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HWOE. NG TR RN S Y T L KB (Alexandrium tamarense) XFIESENA UL (Mytilus coruscus) % VL)
ARSI EBCT 52K (18.40+42.04) mm FYJRESEIA DLA DU 45 T 43 391 22 8 38 3550 g LUy K3 L ik R
YN UE I 12 d N, 2l DLAE T3 A 20 S A0 AR A S TG R (AR Tk o S 06 150 8 6 R L o D Yk 40 0 I 4
TETA 342, 3B 48 hic sE4h DL FET &0 , A3B% 96 h 23 51 I 52 4 DL AR #E S AL AL T (SOD) L 4
LA (CAT) B NEEME (GPT) JEBIRET (AKP) & ZBIRGNEREE (AChE) HI3hTE. Z5R 8w, 12 di)
T AR 2L RN TG A YL 0 2 40 DL RS TE BRI BE T 255 ) A 33.73% Al 15.66% o 5 A ¥R 2 (1] F) Tl 7% 1 A5 Ak i
TErE2E 5, Hoh S 5 M 2 4)1 U1 AY SOD  CAT \AKP Il AChE i 1 s iR 5 b THia 3, 1 GPT i PE5E R R )R THim
JCAN M 3 T 2H %) DL G AKP 36 P e Fche e, (IS 4L 52 7% 8 d Ff, SOD Fl AChE 15 7 52 R 445, GPT il CAT I &
%A, 12 d IS SOD I CAT i ¥ F %, 1l GPT Fll AChE il PEFF s . 45 12 KA, T I i 28 40 DL 5 b il ) 356 7
P T L. AT (PCA) I, 46 A FREE bR ] 45 5 IE AR € s 5 A R WAR W v (IBR) 154
RO M2 SR R BT R A TBR 5 % HR A 25 53450, e A F 0 g 1L A 3 JE v %ot 4y DL EL A 4 o 1) s MR AU o
THFFE R0, T 2 T 35 o PR ) 5 3 S0 7 1 G 9 TR R I A0 A D T 4 4 o TS i DL 40y D %) P 7 7 A it 35
S DL SR AR N IR N, TR BRI 1 4 DU D) BE . ASBIRSE N A 2 A T 0 I JEE 5 i DU SR ) 2 SR
HE%

SEHEIR : RN DL s B D Il KsE s 05 B Al ; ARG RRSEE D5

FESES: S968.3; X 55 XERFRERS: A

WFFE W IEAE IO HE S (9 AChE I 1 22 52 31| 3
Selia R s, 1k s 50 4R ], AR e R A=

JEFENG U1 (Mytilus coruscus) & AR shY)
"7 (Mollusca) ¥ 5¢ #4 (Bivalvia) iz 01 H

(Mytiloida) It D1 B} (Mytilidae ) , /&3 & 5 F ) 4
Trl Rz —. 42 BN AEEHa KA A RN
3R W S ) A A A g 2 G e ARl
ACAHAH STl 3 1 A bR R W, T PP A A 1A
Xof PR A RO . KHAN A6 B
FERIIRAL AR i R G e 25 5 3 )R e T
DLERZH S8 A ALY B AL (SOD) Flid 4 b A i
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e o 3 2380 e ) 5 R e i DL &)y DL 57 B 1 56
SRS D) v B S, L D26 PR i AE PRI ) AR
PR 23 32 BRI /ISR S, &3 DX 80385 e )3 36
(g AN 10 B (E NS N[ S o AT T 2
JE %t DU MRS B9 32 AR TR AE L DL, X %))
DUA: B M 52 22 R D

B PSTs A, 37 Iy Ll K 38 Ja ik ml L™ A 1 22
AR WA B A H A E G, B 1
B IR N fig B K (spirolides) | ¥ WV i 8 &
(gymnodimines) . goniodomins J% i & & 1 A% 4=
Yy i 4SS 4 (BECs) . PSTs A 5 i
Tk 56 I 240 R ik 1) ] LA J5T, T BECs RE 6 8
RE TS A0 M Ah X5 A A= AR RS
T BECs R KFEBE 2 M R RIEMALG W, BT
U0 PR I i R el A B R Y
JC 240 0 108 VR 20 R £ B R AT AR e
FORD %'/ i B4 35 3. 17 1Ll A 36 114) TG 41 i i ik
AN HE AR = 0541 (Ruditapes philippinarum) Fl
WP (Mya arenaria) 1.2 M 4 RG B 07 WA
o SR, JE 7 06 DUAE i AR s b iz
NI 2 — 185 1k W R G T
A g 1L 3 = A B9 BECs X Hi 4y DT 52 i) ()
i,

PRI, A AF 5 380 2o B 3 5 g 10 R Dt ik
S TG A B 8 0T JEE S i DL 4y DL AR A2 L S AL
VA DG BT P A0 52 1), R 38 35500 g 1 oK
X DL 2R BE A fa T AL, LA Shy 0% 0 43 2 1A ) iy
DURR2 55 b LR LAl

1 eIk

1.1 LAY

S0 T 8 35 05 1 KB (A, tamarense)
GY-H31 W4 H i GEA MR- A RAF R 12
Rigedt . RigR&ciboh RE (25+1) °C, b 30+

1, GRREE E 40 umol/(m?-s) , JGHEH (L:D) 412 h:
12 he

JESE MG DL (M. coruscus) B R T 2023 4E 10
H R A WTLAA AR L e B A RS & (122°457E,
30°42'N) B 77 120 L B E KA o 9530 A]
H #e K 3 B /NER 88 (Chlorella vulgaris) 1
W o FrFE K v 45 56 o B ], B8 251, 7
FE (12.5£0.5) °C. SLIRHTHEPLIHEL 30 HE5Eh
DU, bR R RO AR AE AR AE , I T 8 2 — K
SR T . HOP 5K (18.4042.04) mm,
FEPE (8.70+1.86) mm, 5% & (3.64+0.72) mm, i
JFitt (0.287 2+0.007 1) g.
1.2 XWAHZE
1.2.1 JEFGV Ty 11 R 1 i 2

B8 3 S LA 3 RO B RS SR, 4B 0 (SE
HEUR ) (4 R0 8 TN i Sk 4% 2 43 R 7 743 .8 388
F1 12 258 cells/mL; H 3 %% Ji5 41 [7] 09 55 35 W &
0.45 pm ZF 2 2 U8 A I8 5 15 235 505 1L K
JCAN L UE R o 52 56 1T A B0 K A 1 3 1 I Ty
W CEE R SR, V2B 0 HEHE T4
122 SE8ikit

TR N 1L BB, 55 i K R RS
500 mL. SZU0 B IR | 58 5V 4 AN G 41 i o
WAL 3B, Bie A A B .Co BRI
3T A AT RENL RN — AR R
FEMG D130 H o 4% 2 SO0 /K A BC il WL 2R 1, X HE 4
AR MR /INER B, i RV 2 43 M3 3 30 5 1 R o T
TR S P /N BR B TG 20 A 0 A A B B3I
LR e T A MO8 i M S i/ Nk e o TR R AR
S5 9 37 T TR A [R] 52 56 39 [ I 4 A<9R i
R, TE RS 5 4 8 R BIBUEE G #ie 86 1 4
S 46 4 21 S K A RN PR . 55 0.4
8 AL ML 11 15 Iy L) K 2R J32 53 4y 4 800
5200 #17 600 cells/mL .,

F1 ERTHLKXEREXRERKKEH R

Tab.1 Water preparation for exposure with Alexandrium tamarense

4151 B H T 1 R 3 R wl G 20 M INBRHE K EIK
Groups Whole-cell or filtrate group of 4. tamarense/mL Chlorella vulgaris/mL Sterilized seawater/mL
Xt B4 Control group 0 40 460
P JFI 4] Whole-cell group 310 40 150
TCHNMLYE WAL Filtrate group 310 40 150
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1.2.3 B30 Jy 11 R sE B i I

FHMRIEM: DL R (PSTs) Mk & (&
M AR A= B AT PR A R ), ELISA 2 43 3l I
P VR RN TG A LB Y PSTs MR B2
1.2.4 [N E

554 8 R 12 K43 ) KT RRAH | 388 it o 2
TG 2 W08 R 2 A B A AT R B AL E S HLUG DL
OB AR TR AH 2 4 i (g) AR (mL) =1:10
P A= BER K V2 VRIS ST S A0 3, 3 000 > g
#5010 min J5 BRI W, 1T SOD . GPT . AKP .,
CAT F1 AChE [iff 1% 1 9 il & . SOD M ik &
(M78019) .GPT i & (M78023) . AKP il i £
(M78039) I CAT X & (M78632) I [ ik

B /R B AL B H A BR A |l , ACKE il X &
(A930636) 14 [ Lﬁiﬁ%iﬂcﬂ&ﬂx%ﬁﬁﬁ
Nl EHWERHE S RAH & (BCAE,
PO010) 7 o 3 IGTHE Al e 24 4 vt I 5 20 R
17, BRI B AT 3R E R
1.2.5 BT R iE
T8 I BRI 48 /NI SR A5 AU 4l DUBE T 1 L

AR (D) AR IE B IET- %,

M, =2-"9 % 100% (1)
01 - q.

A M ORRIE BITAET % 5 g, AL FRZH %) DL
BIFCT 45 g, X R 4 D RIFFET%5 Q, kA%
R4 4 DS

1.3 ZEEEWIREY RIS

Z A bR S B £ A ROV 2 A )
b & ¥ w9 B (Integrated biomarker responses,
IBR) 5 ¥k 47 b4k . A4 DEVIN 45 1E 1Y
ik T R AP

(1) Y=(X-X)/s,Y HEYIREDRI bR HEL
{EL , X A A (] B[] T A4 2 ) v B b 25 4 1
A, XA R IR S ) S EE s O SR
2.

(2) S=Z+Z,,|,S=0. WERZFP ALY b5 &
Ywiiss W Z=Y RZZ=-Y. |Z,|=% Z{a]
e/ IME XA

(3) M4 Sl H o3 (2) THEARSR
A R = ﬁlﬁ/ﬁf Z%H,Eﬂj\?IBR{Eo

L Sx S+ 1 x Sin(zﬂ-)
BR =Y 5 . (2)

i=1

1.4 GEitorih

A B H Y R FE S (bR 25 (X2SD) 3
o R SPSS 27.0.1 BRAT X Ml 7 M K AT 7
2EFEVERT IR NI R )y 22507, LA P<0.054F R 22
SR FEER bR, 38T 4s S8 ] GraphPad Prism
9 W pk2a . {8 FH Origin 2022 % Fir A #8 bRt 17 3=
145343871 (Principal component analysis, PCA) .

2 45

21 BEBTHLKENSHE

B 3 L K R Y A0 M R R
7 740 cells/mL, H: PSTs #¢ J& & (65.50+0.52) ng/
mL 5 I Ve 8 AH [R] B4 58 34 30 17 1 o 3 G 40 i 0 Vi
# PSTs ¢ B A (63.14+10.91) ng/mL.,
2.2 B ILKERER . HRERY RS
NMREZEITFET-RHEM

P P 1R 35 3 S g L A o DR B TG A A
UEX JREFENG U4 DL A R ia IR L S
TG A M 8 VR L, 35 3030 R g SR R R I
DURREPEVE S5 . oA MBI A AE 2R 65 4 d S
®eOE Bt A0 TR B W AL S 12 KA F
15.66 Y ; 1M ¥ UMY 2H 75 75 5% 2 d Je A R HAE T
RGBT 5 55 12 R HA O B2HET- %
I 33.73 %, L TC A MO DS MR 2H 55 115.39 %o [
L NEIPGEE S B A ez | VAN ) b 3
T 2> T 44 L 08 Y A > o) B2

-o— i JFI 41 Whole-cell group
- - JCANfEIERAH Filtrate group

N
S

(98]
(==
T

KIERIHPET= %
Corrected cumulative mortality/%
= 8

(=]

2 4 6 8 10 12

58] Time/d
E1 BEREEAMTHRERAETRR N4 NHNKER
T ETL

Fig.1 Changes in the corrected cumulative mortality of
juvenile Mytilus coruscus in whole-cell and filtrate groups

23 EITHLKERE TERRRAKREWL
BEiE T

RN TIPS ERE S A AR
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W DY A BT E (B12) . 12 d N BRI AL 4
DLE) SOD 1 P A & 1 a9 (1 2a) ; T4
UEVR ZH SOD i 14 22 N Rk #, 12 d i) SOD i 7
54 diFAI H B E BER (P<0.05) o ] — B ] o5
T,3412 [0 SOD {if P 7E 4 d i ol % 2 5% (P>
0.05) ;{H 8 d B, 758 J5t i 41 Fl TG 20 O 0 v 4L 40 DL iy
SOD {ifi 4 ¥4 @ KT X B4l (P<0.05) 512 d i,
P JFRCZH Y SOD 3 o I 25 w8 1% A 4 RN DG 4 Jifd
JET A (P<0.05) , H: SOD 7% 2k (1.55+0.27) U/
(mg prot) , Z M X BEZH 14 204 %

JEE 52 Ui DL 4y DL A 38 30 30 g 1L K e 3 F 1Y
CAT Jf AR AL AN 2b FIr 7R o 12 d P9 38 v 41 )5

[ X #R4 Control group

4 Whole-cell group
Aa W CAHMIEWRA] Filtrate group

0
W

—_ — )
(= W (=]
T T T

A Ak R
SOD activity/(U/mg prot)
e

(=)

4 8 12
i) Time/d
(a) SOD i& M SOD activity

7¢I DU CAT 75 M 52 B 5 SOD 258 i 25 fk it
12 R R AL 4 DT CAT IG5 4 d Fil 8 d B
AL 2 TR (P<0.05) 5 1M JC 4 i g T 41, 76
18 8 dJ5 CAT i P i 3 [ F+ (P<0.05), Hik#|
= {H (9.54£1.15) nmol/(min-g) , Z J5 T i T .
] —BF 6] 5 R, 76 4 d B X FR 241 CAT 36 1 &8 3
T RANEIER AL (P<0.05) ;1M 7E 8 d i, ¥ U 40
FTCHH S8 VR 2 CAT 1 2 T X) R4 (P<
0.05) ;12 d B, 38 5Ly 2H i CAT 3 1 25 v T X%
HECZH RN TG 4N B U8 W 4L (P<0.05) , H: i M 3k #)
(19.85+1.76) nmol/(min-g) , 24 kXt BR AL TG 1 1) 6

(~7.
Ho

[ X HR4 Control group
N #J50E4L Whole-cell group
W AR IER 4L Filtrate group Aa

—_— 33 [\
W S W
T T

I A R
=

CAT activity/[nmol/(min - g)]

W
T

(=

I5f16] Time/d
(b) CAT i CAT activity

RS TR ]I H] SN A B 2 6] 22 5 3 (P<0. 05) , ANl ING FREFRIR[R]— b THZH AN R IR ) 2 [ 22 53 2 (P<0. 05)

Different uppercase letters indicate significant differences among different treatment groups at the same time point (P<0. 05) , while different

lowercase letters indicate significant differences within the same treatment group at different time points (P<0. 05).
B2 KEFIEEE 485012 RATEAIRLAF MG I 4) WA SOD ., CAT iE 1%
Fig. 2 The SOD activity and CAT activity of juvenile M. coruscus in different treatment groups on the 4", 8", and

12" days after the start of the experiment

2.4 EIBWH L KERE TER K BEHE
KEHEMETH

& NI T3 10 R 9 0 B 5 e JE A i DL &)y
D1 GPT . AKP fl AChE iy 36 1% (& 3). AS[RAb B
R ST TG DL 4h D1 GPT & M (1) A8 Ak UL 8] 3a. 3 i
WL 4 DL GPT & A Mha 8 dJm B 3 T FE (P<
0.05) , SR a1 5 T Jo 40 g & W 20 GPT i PR 2 |
T, 212 AR E TS (P<0.05) . FE
104 dEF, JTCAN M E W 4] GPT 1% M i 35 I T % iR
ZH NP AL (P<0.05) , {H B v 20 55 X6 BR4H T
W E 25 (P>0.05) ;8 di, i IR 4] GPT it i
FART X RELL (P<0.05) , 2490 %} FEZH 1) 63.14%,
AL I Bt DG 200 L 1 T 2 5 %o R 2 s RO 4
225 (P>0.05) ;1 12 d i, 3 JF 240 GPT 5 1 &k
e T R AT A B s AL (P<0.05) {H/S R

http://www.shhydxxb.com

HZETREES (P>0.05).

JE 5 iy UL &y UL 7 3 350 7 10 K e 3 T 1Y
AKP 1% PR AR AE DL 3b i/ o X BR 4 F0 G 40
JiL 8 VA % DL A AKCP 6P B AR T e S v 4L
AKP G PETE A 12 dJF B TR (P<0.05). Xf
L [R]— B8] 45 59 AKP 36 P %0, 4 F1 8 d B, G
21 it 30 T 2 Y AKP 3 P B 35 IR T R AL (P<
0.05) , 1M )5 & SRR AL Z W% A & 255 (P>
0.05) ;12 d IR, 38 5 41 i AKP 36 4 8 3% 5 1 Xt
MR FITC Al M I8 W 4 (P<0.05) , 2 Ry %) BEZH i
() 2 F , BB X BEZH 55 0 4N 8 i 4 2 IR A
M2 (P>0.05),

il S 56 245 S 7 B g L R X TR
Vi DL %)y DL (%) AChE 76 M4 B i 52 (18 3c) . 3
W 2H %) DL ) AChE 1% PR R4k i 2 Hb bt (P<



5 1S

R, A R R B 3 L DR X SRS L 4 DL A7 6 A0 AR A R Tl P ) 2 1073

0.05) , H-7E 12 d B 52k 2 08 {5 T 240 il 3% 7 41 17

AChE IG5 R, Z J51E 12 d i i 2 E T (P<

0.05) . Mrif 4 d i, 3 5 4H % D1 i AChE 1% 4

i AR T B L RN JC A0 M B8 R 4L, AN R X R ZH A
[ XF 4] Control group

W4 Whole-cell group
800 W JCAHMIE WA Filtrate group

AN AT
GPT activity/(nmol/min/g)
EN
2

A1) Time/d
(a) GPT &1 GPT activity

13.64 %3 11 8 d i), 958 J5E Y 24 6 4 i 3 e T X R
FICAMIE R 4H (P<0.05) 512 A, %} HEZH AChE
TR AR, PR R TR A B, H =4 PR 2 R 25 5%
W3 (P<0.05).

[ ¥R Control group

PR ZH Whole-cell group
- W G DR Filtrate group
A

S
S

a

AKP activity/(U/g)
8 8

—_
(=]
T

fish 1) Time/d
(b) AKP 11 AKP activity

[ X} f#4H Control group
IR Whole-cell group

S e

—_ —_ ) o

(=) 9] (=] w
1

TR AR B 5 it T
AChE activity/(U/g)

=

(=)

(=]

W CANIE R4 Filtrate group

] Time/d

(c) AChE it AChE activity
AR E SRR ) — ] SR R R B 22 1) 22 57 .35 (P<0. 05) , N[l / NG S REROR [l — A BREFLAN ] s i 15 2 [ 22 7 .2 (P<0. 05)
Different uppercase letters indicate significant differences among different treatment groups at the same time point (P<0. 05) , while different
lowercase letters indicate significant differences within the same group at different time points (P<0. 05).
B3 XBHFBEFE4.8F 12 RMAELEAETE R4 RE GPT.AKP 1 AChE & 1%
Fig. 3 The GPT activity, AKP activity and AChE activity of juvenile M. coruscus in different treatment groups on
the 4", 8", and 12" days after the start of the experiment

2.5 IBR&#

MR 25 G A= W bm A e 1y 8 45, B T iR
Ak it 14X 345 AH E B (GPT . SOD , AKP . AChE I
CAT) HIFHILE (K 4) Byfhibretb. a4y
o W 8 %0F R R AR T WA R, A T SR T R
4 8 F1 12 d IS0 S AR il AR S A O ik T 42 1) AN ]
Ak B R EE I R 3G 0, X R 2 Y IBR
H R E O FRRRR e, Jo gl e 8 W 41 IBR (L JE T BE
J& [0 T T 34 D 9 2H IBR {H M f 90 £ 0.451 384 Jm
) 7.508, Sz W34 ¥ 37 7 1l R o 4l DU LA
LR B BRIV o T SRR AL RN T 20 i i VA 4 IBR

(AR Ak R R A BN IR], F WA R 30 i DAl
RE 2 R IO TR 1938 W AL i
2.6 ERHHH (PCA)

X} 2 g TR Iy 1L KBS 1 4l DB Ak
AR A GBS PEEA T 3 2 T (PCA) 55—
FES — RO B T 8 S 2219 73.5 % (A
5), 3 BB e bR Z B Y S IEAH G . PCL R
TR 53.8 %, 32 2 TG B G M 0 52 , H
o CAT X PC1 A B KA 5Tk s PC2 fif e 1T 8y
219 19.7 %, F 2 SOD BTk , X 4l 55 5 2
I [ G
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1.5

[ X g
8 Control group (A)
. s -
AT < = 10¢ O sl
¢ | S SOD % Whole-cell group (B)
= O] T4niagisl
~ 0.5r Filtrate group (C)
=!
A B C
AL FRAL
AChE AKP Different treatment groups
(a) 1614 d 4 days of exposure
1.5
[ XJfEgH
8 Control group (A)
10t [ ¥ )5tien
% Whole-cell group (B)
@ [ JCan s eH
= 0.5F Filtrate group (C)
=!
A B C
ENErOsEG
AChE AKP Different treatment groups

(b) 4318 d 8 days of exposure

8 -
T [ X HieH
] 6 Control group (A)
N oD E O st
% al Whole-cell group (B)
@ L JCAn sl
~ Filtrate group (C)
s
A B C
: PN LGS
AChE AKP Different treatment groups

(c) BB 12 d 12 days of exposure
4 ZRARMEREGEEWIRE WL EAEFMIBRE
Fig. 4 Radar plots of integrated biomarker response (IBR) and IBR values of biochemical indices in mussels at
different stages of the experiment

3 W PEERY . —RFNFRE R L R e o % D2k
4 B A7 35 AR B 77 A2 50 . GREENHOUGH

30 EBTHLKXENEZTHMAGRFFH 5 HI5 LI 250 cells/mL Y K7y 11k
=A| # (4. pacificum) J7 W& BD vl 3 B4t 8 iR
SV L R 7R A ) — R B AL S ) & PSTs, (Perna canaliculus) WG 24 , -G & & o
FCAE A HE 3 0 pe 28 A0 B mP A SRy 4 5 3 T O RS o W75 Fe U1 (Argopecten irradians) D !
RN AEALA RS . RS TTEHESI W I EMES) 4l AR v 25 B B 35 35 30 17 1 R e vh 25 5% 20 d
Ykt iR 2 HAT T m T A2 M R R Ty L Ja A At T L R, E TR L (M
K ATy AT RE XS AL FE 2 7= A i 25 7 M el 0 i 57 galloprovincialis) %) HALT R fifi 35 Wy 1L K 8
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T A, PSTs S 7E DL 28R N
B L, WU S8 B9 3 W 4 IR G0/ I g Ll oK
(A. minutum) WYJEFENGDUNERS 4 RIF R PGEE T
PSTs, JFFES 7 K ik B IE{H 455.39 pg STXeq/kg,
T 6 D119 4804 07 380 R 20 245 405 K 7t 5 20 4R
[ PSTs 7 it S IEAHOCS . P2 W5 I K B
Jit BECs, WF 5 UE 5584 35 30 JJ5 11 K 38 7™ A= (1) BECs
B AR FIARIERAE T, 23603056 DL 1Y S 2 1)
e AR AT A AR R, ARSI 2 R
I 7R B NI g 1 R g R TG 4 i D R A 2 %)
4y DU A A7 7 A a3 RT BB A R 30 g Lok i
FEH Y PSTs FI BECs.  H ATWFT 2 B, 25 18 S o
B (5.0x10% cells/L) 43 3430 [y 1L K38 % ik DL
B DU A7 A B g B2 RUR R A 2
ol 17 985 S I, - 0 DL P e WURRIRE, 5 5% 1l
TG H] , e AT TH B R TR, ARWFSE P 3%
JE 5 T AR S EL IR SR AR R M5
241 DUAEIE 1 DR 3 R o 2% B A, v et 5 2 68 =X
K JRSEMG UL A K By B AR BDIR S AT 6. BILR
SRR 5T R AN AR RN AS R) s 2 F SO A
FER5E B R AN ], JHE v v 2 B 85 F I T 1
KEES /MR (Lateolabrax japonicus) %)
AU TR A AN Z 5

A4 B4 + C4 « A8 = B8 4 C8 e Al2 = B12 4 C12

SOD

PC2(19.7%)

-2 0 2 4
PC1(53.8%)

VL {5) g AL 550 0 e 3 P ] 5 AL %o B 5 B 38 LR A 5 C. 20
WAL
The legend represents groups and stress duration; A. control
group; B. whole-cell group; C. filtrate group.

BE5 I LKEME TEMERERNERS S

#1 (PCA)
Fig.5 Biplot of PCA with all measured variables under
the stress of A. tamarense

SUPONO 4574 K 24 138 pum 19 48 i DL ) iy
Tk BE T o 0 3 o % R A BEAR I Il oK (4
catenella) PR R ICHMEIER T 48 h )5, ¥ R
WL &) BAE T T U A M g 4, A SRS
HMIGER . AR TS 1K e Ak 4
Xof 7K AR A P 1 0 e TR A 4522 T LA S JR
T DUE W A8 B e B IR DL AR fF 2 CE 2, X
AT RE AR 5 I R A1 40 DUAE T 5% 5 T JC 4 i 8 v 4
MR Z— o ABFFR I E T 85 3 D Ll K s
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Effects of toxic Alexandrium tamarense on the survival, antioxidant and
metabolic enzyme activities of Juvenile Mytilus coruscus

ZHANG Ying', CAI Chuner'?, WANG Jingyi', JIA Rui'*, ZHANG Di', HE Peimin'~’

(1. College of Oceanography and Ecological Science, Shanghai Ocean University, Shanghai 201306, China; 2. Water
Environment and Ecology Engineering Research Center, Shanghai Institution of Higher Education, Shanghai Ocean
University, Shanghai 201306, China)

Abstract: In order to assess the ecological risks of the toxic red tide alga Alexandrium tamarense to juvenile
thick-shell mussels (Mytilus coruscus) , juvenile mussels with an average shell length of (18.40+2.04) mm
were selected, and the mortalities of juvenile M. coruscus over 12 days were calculated after continuous
exposure to the culture and filtrate of A. tamarense, tissue antioxidant enzymes and metabolism-related
enzyme activities were also measured. The mortalities of juvenile mussels were recorded at 48 hours
intervals in the control, whole-cell and filtrate groups, and the activities of superoxide dismutase (SOD) ,
catalase (CAT), glutamine-phosphatase (GPT) , alkaline phosphatase (AKP) , and acetylcholinesterase
(AChE) of the individuals on 4", 8" and 12" days after exposure were analyzed. The results showed that
the corrected cumulative mortality of juvenile mussels in the whole-cell and filtrate groups on the 12" day
was 33.73% and 15.66%, respectively. Enzyme activity trends varied among the groups. The activities of
SOD, CAT, AKP and AChE in the whole-cell group showed an overall increasing trend, and the GPT
activity showed a decreasing and then increasing phenomenon. In the filtrate group, AKP activity remained
relatively stable. After 8 days of continuous exposure, SOD and AChE activities showed a decreasing
trend, while GPT and CAT activities increased. By day 12", SOD and CAT activities had decreased,
whereas GPT and AChE activities had increased. On the 12" day, the activities of five enzymes in the
whole-cell group were significantly higher than those in the control group (P<0.05). The principal
component analysis (PCA) showed that the physiological indicators were positively correlated, and the
integrated biomarker response (IBR) index showed that the IBR value of the whole-cell group differed
from the control group, indicating that the whole-cell culture of A. tamarense has a high toxic effect on
juvenile mussels. The results indicated that both the culture and filtrate of 4. famarense above the baseline
density of red tide would stress the survival of juvenile M. coruscus, inducing oxidative stress in mussels,
and suppressing the metabolism function of juvenile mussels at the early stage of exposure. This study
provides a reference for conducting scientific culture of M. coruscus during toxic red tide outbreaks.

Key words: Mytilus coruscus; Alexandrium tamarense; juvenile mussel; antioxidant enzyme; metabolic

enzyme; paralytic shellfish toxins
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