M OS4L5 )

(£ mmoleznscmmen

& ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo P R e

1. AR T READS

HYETCHROMEBEICLZDZT77EHET
Hb, PVEBOERSITTFIRRFFRFERS
T BRI OBREMERTE MY
TAF ANV ELT Ty AL
ANDF R AAF O ATEELTH
BAREREWM T 5. SO, FLPIE
- RESREOPBERSEI S, S0k
AR RREFRERCHBER T 20N, &
L RIS AN TR AT, R RER LT
WY R MBERGIEMECENTELS
LEMAERELTBE VG,

B - BBV HEIR E LS, R C
HEBPFAABBEORDPHFELRILTWVS
DL HF 5 THhbe HEATITZMBA R
W TERICEE LT WA FE4E,
BREBILOREE LRI ETOFILL
ISR LI LD B, BEFEER
= QO i S BV G- R Y F & X L bl L) v N
F o RVICREE LT, 7B LIRS,
F RV EIEEAAT S ETHREE
KCREE &AL, REREREYE. BERR.
AHARE. SRR, Bl omBERE R
9 mEERIBENMELIZ LSSV
A VR T EIEFEERITEY,

BEENTHLVWHABSEEH. B
BEOBER (R 7o VRE) S
Ehos/lBRFHBEREEITILED S,
SHIEISY RF I DLDOT, B

MK OBIBRTBIESN S, T, S

U b R EMRIEEF R Y AF v
FWVITPER LTI MY oA A4 i E8ED
LR RO B (M) ERL.
BN B VEAIEETE TS,

2. AhEBERCTRBEOS

,ﬁﬁ@z&&i\ REBERICEY TSR

Bo BRI O 3 R T B
THZ RIS TAMERSE. SRt

ﬁ% ?E?.._.

C@‘%ﬂ'ﬁ%%#&'&ﬂﬁﬁ‘fﬁﬂtﬁ%bw;"c%a
IhLOFBHRIEITHEEISRDTSN
el HELI Wb ALY, BERBE-TH
HZDEXTSo M TH D, HEST
7 N HSEETHEE S XUEBIICES T
ERLAEAE, HP#EILT50T B
WIS, LBICER TS 2 BN HEET
NTHEOBOW A TS5,

PR R PR U 2 RAE
WETDH 30 P OB ESERET L, o
NOEDFEBIERZ, 77HBET P NbFY
EFIFEAET. FRUSAF RN
HWELT TrIYALFLOWMAET I Y
ZLAMEOMBEZB] XM 9, PEIER
RRFALEIR T IEEEILTH S,

”F#ﬁ]'fiﬁ%ii&ij&”ﬁ’é&%@ﬁ%‘%/
IV ARED AL, THIEASC,
A MEEE. JEBE RS A5, BEIEEL
FETBlidlevie T AYVEREEIZY N0 E
YD > ERALBER TR ICHE T L0,
BRUWTHIEMEZ T Tl MR REBA
PEEEE b OEAIEH EN S,

et EFEOERBEEIFYES

BCh Do AIGTRMBEEEWHEL |
TNE I BIALERES BT B0, |
WREMRO A+ F v ANVBTLYI |

BREFEICHES L. BICRBALLEEA.
. K. WAL RIEsEs,

I BRY TRE MIZR R |
BHOMEHEIRIIIERED T P32 (7 |

; \

FIAFNT RS IAAFTY) BEER. |

BHI0GIZETHEHIRE. DIV
RIS EHDH DA EEITE Y,

ZOMICHIRABBIEOBRS B DD
T, FEISEROSE /P PCEEITBE

HPTESFOIRZ FazrAN] %5

BRLTWEE i,

ERETRE |

\.,

236

58



HARTCREETAIEPHFEOHRT,
TWR77FFIORFFEFT Y (TTX) |
L7 HENIELH
BTREBIZIAZTTX hEIHELTH

FEE
Z &
AN FERH

HlchoTwh, J2Tik. TTX RE4
WEFNSICLAEFFEIIDOTEEIZH
AL?':V‘{}

1. TICHBEBTTX DS

HAEREEICEBTA77OHRTIE, b
AN/ v & A S s St A SR W
FRO2@AEBEELINTVA, —
FHe v EIEENaTSEOT S
TTX 2b7:% v, HESHMIEEIILIST
Rpn0, —RICHFEZIRETES (10
g OERTHGH) 2w LiEE (100 go
BHTHE @) T BREOFEESFFL
I, BHRERERIZ, Fodnoriy
—HOFNEREEZEET/CLHET. £
KOTTTERPBOLNTVE, 770
BEHECEREIAEAERHEE. FHE
Braash, HEEO77TLEILEE
PEEIZRS vy T ERDR o THET
2BE, 7UREPERTLI-HLELE ST
Vi, BHORBECTHBICHNE 7
TREHTY, aAF,TH, arHAT

TIEEFEOBEEI S LITLITEEY
FEORRELD,

2. JOLUADEPICBIDTTX DS

TTX @770 L0FEEEZOLNT
VA, 1964 EICH Y T AN TAEY
DFH TTX ERFESNTLUR, Vo ¥
WY, TTFUNRABEOALIN, LaTEy

o, WEREERERY 2Ry, £37
HABDENT, ANRART Yy Jar =,
HT A=, EILVHE, CELAVHE, B
WEWHEEE, 737208 28R4
P TTX AR ENTER, HREHD

HAZRKBICALNL A= R AE) (T
HNGAEY) STTX A RAETH. 77
RAENIE IRz LswaE S
B, SAEIC L) TTX 2003528
o, ESIEAEOEE» S BEFL
HWEELTTTX 2RAEL TV ATREM
Db b —7. 1980 ERIZIE 7V HRE
G EE S BAE O T ISR
RATTTX BEREFRBEE, 778
ORFIZHEEHRLEZLNL ISk
A

3. JUUADEMICLD TTX HE

HARTIE, 1979 ~ 1987 IRy oy
RIIZED TTX HEFE 3 HRELTY
o REOEAE, TTX HHERICEE
LTHEH., CosfiromarshEzORERE
Thotz. FOH., 2007 X 2008 EIiE
BREEERS Y L2 E BhENILIN
TRIGEELTVLEY, ZOHIZPE
BOBRLLTHAILLSE ®m&%ﬁa@
BoONEEBHEIZLATTX hEHEE, F
ERBHBETHHEL TV, m% ?4%
ﬁx%x?f AT 0T REHICL

BY, BEFZFNIC I A2hEIEETS,
iﬁﬁﬁxﬁwﬁﬁwﬁu%f&ﬁ F—A
RS T TR, FAN—2ERTTX %4
HyoeaE sy allBENTHEET
AIERBAENT,

Bit, —a—Y -5 N ToIT7 V&
LR TTX hEPERELE L, —F,
AAGERETIE, KEREFOEEICELRT
HRZHNT7PEEICHB L THE
LoTwb, mBbLrOoBFEFRECE
fbizdy, TTX REEDOEZHIL. 5
LA ETWADLL LRV,

238

59




Toxicon 77 (2014} 6872

A

s

Toxicon

DNA microarray analysis on gene candidates possibly related
to tetrodotoxin accumulation in pufferfish

Holger Feroudj®’, Takuya Matsumoto ', Yohei Kurosu?, Gen Kaneko?,
Hideki Ushio?®, Katsuaki Suzuki ", Hidehiro Kondo ?, Ikuo Hirono ®,

Yuji Nagashima ¢, Seiji Akimoto ¢, Kazushige Usui , Shigeharu Kinoshita?,
Shuichi Asakawa ®, Masaaki Kodama®, Shugo Watabe *"

@ Department of Aquatic Bioscience, Graduate School of Agricultural and Life Sciences, The University of Tokyo, Bunkyo,

Tokyo 113-8657, Japan

b aboratory of Genome Science, Graduate School of Marine Science and Technology, Tokyo University of Marine Science and Technology,
Minato, Tokyo 108-8477, japan

¢ Department of Food Science and Technology, Graduate School of Marine Science and Technology, Tokyo University of

Marine Science and Technology, Minato, Tokyo 108-8477, Japan

d Kanagawa Prefecture Fisheries Research Center, Jogashima, Miura, Kanagawa 238-0237, Japan

€ School of Marine Biosciences, Kitasato University, Minami, Sagamihara, Kanagawa 252-0373, Japan

ARTICLE INFO ABSTRACT

Article history: Pufferfish accumulate tetrodotoxin (TTX) at high levels in liver and ovary through the food
Received 22 July 2013 chain. However, the mechanisms underlying TTX toxification in pufferfish have been poorly
Received in revised form 8 October 2013 understood. In order to search gene candidates involved in TTX accumulation in the torafugu

Accepted 30 October 2013

Available online 7 November 2013 pufferfish Takifugu rubripes, a custom 4x44k oligonucleotide microarray slide was designed

by the Agilent eArray program using oligonucleotide probes of 60 bp in length referring to
42,724 predicted transcripts in the publicly available Fugu genome database. DNA microarray

?:{:gggi’xm analysis was performed with total RNA samples from the livers of two toxic wild specimens in
Pufferfish comparison with those from a nontoxic wild specimen and two nontoxic cultured specimens.
Takifugu rubripes The mRNA levels of 1108 transcripts were more than 2-fold higher in the toxic specimens
DNA microarray than in the nontoxic specimens. The levels of 613 transcripts were remarkably high, and 16
Gene expression transcripts encoded by 9 genes were up-regulated more than 10-fold. These genes included
Keratin those encoding forming structural filaments (keratins) and those related to vitamin D

metabolism and immunity. It was also noted that the levels of the transcripts encoding serpin
peptidase inhibitor clade C member 1, coagulation factor X precursor, complement €2, C3, C5,
C8 precursors, and interleukin-6 receptor were high in the toxic liver samples.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Abbreviations: APP, acute phase protein; flp, fibrinogen-like protein; .
IL-6, interleukin-6; LC-FLD, liquid chromatography-fluorescence detec- Tetrodotoxin  (TTX)
tion; RAP RT-PCR, mRNA arbitrarily primed reverse transcription-poly-

is one of the most potent
non-proteinous neurotoxins blocking voltage-gated sodium

merase chain reaction; SSH, suppression subtractive hybridization; TTX, channels (Narahashi et al,, 1967; Kae, 1982) and commonl
; y
tetrodotoxin. present in various tissues of pufferfish (Hashimoto, 1979).
* Corresponding author. School of Marine Biosciences, Kitasato Pufferfish generally show the highest toxicity in the liver
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778 9094: fax: +81 42 778 5010 and ovary, followed by the intestine and skin, although their

E-mail address: swatabe@kitasato-wacp (S. Watabe). TTX accumulation patterns are species-specific (Watabe
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believed to be present only in pufferfish for a long time. In
1960s and 1970s, however, TTX was found in other verte-
brates including California newt Taricha torosa (Mosher
et al., 1964), the goby Yongeichthys criniger (Noguchi and
Hashimote, 1973), and Costa Rican frogs Atelopus spp. (Kim
et al,, 1975). Since then, TTX has been detected in various
organisms of different phylogenic classes including in-
vertebrates such as trumpet shell Charonia sauliae (Narita
et al,, 1987), xanthid crab Atergatis floridus (Noguchi et al,,
1984), blue-ringed octopus Hapalochlaena maculosa
(Sheumackand Howden, 1978; Yotsu-Yamashita et al,, 2007)
and flatworm Planocera multitentaculata (Miyazawa et al,,
1986). Finally, it was found that TTX is produced in intesti-
nal bacterial strains of Vibrio sp. from pufferfish and toxic
crabs (Noguchi et al,, 1986, 1987) and in other bacteria such
as Shewanella alga and Alteromonas tetraodonis from red
calcareous alga Jania sp. (Yasumoto et al,, 1986a,b). Thus itis
likely that TTX-bearing pufferfish accumulate TTX in their
body through the food chain. This scheme is supported by
the fact that non-toxic cultured pufferfish were never toxic
when reared with non-toxic diets (Matsui et al,, 1981), but
became toxic upon ingesting the toxic ovary of wild puf-
ferfish (Saito et al., 1984). However, there is another possi-
bility that TTX is synthesized in pufferfish themselves,
because in vivo cultured TTX-producing bacteria do not
produce enough quantities of TTX that explain toxicity of
wild pufferfish (Matsui et al, 1980). The problem is that
genes participating in TTX biosynthesis have not been found
yet in any TTX-bearing organisms.

Lee et al. (2007) first attempted to investigate genes related
to the biosynthesis or accumulation of TTX in pufferfish. In
their study, mRNA expression patterns in the liver of puffer-
fish, akamefugu Takifugu chrysops and kusafugu Takifugu
niphobles, were compared by mRNA arbitrarily primed reverse
transcription-polymerase chain reaction (RAP RT-PCR) with
pufferfish bearing different concentrations of TTX and its de-
rivatives in the liver. RAP RT-PCR provided three fibrinogen-
like protein (flp) genes that were expressed higher in toxic
than non-toxic pufferfish liver. Relative mRNA levels of flp-1,
flp-2, and flp-3 genes showed a linear correlation with
toxicity in the liver of two pufferfish species. Later, Matsumoto
et al. {2011) examined changes in the gene expression profile
in the liver of the torafugu pufferfish, Takifugu rubripes,
induced by an intramuscular administration of TTX by
employing suppression subtractive hybridization (SSH). The
SSH study revealed that genes encoding acute-phase response
proteins such as hepcidin precursors (Krause et al.,, 2000; Park
et al, 2001), complement C3 and warm-temperature-
acclimation-related 65 kDa protein (Wap65) (Hirayama
et al., 2003) increased their transcript levels in the liver.

The objective of this study was to find gene candidates
possibly involved in TTX accumulation by DNA microarray
analysis with wild torafugu specimens that have different
concentrations of TTX in the liver.

2. Materials and methods
2.1. Materials

Three wild torafugu specimens (526, 650, and 975 g
body weight) were collected from Tokyo Bay off Miura
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Peninsula in December, 2009 (Table 1). Two cultured tor-
afugu specimens (782 and 815 g body weight) were ob-
tained alive from a local fish farmer in Ehime Prefecture,
Japan, which had been cultured by a conventional method
in net cages at Uwa Sea, and used as non-toxic control
samples. Crystalline TTX (Wako Pure Chemicals Industries,
Osaka, Japan) was used as a standard for the liquid chro-
matography-fluorescence detection (LC-FLD) analysis. All
other chemicals were of a reagent grade.

2.2. TIX extraction and determination

TTX was extracted from the liver with 0.1% acetic acid by
heating in a boiling water bath for 10 min according to the
standard assay procedures for TTX (Kodama and Sato,
2005). The extracts were then applied to a Bio-Gel P-2
column (3 cm x 15 cm, Bio-Rad Laboratories, Hercules, CA,
USA) equilibrated with water after adjusting pH of the
extract to 6.5 with 0.1 N NaOH. TTX quantitation was per-
formed by LC-FLD analysis according to the methods of
Nagashima et al. {1987) and Yotsu (1989).

2.3. Design of torafugu microarray

The nucleotide sequences of predicted transcripts in
fugu genome were cited from the ensemble database
version 55. Among 48,623 transcripts, 42,724 annotated
were used for designing probes. Oligonucleotide probes of
60 bp in length were designed by eArray program (https://
earray.chem.agilent.com/earray/) and spotted on a slide
glass by Agilent Technologies (Santa Clara, CA, USA; design
ID, 025856).

2.4. Microarray analyses

Total RNA was extracted from the liver using RNeasy
Mini Kit (Qiagen, Hilden, Germany). The RNA was labeled
with Cy3 using One Color Quick Amp Labeling Kit (Agilent
Technologies) and hybridized on the microarray using
Agilent Gene Expression Hybridization Kit (Agilent Tech-
nologies) according to the manufacturer’s instructions.
After hybridization, the slide glass was washed using Agi-
lent Gene Expression Wash Buffer Kit (Agilent Technolo-
gies) and scanned with Genepix 400B (Axon Instruments,
Foster City, CA, USA). Fluorescence intensity was calculated
by using Feature Extraction software version 9.5 (Agilent
Technologies) and the data was analyzed with GeneSpring
GX software version 11.0 (Agilent Technologies). The data
was normalized among the arrays and the transcripts
showing more than 2-fold differences between toxic and

Table 1
Toxicity of the liver of wild torafugu Takifugu rubripes.
No. Body Body Liver TTX Toxicity
length (cm) weight (g) weight (g) conc. (pg/g) (MU/g)
1 36 650 14.5 90.7 452
2 33 526 111 245 123
3 39 975 26.5 N.D. -

N.D. indicates a sample where TTX was not detected (<0.15 pg TTX/g
tissue). MU indicates mouse unit.
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non-toxic pufferfish samples at a certain statistical cut-off
were searched.

3. Results and discussion

TTX in the liver of wild specimens was analyzed by
LC-FLD, and the concentrations of TTX determined are
listed in Table 1. TTX was detected in the liver from wild
pufferfish No. 1 and No.2, but not in the liver of No. 3
(<0.15 pg TTX/g tissue). The liver of the cultured specimens
used in this study did not contain any detectable amount of
TTX.

Based on these results, DNA microarray analysis was
performed with total RNA from the liver of two toxic wild
specimens in comparison with those from a non-toxic wild
specimen and two cultured specimens. The DNA microarray
analysis revealed that the mRNA levels of 1108 transcripts
showed more than 2-fold differences in the liver between
toxic and non-toxic pufferfish. The levels of 613 transcripts
were higher in the toxic liver than in the non-toxic liver, and
the levels of 16 transcripts encoded by 9 genes were up-
regulated more than 10-fold in the toxic liver (Table 2).
These are involved in the formation of structural filaments
(keratins), vitamin D metabolism, and immunity. Lee et al.
(2007} claimed that, in two different pufferfish, akame-
fugu T. chrysops and kusafugu T. niphobles, the mRNA levels
of fibrinogen-like and hepcidin-like genes that are likely to
be involved in immunity were high in the liver containing
high concentrations of TTX. Matsumoto et al. (2011) also
identified various genes in the liver of cultured torafugu
induced by an intramuscular administration of TTX, with a
possible relation to immunity. In this study, we identified
several genes involved in blood coagulation and comple-
ment pathway (Table 3). Because the mRNA levels of certain
genes identified so far, such as hepcidin, were too high, the
fluorescent intensity was saturated and we could not detect
any differences in the mRNA levels for these genes between
toxic and non-toxic livers.

In addition to the blood coagulation factors/regulators
and complement components, the mRNA level of the

interleukin-6 (IL-6) receptor gene was high in the toxic
liver (Table 3). IL-6 is a cytokine that affects various cells
(Van Snick, 1990). Especially in mammals, IL-6 induces the
expression of acute phase proteins (APPs) in the liver dur-
ing injury, infection, and tissue trauma (Moshage, 1997).
Some blood coagulation factors/regulators and comple-
ment components are APPs in other animals. Because the
mRNA levels of many putative APP genes seemed to be high
in the toxic liver, circulating IL-6 levels might be high in
pufferfish. In mammal, IL-6 has a pleiotropic function,
including the induction of Kkeratinocyte proliferation
(Grossman et al, 1989). In this study, 2 genes encoding
keratin, which is abundant in keratinocytes, were up-
regulated in the toxic liver. Therefore, these results
possibly reflect high circulating IL-6 levels in the toxic liver.
In torafugu, IL-6 transcripts have been detected in various
tissues and increased by certain immune stimulants such as
phytohemagglutinin, lipopolysaccharide, and polyinosinic—
polycytidylic acid (Bird et al., 2005). Although there are no
reports available whether or not IL-6 gene expression and/
or IL-6 level in the blood is increased by TTX, Honda et al.
{2005) showed that TTX acts as an immune stimulant in
torafugu. Unfortunately, however, these markedly up-
regulated genes are not likely candidate members that
encode those related to biosynthesis or accumulation of
TTX.

In this study, 3 wild specimens and 2 cultured speci-
mens were used for the DNA microarray analysis, where
two wild pufferfish were toxic and one non-toxic. The
normalized relative mRNA levels of each transcript listed in
Table 2 for different specimens are shown in Fig. 1. All
transcripts showed higher levels in the toxic samples (fish 1
and 2) than in the non-toxic samples (fish 3~5). However,
some of them showed lower levels in the liver of cultured
pufferfish (fish 4 and 5) than in the wild non-toxic liver
(fish 3). Rearing conditions may strongly affect the physi-
ological condition of pufferfish, resulting in the mRNA
levels of certain genes being different between the wild and
cultured pufferfish. We are now performing DNA micro-
array analyses on the cultured pufferfish with or without

Table 2
Genes up-regulated more than 10 folds in the toxic liver.
No. Group Product name Gene ID Transcript ID FC*
1 Structural Type I cytokeratin, enveloping layer ENSTRUG00000000933 ENSTRUT00000002225 39.2
2 protein ENSTRUT00000002226 28.8
3 ENSTRUT00000002227 226
4 ENSTRUT00000002229 48.8
5 Keratin, type I cytoskeletal 13 ENSTRUG00000002582 ENSTRUT00000006040 323
6 ENSTRUT00000006043 183
7 Vitamin D Vitamin D 25-hydroxylase ENSTRUG00000017301 ENSTRUT00000044482 39.3
8 metabolism 25-hydroxyvitamin D-1 alpha hydroxylase, ENSTRUG00000018507 ENSTRUT00000044483 339
mitochondrial Precursor

9 ENSTRUT00000047536 447
10 ENSTRUTO0000047537 63.0
11 ENSTRUT00000047538 529
12 Immunity Major histocompatibility complex class I protein® ENSTRUGO00000000486 ENSTRUT00000001153 193.0
13 ENSTRUG00000002296 ENSTRUT00000005314 61.5
14 Other Synaptosomal-associated protein, 91kDa homolog ENSTRUG00000000481 ENSTRUT00000001139 113
15 Agmatinase, mitochondrial Precursor ENSTRUG00000008312 ENSTRUT00000020887 769
16 Transmembrane protease, serine 13 ENSTRUG00000013292 ENSTRUT00000033970 11.7

2 FC (fold change) of the gene with plural transcripts is represented by the mean value.

b The predicted product was localized in 2 genes in different scaffolds.
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Table 3
Immune-related genes up-regulated in the toxic liver.
Group Product name Gene ID Transcript ID FC®
Coagulation factor/regulator Serpin peptidase inhibitor, clade C (antithrombin), ENSTRUG00000010570 ENSTRUT00000026784 35
member 1
Coagulation factor x precursor ENSTRUG00000004411 ENSTRUT00000010534 4.5

ENSTRUT00000010535 53
ENSTRUTO00000010536 44
ENSTRUT00000010538 4.6
ENSTRUT00000010539 4.4
ENSTRUT00000010540 4.5
ENSTRUT00000010541 4.6
ENSTRUT00000010542 4.6
ENSTRUT00000010543 4.5

Complement component Complement C2 precursor ENSTRUGO00000008352 ENSTRUT00000020998 4.5
ENSTRUT00000020999 4.8

ENSTRUT00000021000 5.1

ENSTRUT00000021001 53

ENSTRUT00000021002 5.0

ENSTRUT00000021003 46

Complement C3 precursor ENSTRUG00000002842 ENSTRUT00000006677 4.2
Complement C5 precursor ENSTRUG00000012757 ENSTRUT00000032416 43
ENSTRUT00000032417 5.1

Complement component C8 beta chain precursor ENSTRUG00000006173 ENSTRUT00000015084 4.2
ENSTRUT00000015085 3.6

ENSTRUT00000015086 3.6

ENSTRUT00000015087 36

Cytokine receptor Interleukin-6 receptor subunit beta precursor ENSTRUG00000011889 ENSTRUT00000030166 3.1
ENSTRUT00000030168 3.1
ENSTRUT00000030169 3.2
ENSTRUT00000030171 34
ENSTRUT00000030172 32
ENSTRUT00000030173 3.2

2 FC (fold change) of the gene with plural transcripts is represented by the mean value.

Wild Cultured
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Fig. 1. The relative mRNA levels of the transcripts with more than 10-fold higher in the toxic than in non-toxic liver. The relative mRNA levels of the transcripts
listed in Tabie 2 are shown for each fish (fish 1-5). The numbers on the bars correspond to those of the transcripts listed in Tabie 2. Fish 1-3 correspond to those
listed in Tabie 1, whereas fish 4 and 5 do to cultured ones (782 and 815 g body weight, respectively) used as non-toxic control samples. Wild and cultured indicate
the wild and the cultured pufferfish specimens, respectively. TTX+ and TTX- indicate the toxic and non-toxic specimens, respectively.
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Livers from wild pufferfish, Takifugu rubripes, can be described as having a smooth frontal side
and an upper-region that is attached to the hepatic portal vein. Based on this description, the liver
can be divided into 10 parts (I.1-5 and R1-5), and in this work, the lethal potency of each part was
determined by mouse bicassay. Among the raw livers from 58 individuals, all 10 parts of 16 individ-
uals, and some parts of 4 individuals showed mouse lethality, but no toxicity was detected in any
part of the liver from 22 individuals. In the livers of 4 individuals that were partially toxic, the le-
thal potency of the toxic parts was less than 4 mouse units (MU)/g, and no part showed especially
high toxicity. The remaining 16 individuals were considered non-toxic based on the assay of only
one part. Among 13 frozen livers, all parts of 9 individuals were toxic, while all parts of 4 individu-
als were non-toxic. Liquid chromatography-mass spectrometry analysis revealed that all parts of a
weakly toxic raw liver and a strongly toxic frozen liver had tetrodotoxin as the major toxin. Regard-
ing the 16 raw and 9 frozen livers, whose parts were all toxic, the relative lethal potency of each
part to the mean lethal potency of the individual (8.9-709 MU/g) was calculated, and subjected to a
two-way analysis of variance with 2 factors (left/right and top/bottom) for each group of livers (raw
or frozen). The analysis indicated non-significance among factors and interactions at a significance
level of 5% in the frozen livers. However, in the raw livers, although no interaction between the 2
factors was detected, the right-side and the 4th-portion from the top were significantly higher than
the left-side and the other portions, respectively. Therefore, we concluded that individual inspection
using R4, which is the region that lies below the right-center location of the liver, is suitable for tox-
icity evaluation of liver to ensure the safe consumption of pufferfish.

(Received April 16, 2013)
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B, ZOCICHRBERERELTWwE, 778HICLE
HEIBEENE , EETHURRE LT, BIElE
DEVIFEEZ BEXNTHEEE TEASREHE 22V, —
F, 77 OECRIAEEEYHRONEETHY, Ihx
WL CEFOH CHETNINRIESO 7 72 EET
X209 hoTEAYYY HE, WBROBMICE
D, 77HEOERE LToORGR LIZEENIIELON
T 2%, FEHNOFHBREIC LV FENHBBLR10 MU/
g TTHoIERZHALIBEEMEIIORY Tdhwe
ENTEBY, 20X BEICHED { BY) 2B MR % 1k
NTENE, EBEEBENS 7 OHEEERETE A
BhbH TIEEERE LTERIEHE, BHREICBY
THEeRz2 i bE fo—RBE2fRATsHETE, &
e LCOMMEDKIBICIET 5. —F, FEboHEEs
HEHALPITENR, BFERECBTLIHMRNLY T
VY TRESHEEE LY, RETERTARMISMIEE
ZEMBELTCEMFETES. 57 7HEF OB/
CoWTid, TS OWEY B HA, FF T IIHOE
FBEPELBABOAFELEET, +oLRRESTE L2
FERRENTWE, FIT, S0, yr7VETHESRL,
g%z 1058 Lz Be0BEsmEtRAEL -0 THET
5.

RRAE

1. ® #l

20124EIC A ARHE CIHBE I NRK NI 7 7 OFRTL
Bz & Lz, 209 b8k, BIAESICAE
DI IWESITHREEL UT, EFRET5). &
DOII3ERIE, BIEELICHEBL, SHRBER
—20C CHMRME L (UT, BUSHEE 32). £
WEOEF, FHEFBILEERE BorhEmERM, B
L L OBEEEEN, FPREOFERBL LEE LTE
F2HEL, S ETOERYHFTSHELTI0H
i L1~5B X URI~B) 272 (Fig. 1).

2. EHHER

BB ERERS SR 7 7 EREEY ICEL, £
B EREVF L A% BEIHBE HEEN RV
AL 3~5EED0.1%BEEEZ I 2 TSR L7 &O5
MHEOLELHRBHRE L, LERGCTHEESFRO ) 2,
ddY RHMET Y A (fKE 19~21g) OEENICHESL, <
ADHER L 1gS ) DFENZERLE TTXD1
<~ ABAL (MU) i, RE20g0<Y A% 304 H TR
TEEEFEHEERINTEY, TTX 220 ng 2 YT
%9,

L ZOEERBICOWT (BREH), Bs8EI12H2HER
L5095, MBRWE: FH222EIHIOHHAEREIWE,
JEL A A B AR R sl A

2 FORBERICOWT GRREM), BHs8E12A28%
LR, BWWE: FRTEIZATHEASE 2725, E
AR BN A R AL R A B A
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Upside:
portal vein

v

Left side Right side
Fig. 1. Sampling scheme of 10 parts from a liver.

3. BHSZODH

AR L UEBIFES 1HEFCo &, SHEBRTHRELL
HEBRBE 2045 mD A Y TS5 74 V7 —THBHE,
Zspray™ MD 2000 % 3% #& L 7z Alliance 2690 ¥ A 7 A
(Waterstt#) % v, HEHOFHE? ICERL TTTX %
MNH LT HLC-MSAH £ 4T o 72, A 7 5 I1ZMightysil
RP-18 GP ($2.0X250 mm), BE)HHIZ1E 30 mmol/L N7
F7NAUEEBEY ST 1 mmoVLEEEET VoY ABER
(pH 5.0) #HAL, WE%02mL/min& L7z FYN
N—3 3 ViRE350C, V—A7uy ZiRE120C, 3—
BESOVICHREL, 14 MEBIZESIRY 74 TE—F
THML, MassLynx™F RV —3 3 ¥ ¥ AT LI THET
L7z, HLERRE ST RIGHISE T3 () o TTXREER &
v 7=,

BROLUER

1. FEOsEMS

AP 58 AR D 9 B, 16 ML 10T TAT T A
FEUERL, 2B TRTHEERRRBTH o 7.
o 38k DFME® Table 1IZRT. £, FHHFEHO
AL 1 EARSERORED (FHBLOKREDOAEHE %
BREECH - 72ME%, nd 3TXTOBRMELSFEERRBT
HoleZi®RYT. —7F, s8fiffd, —WOMBATHEYE
HED b7 ABRIZDWTIE, BRLBIES 2 Table 212
R BY 16 EEICOWTIE, 1ERAL O A DS ERIC I
S EFBELRRLAL EFBORBFEYENIG
709 MU/g T, EMEEE HE (100~999 MU/g) #%
10184k (17.2%), ‘553%F (10~99 MU/g) 75518k (8.6%),
#E (10 MU/gR i) 24384k (74.1% : FHF R
8.9 MU/g Dk, — DI THMIED &/ 4EF
PEL) Thol VS I770BENRBHBEER
33.3% TH -7z L DWEY 23 Y, SE LTI DA
BirohiBBLhaH Lz

AL 0N % Table 31287, 13EAT o Eikix e
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LI ABEMRD O, RY 4EEIEEUIEE

FBHThHo7z WHmE OTEE (53.8%), BE 2MEHE
(15.4%), ‘EF 4Bk (30.8%) T, HHEMEEHMBEE
Table 1. Toxicity of raw livers
Collection Specimen L1.ver Mean letl’lkal
location No. weight potency
(g) (MU/g)
Shizuoka Pref. 1 101.3 709
2 68.2 541
3 79.3 384
4 74.4 347
5 140.2 283
6 72.0 237
7 136.9 215
8 61.3 195
9 64.1 136
10 99.3 97.3
11 71.7 78.8
12 71.0 34.2
13 73.2 11.6
14 71.3 10.4
15 106.8 n.d.
16 79.9 n.d.
17 102.5 n.d.
18 88.5 n.d.
19 72.1 n.d.
20 70.7 n.d.
21 56.2 n.d.
22 63.6 n.d.
23 92.7 n.d.
24 98.1 n.d.
25 111.2 n.d.
26 93.7 n.d.
27 60.4 n.d.
Yamaguchi Pref. 28 144.8 n.d.
29 135.9 n.d.
30 161.3 n.d.
31 176.6 n.d.
Ishikawa Pref. 32 697.4 642
33 152.8 8.9
34 532.4 n.d.
Hyogo Pref. 35 113.6 n.d.
Unknown 36 104.1 n.d.
37 158.3 n.d.
38 88.4 n.d.

*Mean lethal potency was calculated by dividing the total le-
thal potency of whole liver (sum of the total lethal potency
of each part) by whole liver weight; ‘n.d.” indicates that no
toxicity was detected in any part (<3.0-<6.0).

BAEFBEVIZAPIE o/, KRS 77Tk, &
EHRORBIFIIC 2 2 13 EERIE W I EARE S L Tn
Y7 HE BREFBICOWTIE, BEEOKEVIO
REEMICER L7270, FHEARBREEIEL 2o
boLBEbhs. '

2. B B #

EHEHEOEIFE (Specimen No. 33; #3717 8.9 MU/g;
Table 1) B X O'EHME D BKE TR (Specimen No. 44;
#1202 MU/g; Table 8) DEEFALIZOWT, LC-MS
I #AT o 72, BEIE 2 5H 6 (Specimen No. 44 D L1
L R4DFI) % Fig. 2127R7. Specimen No. 44 2BV T,
L1 (180 MU/g) W HENF&E KL - 72 FAL, R4 (235
MU/g) B 2FEBHIE o2 TH S, m/232004 %
Yruvw bS5 ABWT, WiTEE DI, Fhoskic
22b 56T, WTFRORMES, S B IRFRESTTX & —5
THFEV -7, BEU4-epiTTX L HE SN AN —
AESN. SH, MOTTXFEERZ NS E Lo
AT b b o 7245, LC-MSH#T TR TTXE& (MU
BHiE) o<y AFHICHT2EE (FH (Av) £ BEREE
(0)) 13, EFEMAFWT3.5119.8%, =M TR
TIX80.9£111.7% T, L DIZTTXHRENIDO8~9% % 5
DLEERDTTH S LRI NI

Table 3. Toxicity of frozen livers

. . Liver Mean lethal
Collection Specimen . *
location No. weight potency

(g) (MU/g)
Unknown 43 674.6 392
44 537.4 202
45 430.1 183
46 514.6 153
47 361.6 148
48 541.7 125
49 404.6 115
50 264.6 82.3
51 373.3 25.5
52 348.9 n.d.
53 242.5 n.d.
54 172.7 n.d.
55 241.1 n.d.

*Mean lethal potency was calculated by dividing the total le-
thal potency of whole liver (sum of the total lethal potency
of each part) by whole liver weight; n.d." indicates that no
toxicity was detected in any part (<3.0).

Table 2. Toxicity of raw livers that partially showed toxicity

Lethal potency (MU/g)

Collection Specimen Liver
location No. weight gy Rz R3 R4 RS L1 L2 L3 4 L5
Shizuoka Pref. 39 71.4 36 <30 <30 <30 <40 <30 <30 <30 <30 <30
40 109.2 31 <30 <30 <30 <50 <30 <30 <380 <30 <30
Yamaguchi Pref. 41 304.4 3.2 <30 <30 3.3 3.6 3.4 3.2 3.8 3.7 3.6
Unknown 42 120.7 <3.0 <3.0 3.5 3.7 31 <30 <3.0 3.5 3.3 3.3

71
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40111 3. EMoH
BTy AFBUIAD SN EFE (n=16) 1D
TTX %, EENCFEHIFEDZ1LE LTEEMOMENENEXK
W, TNOEMMNITLICFEFHLCHRELLEZS, BB
RPRBOFERDE L, MHOBUIMEERIZS hiz
4-epiTTX (Fig. 3). BEMOMMENIZ0E, EHALETO2ER
B A WA CoRESBROITIC L VT L2 25, BEK
5% TERBMOXREEREIRD N 2o (p=
0.054). ZZCTERILIFFMGLA-EZ5, EAETEAED
129 MR HEIFE L (p=0.0007), ETFTxFROE
MAaDBENPMOTM LY bE D72 (p=0.00005).
5% &, b7 rEEREeEhOFEES A LR, T
4-epiTTX MOER 5% DADOYWR A LI R EFEEER L
EHELTWBED, RBFETIE, R4, ThDBIFEAR
FRTEF)OHUAABECEVERERT I L5500

407 TTX-STD TTX >

—7, BHEEBTE =9 o0&, FAHRICEHMLO
MmN RO TR L& 25, EIFHE BROMEm LT
Ronsd (Fig 4), ZREBDESIIC L 28T T,
EH (p=017), LT (p=0.072) OWFThOEHERIZH
BAREEFROONT, ERBMOREEH IS ho

4.0+ R4

Intensity (x 104)

O-Frrrrprrrerrrery

0 2.0 40 60 80 100 72 (p=0.64). 77T, B4, HHRIZEVCEIMEOMLE

Retention time (min) BT A DD AP BT, b IV

Fig. 2. LC-MS chromatograms at m/z 320 obtained from Wb ol MA, i BHEICEVCIFIRNOZS A
L1 (upper) and R4 (middle) of Specimen No. 44 DIEY BETH—LLTEELEZ 5N,

(see Table 3), and from TTX standard (lower). 5, —ERDER CEIEATD & AL A NI 4 R D3

Left side Right side

14 12 1.0 0.8 0.6 0.4 0.2 0.0 0.0 0.2 04 0.6 0.8 1.0 1.2 1.4
Relative toxicity Relative toxicity

Fig. 3. Distribution of toxicity in raw livers. Data are shown as mean (column) and standard deviation (SD, error bar) of
each part (n=18).

Left side Right side
s = 1
= L2
.
= L4
L5
16 14 12 10 08 06 04 02 00 00 02 04 06 08 10 12 14 186
Reilative toxicity Relative toxicity

Fig. 4. Distribution of toxicity in frozen livers. Data are shown as mean (column) and standard deviation (SD, error bar) of
each part (n=9). :
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A

&, BEEFRYV THEBTRMEI4TLEIEMUgLE o2
WAL D H 2, HEREOFBEN T VTN 4 MUgERHT
HY, ERLTEEIBVEMNIEED N LD o/ (Ta-
ble 2).

REUERY B L L-BERBRTIE, FErRLES
RBELONIHEREDLERHL. LizhoT, HxE
NHEMBOTM L VERICE L, »OEEREDL/PMIVRL
YY) IOEFTE LTRLENELELONE. Bl
DABEFF1I6EMEICOE, RAOGFENET 1L LTHOH
MOMNEIZEHR L EZ A, Avtold0.881+0.21, &
A 1d Specimen No.14 (F¥#3H 1104 MU/g) B 5
L1 (EBf5#EH14.6 MU/lg) D 17T, R4ZE B2 T —
144D B, 1L.ORMIZ78.5%, 1.5RMIZ98.6% 1%
L7, B, FEEAEFEIOEATE, HuHEIoAr
+0130.88+0.28, & AfH L Specimen No. 51 (FHHEN
25.5 MU/g) =BT 5 R1 (FRALBIEF185.9MUlg) D 1.7
T, RAFBWAF— 781D L 1.0KRi%1367.9%, 1.5
KL 97.5% Th o7z,

Kolmogorov—Smirnov &2 & O BN BN OILER
HrRElL A, AR (p=0.1630), BHIFE (p=
0.5819) & HIZIERFMICHED) EHE SN, ThEH
Br¥se, HNFEIPFAVHIoDE (EFET2.33, 3
I T2.84) ZBAAMERITILITESOLKXMTHY,
HEFLOLAREDLTHAI. —H, RAODFEHNIHT S
P LA OFEHES OMSEEL RS- 25, LT,
HAREFHE DICUHZHANERIERSHICHE Y (>
0.999), £ TIEAvEF=0.9110.09, Av+T70=1.56,
EREFFIE TiXAvt0o=0.91£0.22, Av+70=244% %% o
2. Thbb, AFETIE, R4OEZHH10MU/gRMET
oA, MEEAROFEYENA15.6 MU/g %k, AL
WHEHA23.3MU/ghkBZ HHERIZ, HELOEARES
ZEnB. LA T, BAMEEELREDOLE,
InoRERLEE FIZE, EHFBOSE, FHR1E
KOEHWNLFEN2FMTL2OTHNIE RADFEND 1.6
B, BoNEENE CRECT 20 THIE24B0EH
I0MUgE BB TH4E) 28 IFAZLICK
D, THREEHIETELDDLHW LI

F & O

KRBT 770%E XIUEBFECoE, EAFRIZ10
FELTERSAERRIE A, WEOFMITEPL T
By, HITEEIIEY, b LIRECWEN 2RI
BooNlhol, LELEYL, WETHEETZITo 7
L2h, ROFBTRAFICERRZRBY¥H Y, HMARL
BEHHARTED OML) OERFRIB LI LB o
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7z, L7zdSo T, 77 OREWRD-D, FHEOFZEFM
B LTIE, A2 ACTERREL LLIBEDOEEY
THIEWET LW EHBT L.

Bl Fd

FRRBED AFICBE L T T 7e 72w 7z () KER AT
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Toxin Profiles in Fish Implicated in Ciguatera Fish Poisoning in Amami
and Kakeroma Islands, Kagoshima Prefecture, Japan
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Ciguatoxins (CTXs) responsible for ciguatera fish poisoning (CFP) in Amami Islands, Ka-
goshima, Japan in 2008 were determined by LC-MS/MS analysis. Ciguatoxin-1B (CTX1B), 54-de-
oxyCTX1B, and 52-epi-54-deoxyCTX1B were detected in Variola louti and Lutjanus monostigma.
The toxin profile distinctly differed from that of a CFP-related fish from Miyazaki, which mainly
contained ciguatoxin-3C type toxins. Toxin profiles were species-specific, as observed in fish from
Okinawa. The LC-MS/MS and mouse bioassay (MBA) methods produced comparable data, though
54-deoxyCTX1B was not taken into consideration owing to the lack of toxicity data. To improve as-
sessment, toxicity data for this compound are needed. A reef fish caught on the same occasion and
judged nontoxic by MBA (<0.025 MU/g) was found to contain low levels of CTX, indicating a po-
tential risk for CFP.

(Received April 25, 2013)
Key words. ¥ %77 ciguatera fish poisoning: B&EWEKI I 7T 74 —-F YT A BESH LC-

MS/MS: ¥ # FF¥ Y ciguatoxini ¥ X #HEREE mouse bioassay: 4 v 7 ¥ 754 Lutja-
nus monostigma, /N7 N% Variola loutt

* S kent_yg@hotmail.com & =
1 BRERRFE SRR T903-0215 PR IR R AT 5~ LR 207 34535 (CFP: ciguatera fish poisoning) FEICH Y
2 MR IR A BRIERFSEHT TO01-1202 ThAIE B B . L ;
SR SRR T HRRERITRET  pp ol R R L L, AMERBETEL L
3 EE AR AEERT: T158-8501 HEHIHAX CTIIBRBEROBEELRYT. ERETHLIVF IV VHE
LHAE1-18-1

4 s B RN A SEIT T T894-2322 HEIEBIR KB N
Wi 7471 (BFTE: W ERAJ%EE, T890-0033 HE
IR S VR B B T P BUFIT 1799)

S EIEABAREGSN LY ¥ — 1 T206-0025 FHEERL BT
A 1l16-11-10

: AR MhEEUEALR LS, T900-8570 PRI R
1-2-2

74

(CTXs: ciguatoxins) (Fig. 1) i3 & & 1 i ¥ =B 3 Gam-
bierdiscus toxicus & = DEBHIZ X Y EESh, BEA
MEPOHAEANLEYEHEICIVRE  FREN 5.
LoT, foHthidasE s F EECIDEEICRE
H2V?Y 5 CFPIAMBIL, AR AV THE B
LU v R 0BG - BRI TH 2725 EE, L7
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CTX1B oL R  -OH CTX3C &) R -H
OH o'}
H
52-epi- o~ ; {ijj:
54-deoxyCTX1B w3, S H 49-epi-CTX3C ,Ao : S -H
H
s4-deoxyCTX1B 1~ R H 51-hydroxy &z R -OH
W' CTX3C ot
H
. 2,3-dihydroxy b
CTX4A e S -H CTX3C o A | R -H
]
A~ 2,3,51- RN
CTx4B R H trihydroxyCTX3C m/@ R -OH
]
Fig. 1. Structures of representative ciguatoxins
Table 1. Epidemiological data of three CFP incidents in Amami and Kakeroma Islands
Incident Date Location Foods . Spec1es*1 Number of Nu]:qber of Main symptoms
consumed involved consumer patients
1%2 Sep. 2008 Kakeroma  Sliced raw Variola loutt 4 4 Diarrhea, vomiting, hypotension,
fish, fish soup bradycardia, dry-ice sensation,
fatigue, itching, numbness
2%2 Sep. 2008 Kakeroma Sliced raw fish  Lutjanus 1 1 Diarrhea, hypotension, bradycardia,
monostigma dry-ice sensation, fatigue, itching,
numbness
3 Aug. 2008 Amami Fish soup Lutjanus 5 4 Vomiting, hypotension, bradycardia,
monostigma dry-ice sensation, itching, fatigue

*1The fish were from the local fishing grounds.
*2 Details of incidents 1 and 2 were reported previously?.

7Y B KBS TOCFPRAER, HFE TO Gambier-
discus BIRMIEROMREVSHRWZZ EH» S, EULRED
NETIEREL SNTELHIBTLZOBELFETE o T
299 —% EWNICBITHCFPIIERAFRICET 51t
BETEERELTEY, AREELOBEELFEEE 2o
TWBI F7- KN - UE - AMCBNTH RN
REXDY, F0OLHFEN - BEWBREAEIGERT
22107180 s RETRAMPSERIIATTOR
EHERRBTRESNZS, VYT FFLI2L 5 CFPHFEE
LTH Y18 HasET RV EE T CFPEF DT
PEEEINTVS.

AEPEOFERYE BRI, FORERRZITEL, F
B #5292 CEETHE. Y HTFIHEMITED
FEZEGEZLOETY Y AFHRE (MBA) A
NTWwW372, MBAIZZEORAR (HHH240g) ZLEE
L, BEXCAIYE, BYWEEORTOIMERHLZ LS
REBEOBRRBIEINTHE Y, ARHIZppb L TOL

75

NNVTEFIFNE CTXs T MHT A ICIEBO THWEREL &
REFRDONZZ EhS, BETIBEOLERIHEVE
kru< b5 74— % v FLEEHSH (LC-MS/MS)
BHOLNTETWAEY Y LalL, CTXsZARHE
ENIHMETHALI L, BBEETHL-OREELEDR
M) ADEBEPKRENZE, SHICREEROAT -
B CTHRETH L2 EOBEED S, RS R 5- il
BTETVWRVERED DL v, &E, #EF5IILC-
MSMSIZ LBV HTFIB—Fatit %L, CTXs 13
RSN Z T, G. toxicus HEEAT HEMPRY T —F Vi
SOFrEIa—N, FUYEDVEEA BEED72 16545
WKOWTERPORE SR ZTHRE L2, Zhick
D, WAEESY EIFE B X ORRES T4 L7 CFP
DERBSZEHL, ZOHMRICIIEE 2lEEL A%
BRENRSLIEEZRELLY. —FT, EBRNTIRITE
B o EENECFPREARE SNLEIBEREEE
BY XB5YH7 S BRAOEEBKOFEMIOVTI
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bbb NERH? T, BEEBONEHEME TCFPR
BEHCEVWEETREELTWAZ EZHLMIC L. &
LI B T2008FE A LzERHF2HEMIIOVT, &
FEoER, BERAHEOREBLUMBAILLY, ERARW
FIHFEBDOCTXsAAEENL I LERLE 4, Th
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1. HAHBIURERE

20084F9 HICE R BIR KRB EMA AT (MEHEHKES)
HRETHEESR, REBTCFPY OFREE LTINS
Variola louti (#1, FEH 1), 4 v F ¥ 751 Lutja-
nus monostigma (¥ 2, FH2), FH1CHEHEALF
RIEES AR BH3), BXUIhs LREET
BB SN A 725 1 Lutianus gibbus 23 %}
FE#4, 5), Y a5 % Variola albimarginata (3
¥6), FF 7 F A4 ¥ F Y ¥ Aphareus rutilans GREHT),
4% A 71 A Sphyraena forsteri 284 (B8, 9) O
AEzHwvz E6i1c, FAEsHICERBRERET (BEX
B) TERYHEOERL o -ABEBECARE AV
(FA10, HHHl3).

%B, AEICOVTE, BB 1B XU 2IEETFETIC
XY, RE4a~9lMBBRICIVAZELEELAY. &
EOLVPEELAICL 22D LT MBARKETH - 725K 3
BIUSEHF/ZIZHELNZEH10I20oWT, BEFHENT
KR AERER T B# ™ LT, 2284
V754 <— (16SarLB L 16SbrH) 12X I b
Y 7 DNAH @ 16S rRNABIZFH 538 % PCREIC X
DIEWE L7, PCREWEZHRE S1L 27 =7 2R
X D IEERY & RE L7

B, BEORRIEHE 22 DBEEMEZ IS 7.

2. # b=

HMBEBEICTR Y, YZFVI—FN, X5 ) —
N, NFYF YO EER L. EfMES X UCLCBE
M ALY 7=, BEEBRIFV, 7RI MYV, BE
XK, FBOHPLCHZ V- F&Hw, BT VEZT A
IR R MR Lz (Wb ADEHMEE TS () B,

AR, KRB, S ¥l - [ * Sh/:CTX1B,
52-epi-54-deoxyCTX1B, 54-deoxyCTX1B*, CTX4A,
CTX4B, M-seco-CTX4A/B*, CTX3C, 49-epiCTX3C*, 2-
hydroxyCTX3C*, 2,3-dihydroxyCTX3C, 51-hydroxy-
CTX3C, M-seco-CTX3C*, M-seco-CTX3C methyl acetal®
BIUOAvEzu—VEMERALZ 0L, TAFYR
7 (*) TRLEBRSEMETH ), HEOHEISENS
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Lo, BEGWHARELE L.

3. YUXEMUEER (MBA)

AE10OH AR >WTHIHY 2 R/ L MBAICH L7
MBA i3 BB EREIGSTELER > 77 5 2 OREREIC
EUTTY, HBICHCSHREIZ120 g& L7z, Ml
131% Tween 60 B AHEE KT VT g VEL, <
YA (Y%, * A, 17~20g ABER)) ~EHEAEKS
%, 4BEUANIRCTIEMEEETIMULE L
MBA QEEI&H 72 o T, IPRIRAT RSN AT B Y £
BERESOERREZ, TOERBEIES 7.

4. LC-MS/MS

B 1~ 10 D I D W TRERE % 1 B L LC-MS/MS
L7z, LC-MS/MS ZBER ™ 1c# L THT o 72,

REEORE: FRFHCOEHAS g2 WAL, T b
Y15mLTHRE Y F A X, EA5# (3,000 rpm, 10
min), EEAORKELZ 2MEMBEYEL 2. BEE (1 mLE
T) VT F NV —FA5mLIC & 2B\ L
I—FNVBORMGERS 290% X % / — 1.5 mLIZEHF
L, ~"¥4%r3mLic X 2BIER BEZE LMY EZE
7z, MWW EREFEBIFV-A% ) —) (9:1) CHREL
V= A v Ak # InertSep FL-PR (500 mg) 1238
#Hsd (4ml), ERJMT CRMEZELZ. R32T7TE
b= b D IVIEW & LT InertSep PSA (200 mg) ICHEM L
(83mL), 20WVWTA¥ /—A3mLIZEVEHL 7k
P MUNVBITRAY /= VIZX DBEN L0 RW%E
B ES, FNENRXY -1 mLICHE L, BEIZ
S UL TR L L7z,

SWER: 7YV T u P —HEO Agilent
1200 LC ¥ A 7 5 3 Xk UFAgilent 6460 b V) 7V IMERELC/
MS Y AFAERHWE.

LC&EMH: GMagmoELY 2R&/NIL, »DOERH
TOSH MR LT E, BEHOWEIRE, G =i
REOFEICL D, BB~ M) 7 AL ~D%
TR T A LB RE Lz, BN TO&EGZHRAL
7. BEIHICIES mmo/L¥ BT Y27 A B LT0.1%
(viv) ¥BEEUEEK (A) x5 —1 (B) 2HW,
78%BH»590%BETILAMY =777V F&fTv
A5ERFEL. 723 TVVY N Ty u Y —FE
@ Zorbax Eclipse Plus C18 (2.1X50 mm, 1.8 ym) %
40CICHERF LAER L7z, BEIHEOE X 0.4 mL/min, X
B OFEAEE S L & L7

MS &M 4 F ViRIZ Agilent Jet Stream ¥ —< V75 Y
IV T A=AV IER AV bR AT L —
4t (ESD #IC&D, ¥4F+3 v MRME— FTHE
Bifols. BENRIA—-FEFUTOLBYEELK. drying
gas (300C, 10 L/min), nebulizer gas (50 psi), sheath gas
(400TC, 11 L/min), capillary voltage (5,000 V), nozzle
voltage (1,000 V), fragmentor voltage (350 V), collision
energy (CTXs: 40 eV, gambierol: 24 eV). E=%—AF
B7rUh—Y— 7Ty b AF /R F I TAAL A
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HmasFeERLL T42bb, [M+Nal*>[M+Nal®
L, BHIEICm/z 7195 (Fr¥xa—)v), m/z1,133.6
(CTX1B), m/z 1,063.6 (M-seco-CTX3C), m/z 1,079.6
(2,3-dihydroxyCTX3C), m/z 1,061.6 (51-hydroxyC-
TX3C), m/z 1,101.6 (M-seco-CTX4A/B), m/z 1,117.6
(52-epi-54-deoxyCTX1B, 54-deoxyCTX1B), m/z 1,063.6
(2-hydroxyCTX3C), m/z 1,077.6 (M-seco-CTX3C methyl
acetal), m/z 1,045.6 (49-epiCTX3C, CTX3C), m/z

VORFBREICERT 2 Y- 7 SRl S h/-2% GREME~
0.06 ppb CTXIBM 4 B & HE B E~0.15ppb 7 >~ ¥
O—VHY), HEEEREOBRE, F5VILY M eH0E
BIZL DHBRRS EHEY — 7 & OREENTREE 2o 7.
CFPOERAEMRTH Y, MBATHETH - 723 H1,
2% B X URE 1003 X TH 5 CTXIBEZAEABRH S
7. L2L, CTXSCH#ZMAESF rexru—nidmtish
%o 72 (Fig. 2). A1 CTX1BE & UF54-deoxy-

1,083.6 (CTX4A, CTX4B) & L7z, Bohizru< 73

(DQ784735) & —FH L7z, — KT, BB ERHTNHT Y :

.7 % Lethrinus nebulosus & LT\, e L7 $— S §J,{sL e AM\,
o°"s 6 7 8 9 10 0°5 6 7 8 9 10

FACF 581 bp (AB793299) 13w 77 % (AB793300)

ERIB%BRDEENR LN, T, MR BEERORE

Wy ArsERAED B Lo

LADY - R E%R CTXs R L DBIZ L Y ER L7, 102 ?\:Tm; e xi02 (szn'm ;gﬁgma)
54-deoxyCTX1BIZ DWW T, ZDLERERED A + 1L . N
L B L, 52-epi-54-deoxyCTX1B DB BWTE s, {4
BEL7 FELOBRHTR (SIN>3) BLIUEETR (S 4 41
N>10) EE L, CTX1B & 52-epi-54-deoxyCTX1B i & 11 z ° z b e
FN0.02BLT01lngmLThHotz. FOMOERERIZ 2 N AJ\‘L N IUL_
NZN0.055 £ 1°0.2 ng/mL & L7z 2 Ty T TS % oS e s ow
% x10 2 a  Sample 2 x102 Standard CTXs
= 2] é 71 (L. monostigma) 7 (1 ng/mL)
1. EEORERE i i
BIZTHATICL Y, HR 100 16S (RNAR - HEIB DK 4 4
FEH 7T bpld 4 v 7 v 7 ¥ 4 Lutjanus monostigma : b . z .
a c
1

Time, min

Fig.2. Chromatograms of extracts from fish flesh impli-
cated in CFP in Amami and Kakeroma Islands,

2. VUAEM% and standard CTXs: CTX1B (a, 1 ng/mL), 52-epi-

FH100< Y 2HMEIF0.1 MU/g Tho 72 (Table 2). 54-deoxyCTX1B (b, 1 ng/mL), and 54-deoxy-

3. = 4 H CTX1B (c). The sample solutions used for injec-
. B Il

tion were equivalent to 5 g flesh/mL (samples 1

AB 8~ ICBVT, CTXIBBL UV vy E¥ro— and 10), and 1 g/mL (sample 2).

Table 2. Toxicity and contents of CTXs in fish flesh implicated in CFP and fish caught on the same occasion in coastal waters of
Amami and Kakeroma Islands

Toxin content™? (ng/g)

Sample Incident Species Toxicity™*? 52-epi- OTX3C
No.  involved P (MU/g)  CTX1B 54-Deoxy Z‘fl:gle]‘;{ CTX4A CTX4B cl\%;ZCAO/iz type  Gambierol

CTX1B toxins™*
1 1 V. louti 0.2 1.12 0.32 1.48 ND ND ND ND ND
2 2 L. monostigma 0.8 8.78 1.18 0.90 ND ND ND ND ND
3 1 Unidentified® ND 0.13 0.04 0.04 ND ND ND ND ND
4 — L. gibbus ND ND ND ND ND ND ND ND ND
5 — L. gibbus ND ND ND ND ND ND ND ND ND
6 ~  V.albimarginata  ND ND ND ND ND ND ND ND ND
7 — A rutilans ND ND ND ND ND ND ND ND ND
8 — S forsteri ND ND ND ND ND ND ND ND ND
9 — S forsteri ND ND ND ND ND ND ND ND ND
10 3 L. monostigma 0.1 1.11 0.16 0.15 ND ND ND ND ND

ND: not detected

*1Poxicity was determined by MBA (The MBA results of samples 1-9 were reported previously™.)

*2Toxin contents were measured by LC-MS/MS.

*3 54-DeoxyCTX 1B content in flesh was estimated by comparison with its 52-epimer as a quantifiable standard.

*4 OTX3C, 49-epiCTX3C, 51-hydroxyCTX3C, 2,3-dihydroxyCTX3C, 2-hydroxyCTX3C, M-seco-CTX3C, and M-seco-CTX3C methyl
acetal.

*5 Lethrinus sp. can be identified by analysis of 16S rRNA gene on mtDNA (AB793299).

77



