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BE_KETHIFRITHATEEREENFETHY, RO, BELERECEREHEES
RREERI, FRMREINBEFEENORML AR AIREEZOND, ZOTDIZIXFAEDTEE AR
HH T COBLEES AT LAOBENEETHS, LL, BE _KEOEFEARENMRIL, B EOK
BHYCREREDFHEBDIC R TZLOOPRIRTHS,

BE_BRA ThHIFSTHADEINCELBRIL, ETIRHRB, IHIIKETHY, Zhbideab=r
(6-HTHZ LVBRIE ECREEN) 5-HTwz DREIATERMEIN TV EIREEEN L THEIND, 1BE
“HKRTIIEORBICIVHIRRANS D Caz OB EHSETY, BMBIZIIRBBEZS, LAL, IfiE5-HT
SZBREEHATRET, F-BESEAHT—r AU ELIFRANTEE-TNAILR, 5-HT BEICK
BENFRODEICHBEZERRONBZ LMD, 5-HT 71 Tidia b O FREHEESTFEL TVDZ
EREZOND, —F, IPRREFHE TS 5-HT ICHL T, ZEEOBERHALITRoTVRUND,
HRENEREERLOBEDIERHTE TRV, KRR TIY, MEZKE THOIRI T HADEIRHBE
DISRRFICL o TREEN T EONEALNICTHTLEBMIZ, 5-HT LEETIHFTHADEIR
AR FORBEITOEEBIZ, TOEABFERA U, FRZEEPHALITRZ > TRV ESNICE
D% 5-HT RAKOBEZHALNICTEZEEEBICIDORRBITEITo7=,

8 1 B R YTHATEE RS IR A IR SR FOFE

EETFERL2 PESESRAEL TOBLEDV LK ONDBEND, BRETHADEIFS PR OH #HE
ZIFTCWBEE X, RETHAINEMBA =, MBEOWEE — i H OWEREINS V= in vitro assay TR
T H AT - REHEEH(CPG)EYA 5-HT ICXAIRBEIEHICE D LI BE E X TODHMIC
SVTRAMLE, '

EDHR, RFTHAMERED CPG IZ, 5-HT (LI M T 2B/ F U 7 BEHORFHE
ENDHLPBALNITR oI (Fig. Do ZOZ _OEEOHHIEFRIRCAZ Y TARDOT AYFTHATY
5-HT X a9zl L 7z, ZomERFoEEiTnY S EFPICH Roni=(Fig. 2), Z0OHHE
Fid 5-HT I LDIPRBE T 22 LI K0IRE A MHIICHAEL T3, Wioid OMAF (Oocyte
Maturation Arresting Factor) “FES~_EEFTh-o7=(Fig. 3A), &K 5-HT ik B9R&HE M35
HFLLTHaHIL TS PGF2 it 5-HT IZ LA IRRR B Cidie<, EMEE DO HEIHT5ZLick
S THREL TWBZENHALYNI 2 o7=(Fig. 3B), $72bH 5-HT ICLBIIRBEF D% ET 50T,
OMAF & PGFau iZL > TENENHIFIBICRE 2T TOBZILMBHLNT 20T, OMAF 10304,
THY, =A% O 5-HT ICLDIPRBSMHI L7720, HBE K RIZEEMNIC OMAF OBEENMREINT
WA ATREMEA RIS - (Fig. 4),

%% 2 # Oocyte Maturation Arresting Factor (OMAF) D& i/

AETIE, RETHATRIHENT2 OMAF O IFRBADOIMFIZITHERBF AL TIILEHE
&L, 530> OMAF ZAHMOE %, OMAF & Caz b OBURIZ DV TRELE,

BHiX OMAF Izl TR AH#4 AL THY(Fig. 5), OMAF O 5-HT (2 XA IR BB It 5]
ZhEiL, 5-HT OFR, JRRED 5-HT ZEETO 5-HT LOFEAICLoThib®IbDOTIIRY,
IR E D OMAF I3t 22 AL ML TREIAZLSHALIIT2 -~ (Fig. 6), OMAF DO##EIL,
5-HT IZ& > THRIND CaF v RN LMl Ca2*DEViIAA%, OMAF 28 RO EH
BENMLT, bBLITERE CarF v RUVIZBENT THETAILICEST, SR IHT32L1chb



L= (Fig. 6,7),

% 3 #-OMAF &3 FDRE

%1 ELE 2B TRMNEIT>TE OMAF 5 FORIE:RTHIE% BRI, CPGHitiHimY L S LiF
ZHBWEIC, TVEB, BAT L RBOE < 77 0—CREEE S %57 8EL, SDS-PAGE THF
BEFHELE, N7V THE, #18 HPLC THEELZESOTI /B —r Z%TV, BEmns
URIGEDHBERI,

OMAF i1 52 kD 04 FE BB OEEERDZ L /E TFig. 8), 7L B TELNNETI
JEBESNIE, B sL R~ IR E RS20 (Fig. 9), 012, TRE THILETHRESN TS
OMI T A A7 3H A THE XN TVD Spisula factor R E LIZ B2 ME THAHZ L bhroTz, Lz
2T OMAF %, ZHETRESN TORWEBROIRERIHIE 7 THhaZ L3 RmBREhik,

4 B EINCEDS 5-HT SREDI0—=0 7 LB

BE_KEOERICEDS 5-HT RRKIIZhETI/a—=07ENTRLT, %@7‘\_&5 5-HT i2&%
IR ABRICBITAIINFEREEREFALHICTILIIRETHS, LB > TEAETIIRITHAD
SN2 5-HT ZREROMELHERITE BLL T, ¥ T VIR S RNA 55 RT-PCR,
3-5RACE VT 5-HTpy DIu—="7%4T\N, in situ " AT IF (¥ —La L EE RT-PCR 2
IERBEMITEAT oI,

RETHABREMNDS 454 TI/BBEEZT—R T3, 1818 bp @ cDNA 15725, 5-HTpy 27u—=V
7' UT-(Fig. 10), 5-HTpy 1388510 5-HT B LEWERMEE R U, L0bit GiE&E D 5-HT1 7
AIATA75 D 5-HTiap EBVERIMEZ L, #BEHIC 5-HTW 7770 —icmaEShi=(Fig. 11),
5-HTpy mRNA it Ez2izk-> TRENSFESN(Fig, 12), ¥R, IRMR, A% ERERTRER
LTWaZeprEn=(Fig. 13), ST O RERBBTORE»LIFRBCEINCE S LTS
5-HT 2 BEETHIZ LN RBENT,

B4 =8(Fig. 14
1) BETFHATER BRI 5-HT (X AEINCH L CHIBIEIC B, #2278 HT, L,

T« OWFRE B RICEERCHBRE T D E MRS R 7 03 FE L 1o, ZOESFIHIRERE 7
YU TIRRICEAON, SIRIZHEZEHEEZN LT, 5-HT (X550 E M
3%, OMAF LU THREEL TWHIEA LN RoT,

2) OMAF i1 5-HT (c&5#RE5 CaZDEIAZE M T2 LICLoT, SPRBEHHIL TVaZ

Loz,
3) ZOMHIEFIX 52 kDa O FEEZFD, BERMOFL _IBITTEE Y LRWFRE OIS B+
THDAIREPEI RSN, '

4) FETHARRNLIa—= 73l 5-HTpy IXEFMRRICRERL TRY, E2 Ik TEERR
FHEINILDD, WRBREDOHLIRAEFLE TS 5-HT 0L/ F A E2INI=EST S 5-HT
RBEETHLIIENTFREINT,

FETHADEIRNL, 5-HT IZE>THERIEINDD, E2 IZXoTRIsTORBESFHESNS 5-HTpy
RO HIRR L AT LM%, OMAF (IZL29RRBOHHlL, PGF2 IC K5 EMEE 2 ODIR
O LR 4 DRFIZE>TENE NSRS S TS EE L LI,
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Fig. 1 Inhibitory effect of the extract from central nervous system on Fig. 2 Inhibitory effect of hemolymph on 5-HT-
serotonin (5-HT)-induced egg release from ovarian tissues of induced egg release from ovarian tissue of P.
Patinopecten yessoensis. The ovarian tissues were incubated in 1x10-5 Yessoensis. Supernatant of hemolymph (Sup) and
M or 1x10# M 5-HT with cerebral and pedal ganglion (CPG) extract hemocyte lysate (HL) from the equivalent volume to
or boiled CPG extract (A). 1x10° M 5-HT and a boiled 5-HT were 0.15 ml! of hemolymph fractionated with ammonium
applied (B). CPG extract from female and male and visceral ganglion sulfate at 80% saturation were applied to the ovarian
(VG) extract from female were applied with 1x10° M 5-HT (C). tissue with 1x10° M 5-HT. Values with different
" Values with different letters are significantly different (p < 0.05). Each letters are significantly different (p < 0.05). Each
value shows the mean + SE (n = 4). value indicates the mean * SE (z = 4).
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Fig. 4 Inhibitory effect
of CPG extract on 5-HT
(1x10° M)-induced
oocyte maturation of the
isolated oocytes of
Crassostrea gigas (A),
Spisula sachalinensis.
(B) and Ruditapes
philippinarum (C).
Values with different
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Fig.5 Effect of pretreatment with CPG extract on 5-HT-induced oocyte maturation and egg release. 1x10° or 10° M
5-HT was applied to the ovarian tissue of P. yessoensis (A) and the isolated oocytes of S. sachalinensis (B) and R.
philippinarum (C) together with CPG extract or *after pretreatment with CPG extract. The pretreatment was performed
by preincubation with CPG extract followed by rinsing with ASW. Values with different letters are significantly differsnt (p

< 0.05). Each value indicates the mean * SE (n = 4).
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Fig. 6 Effect of CPG extract on 5-HT-induced oocyte
maturation of B philippinarum oocyte under the
presence or absence of extracellular Ca%*. GVBD was

frequently induced by 5-HT except for the incubation

(F-Fo) / Fo

with 1x107 M 5-HT and CPG extract in Ca?* free ASW.

*Significantly different in the pair (p < 0.05). Each
value shows the mean *+ SE (n = 4.
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Fig. 7 Changes in [Ca?'li in R. philippinarum
oocytes treated with 5-HT (A) or with 5-HT and
CPG extract (B, C). Calcium green-injected cocytes
were incubated with 5x10°% M 5-HT. GVBD
occurred in A and C, but not in B. The black
arrows indicate the time of 5-HT application.
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Fig. 8 10% SDS-PAGE of the fraction containing OMAF obtained by Poros HQ chromatography (A), and
effect of the fraction on 5-HT-induced GVBD of R.philippinarum oocyte (B).

(A) 1: fraction containing OMAF. 2: supernatant obtained by rinsing R, philippinarum oocytes with ASW. 3:
fraction containing OMAF after absorbed with R. philippinarum oocytes.

(B) R. philippinarum oocytes were incubated with 1x10€ M 5-HT alone and fraction containing OMAF or the
fraction after absorbed with the oocytes. Significantly different from between a and b (p < 0.01). Each value
shows + SE (n = 9.
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Peak No. amino acid sequence
1 Tyr-His-Leu-Lys
2 Leu-Ser-Glu-Gln—Val-His—Lys-Leu—Glu -Glu-Gln-Ser-His-Gly-Val-His
3 Ile-His-Ala-Asp-Leu-His-Glu-Leu-Ile-Glu-Arg ‘

Fig. 9 Reversed-phase chromatography of the OMAF digested with trypsin (A), and amino acid
sequencees (B). Peptides were eluted with linear gradient 0% to 60% of acetone in 0.1% TFA.
Amino acid sequence of peaks 1, 2, and 3 were determined.
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1 CGGTCCTGATGTCATTCCCCTGCAGGCCTAGAAGCAAGCGAGCTCAAACAATTGTACAATTGGAAGTCACTGCAARATCTT TAGGGACT AATT TATTCCCATTTIT
ACCCCCACAAAATAGGGTTAAGGTATCGAATACTTCCTCGTAAGAGTGAACACTATGCAGGTGTAG TACCCGTTCTAATATACGGAACCAAA TCACTGT TAACTGCCACCAGTCGCCAACGTTAAC

ATGCTTATAATGGGTCTCATGCAACAAAATGGGGCGAACGCGTCCATCCTTGGACTGTICAACAGCGACACATACTCCAGTGTCACATTG 322
1 ML I BGLRWAGAONGANASILGLFRNSDTYSSVTL

TCTACGGTCTCTACCCAGAACGAGACTACGGCGTCTTCAGTGTT TAATTCTACAACATACAATCCGCTAGGTGGCACCAATGGTACAACC 412
kil §IVSTONETTAS§VFNSITYNPLGGT!GTT

GGATTCCAGGGTTICGGCCCTCAGATTAGGAGTTTAGAACACTTGATAACAACCTCT, 502
61 GFOGFGPOQIRSLEHLITTSIELLGLRILEATE
™1
592

TCTTCATAATGTTGCCAACTATCICATCCTATCGCTCGOCGTGH

91 VI ARATELEKNLHNVYANY

mn AR
; ;GgGAﬁCGAEM'}'CAGTACIGTGTGGT!‘CC’ITAGG@GGAAATTTGTGATATG 682

STVHWFLRPEILIGDN

CCGTTACTGGGCCGTTACCAACATT 772
IRY¥AVTNHNI

121

TG - .
51 W SFDVLEG

T™IO

GACTACGTCAGAAATAGGAGCGCGAAGCAGATACTTTCCATGATCGCGCTGT 862
181 DYVRNRSAKQILiMIA*’--‘-‘*’
[TTGGATGS GGAGCCGGCGAACAGTCCCGTGCTGACGGGCACGTGTC‘I‘CATTAGCCAGGACATTGGCTACACTGTC‘I’I’!TOC 952

FGRKEPANSPVYLTGTCLISOEDIGYTVFSTHE
™V

AAAATATTCCAAGTCGCCCGACGACGAATTCGGAGGARAAATTTT 1042
HRRRIRRKNF

m

241

CATAAAAAAAGm GCTGAGGCGAAAATCARATCGGATCACTCATCAAAGAGCAAGTIGCTCTTTAATTCGCCCAARMAGCAAT 1132
m  HKK LKKAEAKIK§DH§SKSKLLFH§PKSN

GGTCACAACAGCGCTGATAATACGGAGATAACTGTGAACGAAACATCCTGCAACGGTAATGAAAATTACAATGATAAGAATGARAACTCA 1222
301 GHNSADHTEIIVgETSGNGNENYNDKNENS

A

AAAGTAGACACGAATGGATTCGATGACGCAARAACTGCAATGATTCCGAAAGCAGTAAACAAAGAGCAGGACAAAGCAAAGAMACAARAA 1312
MM KVDTNGFDDAKTANIPKAVNKEAIDKAKKE QK

GAAAAGTTAGAGATGAAAAGAGAACGGAAAGCTGCTAGAACGHTAGGCATC 1402
¥ EKLEMKRERKAARTIL G
CTGCTCCCCTGGTCRGCAAGGCOGCTGAAGAGATTCCCGAGGAACTTATAAGTTTTGT, 1492

M L AETAPLVGEGKAAEEIPEEL I SFVE
CGGATTTCCGTAATGCCTTCCAGAAAATTCTGTICGGAAAATACTCARAA 1582
21 CSPDFRNAFOKITLFGKYSK
AAATATCGGAGATGA 1597
41 K YRR 454

AAATTTTCCAAACGGGAAAGGCATCATTATCGTCAATGCTGTTCACTGAAAGCATGATGGCATTTAAAACTGTGTCGAGCTGACCTTAAGTT AAGTGTTTGGTCGGATTATGCAGAGT GCTGGAACATGGATG
CGTTTTCGGTTAAGTTACTGGT TCAAAGTGTATGTGATATGAGTAATATAAGATACGACATTATGAARAAAAARAAAAAARAAAAAARA 1818

Fig. 10 Nucleotide and deduced amino acid sequence of the putative 5-HT receptor of P,
yessoensis, 5-HTpy(AB2209935). Putative transmembrane regions are boxed and numbered TM
I-TM VII. Potentisl sites for N-linked glycosylation are indicated by circles. Serines and
threonines that are within a putative sequence for phosphorylation are indicated by triangles.
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5-HTpy/actin

Accession #
1000 g 5-HT54 MOUSE ~ Z18278

—L— 5-HTsg MOUSE X69867

1000 5-HT1Lym 106803
289 999 S-HTapz AF 372526

568 @ 5-HTpy AB209935
861 5-HT1ap AF041039

ooz | biss 5-HT1Adro S18153

7000 5-HT1Bdro 711490

5-HT1Ce U15167
5-HT1A MOUSE AK 049884

687 __: 5-HT18 MOUSE M85151
598 5-HT1p HUMAN M81589

998 _: 5-HT1g HUMAN M91467

an 5-HT;r HUMAN 104962
o — 5-HT7Dro M55533

713 5-HT7 HUMAN L21195
5-HT4 HUMAN AJ278979

950 5-HT2A RAT M30705

1°°°'_':-:;-HT2(: RAT M21410

5-HT2B RAT X66842
954 1000y 5-HT2ACe AF031414

' 5-HT2BCe AF031415

510 5-HT21ym U50080

685 5-HT2Dro X81835

_| 5-HT¢ HUMAN 141147
843 C 5-HT Aap L43557
1000~ 5-HTBap 143558

Tre—

Fig. 11 Phylogenetic analysis of 5-HT receptors including 5-HTpy. Amino acid sequences of 5-HT receptors
were retrieved GeneBank database. Their amino acid sequence were aligned with the corresponding amino
acid sequence of 5-HTpy, using the ClustalW DDBJ version. Phylogenetic tree was written by tree explorer.
Each number by the brachs indicates bootstrap value. Accession nunber were indicated. Receptoers' name
are referenced Receptor sequences used are from the human, rat, mouse, Drosophila melanogaster
(Dro),Lymnaea stangnalisLym), Aplysia californica (Ap or ap), and Caenohabditis elegans (Ce). The
corresponding accession no. is indicated next to each sequence.

Fig. 13 Localization of 5-

HTpy mRNA in scallop

ovary and testis. HE;

. stained with Hematoxylin-
* Fosin. AS: used antisense

- Dig labeled ¢cRNA. SE

" used sense Dig labeled

" ¢RNA. OC: oocyte, GD:
- gonoduct, SG:
spermatogonia, SC:
spermatocyte, ST:
spermatid, SZ:
_ spermatozoa, Scale bar,
20 ym

09 |

07 ¢

’ Control E,

Fig. 12 Effect of steroids on 5-
HTpy mRNA synthesis in the
ovary of scallop. E,: estradiol-17 3,
T: testosterone. *Significantly
different from control(p < 0.05).
Each value indicates the mean +
SE (n=4).

Testls

—102 —



ﬁ

promot? \W N4

/| cpG /7

,,a;v,“»":” ﬂ

pi)

Gonoduct

Fig. 14 Schematic depiction of extracellular transduction for cocyte maturation and egg release in the scailop, .
yessoenasis. 5-HT: inducer of spawning. PGF,,® inhibitor of 5-HT induced egg release. OMAF: Oocyte maturation
Arresting Factor.
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WE_KEOEINIRE, W - (WENRRIER I > THE SN, T ORIER AR RERIN
REECHHAENTVWS, LEL, ZORBIIEEENKE SFEL, RE LEEEE RV
BRWDBBURTH D, T OBREFFRT D 72D EINONDWREEOMIIIEELRETH D,
HREEVE ThDEw b= (5-HT) BSBEKBEONEMEOENOF X &METH D Z Lidsm
LRTVER, TRREINEZFRER TE TV, ZIZITIE, 5-HTIZ X 3 EINFRICKTT 2 FHEiHE
DFERLLFTL DI ENTWS, AIFEIL, R¥ T A Patinopecten yessoensis [Z33V} % 5-HT IT &
DEINFR L EET I HRMEREEOMRERFORRK L ZOERABELZHL ML, EINCEDL?
5-HT 2RO & MEERRIT 2> & WERE B A OIREREL - IV O N3 RSB OMA 21T 272 b
DTHD, .

1) BT HA DT - SEHHERIC 5HT 12 J 5 EINR 23 5 B H KON OEIER TN L,
i) N TEFNTSHT I L DIRAZEET 5 Z O#YHEIE, Oocyte Maturation Arresting Factor
(OMAF) & 4fHF bz, CHICHE< 5-HT I X 5 ASIOAMENO®RE UIKH) OFEs
TuRET GV Fla (PGRa) X - THRISNDZ L &R LT, Ei, BEKERICEENIC
OMAF DBBERRFE SN TND Z L2 bR L, MEETAKE QIR &L IPHLH 2 672 2 BEIRA 5-HT,
OMAF, PGF2aIC & BNAWHMEZIT TS = & 2B b Lk,

2)OMAF O 7 ik, SR Eich 5 LR S hic Zickt 3 22 3#E 4 L TIINIE 2 b,
SSHTIZ XD IV D AF v 2NN LICHIRRA IV 0 A DOIRR~DRAZIHI 5 Z L1k o T,
5-HT I L DIVBAFHEELMA TWIZ L AL LT,

3) OMAF 73137 FH & 52kDa DHEEEDEHE TH Y, WY I/ BRI ORI CHTHR O
FThBZ EPRBENT, OMAF ORIFESLHTIA XOFE, E2EFIRTOBRRFAES T Th
5T L0256, OMAF R OIRBIH S T CThDd T L EBH LT L,

4) PR L BN 2 BFE 5% 5-HT ¥ 7 F Vv 2 MR EET 2R ¥ 7 04 SISO 5-HT ZH/ENR,
454 7 X JBBREP LR Y, GEREXRBOS-HTI VT 7 7 IV —ZHEIND T L2 LMIT LT,
5-HT ZAEERET I EMIE, AERENROBEME, BHERTREHAL, =27 V4 0 -17p
X THRIAPFEIND Z L20, IR LI-BTFRHICED2ZEETHD I L 2ALRIC L.

AN, HEEE B DREIVRENIC B 5 FHEOD T ORR & EINRE A ONSWEE 2 B & b
KLEbDTHD, ik, KESBEEGEEOKED IO DER - Bl AERFOBRIRICK
E<HEBRTILOTHY, IEROMIEYZH M ERBEZIETT I BN RMETLH D Z
b, WEAPRZIBWTELLIMIEND, IoTInElE (B%) ORME2BETIIMET
b0 EHE L, '
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