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Studies on Paralytic Shellfish Poison in Coastal Waters of Kyushu

Tomohiro TAKATANI

Paralytic shellfish poison (PSP) infestation to bivalves recently tends to spread to all over
the world. In Japan, Alexandrium catenella and A. tamarense have been known to be main
causative dinoflagellates for PSP-infestation to the bivalves but now a days, instead,
Gymnodinium catenatum is going to be a new face as the causative agent for PSP in Kyushu
district. This paper deals with the recent PSP-infestation and its causative organism (G.
catenatum) in the coasts of Kyushu. In this connection, toxin components of G. catenatum, and
toxin accumulation and depuration by shellfish have also been described as follows.

1) Paralytic shdlfish poison in the coasts of Kyushu

30 species of shellfish were collected at Fukue Island, Nagasaki Prefecture from January
1995 to October 1996, and screened for PSP. Six species such as, Pecten albicans (scallop),
Chlamys farreri (scallop), Septifer virgatus (mussel), Pinna bicolor (pen shell), Arca boucardi
(ark shell) and Pseudochama retroversa (jewel boxes) were found to be toxic. In scallop, the di-
gestive gland was determined as the most toxic part, with the highest score of 133.8MU/g in P.
albicans. The toxin profile of bivalves featured the dominant presence of C-toxins
(Protogonyautoxins; PXs) and gonyautoxin (GTX) 5, 6 with low toxic components. In this con-
nection, the mossworms adherent to shells of C. farreri were screened and found to be contained
a low level of PSP, with major components of decarbamoyl GTX2 (dcGTX2) and GTX2, along
with dcGTX3 and GTX3 as minor, which were different from those of C. farreri.

In 1996, three species of bivalves (Chlamys nobilis, Mytilus edulis, Tapes japonica) were
toxified in Kamae, Oita Prefecture due to G. catenatum. The maximal toxicity scores of the scal-
lop, mussel and short-necked clam were 81MU /g, 268MU /g and 28MU /g, respectively. The toxin
components of different groups of bivalves closely resembled, consisting of C1 (PX1), C2 (PX2)
and GTX6 as the major component. In this connection, the toxin profiles of G. catenatum were
examined, and found to be similar to those of bivalves. These results indicate that G. catenatum

might be a causative dinoflagellate for PSP infested bivalves in Kamae.

In January and July 1998, the wild oyster Crassostrea gigas was toxified with toxic
dinoflagellate, G. catenatum at Miyanokawachi Bay, Amakusa, Kumamoto. The maximal toxic-
ity score of the oyster was 438MU/g in January and 60.8MU/g in July. Toxin compositions of
the oyster and dinoflagellate resembled each other, consisting of C1 (PX1) and C2 (PX2) as the
major toxins, and GTXb5, GTX6, dcGTX2, dcGTX3 and dcSTX as the minor. From these results,
it is strongly postulated that toxic oysters from Kumamoto had been toxified by G. catenatum
through the food chain.

2) Mass outbreak of paralytic shellfish poisoning at Tamano-ura, Nagasaki

A mass outbreak of food poisoning incident due to ingestion of wild oyster occurred in
March 1997 at Tamanoura, Fukue Island, Nagasaki. The causative agent was determined to be
PSP from HPLC analysis and mouse assay for PSP. The maximal toxicity score of the oyster
was 136MU/g, belonging the main toxic components of PSP (C1,2 and GTX5,6) in common,
which were closely similar to those of Oita and Kumamoto specimens. However, the popularly
known causative toxic dinoflagellates were not found in the plankton samples from the infested
seawater.
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3) Toxin productivity of Gymnodinium catenatum

The effects of temperature and Light-Dark (LD) cycle on PSP production by an axenic cul-
ture of G. catenatum were examined. The culture system was carried out at four different tem-
peratures (12, 15, 18 and 210), or at four different LD cycles (8-16, 10-14, 12-12 and 14-10 h ).
Cells were harvested at late logarithmic phase, and submitted to the toxin analysis with HPLC.
The highest toxin production in the cell was observed at lower temperature (120 >150 >180 O
210), with toxin contents from 77.6 to 282.8 fmol/cell. At different LD cycles, growth and toxin
production were almost similar, ranging the toxin contents from 74.4 to 104.4 fmol/cell.

4) Accumulation and depuration of PSP toxin by scallop cultured in the sea water

Non-toxic scallop Chlamys nobilis was cultured for about one month at the Miyanokawachi
Bay, Kumamoto Pref. in January 1999. The scallop specimens were hanged at three different
depths (3, 6 and 9 m) of water. Twenty five specimens were collected from each depth at a time
in a week, and examined. Most of the toxin existed in the digestive gland (ca. 95%) and the re-
maining in the gonad (ca. 5%). Toxicity of scallop from each depth had correlation with the cell
density of G. catenatum. Their toxin composition consisted mainly of low toxic components of
C1,2 and GTX5,6, and resembled to that of G. catenatum.

5) Toxin accumulation and depuration by feeding experiment

The non-toxic short-necked clams were fed with dinoflagellates G. catenatum and A.
catenella to investigate their (short-necked clam) accumulation and depuration ability to PSP.
The clam specimens were fed on each reared dinoflagellate for 168 hrs. Most of the
dinoflagellates were filtered by clams within 12 hrs. The maximum accumulation ratios of PSP
in the short-necked clam were 26% for A. catenella and 16% for G. catenatum. The toxin accumu-
lated to the short-necked clam reached to maximum value (184.8-210.3 nmol/10 clams) after 12
hours. Thereafter, it decreased to 15-30% and < 3% in 72 and 168 hrs, respectively. On the other
hand, toxin in the seawater from the clams rearing aquarium increased gradually after filter-
feeding of dinoflagellates, which reached to 70-90% of total accumulated toxin in 168 hrs. Toxin
components in the short-necked clam were almost similar to those of each dinoflagellate. During
rearing period of clams, they quickly excreted the low toxic components (C1,2 and GTXS5,6),
while the high toxic components (STXs and decarbamoyl derivatives) were excreted slowly.
Toxin accumulation efficiency of the short-necked clams was not remarkable. From the results
it can be suggested that after accumulation of the dinoflagellate toxin by non-toxic clams, they
quickly excrete toxins to the seawater through their gills.
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Table 1. Incidences of paralytic shellfish poisoning in

Japan
Date Causative shellfish  Location of collection Pati,::tn;t)(gegihs)
1948. 7 short-necked cram Toyohashi, Aichi 12 (1)
1961. 5 scallop "akazara” Ofunato, Iwate 20 (1)
1962. 2 Oyster Miyazu, Kyoto 42 (0)
1979. 1 Oyster Senzaki, Yamaguchi 16 (0)
1979. 4 Mussle Asahikawa, Hokkaido 3(1)
1982. 5 Ascidian Ofunato, Iwate 2(0)
1987. 6 short-necked cram  Yamagawa, Kagoshima 2(0)
1989. 4 Mussle Ofunato, Iwate 1(0)
1989. 4 scallop "hotate” Ofunato, Iwate 5(0)
1989. 7 Mussle Higashidori, Aomori 6 (1)
1997. 3 Qyster Tamanoura, Nagasaki 26 (0)
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Fig. 1 Structures and specific toxicities of PSP.
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Fig. 2 Map showing seven sampling places of shell-
fishes in Nagasaki Prefecture.
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Table 20 1. Toxicity of shellfishes and crabs collected at
Nagasaki Prefecture

Place of sampling (date of catch)

No. “Japanese hame” Scientific name Toxicity (MU/g)
Nomozaki (Jul. 13, 1995)
1 “hesoakikubo-gai” Chiorostma turbinatum <2
2 “hizara-gai” Liolophura japonica <2
3 ‘“hiogi-gai” Chilamys nobilis <2
4 “tokobushi” Sulculus diversicolor aquatilis <2
Tomie, Fukue Island (Jul. 15, 1995)
1 “kumanoko-gai” Chlorostma xanthostigma <2
2 “hesoakikubo-gai” Chlorostma turbinatum <2
3 “hizara-gai” Liolophura japonica <2
4 “sugai” Lunella coronata coreensis <2
5  “himeyouraku-gai” Ergalatax contractus <2
6  “otomegasa-gai” Scutus sinensis <2

Benten-shirahama (Sep. 28, 1995)

1 “hizara-gai” Liolophura japonica <2
2 “murasaki-igai” Mytilus edulis <2
3 “matsuba-gai” Cellana nigrofineata <2
4 “magaki” Crassostrea gigas <2
5 “akoya-gai” Pinctada fucata martensf <2

Table 20 2. Toxicity of shellfishes and crabs collected at
Nagasaki Prefecture

Place of sampling (date of catch)

No. “Japanese name” Scientific name Toxicity (MU/g)
Kashiyama (Sep. 28, 1995)
1 “murasaki-igai” Chlorostma turbinatum <2
2 “matsuba-gai” Cellana nigrolineata <2
3 “magaki” Crassostrea gigas <2
Okuura Bay, Fukue Island (Nov. 6, 1995)
1 “murasaki-igai” Chlorostma turbinatum <2
2 “matsuba-gai” Cellana nigrofineata <2
3 ‘“urauzu-gai” Astralium haemafragum <2
4 “ohebi-gai” Serputorbis imbricatus <2
Togi Bay, Fukue Island (Nov. 7, 1995)
1 “murasaki-igai” Chlorostma turbinatum <2
2 “magaki” Crassostrea gigas <2
3  “akoya-gai” Pinctada fucata martensi <2
4 “azumanishiki-gai” Chlamys farreri <2
5 “nadeshiko-gai” Chiamys irregufaris <2
6  “sarunokashira-gai” Pseudochama retroversa <2
Aso Bay, Tsushima Island (Nov. 8, 1995)
1 “akoya-gai” (cultured) Pinctada fucata martensi <2
2 “akoya-gai” (wild) Pinctada ficata martensf <2
3 “hiogi-gai” (wild) Chiamys nobilis <2
4 “tengunishi” (market, wild) Hemifusus tube <2
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Table 200 3. Toxicity of the shellfishes from the
fish market in Fukue Island, Nagasaki

Prefecture
Place of sampling
Date of collection “Japanese name”  Scientific name Toxicity (MU/g)
July 1995 “itaya-gai” Pecten albicans 17.3
" “onisazae” Chicoreus asianus <2
" “gintakahama-gai” Tectus pyranis <2
" “imo-gai” 2 <2
" “matsuba-gai” Cellana nigrolineata <2
Oct. 1995 “itaya-gai” Pecten albicans 71
" “tsukihi-gai” amusium japonicum <2
" “hamaguri” Meretrix lusoria <2
Nov. 1995 “itaya-gai” Pecten afbicans <5
4 “tsukihi-gai” amusium_japonicum <2
" “tengunishi” Hemifusus tube <2
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Table 3. Toxicity of the bivalves collected from Fukue
Island, Nagasaki Prefecture

Date of Toxicity (MU/g)

Species N
collection Muscle  Digestive gland  Others
Pecten albicans Jul. 15, 1995 <2 17.3 <2
Oct. 5, 1995 <2 7.1 <2
Nov. 10, 1995 <2 <5 <2
May 15, 1996 <2 37.7 <2
Jun. 18, 1996 <2 101.5 <2
Jul. 19, 1996 <2 133.8 <2
Oct. 31, 1996 <2 12.9 <2
Chiamys farreri Oct. 5, 1995 <2 7.1 <2
May 15, 1996 <2 25.0 <2
Jul. 18, 1996 <2 3.7 <2
Sep. 12, 1996 <2 3.3 <2
Sep. 14, 1996 <2 3.2 <2
Septifer virgatus May 15, 1996 1.9 (whole body)
Pseudochama retroversa ~ May 15, 1996 3.2 (whole body)
Arca arabica May 15, 1996 2.3 (whole body)
Pinna bicolor Jul. 16, 1996 4.9 (whole body)
(1) .
3
h
1
a k
J
d
g
Cc jle
(1)
i
4
elh
(m)

Retention time (min)

Fig. 3 HPLC chromatograms of standard toxin (O), of
the extract (O ) and (O ) from scallop, P.
albicans specimen collected in 1995 and in 1996,
respectively.

Peaks for GTXs (left); a: C1+2(PX1+2), b: GTX6, c: GTX4,
d: GTX1, e: deGTXS, f: GTX5,
g: deGTX2, h: GTX3, I. GTX2
Peaks for STXs (right); j: neoSTX, k: deSTX, 1. STX

Fig. 4 Toxin profiles of the scallop P. albicans collected
in 1995 and 1996.

1995000000000 (00D02.0MU/g) 00000
GTX2,3, deGTX2,30 000000000 OOOOO
Retention time (Rt) 000 O00O0O0OOO0OOOOOO O
000000 (mol%) O, GTX2042.4, GTX30O 194,
deGTX20 23.8, deGTX30 14400000 STXOODOOO
O, 000000STXOdeSTXOOOOOOOOOOOO
00, 0000000000, D0oOoooooooog, STX
000000, 0000000000000 00 196000
o0o0 (0oo1338MU/g) OO, CL2 (PX1,2), GTXZ,
3, GTX5,6, neoSTX, deGTX2,3, deSTXO 10000 OO
00000000000 (mold) O, Cl+C2 (PX1+PX2)0
42.7, GTX2011.7, GTX30 4.2, GTX50 155, GTX6O
2.5, neoSTX0O 2.1, deGTX20 14.7, dcGTX30 4.4, deSTXO
2200000

000oooooChlamys farrert (00 0O) OHPLCO
O0000OFig.00OOO0O

1996000000 (UOD2.0MU/g) DHPLCOODOO
ooo, Cl2 PX1,2), GTX2,3, GTX5,6, STX, neoSTX,
deGTX2,3, deSTXO 1100 0OOOOOO0D OOOOOOO
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GTX30 4.8, GTX50 18.3, GTX60O 3.7, STXO 3.4,
neoSTX0O 1.8, deGTX20 10.5, deGTX30O 4.0, deSTXO 3.8
googo

00o0oooooooo0oooUo0o0oHPLCOOOOO,
oobooooooooooooboobooooobobDoooo
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deGTX2043.7, deGTX30 1780000 (Fig.0)O

0000o00o0ooooooooo, 199%00000G6TX?,
3000deGTX2,30 0000000000000, 1990
OooooooocC (PX) ooSTXoooooolwooo
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Fig. 5 HPLC chromatograms of standard toxin (O), of
the extract (O ), and (O) from scallop, C.
farreri specimen and mossworm specimen, re-
spectively.

Peaks for GTXs (left); a: C1+2(PX1+2), b: GTX6, c: GTX4,
d: GTX1, e: deGTXS, f: GTXS,
g: deGTX2, h: GTX3, I. GTX2
Peaks for STXs (right); j: neoSTX, k: deSTX, I: STX

C. farreri

mossworm

1

0% 20% 40% 60% 80% 100%
OC1+2 (PX1+2) EGTXS EGTX6 BGTX2
BGTX3 ESTX B neoSTX B dcGTX2
B dcGTX3 B dcSTX

Fig. 6 Toxin profiles of C. farreri and mossworm.
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ooooo, 1980000000 A. catenellad 0O OO
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000000020mO00000000000000O0O0 OO0
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Fig. 7 Map showing the PSP-infested areas in Oita

Prefecture.
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0000Oo0ooooooo19%e0o0ooooooooooon
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oooooooo, oo, oooooocOoooooogo
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oooooo, ooboooooocooooboooooooo
oooobooo, Doooooooo4c000oooooo
oooooooooodooo, ooboooooooooo
ooooooooo, o, 0, ImbOoO0OOOO, OO0
gooooooooooooooooooooooobooo
goooooooooooooo, boooooobobooo
gobooooooooooooooo, ooooooood
ooo, oooocoooooooobo

oooo
ooooooooooooooooooooooo, oo
gobooooooo, oooooocooooooooboo
gooooooooooooooOoO0imol/LODOOODO
gooo, bobooooooooooooooooob, oo
goboooooooooooooboodn
oo0oooOooUoOoooOooOoooOooo, ooooa
mol/LO0O0O0O0OO, O00DO0O0OO0O0OOO0O0OOOOOO
0o, 3000 001000000000 000000OODOO
ooooooooUoOo, DoooUooUoomlobooo,
Oo00oDo04pymb0000000OOOODODOOOOO
000 (ADVANTEC) D0O0OU0OO0OOOoOoUooOoooo

oooo
oooooooooooooooooboooo

oooooooouooooo (HPLG)
OOOoOoHPLCOOODOODOOOOOOO
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goooooooooooooooooo, ooogoo
Gymnodinium catenatumOd 00000000 (OOOO
0000000000000 0000) (Fig.0)l G
catenatumO 000, OO0, OODOOOOOO, ODOOO,
Ooooooooooao

Fig. 8 Gymnodinium catenatum Graham.
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0000000000000 0000000ONooooo,
0000000, 00D00080.6 MU/g (5/07) 0000
00000, 00000G. catenatumd 000000, O
00000000000, 00000000 150cells/LO 0
ooo0O0O, 000, 0000000000000000
0, 0000000000000000000000000
00000000, O00mOA44,350cells/L (4/22) 00O
oOoO0o0O00000 000, 00000000000000
000000000000000, 000040.7, 256.6MU/
gd0000000O0000O00DOO, 000, 000G,
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Fig. 9 Seasonal changes in cell density of Gymnodinium
catenatum and 1in toxicity of scallop collected
from Ogamae Bay, Oita.
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Fig. 10 Seasonal variations of cell density of G.catenatum
and of toxicity score of edible portion of
bibalves collected from Inokushi Bay, Oita.

catenatumOd OO0, O0O00O0OOOOOOODODOOOOO
goooooooboooboboobooocgooboooooboo, o
0oo0oooooooooooooooooMU/gbood
Jo ooodguo, bcogoooDooooooo, G
catenatumO 000000000000 O37.0MU/g0O0O
ooo, ooooooboboooboobobooooboo,
gooooooobooobobobooboobobo, obooo
gbpSPOO0O0O0O0OOOOOOODOOOOOOOODOOOO
goooobo, oo (0o, Oboo,ooo) oo, O
goooooooboo, obbobooboooobooo
00O (Tabled)o

ooooooooooooo (oboooo, oo, O
0000O00) 000G. catenatumO 0000000000
HPLCOOOOOOOOO, DOOOHPLCOOOOOOOO
OFig.1l101400000 00, G catenatum OO0 OO 0O
gooo (mol%) OTableDOOOO0D OOOOOOOOO
gooo, oobooooobooooodo booooooo,
GTXOOOOORt.OOOOOOOOODOOOOO, O0OO
000GTX5, GTX6, deGTXS, deGTX2, GTX20000
oooooooo STXooo, STX, deSTX, neoSTXO O
ooo, PXO (COo) OOPX1 (Cl) oooPbPX2 (C2) O
0000000000 o0ooooon0 (mol%) O, OOO

Table 4. Anatomical distribution of toxicity of scallop,
Chlamys nobilis collected from Ogamae Bay,
Oita Prefecture

Date of Toxicity (MU/g)
collection  adductor muscle  ovary others  digestive gland
96.3.18 - - - 40.8
4.01 - - - 62.7
4.15 - - - 53.3
4.22 <2 <2 459
5.07 <2 <2 <2 80.6
5.13 2.9 (edible part) 76.3
5.20 3.0 (edible part) 59.2
5.23 <2 <2 <2 26.1
5.27 <2 <2 <2 53.9
6.03 <2 <2 <2 20.4
6.10 <2 <2 1.6 55.0
6.17 <2 <2 <2 55.8
6.24 <2 <2 <2 50.7
7.01 <2 <2 <2 36.2
7.08 <2 <2 <2 37.0
7.15 <2 <2 <2 28.7
7.29 <2 <2 <2 11.1
8.29 <2 <2 <2 5.6
9.25 <2 <2 <2 2.2
11.13 <2 <2 <2 2.8
12.24 <2 <2 <2 8.9
97.1.13 <2 <2 <2 3.3
2.15 <2 <2 <2 2.0

Table 5. Toxin compositions of Gymnodinium catenatum
and bivalves

{mol%)

Component G. catenatum scallop mussel  short-necked clam
C1 (PX1) 204 28.3 22.3 25.2
C2 (PX2) 421 15.6 14.1 17.0
GTX2 — 0.3 — —
GTX5 1.6 53 4.2 4.1
GTX6 30.5 43.1 54.5 49.5
dcGTX2 3.0 4.3 2.3 2.3
deGTX3 2.4 2.2 1.2 1.4
STX — 0.1 — —
dcSTX — 0.8 1.0 0.4
neoSTX — 0.1 0.4 0.1

— : Below detectable limit.

OO0oO0oOoN-0O0O000000D0000GTX6 (43.1mol%),
PXO (C1) (28.3mol%), PX2 (C2) (15.6mol%) OO OO
oooooo, 000, 000000000deGTX2 (4.3mol
%), dcGTX3 (2.2mol%), deSTX (0.8mol%) DO OO OO
00000000000STX, neoSTX, GTX2 (0.5mol%)
0odo0ooboobooboobooboo, oboooooo
ooooo, bobooobooboobooboooboooo
ooo0oooo, cooopoooooooooog {GTX5,6,
ClL2 (PX1,2)} 090%O00O0OODOO0O, 00000
(neoSTX, deSTX, deGTX2,3) O, O%U 0000000
gobooooooooo
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Fig. 11 HPLC chromatograms of toxin from scallop,
C. nobilis.
(A) standard toxin; (B) before hydrolysis;
(C) after hydrolysis
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Fig. 12 HPLC chromatograms of toxin from short-
necked cram.
(A) standard toxin; (B) before hydrolysis; (C)
after hydrolysis
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gobo0ob0ooboooboobooUopoUObOoabObOODbDDbDOD
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Fig. 13 HPLC chromatograms of toxin from mussle,
Mytilus edulis.
(A) standard toxin; (B) before hydrolysis;
(C) after hydrolysis
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Fig. 14 HPLC chromatograms of G. catenatum toxin
collected from Kamae, Oita.
(A) standard toxin; (B) before hydrolysis; (C)
after hydrolysis
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Fig. 15 Seasonal variations in toxin composition of
"hiogi" scallop collected from Ogamae Bay, Oita
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catenelle0 000000, DDODDDOUOODOOOOOO
oooooOoooOooooooo, Doooo {CL,2 (PX,
2), GTX5,6} 0O UDOOO, DODODOOOOODODOOOO
0O (@ooooooooooooooooo) oooooo
goooooo, ooooooooooooooobobooo
oooooo, oooooooooooooooooooo
gooooooocoooo, boocooooooooobooo
goooo, oocooooooooooooo, obooboo
ooooDooogo

2. BEA9EHA Chlamys nobilisD=DEEH
goodooobooooobooooooboooooooo
gododoooo, ooooooooobooooooo, 4
oo, ooooboooboooooooooobooooa,
Jooodoooo, oooooo, HPLCOOOoOOoLC/
ESI-MSOO0000000000000

AMBLUAE
o O

19960 00000000000000000000000
0000000000 Chlamys nobilisD0000O0000,
00O0ooooooooood

oooooo

ooooo, FigleOOOOOOOODOOOOOOOOO
OlbkgD0ODOODOOOOO8RXOIOODOO (pH2.0) DOO
O, 0o00oo0ooooooo, oooo (38,000 O,
20min) OO0, 000000000 OOOOOODOOO
gooooooooooo, boboooooooo, boo
goboooooooooooooooooonooooobooo
goooooooooooo, bocooooooooobooo
ooooo, booooUooOoUoOoUOoOoUoOoO, OM
NaOHOpHO bS50 000, D0O0OOUOODOOOOOOOO
o0, ooooooooo, O%Oo-2s00000000

Material (1.5 kg)

Homogenized and added to 3 volume of 80%
ethanol adjusted to pH 2.0 with HCI.

Extracts

Concentrated and defatted with CH,Cl,

CH,Cl, layer

Water layer

Activated charcoal treatment

Eluted with 1% acetic acid in 20% ethanol
Eluate

Bio-Gel P-2 column chromatography

0.03 M AcOH Fr. 0.05 M AcOH Fr.
(10,500 MU) (non toxic)

Dist. Water Fr.
(1,400 MU)

Bio-Rex 70 column chromatography

l |

0-0.05 M AcOH Fr. 0.05-1.5 M AcOH Fr.
(5,000 MUY (2,500 MU)

Fig. 16 Purification procedure of toxin from scal-
lop Chlamys nobilis.
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00000 o000, OmlO0OOOO, OOOOODODOO
000000000, 00000000 OoHPLCOOODOO
ggogo

ooooo
oooooooooooooooooo

0000000000000 (HPLC)

oooo {GTXO, STXO, C (PX) 0}y 000000
0000000000000000 GTXOOOOSTXOO
0000000, O0OO0OOHPLCOOOOOOOOOOOC
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00000000O0oooooo (LC/MS)
LC/MSOO0O0O0O0OTableOODOOD
LC/MSOO0OO0O000, U000 Omicromassd O Zspray
T™ MS, LCO O alliance 2690EX (Waters) 00O 00O
ZMD-MkO LC/MSOOOO (Waters) 000000 OO
00000, 0oooooooooooo (ESh) oood
O, GIXooooSTXoooooooooooo (ESIY)
0, C(¢PX) 000000000000 (BSIP) 0000
o LCboooooo, oo, Uobooo, oog, d
000000000000 HPLCOOOOOOOOOOOD
LCoooMSOOOOooooooo, oooooooooo
oooooMSOOOoOOoO (o) O001/400.2ml/min0
00000 DesolvationdO O (JOOOOOO) 03500,
Source blockDO (DOOO0OOOO) 0120000, OO
goooslvoooooooooao

Table 6. Condition of LC/MS analysis

LC/MS System
alliance LC/MS system (Waters ZMD)

Condition of liquid chromatography (LC)

HPLC : Alliance 2690XE (Waters)

Column : LiChroCART RP-18(e) (4.6 x 250 mm, Merck)

Column Temp. : 35 °C

Mobile phase :
C-toxins (PXs): 1 mM tetrabutyl ammonium phosphate (pH 5.8)
GTXs: 2mM HSA in 10 mM ammonium phosphate buffer (pH 7.3)
STXs: 2mM HSA in 4% acetonitrile-30 mM ammonium phosphate

buffer (pH 7.3)
Flow rate :

0.8 mi/min

Condition of mass spectrometry (MS)

Ionization : ESI” for GTXs and STXs
ESI™ for C-toxins (PXs)

Desolvation Temp. : 300-350 °C

Sourceblock Temp. : 120 °C

Cone Voltage : 30-50V

Frow rate : 0.2 mi/min

RREBIUVER

Bio-Gel P20 00 0000000000000 O0Fig.17
0, 0.03MOOOO0OO0OO00O00O0O000O0OFig180000
00000 BioGel P20 0000000000000
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1,400MUDO000 0000O0O00000HPLCOOOOO
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00000000010500MUDDOOOD 0000000
HPLCOOOOOOO, GTXO0OSTXOOOOOOOOOx
OO0OPX (C) OO (Fr.39047), GTXOSTXO O (Fr.
1330154) 0O0OOOOOO, D000O00O0OOOO00OO,
005 MOODDDOODOOODOOOO (10mlx 100Fr.) OO

500

Toxicity (MU)

1 6 10 18 22 26 30 34 37 39 41 43 45 47 49 52 56 70 74 78 82 86 90 94 98
Fraction number (10ml/fr)

Fig. 17 Elution profile of scallop, Chlamys nobilis toxin
from Bio-Gel P-2 column.

(Distilled water fractions : Fr.1-100)
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Fig. 18 Elution profile of scallop, Chlamys nobilis toxin
from Bio-Gel P-2 column.
(0.03 M acetic acid fractions : Fr.101-200)
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Fig. 19 Elution profile of scallop, Chlamys nobilis toxin
from Bio-Rex 70 column.
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Table 7. Toxin composition of oyster
and G. catenatum collected from
Miyanokawachi Bay, Kumamoto

Jan. '98 (mol%)

Component Oyster G. catenatum

C1 (PX1) 53.7 25.2
C2 (PX2) 25.9 63.3
GTX5 3.8 2.5
GTX6 7.1 3.3
deGTX2 5.6 2.1
deGTX3 2.4 35
dcSTX 1.3 tr

tr : Trace (< 0.1mol% )

Jul. '98 (mol%)

Component Oyster G. catenatum
C1 (PX1) 46.3 38.0

C2 (PX2) 16.3 24.0

GTX5 2.8 0

GTX6 0.4 0

dcGTX2 20.7 20.8
dcGTX3 8.9 17.2
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Fig. 27 HPLC chromatograms of oyster toxin
(upper) and G. catenatum toxin (lower)
collected from Miyajiura, Kumamoto
(Jan., 1998).
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Table 8. Toxicity of wild oysters collected from
Tamanoura Bay

Sample Toxicity (MU/g)
number Nagiriguchi Daiho-go Arakawa-go
1 115 49 13
2 102 57 15
3 96 7 104
4 100 51 135
5 99 55 110
Ave, 102 44 75
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Fig. 31 HPLC chromatograms of oyster toxin (upper) and
plankton toxin (lower) collected at Nagiriguchi,
Tamanoura Bay.

[left: C-toxins(PXs); center: GTXs; right: STXs]

Table 9. Toxin compositions of wild oysters and causa-
tive plankton
(mol%)

Oyster
Plankton

Component

Nakiriguchi Daihou-go Arakawa-go
C1(PX1) 61.9 65.6 58.8 65.2
C2(PX2) 19.1 19.9 20.2 23.0
GTX6 2.5 1.8 2.9 13
GTX5 2.2 23 2.3 1.8
GTX2 0.7 tr 1.1 0
GTX3 tr tr tr 0
doGTX2 10.7 7.5 10 6.0
deGTX3 23 2.1 35 2.7
dcSTX tr tr 1.1 0
neoSTX tr tr tr 0

tr: Trace (<0.5 mol%).

Alexandrium tamarense, A. catenella, G. catenatumO
00000000 0oOoooO (Tablel)®o OO0, OO
odoo, oooooduoHPLCOOOOO, PSPOOOO
Jooooboooboooooooobobooooooo, oo
oooooooooooo, C1 (PX1) O65.2mol%, C2
(PX2) O023.0molOO, OOOC (PX) 0ON%O 0000
D000 000000GTX5,6000deGTX2,300000
(Fig.31l, TableO)0 OO, OO0OOO0O, Alexandrium

andersonii'®, O A. insuetum, A. minutum™ 0, 000
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Table 10. The formation of the plankton in the
seawater collected of Tamanoura Bay*

Species Content(%)
Alexandrium andersonii 48
Alexandrium insuetum 13
Prorocentrum sigmoides 33
Protoperidinium spp. 4
Dinophysis sp. 1
Ceratium pentagonum 1

Alexandrium minutum :only 1 cell was confirmed.
* Yoshida et a/. 1997
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Table 11. Medium composition of SWM-O

Components (sea water 1,000 ml)
NaNO; 170 mg
NaH,P04-2H,0 16 mg
Na,SiO; 24 mg
FeCl;-6H,0 0.5mg
Na,EDTA 11 mg
H,Se0s 2.6 mg
TRIS 500 mg
P1 Metals

H3BO; 62 mg
MnS0,-5H,0 8.4mg
ZnS0,-7H,0 1.2 mg
CoCl,-7H,0 2.8 ug
CuCly-5H,0 2.5 ug

S-3 Vitamins
Thiamine-HCI 0.5mg
Nicotinic acid 0.1 mg
Ca-Pantothenate 0.1 mg
P-Amino benzoic acid 10 ug
Biotin 1.0 ug
myo-Inositol 0.5mg
Folic acid 2.0 ug
Cyanocobalamin 1.0 ug
Thymin 0.3 ug
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Fig. 32 Changes in the cell density of G. catenatum cul-
tured under each L-D cycle.
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Fig. 34 Effect of temperature on the growth of
G. catenatum.
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Fig. 36 Toxin content (fmole/cell) of plankton and me-
dium at different cell density cultured at 180 .
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Table 12. Toxicity of scallops cultivated at the depth of
3m, 6 m, 9 m (1999.1.250 2.9)

Toxicity (MU/g)
1999.1.25 1999.2.2 1999.2.9 1999.2.18 1999.2.23 1999.3.3
Adductor muscle <20 <20 <20 <20 <20 <20
Mantle <20 <20 <2.0 <20 <20 <20

Parts

Digestive Grand 3.8 47.6 42.1 34.7 215 30.8
Foot <20 <20 <20 <20 <20 <20
Gill <20 <2.0 <20 <20 <20 <2.0
Intestine <20 <20 <20 <2.0 <20 <2.0
Gonad <2.0 4.9 2.3 <2.0 2.2 2.5
Whole 0.8 5.5 5.6 4.5 2.5 3.5
6 m
Parts Toxicity (MU/g)
1999.1.25 1999.2.2  1999.2.9 1999.2.18 1999.2.23 1999.3.3
Adductor muscle <20 <20 <2.0 <20 < 2.0 <20
Mantle < 2.0 <2.0 <20 <2.0 <2.0 <20
Digestive Grand 3.8 56.2 54.9 41.2 36.9 41.8
Foot < 2.0 <20 <20 <20 < 2.0 <20
Gill <20 <20 <20 <20 <20 <20
Intestine <20 <20 <20 < 2.0 <20 <2.0
Gonad <2.0 4.8 4.3 2.2 2.9 3.3
Whole 0.8 6.5 6.6 5.6 4.4 4.9
9m

Toxicity (MU/g)
1999.1.25 1999.2.2 1999.2.9 1999.2.18 1999.2.23 1999.3.3
Adductor muscle <2.0 <2.0 <2.0 <20 <20 <20
Mantle <2.0 <20 <20 <20 <20 <20

Parts

Digestive Grand 3.8 81.8 72.8 59.6 59.6 59.8
Foot <20 <2.0 <20 < 2.0 <20 <20
Gill <20 <20 <20 <2.0 <20 <20
Intestine <20 <20 <20 < 2.0 <20 <2.0
Gonad <2.0 7.7 5.9 3.5 4.7 5.5
Whole 0.8 9 8.9 7.6 7.5 7.1
120
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Fig. 39 Change in toxicity of digestive gland (upper)
and gonad (lower) of scallops cultivated.
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Fig. 42 Outline of feeding experiment.
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Fig. 43 Toxicity and toxin composition of
G. catenatum cells cultured.
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Fig. 44 Change in toxin content of clams fed with
G. catenatum and its cell density.
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Fig. 49 Change in toxin content of clams fed with A.
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