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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 Aec cells (4 x 107 cells) supplied once at the beginning of experiment, and accumulated
a maximal amount of toxin (185 nmol/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 Ac
even 0.5 h after the cell supply, the proportion of Ci+2 being much higher than in Ac, 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 0.5 h, such as reversal of the ratio of C1 to C2, and appearance of carbamate (saxitoxin (STX), neoSTX
and GTX2, 3) and decarbamoyl (dc) derivatives (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.
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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: +8195819 2844, tion of the contaminated bivalves (Bricelj and
E-mail address: arakawa@nagasaki-u.ac.jp (O. Arakawa). Shumway, 1998). Every year, along the coastal
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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),

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 C1, 2 and gonyautoxin (GTX)I, 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 (Ac 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
plankion net (mesh size 15-20um), and then
centrifuged at 1500g for 10min. The cell pellet
obtained was mixed with 1.5ml of 0.5 M acetic acid,
and disrupted by ultrasonication for 30s, 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 Sml
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 HCI, and
then heated in a boiling water bath for 5min. The
homogenate was centrifuged at 1500g for 15min,
and the supernatant obtained was treated with a
Sep-Pak C18 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 pm filter membrane under a
negative pressure. The residue (A4c¢ 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 30 mM 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
0.2mM KOH containing | 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. 2-4.

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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H H 0SO;5 GTX3 (1,584) C2 (239) deGTX3 (1,872)
OH H 0S0; GTX4 (1,803) C4 (143) deGTX4 (1,080)

C: Ctoxin; 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).
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Fig. 2. Changes in the toxin profile of clams and the number of
Ac cells remained in seawater during the feeding experiment.

found to consist of C1-4, GTX5, GTX6, GTX1 and
GTX4, among which C2 and GTX4 were predomi-
nant. The total toxin content of Ac culture used to

feed the short-necked clam was calculated to be
824.6 nmol/100 ml.

3.2. Toxin accumulation and depuration profiles in
clams

Changes in the toxin profile of clams and the
number of Ac 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 168h, and only 0.6% of the maximum
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Fig. 3. Changes in the PSP toxin composition of clams during the
feeding experiment.
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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 Ac. Even 0.5h after the supply
of Ac, the proportion of Cl1+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%
Cl1 18.2 2.2
C2 349.7 424
C3 14.1 1.7
C4 90.2 10.9
GTXS 16.4 2.0
GTX6 84.3 10.2
GTX1 50.6 6.1
GTX4 201.1 244
Total 824.6 100.0

clams was much higher and lower, respectively, than
that in 4c. However, the former gradually de-
creased, while the latter gradually increased there-
after. In addition, the ratio of C1 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 GTXS5, 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 1h,
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-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
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Fig. 5. Changes in the relative toxin contents among Ac cells,
clams and excrements during the feeding experiment. The toxin
content of Ae 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 (Tc-R) according to
the following equation: Tc-E = Tc-R-Tc-Ae.

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 12 h, 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

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 4. tamarense (formerly classified as Protogo-
nyaulax tamarensisy were lower than those in the
mussels and scallops.

The PSP toxin composition accumulated in the
clams obviously varied from that of Ac¢ even after
0.5-1h, the proportion of C1 + 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 Cl to C2,
and the appearance of carbamate (STX, neoSTX
and GTX2, 3) and dc derivatives (deSTX and
dcGTX2, 3), which were undetectable in Ac¢ cells
(Figs. 2-4). The former could be attributable
to the epimerization of C2 (l11p-epimer) to ClI
(11a-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 GTXI1,
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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
Cl1+2 remaining in clams gradually declined,
instead those of GTX1+4 and deGTX2+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-soluble Cl1, 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 C1, 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 Tantyama, Kozue Epo,
Tamiko HASHIMOTO, Naoyoshi NISHIBORI, Manabu ASAKAWA and Sachio NIsHIO
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o

7 7% (TTX) #RRGERE (PSP) 2 RA T
BEMOFB B, Tho 2EETHEYDER
REAEYEMHEEZ LR TV, HEEAN
ARy VayHoRky A TYE, ZOFOR
FEAXHS D TChVERSFET HY, FhbH0E
L% B & 2 F 2 72D 13 2 OFEN DEEE
AR T HLEFD S,

w7 37 2 07 (Plewrobranchaea maculata) &, k&
6 ~11 cm THEHRELHEORBEL, RE (F5),
Za—=Y=9 ¥, BAEELSHTSREETM
JERBBTAHEERY I 770y oLy TH
54, A+ b7 (Luidia quinaria) & AFk F 7%
EEL, MoEsiddemilEL, REIFEH
BELVLUERET, PiLL hEohREELER
OEFBDOLN, KES-S0mOHDIZEEL,
AHEEES S AMETCIESH/ L Tnb, €IV
4 (Astropecten scoparius) 1$€3I TH 4 & b FHIC
BL, SAORHFEL  BENIFHHLTEBY, #E
HHERE, KBERUHFMHIET, BAETIIILIEE
HEBUFORMNEMIZFTHLTEY, RiEPLHK
10 m ¥ COWESLEL LTKSIE TRORL,
FEE I UH A (Astropecten polyacanthus) 13K &
ZbDTHEem Pk, BERBOBITICELL
TBh, BEFETREUERVEBMUELSHT %
EIVHAC FTHRHOEHTH L,

VWithid, TTX & PSP 2 ¢ DEBIREA N
ART YT a2y HEOMEY o Tnb EEL

bbbz, ARRTEINLEYOEFERAS ) —
Sy ZEFIELDE, FHELIDEOVT, H#
B L Y BHS 2R

SAHERUHE

si#

20064 2 18 H B R R EENEe (B1) T,
BB SIS L VR LAY I 7707 28, AF
v k2 Bk, EIVHA2AKRRT N TEITN
1 2 BT REE Ui, SURHIIRIER, ERIZMT
5 FT—30C TR L1
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BN

BOMINE, FEFEHEGERLEERTIRHR
{LERO 7 7 FOBUHE LTIT o 4%, EEE 2
NEREHNCERL, FEO0.1%EE8 % M Tk
T T1077 Fm#dhi L 7:1%, 3,000 Xg T204
DB L o TH LR L MBhH R s
L7z 120N HBMMTL, AMEKL Ty
ATEERABR R URAR ML L 2o

¥ AEHERR

v ABRRREIEEFDEESEARERER
HEMEFO 7 FECHB L UHOERFEOEICHE
o 7250, MBI e B K CH NS 2iRE
Wb L IHRLCT, ddY R~y X2 1 ml JEkE
PG U CIRFERG ] % e L 7o = 7 A BRE (MU)
2, BOoLEOEM» SEEEDRERIZE Y RD
720 TTX MBE CILEE2 g D7 A L IL%305
TRL-SELHERE, /-, PSPHRE TIIEED g
DITANLEEISFTETRECSEL2FHEE IMU &
FEELLO,

SRR 7 0% b Y5714 — (HPLC) 94F

717 LA B LR HG3013N (4.6 mm ¢X50 m)
& B A& B Develosil  C-30UG-5 (4.6 mm X
250 m) THEM L7, BEMBALZSmMATSY 7
WA UREEE &0 mMEEEE T = ABEIE

(pH 3.8), BEMEBIZI0 mM AT ¥ 74 O fig
BEELI0%7E b= FYIL—30 mMEEBET v
— U LARREW (pH 7.1) & B/, SRR
5257 CRIAE A, 26505450 2 BEIE B, 46
GO FIRT OO0 3 CHREM A iR L T
L79,

BRRUER

v 7 2AEMARER

T ABURBROEREE IR Y, Y3720
g0 b TTXHE 4.2 MU/g B & U%2.5 MU/g,
PSPt 8 T132.5 MU/g B £ 1.8 MU/g D= 7
AgHAE Sz, APLC I & A TTX iR
BHIRAAEL, SMUBETIIRHETCE LW,
PSP i & LaEAN e fiofe —H, AF
LR, EIVHABRUPMNFEIVHAE, wih
DEESEFTH 72,

HPLC &4k
Y3770y BOHPLC AR %M 2105
To w3720l RU2M, &blcag=d bR
v (gonyautoxin, GTX) 25 b M & h,
RWTGTXS, FHAANEANT A ¥
(decarbamoyl gonyautoxin, deGTX) 2, deGTX3
DIEDHETHRM SN2y 3727092 TH, 7
o s =4 b & ¥ (protogonyautoxin, PX) 1%

1 R LHEHHRBRER
T No E H#E MU/ g) wHE (MU/HEE)
" (g) TTX#®E  PSP#HE TTX#E  PSPH

BRTEIY 1 8.1 4.2 2.5 33.7 20.3

Pleurobranchaea maculata 2 5.8 2.5 1.8 14.3 10.4
At RF 3 13.9 <2 -
Luidia quinaria 4 6.1 <92 -
EIVHA 5 A <2 -
Astropecten scoparius 6 2.5 <2 —
MrEI VA 7o 1.a <2 -

Astropecten polyacanthus 8 10.8 <92
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M2 w3I7sovoHPLC SR
a:PX1 (C1), b:PX2 (C2), ¢:deGTX3,
d:deGTX2, e:GTX3, [:GTX4, g:GTX2,
h: GTX1, i:neoSTX
V2 R L —BT ARFBEHTE -7 2 M L
=08, Wi e I GTXHIKRE S hEh oz,
FhELOE - 7EMOERSEEREL, TH
LETYAENEICERLALZLIA, 2.2 MU/g B
LU1.4 MU/g THo7zo T bRy ATMHRER
MoHRDIPSPREOFMEME LI T 5 L, 8%
RUT8% &R Y, BMRBROBRELERTHLEY I
TVl HEETARENTII PSP AERSTH
LEHBENA, I T75 09 PSPRTHFES
ENBEWIHEEINE TN 8, RIS
B, I/ PEEEANANT Y V20N
—% FEHEIB L P TRVEREROFLIF
ELTWwAIREMERE L%,

: a2

20064 2 A 18H I BIB MR EEME T, K&
MIZL O LIZATE N, MIEIVHA, €
IVHARU I 7o 000BFEERI LT 5,
w370y b PSPIE T2.5 MU/gB LT
1.8 MU/g Oy AFEES GO iz, EDFESM
% HPLC T~ & 25, GTXHE2 AL TS
PSP HAERATH B I LW o7z, BMERRELC
PSP #BH LTV A b 0D, ZOHLEHEHIH
S o TVWRVARANRT Y Vo FoP4ER
T5A, TITIOUREOMERL Lo THWDLE
B ELONRAIEDE, FRANPARANRT Y
Tay Ho0BIlES L TWwAEENTRE S
B LBLEAS, TNLOEEBENISIRLD
bk, FOERERLEEICV {OPDEM AN
WENBZ LS, FIEEEAFAELHRITLLEYFD
BLEib,
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Analysis Method of Palytoxin Using High Performance Liquid Chromatography

Takefumi SAGARA, Shigeto TANIYAMA, Kozue Epno,

Tamiko HASHIMOTO, Naoyoshi NISHIBORI, Manabu ASAKAWA and Sachio NISHIO
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HAETIE, e LTiREEYE (U bEY
Y)Y QU EOTHRFEORP TIRBEROTIEICET
B0 FEY 2 (PTX) MBI L BPHENEE
LC&:, 3o, TNETHBERT7T 754D
AL o THIERISNIBRLTETHLHEHER
LEiTwin?, LoLads, g, Ny HEE8

N7 THBEEC ST AT IAEIRRE LA

HEBRRERLTRABOEPESHITAREH
THROTHEL, EREBAEL, KERMEE Lo
Twh, Z0710, BROARHBMEOREMEIIN
TAREEIENDo2H D, THhoDOPTX MY
DBRAEEHORESCFEROBFMAKD 5L TV,
—%, BERTH 75 A OEORFILES (AT
Holeht, B, [EEDFIENEIERE Ostreopsis
BTHAHIEMVHLNE R -, Ostreopsis By
HEMEI, Ap, AW AERFERICERTS
TEFMLATVARY, BFERTHLIEELRE
B, BCEBREZH.L L TAMELPEEREICE,
AHEHEPZIIRENIEIOHLTVLILPEELD
FEICLhHL S22 5,

e, =V v+ ¥y r0hdTh 7 7 (tetrodo-
toxin: TTX), MUOMRE (paralytic shellfish poi-
son:PSP), T#HI:RE (diarrhetic shellfish poison-
ing:DSP) & X, bAEOR/RTHETCHLIT I AR
HREENCM A, BdlfE s v < b 77 7 4 — (high
performance liquid chromatography: HPLC) X %&
BoHrE (MS) 12X » T{LEEa e M I EATTESL 8

RTWwB9 2, L Llhdd, PTX 3 PTX £
YWE DML~ 7 AFERBRR B RS &
DECENFENERTH Y, BESTECELT
3, BfE, ZHMCHADERITLRTWASIZY
b b TEMZMERRMEEL, RBHo, v
ThOBLRBBFEEL, REBEAEORKET
Hb,

DL RKROT, AWFFETIE, HPLCIZL 5
PTX OfFME, RS OBERE L TEOHE LY B
ML, hohruwbyy 7 — BlHBLTY
BIEEABIC L A FPREEIZ OV T O RET & NA 20

F &

PTX 2%

PTX BHEF UM AMETERNIH ML ER
L, 100 ng ZZZ K Iml i2EH L TCLTORRIC
LA,

v At ER

2 7 AW ERE Tanivama 5 O FRIZHELT T
To7¥ RERW T ddY R~ 7 2 1 mlJEEA
#E L CRRHBE L, AR TER L AMRICB
W, 1w ZAEA (mouse unit: MU) {3~
Al REH4SRM TR E2EELEEE LY

HPLC &#h

# 7 & 12 Purospher STAR RP-8e(d 2mmX
250 mm, Merck) %{ER L 7. B A0.1%
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HRAR, b

FEE-20%T7Er=bY N, BEHEBIZO.1%YEE
—80% 7Tt bUNZRAY, BEHHA»LEEH
HBIZODB AT CYRRLZY =TIV b
HErHv, #i#E$0.2 m/min & U7, SOREIIC
3 PTX SR8 D BN HBARIL D263 nm™0 %
R L,

BoLIAR IS 74—

AZhrav by T 74— 13ERO HPLC 4347
EE BV, 100 ppm @ PTX EHE G0 pl % A
L, PTX EHT 5 RFRBAOE -2 2 5B L 72
FRL7ZESEHET CBGEE L CFBB L 77
P MUNEEYERE, BRKCCEELTER
PR LI, 77 L4DHOERTHPTX D%
ZRBL, HBLLTHWROH T LDHZRY RV
7obOTHRBOEESIT- 1,

[EIAB I R D igET

A5 =W L EEKTEEL L OASIS MAX
3ce (Waters) I = F A 12100 ppm @ PTX &
ERIml2EEFEILETC2mD2%7 ¥y EZTKE
100% A% /=N &@B 3%, 1 %BEEEE—80% 2 ¥
S THTBER &, ThOFRITRHLD
DELBOEFRKIERL, BHEEBALLY,

2 RIEOBRE
HBEMEICHEE LT - X (RC) # Bwni:
Ultrafree-MC (MILLIPORE) 10,000 Dalton (RC
10 kDa), Ky x—Fn ANk (PES) 2HV7
YN A ¥ /500 (sartorius) 5,000 Da (PES 5 kDa)
B X UF10,000NMWL(PES 10 kDa)®» 35835 © IR
HoHBLoy b e, BTEZYFY I NE T4 F(PVDF)
% B\ 72 Ultrafree-MC 0.45 um (PVDF 0.45 um)
BILUHAREERYF 57
riuxrFiL > (PTFE)
% H v 7z Ultrafree-MC

LCHENRTWEZ ) &) 2k B PTX DO
PiCBT A0, ERRERBVCT) Y EEM
BLALOOZERL, RAEOLOLIIZPTXE
HEMR500 MU/100 Wl 2 ABLT, BoNLHHED
BB L1,

RIZ, HBEO FFY AR MY v 4 (SDS)
MBI X BWAERILVEH 2 2T % /2%, PESS
kDa, PES 10 kDa, PVDF 0.45 ym 8 & &F PTFE 0.5 pm
DFI8A A2 5 %SDS 0.5 ml & Ah—ERiE L,
BHACT 2RSS ANBEHEL, KAEDOLD
E3RIZ PTX 8 M500 MU/I0O W % 58LC, B
LRIz AEDEEERETL 70

HERBLUER

ASLVAR IS 74—

HPLC D D &R, RFRE7H5ICPTX O~
IHBBOONTLOTHTE L, A LZPTX #
50 MU CHho4dizat L, ZofBL-BiECE
BI320 MU TH o1z —0F, WRELTELIA
AFGLERBBLTYAVWLODEE H20 MU T
bHole CNIE LY, KERTOPTX OKiFlL
BTZABBIZIELDOTUER L, BEBRTTOE
FIMECEBRALTWADTII Znh L g a s,

BRI R D

OASIS MAX 3cc i2 & % PTX #ZH# G B 48H H
DB Z AT o ZBOFOEIREAL R 1IIRT, HH
5,000 MU 1, 80%® [ 4L & ¢ & 54,000 MU #¢
1 %EEEE—80% A ¥ / — VEDTEHR SN, 20
ZEEh, OASIS MAX3cc % F\v:7-EARTH €
HPTX DEABRCAENCHL T LIRE T,

£1 PTXFHER (5,000 MU) D OASIS MAX 3 cc LBRIC & A iEHTE

0.5 pm (PTFE 0.5 pm)

[Eip ek 2 %NH.OH 100%MeOH 1 %AcOH-80%MeOH
@2&&50)%%51‘@1:—7 % 4 & 7O AL solvle

= =

[ERAE (%) <2 <2 <2 80

RC 10 kDa (2 RiEHI &




BEUEIOT T2 112k BN) PR D OIE

3 BIEORE
RC10kDadZ ) &) Y RERBOFEIZL S
PTX~NDEBLHANLEZ S, MEE bER
500 MU 0, 20% D EILETH 5100 MU D BILA
W TEl, ShHFHPLC O LAHE, 7
J e yEREE, SUE) rBRELSICPTXER
CRICAMFERIIC = 2 R SRS, & BITAE
{lhoTWwiz(F1), ¥— 7 HAML WEH LA PTX
DERBI20 MUTH Y, =7 AFEEREL LHI
LAaboe—8 U7, RUEIZL Y PTX O—#%
RC 10 kDa # BB T & & o7z, BBTHHEI
BEEL T, 20 L2rAINTCE L2 o7bD
LiEgani,

Kz, SDSMEEZ ML /- ABETAE LA PTX
% 1o HPLC ST R % [0 2 4R o

PES 10 kDa ‘Cid, SDS 4, g & 12, PTX
DRSS R -2 BB oN, Thibd
BwlendHi-nicKER -2 FED LRIz, SDS
BB S DI PTX BERIZIE IR VWER
OHELZE—~ 2 BED LN, TOI L XY PTX
{2 PES 10 kDa #@88¥ % L 5 IC BB\ 555,
SDSMBIZ L W ERBFHBEL LI EFb o7,
PES5kDa Tt PES 10 kDa D & S I s iz

957 19.147
PTXIEES
35| .
19,280 Jyti) oERRRRE
2 \ 20.200
]
p—._.;-"L-:-::—-‘—_—_M
— s s . st MO
‘ TR
35 19160 TR -5 S
\ 20.080
0 10 20 30 40

Retention time (min)

BEErOo—-2AECTENABLZPTXO
HPLC S

&1

K- B30 0RIBEND, 2FICE-
7 ERADE L o Tz,

INSDERPS, PTXRBHABT AL
LD &g, S~ oERREERIL, BRSNS
&L b2, BESITORNEEL L QIRED
ThbERbIi,

—%, PVDF 0.45 ym B L IFPTFE 0.5 ym ®
HEAHATI, SDSREOFEIZ,PDLT PTX
EERLE#OE— s MMEON, 20OY—-7HERD
WAERr o7 (2 -b),

PEO#ER»S, PTX OB HAR 2%
+ B84z 1$, PVDF 0.45 pm ¥ 7213 PTFE 0.5 pm
HBPENTHEZ EVRBE ST,

E)

PTX E#efx /RS HARE O D
ARBREOREER L Y, THIRRTOIT LY
U b 7574 -3 PTX OBRICHENTH 57,
BEART COEBRTPTX WEFET AENEH S
728, HEES 2SR, FHTs5 8L TR
WY A L) BITERILETE VLRI,

EARMH s 0#ET T, OASIS MAX3cc % H
WAHRIEIZEN, TrESTKEREAT L
BCHRESEOREFIIFCE, 80%LL RN
BELNLLD, PIXOHSHERIIFHTHEL T
LHTRENTZ,

AHBEORF T, BEELVO—-ABIURY
L F N ANEK Y MR L LR ABTE, #
BHCBLEHRIRTWAZ Y YFHYKRVT
b, FFYNEEEEF M) v AREE KL CRENDY
BRELIPLTH AT PTX 283 L L EINT S
ZEETERDP oI, E5IZ, RASLBETHIC
2L PTX PRSI B R T AEEFRDLNL
720, PTX # B8+ 2B ICBNSBIEHVTELR
LhaWwbOEEbNL, TOTRLILESIZONT
13, 4%, BROWEBICIVRBTAITFECTD S,

—%, BYEZYFrIh+IT4 FBLFRY 7
FFTNFOLF L REMEL LBEEASBTE,
FFEVIVEERR T MY U A RBOEEICED LT,
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HM2—a HE74N5—HBEIZLEPTXOD

HPLC 5#r#a %

PTX ZFZI00B AT E, BOoOBRIBH LA
Zilpoiizd, BETHBREOARNO D OHME
ICESTH L EEbR,

AL, BEFHHEMARBPESERNOL
L - CERERIEEFIRES (A G I &F
HRAMROGHEETHRE] KL hiTo 7,
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1987, Palytoxin as the causative agent in the
parrotfish poisoning. In : Progress in Venom and Toxin

20.493 PTX 2%

30 PVDF 3E SDS 4038
20418
=
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] MM._
o LA — _—
1 T T T T T
30 20,440 PVDF SDS 4152
=}
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& ML S | S—
D T T T 1 T 1
30 21.087 PTFE 3E SDS 038
o } .
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¢ _/J\\M I
o L -
T 1] T At | Bt § *
30 20.187 PTFE SDS 4118
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y JL—/—LMMM
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B2—h BBI7ANY—ABIZL5PTXD
HPLC #rsE 3
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Abstract

In May 2002, two parasitic copepods, Pseudocaligus fugu and Taeniacanthus sp., were collected from the body surface
and gill of the grass puffer Takifugu niphobles, respectively, in Takehara city, Hiroshima Prefecture, faced with Seto Inland
Sea located in the western part of Japan. To them was added 5ml of 0.1% acetic acid, then the suspension was subjected to
ultrasonic disruption with an ultrasonicator for 10min. The resulting mixture was heated in a boiling water bath for
10 min, and then centrifuged. The supernatant was concentrated under reduced pressure, and loaded on to a Sep-Pak plus
C18 Environmental Cartridge (Waters). The unbound fraction was analyzed by HPLC and gas chromatography—mass
spectrometry (GC-MS) for tetrodotoxin (TTX). It was rather unexpectedly revealed from these results that this fraction
was comprised of TTX and its analogues. As far as we know, this is the first record to show the existence of TTX in the
copepods. In addition, relationships between the more and less than the average number of the two parasites and the
toxicity of its skin mucus of the host were examined by student’s z-test. In P. fugu, the average number per host was 13.9,
and those are 520.7 (n = 9) and 269.0MU/g (n = 22), respectively. A highly significant difference between them was
detected at p-value 0.0011. In contrast, as for Taeniacanthus sp., the average number was 2.7, and those were 338.0 (n = 14)
and 345.5MU/g (n = 17), respectively. No significant difference was detected in Taeniacanthus sp. The high host-specificity
of P. fugu on the toxic puffer and the present bioassay of its skin mucus suggest a possibility that TTXs may attract the
parasite.
© 2006 Elsevier Ltd. All rights reserved.

Keywords: Tetrodotoxin; Skin mucus; Parasitic copepod; Pseudocaligus fugu, High performance liquid chromatography; Gas
chromatography—mass spectrometry

1. Introduction

*Corresponding author. Tel./Fax: +81 82424 7930. Tetrodotoxin (TTX), known as puffer fish toxins,
E-mail address: asakawa@hiroshima-w.ac.jp (M. Asakawa). is one of the most potent nonpeptidic neurotoxin
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because of its frequent involvement in fatal food
poisoning, its unique chemical structure, and its
specific action of blocking sodium channels of
excitable membranes (Colquhon et al., 1972; Evans
1972; Narahashi 2001). The toxin derives its name
from the pufferfish family Tetraodontidae, but past
studies have revealed its wide distribution in both
terrestrial and marine animal kingdoms such as
vertebrate species inclusive of pufferfish, goby, newt
and frog, and invertebrates of octopus, gastropod
mollusk, crab, starfish, and nemertean and turbel-
larian (Ali et al., 1990; Hwang et al., 1994; Mebs
et al., 1995; Mahmud et al., 1999; Asakawa et al.,
2000, 2003; Mebs, 2001; Miyazawa and Noguchi,
2001; Hanifin et al., 2002). There is no phylogenic
relationship among these TTX-containing animals.
In many species of the family Tetraodontidae such
as the grass puffer Takifugu niphobles, TTX are also
well known to be contained in the skin, skin mucus
except internal organs. The external body surface
plays a very important role in the prevention of
pathogen invasion, especially in fish, which con-
tinuously exposed to an aquatic environment. In
addition to the mechanical barrier of scales, the skin
surface of fish is protected by the secretion of
mucus. Fish skin mucus contains many molecules
that may act as defense factors (Ingram, 1980;
Alexander and Ingram, 1992). However, the biolo-
gical adaptive values of the presence of TTX in
these organisms are not evidently clarified. In the
recent studies on toxic puffers, as possible physio-
logical roles of TTX except a defense agent,
functions as sex pheromone (Matsumura, 1995)
and enhancing substances of the immune system are
reported (Arakawa, 2002). On the other hand, it is
also known that there are a number of ectoparasites
infecting toxic puffers (Ogawa, 1991, Hirazawa
et al., 2001, Okabe, 2003). Tkeda et al. (2006) have
first revealed with an immunoenzymatic technique
that TTX is accumulated in the whole parts of an
ectoparasitic copepod Pseudocaligus fugu infecting
the grass puffer 7. niphobles except for its female
reproductive system and eggs, suggesting that TTX
might have been accumulated by their feeding on
the skin and mucus of the host.

These circumstances prompted us to investigate
TTX and its derivatives in parasitic copepod
attaching to the grass puffer. The present paper
reports to confirm the existence of them in two
parasitic copepods, P. figu and Taeniacanthus sp.,
attaching to the host T. niphobles collected from
Seto Inland Sea, the western part of Japan in May

2002, using high performance liquid chromatogra-
phy (HPLC)-fluorometric system and gas chroma-
tography-mass  spectrometrty  (GC-MS). In
addition, relationships between the number of these
two parasitic copepods infecting 7. niphobles and
the toxicity of the skin mucus of T. niphobles are
also investigated.

2. Materials and methods
2.1. Parasitic copepods and skin mucus

In May 2002, specimens of the grass puffer T.
niphobles were collected by fishing in front of the
Takehara Marine Science Station, Setouchi Field
Science Center in the Seto Inland Sea, Hiroshima
University, Hiroshima Prefecture, Japan (Fig. 1).
With fine forceps, all live parasitic copepods P. fugu
(preadults and adults) and Taeniacanthus sp.
(copepodids and adults) were carefully picked up
from the body surface and gill of the host,
respectively. Live copepods were kept in glass
beakers filled with filtered (Whatman GF/C) sea-
water at 20°C for 2 or 3 days to remove
contamination of organization and mucus of the
host and gut contents of the parasites. After that
copepods were kept frozen at —20°C in a freezer.

The host T. niphobles were subjected to a light
wiping of the whole body surface with gauzes
(designated “handling stimulus™). The wiped gauzes
were kept frozen at —20°C in a freezer.

2.2. Assay of toxicity

Toxicity of the skin mucus on the body surface of
T. niphobles was estimated by the official Japanese
method for TTX (Kawabata, 1978). The toxicity
was expressed in mouse unit (MU), in which one
MU was defined here as the amount of toxin, which
killed 19-21 g ddY strain male mice in 30 min after
intraperitoneal administration.

2.3. Purification of toxin

Collected specimens of parasitic copepods P. fugu
and Tueniacanthus sp. weighed 0.042 g (n = 30) and
0.027 g (1 = 50), respectively, on a wet basis. To
them was added to Sml of 0.1% acetic acid, then the
suspension was subjected to ultrasonic disruption
with an ultrasonicator for 10min. The resulting
mixture was heated in a boiling water bath for
10min, cooled to room temperature, and then
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Fig. 1. Map showing the sampling location of Takaehara in Hiroshima Prefecture, Japan.

centrifuged at 3000 x g for 10 min. The supernatant
was concentrated under reduced pressure, and
loaded on to a Sep-Pak plus C18 Environmental
Cartridge (Waters). The unbound portion was
collected and concentrated to dryness. The resulting
solid was dissolved in a small amount of water, and
injected into the HPLC-fluorometric system for the
analysis of TTX and its related toxins (Asakawa
et al., 2000, 2003). The wiped gauzes were ultra-
sonicated in 10ml of 0.1 ml of acetic acid for 3 min
and centrifuged at 3000 x g for 10 min. The super-
natant was concentrated under reduced pressure
and filtered with an ultra-filtration kit (Ultra-free
C3, Millipore), whose cut-off limit was 3000 Da.
The obtained extracts were described as the
“secreted toxin solution”, or simply the “secretion”,
and then analyzed for the same HPLC system
mentioned above.

As authentic toxins, a mixture of TTX and
anhydrotetrodotoxin (anhTTX) was prepared from
the ovaries of puffer 7. vermicularis essentially by
the method of Goto et al. (1965). It contained also
several percent of 4-epiTTX.

2.4. Guas chromatography—mass spectrometry

A small amount of the extract from the parasitic
copepods and authentic TTX were degraded with
alkali. The degradation product was trimethylsily-
lated, and then analyzed for 2-amino-6-hydroxy-
methyl-8-hydroxyquninazoline (C9  base) by
GC-MS according to the previously described

procedure (Narita et al., 1987; Asakawa et al.,
2000, 2003). Prepared trimethylsilyl (TMS) deriva-
tives were submitted to a gas chromatograph
(Hewlett Packard, HP-5890-II) equipped with a
mass spectrometer (AutoSpec, Micromass Inc.,
UK). A column (90.25x250cm) of UB-5 (GL
Sci., Japan) was used and the temperature was
raised from 180 to 250 °C at a rate of 5°C/min. The
ionization voltage was 70eV and the ion source
temperature was kept at 200°C. Scanning was
carried out in the mass range of m/z 40-600 at 3s
interval.

3. Results and discussion

The HPLC patterns of the TTX group contained
m 0.1% acetic acid extracts from the two species of
parasitic copepods and mucus of the puffer fish are
shown in Fig. 2. The analysis of skin mucus of
T. niphobles clearly revealed three peaks containing
of TTX, 4-epiTTX and anhTTX (Fig. 2B) in
comparison with the standard TTXs (Fig. 2A).
The analysis of the extract of P. fugu revealed four
peaks, of which three could be identified clearly as
TTX, 4-epiTTX and anhTTX. The fourth compo-
nent was not identified (Fig. 2C). In the HPLC
analysis of the extract of Taeniacanthus sp., TTX
was clearly detected along with the same retention
time of the standard TTX (Fig. 2D). The ion-
monitored mass chromatograms of TMS derivatives
of alkali-hydrolyzed extracts of the two parasitic
copepods P. fugu and Taeniacanthus sp. are





