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Fig. 2. HPLC analysis of TTX and its derivatives contained in
the parasitic copepods and skin mucus of Tukifugu niphobles. (A)
TTXs standard: (1-3) tetrodotoxin, 4-epi-tetrodotoxin, anhydro-
tetrodotoxin. (B) Skin mucus of Tukifugu niphobles; (C)
Pseudocaligus fugw; (D) Taeniacanthus sp.

depicted in Fig. 3. Mass fragment ion peaks at m/z
376, 392, and 407, which are characteristic of the
quinazoline skeleton (C9 base), appeared at the
same retention times (P. fugu 10.29 min; Taenia-
canthus sp. 10.30min), respectively, along with
TMS-C9 base derived from authentic TTX with a
retention time of 10.26 min. All of these peaks from
alkali-hydrolyzed extracts of these two parasitic
copepods and authentic TTX revealed essentially
the same mass spectra which were featured by
fragment ions at m/z 407 (molecular peak), 392
(base peak), 376, 320, 318 and 230 (data not shown).
1t can be concluded from the results of HPLC and
GC-MS analysis that the extracts from the parasitic
copepods contained TTX and its derivatives. As far
as we know, this is the first report concerning the
presence of TTX and its derivatives in the bodies of
copepods. In this connection, it was indicated that
the transmission of paralytic shellfish poison (PSP),
which is the same Na™ channel blocker as TTX, of
the dinoflagellate toxins through herbivorous zoo-
plankton as vectors to higher trophic levels and that
they can reach sufficient levels in zooplankters to
cause fish and its larvae kill(White, 1979, 1980,
1981; White et al., 1989). It is reported that
planktonic copepods, Acartia tonsa and Eurytemora
herdmani accumulate PSP by feeding on toxic
dinoflagllates (Teegarden and Cembella, 1996).
Hence not only parasitic but also planktonic
copepods generally have a capability to be resistant
to Na " channel blockers such as PSP and TTX.

On the other hand, some intestinal bacteria of
TTX-bearing animals were demonstrated to pro-
duce TTX (Miyazawa and Noguchi, 2001). It
suggests that TTX-bearers become toxic through
the food chain in which TTX is transferred from
lower to higher strata animals. This, along with the
phylogenetically irregular occurrence of TTX,
suggests that some microorganisms could be true
producers of this toxin.

Relationships between the number of the two
parasitic copepods on 7. niphobles and the toxicity
of its skin mucus of T. nipiohles are depicted in
Fig. 4. The numbers of P. fugu and Taeniacanthus
sp. per host ranged from 0 to 94 individuals
(average+standard deviation = 13.9+22.6) and
from 0 to 8§ individuals (2.742.8), respectively.
The toxicity of the skin mucus of T niphobles had a
range of 108.5-1070.4MU/g (average+standard
deviation = 342.1+208.2). Toxicity was detected
from the skin mucus of all the hosts. Some evidence
that may elucidate the physiological significance of
this toxin in puffers has been recently reported.
Saito et al. (1985) observed that puffers released
large amounts of TTX from the skin when lightly
wiped with gauze, and suggested that TTX in the
mucus layer covering the integument of them may
act as self-defense agent against predators. Kodama
et al. (1985) found a similar phenomenon with a
puffer stimulated by electric shock. In this connec-
tion, Kodama et al. (1986) also reported that unique
exocrine glands or gland-like structures were found
in the skin of several species of the puffer genus
Takifugu. The glands of T. pardelis and T.
vermiculare porphyreum consisted only of secretary
cells with large vacuole.

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 #-test (Table 1). 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 Tueniacanthus sp.

The present study clearly coincides with the
presence of TTX in the body of the parasitic
copepod P. fugu on T. pardalis, which has been
revealed by an immunoenzymatic technique (Tkeda
et al., 2006). The fish ectoparasitic copepods are
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Fig. 3. Ton-monitored chromatograms of the trimethylsily! derivative of the C9 base from the toxins contained in the parasitic copepods.
(A) Pseudocaligus fugu; (B) Taeniacanthus sp.; (C) TTX standards (a—c); m/z = 376, 407, 392.
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Fig. 4. Relationships between toxicity of mucus on the skin of the grass puffer Takifugu niphobles and the number of parasites on hosts.
Dotted line in these figures shows average number of parasites. (A) Pseudocaligus fugu; (B) Taeniacanthus sp.
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Table 1
Two groups of comparison divided by the average of parasites by student’s r-test
Copepods Over average Under average p-value
No. of samples of Mean toxicity No. of samples of Mean toxicity
T. niphobles MU/g) T. niphobles MUy/g)
Pseudocaligus fugu n=29 520.7 n=22 269.0 0.0011
Taeniacanthus sp. n=14 338.0 n=17 3455 0.9222

considered to feed on mucus, tissue and blood of
host (Kabata, 1984). Since TTX and its derivatives
were detected from both the host mucus and P. fugu
in the present study, this skin parasite seems to have
taken the mucus as food and accumulated TTXs in
the body. The life cycle of the family Caligidae
accommodating P. fugu is well investigated, which
consists of two free-swimming naupliar stages, a
single infective copepodid stage, four to six chali-
mus stages, one to two preadults (without molt),
and one adult (Ho and Lin, 2005). The life cycle of
P. fugu is incompletely addressed by us, but there
are, at least, two naupliar and a single copepodid
stages as free-swimming stages (Okabe, 2003). Since
TTX is not accumulated in the ovary and eggs of the
adult female of P. fugu (lkeda et al.,, 2006),
acquisition of this toxin seems to occur through
feeding on the mucus and tissues of the host from
the chalimus to the adult after attachment of the
infective copepodid stage on it. The present HPLC
result suggests that the gill parasite Taeniacanthus
sp. has a different composition of toxin in the body.
This may be explained by the following reasons:
(1) toxic composition differs between the gill and
skin mucus and/or (2) chemical conversion occurs in
the body of the parasite.

The skin parasite P. fugu is found exclusively
from the toxic puffer such as 7. wniphobles,
T. oblongus, T. pardualis, and T. poecilonotus
(Ho and Lin, 2005; Ikeda et al., 2006). The high
host-specificity of P. fugu on the TTX-bearing
puffer and the present bioassay strongly suggest a
possibility that TTX may play a role in attracting
the infective copepodid stage. In addition, preadults
and adults of caligids detaching from the host can
swim freely in water column (Ohtsuka, nunpublished
data). This may be only accidental and/or for active
host switching. Also in that case, free-swimming
preadults and adults of copepods of P. fugu may be
re-attracted by TTX released from the host.
Behavioral reaction of P. fugu to TTX will be

observed in a laboratory in the future. However, the
biological meanings of accumulation of TTX in the
body and resistance mechanism against TTXs for
the copepods are still unknown.
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Toxin Profiles of a Xanthid Crab Atergatis floridus Collected from
Asakawa Bay in Tokushima Prefecture, Japan

Sachio Nisnio, Takefumi Sacara, Tomohisa Kuropa,
Tamiko Hassimoro, and Naoyoshi Niskisort

ABSTRACT

A xanthid crab, Afergatis floridus, which lives along the coasts of Asakawa, in the southeastern parts of
Shikoku Island, is known as a toxic marine animal. The crab contained both tetrodotoxin (TTX) and
paralytic shelifish toxin (PST). The toxin was purified by Bio-Gel P-2 column chromatography and was
shown to consist of TTX, 4-epiTTX, 6-epiTTX, 4, 9-anhydroTTX, and 11-saxitoxinehtanoic acid (SEA) by
means of liquid chromatography mass spectrometry analysis.

Kevyworos : Atergatis flovidus, TTX, 4-epiTTX, 6-epiTTX, 4, 9-anhydroTTX, 1 {-saxitoxinehtanoic acid (SEA)

#

o

ARANRT vV 2 H = (Atergatis  floridus)id 4
YEIFZBIEL, RRTAHLEFRNG m, FIE
252 milET AAROBH = Th b, FROEH
BT & By FiR oAb idigRe, BEXLRR
BTHLIVEREYD Y, SOKEREV, AT,
BENESHEBEDARANRT ¥ Vo H=HRN
o, M, WE, BraYods, B
OB UBFHH IR TwaY,

g, BREUBET 7Y HilEkE, #-X 507,
yeF, NTJARERESSHT B4 FRFTERE
T, BHEFE RN THOBE R S Bt AL R
%o, BFRTHE, TREBERLEEDHEOXTERES
B, WARIEEIERE T T L, BETCIRERE
DB &AL ONRPAGER { THRESATY
52,

ANANRT Y 2y ok BRI ko TEM
BAELLELY, ERBRENBEOLOE 7 /S
Tetrodotoxin (TTX) & B UM% B # Paralytic  Shell-
fish Poison(PSP) DA % Hbe b b, AR
HUETTX EHHEVE L 258021 H 5%, o
IR T, TTIX2ERPLTHHDML PSP R FE

BFETHLEDID2 DD 4 FITRITRS N, B
JBEDOS DORICHL PILHEVHF LTV D
DIKFLE A ER LR,

gL, BBERINEEANRART YD ayif
SEEERAERVEML, BEEKI o7 ST
74— (HPLC), #ifkru~btrs74—/HE
SHE (LC/MS) KE2BERSOBBBIWET
v, ThETOFREMETIELBENE L,

MERU A

M

190112 F (B ERIIE THRKL, —20TTE
MR AR L ANRANT Yy S ay o b 5l &
L7co PERIZIR D BR S, BEBASERABLE L

E0HH

ANRANRT » TV 2= DR R A2, 000
g EWHE, 3RO %BEER—-80%AF VT IV
a—nEMZ, BRI LA 3,000 Xg T05H
HONHE LT EF ERIBIZST . BEICHEABEOR
fEx 2EEHEL, BonibiFEEE—LTHER
WL BB I FVE—-FAT20E, Y0

—103—



WREE - AR - BHEA - BEE%T - OHHR

ox%»CLE, FEu— MITRIBREEMA,
KBEFEFED & Lo FEBEEICEYKEEN
THEL, KBEFFESCE—LT, IhbDiR
fECRAAKBEBETCRML, 2,000 ml & Ui,
Wy 2»B8EE BT, 9FELIOUTOES %15
TREE L,

v 7 SRR

JVERUVROMEREO Y ABHRKBUEAE
ML TIT o 2o MBERUHEOKER Ty
AFURBREIT o720 HE20 g0 ddY BHvy R
2, REABTEL ml 2 JEIEARS LT, E5FKT
LR 06 v 7 ADHRPEEIELT ST T
B (BOURE) 2@z L2, TTX OBAE,
WABOHNCEILTIENE 1wy A 22y b (M)
&L, PSPOFAE, BNHI55CEILT 5EN
T 1MU & Ui LEDFHETCHE LABIBEH»
5, TTX RU'PSP DERE A CHMEMEL KD
AN

BB ALIE

R 2B L7 H i e 1M AR b Y
DA TpH 5.5ICFE Ls & KRBEL M5
1,000 ml Z4E L, FEEHRICEF IS, &
B kB L2515 102,000 ml BEAKREME 2
ML CABLI, EHEERIC 1 %EERE—
20% F VTN — 04,000 ml 2 {EML 1 BB
HLAHE, 25105 %EEE—40%ZF LT NVI—N
4,000 mlTlERMEBHELT, ETEERLSEN
L7z BonFEREEE TR FR Fra. [ R
O&t,

Bio-GelP-2 A5 4L7A% IS5 74—
Boh-FEES I RUL 2 £ ERRTEIRGTRE,
Bio-Rad #:# Bio-Gel P-2 % 5 A (40 mm ¢X800 mm)
7w bTI 74— L, BERE I T LR
& &, BEAKL 000 mlRvC0.1 M EEEE2, 000 ml
L TERS LB &7, BONHBHER
gL, FERRERRE LR, Pk sEL
€0.15 M HeBECigfli{k & & 7= BioGel P-24 7 4

{10 mm X900 mm) L DRI,

HPLC AR

REE, BEREAY ) N TCHEBRL S
Waters 38 Sep Pak CI8F— D v VBT LICHE
L, WERFETREREL:. THTEHLBHEE,
Millipore 8o W * 77 9J — % B wT15,000 Xg
TR LABEL, BLLIRE AR L THPLC
By Ik Liz,

TTX 458 HPLC

HF LI GL Y4 v A S Inertsil 0DS-3(4.6 m
X250 mo) %, BEHAHCIO mM AT ¥ Y RNk
BEgt2% TP V—60 mM ) YT >~
T ABEHW(EH 5.0) % [ v, 3 # i30.6 ml/
min & L7z, #5805 0OBEIKIC, 4 MARL
F MUY LR LEETRS S, 10CIHB LA
10 m7F7RsFa—7ChLTRESE, HEEEM nn,
HIERES05 nm DENTRE 2 WE L 729,

HPLC (C & 3 PSP 44

£ PSP B —EE5 470 A 5 442 H 345 HG3013
N (4.6 m¢X50 m) & #4{LFH B Develosil C-
30UG-5 (4.6 mu ¢xX250 em) %, STX RU'GTX #
NERDOHT T b4 Develosil C-8 28
L7

BOBAKKSE mMA7? 7V uiEE&810
mM BEEET Ve = 7 AR (pH 3.8), BHHHEB
10 mM AT S 7 A OB S L10%7 & b =
PUN—30 mMBEBET > B AR (pH 7.1)
TR, SHEGRES L2555 F TREE A, 26
SFh 6455 E BEH B, 65950 RT 005
THREMHA 2R Lo L%,

STX SR oBHMILE, 77 2 FHEEER
Develosil C8(4.6 mn ¢X250 mm) %, BHEIHIC2 mM
NTEVANFBEERLBT I MU AM-30

mM U YRET B MGENE(pH 7.3) R B v/,

GTX S OREMEICIE, & 5 412 Develosil C-8

(4.6 mn ¢ X250 mn) %, BHFIZZ mM A7 » R
NEVEBEZEEI0 mM U VBT RS Y AR

~104~—




BEEBNBEANRANT Y Vo v F = OBOMRK

(pH 7.3) £ vz WM OS47 b 5 3%120.6 ml/
min & L7z

HTARGCOBEEEL, ToMAITEEEE
50 mM U~ ER#RETE (pH 10.0) 2 LHET
BE XL, 65T TR L TEXLSY, £0H#0.5 M
B P R UHRETRA L CHERAE LR EE, B
P E340 nm, HHEEFE4I0 nm OEERE L

%Lf:o

Bkvavw bI57 ¢~ /HEMTE (LC/MS)

A5 A HAES HG3013N (4.6 m ¢X50 mn) &
T LB Develosil RP-AQUEQUS-AR (4.6 mn ¢ X
250 mo) A LAz BEUMHA LS mM~Ty 70
FTOFBRESEI0 mMERET v By A%, BE)
MBS mMAN7T9 7 L3 OEEEESE10% X F
NTNI— =30 mMEERET BT AR BV,
HPLC ?4& PSP s — 349 L Bk, o#bm
B2 5255 £ T BEIH A, 2650 5455 ¢ BE)
B, d6FPLHRTONFECLBHMEAL
Lo BN EHME (4 14L& sonic spray
ionization {SSD)® % %4 L - B 32 M-8000% LC/MS
CHE, ERSFEHRMSBE LAHPLCZEML
7oo MSWELEME RV F 4 7E—F, H—MILE
B170C, ¥ — I FIRE300TC, RSOV, 74+ —
A ABEINV, FU 7 FEEIOV E L

HRRUEE

1. AHEESOME &Y

ARANRT P2y B #2,000 g2 5
TTX #8 TH45,000MU OMFEL B LA, Zh
& EBRSAB LT, 5FE1, 000L T O Hi4 1230, 000
MU % B L7 2R FEERICCREL, HEERE
IFNTNa— VIFECERL 2o 1 %EEEE—20%
IF VTN T —VETT18,000 MU(Fra, 1)%, %
L CT5%EERE —40% - F 0 7 IV 2 — Wi 3,000
MU (Fra. I) #1587 &5 LB RLEBTHE
DEEIZTO% L » 72, KBBIHEE LIRS
B LS o T oA, BRI
I D HFE S =R BT ETRAAER D B

N, BOSMEEIREHICERL-LBEDbR,

18,000 MU @ Fra. I %7k#kL 7 Bio-Gel P-2 %
F 4 (40 mm¢X800 m) WEMLTHE LA
A HKCHEM LAZES % Fra. A, 0.1 MEEEE
HWi% % Fra. B & L7z, F#423,000 MU 9 Fra.
I3 BioGel P-2 75 ACHEL, 0.1 M FHEREM
B4 % Fra. CY L, #7400 0BHLEEHS
D#ME, FREFNFra. A %5,000 MU, Fra. B
A%34,000 MU, Fra. C #%2,000 MU & % o7z, Fra,
AL BOEEL 28R 1E39,000 MUTH B, Bio
Gel P-2% 5 AAEGNE BT 5 L 21T% B E DY
KL72o ~H, Fra. CH6T%EBP Lo Fra. A
L BToHFRHAE, BROBECREERT P
—WS L CHEERS TR LD Ll s
Fro T ML, deoxyTTX WEEZEFFA5HINLC TTX
CDERENEILRD,

HBENT, #7244 Z10 on ¢ X900 mn T D Bio-
Gel P-2h5A20% IS 74— %4707, Fra.
A B CEFENFRUAICHEH L 10 ml ¥
DEFTVT -8R, Fra, A 13 Fra. 10~1642 PSP
#4 T#2,000 MU, Fra.B & Fra.28~35i TTX
8 T 430,000 MU, Fra.C i Fra. 25~33(2 PSP
PR THI1L,000 MUDERZRLE @1).

2. HPLC &4#f

Fra. A~C #NEh 0% 2 [6 Bio-Gel P-277 4
2UR ST TA—ERPS, FHRESBEROE
¥ — % X O Fra.A ®Fra.14 (A-Fra.14), Fra.B
@ Fra.31 (B-Fra.31), Fra.C ® Fra.29 (C-
Fra.29) ## 1, HPLCoORF & L 2o A-Fra. 14,
CFra,29% o, PSP RIS & L THFFR31~32
SRV — 7 SR S, RICIERS LC/MS
DiERH b, 1l-saxitoxinethanoic acid (SEA) &
FE & ni. —F, BFra.3l% & R 5 K #15.4
&, 1735, 19.93cE— 2 i & h, WIRRLE
MICLC/MSOEERDPS, ZhFAETHHIEK
tetrodotoxin (TTX), 4-epiTTX, anhydroTTX &
HEF L7 BFra. BICH TIX B L EIBETE
WLTBY, ZHid#s, 500 MU OFER R LA,
DEDERER 2R,
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A :Fraction A (5,000 MU) 288 & L7: % @, B:Fraction B (18,000 MU} #3# & L7 b ®, C:Fraction
C (2,000 MU) 288+ L-dD

3. LC/MS 5

:Bmu Jx HPLCH M I B W T TTX MR H & 1L 22 B-
3 Fra.3142 2w C, H 3 M-8000% LC/SSIMS 2 T
. REAH 21T o2 HREE3 RUE 4 1T,

1 3D ARTTX, 4epiTTX ® [M+H]*=3200 <
w ] g/g-w"x AU ST LERLEDOTHD, 12.85&
¥ i ZhwdraTTX 15,052 2 DD ¥ — 2 B LTz, FRERDTA

u”“é“”;lg”“]IS'“‘;g.“";s”“;g””;s”” X/\‘I/H I\}V%@SO)B’ C&:iﬁ:\‘l’f‘:c ‘ﬁﬁjhjzﬁj\&)é

m/z 3200 [M+H]*%2525E56, BHOIEI
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P S S S S S A g !
w1000 3 Li
o] AFm 14 8 p i 3
04 SEA =omoweom n;mwn e @

3 5 P 4-goiTTX ©
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] " _— s m— At * KRR Wi

] § ] 15 ® ) » ¥
Retenlion time (min)

B3 B-Fra. 310 LC/MS ST
Arm/z 320ICk A=A 2w b5 4
K2 2B HBioGel P-27 7470 <% bS5  B:AEEBER B3ACEHLETTXOTAANY
T4 —THRUENLEANRART P ay HoFE7 A
77 a»®HPLC S¥kE g C ! REpR14. 9850 B L 72d-epi TTX DT A R
T N
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B4 B-Fra. 310 LC/MS S#rsR

Az 3021ICLB7AZTT T T A

B R#EFEME16. 585128 W L7/ anhydroTTX <
AARYZ T h

TTX, 4-epiTTX LHE L e

F72, TTX 5 AL 7z anhydroTTX % m/z 302
THUE L7 (B4 —A) . FHERERL7. 83Tt B —
THHREN, FDTRAAY FVE A -B A mi 302
DERMS 7TV ESLDIELL, KRS %
anhydroTTX &FZE L.

KT, HPLC O BWTSEA L Bbh b —
7 DR S AFra, IOV T LC/MS 347 %
ToliEReM5CRT, FEPSPREASELTH
W5 NSEARLC/MS D3 & CHRFRN
41~ 2 IIFI T A m 38 THRAZ T b
7 LABS-ATHL Lol ¥—2 by T
PEHNTHBY, ZHROFETSLOMMETE DL,
447 by SEERDIFORHTH 5 RMERIC
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5 A-Fra. 149 LC/MS ¥R

Atz 35812k B Aruw NI A

B AEEN4.3B55 B LASEADTAANRY
FT A

L BMMPREEL AL FDOTAARS b S
7 4R 5 -Bid [M+H]*=358, [M+H-H.0]"=
300 2 BHIHB S THB Y, PSP RS TLULICH
VR F T VESFES L7z 11-saxitoxinethanoic  acid
(SEA)? & g iz, CFra. 20120V T H EIfE
DEERIF LN,

-2

19014E 128 DBNIBREARARY ¥ Yoy H =i
TTXBRETH2.5 MU/g b 2R b iEvERET
HotzH, TRERBBRTLCwd, By
HELUETLEOTREWIEER BRS, Bio-Gel
P-2ATAas0< N T74— k4T o thBkES
KEL PR LA o a8, THIMEERES I EHN
BRACERENLHEBRLTBY, HRELT
TTX,4-epiTTX, anhydroTTX, SEA X HlIE & h
ol EERLL. ARSI 4 BEOBRS 2 BEL
L &R RGO TR E s,

FEBEBINEEANANRT ¥ Yoy H i, TTX
EPSPOWAEHbEdh, TONERT7 13T
Hole FEBRTOBUEIToER, TIXHED
KERG % TTX A5 %, PSP 31312 SEA DA THE
HENR Tz, SEAFPSPEGE LTAELYL
WHELWHTH D, PSPEEME LTHORT
WHREEEPHENL LA ZHBEDOPSPABIIE L
LTCANF YL TH S, SEARSTX A WVHEF Y
WEFBAXINLDIOTHD, T ORRETER PSP
HBERES A I X TP ARART T ayH o
AT HEER SN,

AT, SETORNEERANART V2
2 F = OGIHEER & AROBEEHH S,
O TTX MEWME A ERT 5 FHNCE L. LHIRK
RE01Hh, TTKOEFUNENEL o1, 58
L ZOHIEDANANT Y Yy H = OERSHEE
KOWTHLIARTRETHH LER S,

B, AHEO—ENIERNRBEEIEER 2O
P MBEIRF AR E TR LS DTS 5,
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EEERE=R VLY OFERICOVT
AR S TR YA BASET TR 2 M

Toxicity of the Newt Cynops pyrrhogaster Collected in Tokushima Prefecture, Japan

Takefumi Sacara, Naoyoshi Nisumori, Tamiko Hasmmvoro, and Sachio Nissio

#

i

KRV F 77 %807 SRARICE, BOEENE
HBTHH77H (tetrodotoxin: TTX) #EfHT 5
bOBHDH, 7IHAFUINIS ARART T2
YHZ, VPEITVHACMT, NFALOFA,
YRFENE, LavEvya, LEAVRY, SR
DBFBEEHCBNTTTXOREIHEIR I TY
B0, —7%, WHEKE L TTX 2 BET 5045
Y, PEROAVTFFLy VAEOH TN, BR
THRMBES DV r A B REME= R 1B R
ERASNTWAEN, ZOERNICBITAHEMI
Slewv, TTX #RET 403, Fos R
Lo THERHEAARELELBEERTEBY, =FY
AFVEZOVTLAROBREN L SR TV EY, &
BELEL= KA BYPBERLTVEY, ZOHM
T ABEVE, o0, AR TIR, EEE
BEINAKRESHTL=h A€ 1) 2RI, HIS
MEEERF L

BHRUFHE

B

200442 6 B 5 HICHEBIERN /MR L =& >
4 ® ) I5EHRY, FE6 A268 cEBE+ALT
BRI L 16EE 2R & Lz, BEBIE, =8
KT 5 3 C-30TTHIRE L,

EOHE
HBOMBE, BEEE4REEREEE R ER
EEHBLFRO 7 Y BEOBEICE L TITo 1Y%

% 2 ENEEN R L, SEO0. 1%/
MATHEARCIOFMIMSMAB L, 3,000 Xg T
5B OELGEC L o TH SN LIE R EEMD
W Ui, B0 RHEMBRE, SILELHLT
7Y AEHRBRE OBERSATEt U .

v AEM SR

MM R A BRRCESLBERC RS XIHER
LT, ddY #2110 1 ml BEERRS L CEE
WLl L. w7 RE{E (MU) i, Bohik
BOERMD CEEEOWMBRIC L YR/, #, TTX
BHTIMU &3, {BE 20 g7 21 %305
MG SEBERETH B,

BERFE A% 574~ (HPLC) B4

B % Millipore 3 Ultra free C3LGC T
nEL, BEEEI I T T T4~ (HPLC) &
R L Lo OB ERIC 1, Waters 8 Puresil
C18 (4.6 mmXx250 mm) %, BHAH 1310 mM ~
TE Y ANF Y BESLE0 mM Y VEET Y ESY
LBEW R BV, W #%0.8 ml/min & L7z, %
LS B D, T2 BRBEORITIMAK
Bk b Yo AR R HEH0.8 ml/min TRAL,
EREAICBWTIOCT I oMM L, BREkE
384 nm, FEUES05 nm TR L72,

ko v 574 — SEEHE (LC/IMS) B

HPLC 5 # 3 8 % A w72, B %412 12 Shiseido
CISMG-T (3.0 mmX250 mm) %, BHMA I
20.4%~7 ¥ 7 VA OB &5 mMBEEE T ~
Ty ABENER Y, H#%0.4 ml/min & L72%
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MS 3E#EEH A 4 ~{biE (sonic spray ionization
SSI) % 4 L 7= Hitachi 34 M-8000% v, HEHER
Vi 47, S~HILIBELNC, Y-V FIRE300T,
23400V, 74 —F ABEIV, FY 7 r30VT
s L7z,

BRREUEE

v AEMREE

Ry AFEMRBOERER L IZRT, T/ H TR
B 715 1481, + A CHRILL 2 1678 ke
QEEPEFETH o/ HHRBEOEHET/HO
b O TU~2UT7 MU/g, +tAKD S D TI8~146
MU/g Th o7z HBHITOFHEN
{1/ {13079 MU/g (mean

REP SR ENIE — 2 a, b BU ¢ DIRFEHT,
2 D TTX, 4-epiTTX K U4, 9%anhydroTTX &
~H L7 Fhe, F TN OT T AIIBY
T, TTX Q¥ — 27 DHEHEIC, 6piTTX L BbR
LY — DB &Y,

YT hD miz 288, miz 290, m/z 304K U sz
Bt — 7R &R, FhPhOBRERMEO~
AARI NITLAFFERLIEIH, HBOARS F
FAEMBTAHIEHNFTE, TR 5 IE511-
dideoxyTTX ({M+H]* =288, [M—H,0+H]*=
270,)%, norTTX-6-ol([M+H]*=290), deoxyTTX
{IM+H]*=304) & UoxoTTX([M+H]"=336)
THHUREMARE SN, LELads, Y2

£l BRERE=KYAETYO<7 AGHRGRER

SD), T AL T33+42 MU/g Th Y,

IR & BBHOB VS AR, f4 TR RRER Ml R O4E & R
t?@@ﬁiiiiﬂ;ﬁ{rﬂﬁi@tﬂﬁﬁuﬁé (mm) (g) (MU/g) (MU/fEH)
o T E T/W 200468 & 2 80 4.2 247 1047
I%ZII‘O fCo ﬁ%%ﬁ?ﬁ’%ﬂ’o 7’:@‘123 J\ 85 4.1 298 937
7 W EDBEET, 247 MU/g, 1047 & 90 3.9 23 863
N by 92 2.8 215 501
MU/BECH o & 8 35 20 708
$ 8 29 1% 457
HPLC 24F % 150 5.9 135 794
. . N $ 110 61 120 730
WoHEAEY ¥ o HPLC 447 I 80 2.7 117 318
HBREFHUIRT Y~ a R c i & 87 3.0 88 265
. £ 100 4.7 86 408
&0 TTX B U4, 9-anhydroTTX O 42 7w 21 oo o
HEBE—K LA, ZOHPLCOS 2 93 4.6 56 255
#F % £ C Tsuruda & ($6-epiTTX % ; lgg g g <2§ 208
TTXDBEHLRE L TR DT, “FRy% 000868 & 77 2.6 6 380
HBIZRE SR Y- 7di%s & 85 3.2 95 302
) 1 s b £ 106 5.1 65 332
epiTTX TRV h LiffEES NS, T 2 80 2.3 o1 139
f2, E=7 el ENBVHEBIND g 90 2.7 56 150
4,9-anhydro6-epiTTX &% % 6157, $ 00 38 & 133
Fy 85 2.8 29 82
£ 9% 3.3 27 89
LC/MS R ¢ 103 4.5 18 81
78 sy X $ 10 46 <2 -
T W £ & 1) 5RO LO/MS S O :
R T B2,30 7R 7. TTX, 4-pi TTX [3 100 4.2 <32 _
B U6epiTTX @ [M+H]*# 4 & ; 128 gg zg -
%oz 320, K U4, 9-anhydroTTX 2 85 2:8 <2 _
DIM+HI+TH B mkz 302 K BWT 2 8 31 <2 —
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Cyclin Box Sequence in Skeletonema costatum

Naoyoshi Nisasors, Ryuji Konpo, Takefumi Sacara and Sachio Nisuio
Keyworps : cyclin box, Skeletonema costatum, DNA sequenceing

Recently, blooms cause a significant threat to
human health and fishery resources through mass
mortality of marine animals and/or shellfish poison-
ing in humans around the world. As these blooms
are the consequence of the vigorous and unusual
growth of phytoplanktons, we consider that studies
on the regulation of cell cycle in phytoplankton has
great importance in the formation of blooms by
these phytoplanktons. Cell cycle progression is well
investigated and known to be regulated mainly by
the activity of cyclin-dependent protein kinase
(CDK) in yeast and mammalian celis”. Although
the CDK is expressed at constant levels throughout
the cell cycles, it is activated periodically by a cyclin
subunit that is expressed in G1/S and G2/M phases
during cell cycles. It is known that the cyclin gene
has a conserved region called the cyclin box and
that this region is important for binding to CDK?.
Recently, cyclin genes have been cloned from a
number of organisms such as sea urchin eggs® car-
rots and soybeans®, and Arebidopsis®. In phyto-
plankton cells, the existence of a cdc 2 -kinase-like
protein in Crypthecadinium cohnii® and Gambierdiscus
toxicus” has been reported, but little is known about
the cyclin gene and its expression in the cell cycle
control of phytoplanktons thus far. In this study we
describe the nucleotide sequence of the cyclin box
of a bloom-forming diatom Skeletonems costatum.

An axenic clonal strain of S.costatum (NIES 324)
was purchased from the National Institute for Envi-
ronmental Studies of Japan. The algae was cultured
in SWM- 3 medium at 20TC, under 6000lx andanL:
D cycle 12:12. A 100ml stationary phase culture

was centrifuged and the cell pellet obtained was

used for the extraction of genomic DNA using
Isoplant (NIPPON GENE) according to the instruc-
tions of the manufacturer, The primer set used to
amplify the cyclin box gene were forward (5'-
ATGCGNGGNATHYTNRTNGAYTGG-3’) and
reverse (5 -GGRTANATYTCYTCRTAYTT-3’)
primers encoding the amino acids MRGILI/VDW
and KYEEYIP, respectively. A polymerase chain
reaction (PCR) was performed using a DNA
thermal cyclar (PCR 2400, Perkin Elmer) with a
100 put reaction buffer mixture containing 30-50ug of
template DNA, 100pmol of each primer, 10mM
dNTPs and 2.5U of Tag DNA polymerase (Nippon
Gene). The thermocycling was as follows : 35cycles
of 1min at 94C, 2.5min at 557, and 2min at 72
with a final elongation step of 7min at 72°C. The
PCR products were analyzed using electrophoresis
with 2%agarose gel. Unpurified PCR products were
cloned into PCR 1I vector using a TA cloning kit
(Invitrogen) and four clones were selected ran-
domly. Each clone was sequenced using Thermo
sequence core sequencing kit (Amersham) and a
DNA sequencer SQ-5500 (HITACHI) with a pair of
Texas Red M13 primes,

The PCR amplified fragment analyzed by aga-
rose gel electrophoresis revealed a single product of
approximately 200bp in length corresponding well
to the length of cyclin box gene described previ-
ously®.

The cyclin box sequence of § costatum (NIES324)
is shown in Fig.1 with some other cyclin box
sequences obtained from the DNA database Gen-
Bank. The sequence obtained here was slightly

longer than the sequence of S.costatum submitted
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8. coststum obtained

8. costatum (AP036318)
Alexandrium tamarange (AF036314)
Prorocentrum minimum {AFP036316)
Brasia naps {L25399)
Arabidopsis thallana (L27224)
Drosophila melanog {M24841)

Saccharomyces cerevisiae (H80303)

S.cogtatum obtained
S.cogtatum
A.tamarense
2.minimum

B.naps

A.thaliana
D.melanoy
8.cerevisiae

$,cogtatum obtained
S.costatum
A,tamarense
p.minimum

B.napa

A.thaliana
p.melanog
S.cerevigiae
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Fig. 1. Nucleotide sequence of S.costatum {(NIES324) cyclin box aligned with cyclin box sequences obtained

from DNA database GenBank. Upper

and lower asterisks show identical nucleotides in phytoplanktons and

in all sequences aligned here, respectively, Nucleotides identical to those of S.costanun (NIES324) obtained
are indicated by {—). Accession numbers are also listed.

directly by Lin and Carpenter (GenBank Accession consensus amino acid sequences of A-type and B-

number, AF036318) and agreed well with other type cyclin boxes. Only one amino acid of the

cyclin box sequences obtained from GenBank. The deduced sequence obtained in this experiment was

sequences of $ costatum (NIES324) obtained here  different from the sequence of S.costatum obtained

contained some mixed sequences shown by the from GenBank and agreed well with other deduced

letter SWXK, and R and these mixed sequences amino acid sequences. The amino acid sequence of

might have been provoked by the use of degener-  § costatum (NIES324) in this experiment shared

ate primer. Except for these nucreotides, only five 68% and 69% homology with those of B.napus and A.

nucreoctides were different from those of the §. thaliana and these scores were higher than that of A.

costatum sequence from GenBank.

The deduced tamarense (61%) and P.mimimun (63%). From the

amino acid sequences are listed in Fig.2. with cyclin box sequence, cyclin in S.costatim could not

Consensus sequence of A type
S.cogtatum obtained
8.costatum

A.tamarense

P.minimum

B.napus

A.thaliena

Consensus sequence of B type

Fig. 2. Deduced amino acid sequence

ke Aok dkkRrkkd *% hkh ok k*x % * Kk wkdkkk * hhkdkxk * ok

MR IL DWLVBY BEYRL ETL L ¥ DRPLS V R KIQLVG A A KYEEI YP
HRGILYDWLVEVELKFKLVPETL YLVVRLIDRYLAKREVIREKLOLVGVTALY TATKYBET /HYP

----- A== —REEY~mCADwmwaufuns Y~ —F-SIBP-Q=-N IACHH--8 L Q.

AERY-~CAD SeaPunaPosIHP-Q—-N TACHW==S  J—
mmmemmm e L=V m =B W] mm s T -~ F e SV e A PR RE e e T
B B el A oy T S SR N3 0, 0. OO T T T S
MR IL DWL QV ¥ LLQET TV IDR Vv LOLVGVT A KYEE MY
Ak kk Ak * * & *k * %k * REAKKANR * dekok ok *h

of S.costatm (NIES324) cyclin box aligned with cyclin box sequences

of phytoplanktons and plants. Consensus sequences in cyclin A and cyclin B are also listed. Amino acids
identical to those of S.costatum (NIES324) obtained are indicated by (~).
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Cyclin Box Sequence in Skeletonema costatunt

be assigned to the A-type or B-type group as shown
in higher plants®.

In yeast and mammalian cells, the cyclin is
divided into some subgroups and different types of
cyclin are expressed according to the cell cycle.
Some subgroups of cyclins are also reported in
higher plants® and the importance of transcrip-
tional regulation of these genes for cell division and
development were suggested'™?,

This experiment has shown that the eucaryotic
planktonic algae possessed cyclin that controls the
cell cycle just like the other eucaryotic organisms.

The expression of cyclin is still being investigated.
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Occurrence of Paralytic Shellfish Poison (PSP)-Producing
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To assess levels of shellfish intoxication by the paralytic shellfish poison (PSP)producing
dinoflagellate Alexandrium tamarense, potential health risks to human shellfish consumers and the
possible need for regulatory intervention, yearly variations of maximum cell density of this
species were examined from 1993 to 2004 in Kure Bay and Kaita Bay, which are located within
Hiroshima Bay, Hiroshima Prefecture, Japan. The seawater temperature was determined con-
comitantly. In Kure Bay, maximum concentrations of 1,400 and 1,300 cells/mL at 0 and 5m
depths were observed on 21 and 24 April 1997. In Kaita Bay, remarkably high concentrations
above 1,000 cells/mL of A. tamarense were observed in two out of three vears investigated. These
facts suggest that the environment in both bays is favorable for the propagation of A. tamarense.
The temperature range at which the natural population of A. tamarense blooms was generally
from 12 to 16°C. Four strains {ATKR-84, -95,-97 and -01) from Kure Bay and one strain (ATKT-
97) from Kaita Bay were established. The strain ATKR-94, cultured in modified SW-2 medium at
15°C for 15 days, showed a specific toxicity of 33.8X 1076 MU/cell. The toxins in all five strains
exist almost exclusively as S-epimers (C2{PX2 or GTX8), GTX3, dcGTX3 and GTX4), which
accounted for 54.9 to 73.0 mol% of the total. The corresponding a-epimers (C1 (PX1 or epi-GTXS8),
GTX2, dcGTX2 and GTX1) accounted for 6.0 to 28.9 mol%. The toxin profiles of ATKR-97 and
ATKT-97 were characterized by unusually high proportions of low-potency sulfocarbamoy! toxin,
which comprised 624 and 68.2 mol%, respectively, of total toxins. In the toxic bivalves, the
low-toxicity sulfocarbamoyl components, major components of 4. tamarense, were present in
amounts of only a few percent, suggesting that in vivo conversion of PSP occurs after ingestion.

A comparison of the toxin profiles of the causative dinoflagellate and contaminated bivalves
showed that PSP components exist in the bivalves in the form of a-epimers, presumably owing to
accumnulation or storage of the toxins.

Key words: paralytic shellfish poison; Alexandrium tamarense; dinoflagellate; oyster: mussel;
Hiroshima Bay; gonyautoxin; saxitoxin

Introduction

Contamination of bivalves with paralytic shellfish
poison (PSP), produced by & number of toxic dino-
flagellate species, such as Alexandrium catenella,
Gymnodinium catenatum and Pyrodinium bahamense var.
compressum, poses a serious problem to the shellfish
culture industry, as well as to public health, in various
parts of the world". This toxin, once produced, can
accumulate in filter-feeding shellfish that feed on the
dinofiagellates, resulting in iliness to humans at higher
trophic levels in the food chain, mainly in the form of
paralysis in parts of the body, foliowed by death in

severe cases. Alexandrium tamarense is one of the
toxigenic dinoflagellates responsible for several well-
documented episodes of PSP in widely separated geo-
graphical countries in the world. In a previous paper,
we reported on the first infestation (in 1992) of shellfish
with PSP in Hiroshima Bay, Hiroshima Prefecture,
which is one of the largest oyster culture areas in
Japan®®. Since then, A. tamarense has been peri-
odically associated with episodes of PSP toxicity. Sub-
sequent monitoring for toxins contained in commercial
shellfish by mouse bioassay showed that short-necked
clams, mussels and oysters were contaminated with
PSP from the end of March to May in association with
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the appearance of the toxic dinoflagellate A. tamarense
in this bay. Fortunately, there have been no cases of
food poisoning connected with the present PSP infesta-
tion of bivalves in Hiroshima Bay. In the 1993-2004
survey on the occurrence of PSP-producing dino-
flagellates in Hiroshima Bay, five strains of A. tamarense
were isolated and their PSP profiles were investigated.
This investigation, developed as an extension of previ-
ous studies in which the authors participated, was
undertaken to assess levels of shellfish intoxication by
A. tamarense, potential health risks to human shelifish
consumers and the possible need for regulatory inter-
vention.

Materials and Methods

Dinoflagellate .

Figure 1 shows Hiroshima Bay, and the relevant
localities of Kure Bay and Kaita Bay. The relation
between seawater temperature and maximum cell den-
sity of A. tamarense was examined throughout early
spring to early surnmer from 1993 to 2004. Seawater
samples were collected for cell counts from 0 and 5m
depths in Kure Bay and Kaita Bay, which are located
within Hiroshima Bay, in this study period, simul-
taneously with the trial to isolate the toxic dino-
flagellate identified as Alexandrium tamarense on the
basis of the morphological characteristics®. Samples of
seawater were taken with a Van Dorn water sampler
and then concentrated appropriately. The number of 4.
tamarense cells in 1 mL of the concentrate was counted
under a microscope. Five clonal cultures of A. tamar-
ense were established and used for toxin analysis. Four
strains isolated from Kure Bay in 1994, 1995, 1997 and
2001 were designated ATKR-94, -95,-97 and -01, respec-
tively. One strain from Kaita Bay in 1997 was

designated ATKT-97. The culture method, toxicity
assays and toxin composition analysis of these strains
were essentially the same as reported previously?.

Shellfish

Prior to a year’s survey, non-toxic oysters and
mussels were collected, divided into cages created of
mesh netting (2-3 dozen mussels per cage) and hung at
5 m depth at the experiment station in Kure Bay on 11
March 1997 so that aliquots could be collected
routinely throughout the study period. Specimens of
oysters and mussels collected from the cages at 5m
depth on 21 April 1997 were brought to our laboratory
on ice for mouse assay of PSP toxicity by an official
Japanese method?, and immediately used for purifica-
tion of toxins as described below.

Assay of toxicity

In the assay of toxicity of the dinoflagellates, cells
were suspended in 0.5 mol/L acetic acid and ultra-
sonicated for 10 min. The lysate was centrifuged at
2,000 X g for 20 min and the supernatant was obtained.
A series of test solution was prepared by dilution witha
small amount of distilled water and assayed for PSP
toxicity by an official Japanese method®. The PSP
toxicity of the shellfish samples was measured by the
same method, using 0.1 mol/L hydrochloric acid as the
extraction solvent”. The activity was expressed in
mouse units (MU); 1.0 MU is defined as the dose of toxin
required to kill a 20 g ddY strain male mouse in 15 min
after intraperitoneal injection.

Purification of toxins from A. tamarense cells and bivalves
The acetic acid extract of A. tamarense cultured cells
was concentrated and loaded onto a Sep-Pak Plus C18

5

The City of Hiroshima

10 Km

Fig. 1. Map showing Kure Bay and Kaita Bay along with Hiroshima Bay
@: Kure station; A: Kaita station
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Environmental Cartridge (Waters). The unbound por-
tion was collected and concentrated to dryness in vacuo.
The residue was dissolved in a small volume of water
and injected into the HPLC-fluorometric system?®-2.
Specimens of oysters and mussels were collected
from the cages at 5 m depth on 21 April 1997, Toxins
from the toxic specimens of oysters and mussels were
partially purified essentially according to the proce-
dures previously described? ®. The reference standards
of PSP used in this study were prepared from the diges-
tive glands of PSP-infested scallops Patinopecten
yessoensis in Ofunato Bay, [wate Prefecture® and from a
xanthid crab Zosimus aeneus from Kabira in Ishigaki
Island, Okinawa Prefecture®, Contents of N-sulfocar-
bamoyl derivatives {C1 (PX1 or epi-GTX8), C2 (PX2 or
GTX8), C3(PX3), C4 (PX4), GTXS5 (B1) and GTX6 (B2)
were estimated from the increased amounts of cor-
responding carbamate toxins (GTX2, GTXS, GTX1.
GTX4, STX and neoSTX) after acid treatment, due to
lack of standards. Acid treatment was performed with
0.1 mol/L hydrochloric acid for 15 min in boiling water.

Results and Discussion

In the present study, the appearance of A. tamarense,
in association with infestation of bivalves in Hiroshima
Bay, was monitored in more than 70 sampling stations
every two weeks. As a result, the abundance of this
species in Kure Bay and Kaita Bay was found to be
remarkably high in comparison with that in other sta-
tions. In this report, we analyze the data on the abun-
dance and PSP production of A. tamarense and toxifica-
tion of bivalves, focusing on these two areas.

Figure 2 shows the yearly variation of the maximum
natural population density of A. tamarense and of the
seawater temperature when the density reached maxi-
mum in Kure Bay and Kaita Bay. In Kure Bay, concen-
trations above 100 cells/mL of A. tamarense were ob-
served almost every year during the investigation
period except for 1999, 2003 and 2004. A. tamarense
was recorded at maximum concentrations of 1,400 and
1,300 cells/mL at 0 and 5 m depths on 21 and 24 April
1597. In that year, the seawater temperature at 0 and 5
m depths was about 11°C in the middle of March, and
rose to almost 14 to 15°C by the end of April. In Kaita
Bay, remarkably high concentrations above 1,000 cells/
mL of A. tamarense were observed in two out of three
vears investigated. On 20 May 1996, the maximum
density reached 2,500 cells/mL at 0 m depth, when the
seawater temperature was 18.1°C (0m depth) and
16.2°C (5 m depth). Following this red tide, on 21 April
1997, a maximum density of 1,100 cells/mL in 0 m was
observed, when the seawater temperature was 15.2°C
(0 m depth) and 13.4°C (5m depth). In many cases,
judging from the results shown in Fig. 2, the seawater
temperature when the maximum cell density of A.
tamarense was recorded, was within the range of 12-
16°C. This would explain why 4. tamarense tends to
occur from April to May in this area.

it is well known that A. tamarense is widely dis-
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Maximum cell density of Alexandrium tamarense
in Kure Bay (A) and Kaita Bay (B), Hiroshima
Prefecture
E: Density (0m depth); O: Temperature (Om
depth): O: Density (5m depth); ¢: Temperature
{5 m depth)

tributed in coastal waters throughout the world and is
found in localities ranging from arctic to tropical?, Its
appearance is monitored all over the world®. In com-
parison with the monitoring data in the past, the abun-
dance of this species in Kure and Kaita Bays was high.
This fact suggests that the environment in both bays is
favorable for the propagation of 4. tamarense. On the
other hand, the abundance of the natural population of
A. tamarense in 0 m depth was mostly higher than that
in 5 m depth in the same water column. In this instance,
the seawater temperature in 0 m depth tended to be
high. This suggests that one of the key factors control-
ling the time when A. tamarense appears and forms a
bloom is the seawater temperature. On the other hand,
there were years when the maximum population densi-
ty was low even though the seawater temperature was
within the range mentioned above. In those years, the
difference of seawater temperature between § and 5 m
depths was small in comparison with that in years
when a dense bloom of A. famarense was observed.
These phenomena suggest that stratification and the
stability of the water column are also factors that sup-
port dense bloems of this species.

Four strains (ATKR-94, -85, -97 and -01) were estab-
lished from Kure Bay in 1994, 1995, 1997 and 2001 and
one strain (ATKT-97) from Kajta Bay in 1997. All of
these strains were identified as A. tamarense by the
basis of the morphological characteristics, according to
the criteria of Balech®. The cultured ATKR-94 showed
a specific toxicity of 33.8X 1078 MU/cell. This value
was almost the same as that of the strain isolated in
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