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The measuring method of hepatic microsomal EROD activity in three species of
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Abstract; Cytochrome P450 ( CYP) enzymes are a large and ubiquitous family of hemecontaining proteins found in
vertebrates, invertebrates, plants, and microorganisms that catalyze the oxidative biotransformation of diverse lipophilic
xenobiotic and endogenous compounds including steroids, fatty acids, drugs, and organic pollutants. CYP enzymes play a
role both in the detoxification and activation of halogenated and non-halogenated hydrocarbons found in the food chain.
Because CYP enzymes are central to metabolism, levels of individual CYP enzymes are important determinants of
bioaccumulation and ultimately of susceptibility to environmental contaminant exposure. A toxicologically relevant aspect of
CYP regulation is the observation that several substrates can increase expression of specific CYP enzymes involved in their
metabolism. For example, induction of hepatic CYP1A enzymes is a common and characteristic biochemical response in
vertebrates of exposure to certain planar halogenated and non-halogenated hydrocarbons, such as polychlorinated dibenzo-p-
dioxins (PCDDs) , polychlorinated biphenyls (PCBs) and polynuclear aromatic hydrocarbons (PAHs) , that often precedes
toxicity. In mammals, the CYP1A subfamily contains two related forms, CYP1Al and CYP1A2, that can be separated by
chromatographic, electrophoretic and immunochemical means. Expression of both CYP1A1 and CYP1A2 is regulated in a
differential and tissue-specific manner by the aryl hydrocarbon ( Ah) receptor. Although several different CYP enzymes have
been identified in fish, CYP1A has received the most attention as the major hydrocarbon inducible form and as a possible

biomarker of exposure to marine hydrocarbon contaminants. CYP1A enzyme induction in fish populations is generally

B&TE :FR A AR (40476042) ; B G 715 AFHEE R P A (2007111) s EPEL SR PEAT L BHIT & T 22 9 (201005016)
Yo B H#1:2013-06- 18; &1T B #3:2014-07-14
* MIRVEH Corresponding author.E-mail ; zhangyusheng@ tio.org.cn

http ://www.ecologica.cn



19 #5 BB A3 R AR FRORAR EROD 15 T A9 52 5417

recognized as a useful and sensitive biochemical marker of contaminant exposure, and by inference, of marine ecosystem
health. Usually, induction of CYP1A was determined by measurement of an associated enzyme activity, namely
ethoxyresorufin O-deethylase (EROD). The EROD activity is measured by following the increment in fluorescence of the
reaction product resorufin. But the optimal conditions for the EROD activity vary from marine fish species. According to
ecological features, Sebastiscus marmoratus, Sparus latus and Sparus macrocephalus were selected as experimental animals in
the present study. A systematic study had been performed on optimal conditions of hepatic microsomal EROD kinetic
reaction system for the control and the induced groups of Sebastiscus marmoratus with the water soluble fraction (WSF) of
0# diesel fuel. The optimal conditions for the microsomal EROD activity of the Sebastiscus marmoratus were pH 7.60,
15 C, 0.5 pmol/L 7-ethoxyresorufin ( substrate ), 100—800 g microsomal protein and 70 nmol/ml. NADPH, which
showed no difference between the control and the induced groups. However, the EROD activity was apparently higher in the
induced groups than the control ones. The optimal conditions for the hepatic microsomal EROD activity from Sebastiscus
marmoratus were firstly established in this study. Moreover, K  values for the control and the induced groups were 0.144
pmol/L and 0.357 pmol/L, and V__ values for the two groups were 0.466 nmol min~' mg™' protein and 2.360 nmol min™'
mg ' protein, respectively. Furthermore, the comparison of optimal pH values and temperatures (two major factors) for the
hepatic microsomal EROD activity among the three species of fish were conducted in the study. The results indicated that
optimal pH values and temperatures for the EROD activity of both Sparus latus and Sparus macrocephalus were pH 7.80 and

25 °C, which were different from those of Sebastiscus marmoratus.

Key Words: Sebastiscus marmoratus; Sparus latus; Sparus macrocephalus; EROD activity; 0# diesel oil WSF; crude
oil WSF.

FIA 20 TH4E 60 AFUABL T fa2EAnil (2R P450 fin
BAEERLR VP20 R B 2R A0 (3R P4S0 B4
ity S5 LAY ARL , A —2H AR A R ZH 2R
HISERAR 2R | 23T 45000—60000 , 7E A P44 Y ) it
H R RE BERER 7-C SR MEE-0-
it 2, 3E 8 [ 7-Ethoxyresorufin-O-deethylase ( EROD) ] /&
ZHER P — R, EAEAL 7-2 A R RERE-O-ii 2
HE N T AS 44, J& T 2 35 05 J& (Polycyclic aromatic
hydrocarbon , PAH) /5581, {4 M 20 {22 70 4FAR
S JORR 2 524 S B R FE 0 el A 00 7K A
BT e LK 1% 28 K ' ik — Fh U Y
A=A AE ) W I B R B2 b R T B v
A3 \PAHs, PCBs 254 35 A HLT5 Yy 15 G il &

FEATHILTS GL 475 G W I 0 A AR 508 BiF 5 i L A 2
ENEIES e e b S e SN oy VA N R O] T 7
A 5T LA 3R [ T U IS A A 24 B il ( Sebastiscus
marmoratus) 85 & 8 ( Sparus latus ) F1 2 7 ( Sparus
macrocephalus ) 5255 10245 38 o 2 48 M H5 2 40 114
KL EROD il 375 1 0 52 1) o3 2518, 15 72T 53 Fl
SEAB T RCRLAR EROD I VA I HE A , (AN ) 5 56 %8
ARG/ Wi S Al B T B, R 3R VR A AR
BUA BET5 Y075 G K AR W80, 9 el -5 A LA K
A TR BT B AL — O i 2R AR 25
B,

1 #RE5FE

HAWHON I T @ EROD AEYbrEY 1.1 S2iefak
W AR R BIF ST 55 FH B B TR T BRI Rl 2 4 s A My B e B BT ER S = e A Sk iR

MR, B TAHXERAL MERN) 2
P SER

SR, B T RZRAARE , 20 EROD A f5 Ul
“”K#Fﬁiﬁeﬁf%nﬁ PRI M 5 R 0 28 il 2 0 1Y) die 3
e 254 (L & pH (HAEBGE IR ) |, B A
?BE’J@‘{LJ&*,K&m@ﬁH EROD I P38 bRk 17 34

i H 4BV I SRR (12.7+0.5) em, 1K
H(28.9+2.7) g, HEHEHRFNSAGH YW [ [ ] T AR
e, WEEHT IR R (13.8£1.0) om, Pk
H 4 (46.45+12.36) g, MBREFIHARK R (15.2£1.8)
em, AT N (57.51£13.18) g, FFRISLHT, 1y
Pt R B K4, KN H g — B0 0 5 1E R S0 s

http ; //www.ecologica.cn



5418 VST

34 4

W), YT, 2RSS AR T I U U uE K R
W 7 d, R HLESE A B A4 E il
BI7K TR A 15.4—17.0 °C R4 25.6,pH {H 7.98 ; #
R0 S 0 1) 7K R SRy 22—24 °C, ER B 27, pH {H
7.81, BFRFNSLII AR ] H ARG IR A
1.2 O#5&i A5

O#5& M [ JEL 1] Sk v [ A7 A 5 2w i
Ji el A A A A RIS 6 T BTARAE
1.3 fUaiksr

S T Y 32 AR B A AL A AL104 L T
IIHTRAF- (b - o % METTLER 22 7)) , PHS-3C
KRR (T TR ) ) L J-25 s U0
HL(ZEE Beckman 28 F]) , —86°C AKX IR vk 46 (3£
Forma /A /] ) , Varian Cary Eclipse %% 3t 43 Y6 6 B 11
(2 Varian A7) , Unico UV-2600 484k 1] I 435
JEET (Unico (_L18) UERAFRAF]) o
1.4 b2l i)

7-£ A FE ST W WEME (7-Ethoxyresorufin ) | 7-F2 357
W HEIE ( Resorufin ) FIiA J5 AU 4 B 11[ B-Nicotinamide
adenine dinucleotide phosphate, reduced tetra ( cyclo-
hexylammonium) salt, NADPH ] A3 Sigma 23 7] =
i 2B LT A (BSA) b 1 52 4 40 i A ) R
AR R 32 ) 5 Hoar A2 24 f Fiatn) 249 Sy [ 7
3BT AR
15 AihZOREETEAL S (WSF) il 85 I E

A WSF il £ ; 045 A0 B ath 73 31 5 v U 76
AKEE 110 IRA IG5, 0#5M AR A W HTREER H 3l
WHGHLELRR G 5 h, JEhiR &9 H s sh i AL b
8 h, #E UG 73 03 B T J2 K AR G IR A
FHHET 3510 0423 A i) WSF Ik B2

TR N 7 DA ) T A B M 0 e A 7
bRAFRAE, F B GB17378 (U P W I HLYE ) SR 9L
IPEICEE L HEAT, M E P K Ex =310 nm, Em = 365
nm, ZE SR WSF BRI, S5 AR I T s e it
TR T VD T K R 2 A oy R B TR
1.6 iFFR

053 WSF XJ 6 & fill 30K (A EROD 75 552
55 R EESCK, /6 R AN 4, AL 12 454
Efl, A4 ET 40 L &4 100 wg/L 0#457H WSF
BOVE TR VD UE TR A X BR A HA AR [ BR 70 U i
K o S E] R A TR IBORE i — R A5 1 501

FHFE AL 2 70, i 79 K T 4 A 1 3k 32 1) % T 7
IKEIDUEHE K, BT 7 d, 555 W EKE
15.4—17.0 °C , L0 25.6,pH {H 7.98,

JEi WSE X ¥ £68 7 1 22 6 - G0k 18 EROD 7%
S T A S AL A B A 08 i T RO A
EROD 19153 pH {H Al 5ca i B (B A 2200, i L5
SHS A4 KA BEIE PSR 10 DR ok R 9 A B A
K& EROD feidi 455 S0 RAg0ss 4l i 5 2k 4
d, SR bR FEPLICE 8 4540, 16 55 L TP K
S A 100 we/L (4 JEI0 WSF, 45 9 K 3 4 A
P IS K . KR 22—24 °C L EhE R 27, pH
18 7.81, & 25 Rl B filifs T 50 5
1.7 T

SEO IRV F T, A, PR, A EC
JERRE BB T -70 CBACR KA A7, i
KR it 26 (R ORI ] 45 2 2% Forlin''" Fl Stegeman
VR AT TRt A AL R O
PG I, BT A B TR SR AS I 5 AR T
fRI513% 2% o (0.1 mol/L Na, HPO,-NaH, PO, , 0. 15
mol/L KCl,pH {f 7.40) ,#% 1:5, VKIF F 213 ,4 CT
10000g #5.L> 15 min, H 13 4 CF 55000 g &5 90
min, A FRORARTTIE E 1:1 W T 104 B ok 1A 2%
W (0.1 mol/L Na, HPO,-NaH, PO,, 0. 15 mol/L
KCl,20%Glycerol ,pH {i 7.40) b, & F-70 °C K
VKAEARAT , P T 06 R 1 o e 0 5
1.8 EROD jEE &

B b AT 3k /R EROD & M I 2 DA
Andersson 251 %' 2 I8 Burke Al Mayerm' F 5 i ST
(RHEA SO AR R, WA Btk SO TE 286 A O EE
TH L @R EAT , SURTY 2.5 mL, ViR &
928 vh i 1 0.1 mol/L Tris-HC1 #~ 0.1 mol/L Na-
PBS ( Sodium phosphate buffer solution ; T 108 4 2% 1
W) o BN 30 s J5 M B L™ ) 735 5 S5 Wy W
(9 IGAH , E, =530 nm, E, =585 nm, 1E§5h 1124 %
Jof F A I g, 38— X Rl 9 pH {E (7.20,7.40,
7.60.7.80 #18.00) I (5.10.15.20.25.30.35 C
140 °C) % 114 (100,200,400, 600, 800 wg Fl
1000 pg) . NADPH (10, 30,5070 nmol/mL #I 90
nmol/mL) FIJEE Y e B (0.1,0.3.0.5.0.7wmol/L Fi
0. 9umol/L) HEATHLZ | LS M4 IF EROD % 1 5
HAR,

http ; //www.ecologica.cn



19 #5 BB A3 R AR FRORAR EROD 15 T A9 52 5419

B HEBR A G T EROD 3F 1 fei 45 14 L 56,
FE 1 3R T % 1 At B0 v e o ) R S A R
pH {(7.20.7.40.7.60 .7.80 #i1 8.00) FIIEE (10,15,
20.,25.30 CH135 °C) , LAHGE T AT B S AK &
T e B 1 s B A

it 15 A A 22 v O AR B 11 R A3 A AT Y
7R (nmol min™' mg™' ) .

1.9 H e

1 JF SO AR B 10 A0 s DA/ IN A I v 1 R
FI bR, SR Btk (4 2% T 307 5 W L gkt ik AT
7E
1.10  HdEsrHr

S SR FH A it R O o A ) - YA (B
TR,

2 #BR5iTig

2.1 18 E T EROD SV RS0 el 41
2.1.1 IS pH

L Andersson Z5"* 3T Burke #il Mayer“” Sy
Peeke it ST B9 £ FF EROD U RE 1A 2R b AR I AR
RAEHESHRA AN S 8 e 17 2 ik
il pH HIEEE . FEAIE pH H A4 T, EROD fi#
TR 7- 58 3 S Wy WE e 114 5 107 18R AN ], BRIl
PEARTR] . BN B e e a5 ) pHL AL 39l 2 il S 7
KRR el pH (H, ARSCEME T pH {EN 7.20,
7.40.7.60.7.80 F1 8.00 ] 0.1 mol/L PBS X X 2
FNZE 20 094 B T EROD TR PERY M, IR 1 7]
DIBRSR A R 2 X BT J2 100 pe/L 5 4,
& il iF EROD 1 M i pH {ELER 2 7.60,

o
g 1.8 —e— T HAZH —=—100 pg/L
T 16 F
f 14t
RE 12}t
we -
S35 10t
SEo0st
Bz 06
£ 04t t/tf/"—\‘\t
2
A 0.2
@] 0.0 L L L L
g o
o 7.20 7.40 7.60 7.80 8.00
pH

B 1 A[E pH & X} & & AT 7-Ethoxyresorufin-O-deethylase
(EROD) i&F 1KY 0
Fig.1 Effect of pH on hepatic 7-Ethoxyresorufin-O-deethylase

(EROD) activity in Sebastiscus marmoratus

2.1.2 HFoEiRE

A (5 2K PAS0 R 5 I B I AR fL B DDA G
T O IS P ORT AR 40 it €8 25 P450 i 17 f5c il 1R EL
FLAN P EAR, b T HEW E il EROD 114 5
JE AR DG | B B N A4 R 19 il T, S 56 DA 3k
fif 2 y He AR 2R 48 Ml el pH E 7.60 A K 244,
E T 5.10,15.20.25.30 .35 °CHl 40 °C if X B8 41 il
V5S40 (1048 & BT EROD 35 1k, 45 SR 18 2 iR,
M5 CH 15 °C,# E il EROD J5YERES IR A T
Mt W15 °C BF, X B2 AT 100 we/L 35 5 41
EROD {1 P B ik W ; Z 5, Bl & Tt B 4k 22 T &
EROD ¥ P 1M 5 K B a3 JF 3 100 we/L #5541
RS RIZL, ST R 40 CH
PP ek, I &l EROD A9 f5id S
R 15 C,

—~

m 1o
—— XA
—a— 100pg/L

L L L L L L L J

5 10 15 20 25 30 35 40
i Temperature/°C

1
N
T

ERODTE N
EROD activity/(nmol-min"!-mg~1 &
e e o 2 =
[\ ES (=)} o] fel [\

(=}

B2 FEEREXEET EROD iEEH 00
Fig.2 Effect of temperature on hepatic EROD activity in

Sebastiscus marmoratus

213 FEHEARE

TERGOR SN Hh | AR T il A U7 4 38 8 2 i 1
1), TR A5 1) 2 I 8 23 2 e R g ik o, s g
O B Bt 5 T P 0, 57 SR B AP, L s il 5
o FHRE T L SR e G AR 5 Bl i 0 Ak 21 i
U400 Bk /0 T R X6 A A ) g o7 3R B 3% 9 s 1) T
— A BRAE, SEEGAE LIRS Y s pH (E 7.60 1
IEREE 15 °C SO FEAR SN R R S H il NADPH ¥
FEARARR ST, 2EAS [ GOk A B 1 A O T I
T X HEAL R AL 0048 B il T EROD 161, A 3
AL Y, ZE X BRZHL AN 100 pg/L iS40, S AE
SR I E 100—800 e Z B ZfLET, FEEES
EROD & MEREAR LM IR 7E 1000 g 4k M 2w A
FEAR .

http ; //www.ecologica.cn



5420 VST

S

34 4

)

[ —e—xfmal
|l —=—100ug/L

EROD L3 )

EROD activity/(nmol-min *-mg* &)
< e L =
& » o

o
)
T

1 1 1 1 1

100 200 400 600 800 1000
H H & protein content/pg

(=}

B3 AEZEQEXEE & EROD EFHEH I
Fig.3 Effect of protein content on hepatic EROD activity in

Sebastiscus marmoratus

2.1.4 Hifi NADPH ¥ %

f£ EROD [ {2 )2 i o, NADPH 19 3= 224
SRR T A eSS RN LT AR JET,
— U, W AR R R NADPH FE1E 2 i iy, 24 3
HA RN EROD W& WAL, 78 Bk fei i) pH IR
FIE EFE M S E AR 400 pg 5N, AR
NADPH ¥ B 454 T I 5E 17 % B2 A5 S 4 i 4
fifiiF EROD 11, BARGE S 4 o

M 4 BT LUE SRR EE S NADPH Xof i i 74
AR K, M4 A8 A L #F-2% , 7E 70 nmol/mL ¥ i
AT PRk Bl R, BR L B/EAEARLR XM T
NADPH Xf EROD 1 M A 5% el AS 2 43 BH I, 6 %) HE
R JL AN

—— X HEZH —=— 100pg/L

T 4.
o
o 12 F
k]
= 1O}
g E 0.8
2F
S 06
B3
E 0.4 ‘/’4‘__/;/’;—\;
2
n 02
)
2 ‘ ‘ ‘ ‘
10 30 50 70 90
5 e 1

B-Nicotinamide adenine dinucleotide phosphate,
reduced tetra(cyclohexylammonium)salt/(nmol/mL)

E 4 [ NADPH iR B3t 15 E & AT EROD & (B0
Fig.4  Effect of NADPH concentration on hepatic EROD

activity in Sebastiscus marmoratus

215 HIEJEYHE
TE—E W VAR R AL S N RS 40 1)
Z /D SRR KNE VI G, R RN, T E

53] ) Bt 5 PR AR AT, SIS 3t f B il 58 4 4 IS
L0 A5 2] 0 Tl s R R e KR B, N T
T RIS B 5 EROD i PR AH B OCR  #E iR 5
5 U B ol 244, A2 17 0.1.,0.3.,0.5.0.7 pmol/
L F10.9 wmol/L Ji& 4 B 1) 48 £ fili iF EROD %
FLRGE RN 5 fg 1 iR,

MELS AU H, IR 7-2 585 Sy g
BAKHT , EROD 145 Y 2 2 IE MK R, B H K
Yrae3E fin, EROD 6 Pkt A I 5, {5 24 J by A
ZHEPE KT 0.5 pmol/L LUJE, EROD 1% PE725 1k
Toratg LTG0 IR B O e b TR AR

——XFHR4l —=—100pg/L

-
N
1

1.0 +
08 r
0.6

o /X—\‘\‘

02+

0.1 0.3 0.5 0.7 0.9
Ik B

7-ethoxyresorufin concentration/(umol/L)

ERODH,IE T

EROD activity/(nmol-min 1.mg 1B H)

(=]

Bl 5 TRERMREXEE 8T EROD & a0
Fig.5 Effect of 7-ethoxyresorufin concentration on hepatic

EROD activity in Sebastiscus marmoratus

HRPEER 1 A0 o P SUEB PR (B ik 3R A48
il iF R EROD g4 8h 1124 S 8UE W3k 2.,

X RAA L, 100 pe/L 7554 fa if EROD %
CHEL(K,) M 0.144 wmol/L 3411 0.357 pmol/L,
PEim T 1.48 A% A Y B R I N TEBE (V) A 0.466
nmol min™’ mgflﬁlélﬂ“%iu 2.360 nmol min~’ mgﬂ%
L3R T 4.0 5,

25 bR 3 5o X 75 S 4 AR R 2 B A f AT
KL EROD TP 8l ) 2% N 3 458 19 I 2 45—
ZEoPi pH {H, IR, (&=, NADPH ¥ & FUR 9 ik
FEM TR, B T % 520 R 28 1 Bl I e 2%
4>k pH {H 7.60 JEE N 15 C JEY) 7- 2 8 I F myIE
WAV A 0.5 wmol/L FE i 85 H o8 100—800 g,
W JFE RV TT NADPH & 70 nmol/mL; i HLi% S 41

IS HEZH A il B I 4 A 24 — B0 BRI S 4Ll
TS P L RS M 20 ) s 5 ) B ZH RS 2 B EROD £

K V. A{E5r%°4 0.144 wmol/L,0.357 wmol/L FlI

max

http ; //www.ecologica.cn



19 #5 BB A3 R AR FRORAR EROD 15 T A9 52 5421

0.466 nmol min~' mg™' % [1,2.360 nmol min~' mg™' & FAR,

P AT EE 57 T g &l JIF BOKE A& EROD 15 14 46 )

£1 EYiREXTEE AT 7-Ethoxyresorufin-O-deethylase ( EROD) i 14 &Y 2211

Table 1 Effect of 7-ethoxyresorufin concentration on hepatic 7-Ethoxyresorufin-O-deethylase (EROD) activity in Sebastiscus marmoratus
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Table 3  Comparison of optimal pH and temperature of hepatic
microsomal EROD aactivities from Sebastiscus marmoratus, Sparus

latus and Sparus macrocephalus
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