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Abstract: The paper reported the DNA damage effect of Benzo[a]pyrene(BaP) and phenanthrene (PHE) on the calm
Sinonovacula constricta under different concentration conditions with the single cell microgel electrophoresis (SCGE)
technique. The calm were treated with concentrations (BaP: 0.45, 0.15, 0.05 mg+L"' and PHE: 0.45, 0.15, 0.05 mg*L")
in control group was 0.00 mgeL" for 15 days and were removed pollution for 6 days. The result showed the tail DNA
percentage (DNA% ) and TL/D of the 0.45 mg+ L™ groups were significantly different from the control group (P<<0.05)
after 7 days exposure period. Furthermore, the damage intensity of treated groups increased gradually with respect to the

increasing of Bap and PHE. Under the same concentration, the tail DNA% and TL/D increased gradually with the time

EETE . EKR 225 B AR RBHIFL 5 2% (2014A02XKO1) 5 4% b 35 17 %o 345 T & 5 £ A L 35(2012-2014) 5 Hr g G 25 1 BT B T 3 A Rk
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of exposure. The DNA damage induced by BaP and PHE was very serious under the concentration of 0.45 mg+ L.

There was significant time-nd dose-dependent damage to the hemolymph cells. In addition, the toxic effect of BaP was

much more than PHE. The comet assay was proven to be a useful tool for detecting DNA damage induced by PAH in

marine hemolymph cells. DNA damage in hemolymph cells of could indicate the effects of BaP and PHE in marine envi-

ronment as a good biomarker to be used in early warning and monitoring.

Keywords: benzo[a]pyrene and phenanthrene; Sinonovacula constricta; DNA damage; single cell gel electrophore-

sis (SCGE); Comet assay;

% ¥ 75 12 (polycyclicaromatic hydrocarbons,
PAHSs) & — 28 B A (1 i K P A LTS e 0, 32 ok U8
TLEYBREL T 540 A RBHI AN 58 2 R BT . 23
)T ATE T WA B, & 'K PR BT
W KA OK B EZMEREE AN E
L RAEFANREIENE LR SRy Rz,
H A 2K 3 [a] 2 (Benzo[a] pyrene, BaP) i) 3 Jm 1 & £
Wk aemmy©, T BaP o) iz MR e,
WM PAHs TR A FE 2~ ¥™ . JE(phenanthrene,
PHE)J& —Fl AT = AR R0, AR 43 7 1t 19 5 A7 51k
S LER I 2 8 07 4 R KA A Y A AR K BRI L JEAE
15 G 37 b TR B K Sl AR . BT, JE R AR AR
KA E YW FEAE OC A B 252 (] @ e,

W WA T 4040 )7z . % sl fig 71 55 . X5 4
W HRA R 9 A ) AR A il IXTs e
W@y $8 78 A" . PAHs 15 4L )38 o D128 5 A K
Tk B8 22 FE 25 ik T 0 PR ROk S AU B (E
BRI ALE $8); DU AR PAHS 1™ A8 Kt A 7
P v ] 7 ) R P AR IS W) BT s R A
K53 FI L 225 48 3 )43 s o 52 il 48 L 19 B A% %6
JH-E D) G Fil DNA & & fig 737, DS 40 il 7 + 3
P2 (DNA 58 493) %5 T i A 15 44 4 0 BOEE DL PR RN 3
PRV ERAAER EENE X, BATEH A 23055 &
XK A= A= 4 DNA 5t 03 09 F 53t JF i 3228 3 45 31 ¢
T 5K 0 B AR B [QBRBE DL R 88 T R JF i [a]h
A5 H Il 9k L 44 B DNA 32 3 — 5 59 52 05 5 1 48 i
1 03 2 J3E B 2R O BE [a] ¥R J3E 3 in iy 1 im0, (B G T
28I [a] 28 A1 HE XT DL 25 19 DNA it 455 it 1% 35 1 AF 5%
AR

R 5 44 A2 M 56 I L VK (SCGE) # A
S — T PR | BURME S R DNA i SRR
Rz I 47 AR AHIE 5T LA 4 W0k by S50 B kL, SR B4
I 56 5 L ik S 6 (AR S ) B T iR A T R T[]
FIVE i 360 % 23 05 1 4 B A9 a5t 4% B 0, 3R T DNA
B Ry 22 30 05 K8 15 e 7 88 AR Wb ac i ml A7k L TR

I Sy DU 2K % 5 A b3 25 B 2 BT 55 1O 2 ¢ X PAHSs 1Y
15 38 i ) S (R Bk A 4l

1 ##l5 7% (Materials and methods)
11 SC AR}

S G Y 24 58 I 1A S AR T AR 2 ) 4 09 R AR
X, SCHO T 7R — 8, DUAARCSE 3 78 1K.(5.90£ 0.31) cm,
FE 98 H(1.99420.11) cm, K H (14.60£2.62) g, L5 H]
Kk B 2t uE 0 R AR MK, B BE R 20~ 21, pH
8.10~8.40,

SCHG BT 2R I [a] 8 FEE K Sigma 28 & 7=, 2R
FH N ERAE Ry Bl % ) % % BaP Al PHE FC 6 45 T
MEK T R OF [a] B8 R FE vk BE 0 DU S SR AR £
TEIL
12 STk

BE ML 45 % 23 A 4 4, % IR 2 (AR K L AR
VP L A R R R VR B AL ORI P [a) R AR )
I [a] e A HE A9 1 TRSE 9 vk BE BB 43 I Ol . 0.45
mg+L"'.0.15 mg+L"',0.05 mg-L"', A% 40 H 4
L EH T E 14 L IRIE KBS FE (AL 30 L), 24
h % 2L 70 4, SE R I R K IR A 23.60~25.40 'C, AR H
100 % e 7K — VK, T8 8 4[] e 2 1) 55 90 Vi B B3 B
HE R T3 A G 0 DU DU EEDRLE Sy 5800 5% 55
P B OE B 2 B R SRR 80 mL,
O E R 22X 10% cellemL"' ., W8 SZH 4T 15 d. 15
d i B S 3 Y4 S A S VD R K AT S 6 d
IR S8, Al TR R 5 1% 0.3.7, 15 d
21 dy BRI AR 2 HULREES, . SEBUE 7
U B AR % L AT R K DR AN SE . JE 75 % TR RS
i BRTH B P 72 WL, 15 990508 W A L 7H 5 1 TS B
(8.0 g L' #7415 R = 41, 20.80 g« L' 4 4 B . 22.5
g+*L'NaCl.3.36 g+L'Na,EDTA . pH= 7.5)f% JC & 1 5
PR BUBRER < MUK 2:1 A He 451 e B S DL Ak ik B
I 3 B 7E JC B A IR A S mL PBS K 50 pL il B
PR VAT AR o 1.4 107 celle mL", HU I BA 41
M2 1 mL il A K& eppendorf 4, L A VK & N
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R ST )y B 2 M Singh 2520 1 52 86 7 1 9F
WS in e RN P AN M 3R A MR 55 B I B R
S g R gy 2L R LUK SR BEAT BRI R AT
FH 6 T 0 % 0 3 0 22 40 R A7 05 % . 25 pL 2 ke 2
M5 8 % 1Y 75 pL ARJE s BLAR BE(LMA)IR &, 8 T
41 i 15 7% ABR 36 1 /0N B R e, B AN RE S Y
A 3B ER 3 A~EE . FFREE G A
4 °C 37 I ) 40 M 24 f#% #Z (2.5 mol+ L' NaCl, 0.1 mol+
L'EDTA.0.01 mol+ L' Tris\ 1% WL % & % .pH 10,
1% i 9738 X-100.10 % —H W), 32 2 h ZJ5
PR 2% h i (pH 7.0)72 U8 2 Wk, B T Briic & m
B Pk 5% W% (0.3 mole L' NaOH, 1 mmol+L"' ED-
TA,pH > 13)9 7K V- H UK Al L 78 4 °C sk 6 i g 20
min, 7 B UKW AT B2 L 7E 300 mAL 25 V HLER
HL Yk 5 min, 4R 5 pH 7.5,0.4 mols L'y Tris-HCI
B 2 K, B 10 min, I 50 pL B 25 pgemL'EB
KW 30 min, B 90 B RUEE N LA IR
HEAT M7 .
1.4 Hds ab B

A Scion Image Beta 4.0.2 F &34 IE47 43 M1t
BEK KK BKALK B E DNA F i (Tail
DNA% )% 151 DNA #i/i 645 . Tail DNA% & [® Pr L
W 30 2R FH B9 PEA 48 L AS 2 FARLRE RL  TR] I A S 6
JHEAEN DNA 05 (P e br . LhE B /% B
12 (TL/D) fH A SRR B, Hfl /N T 03 2 1 9edbith
B AR AT . 0.3~0.6 S 2 e 15 B G445, 0.6 LA
o 3 AR s E LR . SPSS 9.0 X Al
AT AR5 B B TR 28 07 26 43 BT kAT W F PR R 55 . q
o 50 AT PR LR

2 #5 R (Results)
2.1 DNA #ififar g it

it 5 b 3 () 19 A0E K, 45 3 3 DR O [a] B8 AR Ak
PR (40 M B A% DNA T4 R R4 F It
PO B TR 5 0 IR R (R 1 RN E] 2).
STYGHIAS 3 K AW AL A% DNA 1 43 1 5%}
MR T i 35 25 5, 31 T SRR E 7 RS, B Y BRI R R
%S 15 K, e B 2H(0.15 mg+ L' 1 0.45 mg-L")
Xif IfiL 20 i DNA 83473 26 SR 3 (P<<0.05), I v B 41 %}
DNA i ¥ A 3 . R 56 1, 45 Wk B 41 DNA

A o3 T RRZE L o Rk B A 5 R RRZH AR AR 22
SR 3 (P<<0.05).

80 - =0.45gL!

1 * « B80.15gL!
0 ©0.05 gL
60 1 m X} control
50 |

40 A
30 -
20 A
10

RHDNAHE 4 %/%
Caudate nucleus of DNA/%

3 7 15 21
R /d

Exposure time/d

3]

1 FHA[a]EELEHEFEREZ DNABSE
T x5 X0 IR L 22 5 P<<0.05
Fig. 1 Percentage of damaged DNA with tail treated
by benzo[a]pyrene
Note: significant differences from control at the same sampling

time are indicated with an asterisk at P<<0.05

m0.45 gLt
70 - @0.15 g-L"
60 - ¥ * @0.05gL!
50 - s m % control

RHEDNAHE 2 %/%
Caudate nucleus of DNA/%
S
(=1

3 7 15 21
R/

Exposure time/d

B2 FLBAFEEZLDNABHEK
T e O 5 X0 B LL W 35 1 25 5 P<0.05
Fig. 2 Percentage of damaged DNA with tail treated
by phenanthrene
Note: significant differences from control at the same sampling

time are indicated with an asterisk at P<<0.05

2.2 DNA e

TE 2R I [a] et RN FE L 3 T 19 4 09 100 21 . DNA #5
Vit BE KT (2 1), Bl 5 A0 PN ) ZE K, 3 d i b A
WP (0.15 mge L' 1 0.05 mge L") I 2 [a] F1 JE b 28
41 DNA #0582 B DL 2 90k (/N T 0.6), i ik R4
ML 3 22345 8 ECRT 0.6), 5 R i 80% 5 15d
Je BR AR B2 2H A1, H At 45 4b B ZH DNA 45 45 72 J &
PRAkSE b TH A 3, 1 B DNA 45 7™ 5 2 5 (K F
0.6). 55X 22 7 M B 35 (P<<0.05), 21 d PR 5L 5
PLE . & 4b B 20 DNA 451 0 18 B2 359 BT 2% i (B
R EEZH(0.15 mge L' 1 0.45 mge L) 5 X} B 2H 2% 7
AT+ 43 8 2 (P<<0.05) .



284 £ F O ¥ W %10 %
#x1 4HEZI% DNAK TL/DE
Table 1 The TL/ D value of damaged DNA treated by benzo[a]pyrene and phenanthrene (n= 6)
205 Ttem PAH 3d 7d 15d 21d
Xt HE4H control group 0.14£0.05 0.14+0.07 0.15£0.08 0.16£0.05
0.05 mgeL! 23 [a]iE BaP 0.3840.16 0.5140.22 0.5740.29 0.594-0.18
3E PHE 037031 0.41-0.02 0.520.04 0.49-+0.14
0.15 mg+L"! 2 I [a]tE BaP 0.58+0.25 0.79+0.13" 1.294033" @ 1.0840.28" ©
3k PHE 0.45+0.17 0.7420.06" 0.954+0.15" ¢ 0.64+0.14" ¢
0.45 mgeL™! 2 I [a]tE BaP 0.98-+0.14 1.93-+0.34" 3.81£037"® 3.1240.178" ¢
4E PHE 0.770.36 1.69+0.01° 1.74£0.03" ® 1.134:0.06" ¢

TE . Ry S50 IRAUA b R 2 22 5 P<<0.05, ab,e,d 435 0 25 B A 1L 3 M 22 R P<<0.05,

Note: significant differences from control at the same sampling time are indicated with an asterisk at P<C0.05, a, b, ¢, d for each column compared with the

significant difference in P<<0.05, respectively.

2.3 A DA AR ] B A OC 1

ORI 5 AR (0] A O R B TR 2. K2 7]
W, B . TDNA % & | B K /% H 12 (TL/D) % 6 5 [ 1
G R BOA B EE(P<<0.05), ULEHAEA L6 28 41
T A Scion Image Beta 4.0.2 EIM%G B AFHE4T 43 7 BT 45
B . TDNA & & B K /4% H42(TL/D)3 A8 Fr (i H
SRty ik i 240 DNA #5477 B A B 9 A7 it

x2 BEEXRHRNERENEXRY
Table 2 The correlation coefficients among

comet assay indexes

PAH TDNA/% F K Tail length TL/D
BaP R= 092 P<<0.01 R= 0.83 P<<0.05 R= 0.94 P<<0.05
PHE R= 091 P<<0.01 R= 0.82 P<<0.05 R= 0.94 P<<0.05

P

24 DNA 5 FIEAE RN

FEZR I [alE ANAE YL 35 15 d J5 . 45 0% 1 40 A 2%
DNA AN SE RS vk 25 R 1 iR, & 1a FE
1d {73 % FECZE 9 040 B A% K/ BB X — Oy BDE 26
WL PG R BE 5] Th Ot ot R B4, R BTN
M AW, P 0.15 mge LY A9 I [a]iE Al
FEY T W R Sk B 1 B 7 i B T R — A
T 9¢ 3k B Y FE L 45 % 1 40 i DNA % A= i 24 (A
1b FIE le), /v 2H(0.45 mg- LY IEL T,
B — 5 B 1R T AN, R SRR N R AR K H
i 5o 4 ) A% B R L (8T 1) g 9 J3E 2 9 2R 0 [a] BE
Je B J5 . B0 4> HOmE IR Y R AR, M O
(K 16),

B RIFE[IFMFERTIFE 15 X5 5345542 M 40 K8 DNA #5345 1E A
i a. XTIEZH b. BaP (0.15 pge L)Y )5 15 d c. BaP (045 pg LYY RE)E 15 d
d. XF IR e. PHE(0.15 pg- L) Ye# )5 15 d f. PHE(0.45 pg L D)5 15d
Fig. 1 The DNA damage of hemolymph cell exposed to benzo[a]pyrene and phenanthrene at the fifteenth day
Note: a. The DNA damage of hemolymph cell exposed to solvent control group; b. The DNA damage of hemolymph cell exposed to
benzo[a]pyrene (0.15 pg-L!); c. The DNA damage of hemolymph cell exposed to benzo[a]pyrene (0.45 pg=L!);

d. The DNA damage of hemolymph cell exposed to solvent control group; e. The DNA damage of hemolymph cell exposed to
phenanthrene (0.15 pgeL'); f. The DNA damage of hemolymph cell exposed to phenanthrene (0.45 pgeL")
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3  iti8 (Discussion)

R AF G UE B R A M BILTS e 4 0E AR A N
2ol 1A A0 M R P450 il 2 R % 1 o T 5L A
B I v 1] 7 4 3 AR W A T AR AR A b
HK-S- B g 5 AL T 5 WY 4y T 45 4, Ik
T AR W HE R S0 5 B 5 5 — O T AR g A
R EpN AN R R RN =R Ak
T BRI s 26 1 pl 3 R I M v R) 7 8 i — 2 FR
JERE T 4350 5 43 & AR RO 7 AR SR A A5 RN
HINE Y B S5 DNA B Wy 2L R0 457222,

AR IT [a]BE A Bl WA 5 9 Al K a1 A a8
Wy, HooR KV HE AR T [a] 2 B 9 B, 177 5 2 AR 3 7 ) 7
AR N 2 AR S P AR BURE R 2K JF (a)
i 4 B (BPDE), & 5 DNA A 45 & lifa &
HIINE Y, T30 DNA $i65., [F N 25 5 0 2K
I [altE X AR Wy 38 2 ) I DNA (52 17 ) 12 i BF
5. RIS LA K Liu S0 1 iF 58 45 Rl 8w, 3
A LR A M AL Ge (2 IR Aroclor]254 K
FF [a]BE FITH 1% 6 ) X 58 iR D1 ( Mytilus edulis) (%) i | 1
JIR AN Ak R 45 41 2040 B DL K A £ BE DU ol 20 A A
DNA #5453 15 FH 24 77 7 W 4 4 Bsf i) - 2880 g 9] o -
BN &R . PAHs ARk A2 o= A i 0 1 AR il
eI o DNA, T3 DNA B4 Wi 4 o B il AN a5 1Y
TCIE B A 40P . S A S A ARG A0 R 1 R e
FIAE WERE 7, 4k 17X K Fel 85 (Pecten maximus) ) 35t
1% FN 4 75 15 A FI 2 P), Oliveria 55 % ¥ 418 Li-
za aurata 5 W) 5% 88 T E VW, K IR WOV JEE
0.1 pge L2755 0.9 pge L' HFH G HFIE DNA Ay 5¢ 5
P KT X HEALCY . AR WK SE IR & A [A) v B
(9 JF [a] B8 A IE 7 W Y B8 T, 4 9% 1M 41 e DNA 22
BT TR A T 2L A A5, A A3 0y 2 B A B
AR IF [a] el FIE MR B2 09 T B 403 1 4 i 45k 3 22 Fn
PG IR (- 1~ 3), I 3 IL, 5
B3 55 3d, %t AL A 1M 20 A A& S E) DNA 45493 5 1 o
I e 3 A B 4 S 06 G T B DNA 5345 72 4 P 1 2
G s 1 R AL PR ALK I F) DNA 54475 72 52 0 7 3 2% LA
LB R 80% 1M L Rl 2 Ak BB fR] ) AE K A
R DNA [ 708 TL/D {3 5% 7 # % . DNA
PG R NB T . R CENIE MY 5 [a]iE ]
%t o [G Bk B U1 (Pinctada martensi) Ifil 11 i DNA f) 351
P 8800 AL 5 A S 36 AH — 2K [14],

DNA #1473 /2 ¥4 21 55 52 ) okt A% R M ) — A
BSR, AW BEE BT [a]d R EE 2 58 B R] Y

0 G Y ) A G W A N R T R, A SR B AR
G2 B0 5 R R R B A A TR E
FIRPEL A 915 DNA & A I . 5 20 DNA 4 b 24
A AT 51 K AL dE k. N 3 R 1 ] O, 45
09 1fi 4 A 5 5% T Wk BE RO [a] v FIE I W DNA
P 005 77 F, B9 3R B L AN RT3 O 0 3 A% RE L T e i
AbFRZH B 2 T DNA 45 18 52 T Rg (87 1 A A
1%k 7 75 SE B 2 391 (21 d), DNA 451 455 ¥ 45 A5 5 4
TR A W25, Mt D2k DNA il nffE A £
I I7 405 Y PF M (14 B M 00 $8 A IR AR N T TR IR B
15 Y T W br R .

BEAb S50 v & BAH [k BEAE T 2R I [a] e
HIEE X 45 058 1M 40 L DNA $53 495 %07 4 v 58 9% A T
EURH 5105 5 5 2K JF [a] B 4T 4 % 100 41 il DNA &% by 24
A U B (3 1), 2 WA HL X 45 0 1l 440 D ) 3k A% o PR
B3, WERGXF M2 R TR S WE Z 4 T
SEK B REMEAE DL A — 2 56 &R JLHLH 0 5 15
— B E 5T .

B RSB R TII R AR R T A REKREHRINRER
IR L HAFH o,
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