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Tab. 1 Distribution of paralytic shellfish toxins in shellfish in different sea areas
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Tab.2 Accumulation of paralytic shellfish toxins by different shellfish

INE= SR MMM eE  REE BFHR BRI R/ M/ W 2%
i (fmol-A~")  WfE)/d  #WEE  (ug STXeqkg '“d") (ug STXeqkg') H/% ik
JEIU EEIDE T 11K (ATHK) 36.7 5 WA A A 1736.0 8 680.0 13.6  [42]
TG I TG 10 K e 95.3 8 A A 1370.0 10 960.0 14.6  [40]
L, .

g RHEIIRE(ATS-3) 7.95 4 PIER 380.6 1903.0 840 [41]
Sk /N g 1L K 14.3 10 A A 113.8 1138.0 83 [37]
s, T

e P FA I 1L K HE (R Vg A) 33.3 7 PR A 134.4 969.2 2.5 [46]
Seih ISP K 3 (ATHK) 36.7 15 WA I A 589.3 8 840.0 124 [38]
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I B D1 25(6.0%/d~17.0%/d) 118 33 55 5 D1 25(0.3%/d~
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FEBRHE R (17.4%/d) (W3 3)5 e Hoh PUAh st D2k
() 8~15 {5l 1.3~5.4 f%, JEFHREFR I, TGIKY
5 dE], BIADKF 8 680.0 pg STXeqkg ' HHER: 2 R i
FRfELL ™), Katsushi ZE4RF58 & B DU PSTs 5
IS 1326.6 ug STXeqkg -d (HIRH RN 12.1%/d),
PEE T HABIIZE, Ana ZERGIA DL PSTs HFRSIRHIST
BRI, TEERSZEG T AYHT 24 h IR DR PSTs FRPE(H R

T#166.9%. LA LHIFEEERAUERA NG D ZEAS RIS 554
TR BRI R AR
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T DU 8 8 R A9 B AURIE B o IR BE R ME b
SRR R, i A PR R R R R
TR . Ana ZEUSESY TR XFIG DL E AL, WK
RE SRS, 45K 19 CAUF IR 5 REMT
1493.8 pg STXeqkg ' #H XK, M YRETEE 24 C
WG DL 5 RAVE R 661.9 pg STXeqkg ' F XK, HHE
FEAIR T 29 49.0%, HBER UG RACED 05 FAL, k8
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Tab.3 Removal of paralytic shellfish toxins by different shellfish

L 3 ol PSTs 5% fA it/(ng STXeqkg ) THBRHE /(ng STXeq'kg -d ") BRI A/(%-d) Bk
i D1 8 680.0 1500.0 17.4 [42]
i D1 10 960.0 1326.6 12.1 [40]
FIFLE DL 1 903.0 98.5 5.2 [41]
SR} 1138.0 106.9 9.3 [37]
AR IGAT 969.2 130.0 13.2 [46]
S 8 840.0 177.4 3.2 [38]
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H S L e = B e B R . IR, TR LAY
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UEAh, PSTs F=BEHE MR Bt 255 i i DL Z5
PSTs.o 1 DU A48 R — R 7 A 0 B O B8 i -,
BORH PR SR, BRI 2K RIS IR
HZEaY®, Negri 9% L% E R 2x10° 4~/mL
2x10* AN/mL 5 S SR K G DL 2 2835 BRI 2 30
RFETHEN 2x10° NmL F=FEiEHIE LR PSTs
FEMEAKPAE 2~3 Kk #) 800 pg STXeqkg ', MZFET
2x10* A~/mL PR IR DL 5 JE G A /D m i R e
MF, 22502 XM SRR St R e T A
GEIL, PR RN DL T, PSTs B
el

PSTs = 8 i (19 A R 48 M Jr 2 25 % iy D1 35 AR
PSTs j=A:sgmn, ¥ SR 4% R D& B 28 v 1 1
P M Ak T2 7O s s Pl ER G A SR T SR i DL
BF I AL AR % B g e h, B R AR AR
M, A D BEAE AW K P i A, RER A
SR BB T B 45 R R % 1Y) B 2 (R DL
Xt B S A A B, I H AR PR Y PSTs
R
3 eI AMRESEN KT RN REEL
3.1 e R kA& RiEEER

4R ARC LRI PSTs 29 60 43 fh, T ALIE
WRK: AEFRBRATR, Ui A FBTEER
(STX) ., 1 b3 s % Z (NEO) I 14 1 7% K (GTX1-4);
N-fifi e 24 FH I L 26 8 X, 046 GTXS5(B1).GTX6(B2)
il C1-C4; i MEILERE R, 245 deSTX, deNEO,

deGTX1-4; Hi 4N & H IR TR, 45 doSTX.,
doGTX2 F1 doGTX3 &2 T 7 5 UL o ) e b
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Fig. 1 Common inter-component transformations of Para-
lytic Shellfish toxins (PSTs) in shellfish

T SCERFRIB IR 1 R K e R S Ak

Kim ZEU43E47 T A.tamarense 1 PSTs 5 % 414y
506 DL A PSTs 2H 2y %F LT ST, A.tamarense F 335
N C2. GTX4, I DB FZ 003 AR A PSTs 20 7015 4R
JL 2L, B R ] A3 0 R DL 32 B R R AR
N Cl1H GTX1, ZrBl2WIth C2 Ml GTX4 1y 2.1 F
2.4 1%, Wiese 25511 Gracia Z&B2 i 5% vh 45 1 AH
RIg5ie . H5H U HEWSEA L, KN PSTs
AR AL R AR X AT, Choi ZFH H& A €2
FE RN A.tamarense(ATDP) X} I U1 T f& 7% 82 5L 56,
LB B AE NG DU R I 2 7 GTX2/3 F 8%, UESE
TR U BES R AR T B0 N-Rl L RS 28 B R
Tl BRI U R IR R R . T S PR AR A1
S5 Y TR R RE & AR R PR AT N-Rf G 2L
FH R RL S K (C1-4 .GTXS5 Hil GTX6) 5 ¥ 4k }y PSTs
21 3 v B R R iR A 2 R R 2 R (GTX -4,

STX Hil NEO). Paulo 2%} 4 R #R H ¥ (G catenatum)
EIF5E, Geatenatum EEFFEZE K C1-C4, GTXS,
GTX6, Tila DR T deGTX2&3 . deSTX Fil
deNEO. i Ji 2 by 2 DL 288 LAY PSTs B4k ey, H
W RSV S D02 b PSTs 3 P A X B R, I GTX2&3
W JFEA R STX . C1&2 ik JFAE B GTX5. deGTX2&3
WA R deSTXUY, BRYT A 45142526 vh B GTX6
() N1 6B AR I LI AR Hh R0 & AR 3 T R vy A=
W GTXS.

P LEAE, 7E PSTs kil o %2 3 D1 S A /) PSTs
R, LR ETE) STX A8 (M1-M4)7530 75 i
PP R AT o AR X LA W I 2 R RN T G
F, HENAT RS A DU E A 2 0 ) = Y R T
S 1R A R TR A W e Ak & 42, Ding 450 E S
=AM HWIFD A.tamarense(ATHK #£F1 TIO108)
MEFEMG DL, 5 REW 117 FE-C2IEREMDHA 11-—5%
F-CoM3) C2 FEfkifizk, 11-¥23E-C4 FHFFEMT)M
11- 2 5-CAM9) Y C4 Fefbmik, 1ok, M2, M4
F M6 AT HERE GTX2/3 MR ™9, M8 F1 M10 H] i
JE GTX1/4 FAbTik o X e sx R W, G DU AT
PAX S R EAFAE RS PSTs BEATAI 554k, R0l DIy=A:
ik PSTs AU ™=, EA Ay 5 02 i ag it
BA X,

32 Rt PaBE

it} 257 PSTs MM AL B R ¥ EE R
BACVER, Wk 4 PR, FEA R MK e
WEILFE RS MG . 5L F MR A . N-SUI0 A2 B H K
R JEL it 7S B Lin SEUSMA DU AR rp 3 i 4
b7 —Fpa P K R, S R4 FE I 3
(B N-fif Bk 2 FF RS ) 7K fif . Yoshida “5USEF 5T 4%
S O R L L RS B K 37 - B R IR T -5 - B TR A R
(PAPS) T By Bt iR S A 3% £ 81 STX Ml GTX2&3 1Y)
N-21 o7 2z 33, 43 AR B GTXS Fil C1&2,
r ] 2 U4 3 W 35 P IR R 6 A 0 44 A 03 P R R
K E(STX. NEO. GTX1-4) C11 o7 | % 2L FP 1k
FER A KA RN, A B 2 I 2 7 2 (deSTX
decNEO., deGTX1-4). 4R3I 45 5578 PSTs L4 & 1
ORI E] ON- AL B T LB GTX2&3 FE ik
GTX1&4. WIT S S IPEAT T AL AR IR SN Ab S 56,
& I DU A0 R AE 45 B H KGR IR i i fE AL T, B 6%
P24 11o-FKRAEFEZ W GTX1, GTX2, CI [ 11p-
FKRIKFHE R GTX3., GTX4, C2 54k,
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Tab. 4 Enzymes involved in PST conversion of mussel

L RECTES LS| 27 3k
2P K A AR A N - P e DS T 3R A e A I 2 T PR R R [83]
B L HE RS I STX Il GTX2&3 73 5l AL E i GTXS Hil C1&2 (78]
S8 Y T T il 4k STX, NEO. GTX1-4 435K fi# deSTX., deNEO. deGTX1-4 [84]
N-S fL L GTX2&3 Al GTX1&4 [85]
[

BEH R ER 2 11e-RRAFEZ GTX1. GTX2. C1 1 11B-REIMAFZE I GTX3. GTX4. C2 ik

42]

DI PSTs RIS LR 3Z 3] pH. TR FIIE
AR A BEH I 2 e R) A5 8 3R A2 IR . e
ik B R pH B4 AF T 2 I3 PSTs 1 2% 1) A4 AL
e N R AU 85 5 WA WAL BR T Ak~ g {2 4k
MRS R, WaT fe 2 i T A7 T AL 40 i % 1k
(25 R . Kotaki SFU7FFY R MIINGE | (B2 A e i
& CTX1/2/3 F1 NEO RN STX, 1 HATHA S
PF L TE AR SR i A
3.3 W& Mt PSTs #93E B M AUH]

IR, T DR P B AT & B R IE A 23 )3
YA N B RS, TR PSTs Ak i
151 581 PSTs HEA TR WK YIS, 7 i i P4
(ROS), slIEEWIREMN T, FEURRS AL, &
AR YE . DNA 655 . PO AR EEZH 209 140 4R
LB 2R G BB A A B, A e H R R ) Bl
(glutathione peroxidase, GSH-PX). #8%E kL)1 {L
(superoxide dismutase, SOD) . M 4 ¥ B2 f (acid
phosphatase, ACP)SE 231, LATHER ROS, ¥l 46
FW42 0 Qju ZEPIF5Y A tamarense (ATHK) X D1 7%
AALR GRS, KA R & BURITE BRIBIH], ROS
TG DA rp2d = A= IR 2k, SOD Hil GSH-PX
IEVERG SR, A ROE BRI DA N R 29T 85 A e R
FALE(H0,)0 GSH-PX IALEN DA i 1) 24,
HBER AR A S R AR N B, IF AT IARC R o
AAL A (Catalase, CAT)RHIFEI HoO, JFUIK, [R]ES
AL W H B (Glutathione, GSH)#E75 A48 ALY ki
AL ST UARY ACP TR A B i A rh i b, A
Pk Frig Mo M — A% H R 85 12 1 (nicotinamide adenine di-
nucleotide phosphate, NADPH)&—Ffiif R4,
HRER, 75 NADPH Alfie2 5 T8 R M AEYHL.

1L 248 7 Tl DL K 9K i 3ok 8 v & 4% J AR
R o A M R T ) S AR CR AT Y, I R
SE RS i f . R ARG R B A A

3 3o R AR WSS AT LA & 30 PSTs 7F 5 52 1) 4 23 78 1
gy DU 8 20 2 A R I Rz 40 28 (R Tl R 3 22 L
RAE, JEW LR AN IR BE 2, B A0 K Ok,
WOORL, AMMIAZZE 4R AT, T AN AR S A
Galimany Z5BF5E G DU G028 I 0, & BRI 40 A 17)
Fa N, RN T B A BN, A
T 2H 210 PR A . Pousse Z5:PHFST & PR IM 2
L RENS A B A0 AL B AR T AL TE N, TR Y, 7
W 3 5 ) G 1 AR il 5 T B VR VA AR, R S T
TRINE) ACP il 200 H B i BR 2R AL, M a2
S i 55 A 2H 2 4 ik . Bianchi 25 P2 D1 #EA T
PETHRE SIS, %P0 PSTs 2% 3d J5 A DL 1fi 40 o 7%
WET)AE R, LR PSTs XTHZUHE . (H
PSTs X D1 A= BE3G sh A 52 i K 2 2 8t iy, HAEK
WIRFET PSTs o de)a, MU T RIFp 447
T R AR RERE T -

4 HFwEEEZE

WA LR, PSTs C NG R IR E TS
KD it e 4 i) R K, HrJLLANG DL rh PSTs
DR e Ry 70, 3R 3 v O ARG HE HL 22 G5 A
B, REFHEATE AN . ENSMEFR RV, PSTs
AT DL G DU RO B e 2o AT 22 4 PR e hm oA
B J5 60 DU o8 A oA | AR S A A R, T ER
R ANREE . pH. EREE . PhlE S B Lo w2
ERENZRZ I UL AR U8R | B R R, AT AR I DL X
PSTs MU FIR | ERUELIAIERRR, it 2
AL 3 B3 T 60 Z 81 PSTs XHARH ™Y, B
M 5% B RE )T . B R/ VR SR B S g T Dl
PSTs MY XU RAE M fEFERREE . Bk, JeZen il ®E T
& [ 3 v S DU I A X, 503 H bR X R D1 45
DS rh PSTs SLfith XU AL A AR Akt 2, 1 B iR D
RN PSTs KU TE A P9 T8 ) 72 SR AL, thiedf
PEAG A ) X DL rh PSTs KUK Ko/, -4 e 7 X
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Abstract: Poisoning with paralysis shellfish toxins (PSTs) can cause death in shellfish, other fish, and other marine
organisms as well as hamper the marine ecology and human health. Mussels are highly accumulative and serve as
indicators of PSTs in foreign countries. In recent years, several cases of PST poisoning by mussel consumption in
China have become the focus of safety attention. Therefore, understanding the mechanism of risk formation is es-
sential and urgent. This study evaluates the risk degree of PSTs in offshore mussels and other shellfishes in China
and the accumulation effect of mussels on PSTs from different toxigenic alga sources, analyzes the influence of
environmental factors on the accumulation and metabolism, and explores in depth the specificity of mussel accu-
mulation and metabolism. Furthermore, focusing on the expression regulation process of the mussel metabolic stage,
our study clarifies the influencing factors, transformation functions, and modes. In future studies, we aim to focus
on understanding the basic risk rule and change process of PSTs in mussels as well as other marine shellfish in cer-
tain target areas of China and establish regional risk prevention and control technology for active prevention and
control of PST risk in mussels of China. This will contribute positively and significantly toward protecting con-

sumer health and the marine ecology.
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