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(1. BMpREFERF B FEE LI 2013065 2. A ARATHK ™ fh 5 28 A I 5 VA 3 S22
HEK R B R AT IS IR HE 2660715 3. WEKFRHAEYE R 5] A S S0
o EKERE S BE ARSI LR S 266071)

BE & 7 Jie DL (Mytilus unguiculatus) = # Bl # B 45 & 7= &, A EEZ N AN A = b # AL, M
FRELEHEFBRENTEL, ERBNFNEAEZARINCRFXE, AFRXELEZNRES
K, T R % Ak T 7 Lk % (Alexandrium catenella) %t B 7 1 158 A 2 By B e R o R 1
U1 # (paralytic shellfish toxins, PSTs)Hy &R MAME, R XYW, ERBINEAE S FREER
. PSTs & & & B 3% A1 K (P<0.05), &I EATHEN 30.0%4A A . Tl I PSTs BARE AREE A
B, B EANBFRS R4S E P EREESF] 8 981.6 ug STXeq/kg/d 1 106.5 pg STXeq/kg/d.
HORE A S B G I N-# Bt 2 F Bt &£ X % £ -2 (N-sulfocarbamoylgonyautoxin toxins-2,
Cl), N-#Bt 2 FELH £ H £-3(C2) 5 h W% #F % 5 (Gonyautoxin-5, GTX5) 3 F 4l 4By 41t & E &
B, B IE A HEERER T C2 b kB # E(K(P<0.05), H 74.1% (& 28 f) 4 5| FF IR & 22.6% (5
FEA)E 171%(KFE4); Cl1 It 10.6% GE41 ) EAZE 54.1% (B % E4) 1 54.0% (K%
FEUH), JBF G ULtk AR5 R B T 3K B 1 860.3 ug STXeq/kg/d, B ¥ & THMME N %K, AR X
W, ERMGIRE XM PSTs & £ HE 8 2 TH&%, HE 5 It PSTs By Pra R4 5 1K 4% 1k .
KRG SR R A A A RS T H 6 I, ABFNF4E B 7 6 I # PSTs A% s HLEE 3
M mEl EEARE T R,

XEIR BEmlell; REEINE; Egst; BeX

FESES S917 XEARIREE A XEHRS  2095-9869(2024)05-0224-10

RV DI 3 (paralytic shellfish toxins, PSTs)f&— 4= (Rodriguez-Cabo et al, 2021), fE2EK) V24346 F1:5]
KHEAMAFEHWEYTR, B EZER TR & K& # 3 {F(Bazzoni et al, 2020; Stiken et al,
B (Alexandrium) 2N . FRREEF 3 (Gymnodinium — 2015), PSTs 3 %0l o £ W4 14 36 25 AR 3 XA DL 2K 4%
catenatum) . [5G 5 AL H 5 (Pyrodinium bahamense)™ g EAY) T IT & AR AU {1k (Reis Costa, 2016), MM
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P A JEL5E G DU RIS DL 2 ) 28 R B LT 8 R B R T 225

XoFVF B 2 7 AR R XU o FE 4 Bk [N AR 2
2000 R ANHEE, FETRE A 15% (Wang et al, 2016),
R, L SR R A R B DX 30 X5E DL
1 PSTs W& T % 4 IR & 4 (400 MU/100 g &
800 ug STXeq/kg)(Visciano et al, 2016; Yoo et al, 2020;
RS, 2019)JF & W ORIB RS, 2023), T4
K, DA DA AR SR A v v DL 2 v B RS e A i Y
PSTs, 41 2016 4 2% 5 1 1 2017 44 HE 30T 1 5 30 1) T
DUrpr PSTs 75 43 il ik B PR B (1Y 50.7 £ F0 42.7 F5 (4%
R, 2019) HILAT UL, TR DLE A FRIE PSTs X
W i Ry IR R DUSS AR AT SRALIG DL PSTs &R
HAROESE, DASA TR ENG DU g b PSTs XU B 45 42
LR 2 A

X5E DX PSTs & R RE 1 5 HAR & 171 e
K, ZHE A VRS LA™ 5 3k
44 K 2 5211 (Fernandez-Reiriz et al, 2008; Li et al,
2001),Li 55200 1)X] b 1 v = g ¥ 2 FloBL5e D20 B¢
FMERSGRERN ES, K- fE ik
# (A tamarense) 5 JE 7 # @ b B B BE 3R
(Thalassiosira pseudonana) # # T 4 & f1i fL ks N
(Chlamys nobilis) i) PSTs & & it & T JF A 22 i 1T
(Ruditapes philippinarum), [RIF, &5t HiFLE 01X}
B AIE B R 5 R A RE )tk T IR R A
Ah, PSTs & FLAE J1i8 535 DL 1) v 2 UM A G
AT 06 DL A M2 oAl 8 X PSTs AU, 53Uk D1 %t
PSTs (197 BURE ) i T A DL (R 55, 2001) M64F,
AT g DL X PSTs 1Y & ALAE ) B A o Fh 22 = 1E
(Cadaillon et al, 2022; Goya et al, 2020). Young %
(2006)lLE T 3 AR MERER, KBIIERIL
(Mytilus unguiculatus) & % & FH i 43 31 o 35 22 i DL
(Perna viridis) }z 481 U1 (M. galloprovincialis)f¥) 1/2 F
173, X—Z5 R FRETE A R IR 2 & 0 115 2R S8

JESEIR VR E = RATF Il Z —, /- T
WETT AT LRI b X, AR 4R D77 S0 50000 T L2 b DXy 2 3
o R DX (T EE, 2020) HAMA Y PSTs 7= 35 £ 2
AULFE AV 7 1 R (A pacificum) . BN 7 Lk
(A, minutum) . BERE 7 11K (A catenella)(Gu
et al, 2022), LA J3 L K8y 1 PSTs 7 #8431
+43 )1z (Paredes-Mella et al, 2021), 5—7 H &z
[X. PSTs XU 52 A ™ 1 19 2215 H 2 UKk Hh PSTs 5% B2 1Y
LG5, 2017), WRIYESE G DU IR E &
SR MR bR A A (FRE A, 2020), I H oW EHEALE
CHRR b EARE P E ) B DU, BAEZENAET
a2, SR, HATEERHEE R I h# R
BUCHHFRAE B 5T ™ A2, BRI T3 — B 245

itz P PEROR YRS o AWFFEE A R 7 i DL Bk R
RG-S N Wl S - E N S
MG DUXS PSTs Y& FUCHAE ) S R w224k, v
flJREFENE DL PSTs IR T UL BT g A UG B 428 45
AR PR %

1 #REFE
1.1 SEIesH#

BRI P LK #E(GY-H25 #%), WA FifEeiEd
PIRH A PR F] o JE7 TR DUIE 1 T Wi 748 A LU T Uiy
B, A R RBEFR 7 K (7.5£1.0) em, 5858
(3.0+1.0) em, HifPE R AP FEC I 5 Tk 2 d
Jo TR EE LB . OB A /D BR 3B (Chlorella
vulgaris), f1 7 RFE R (STX), #1557 R (NEO),
WV TR R (GTX1, GTX2., GTX3 F1 GTX4), N-fifi
Pk 2 FP B 2K R (GTXS . C1 M C2), i H L2545
2 (deSTX ., deNEO., dcGTX2 Fl deGTX3)Frif & H
PIEW NP {5E T L

1.2 FEIHE

121 #KEHLKFERR BRI 1L K
PP T £2 J5323%, WILREERNE BE R 6.5%10° cells/L, X%
FEME: IRE 25 °C, JEIER 54 pmol/(m*-s), SLHEHT
BEEAM 12 h: 12 he £ 3 KECEE 10 mL #ERNMA
150 uL S ¥R (Lugol's) [l €, FAHES), kil
B R AT A AITTEL, B 3 UK A F SEPEAS 7= B B Y
ARKEB, B 20 mL ARG B 5000 r/min (1)
ZAFFEL 15 min, BUF 284008 T PSTs 4347

122 REFE  FEYLPIE 760 HIERR L, AR
PR IR A R R A L IR R A R R A
RAAHA R E 3 AT, BT 84 KRN, 52
b 30 d, Hd, 1~7 d EBHHE, 8~30d
AR B o B AR B BERE R LB 2 VROV SIE 50 21 It DL 43 i
PREEE, MRV 1 2, B LR E S 7.0x
10° cells/d/ L, IR FELAE M A 2.8%10° cells/ R/ H .

BB BAS T, SCOR A SO IR A R R 2 ¢
INEREE, AT 05, 1. 2, 4. 6. 7. 8. 10,

12, 14, 18, 22, 26 F130 d &-HL 6 HIG I ¥E 1)
Wik 7L, Hrr, 2 B e g, Hoa 4 Ha s
BT R B T B A 2 R U BRI BB AR R 4y, A
AU 3 AR, 0 8 K R /K 53 )5 #6417 PSTs
53T

1.2.3 PSTs # FEREEEEEINA S mL 1%L 1R
KW, VRS DERE 5 min, BAYHERENIE S 8 s
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JF45 25,4 ‘C AT 8 000 r/min 20> 10 min, B 1 mL
F3EWGE 0.22 um Clarinert £13053 JE 2 (MCM 3E7K)
TR/ NIRRT
DL 2ERE S AT AL BE S % Wu %5(2022) 5 2= 1 i %5
(2023): 5 g FESAIIA 5 mL 1% ZFRK 2 £, b
KB H A 5 min, 4 500 r/min 0> 10 min, H 1 mL
FEHGR, A 5 uL & /Kid ENVI-Carb [5 A% B 4
b, 1 mL 75%Z KB (S 0.25% P m)vemL, it
0.22 pum Clarinert £t =05 JE #5 (Nylon 38 )5 77 T iE A
N BRI
TR L R T 5 1) 25 1 S 5 KV SF (2023) 1Y
J7¥E, Sciex 5500 QTRAP Y AH (6% —H Ik i, >R A
W55 55 L 25 - IR (EST) 22 g W I (MRM) IF 71 25 - ) 46
K, A 3%4: TSK-Amide-80 (3 pm, 2 mmx15 cm),
I 40 °C, WBAH A /K (F 2 mmol/L HRE%, 50
mmol/L HR), FizhHl B i 95%LNIEKER(E 2
mmol/L FREE, 50 mmol/L FER). M FEUEM &5 1F A
0~3.0 min, 80% B; 3.1~5.0 min, 80%~40% B; 5.1~10.0
min, 40% B; 10.1~11.0 min, 40%~80% B; 11.1~13.0
min, 80% B; Wi A 0.4 mL/min, & FIRIEE N
550 C, Wiz HJE R 5000 V4500V, SHESIEHH
20 psi, FALSIESIN 30 psi, HHEIINIESE SN 30
psi, Alff#E < Medium,
124 HHFAKX (WIE BRI E AR, EK
MR g PR AR M B 1 h JFHL S mL KFEIMA S
& T 1 B Al A, S AR T R KR H i AT i
T
g =[1-(Cy —Cy, / Cy)]x100 (1
K, 1R FR 1 hERRIIERR, Co5 Cip sl
F B AT 5B 1 h )5 S mL KAE Y
AN A%
Q) H I EHHE AR S Liu 25(2020)AiH5E 712
HP &% = (T, - T,/ (m-n) ()
KX, T T 2 BB BRI DR HEUES n K
FES m K PSTs &, B0 pg STXeq/kg.
H SRR B AR
HEFBRBR = (T, -T,,) / (m=n) /T, 3)

K, Tofl T BB B 7N DU e ZHEUESS n K
S m K PSTs &, HA70 pg STXeq/kg,

125 3 #EaE S5 30 KA LA P4 A o 22
(Mean=SD)# 7, ] SPSS 25 Fl Excel 2018 254k {}:
HEAT BN E )7 2253 F (one-way ANOVA), LI P<0.05
h2E 5 W EAKE, G5 RFIH origin 2021 AR .

2 H#R

21 $FERIHLKENERKS =T

WE 1R, A catenella 42 /b e 40 i %5 i F5 42
THRIET 24 d KRBT AW, BEEER 1.5%107~1.6%
107 cells/L, 42 d 3 A LR ) 240 2% B2 RP2 PR . 75
W= AT ™ PSTs 4143 S50 C2: 3.9~4.7 pg/cell,
Cl: 0.8~3.1 pg/cell, GTX5: 0.5~0.6 pg/cell, NEO:
0.3~0.4 pg/cell, GTX4:0.1 pg/cell il GTX3:0.1 pg/cell
(F 1), Hr, C2. C1 1 GTXS =F4 o5t ,
SRR M R R R 2.0 pg STXeq/cell, L, ¥EMH
Bi g% 24~30 d A BRI AT B 5 S0

—a— WU Cell density  —o— 3 f17KF Toxicity level

~ 2.0x107F 35
g =)
3 28 8
S 15x10F ®
£ iE &
é 2.1 Hﬁ’%‘
o 10107 L8
B 1428
< ;ﬁ%
gs.onoé— 07 o
) &0
= . | &
= ol v e%Re
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BT BRI Ll RS A R il 2k L) K PP 2 i 7
Fig.1 Growth curve and single cell toxicity of A. catenella
22 EFRMN PSTs ERXERENHM

WA 2a fiR, JE5EIE D8 R b5 2R a2 T
Fetadh, BEE 7 d B, JEER BN HEE 5
26.7% (EBEFEH)M 37.1% (IRBEEH), w5 EH L

R1 ERITHLKEERFEEHTFHER

Tab. 1 Toxicity production of A. catenella at stationary phase
RN ] PSTs £% 4143 % & Content of each PSTs compoent/(pg/cell)
Inoculation time/d NEO GTX4 GTX3 GTXS5 Cl C2
24 0.3+0.1 0.1 0.1 0.5+0.1 0.8+0.3 4.7+1.2
26 0.4+0.1 0.1 0.1 0.6+0.1 2.24+0.3 4.54+0.8
30 0.4+0.1 0.1 0.1 0.6+0.2 3.1£0.1 3.940.1
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RTINS BE41(P<0.05) . & RBM B[R 414U PSTs
TR EIHER, MEREREAREES

MR GERERESRE, PSTs MmN
7 458.2 pg STXeq/kg (%% BE4H) M1 2 555.9 pg STXeq/kg
(I B2 21 (18] 2b) . T DL g B Rk 20 20 H P24 5 AR
WE, EHEEHSM A 981.6 ug STXeq/kg/d F
106.5 pg STXeq/kg/d, IREEL 5N 365.1 pg STXeq/kg/d
1 40.8 pg STXeq/kg/d, HEALIRHBE, U a4
6 d A L1 PSTs & il % 4 PR (E (K 2¢). =k
BRI T EH8h PSTs & &Y /NTF
108.6 ug STXeq/kg (Kl 2d). Hi# 2 7] %1, PSTs & i

a

100 - n=3,x+SD

80 -

60 -

40 -

BEE
Filtration rate/%

20

PSTs& &
PSTs content/(ug STXeq/kg)

|

0 5 10 15 20 25 30
Hif 8] Time/d

\Q~Q\

HIEEREBEAMC, HEMRT PSTs S RS5ER
AR IR, 1 T B AU A S B 5

R B BE 45 4120 PSTs AR % i i B4R Tk
FIRFREAR . A, n g, Hop, S0 7~9 d
Sy e R AR I, AT AR A R
1 860.3 png STXeq/kg/d. =% 4L IG D 45 4041 H F-1
PR 18.4% (JHFHAR) . 18.1% (BRHZH) I 13.1%
(AT 4HZ), 2% 30 dif, #4041 PSTs &R
FE Y 50.0% LT, R TP (e . 5 %5 B 24 B
Jlit PSTs & HE4E457E 1 400.0 pg STXeq/kg ity , 1%
JE A 4EF57E 600.0 pg STXeq/kg 2247 o

(=
\©
(=3
(=3
o

0 | -0 - fREEELH Low-density group
| —=— % EE4 High-density group
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100 -
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! L L L 1 1
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B} ] Time/d

K2 ANFREHETECEIIEER@MSHLU(b: FRAE; o AL, d: AL T PSTs SRk
Fig.2 Changes of filtration rate (a) and PSTs content in different tissues (b: Hepatopancreas; c: Soft tissue; d: Edible tissue) of M. unguiculatus
at different exposure densities

*FoN LA B 2 57 (P<0.05),

* denotes significant difference between groups (P<0.05).

R2 AREETETERKRNESEHAPSTsEESHRERMEXES

Tab.2 Correlation analysis between PSTs content and filtration rate of M. unguiculatus at different exposure densities

M UG T F5E REL B IR ARG R KL
Factors Linear fitting equation  Coefficient of determination, R*  Pearson’s correlation

B EEA WAL PSTs & i y=—3.160x+4.601 0.643 —0.881
High-density group JiFJefig PSTs % y=-3.170x+4.527 0.644 -0.879
Al 44 PSTs & i y=-2.755x+4.710 0.569 —0.864

(25 B 2H AL PSTs & i y=—=6.684x+8.455 0.897 —0.963
Low-density group JTJffIE PSTs & & y=-7.858x+9.788 0.924 -0.971
AL PSTs & & y=—2.541x+3.576 0.522 —0.811
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2.3 [E&EMSNh PSTs HE R

HVEAGIEFE G VU PSTs AL IkaE Ty, AHF
FEHCRE T 7 B W5 T IR R 3R A o0 I AR TR O o A
JEFETG DU T, BR deNEO b 12 FiR Fibs i
PSTs A Hih o AR 5857 % 5T 52 h DU B
e PSTs 05 & Rt 2R F 0 CL.
C2. GTX5 (&l 3), EEMBERFEALK TR 55
BN HER LRSS AR, ARSI N 22 ) Al b C2—Clo

a  100F
n=3,x £SD a

AT Algae cell
=% 4 High-density group

? {5 BE2H Low-density group
a E HAth#H 43 Other components
| I —)e)
50 /3 Cl1

mmm GTXS

BOSRE
Percentage content/%

25

100

(>

PSTs#4H 4} i 1
Proportion of PSTs components/%

80

60

40

20

0
051 2 4 6 7 8 10 12 14 18 22 26 30
5} jE] Time/d

[¢]

PSTs& 443 i 1b
Proportion of PSTs components/%

00.5 1 2 4 6 7 8 1012 14 18 22 26 30
5} [a] Time/d
K3 FERERAE WSS DU e 4
it (a) ORI G LR A (b R EEAL . o IR
Fig.3 Content of the main toxin components in the

hepatopancreas of A. catenella and M. unguiculatus (a) and
changes in proportion during exposure (b: high-density group,
c: low-density group)

B L7 B AN Rl e 22 57t .35 (P<0.05)
Different letters on the column indicate significant
differences (P<0.05).

M & 3a AT, FETG DU = B )G C2 B r o i b &
FEAG(P<0.05), H1 74.1% G BIEIEE 22.6%
(FREEA)S 17.1% (IRFE4); C1 MM 10.6% (i
YA L TFF 54.1% (R % L) M1 54.0% (IR FE4H) . A
[ 25 IR D 5=k GTXS HA & m il &%
S, BARBIE T, C1 A H 4R 47.1%~
62.0%, C2 47 & it (5 L 4EHRFAE 13.1%~33.7%, GTXS
03 i L 4ERRTE 8.9%~20.8% (& 3b. ).

3 1Tt
3.1 EEMBN PSTsERXMEEENRIN

DU S8 K3 B 1AL S R rp P A 1 R G 00 8
NEAL, PR, 7EAT 5 a0 i 2 R 0 R) AR o A A7
#(Lassudrie et al, 2014; Li et al, 2017; Turner et al,
2019), ARRAPFFRERW, HRRWEMTIEEIH N
Xf PSTs & FBUAE 77 55 T HoAh ik D (Kim et al, 2006). 2
MABEZFEITRTERNAEENRREFMTTH
PSTs & BRI A ZE o BRYT S (2014)F 5% £ 015 DL AT
JEEAR H -3 E BLUCR A 3k F] 1 736.0 pg STXeq/kg/d,
i PSTs & HN 868.0 ug STXeq/100g, MAHZE
PSTs 5 = & i 1Y 1.2 £% . Sekiguchi 25(2001)4% 811 D1
R TR Dy I e v, LI IBEAR H 135 3 R
4 1370.0 pg STXeq/kg/d. AHWFFT %% 55 4R 72 05 DT
JERAR PSTs HF-XEHRAMCT LikiFsE . sesh, F
T ZHZUE TR R ST WARXT LA, WSS DUREH ST H T
ERHR T EE T ARG 01(917.5 pg STXeq/kg/d), B
el D fe i PSTs & m AU A IFRIG UL 22.0%
(Andres et al, 2019). 5KifE45E(2023)R HIA I 2285 5
PR, G DT PSTs & SAFSEAH Y, (HAf
B LUP PSTs & w2 M ARWF I R EFENG UL 2 5.
ABFGE T AN = % R R A T RS R DUZE 6 K PSTs
TR eREE, 52, Andres %£(2019)1%)
W =B A R N I5R IR UL 16 h #4141 PSTs &
HtE TR AEREM, LW, ERIRIXT PSTs
 TUBE ST F 555 o

XLAE D2 XA 3 A8 1 B w6 S O 2 1) A BRI
11 ML (Freitas et al, 2020; Lavaud et al, 2021), %1
S0 B AL 54 B R (Pousse et al, 2018), HIFEILK
P 4 3% £ 47 M 952 0 (Comeau et al, 2019), 1 Bianchi
ZF(2019) AT A FHBE DRI D7 1L R i 5 95 39 30 7y 1
KERFLEWRI, 7 d EHHLIEETFEM 20.0%~
30.0%. Fernandez-Reiriz %5£(2008)Af5E H, #EET
BRIV P LK 8 59 R DL (M. chilensis) 1 d )5, H:
X7 B A U8 1 R 5 IO AL FE AR 2 67.0% . AR5
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P A JEL5E G DU RIS DL 2 ) 28 R B LT 8 R B R T 229

JEFENG DTN R B S 3 KIT IR IE B RIFLL N %, &
 PSTs BRMBEIL, #HHHEQ1IFR LM, 2
& T IR 5 1 D23 Ak A8 b 272 i DU A % 325 1)
MG, XFEEETT NN PSTs 1EXGE DL ZER
E R 45 R (Andres et al, 2019; Stitken et al, 2015) ., Jii
JTU D1 (Nodipecten subnodosus) % 5% T/~ GTX K %E
FREDR R F e, R B B R RIS, Kk
ST A OCH AR ZEIE N . T AR ™ B A L R
174574 B 2 % (Estrada et al, 2007), %& FFTiR, PSTs
T T IYRFE D2 23 77 A 1 A N R il 2D HL X6
TR

UEER G R R R B U 56 (P<0.05), X
HMAZREFTERINEERMESRENERLE
IEAHSCZE A B (5K I3 45, 2023), Tobke %5(2021)AF
TR, BRI TG DU 7725 3 rh A HLA A R 2 ik
THEF##H W, Lavaud ZQO2DHWFR LI, M 2%
FEENR VLM, edulis) BT J5 I8 BE AU REAIR, AT
VB 7 G XL D1 28 A A B ) H LR R S v
BEIG DA H SR E LR A 516.0 g STXeq/kg/d,
FAM 7T BB AR 52 I DA 21 PSTs H &
HOR UL RSN DL EE 1 R DU PSTs AR o & o
A1, Lavaud 8202 D)W R W, 78 B B PE RN
2R LA S ARy sRER e e s s DL B RRE . R,
PR RS ERIG N ERER AR, E
TFE R G5 .

32 FEERBTEZWNIA PSTsHRBEL

e DU AR g PSTs HAURES T, W iZdA
YU 4L T R e 1) HoAh 41 2055 B 52 AR ) i Ak (Meng
et al, 2023). Uk D1 A9 IR AR g iE SE HLAT PSTs ff 52 1
Yitie(Wang et al, 2017), #RE 2N E 1L
R, o B nD R A U R LR B, X 4
FHUL2E R PSTs Tif 3Z 68 J) HA HE R, ARAF5RIES
MG UL H PSTs A4 22 Pk 3, X 5 HA X5 D
K 41 2% 5 — 3 (Bianchi et al, 2019; M1 IE 45,
2017), HEEHIEFRIGNAHLSUL 2 d R T4
50.0%[%) PSTs, RN 25.0%/d, R HABI5E N
B 4.2~4.6 (AR IESE, 2017; TRAIESE, 2011), J&
FEMA UG5 B 4 4% 20 20 PSTs o AEACi 7 d 5%
TR B e A B B, 1 5 5% A [ R fB) R [R) 7= 2
HEE IR U PSTs i/ TIERIRI, =%
J3E £H 22 s DU AT I IR 4 5775 2 000.0 pg STXeq/kg, K%
JiF 20 22 i DU AT I IR 4776 1 000.0 pg STXeq/kg. X 15
B JE 520G DU 7E B KA FLRE 1 W Rl i), 18 B P AR
5 PSTs 4k B R A4 A5

XL5E 28 S ) Al 20 b d5c i DL B AR e Ak ok 25 1) S
ffe, EEHEIR AN B-ZE M A C2. GTX3
- GTX4)TE W 5e 2 3 W 48 B 38 e Ak S i g 27
FEOER o-22 [ S R(C1 . GTX2 Ml GTX1)(Sekiguchi
etal, 2001), ZEFTLE A, FeaE R IR S
PR RI N C2—C Z 10 kG, 5
PEZ A, FE TG DL P i R ) 1 7= 5 3 b A A H 1) JL
RERASP(STX ., deSTX. GTX1, GTX2. deGTX2 FiI
deGTX3), X2/ M P iR A AL g A i,
ARELUN45(2022) %5 B it (Scapharca subcrenata) % % T
TP 7 LR, & BB b s BT 7 rp R AR
A GTX2 A1 GTX3 WP 5, JFHEMZH GTX1
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Abstract Paralytic shellfish toxins (PSTs) are a class of neurotoxic marine biotoxins that are widely
distributed and cause more than 2,000 poisoning events worldwide each year, with mortality rates of up to
15%. PSTs can accumulate through the food chain and are mainly distributed in marine organisms such as
bivalve mollusks. Several countries and regions, including the European Union, China, and the United
States, have established strict regulatory limits (400 MU/100 g or 800 pg STXeq/kg) for PSTs and
implemented monitoring programs. As reported previously, factors such as filtration rate, selective feeding,
and the efficiency of the organism in absorbing toxin-producing algae can significantly affect the
accumulation of PSTs in bivalve mollusks. Mytilus unguiculatus is one of three major commercial mussel
species in China, with important economic value and social impact. Due to its high nutritional value, it is
extensively cultured as an important shellfish species in the Zhoushan archipelago of Zhejiang Province in
China. Alexandrium spp. are the main toxin-producing algae in the area. PSTs have been detected in
mussels between May and July after harmful algal blooms. Research into the elimination characteristics of
PSTs accumulation in M. unguiculatus is urgently needed to establish a monitoring and control program.
In this study, 760 mussels were randomly selected and fed A. catenella at different cell densities,
with a high-density group (7.00><105 cells/d), a low-density group (2.80><105 cells/d), and a control group.
The experimental period lasted for 30 d, during which the accumulation period approximately represented
days 1-7 and the elimination period days 8-30 d. A total of 14 sampling points were set up on days 0.5, 1,
2,4, 6, and 7 of the accumulation period and days 1, 3, 5, 7, 11, 15, 19, and 23 of the elimination period.
Six mussels were randomly collected at each sampling point and dissected into soft tissues,
hepatopancreas, and edible tissues. Liquid chromatography-tandem mass spectrometry was used to
determine the content of PSTs. During the accumulation period, 5 mL culturing seawater was collected
during or 1 h after feeding, and Ruge's solution was added. The filtration rate of the mussels was
determined by counting the quantity of A. catenella cells in the water. The results showed that the toxins
in M. unguiculatus were not equally distributed. The highest PST content in hepatopancreas tissues was
7,458.2 ng STXeq/kg (high-density group) and 2,555.9 ng STXeq/kg (low-density group). The highest
PST content in edible tissues was 108.6 pg STXeq/kg (high-density group). The hepatopancreas was
identified as a target organ for toxin accumulation. From day 3 to day 7, the filtration rate of mussels
decreased, eventually reaching 30% of its initial value. The filtration rate of M. unguiculatus in the
high-density group was not significantly different from that of the low-density group during days 1-5 and
was significantly lower during days 5-7. During the elimination phase, the PST elimination rate in
mussels was 18.4% (hepatopancreas), 18.1% (soft tissues), and 13.1% (edible tissues). At day 30, the
residual content of PSTs in the hepatopancreas of mussels was approximately 1 400 pg STXeq/kg in the
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high-density group and 600.0 ug STXeq/kg in the low-density group. Changes in the proportion of each
PST component were transferred from A. catenella to M. unguiculatus. The proportion of C2 was
significantly reduced from 74.1% (A. catendlla) to 22.6% (high-density group) and 17.1% (low-density
group) (P<0.05); the percentage of C1 increased from 10.6% (A. catenella) to 54.1% (high-density group)
and 54.0% (low-density group) (P<0.05). No significant difference was observed in the percentage of
GTX5 between A. catenella and mussels in the different density groups (P>0.05). No significant
conversion was observed between the PST components in the hepatopancreas of mussels throughout the
experiment.

Our data indicate that the daily accumulation rate of PSTs in M. unguiculatus was lower than that in
other mussels. Moreover, the toxin elimination rate was higher than that of other mussels. A negative
correlation was observed between the filtration rate of M. unguiculatus and the PST content of each tissue
type. These results show that M. unguiculatus is more sensitive to PSTs than other mussels. During the
stage of PST transfer from A. catenella to M. unguiculatus, a high proportion of C2 toxin was converted
to CI toxin. After accumulating in the hepatopancreas, the PST profile exhibited relatively stable
performance. In summary, we conclude that, due to higher susceptibility to toxins and lower conversion
rates, a lower risk is associated with the consumption of M. unguiculatus than with that of other mussels.
Our findings will contribute to improving our understanding of the mechanisms underlying the PST
accumulation risk in M. unguiculatus and provide valuable scientific insights for developing prevention
and risk management strategies concerning PSTs.

Key words Mytilus unguiculatus; Paralytic shellfish toxins; Biotransformation; Filtration rate



