph L'ﬁ'ugﬁu LazLA
gaifuasmﬁﬁfﬂﬁm”tymaaﬁﬁluﬂEjuﬁﬁ@ﬁaal HasGnRH fiamuidudu 250 wilunsusatineines
(N3%) Lfial,ﬁsmﬁ'umjwmqu (gﬁﬁ' 3) aghslsfianw Woiuanududuuas HasGnRH 1lu 500 was
1000 wlunsudatimsinas (n3u) Lifnaiasnuasszaupes LH 1u hemolymph LﬁaLﬁUUﬁUﬂ@;N
GRMEH Twwmsiszauay LH aﬂmlumjuﬁﬁ@ﬁm buserelin 500 waz 1000 wluniusaimeinga
(N34)
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z'ﬂﬁ 3 WYY HasGnRH Waz Buserelin @an13#ad LH 2849 H. asinina L§WULIAILRAIAT mean +

SD (n=3). AANIULIAIANNUANGN DL NIRURIAYNIIEDE (p<0.05)
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= v A A A @ % a A o .
PINNIANHININNTEY GNRH  MABITEINUNTZLIRMIRSI WA IWIBVILTAR [1Vdred
Y & .. v ad, . & . { v o -8
\h&a H. asinina @18373 invitro BrDU assay WU31914 buserelin a2 HasGnRH NANNINT% 100 M
-6 o v a A o ' . {
waz 100 M Twanszgdun1aiaiguaziiudnuinseisad l3zss oogonia sz early oocyte lasf
HasGnRH lkaluminszdunidniinisld buserelin usaslwiAuin HasGnRH Juszdniawlums
% % @ o d‘ 1 s 1 Vo 1 . 1 =3 dl nl a 0/ 1
Junuadrsunaglusilaldduniznii buserelin atnilafionu WaindSunmnas HasGnRH NAUSIHA
v Aa =) QI o 1 é = { a
IiRamaatyiiuiwiusesaad liaaas Ssonadannguiandianm HasGnRH fannifinlilans
MIALAANT down-regulate §13U289 GnRH (Nuurai et al., 2010a) #3881 AAMTHUEINITN
289 GnRH la8NI=uI%nN3 negative feedback mechanism INANIANHIATINNVEYS GnRH NLhe9a4
nummmasaeslauiiieidasnuszuufunuian Aalealasianuazg@ludizaslaw wudn buserelin
ez HasGnRH sunInnizdunimasieslasiauluialiusz hemolymph vasnaniihe H. asinina
o < o a A X . ~
WUL dose dependent WAzENNIANIZGUNNINAIRA uTigailauly  hemolymph LANTUaENIS]
wodaymeaidlundunanududu 250 wluniudaimingy (nTw) udszduvesgdludizeilan
1u hemolymph lsiidasuudasilatiuanuiiuduvad HasGnRH 1% 500 uaz 1000 wilunsude

ninas (N33) wazilaiuanuituduvad buserelin 11 500 waz 1000 wilunsudatining?



(N3Y) ﬁwaﬁﬂﬁi:ﬁwaagﬁ"l,w?jlaaaﬂuulu hemolymph aaas usaslitind el GnRH luszaud
mm:auﬁwaﬁﬂﬁszﬁwaaﬁavlw'ﬁ'aaaﬂumﬁuga%u Lﬁaim‘"waagavlu%aaaﬂwmﬁugﬁumaﬁwa
m:éfums%é"aLaaimmw‘i?'aﬁwa@ians:mumsw‘%zyw”wmmaoLsﬁaﬂaiua:%'a"lﬂi Fsnonasanin
i:@"'waagﬁ"l,w?faaaﬂwﬁua@ao Fsaradunaunannnalnmssudiasaaluniiumg  negative
feedback mechanism lag GnRH waztealasian wananinsnansInuitszeuaasaalasanging
gdLﬁalﬁ GNRH fianudutunduio1000 wlunsudatinvings (n3y)  ualnarnliilesidud
MRS AN IUIUVDILTAS Tt oogonia Az early oocyte aaad nadunamnanivlufinng
W”@uu'wﬁ'njsw: mature G9luszesiiaziiuinesimas lszos oogonia WAy early oocyte RARY LG

o ' a < A & A = (2 s 6
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& a K o

Tal#aTniand Fsliszduresealanauluisliuas hemolymph Sansgiar lasiaalasianaragn
ATLANNIIRAINIUNI GNRH uaz LH wIaanadzailuudmaunizdunmasiealananlasass
=2 & X o o =2 A A v & a
mifinmeniaeaadainumInmiruniueaslfiiuin - GnRH - funumaiuqunns
R QIR RGO TVS SRR 2o gt el mollusks 10881 IUNIINTZLINANT
steriodogenesis L% octGnRH nizdumiaivaasluwnalnaaaliu lwasiaalsn uaz aalasau
(E,) st lauazonunzaasnin 0. vulgaris lasf@ns UL in vitro (Kanda et al., 2006; De Lisa et al.,
2012) rpGnRH nazdun1inaigasluwnalnaaalin Inasaalin uaz E, lu hemolymph wasnas
Y Ruditapes philippinarum ﬁﬁ%’a"l,ma:é'mm:agﬂmwzﬁuﬁu (early developmental stage) (Song
et al, 2015) pyGnRH nizdunizuiuniaiansiiaalasauuazioalanauaindnfinanszdunis
uLeIANSwIUBR AR FUNUTINAR ludUNzRaBUATI P. yessoensis (Osada and Treen, 2013;
A o a 2 Y A & Ao, o A
Treen et al, 2012) wanNHIIATIBNUMIANIINTZLIRMIRTNELADTaoRTaTIARNALAD
o & Aa A @ ) o e o ¢ ) A o ¢ \
nizmunsaNzfealanaundnainpitasnunInawm e s FURUT LAz T RUNUE 1w

>

MIANBITVEI Matsumoto Wazamie (1997) wulasaaienfanuazassiaalasiauluisldvas P,

yessoensis Uaz#auwIITY C. gigas 3 Jluuy Aa taalasu (E1) 17 -estradiol (E2) uaz Loalasaaa

(E3) lan E2 idugdunufiwuuinfiga uazwuiawulsal 17[3-hydroxysteroid dehydrogenase (17[3-
A ea A @ ) o ¢ o & o

HSD) Gaduian loiNiNeddaInuATTLIRMIFIATIZARALTONG  LAZWLNNINTZN8Aed B,

wawlaal 33-HSD uaziowlmal P450 aromatase luimadeuuanfisensauns acinus luislivas p.

yessoensis N3ANH1U8Y Osada LAZAMAY (2003) UaAIMALAWIN E2 NF3199NLTas bsd lUiAe T a9
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ARTICLE INFO ABSTRACT
Article history: In various animal groups, both vertebrates and invertebrates, it has been reported that gonadotropin-releasing
Received 6 March 2015

hormone (GnRH) is an important regulator of reproductive function. Knowledge of the molecular identity of a
GnRH and its function in the abalone is unknown. In this study, we have characterized the abalone GnRH
genes and their putative precursor sequences from the neural ganglia of sexually mature female Haliotis asinina
and Haliotis laevigata. The abalone GnRH genes demonstrate high similarity with other gastropods within the
proposed bioactive GnRH peptide regions (H. asinina: QNYHFSNGWYPG; H. laevigata: QNYHFSNGWHA) but
less in the GnRH-associated peptide region. An antibody generated against HasGnRH showed specific expression
of the peptide within the cerebral and pleuropedal ganglia. HasGnRH was localized in type-1 neurosecretory cells
that are widely distributed within the ventral and dorsal parts of the cerebral ganglion and also observed in nerve

Received in revised form 3 July 2015
Accepted 13 July 2015
Available online 16 July 2015

Keywords:
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Haliotis laevigata

Oogonia fiber bundles extending into the dorsal part of the ganglion. In the pleuropedal ganglion, HasGnRH immunoreac-

OOQ_’te ) tive cells were distributed in both ventral and dorsal horns. Nerve fibers containing HasGnRH immunoreactivity

grglgerat“’“ were also detected primarily within the ventral region of ventral horns of the ganglion. Synthetic HasGnRH and
rdU assay

buserelin stimulated oogonia and oocyte proliferation in one-year-old female H. asinina as determined by in vivo
and in vitro BrdU ovarian cell proliferation. These findings provide important knowledge into the molecular
identity of the abalone GnRH and its function in stimulating oocyte proliferation that helps us to further

understand the role of this peptide in molluscs which may be applied to aquaculture of this species.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

The market for abalone has been growing rapidly, but abalone
fisheries have been declining in most countries due to overfishing and
disease (www.fishtech.com). However, a major problem is reproduc-
tive dysfunction including the change in synchronized timing of male
and female gonadal maturation, as well as stress while in captivity.
This has led to a requirement to replenish supply through aquaculture.
This ultimately impacts on the rate of gamete production, spawning,
fertilization and subsequent larval development. To enhance abalone
production, many researchers have concentrated on optimizing larval
development and production of artificial diets for increasing of body
mass and growth rate of juveniles (Bautista et al., 2003). In addition,
studies have reported the use of neuroendocrine peptides such as
egg laying hormone (ELH) and a synthetic form of non-abalone
gonadotropin-releasing hormone (GnRH) including mammalian GnRH

* Corresponding author.
E-mail addresses: parinyaporn@buu.ac.th (P. Nuurai), scummins@usc.edu.au
(S.F. Cummins), Natasha.Botwright@csiro.au (N.A. Botwright), prasert.sob@mahidol.ac.th
(P. Sobhon).

http://dx.doi.org/10.1016/j.aquaculture.2015.07.008
0044-8486/© 2015 Elsevier B.V. All rights reserved.

agonist, octopus GnRH and lamprey GnRH-I to stimulate ovarian matu-
ration in adult abalone (Nuurai et al,, 2010). For each peptide treatment,
the gonads reached full maturation within 5-6 weeks and spawning oc-
curred, compared to 8 weeks for control groups (Nuurai et al., 2010).
However, the precise identity of each of these neuropeptide hormones
has not yet been clearly defined in abalone.

GnRH plays an important role in regulating the reproductive func-
tion of many vertebrates and invertebrates (Gorbman and Sower,
2003; Tinikul et al., 2014). Up to recently, approximately 35 GnRH iso-
forms, including 16 from vertebrates and 19 from invertebrates have
been identified (Osada and Treen, 2013; Roch et al,, 2014). For inverte-
brates, those GnRH include those within the phyla Mollusca, Annelida,
Arthopoda, Cinidaria, Platyhelminth, and Nematoda, where, it was
shown that each GnRH precursor protein contains a signal peptide, a
GnRH peptide, and a GnRH associated peptide (GAP) (Tsai and Zhang,
2008). This precursor protein organization is remarkably conserved
with those reported in chordate species, supporting the theory which
proposes that protostomian and chordate GnRHs are probably derived
from the same ancestral genes (Zhang et al., 2008). The primary se-
quences for the vertebrate GnRH peptide consist of 10 amino acids,
comprising an N-terminal pyroglutamyl residue and C-terminal
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amidation (King and Millar, 1995). In contrast, GnRH peptides in some
invertebrates contain 12 amino acids (Tsai, 2006; Treen et al., 2012). De-
spite this difference, all GnRHs share a common conserved region at the
N-terminus and C-terminus, suggesting that they share a similar func-
tion in all animal phyla (Tsai, 2006).

Several studies have investigated the role of GnRH in mollusk repro-
duction. For example, exogenous GnRH stimulates egg-laying in pond
snails (Young et al., 1997) and there is some evidence showing that
GnRH is involved in spermatogonial proliferation of the scallop,
Patinopecten yessoensiss (Nakamura et al., 2007; Treen et al., 2012). It
can also stimulate DNA synthesis in the gonial cells of marine bivalves
(Pazos and Mathieu, 1999).

In this study, we have characterized GnRH genes encoding GnRH
peptides from the neural ganglia of two abalone species, Haliotis asinina
and Haliotis laevigata, then studied the spatial distribution and role of
H. asinina GnRH in stimulating the proliferation of ovarian cells.

2. Materials and methods
2.1. Experimental animals and tissue collection

Approximately 20 sexually mature female H. asinina with a shell
length of 4.2 + 0.46 cm and body weight (BW) of 22.32 4+ 1.68 g
were obtained from Sichang Marine Science Research and Training
Station, Sichang Island, Chonburi Province, Thailand. After anesthetization
of the abalone with 5% MgCl,, the cerebral and pleuropedal ganglia were
dissected and rinsed with 0.1 M phosphate buffered saline (PBS). After
that, total RNA was extracted from the cerebral and pleuropedal ganglia
of H. asinina and H. laevigata using TRIzol® reagent (Invitrogen, USA),
following the manufacturer's instruction (Chomczynski, 1993).

2.2. Identification of abalone GnRH genes

For H. asinina, reverse transcription was performed using
SMARTScribe reverse transcriptase (Clontech, California, USA) according
to the instructions. A partial-length cDNA encoding H. asinina GnRH was
obtained by 3’-RACE using the SMARTer RACE cDNA amplification kit
(Clontech, California, USA) including gene-specific primer (abGnRH-
GSP primer; GCNCAGAACTACCACTTYAGCAAYGG) and nested gene-
specific primers (NGSP forward primer; TTCAGCAACGGTTGGTATCC,
NGSP reverse primer; TCCTGCCTGGTAGAGCAAGT). Primers were
designed based on the conserved GnRH peptide sequences of Aplysia
californica (GenBank accession no. EU204144) and Octopus vulgalis
(GenBank accession no. AB037165). PCR reactions consisted of 36 cycles,
including denaturation at 94 °C for 30 s, annealing at 68 °C for 30 s, exten-
sion at 72 °C for 3 min, and a final extension step of 72 °C for 5 min. PCR
products were purified and cloned into a pGEM-T Easy Vector (Promega,
Wis, USA). The recombinant plasmid DNA was purified using a Gene]ET
Plasmid Miniprep Kit (Fermentas) for nucleotide sequencing at 1st BASE
(Singapore). For H. laevigata, a transcript encoding a GnRH was identified
from a BLASTp search of a CNS transcriptome derived from a CNS cDNA
library.

Mollusk GnRH precursors were obtained from sequences available
in the National Center for Biotechnology Information (NCBI) databases.
Multiple sequence alignments were prepared using precursors with
MEGAS5.1 (Kumar et al., 2008). Sequence presentation and shading
of multiple sequence alignments was performed using the LaTEX
TEXshade package (Beitz, 2000).

2.3. Immunohistochemistry of GnRH in H. asinina

A polyclonal antibody was generated in rats to synthetic H. asinina
GnRH (HasGnRH) (Genscript,Piscataway, NJ, USA) using the method
described by Halow and Lane (1988) and performed according to
the Animal Ethics Approval 5/2556 (Burapha University). After
anesthetization of the abalone with 5% MgCl,, the cerebral ganglia,

pleuropedal ganglia and ovaries were separately dissected and fixed
with Bouin's fixative for 12-16 h, then washed in 70% EtOH and
dehydrated with a graded series of EtOH (70%-100%), cleared with
two changes of dioxane, infiltrated and embedded in paraffin. Seven
micron thick sections were cut and placed on the slides coated with
(3-aminopropyl) triethoxy-silane solution (Sigma-Aldrich, St. Louis,
MO, USA) and incubated at 40 °C for 12-16 h. After incubation, tissue
sections were deparaffinized with xylene and rehydrated through a
graded series of ethyl alcohol (100-70%) for 5 min each. Sections were
immersed in 70% ethyl alcohol containing 1% saturated lithium carbonate
for 15 min, and then endogenous peroxidase was blocked by incubation
in 3% hydrogen peroxide (H,0,) in methanol for 45 min. Sections were
washed three times with 0.1 M PBS containing 0.4% Triton X-100
(PBST) pH 7.4 and treated with 1% glycine in 0.1 M PBS for 5 min. Non-
specific binding was blocked by incubation in blocking solution contain-
ing 10% normal goat serum in PBST for 2 h. Sections were incubated in
the primary antibody (rat anti-HasGnRH) diluted with PBST at 1:200 for
12-16 h. After incubation, sections were washed three times and incubat-
ed with HRP-conjugated goat anti-rat IgG at a dilution of 1:500 for 30 min.
After washing, sections were further incubated with NovaRed substrate
(Vector, Burlingame, CA, USA) until optimal red color was developed. In
order to visualize the cell nucleus, sections were counterstained with
Meyer's hematoxylin. Sections were then observed under a Nikon Eclipse
E600 microscope fitted with Nikon digital camera DXM1200. Negative
controls were performed by substituting the primary antibody with
preimmune rat serum.

2.4. In vivo 5-bromo-2'-deoxyuridine (BrdU) assay for ovarian cell
proliferation

One-year-old adult containing proliferative stage of the ovary of
H. asinina females with a shell length of 4.15 4+ 0.21 cm and body weight
(BW) of 20.65 + 1.42 g were obtained from Sichang Marine Science
Research and Training Station, Sichang Island, Chonburi Province,
Thailand. Eighteen animals were divided into 6 groups (n = 3 in each
group). Group 1 was the control group that received no injections.
Groups 2 and 3 were injected intramuscular with a mammalian GnRH
analog, buserelin, diluted in PBS at doses of 250 and 500 ng/g BW, re-
spectively. Groups 4 to 6 were injected intramuscular with HasGnRH di-
luted in PBS at doses 250, 500 and 1,000 ng/g BW, respectively. After
24 h post-GnRH injection, the animals were injected with 1 uM BrdU
(Sigma, St. Louis, MO, USA) and left for 24 h. Animals from each group
were then sacrificed and gonads immediately fixed in Bouin's solution
for 12-16 h. The tissue was dehydrated, embedded in paraffin and sec-
tioned at 6 um thickness. Immunohisochemical staining to determine
incorporation of BrdU within the oogonia and early oocytes was per-
formed according to the method described by Nakamura et al. (2007).
Firstly, the sections were deparaffinized, hydrated and placed in 0.1 M
phosphate buffer saline (PBS, pH 7.4). Sections were incubated in
0.25% trypsin for 6 min at 37 °C, washed with PBS containing 0.1%
Tween 20 (PBST) and treated with 2 N HCl for 1 h at 37 °C. Sections
were neutralized by incubation with 0.05 M borate buffer for 10 min
followed by washing with PBST. Non-specific binding was blocked by
incubation in 5% normal goat serum for 2 h at 37 °C. These sections
were incubated in mouse anti-BrdU monoclonal antibody (Sigma, St.
Louis, MO, USA) at the dilution of 1:100 for 12-16 h at 37 °C. After
incubation, sections were washed three times and incubated with goat
anti-mouse alkaline phosphatase-conjugated-IgG at a dilution of 1:250
in PBST containing 2.5% normal goat serum for 1 h at 37 °C. Normal
mouse serum was used as a control. After washing, sections were incu-
bated with a detection buffer (1 M Tris—-HCl and 5 M NaCl, pH 9.5) for
30 min and visualized with NBT/BCIP alkaline phosphatase substrate
solution until a dark purple color developed. The reaction was stopped
by incubation in stop buffer (1 M Tris-HCI and 0.5 M EDTA, pH 8.1)
for 10 min. Sections were then observed under a Nikon Eclipse E600
microscope equipped with Nikon digital camera DXM1200. Mitotic
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activity of oogonia and early oocytes were estimated in six randomly
selected areas and presented as an average percentage of the number
of BrdU-immunopositive cells per total number of cells in each section.

2.5. In vitro 5-bromo-2’-deoxyuridine (BrdU) ovarian cell proliferation
assay

In vitro culture of ovarian tissue was performed according to the
method described by Nakamura et al. (2007). Twenty one female
H. asinina with the proliferative stage of the ovary was dissected from
and cut into small pieces (ca. 10 mm?) in the culture medium (Medium
199/EBSS, L-GIn, HEPES 2.2 g/L, NaHCO5 (Lonza Walkersville, USA), 10%
fetal bovine serum (v/v) (GibcoBRL, NY, USA) and 100 pg/ml ampicillin/
streptomycin). The tissues were placed in six-well culture plates and
were divided into 7 groups (n = 3 in each group). Group 1 was the con-
trol group that received no treatment. Groups 2-4 were incubated with
the HasGnRH at doses of 10~4, 10~ and 10~ 8 M, respectively. Groups 5
to 7 were incubated with buserelin at doses of 104,10~ ®and 1073 M,
respectively. The tissues were cultured at 37 °C for 7 days in 2 ml of
culture medium. All culture medium was changed every 2 days. After
7 days incubation, the cultured were treated with 1 uM BrdU for 24 h.
The tissue then was fixed. The incorporations of BrdU within the
oogonia and early oocytes were determined according to the same
procedure as in vivo quantitative analysis.

2.6. Statistical analysis

The relevant data were presented as mean and standard deviation
(x & S.D.). Statistical analysis was performed by ANOVA followed by
Tukey's tests. Differences were considered significant when P < 0.05.
3. Results

3.1. Identification of H. asinina GnRH gene

A GnRH transcript from female H. asinina was identified and concep-
tually translated to show the GnRH precursors (Fig. 1A). The H. asinina

A

GnRH nucleotide sequence encodes for a GnRH peptide, (HasGnRH),
followed by a dibasic cleavage site and a GAP region. The deduced
HasGnRH peptide consists of 12 amino acids (QNYHFSNGWYPG) and
predicted to comprise an N-terminal pyroglutamyl and C-terminal
amidation similar to other GnRH peptides of protostomians. The
HasGnRH precursor was aligned with other known molluscan GnRH
available within NCBI, showing little similarity apart from the GnRH
peptide and conservation of two Cys residues in the GAP region
(Fig. 1B). The H. asinina GnRH has been deposit into the NCBI GenBank
under accession number KP719130.

3.2. Distribution of GnRH-like peptides in the cerebral and pleuropedal
ganglia of female H. asinina

The negative control section showed no immunoreactivity (Fig. 2A)
whereas HasGnRH immunoreactivity was localized in type-1 neurose-
cretory (NS1) cells which were scattered widely throughout the cortex
of the ventral and dorsal parts of the cerebral ganglion (Fig. 2B-F). In
addition, strong HasGnRH immunoreactivity was observed in nerve
fiber bundles extending into the dorsal part of the cerebral ganglion
(Fig. 2D and F). The negative control section showed no immunoreactiv-
ity in the pleuropedal ganglion (Fig. 3A), while numerous HasGnRH
immunoreactive cells were identified to be widely distributed in both
ventral and dorsal horns (Fig. 3B-F) and most were identified as NS1
cells which showed intense positive staining of granules within their
cytoplasm (Fig. 3D). However, some immunopositive cells were also
present in the body region of the ganglion. In addition, nerve fibers
containing HasGnRH immunoreactivity were detected primarily within
the ventral regions of both ventral horns of the ganglion (Fig. 3B and E).

3.3. Effect of H. asinina GnRH peptide on ovarian cell proliferation

Buserelin and HasGnRH peptide were injected into the adductor
muscle of H. asinina in a 24 h treatment followed by the injection of
BrdU. The 250 and 500 ng/g BW doses of buserelin showed significantly
higher numbers of oogonial and early oocyte proliferation at 39%
and 43%, respectively, compared with 24% for the control (Fig. 4). In
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Fig. 1. Identification of H. asinina GnRH precursor. A. Nucleotide and deduced amino acid sequence of H. asinina GnRH (partial) precursor. B. Alignment of H. asinina GnRH sequence with
other mollusk GnRH precursors. An asterisk (*) indicates a stop codon and underline shows dibasic cleavage site. Light blue shading represents signal region, green represents amidated
glycine, yellow represents GnRH peptide and black represents GAP region. A. californica (GenBank accession no. 001191482), U. edulis (BAH09303) O. vulgaris (BAB86782) C. gigas
(ADZ17180) and M. yessoensis (BAH47639). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. Immunohistochemical localization of HasGnRH peptide in the cerebral ganglion of female H. asinina. A. Low-power micrograph of the negative control section showing no HasGnRH
immunoreactivity (ir). B. A diagram shows the pattern of distribution of HasGnRH-ir in the whole cerebral ganglion. C and D. Medium-power micrographs of rectangular areas in B,
showing the labeling of HasGnRH immunoreactive cells (arrows) and nerve fibers (arrowheads) distributed in the dorsal part of the ganglion. E. High-power micrograph magnified from
C showing intense HasGnRH-ir in the cytoplasm of NS1 cells. F. High-power micrograph of rectangular area in D showing intense HasGnRH-ir within the granules of NS1 cells and nerve fibers
(arrowheads) located the dorsal part of the ganglion. V, ventral; D, dorsal; M, Medial; L, lateral; Co, cortex; Me, medulla; BuM, buccal mass; NS1, neurosecretory cell type 1.

comparison, oocyte proliferation following doses of 250 and 500 ng/g
BW HasGnRH peptide were significantly increased, as determined by
presence of BrdU-labeled gonial cells (49% and 50%, respectively). How-
ever, administration of HasGnRH at the higher dose (1000 ng/g BW)
was less effective in stimulating cell proliferation, with only a slight
increase in the number of BrdU-labeled cells (28%) compared to the
control.

Administration of HasGnRH and buserelin at various concentrations
in the in vitro culture of ovarian tissue showed an increase in the num-
ber of oogonia and early oocyte proliferation. Interestingly, 1 uM of
HasGnRH and buserelin showed a significant increase in mitosis of
oogonia and early oocyte proliferation at 55% and 53%, respectively,
compared with 16% for the control (Fig. 5). However, administration
of HasGnRH and buserelin at the higher dose (10~% M) was less
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Fig. 4. In vivo effect of buserelin and HasGnRH on oogonia and early oocyte proliferation in
the ovary of H. asinina determined by BrdU labeling. Vertical bars indicate mean 4 SD
(n = 3). Asterisks indicate significant differences (P < 0.05).

effective in stimulating cell proliferation, with only a slight increase in
the number of BrdU-labeled cells (27% and 26%, respectively), com-
pared to the control.

3.4. Comparison of H. asinina GnRH gene with the H. laevigata

Using the identified HasGnRH precursor, a H. laevigata GnRH precur-
sor was identified from a CNS transcriptome library (Fig. 6A; Genbank
accession no. KP719129). Similar to the HasGnRH precursor, the
H. laevigata GnRH nucleotide sequence encodes a GnRH peptide, follow-
ed by a tribasic cleavage site and a GAP region. In addition, a signal
peptide region can be observed. The deduced H. laevigata GnRH
(HlaeGnRH) peptide consists of 11 amino acids (QNYHFSNGWHA),
and a predicted N-terminal pyroglutamyl and C-terminal amidation
similar to HasGnRH. A multiple sequence alignment of HlaeGnRH with
HasGnRH, and including cleavage sites is shown in Fig. 6B. Besides 2
amino acid differences in the active peptide, HasGnRH contains an
additional G residue.

4. Discussion

In this study we have identified GnRH genes present within the neural
ganglia of two abalone species, H. asinina and H. laevigata. These genes
encode a GnRH precursor that is likely posttranslationally processed to
liberate a bioactive GnRH peptide. The HasGnRH dodecapeptide contains
a non-amidated glycine with the C-terminal “Pro-Gly-NH2” motif
while HlaeGnRH consists of 11 amino acids amidated peptide. The size
difference between these two abalone GnRH peptide is consistent
with size variation observed in other molluscs (Bigot et al., 2012). In addi-
tion, some previously reported the protostomian GnRHs retain the
pyroglutamyl N-terminal residue, but can be either 11 or 12 amino
acids in length, and may not retain the amidated (Tsai and Zhang,
2008). However, the dibasic amino acids following the N-terminal glycine
were present in both abalone species GnRH, a common feature within all
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Fig. 5. In vitro effect of buserelin and HasGnRH on oogonia and early oocyte proliferation in
isolated ovary of H. asinina determined by BrdU labeling. Vertical bars indicate mean + SD
(n = 3). Asterisks indicate significant differences (P < 0.05).

other molluscan GnRH known. Despite low identity outside of the GnRH
associated peptide region (GAP region) between the GnRH precursors of
abalone and among other mollusk, the conservation of cysteine residues
suggests that they could be critical for strengthening the tertiary structure
of secreted peptides. The GAP region may be functional in molluscs,
although it has been speculated that it has an accessory role that would
explain a low selective pressure during evolution (Bigot et al,, 2012).

To investigate the presence and spatial distribution of the GnRH pep-
tide in the H. asinina nervous system, we performed immunohisto-
chemical investigation. A wide distribution of GnRH-immunoreactivity
was observed throughout the cerebral and pleuropedal ganglia,
specifically within cells that have been characterized as NS1. This is in
agreement with previous studies that have reported the presence of a
GnRH-like peptide in the ganglia of both male and female H. asinina
(Nuurai et al., 2014). In that study, the antibody used was from octopus
GnRH and tunicate I GnRH, whereas this study used an antibody gener-
ated against H. asinina GnRH. The relative level of HasGnRH immunore-
activity appeared to be more pronounced within the pleuropedal
ganglia than that observed in the cerebral ganglion. Within the cerebral
ganglia, HasGnRH immunoreactivity was most intense in dorsal region
neuronal fibers that project into the ventral horn of the pleuropedal
ganglion, suggesting that GnRH may be used as a signaling molecule be-
tween the two ganglia. In Aplysia, GnRH has been identified within the
cerebral, buccal, abdominal, and pedal ganglia of the central nervous
system (Jung et al., 2014). We speculate that HasGnRH may also be re-
leased into the hemolymph-vessels that innervate the ganglion, which
could enable direct transport to the ovary and induce oogenesis. An in-
vestigation of the GnRH receptor in the ovary could establish whether
GnRH is acting directly on the gametes, or may stimulate other down-
stream reproductive hormones or small molecules that regulate repro-
ductive maturation.

Local expression of GnRH within the ovary was not investigated in
this study. However, using the non-abalone GnRH-specific antibody,

Fig. 3. Inmunohistochemical micrographs of HasGnRH immunoreactivity (ir) in the pleuropedal ganglion of female H. asinina. A. Low-power micrograph of a negative control section
showing no HasGnRH-ir. B. Low-power micrograph showing HasGnRH-ir within the pleuropedal ganglion. C. Medium-power micrograph of rectangular area in B, showing the labeling
of HasGnRH immunoreactive cells distributed in the cortex of the ventral horn of the ganglion (arrows). D. High-power micrograph of the rectangular area in C demonstrates strong
HasGnRH-ir within the granules of NS1 cells. E. Medium-power micrograph of rectangular area in B, showing HasGnRH immunoreactive cells (arrows) and nerve fibers (arrowheads)
within the ventral horns of the ganglion. F. Medium-power micrograph of rectangular area in B, showing HasGnRH immunoreactive cells (arrows) within the dorsal horns of the ganglion.
Inset in F shows HasGnRH-ir in the cytoplasm of NS1 cell, with 10 um bar. V, ventral; D, dorsal; M, medial; L, lateral; Co, cortex; Vh, ventral horn; Dh, dorsal horn; Bo, body; Mu, Muscle; St,

statocyst; NS1, neurosecretory cell type 1.
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Fig. 6. Identification of H. laevigata GnRH precursor and comparison with H. asinina. A. Nu-
cleotide and deduced amino acid sequence of H. laevigata GnRH (full-length) precursor.
An asterisk (*) indicates a stop codon and underline shows tribasic cleavage site. Light
blue shading represents signal region, green represents amidated glycine, and yellow rep-
resents GnRH peptide. B. Alignment of HasGnRH with HlaeGnRH. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of
this article.)

we have found GnRH-immunoreactivity in the testis (Nuurai et al.,
2014). We propose that the neural ganglia are the principal source of
GnRH production, while GnRH synthesized locally in the testis may
act as the paracrine control of gamete maturation.

Pervious functional studies of GnRH in molluscs have demonstrated a
role in reproduction (Nakamura et al., 2007; Osada and Treen, 2013;
Treen et al.,, 2012), but studies in Aplysia suggest that it likely is involved
with diverse regulatory functions (Jung et al., 2014; Sun et al., 2012;
Tsai et al., 2010). In this study, we show that buserelin and a synthetic
HasGnRH peptide exhibit a similar effect on ovary, by stimulating oogonia
and early oocyte proliferations. They did not affect degrees of maturation.
Notably, HasGnRH is more potent than buserelin (P < 0.05) suggesting
that the effect of HasGnRH may be more efficiently mediated through a
specific cognate GnRH receptor in the ovary. Injection of HasGnRH at a
relatively high dose (1000 ng/BW) has a relatively low stimulatory effect
on cell proliferation compared with the less concentrated doses (500 and
250 ng/BW), suggesting that excessive HasGnRH might down-regulate a
receptor, as demonstrated for other hormones (Nuurai et al., 2010). The
molecular mechanism of GnRH-mediated gonial cell proliferation may
be through gonadal steriodogenesis that in turn promotes cell division
(Osada and Treen, 2013; Treen et al., 2012).

In summary, we have identified GnRH genes within two abalone
species with each encoding a GnRH peptide that is synthesized most
abundantly in the pleuropedal ganglion, by NS1 cells. We speculate
that it may be released into the hemolymph-vessels innervating the
ganglion, which enables transport to the ovary and then received by
the estrogen-producing cells in the ovary to stimulate steroidogenesis,
resulting in the induction of ovarian cell proliferation. This new under-
standing has provided important knowledge into the molecular identity
of the abalone GnRH and its function in relation to reproduction. In
practical terms, our results have indicated that stimulation of ovarian
cell development with optimal doses of 250 ng/g BW HasGnRH may
be a useful technique in the culture of abalone in order to accelerate
the reproductive cycle in abalone aquaculture. Further experiments
may now be undertaken to investigate the molecular pathways in
which GnRH activates ovarian maturation.
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