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—HWEE GERED K, KELBEEGENGSZC, TOEMICY 5 EBAERFENPIREE <
oHfFhNTE s, UL, ZHEMOER (K005 L OB BHICBI L CERBNAHE <
FUREBISICB T 2 EE BREE) KON LS NHESUMHOENFEALVE Y SIN
FTHE SNTHE,

—%, ZHWBBEEEAZKEEITON, R 5 FH A4 Patinopecten yessoensis %I U, JEMM S
e D LI TRERE LBOESDELIN, 2¢T, ) LkBict LT, S8 1
MERESA SNTEL, FIAE, BE, SR 7rh Y, FAGBIEK, BRICKELE
DEPFRESLCRWONTV S, LL, ChoDOENEFERUOERABRFIZHASH TR,

ZD&Hic, ZHABHOEBRSOLLE AEREERICL > THE SN TV E00RETHD,
Z DRI EWEHBRD A 5 F, THEROMBIEKOREIC & > TEELREOD &>
ThHbHEEZ LN,

2T, ABPHTE, £5FA4EMREL, ZOEPEMERE LI,

F—hy THAOEWNERR T IRBREWELTHES Mic LIV EE L, RIFOER, M
EEVBEOVEDE LTSNS+ o b =Y (5-hydroxytryptamine ; 5-HT) 7%, B2 1550
EREBETTCEBEOMICE o1, EiC, BADE, T3 vERED TR Y v 15 8% H
BT n vivo TRETL, £57 54 OEIMEHICIE, 5-HT ZUTEL F—/v3 Y
TRy Iy (PG) B LTOHAARERISRE SN, BT, MENcKRIZT 5 -
HTOPGHEDEEA in vitro TR L1, BT+ & 754 OhREERE £iEERic B0
55-HT &h7 3 -7 3 vORHEERBILFHICHRS L 1

ZLT, UEO#HRES LIThS 771 OEPRBEHET DIEREEREERL, #5574
A DEE IS S L 72,

1. EINFRMEOKRE

B Ui, ERNEREAOS 2 MENW L E Y DEEEZRNT 5710, MSERBIK A LR
MickGt LENARE RS, TOER, MEHRBRIIEECBEERERLER LN, HKI
BFERLEH T,

T ERB IR OO R R 3, GASMARET, BT, PMRMERIO T NT o Ic
B o, MEEIEEEKOMEIC &5 ELRD SNl o, SWREICEET 5 L OREER
BTiE, 1%ry 7oy (37C, 2B, BT, 05587V (37C, 1~4BE)nums
ToTHRELLED T

wic, A OMRZENEOENERNEERT L. TOBE, ATIRICH - M ey
BORHTS-HT 2O PPEEREPFRIEAZR L (Table 1), #TI 2 x107*M, #Ti3
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2xm*MuL@5-HT&a4wﬁwtéa.%f@ﬁﬁ%ﬁ%,ﬁfd$ﬁ%ﬁ&m%ﬂ%
NHORHET 2 OBE SN, 5-HTEHOEWNERTHONIIIL, 100 % HVO SRR
2L, BEET >R E TRERICHRE L,

PEDTELD, SEHMEMICEENIMEERRAFVATEEPERETEH B, *5 544
T35 -HT BERLEFERT IHHEEDESE L THBEL TO3aliEHsE L ohi,

2. tn vivo [CdslT DEEIIMENE D1&ET

5 -HT @4, RABBEEGK, MROEPEREMR TS 5 -HTHBRE, F—ov3 v
HE, 7RAEY VIREDHBE: in vivo TRETL 72

ZORR, 5-HTEN, BAGEEGK 7r4++7 v (5-HTALHER) - MEo
BIRIMERIEAIL, AF LI F (5 -HTEHEE ki oFERIcME &N/ (Tables 2, 3),
H->T, k5 FHADOHTI, 5-HT I 5-HT SEKENMLTHRINEHERL, R ERE
KPT7NAFEF Y - MBIRLDFHS 5 - HTEBEBEEN L THINEERTIOD0EER
Siht, T, b5 -HTEHNORIWERIERG F— <3 vEBERETH SR - 0b, B4R
BEEBAP 7 VA F € F v - MERIEOBIPIRIEME F— I v ERETHRICMH SN
LD, SASBEHEKOMEBREBE K- 3 S FBEREAA LT 5 - HT OMMARL, i
REFERTIHOEME SN, LT, 5 -HTEHOKWEREMMST 2 Y v THIF il
HlEhicT &S, &9 FH4ADRIPBBIC PG AL L TN EL SN,

UhL, #OBAR, 5-HTERP I VA F v - MBOBEERERICILT, RPE
THOW/IELZDE 7 3I VEREPT A Y VI3 E > o IMBWEMERE 18 » 70

3. n vitro [T DEIMEE OKET

5~ HT 5% in vitro COMIVERRT 3585 hERH L, in vive OEBTHIMICEL
LTWAEREME M RE XN PCOIER%E in vitro TR LI,

ZOER, 5-HT R in vitro CHORIPEFERL, HEA D SHHSNIING, #HHT3EE
IR AR Lce 5 -HT®D in vitro TORIPHERMEMRIE, 100 MTRAERLE
(Fig. 1) o AF NI Fiin vitroltBVOTH 5 -HT OMIMBERIEFZMEI L1, /2, 7
ZEY Y (107 M) AV ATy (100°M, 100°M) 5 -HT ORIISHREMEEEI
WHL foo

ZZ7T, PGE2, PGFz2a, PGD2 OWIPIRIITHEERRIF LI, ZOHR, SPCRKE
IR RIERREDONIIDd 708, PCFza it 5 - HT OHRIFRIERAMH L (Fig. 2),
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PGE2 3 5 - HT OIIFARIFAZHE T 2 @RS SNz, Z LTPGE2 OFAEF TR, 7
xeuy£¢04ykx#vvu5—HT@HW%%@%&W%%f,&%@47Fx&vv%
RIMLAEBX TR}, PGEz (107°M) 35 - HT QEIIFRIEMLERICHER L) (Fig. 3),
#-T, 5-HT SEEMEIERLTRIBELHERL, ZOIEAIIPGF2a Tk 3,
PGE:2 WLBRELVSREZSU0TVWBEbDLEEZ SN,

4. £/ T 3I0oMEBILEARE
R & FHA DEPEENDBEESIRBEINLE-HT Eh7a -7 3D, hiK#RREE
FERIBRIC B B NME, 7)) A F YVBRICK SEOEBRBMEEN AL, 5-HT £/ 7 04—
Ytk (YC5,/45 HL) %MW B gL ENHEIc K DRI L 7
ZO8B, UTOLS5KE, 7IyOREBHELLICIE -1,
1) hi#HER (Figs. 4, 5-A, B, 6-A, B)
5 - HT #eita « SR REnRIEE - RIE, TIMMEH, BIfhEE
AT 3T I M RN, NEHEEIRIEE
2) ABEE (Figs. 5-C, D, 6-C, D, E)
5 - HT St - ARERIRETARAL, Sl AnnE LR TR, 45 bR, MR
e &
AT AT R AERRKR, AEERE T R AuRE LR BE
Lz, EESMABAES
LDESiE, *FFH4 OPREMERS KOEMBIRIC 5 -HT @, A 72-07 I V@i
DBEICAT BT DTS > T2 2 LT, PIRMERO EOWED 5 - HT MM
AFERIBATR L TOAD0IREOH TR VA, FEERENERERERT 5 - HT sl
cBEL, &<k, ERLOMENENEEZ NS EHEREPEMERICS 5 -HT ik
WERHTLONBEI N LR, PELEINSD5 -HT HEO—HrOKSh5 5
~HT %, #4754 OEPEHBICE W TEELREN AR L TV 3 W R REMERNIC R
TEbDLEEAONT,

KFEDEBABIET S L, +§FH1OMETE Fig. 7T iKRTLIic, BEE{LZEDMES

DONZED & DFBAS, K —o%3 VUEENMERERE, 5 -HT fESHMEMEE N U TRIRESBRL , 5

~H™ ORENEHRAERIZINEIC BN T PGFea it L 2ME], PGE2jC L 3B # & VS BEHAS T
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TWEbDEELZONT, £/, ARBURTIE, AMRE LR THEE, 4R, HRgss,
EINCBLEAENEEZ SN BHEIC 5 - HT MO RTHENRED S & hd, ThdHD
5 -HTHFERO—HH oM EN3 5 - HT HEIMCBEE LTV 3afeAE 2 o h 2.

—7%, HDBE, FEREFHTTE, 5-HT BHRE, F—~UvERE, 7xvy)yrilildsg
BB eRE W1, L L, BIREREHREDN1 /100 ORED 5 -HT T, MKsH
BREINBTEDS, D EL, HEBECBWTH 5 -HT BEBELBUAERLLTHEE
DEEZ OIS,

Fig. 7107 U HORMISIC B A EEME 055, 6 - HT BAOWE ORI >0 T
T2, o ZHABETRI SN TVARVD, KFIRTHH THL M Iz 5 -HT OENFER
fEME, BEETRAIEO KA THEDZVEMERINTHS, #-T, 5-HT 3K
WEBOERBBIEES L TV3bnLEL LN,

CokHic, _HEBOEIPBBICMEE T 2BREERVPID TRB SN T L, AN
OEEHEAERT 2 52T, £, TREBOBEREN, #fifx - BEENIILI B 2 1R
BN~ OIHOmE» S bBEHRDHHLDEEZLS,



Table 1. Induction of spawning by the possible neurotransmitters in P. yessoensis.

Animals spawning / Animals tested

Treatment Concentration

(m) Female Male
Serotonin 2 11/15. 11/11.
Dopamine 2 0/9 2/5
Noradrenaline 2 0/5 0/5
Adrenaline 2 0/5 0/5
Acetylcholine 2 0/95 2/5
Y-Aminobutyric acid. 1 - 0/5
Control (filtered seawater) 1/9 0/5

-
Significantly more successful at causing spawning than the control (P < 0.005,

one-tailed Fisher exact probability test).

Table 2. Effects of various chemicals on the induction of spawning by 5-HT

in P. yessoensis.

Animals spawning / Animals tested

Treatment
Female Male

Methysergide & S5-HT 2/8. 5/5
LY53857 & S-HT 8/8 -
Sulpiride & 5-HT 3/% 5/5
GHBA & 5-HT 4/5 -
Control-1 ASW & 5-HT 7/8" 5/5
Control-2 ASW & ASW 1/8 -

Each animal was injected with 0.4 ml of 10‘" M 5-HT or ASW lh after the

injection of methysergide (0.3 mg/0.4 ml), LY53857 (0.3 mg/0.4 ml), sulpiride
(1 mg/0.4 ml), y-hydroxybutyric acid (GHBA, 0.15 mg/0.4 ml), or ASW (0.4 mi).
°
P<0.05: significantly different from the control-1.

..
P <0.01: significantly different from the control-2.

Table 3. Effects of methysergide and sulpiride on the induction of spawning by

thermal stimulations (Therm) following fluoxetine injections in P. yessoensis.

Animals spawning / Animals tested

Treatment
Female Male
. .
Methysergide Fluoxetine & Therm. 1/5 4/6
e .
Sulpiride, Fluoxetine & Therm. 0/5 475
) .
Control-1 Fluoxetine & Therm. 5/5 5/5
Control-2 ASW, ASW & Therm. 0/5 0/%

Each animal was injected with fluoxetine (0.2 mg/0.4 ml) or ASW (0.4 ml)
15 min before thermal stimulations. The animals, except the control-1l, were
injected with methysergide (0.24 mg/0.4 ml), sulpiride (1 mg/0.4 ml), or ASW
(0.4 ml) 1 h before the treatments described above.

Female .

.p <0.05, “P < (.01: significantly different from the control-1.

e

P <0.01: significantly different from the control~2,

Male
.
.p <0.05, * P <0.01: significantly different from the control-2.
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Flo. 1. Effect of S5-KT on the release of mature eggs from
the ovarlan pleces of P, yessoensls. Each ovarian plece was
incubated for 90 min at 10°C with different concentratilons
of 5-HT. The number of mature eggs released / 10 mg ovarlan
tissue (wet welght) was ascertalned. Each point represents

the mean « S.E. of flve experiments.
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Fig. 3. Dose dependence of inhibition by indomethacin (IND)
from releasing mature eggs from ovarian pieces induced with
5-HT, and eflect or PGE, on the inhibition in P. yessoensis.
Each ovarian piece was incubated for 15 min at 30°C with
different concentrations of IND, and was then incubated for
90 min at 10°C in the preincubation medium to which 5-HT
(107%M), or PGE, (10764 and 5-0T (107%M) were ndded. The
number of mature eggs relecased / 10 mg ovartan tissue (wet
weight) was ascertained. Each value represents the memn s
S.E. of five experiments.

PP <0.05: significantly dirrerent from ®
P ¢0.01: signirieantly different reom ©
P <0.05: algnificantly different rrom © ang R,
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Fig. 2. Dose dependence of the PGFZ‘* inhibition from releasing
mature eggs from the ovarian pleces of P. Yessoensis induced
with 5-HT. Each ovarian piece was incubated ror 90 min st
10°C with 107°M S-HT and different concentrations of PGE, .
The number of mature eggs released / 10 mg ovarian tissue
(wet weight) was ascertained. Each value represents the mean
t S.E. of live experiments.
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Fig. 4 . Schematic drawing of the distribution of the

monoamine cells in the central nervous system of P,

yessoensis. GG, cerebral ganglion: PeG. pedal
ganglion; VG, wvisceral gangllon: AG, accessory
ganglion: AL, anterior lobe: P, posterior lobe: LL,

lateral lobe; cve, cerebrovisceral connective: 4,

serotonin cells: [0, catecholarine cells.



Fig. 6. Monoamine histofluorescence in l:. yessoensis.

A Cerebral ganglion. Arrows indicate fluorescent
nerve cell bodies situated at the anterior lobe (AL).
PL, posterior lobe. Scale bar, 100 um.

B visceral ganglion. The neuropil of the anterior
lobe ({AL) and the posterior lobe (PL) . shows intense
fluorescence, while fluorescent nerve cell ©bodies
(arrows) are distributed. only in the lateral lobe.
Scale bar, 100 um.

[} Dense network of fluorescent varicose fibers fn
the gonadalkepjdermis. Scale bar, 50 um.

D Transverse section of the intestine. Network of
fluorescent fibers streches along the base of the

intestinal epithelium. Scale bar, 50 um.



Fig. 6 . 5-HT immunohistochemistry in P. zessoensis.

A Pedal ganglion. Immrunoreactive nerve cell bodies
and immunoreactive varicose fibers in the neuropil.
Scale bar, 50 un.

B Accessory ganglion possessing many immunoreactive
nerve cell bodies. Scale bar, 100 um.

Cc Transverse section of the cerebrovisceral
connective containing many immunoreactive fibers.
Arrows indicate bundles of immunoreactive fibers near
the cerebrovisceral connective. Scale bar, 100 um.

D Fine immunoreactive fibers (arrows) along the
germinal epithelium. Scale bar, 50 um.

E Transverse section of bundles of immunoreactive
fibers (arrows} around the gonoduct. Scale bar, 50
wm .
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External stimulation: rising temperature,

—-«\_‘*— . ¢
\ \ UV ray-irradiated seawater

Spawning

Flo. 7. Schematic Uiagram illustrating a hypothesis on
the mechanism of induction of spawning in females of

P. yessoensis.
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