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Characteristics of paralytic shellfish poison (PSP) from
cockle Fulvia mutica cultured in Miyazu Bay

Hitoshi Ozaki, Yoshinobu Takata, Yuuichi Imanishi, Masayuki Nakanishi,
Masayuki Tanaka and Masamu Fujiwara

The regulatory limit of 4 MU/g obtained from a mouse bioassay was exceeded in cockle cultured in Miyazu Bay,

and the value was high for 4 months. A plankton survey revealed that the toxicity was caused by the toxic dinofla-

gellate Gymnodinium catenatum. The PSP components in the cockle were mainly comprised of 60%-80% of the
weak C1+2 and GTX5+6 toxins, and 20%-40% of the strong dcGTX and STX toxins. It was thought that cockle

toxicity was caused by the high accumulation of the stronger toxic components owing to a decrease in discharge.

The accumulation of PSP differed in each part of the cockle. Most of the toxins existed in the digestive gland and

gill of the cockle, whereas little toxin was found in the foot and mantle.

F—T7—R: MNUAA, BREMET (PSP), HPLCYE, XU ANTEE, Gymnodinium catenatum
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Fig. 1 Sampling sites in Miyazu and Kunda Bay.
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Table 2 Abundance of toxic dinoflagellates with the paralytic shellfish poison
(PSP) in mixed seawater from 3m, 5 or 6 m and 7 or 9 m in Miyazu Bay

during 2012

Date

Species of PSP toxic dinoflagellate

G.catenatum (cells/L)

Alexandrium spp. (cells/L)

5-Mar
14-Mar
21-Mar
12-Apr
16-Apr
23-Apr
1-May
7-May
14-May
21-May
24-May
31-May
7-Jun
14-Jun
15-Jun
21-Jun
28-Jun
5-Jul
12-Jul
19-Jul
26-Jul
2-Aug
9-Aug
17-Aug

501

25
35

277
5,275

2,498
424

— . Not detected

Do HEE, 20124F5H9HMNSEFESAITHE T, #
RUAMEICEH6EFER L 7z, iEHE, #I&E G
PRz E ), Nk 61 B, SAER F
EBITERE Uiz, SIKERIT D W TIISHEER S %,
T DMDEALIT DN TR D SEAR Sy 2 E N 1Rk
ELUT, BhEERTE RS (L E R 1 2 A
(FEEVEAN B A B2, 2005) 129> THRILL,
MR OilhR & Uiz, sURHR DS K OVAETEIC
KomER, —MUWEEAFHERREHG2NEML
7z
HPLCICK BB B SR 27 aid Oilehk 2z A
W, HPLC-FDE*IZ & D #KIKERB K F DD 4R
P OB R BEO EE Ry OF R (hmol/g) Z5HT L
o AL, — MR EE N H ARRE R FE ML Tz,
HROSWIZ, STXH (neoSTX, deSTX, STX),
GTX1+4, decGTX2+3, GTX2+3, Cl+2B &N
GTX5+6DI3FDRLFITDNTIT > /e 723, FRM
MEEFIIRMICL > THEEOMEINRE S B gD (B
K5, 2004), STXEE (neoSTX, decSTX, STX),
GTX1+4, deGTX2+3, GTX2+3idkzmMRks,
Cl+2, GTX5+6l3gg@mEmay LI nTNnDS (RS,
2008; B 15, 2004) .

X7z, Bl A1 IR, #EREEWD) @
AR E RS 5720, BEHEORM N 1 %,
HLOED SN TWRWEREN (Fig. 1) OfEFEtL

Toxicity (MU/g)

2 — B RRICBWTIA23A N B59H25H X T
D64HM, A>T FICXOWKREE (EES, 1985)
Lt BREZESWT L (Table 1), alEHIPK,
PR, B, BEBIOKREEL, FnFnEk
IR E L, sk & oM Uiz, slkhk &
BRUGIE, — M FE AT HARE 223 5E e L
7o

TSN RE HBFETI U OB ER
BT 2729, 20123A5HMSFRFE8HAITHE T, M
RUAMBIZ, BHEEO N A EBEEHIZB W TE

I I Juil Iz
9 15 18 24 3 7 14 2 28 5 12 19 26 2 9

Fig. 2 Variations in toxicity levels of whole body Fulvia
mutica collected from Miyazu Bay during 2012 as
assessed by the mouse bioassay.
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Toxicity (MU/g)
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Fig. 3 Variations in toxicity levels of the digestive gland
and gill of Fulvia mutica collected from Miyazu Bay
during 2012 as assessed by the mouse bioassay.

KZEER24 BTS2 8K, O T OETE
THDHKE m&E L <iF6 m&, ZDLETOKE mB
KVT7T~9 mDEET, HEAXBEAHZEHNT, 1~3L
T OWEKZRILL 7= (Table 2), &EDiEAKZEHKH
IZIDIZE LY B~10L), 10pmEGOF 1O
Ay a2 ZHNT50 ~300 f5ICRMEL, ENTEZS
U 2755 (5, 2007) E7xo TW S RREME H #E
WEE AT, REEE WD) Tdh 2 Gymnodinium cate-
natumB K DAlexandrium|& % BEM S N CTHEEL, 3t
Mz AW THIRE R 25t L 7z,

®w R

RNEEICKDENBE NTEETHELL N 1K
KER DS OHERS 2 Fig2lZm Lz, #HWE, SHOH
ME8HIA X TOM, 44~17.4 MU/gDFIH THER L
FERAEHDIHIAIZBNTH9.6 MU/g & HIE 2
ZTWiz,

EALAI T, PE K O THITIE 288 2 58 10t
BHEN, WIKRTIZSH2A4EMNS8A1THE T, T
126 H28H /N 58 H17H £ TOHIEHREHR ZFig.312m L
720 PIIETI352.2~129.6 MU/gDHEPHTHERS L, SR
BERADSAITAIZBNTH96.0 MU/gDHEIDRH &
N/, #ETIZ9.1~17.2 MU/gDEHIFTHERE L, 8H 17
HIZBWTH10.9 MU/gDHE DS Nz (Fig3).

—F, B, B, BRETIIRHEAEDL75
MU/g A, A TIl32.3~2.7 MU/gRIETH D, WI
NHEHINIHRFMEARMTH > 7=,
HPLCIC K B MEM B ER Y94 HPLC THIE L /=K
KE DR REOHER 2 Fig 4l R Lz, FRIE, 12.0~
78.6 nmol/gDHiPH THERS L, SAERIEHDSAIHIZH
WTH25.5 nmol/g&E Mo Foo IKE 14720 O H#
B O HIRSEE £ Fig. 5ICR Uz, HEE3 95 M
%5 DC1+28 K IGTXS5+6 3 2R D60~80 %% 53D,
WA DSTXEE, GTX1+4, deGTX2+3BX U
GTX2+31320~40 % CTHERE L /=, TREMENS D HBL
B EIISHISH X TIEH20%TH o 720, D%
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Fig. 4 Variations in toxicity levels in whole body Fulvia
mutica collected from Miyazu Bay during 2012 as
assessed by high—performance liquid chromatography.

MESDITONEML, sHICIIED EWI40%E /R L
Tro BHALD DB, BlflMEZEEZ 2H P E N
NI & O D FE RS D R DO EIG ZFig.6 B XN
Fig. 7IR U7z, MR TIE, IR & RREIC, 998k
%> DC1+28 K RGTX5+6 3 AR DHI60~80 % & i
HEEHED, mBEEKRS DIcGTX2+3, STXHE,
GTX2+3BXUGTX1+41¥#20~40%TdH > /=
(Fig.6), fETIE, BRAEMERRD DSTXEEN2IKRD K60~
70%EHRbEmWEIGZE 5D (Fig?.
FEHOWHFRN 2R T 5720, EHETHES
Nz 8V A Ok DHE R E A HICFig.8ITm L
77o BEEDFHEEIL 27.1~191.0 nmol/gDFF TH 0,
BIORU BB TEBEINZ N 1 OFEEEI2.0
~78.6 nmol/g (Fig.d) KD HEMN>/z. B, #HEK
DOFHBEITIEIHEK EH/NE THRT.0M OMEARR 227880
S5z, BANCH S &, HEIINIEB X T D2D
DAL TERDKI6RL L2 5HTHD, FOMDE
fLicidiFEAEED NN T2, BHERSOEIG Z
TEAREICFig9ITR Lz, & COEIKT, sREIEmRS
THDHSTXEE, GTX1+4, deGTX2+3BXUGTX2+3
M50~60%% 5D, HEIEOFEE N HA DAL

— equivalent)
OdcGTX243

BGTX1+4
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Fig. 5 Variations in the relative abundance (mol-%) of
each toxin on whole body Fulvia mutica collected
from Miyazu Bay during 2012 as assessed by
high—performance liquid chromatography.
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Fig. 6 Variations in the relative abundance (mol-%) of
each toxin on the digestive gland of Fulvia mutica col-
lected from Miyazu Bay during 2012 as assessed by
high—performance liquid chromatography.

53 D HIBERE20~40% % ka5 72 (Fig.5).

TSSO RRAE MU BB THRE S N
M EH FIRKMEILG. catenatum 1FEOATH > /=
(Table 2). AFEIX, 3HSHICHITEECEESOL cells/L T
HELL, 3H21H1225 cells/L, 4H 12HIZ1E35 cells/LiR
HoNEN, 4dH1I6HMS6HTHDOEIE, &<HBL
Bmolz. 6H14H (114 cells/L) LARE, HEOHHIL,
TH12HE TORM, MIEEEEREIZ29~5,275 cells/LOD
PHCHER L 720

z E

AR Z1T 5 7220124E5 HOH N S8 HOH £ TR,
FERBOEENY A ORKEEDFE I1134.4~17.4
MU/g THERS L, JHIED4 MU/gZ FEl S T &3 7
-7 (Fig.2)., £/7, ZOMDOFEREIZ12.0~78.6
nmol/gD FHWETHR L Tz (Figd), 512, [A
F4H16H DEEIFEERFIMEAICK 2 HERETS,
14.6 MU/gDBmHBIME SN T VWS, MAT, HLD
RBOLNTWRWEIETT7 H23HMNH59H25HE T
fH L= LB OBIAEE DO R1327.1~191.0 nmol/g
THY, ZNUTEFETHEMPITERIRLZ ) A1 D

BGTXI+4
0GTX243
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Fig. 7 Variations in the relative abundance (mol-%) of
each toxin on the gill of Fulvia mutica collected from
Miyazu Bay during 2012 as assessed by high—perfor-
mance liquid chromatography.
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Fig. 8 Variations in toxicity levels of all Fulvia mutica
individuals kept after being transferred from Miyazu
Bay to Kunda Bay during 2012 as assessed by
high—performance liquid chromatography.

BEIDOEN D, INHLDOIENS, FEHETH
BLEMAHARHAHEEEBASHENEAL TWEE
EZzon, SEO NI OFEIIDRS EB4AT
AINSIATRIETDS 7 AL Bk L 7= &l n
oo —RMIC, XHFDLTHFAHAIREDELLD
THETIR, BETHEET T2 N RO 5L
i, EL< &by HEETHE NS (FH
5,2004) 7%, SEO NY HA OEFNIT DN TGS
IR L CTHEEL RNz, £IT, ZOLSIT
FAEDO RN R SR E EBIT, HEEEE A ORI X
LI DNENED 5NN o FREIZDNWTE AT
HTzo

AEFZED b U H A SRAKERD BFER D 00T T, 507
PERR S D HBEIG D, FHEMMOHDIZ20%FEE TH
SN, RT3 H%ITI340% % El6l > 7=
(Fig.5)e 2D Z &IE, IS (2004) MiEFM L&
SIZ, FWEMEERS A N Y A DR TREFFIIC R E 1
WA IN-Z L2 RLTWS,

B8GTX1+4

mGTX2+3

®neoSTX+deSTX+STX(deSTX equivalent)
BdcGTX2+3
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Fig. 9 Variations in relative abundance (mol-%) of Fulvia
mutica individuals kept after being transferred from
Miyazu Bay to Kunda Bay during 2012 as assessed by
high—performance liquid chromatography.
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AWFETIE, 777 N URE TR I N HER
KFEMNG. catenatumDHTH o= EM5, KENE
BIEOEA N HA B LORRMETH 2 EEZ 5N
(Table 2), F{L U236 N U HA SR N2
BB OMRIE, 3FMEDCI+2 EGTXS+603 2K D
60~80% & KHZ HDTWEA, WEMEDGTX1+47H3
0% LT o &N ST E N/ (Fig5). LhL,
GTX1+41% Alexandriuml@l\Z X O EESIND D TH
0D, G. catenatum TWEFEE SNV CKE S5, 2007; i1
5, 2003, 2004; EAY, 2003) . DT &L, G. catena-
tumDSFEA U 72 Cl42 0 GTXS5+6708 b U i1 DR THE
RERIZGTXI+4 B I N2 EZ2RBL T 5, 5
FIERSTHEELER S L ORI IC< W (FEHS,
2004) T &S, FHEERR HtEE R I I N
WA &M, NIHAMEET S Ea<FIE
M R AT~ EEZ SN,

X5, BEBOTT U N FERER (Table 2)
TlX, G. catenarum?7H12H 125,000 cells/LEH Z 5
EEETHIL, 6HI4HMN SR HIZE > THEN
A5 Ne, AEOHMBNERIIES (155~1,571
fmol/cell) IZI1ZAFEDKI1208E &7 (EH, 2007)
M, BEERIVCEMICEZHEANED SNZHEIC
X, KEOEWEZETH> TH _MEOFE N ED
(EINTIHSE BT8R N K ERRSE - BB MK ER ST 5E
2 —F NEXKEFFLRT, 2011) &5, &
FOEETOMHED, FEIBOREGE N A1 8K O
HFENREWVETHR LK THDEEZ 5N,

MU A T, N E M E AT (Fig.3)
THO, P, SEFE AR HHERETHS
ZEMHSMNERS T, TDTEE, YHF, 145
HABEORYTHARBRED HMEDEFEFTCTH
o7 (MHS, 1985; = E 5, 2012), EMKEEH
T RERICED ZHEHEOHFEDY A7 EHIZHE
DA RTA = TREFERNARIZE D W BT,
LA 2BRET S EICkD, ERLEZ HKAZ
HRBIEDZENTRETHDEL TS, JLHHEDR
7 HA T TH D h B ZREL, ®HEL
U=l S B 24408 - TH 0, el
HESREEY 27Tl TS (ZE5,2012). AR
DORIALIZBNTS, FYTHADLDIZ, WHT
HBFRI DB AN T R ORED L T
HZMETZH LT, BEITHEBEEIIRMT 2 &1
nREEE X B,

FEHOFA T T, FolcgeticiEL =
MEIEOREIRD 5N D, LA (2016) 1F, KB
BTHEINZRA N JA OMEHEFRICDWTE
T EERL, EEMTRHILT EOHRREEND
LT EME, FEEEREOBEETOIICHZ- T,
RIETHI0MARIINETH D E L TND, AFHETD,
AR OB EITIZERB TRI76 (27.1~191.0 nmol/g)
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HEDENBOLNTND I ENS (Fig.7), 10fEKLL
LEBRIRICHWDRENH D EEZ D,

B, FEEO B Y A B O A ESFEITIEM &
HWADETIKE> TS, BRINICESHENFEAL 2
BE, HEOREL TORWIEEEERADOBRHIC X 2
BENHHTERVE, TOWBEZERTBDERD,
B AT & B A 0 T 2 ATRE & 9% I T AR
EET S L1, HEBERICBIT 2 EBHEEZED
WEZERHL, BHEEOREEZRESEIBEANS
Hm<EEN S,

A2 EET HI2H7=0, ENTHFFERFEE AKIE
9% - BB PIKERZRT iRV —TRB X
NESEEN 51X, BUTELEEEEZWLEEE
<HIALE L BV XD,

X ®

EINLFE B FEIE A KPEWFSE - BB MK ER SRt
> H —WEF NE IR K EEIFZE T, 2011, /KPEEES
RIS BH F6 HE HE 2 3 iR BR BE Or 2 B GRS B 78
HEHERFRIER 7R - Bl i ek © 1-27.
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W, B i EEEE T, 1985, 1ILOE H AR
B TB#ETS >0 b — Ry Eiest (E
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