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WME: ARREARLEREAHLE OM) A6 R B afam HEgn, RA3IA
pH 1 8.1\ 7.7 #n 7.4) Fn 3 iR R4 B W (0 0.6 7 6.0 pg/L) x{ A 8 # AT & & 28, 5F
MM RMAEMGHEE . AR FRANBEEEURN R AT EEARLBHTT 0.
ZRET, BB ARUE RAHHEE S FE 31 d EHMHM I 7T CaCO; @ AHRILARE A, X
FRA RN RO GARERE, XBERAZEILREAR, SFEHHEE N RELNEF
k. B, BARLERAAEEY I REMARATALBETENRE, LPEALY
I .8 (SOD) 7& M I & pCO, 5 WA B T iy EFH M2 [ 1R, JF E A\ AR SRR
FHACEBETHMASODEMALMTE—REN, LB AKBRNE RAH B A4
SOD FMW ¥ E AL REM. AMFE pH £2E T, AN G EMLL A AT
(CAT) 5 & Jit # ik-S % % 8 (GST) E M B L 7ro sboh, LR MR B T Ak o0 4 8 0 b it
AR EGHTHXEE LI EME pCO, 5 RAMB IR LM LA ARS, FHEBARLE
R FH B & A HSP70. HSP90. Caspase-3 DL % FADD %k &2 & L AH A L 1 F1EH .

FREW, BARUERAHERBE RS A RO LA FETHN, FHAGREHLAR
AN EHEBATHRE AT - EREER .
KU Yo sufesn; NAEE, B, HEAHE, A#es

FE 5SS S 966.2

B A LK, AR AR L
R ARG B 7 BOR A COp YRBEAWT T,
WGEit, KA COy W BE T M Tl 5 A if 1Y)
504 mg/m’ B K T 2 40%, HETE LR T 720
mg/m’ " R I DR AR S AS W 19 & A2 R
Rz, KA CO, AW A, M B
3K pH FEAIK, X — i R RpR i K IR AL B4,
HRAEER A BN [ S A2 6% 1125 5 25 (Intergov-
ernmental Panel on Climate Change, IPCC) il ,
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SCHRFRERS: A

W AR BEA k> co, HEil, 4Bk Z MK pH
S7E 21 THRRFE R 7.7, %k — AR 7E 2300 4F
FREe N REE 745, W KR Ak R FL AR 05 38 i B
(A 3 AR 1 ) AL (AR S AR R )
(1) 77 SO B 7= A S, DA IE Bl —
A H 254 N R R Y geak, KBRS 2
HE A, S HADSEE R R e ek
B2 . ASAFI I Y 4 SR T ek 275 5 — ik
K.
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2098 KopE OE R 46 45

TR A T DRI HE G 3 i 3 M AR e
B S AT iR PR B R H k) 2 —P
AR HUAG RS A% HUR) 58 LI A U6 R R 2 Ak
G, BA R KRR AN, 5 HAE
GEACZGAHLL , HABR HU 4G TR 2 A 24 0 PR 45 75 L 1
BN, BT LUE S & s oE AR, KK AR
YA AR SR FE M, I T REXT K IR i Al K I 1
AR, HTHZMH, S i
4 BIAIE T 6.36 1 16.2 pg/L FIBIE HL 35624
RGN FR A, BESE TR R A R, X
A RN, (B K AR B R A
H T O T VR 5028 T RV A ) W B e AUF Y F2 4R
ARG ERZE B 2R RN St s R s e,
T DL 2R B 251 S A FPL G oAb o

4% 5 I3 (Haliotis discus hannai) 4= 3% E 1 15
My X ER B 2B DS, g R T IR &
KX, XA S 2 B EE S, HA
S pH AT A V5 Y AR AR B 2% . AR S5 X A
SUELMIHER AT TR IR 5 IR R B IR 2 A 2
5, 38 e I A 6 D 5 () SO 5 ) L R R RN 4 21
H e S AR SN DA SR . T AR G R R R A
DAPPAR TR K BR A 5 150 T 48 TR X R B 1% 3 A

U bR

1.1 #HiEY

A 0 B BAE BRI 1 1L AR AR R T, 3k 1000
H ., 58K (0.67+£0.07) cm, 5256 44 Fi {1 1
EEHSRAEAE (200 L /KAR) #4710 14 d B9 37
BRWIE AR R, RGN (50 ¢/ ke
HEREL), WAy EEFR NI (Laminaria japonica),
TR A S i K T T BR R . SEERE K N
2R A8 AR T i I 2 2R SR A A KSR MK [ ER
(31.2+0.5), pH {A (8.12+0.03), JEEF (22.6+0.2) °C],
e iiE, RPIERIERANBGIAC S, 25 A E K
IKFEH K bR UE NY 5002—2001

1.2 REIWRHE

BIRGERE , SRR I8 i p AL T
TR BIRE ARG (L RTR T AR R Ry
H BRI T JE 2 (A 98%) Vi T PN M e il B (4.2
g/L), BECIRAFT 4 °C VKA, SCU0 A0 B 2ok
HEFT G RE o TR UL A 18 155 5% 2 3 ok 1) 8 /K v 3
AN [AHEAE 2 4 e 082 SO R AR IR &
SRR
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DA K (pH hy 8.1) FE S XS IR, e il 2 i
WRALHE K (pH A 7.7 B 7.4), F K 0 AU % g 1% 2
W3 A, 4 0. 0.6 6.0 ng/L, itk
B9 ANAEFRAL . 2 R AL IR K 1 1 )0 S IR
JF B S A5 AR A & 1] 2% R 25 (IPCC) Xt 2100 4F 1
2300 4EE /K R /K pH RTINS, B AG TR 5 55
VR ) 2 R B T A VR T — e DL R A R 2
RGNS, REEICIRESE 31d, B4
PRZH W E 3 T E KA (70 LAKAIR), A KA BE
PLIRAE 30 HHER, SCITTIRIS, IREFRFZE A,
B 24 h (i ACF- g K 351 745K, oKl 35 L,
B v K S EE R R A REUAG R ol v B AR B S
Y BEE E, [ pH AL (78 [ RIS 2
F ) PB-10 £ pH 1) & i -0 = pH, 58 T 4F
TESZEG SR 31 d JE A THURE YT .

1.3 ERE

LW HRE, WA KR BEHLEERL 10
HOAES, W DRI L, DL 5T W R 4% v
(PBS, pH 7.4) {74 YE, AT 2.5% I
B J R SERE B DL 2T 4H 2L, FH PBS VS
BHTWADHEE, ittfFT-80°C & H.

14 FEEBEENE

M 2.5% [ T T R B RS DL 5E IR
MK, SR TFT, &M, WRBKRZER
T IS 4 b B, SR R B LER (H A8 H 57,
S-4800).

1.5 DNEEERN

A4 (3£ FTC A%, TMS-TOUCH) %f
DUSCRGE FE AT o % DL SR s Ve O 7 T
TR N AT R RS, SC = e, B
HEE N 400 mm/s, FHEEEE N 100 mm/s, EJE L
FrHEE A 100 mm/s, fili F1o4 0.3 N

1.6 IEEETEMNE

VI EHEBIL 2R A PBS SR epii,
H % 10% 2138 W, 4 °C, 3 500 r/min &5.C> 10 min,
W H b 2 AT A FH o R i A i TR
FERTIR G, 43 i e AL s AL (SOD). 4
JoEH K-S e B i (GST) Flid %1k 2B (CAT) 254t
AR R T E A (MDA) 7K
1.7 RNA $2HUFA qRT-PCR

{8 F Trizol iIX 7 (Invitrogen, 3€[), $&HHE

R E K224 F 7/ sponsored by China Society of Fisheries
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11 4] KA, A5 AU BRAE SR I K R A5 VR 4G IR 52 T3 A ) 2099

fIZH 2 5 RNA, FEARYE PrimeSecript™ RT reagent
Kit with gDNA Eraser {7 & (TaKaRa, Jbxt) #47
SERFSE S E i PCR KW o ABFFEMNE T A [A] b 2
SR B LR (HSP70. HSP9O) A1 T 4H 6
H A (Caspase-3, Bcl-2, Baxl. FADD. IAP)Hy
mRNA Rk, LG 2705 k0T LR B
AR IR BARS [fE B LK 1.

Fx1 AXKFASIYEFT
Tab.1 Primers used in this study

e SRS Bkl
genes primer sequence (5'-3")
HSP70  forward AGGAGGAGATAGAGCGTAT
reverse TCGGTGATGGTCTTCTTG
HSP90  forward GTCTTCCCATCGTACTCTT
reverse AAGCAAGGACTCTGTTCA
Caspase3 forward TCATGGCGCTACACACGAAA

reverse GGTCATCAGGTCAAGGGTCG

Bcel-2 forward TGGTCGCTTTGTTTACTTTCGG

reverse AGGGTTCTCGTTTCGCTTCTC

BAX forward CGGAGCACATTTCTCAACGTA

reverse AAGTAAAAGAGGGCAACCAC

FADD forward CAGCCGCAGGATGAAGTAATGGAC

reverse GCCTCACAAAGAACCGCCAGTC

IAP forward AAGAACATGATCCTGTGGCCGAAC

reverse CCGAGTTGGTTCAGGTCTGTCTTG

B-actin forward CACGGGTATTGTTCTGGACTCTG

reverse ATGAGGTAGTCTGTGAGGTCACGTC

1.8 BB

FHGE T8 SPSS 21.0 B A%t BT A $i i 3
TN Z 7 2538 (ANOVA), MK R P<
0.05; KM Tukey [X (O 255 0) #aill ik, LA
S Z H] Y 25 5o ffi ] Origin 2018 #RFi#EA T
FRITHT (PCA) K2

2 4R

21 NEBHREMUEH

HEDLZEAN[F) pH FNRFUAE TR 255 31d )5, W
KN FEBIRIZ N HORZEE (B 1) K pH 5 mk
JEE F1A) V5L 54 TR o DL B R 5 ot AR 1 DT RRURD A K
A R, SO AR R B /N e AR 1 (B T -7
9)o SCAMIN S KA AIELE T S0 A A Al
SECT A BRI ARZ R (ERR T -5), Jf ELRE

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

& pH I N ARG IR W A8, SR
Z 1] 1) FL BB AR (IETRR T -9). SRR,
IR PR TR 046 T FE 8 1 A 52 i 4 S5 2 0 5t D11
Fe AR, TR R A 2 A5 R B Y IE T

22 DNFEE

B 25 K AR5 TR (pCO,) RN 2 TR
WRERE N, DISTRE R B T R, MRS
s BE ol 0 I, R I /K pH AE % fdi U1 55 A BF 4k
HRRMG . MR ER R E R 6.0 pg/L B, pH A
7.4 B TF N A A5 S0 A g D 58 A i I T O
Tl AbBEZE (B 1), {EAEFIE pH, A R 2 P 44
Pk A5 T DTSRl RE R LB e . WA
P EAIHTEE R, pH RIS 198 X 4t 0 Ak
Tt D1 5200 B A s HAE (35 2).

23 mENEEMY

T 7K R AL RN 4G T 2 R P2 5y 1 A S R B
iy 20 4R N B (MDA) 7K F (K 2), FE % pCO,
FTREF G FRVR 3K, S S fE . SOD I 14
i E AL (K 2-a), BUR RS ITEs5 R B x, pHIW
R 5 1R 20 T 2 0 0 4 8 45 B RE B SOD 76 Pk B
AR EAER, RS, 24 pH R 8.1 8, 3En
TR S T 2 17 PSS AE TR VR B 0, fiff pH FRAITH
7.7 BRI CAT WM EF- (K1 2-d). [AlFE, GST
TEPETE pH ol 7.4, IS EHBEWR BN 6.0 ng/L 2 5%
T RE T HAL R (F 2-¢),

FE AT 538 (PCA) B UE T 4 0 455 f i ff 28 Vi
K TR A R S48 TR 2 6 e 5 0 IR 22 ) 1) 25 5%
(K 3), H:A PC1 I PC2 /5 M7 221 89.2% (PC1,
58.4%; PC2, 30.8%). [FIHf, #WidabrrEdE 2%
M T S K IR AR T4 IR R RS B,
PE— 2 B AIE T 45 20 45 SR FE 6 78 Vi /K R Ak 5 YR 4
s 7k 2% T HA B & NP R mn (& 3).

24 NMESWRATHEXRERNRIE

ERA IR TR E W OT, K pH 1
TR N T A S B URE B HSPT0 AR ik (H
M pH N 7.4 B, INATREZHEE R EE 5 HSP70 By
IKZH) TE (] 4-a), [FIEE, 24 pH K 7.7, B
SETBEH E R 6.0 ng/L 1F, HSP9O [y 3k & B i I
Tt (F 4-b). K FR AL RN T2 T 25 55 14 RERS 3%
PR NIRRT 3L H1) Caspase-3 BOFEIA (K] 4-d).
Ak, MIRF AR E N 6.0 ug/L, pH K 7.7 i,
FADD Fil IAP Fih/KF-f 2 T HAt A #A (5] 4-¢
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5 um 7 Sum

Elhi 1

g SHm 9

[

KRR ENEEREFRUBRHER N TR RERAMERRA

1. pH 8.1, DM: 0 pg/L; 2. pH 8.1, DM: 0.6 pg/L; 3. pH 8.1, DM: 6.0 pg/L; 4. pH 7.7, DM:0 pg/L; 5. pH 7.7, DM: 0.6 ng/L; 6. pH 7.7, DM: 6.0 pg/L;
7.pH 7.4, DM: 0 pg/L; 8. pH 7.4, DM: 0.6 pg/L; 9. pH 7.4, DM: 6.0 pg/L. T K A5%0x5 000

Plate |

Seawater acidification and deltamethrin exposure by scanning electron microscopy

(SEM) of nacreous layer of juvenile H. discus hannai shell

1. pH 8.1, DM: 0 pg/L; 2. pH 8.1, DM: 0.6 pg/L; 3. pH 8.1, DM: 6.0 pg/L; 4. pH 7.7, DM:0 pg/L; 5. pH 7.7, DM: 0.6 ng/L; 6. pH 7.7, DM: 6.0 pg/L;
7.pH 7.4, DM: 0 pg/L; 8. pH 7.4, DM: 0.6 pg/L; 9. pH 7.4, DM: 6.0 pg/L.x5 000

Il Opgl
I 0.6 pe/L
[ 6.0 pg/L
2 Ba
i % Aa
= E Aa Aa
8.1 7.7 7.4
pH
1 SHEKBRUFREHIERE TSLIEA
8R4 22 B A B DU ST R

ANFR G F R RN AE M R IR A e 2 F 1, AN [F pH AL HL ]
FAEREZR (P<0.05); AR/NGFRZREMA pH 5% T, A
[ % i VR S A T A 3 (A A7 A B 35 22 7 (P<0.05)(n=3)

Fig. 1 Seawater acidification and deltamethrin
exposure to the hardness of juvenile H. discus hannai
shells in each treatment group
Different capital letters indicate significant differences between different
pH treatments at the same concentration of deltamethrin exposure; differ-
ent lowercase letters indicate significant differences between delta-
methrin treatments at different concentrations at the same pH exposure

(P<0.05) (n=3)
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®2 ARG SR DISTRE B DB KBR (L AR BB
RETHRNERLEDMN
Tab.2 Two-Way ANOVA of the hardness of
juvenile H. discus hannai shells under seawater acidification

and deltamethrin exposure

25 IR Y175

group df sum of squares mean square F P
pH 2 372.436 186.218 14.642  0.000
TR 2 12.294 6.147 0.483  0.625
deltamethrin
pH*HE MR 4 86.390 21.598 1.698 0.194

e *FR AN A K pHAE 55 VR 35U 6 IR P 5 8 6 DL 7 Al A2 1195 LA
Notes: “*” represents the interaction of different pH values and
deltamethrin concentration exposure on shell hardness

e)o SR, YN pCO, F IR 44 Fe 2 25 % i f4 FE
fif] Bel-2, Bax1 FRiKTCHA WM . XK Z Ty 25007
GERFW, WK IR AL 5 V5 5 A T 2 R X 4 S i)
HEff] HSP70 . HSP90 Fll Caspase-3 E. A7 i #32 H AE
H (& 4).

3 ¥R
30 HUBHHHRAIRRERH T NEHNRY
MEHSEET

S WLEE T 7K R AL R S TR 22 5 X 4 £
L BRAHE B VLSS RORAS A B2, R BRI K IR L RE

HE K25 2: 3276 sponsored by China Society of Fisheries
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KA, A5 AU BRAE SR I K R A5 VR 4G IR 52 T3 A )

2101

RS A P A RIS 14 /(U /g prot)
SOD activity

L BEH BR-S R BTG 1/(U/mg prot)
GST activity

400 ¢
350 +
300
250 ¢
200 ¢
150
100
50

& 2

I Opg/L [ 0.6 pug/L [6.0pug/L

8.1 7.7

pH
(a)

8.1 7.7

pH
(c)

7.4

7.4

Bb

20
18

I#% & & /(nmol/mg prot)
MDA content
[e o)

]

2 35
& 30
£

£ .25
S &
S5 20}
=2
z 15
O 10
= 51
&

pa 0

8.1

(b)

7.7
pH

(d)

7.4

KB S5 REFEER B3 SR M SRS MDA KRR
ARG 7R FOREM R RS 5 7 T, AH pH A FR A FF1E B3 2 7 (P<0.05); AEV/NG FRERORAEME pH 5285 T, ARIKE
TR T A B (AT AE 3 22 57 (P<0.05)(n=3)

Fig.2 Antioxidant enzyme activities and the level of MDA in the juvenile abalone of

H. discus hannai after elevated pCO, and deltamethrin exposure

Different capital letters indicate significant differences between different pH treatments at the same concentration of deltamethrin exposure; different

lowercase letters indicate significant differences between deltamethrin treatments at different concentrations at the same pH exposure (P<0.05)(n=3)
R3 VWARHEDH: BKBULMREHEEREIHLY
R HHEERI S BTN MDA KRS0
Tab.3 Two-way ANOVA:Effects of seawater

-0.8 —0.4 0 0.4 0.8
4 — . . :
7.4+6
.
2+ GST
<
% 8.140
= - SOD 7A4.+0 CAT
c 0 Trice, e
o 7740 © 74406
8 o
-2 L 7706 N
—4 . .
—4 -2 0 2 4

%] 3

PC1 (58.4%)

MEMIERNERST D

Fig. 3 Principal component analysis of the antioxidant

1.5
1.0

1 0.5

1 —0.5
1 —1.0

-1.5

KBRS REFEER B RRN E MM

indices in the juvenile abalone of H. discus hannai after

seawater acidification and deltamethrin exposure

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

acidification and deltamethrin exposure on antioxidant

enzyme activities and the level of MDA in

juvenile abalone of H. discus hannai

BT R /A8 AR
B sk environmental factors/Interaction
antioxidant — ypkEaty  SUEAERE KL FUA
indices seawater  deltameth-  seawater acidificationx
acidification rin deltamethrin

SOD 1231 f~11.603 f=4.858

P<0.0001 P=0.001 P=0.008

MDA 6053 f=2.608 £=1.021

P=0.01 P=0.101 P=0.423

GST 5127 4818 £-1.838

P=0.017 P=0.021 P=0.166

CAT 2311 f=6.165 f=1.496

P=0.128 P=0.009 P=0.245

https://www.china-fishery.cn
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i D5 SCA MR AR/ NEOEE AN LN, ERIE R
rha] LR, XSS IH T CaCOs W k1)
AR IR pH 49 7K 6T D15 38 180 4 JE 1ok 2
7K pH [T R 5 B0 L7 0 Ml R v T AL R
I SCEARMEDURR AR B o X — IR IEF U405
(Crassostrea hongkongensis) FISENGUL (Mytilus edulis)
AP T R B, B SRR S T A s
B 7E 32 ] pH FEALT IR0, FH e R B 5 W
72 DU AL A SO # A A8 Ak o I TR U B8 TR A —
P ERezl, ERESVE I T AW R L A 4hie e ,

FEEMIE G AE DL, I LB S 7 NI, 22 f%
PR EFME, I H ARG ATP 95 1 i
FEf 7 A 1 A 7 2 FE R BB i LAIRBTIR
SRR R BRI, 3R] RE RS A DL e i
TR R Ak, D17 B A AR R O
LA B RERS 1l DL 7 T A PR RE e A el e ™, D
SRR HA WIS 0 Ak fe, SHioch
MIEG, SR I NPIAT, BIVERE N T 1000 245,
WrR BN T 3000 245, L, BERIZ OS5
AR AR ™ R IR DL FE B )~ PR RE . TEAR LB

0 pg/L mm 0.6 pg/L 3 6.0 ug/L

3.0 30 ¢
= g
S 25| Z 25+
I 2 mﬂ%zo
© 20 t K2 207
ﬂﬂg %
W 1.5 L H’iﬁgl-s'
Beof Zg ot
“Eo0s5¢ TEo0s
L 0 = 0
g 30l 5
@@zs- @§
WoE 20t vl
H%G.) WD
"DT{Q_)I.S' ﬁp?q)
EE 10} =2
s 05 H =
0 —

AT AL
relative expression

SO DO = ===
SN XON AR

8.1

i

HXF RIS
relative expression

8.1 7.7 7.4

FHXT RIS
relative expression
OO D i i i i
otlvhonwoto ko

8.1 7.7 7.4

7.7 7.4
pH
(g

4 KR SREFEEER B ML MR IRAE T HXEE mRNA RN
(a) HSP70, (b) HSP90, (c) FADD, (d) Caspase-3, (e) IAP, (f)Bcl-2, (g) Baxl. ANFKEFRFRAAMFKEIRMAEEESE T, AF pH &b
LR AAAE 3 2 57 (P<0.05); AF/NG FRER/RIEARR pH 258 T, 7[RI FEE IR T4 e AL 21 W A7 7E 2. 3 72 7 (P<0.05)(n=3)

Fig. 4 mRNA expression profiles of stress and apoptosis-related genes in the juvenile abalone of

H. discus hannai after elevated pCO, and deltamethrin exposure

(a) HSP70, (b) HSP90, (c) FADD, (d) Caspase-3, (¢) IAP, (f) Bcl-2, (g) Bax1. Different capital letters indicate significant differences between different

pH treatments at the same concentration of deltamethrin exposure; different lowercase letters indicate significant differences between deltamethrin treat-

ments at different concentrations at the same pH exposure (P<0.05) (n=3)
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x4 RNARFBES: BKERUFIREFERRFEXTHEL
BN NS AT HEXEERIEAF N
Tab.4 Two-Way ANOVA: effects of seawater acidifica-
tion and deltamethrin exposure on the expression of apop-
tosis and stress-related genes in juvenile abalone of

H. discus hannai

IR 7> 5AEH
H environmental factors/Interaction
IR OMKR e KBRS
genes seawater delt;methrain seawater acidificationx
acidification deltamethrin
HSP70 £=2.786 £=2.437 £-24.856
P=0.088 P=0.116 P=0.008
HSP90 £1.521 £-3.085 £=2.419
P=0.245 P=0.07 P=0.086
BAXI £=1.297 £=2.079 £=0.095
P=0.298 P=0.154 P=0.983
Bcl-2 1515 22915 =1.000
P=0.246 P=0.08 P=0.433
Caspase3 f=8.423 f=2.148 f=5.125
P=0.003 P=0.146 P=0.006
FADD F=1.136 =0.958 /=1.083
P=0.343 P=0.402 P=0.394
1IAP f=3.651 22753 f=1.852
P=0.047 P=0.091 P=0.163

Wi pCO, 5 IR I W A3 In, DL e 2 2R JR
P BT AN RO 3% A AR 3 25 R s [ ok ) LR
X ] BE A T B Fef AR EE SN . DL Fesk
JER S AL M G I T AN R . Y, BRE
3 DL FE W R AR 5 [, B RERS kAL 1R ik
FIAE R Z IR Bl 2517 o 300 LA 32 0 45 R 5 4k
AW KR R

32 FHYUBHENREFEREZFHETHREK
BB ML

MDA 1 g i it %46 (LPO) 1Y 224,
B AR RE % B S B Ak 7 ORI 2 B 5
SOD J&— B KSR iR A B 25+ A i 58 (07) T B
R, BB OERIEYW ALy HyO,™, i CAT ¥
H,0, 534 HyO Fi1 O, LIS Biad 1 FH 3t
A WEH KR GE1EHF Hy0, 38 J5 0 HyO FRf AR B
AL 5 Ry B 1 ) R v A 2R G B AR Y,
AR, KRR 5 IR EUS TR 2 58 0 A 2
10 660 47 4211 15 LA B2 MDA JK S B i 3 50
CAT. GST iS5 MDA JK-V-Fi& 7K pH TR
TREUAE PR VR B W B i 3% T, 1 SOD & 1 i
E R, XATRERt THEMZALIZUh ROS Mt Tk

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

WHLEL RS RTERRAE ST, SR HUA L R i
BT IR, 3% 5 Hong 45 i FH R 44 T 2 5
rhAE I FEIE (Eriocheir sinensis) Fll Cao 50" fifi i
KI5 4R 2 A B WG (Crassostrea giga)
AR 2 AL, T CAT Wk 2 BT, XrTEE
=W T AL RS SOD ¥ ROS 404 Hy0,, T3
H,O, ¢ BRI, 155 CAT iitER . Marine
PN R GST 15 G2 W () AT v 47 1 7 22 4 B
TE 15 Y W 1 52 Wi A 52 AT L DU (Mimachlamys
varia) R GST iG PR T . AR,
TR A5 1R 52 Wik 5% B (o 48 S0 2 B HE B GST 5 Mk
T, URET T s R RHERR RS B T PR L R AR
BUAST IR A 2 R (4 52

33 HYUEWHEHEFRREFMTRHER
SHATHXERERIE

MRS B T AFIREE T, diiEE T2
THERZ MR ARERES, B, EEIRshY
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Response of juvenile abalone of Haliotis discus hannai to
the combined stress of ocean acidification and deltamethrin

DENG Qinyou "*’,  YANG Dinglong ***, HE Jinxia®, LIU Xiangquan®, CHEN Lizhu’

(1. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China;

2. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China;
3. Shandong Provincial Key Laboratory of Restoration for Marine Ecology, Shandong Marine Resource and
Environment Research Institute, Yantai 264006, China;

4. Key Laboratory of Coastal Biology and Biological Resources Utilization, Yantai Institute of Coastal Zone Research,
Chinese Academy of Sciences, Yantai 264003, China)

Abstract: Since the industrial revolution, the concentration of CO, in the atmosphere has been rising due to the
heavy use of fossil fuel and deforestation. As the oceans and atmosphere exchange gases, the pH of seawater
decreases. According to the IPCC, if CO, emissions are not effectively reduced, the global surface seawater pH
will fall to 7.7 by the 21st century and 7.4 by 2300. Acidification is a growing concern because of the damage it
can cause to marine life. In addition, ocean acidification often does not occur in isolation, but often acts on marine
life in concert with other stressors. Deltamethrin is one of the most widely used pyrethroid insecticides in the world
because of its high activity and photostability to pests. Pyrethroid pesticides have little potential to pollute the
environment, but they can enter organisms through the food chain and produce toxicity to aquatic organisms. Pre-
viously, pyrethroid residues of 6.36pg/L and 16.2ug/L. were detected in coastal areas of Fujian and Zhejiang,
respectively. At present, studies on deltamethrin toxicity to aquatic organisms mainly focus on acute and subacute
toxicity tests of fish and shrimp, but few studies on shellfish. In order to investigate the toxic effects of seawater
acidification and deltamethrin (DM) combined exposure on juvenile of Haliotis discus hannai, three pH values (pH
8.1, pH 7.7 and pH 7.4) and three deltamethrin concentrations (0, 0.6 and 6.0 pg/L) were used to stress juvenile of
H. discus hannai. The microstructures and hardness of the shlls, the activity of antioxidant enzymes and the
expression levels of genes related to stress and apoptosis in the tissues of juvenile of H. discus hannai were detec-
ted. The results showed that after the combined exposure of seawater acidification and deltamethrin for 31 days,
the CaCOj crystal deposition of juvenile abalone shells was difficult, the aragonite became smaller and formed
scattered lamellar stacking, the pores between the aragonite increased, and the hardness of the shells decreased sig-
nificantly. Meanwhile, seawater acidification and deltamethrin could change the activity of antioxidant enzymes in
juvenile abalone. When the pH of seawater was 7.7 and 7.4 or the concentration of deltamethrin was 0.6 and 6, the
SOD activity of juvenile abalone was lower than that of the control group, and the SOD activity of juvenile aba-
lone under the combined exposure of seawater acidification and deltamethrin was significantly lower than that of
single exposure, indicating that there was an obvious interaction between seawater acidification and deltamethrin
on the SOD activity of juvenile abalone. However, deltamethrin significantly increased the activities of CAT and
GST in juvenile abalone under the same pH exposure. In addition, this study also observed that the expression
levels of stress genes and apoptotic genes in the tissues of juvenile abalone were increased with the increase of
pCO2 and deltamethrin concentration, and there was a significant synergistic effect between seawater acidification
and deltamethrin exposure on the expression levels of HSP70, HSP90, Caspase-3 and FADD. In conclusion, sea-
water acidification and deltamethrin exposure can produce significant toxic effects on juvenile abalone and play a
certain interactive role in the reaction of tissue oxidative stress and cell apoptosis in juvenile abalone.
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