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Paralytic Shellfish Toxin Profiles of the Dinoflagellate
Alexandrium Species Isolated from Benthic Cysts in
Jinhae Bay, Korea
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Pusan 608-737, Korea

On the outbreak of paralytic shellfish poisoning in April 1993 in most of shellfish harvesting areas in
Jinhae Bay, Korea, to clarify the toxin production of causative organism Alexandrium species, 19 axenic
clonal isolates established from the benthic resting cysts in three different stations of those culture
grounds were subjected to PSP toxin analysis by HPLC. Individual toxin content per cell was highly
variable among the strains isolated from a sampling area and originated from an individual cyst. Average
toxin contents in those areas revealed higher values of 54~70 fmol/cell. Toxin profiles included C1/C2
(epiGTX8/GTX8), GTX1/GTX4 and neoSTX as the major components, and GTX2/GTX3, GTX5, C4, dcSTX
and STX as the minor or sporadic ones. neoSTX on the dominant toxins showed not only most diverse
compositional changes comprising 5~54 mol% ranges but also no detection on the half of the strains
examined, which were implicated in arising of heterogeneity with a genetic trait within a geographical
region. When average toxin composition was compared, carbamate toxins comprised large proportions
of 57%, 54% and 67% as total toxin in St. 1, St. 2 and St. 4, respectively. These results suggested that
an extensive paralytic shellfish toxification in Jinhae Bay could be largely due to the production of highly
potent carbamate toxins in the causative dinoflagellate Alexandrium species.
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Introduction

Paralytic shellfish poison (PSP) is one of the most
serious problems in seafood poisoning. Since shellfish
toxicity was found to be related to the blooms of Ale-
xandrium catenella by Sommer and Meyer (1937), an
array of chemically similar neurotoxins that differ in
toxicity has been confirmed within several species of
1987).
blooms as well as the related regional toxic impacts

Alexandrium  (Shimizu, These toxic algal
have been increasing in frequency and intensity worl-
dwide over the past 20 years (Sundstrom et al,
1990).

In Korea, the first PSP outbreak was reported in
1986 at Pusan. People who ate contaminated mussels
(Mytilus edulis) showed fatal symptoms to result in
two deaths (Chang et al, 1987). Since then, several

works have been done to determine the causative or-

_ganisms and shellfish toxification along the southeas-

tern coast of Korea (Chang et al., 1987, 1988; Jeon et
al, 1987, 1988; Lee et al, 1992; Han et al., 1993). Th-
rough these studies PSP toxins have been detected
mainly in the wild and cultured mussels collected in
the early spring, but they did not show so much high
toxicity levels. In April 1993, an extensive PSP intoxi-
fication occurred in most of shellfish harvesting areas
not only in Jinhae Bay but also in the western coast
of Pusan, where toxicity of mussels exceeded up to
ten times higher than regulatory concentration (80 pg/
100 g). As a result the harvesting of the mussels were
temporarily banned by the government. Based on the
monitoring data on the outbreak of PSP, Kim (1995)
suggested that Alexandrium spp. caused the regional
shellfish

toxification in the early spring sea-
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son in Korea.

The main purpose of the present study is to clarify
the toxin production from the germinants of the res-
ting cysts in three areas of Jinhae Bay, and to com-
pare their toxin content and profiles.

Materials and Methods

Organisms and Culture

Sediment samples were collected from three sta-
tions (St. 1, Sujeongri, Gusan; St. 2, Ukgokri, Jindong;
St. 4, Taegokri, Hacheong) near the mussels culture
grounds in Jinhae Bay from September 1993 to Ja-
nuary 1994 (Fig. 1). Alexandrium cysts were indivi-
dually isolated from the upper sediment (0~6cm)
(Kim, 1995) and germinated in SWII medium (Iwa-
saki, 1961) at 18C. The germinant cells through the
first to third cell division were individually separated
and their axenic clones were prepared by the micro-
pipette washing method. All strains were isolated
from the germinants of 13 cysts, of which 10 germi-
nants were confirmed from the four cysts of C7, E9,
A2 and G6 (Table 1). Cultures were examined for the
presence of bacteria, using a microscope, liquid cultu-
res [ST10° medium (Ishida et al, 1986)], and agar
plates (15% of Bacto-agar in ST10° medium). All iso-
lates were maintained and grown under 16L : 8D
photocycle, provided by cool white bulbs (ca. 100 uE
m 25" at 18C in SWIIm medium (Kim et al, 19

95). When the cultures reached the mid-exponential-

growth phase, approximately 10° cells were inoculated
in 2L of SWIIm contained in a 3L flask. Cells (ca. 2X
10°) for toxin analyses were harvested at the late-
point of the light cycle at the mid-exponential growth
phase .

Toxin Analysis

The sampled cells were concentrated by centrifuga-
tion (2,000 gX5 min) at 18C. They were rinsed once
with cold distilled water and recentrifuged. The pelle-

Fig. 1. Sampling stations of the benthic resting
cysts of Alexandrium spp. in Jinhae Bay,
Korea.

ted cells were resuspended in 0.05N acetic acid and
were stored at -20C until extracted. The frozen sam-
ples were thawed and disrupted by mild sonication
(10 KC, 2 min). After the sonication the cell debris
was removed by centrifugation (10,000 gX10 min).
The supernatant was filtered through a membrane fil-
ter (10,000 MW cut-off) (Ultrafree C3GC, Millipore)
by centrifugation (8,000 gX5 min), and stored at ~20
C until HPLC analysis was conducted. Toxin analysis
was carried out as described by Oshima et al. (1989)
by means of a HPLC-fluorometric PSP toxin analyser
(Waters 600E system, 470 fluoromonitor) on a Wako-
sil 5C8 column (4.6X250 mm; Wako Pure Chemicat).

Results and Discussion

Table 1 shows a list and origin of Alexandrium iso-
lates examined. Considering of the more important
aspects of toxin variability both between the isolates
of the same species (Anderson, 1990) and in the filial
generation cells (Kim et al, 1993a, b), the clone cells
were certainly picked up through the first to third cell
divisions after the germination of each cyst. Individual
toxin content per cell was expressed in Table 2, in
which toxicity was highly variable among the strains
isolated from same sampling site as well as the
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Table 1. Origin of Alexandrium isolates germinated from the benthic cysts from Jinhae Bay

Strain Sediment sampling Sediment Cyst Origin of
code Site Date fraction (cm) code clone cell
SC7-1 St. 1/Sujeongri 17 Jan. 1994 2~4 C7 Flo)
SC7-2 % ” 4 % %
SES-2 4 12 Oct. 1993 4 E9 S(e)
SE9-3 2 s 4 % 4
SE9-4 % Y % % s
JA7 St. 2/Ukgokri 14 Dec. 1993 0~2 A7 z
JD1-1 % » 2 D1 4
JD6-1 . 4 ~ v D6 Fo)
- TA2:2 St. 4/Taegokri 21 Sep. 1993 0~2 A2 S(e)
TA2-3 4 % 2 % %
TB1-1 g ’ v Bl F(o)
TC4-2 v ” 4~6 C4 T(c)
TD2-1 ” ” “ D2 S(o)
TD3-3 4 4 4 D3 4
TG2-2 » 4 4 G2 T(c)
TG6-2 ” 4 2~4 G6 S(c)
TG6-3 4 4 4 4 St(c)
TG6-5 5 s ” 4 s
TG8-4 “ 4 ” G8 S(c)

F(c): one of two clone cells through the first cell division from a planomeiocyte; S(c): one of four clone
cells through the second cell division from a planomeiocyte; St(c): one of five clone cells through the se-
cond to third cell division from a planomeiocyte; T(c): one of eight clone cells through the third cell divi-

sion from a planomeiocyte.

strains originated from an individual cyst. In the latter

case, about twice the differences in total toxin content
were observed between two isolates from C7 cyst and
three times or more among three isolates from E9
and G6 cysts. The same tendency was found between
two isolates, OF151 and OF152 originated from a cyst
(Kim et al,, 1993b), whereas it was suggested that to-
xin content variation could be largely due to the allo-
cation of toxin to daughter cells during cell division.
The variability of individual -total toxin content obser-
ved in this study would be due to toxin allocation du-
ring cell division, as cell growth has shown a signifi-
cant difference both among the strains mentioned
above during the culture. Average total toxin contents
in three stations revealed higher values of 54~70

fmol than those of 44 fmol reported by Kim et al
(1993a, b) in Ofunato Bziy where is known as a rep-
resentative area for PSP problems in Japan. Prevalent
occurrence of Alexandrium spp. containing highly po-
tent carbamate toxins have been well documented
(Ogata et al,, 1982; Oshima et al, 1982; Sekiguchi et
al, 1989) in Japan.

The toxin profile of Alexandrium species revealed
a similiar pattern within a geographical region, but it
was not the case necessarily in different regions
(Oshima et al, 1982; Maranda et al, 1985; Cembella
et al, 1987; Kim et al, 1993b). From these view poi-
nts, the toxin profiles and percent composition of total
toxin among the strains established at three sites
were compared (Table 2; Figs. 2~4). Toxin profiles
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Table 2. Individual toxin content per cell of Alexandrium spp. analysed by HPLC

Toxins, fmol/cell

Alexandrium spp. germinated from the be-
nthic resting cysts of Station 1 (Sujeongri
area) and Station 2 (Ukgokri areag in Ji-
nhae Bay.

of five strains in St. 1 and three in St. 2 included C1
%C2 (epiGTX8+GTX8), GTX1+GTX4 and neoSTX
(only three strains of all) as the major components,
and GTX3, GTX5, C4, and (dc) STX (with sporadic)

Isolales “CTX1 GTXz GTX3 GTX4 GIX5 epiGTXS GTX8 CA neoSTX deSTX STX o2
SC7-1 18.18 - 030 426 533 491 3443 Tr 2201 106 157 92.05
SC7-2 5.16 - 026 1526 0.72 180 810 - Tr Tr - 41.30
SE9-2 1320 - 035 3025 3.02 468 3555 - 427 - - 9132
SE9-3 2844 - 050 37.98 - 361 2343 - - - - 93.96
SE94 - - 007 1231 - 080 1225 - 6.78 - - 32.21
JA7 2.19 - 145 861 131 089 15.75 Tr 1816 093 266 51.95
jD1-1 191 - 031 865 096 092 1785 Tr - - - 30.60
JD6-1 - - 261 3849 108 167 3233 Tr 465 Tr - 80.83
TA2-2 1608 - 083 3826 624 370 2401 - - - - 89.12
TA23 2264 013 049 7308 828 122 17.06 - - - - 122.90
TBI1-1 791 - 050 2591 299 253 34.09 Tr - - - 74.93
TC4-2 2.07 - - 849 - 137 755 - 22.95 - - 4243
TD2-1 669 007 010 1285 - 1456 965 - - - - 4392
TD3-3 8.16 - 015 1454 - 269 1461 - 16.61 - - 56.76
TG2-2 - - 031 507 - 065 1250 - 13.28 Tr - 3181
TG6-2 - - - 430 - 033 187 - Tr - - 6.50
TG6-3 2.38 - - 881 - 067 384 - 13.04 - - 28.74
TG6-5  10.66 - 024 2282 399 128 6.79 - 8.36 - - 54.14
TG84 641 - 017 1517 - 246 1829 - 1581 062 - 58.93

Tr: <0.05; -: not detected.
St. 4
o - (Su%n}ri) (U%:osri) - (Taegokri)
O c1sc2
. 2 0 emxs
B 2 - =
-
®
CwwmrweweT ey
°- SC7 SC7 SE9 SEP SE9 JA7 JDt JDB STRAINS
T irn:.us T Fig. 3. Mole percentage of toxin composition of
Fig. 2. Mole percei.tage of toxin composition of Alexandrium spp. germinated from the be-

nthic resting cysts of Station 4 (Taegokri
area) in Jinhae Bay.

as the minor ones (Table 2; Fig. 2). The same com-
ponents as the major and minor ones also appeared
in eleven strains of St. 4, in which only six strains co-
ntained neoSTX with comprising higher proportions of
15~54 mol% than those of 5~35 mol% in St. 1, 2
(Fig. 3). Toxin profiles arised from the strains in
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Jinhae Bay would be largely grouped into two patte-
rns of dominant toxins according to the presence of
neoSTX. This difference in the toxin profiles was also
found in the isolates originated from those of C7, E9
and G6 cysts. The same tendency was reported bet-
ween two isolates germinated from a cyst of Ofunato
Bay in which distinct deficiency i €C1~€4 toxins in
one isolate was observed throughout the growth (Kim
et al, 1993a). Lee et al. (1992) observed the occurre-
nce of highly different proportions of neoSTX contents
between the mussels in 1989 and 1990 in Jinhae Bay,
and they suggested that the causative organism
should belong to the different strains. Diversity of to-
xin profiles of Alexandrium was well-documented on
the west coast of North America, where some regional
populations were found to be more genetically diverse
than others. In that study, Cembella et al. (1987) pre-
sumed that the observed differences within a geogra-
phical region may account for some of the heteroge-
neity in toxin composition genetically fixed among the
certain isolates. Therefore, the occurrence of other to-
xin profiles in half of the strains examined in this
study might be explained by heterogeneity with a ge-
netic trait than compositional changes observed in the
culture studies (Boczar et al, 1987; Anderson et al,

St.1
(Sujeongri)

% TOTAL TOXIN

EE 1 2 . q EE
§ 8 EER: g%

(Ukgokri)

1990).

Besides toxin composition difference among the st-
rains, higher proportions of carbamate toxins occurred
in each station. When average toxin composition was
compared, as shown in Fig. 4, carbamate toxins (e.g,,
STX, neoSTX and GTX1-4) comprised in large propo-
rtions of 57%, 54% and 67% as total toxin in St. 1,
St. 2 and St. 4, respectively. The same trend in toxin
composition differences related to a regional toxicity
elevation was also documented on the isolates of A.
tamarense and A. catenella from the northern parts of
Funka Bay and Ofunato Bay in Japan, comparable to
the southern ones comprising higher proportions of
N-sulforcarbamoy] toxins (Oshima et al, 1990; Kim et
al, 1993b). Anderson (1990) reported that high toxi-
city of the northern isolates of A. fundyense was due
to their production of the highly potent carbamate to-
xins, and the observed regional trend in toxicity could
result from latitudinal differences in environmental
parameters and their influence on the establishment
of the genotypically different blooms. In Korea, since
the first PSP was recorded in 1986, the occurrence of
A. tamarense as a PSP causative organism was mainly
defined in the cold waters from January to April (Lee
et al, 1992; Han et al, 1993). Recently, Kim (1995)

St. 2 St 4
70 - (Taegokri)

1ies E§lies
5§88 3 s 28 EE S

Fig. 4. Comparison of the average toxin composition (as % total toxin) of Alexandrium spp. germina-
ted from the benthic resting cysts of the three regions in Jinhae Bay.
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found a seasonal germinability of Alexandrium resting
cysts collected from Jinhae Bay, and the motile cells
occurred in the cold season could result from the ge-
rmination of their benthic cysts which have been con-
trolled by a seasonal rhythms instead of the general
environmental factors such as temperature. Instead,
cysts from shallow waters of Tadaepo station did not
follow a seasonal rhythmic pattern and showed also
high germination frequency as well as abundant swi-
mming cells in spring and autumn. The similar trend
in a germinability with an endogenous annual clock of
A. tamarense resting cysts was documented from the
deep coastal waters in the Gulf of Maine (Anderson
and Keafer, 1987). Therefore, those defined occurre-
nce of Alexandrium species with the same seasonality
as a cyst germination might contribute to sporadic re-
gional outbreaks of shellfish toxification with the ad-
vantage of environmental separation. Moreover, toxin
production in Alexandrium was inherited in a normal
Mendelian pattern with biparent type as well as with
recombination type, and it was proposed that possible
occurrence of the variability in toxicity in natural en-
vironments might be caused by these reasons (Ishida
et al, 1990). .

With the previous results of high density distribu-
tion and germination potential of the resting cysts in
the cold season, it is suggested that the occurrence
of higher proportions of carbamate toxins should be
attributed to great possibility of PSP intoxification in
Jinhae Bay.

Acknowledgements

This study was partly supported by the research
grants from RCOID with the support of KOSEF and
from Kyongsangnam-Do Research Foundation. Thanks
are due to Prof. Y. Ishida (Kyoto University) and the
laboratory staff for their kind cooperation HPLC anal-
ysis, and Prof. C. H. Sohn for helping with experime-
ntal operations.

References

Anderson, D.M. 1990. Toxin variability in Alexand-
rium species. In Toxic Marine Phytoplankton, E.
Graneli, B. Sundstrom, L. Edler and D.M. Ander-
son, eds. Elsevier, Amsterdam, pp. 41~51.

Anderson, D.M. and B.A. Keafer. 1987. An endoge-
nous annual clock in the toxic marine dinofla-
gellate Gonyaulax tamarensis. Nature, 325,
616~617.

Anderson, D.M., D.M. Kulis, J.). Sullivan and S. Hall.
1990. Toxin composition variations in one iso-
late of the dinoflagellate Alexandrium fundye-
nse. Toxicon, 28, 885~893.

Boczar, B.A., M.A. Beitler, J. Liston, }.J. Sullivan and
RA. Cattolico. 1988. Paralytic shellfish toxins in
Protogonyaulax tamarensis and Protogonyaulax
catenella in axenic culture. Pl. Physiol., 88, 12
85~1290.

Cembella, A.E.,, ). Sullivan, G.L. Boyer, F).R. Taylor
and RJ. Anderson. 1987. Variation in paralytic
shellfish toxin composition within the Protogo-
nyaulax tamarensis/catenella species complex:
Red tide dinoflagellates. Biochem. Syst. Ecol,
15, 171~186.

Chang, DS., 1.S. Shin, J.H. Pyeun and Y.H. Park. 19
87. A study on paralytic shellfish poison of sea
mussel. Mytilus edulis, specimen caused food
poisoning accident in Gamchun Bay, Pusan, Ko-
rea. Bull. Korean. Fish. Soc., 20(4), 293~299
(in Korean).

Chang, D.S., IS, Shin, H.K. Cho and M.Y. Park. 1988.
Studies on distribution, characterization and de-
toxification of paralytic shellfish poison (PSP) in
Korea. 2. Purification and characterization of
PSP extracted from cultured sea mussel, Mytilus
edulis. Bull. Korean. Fish. Soc., 21(3), 161~168
(in Korean).

Han, MS., ).K. Jeon and Y.H. Yoon. 1993. Distribu- -
tion and toxin profiles of Alexandrium tamare-
nse (Lebour) Balech (Dinoflagellate) in the

369



Chang-Hoon KM

southem coast waters, Korea. Korean |. Phycol.,
8(1), 7~13.

Ishida, Y., M. Eguchi and H. Inoue. 1986. Existence
of obligately oligotrophié bacteria as a domi-
nant population in the South China Sea and the
West Pacific Ocean. Mar. Ecol. Prog. Ser., 30,
197~203.

Ishida, Y., CH. Kim, Y. Sako, N. Hirooka and A.
Uchida. 1993. PSP toxin production is chromo-
some dependent in Alexandrium spp. In Toxic
Phytoplankton Blooms in the Sea, T.). Smayda
and Y. Shimizu, eds. Elsevier, Amsterdam, pp.
881~887.

Iwasaki, H. 1961. The life cycle of Pomphyra tenera
in vitro. Biol. Bull., 121, 173~187.

Jeon, J.K.,, T. Noguchi, D.F. Hwang, Y. Nagashima, K.
Hashimoto and H.T. Huh. 1987. Studies on the
toxic substance of mussel Mytilus sp. }. Ocea-
nol. Soc. Korea, 22, 271~278 (in Korean).

Jeon, J.K,, SK. Yi and H.T. Huh. 1988. Paralytic shell-
fish poison of bivalves in the Korean waters. J.
Oceanol. Soc. Korea, 23, 123~129 (in Korean).

Kim, C.H. 1995. Germinability of resting cysts asso-
ciated with the occumence of toxic dinoflagel-
late Alexandrium species. Korean }. Aquacult., 7
(4), 251~262 (in Korean).

Kim, CH., Y. Sako and Y. Ishida. 1993a. Variation of
toxin production and composition in axenic cu-
Itures of Alexandrium catenella and A. tamare-
nse. Nippon Suisan Gakkaishi, 59, 633~639.

Kim, C.H., Y. Sako and Y. Ishida, 1993b. Comparison
of toxin composition between populations of
Alexandrium spp. from geographically distant
areas. Nippon Suisan Gakkaishi, 59, 641~646.

Kim, C.H., Y. Sako and Y. Ishida, 1995. Inheritance
of PSP toxin composition in the toxic dinofla-
gellate Alexandrium spp. Korean ). Phycol., 10
(1), 59~67.

Lee, J.S., J.K. Jeon, MS. Han, Y. Oshima and T. Ya-
sumoto. 1992. Paralytic shellfish toxins in the
mussel Mytilus edulis and dinoflagellate Alexa-

370

ndrium tamarense from Jinhae Bay, Korea. Bull.
Korean Fish. Soc., 25(2), 144~150.

Maranda, L., D.M. Anderson and Y. Shimizu. 1985.
Comparison of toxicity between populations of
Gonyaulax tamarensis of eastern North Ameri-
can waters. Estuar. Coast. Shelf. Sci., 21, 401~
410.

Ogata, T, M. Kodama, Y. Fukuyo, T. Inoue, H. Ka-
miya, F. Matsuura, K. Sekiguchi and S. Wata-
nabe. 1982. The occurrence of Protogonyaulax
spp. in Ofunato Bay, in association with the to-
xification of the scallop Patinopecten yessoen-
sis. Nippon Suisan Gakkaishi, 48, 563~566.

Oshima, Y., T. Hayagawa, M. Hashimoto, Y. Kotaki
and T. Yasumoto. 1982. Classification of Proto-
gonyaulax tamarensis from North Japan into th-
ree strains by toxin composition. Nippon Suisan
Gakkaishi, 48, 851~854.

Oshima, Y., K. Sugino, H. ltakura, M. Hirota and T.
Yasumoto. 1990. Comparative studies on paral-
ytic shellfish toxin profile of dinoflagellates and
bivalves. in Toxic Marine Phytoplankton, E. Gra-
neli, B. Sundstrom, L. Edler and D.M. Anderson,
eds., Elsevier, Amsterdam, pp. 391~396.

Oshima, Y., K. Sugino and T. Yasumoto. 1989. Latest
advances in HPLC analysis of paralytic shellfish
toxins. In Proceedings of the 7th International
Symposium on Mycotoxins and Phycotoxins, S.
Natori, K. Hashimoto and Y. Ueno, eds. Else-
vier, Amsterdam, pp. 319~326.

Sekiguchi, K., N. Inoguchi, M. Shimizu, S. Saito, S.
Watanabe, T. Ogata, M. Kodama and Y. Fu-
kuyo. 1989. Occurrence of Protogonyaulax ta-
marensis and shellfish toxicity in Ofunato Bay
from 1980~1986. in Red Tides, T. Okaichi, D.
M. Anderson and T. Nemoto, eds. Elsevier,
New York, pp. 399~402.

Sommer, H. and K.F. Meyer. 1937. Paralytic shellfish
poisoning. Arch. Pathol., 24, 560~598.

Shimizu, Y. 1987. Dinoflagellate toxins. In The Bio-
logy of Dinoflagellates, FJ.R. Taylor, ed., Black-



Paralytic Shellfish Toxin Profiles of the Dinoflagellate Alexandrium Species Isolated from Benthic Cysts in Jinhae Bay, Korea

well Scientific, Oxford, pp. 282~315. eds. Elsevier, Amsterdam, pp. 537~541.
Sundstrom, B., L. Edler and E. Graneli. 1990. The

global distribution of harmful effects of phytop- Received April 1, 1995

lankton. In Toxic Marine Phytoplankton, E. Gra- Accepted May 6, 1995

neli, B. Sundstrom, L. Edler and D.M. Anderson,

371



Chang-Hoon KM

Z
[

g]_:

OtM MHEER Alexandrium=s FHEX} 2ol 2

o g5 =4
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