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Advances in pectenotoxins studies: a review
LIU Renyan, LIANG Yubo*

National Marine Environmental Monitoring Center, Dalian 116023, China

Abstract: The advances made in studies of pectenotoxins ( PTXs) , including the chemical structures, source organisms,
toxicities, geological distribution, occurrence and metabolism in marine organisms, and risks associated with PTX-
contaminated seafood, were reviewed. PTXs, are a group of cyclic polyether-lactone toxins first detected in the cultured
Japanese scallop Patinopecten yessoensis in 1984. Up to now, around 20 different PTXs have been identified from algae and
shellfish samples. Some PTX toxins, like PTX-2, are mainly found in algae, and other PTX toxins are supposed to be their
metabolites in shellfish or artifacts produced during the sample preparation process. PTXs are mainly produced by toxic
dinoflagellates in Genus Dinophysis, including D. acuta, D. fortii, D. acuminata, D. caudata, D. norvegica, D.
rotundata , D. infundibulus and D. sacculus. PTX-2 is the major toxin produced by the toxic Dinophysis spp.. Recently,
PTX-1, PTX-11 and PTX-12 also have been detected in phytoplankton samples containing Dinophysis cells. Filter-feeding
shellfish could accumulate PTXs produced by toxic Dinophysis, and PTXs have been widely detected in mussels, scallops
and clams collected from countries in Asia, Europe, Australia and America. Metabolism and depuration of PTXs in shellfish
depend upon the shellfish species. In the greenshell mussel Perna canaliculus collected from New Zealand, PTX-2 produced
by D. acuta is mainly transformed into PTX-2 seco acid ( PTX-2sa) and 7-epi-PTX-2 seco acid (7-epi-PTX-2sa). But in
the Japanese scallop Patinopecten yessoensis, PTX2 would be oxidized into PTX-1, PTX-3 and PTX-6. PTXs have a low
diarrhoeic potential, but show high haptotoxic effects in mice. The LD50 value of PTX-2 determined by the mice
intraperitoneal injection method is 219ug/kg. Despite the high intraperitoneal injection toxicity, the oral toxicity of PTX
toxins is relatively low. The LD50 value of PTX-2 determined by the oral administration method in mice is over 5000 wg/kg.
To protect seafood consumers, regulation for PTXs in shellfish products have been proposed and adopted by many countries.
The European Community Reference Laboratory suggested that PTX-2 content in edible portion of shellfish should be no
more than 16 .g/100g wet weight. Generally, shellfish contaminated by PTXs was considered low risk due to the relatively
low oral toxicity and the transformation of PTX toxins in shellfish, which would significantly decrease their toxicity. In
China, 16 species of Dinophysis, including 5 toxic species, have been identified along the coast of China based on the

results of phytoplankton investigation. And some toxic species, like D. fortii in the Bohai Sea and D. caudata in the South
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China Sea, have formed algal blooms. However, works on PTXs and other lipophilic phycotoxins are still limited in China.
So far there is little knowledge on PTX toxins produced by Dinophysis spp. , but PTX1 has been detected in shellfish
samples. Based on the review, further studies on phycotoxins in China are suggested, including preparation of toxin
standards, toxicity and toxicological studies of new phycotoxins, and ecological studies of Dinophysis blooms, to protect the

health of seafood consumers.
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2 ORUEAY) I PTXs 453

HATERE XK PTXs I8 A4 YU IR T-#& 3 & B9 Dinophysis acuta \D. fortii . D. acuminata .D. caudata . D.
norvegica \D. norgevica \D. rotundata'®*") D. infundibulus"") F1 D. sacculus"?> JLFh, F 1 B4 K 1E7= PTXs
R MEEBEAIFIE B R B S A

Tt o' SR, B R RN, PTX-2 RIS EEET R AW R FEN PTXs KFERHA D, LT
R RILF=H PTXs WSESEERRE =4 PTX-2, 4% D. fortii D. acuminata \D. caudata .D. norvegica .D. norgevica .
D. rotundata D. acuta F D. inﬁmdibulus[6’14’16'21 Bl BET D. sacculus

YRR Y PTX-2 B IRRBURTE H AR Dinophysis fortii FHHRGE, J2 0 Fl S 40 MO (35 07
RIS RN D. forvii £ R & BLF—Fh 4 PTX-20102

ERE T ARERIEY T, PTX-2 R FBENFRA S, PTX-2sa FERD(HZE PTX-2 1) 10% ), T
7-epi-PTX-2sall Aok H 12

XfF D. acuta, ANEIHLIRMR A R PLE PTXs A AR KX G, KB FPE2H D. acuta o PTX-2 R4 %}
L5, A& DTX-2 R Mok B WK Z/R =TGR N D. acuta HHLHH 732 DTX-2 (53% ) Fi OA
(26% ), DAK PTX-2(17% ) .PTX-2sa(3% ) Fi/> & [ 7-epi-PTX-2sa(1% ) ¥} ; PTX-2 & H &Kk D. acuta %
B — R TR AN,

%1 PTXs =H#&% Dinophysis spp. HIIE 5 1
Table 1 Geographical distribution of Dinophysis spp.

#1144 Species PTXs B % toxins Hi X Region SCROR

Source of data
D. acuta PTX-2sa(8.2pg/cell) , 7-epi-PTX-2sa(4.6pg/cell) , PTX-2(14pg/cell) IR [6,15,27]
D. fortii PTX-2 KA [29]

PTX-2(107. 5 pg/cell, 92.2% ), PTX-2b, PTX-2sa (6. Spg/cell, 7.8%),

D. acuta PTX-11(64. 6pg/cell) , PTX-11b, PTX-11sa(1 pg/cell) , PTX-13, PTX-14 B (12,14,17-20,26,30]
D. acuminata l:l};:ﬂ;;@ 1pg/cell) , PTX-2(25.8pg/cell) , PTX-2sa(1.7pg/cell) , PTX-11sa i [19]

D. rotundata PTX-2 By [20]

D. acuta PTX-2(48.4 pg /cell, 90% ) , PTX-2sa(0. 5pg /cell, 10% ) WA [26]

D. acuminata PTX-2(75%) , PTX-2s5a(25% ) WEF [26]

D. caudata PTX-2 (130 pg/cell) (LRI ¥ [31]

D. acuta PTX-2(30 pg/cell, 78% ), PTX-2sa(22% ) VEHEF [29,32]

D. acuta PTX-11(2.2 pg/cell) , PTX-2(38 pg/cell) gf A [33]

D. acuminata PTX-2(10.2fmol/cell) , PTX-12(4. 0fmol/cell) Wk [34]

D. rotundata PTX-2(0.9fmol/cell) , PTX-12(1. 5fmol/cell ) Wk [34]

D. acuta PTX-2(3.8fmol/cell, 87% ), PTX-2sa(13% ) , PTX-12(22. 6fmol/cell) Wk [32,34]

D. norvegica PTX-2(2.0fmol/cell) , PTX-12(20. 4fmol/cell) Wk [34]

D. acuminata PTX-2(180pg/cell) BH [23]

D. caudata PTX-2, PTX-2sa PRKFIE [35]

D. infundibulus ~ PTX-2(14.8 pg/cell) )N [21]

D. acuminata PTX-2(50.2 pg/cell) H 7 [21]

D. norvegica PTX-2(67.4 pg/cell) )N [21]

D. norgevica PTX-2(52.2 pg/cell) HA [21]

D. fortii PTX-2(182pg/cell ) H A [21,24-25,28]
D. acuta PTX-2 H 7 [25,28]

BTV 22 W) D. acuta S 4. 7—64. 6pg/cell {) PTX-11 1 32.5—107. 5pg/cell §) PTX-2; D. acuminata
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C7 R; R, R3 MW
PTX2 R H H CH; 858.5
PTX2b S H H CH; 858.5
PTX1 R H H CH,OH 874.5
PTX4 S H H CH,OH 874.5
PTX3 R H H CHO 872.5
PTX6 R H H COOH 888.5
PTX7 S H H COOH 888.5
PTXI11 R OH H CH; 874.5
PTX11b S OH H CH; 874.5
PTX13 R O OH CH; 874.5
C7 R; R, R; MW
PTX2¢ S H H CH; 858.5
PTX8 S H H CH,OH 874.5
PTX9 S H H COOH 888.5
PTX1lc S OH H CH; 874.5
C7 R; R, R; MW
PTX2sa R H H H 876.5
7-epi-PTX2sa S H H H 876.5
37-O-acyl PTX2sa R acyl H H
33-O-acyl PTX2sa R H acyl H
11-O-acyl PTX2sa R H H acyl

PTX14 MW 856.5

PTX12 SA

El1 PTXs HERMLFELEN
Fig. 1 Structures of pectenotoxins

45 0.4—2. 1pg/cell ) PTX-11 F12.4—25. 8pg/cell ff) PTX-2, 2 F& 43 YR BE & T D. acuta W E; T
BRALT =) PTX seco acids (& B7E 2 FhdE spARARAR, 4905 &% PTXs HE 4% . HvG 2K D. acuta
i PTX-2sa (5438 PTXs I LB T B /R 2213804 D. acuta' ™',

PTX-11 376 22 ¥R D. acuta (3B PTXs HERAZ """ ) WiLe B A b8 7k S8 i 1547 i 5
IR R ZA S

I HRIE SR B H AT 5 Rk EE R D. acuminata T =4 OA T3 LAY , 76 B4 0 43 25 193X — b 3
A MR &K Bt DTX-2 # PTXs 2KFER 5 TR THRBUFIH PG 22 W30 D. acuminata  PTXs J2fx FH M7
R ; EEAILEREEN D. acuminata o PTXs B ME—Z M BEEFR A EHFIARENE, RBEAEA
JCHFEAE IR D. acuminata HIFER A58 FIHRARR
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SR FILHHE LA Arica Bay B WKLY &4 PTX-2 (7604 pg/L) \PTX-11 (134 pg/L) i
PTX-2sa (39 pg/L), /KK TELE 2 FhEEHE Dinophysis acuminata (2400 cells/L) 1 Dinophysis rotundata (200
cells/L) (36l

2008 FE KAFGETETRIAAEY) 1 R IUFEAE PTX- 1, B Xt b vo 38 AT -RAS B e Mgk ( Skagerrak , 7E 152
H 222 5 5P R R AR 2 [8]) 1§ S TR A ) 7 AT E 9T, 3 4 Fh2H 4 PTX-2| PTX-11, PTX-12 1 PTX-1 #
UE, WX IFAE 4 FhEEBE D. norvegica . D. acuminata ., D. rotundata F D. acuta, PTXs 7 2 4H 43 FIEEBEFP 2
SR 4 M3 AFE, PTX-1 1 D. acuminata ) FFEHRAIK . FETHE2ZKIR, D. acuminata 7228 X} L ¢
i, EEBRBSHE PTX-2 il PTX-1( 4y 58 PTXs ) 95% L) 1) , PTX-11 F1 PTX-12 JR B AFLE ; FBIKER,
PTX-2 RFE 44, HKE PTX-1, PTX-11 fl PTX-12 JEBFZ7E, D. norvegica J& £ EF 2, HIKE D.
acuminata, D. acuta F1 D. rotundata R/CE; MFLE /KB, PTX-2 2 FEH 5, HIKE PTX-1, PTX-11 I
PTX-12 JREFFHE, D. acuminata ZHXHRHEF, HE 3 FEERMR/D&E; £ RGNS, PTX-12 2 F %
4y, HRRE PTX-11, PTX-2 JEBTETE, ¥ Fh 2 D. norvegica 1 D. acuminata, D. rotundata 'V EFFAE, X2
BRI TR WY PR PTX-1 414), MR RERE BRI RoRIE |

k B HAMEA D. infundibulus 2ME— Z IS H PTXs KEFR KL, 2000 FHRMEETH O0A,
DTX-1 1 PTX-2%

ME— B — 5 3R B E R K B ) 3 Fp 5 3% B B Protoperidinium depressum ., Protoperidinium divergens Fi
Protoperidinium crassipes(3 F#ESLAFHIREE RN &) th A BEH PTX-2 Hl PTX-12 ((33E—*t 36 {2 R/S JERT L 5
k) =,

AR E PTXs BRIAESIHIMAERE, X IR SHEREFEE. TRER THZRMEE
AR P ERAREAFN . ERBANWERB T RERE, THRSKEFERGEESHE
AX.

3 SHRZENS

PTX-1.PTX-3 Il PTX-6 B4 & B fF g 42721 PTX- 1 RESIEAFRESRSE, (HABA KI5 H1E
FRLs o0

PTX-2 F PTX-6 X} BUFAES 5 LR A A BT X A, PTX-2 gy T 5GP E AL M RE T #51 &R
IfiL; T PTX-6 ZEAFA TR BRI L. PTX-6 X —FE IR IEH KM T R B R microcystin-LR 1521
FRHEGER

BFFE B~ PTXs Xt JLbR A 40 B A SR B 4 st k4, el 5 i NG108-15 1 Neuro-2a £y iy BF
FAUESE T PTX-2 M4 aEHE, T H NG108-15 MU ™ o LULAR A MR A A9 L%, PTX-2 ik
RIS M @M NF-jB (Nuclear factor-kappa B) i & BT P M ELA UG . PTX-2 2Ml3h
B IR, R pS3-BIR R B B A R o BT PTX-614 1 PTX -2 gt
SEUESE WL EE 40 M B 2R AT BB R PTXs R R M B HEIEHIIaE, REE S F/KFHIERVLEIEAR
HRE,

eSSk, PTX-2 BARE /N BUEBBOEEME, O RFEERNREA, XA REANEES
F I AL AR B i, R AR B A P DR AR B T N R AR, 0 PTX-2sa 26105 PTX-
117850 PTX-11°0 By U R 5 30 . PTX-2sa oI M IRFEVEE R I I v S B MERAR /N, xRy
BEAFTHF BB (PTX-2—PTX-2sa) BT PTXs FEMEIH R BB/ R 54 ; PTX-2 Hl PTX-2sa 7E/NRLSE
B AN B RRIE MR, BRI PTXs VS v N B 4R 4 RSt

PTX-2sa Fil 7-epi-PTX-2sa Xf T KB 4l (4 B A £ ] AR T PTX-2 L%, BWE PTXs KEFER IR
SEH R R AL

W75 PTXs [ D AS VA R AR O, 3256/ REAA R & IR IS 1 S BOE R E, (H O IRFEMHEAR /D ; X —2
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WEWHABEAFESRE RN, RHEHER LR PTXs 251 SBURTEEN, BIEIE R b THAFE
UL e (VS DU AL 4T BKVG R BR OA (okadaic acid) B 7% 3 DTXs (dinophysistoxins) 51729 . fi T4
FAYEE B A OA FI DTXs, BrLLEH PTXs 25 0A FHFEFETHFER N H,

4 BEEEY SHREASEN

EAREAEMEREGE I P & B PTXs BB A : BORH I B RA L A B o4 22 9Bl 4 2 2F 7 g 3
F B I B2 EES A gk g, R 2 REMRERINT PTXs R MK,
FRAD LI

Table 2 Shellfishes contaminated by PTXs and its geographical distribution

£R2 PIXs £EZNHHIESH

i N
S z iﬁLTﬁ PTXs B PTXs toxins H#b[X. Region TR
Species Science name Source of data
Scallop Patinopecten yessoensis PTX-2( < 2.0pg/g) , PTX-6(13pg/g) , PTX-4,PTX-7 H 7 [5,28,53]
Mussel Mytilus galloprovincialis PTX-2sa, 7-epi-PTX-2sa, PTX-2 LA ETHE [6]
Mussel Mytilus galloprovincialis 7-epi-PTX-2sa PR EENE  [54]
. L . wh A5 B
Mussel Mytilus galloprovincialis 7-epi-PTX-2sa(1.2pg/g, HP) i#) Kastela 5 [22]
Mussel - PTX-2 e KA [29]
Mussel Mytilus galloprovincialis PTX-2sa,ACl,7-epi-PTX-2sa VA5 B i [16]
i::;:heu Perna canaliculus PTX-2(3.1%) , PTX-2sa(86.6% ) , 7-epi-PTX-2sa(10.4% ) B [6,12,15]
Blue mussel ~ Mytilus galloprovincialis PTX-2(3.8% ), PTX-2sa(88.2% ) , 7-epi-PTX-2sa(8.0% ) vz [12]
Greenshell . PTX-2(193ng/g,HP) , PTX-2sa(11.3ug/g) , PTX-11 (366ng/g), .
mussel Perna canaliculus PTX-11sa(2.0png/g) B [14]
Shellfish - 7-epi-PTX-2sa, PTX-2sa B HL [54]
Mussel Mytilus edulis PTX-2sa, AC1 IR 2LV [16]
Mussel Mytilus galloprovincialis 7-epi-PTX-2sa BIR2% [54]
Mussel Mytilus edulis PTX-2sa(0.6ug/g) ,7-epi-PTX-2sa(0.2pg/g) , PTX-2(0.1ug/g) B/RZ [27]
Mussel Mytilus edulis PTX-2(0.3pg/g) , PTX-2sa (0. 8ug/g) , 7-epi- PTX-2sa(3. 1pg/ R [27,55]
g), PTX-1
, , PTX-2 (695pg/kg) , PTX-2sas (15875 ug/kg) , PTX- 12 (2306g/
Mussel Mytilus edulis kg) ,PTX-12sas (1078 pg/kg) 719,14 [34]
Cockle Cerastoderma edule PTX-2(5ug/kg) ,PTX-2sas(190ug/kg) ,PTX-12(92ug/kg) , PTX- Wk [34]
12sas(92pg/kg)
Blue mussel ~ Mytilus edulis 7-epi-PTX-2sa(0. 1pg/g) , PTX-2sa(1.3png/g) (HP) WET [26]
Donax clam  Donax trunculus ;l‘f\-)Zsa(4.3ug/g) /7 epi- PTX-252(0. Spg/g) , PIX-2 (0. 3ue/e WA [26,57]
B
Cockle Cerastoderma edule PTX-2sa(1.0pg/g) ik W [26]
Green crab  Carcinus maenas PTX-2sa(0.1pg/g) wET [26]
Clam Spisula solida 7-epi-PTX-2sa + PTX-2sa(0.4pg/g) , PTX-2(0. 1pg/g th2>) HET [57]
Scallop Pecten maximus PTX-2sa WA BA [26]
Blue mussel ~ Mytilus galloprovincialis PTX-2sa(1.3ug/g) WA v [56]
Cockle Cerastoderma edule PTX-2sa(1.4ug/g) W A [56]
Blue mussel  Mytilus galloprovincialis PTX-2sa M A P [56]
Shellfish - PTX-2sa BRAIE. (18]
King scallop  Pecten fumatus PTX-2(23ug/kg) , PTX-2sa(51pg/kg) BRFTE [58]
Razorfish Pinna bicolour PTX-2(13pg/kg) , PTX-2sa(15pg/ks) PRAF . [58]
Pacifi coyster Crassostrea gigas PTX-2(11pg/kg) , PTX-2sa(79ug/kg) WARF I [58]
Pipi Donax deltoides PTX-2(18ug/kg) ,PTX-2sa(1940ug/kg) PR [35]
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gk
gll)f:ies iil?;‘li name PTXs #E3 PTXs toxins HLIX Region iﬁfﬁk data
Mussel Modiolus proclivis PTX-2(270pg/kg) WRFIE. [35]
Oyster Saccostrea glomerata PTX-2(270pg/kg) PR [35]
Mussel Mytilus galloprovincialis PTX-2sa(31—214pg/'ks) PUBEF [59]
Cockle Cerastoderma edule PTX-2sa(32—44ug/kg) [igivzn [59]
Scallop Pecten maximus PTX-2sa(50pg/kg) [igivzn [59]
Razor clam  Ensis arcuatus PTX-2sa(41pg/kg) PEHEF [58]
Clam Venerupis pullastra PTX-2sa(65pug/kg) PUBEF [58]
Mussel Mytilus edulis PTX-2(2ng/g) , PTX-2sa + 7-epi-PTX-2sa(22ng/g) (HP) HEEE A [60]
Mussel Zj;tlz()l::ozilzlzlw E;;(£2H(I):;6“g/kg) , PTX-2sa(261pg/kg) , 7-epi- PTX-2sa (94 ug/ S [51]
Oster Crassostren gigas g?(-;g)m/kg) , PTX-2sa(170pg/kg) , 7- epi- PTX-2sa (33 ug/ . [51]
scallop Argopecten purpuratus PTX-2(160ng/g,84% ) , PTX-2sa(31.2ng/g,16% ) B [23]
Mussel Semimytilus algosus PTX-2(4.7ng/g,38.3% ), PTX-2sa(7.6ng/g,61.7% ) ZH [23]
Clam Mulinia edulis PTX-2(3.7ng/g,33.6% ), PTX-2sa(7.2ng/g,66.4% ) B [23]
Macha clam  Mesoderma donacium PTX-2(4.7ng/g,43.6% ) , PTX-2sa(6ng/g,56.4% ) ZH [23]
I(Jitllll:leicate) Pyura chilensis PTX-2(2ng/g,38.5% ) , PTX-2sa(3.2ng/g,61.5% ) BF [23]
Cockle Cerastoderma edule PTX-2( < LOQ), PTX-2sa i i = [61]
King scallop  Pecten maximus PTX-2(94pg/'kg) , PTX-1, PTX-2sa N [61]
Mussel Mytilus edulis PTX-2(47pg/kg) , PTX-1, PTX-2sa PN = [61]
Pacific oyster Crassostrea gigas PTX-2(5ug/kg) , PTX-1, PTX-2sa PN = [61]
Queen scallop Aequipecten opercularis PTX-2(4ug/kg) , PTX-2sa PN = [61]

HP: 54k i (hepatopancreas) ; < LOQ: < limit of quantitation

PTX-2 @ H7E NP A ZIE PTXs 471, MR G54 PTX-2sas 2 FE LA T, RA LTS PTXs
WREZE A O, PTX-2 DURBWREPRH  o PTXs 41504 7E DURIE P I & BT 45 5, A A3
IS TEHPE 22 U eh PTX-2 #4fey PTX-2sa FZEHIZEAL" ™ o [R5 REETHI P 2 D. acuta H PTX-2
(92.2% ) R FEBH 5, RAELVEM PTX-25a(7.8% ) ; T 2 s I o PTX-2sa & FEH 5y, G5IE N (Perna
canaliculus) : PTX-2(3.1% ) . PTX-25a(86.6% ) . 7-epi-PTX-2sa(10.4% ) , 505 01 ( Mytilus galloprovincialis) :
PTX-2(3.8% ), PTX-2sa(88.2% ) . 7-epi-PTX-2sa(8.0% ) "' ; XFERI/MALEFAERA T 2 Fi i 0L fy bk % 4k
AEJT.

HEXFEHISE R, PTX-1.PTX-3, PTX-6 A B}7E H Z4< 5 Il Japanese scallop( P. yessoensis ) FH 5],
{EEIBA FERT P 22 0 00 ep BB 5 O b T34 79 22 i D PR %4k PTX-2 2 PTX-2sa, RIS TP 22 0 1L
M5, PTX-2sa I 7-epi-PTX-2sa 2R EE [ PTXs KHEE",

FE2k B AT B LI (Adriatic Sea) HYIGIIH, PTX-2sa [1)22 [a] SLARFAG A 7-epi-PTX-2sa i2 Lt PTX-2sa B
JIIES-AET) e

TE M 5F BT AS B 0 I ( Pecten maximus) 1, PTX-2sa tLy0RI ™) o 0Hr A, #4557 b i
F 5 PTXs 4432 pectenotoxin-2 seco acid ( PTX-2sa), HIRKZE T 2 [a] LK T4 /K 7-epi-pectenotoxin-2seco
acid (7-epi-PTX-2sa) ),

TEF B Aveiro lagoon 118, ) 5% green crab( C. maenas) &P 7-epi-PTX-2sa 243, THHXF - HIik
F 2 LA R DL AR I DL B iR >

R DTXs Ml YTXs STAEZERRBIRE KL, {5 PTXs ZERRM 49 R IR BAR D" o PTX-2 H RAERK M
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TSR 1996 FF7ER B B ARA A TR R WK RFTIR N h RN, HERHIFFRRY PTX-2 7E H A FFEE
;e

PTX-6 76 H A I I & B B 5 F PTX-2, FHAZER I A PTX-2 S fkh PTX-6 Ky BIAR P ™ .
PTX-2 B £47F H A dLiEE /KA JLFr &3 (D. fortii \D. acuminata . D. norvegica F1 D. infundibulus) F &3, X
SO HE A BB T BRI DL P ) PTX-6 SRR, X0 TFiX 267 5 e I/ BUAE W B ME(E ( B AR BUR ALE
ROBETE AR 7 ) RIS FER TR E

#h DSP R MARAER R S, PTX-6 2 HAR N i EE K PTXs HFRAN'®!, S RAB A 6mg/
kg (B DU AAR ) ) IR EE T H DSP g % FRE{E (0. 16 mg/kg) ',

T H A DL (P. yessoensis) ™, il iE7E 43 7 FBLMHFEL A AL, PTX-2 ek Ry RIAE s BE R R PTX-1
PTX-3 #l PTX-6>1>2:2%) . {H PTX-6 HI AR FE[FIH KA H A0 0L (M. galloprovincialis) Fpgke iz, 3
B 1 HR g PTX-6 JEH %

X VS BE S PG L Y the Galician Rias Baixas ¥ 3, (%) #8 3 5%l ( Dinophysis acuta RHLEF, £FE KT
97% ) BFFE KB, WK &H — M EIER RSN PTX-13 457, ATRERE PTX-11 B— T RAE, X258
—YARIEEME K AT E] PTXs' ™

PTX-12 (R G5 H) th A ) PTX-12 seco acids ZESREAI NG I & B4 Bt 7e5k B B/R 2 MK
DV (M. edulis) H % B — 251 PTX-2sa FIBRRTBR A BT A ) o FEMG DL (M. edulis) H PTX-2sa BRI & B HAR
AL BRI G5 MY 20 4%, 64 M. edulis J2ME—3R3H &4 PTX-2sa JEITERER 9 DLFR

AR BT R FEAGEW H IR RA R, Bk B [ — 5500 N2t ™ . 76 0 s PTXs
KRERW RN EE SR, FEREIRE 2L,

5 PTXs KR 20 bR i

5.1 KR FEMAAARE PTXs BZEWVLEIRAFRM . B Mytilus edulis'™  Mytilus galloprovincialis'™"s! F14
JEMG L Perna canaliculus'"® ) J 5706 22 i3 11 Pecten novaezelandiae'" e s /K fift PTX-2 Jy PTX-2sa, J5&
R LR N i & 1Y PTXs 4. 7EH A3 IU Patinopecten yessoensis W1, 2317 PTX-2 K AL™¥)
PTX-1,PTX-3 il PTX-6, WiASSZ PTX-2sa", FHIH DAL PTX-2 KA R T=H) PTX-2sa TG 1
B, 7E1996 47 H &t DSP H{4mf, 7 A 8 HRE T H A Mutsu Bay WA B FEIFAEY) D. fortii 5 F PTX-2
(182pg/cell) , K H [F]—¥5 57 K78 5 3 D1 Patinopecten yessoensis B &4 PTX-6 (13pg/g) Mb&E K PTX-2
(<2 pg/g) ™ MiH HA Mutsu Bay (95 DUEPRZIUE] PTX-6, Mg DU AR &7 PTX-6 5 JEBI T H A5 Il
th PTX-2 #%4k PTX-1, SRV PTX-3, BJF 2 PTX-6 [ RFiEEALHLH " o PTX-2 #4462k PTX-6 A AEZ
H AR DR AR B4 20 T X — A0 R B & A AR 2 ek 2

5.2 REFGE X PTXs B 5 BR PR ML LR L R ERAF R, REMRIGET EES TG
DSP [ DL (X FHE Aveiro X WK T F ) , 1EXFF PTXs, MDA SRS A il ALK B PTXs; T
H PTX-2sa F)25 [ A4 S BE7E G DL b B 3R, (L2608 3 R 30 AR HR 8120 G I 22 BR PTX-2sa LL i
P2 35 A7 A pipis (KPEEF) H PTX-2sa HiAt W5 oysters Il I mussels (35 F2FH) H R EINFE 5 i H
PTX-2sa J2& pipis H1ME— 1) PTXs 441 ; X LG E T pipis BBA GBS 1k PTX-2 Jy PTX-2sa, X FPREMF AL
RE) W22 AL B ATIE AN TERE o A 0B TE B 7Y =2 A2 R 22 M i 18 T DL ( Miytilus edulis) ALk N i) PTX-
2 3y PTX-2sa"*%) | 7= PTX-2 {75 F#EBETE North Stradbroke Island 7K 38 25 1, IT-7ENE T R4t o 7 %
FEEE I PTX-2sa, HIGIUAEUG LY pipis BEARA PTX-2sa 16 H 235 B G D1 F04L45 EL pipis ELA 5858 i A5
% B PTX-2sa XMERR G BE S,

XF TR B 7R 22 B LA RS U261 PTXs BE5Y, RESITIR W GBEIFARE, HERRIE
cockles, king scallops Fil queen scallops F* PTX-2sa [ H 7805 T PTX-2; M7E KRR NAER, &F
PTX-2 [E 7805 T PTX-2sa; ZEMG D1 mussels th — 32 W LLBIAHIR] ; B, 763 A SRAH A, g AL PTX-
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2 Jg PTX-2sa KyEEALEE TR AR 2

Xt R B #% B AR 2 FhRIK D12 (offshore species) MBFSTRE, PTX-2sas RAFAET 2 Ff D op £
PTXs B R 44y, 2 Fp UL XF PTX-2sas HITHRE R ZEE TS ECRE KA, 1E Donax trunculus F1 Spisula solida
PTX-2sas 2§ F ] (The half-lives, T1/2) /&5 Cerastoderma edule W)WF5T 45 R AH T, 10 EL 15 MG D1 ( Mytilus
galloprovincialis) FHIEE K,

LA PTX-2 | T3 B8 v = Sk e ik D1 A) 3
RS2, 7E8 h 2, 90% L) I fy PTX-2 #k#E4kH %3 7RE M PTX-2sas B$ 3 HES
PTX-Zsa, :,H\:'_IZBQ PTXs /% @J%( PTX-1 , PTX-3 , PTX- Table 3 The Half-lifes of pectenotoxin-2sas ( PTX-2sa, 7-epi-PTX-
6 ) ‘&ﬁﬁ D]ﬁ )l_\l 2ﬂ g/lI{ ':P Zif'i'. , PTX- 2sa *ﬂ 7-epi-PTX- 2sa) in depuration experiments ( expressed in days)

2sa 9 L OIREHCR I T K TTFL G, VMBI S) e PP L
s - — N _ Donax trunculus 0.89
% EF %ﬂ?lé\i Bg Elq&%jb%z'% 100% 5 ﬁﬁ IEJ H:J‘ PTX- Spisula solida 0.92
2 5%’% PH {E%%@ﬁ% \{FPY& %Xd‘ﬂﬁﬁﬁgggﬁ%% Mytilus galloprovincialisa 0.35
BR, PTX-2 LT 100% BSE A, WA EHILH  Cousoderma edile 0.97

PTX-2sa Fil 7-epi-PTX-2sa FAGMF], X —FFgpggp 1 2 HRAAHZA
BAIUE T 3B P4 22 G 5e i DU A R PR % 1k PTX-2 Oy PTX-
2sa Fl 7—epi—PTX—25am] o

X} Donax trunculus F Spisula Solida FIWFFX B~ , RAEMFHMEMREPERRERSE, (H1d J5 PTX-2 1)
H RO LMK (LC-MS) FEMHRZ T, SEMERLB A fegksr™
5.3 XA PTXs 4430 LR R A

HE TGV PTXs LR AEH A, TXs PTX-2 M 25 2 3 Fhgst (PTX-2, PTX-2sa, 7-epi-
PTX-2sa) H RN, #% 2T cockle X PTXs R 3R HLAES%18 , T PTX-2sa X J2& 3 F4h#4 (PTX-2, PTX-2sa,
7-epi-PTX-2sa) M8, — Mk UL, PTXs 7ENR DU A (4 5 25 3 28 2 cockle Ht i) 2—3 4% (T8 Tk BRI 5 19 45
)T, Mussel I cockle Xt PTX-2sa K25 3h 112 58 ML A SR IE MR, T IUB 2% PTX-2sa Hofi 2=
7-epi-PTX-2sa B R, T cockle i & 7-epi-PTX-2sa bt PTX-2sa $0°, i 2 30 /1 2 ) 25 5 W 47 BE 6 i 7%
mussels Fl cockles H PTXs [IFEAEMAREAE ) 5 78 2 Fp 0 sp EfR TS fk PTX-2 34 PTX-2 seco acid SEA/A ) KL
RFFER, TS [ 1 BR 28 3 30 7-epi-PTX- 2sa 7E 1 U1 mussels 7 [ A W AR, [R] B AH & 915 00 & A= 7
cockle

K= D. acwa WRE LR, WKW R PTX-2, (HE PTX-2 B4 KI5 74l PTX-
2502 PRI AR, PTX-2sa FZE [ SLAKFHIIK 7-epi-PTX-2sa 724 T . PTXs 1Rk A BB BT 5E
B~ M. galloprovincialis i 7= PTX-2sa .25 [ STAR A A 7-epi-PTX-2sa BR, S E T 7-epi-PTX-2sa HIFH
£; T7E C. edule HEERNAE, 7-epi-PTX-2sa H PTX-2sa JHERAYEE PR, DLE T RIE7E PTXs 15 {51R™E i )
Ferp, AR RERINE] 7-epi-PTX-2sa MIFFAE. SRR EIIE , TG D2 LI B cockles B PR 1) PTXs &
B

PTX-2 ¥4k R 554 PTX-2sas B 275 P8 22 544 D1 ( Perna canaliculus) F1 55 DL ( Pecten novaezeladiae) F
BEE M BPE 22 48 01 ( Perna canaliculus ) 24h P JLF 2354k PTX-2 g PTX-2sa (95.2% ) Fl 7-epi-
PTX-2sa(4.8% )" ; Tt it 5 g 0L ( Perna canaliculus) W ALIRAI 3 BFSTIER , PTX-11 1 PTX-2 AfA, A
5 WAL K R R R s Y . PTX-11700 70 PTX- 128 R4 PTX-2, 3 FEHMEALEIKREIIEH RO 1E
P, X 2 FALM BRI, SR PTX-2 BEE
5.4 DX TARMEHFERERRBERART .

W DU%FF PTX-2sa (5 5 BE R TG , T DU TR J& DSP 3 9 DTX -2 B J:30 b i dg >

A BTERIEY) T PTXs & Emm T DTXs, TAEN K PTXs A DTXs mR%E, H2F BRI T
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DTXs, B3¢ & BT DTXs BITHERR E PTXs (K15 %,

AR TR B R 220 2 FI 0L ) DTXs B PTXs R R B T — 1 RUMERIT R, EIEN
(Mytilus edulis) JGH# % A TGN, FRIRTERIG L (P. canaliculus) & clam 7, RERIMLMETERIGEE, &
W DU EL A D457 Bk DTXs BT 4 EL, T FIE T PTX-2sa SR AR HR 504,

TESEBETTIR A IIE], X T M0 M. edulis FIRRYH i V4145 ( Ostrea edulis) H OA ZHH1 PTXs HEER IR R
gL LB, R BRI S BMAN 2 MEAFAERRNESR, Hii+ OA AHERNEEL
Vi DU HR IR 10—50 4%, TER A EAE 2 B DR ARMRL; AR5 & A BE AR S B X T& 6 B BB R M H il (80—
100% ) iz & T DL L (/N T 50% ) , PTXs KFERMIAA ; 2 F 0UXS T OA R+ LR AL L B B W RRN 4
Ay/I, TARIE W5 G D1 (M. galloprovincialis) .common cockles ( Cerastoderma edule) F1 clams (D. trunculus) , %tF
P AL R B B T E RSS2 M IZERU BB B PTXs MM B EE T OA AR MNE, HPTXs HX
AR RIT S T OA R ; XULERRTREFREALALSE WIHALTE BREH KA F B R
DA B 45 R R G I TR A 2 R R L RO O RS S TR R SR R T R R B 3, (BRI B R b
FEEH A [ 9 L RS BT LA 1 3h 11 245 A R 2 R R, AN BB F e ™

[R]— 3 57 FR) 38T P 22 486575 s DL ( Perna canaliculus ) F11%5 6 DL ( Mytilus galloprovincialis ) 43 ¥1 2B , ¢ 5 B it
I, 7-cpi-PTX-2s0 ) A REHERS, 0K PTX-2sa §51L0 T-cpi-PTX- 250 (0 S REAEREAEIII — AT
6 FBMEER

8 f PTX-2 /IR B v 5 Bt/ NBUE B (A minimum lethal dose, MLD) /& 260pg/kg'™ , B30 &
LD50 2 411 pg/kg™”

PTX-1 1 PTX-2 BA AU/ RIS RS B, B/ NBIOTHI R 250 g kg™ , T PTX-3 ,PTX-4 PTX-6
I PTX-7 JFHERIE ™ o

i F R iR 2R A5 ¥ PTX-2 (/)N U s 145 9 LDSO 0 MLD 43512 219 pg/kg 1 192 pg/kg, RolifESs
SECERMFME . PTX-2 1 PTX-2sa /MR H RS AT 5000 pe/kg'™ .

SRR SR, PTX-1.PTX-2 . PTX-3 1 PTX-11 /B E 2 EEHEE 219—411pg/kg; PTX-4
1 PTX-6 >l 500—770ug/kg; PTX-7 PTX-8 PTX-9 I PTX-seco acid KT 5000 pg/kg' ™",

PTX-2sa 2Pk O IRFEMEARMG, HZ2XT 875 pg/kg(—XZRSLIAFMIKIREGY)) MR, WkA WL
B RFET- " o 1. 8pg/mL ) PTX-2sas A WL FI Xt KB 41 EEHE, M 0. 05pg/mL f) PTX-2 %f KB
AN B LA A

PTX-6 %t T/ (mice ) RS TESTBEHI R 500 pe/kg' ™, HAFHEMEALZ PTX-17, PTX-20 % 1
PTX- 117 (B s i S BOE R BB A — K . PTX-6 F/NRBEEHE(E R DTX-1 ) =4r2—7,

JE RS PTX-6 R85 | 5050 BU™ E MR #AE k. PTX-6 LI 500 wg/kg M5B IE B EST /N, 90min B
SRS S JF R L I 7= ARV 5 6h 5] e B TR ML B SR RN VR L B, B RN B e, DA B A AR AL A I
PTX-6 ELA B 5 H I s TE S e R IO i

PTX-6 F- ARG IS IER, £ ENEREL 7 mg/kg VNRIRE, BiAE) . IR (ICR MR, 3—
JkE, 16—21g) Ak PTX-6 Ffl& 5 mg/kg AR BIASE BB ; EX T KB (Wistar KR, i, 3 kR,
56—60g)2 mg/kg FI5E (VT AR, EHWE) MSFBHRBEL UK, 1h SEWE /NG @, PTX-6
it K B 5 2% A AR 245 T RIE PTX-2(1. 5 mg/kg ¥ T4 Bk A, 4RI ) 2h 5 Sl BRI .

PTX-11 Fy/N RUIE B8 13 & LD50 & 244pg/kg, PTX-11 BB F/DELFESR & (MLD ) & 250pug/kg, &
5000 g/ kg R WL E| O RFEE, AEIEBE .

7 FKE PTXs FEMH IR
REVEFZWARAEFES, B2 7£5 FIlgd, REMREEI PSP B AN L . IR

255K, fFE Pectenotoxin | Azaspiracid , Brevetoxin , Cyclic imines , Domoic acid ,Okadaic acid FI Yessotoxin f&
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XF NSRRI FOK = R BB R KSR SRR . /DRAEYRINSE REAEEE N #
DSP e 3 [ 727 3| ™

KF7= PTXs B R WIERAREBES AT Z . EFENREEEHRMESIF A 5 AR BN, K
N V5 285 358 K B 7= 9 Wi 4R 45 BE ( Dinophysis acuminata) ™! ; 1998 4F 1 ¥ ¥ & B {8) U9 I 8 BE ( Dinophysis
fortii) )5 1997 4EZE 1998 4T ARINHE &AM AR, B R HESE (Dinophysis caudata) UL Hi A M 35277
FETOY s AE) AR R MR BE A X KB R TR M Wi R HE BE (D. acuminata) fEISRIEEEBE (D. foriii) 5 HE
N RIS R LR R

YE A e TR E T Vg I EL AR & BURBE BEA 16 Ff: MTARHERE D. acuminata™ 7707 (| GRTE HERE ( Hh EC 68
W) D. fortiit "> LR GERE D. caudata ™Y B FEERE (AREEBE) D. acuta™ B HEEWE (SUREESE, B
X AEHE) D. miles®**) [EILEEBE D. rotundata'™* = MHEEFE D. tripos "% MEAREETE D. mitra Y FEIGEHE

D. cuneus Lh } D. acutoides ,D. apicatum . D. hastata,D. homunculus . D. porodictyum . D. schuttii'®! _D. rudgei[gl] o

HEHuERE™ 4 PTXs ERMEEBRHR S F,

FEFRE D2 B & BUARE AR VA1 DL 3 A UE B 4R A BB BERE R DTX-1" F1 GYM'™ DA K
PTX-19Q; &4 56 T 3K i 3 b W A AEAT B SR 4008, S BEvE TAESLI B3R, UIRAMERRWEZ
FRHRAB R R R EME, XTREN S PTX-1 FRBREAEY HFRAPR
8 xR

FKEE 2% B & 12 5L 56 %8 ( European Community reference Laboratory, CRL) #E PTX-2 fEW] B & A fE
3t 16pg/100g TP+

— BB X} PTX-2sas HUE T 20mg/100g N YL &FREME . HRTMBA X T PTXs FREMIE K
BB E R R BAR AT 53, AT A AILTS PTXs R IR EFHRE"" .

Bl 9 BFE L 2 o PTX-2sa 345200 BB SRARMRAN 1 ARSIk S A4, PTX-2 #4620 PTX-2sas
SEEMEMNE, TR T B ™ o Hik PTXs 76 025 & 4 R E AL BRI SE , S5 bix
B NXT AN P AR

PTX-6 IS 5 A D IRFE IR E R 225, M AS TR BE I 288K PTX-6 B &SI, 5%
BEMBRL, h T - PTX-6 XF MKW 2RI, TRAREHFHR 28T/ EN

B F PTXs KB RAEAR N H R 540 AR FH 520 B AEERESR, X FAFR K
X AR, HBEXNRRIEFAFER, AT I, 4 K850 PTX-2 ¥4y PTX-2sa, i H§THHF
FEER DX — R FBE RN, B PTXs FRM S, AANKA AN RZE SR, Hivh 28528050
(Perna canaliculus ) F1 NG U1 ( Mytilus galloprovincialis ) R #E4L PTX-2 MR /MY PTX-2sa, HiiX 2
MM ERZETE, REAK ™ HABI(P. yessoensis) #fk PTX-2 JFIFEEAA FF# 1L PTX-1, PTX-
3 i PTX-6"%%) jsx —K 3G 2okii, H AR DAY RS AR 24 K

S TR AR AITE, D B PTX-2 A1 PTX-2sa 4431, RAEWIH B0 0 IRFEMEARARAS, H PTX-2
HIRE S S R AR R, X PR LB AR ok T MERE, R4S BIVERR B S50 S B A o AT
JRUBSE DA
9 SREEMHARAME

PRER) B B ARBITE . RIE B> PTXs DUFERIZH 454 0 T AR 5 PP R ekt IR EAEA W
AL, BRI RARMEY) BRI BORBESE s s g R E N FRATRFE RS, ARUh B
EHREMNEEGRE,

FYEMBEALHIR . —SERBEUFHE A RERE RN L2 BEERRETRE LRENSEREED

@ XHFAE,2009 AE7ETR [ DL H AR I E) PTX-1.
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YISLEZE RS, Rl R T REH RGN E RN RBEHARBEFEI GG, X T PTXs XER, H
TH&HEEL AL EFRTR, MPIFHIR OA MEEREHR DTXs 55, HITERF P EFILMHERI
e, FrLAGE RIS B X T L 2 prn XU PPAG R B B B B Al . REBUITEXRT &/
BRI PTXs A FFERALH SRR, 55 RS REARKNREULSHERILTFH
NGB IERIRABITE, i < e B RE 3R % A FRAE 1) <8 71 SE vt DT 28 57 DX FA) AL M 00 1 3l 5247 DL 28
7= i SOV TR P B o B SR BB FE A

BEBELEASSAITTE . A T EAFHISE AR PTXs (33 BRAA BT SRR A AR R MR 00, , 1 V)7 ZE3R1G K™
FAEY . R T Y] DSP HFRAMPIFA 2 MERKHR, H—RERN-HRERSEELREAL
BEFR MBI, MBS RARAE RN T, SEANML R ZRAS FIBT T S 06 (Y S AR A7 B R AR TR 5 2L — SR pill T
BRI R AR B Z T E R TR R AL IR o XA R TR A SR R
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