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Paralytic shellfish toxins in mussels Mytilus edulis and dinoflagellate Alexandrium
tamarense from Jinhae Bay, south coast of Korea were investigated. The mussels collected
in March-April, 1989 showed toxicities of 7.5 MU/g of whole meat(31~88 MU/g of the
digestive gland), and those collected in 1990 showed toxicity level of 1.9~9.9 MU/g of
whole meat by the standard mouse bioassay. Analysis of toxins by high performance liquid
chromatography revealed the presence of gonyautoxin 1~4(48~76%), gonyautoxin 8 and
epi-gonyautoxin 8(C1~C2, 14~39% ), saxitoxin(1~10% ), neosaxitoxin(1~7%) and trace
amount of decarbamoylgonyautoxin 2 and 3(dcGTX2, deGTX3) in the mussels of 1989.
While, Mussels collected in 1990 contained a significantly larger proportion of neosaxitoxin
(44~50%) than did those of 1989. A. tamarense isolated in April 1989 produced the same
toxins in culture with slightly higher proportion of Cl1, C2, dcGTX2 and dcGTX3 than in
the mussels. The difference was within a range of toxin change during accumulation by
shellfish and during sample preparation for analysis. It was thus concluded that the
dinoflagellate was the cause of toxins in the mussels.
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Introduction

Paralytic shellfish poisoning(PSP) is a notorious
marine food poisoning occuring worldwide due to
the ingestion of toxic shellfish which accumulated
neurotoxins of dinoflagellates origins. Three genera
of dinoflagellate, Alexandrium(Gonyaulax, Protogon-
yaulax) spp., Gymnodinium catenatum and Pyrodi-
nium bahamense var. compressa are known to pro-
duce the paralytic shellfish toxins(Taylor, 1984). As
the causative toxins, more than a dozen analogues
of saxitoxin(STX, Fig. 1) have been so far identi-

fied from several sources such as dinoflagellates
and contaminated shellfish(Oshima et al., 1989).
In Korea, the first food poisoning accident invol-
ving two death took place in 1986 at Pusan due to
ingestion of mussels(Jeon, 1986; Chang et al., 1987).
Since then PSP has become not only a potential
threat to public health but also a vital problem to
shellfish farming industries. There have been a few
report on paralytic shellfish toxins in mussels in
Korea(Chang et al., 1988a, 1988b; Jeon et al., 1987,
1988, 1989; Arakawa et al.,, 1989), but none on the
causative organism. Recently, Lee(1991) and one of
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Fig. 1. Structures and specific toxicities of paralytic shellfish toxins(*Oshima et al., 1989).

the author identified Alexandrium tamarense in the
Jinhae Bay, south coast of Korea as a possible
culprit for PSP(Han et al, 1992).

In this study, we wish report the occurrence of
toxic mussels in Jinhae bay, and toxin compositions
of the mussel as well as A. tamarense isolated from
the same area determined by means of fluorometric
high performance liquid chromatography(HPLC).

Materials and Methods

Materials

Cultured mussels, Mytilus edulis, were collected
at stations shown in Fig. 2 between March and
April in 1989 and 1990, and stored under -20 T
until used. Two clonal cultures of A. famarense
were established from the motile cells collected at
the stations S-1 and B-4 in April 1989. They were
cultured for 2 weeks in 20 I carboys using slightly
modified f-2 medium consist of 30 % salinity sea-
water at 20 T under 200 uEm™2 sec™! light of 12
hour L:D cycle.

Bioassay
Whole edible parts or the digestive glands of the
mussels were adopted for toxicity test according to

128°30'E

Fig. 2. Sampling stations of mussels and Alexandrium
lamarense.

the standard mouse bioassay(AQAC, 1984). Toxi-

city was expressed in mouse unit(MU) per gram

of the sample, where 1 MU means a toxicity to kill

a mouse of 20 g weight in 15 min.

HPLC analyses of toxins
Mussel extracts prepared for the mouse bioassay
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were passed through a Sep-Pak ODS cartrige
column(Waters) which had been washed forehand
with 10 ml each of methanol and water, and the
elute between 1.5~2.0 m/ was applied to a ultrafil-
tration kit(Ultrafree GC3C, millipore) 5,000 g cent-
rifugation. Cultured A. tamarense was collected on
a filter paper and lyophilized. The cells were sus-
pended in 0.5 N acetic acid and sonicated for 1 min
with Nihonseiki UH-50 sonicator(50 W, 3 mm
probe). The supernatant obtained by centrifuging
the cell suspension at 10,000 ¢ was applied to ult-
rafiltration as mentioned above. Each 10 y of the

Table 1. HPLC conditions for analysis of PSP toxins.

filtrate was subjected to analysis.

Toxin analysis was carried out by a fluorometric
HPLC system with a C-8 bonded silicagel column
as reported previously(Oshima et al, 1989), with
slightly modification. Three mobile phases were
used for different toxin groups. Details of analytical
conditions are shown in Table 1. The following ab-
reviations of toxins are used hereafter; STX, saxi-
toxin, neoSTX, neosaxitoxin; GTX1~6, gonyautoxin
1~6; dcGTX2 and dcGTX3, decarbamoylgonyauto-
xin 2 and 3.

Column: Develosil C8-5(4.6X250 mm, Nomura Chemical Co.)

Mobile phases: flow rate at 0.8 mi/min.
(a) for GTX group;

2 mM sodium 1-heptanesulfonate in 10 mM phosphoric acid adjusted to pH 7.1 with

ammonium water
(b) for C1-C4;

1 mM tetrabutylammonium phosphate adjusted to pH 5.8 with acetic acid

(¢c) for STX group;
(b): acetonitrile(96:4)
Oxidizing reagent: flow rate at 0.4 ml/min.

7 mM periodic acid in 50 mM sodium phosphate buffer(pH 9.0)
Reaction: at 65 T in teflon tube(0.5 mm, i.d.X10 m)

Acidifying reagent: flow rate at 0.4 mi/min.
0.5 M acetic acid

Detection: excitation and emission wavelength 330 nm, 390 nm

Results and Discussions

Toxicities of mussels

Toxicities of the samples are summarised in Ta-
ble 2. In early spring in 1989 and 1990, mussels all
over Jinhae Bay became toxic. The toxicity levels
were not so high but most of the samples exceeded
4 MU/g, a quarantine limit adopted in many count-
ries. Compared with the whole meat, the digestive
glands showed much higher toxicity, as observed in
most of shellfish. Although the number of samples
tested was small, periodical change of toxicity at
Sujeongri(S-1) indicated that the causative dinofla-
gellate proliferated in mid April resulting in toxicity
increased 2 to 9 MU/g during April 7 to 19, 1990.

Toxicity levels of cultured A. tamarense were
varied between 19~132 MU/10° cells.

Table 2. Toxicities of mussels collected at Jinhae

Bay.
Stations Date ’{ﬁ;}c/g
Sujeongri(S-1)* 3/31/1989 359
a2 ” 4/07/1990 19
” 2 4/19/1990 8.8
2 2 4/28/1990 6.0
Gubok 4/19/1990 33
Kwangam 4/19/1990 9.9
Chilcheondo(B-1)* 3/17/1989 310
” (B-2)* 3/25/1989 876
3 (B-3) 4/07/1989 75
v (8-3) 3/30/1990 5.2
” (B-3) 4/28/1990 = 66

*. MU/g of digestive glands.
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Toxin composition of mussels and dinoflagellate

Toxin contents(nanomole/g) and toxin composi-
tion(mole %) in the digestive glands of mussles are
summarized in Table 3. Typical chromatograms are
shown in Fig. 3. All the samples showed complicate
toxin profiles with significant difference between
the mussels collected in 1989 and those of 1990. In
1989 samples, major toxins were GTX1~GTX4,
comprising 48~76%, of total toxin. A slightly large
proportion of C1 and C2(14~39% ), small amounts
of STX, neoSTX and dcGTX, and absence of GTX5,
GTX6, dcSTX, C3 and C4 were characteristic in all
the samples. Comparison between two pairs of the
interconvertible epimers of 11-hydroxysulfate(GTX
1 and GTX4 against GTX2 and GTX3) indicated a
higher proportion of combined GTX1 and GTX4
and lower proportion of combined GTX2 and GTX3
when the shellfish toxicity was high. This toxin
profile might reflect conversion from GTX1/4 to
GTX2/3 or selective degradation of GTX1/4 during
depletion of toxins in the mussels as observed pre-
viously(Oshima et al, 1989). In contrast to the
1989 samples, samples collected in 1990 showed
completely different toxin profiles in which neoSTX
comprised nearly half of total toxins.
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Fig. 3. Typical fluorometric HPLC chromatograms of
mussel extracts collected at B—3
(4/7/1989).

Two isolated of A tamarense from Jinhae Bay
were similar to each other in the toxin profile(C1

Table 3. Toxin compositions of mussels collected at Jinhae Bay*.

Station S-1 B-1 B-2 B-3 S-1 B-3
Date 1989 1989 1989 1989 1990 1990
Mar. 31 . Mar. 17 Mar. 25 Apr. 7 Apr. 7 Mar. 30
STX 110 (33 024 (13 067 @4 o015 (97D 006 (15 006 (24
neoSTX 236 (700 027 (14 081 (530 005 (32 177 (436 125 (502
deSTX ND - ND - ND . ND - ND - ND .
GTX1 1546 (457) 579 (304) 080 (52) 605 (32) 031 (7& 005 (20
GTX2 362 (107 288 (151 356 (233) 056 (36.1) o064 (158 022 (88)
GTX3 070 @D 104 (5 107 0 009 8 015 37D 009 (36
GTX4 592 (175) 320 (168) 401 (263) 004 (26) 057 (1400 027 (108
GTX5 ND - ND - ND - ND - ND - ND -
GTX6 ND - ND - ND - ND ND - ND
deGTX2 004 (0D 003 (02 o004 (03) ND - 002 (05 ND .
deGTX3 003 (O 003 (02 002 (01 ND - 002 (05 003 (12
C1 382 (113 379 (199 292 (19D 052 (335 043 (106) 043 (17.3)
C2 078 (23 179 (94 137 (0O 009 (58 009 (22 009 (36)
C3 ND - ND - ND - ND - ND - ND .
C4 ND ND - ND - ND ND - ND -
Total 3383 19.06 1527 155 406 249

* Unit: nanomole/g. Numbers in parentheses indicate relative abundance in mole%.

ND: not detected.
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/C2 44%; GTX1/4 31~33%; GTX2/3 9~10%,
dcGTX2/3 12~14%) as shown in Table 4. A high
proportion of dcGTX2 and dcGTX3 might have re-
sulted from the degradation of C1 and C2 during
at high pH(Oshima et al, in preparation). The di-
noflagellate produces a high proportion of C1 and
C2 in culture than in nature(Oshima et al., 1989).
Hence the toxin profile of A. tamarense was reaso-
nably said to be similar to those of contaminated
mussels and thus support that the dinoflagellate
was actually the causative organism in the bay. The
high contents of neoSTX in the 1990 mussels sug-
gested that the causative organism belonged to the
different strain from the one isolated in 1989. The
diversity of toxin profiles among species or strains
in A. tamarense and A. catenella have been well es-
tablished in North America(Cembella et al, 1987)
and in Japan(Oshima et al, 1989, 1990).

Arakawa et al.(1989) reported almost the same
toxin components(GTX1~4, C1, C2, STX and neo-
STX) in the mussels related to human poisoning
at Pusan in 1986, though their analysis was quanti-
tative.

Table 4. Toxin compositions in Alexandrium tamarense
from Jinhae Bay*.

Station S-1 B-3

Date April 1989 April 1989
STX 0.02 0.3) 0.02 (05)
neoSTX  0.09 13 0.08 (2.2)
dcSTX ND - ND -
GTX1 126 (17.7) 075  (20.3)
GTX2 0.53 (7.5) 0.26 7.0)
GTX3 0.15 2.1 0.07 (19
GTX4 096 (135 046 (125)
GTX5 ND - ND -
GTX6 ND - ND -
deGTX2 082 (115 0.36 (9.8
decGTX3 016 23 0.07 (1.9
C1 250 (35.2) 129 (350
C2 061 (8.6) 0.33 (8.9)
C3 ND - ND -
C4 ND - ND -
Total 7.10 3.69

* Unit: X107* picomole/cell. Numbers in
parentheses indicate mole%.
ND: not detected.

In this paper, occurrence of toxigenic A. tamare-
nse in Jinhae Bay was confirmed and toxin profiles
of them and those of mussels were first clarified
by analysis of cultured cells and mussels. Mussels
are a favorite shellfish next to osyter in Korea and
are consumed as cooked or dried and sometimes
as raw additives to pickles. Although mussels are
widely cultured for both domestic use and for ex-
port, little attention has been paid to the possible
contamination of shellfish by paralytic shellfish to-
xins. Dissemination of information about the poten-
tial risks seems to be urgent to prevent another
outbreak of poisoning. In North America, Europe
and Japan, the monitoring programs on shelifish
toxicity have been conducted in shellfish producing
areas to prevent harvesting and marketing of shell-
fish exceeding a quarantine limit(4 MU/g or 80 ug
STX equivalent /100 g). From the view point of
public health and the development of marine cul-
ture industries, it is urgent to establish a monito-
ring program and impose a regulation to secure the
safety of shellfish.
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gonyautoxin 2,37} ¥¥=o] Nen, 1990352 739+ neosaxitoxin®] ol 44~50
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