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Abstract; Marine organisms are facing a risk of exposure to a wide variety of toxic chemicals, such as polycyclic
aromatic hydrocarbons (PAHs) from oil spill incidents and discharge of petrochemical wastewater. Besides, this
kind of environmental pollutants pose a threat to the sea farming. As such, Apostichopus japonicus was exposed to
3-methylphenanthrene (5, 10 and 100 pg-L") and 2-methylanthracene(5, 10 and 50 pg-L™") to study the toxic
effects of alkyl-PAHs on the marine animals. Relative expression levels of CYP450 and p53 genes of Apostichopus
Japonicus under the stress of 3-methylphenanthrene and 2-methylanthracene were measured after 3 d, 7 d and 14 d.
Results showed that 3-methylphenanthrene had significant inhibitory effect (P<0.05) on the expression of both
CYP450 and p53 genes, while 2-methylanthracene had a different effect on the expression of CYP450 and p53
genes. From 7" day onwards, CYP450 gene expression was inhibited by 2-methylanthracene, but p53 gene expres-
sion was induced. Meanwhile, Apostichopus japonicus were more sensitive to 2-methylanthracene than 3-methyl-
phenanthrene within the same concentration range and exposure duration. These results indicated that 3-methyl-
phenanthrene and 2-methylanthracene could affect the expression of CYP450 and p53 genes of Apostichopus ja-
ponicus, and compared with 3-methylphenanthrene, 2-methylanthracene has significant effect on the expression of
CYP450 and p53 genes. These results provide the basic data for the biotoxicity evaluation of PAHs pollutants on
Apostichopus japonicus.

Keywords: 3-methylphenanthrene; 2-methylanthracene; Apostichopus japonicus, CYP450; p53; gene expression

UEAFR R T 28 & T P T S SRy g A Ak T
A R, KA I 2 T e il o 45 Rl g i kA
W OB fe 3 R BN AR S IR 2
HEERRZ —, AMldEEZORE TP 2380y
JE(PAHS)AL 77, Z I F5 1229 5 A4l 43 19 1% ~
6% , 1 80% ~90% Mheifb 2 RN A E
AN KEAF 9T 22 918 16 R Jeds il i 2 2055 )% , ini
XF 22 BRI IR AT A ) S AR /D X T R S B 238
JF SRR W ) A 2 KB e AR T R R U I
BRI I7 00 e amh SRR, T
HEM WU R HGE LY 3-F LR 2-F 3L
SEARAE M BE AT A, E N AP G FaX 2 R AT AR
VIR IR IE D AT B LB MR N UE AT 9T

4y {5, % P450(Cytochrome P450, CYP450)#l
p33 SRR W o T AEWbR B, 013450
TRy J5 P I 0 i 5 TR Ak E AR B, CYP450
SEEVIRN A 2R R CYP450 121 2 H A
[l S5F S T 2R | XoF i 22 AN IR S 9 TRAL S e R 9
TR A e A B AR ™ SR A HL
Yt A AR N 5, v T ol A0 e 3R
P450 il 2 CYP I Jj i 534 sl B AR, A A 91K
R CYP & B ) 5 5 Y a2 R 1 )
NG FR, A CYPASO Ry 2 ) 2 1k B A Wb e ),
PEATIREE TS Y A2 Wy, B T R 25 P450 il

(1) AR FAEROE , B35 43 B 24k P450 Tl =IE % [A
M, R LA S % P450 SR G SE Al L A 9% 2 35 05 &
KPS CYP450 B[R 323K 15 © 4 i
P33 TEARMLUA T Pk 5 H A DNA $5 405 LA K
ANIEH B 4 3 58 A5 5 # 2x 51 iR P53 AR 1 A IR
TG LT RR ) 22 R K S R e A B v B A
KN BRI A BB WX ps3 B 458 2 X )
WG st A s E L 43 BILRI LA B XU D B A
B,

{172 (Apostichopus japonicus) 2 &% ¥l i & %
JIEALE 2R, BRI e h A T IS Ak e A A
PUBERE S AE R 3R B 2K SR A 2 —,
HAEY I A 4 I BB 7 (8, 2 AR
V5 YW A R VAN (BB 2 A Y MO AT
AR SER AT T 2 55 18 215 Y Wyt 35 27 i
U1 (Perna viridis) I it F10] fili ( Takifugu rubripes) )]
FERE ST . AL DS MRS, ENAN T2
W RIS JL it 2 1) B B ROV BT b
W AR SRR R 2 (A. japonicus) i Z iR EW), I E
3 AN ] J32 114 3 - FFRETE AR 2- FHY R R84k 39 £t 47 4
Z Ke AR N CYP450 F1 p53 PR A ARG ik i,
SRS CYP450 Rl ps3 FE ik 5 3-F 34k
T 2- FF B T ) - O 2R R I TR -2 1 AR O
R ,NTFRE 2 R 23005 1875 YL Wy i g v AR ) B vE T
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1 ## 57 % (Materials and methods)
1.1 AR5

3% : Nano Photometer f3{ 4% ik 8 FH 7 (X (7
[ Implen), CTISRE % {5 20t & 3l B0 AL (H A<
Hitachi), Mx3005p™ 5 i} 9% 5% % it PCR % (3€ [#
Stratagene) , ZHWY -200D {5 #2 R (16 THAE 52565 1%
HARAF),

AR 2-F L BOR 3-H L JE I B Sigma 2 A
(Sigma-Aldrich Corporation, USA), 4fi [ 43 5l K F
97% F1 98% ; N5 Br &l , -1 [ 24 4 A1 b 2 1)
AR ], Trizol RNA $#HUR5H & (Invitrogen 23 7 ,
|-¥F), PrimeScript™ RT reagent Kit(TaKaRa), SYBR
PrimeScript™ RT-PCR Kit II(TaKaRa),

1.2 SEEeAhRt

S TR A IR [ K i J8 A0 B v B D DB T K
iR 2 (A. japonicus)) 42 B K& KR i
A IRAF] R OKH) HR(2£0.3) em, 43 3K DI
722 JiJa R R 2 T IR 2255
1.3 ZHIFIeaEES R

FH1 L BB PR GE i I5 2 AT K, In A — Y
JE 3-H AR 2-H B A A v, TR0 3-HH R SR VR
SRS wg L' 10 g L1 100 wg- L', 2-F 3L &
WePESY R S wg- L' 10 pg-L' 50 pg L, [WHf
LB TRE KOG REZE T X AR A, 25 A PR A i 3 A
AT BRI 10 R4hZ iR 56450 KR
(15+2) °C, L (30+1), pH (8.00.5), ] Wt 7 4,
IRR AR T 45 mg L' #EE,

1.4 FEACREE S RNA $2HK

3-HELAEA 2- L b PE 3 d.7 d.14 d J5, B
HACFRLH 22— FUi T oK b, RS R 4l O 2 1k
WA tube 5 H GRS AP A, -80 C

PRAF ., Trizol 42 HL I iAKE & ) 2L RNA , DNase 1 #F
17 DNA JH Ak AL 31§l i 4% 8 2 1 0 B 430K I 5L
RNA 4 ¥ B Fl 405 | Agilent 2100 A= % 73 B {UAS: il
RNA S8k,
1.5 BEPIRIA/K-IE

A B AR FE i AL RNA HH Prime-Script™ RT
reagent Kit(TaKaRa)#E17 5 5%, fd H Mx3005p™
SER ¢ 9% % & PCR Y, % JH SYBR Prime-Script™
RT-PCR Kit II #F47520] & it PCR,, DA B-Actin fEN
Zx MO IG5 1 A R P S L3R 1,

FIE 264195 °C,30 5595 °CL10 5555 °C,25 s
72 °C,25 5,40 MEF, FIH delta-delta Ct ¥, i i
DI B N FR LR AB510191.1 (Actin) YR IE , %)y
JIBEES T CYP450 F p53 FE R Fak BT 00T,
1.6 BiEgit5akm

IR E i FH S Y2 (B + B ME 1% 2% (mean +S.D.) &
7, fHH SPSS 22.0 Ge i3 4F Xt B 45 B i 47 Ge it
O30T, R IR 2 5 2243 7 (One-Way ANOVA)Fl
Duncan 37 & 25 16 0 B 3647 22 S e br . e
P<0.05 I, R =R,

2 458 (Results)
2.1 3-FELEE 2-HI R BEXHG IS CYP450 3K 3%
e iipAl|

3-HIEIER 2-H B X = CYP450 FEI 3%
IKRSZIR AN 1 R, 45 SRR, ST IRAAEL,3-
HIFE(e=5 pg-LYM2-HEE (c=10 pg- L)
— BB TR, XIS CYP450 SEH 1 R8T
FEIHH 2 AIAE FH (P<0.05), 2-FFF 35k B8 7 e i
5 pg LWl 14 d J5, X CYP450 FEH Rk B
FIFEFAEH(P<0.05), Bl I RIS, 7Koo BZH
CYP450 B PR AR X 2 34 & T WY I A8 Ak, A I %
2 CYP450 FEPR B AH XS 235 5 AN WG Ok, 1 B Y

®1 HXERYESIMEREREFT

Table 1

Name and sequence of the target gene amplified with primers

A PG —3")

Genes Primer sequences (5' —3')

TR/ Nop
Product size/bp

Actin

CYP450

~ m ® =M ®”

p33

GTCACAAACTGGGATGATATGGAG
TTGGCTTTAGGGTTGAGTGGA
GCCTGCCTTTGTTGTCTTCAC
CAGCCCACCTCTGACCTACTCT
CAGATTGTGGATTTGGACAAGAAG
CACACCCACTCCTTTTGATTTG

119

80

122
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3-H3E3E 3—-Methylphenanthrene
L4r @3d

a7d

f

CYPASOFERFIXT 15 5

Relative expression of CYP450

b i O

100

wn
—_
(=)

REEHIE (ng - L)

Exposure concentration/(p g * L)

B1 3-BEIFE2-FEEXHRS CYP450 EERIER

CYP450FE R AR X ik

Relative expression of CYP450

2-FSERE 2 Methylanthracene
2 Ba3d

B7d

1.6
1.4F

RN

%
?
’é
?
?
’

B B-B 5 10 50
BT (ng - L7

Exposure concentration/(p. g * L)

E; un

T A AR NG R 2RR 3 PE 22 53 (P<0.05) AT AR IR NG 78 3 3R 0 35122 5(P>0.05)

EI =B AR B Fmas
Fig. 1

X, B-B SRR AR Ii4H R IR
The effects of 3-methylphenanthrene, 2-methylanthracene on the CYP450 gene expression of Apostichopus japonicus

Note: The different letters mean significant differences at the 0.05 probability level, and the same letters mean no

significant differences; B represents the seawater control group and B-B represents the acetone control group.

- 3- FHELSE 3—Methylphenanthrene

B3d

=
=

o A S ITID
| i 1

08 F

06

pSIHEIE IR ik

Relative expression of p53

04F

02F

0.0

BB 5 10 100
TR E (g - L7

Exposure concentration/( . g * L)

B2 3-BAEIF2-FEEXFHRS

- B - y
- 2 Methylanthlioene @3d

B7d
Q14d

20
1.8F
1.6F
14F
12F
1.0F
0.8F
0.6
04F
0.2F
0.0

pS3FER MR R A i

Relative expression of p53

B~

Lé‘ R o I

B B-B 5 10
REEE (g L)

Exposure concentration/(p g + L)

p33 BERIEHF M

Fig. 2 The effects of 3-methylphenanthrene, 2-methylanthracene on the p353 gene expression of Apostichopus japonicus

PEPET RIS CYP450 FE R By F ik, 5 X} IR 44
Fb,3-H 3EIERTR 14 d J5, CYP450 ﬁﬁlﬂ’]%&ﬁi*ﬁxff
FeIkE/ NI, 25 5 18 35 (P<0.05), Bl %5 MR 1)
Thi5 , CYP450 FE R R G 3¢ 35 BB T K, 100 pg
L FEAH 5 10 pg- L ANBRAIA L, 2 F N B E (P
>0.05), FH2-HIIBZEE 14 d 5, BEERE NI &
CYP450 SEIR 1) 22 35 132 2 B W g ol , HAEAE —
FE BIFI - RN K R (P<0.05), LR 14 d )5, 1
|2 CYP450 FE DAY Fih e 7E 3-HRETEWRBE 1y 5
pg - LWl Tk B/ ME 0.21, 78 2-F 3L Bk B N
50 pg-L'HriA Tk EER/ME 016,

2.2 3-HHAE 2-H
A

3-HFEIER 2- I BL 0 i 2 ps53 HE KI5
M an e 2 s, 3-H LSRR 2- L Ea w3 3 d)
YRS ps53 F K A A XS 2k R B AR — 3K
(AR Ak, 5% BEZH A HE |, 3 - F SRR 4% b B A XA ) 2
P33 FER A Rk B BB 2 4 4 (P<0.05),
ELBERE Wp3e W B2 0 s R /N A7 AE
AR5 RO S AR 2- Y 3R 4% A B A ) ) 2
P53 5L I 35t ¥ R B Wl 3 A I IPE FH(P<
0.05), {FLBif 5 6 v 55 10 v, 00 i 4 P 328 15

BEROS TR Z ps3 He P RIERY
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3-FILSEM A (T d), BERE 0 W T 4 R
2 p53 H K AANT 2k R B ST R 5 AR A
A 2-FLE A TP (7 d), &AL R X5 2 ps3
FEIH P FER Y2 5 VR Lt 5 Tl 26 R 1Y
Then S ps3 JEH AT A BRI S 3-H
SR AR Bl AL, 5 50 T S R AR AR
3-HIELEA 2-F 3L BUb 38 S5 1 (14 d), 5 % BE 21 A
L, AL PRI RI T ) 2 ps3 SEN SRR B
FRAEIEF(P<0.05), HITE MO R E R 10 pg-
LI 2 ps3 He IR BN 2 1k ik 5 i/ ME.

3 iti&(Discussion)

CYP450 F p53 FEA 578 3-FH HE9EHF 2-H
FEBG YL R S A S B R A i
FEANIR TS Je Wy itk A5 B SR B, CYP450 Fl ps3
LR TR T RE X B4 = LR i By DL 2RO 0 S 1
18 A BT B, F 3 1 LA e o R B Rkt 2 ol e
YT A2 S B A 25 5, X T BB 5 CYP450 F: A I
P33 FERTEA W IR N G 222 D e S A ML AR R A
Ko ANFEANEA =Y B AR YR N 5 ] 5 4
AR 38 35 PR I U R R 1 0 B O S SR, DA
TG A= Py AN P i 2 A0 R 4, AR5 AR WA Iy
I RAIRT RS AR 2 5 3 2 2 A1) 45
BRI S 100 o 7 25 Ak 7T R 43 s B Y et A
VIR, IREETS Ye ik AR IR 3 R TR
P450 RIS 5N TR G0 TR KR ARG
TR AEAS 5 Yo W 1 15, 5 805 G W 0 7 1
5505 WA HESH I TE A WIS Y G T ARAR
R = R R PR Y —— TG R R T R
SRR E I, CYP4A50 B R AE A
WA 9 i 5 — A o B i, 38 R A R R A
R4, IR A S P b 4 i P 72 Ak iR
AL, N B B A e H IR B B (GST) X SN
M AL SR AL IE IR AEAR SIS, 2 CYP450
L) RIRTE 3-F B TE M8 i 52 2306, 78 2-H 2
Ehia 3 d f1 7 d ¥ sz 23], mkie 14 d 53R
PR W2 B S AE B (P<0.05), L, {5l =
CYP450 3 H [ R TE R R Z 355 12 Mae F 22 80
NS, X5 AE A 3- 5L HE A5 X ] fil
(Takifugu rubripes)2)] 6 JIF L0 SV 45 () 5 ) J2 22 34 5%
KRYIFNT CYP450 1A1 W9iF T3k 2 B0 H ALY
FUAERY DR, M B TR P (7 d)2-F 3 O 0
il CYP450 FEH B35, A s AH S Bk IR P17 1
VI BEPEAE FH , AR oSmt e 40 e 1 7 38 7, (L

PRSI AT BR , CYP450 PR 1 3 1k A A BE JC FR 42
o, B Y R A IR (14 d), 05022 2 1) 5
PEAE PR H 32 v, H CYP450 Y4 ik £ 32 3|
i3, (15 CYP450 FEPR A XS FRak 5 T R, SR
HHEERUN . I CYP450 PN 3-H BLAEAY T 52 fig
oo TEY I (RS R UOA SER . L, 238
RIS Y 3-H ILAEX RIS CYP450 FeH ik
(R RZ I /N T 2-F 3R

P33 IR FF ALY I F B, ps3 3
2R I, e 26 T X g AE K AT F0 DNA B &R 11
FEEH . ps3 AMUA B S 514K DNA B3 19 1&
SRR E IR R 22l 20 BN T 40 B 22 A v ]
T, 5 R A Rl 4 R B A DG L R
I ALY I 9T 200 L 7 38 0 4 iy 25 1) A 2 T 445221
FEARSLEG o 2 ps3 FER ) Rk 1 3-H 3L 36
TS Z ) T, 7 2-F 3L B haa 7 d BRI
FEFIER(P<0.05), 15 (14 d)ZRILH 53
HIFEH . IER 8 ps3 (kK EARME, 24 49
ZFNHN B B ps3 1 FR kKB B3I A
WA , 9ok AL RE B A LR BB S Hela 20
JRLFT L929 A ps53 N kBT
W3- F BLEAE R BE (e <100 g~ L)t (1< 14
d) W3 BV AT XoF 7 3R] 2 2 ol A o ) 5 3 AR D, T 2-
FH R B a A E] (7 ) Bsf X 00 2 7 A 7 R ) B
YEF, HATHIZ: ps53 DI 2-F 35 380 30 ik ) A5 —
E (AT 52 MR, 4 Fpihai B 8] R F e B S, 7] A 3K
AT EIET -, BUE ps3 F ATk Sk

LA 2 B2 T35 1R 05 Ye i fl 2 CYP450
F1 p53 FE DR A AT 2% 35 5 & B, 76 A [ vie B ) i)
a2 A B R 2 CYP450 T ps3 FEH %
IR AR R A 3 3- 1 JEdE<2- I LB, X m]
RE R T 8 S5 R I 1Y) 25 S S SO AL
AR BV BRI ES ] 4, £k 0 B 45 48 ] R X L
BEPEA BB, 75 i — 2D AT AR OISR

Bigh: At K £ B F R F AR
ESETE N

EFHEELEFBA TS T

BIRAEE B 205951978, B, AL B4R 2 A A+, &l
I ETEMRE T ESEA,
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