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Comparison of Toxicity and Toxin Composition among
Bivalves Affected with PSP Toxins by the Red Tide of
Alexandrium catenella in Tokuyama Bay

Setsuko Sakamoto, Keizo Nagasaki, Yukihiko Matsuyama,
and Yuichi Kotani

Abstract With the occurrence of a red tide of Alexandrium catenella, bivalves were contaminated
by paralytic shellfish poisoning (PSP) toxins in Tokuyama Bay, Seto Inland Sea, at the end of May in
1997. With the aim of comparative study on the toxicity and toxin composition in different bivalve
species, we analyzed PSP toxins in A. catenella and bivalves, mussels, oysters and short-necked clam

collected at Tokuyama Port (TOK) and Kushigahama beach (KU) on May 29-30 using HPLC.
Cell density of A. catenella was higher at TOK (3.3 X 10* cells/m/) than at KU (2.7 X 10? cells/

m/).

Natural A. catenella coliected at TOK produced PSP toxins at the content of 31.06 fmol/cell

(equivalent for 0.166 MU/ 10* cells). The dominant components of PSP toxins were C1+C2 and
GTX4, which were included respectively 80.4 mol% and 13.7 mol% of total toxins.
The toxicity of mussel (108.6 MU/g) was higher than oyster (13.8 MU/g), although both bivalves

inhabited same environmental condition at TOK.
7.4 MU/g in mussel and oyster, respectively).

than short-necked clam (35.1 MU/g), while the toxin content was more.
The ratios of potent toxic carbamoyl derivatives, GTX1-4, neoSTX and

C1+C2 in all species.

There was same tendency at KU (67.9 MU/g and

The oyster collected at TOK showed lower toxicity

The dominant toxins were

STX, were higher in mussels and clam than A. cafenella, but the ratios of these toxins were lower in

oysters.
species at different stations.

The toxin composition were different among the species, but were similar between same
These results indicate that not only toxin content but also the specific

accumulation and metabolism of toxins in bivalves affect the difference of toxicity.

Key words: paralytic shellfish poisoning, toxicity, toxin composition, Alexandrium catenella,

bivalves
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N-HEEOBVERTHY, ThETICHRICA
catenella % A. tamarense DIEFBIRENTE 72,
19794E 5 BB L UF19814F 5 BiZid A. catenella DFRE)
PEEIN, ARIZTHY)RA T3 F A4 54 Mytilus
galloprovincialis BE b L7z 2 L ER I TS (L
DR K E SR B IR, BE). LA Led b,
19824E LRI A. catenella 3 X UF A. tamarense O /NI
REENDH 12D O0, PEHEEECHME MU %
Mz AREEEFIRE SN TwRy (L0 ZFEH
FE b REEHEE 1982-1995).

HBEORRE R BT T v o by OFERERS ML
vy OBERPREEBRICL o TRES (Cembella
1998)o L722%5C, RICEMENLMENRRFOHNE
REBEAHEE, MLRD T 7 b OFERERS
MR INE LEZbND, 7, BLAET T ¥
7+ ERBRLZSATH, BRI RO
Iz o THEL S (Oshima ef al. 1990, Asakawa et al.
1995, Briceljeral. 1996), LAL7&455, fEIEIZHBIT
% A. catenella R K EEOFM B L UBRMIE DR
OV TEMICRE S e Blid e v ABTZETIE, £
X U®IZ, 19974F 5 BICHEILE T4 L7z A catenella
DR & FHEMBOFR S X B GHEZ HPLC
ERCTHHM Lize RIZ, AETEMLZAFFFAA 1,
< H ¥ Crassostrea gigas BL U7 H) OBEB L U'H
AR E ST L, B Y A catenella % %\ FHEM
BT AHBE, BEBLUERTHEEL LET A LI
L0, ZHAICL2EOERORHIZOWVTRE L,

M LUEE

Alexandrium catenella DEE & & UERSHK

19974 5 298 X UB0B ICEILBENOH 7 iEB L T
U TRAEZ B B>z Fig. 1 ICRBHRIE K Z R
To MWH, WMEHICBW TN YRR L D REEAE
BEL, RY & V7 ANTHEFTNFEL R o7 20
17K 10 ml ZIBEE25%D 7 V& — V7 V7 FTH
E LR, BEMEET T A. catenella MINREL % 5L 72

S A29B WCHINE TR LK SR XAy Y at A
X125 ym D THABLTITIRKBOBW TS ¥ 2 b
VERBELLE, Ay vathAL X 10um OFTAHELT
WRFDT T 7 b7 EBM LT, BT T 00 R
(850X g, 15min) LCHED2TI 7 + HREIZ 5 ml
O 0AINFEREZEML, BEWK (Smin) THIRZHML
7%, #0408 (2,000Xg, 10 min) LTHELR B
ERFFAX045um T4 A7 74 VF—THHELI,
Z oMM E HPLC 306447 (Oshima er al. 1995a)
2 & BB HBEOSIICH Lz SRV 2o BB
BHFEOEZDH B, GTX1I~GTX4 BEB LT C1 - C2
BRI OARKEERRERRPOLEA SN -DOZH
720 F72, C3 - CARBUIKILRZOKRER L ) o5 0w
727507z, STX B & U neoSTX 3 KGR BE CHL
L7z F w954 Chlamys nobilis 7 & EEICHE - TH
HRBSLAb0Z AV BUK - /NS 1998),

T72, 5 H2OHICEREL L 7234 5 ¥y M 3REHET
A. catenella %5 BEL, % SWM3 ¥l (FFEE - 49
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Fig. 1. Location of the sampling stations, Tokuyama Port and Kushigahama beach, in Tokuyama Bay.

@: Sampling station
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1987) TR L T A. catenella ® 7 a— ¥ (Ac
Tokuyama97 #k) %137, T OREFEMKEE 15 ml DLZE
SWM3 :sthip ¢, 20°C, 4,0001x, 12 hL: 12 hD BAREJH
HITI8H MR L7z, Bz =000 (1,400%g, 10
min) LCHEREZEIXL, 0.1m/® 0.IN BB #RINL T,
F L FARDITETHII L, BEMEFEOSIM L 72,

BEOSEH JUEKRSHEK

5 H29 BICARILVS 0 BREE B X O 7 iR 0 6 |24
LTV sTHFA A BLO T F 2R ML 720 £72,
5 A30HIC3Mir T %) 2L 720 Fblio72R
DHDPS, ATHFATABLOTAFITONTII20MH
e, THVITOWTI30ME AT WAL I L,
EBBIVLEHRERZWELZ. RO X 3z
W95 TOM, —80°C THFHWA L7

Hte & 30K D 5 O REYE H 3 Ol H 3 £ i AR

fRgt (&It 1991) IC¥EU T oke Tbb, FEEL
et  GEERMEL, RO 0.IN EET (pH3~4)
TR L7z Rl & Wb IS R 1043 B2kt L 72
%, mOEE (2,000< g, 10 min) L CHLH L% % 15
720 MIMHE % AR S 5 72012 SEP-PAK C18 71 —
M) IATAICEBL, ROTHEEELZ IV ST
) — C3GC (M. W. 10,000, Milipore #1) THR#t5# L
oo TOEITLTHESNAHIBBICE TN MENER
F% HPLC BT TOM Liz. %d, HE» OHME
ANOEIZIE Oshima (1995a) WX Y HEEITWS
W#HE MU/ mol) Oz vz,

BRBLUER

Alexandrium catenella DFEEIRA
5 A29H OFAK:, L TIXEEC A, catenella 257RE)]
BB LTRBY, WKEEREaEEL Tz (Fig. 2-A

Fig. 2. A red tide of Alexandrium catenella at Tokuyama Port on May 29, in 1997.
A: A red tide of A. catenella at Tokuyama Port. B: The red tide seawater collected at the surface. C: Microphotograph
of A. catenella in the seawater. Not concentrated. Scale bar = 50 yum. D: Microphotograph of a four cells chain of A.

catenella. Scale bar = 50 ym.
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and B), Z OREDOFBHAFIZIE 3.32X 10 cells/ml @
A. catenella SR X Nz, T DHEKICIE Skeletonema
costatum R Chaetoceros spp. 7z £ OEEEELEH 1 m/ i
BHilBg s Nz, ThoofMBEE R A catenella
OMBIZED 1 %Dl ol —F, MriETid
FRMERE L TG olb oD, KEilKbrs 271
X107 cells/ml @ A. catenella HH S N7z TEHRDUE
KEEHICIE A, catenella DAV ORI BB EERE T 1
DEMDOT T VI N VBRI N R, o7z A catenella
FHEEBERAETCLIELIE 2 ~ 8 Mifla SRz
BT B, HARBEEFIZZSROBEERENRES N,
AFEAHIAH CH o7z L HEE SNz (Fig. 2-C and D)o
5 H30H OEBHEAFIZD A. catenella MBADBLE ST
728, & DFEIFMEILET 2.05X10° cells/ml, #iy &
T 1.02X10% cells/ml I Z N ZNBP LTz, Il
2B L FAEROKEIX 18.2~19.2°C, HE4E 31% T
Holzo

T3 b DBED SUSRER

FEILUE TR L2 A catenella DEEB X UEHERT
DB EEICEHR L 2EFMEL Table 1 87T, A
catenella .@i%%ﬁkﬁ‘ 1% 2.85 fmol/cell (0.018 MU/10*
cells) ORBEMEEFBIRH I, TOWIFIHEEL A
catenella REERB T AR T AH I PRI NI £
72, 5 B29H SIS TERI L2 AH @ 10~125 ym
AF W52 S B BB S N7z A catenella i3
21~48 ym DIZITHBOMBTH Y, Xy a2y A X
20 um D% R 75E, WAKPD A catenella D
9% DL EZ NN 5 2 L AWk B (Sakamoto et al.
1992), WARHFDOTF ¥ 7 v VEBOKREN L, EILHE
TEREL 72K R ORT % 40 U724, 10~125 um
B CER SN BT DITE A L A. catenella TH Y,

Table 1. Toxin content of Alexandrium catenella collected
at Tokuyama Port

Toxin content (fmol/cell)

Natural Cultured
GTX1 1.21 (0.030) 0.09 (0.002)
GTX4 4.24 (0.076) 0.63 (0.011)
GTX2 0.02 (0.000) — ()
GTX3 0.10 (0.002) — ()
neoSTX 0.19 (0.005) — ()
STX 0.02 (0.000) — ()
Cl1 3.12 (0.000) 0.14 (0.000)
C2 21.86 (0.052) 1.82 (0.004)
C3 0.08 (0.000) — ()
C4 0.24 (0.000) 0.17 (0.000)
Total 31.06 (0.166) 2.85 (0.018)

( ): Toxicity (MU/10* cells) —: Not detected

L7435 T 10~125 um W/l S Z-H 0 HRiT A
catenella ThHoHEEZbNhE, COHGFOBERL A
catenella DFEEFERED S, KIRD A. catenella —HEH
720 OFEEIE 31.06 fmol/cell (0.166 MU/10* cells) &
B SNz, ZRIEEEMROFZRON10 (FEikET
¥ o) DETH o7z RABEEOELDF Uigss
LEMEEISNAEEHEI D BE N E VI RERITDONTH,
INETIDBNWL 2PDOT|EDTDH 5, FlZIL, Fundy BT
13 Gonyaulax excavata O RKBBETEOFM IR EERO
20f%Lh . (White 1986), KARERE Tid Protogonyaulax
tamarensis (=A. tamarense) OFRKRMREE OB HEE
M O#10R% (Kodama er al. 1982) Th-o7zo HI1U
BB B RMMEER L EBIROFEOEIINLD
WELHBETH >,

Fig. 3-a ICRARB L UBERE L7z A catenella DFERIT
W ERT . RRD A. catenella MBLOFED 451 C2
T, INPEFENDTONL. L% D7, $72, GTX1+
GTX4 BFHRAHRDOKI20% % Hd Tz, BRI
bINSORGSEEN, ZOMBILEP TV, L
Ladss, RBHRICIIMERS & LT GTX2, GTX3,
neoSTX & L U° STX d M Eh7zD T L, FEfii
TRHINSDORFIRB SN holz, T2, BEEMR
Tid C4 DEIEDRRE P o720 MMEEVEETHHD
BRI Uk IR LRETH B
PHISNTWwWS (Boyer et al. 1987, Kim ef al. 1993a) .
LA L%AS, ZOFBAMEIEE CHEN T b FBA R
X o THE7% Y (Oshima et al. 1990, Anderson ef al. 1994,
Kim et al. 1993b), & 542, F U CREL-F UE
Td o THEBBRIC X o THERDHEESE L 580507 &
N T % (Hamasaki et al. 1998, A - /NG 1998), &

0 10 20 3 40 5 60 70 8 90 100
Toxin composition (mol%)

GTX4 [@ GTX1 B GTX3 [ GTX2 Z neoSTX N sTX E ci M2 Z c3 H o4

Fig. 3. Toxin composition of PSP toxins in Alexandrium
catenella and bivalves.
(a): Natural A. carenella and cultured one collected at
Tokuyama Port. (b): Bivalves, short-necked clam,
oyster and mussel, collected at Tokuyama Port (TOK)
and Kushigahama beach (KU).
Abbreviations are as follows; GTX: gonyautoxin, STX:
saxitoxin, C1-C4: N-sulfocarbamoy! toxins.
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Table 2. Shell height and weight of bivalve specimens

Tokuyama Port Kushigahama Beach
Mussel Oyster Mussel Oyster Short-necked clam

Number of specimen 20 20 20 20 30
Shell Height (mm)

Average 37.1+5.6 47975 40.8+5.5  53.0+7.1 179+1.6

Maximum 50.6 65.5 51.1 73.5 214

Minimum 30.2 36.5 30.9 40.2 15.5
Weight (g)*

Average 3.641+2.07 4.06+1.62 3.74 4.85+2.54 1.36

Maximum 10.95 8.66 — ke 11.82 —E*

Minimum 1.64 1.61 —** 2.37 -k
*Whole meat **No data

NoOMAED S, AFIEICE VT A. catenella O R
JEITRHE SN BER S MBI I N dho 72
Z i3, R TERE L A catenella DBIREEDSFEK
SRR OBR L BRI TEER I TwizZ & &3

BB, ORIV TIRASHREMICRIT B LEND
590

BHEOSES L UERSER
EOSFICHC-REBEOREB L UL EFEREREY
Table 2 IZ/RT o ATV F A H A4 OFHELE FEERER
WL T3.64 g MiriRT374g Thotee £z, I
FOVHL X FBERIMIETL06g, HriET4.85
g Thol, INLOKENLD, bITFFATABIT
<A F IOV TIRITIZFEBEOEEMEEOHEE LR,
BIE B TOFRO LB TEETH 5 LM L7,
ZMREOFREE Fig. 42 lORTo AIF XA T L
T H R, FUSHEMTCRBICAERL Tzl b,
A. catenella FRMICBRBE SN THWARBENZIFALT
HolrbEZONE, LELEDEDL, 25HFA LD
FEAS, M iETId 121.8 nmol/g, fEIL¥ETIE 203.2
nmol/g THho7zDZxt L, Y HFOBRIEZLTHFFAT
A4 &A%<, HiriETid 21.6 nmol/g, FILETIX
62.1 nmol/g TH o720 F7z, M ETHRELZT Y
OFEIZ4290mol/g THY, <A F LD IEIHFEIS Do
720D, A5HFAFA IV ITFBEN P oT2. 2

@

100 150 200 250 0 20 40 60 80 100 120
Toxicity (MU/g)

0 50
Toxin Content {nmol/g}

Fig. 4. Toxin content (a) and toxicity (b) of short-necked clam,
oysters and mussels collected at Tokuyama Port (TOK)
and Kushigahama beach (KU) in Tokuyama Bay.

DTEPD, AFFFAHLETHERLTFI LD SAL
B TREICEBELT S Z Eathdorz, Hf (1985)
L ORI 2 3BT Protogonyaulax catenella (A.
catenella) DSRAELUTZBIZ, AFHFATLITHER
TH) LY DEEIEFLTHHALHBELCEY, &
EOHRE L —FT 5, F/2, Fundy ERLRETHH
BOBEKPBEIN TS (White 1982, Asakawa et al.
1993)s BATRERARBREO—MTLIVF A H 45
REHABE=Y ) YV TICHVORTWS DD, o
ZL D TIEITHY, "ITHA, eFIUFTAIPE=
) v ZiIHwvwbnTwA (Yamamoto and Yamasaki
1996)c LALaAH6, MIBOFRIZI IR THUR
B Y TORRE LGS, ThbDROFNIME
WIS, 2 5YF A4 F A4 PERCEBLL T B
BBV, FHEENLZEORH - BRI 2&MEPRE
THERYEDNH B EERLTWD, I, ATFHFA
HA BREPOEHLT S L) EBEPEEEEET 5
b, AMEES YY) Y TONGHEETHILICL Y ESE
BEPHNC, WER BEoBRIEEHATE 5 M
Bhbe AITFATABZEEDIZE A EDBRRETRER
T BN TELEVIFE DD S, Bricelj and
Shumway (1998) EFEBOBENS, ATV F A HA
PHREEBEE T IR AIEEAWE LTHEL
TWHIELEERLTEY, AEORKRD INEH
T 5,

H1lgd»/hoERE (Tb; nmol/g), B—MEELD
OFHIREE (Wb g) BIXURRD A catenella —#
Md7zboFER (Ta; fmolcel) 5, ROFERIC
Yo TH-BEICER S NIz A catenella M (C,
cells) #HHE L7,

C =TbXWb/(Tax10™%

FELBTHEMNENT L T FA M A BLOHF—~EE
YD ICERSWEBREEREN 2.1X107 cells 3 X
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0" 7.5X10° cells ® A. catenella MR L7zo fHIL
WICBIT 5 A catenella DFEEFEP S, ZhbHOME
B ENENEEA 07 [ BLUT0211CH4T 5 LEH
SNz, MR (1977) BEAERICBW T FOUHRK
BEMEL, —MEEL22Y 10~12 [/h Tholz b
LTWwh, I T A catenella FsHERE DRFZEHZEAL
RHEHMGE - B LB EEZE IR TRV, RiC
ERESNHBMIE D AE NS A catenella ICEE N
TWhEBOIL —HTH LT LIFEEILERINI

Ho#BEZRIHMSEHClEBT 5L, MUEBOATY
FAF AT rIEORLTIE, SV FEH29EHNET
Holze LLeD6, fEILE T A catenella i
EOHI0~200F0OMBBETRALTEY, A
catenella DMBEE X R OFHEOZIIEB I TY
o, THEEICE2HEKRBRTT V2 bV EEN
BRELLLICOVMETT 22 EPEBEINRTYS (I
K 1977, T72, A tamarense DX ) LBEHBT TV
b REE LA, BEEREOME TS 2 b
A TERE TR OWAESET T 5 2 & 2%
g£E8NTw5b (Matsuyama and Uchida 1997) . fEILE
T 7 IEIC T A, catenella PEBEICEEL T
722d b b T HOBESENIRBESNL T o
720X, A. catenella BFREEHE L Tnw/zZ LIiZL D
BEOBEKEIMET L2720 TiebwhreEZ b5,

FE,POHEROBELZICER L EoHEM % Fig. 4-b
R L7z LB TRRL <A 0FH M 13.8 MU/g
THY, 7T OFEEISAMU/GITHRTELro7, L
P L%AS, BRTHET AL, V¥R 7HvLDd
SEROFBLZEBRL TV, ORI, BOFEEIEH
SNIHEIZT TR, BRSHBRICEEEZZIT TS
TEERRLTWA,

Fig. 3-b A5 FA T4, v HAFBLTTHVICE
HMEINLERGHEEER L. HOBRMBIE oM
BILLoTRE -1, Beb L THRNLA-M UHEH
TREMBTWIZ, WTFhoRICBWTHEEEN/-H
DEFRSE CL+C2 Tholze TRLDOFGOEEITL
FHFRA AT T4~TT mol%, ~HF T 87~92mol%,
THVT62mol% THholo INLHLMNOESTIZHE
DRI L HEBOBHSRA LN Thbh, THY
T GTX1+GTX4 % {, #30mol% % 57z A
FHFA T4 Tk GTX1+GTX4 5% 15 mol% %z 5%
TWiz, TNHDHTIR A catenella [ZIZMEIC L 4
HEhzdo7z GTX2, GTX3, neoSTX BX U STX @
FE D MEBWEWEANRD B, NS DORS)E 8~
11mol% PLL%& 57z, Zhizxtl, 4% Tk GTX1
+GTX4 OFEIT 10mol% X ) B, GTX2, GTX3
2 STX S osaTER S % A7 L72%5E D 4~5 mol%
LBEWETH o7z ZhhoDERDIS, F U A. catenella

P THoTh, THFRZLATHFA TS RTH)ICH
RTCLR C2 EvoEHEERTE LV EERT S
ZEVbPole, —F, THIIEATFFATATHEN
T GTX1, GTX4 2 L OBHER S 2L CERBL TV
bOD, ERMBEZODOVS VD, ATHFAN
4 LD IEUMEP o EEZ N, THIHRLTY
FAFTARIAFICHRCEBERG L EH TS L
VORI OWTHE, THUMBRTICARLTWAT
W, A. catenella DBEFRMMBIZ T THRL, TV—2 0%
B SN CTHBEL TL % A. catenella DY A %,
ERECEL: HEOPRME OB A X 5 Z R 25
TLEROEEND S Z L DEETILEPHLE59,

HIZBRICER LB 22N D 5 IEERW IO
FRSWCERLTRET A I EAWRBEIN TS, FlZ
t¥, Shimizu and Yoshioka (1981) &+ % 744 O—f&
Placopecten magellanicus DREY F— 28 GTX # %
STX ~"EWT B2 xR L7, 72, Sullivan et al.
(1983) & 7%V O—# Protothaca venulosa %* GTX B
% STX 7% X D#F e carbamoyl FiEM4 + RN ICER
T5IEEHEL TWAH, Noguchi er al. (1988) idt
F 7 XH A Chlamys nobilis %\ CFERS>TH B N-
sulfocarbamoyl FHE &% decarbamoyl STX IZE# T 5
ZE &ML, —J, Oshima (1995b) ZHEIC L 25
ORBHAERT CL B LU C2 %A LT carbamoyl 7E
HAWEZHZLIWEAL, BRTRWICERAELE SR T
WHEBHEOBRLERBROAL ) -y T, BI kol
B, FOLI BHIBBRIEIR PO o7l B WE
LTwb, LaLAdS, ThbolEid REITEER
DEBBRONEFRETAHAHBELRL TS, A0
FTHATHXAFARTH T A catenella 12~
TREBEEDOMESFHL BoTneZ &hb, Ihb
O HOENTEED O BENORBBEIFIET 5 W HE
WhH b, LELEDVSL, wHFTRLLAHHERSD
ZLLER s NAENDTR SN v HF THLNAH
BRIZINTTICHESN T L HEOFERBEZEOK
B2 CIEBATE v RORBEIC X 2 BB O
ERIEFOFEERZT TR, FRSICE PR
BOMEDEELTWEILEXONS, ZOX) RN
PO DNENESHDOFETHA ).

& &

FERZEOFATICY 72, WEERBORME DS LT
W RWIRILRZFEORBFERIE L, HOTH YR
7 B ORI T 72 720 TR B REFBIR O E G
B I CIARKELIL L D E#E L TS, IHHR
WK EE AR QA RES R, KIS REN7E R ICIIE
W TOHRBRERNFCHE L CHRRERZRE LT
Wzliwize E72, ¥R PR KERT SR AR BRI ER R
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