£3 RIBFEE/N27J GEHCE) OEE

No. R it (MU/g)
P Wi RRERAR
36 0.5 ND ND
37 0.5 ND ND
38 2003FE &1 0.5 ND ND
39 ND ND ND
40 ND ND ND
41 0.5 ND ND
42 0.5 ND ND
43 20044 £ 1 ND ND 0.5
44 ND ND ND
45 ND ND ND
46 ND ND ND

ND: ki H (0.5 MU/gxki#H)



%4 EEEEN 7Y (BHCE OEH

No. R B (MU/g)

. Py R FRERR
47 20054% 1—4A ND ND ND
48 ND ND ND
49 ND ND ND
50 ND ND ND
51 ND ND ND
52 20054 6H ND ND 1.0
53 ND ND 0.5
54 ND ND 0.5
55 ND ND 0.5
56 ND ND ND
57 ND ND ND
58 ND ND ND
59 ND ND ND
60 ND ND ND
61 ND ND ND
62 20065%E 3H ND ND ND
63 ND ND ND
64 ND ND ND
65 ND ND ND
66 ND ND - ND

ND: k#&Hi (0.5 MU/gR i)
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#£5-1 ILOEN2T7T7 (BHCE) 0HHE

No. AR #iE(MU/g)
poee Rl FRER<AR
67 2004411AH ND ND ND
68 ND ND ND
69 200441278 ND ND 0.5
70 ND ND 0.5
71 20054 418 ND ND 0.5
72 ND ND ND
73 ND ND ND
74 ND ND 0.5
75 ND ND ND
76 20055 58 ND ND ND
77 ND ND ND
78 ND ND ND
79 20055 6H ND ND ND
80 ND ND 0.5
81 ND ND ND
82 ND ND ND
83 ND ND ND
84 ND ND ND
85 ND ND ND
86 ND ND ND
87 0.5 ND 0.5
88 0.5 ND 0.5
89 2005& 7AH ND ND 0.5
90 ND ND 0.5
91 0.5 ND 0.5
92 ND ND ND
93 ND ND 0.5
94 ND ND 0.5
95 ND 0.5 0.5
96 ND ND ND
97 2005% 8H ND ND 0.5
98 ND ND ND
99 ND ND ND
100 ND ND 0.5

ND: k& H (0.5 MU/gFK )
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%£5-2 IWOEN27Y (EHCE) oEH

No. R Bt (MU/9)
o i FERERGE

101 2005%£ 101 ND ND 0.5
102 0.5 ND ND
103 ND ND ND
104 0.5 ND ND
105 ND 0.5 ND
106 ND ND ND
107 0.5 ND 0.5
108 2005%£11A7 ND ND ND
109 ND 0.5 0.5
110 ND ND 0.5
111 ND ND 0.5
112 ND ND ND
113 20055 12R1 ND ND 0.5
114 2006% 3AH ND ND ND
115 ND ND ND
116 20065 4H ND ND ND
117 ND ND ND
118 20065 5AH ND ND 0.5
119 ND ND ND
120 ND ND 0.5
121 ND ND ND
122 ND 0.5 ND
123 ND ND ND
124 ND ND ND
125 ND ND ND
126 ND ND ND
127 2006 6AH ND ND ND
128 ND ND ND
129 ND ND ND

ND: &#H (0.5 MU/gk i)
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Abstract

A toxic dinoflagellate responsible for paralytic shellfish poisoning (PSP), Alexandrium catenella (Ac) was fed to the
short-necked clam Tapes japonica, and the accumulation and depuration profiles of PSP toxins were investigated by means
of high-performance liquid chromatography with postcolumn fluorescence derivatization (HPLC-FLD). The short-necked
clams ingested more than 99% of the Ac cells (4 x 107 cells) supplied once at the beginning of experiment, and accumulated
a maximal amount of toxin (185nmol/10 clams) after 12h. The rate of toxin accumulation at that time was 23%, which
rapidly decreased thereafter. Composition of the PSP toxin accumulated in the clams obviously different from that of 4c¢
even 0.5h after the cell supply, the proportion of C1+2 being much higher than in A4c, although the reason remains to be
elucidated. In contrast, a higher ratio of gonyautoxin (GTX)1+4 than in Ac was detected in the toxin profiles of clam
excrements. The variation in toxin composition derived presumably from the transformation of toxin analogues in clams
was observed from 0.5h, such as reversal of the ratio of C1 to C2, and appearance of carbamate (saxitoxin (STX), neoSTX
and GTX2, 3) and decarbamoyl (dc) derivativés (dcSTX and dcGTX2, 3), which were undetectable in Ac cells. The total
amount of toxin distributed over Ac cells, clams and their excrements gradually declined, and only 1% of supplied toxin
was detected at the end of experiment.
© 2006 Elsevier Ltd. All rights reserved.

Keywords: Tapes japonica;, Alexandrium catenella; Paralytic shellfish poisoning (PSP); Toxin accumulation

1. Introduction paralytic shellfish poisoning (PSP) has become a
global concern in recent decades (Hallegraeff, 1993).

Intoxication of filter-feeding bivalves during PSP toxins produced by dinoflagellates can be
blooms of toxic dinoflagellates responsible for concentrated and retained in bivalve tissues, and
pose a significant human health risk after consump-

" *Corresponding author. Fax: +81958192844. tion of the contaminated bivalves (Bricelj and
E-mail address: arakawa@nagasaki-u.ac.jp (0. Arakawa). Shumway, 1998). Every year, along the coastal

0041-0101/$ - see front matter 2006 Elsevier Ltd. All rights reserved.
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water of Kyushu in Japan, many edible bivalves,
such as the short-necked clam Tapes japonica, the
mussel Mytilus galloprovincialis (formerly classified
as M. edulis), the oyster Crassostrea gigas, and the
scallop Clamys nobilis are intoxicated in association
with the occurrence of the toxic dinoflagellates
Alexandrium catenella (designated Ac below) and
Gymnodinium catenatum, causing a serious pro-
blems in the local fishery industries (Onoue et al.,
1981; Noguchi et al., 1988; Takatani et al., 1998a,b).
Accumulation and depuration profiles of PSP
toxins in bivalves differ significantly according to
different bivalve species (Hurst and Gilfillan, 1977;
Oshima et al., 1982; Takatani et al., 1998a). During
toxic algal blooms, mussels usually accumulate high
levels of toxicity rapidly, which also declines in a
short period of time (usually within several weeks)
after the disappearance of the causative dinoflagel-
lates. The scallops, Patinopecten yessoensis and
Chlamys nipponensis, are known to become much
more toxic than the mussel under the same
environmental conditions, but they require several
months until the toxicity drops down to the safety
level. On the other hand, levels of toxicity in the
short-necked clam and oyster are generally low, and
their toxicity declines as quickly as in the mussel.
PSP toxin compositions of bivalves are not
necessarily the same as those of the causative
dinoflagellates, and interspecific differences are also
observed among bivalves collected from the same
area at the same time. For example, mussels and
oysters better reflect the toxin compositions of the
causative planktons (Onoue et al., 1981; Oshima
et al., 1987; Bricelj et al., 1990), whereas the clams
such as Meretrix lamarckii, Pseudocardium sachali-
nensis and Protothaca staminea often show largely
different toxin compositions (Sullivan et al., 1983;
Murakami et al., 1999). Although the differences in
toxin profiles between bivalves and the causative
planktons are considered to come from the enzy-
matic and/or chemical transformation of toxins in
bivalve tissues (Shimizu and Yoshioka, 1981;
Sullivan et al., 1983; Oshima, 1995a; Bricelj and
Shumway, 1998; Fast et al., 2006), possible partici-
pation of selective uptake or excretion of specific
toxin component(s) in bivalves cannot be excluded
(Anderson et al., 1989; Oshima et al., 1989; Bricelj
and Shumway, 1998; Suzuki et al., 1998). In this
regard, negative results were obtained in the feeding
experiments when mussels were fed with Alexan-
drium tamarense (Ichimi et al., 2001; Suzuki et al.,
2003) or Alexandrium minutum (Blanco et al., 2003),
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but similar investigations are needed for clams,
which show larger differences in toxin profiles.

In the present study, Ac was fed to the short-
necked clam T. japonica, whose accumulation and
depuration profiles of PSP toxins were investigated
in detail. Although toxic dinoflagellates were fed
consecutively in similar feeding experiments pre-
viously reported (Lassus et al., 1989; Chen and
Chou, 2001; Ichimi et al., 2001; Sekiguchi et al,,
2001; Blanco et al., 2003; Suzuki et al., 2003), it is
expected that if such a manner of feeding is applied
to the clam, the kinetics of toxin uptake, transfor-
mation and elimination would become too compli-
cated to analyze, as the clam could metabolize/
transform PSP toxins very rapidly. To avoid this
problem, Ac was fed only once but in a large
amount at the beginning of the experiment in this
study, in order to clarify the short-term accumula-
tion/transformation profiles of PSP toxins, espe-
cially of Cl, 2 and gonyautoxin (GTX)I1, 4, the
major toxin analogues produced by Ac.

2. Materials and methods
2.1. Experimental specimens

2.1.1. Toxin-producing dinoflagellate

The strain of Ac used in this study was originally
isolated from the bloom which occurred in Miya-
nokawachi Bay, Kumamoto Prefecture, Japan in
2000. It was maintained in our laboratory in a
modified SWM-3 culture medium (pH 7.7-7.8,
salinity 33%o) at 21 °C under a 12:12 LD cycle with
fluorescent illumination (light intensity 35 pmol/m?/s).
Before feeding to the clams, the strain was mass
cultured in a 31 culture flask under the same
conditions.

2.1.2. Short-necked clam

A total of 120 non-toxic specimens of the short-
necked clam 7. japonica (body weight 14.3-16.0¢g
and shell length 2.4-3.2cm) were collected from
mudflat near the mouth of Taira River, Nagasaki
Prefecture. The specimens were immediately trans-
ported to our laboratory, and acclimatized for a
week in a large aerated polyethylene tank filled with
filtered seawater.

2.2. Feeding experiment

The clam specimens were divided into 12 groups
of 10 individuals each. Each group was then placed
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into a 1.51 tank filled with 0.91 filtered seawater,
and supplied with 100 ml (4 x 107 cells) of Ac culture
in early stationary phase once at the beginning of
the experiment. Each group was reared at 21°C
inside an incubator, and harvested at 0.5, 1, 3, 6, 12,
24, 48, 72, 96, 120, 144 or 168 h after the supply of
Ac. The whole edible tissues of 10clams in each
group were pooled, and their toxin profiles were
analyzed as described below. In addition, the
number of Ac cells that remained in reared seawater
of each tank was counted. Finally, the toxin profiles
of residue (4c cells and clam excrements) were also
examined.

2.3. Toxin extraction

2.3.1. Dinoflagellate cells

The toxin profiles of cultured cells of Ac used for
the feeding experiment were determined similarly as
reported by Ravn et al. (1995). Briefly, the
dinoflagellate cells (10%cells) harvested at early
stationary phase were first concentrated through a
plankton net (mesh size 15-20pum), and then
centrifuged at 1500g for 10min. The cell pellet
obtained was mixed with 1.5ml of 0.5M acetic acid,
and disrupted by ultrasonication for 30 s, which was
centrifuged again at 3000g for 20 min. The above
procedure was repeated two more times, and the
supernatant thus obtained was pooled together. The
final volume of supernatant was made up to 5ml
with water and then ultrafiltered (Ultrafree-PFL,
Millipore, cut-off limit of 10,000 Da). The final
filtrate thus obtained was subjected to high-perfor-
mance liquid chromatography with postcolumn
fluorescence derivatization (HPLC-FLD) analysis.

2.3.2. Clam tissues

The clam tissues were extracted according to the
standard method recommended by the Association
of Official Analytical Chemist (AOAC, 2003) with
slight modifications as follows. The clam tissues
(whole edible parts of 10 individuals in each group)
were first homogenized with 5ml of 0.1 M HCl, and
then heated in a boiling water bath for Smin. The
homogenate was centrifuged at 1500g for 15min,
and the supernatant obtained was treated with a
Sep-Pak Cl18 cartridge (Waters). The toxic eluate
from the cartridge was ultrafiltered, and the filtrate
was analyzed by HPLC-FLD.

2.3.3. Residue in rearing tanks

After each group of clams was harvested, the
seawater remaining in each tank (total 11) was
filtered through a 0.45 um filter membrane under a
negative pressure. The residue (Ac cells and excre-
ments) retained on the membrane was extracted in
the same manner as for the dinoflagellate cell pellet,
and subjected to HPLC-FLD analysis.

2.4. HPLC-FLD analysis

HPLC-FLD analyses were carried out on a
Hitachi L-7100 HPLC system, using a reversed-
phase column (LiChroCART Superspher RP-18(e),
0.4 x 25cm, Merck). Three types of mobile phases
were used to detect different groups of toxin
analogues; they were (i) 1 mM tetrabutylammonium
phosphate (pH 5.8) for C toxins (Oshima, 1995b),
(ii) 2mM heptanesulfonic acid (HSA) in 10mM
ammonium phosphate (pH 7.3) for GTXs, (iii)
2mM HSA in 30mM ammonium phosphate (pH
7.3) with 4% acetonitrile for saxitoxins (STXs)
(Arakawa et al., 1995). Each elute was subjected to
a post column reaction with 50 mM periodic acid in
0.2 mM KOH containing 1 mM ammonium formate
and 50% formamide at 65°C. Ten microliters of
each sample solution was injected in each analysis
and the various PSP toxin analogues (Fig. 1) were
detected with a fluorescence detector at 336nm
(excitation) and 392nm (emission). The reference
materials of C1, C2, GTX1-4, decarbamoylgonyau-
toxins 2, 3 (dcGTX2, 3) and neosaxitoxin
(neoSTX), which were provided by the Fisheries
Agency, Ministry of Agriculture, Forestry and
Fisheries of Japan, as well as STX and decarba-
moylsaxitoxin (dcSTX) prepared as reported pre-
viously (Arakawa et al., 1994), were used as external
standards to identify/quantify each individual ana-
logue. Since the reference materials of C3, 4, GTX5
and GTX6 were unavailable, they were quantified
after being hydrolyzed into the corresponding
carbamate derivatives (GTX1, 4, STX and neoSTX)
(Takatani et al., 1998a). All toxins were quantified
individually, but some of them are represented
together in Figs. 24.

3. Results
3.1. Toxin profile of Ac culture

The original toxin profile of Ac culture at its early
stationary phase is shown in Table 1. The toxin was
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O
Ry
Ry
\N N .
)\ ——=NH,
*H,N
\ "/OH
. . N-sulfocarbamoyl .
Carbamate toxins . Decarbamoyl toxins
toxins
R1 R2 R3 R4
-CONH, -CONHSO; H
H H H STX (2,483) GTXS5 (160) deSTX (1,274)
OH H H neoSTX (2,295) GTX6 (180) deneoSTX (33)
OH OSOy H GTX1 (2,468) C3(33) deGTX1 (1,500)
H 0SSOy H GTX2 (892) C1(15) deGTX2 (1,617)
H H 0S0;y GTX3 (1,584) C2 (239) deGTX3 (1,872)
OH H 0S0y GTX4 (1,803) C4 (143) dcGTX4 (1,080)
C: C toxin; GTX: gonyautoxin; STX: saxitoxin; dc: decarbamoyl
Value in parenthesis: specific toxicity in MU/umol
Fig. 1. Structures of the known PSP toxin analogues and their specific toxicity values (Oshima, 1995b; Oshima, 1998).
¢l =g dcSTX +dcGTX2,3 found to consist of C1-4, GTX5, GTX6, GTX1 and
=1 GTX5+6 ?T;ZC;‘B GTX4, among which C2 and GTX4 were predomi-
STX + neoSTX nant. The total toxin content of 4c culture used to
c2 -~ Number of cells
GTX1 +4 feed the short-necked clam was calculated to be
200 824.6 nmol/100 ml.
13
160 1 3.2. Toxin accumulation and depuration profiles in
clams
120 + 1o

Toxin content (nmol/ 10 clams)

Number of cells (x 107 cells/tank)

80 T
,, : i
40 :
0 4 I Lh; | i R L 0
05 1 3 6 12 24 48 72 96 120144 168

Rearing period (hrs)

Fig. 2. Changes in the toxin profile of clams and the number of
Ac cells remained in seawater during the feeding experiment.

Changes in the toxin profile of clams and the
number of A4c cells remained in seawater during the
whole rearing period are illustrated in Fig. 2. The
toxin content rapidly increased as the cell number
dropped, and reached the maximum level
(185nmol/10clams) 12h after the supply of Ac.
During this period, the clams were found to ingest
more than 99% of the supplied cells. The toxins
once accumulated in the clams rapidly decreased
from 12 to 168 h, and only 0.6% of the maximum
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o Cl GTX1+4
m GTX5+6 B deSTX +deGTX2,3
@ STX +neoSTX m C3+C4
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PSP toxin composition (mol%)
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Rearing period (hrs)

Fig. 3. Changes in the PSP toxin composition of clams during the
feeding experiment.

700
a Cl H GTX1 +4
B dcSTX + deGTX2,3
GTX5+6 bl
mC3+C4
[ STX +neoSTX [0 GTX2+3

Toxin content (nmol/tank)

72 96 120 144 168
Rearing period (hrs)

05

Fig. 4. Changes in the toxin profile of tank residue (remaining Ac
cells and excrements) during the feeding experiment.

level remained in the clam tissues at the end of
experiment (after 168 h).

Changes in the toxin composition of clams are
shown in Fig. 3. The composition in clams varied
greatly from that of 4c. Even 0.5h after the supply
of Ac, the proportion of C1+2 and GTX1+4 in

Table 1

Toxin profile of Ac culture used to feed the short-necked clams
PSP analogues Toxin content (nmol/100 ml) Mol%
Cl 18.2 2.2

C2 349.7 42.4

C3 14.1 1.7

Cc4 90.2 10.9

GTXS 16.4 2.0

GTX6 84.3 10.2

GTXI 50.6 6.1

GTX4 201.1 24.4

Total 824.6 100.0

clams was much higher and lower, respectively, than
that in Ac. However, the former gradually de-
creased, while the latter gradually increased there-
after. In addition, the ratio of Cl to C2 in the clams
rapidly increased during the rearing period. Dec-
arbamoyl (dc) toxins were first detected from 1h,
and their proportion gradually increased and
exceeded 50% at the end of experiments. GTX2, 3
and STX, neoSTX appeared during 0.5-96 and
6-96h, whereas GTX5, 6 and C3, 4 almost
disappeared after 6 and 96 h, respectively.

3.3. Toxin profiles of residue in rearing tanks

Changes in the toxin profile of residue (remaining
Ac cells and excrements) during the feeding experi-
ment are illustrated in Fig. 4. The total toxin
content of residue gradually decreased from 0.5 to
168 h. The toxin composition of residue was almost
the same as that of the supplied Ac cells at 0.5h, but
dc toxins started to appear in a tiny amount at 1 h,
and they increased remarkably at 3h. In addition,
C3, 4 and GTXS, 6 disappeared at 6h, when the
clams had ingested most of the Ac cells supplied.
GTX1+4 and dc toxins became the dominant
analogues thereafter until 96 and 168 h, respectively.

3.4. Distribution of toxins in clams and residue

Fig. 5 shows changes in the relative toxin contents
among Ac cells, clams and excrements during the
feeding experiment. As described in the figure
legend, the toxin content of Ac cells (Tc-4c) after
each rearing period was estimated from the ratio of
remaining cell number to initial cell number. The
toxin content of excrements (Tc-E) was calculated
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B Clams
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3 Excrement
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Toxin content (%)
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Rearing period (hrs)

Fig. 5. Changes in the relative toxin contents among Ac cells,
clams and excrements during the feeding experiment. The toxin
content of Ac cells (Tc-Ac) after each rearing period was
estimated from the ratio of remaining cell number to initial cell
number. The toxin content of excrements (Tc-E) was calculated
from Tc-Ac and the toxin content of residue (Te-R) according to
the following equation: Tc-E = Tc-R-Tc-Ac.

from Tc-Ac and the toxin content of residue (Tc-R)
according to the following equation: Tc-E = Tc-R—
Tec-Ac.

The total toxin content (Ac cells, clams and
excrements combined) was gradually diminished
during the rearing period, and only 1% of the toxin
supplied originally remained after 168h. The
relative toxin content of Ac cells fell sharply and
disappeared at 12h, while the toxin content in
excrements became noticeable at 3h and reached
the maximum (32%) at 6 h. The clams accumulated
the maximal amount of toxin (23%) at 12h, which,
together with their excrements, decreased gradually
thereafter.

4. Discussion

In the present study, the short-necked clam
ingested more than 99% of the supplied Ac cells,
and accumulated a maximal amount of toxin after
12h (Fig. 2). The rate of toxin accumulation at that
time was 23%, which was lower than 35% of the
mussel fed with 4. tamarense (Ichimi et al., 2001) or
50% of the purple clam fed with 4. minutum (Chen
and Chou, 2001), and most of the toxin accumu-
lated disappeared after 168h (7 days). The rate of
intoxication in short-necked clams was reported to
be generally low, and the acquired toxicity rapidly
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declined after disappearance of the causative dino-
flagellate (Oshima et al., 1982; Takatani et al.,
1998a). Hence, the present findings in this study
seemed to be consistent with the intoxication
profiles of clams under the natural conditions. In
this connection, Lassus et al. (1989) also reported
that the accumulation rate and maximum burden of
toxin in clams (Ruditapes philippinarum) when fed
with A. tamarense (formerly classified as Protogo-
nyaulax tamarensis) were lower than those in the
mussels and scallops.

The PSP toxin composition accumulated in the
clams obviously varied from that of 4c even after
0.5-1h, the proportion of Cl + 2 being much higher
than in Ac (Fig. 3). During this period, ingestion,
digestion and/or absorption would be the main
processes occurring in the clams, and there was no
appreciable loss of toxin with excrements (Fig. 5).
Therefore, the possible mechanisms that could
produce the changes in toxin profile of the clams
are expected as follows:

(1) Some toxins were lost, in soluble form, from the
digestive system.

(2) Some toxins were transformed into C1, 2 during
digestion.

However, (1) does not seem to be responsible for the
enrichment in CI, 2 as they are the most soluble
analogues of the PSP group. In addition, (2) also
seems unlikely to happen in the digestive system in
which the opposite transformation could be ex-
pected. It does not seem, therefore, that either of the
mechanisms could be responsible for the change in
the toxin profile detected. Further studies, including
methodological verification (especially for collecting
algal cells and residues), are needed to elucidate this
point.

On the other hand, the variation in toxin
composition derived presumably from the transfor-
mation of components during digestive and/or after
absorption processes in clams was observed from
0.5h, such as the reversal of the ratio of C1 to C2,
and the appearance of carbamate (STX, neoSTX
and GTX2, 3) and dc derivatives (dcSTX and
deGTX2, 3), which were undetectable in Ac cells
(Figs. 2-4). The former could be attributable
to the epimerization of C2 (11B-epimer) to Cl
(11e-epimer) (Oshima et al., 1990, Oshima, 1995a),
and the latter to the enzymatic hydrolysis of
N-sulfocarbamoyl toxins (Cl-4 and GTXS, 6)
(Oshima, 1995a) or reductive conversion of GTX1,
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4 (Shimizu and Yoshioka, 1981). The similar
changes of composition were also observed in the
naturally intoxicated short-necked clams (Oshima et
al., 1990; Takatani et al., 1998a).

From 12 to 168 h, when toxin elimination would
become the main process in clams, the proportion of
C1+2 remaining in clams gradually declined,
instead those of GTX1+4 and dcGTX2+3 in-
creased steadily (Fig. 3). Since the toxin eliminated
from clams with cell debris as excrements was also
proportionally rich in GTX1+4 and dcGTX2+3
(Fig. 4), it inferred that these components could be
retained longer in the bivalves and some indigestible
cell tissues, whereas highly water-sotuble C1, 2
would be released more rapidly into seawater
possibly through branchial respiration or by elu-
tion.

The total amount of toxin distributed over Ac
cells, clams and excrements gradually declined, and
only 1% of supplied toxin was detected at the end of
experiment (Fig. 5). A preliminary experiment
suggested that a fairly large part of the lost toxin
still existed, without being decomposed, in the
seawater of the tanks, as a toxin mostly consisting
of Cl, 2. However, further studies are needed to
elaborate this point, since the methodology used in
this experiment for recovering toxin from seawater
was not sufficiently reliable for quantitative ana-
lyses. Studies along this line are now in progress.
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Toxicity of the MOLLUSCA, Pleurobranchaea maculata

Takefumi SAGARA, Shigeto TANIYAMA, Kozue EDO,

Tamiko HASHIMOTO, Naoyoshi NISHIBORI, Manabu ASAKAWA and Sachio NISHIO

#

il

7 7% (TTX) *KO%EHES (PSP) #RA Y
BUEMOBEEIL, Tho2ERT HEROBRI
CLAEYEBEELIONR TSP, HEEAN
ARy VayHoessr 4 EYE, TOEOR
FEAHS L THEVERSHFET L, ENLOE
(L Z O NI T A DI TOEENOFEE
RETLUEFD B,

w 3 7 7 07 (Plenrobranchaea maculata) i, K&
6~11 cm CHEHZNEORAELH, HE (FE),
Za—Y—=5 v F, MAFECHHT HHEHMH
BRECETAHRBERY I 770y HoLEWTH
29, A+ V7 (Luidia quinaria) $AF € 7%
KEL, BOoESHI4 cmiEL, RBITEE
B LERET, BOL Y REOPREELER
OEFBRHLN, KES-0mOHLHICERL,
HEEELE» L METIIOH/ LTS, EIVH
£ (Astropecten scoparius) 1$E I TH 4 b FHRIC
BL, SAOHASELBEIGHLTEY, 48E
ERE, RBAERUHFRBHET, HAETIIIERE
WL EORMERIZAA L TBY, REPLGE
0mIFTOBENSCEL LTKFETEDLGNLS,
FAEIVHA (Astropecten polyacanthus) IR &
OO THRE em BLE, BERBOBITICERL
TEH, BPETREUERUEMNUEILSHT S
EIVHA P THOEYHTH LY,

Wy, TTX & PSP 2 ¢ oERBEEA N
ANT Va2 HoEOMEYII o TnbEEL

@

BB, AMETRINLAERYOFEEAS ) —
Sy ZEFHE LD, HHRELOIOVTIE, #
BRoATIC L D BRSNS,

BRI

20064F 2 B18H IcfE B RMmE (B1) T,
BRI EMICL DR LY I 7207 2 K, AT
v RF2EE, EIVHA2RBRTNTEITH
12 EREREE Lo SUEHEIREE, ERICHT
53 T—30CTHERE L7

. Y c*Q" -
§ #ﬂ&kﬂﬂ%

%JVA
\\AV

A DOREUG I
D RREHRIR AL

— Die—



MRS, W

EOMHH

BEOMEE, FEFHEEEAREERTRNE
fLERD 7 FHEOHEICHE L TIT - 729, &EEL #
NENERNCERL, SE00. 1% % 02 Tk
ok F TLO MBS L 22 %, 3,000 Xg T0%5
HDBECHEEIZ L o TH LN/ i v HSmig &
L7z BONIESMB L, finEsiEL Ty
A TR AR OB IR ST I L 7,

vy AEEEER

~ 7 ZEURERAE A F A s B R AR
SEBLFERED 7 F7EOHEB L UMOM RS OE Iz
CTHr o 7287, MBEMLR B G A CHY L
Kb E)BH/MUC, ddY R~ 242 1 m] JEfE
M- U CHGERER % 58 U7 = 7 A B (MU)
&, BoNLBIEHED SBEEDREEFITL Y RD
o TTXHRETIZHREL gD X 1 EH305 1
TRLUSEHFRERE, £/, PSP HETIHHEE o
DYTALIEZISHETRE SE5HE% 1 MU &
ﬁ% Lf:&).?)o

SHRE IOV TS5 T4 — (HPLC) 94F
#9202 B 4B HG3013N (4.6 m ¢X50 m)
& BN FE4 B Develosil  C-30UG-5 (4.6 mm $X
250 m) TEA LA, BEHBAICSmMATS 7
VA ORBR &0 mMEEE 7 > Ty A BHIK

(pH 3.8), BEAEBIZI0 mM A7 ¥ 7V 4 0fig
BErELI0%7E b= FYN—30 mMEBET > €
=T LEEW (pH 7.1) 2B/, 54 EGEH
L2577 £ TREHE A, 26995455 4 BHH B, 46
TOIFERTON05E THREMEA %L THR
L%,

BRRUER

vy AERER

YO AEURBOBEREE 1Rt 737D
T b TTX % ©4.2 MU/g B & U82.5 MU/g,
PSP E TI132.5 MU/g B & UF1.8 MU/gn = 77
AEMDRRE /2o HPLC 12 L 5 TTX Ot
BHIRFAME S, SMUBETRBETE 2 VD,
PSP MR E LBBANETF o720 —H, AF
BN, EIVHFARDUMIEIVH AT, wWh
DEELEECH 72,

HPLC ##1
TI7/0vRBOHPLC AR Y™ 20T
To UIT77UY IRV, EbICT= b e
v (gonyautoxin, GTX) 2% b5 < MH & h,
RWTCGTXS, FHANEANT=F L F Y
{decarbamoyl gonyautoxin, deGTX) 2, deGTX3
DIEDHMETHRE SNy I 709 2T, 7
O +T=F b ¥ ¥ (protogonyautoxin, PX) 1R

F1 TR HEMRRER
% 5 No & s MU/g) BEzx (MU/EEK)
C o (g) TTX#E PSP#H TTX##E  PSP#H#H

BITsaw 1 8.1 4.2 2.5 33.7 20.3

Plewrobranchaea maculata 2 5.8 2.5 1.8 14.3 10.4
ZFE R 3 13.9 <2 -
Luidia quinaria 4 6.1 <9 —
EIVHA 5 A <2 -
- Astropecten scoparius 6 20.5 <9 -
NrEIYAA 7 1Lz <2 -

Astropecten polyacanthus 8 10. 8 < 9

_443.1.0 —



SkE Y 37 20y OFEMIZONT

& g
E % 9377092
‘u‘i( 40 -
& 3

30 - g
o

] i

10 - d

0_’ ab) ¢ l L_JLA

TSR RN Ak WAy ity it LY ) YR W il TrTTTY
2 5 10 15 20 25 30 3 40 45 50 55 60 65 0

8
g

3 m3 709
40

30 €

EB%E (mV)

20-_ f

::: e l

7 PSPIEHER

SHE (mV)

Ed
=1

f

T NN KR E s il RS VA LR UG WA IR i sl
@ 5 1 15 20 25 30 35 40 45 50 5 0 65 70

R (5)

M2 3727090 HPLC kR
a:PX1 (Cl), b:PX2 (C2), ¢:dcGTX3,
d:deGTX2, e:GTX3, {:GTX4, g:GTXZ,
h: GTX1, i:neoSTX
02 bAEHER b —ET AR Y — 2 B L
7o95, MEFE LI GTXHIMH Sz o7
FNFhoOE—-7EEFPOEBERGEEEL, TN
LETYAEMMEICERLZEIS, 2.2 MU/g B
L U4 MU/g Tholzo ThbH %7 AGHERER
bR PSPIRENFHMELILHT 5 &, 8%
BUB%ERY, BRROBRELTERTHLY
77U EET ARHBERSIE PSP A ERDTH
ALHMFENS, 7277 UTIPSPRANER
SN EVIBFEINE TILEN D, RRFEH
Bt 7377 UYHEBEANRANT Y V20T
% HEEFBOPTLEVEREYOELILE
BELTWAAHEERE L,

: )

20064 2 A1RA T BEMEERHET, K
MBIZE HIFEI AT N, PFEIVIA, £
IVHFARUEII7oav0BEEERARLLEIA,
5375709 hbLPSPIRET2SMU/gB L U
1.8 MU/g o= 7 ABEIES Wiz, £DHFRM
% HPLC T~/ 2 h, GTXHEFEHRLETS
PSPAFHS CTH A L -7, BBIRBEIC
I PSP #EHLTVwA DD, ZOHF(LEEIH
Sl o TWRWANRANRT Y Yoy =D ER
$HH, 73Ty EOMERE Lo THET
BESEILONDEIENS, TRPARANT Y
S a2y HoDBRIES LT AHEIRR S
Bo LBLED S, #+NOOEEREFELRLS
sk, rOEMHERLEEICV P DM AR
HiEsRhaZEhb, FlAREHAELRITALEND
bEERD,

i

ARPFRO—EBIE, WEAEEFHEYRERVE
HSEFETREHBSEROEL - RERRIEE
s [ EIce T s RhBHEWHOT
BT AHR] LD TTo7

51 B3Rk

1) BOFEHQ996) ; 7 7 heEL b o0 BEE
WoABHE, BFmEBEBS X, pp.56-86.

2) TRERS - HARE - EMBAA - BEEET - BE
BBL(2006) ; HBEBINBEANANY Y a7k
—OFEOWIK. MEAELE B AARFERZ, 55
64.

3) HARS HREME BASRXT HREEM
(2006) : HEBEE K1 E)OFEKEIIOVWT. I
Bl X#AE B HAF #5523, 65-68.

4) MEETE0956)  BedREEpRE, BEH,
KB, p.96.

5) PMFE-LR(1956) | BB AEEBYEE, RFI,
KB, pp.107-108.

6) 4R ES(2005) | RRAERERE Gl{t#



HERW, b

W), BARMWARS, |, pp.661-666. (AR - MR - R E | WEASEMAZE
7) BEFEHEEE(2005) | ARGLERARES (B3 EEHNERADEETR)

M), BAEREERS, EH, pp.673-680. (RIEA - BINZF  LBAFERZREDBEREHR
8) S. Nishio, 2002. Occurrence of Toxic Oysters Cras- #)

sostrea gigas Infested with Alexandrinm  tami- (IF # . MEAEEFHSERR RISk RE)

yavanichii in the Seto Inland Sea, Japan. Proceedings BEZET | NEREEMREBE FHERE G

of International Scientific Symposium on Marine Toxins HH)

and Marine Food Safety, 78-87.

—H519 —



MEAFERE, (B)24:13-17, 2007
Bull. Shikoku Univ. (B}24 : 13—17, 2007

EEBERZ U T4 =L BN MY Y OBES

=N

BASET WHHE & B - &

HWEATE B

F 7B = BR

Analysis Method of Palytoxin Using High Performance Liquid Chromatography
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performance liquid chromatography:HPLC) &
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ZEL, WBELTHWROH T HDHRETY v
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50 MU CHofDiztf L, TOFWMLIEROE
B2 MUTHo L, —F, WRELTELAL
HATLEBBLTCEZVW DOOHFEESH20 MU T
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B LABBIZEAHBDOTIEREL, BEEHET TR
H2ERBEL CWaD TR nwh B S,
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LHBRAEHTH L EERE IR,

LD

PTX B R+ A BRoKHRAflocHD
FLBBEORFER L Y, SHSRATOAT L7
Bw 7574 — 3 PTX OBRICHFHTH L,
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