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Paralytic Shellfish Poisoning Toxin Accumulation in Four
Mussel Species Fed on Toxic Alexandrium tamarense

Young Soo KiM, Myung Back SHON and Chang Hoon KiM*
Department of Fisheries Biology, Pukyong National University, Busan 608-737, Korea

Cultured cells of the toxic Alexandrium tamarense were fed to four mussel species, Mytilus coruscus, M.
edulis, M. galloprovincialis and Septifer vulgatus, to examine the interspecies and interlocality differences
in the ability to accumulate paralytic shellfish poisoning (PSP) toxins. Toxin content of 4. tamarense cells
varied during culture period. In contrast, toxin composition in the cell (C1,2, GTX1-4 and neoSTX) was
constantly stable. In feeding experiment, the four mussel species collected from Geoje intoxicated after
uptake of A. tamarense. Toxin content (average+SD g STXeq/100 g) of M. coruscus, M. edulis, M.
galloprovincialis and Septifer vulgatus were 1,660+79, 3914+2242 5,626+1,620 and 958+163, respectively.
Toxin profiles included C1,2, GTX1,4 and neoSTX as the major components, and dcGTX2,3, GTX2,3,
neoSTX and STX as the minor ones. Toxin accumulation of three mussel species collected from Pohang,
Geoje and Anmyon-do showed interspecies and interlocality differences. Toxin content (averagetSD rg
STXeq/100 g) were 91+4, 151+14, 3943 in M. coruscus, 189+1, 231£11, 206£15 in M. edulis and 214+28,
326+30, 291426 in M. galloprovincialis in order of Anmyon-do, Geoje and Pohang.
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poisoning (PSP) toxins
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ol &) F= Alexandrium spp., Gymnodinium catenatum 2
Pyrodinium bahamense var. compressum 52 E4] JHTLZ
F2 A —4FH s viul A S(paralytic shellfish poison,
PSP)E FHA T 2A AA g8 Yt FF R o]w
& &2 A Bl E FaL 9 tH(Taylor et al., 1995). 531
=4 JURZHFE Aty wEl~ES(Hallegraeff et al,
1990), 9k4] AE-2] o] A(Hallegraeff, 1993) & Ea| &< )&
& E(Franks and Anderson, 1992) 58 53| B Xgo 29
o5 ol 71Ed Aoz &AL 9len, o3 psp WA
Eo] o]F2 At A AETFH 293 tEo] psp oA
ool Fitelgte EAE f2sla Aok

S, @3 A7 E T3 olmislFe 159 74 23 M=
g2 %o =8 &3 H(Bricelj and Shumway, 1998), 912144
Eof vs] 2EA9 carbamoyl Al FE(GTX1-4, neoSTX,
STX) Hl-&o] Zrlshe Aoz L3 H tHOshima et al., 1990;
Bricelj et al,, 1991). &5 7} oA wl-§ F23, o]
2o ZAE gl 4l A 89 2 5478 18
of o8] REFHOoFE MYyl rKShimizu and Yoshioka,
1981; Sullivan et al., 1983; Oshima, 1995b). 22 olu] = &
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% 71w, BARE BE B 68 PSP 5 o) mzn
= 4o] o2t WREA PSP WAS| 27) FRE ABSHe

A EAYE-o| TH(Shumway, 1990). wehA] o QA7+
So] psP = FHo] B Bk A YRS A7) AA
43 AN 2R S5 BUHZT A6l BAF
& o]-&3) $tri(Lee et al., 1992; Bricelj and Shumway, 1998;
Sekiguchi et al., 2001).

St Agtell B sh= X F 3B X (Myrilus galloprovincialis)
o} AFFAM. edulis)= 22k AANAE AFZ F4€ A
2 FAEM(Yoo et al,, 1990; Park et al, 2004b), 53] ZFhx]
= 1986'd3 1996'A 9l PSP 4F=0l) 2% A ws) Ang
Y031 v} dtH(Chang et al., 1987; Lee et al.,, 1997). o] %
B =3 mJEH Y #A AFE 58, 54 Alexandrium
tamarense®] LAY T} o] WE o|miaF F3}o] APdo] 7
™ &) ATHChang et al,, 1987; Han et al., 1993; Lee et al., 1997).
ey S wld olulsiRe E3l7t dAskT gl
T BT, B £ U BEXXYY) mE PSP & A%
vl #g de HREEh

ol dollMe &R F % X A @2 PSP & F3
o] ApolHE ok A}, AR At A A3 H2EH T
X)(Septifer vulgatus), A5 NE2(Mytilus galloprovincialis),
FERNM. edulis) B ZTHM. coruscus)NA S dlexandrium

o ol off
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tamarense W FTE AAMNA T4 F FH5& A6,
AR, ARE B EFA Zzk FH3 AFAFA, AT
2 2 FFE o83t BEAYY W 5 HHFS A

B i

ME 2 9y

=4 HolWE R o &H dlexandrium tamarense= 20033
49 795 AgtellA SFE AFste] YIAEE Falstd
T AEE mfo|ARFINO R wHEAA 3 U 10
Lo] 28] A|(Guillard and Ryther, 1962)% 22 Zgjz =23
A a89L)yel % 16x10° MFEZ HE3l] 14L:10D (50
#mol photon/m2s), 18°C Z 79| Ahut3l[rt. A4&
iR Az e $4 BH71217C, 15 min)3laL 4T
Gaol A FE YA 39 ol 4417 RE AL
AT Alxe] AAo)| wWE e A S S(paralytic shellfish
poisoning, PSP) 418 934 F& & 169714 24 1HE
Z 9 10A)9] v A S £33 somLe] HiFE F ] Y4E
2](3,000xg, 5 min)&l] AT AL A AL HEE F33Y
ot FE3 A2 d3lde 97y SRFE JAUete 24
A7 F AARHsM A28k, 0.05 N acetic acid (D8 B
vlo] ok 108)E HUMS th, dgol AR A7 A2 2L u
(Daigger sonifier (GE750) for 1 min twice at a setting of 40%
amplify)2 A HT. A E vl A|lRE o)
(cut-off, 10,000 MW; Ultrafree C3GC, Millipore)ell 222 94

£2(8,000xg, 5 min)dt] Lo FEAL BAHE A|gg &}
At
GHEL TS 1), AA(St 2) D SFAE (S 3)oA] 22

AR} AFAGX (Mytilus galloprovincialis), AFEX (M.
edulis) 2 ZZM. coruscus)@ AAN A AR Fezdag
| (Septifer vulgatus)yE(Fig.1) 0.5 um— A H3|FF R &FH o
2 Fp3t0 v AR o} I -8 7)(55%39x30 cm)oll F-&-8)| 4
15 B2 "ol FF glol AFZZ(14L:10D, 18T)oll =] A
Aot =3AF2 £XF2 FA dHMNAE Flod Fo]
OFUA] & AS AR 3 HAEA R FE =
2 Adddle AAL 222994, AR, AFEA
2 Z3(Table 1)S 10L9] AF3|FTE A A2t olzEE
7lol B5 8-3t31, X534719 4. tamarense A FE(8x10°
cellsymL)E A&7 W AFUE7} 866 cells/mL7t HEZ sfA]
14 33](12:00, 16:00, 20:00)4 34 Tt FFAL X
BEAGE 5 5 Aol 2hz 23, AA L etz
AR AFalgA], A5 E FE(Table 2)S 29} TA7
Z30 25 838, AFAA 4. amarense /‘1],‘?_(8><103

A&

3

.73

]

Fig. 1. Sampling station of mussels for intoxication ex-
periment. Dotted line indicates the annual paralytic shellfish
poisoning area. Station 1, 2 and 3 represent Pohnag, Geoje
and Anmyon-do, respectively.

cellsymL)E AAT W HZLLE7F 260 cellymL7} HEE 34
19 33)(12:00, 16:00, 20:000% 3 &<t Fsqc A9
e HolFF Alvitk AF adet T B BxAY
B =3 A0l PSP 5 £A4S 9% FR Y 8L FHF
Hol F7 olF 124]3F] gk vk AAIEkT) ghE dA
g Aokl g Hopd Aols Yol y] HElA FatE X%
NERE 2tz 0.1 N 2k 0.1 N 24ko g A sia B8}
Ak

FX9] PSP F B4 4 FEHE gIAE FH3 HAY
o B4t Alae] AAEE AOAC (2000) Wl wsk
o, PSP 5 E42 FFHZE7)7F A" HPLC (high per-
formance liquid chromatography)S ©]-8-3| 4] Oshima (1995a)
of Wilol met dAISHATH AR SR S¢S 1%
Hao] BA T} viusA AR B4 AHEE HES
A(B1, Cl-4, dcGTX2,3, GTX1-4, deSTX, neoSTX, STX)=
U¥E Tohoku T8+e] Oshima WFZHE ) F ke,

- | =2t

v k=201 Alexandrium tamarense S 169 F9F 8.32-
42.75 fmol/cell & Thokalgg o v ujek 24 A of] 8.32 fmol/cell &
A, wF 8AA o= 42.75 fmol/cell2 HUE JEFATH
(Table 3). ©]F 10€ o] BsAA F3hako] FA} it
ledol= 15.14 fmolcellol T A XA HEdH Hie
Cl,2, gonyautoxinl-4 (GTX1-4), neo-saxitoxin (neoSTX)2. 3

Table 1. Shell length and wet weight of soft tissue of mussels collected from Geoje

M. coruscus M. edulis M. galloprovincialis S. vulgatus
Shell length 8.13£0.92cm 7.12+0.60cm 6.86+0.55 cm 3.91£0.33cm
Tissue weight 5.06+141¢g 1.7120.31¢g 2.5210.59¢g 0.58+0.094g
Specimens n=9 n=9 n=9 n=16
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Table 2. Shell length and wet weight of soft tissue of mussels
collected from Pohang (St. 1), Geoje (St. 2) and Anmyon-do

(St. 3)

Sampllng M. coruscus M. edulis M’. oy
station galloprovincialis
6.57+0.46 cm 5.89+£0.53cm 5.83+0.47 cm
1 3.15+0.45¢g 2611054 ¢ 2.64+037¢g
n=10 n=10 n=10
5.89+£0.53 cm 4.38£0.25cm 5.86+0.55cm
2 56710279 1.65+0.28¢g 3.06£0.31¢g
n=10 n=10 n=10
4.37+0.30cm 5.23+0.36 cm 5.28+0.35cm
3 1.77+0.28¢g 2.80+0.70g 3.09+0.33g
n=10 n=10 n=10
T IR AEE 5AEL w7 5t #EsA] egsio)
Hed 54 7ReHESE 719) 28 GTX47F T4 2

T neoSTX7F BEARE I MEY 4L HE F 69714

FE7], 8YdlA 129 Atoldl= X427, o]

(data A)A] &EE).
E AN HEXEL AET WE FYE 4. tamarense

o= ZA 7] et

AZEE 127 oiell 25 JHAH. AALE g9 3
Ao EFFHEFEFAR pg STXeq/100 g)S 33
1,660+79, AFX] 3,914+2242, AZ=HFX] 5626+1,620, =
L ZAWEA] 958+163°1ATHFig. 2). TLL A =717} 7}
Z A= BF3ta AFswR 2 1FF A4 =g e
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Toxin content
(x 1000 pug STXeq/100 g)

Me Mg

Mussel species
Fig. 2. PSP toxin content in four mussel species fed on toxic
Alexandrium tamarense (866 cells/mLx3 times/dayx3 days).

Mc, Mpytilus coruscus, Me, M. edulis; Mg, M. gallo-
provincialis; Sv, Septifer vulgatus.

=S UEhth AAPE =3 35093 T8 2%
AFJEA A A deld v, AF SR o} AFFA =
]9 Zoh Ao HEH E4E C1,2, GTX1-4, decarba-
moyl-gonyautoxin2,3 (deGTX2,3), neoSTX, saxitoxin (STX).2
2 F 10719 H(Table 4). AEE 52 7I2UESE 718)
FARL Cl1,2, GTX14, neoSTX, HEZAEL GTX2,3, 1A
-2 deGTX2,3, STXOIUT}. Hol B E o] S8R v A
deGTX23 9 STXVF MEA AE&HUeH C13 GTX1 &l
7t bkt

Table 3. Variation of toxin contents (fmol/cell) of Alexandrium tamarense as a function of culture time

Day C1 Cc2 GTX1 GTX2 GTX3 GTX4 neoSTX Total
2 0.12 1.13 0.05 0.01 0.21 6.52 0.28 8.32
4 0.11 212 0.11 0.01 0.42 13.05 0.56 16.38
6 0.37 9.61 0.14 0.01 0.52 25.59 2.59 38.83
8 0.50 11.95 0.17 0.01 0.40 26.36 3.36 42.75

10 0.31 9.27 0.02 0.01 0.25 17.71 1.90 29.47
12 0.43 8.27 0.15 0.01 0.20 16.34 1.54 26.94
14 0.21 5.34 0.04 0.01 0.14 9.79 1.09 16.62
16 0.19 4.27 0.16 0.01 0.10 8.59 1.82 15.14

Table 4. Toxin composition (nmol/g) of four mussel species collected from Geoje fed on toxic Alexandrium tamarense

M. coruscus M. edulis M. galloprovincialis Septifer vulgatus

Toxin* Experiments Experiments Experiments Experiments

1 2 3 1 2 3 1 2 3 1 2 3
C1 15 16 18 51 24 37 54 72 43 8 9 10
C2 20 24 16 56 17 32 58 88 36 10 12 9
GTX1 7 8 8 32 11 20 29 38 24 5 4 6
GTX4 17 20 19 67 21 45 69 73 47 11 10 14
GTX2 3 3 2 19 3 7 18 17 8 2 2 2
GTX3 3 4 3 24 3 8 24 21 8 3 3 2
dcGTX2 Tr Tr Tr 2 1 1 1 2 1 Tr Tr Tr
dcGTX3 Tr 1 1 2 1 1 2 2 2 Tr Tr 1
neoSTX 13 9 9 31 9 17 29 36 14 5 2 6
STX 1 Tr Tr 1 Tr Tr Tr 1 Tr Tr Tr Tr
Total 80 85 75 285 89 169 285 349 184 47 43 49

*GTX, gonyautoxin; dcGTX, decarbamoyl-gonyautoxin; neoSTX, neo-saxitoxin; STX, saxitoxin. Tr, trace.
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3943, AFR) o] Z3Hae E3A 206415, AA 4 23111,
At =AY 189+16, AFsHA Y FHEFL TP4F 291426,
AR 326430, QFHEAF 2144280tk 3F 9] B M A
Z38 SAHEEL AAN SR F 459 4479 YA
THdata AA] 5.

Mc

W O = N

Toxin content
(x 100 pg STXeq/100 @)
nN

W O =

Sampling station

Fig. 3. PSP toxin content in three mussel species collected
from Pohang (St. 1), Geoje (St. 2) and Anmyon-do (St. 3)
fed on toxic Alexandrium tamarense (260 cells/mLx3
times/dayx3 days). Mc, M. coruscus; Me, M. edulis; Mg, M.
galloprovincialis.

o,
A2 Aol 2.77 nmolgell WHal, 24k0 2 A2g
nmol/g®] AtKTable 5). F 2@ FlX A& HE2 ClL2,
GTX1-4, dcGTX2,3, neoSTX, STXE FUFon, ExH+=
o] AA QERI C17 C2 B GTX13% GTX4NA] 247he] Aol
g Vel ¥ dAHez fARIAY.

i}

Table 5. Comparison of toxin composition (nmol/g) between
0.1 N hydrochloric acid and 0.1 N acetic acid treatments

Toxin Hydrochloric acid Acetic acid
c1 0.48 (17.22) 0.32 (27.06)
c2 1.38 (49.86) 0.36 (31.27)
GTX1 0.15 (5.50) 0.19 (15.97)
GTX2 0.51 (0.79) 0.01 (0.89)
GTX3 0.02 (1.75) 0.01 (1.08)
GTX4 0.51 (18.37) 0.16 (13.87)
dcGTX2 0.01 (0.30) 0.02 (1.93)
dcGTX3 Tr (0.07) Tr  (0.20)
neoSTX 0.17 (6.13) 0.09 (7.72)
STX Tr  (0.00) Tr (0.00)
Total 2.77 (100%) 1.17 (100%)

Tr. trace.

o
PSP Q) A& g =2 o2 ojujsiFe] & FFHol
Fakg = 4= vk B3 v} Jri(Twarog, 1974; Shumway
and Gucei, 1987; Chebib et al., 1993). $-2] Ao = F 3}
AA L FX7F Fajgte] ) ¥ 5 FFE e o
Ade gale At FX7F Faljitel Hls) =4 Ale-
xandrium® e =F BTVt £%47] o2 Al A
2 R3vks e F3) At T3 - s de wid
B 7Feol fr5 A wamarense®] S5} o|vj 72| Z517}
153 AchFig. 1. FAA%) (Han et al, 1993; Kim, 1995;
Kim and Shin, 1997). @2t FFolre FalE5F At
B33 ovigiFo 5 480 tE AR o &
F UASE AlAKEHE Aol

A7 AEA 75 B3 ol {ie L AGlA
AR Aolgtx MEAQN 5 F=F Zpolrh vehial jlem,
olR& XN MAE AL, & 2 wilE 2 Al Aol
Sol 9 Ro=2 X% th(Prakashi et al, 1971; White et
al,, 1993; Sekiguchi et al., 2001). $-&] AN = A FEX|
o} AFFRANAM AAE 5 FF zolrt A UEh o] E
ek sl Itk 1A Bricelj and Shumway (1998)= A 24
AHEO] F& 27 6cm o]3te] HASo] & Aol Hlg| B2
=& ZA3e Ao & Ruglov ¢ dieM= JiA 2
719 @2 zolE AT & ATk

A g7A ol d 7oA AEE PSP ZAES 150 44
3l QRIAEAE T2 Ao E B ¥ ArHOshima et al, 1976,
1990; Bricelj and Shumway, 1998). &3] o|u] & Yol =
A EA3 2] N-sulfocarbamoyl Al 325 (Cl1-4, Bl, B2)°| F43}
Al 28 u, 1549 carbamoyl Al AE(GTX1-4, STX,
neoSTX)2- 22 W37} Vel (Cembella et al., 1987; Bricelj
et al, 1990), ]#| g S4¥3tE owjHF o =54 F7H
AL A w-¢ Fa3ict 2 AHAME A tamarense] T
8 =47 29 GTX4 Yol ¥hall, o] & A3 FAFAAME
A=A GTX19 STX A'¥7t S7ksted A 545 571
A7lE Aoz AR, o AL el Aol Wishs
Ao 2 RuH A tamarense (Kim, 1995) 2 Gymnodinium
catenatum (Kim and Shin, 1997; Park et al., 2004a) A ¥ & ©]
HE A54d JEES I3t Avets, o5& AHE o
e fe dHoz 54g0] S FFEAEY AFS
zH & sheAdo]l Mg =& AL A

olufsfjFo] A W ZA4H32 NYF Prootaca staminea
9} Spisula solidissima (Sullivan et al., 1983; Bricelj and
Shumway, 1998), &) 7}&)¥) Placopecten magellanicus
(Shimizu and Yoshioka, 1981)°1A4] &2 decarbamoylationS
T3 w9 w2 AYsEs Ao) RuHden, i 7heEs)
2 A A Fol g 35y Z4H%E BuEdo
(Cembella et al., 1993; Oshima, 1995b). $HA Sekiguchi et al.
(2001)& A EHEFAE L83 559 HIAYESENAN BF
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