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Analysis of Paralytic Shellfish Toxin Content in the Water Column as
an Alternative Method of Monitoring Alexandrium tamarense

Hiroshi OIKAWA, Keigo YAMAMOTO and Satoshi NAGAI

Several species of dinoflagellate produce paralytic shellfish toxin (PST), the accumulation of which in
bivalves is a serious problem to public health and the fisheries and aquaculture of bivalves. The causative
substances are saxitoxin and its analogues. The direct measurement of these substances in seawater samples
was studied as an alternative method for the monitoring of the causative dinoflagellate Alexandrium tama-
rense by microscopic observation. Toxin profiles in 23 strains of A. tamarense isolated from Osaka Bay
were analyzed by high-performance liquid chromatography (HPLC), and the major toxin in these strains
was C2 (N21-sulfocarbamoyl gonyautoxin-3). The S/N (signal to noise ratio) of the C2 peak in HPLC anal-
ysis was over the quantitative level (S/N>10) when the cell density of A. tamarense in the sample was >100
cells/mL. Since the prefectural government has called for attention to PST in bivalves when the cell density
of A. tamarense exceeds 5 cells/mL, the volume of the sample should be reduced to 1/20 to detect C2 by
HPLC for monitoring purposes. In spring 2012, seawater samples were continuously collected at two moni-
toring sites in Osaka Bay, and the toxin contents and cell density of A. tamarense were analyzed. The toxin
contents by direct measurement had good correlations (St. 12: r=0.834; St. 19: r=0.817) with the cell densi-
ty. These results indicate the possibility of the direct measurement of PST as an alternative method of moni-

toring.
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A. tamarense DFEH AR AR5 12 BV T S
& L 72 KRBE T T 2 s H 2 5 K 3 A. tamarense
DEERBFBRSEFHOPICT L7720, KRB SR
SrBEREAE L TR & B 7e . RERGE T 2011 4F 4
H 5 HICEREUL 72k 5 A. tamarense % 1 {4 28k
2512 B A Wi L 7oA R a2 24 "L — M
SEEL, REE 15T, R THEBEEE 100 uwmol/m’/s, B
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F L7z 0 LRGSR LRI, RFEWIZ 50
mL OF: M E AN 100 mLEDOH T AR T FA3FT
R A A2 RE L C2HBRERL, ZOREH 12

mL % & 00 BE (600 g, 3 min) L C A. tamarense B4k %
B L 720 B L 723854813 0.2 mol/L DOFERE T 2 574 R
(whv) L7z05122 r M OBE R 17, @O0
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T ) =7y 7L THRROEEREK O~ 7T 71
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R OMBED & 2 OBl OO EIFE I FR0 S A7z
oz 2% Lo [ CodTalk i o filafi xSk, Ml 72
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BKEFHLIES EZDOWHRET  KBGE CITEDRE M HE 0
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GANHGE T & B X )\ HEARGE O T R R L 7o,
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W 7oL SISk oy bl L oM o $0E ST
HAT2HEVWEHBILZ. &8, v POHAWILI0,
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v MRS TS0 S BEIRE EH L7,
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100, 200, 400, 600, 800, 1000 cells/mL & 7& % X 9 (2 #EZKER
BadlE L, 2 oiKER % ik o HPLC 54T 124k L
THEEL PSP FICOWTEE TR E 2 2 MBHEE %
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1. KRB B 2 BUG R SR O SRR #LA

OFFHIM O 5HT & FEEIZ 0.2 mol/L DFERE T 2 157
(wiv) L, BEEEERICRASHET 4 VY —To 1) —
YTy T LTHMICHE Lz F72, T idpig, ok
100mL%Z 15 umDTF7 7 bty bEHWTI0mL
BRI L, 209 B 1 mL % B AMEEIC X 0 Bt
L C A. tamarense O3 %A G L 720 MigEid 1 5UEHC
DX 3 AT, FEE ORI OMBBEE & L7,

HPLC IC L 2 MREMEZ K 2 O 24 HPLC 7717 14

Oshima™ 25845 L 72K 2 b 1 9 280061012 & D 47w,
ST R X B AMOKEE B T B Z 2R bR S e
gonyautoxin 1 (GTX1), GTX2, GTX3, GTX4,
decarbamoyl GTX2 (deGTX2), dcGTX3, N2I-
sulfocarbamoyl gonyautoxin 2 (C1), N21-sulfocarbamoyl
gonyautoxin 3 (C2), neosaxitoxin (neoSTX) &, JKEEH
GWgEt vy — YUK ENIFEATE ST — 1 & D 55 5w
727272 GTXS, GTX6, HPTil CTHE LR B RFE
HEEIZ 2B = L T 72 720 72 saxitoxin (STX) D &EF 12
J5%55 % F\v» 720 HPLC 43 #7 %€ & |3 Hitachi #0> L-7250 +
— MY 7T~ L7100 AR 7, L7300 KUGHE (65
C), L7480 @ uir it 2 (BhE )% & 330 nm, #=OLHKE
390 nm) EER L, /WA T 41 Inertsil C8-3 (GL
ATV A,46mmid X 150 mm) % 7z,

s R

A. tamarense DERMER  KEREH 5 55HE L 72 23 1
T, EESELTHWZRES ) b GTXI,
GTX3, GTX4, GTX5, Cl, C2, neoSTX, STX,
deGTX3 O 9 At s /e (K2)o DB, THE—
DEEL K TH A C2 DRI 28.579.6 mol% i
FHIZ, B OFEELES THDH GTX4 DML I 74
44.8 mol% DFPIZHAMA L, D L2 oz L1
AP (C2+GTX4) L72E41% 69.0-97.5 mol% & 7 > 726
COAEFHEE BAIZ P L2t 854 mol% L & b, 4
RO 8ELLEE ZD 2 TEDLEWIERTH

BSTX
O0dcGTX3
BGTX5
aC1
BGTX1
OGTX3
EneoSTX
BGTX4
BC2
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572, F72, MDY OFRIL 122 fmol/cell 70 5
129.9 fmol/ cell F TH T EITRKE LB - Tz,

BREAFRIEL ED#RET KRB D A tamarense 13 C2
BLOGTX4 D2 WG DB EERGTHDL I DD, A
tamarense DML EDS 5 cells/mL & 5 W I ZNLLT T
Z D 2 WA w BT S 720 O R KL T E T L7z
F9°, BFE L 7o A tamarense (OSK-6 #8) ZiRhNL 72
WA W CTABERBE TS 2 HE V2 BT
L7z HHEWIZBWT A Y h%& il L7z A tamarense
BAROEEXFRIIIRLZDS, 30 um TlHITE A LS
TAS, 20 um DHAWTIE 7EIIED A Y N2 EE L
TLEHI D bholze —H, 15 umDHAEWVTIE
HET HHEGIE 5% RETHY), 10 um TIX 1% 1ZTEL
Lo, TDOH)H 10 um DHEWIE, A8
ZEER 25070 % 9 Z BIMRAEK TIX H AWV N7 D EE
LY BRIV PE D CEERIEFETCE VW L

F1. KFHEEAEVOT T 7 bty N E#E L7z Alexandrium
tamarense F:AERRAMNL O E &

HA UV (um) Wi LB E* (%)
10 0.6 +£0.04
15 5.5+ 0.90
20 74.2 £ 8.3
30 98.7 £ 4.1

TP = BEERE (0=3)

2. KTEMMNLEEEC Alexandrium tamarense B3 8™ % 7N L
7= g B RO HPLC 00712 35 ) 2 B B 4 €2 3
L U'GTX4 D SN ft

HH AR FE (cells/mL) S/N (C2)* S/N (GTX4)"

5 NA™ NA

50 5.7 NA

100 11.2 1.4

200 23.3 1.9

400 50.6 3.7

600 66.8 4.8

800 92.6 7.2

1000 126.9 9.5

*fE R (OSK-6) @ 7 51X C2 % 10 fmol/cell, GTX4 %% 3.4
fmol/cell
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25, BRI 1S yum DHECDTT 7 VA
v N ANE Y &L 72,

W2, WKOBEFERER 2 BETS 5 o SMOMIEH R
|2 OSK-6 ¥k & i8N L 72 K &R © HPLC 43047 % 4T\,
C2 BL U GTX4 D2 IZOWT SN ERD 72 (5
2)o SNIEEWER=ZAF 1V )4 RxTHE-—2FS
DHTHY, —EIIZERTFRIZSN>10 & Ehd Y,
L722%> T, C2 TIEHINEE 2% 100 cells/mL T S/N i
102 TBY, 5ScellsmL DA EE*HET S &,
20 fEOBEMET CLITERTE D EEZ BN, —J7, M
B DK GTX4 13 1000 cells/mL T S/N 3% &= F FR |2
TN 95 THolze TDIT LM, 5cells/mL OMILERE
DFFET GTX4 % i $ 5 1213 200 15 DL L 0 i 25
BrEz bz,

RSB KOEELFREZEDLE 22 F TR L
T ED, KBRED 2 % 5B\ THARBRK L 721K
KB OFERMEZ O T HE & DS, A tamarense L H
MR A2 MEBRIC & D EHE L GRS EE 25k, TE O R

12 - (2) - 0.16
- a
T 1.0 - o
@ - 012 —~
= —
;8/ 0.8 A g
B 0.6 - - 0.08 £
@ 04 - o
= - 0.04
e 02 - d

0.0 18=—9-%%¢———¢—en' 0.00

211 2021 312 4/1 4/21 5/11 5/31
RERE
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-
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= —
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X 4. KBEO St 12 (a) B £ U7 St. 19 (b) TERIL 72 g K 3k
2B L EwfE & Alexandrium tamarense % B O FH

I L7 (K3)o MEoKERHI B4R BB E H 2 5 A
TEEHEFETLIC4r BIZb ) BRILL 7225 4
tamarense O 1 ML EIE SL 12 T4 H23 H?D 1.0
cells/mL, St. 19 C5 37 H®D 0.77 cells/mL TH V), 2%
ML KRIRE CTRES HBEOEZFBRAL L 72 % 5 cells/mL
L2 ZEE hholz. SHO—EOFERIH DD
OFEHE, 5 cellsymL T TLH o2 M TE 5 X9
12 1L OWKEE % 5-10mL (100-200 £5) (Z9AE L 7272
& A. tamarense |IEETH o 720 DAL B W &
Bhbhd 22T 22 LD TE, Bl L2z
HFEW IO CQOATH 7275, BEOE—27 &
JABEEDOE — 7 133T—5 L7z, F72, HEfE s s
JEIZOWTCIYRGHT L 72/ R %2 K 4 1R L7225, HHEIR
ik St. 12 & St. 19 TIEZ2110.834 £ 0817 TH 1),
EDICRWHBEER L —7, 2 00EHDOHERDRK
KAE% L9 % &, St 121 0.087 nmol/L, St. 19 1% 0.21

nmol/L TH V), HEHEEDHRKMA DT 21/ S St
19DIEH) EVEFEREL R L

z B

R H B O A KW E L, A. tamarense 72 EXEE DI
WEREEVEESTIHER S THY Y, BRSEOT —
IV A DEFEREHIMT 5050 THE, 72, &
BRI L SN D WMAMEROTEEIZ L 2 E E A D
FRTDE =7 FERTHZ & TR OMEICAHT
FEOHIAHIBTE B TN F TR HE
TS BB ELMET 5 TEE LTRE 2 0 s
L2 HER LS ND, ZOHER, WKEEZFE
BN T LA L CHBRY S S0k, BEAKICK
DURIELCHUIEL, SOICERE LY / — Ve ST EH
T L 72800 2 T L CE s llE S 50 BT
5 PEREF L ) HlE L 2R EYhoEE L =
MHEBALE OXIE & FRTFEIBEL L TORFREZ R

L7zo LarL, S OFFEIIERMLELR 7347 12 el 5370 2
Bt BMEBIRIAD 2R3 > T

WONHIRTH 5o ZD720, RME T T KR
H O % B 5 70 I LB 72 CIEREIE S A Tk
TIRE L72o TOMEE, BAEWIS um DT 77 b
oy M2 &Y 20 RIS L 2R oG TIc X D, KR
BTHEMENLIE L XD A tamarense DRI EE (5
cells/mL) IZBWTEELHBERG TH S C2 DERD
WHE (SIN>10) THAHZ Enbhorze T2, C2DW
R L 2S5 720 o 72 GTX4 D¥54A 1%, 200 5 DL 1 o
TERNWRETH L EEZ LN BB, AREFICBW»
THEFH L7 HPLC & I3 A R 15 0 EH L 725 0T,
TFERAEPEOHERERBAE s O~ N T T 7 4 — %
BTV, ZOL) h—EIICERLTWS
HPLC %i& TR LT Th o 72,

WIS, FEBI KRB 7 M CERIN L 72 Bk 2 4047 L
TZOTFEOBEEEIT - 720 FUEHREILE 1T 5 72 2012 4F
& A. tamarense D WBIE IR AT 1 cells/mL F2EE &
o 7278, IBHiEREZBOLIETID L) LIKERE
D A. tamarense O WBEEZ S H L D E W C2 B % I
B35 ENTE, FEflil A tamarense DI Z
BOMBZE2, 4R, ZBAE LTS5 L) ZEn
MR RE D HERAEHN DO WT T T E L h o 7298, 0
O BREBTRIV S oFRS VM ENL 20, &
NREEOBWT =2 L bl L TE L, 260
ZEND, RPFIFENEORKICELE=5Y) v 7%
RETEDWREMAFOLEZ L, 72, 2D0DEHD
HwEETHET 5L, MIBEEO/NS S 19 DT B
FREIZESNMERZR L2 ZOBERKE LTIE, 4 EKR
BCTOEEL 72 23 ¥R A. tamarense TH MY 72 1) Ha
R TI0fG 2B LENH o2 Eh5, St 12 &
St. 19 TR L 2HEROEN L % o TV REMEAE
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AbND, ZDXH %Y A7 OECITHBMIBED 7T —
S IFEERANDL 2 ENTELRVY, HBEMEEZ 0N
L7 AR T 5 2 ESTRETH D AFFOF M %
LR ET X %0

— 5T, BRI DR D EHR ST
DL DI DD B DIFEO R\ FRENEH
FRE 20 EORGABMENTEY, KEDOK
B2 X B HPLC T3 2 NS SRy O B I ER 5
A, TRTOS % HH S 5120 3 FlE O FER % v
ST, ENEN 20 G HIBRO SRR AL T 5.
KRB D A. tamarense 13 C2 & GTX4 BNEE 23D T
HDHDS, WHEOFHNNL RS 5 EHEEIC L 5 2 RO
PLETHY) 40 HRELES b, 2070, BlEEHT
b A O TEREH FNTE L T 2356 12X BAMEREL
B - E R TETH D, L LaAS, HPLC 4
MCIEL k% B CHEft T § 2 2 EDTRETH D),
% OB — BT 2 A HEM Lo BT R &
Vo L72A%o T, WM B A AT ) e B £ X oM A

RETDLIZOIEL DERDPODT =8 %55 2 L0
VBERIGE R EIIARFFEOFBANIZL A v MBS L ELHE
Abho T2, N ANV—=Tv sk o< s 7
F74=PRffkra~x N 757 4 — | ERSHY,
(2 2 MR O 43 HT HSHT BE 72 ELISA ¥:12 X 2 R H i
DI B DRI R TH UL, AT Z 0 b D05
MEHHIFEC & 5,

R TIL, WRP OREN: H# R % BETROIE
ELTHIHT %720 OME 217\, B 5 % i L C R
HEEDE=5 ) v ZIZLEE SNL SO LR EET
R H R B MET A 2 EDTRETH H 2 & 2R
L7z F72, B CIRIL 72#KICB VT b HE & FIN
T N OMBBEIIERWHBE RO b, L
ML, OHZD b OIZES LR O8Ee, BEREOH
HEEMELWGEST 5 2 AT E R d o TR HEOENE
LOMBEMEICOWTRE, GBI MEREFEL RS
NTW5, WKk OHBRLIREL 32 K5, RRED
MR MR & S WA O E T L 4 B R DS
HY, TNOLOMEE R L CEMTELHMIZLTW
ElowEkEZTwo,

@O

RENE RO I M L72EER O ) B, T3 b F
¥ VR OFERIC TV 72 720 2k B Yy R
FRRFERRERI FHEBIR G o T2, TRV E
Ty DA HEiRaeanE, RAMKEES 1 B 2 4 R iR
Y o S & N K EERT 7E T 38 B — 72
B o TR0 72, S2ISHRHET B BB, A
FO—EIEMAKESIT XERFL 70T = 7 M [
PERE AT IS & B I0 FHIECEREE O T - IR O B
3| o—#E LTrbhiz,
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