49 4 Vol.49, No.4
2018 7 OCEANOLOGIA ET LIMNOLOGIA SINICA Jul., 2018

[a] (BaP) fii(Sebasticus marmoratus)
CYP1Al '

( 316022)
[a] (BaP) P4501A1(CYPIA1) , firf
(Sebasticus marmoratus) s s (0.1 1 10 20 50mg/kg
) BaP , CYPI1Al , - BaP
, BaP 6h 12h 1d 3d 7d ( 20mg/kg )
CYPlAl : - , 20mg/kg
, , - , , 6h
12h  1d ,EROD 3d , , 7d
RT-PCR , , CYP1AI ,
,6h  12h , 1d 3d  7d
Western blot , 12h ,
, : BaP filf CYP1A1
BaP fi , fif EROD CYP1A1
mRNA R BaP
CYPI1A1 CYPI1A1
[a] (BaP); fi; CYP1A1; ; ;
Q789 doi: 10.11693/hyhz20180300055
P450  (CYP450) (Fent, 2004; Chen et al, 2007)

5 [a] (Benzo[a]pyrene, BaP)
(Gokseyr et al, 1992) CYPIA (Conney, 1982) ,
P450 , , BaP
, (Yang et al, 1996; Uno et al, 2001; Liu et al,
) , 2008)

, fifi(Sebasticus marmoratus Cuvier 1929)

fiy figh fify ,

CYPIA CYP1IA1 CYPIA2 CYPIA1 , ,
CYP1A1 S
* ,2017C37073 ) , E-mail: wenjing900320@126.com

: , , , E-mail: wangxiaoyan@zjou.edu.cn
:2018-03-16, :2018-04-17



898 49
Plus) TaKaRa ; RNA
s ( Omega ; APS Thermo ;
, 1997; ,2015) E OD
BaP R
s ; ABI7500 PCR |
ABI ; ; ;
BaP fiy , Beckman ;
fi EROD BioTek ; BIO-RAD
( , 2005), , Trans-Blot SD
PCR CYPI1AI mRNA 1.1.2 fi (Sebasticus
( ,20006), , BaP CYPl1Al marmoratus) ,
, 25g, 10cm,
520cm*700cmx
1 200cm 2, ,
1.1 48h
1.1.1 BaP( W=96%) , (24+1)°C, 22—24,
TEMED  Sigma ; 30% Acr-Bis (29:1) pH s
; 1.5mol/L
Tris-HCI (pH 8.8) 1mol/L Tris-HCI (pH 6.8) 1.1.3 filf CYP1A cDNA
; DAB Fluka PBS Tris Glycine B-actin , Premier 5.0
BIO-RAD; ; , cDNA
PCR SYBR Premix Ex Taq™ II (Tli RNaseH
R1 #BEtH CYPIA LK AS B-actin £ F cDNA Ry 1#35(4)
Tab.1 Primers used for the amplification of S. marmoratus CYP1A and B-actin cDNA
cDNA 5'-CCTATGACAAGGACAACATTCGTG-3’ 5'-CATCACTGACCAAGACAGGGCT-3'
B-actin 5'-AGGGAAATCGTGCGTG-3' 5'-ATGATGCTGTTGTAGGTGGT-3'
1.2 CYP1A1 RNA ,
1.2.1 , - s
(D fi] BaP (D , 20mg/kg
- , 70 fihy 6 BaP , - ,
5 BaP (0.1, 1, 10, 20, il BaP
50mg/kg ) (Omg/kg), 2) -
( , 1992), BaP , BaP
, 20mg/kg , BaP
fiy , 1d 3 , fi
filj(Levine et al, 1999), , 80 fify 7, Oh
, , 6h 12h 1d 3d 7d (7d ,
RNA s . 20mg/kg BaP, .
4d, -80°C ), Oh 6h 12h 1d 3d 7d
RNA PCR , 3 fif,



4 : [a] (BaP) fify (Sebasticus marmoratus) CYPI1A1 899
, , , , lug RNA
RNA , cDNA , -20°C
, , 1.2.6 PCR PCR  ABI7500
, , 4d, PCR , 1.2.5
—80°C cDNA , 20pL: 10uL SYBR
1.2.2 Bente M. Nilsen, PremixEx Taq II (Tli RNaseH Plus)(2x), 0.4uL. ROX
Karin Berg ) (Bente et al, 1998) Reference Dye.H, 0.8uL PCR forward primer, 0.8uL
PCR reverse primer, 2ul. ¢cDNA, 6uL. ddH,O (An et al,
—80°C ; 2011)
50mL , 7mL Extraction Buffer , . 950C 10s,
(0.1mol/L Tris-acetate buffer), s 940C 55, 60°C 34s, 40 ’
’ 60°C ,
6000g, 4°C 50min, 10mL
’ ) ’ 100000s, 3 , ROX , P-actin
32000r/min 50min ,  phosphate buffer AACT  (284cT) CYPIAL
’ ’ ’ fil ( ,2013)
-80°C
1.2.7 CYPIlAl (Western blot)
123 Celander (1991) , Western blot
Bradford , GENMED-Bradford
CYP1A1 , Abcam
P450 1A1 1A2 C10-7
1:100; (HRP)
T IgG(Solarbio), 1:1000, DAB
100pL, s
GENMED-Bradford Bradford
1.2.4 P450 1A1(EROD) Bradford ’
GENMED P450 1A1 PBS, 10min , 20ng
SDS-PAGE , , PBS
) 1h, 4°C
, PBST 3, 1h , PBST
3 ,2016), DAB ( DAB 30% H,O,
96 , PBS 0.05% CoCl, ),
530nm  590nm I (nmol/L) ) ,
, (RFU) , RF Quantity One
1.2.8 SPSS 19.0
(2) EROD , Origin 8.0 ,
, , , X=£s , P<0.05
, 37°C 10min Western blot Bio-rad
, 1D Quantity One
RF , EROD [pmol/(min-mg)]
1.2.5 RNA cDNA 2
RNA Total RNA kit I 2.1 CYP1A1
(OMEGA) RNA, 2% 2.1.1 1 ,
RNA Thermo BaP filf CYP1IA1 mRNA



900 49
, , 100 ¢
O L
, 0—20mg/kg K
80
mRNA s > %
an
20mg/kg , S0mg/kg R 12? 60| b
fiy 20mg/kg %
CYPIA] mRNA , @ [
<
, fiy ) E 20+
CYP1AImRNA 50mg/kg © ab 2,
25
OB 2
% 20+ X 2 BaP fify
5 ) CYP1AT mRNA
S 15 Fig.2 Effects of BaP in a certain concentration BaPat a different
QE: time on relative CYP1A1 mRNA level in S. marmoratus
K 10} >
um (P<0.05)
< a
T 5r L
> a
o a 12L Y=0.7197X+0.5257
0 0.1 1 10 20 50 TERRBIR=0.9698
BapFRE3KE (mg/kg) .09
; 8
1 - , BaP fih @ os
CYP1A1l mRNA R
Fig.1 Effects of BaP in different concentrations BaPon relative = 0.3
CYP1A1 mRNA level in S. marmoratus ~T
(P<0.05) 00— % "% & 10 12
EOMR2E (u9)
2.1.2 - 2 s >
, fiyh 3 EROD
Fig.3 Protein concentration standard curve of EROD
CYPIA1 mRNA R , 6h
12h CYP1A1 mRNA ODsos s (ng)
5 12h fih R Y=0.7197X+
, filf CYP1A1 mRNA 0.5257, R*=0.9698
, 1d mRNA s 4 )
3d ,7d R IEH
R CYPIA1 (RFU) R
, I (nmol/L) ,
- , fih Y=73.917X+1005.55833, R*=0.98282
CYP1A1 2.2.2 fiff EROD
2.2 5 R BaP EROD
2.2.1 ( ) R R ,6h 12h 1d EROD
ODsos > s 3d EROD
¥=0.07197X+0.5257, R*=0.9698 , , 7d
3 , Bradford EROD

>

, BaP fify EROD ;



[a] (BaP)

fifi(Sebasticus marmoratus)

CYPIA1L

901

SEIRERODIERTIEIE

, BaP CYPIA1l mRNA

20000 -

5 160001  Y=73.917X+1005.55833 ]

& 1BF R ER=0.98282

5 12000

#

[y 8000

=

< 4000
0 1 1 1 1 1 1 1 1 1 ]
0 50 100 150 200 250

TOERESIIBWEBRE (nmollL)

4 EROD

Fig.4 Linear regression equation for the determination of
EROD activity

OD595 s

>

0.07063X+0.54184, R*=0.96702
2.3.2 Western blot

6h fil
12h , 1 ,
3 7 ,
fil
fily mRNA

Y=0.07063X+0.54184

121 R=0.06702

L 1

00 1 1 1 1 1
0 2 4

6 Western blot

6 8
BOFSE (19)

Fig.6  Protein concentration standard curve of Western blot

3

BaP

BaP fiyly

EROD

Fig.5 Effects of a certain concentration BaP at a different time

’ 5 BaP
(P<0.05)

2.3 CYP1Al ( Western BaP , R

blot ) BaP CYPIAI
2.3.1 Western blot ,
6 s Bradford R 2003)

| - n— o e S——
XyfR-0h BHRINYIR-7d 6h 12h 1d 3d 7d
7 BaP filf CYP1A1

on relative EROD activity in S. marmoratus

2013) CYP1A1 BaP

Fig.7 Expression of CYP1A1 protein at a different time under a certain concentration

BaP

( b

B

b

CYPIAl

>



902

49

fih
, filf CYP1A1
BaP

BaP (0.1, 1, 10, 20, 50mg/kg
fili CYP1A1
BaP 20mg/kg
, , fif  BaP
20mg/kg
BaP fi
Oh 6h 12h 1d 3d 7d fiy
EROD Western blot
) PCR
CYP1Al mRNA
fiff  EROD CYP1A1
mRNA

>

>

fiy
, BaP filf CYP1A1
CYPI1Al ,
(Wang et al, 2008)

EROD R

fify  CYP1ALl
EROD
filf  CYP1A1
CYP1A ,

, , 2013. [a]
P4501A1 . , 1303):

, , , 2005. [a]
EROD . , 24(11): 1295—1298
s R , 2016. Rc Re Rf
Rgl CYPIA1
,32(9): 1217—1223
, , , 2003. [a]
P4501 Al . ,
21(5): 362—364
, s , 1997. fil;  Sebastiscus
marmoratus . , 16(3):
169—174
, 1992,
, 105—107
, 2006. [a] (Sparus macrocephalus)
CYPIA1 :

, 2015, figy

AnL H, Hual Y, Yang M et al, 2011. CYP1A mRNA expression
in redeye mullets (Liza haematocheila) from Bohai Bay,
China. Marine Pollution Bulletin, 62(4): 718—725

Celander M, Forlin L, 1991. Catalytic activity and immunochemical
quantification of hepatic cytochrome P-450 in B-naphthoflavone
and isosaftol treated rainbow trout (Oncorhynchus mykiss). Fish
Physiology and Biochemistry, 9(3): 189—197

Chen W P, Bi L, 2007. Exploration on effect and significance of
drug metabolic enzyme for studying on compatibility of
Chinese herbs. China Journal of Chinese Materia Medica,
32(2): 96—98

Conney A H, 1982. Induction of microsomal enzymes by foreign
chemicals and carcinogenesis by polycyclic aromatic
hydrocarbons: G. H. A. Clowes Memorial Lecture. Cancer
Research, 42(12): 4875—4917

Fent K, 2004. Ecotoxicological effects at contaminated sites.
Toxicology, 205(3): 223—240

Gokseyr A, Husey A M, 1992. The cytochrome P450 1Al
response in fish: application of immunodetection in
environmental monitoring and toxicological testing. Marine
Environmental Research, 34(1-4): 147—150

Levine S L, Oris J T, 1999. CYP1A expression in liver and gill of
rainbow trout following waterborne exposure: implications
for biomarker determination. Aquatic Toxicology, 46(3-4):
279—287

Liu Y H, Yu X Y, Han N, 2008. The present study on the toxic
effect of benzo[a]pyrene (BAP) and its mechanism. Journal
of Inner Mongolia Agricultural University (Natural Science
Edition), 29(1): 184—188

Nilsen B M, Berg K, Goksoer A, 1998. Induction of Cytochrome



4 : [a] (BaP) fify (Sebasticus marmoratus) CYPI1A1 903

P4501A (CYP1A) in fish a biomarker for environmental Wang Y, Zheng R H, Zuo Z H et al, 2008. Relation of hepatic

pollution. In: Phillips I R, Shephard E A eds. Cytochrome EROD activity and cytochrome P4501A level in Sebastiscus
P450 Protocols. Totowa: Humana Press marmoratus  exposed to benzo[a]pyrene. Journal of

Uno S, Dalton T P, Shertzer H G et al, 2001. Environmental Sciences, 20(1): 101—104
Benzo[a]pyrene-induced toxicity: paradoxical protection in Yang Z H, Zheng J, Tao J C et al, 1996. p53 gene mutation in a
cyplal(-/-) knockout mice having increased hepatic benzo(a)pyrene-induced human bronchial carcinoma cell
BaP-DNA adduct levels. Biochemical and Biophysical line. Laboratory Animal Science and Administration, 13(3):
Research Communications, 289(5): 1049—1056 12—15

EFFECTS OF BENZO[A]PYRENE ON EROD ACTIVITY, mRNA EXPRESSION, AND
PROTEIN EXPRESSION OF CYP1A1 IN THE LIVER OF SEBASTICUS MARMORATUS

SUN Wen-Jing, WANG Xiao-Yan, QI Peng-Zhi, ZHANG Jian-She, WU Chang-Wen

(Marine Science College of Zhejiang Ocean University, National Engineering Research Center of Marine Facilities Aquaculture,
Zhoushan 316022, China)

Abstract We investigated the effects of benzo[a]pyrene (BaP) on the expression of cytochrome P4501A1 (CYP1A1) in
fish. Sebasticus marmoratus was used as the experimental material and it was injected intraperitoneally BaP at different
concentrations (0.1, 1, 10, 20, and 50mg/kg) on the mRNA expression of CYP1A1 in the fish liver BaP to determine the
best concentration used in the follow-up experiment. In addition, the enzyme activity, mRNA expression of CYP1A1, and
protein expression in the liver after the BaP induction was read 6h, 12h, 1d, 3d, and 7d after the injection. The results show
that the 20mg/kg concentration was the best in the dose-effect experiment, under which the gene expression varied most
significantly in all the groups. The enzyme activity in the 6h, 12h, and 1d groups showed a significant increase compared
with the Oh group, the control. The enzyme activity of group began to decrease on Day 3 to the similar level of the control
and increased obviously again on Day 7. Results of semi-quantitative RT-PCR show that CYP1A1 expression in all
experimental groups was up-regulated from that of the control, showing a trend of increase first and then decrease. The
relative expression increased significantly in 6 to 12h, declined in 1d, and stabilized in 3d and 7d. The Western blot result
shows that the protein expression was boosted significantly in 12 h of the toxin injection and then slightly decreased over
time, which was very different from that of the control. Moreover, the injection of BaP in a certain concentration BaP at
different times in S. marmoratus could induce ethoxyresorufin-O-deethylase (EROD) activity, CYP1A1 mRNA expression,
and protein expression. Therefore, the function of BaP as an inducer of CYP1A1 EROD activity and protein expression
may be related to the regulation of CYP1A1 transcription.

Key words benzo[a]pyrene; Sebasticus marmoratus; CYP1Al; enzyme activity; gene expression; protein

expression



