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Paralytic Shellfish Poisoning Toxins
Accumulation of Mussels by Marine Toxic

Dinoflagellate Alexandrium tamarense

Myung-Baek Shon

Department of Fisheries Biology, Graduate School,
Pukyong National University, Busan 608-737, Korea

Abstract

This study investigated the abundance of phytoplankton and Alexandrium
spp. in Jinhae Bay from January 2004 to May 2005, and paralytic shellfish
poisoning (PSP) of mussels Mytilus edulis and M. galloprovincialis in Jinhae
Bay from March to May 2005. The PSP toxin production of toxic
Alexandrium tamarense, the feeding and toxin accumulation of mussel M.
galloprovincialis  at  different 4. tamarense  cell  densities, and the
intoxification and detoxification of mussel M. galloprovincialis fed on A.
tamarense were also studied.

Alexandrium spp. occurred in low cell densities (2-61 cells mL ™" from
March to May 2004 and from February to May 2005. The highest PSP
toxicity was 1,314 ng STXeq. 100 g in mussel M edulis from Sujeongri
and 8,751 pg STXeq. 100 g‘I in M. galloprovincialis from Jindong in
April 2005. The PSP toxin profile of mussels included GTX;.s as the major



components. GTX; content was higher than GTX, during intoxification,
whereas GTX, content was higher than GTX, during detoxification. C;
content increased during intoxification and then rapidly reduced during
detoxification. STX content was detected in both Sujeongri and Jindong as a
trace component during detoxification.

PSP toxin content of A. famarense reached 42.74 fmol cell' at the
middle exponential phase of cell growth and gradually reduced to 16.60
fmol cell’’ at the early stationary phase. The toxin profile of A. tamarense
included GTX, as the major component. But, the proportion of toxin
compositions to cell growth was constant.

In the feeding and intoxification experiment of mussel M
galloprovincialis  on different cell densities of A. tamarense, feeding
obstruction was observed at cell density of 300 cells mL". The feeding and
absorption rates were reduced, whereas the excretion rate increased according
to the increase in cell densities. Mussel M. galloprovincialis showed an
increase in toxin contents according to the increase in cell densities, and
different toxin compositions with the presence of GTXs and GTXo,
which were not detected in the food microorganism A. tamarense.

The PSP toxin content in mussel M galloprovincialis fed on A
tamarense reached 7535 ng STXeq. 100 g'] after 3 days, and then
gradually reduced to 14.17 ng STXeq. 100 ¢'. The change of toxin
composition was similar to that observed during intoxification of field
mussels in Jinhae Bay. The change of toxin composition in mussel M
galloprovincialis at the intoxification experiment was similar to that of field

mussels.
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A 5o AR ZEF 913 AX(Harmful Algal Blooms =5 red tide)©
Abdstel] whE <dokslol o] Fodokste) o) VISR Qla) WA grEVF g
53l 1 W% K Hzl F7hshal 9l th(Hallegraeff, 2003). T34 #H x9] vhy]
A 9| §F = 3h(Paralytic Shellfish Poisoning, PSP)Z <13+ Alal= 1793 el vt
C}ol British Columbia®l Al 715 %31, Alexandrium catenella®t A. tamarense=
1970 A ) 742 3@ Hv), 2 o] s FelAnt e oy, o] F 1990
W72 olmot ¢ sl HotZelsh, 55, wEAE, A%, By, BRY
£ &go] FAE o gt
(Hallegraeff, 2003). 53] 5 SHEZRFA 93 vhu|gd A7 S3te A A

P2l A A FAE dora §lof, 9
E 4 AE dig AEHA e Po] 275 a1 Slth(Hallegraeff, 2003).

el A= 1986137t 1996130l viHl HSol e Fd HAE Hal Abgo]

o, AbwkE, Welw, wFohrsY Fow 1 ¥

== Al o] W& (Chang et al., 1987; Lee et al., 1997), 92 &L 9}
ARZF A tamarense?) RS2 &2l HATHHan et al., 1992, Lee et al,
1992). o]= <lste} Fuel A& vhu]d 7 535171 viAe ¥F 233 AR
el Azbgk dEg A EA Hda, oA wiF el did U E o)
TP oste] A &EHoR o] gtk HRGAEIE A o] whH]

Aitol] ofstH vt Aol FAb AP} E e, o
HEF ] sidol s AU A= AT (Mytilus edulis)y= i 297 3
dof %37 AP0} 492HE FAXB0 ng STXeq. 100 gHE 27 F,
59 DA FAA olslE FAidhE Ao 2 JEFGEHNFRDI, 1998-2003). B A
S (Mytilus spp.)© = (Crassostrea gigas)™ F-(Mya arenaria), littleneck clams
(Protothaca staminea)?} S ZWFol vldte We/ 535 u nFT: vy

A H=5E =287 WlFo\(Bricelj and Shumway, 1998) vivlAd #F =3HE



BUEgsled dtdor AAMERA Bo] olgdrt ols BA &
, vl ok

e w2 AsE FEW 2 AR ohlY sinel oS Agse Yal
g =

Shumway, 1998).

o) A w5 & AAelE AR T Alexandrium acatenella, A. andersonii,
A. angustitabulatum, A. catenella, A. cohorticula, A. fundyense, A. lusitanicum, A.
minutum, A. ostenfeldii, A. tamarense, A. tamiyavanichii, Gymnodinium catenatum,
Pyrodinium bahamense var. compressum 5©] S THTaylor et al., 2003). ©] ol
X A. catenella®} A. tamarense, G. catenatuma W Aol =8t

™ 53], A tamarense= VHIA HF 53E o= Fo A AER

o

fass

=

J

H v} 2lthHan et al.. 1992, 1993; Kim and Shin, 1997; Kim et al., 2005a).
gh, vhHl A H 52 FEAdoR UEFE AES wol o] AZS EolA
oz Auste]l A% BARNA e vhil F4e oAtk K 2AF
£ HASAL W e b QR F4e 747 o4 73 Fud
1

PN L wEAY 5 FEAL, AT A4S 557 vhilel o Ay

{1

>

2 do7)A "riBricelj and Shumway, 1998). o] {8k v}H]A] 3 52 carbamate
Al A [gonyautoxin  (GTX4), saxitoxin (STX), neosaxitoxin (neoSTX)],
decarbamoylZl =5 A(deGTX 4, dcSTX), N-sulfocarbamoylll = 242(Cia, GTXs6)s
o2 B A JtHOshima et al, 2003; Fig. 1).

Tl ME F= SRR v s A B8 AT (Han et al,
1992, 1993: Kim and Shin, 1997; Kim et al., 20052)2} Z7/lF< vinjAd o F
S 3loll #3t A-F(Jeon and Huh, 1989; Lee et al., 1992; Jeon and Han, 1998;
Jeon et al., 1998)7} FH QoL F5 HolWEs HAT AR 54 A
g oy 5 FHI AFo A A= Bol B3 AAojrh. A A+

of dAZ o] FojF AW AN N-sulfocarbamoyl Al = FEFo] W2



SGARZFI FA o d4FH-FAEAE W, 2AF 23 el 5 F2A
of AR Aol doju} & vt A A3 ¥ carbamate Al

1= Aoz <& ArhOshima et al., 1976: Beitler and Liston, 1990; Bricelj

1

et al., 1990, 1991; Asakawa et al., 1995).
hA, 5 ERE R 9% ey SR s8e ZUNFET obvet o
o] AlEE Foto] ZUNFE HE AR AlAE oA i 547 HE

# Aoz @ vl 9l (Oikawa et al., 2004), Z/HFAH oAz HAHE &=

g B AYd el & 53 ZUEPE S AsdAs ehelYd e
Hol ARl digh v B A A7 A57F 28T Ao Algdch

o] AfolME= Asgk il Alexandrium spp. EA I} o} o] AiHE vy
A S Eel olste A Fo 53t FdE AT o9k tlEo] AT EA
(Mytilus galloprovincialis)®} A. tamarense 33 9} 1o M2 vidld si=5 %2z
AL AEE 5ot dABE 287 A7 vulAd i Sshe] duad
Aol L4 AgE ZASIATH o] & F3te ddd kg dAR{ 53 EuH

Holl 71z ARE Al&stazt sl
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@
H:N

) Toxicity  Molecular
Toxin R1 R2 R3 R4
(MU/umole)  weight
STX H H H 2,483 301
neoSTX OH H H 2,295 317
GTX, OH H 0SSO+ H:-N-CO 2,468 412
GTX: H H 0OSOs (Carbamoyl-) 892 396
GTX; H 0SO;s H 1,584 396
GTX4 OH 0SO; H 1,803 412
B/(=GTXs) H H H 160 380
B.(=GTXs) OH H H 180 396
Cs OH H 0SO5 03-NH-COO 33 492
G H H OSOs"  (N-sulfocarbamoyl-) 15 476
C H 0SO; H 239 476
C, OH 0SO;” H 143 492
deSTX H H H 1,274 258
dcneoSTX OH H H 33 274
deGTX, OH H 08Oy H 1,500 369
deGTX> H H 0SO5 (Decarbamoyl-) 1,617 353
deGTX; H 0SO; H 1,872 353
deGTX, OH 0SO; H 1,080 369

Fig. 1. Chemical structure and toxicity of PSP toxins (Oshima, 1995).



Az 2 Y

1 At 2] Alexandrium spp.2] @3} FAFo vy dF 53 A4

ZA}F

1.1 AEZFaE Al A
Aafigkel F3 Av vHHAl FAME AL A S(Smn 1)oNA Alexandrium T}
A ZFaE] AEFFS 20047 195 2005 2¢971A @l 18], 2005 3

A8 AgE 22 125 ume 20 um9 sieve® A3}Etd FEHT O OF
polyethylene &71(50 mL)ol Y1l Lugol 8422 HF & } =
oA A AT AT BQ HA @t ABEFIES FAVEY)
Aall Z2FAE WMEMET A4, 30 ecm; BF AA, 2 umE T4 10 melA
BEESAA FHo Zol AFIATE TFAE UE AY AEE 1
& A= | L polyethylene Hol|l Hol H2(10C)S FA5to] Az 459
th, 2938 A AlET | mLE Sedgwick-Rafter chamberoll # 3} Fukuyo
et al. (1990)2} 41(1994)2] wWhol whe} I3k v] Z (Axiovert 200, Zeiss)dloll A
JLHR £ (=400, *x1,00002 T4 DL Algsilel

1.2 FA7F9 AA

F 7= 2005 3ERE sE7bA AR AR, 39l F 23], 497 59
Ae F 18 APsAct FAF AR Asw e 27] A H(Fig. 2)°lA
A s on, vhabaAl FAkE A s (St Dol Al FAAE AFE R (Myrilus
edulis), Al AEHE FE 3 H(Stn 2)01]’\1 At A F ) SR (Mytilus
galloprovincialisyE 2+ZF AR 8k A2(10C)S F218 A 222 Rk



1.3 S50 vl HE B4

GA R0 FAR A%e BHste] 50 mL WA T Fool sha Heke] o
N HCIE #71g ths Aol AR N2 253 33 7](Daigger Ultrasonic
Processor, GE750. Japan)E ©]-&3}o] oF 30%7F 3-43] Jk wbEste A S
shastalch, AN 100CoNA SR FHE g pH 347 288 F. A4
27](3,000xg, 10 min)at] A5Hg 2 T cha] QA EE(10,000xg, 10
min)stel AENE weket FHFE AAE Seppak Ciy cartridgeo] F7 A
Al olw, HZE 15 mLyE Hy Holol voE 15 mLE g}y
(Ultrafree-MC; M. W., 10,000, Millipore, Japan)oll ‘do] ¢42](8,000xg, 10
min) ¥, doj o3 AJ8E B4 A7k 20Tl A BAstthFig. 3).

opal A WS BAS 93 7]7)o] 2AL Table 1o JERAQTH vib]lAd s

B4 Oshima (1995)9]  whHe]  wlgl  High Performance Liquid

A

1

Chromatography (HPLC)E AF&3te] A8 Ich HPLC Al ~8le) F4L& w¢

oft

&

IH

&= s Z(Shimadzu LC-10AD, Japan), &3 7 Z7|(Jasco FP 1520, Japan), %
7I(WBC-1506D, Jeio Tech, Japan), ;F3hA|el F3tAle] Was AT B
fez]
=

ol

(Oriental Motor NP-S-463)% = &9 && 93 &7 A (Zorbax
Eclipse XDB-C8 column, 4.6 mmx250 mm; Algilent Technology, USA)& A}-&3}
och Alzel oy Ame) ANE BE ZaolA ekt WamAe) Aoy
2 Fedth BEAo] AlgH ¥ 54T Tohoku University?] Oshima L2

FE Al ek
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Fig. 2. Sampling stations of mussels and phytoplankton in Jinhae Bay, Korea



100 g of shelifish meat |

<

Homogenize with a ultrasonic processor

——Add 100 ml. 0.1 N HCland adjust approximately pll 3

Boil for 3 min

A A 4

——Cool and adjust approximatcly pH 3
~—Dilute to 200 mL

—Filter or centrifuge at 3.000 X ¢ to obtain a clean solution

——{_oad the Sep-pak Cis cartridge

NS

| HPLC injection |

A 4 4 4

Centrifuge at 8.000 X ¢ for 5 min with a 10.000 M. W. Centrifugal filter device

Fig. 3. Sample preparation of mussels for PSP toxin after the slight modification

of Association of Official Analytical Chemists (AOAC, 1990).



Table 1. Operating conditions for HPLC analysis of PSP toxins

Column Zorbax XDB-C; column (4.6x250 mm; Agilent Technology)

Mobile phases Flow rate : 0.8 mL min’

I mM Tetrabutyl ammonium phosphate,

(a) Cs . -

adjust pH 5.8 by acetic acid

2 mM Sodium 1-heptanesulfonate
(b) GTXs . . .

in 10 mM Ammonium phosphate, adjust pH 7.1

2 mM Sodium I-heptanesulfonate in 30 mM Ammonium
() STXs

phosphate, adjust pH 7.1 : acetonitrile = 100 : 6

Post column 0
) Flow rate : 0.4 mL min
reaction reagent

o 7 mM Periodic acid
Oxidizing reagent . . .
in 50 mM Potassium phosphate buffer, adjust pH 9.0

Acidifying reagent 0.5 M Acetic acid
Reaction 10 m Teflon tubing (¢ 0.5 mm) at 65°C in water bath
Detection Excitation : Emission wavelength = 330 : 390 nm




2 Alexandrium®] 350 o AFHFA o viu|d A7 53

2.1 Alexandrium 2152 W43 JFE 5%
A. tamarense 2T 2003 4go] FA
Fit Zekasel 2 WAE 25 LAY HES F 18C, 50 uE m” s, 14 L
10 DO} = o7 Alhul
A. tamarense®] AFE FAHAL 29 Fez AEE XTI SRS 30
mL  #3&lo] Lugol &doz HF FEE 23%7F FEFS 13T F
Sedgwick-Rafter chambero] #3}o] 33t v} Z(Axiovert 200, Zeiss) stoll Al Al

srolch.

2.2 Alexandrium &e]5-2] vhulygd sj5 F2
shlg AS S BAE) 9@ ARe AAUE e ol AU A%
7] AeNel A tamarense N EE vjt AT}t A 30 mLE FH3l AE
A AR AAE st YA E2(3.000xg, 10 min)3tal
THTE AAHE oS, Az A4 E21(3.000xg, 10 min)d}
3] WbE dlod 2& ME pelletoll 109132 0.05 N Acetic

oX,
o
N

{

il
(W8]
£

2

=
o

|
I

-
A

oF
ofrt
12

2
g
4an

= Ay

32

c}. 7}
acide #71ste] Aol A F 3 73 7l(Daigger Ultrasonic Processor,
GE750, Japan)E o] &3to] oF 152 A0 R 330 AA g & A8
(10,000xg, 10 min)ste] A5 RS FHGUTH FHS HFAE 23]
(Ultrafree-MC; M. W., 10,000, Millipore, Japan)oll 2o 4 &2](8,000xg, 5
min) F, dojR o3 A5 vk S5 EA A7bA 20T H st
(Fig. 4). HPLCE o] 8¢ whul4 sj% B4 (39 GxRel vpuly 5 2
23 s Al a9l

o,
o
N

o
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| Cell harvesting |

Centrituge at 2.000 X g for 5 min

Wash with cold distilled water

A4 4

Centrifuge at 2,000x g for 5 min

Fix with 0.03 N Acetic acid

——Store at -20°C

Meit at room temperature

t———Sonicate mildly at 0°C in a 1.5 mL microcentrifuge tube

Centrifuge at 10,000 X g for 10 min

Centrifuge at 8,000 % g for 3min with a 10.000 M. W. Centrifugal ilter device

A A A A ALY

Store at -20C

v

| HPLCinjection |

Fig. 4. Sampling preparation of Alexandrium tamarense cells for PSP  toxin

analysis.
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2.3 AFsFR o A3

AFAAE A AT AW Fae Aol AgsE AL AW

=

~

Atk AR WAL AL100)E FAse] Az ukshorh

2.4 Alexandrium 33FHE0) w2 AFHAFH] A&} 5 55

NAE AZTAHFHE 40 LGSO cm x 36 cm x 20 cm) Tl o7} (e
0.5 um bag filter)® 20 LE ¢ ¥ 18C, 50 pE m™ s', 14 L : 10 D9 %
Aol A aerationdt™ 7Y FAF F APl ALgstArt AFH HAEE 2 L ¥
Aol o3} s}4(e 0.5 um bag filter) 1.2 LE & F aerationS FA & 2 A
FalFAE F8sbar 18C, 50 uE m” s, 14 L : 10 D] =Ho7 3trh
Ho| AR v Ao HE UE 50, 100, 150 2 300 cells mL'7} H & A5
A7) T719 A tamarenseS 2AZF FA 05 1Y 534 (09:00, 11:00, 13:00,
15:00. 17:00) 547+ FFatdrh AP+l wo|] AEZFSZ 243 P08 =3

ghol, A FalgA e o

X
A
fitlo
98
oy
fitlo
A2
=
U
o
tlo
o
=
o
ﬂi
e
-
91—‘3
8
A

MAE(%) = ES
O

i A‘li%xi_ﬂé_]%&_]g
5hg (%) = o0 g%% H?g I 100 %

A E A X
A3td AE

v A £ (%) x 100 %

Agagdae] vpuld si5s B2 et A3 6dA 2 oA BE
AY T A E £33 AOACH(Hollingworth and Wekell, 1990)° e} %)
2] gt $F(Fig. 3) A A 744 20Tl Y5 BE@sIth HPLCE ol &3 vt

W SHE BAe 139 BAFe vhelg S EA5 BAsA sch
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25 AFeEAY 5 FH F A5

el E 20 L ob2™ F£3F (50 em x 36 cm < 10 em)oll o7} 890
0.5 jum filter) 10 LS 22 ¥ aerations A3 A= 783k3 18T, 50 LE
m” s, 14 L 10 DO ZiellA] A9 aigirh 3 fxelE A5 §7
of =% A tumarenses 1,450 cells mL'9] UEZ 13 FF 5 FH)
AEEE S 144933 dEsgich AT vy s BAE 98t
of 19 13 37 433550 ACACH A wel A2 F(Fig. 3) ¥4 A 7t
2] 20CoNA W% BASATE HPLCE ol &3 vluly a5 2A& 139 &
250 v s AT FdEA stolth AFNEH ) A ramarense 1 F
& 5AE dste] 294 47 Fx0 #laE 50 mL A6t Lugol §HOF

=
AE SLE 23%7 52 RS 5 3aEn] 2 sk (Axiovert 200, Zeiss)ol A
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m 23
1 Aaat oo NEZGIE AP FHFo viuy HF 53

1.1 AEEF3E A= 2 Alexandrium spp. =8F H|

20043 19olAl 2005 sA7EA AsRt sje] HEIHAE] AEFS
Fig. 59 Table 2] “FEFHRITE 2004 1€l 11,981 cells mL'olRd 4| 5&
FaEo] AFEFE 200413 490l 748 cells mL'7hA] FAsHAAth sHel A 1Y
A 61-1,485 cells mL™'9] Mo A Z7E &9ar, 1299 4,470 cells mL' 7}
A F7bskAth 20050l Fel %ol v AA 14lE 131 cells mL7HA
Zaskla 390 8,735 cells mL'74HA F7katl on), 49olE 71 cells mL' &
LHERR T

A8 S AFL 20043 190l Thalassionema nitzschioides (4,454 cells mL ™)<}
Stephanophyxis spp. (3,666 cells mL"), 28l Chaetoceros spp. (3,710 cells mL™),
39l Thalassiosira spp.(1,356 cells mLYE Vel 490l Eucampia zodiacus
(484 cells mL"), 590l Skeletonema costatum (428 cells mL™Y2} Coscinodiscus
gigas (326 cells mL"), 69l Nizschia spp. (468 cells mL™")<} Dictyocha
speculum (255 cells mL"), 790l Skeletonema costatum (50 cellls mL™)Z}
Coscinodiscus subconcavus (43 cells mL™"), 88l Chaetoceros spp- (50 cells
mL™")2} Dictyocha speculum (45 cells mL™"), 99l Skeletonema costatum (560
cells mL )9} Chaetoceros spp. (265 cells mL"), 102X 1297+ Thalassiosira
baltica (390 cells mL™, 24 cells mL™', 4,380 cells mL™)2 JEFTh 20059 14
ol Pseudo-nitzschia pungens (33 cells mL Y} Thalassiosira pacifica (28 cells
mL™"), 29 Nitzschia spp. (583 cells mL)e} Asterionella glacialis (473 cells
mL"), 399 Thalassionema nitzschioides (5,455 cells mL ™)} Nitzschia longissima
(1,947 cells mL"), 499l Alexandrium spp. (61 cells mL"), 59 Hemiaulus

_14_



membranaceus (4,749 cells mL™Y  Climacodium Sfrauenfeldianum (2.839 cells
mL ") o & LhEskoh

A vl S F 53ke] AJABER] Alexandrium spp. B FALE 2004
72005301 Z2h 39 sEAAN FR6ko], 2004 3U I 4€ell = 47 8
cells mL"'#} 56 cells mL"'QAT}. dlexandrium spp. D=3 49 2] 61 cells mL”
o] AR E A9lstn 29, 39, 2 59 ztz} 2 cells mL', 19 cells mL", 5

cells mL"'2 AA AEZFIEL dEF] vlgte] Wt Az FdsHCH

_15_
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~

Cell density (x1,000 cells ml’)

—_
=
~—

Cell density (cells ml")

Fig.

[yl
<
H

16

0
£ € £ & & § == ¢ g 3 =z 2|/ & B = =¥
2 £ 22 2= 2 23 2 &8 & 3z =2
2004 2005
84 1
60
40
20
0
=
-
2004 2005

5. Abundance of phytoplankton (a) and Alexandrium spp. (b) at Sujeongri
(Stn 1) in Jinhae Bay from January 2004 to May 2005.
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1.2 Alexandrium spp. @3 2x7F9 v dF 53

Aalgt sl Aol A 20053 3EEE SYTA Alexandrium spp. AEFI B A
ol winlgd 9lF 53E Figs. 6. 79 Table 3o WERHITE A9 AE<]
Alexandrium spp.i= T AEolA 39 THFH FaHoz F7
solXdA skl 2 AR Adlexandrium spp.©] HA AEFE A
(Stn N} AE(Stn 2)o1 4 22 5,500 cells L2} 18,100 cells L'E ZF& 389t}
FAYA AFEae] EA4L 39 18U ATA A v HA(43.4-99.7 g

STXeq. 100 g"yUEFSET, o 3 99l Ago] Frbgte] mpe} AFwAe] %4

H

Z7beted AW 1314 pg STXeq. 100 ¢S 712384 tHFig. 6, Tables 3, 4).

._4
>
[

AFalAe] 542 39 2597374 FA A (80 ug STXeq. 100 g')
o]&te] W9 (17.4-455 pg STXeq. 100 ¢gHE HA=HJ ot dAAEo] FZ35}
=39 299743 E FARNE z=Hsto] FHI 8751 g STXeq. 100 g'ol 54
2 ERHSIEHFig. 7, Tables 3, 5).

TR A FAF UelA dEd o AR Sk W
%< Figs 8, 97} Tables 4, 5ol Yeldch. Aot A GAFoAME F
QAL GTXe, HEATELS Cro, GTX2: 2 neoSTX, THAAES STX, GTXs

O
i

[a13
1

2 deSTXE #HE=5 A}

FAYN} AFGANE FAAR R GTX w7t AEHAI, 39 4UolA
1597+ 0.81-2.10 nmol g, 39 18Ul 49 6Uol il 32.18 nmol g7+
F7hek ¥ 59 2090l 1049 nmol g'7HA] #ASIATE GTX 1w AE¥E 3
7 57.15 mol% (11.51 nmol g"HFth BREMHEOE Cuhay GTX23 2 neoSTX7}
AESAT Cros 39 4Y0lA 18Y7HA = 0.74-1.78 nmol ¢g'2 HEFH A
4 6¥olE A 1331 nmol g'7HA F7H8ER o™ o] F 59 2099 4.37 nmol
g2 Zastdh C.0) AERE Hd 2886 mol% (522 nmol g")ain}.
GTXy3S 39 495E 18¢7hA] 0.24-0.62 nmol g'¢] Y2 ASHAn
16doll H3L 586 nmol g'7H4] ZF7letgdon o]F 59 209 1.55 nmol g"ﬂ}
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A stk GTX.no AEHE #9401 mol% (1.69 nmol g)ATh.
neoSTXE 39 4U5E 18U7FA] 0-0.08 nmol ¢g'2 ZAEFE A3 49 280
1.68 nmol g"”}xl 7 e o3 59 20d0] 0.80 nmol g [ A AN o |
Th neoSTX 2 AENE i 317 mol% (0.77 nmol g)ATh plFAR o=
STX, GTXs 2 deSTX7F HE 5T STXE 39 49 5E 114714, 49 64
Bl 59 2087b7 2z} 0.01-0.03 nmol g', 0.11-0.72 nmol g'® HEF<Art.
GTXsE 39 229U%-E 0.02-0.64 nmol g'o] WA Aty og s},
deSTXE 49 1629 5-E 0.01-0.14 nmol g'8 FAZFSUTh STX, GTXs, deSTX®
QEH = 247 F3F 0.87 mol% (0.20 nmol g), 0.48 mol% (0.12 nmol g'), 0.05
mol% (0.02 nmol gyl th.

sk, As2t AFsigAole Fo dRoR GTX.7F AEFUeH, 38
NYRE] 20297b7] 0.43-2.16 nmol ¢'E HAEEA5L 49 2190 HIL 19547
nmol g'742] ZF7+ek & 59 2090} 2.76 nmol g 7HA TAEATE GTX 42
A EH = HF 56.84 mol% (31.74 nmol g)ATh BEAROF Cuy GTXy 2
neoSTX7} AEH AT Cne 38 125E 49 627H4 0.45-1.75 nmol g'&
AEEA 49 2199 F 3 40.64 nmol ¢g'7HA F71EE o ol F 59 209
o 234 nmol g'74A ZAEAE €00 AEHE FF 2942 mol% (9.87 nmol
gYATh GTXone 39 11YEH 49 64714 0.07-027 nmol g'2 AE AR
449 2190l H I 20.77 nmol g'7HA F7HstR o8 o] F 59 2099 1.17 nmol
g' 7 FAaskATh GTXos0 AEBIE B 845 mol% (4.73 nmol gHth
neoSTXE 39 11Y7H 49 6274 0.06-0.46 nmol g'9] MR ihdygoz
AE5 QL 49 2196 17.75 nmol g'7HA F748kl e o]F 59 209
0.31 nmol g"W}X] 32U neoSTXS AEH| = H4 3.20 mol% (2.77 nmol
gtk pjBAEOR STX, GTXs 2 deSTX7F HAEH AT STXE 49 169

HE 045-251 nmol ¢g'2 AEHAL, AEEE FHF 1.19 mol% (0.66 nmol
gHAth GTXsE 49 219%5-E 026-2.77 nmol g'2 HEHAND, A8v = 3
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7+ 0.84 mol% (0.50 nmol g)ATh deSTXE 4¥ 169 5%E 0.01-0.31 nmol g' &

HEEA AEE7F HE 0.06 mol% (0.05 nmol gt % 2A4LS A4

Lo

AFaAst derk Aoy ded 5 W7 fARS Bl vhFigs
6, 7).

TG dEl 5 F3 71 S vEbd Sae] g 542 53 2
7l ol Aol Al AT GTX.©] &&el GTX o] FFHrt FA vhepyt
o, 53 x7]o) .0 #Fol FFEAUTE Aol AlE VelE 6TX o #
ol G6TX,o] #Fuch wA vebdon ¢0 3ol &shAl Fassich

L3 neoSTXQ shere A A3LA vhelwka, STXV vjZoz =d819 0}
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Table 3. PSP toxicity of mussels and abundance of Alexandrium sp. cells in

Jinhae Bay from March to May 2005

Sujeongri (Stn 1) Jindong (Stn 2)
Toxicity Alexandrium sp. Toxicity Alexandrium sp.

(g STXeq. 100 g (cells L) (ug STXeq. 100 g") (cells L)

4-Mar 100 50 - -

8-Mar 72 75 - -

11-Mar 43 125 17 75
15-Mar 74 475 40 250
18-Mar 135 750 45 200
22-Mar 119 900 35 125
25-Mar 421 975 42 1,500
29-Mar 776 475 83 400
6-Apr 1,314 5,500 213 2,500

16-Apr 1,133 350 2,262 18,100
21-Apr 616 75 8,751 15,225
28-Apr 894 150 5,285 475
5-May 518 200 1,602 75

12-May 142 175 990 250
20-May 64 0 174 0

-: not detected.
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Fig. 6. Temporal change of PSP toxicity of wild mussel Mytilus galloprovincialis
and Alexandrium cell density (a) and PSP toxin composition of wild
mussel M. galloprovincialis (b) at Sujeongri in Jinhae bay from March to

May 2005.
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mussel M. galloprovincialis (b) at Jindong in Jinhae bay from March to

May 2005.
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Table 4. PSP toxin content and composition of wild mussel Mytilus edulis at

Sujeongri in Jinhae Bay from March to May 2005

Toxin content (nmol g')

o (@ C GTXy  GTX,  GTXs GTX; GTX: neoSTX deSTX  STX Total
4-Mar 0.71 1.08 1.45 0.65 - 050 0.12 (.03 - 0.03 4.57
8-Mar 034 056 1.05 0.50 - 026  0.09 0.07 - 0.03 2.89
11-Mar 032 042 0.52 0.29 - 033 014 - - 0.01 2.02
15-Mar 031 087 1.31 0.41 - 019 0.06 0.08 - - 3.23
18-Mar 0.60 0.03 2.85 0.74 - 028 0.09 - - - 4.60
22-Mar 0.48 1.60 2.08 083 002 - - 0.18 - - 519
25-Mar 086  4.08 7.25 243 - 1.11 - 0.69 - - 16.42
29-Mar 127 701 11.06 7.17 - 0.60 0.19 1.16 - - 2847

6-Apr 349 982 2224 994 025 0.96 051 1.60 - 011 48.92
16-Apr 521 5.75 11.71 11.34 - 317 270 1.68 0.14 036 42.07

21-Apr 242 286 732 020 1.12 110 1.08 - 043 21.59

o
<
N

28-Apr 371 3.86 7.06 1143 0.64 094 133 1.38 001 072 31.09

5-May 236 201 3.89 6.60 041 06t 094 0.80 0.0f 051 18.12
12-May 1.01 016 0.73 1.76 ~ 0.18 028 055 0.22 - 029 5.16
20-May 0.58 0.1t 0.27 085 019 010 025 0.08 - 0.14 2.58

-: not detected.
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Fig. 8. The change of individual PSP toxin groups of mussel Mytilus edulis at
Sujeongri in Jinhae Bay from March to May 2005; GTX (a), STX (b)

and C group (c).
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Table 5. PSP toxin content and composition of mussel Myrilus galloprovincialis at

Jindong in Jinhae Bay from March to May 2005

Toxin content (nmol g")

o G ¢ GTX, GTX,  GTXs GTX:  GTXs  neoSTX deSTX  STX Total
I 1-Mar 025  0.29 0.43 - - 0.06 0.02 - - - 1.06
I 5-Mar 0.25 037 0.76 0.21 - 0.05 0.03 0.06 - - 1.74
18-Mar .48  0.04 0.81 0.37 - 0.06 0.04 - - - 1.80
22-Mar 017 032 0.58 0.21 - 0.07 - 0.08 - - 1.44
25-Mar 012 033 1.05 0.10 - 0.08 - - - - 1.68
29-Mar 026 081 1.63 0.53 - 0.08 0.04 - - - 3.36

6-Apr 0.41 1.34 4.20 1.02 - 0.17 0.09 0.46 - - 7.71
16-Apr 947 2245 29.73 17.62 - 5.6l 2.74 4.25 021 0.70 92.78
21-Apr 22,65 - 10499 90.48 09I 13.16 7.61 17.75 0.01 1.89 259.44

28-Apr  23.18 1746 3527 7138 277 6.45 7.96 10.88 031 251 178.17
5-May 1333 0.8 6.36 2440 125 2.81 6.83 1.16 0.1 1.42 57.86
12-May 980 203 4.02 1371 1.30 1.56 4.77 1.04 0.06 156 39.84

20-May 1.89 045 0.63 213 026 0.30 0.88 0.3t - 045 7.30

-: not detected.
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galloprovincialis at Jindong in Jinhae Bay from March to May 2005;
GTX (a), STX (b) and C group (c).
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Fig. 10. Typical HPLC chromatograms of PSP toxins of mussel Mytilus edulis

cellected at Sujeongri (Stn 1) (a), Mytilus galloprovincialis cellected at

Jindong (b) standard toxins (c) on March 2005.
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cellected at Sujeongri (Stn 1) (a), Mytilus galloprovincialis cellected at

Jindong (b) standard toxins (¢) on April 2005.
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cellected at Sujeongri (Stn 1) (a), Mytilus galloprovincialis cellected at
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2 Alexandrium tamarense JF 0| 23 2| F3 P2 vHH|A 5 FH39 A=

2.1 BAADA e A tamarense F-E}59] = ALH3

g A 2 A tamarense) AIET WEke} Aol IS Fig. 133

Mo &
Table 6°1 LEFRSATE ME2] H4S F7]o] 831 fmol cell' 2 Sgkort %

FA T ) SR AH ZF71ste] 42.74 fmol cell'2 H SAo] =k
o]F A= 7)o 16.60 fmol cell' 7}2] 7FA 3} ).

A. tamarense?7} 2SI E HAE GTX,. Co, neoSTX, GTXs, C, ¥ GTX, 0%l
ouvl AJackAl Awbell Ax 7} Ao wlEo] dAsSohFig. 13b).
0] (eNe)

A GTX2 Bl &2 58.94-80.29 mol% (66.52-26.36 fmol cell'ySd
C29} neoSTX2] Hl &2

_'__z A _TA':'
L _]]_!. az

13.02-32.14 mol% (1.13-11.95 fmol cell)$} 3.38-7.85

mol% (0.28-3.36 fmol cell’), P EA GTXs, Ci., GTX;°] Z+Zt 0.73-2.56

mol% (0.14-0.52 fmol cell )2} 0.67-1.59 mol% (0.11-0.50 fmol cell']), 0.07-0.66

ox
Shid
re

mol% (0.02-0.17 fmol cell Y& AZF ).
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Table 6. PSP toxin content of Alexandrium tamarense as a function of culture age

Day E:’L_']'lsd;"f_ﬁ)) C CGIX GIX GIX neSIX t‘mIlO tfelu")

0 94

2 189 012 LI13 005 021 6.52 0.28 831

4 792

6 1774 001 212 o1l 042 1305 056 16.25

8 2792

10 4792 037 961 014 052 2559 259 38.82
12 5.604

14 8472 050 1195 017 040 2636 336 4274
16 12302

8 12679 031 927 002 025 1771 1.90 29.46
20 12377

22 12566 021 534 004 014 979 1.09 16.60
24 12.415

26 12208 043 872 015 020 1634  1.54 27.38
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Fig. 13. The change of PSP toxin contents (a) and mole percentage (b) by

Alexandrium tamarense during as a function of culture age
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2.2 A FHFA ) Alexandrium tamarense 3 F

A7z < FaE AR} G MEZFE Table 70 WERURRA AL, 4.
tamarense S A A FEA o] A& LgE 2 dE HIE Fig 14
7} Table 8o vFERHATE A FallEx o HH &S 50 cells mL' Aol A=
Aol 99.61%5 RAAT HE SYAE 91.24%E FAskan, BEdES 021%

ol 2.70%% F7FslR om, 43EE 99.79% 4 9737%% TAE HERA

T} 100 cells mL' 28 FolA] HHEL 98.00%0) 4] 85.66%= 7+A&HSlar, i
22 0.16%00 4 4.08% %2 =71t on). AFE&E 99.84%°A] 96.08% = ZF

23ATH 150 cell mL!' AEFlA A &L 99.60% M 91.56% =2 75k
o, HAEL 0.07%N A 4.43% 2 Z7Fste] A FHE o] 99.93%9) A 95.76% %
23 th 300 cell mL! A& FolA AHEL o2 AF o) vlsle] FdH

o

O 2 ylolz} 9508%° A 82.00%F AT, wiAEES 1Y9A 0.02%F &
T3kl wlEted A A A Aot o] F 5.76% A FEFH AL A& 99.98%
N 94.55%F 7+AEH T

AFaGA 7 AHA ol +HA AEF W3S Fig. 1500 YERJSIE
A A tamarense MEFHEL 50 cells mL' A@TFAAE 59,715 cellsol 4]
I, 100 cells mL' A@FolMes A4 1dA)
123,411 cellsoll A 2] 225,555 cells7}&] S7F8FRA o1}, o] F 121,654 cellsoll A
133,758 cells®] HMHAE FAEATE 150 cells mL' A& ol A= 184,752 cells
ol 220,357 cells®] MHAZ Z7HaATE 300 cells mL' AT 29 |
A 390,183 cellsol A 1,358,795 cells7HA] 7+4 ¥ ¥4 ALFE YRR
31, 24 A0l = 391,620 cellsoll A 599,984 cells®] M & F7F slQom, o] ¥
379,768 cellsoll 4] 493,486 cells®] W= F7}sldch.

62,530 cellse] W= F7181A
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Table 7. Supplied Alexandrium tamarense cells as a food organism to mussel and

leaved cells at different cell densities

50 cells mL™
Day Total supplied cells - Leaved cells ;
in feces in seawater
] 302,556 626 2,513
2 31L110 200 1,000
3 304,135 2,725 7,825
4 295,555 1,188 18,163
5 307,920 7.375 26,975
100 cells mL™
Leaved cells
D Total li 11 - -
ay otal supplied cells in feces in seawater
[ 636,960 988 12,738
2 644,160 5,375 24,888
3 631,665 13,200 104,763
4 627,486 15,100 107,975
5 626,140 21,000 89,775
150 cells mL™"
. Leaved cells
Day Total supplied cells i Teces i seawater
1 995,250 650 3,939
2 1,006,500 3,600 13,975
3 982,590 17,150 69,238
4 977,605 25,425 66,240
5 964,816 37.475 81,400
300 cells mL
. Leaved cell
Day Total supplied cells i Feces I oAy
1 2,257,277 500 90,650
2 2,302,140 17,200 90,075
3 2,166,377 44,388 279,563
4 2,187,107 78,825 425,975
5 2,124,648 94,950 382,500
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Table 8. Filtration rate, absorption rate and excretion rate of mussel Mytilus

galloprovincialis at different cell densities of Alexandrium tamarense

50 cells mL™
Day Filtration rate (%) Absorption rate (%) Excretion rate (%)
| 99.17 99.79 0.21
2 99.68 99.94 0.06
3 97.43 99.08 0.93
4 93.85 99.57 0.43
5 91.24 97.37 2.70
100 cells mL™"
Day Filtration rate (%) Absorption rate (%) Excretion rate (%)
1 98.00 99.84 0.16
2 96.14 99.13 0.88
3 83.41 97.49 2.57
4 82.79 97.09 2.99
5 85.66 96.08 4.08
150 cells mL"
Day Filtration rate (%) Absorption rate (%) Excretion rate (%)
1 99.60 99.93 0.07
2 98.61 99.64 0.36
3 92.95 98.12 1.91
4 93.22 97.21 2.87
5 91.56 95.76 4.43
300 cells mL"
Day Filtration rate (%) Absorption rate (%) Excretion rate (%)
1 95.98 99.98 0.02
2 96.09 99,22 0.78
3 87.10 97.65 2.41
4 80.52 95.52 4.69
5 82.00 94.55 5.76
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Mytilus galloprovincialis fed on Alexandrium tamarense.
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Table 9. The change of unconsumed and accumulated Alexandrium tamarense cells
in water column supplied for mussel Myvtilus galloprovincialis at different

cell densities

Day Time 50 cells mL" 100 cells mL" 150 cells mL" 300 cells mL"
11:00 59,715 123,411 187,107 390,138
13:00 60,505 129,381 192,647 425,987
t15:00 59,836 127,516 199,050 490,928
17:00 59,960 160,102 207.476 918,234
19:00 63,881 225,555 220357 1,358,795
11:00 62,220 124,400 186,660 391,620
13:00 62,342 131,310 194,043 427,109
2 15:00 62,220 128,100 201,365 460,750
17:00 62,405 132,209 208,754 511,748
19:00 62,530 135,944 216.079 599,984
11:00 60,827 121,654 187,160 383,678
13:00 60,948 126,640 192,025 433,482
3 15:00 60,827 126,395 196,582 432,099
17:00 61,010 126,648 201,458 459,551
19:00 61,621 133,758 206,678 489,980
11:00 59,111 122,769 186,427 386,495
13:00 59,354 123,014 191,284 410,065
4 1500 59,233 127,689 195,776 437,263
17:00 59,172 127,947 200,133 464,955
19:00 59,111 129,492 204,950 493,468
11:00 61,584 123,168 184,752 379,768
13:00 61,584 123,413 190,131 400,615
51500 61,584 123,230 195,079 426,157
17:00 61,584 128,488 195,210 463,323
19:00 61,645 128,427 200,610 474,531

4384



150 1
¢ S0cells mL.!
—m— 100 cells mL?
120 / o "
/ -~ 130 ¢cells mL

/ - @ 300 cells mL”?

90 F /.
60 F / P

SEEE

30

Abundance (x10,000 cells)

T
gt
:
7
:

= = = = = > = = = =3 = > = = 2 = = < = = = d = = =
— e W ~ > - bagl if; ~ > - ~ ., ™~ N — ~” 7. ™~ > - ~” g ~ >
e e T e = I = T

Elapsed time (day)
Fig. 15. The change of unconsumed and accumulated Alexandrium tamarense cells
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2.3 AFAFA Y vy i E £

SAN M B U A tamarenseS JFH I A FslFA e KM 5 %
‘JH]E Fig. 16 YFERNATE 50, 100. 150 2 300 cells mL'2] 2@ FolA A
ZaigrHo] A" SAS zZhz 6322, 11895, 127.44 2 371.72 ng STXeq.
100 g'oldch A FGAoAE  FagPol GTXp, HIEAFEC], Cio
neoSTX, VA %0l GTXs, GTX>.;2 8 7AE5 1 thFig. 16b). 50 cells mL™' 2
oA AFAEA) % 2L FeHAROR GTX:Y GTXw7t 42 39.51
mol% (1.60 nmol g2} 30.05 mol% (1.22 nmol g1, REAHECZ €%
neoSTX7} ZtZ} 21.63 mol% (0.88 nmol g2} 8.16 mol% (0.33 nmol gh), M
AR O T GTX23S 0.66 mol% (0.03 nmol gtk 100, 150 2 300 cells mL"'
Aol e A 5 ZHol {FAMEHA delgton, FodRo=R
GTX).37F 50.51-54.56 mol% (2.48-858 nmol ghHhola, BEZAHRoz (,,9
neoSTX”} Z+Z} 34.44-37.86 mol% (1.69-5.64 nmol g’l)S’Jr 4.93-12.33 mol%
(028-1.16 nmol g, vIFAEOZ GTXs% GTX232 27 1.11-1.41 mol%
(0.07-0.18 nmol g")g} 1.10-1.34 mol% (0.07-0.17 nmol g‘l)‘?,iﬁ}. A. tamarense &

H e mE AFAHEA ] A H4 R FFS Table 100] YERHATH
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Fig. 16. The change of PSP toxicity in mussel Myrilus galloprovincialis fed on
different cell densities Alexandrium tamarense after 5 days; toxicity (a)

and mole percentage of toxin composition (b).
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Table 10. The PSP toxin content and composition of mussel Mytilus
galloprovincialis  fed on different cell densities of Alexandrium

lamarense

Toxin

(meantS.D. nmol gy 50 cells mL' 100 cells mL" 150 cells mL”' 300 cells mL"

C 0.16+£0.02 0.33£0.01 0.39+0.01 1.03+0.23

C, 0.72+0.00 1.37+0.02 1.75+0.22 4.61+0.53
GTX4 1.09+0.03 2.03+£0.04 2.56+0.11 6.92+1.05
GTX, 0.13£0.07 0.45+0.02 0.51+0.02 1.67+0.38
GTXs 1.60+0.02 0.07+0.00 0.08+0.00 0.18+0.02
GTX; 0.03+0.00 0.06+0.00 0.07+0.00 0.15+£0.02
GTX: - 0.01+0.00 0.01+0.00 0.03+£0.01

neoSTX 0.33+0.27 0.61+0.04 0.28+0.00 1.16+0.33

Total 4.05+0.42 4.92+0.12 5.65+0.37 15.73+£2.56

-: not detected
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24 AFHFA 9 v s FA F A=

Hol MEg AFT AFATFA ] S Adv 0] WaE Fig. 170 LhE
olek Blo] Aol FFE 294 A sl ol FE MEE #EEA
edokom, 3ge] Ak F AFEgA] HAE Aol 7535 pg STXeq. 100 g
A EEEhd il o] F 14.17 ng STXeq. 100 ¢'74HA ZAskich @A, % g
F2 Ag 290 3.59 nmol g' 22 #AES O ool ©] =73, o] F 0.85 nmol

(o]
g7t A A3 THTable 11).

rlo

Hol AES HAT AFHFA] H4ae FAAT2LE GTX14% Clo, B
ZAEE neoSTX, GTX;, GTXs7F A& Aar, = 24 Hol AES 4F
& o} A|7F Azl wet cheksbAl #stedh GTX .9 ¥&e WHol AE A

N

=2
# AF 4957 mol% (1.48 nmol g")V7FA F7}8Fd o}, Al7ko] Aol whet
8.97 mol% (0.08 nmol g2 Zxaodth €0 HES 43 A% 63.79 mol%
72 AEE FaMdREog vERto 394 26.64 mol% (0.79 nmol g')7HA]
#astdrkrt, o]F A A3 5590 mol% (0.48 nmol g)7tx F7}ekdch. A,
neoSTXCl H| &S 55U 742 3.87-8.13 mol% (0.14-0.27 nmol g"').@ ] 2] B
of Aupxl ko, AE 6AAE-E 1291-22.49 mol% (0.13-0.28 nmol gHE

BEAREoT YERGEI, GTX:9 H &2 2.68-20.99 mol% (0.09-0.47 nmol g"E
TS Bk GTXs9] ¥ &L 0.78-23.75 mol% (0.03-0.80 nmol g') W=
A QL Skt dAaE YER AT

AFGA oA AEH 7 5o SF dHSIE Table 1127} Fig.
189 YepATE 8 = AR GTX.:= 29 39 olAo= ojAdadA el &
Aol A= GTX@E} ghafo] ko), o] Fol= AR} Fxbol HlEld ¢ ¥
1
=]

o CIf
:‘o Oﬂn
2
E‘J
32
o

o™, GTXs9 neoSTXE A 717 3 A9 44 &%
Gy 29 294 587t AYgEE 7 Betele Adde® i w2 3
£ Yepiglon, o] Fol A% HE dAoMe AL, 2 497

W A 3= Aok
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Table 1. The PSP toxin content and composition of mussel Mytilus
galloprovincialis  fed on  Alexandrium tamarense cells during the
experiment period

' Toxin content (nmol g“)
b C C: GTXu GTX, GTXs GTX; neoSTX Total
0 ; . . . - - - 0.00
1 0.56 1.71 0.56 0.12 0.04 0.44 0.14 3.56
2 0.54 1.15 0.80 0.18 0.03 0.71 0.18 3.59
3 0.64 0.16 0.92 0.56 0.10 0.44 0.17 298
4 1.28 0.07 0.35 0.49 0.80 0.09 0.27 3.35
5 0.76 - 0.34 0.46 0.07 0.47 0.13 222
6 0.49 - 0.22 0.32 0.30 0.36 0.25 1.93
7 0.42 - 0.05 0.17 0.07 0.13 0.08 0.92
8 0.74 - 0.08 0.40 0.31 0.16 0.31 2.00
9 0.52 - 0.10 0.20 0.14 0.13 0.18 1.28
10 0.56 - 0.06 0.21 0.09 0.13 0.28 1.33
11 0.51 - 0.05 0.16 0.06 0.11 0.26 1.15
12 0.40 - - 0.15 0.03 0.05 0.11 0.74
13 0.48 - - 0.08 0.10 0.08 0.13 0.85
14 0.35 - - 0.09 0.15 0.08 0.17 0.85

. not detected.
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Fig. 17. The change of PSP toxicity (a) and toxin composition (b) of mussel

Mytilus  galloprovincialis fed on Alexandrium tamarense at 1,450 cells

mL™".
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v &

1 3Rt A o) Alexandrium spp. A FX72 viu|Ag HF{F 534

2 APl A et sl el A= Alexnadrium spp.7t 200413 3+ 20051 o)
el 293 395E sU7kA Edekdla, ARl vuld R 53 =%
2005110l 3956 sE7kA] BAslTh 19973 5F-E 200072 Haiwke] A&
ZEAE A 98 Alexandrium spp.o YA 3H I} 4¥e] T2 FHEE
Ao et os(mEiE Ag), mHsAed el opHld i 53 KuE
W Agel olstd 395E 59 ol 69 2evbA vpHIAd SiR{ SAavr A
5= Ao LEFSYTHNFRDI 1998-2003). Lee et al. (1992) A&t &) o)
A =55k © A Tet 4 wamarensee] vH|A #HF 545 ZASE A} ol &9
5 ZAol ARgE Aoem dsigivh R ofy A ZAbel ofatd s
gelS TR g gl T8 dAstelA FE ehuld #lF 53te] AddAQl
HAJBE S A ramarense 31 125 d vl QITHHan et al, 1992; Lee et
al., 1992; Jeon et al, 1996). & ZFAfol M= Walint s HF ol dlexandrium £l F

g stuate] £4 2Ae AAsAE 2ekort 2003 49 SN 53

_{

of

o] A. tamarense GFHEE B st BEAg A3 {5 Fola, H 2AS
FQ AFEOR GTX 14 Cio, BZE AF 02 GTXo ¥ neoSTX7F AEH AT

(3

(Kim et al., 2005b). ©] A. tamarense®] = Z/33} E ZAle] A9} MF

FAFel 5 Aol FAEHA dEhY, T A9e v #§ 53 F9

=

Alexandrium 7| A 7o 2] Aoz gAordr)

T3, E 2 M = ARt UJNABER] Alexnadrium spp.2] E3 I}
GAFe 53 Y-S GobH kY. Alexandrium spp.i 200551 3HEH-E =HE}
o 499 A 2L EFAT 5,500 cell L', JE 18,100 cells LHE 1wt}
I 7IRF FRF v AT Sae) ARe gol AR IAFEAS ALt A

FelgAo] A5, gxX7F9 A ARG 1,314 ug STXeq. 100g”, A
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5 8751 ng STXeq. 1002 Alexandrium spp.8) @3 A Askglc) wal
Alexandrium spp.2] Zd o] Wold 4= ©@AFo mAE Frialddrt 28
2, Asvt sjH N M= Alexandrium spp. =@} vpnlAd I F 53 Alojo =
AAg AAA7 AdE AoZ AR ECE Asakawa et al. (1995)> UE
Hiroshima SFell 4] Z= 7l F(short-neck clams, B2l F, &) 53] YA YELS 4

tamarenseel P, ZAFA wet =HE Ao ZolE Bory. Ed
Sekiguchi et al. (2001b)<> Iwate HolA 7F2H 7helv] o] 53boll 4. catenella’}t
A= Aoz st shA R, ddB s 54 3 =@ met

g B7) wToll, Adlexandrium spp.2l EAF I TINFQ Hae wEEAl A

2
Ol
-
rle
i)
5
s
=z

o] 7] ¢Fe=thil 33 Th(Sekiguchi et al., 2001b).

s, Fafinte] @A 7E 3/0d3F ZUER S Aate] osd 53k A7
Aatol wel o] HA HAE Atole] Hzbo] mEE et WA @A
53t 717 B 1 B-epimer 549 GTXzh C ARl Ila-epimer 5 4¢)
GTX:% € AV 2o A4 d&5A v, A55HE 71 5 lla
-epimer 5 A% GTX 29 C, %ol 11B-epimer 542U GTX;y, C AEHT
5o Uebstos] STX A¥ol RERn Azl Anel Heh tha £7a
tF 2Rl A 11B-epimer (GTX349F Coa)oll Al 1la-epimer (GTX, 9 Ci3)E
Aer])= AL a4 Aol 93] dojdrhOshima, 1990; Murakami et al.,
1999). 72 o2 EQAHT 11B-epimer “A47F KT} A AQ 1la-epimer =
AE Aol F B a =139 22 WA F5 AFEE Aol x
M 22 WollA HaA oz 5713t Oshima, 1995). B3 ol A= 1996
d3k 1997l A o] A FoA T g HFor AAF vy
7 %3k dY dA7E AL, 5 FA1Y 27]0l 1 B-epimer FA(GTX,,
C)7F 5 ZNFANA 1la-epimer 5 A2(GTX 2, CHETF w24 53} 7]3ko] A
ol met F2te] Hgo] AR A HolaL, STXS neoSTXE 3 7|3
o] Autgro] wal tha 7182 thShin and Kim, 2000). 2 ZAlolA LiEld
ol A A7EY] Wstet STX Aio &4 oA 293 dFAAE 2 7§
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2 Alexandrium tamarense A3 0| 23 AFAFH 9 npu|Ad |5 FAH AS
A tamarense®] HAAE ATV F1MA FURERI AL ol F M AE] A

o, 5 2L AR wel dASHA vebskeh dlexandriuvm A 32

5Ae APt e Ed A oA thE] uERdTHBoyer et al,

1987; Anderson et al., 1990; Kim et al., 1993). Kim et al. (1993)2 2|4 %]

¢

271N Sa BBl Frhe Sa AYS BY SAFAEY Sa7F AE

ool %4 ¥ulm £8E 2)ueh 7] Eeli, A5HE7) F
sode] grat B4 AdBRcE e sagel 0 %7 MY Aoletn

71 Fetel Ee-sletAql 2At5g WA e AlXe distele BEH 54
9l TH(Hall, 1982; Boyer et al., 1986, 1987, Cembella et al., 1987; Boczar et al,
1988; Kim et al, 1993). o]¢t o] AFAG7] 715 AA7| =2
Alexandrium M XS 532 thE AdTA R
Ao Mt AdATo R K5 Alexandriumol W ZRF] AFH 2 53 4
Aol o] g 2 5 Atk

B AFoME 5 Hol A&l IR Az wap A Fa R o] 4
A& ztol7h FREATH FFH Hol AEe] drrt &5, 28 A
Ztol Aol wet A FafFa o] AAE&S HAs 50
ol the Aol sty gEs AL das #EEA G
Li and Wang (2001} A. tamarense®] & DXE(<100 cells mL ')Al 7} H]
o ALl F7lee AL F5 AR FAA A iF 540 E4 o
T oHrke vheinle mo] o] g e FUF MY xR UAAY, #el A&
Aol ol Zhen] AH ] Ao dFE vAA E3 Aow Algdnn

8L}, Bricelj et al. (1996)2 $H(Mya arenaria)©) ¥ 539 A excavatum
1

Wah A3, 5 R4e 4%

-1
0 cells mL

_‘d
3
-
o
>
rG

(= A tamarense)S& FH3AE Wi FFHE A4V BFHNL e HE =

el FollAe #EHA &2

)-.‘./
0
k
_?L
4%
=
>
o |
2
b
>
o
fo,

A. tamarense®] =A
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& i 2449 fmol cell'EA FQAES WX Aol carbamate AE 2 GTX.E
g sbar golo] Aol 7#E Fo| &gtk wjEo A Y550 cells mL') A
TN T A tamarense®] =730l T o] A FEFS wHA Fkort, ad
S(100 cells mL') ARFAAE A Aol daks Fol 4% ded
Ao 5 Fodrt.

. MEEe TAULI BEAE, Aol Aol wel A Ure
o, A2%&e BEE AdTFolA 9455% olFE astste Aoz yETh

Shumway and Cucci (1987)= Z7/F7F vk gi=o tigh =& H3do] 75

o
3
r o
(Z
olo
N
2L
o
Ll

of e} 5 AHRZF Alexandriumol W3+ Tx]2] Ay
agsin. ohld AR Ssb owgsd wgd A9 AFeds
Alexandrium®l] =Z50E w, ok 75%2] AL E, & HNol MA Z439 7

) eElar ol Fer F% S GeERAARY, WAl Alexandrium 2 Zol] WHE A O

2 oweEn 9AE gushl 54 dEe] dwe WA gstthn stk Ea

N
iy
flo
BN
=
i
X
Ao
M
o
o
2l
_O|L
rr
o
rO
o
Jin
L
)
5l
BN
S
N
g
S
S
a
]
X
)ll

shadl 2dolA dElF o)A okt S HEsdnh B dFeAE ARE
o] A@TolX A ramarensed)] W3 AFaEH o] HFH AFHEFeo] P9
Aol viste ddAoR Aol AFlDGA= 4 tamarense®] FE& AE Y
ol A v A sl st HA AEE st Aow dEbdn. w3 74 4
Aol AR BE #FE F ot AL EAAFEH HAH R nEE
5% € "W Shumway and Cucci (1987)2] ZAFfoll A YeEPd HAY A

2] A AFREgol AAs] FAT Ao ALGHM, 5% dlexandrium 7R A T2
A4 2dd o dad oz A g3te] g5 oRE ¥k vl I
2 dokEnh FAFe] AHE, s 3 4%

7

4. 9% 2 AR ol
s, A Fsig Aol EX S 4 ramarense®] FF U7} FolHol mel A
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AE59h 50 cells mL'e] A@ATF9 100 cells mL'9] AgFo) 5 32 &
AbEHAl vRERREO L mEEC Zp a4 A
50 cells mL'2] Aol shAl Yelton o] & ZFm7p vk GTX:9 3
ZFo| thE dg ol wgted o @) wjFoldrh EE 50 cells mLo] AT
o] mAle 59ho] A Folw FA A 80 g STXeq. 100 g'& Z3}8h=A &

£ saxitoxin THo T A3 AL

M

o

otrh A FalgA e 5 A2 H4A BEZ FHE A wmarense®] ¥ AT
FAFsER RE, 4 gl A YeERA] @Y GTX:9F GTXe7 &5 Ach o)+
A tamarense® EA47b o] AFE ¥ AlHolHd aiAHQ H3HOshima,

1990; Murakami et al., 1999) XEi= o] & @ 3k(Oshima, 1995)°] 2] Aoz A}

g9tk 3 50 cells mL'el HAEFolA GTXs2l AEuEol ¥ AL 4
tamarense®] A E DET} tE Ao H|dte] k7] wlFo] ®Ho] Mol &
How qlg e Hel ~Ed s} Aol Sa d@o] o B oLl A7)

A tamarense® A AFHAGA T 240 ZAA viu|Ad H=5E S35
th AFAGA 5 FeFe AF 19(3.56 nmol g 29(3.59 nmol g)RT}
39(2.98 nmol ghyo] WAl AEHAoY, Ha 542 A9 3d0 =it
ol Ag 39 % FEI7F 2L GTX1w9 neoSTXS] o] =8k7] wf&ol
ok owE SRR A a9 ZIHFO Hu SAAojol A Al A
#HAAE Aste AL ook AT, dvtAo® d% RUEHPANANE F
5 ZFAES A dxo] =2 & dAG Aol Fakg Fol dF W 5
ol Hao] ol2tim d# A 23L(Ogata et al., 1982; Chebib et al., 1993;
Martin and Richard, 1996), Z7}F2] 5o Hdlo| =wsl7|7t7] deles Azt
2 Zof wet 2o]7F AThBricelj and Shumway, 1998). ©]#dt ol Z7F
b s HEEFE AFHT ohe Ao 549 o] dojuA He=d
ole] gt H o] HAEE HolAE] H AT} xIfFol wet ApolE JHA7] o

zom Amfr)
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Hof Sl Lgst olF AFaEA o] A4S A b 5.6 ng STXeq.
100 ¢'4 zZHaskolc) oledk KA das @A 45HA 42 §5 A%
of vt whx x=A uleA 5A4E g ey Wil Aoz Alad
Tk Suzuki (2003)¥ Zhejulel A= & E el F ZAEo] ol EHld
Ak Aol P, ol HAF ZUIdAAME @A Fo 5o 27 uelA

AeR Sa Ruld =2 o Fse AL melFu Aok

AL

AR ot AR E GTX7F AEA AE5 Ak = 54 713 2t
#FE 5 24 Mse G7F S7F skl daske] Afebrith R o] 73

o= o] dEA #Al A= GTXe8 ol GTX, o FFET FhaL, A=o

_—

AP AA GTX B GTX,o] Fol o Bobxdrh Z/HFolA 113-epimer
(GTX349F C2a)2] lla-epimer (GTX -9} Ci5)2 AT @4 HA3lo] o)de] A
o1} (Oshima, 1990; Murakami et al., 1999), Oshima (1995)% (B-epimer =4 %}
a-epimer 5429 HE&Z (3 : a7k Hy 1 30 =ET witR] 55 AEE
Aol =785 A WelX Fadew ket itk =

24 A A 540 A9l FA e 7 Ao 4, o] dAAs
& AAAg B Fo kst Qi) o AT 5 o™ (Bricelj and
Shumway  1998). o]de] AFEoM ZAFE #E  SHEZRFERGY
N-sulfocarbamoyl Al 5 4(Ci)E Y2 H|&2  ¢/3Fal  carbamateZ] 4
(GTX )5 2 H&2 shigohal B3 AthOshima et al., 1990; Bricelj et
al., 1991; Cembella et al., 1993: Asakawa et al., 1995). 3} FA o] A=o] Z
FEHA neoSTXC] TAEO] HA HA Fafrth FdiFog o}, A%
FHb7)ol neoSTXS] A#H|I7F Fobzlrh olejst & FHA7| &<l € HA&
Z7Feb GTXi T GTXs &% M3 neoSTX o] dAS A FAHE A4
WaRke] FAFANE FdstA AU A, vt FAF= = F

A 71ES OTX 7L vEe s SN, Al5713 St STX7F HEo] Y3
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Ouh B APeME AEHA FUACh o= AWAdas AFaEdA I 4
gt = ghekol FEnkel @A F ) shol GTX.9F STX7F HPLC #H &34 ol s}

o FE2 EA5I%7] WEow ekt

_54_



V 89

>

] S skl A E E90 AdedAlE rdslr] sk, 2004
FE 2005714 Qelink el AEEFAES] A% qd A=
Alexandrium spp.©] =3 @2 7e] vl HF 53E HPLCE o] &3l =
Abstalch.

AeEeAEe] dEFL 33 11,981 cells mL', A7 61 cells mL'= e}
ko™, Alexandrium spp.2l =& 20043 2005330 2¥€oA sY7H FHa
61 cells mL", HAA 2 cells mL'2 vepkc) & @2 Fo npu)d AF 53
= Alexandrium spp.©] H1 YL R LFepd 2005 4ol Ao AFA] 9
Axe) AFalda7F 22 1314 ng STXeq. 100 ¢'9F 8,751 pg STXeq. 100
A stk 2R 2R dlexandrium spp.®l @3} FAFeo] H3hete
ARt FadA7E de Adog ddFdck 5 (Ao @AM GTX, .9}

Cio7t FRAFOR AFHAL 5 FH /10 AB/L B4 b 573

A

£

ac

& a-epimer (GTXy, GTX,, Ci) 549 [B-epimer (GTXy, GTX;, Co) H43HE]
FoA s Ve, STXVE #5713 et A= F )l

o
U

= Sae]
&3 vhelg A7 5] wuE " 2 A8E AFE] dad §5
A tamarense®] FHUE WE AFAFA ) AHE 2 5 FH3} A5 FY

A4

& A4E% ¥ HPLCE o] &dto] whH| A sis &48 sl
A FA A tamarense THBE] WE HAHE MY & IEEEd

50 cells mL'9] A@FolA A E AHE L WA A amarense®) AT FF

B kel mel AH ST 45ES Fastlon, widES el L,

Aol FHE 5 g wgk Frksloith Fad

B GTX:9 GTX; Aol AFHFAANA HEH00ch &8 AT

5 F54 F ASEFE 4 tamarense 3H ¥ 39 Tl 7535 pg STXeq.

g 7hA £2Eon ol 1417 ug STXeq. 100 g'7hA HA #2489

5 EA5 A% RED et 520 548 QT FAF oy

S %3 g3t FASA Lhebso

A. tamarenseo| Xl AZE

Mo
ﬁ__,O{NP

r
e]
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