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HE A XHF 5 T 7K 5 [a] Tt (benzo[a]pyrene, BaP)Z 14 & 7 xt JE 4 (Tegillarca granosa)#y & M &%
BL, FFULR B IR B AR AR, xR KT BaP S H M ALEI AT T A PR K . A ARIAT HE
RO REWEGHTONMALIE, £REXA, FHET BaP SRR HMRAL AN, *
FEARIAT R T A 984T DNA A BN E W E R E =, £ET BaP R EHEMRANE D
Bhe, #W BT AMUK DNA S F @ BTG, A BEEENEERE T,
BaP a8 % 5 M A& AR B B, A A R RS S BaP 5 3 0 RSB AR, A
Gatiirl g £ RE T, BaP U P MMM AW Nk T AW EE ., S, DNA
B A KT E R A B R Rk R AR B R, M AR 1K DNA B 350 A R
MAMNM ARG U BaP FH. S LR, 2 BaP FHE LM RMFAEEENHERER N, NAEH
7. B AR B R N Fnth & E Py EERAE; R A B A B & DNA F U ACE kx4t BaP #
MR, BEARFR, AL ARNEE N5 K NS A 77 5 4 ke o o9 72 8 0L 3= B3 B
] B O 7 v 4 B i T R A R R R E S E

KEEiA

hESES P76 XHEEFRIREE A

T b A i S B e T TS G Y A 4 BRI VR
HRWEE R Z —, £ )55 (polycyclic aromatic
hydrocarbons, PAHs) & M58 B4R e b 35 1 — 28
AIMTG YY), Z 31z K E (Renault, 2015; L4,
2013; & H%%, 2015), PAHs fEHEFEP 40412, —
ML T, HARE AR R T, REWEEKR
TIRZE, DU AR R TR, BAE 2005 4F,
ARV B0R R U T X AR PAHs il ik B
180.3~424.8 ng/g (3K52ME, 2005); 2013 4F, R Vi ik

Kit[alth; R, AAHME; AMLH; WEEFEE; DNA ¥4
TEHES  2095-9869(2023)01-0169-12

VL RIZ VY PAHs FFH S E A 771 ng/g
(B, 2013); 2020 4, FF 1L SGE B UTEL Y )
PAHs )& &k 5] 2000 ng/g 7= 47 (Cao et al, 2020),
2RI [a]EE (benzo[a]pyrene, BaP)f& & 7 9% & PLHJ PAHs
Z—, Tz T AR IS b H BLAT 508 0 A2 e R
BUEYE, BN JE PAHs B9 EZR R (ZEE, 2018).BaP
BABUKGEREE MRS, KRB %) BaP & LI & W4k
B B Ak ) O 3R R BIRGE DL SRR, AR RL
76 DU = AR s BN I B PR RN , 1 L 31 £ i 42 4
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N Rl , DR B P 238 iz 9T (B 8k, 2008,
Banni et al, 2010; Speciale et al, 2018; Chen H et al,
2018),

Mo R BB ES AN E, HRZ iz 5)
G208, WEEKHEREEAEY), ERE . WE . R E
AT . PAHSs & 9K rh 0 B T (A 0K 8 jf I
it 7 W1 44 Uk () R E A TCER Y, AT 2 PAHSs
TEDURR Wy v i & v T KR i R R AR
2009). HHHAEKHRE B s Sh R HoAl zh#y, *5e Nl
KW 52 25T PAHs 52, IE4ER, £
FARIE T PAHs MR X5 DS 0 S50 1 25 14 0 B0 92 35
YRR, AL 45 7206 D1 (Mytilus coruscus) (Qu et al,
2019; Chen S et al, 2018), #ifL A Il (Chlamys ferrari)
(Tian et al, 2020; Cai et al, 2016; Xiu et al, 2014), JEf#
T4 I (Ruditapes philippinarum) (Jiang et al, 2019;
Wang et al, 2018) , LA (Meretrix meretrix) (Wang et al,
2012) ., K7 ki 5 (Pecten maximus)(Hannam et al, 2010)
HIK 4 W75 (Crassostrea gigas)(Geffard et al, 2003)% %
W EARSLFMER S, Je il (Tegillarca
granosa)E k3 [ 15 45 DU K SR8 DS (I | 0G| i FIR)
Z—, AAEE SN, 5 H 7T e b n
PAHs 15 £ OBFFE i A Z2 W . Su 46(2017., 2019) %3,
JeMHAE pH A 7.8 F1 7.4 [ CO, MR /K 2255 4 JH
Ji, HAKP BaP MR RS R E S TXT R4, Tang
ZF(2020) A5 T BaP RIS A 4E T e bt = A4
) G 1 1

AHIE 5T LAV B AT AR D B bR ZHEY, R LA
BaP 2 VEFEE T ARk AL IR | Mz
B DL DNA HUEEAKS-, BPE2 T4l BaP X
B BEPERLON , AR AIRZALSE DS R X 105 e )
BRI 11 PN R A AL B A REL B TR IS SRy o i G
U T eI AR B TR AR AP R S

1 #wREFE
1.1 S

ST IR YRR WA SR T R,
56K A (32.3£1.8) mm, 547 H(22.53.7) mm, 5T A
(24.6£2.1) mm, W[\ 5 , /O RIPER e = ICH 859,
BT 2 AL ETH T I S B9 300 L5 R SR RH
B RLLE NS . FE KR I EER 48 h itk
AN T Eh ST RC i s ik, N 25+1,
T N (24+2)°C, pH M 8.1x0.4, EFEWIE], 4% A
SROCHR I, AR RS AR, R R AT
T PR G B AR HA T T2 AR USE DL 2SR
78 i ¥ (Platymonas subcordiformis)i& MLl , g

% 1R BIR ) 5% ST 5 (Zhao et al, 2017).%F 24 h
SEAK 1R, B YR IR E VR S B

1.2 SEIRigit

Su FF(2017) K VR M 225 T 5 pg/L 1 BaP H1ik
28 d, H:Z5HZEH BaP [ WV 18 M 5% 55 X e i 5 A 00
FEPE A SZEG N TR ST BaP 2tk 2 52 %) et £ 77 1 Y
BEPERLN , $2% BaP WAL, it AW 4 d vk RE
SEY . BRI S A R A 1S T I T, BEAL
G0 4 4, S R KA R IR ) . DMSO 41 (BaP %k
PRIEFIRTFEZH , 0.01% Vpumso/V k)« 10 pg/L BaP ¥
ZHF1 100 pug/L BaP ¥RFEA , B4k 3 1~ FAT, BAF
T 40 MM, f#7H Agilent 5975 GC-MS & 45l
SESCIGHT S KR BaP el . SCERiKIAT BaP
HeiEh 8.26 ng/L (10 pg/L ZH)F1 92.47 pg/L (100 pg/L
), 1SR LE HAT ) BaP WA 5.58 pg/L (10 pg/L
Z)F1 77.39 pg/L (100 pg/L A1), 555 556 1 Bk i)
BB KRG IR A AT B A A, 2L 96 h, 43
FIERTEGH 0, 24, 48, 96 h WA 4L A0 A4
EATREMLE R 3 Hjenlt, BT K b s Sr RV O
T AR R B TG oy B T AR AL 20, FP6 AR & DAk
AR 22 ST SEER AR R, B S B T80 C B AR VK
PR A o B R IR B = 06 1 AR (a R i A 78
FREEIIE], YRl A AEIE 3 96.46%.

1.3 #HRAYIF5 HE#&

B ARAE RIS, fRRE ] 4%2 R B R TE
IR E 24 ho FH 70% B Pk 5% BE 1Y) 18 5 W15 59
M, BEfFHATBEHOK . EW L SR ., YR,
kg K . HE Yeta . B Hi 5 EIGCRE ., [
CaseViewer 3 /F X G AT AL BE S5 4347 .

1.4 BEREENLS DNA SALBGNE

B 0.2 g HEl, #2819 el A 1.8 mL PLAC
P AEER K, BT UK LRSS 2% e P s, 4°C
3000 r/min &> 15 min J5HFIEW, 193] 10%4H41%)
W, Al R A A AR ) AR A T B A G ) Sl e
P B (MDA) & i, B 0.2 g 441, i T2 i PBS
% W (pH=7.4) ¥ BEAH [R] (%) 5 IR B 3k, FHRGER
PEWZ B0 R 8-FEFE M 4 S 11 (8-OHAG) I % 1,
YR RS B AR & UL .

15 HMENEFEMEERENE

FHA FRER K H145 10%B89 20215035, {8 FH e ot 23k
A ) T REF 5T T 4R A3t 1 3 50) i 2 8 SR Ak 1 5 A it
(SOD). jFE LA CAT). T E /LW (POD) I i
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HIKR LR B (GST) TR, #AEL S5 &0 &
UL SR, AR R ERH A R A
AR AEAY A RNA HRBGAR &4 B RNA, RS H
TaKaRa 7 rl $& ki S % s a0 G itk A7 S e s 6 i
cDNA 55 —4%, %H SOD, CAT Ml GST 1} HArk
, 18S rRNA 1E N PS4 H (Tang et al, 2020; Volland

etal, 2017), 47 5EHT 90 E & PCR (QRT-PCR)SEH .
M NCBI #4528 $8 5 b5 3 1) 2 K 7 30 9
Primer-BLAST £ IT51 (G 1), BICHEKREHNEG
WHI# ., qRT-PCR 256 fif i) TB Green™ Premix Ex
Tag™ (Tli RNaseH Plus)if il &) [ TaKaRa A7, #
P UL B AT LB HRAE

®1 RATERAEEE PCRMSIHY

Tab.1 Primer pairs used in quantitative real-time PCR

LA Gene 5|4 Primer (5'~3") NCBI No. FE B Length of product/bp

SOD-F GATTAGCACCAGGCCAGCAT

KT452784.1 173
SOD-R GCCACACCATCTGCATTAGC
CAT-F ACGATAATCAAGGCGGTGCT

KT285172.1 155
CAT-R GAAGGTGGTGACTTGCGAGA
GST-F GCGACGCACCAGAATACAGT

MG281839.1 190
GST-R ACGTCAACATTTACCCGCTCT
18S rRNA-F CTTTCAAATGTCTGCCCTATCAACT

JN974506.1 195
18S rRNA-R TCCCGTATTGTTATTTTTCGTCACT

1.6 MEZFHIERNE

FH A= BRER K 145 10% A0 2H 25038, 4 FH e B
A=) TR AR 5T AT 4R O A AR B 0 R 2 T A K T
(AChE) MR AR £, Tk 5% #%5 B (ChAT) B 36 1, #RAE A 3R
S5 AF SR UL .

1.7 DNA BEAL KN EFIE KD

BUb RS, AT IS DNA, BH)S
H4E EpiGentek 10 & 5 FH 45 , {4 A )82 ELISA 74X}
Ve 414U DNA H ALK (5-mC B )37 5 .
i FH R B 4:(V4.0.2) N Y corrplot i1 DNA H 34k
K PrAA ARG P S #iA 5L . AChE Fl1 ChAT
1%PE MDA F1 8-OHdG & &Y Spearman #H YL 43 HT,
FE T EIE LR R

1.8 HIESHF

PR S AL S 3 APAT, B L bR
#(Mean+SD)#E /R . 2K SPSS 19.0 5 AF X} 45 2 K45
YEAT BALIK 28 7 2250 M7 (one-way ANOVA) il Tukey %
FLER IR, P<0.05 ), AFHEREER.

2 H#R

21 BaP AMEERESAHLAKG

TEAEMRA FPRAST , Ve AT AL IRt i 22 [ 5
WaIEDE iE b/ NE AL, HmINEA — 2 E 2, 5K
B PR ) 2 5 2 HE B 0 A1 A T A R R 200 e AR 9 TR 1)

TN, 1 e 200 B RN I A 290 i e ] [T R T P s 1) T
B 1),

K1 BaP B HTAIHLIRAI S5

Fig.1 The digestive gland structure before BaP exposure

TL: ;s DT: WHi/IVE; BC: LR4ild; DC: WHikani
TL: Tubular lumen; DT: Digestive tubule;
EC: Epithelial cell; DC: Digestive cell

10 pg/L %) BaP 8% I, VRHH LR 212412
JE BE A B R AE R TG 0 7E 24 h, VR AL IR 2 A
B, 5RnsR B sE R , SUCAEAS T AL NE RIS B
(EFO) (K 2A), 2257 48 h 5, 7] LLWLEEH] B 5 4 1fi.
4 3= A /D AR R 2R IR AR, T AL 40 B A RE I
%, A INE REAE L, BIREChEHA
AR R 4 (K 2B). F] 96 h, HEL KRR T 1k
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a4t

E

ANE YR, A NI T A A0 AR T 2k (B 2C).

100 pg/L 1Y BaP 25 123 B M 14 1k A 41
S 7 A5 i B I R) TR, (LA B B A 405 R 4K
10 pg/L AR5, A AT /NG TR (I
3k) (K 2D R 2E), JRHZETERFES 96 h, JRHlH
o/ FLHE R A, B IH 451005 , T Ak s L BR AR
A VR R I AR, RO S — R IR
HE(El 2F).

22 BaP 2BEBESSWLEG

TERFET 10 pg/L i BaP 24 h J, JEM kg b
9 MDA 5 1k 535 180, (EL7E 48 h [313% % JRALK T,
b5 2T, T 96 h ik FIE(H . 78 100 pg/L 1Y) BaP
BEET, MDA &/ 24 h ik FIWERE, BEISHSAT F I
(51 3A). 8-OHAG & &ERYAILEHAEYIN]S MDA 2
L, BI7E BaP 2565 W& . 5 MDA AR Z,
8-OHAG 27 2 /N JF 21 49 52 B [l fi 3

TRFZEIG 96 h i3I (& 3B).,
23 BaP 2EEXRMHASLBHRSEHZM

BaP &Pk R 25 YR A P Y AR 0 B
M S EL B R SR s BB 4 0L, WAk
i P BTG P AR R RR L BT R, FE
100 pg/L BaP ##5 I, i Rl i T & A B G v R e
H¥Fg BFE, HABT 96 h ik EIE(H

TE 10 pg/L BaP 255 T, BARGAI T A A0 Bl %) 36 1
T AR — I A] 5 50 5835w T 0 IR, (H 4% B 1 e 4k
1 LANTE, SOD T HE7E 48 h Bij & 14 0, R4S 7E 96 h
INFNE(E, AL 48 h {UH B T 4A), CAT i
PETE 24 h ik BIIE(H, Rf/5AHFTEVE, 48 h Gl THRE
(B 4B). POD i 14 ] 2 30 457 2 184 I (1) & 45 (B 40).
GST i tERI AL E TG T REH LTS 7F 24 h
A B A S 3, RS B R R, SRS Y
M BESRIE TN 96 h Bl = (E (K] 4D).

EG M e

% e G &
- ¥ o L %

. = DAY aae “RRS-
- & -‘}.,,\\

§F ¥

Kl 2 BaP 255 19 1H LR H AL

Fig.2 The digestive gland structure after BaP exposure

A. BFIC BN 10 pg/L BaP 28 24 h, 48 h #196 h
D. E fil F B34 100 pg/L BaP %7 24 h. 48 h i1 96 h
AT: ZE4EMHA/NE; LF: #I8%; HI: M4MENE; N: K5t
A, B, and C figures show 10 pg/L BaP exposure for 24 h, 48 h, and 96 h, respectively,

and D, E, and F figures show 100 pg/L BaP exposure for 24 h, 48 h, and 96 h, respectively
AT: Atrophied tubules; LF: Lipofuscin; HI: Hemocyte infiltration; N: Necrosis
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Fig.3 The MDA (A) and 8-OHdG (B) content in the digestive gland of blood clams exposed to BaP

BUE R R M hR E 22 (n=3) o AR SRR R 4 RIAAAE 1 35 22 5:(P<0.05). R[],
Values presented as Mean£SD (n=3). Groups with different letters are significantly different (P<0.05). The same as below.
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Fig.4 Effects of BaP exposure on activities of SOD (A), CAT (B), POD (C), and GST (D) in digestive glands of blood clams

48 h BRI IEA S 24 h M[H), {HAE 96 h W3 T},
PRI FLE T 100 pg/L 413555 (F 50),

24 BaP AMEERXRHMHEZREZH I

AChE F1 ChAT ZHBfE R 4t i & B ZAE
2 M, FEMARGE) 2 mIFS S5 a M nitg
S, 7 BaP APEREE T, 2 FhEEGEARZ 2 T W
il . AChE EPETE 10 pg/L AL AR, Mi7E 100 pg/L

P SR ARl ) ik PR 2R 56 i 5 OO R A B A i — K
PE. 7F 100 pg/L BaP 575 I, SOD. CAT #l GST I
PR LT, AELRL R HBEE, 7F
10 ng/L BaP #£85 I, X 3 P ia fufil i 3k PH 31k 25
TE 24 h LR 3 BT, Bl AR LSS A, H
Hi, SOD JEH7E 48 h 2 Jm B #35, 96 h E 48 h
A WA SA), CAT REHAYFEAENIFZE 48 h
Ko 2 Je G B = X IR K- (1 5B)., GST JEA7E
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HHTE 24 h B BRI, RS IEARREEAA, 52 25 BaP &M REExTiEEH DNA BEL KRN

A A IEYE RO T 10 pg/L ZH(E 6A), ChAT TE 2 FpikE BaP BYZEER T, Jediffb i1 2im)
AR fb S AChE 25101, HJ& 100 pg/L 4H7E 48 h DNA HIE LK EAE 24 h 90 B ERA%, Bifi)5 2 PRt
B S BEAIR (A 6B), (AP T 1%, 7 S 45 R A LR B AR B (& 7).
A 7 B 5. Cg.
o Ctrl 10 pg/L i = Ctrl 10 pug/L e Ctrl 10 pg/L ¢
S 6/ mmDMSO =100 pg/L S al mmDMSO =100 pg/L % 7r mmDMSO =100 pg/L T
T 5| 1 % i 5 6
g g A g 5t
®Z 4l Re3r &S
® 8 =38 o 8 4t
g3t ZE 8ol =g,
a g =5 —~ © 3
35 1} % =1t
” k) ~ 0
S 24 48 96 0 24 48 96 0 24 48 96

B 1A] Time/h B8] Time/h A+ 8] Time/h

5 BaP ZEARMNE LR SOD (A). CAT (B)FI GST (C)4:H Kk 15 0
Fig.5 Effects of BaP exposure on gene expression of SOD (A), CAT (B) and GST (C) in the digestive gland of blood clams

A B
0.65 40
0.60 I Ctrl HE DMSO Ctrl HEE DMSO
o 055 0 10pgL mE 100 gl 35T oo 10pgL mm 100 g/l
& 0.45 &
% 5 040 " g 25
X 035 o 2
% ‘E 0.30 e 220
<5 025 20
5 020 &
2 015 < 10
0.10 S
0.05
0 0
0 24 48 96 0 24 48 9%

i} 18] Time/h fif ] Time/h

K6 BaP ZF X RMHH LR T AChE (A)FI ChAT (B)iF P HI 5 1R
Fig.6 Effects of BaP exposure on activities of AChE (A) and ChAT (B) in the digestive gland of blood clams

RS, TS S5PUEAANi S R (Marigomez et al,

26 MERMESH e
2002; Pagano et al, 2016). 4 JEHl{2 7| BaP il i,
FT 1 8 7700, V0 WAL 45 S 150,
T A D 2R R 2 LA 0 TERG , S0 T — g
RS FEEHEN —SHE. 1] DNA FIEOk T 54 2% | W DMSO mm 100kl
145 O 1 B H DX 8 02 U 5 13 199 61 A S E i
Xeo A h T BaP RIFSECMAREKMWACE  FFBw0 IRIL TT  F2§
I COAT IEFERERI, DI, A0SRt <€) I
SASE, 15 DNA IR BLIEAISE & % Eeor
Z 40 -
3 itig B
0
B — i B PEUE DL, DR 2 L
i B I 1%, R B2 ) Bab SIRNE R S5 F RS i i
(R CRIENTGEI RN TRBE., TOBS  big1 Chamges of sloal DNA methylation et the

EBIRYEEAL, EA VLTSI R RN B digestive gland of blood clams exposed to BaP
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1.0

AChE 066 0.63 0.66 -0.85 0.61|~0.75 |-0.75 |~0.77
0.8

.chAT 0.93 ~0.65 ~0.78 ~0.77 ~0.82 —0.76 ~0.86
. ‘m;;;‘;:m 0.69 | ~0.62 ~0.87|-0.83 | -0.88 —0.80 —0.82 | [ 0.6
B comion| 0.71 | 0.76 0.63 o4

. . . . GST | 0.81 | 061 | 0.73 | 0.74 | 0.70 | 0.69 | 0.69
02

. . . MDA 0.70 | 0.76 | 0.64 0.63
-0

’ . B: onaG 048 | 0.64 0.76 | 0.70

--0.2
. “... #* CAT 082 078 080 0.77

. ‘ . o . . ‘ . POD | 0.69 | 0.72 | 070 | - —0.4

‘ . ‘ *% ‘ . *k ‘ ‘ SOD 0.70  0.81 -0.6
*ok Aok SO | 0.91

‘ . . ‘ ‘ . ‘ ‘“””‘* -0.8

“©O®0 - -00

GST
expression

-1.0

P8 Yt Tl A JAE s 1) 0 B R 2 A AR SR BT 4 23

Fig.8 Spearman rank correlation results for all biomarkers in the digestive gland of blood clams

B RN AR, 53 BR 2 SR O SE R BURIE T . A OfCRIEM S, B aRTHR.

*RONFAE B 3 A X (P<0.05),

** JORIETEM B A (P<0.01),

The circle size is proportional to the correlation value (Spearman rank correlation coefficient), which represents correlation level.
Red represents positive correlation and blue represents negative correlation.
*: Significant difference (P<0.05), **: Highly significant difference (P<0.01).

TH TN %) 32 5 R FE I FsF [ea] 348 o v fin 2, 2 80 M v Ak
MO, WA/ NVEZE s . B W, DARGER S X
WF. WAL, 78 BaP BgEWIA], JenibE b/ Z E)
LT ML AEIRE , U0 10 ug/L BaP 5255 48 h 5 H #l5E
B A0 R, HS DUAE R R JE 96 h BH I S
1M 100 pg/L ¥ 8 20 75 2% S iy 1A p 012 R Hh B
M AN IR, A7E5RER 96 h ZJ H AL 7k
T8 i 40 B 32V RN ZH SURIE . AR TR HESI Y, AT
D12 144 11 200 b A G 2 7 1T A 4 2 ZE/E F (Canesi et al,
2006; Huang et al, 2018), 171145 A HE I ) R 41 i 2 b
M DIIRE , P, o 300 i 200 A v e 1 A AR 3R R E AR AE
AiEZ MR Na 2RV, BaP BEESTEGE IR
(Chamelea gallina) (Matozzo et al, 2009), JEFEEMG T
(Venerupis philippinarum)(Liu et al, 2014)8¢X5¢ I 28
| & RIERN, ARG BYA LT HoAR, YIS
L3 T GAE S IAFAE IER] T BaP 2 RBEH AT
et BLARAE K o

SR T J2 48 4 M P35 P 45U (ROS) /K P-4 -3
NG . R E AT DNA B934 (Schieber et al, 2014),

TELYIENE BaP SRR Y 250 =B H
Bl (Livingstone, 2001),ROS 2= FEUE Wi & A H5 &
Ak, T MDA s B A AL S 2 —
MDA PR HAG I 75 8 (48 05, B 12 TR Bt S dk
FERE B HIE . 8-OHAG # I HAERS DNA AR 1) 1%
it FIRE 408 B 2 v R S I B )2 i 5% (Kuchino
etal, 1987), &5 — Mk EZE N4 Win s
AW i E MDA Fl 8-OHAG & 857 T BaP Xﬂ‘
Jemlt i B A AL . S5 AR, MDA bl R
i ) Z2E 4 1T S B, 6 BH BaP 5% nT Al U i % B IR
i E AR AR TR T, AT S B A . 7
FifLES DU AP 2 BRI 45 5, MDA Fifi 5 % 58 5 [|] 1)
HInmisEm, H MDA &5 BaP ¥ 2 1EAH % (Pan
et al, 2009; Tian et al, 2013), Sifi 25(2019)[HF 55 HLiF
BT X — 5, fE8E BaP SRI5 YLy, BB FG
(Donax trunculus)& ) MDA & 4 i 8. Qi
55(2020) K TESE IR DL IFFE AL Jiang 45(2019) 6 T
A AT WARR A T BaP B2 ARG D2
N MDA &R CBE . 78 BaP 5% ~, H—18
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b 8-OHAG 1175 1 76 A0 Bt r iy s ] (RS PR 16 m , 3%
B DNA b A7 TE . FEA P Fl b g 250
WF5E, Y Hb i IG DL (Mytilus galloprovincialis) & &% T
A — R IR T BaP 13K s, AR £0 R
Pk 51 8-OHAG 7% 1t 1) o 35 1, {H I A L2 21| B
2 3R 25N 5 F (Canova et al, 1998),

Al-Subiai F=(2011)BFFE R, AT 32
T ULZUR 5 AT DNA #5345 R R 2 — o Pra b i
YA AL L R 53, 7R 48R ) 5 T
AEZEMER . EXDRG T, EOCEAIE A ZH T
B LR, W SOD., CAT, POD #il GST %, SOD fE
WA E T A ML, Riraasz ROS $if,
FENUAR 1 S AL 5 e S ATl v & # E2EAE . CAT
1 POD [FJE Tt F b WEG R, £2 67 577E 2 SOD filf
P g A ) ik A TH AR BRAE Ry e iR A AL TS
PR EELE, H SOD Ml CAT JFMEMFikiETE
10 pg/L BaP 28§ 48h Jo ANFA W FE Lk, Wi
100 pg/L BaP &85 T MIHFEE I 3 ik 2 SC 0 45 0t 3
WEfE ; POD HYTE M — ELRFLEIS s 1 GST MTE P &
Pk B R ] B B, AT WL, RS IR 5 R A B
Jz e H T AR BR X BaP A AL BRAE F7 1 B, (T Ak R A S
B A O A2 8 TR E T, X AT AT
REA — I RZ MR . FE B &5 SR AF 3 A 52 A5 IR (Wang
etal, 2011). %% (Snonovacula constricta) (Li et al,
2016). A5 Tl (Scapharca inaequivalvis) (Monari
et al, 2007) 55 AT DL 2R A i o

BaP fE A —Fm ity i, Bk 7 BA A btk
Sh, B BAT W45 (Chepelev et al, 2015), 4R, X%
T BaP MRS, KZ B T TE i HESh ) SR
BEAAY), R RSEIIZE, AChE Hl ChAT fEH
— X ] £ WENR BB (Ach) & it 1Y PR 28 R GE G HERG, BB
PRI RE R DI RERES, TEM A R A B AR &
BLMVER . Hob, ChAT EZ 548 Ach, i AChE
WK JHL 3 it Sk N RN 2 TR & o 78 BE 45 X R (Penaeus
monodon) 1 22 ¥ I (Arbacia lixula) %5 7k A TC 3 HEShH)
(Eamkamon et al, 2012; Maisano et al, 2015), XSRS
PR T GE R W ARAR DI fE 2408, R, s /R T
Z 7 HFTE S (Fulton et al, 2001; Lavado et al,
2006; Jebali et al, 2013; Fu et al, 2018), 7EAHFF7 45 5
H1, 10 ug/L 1 100 ng/L Y BaP 2Pk 5 55 A0 2 (il e if
THALMR T AChE #1 ChAT RIS M 0 35 T [, SCa s
SR IK 2 PG A 36 4 A R IR /K-, 3284 BaP
PO ICINT AR SRR 2

DNA H AT S YE S 5 3L sh i A A

V) 255 T BaP WA NI W . FEBEE ffi(Danio rerio)
i, BaP ZREES FEGLH RS H ILL AR DNA
H LA KO B REAIG, AT IR IR sh FIOTF K, i
5 IR A8 A G HE PR Gk LAVK 55 BaP Y R 1) 52
(Fang et al, 2013; Corrales et al, 2014), 7EJeif, W
25| BaP #258 F U LR ZH 20 B DNA 34k k
V- E R, HAE 48 h ZJRiEA e, ¥ TH
T JC % T BaP 258 T AIAZIY) DNA H AL K-8
REIWFTT, BRI, R BEXT YA SE 0 45 SR 17T P47 g
M. SR, BFSE RN, TE A A 759 o7 5 58 4K AR Bl
YIRT, BRI DNA H AL A9 7K - (Akeha et al, 2021;
Bal et al, 2017), X2 G 5AHEFE b L 2 1 45 21
FA—F, BRI DNA H R FEELS
5T BaP 2585 0 WU

AHENEHT 7R, DNA  H AL K Fdt S AL
FEDH Rk 2 ) 5 2 i 2 A R O, 4 A e
F AR A58 (Fang et al, 2013; Corrales et al, 2014) £l
DNA H AL FEFIALH, $E0 DNA H ALK 14 [
AT REFE — B 2R DA UE TP BEE R 1 ik, A
mixtPt BaP &M, SOD. CAT 1 GST 7& BaP % 5%
AN TR ) s B PR R AR B UIE B T X A, X 3 A
PrAE AL HE D RGBT AE AR 5% 24 h JS AR IR b 2 Y
o BARAE RLRORa] g, SR G R K SRR R B
AT PEZ B IR B —B, X nT RS B Y B
PRI B AT 5 (Regoli et al, 2011), HMNHEIA FFH, X
S PR ) R 3k B AR BR EE AT S T . R,
DNA H ALK (1 AR 1T BE 2 VR B BaP JBkie i
BN Z— o 800 B A I R Y 2Rk a DL
KIS M, MG ERSIE T 3% WL A& BRI, (HR K
AT EZ | BIRABSLE M, DIz E 2H
B 2P X T BaP SRR YR 7 A A 7 PR LA
PR NS (N A =RV A RA BN VA A VA OB 151

25 LTIk, BaP 2tk R BRI S 4 T ok 2 Fh i
PERENE , FER BN JLF A AL 8 i 2280545 5 Ak
Yit6 50 MDA Fil 8-OHAG 175 f2: fifi %% 5% s} |) 4 | 52
T E N AL 3G EERE AChE A ChAT 6 V£ 8 i
ER o FEXA LR, PR B R G SRR
PLSROS RIS BaP X HLA I 52, (E s Ji) w2 3 B )
BaP 2 # 2 ME T EALB I R 7, i S 850R
AL SEERA5405, T DNA ALK () B B Rk, T
RE S YR X BaP % 22 T TEALH 2 —
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Toxic Effects of Acute Benzo[a]pyrene Exposure on Blood Clam
Tegillarca granosa and Its Potential Coping M echanism

XU Zhongtian, DONG Zhenyu, LI Jiji, QI Pengzhi, GUO Baoying®
(Zhgjiang Ocean University, National Engineering Research Center for Marine Aquaculture, Zhoushan, Zhgliang 316022, China)

Abstract

environmental problem in the world. Petroleum pollutants

Spilled petroleum pollution caused by seaborne oil transportation is a major marine

contain significant amounts of

low-molecular-weight alkanes and aromatics that induce toxic effects once taken up by marine

organisms. Polycyclic aromatic hydrocarbons (PAHs) are a class of organic compounds with the most

significant toxic environmental effects. As bivalves, which have a strong enrichment and tolerance

capacity for PAHs in water, are widely distributed and easy to obtain, they are often used as model

organisms for monitoring and evaluating offshore marine pollution. The blood clam (Tegillarca

granosa), a bivalve with high economic value, is widely distributed in mudflats along the coast of

Zhejiang Province. Blood clams have characteristics of benthic life, making them more likely to be

exposed to petroleum pollutants. At present, there are few studies on the toxic effects of PAH exposure

on blood clams. Herein, we chose benzo[a]pyrene (BaP), a typical PAH congener, as a contaminant,
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and investigated the toxic effects of acute BaP exposure on blood clams and their potential coping
mechanisms.

Blood clams required for the experiment were collected from Dongji Island and acclimated for a
week in the laboratory. After acclimation, several healthy blood clams were randomly divided into the
artificial sea water (ASW) (control group), dimethyl sulfoxide (DMSO) (solvent control group, 0.01%
Vpumso/Vasw), 10 pg/L BaP exposure group, and 100 pg/L BaP exposure groups based on the previous
studies of our research group combined with the literature. Each group was set up with three replicates,
each containing 40 individuals. The experiment lasted 96 h, and separate glass tanks were used to place
all individuals in each replicate. One blood clam was randomly selected from each replicate of each
concentration group at 0, 24, 48, and 96 h of exposure. After dissection on ice, the digestive gland was
immediately separated using sterile forceps and scissors and stored at —80°C. The paraffin section was
then used to observe the lesions of the digestive gland. A colorimetric assay was used to determine the
activities of antioxidant enzymes and key enzymes involved in neurotransmission at different time
points. The cell damage degree was also determined by measuring the levels of 8-hydroxy-2'-
deoxyguanosine (8-OHdG) and malondialdehyde (MDA). In addition, enzyme-linked immunosorbent
assays were used to determine DNA methylation levels. Finally, we measured the relative mRNA
expression of antioxidant enzymes and performed a correlation analysis.

Results showed prominent hemocyte infiltration and necrotic areas in the digestive gland of the blood
clam after a total of 96 h of exposure to 10 and 100 ug/L BaP, indicating inflammation. The sloughing of
digestive cells from the inner wall of the digestive tubule led to atrophy. Increased oxidative stress was
indicated by elevated MDA and 8-OHdG content, leading to damage at the cellular level, such as lipid
peroxidation and oxidative DNA damage. The activities of antioxidant enzymes, including superoxide
dismutase (SOD), catalase (CAT), peroxidase (POD), and glutathione-S-transferase (GST), increased
significantly 24 h post-exposure. This phenomenon further indicated that BaP exposure induced oxidative
stress in the blood clam, with the antioxidant defense system actively regulating BaP-induced oxidative
stress. The activities of two key neurotransmitter enzymes, acetylcholinesterase and acetylcholine
transferase, were significantly reduced, indicating that the stress caused by BaP may induce neurotoxicity
in the blood clam. In addition, we analyzed the changes in DNA methylation levels and gene expression of
antioxidant enzymes in the blood clam under acute BaP exposure, finding that the DNA methylation levels
were significantly decreased compared to pre-exposure, while the mRNA expression of SOD, CAT, and
GST was significantly increased. Correlation analysis showed a negative correlation between DNA
methylation and the gene expression of antioxidant enzymes, implying that blood clams may activate the
antioxidant systems to fight against BaP toxicity by reducing DNA methylation levels. In conclusion, acute
BaP exposure exerts a significant toxic effect on the blood clam, primarily characterized by histological
damage, oxidative stress, and neurotoxicity. Moreover, changes in DNA methylation levels in the blood
clam may be involved in the regulatory process of BaP toxic effects. This study is expected to provide new
ideas for the in-depth exploration of the intrinsic regulatory mechanisms of bivalves in response to
petroleum pollutant stress, and will be beneficial for resource conservation of the blood clam under the
threat of petroleum pollution.

Key words Benzo[a]pyrene; Tegillarca granosa; Tissue damage; Oxidative stress; Neurotoxicity; DNA

methylation



