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2941 1986 4F 3 A BUES) BHMEAESC A B SXB Mytilus sp. o 3 grhgge) FHHE w7
sy o] QXS] Borel Vst FEslech. BRAS PHRE B, BbE ¥ &8 2y=2e)
Eaztage g giflste, TLC, EFuAdN ¥ HPLCZ arsldedl, 2 &% 9X4%e GTX - & T&9
22 33, neoSTX# PX, & BIEA22 & 98-8 BEgsidct. waly o] Kool FERMES Wt
B (PSP) 2] BEZsIlem, ol PSP/l BINE BEA B2 #iE9 Ao},

Abstract
Attempts were made to elucidate the responsible toxin in mussel Mytilus sp. which caused a

food poisoning incident in March 1986 in Pusan, Korea. Two persons were dead and 15 persons
intoxicated in the incident. The mid-gut glands of the mussel collected were extracted with
dichloromethane, filtered through a Diaflo ultrafiltration membrane, and then purified by
chromatography on Bio—Gel P-2 and Bio—Rex 70. The toxic fractions obtained were analysed by
electrophoresis, TLC and ion-pairing reversed phase HPLC analyses. The results showed
that the fractions contained GTX,_, as the major component, along with neoSTX, PX,, as the
minor. It was concluded from these results that the causative mussel toxin of the above food

poisoning was PSP.
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og H=71% st} Schuett and Rapoport
(1962) 7} MN=NES Saxidomus giganteusdl) 4
S 8 - KBSl saxitoxin(LIF STXE g
o2 mER A, o] Hikrl del #iHsE. 2
i} Blie] BigeEel sl A PSPl STX%at
obzl +EHENY] AT Hedslar olgo] Wi
Aok (Schantz et @f., 1957, 1975; Bordner ef
al., 1975; Shimizu e¢f a/., 1975a, 1975Db,
1976, 1978 b; Oshima ef «/., 1976 ; Boyer et
al., 1978 ; Hall e¢ al/ ., 1980, 1984 . & /K,
1980 ; Kobayashi and Shimizu, 1981 ; Wich-
mann ef al., 1981 a, 1981 b Harada ef al.,
1982, 1983 ; Koehn et /., 1982 ; Noguchi ef
al., 1983 . Onoue et al., 1983).

PSP+ $2 WM EEMES Protogonyaulax
spp. 7t HE = BHRESE, HhHE Cls
tridium botulinum FE T FEBENY Palythoa
spp.9 & palytoxinel & wl 2] E3l, 5T
#H T A= /N8l batrachotoxine] ¢]o}, &
ol& tetrodotoxin®} A3, FEIEF 1,
000 i of) FEERICE.

BOl BRI A = PSPol| o]t 712 ejalse] =]
£ o] ¥ e BAslvle sty 1 R
el M 2 E] & 5 9D F, 1986 3 ¥l &
IR BEALERIEC] A FEALe] Aol Bl
GAME T (EREAK 15%0] EhES 4oA
I F 2 %0) s BAC BiEssl el fEEE
ko u)Fo] PSPl A% wlaette] 2.

A e ol B EK-E At BRER
H7F PSPE 3R] o959 RRAHERD2
IFRESE s whsl7l fAsled #iT3ldet.

FEEL 3 ik
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A FERO AT AR XM Mytilus sp.< b
FENCT BET Bkl oF 1193 Higupdol
A sty WEgo RIS 7HA] —20°C 2 SRR
o frigsted Foioh. TSR A 2 A
e Fo) st 2 ksl st

2. FEMHES (Toxicity Test)

Fit BEES PREET %, PR (mid-gut
gland)gb& A &3ty TRAGEREIRS 1LY
PSP & &l o2 #l & 3 9 o (Kawabata,
1978) . &, $igR 0.1 NEsges A3 gl Po
msgEs 5, dAEelste] doR FEBgE 1
mlE "h2(ddY Fdk, 18—209 , 39 KA
off 448k FECE 7|7 o ATERHNS HIE s
B ®Eslct. 1 MU (mouse unit)= i
#% 1mlE E&ste] obe20F 15 9 3
HFE e,

3. Ho| B8

SRS Bl A AERS fdiste] KRl
3= FA& Fig. 1o} vhehligich. Aujdd &
R, B2 PSP whetel 317] w-Bol FitiERdl
HEHS 3 HAEE RS Noguchi et al.
(1986) 9] HiEg 7t WY Koz fEmisty
oh. 7} KESI A el QleiA Fthare] e vl
25 Fif$ bioassay i*, &z Zwleely
(Thin-Layer Chromatography, LI TLC=
i2d), ERAET (Electrophoresis) 3 &%
AE 48 = 2 v} & 1 2} 9 (High performance
Liguid Chromatography, LI'F HPLC=Z m&3l)
ol 2t

SRRl iRk (oF 118 g )oll g o 2 pH22 3§
En gt 80% ¢l sh-2-& 3SR hnsled 5 4 HE ksl
t}. ol & JLvoEEste EBS 294, BEE
2e HEes 23 o sty JOoEsld, 2
o2l LEHE 2T st RIEREESH (56,
000 MU) . o] {Bfgik2 dichloromethane2. 2 [
Bedt ok ARSI (56, 000 MU), )& B
W68 (cut—off limit ; <1, 000 daltons)slgicl. &
T2 RN AR WERZE ok (56, 000 MU) . 2]
A WL TSl Bio Gel P—2(Phar-
macia, Sweden)Z8l (¢ 2.6 X 90 cm)oll WA
7 0.03 N Sges fiHisle] Ach=a 2ol E ety
E gt EhR HERDE Lot iR
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Material (118 g )
Homogenized
Extracted with 80% EtOH

Extrat (58,000 MU)
Defatted with CH,Cl,

Aqueous layer (56, 000 MU)

Ultrafiltration

Filtrate (56,000 MU)

Bio Gel P—2 column chromatography
Eluted with 0.03 N AcOH

Eluate (43, 000 MU)
Bio—Rex 70 column chromatography

Eluted with 0—0.03 N AcOH,

0.03—1.0 N AcOH

[
Unadsorbed

(PX; fraction)
Fig. 1.

o, o] & —#E Bio-Rex 70(Bio-Rad Lab.
U.S. A) 2% (¢ 0.8 X 9%8cm)ol| IREAZTT.
dA 0~0.03N Bgo 2o EHTHBEESAE (lin-
ear gradient)o] 2]3}o gonyautoxingisy (LI E
GTX#lpo= mg3l), o014 0.03~1.0 N Ko
29 HRHTREDE 28 saxitoxin®ls (LI .
STX#HA o2 3PS REA 71, o o
protogonyautoxin(L{F PX#lg3o2 g3 2
Yol BFEH A 93 void volume 24 Y&
o}, & e s FEsly dEgslo, o
¥EBIE &S FHsI LIPS EREEYT, TLC
% HPLC= &t RES #sbsdct.

VAR - RGBS 5 X 18cme] AFE2 oA
glol =& (Chemetron, Italy)E %52 s}z,
ZEagel 0.08 M Tris- HCl &% (pH 8.7) &
RSt 0.8 mA/em widthe] = 2576 vkEh
shadch. ke vl e WEECHEsty, 1% H,
O, & #7735t 110C oA g # 365 nme] UV
lampTFol 4 &% BEshgct.

TLC: TLCol+= LHP-K plate(Whatman, U,

0—0.03 N AcOH eluate
(GTX; fraction)

]
0.03-1.0 N AcOH eluate
(STXs fraction)

Procedures for purification of mussel toxin (MTX).

S. A)E sl 2w, pyridine-ethyl ace-
tate-acetic acid-water(15:5: 3: 4)9 K3
A RBAs] RS BRI 2 o
2 43t £¥e Basiedo.

HPLC : % #7 oll & silica ODS % & (AM-314,
Yamaguchi chem, Japan)g& <} 4 3} of, hep-
tanesulfonic acid & ion-pairing reagent &
f# A 8= Nagashima et a/. (1987)9) HiEo =
35t ch.

# & E(Standard) - L& Z o8 @EA
GTX,_,, PX,_;, neoSTX % STXe z7 27}
2l u} Patinopecten yessoensis (Noguchi et al _,
1981 a, 1981b), #= Crassostrea gigas (Onoue
et al., 1983) B Al Zosimus aeneus(Daigo el
al., 1985) 2 H-¥] #5808 Ao},
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R @tk S0Re] #2490 MU/ il
|mez Eotoen, ol WA BFEES 3,000
MU (Hashimoto, 1979)2} & of hjgpgs <+ 7
g, & 5~6f82 bt |MEIA T A€, o
Bl MRSl Mytilus sp .o vls] o 52 #
o Z 3§ o} (Hashimoto ef al., 1976 ; Okaichi
et al., 1977 ; Mebs et al., 1978 ; Noguchi e/
.al., 1978 ; Shimizu et al , 1978 a ; White
and Maranda, 1978 ; Oshima ef al., 1982).
B O ol 93] iEkEA g2 4930
o] FHlAE 19 MU/g diighpel #tfol il
o], o] 2AAHS] HHto s REslT FH,
AAvich, HA Sl Ao BEHEY 4 MU/g 85
(£ = 80 ug/100g T & #B) (Hashimoto,
1979) Mol A3 i),

Table 1. Toxicity of mussel collected at Pusan

Date of collection Toxicity* (MU/ 9)

3 April, 1986 490
30 April, 1986 19

* Toxicity of the mid—gut glands.

®o| BEiT AR : el G hipke =Y
H FERSS fiitistd B2 Bio-Rex 70
BPazcleaze2 ¢ A #l%, 5 PX#
4, GTX#% 3 STX#HSS #FHsY 445
(mussel toxin, EIF MTX2= mg3h)e] #st
FES FAEstdd.

Table 2 o1& A #52 Hitot s
g, Bais]) HEUs H#Eo R Idsd
MTXd & F2 GTX#Hge] F&= e A&
o gk, =3, olE & S WEKkc 2 M
gy % BRO LS A9 ¥oiod, PX#l
el At Bt B B (eF 156%) 7} wEE=
Ak, ol sl AAY, MTX9 PXAEo]
vl Eptfo] ¥& GTXAE LR #3y] &<l
o), ol HEE PXAE-E ¥f3te o HH
EAE HEAT st &, BEH PX,=
PSP FEHEZ=AES Profogonyaulax spp.
(Hall et al ., 1980 ; Kobayashi and Shimi-
zu, 1981; Onoue et al.,1981)2} Z(Onoue et

Table 2. Toxin composition of mussel toxin

GTX fraction STX fraction PX fractior;
MU %* MU % MU %

Mussel 5,130 84.2 130 2.2 830 13.6
toxin
Mussel 6,400 66.8 2,200 23.0 980 10.2
toxin +
HCl**

* Basis on toxicity
* % Mussel toxin was treated with 0.1 N HCI
for 10 min in water bath.

al., 1981), $-#l4lo] (Nagashima ef a/ .,
1984) Sl 4, PX, = Protogonyaulax catenella
(Noguchi et al., 1983; Hall et a/.. 1984)%
oA RS siedl olF A Bk el
s PX,,&= GTX,;2%, PX, & GTX, 2 ¥
817] W Foll #pffol Ehnsle Aol ol21g HE
2 Proctor enhancementz} #tc}(Hall ef al.,
1980 ; Onoue et al., 1983).

MTXs BRI £R£E Fig. 2 el s
c}. GTX#gelA w8 4789 spot B3
STXe BEhEes 1.00 22 stdSd GTX, ., #
el HIESEE (relative mobility, LIF Rm
o2 agd) 3 UV lampTFell Mo #k@o 2 HEg
TR, GTX .2 s, STX#al e
3789 spot7} e E g ed, o] 5 Rmo] & Fik
e STX9 neoSTXeoz fgZsldey, Rm
0.329) AL GTX:s} Eéhel FAE7E sde
ol AR A= S & ot 8, PX#ly
e (+ Ml PXi.0l, (=)l PXsrel 45
) GTX,.3 34 GTX 3 fAHeh S4dfs o}
sl ggre) FEr=EIelth. PX#Elgre) BEmepErE(
q M PX, 7t ks 2 GTX, ;ate] fEag=l o i
g F2e mEme sAsty slch(Table 2).

TLC(Fig. 3)a#iol sleld=, GTX# 4wt
STXglalM e GTX,_,, neoSTX 9 &&=
STX% meZsgdct. PX#Elsre]l EEREEIFE o) A
GTX,:0) #wiE A7) dFo PX#El5rel T
PX,.al A& o 5 sloh.

A #isrel HPLCa#e) #6588 Figd, 5% 6
% % Jehidd. GTX# 52 EELl R DR
A 4749 peakiisrol tiElel, GTX .,
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(+)

-)

GTX fraction
STX fraction

PX fraction O O

I
I
|
PX fraction + HCl l
l
I

FX2 &1 O O

GTX4,q,3 NEoSTX,GTX, & STX

Relative mobility

Fig. 2. Electrophoresis of mussel toxin (MTX), along with authentic toxins.

O Blue fluorescence ;

@ Greenish yellow fluorescence.

GTX fraction . 0 @ o

STX fraction . ) i

PX fraction . 0 0

PX fraction + HCl . 0 0 &

GTX3,2,4 & 1 . 0 ® o

neoSTX & STX . 0 0
e L . . )
0.0 0.5 1.0

Rf

Fig. 3. TLC of mussel toxin (MTX), along with
&) Greenish yellow fluorescence.

o] Reol va2 GTX, 1.8 7io] HEE=At
(Fig. 4). STX#50 M+ (Fig. 5), neoSTX-&
s gl o STXE witi= A eglct. PX#srel

authentic toxins. (OBlue fluorescence ;

Ae (Fig. 6)PX,, PX,, GTX,; % GTX,7} #
=g o, PX#ge] ERaREE A= PX, .7}
R GTX, 2 o] HE2= 2t
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Fluorescence intensity

A i
4 8 12 16 20
Retention time (min)

Fig. 4. HPLC analysis for GTX, of mussel toxin
(MTX), along with authentic GTX,.

Fluorescence intensity

—° - Y —
MTX —\= !
1 '
> ! —— | 03
= Pi— L s ) e
=] [ & B } 4 — ~
8 ¢ T l j: v
= ’ I ’___ ;
- ; —=
o p— Af.;...v"/ul — <
S [ T rm—r——p——t -
0
9 : ———STX
3 . ReoBTX AN
o T2 M— N ‘ : B L.
= - \y N | 1 1 4 1 1 1
ST Tl T 0 4 8 12 16 20 24
0 4 8 12 16 20 Retention time (min)
Retention time (min) Fig. 6. HPLC analysis for PX; of mussel toxip
(MTX), along with authentic GTX,
Fig. 5. HPLC analysis for STX, of mussel toxin (a) PX; fraction

(MTX), along with authentic STXj,. (b) PX, fraction was treated with HCI.
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Lol &5 HMREES o 2o, FiledA
hERESE 9o MTX:= PSPels, 1 &
GTX,..& FTHmneg 33 neoSTX# PX, &
Ao sled STXeo| Hmikk 5= UsS
4 4 Uik =% BEERS e PXi.e Bl &
8 GTX,;o2 #Hais], &S 154571%F st
£ AE 4 5 U

EZ 3

Fzegr wigl el MTXE GTX. & 1o
o2, neoSTX# PX,,& B2 33 &
o] wrx AL, ol BEREREA PSP 74
7} B el Aol FHEA SENAE 7t
2y, £%, & % purple clam{(Hwang et al.,
1987) S —#EAES] FiflRe] Wi A glovt o
So ke A2t 7y dad. MTXe e &
B PX. 7t 85 slvhke Aol st
t}. 0|5 PX®4e vk 522 44 GTX
garo.s M, oo wiel HiEs Whnsked €
W GAEel A PXiearel =gy Ao 4%
ERE &8 A PSPEft~z=de ¥ de
sl ol ¥ Aol

PSP # o Al BEEHA
Protogonyaulax spp.$t Pyrodinium sp.7} £ =
Foishe Aoz G A e, FH PSPaE
gl = Protogonyaulax sp.7t B
t} (unpublished data) . o) £33 &S £ -4
Reg Bl 2 Bt BN E R Rl gl
cw, A% HEY WEIT

PSPERE}AES HBHKT o722 #tL
HiEel 2AsE =X AR gon, =Y
HiEe A% 8% (Shimizu ef al., 1981)
v} #fiig (Sullivan ef al., 1983 ; Kotaki ef al.,
1985) Soll o s Mk MHEESRY 2, ¥
DI ERA AL HEEES] NS KEE
Q Hk¥EE A WEHEE 917) W Eel (Hall ef
al., 1980 ; Wichmann ef al., 1981b), Ze3
Bl A 9] fEEfES) o] B AR B Ao MR
WS Bty LTI} Q. ool FEX e BUE B
77} TRl
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