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Establishment of Method for Cytochrome P450 of Earthworms ( Eisenia fetida)

as a Biomarker

ZHANG Wei?, SONG Yufang"?, SUN Tieheng"?, ZHOU Qrxing"?, LIU Miao"? SONG Xueying"?
(1. Key l,ahnrat(lry of Terrestrial Ecological Process, Institute of App]lcll Ecology, Chinese Academy of b(-mn(-(?ﬁ. Shenyang 110016,

China 2. Graduated School of Chinese Academy of Sciences, Beijing 100039, China; 3.Key Laboratory of Environment

Engineering, Shenyang University, Shenyang 110041, China)

Abstract: Earthworm ( Eisenia fetida) was chosen as test soil fauna to establish the method for determination of cytochrome P450
content. By means of thoroughly washing with salt solution, changing centrifugal acceleration and dissolving microsomal membranes
of earthworms with sodium cholate, the determination of cytochrome P450 was performed. Base on the method, dynamic
relationships of doseresponse for eytochrome P450 contents in earthworm and phenanthrene concentrations were conducted by contact
filter paper and soil contaminated with phenanthrene. Results indicate that eytochrome P450 are covered up by interferential material
in earthworm, which makes the classic peak lag and appear at 455~ 457nm in the CO difference spectrum with a spectrophotometer.
Through increasing centrifugal acceleration and adding reagent of solubilization, the interference is removed mostly and the classic
peak of P450 returns to appear at 450nm £Inm. The exposure tests of phenanthrene with contact filter paper (107 %, 1073, 107 *,
10" *and 10" *mg*mL™ ") and soil (1, 2, 4 and 8 mg*kg™ ') reveal that the dose response relationships exist between the pollutant
and cytochrome P450. Soil tests of different exposure durations (1, 3,7, 14 and 28d) show the effects of different phenanthrene
concentration on earthworm cytochrome P450 contents are to activate ( 7d) and to inhibit ( 14d and 28d), and the content of P450 is
0.99~ 1.41 and 0. 77~ 0. 88 ( p< 0.05) times of control respectively. From this study, eytochrome P450 content of earthworm has
the merit of simpleness, speediness and economy for determination, and it could be used as a sensitive biomarker for monitoring the
exposure of sublethal pollution in terrestrial ecosystem.

Key words: earthworms ( Eisenia fetida); cytochrome P450; biomarker; soil pollution; dose response
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3B 4% 55 40 5 I JIE BROD ( benzoxy-resorufir -

cledlklase) FTEROD ( ethoxycoumarine O-dealkylase) %5 1]
O R, ARG el o>~ o1

B A5 - 38 Yo A 7 BEAS WTRE 9T IR N I JE,
DA 398 2E ) T SO0 e A B R A b i £ R
FEEZ AN RE AL AE U BOEIR 85 P4 fF F i 22
T 160 7 5. g I, BT ) S AR B £ IR 9 32 51 H
TRICTE. 41 (5 P450 il 2 E 4 55 YL Wi i)
fabriit o, 2 2 AE R i 5 4 EROD ECOD FiI
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A A0 20 AL I JHF IO B S 88 R, i LA 3R AR
FARPEAT IR, A7 76 ™ 1R 5 T4, 3UE p4so &
BRI e A LA S B AT N BAAN B R 2 B 0T
(PAHs) V5 3¢ 138 1 J7 200 He g 8, b AT 385 48
JE5 R SORL AR P450 & &% F X RUFSE, R T
S o 2 LS R, il S R - 45 Zh A ok
& P450 5 5105, AR 0T HE A& 3R 3108 10 + 5 Y
UL R 36 2 il '

WFFEAE S I U BORE A 41 i (5 3% P450 75 =2l
ST PV IER B, UL R AR UE 7 1AL HERE 1 L
BN 1 92 WML 5| ( Eisenia fetida ) }‘Jﬁ'}(“rﬂ#}
HEAT P450 &5 Btk m&aﬁ’]{ﬂmﬁ(ﬁh}bu ITE I
St b, DA 5] GHORE AR 41 il (1 38 P4SO B N AR )
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1.1 2550 S5 nc

%F}J;}fff’rﬁ T Fluka 23 ) ( 3t -12) . JH 84 14
T Aldrich 2> ) (£8H) . =Ml (15 F1(BSA) 5% 4
Wit il G-250( CBG) 230 1~ Fifg 4= T2, Ay o #frali. I
fth 24 54 X5 T I 3 Fr 4. CO Tk B T A A, 4l
J&99.99% .

20% H M G 0. 15 mol/ L KCL ¥ Wi; A1 K 2%
P 250 mmol/ L EEHE, 50 mmol/ L Tris pH 7.5, 1
mmol/L DTT, 1 mmol/ L EDTA) ; 47 £% 4l ¥ ( 250

mmol/ L BE#¥, 50 mmol/L Tris pH 7.5, 1 mmol/L
DTT, 1 mmol/L EDTA, 20% ).
1.2 {8l

CP-80M X 1K &ﬂ&asuﬁu H3r) 5 %406 R
ST UV-2550( & i) PWJ SRS
(TVOFZ) s TE IS AN, S B A IR il
T ESER IR 1L ARASH; 02K € T B4R,

1.3 56 - gt ]

TR 0~ 20em 2 L3R, SR A b AR
Bk B . ] A 2 P i ot L BRAR A J5E L3R 1. i
IR TR WE( Eisenia fetida ) W F R 5] F7 58 0o
P 2~ 3 S, /AT 300~ 500mg, 547 FRAE ) f B
LG PSR SRR

F1 ik TWAIBLHER"
Table 1 Physical and chemical properties of test soils
FHEER TPI% TK/% WLIKE/ % 1B/ % CEC/kg pH

AR 0.04 0.18 0.091 1.65 1.226 6.22

1) CEC 2y Bl 128 i dyt

1.4 Seds Boki & P450 GBI
1.4.1 TFiikbeg

¥ 52 50 I R i sl B SR K BB 5 F I8 48
T BRI, TR T 7R N R SRR P BCE 12k, A 3L
HEvi 4 A 5 15 H
1.4.2  BlokifAd &

K HEV R 99 ) (3 AR 351 78 4 °CoH il
(20%) 2 1h Ji, #7410, 15 mol/ L KCL
VIR, A B A 5] FH B 0 20 B0 RS JBCE AR I
B/ (R MR A PR 0.15
mol/ L KCL ¥ 674 P9 1300 B o (A3, B AT
VORI 1k PR s FE RS 50T om L A) KL%
PRI 25mL B0, D)4 215 I 25 A8 000
v/ min2) 3% 30s. YL 1 )220 A g, gk
A 10mL #2508, 7ERH (4 °C) B B0 bL
14 700 v/ min 5.0 30min. 25005 BT A3 L Tk i
BLOHL 4°C, LL46 500 vf min FF K ES L 90 min. T 73
DUSE T D VFORAT G 0P L AR DBOREAR, 3B I\ 20%
P IR B A 5 ¥ 2 2 R JEE R 0. 5%, 1) IS 7R DK v 4%
245 FE, 30min Ji7 LA 38 000 v/ min 4 ¥ & L 45min,
ANCVCEE LS L B ESE Im L FAR A 25 pp R R
745, W ImL R A5 &, RGBT 584y 6
JEEETHAE P450 8 H
1.4.3 4t 25 P450 S e

e AR P P450 75 f 5 2 Omura F1 Sato (1)
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B B IR R P450 Wl 2 BEBR DL R — I () Bt

KAL) P450 & &, BUAZIRE T P450 [ (1) AH )
T

TR Ak VI B 1 0 iR 2B M
.

1.5 ZH5RIETS ik T a1 (L 3 P450 14
1.5.1 JELRFEARILK:

I P8 40 fuh i 5 2 U B b o T VA LR R
OECD f5rg 7" R K Tem, FLAZ dem [ JE
BERET, BERAAT N BEAT R DE AR, SEAC /N DL 5 B B
AT A U LL 10 [ £ it A 1072 5] 107
mgemL™ 'S ANRIER 1 AN ALK SR T N JE
BRI R IE RS A5 1 AR P2 ImL
PRI (25 (1) BT o B ARV, FAARFER 2h S, H
ImL ZER/AKEREIEAR. BN KB BN 1 4k

5( 400mg £50mg) , FF T 3 el 00 5 £ 38 3800 11,
20 °C £1 CHEAE FEH P B ET 55, 48h )5, Ko
LI 0 5 ] A PN Al i £ 2% P4SO B . R kb

FEAT K MR8 22 52 ), AN Ab B 41 R % FE 41349 4
AFAT.

1.5.2 s geaiilsg:

LAILAT R A vt 5 FPpE: 1 2 4 8 mg/ kg
FUT AN IR CKL 23 500K R P32 1) SE v L (Y
TN 5 500g L3RS, R AR HARTER IS, WY
T3 B B K R K B 1K) 60% . SF- 17 48h )i,
R P L PP TR B, InN 12 20N
T4 TSR 24h il R B 2 A0 3L AR O,
BT 20°CE2°C, N 80% 1952 4 FRBE A4 KA v
AR IE. RIS 1, 3,7, 14 F1 28d, M 4% 4b
FRAL 43 B 2 4% W] 0 5 G0k & P450 Skt %541
B 4 A FATHE.
1.6 HERELt b JE IS W e

M2~ Sg(id Imm Ji) AT Y - e ak Y 4 98
A BT, N 25mL 50 F e A 75 2 HL 2h. 32
HORCT 25 0BL L2 500 1/ min 250 Smin, Y4 13
T BRI AR A LR 4R 2 ImL. KR 4 W 6 3547
1g FERR I BFETIRE b, B 11 B 5 be IE Ckel
IRTEI, BOARYER 3mL. F RV 2T, LM e %%
2 1mL, TR OB S TR I 22 38 9548

e R A A 22 B4 55 44 20RL $REUEE B
ik BE 283 N RP-C18 (250 x 4.6m, I.D. SHm
Octadecylsilane) S AHKE 1, & 5/ K 4 i 8h 4, X

TEWRAH IS LA 1. 0 mL/ min i@ 8 2 # P8 30min,
G BB R W0 A A D AR R B D) E e M e R
I
1.7 Bt

KHGEH 4 SPSS 1. 0 BEAT H4 45 i1 43 47
FEXF Z AR B4R 2 00, 5 6 2% A A ik AT 25 55 IR
PERY 5. W ] A AR B WCER 2% 7 2% 43 Mt ( U nivariate
analyses) fifj 5 2[RI 25 ( 2% & I ) FI A1) ) S HLAS HAAE
JUXT IS P450 5 B 56w [ STER NS O, £ W L 4
FT( Post-hoc comparison, Tamhane test) %] # Ak £ £
(] EE AT T 2% e 0 25 PEAS 50, X D A0 42 firh 1 46
Jo e a0 B i 5 0 TR AL 18] 1) P4S0 7
AT T LAk s 70 B O AL 7 1) B0 IR 35 7 22 93 AT [ One
way ANOVA, Dunnett’ s t-test( 2-sided) ].

2 #R5VHE

2.1 BSR40 (5 2% 4SO S BN 7 VY
2.1.1 B0 JlE

DA 26 0N Bl i 288 PR T s 4 1) 2 3 2500 ) Oy
S AT B 8| SR A T A 1R 0 IR, g R
B, 7F— Y50 111 400 / min, — 50 1138 900
£E 450nm AL TCKL H W (% 2), & W/ BUFF OB 4
e 2 AN R R 06 OB A Fh 6 1 SR TS, o
YRS SN 4312 000 v/ min. U0 Sy 138 900
v/ min}§ 4246 500 v/ minf, £ 5 7E 450nm 4b 456
R g, 3 — 0 oo R &, o IR0 B
12 000r/ min34 11 42 14 700 v/ min. %550 J A5+
7£46 500 v/ min, F 00 39 ¥ ) IH 12 84, T 38 000
o/ mindEAT 58 R O, RO L BR T I, 1
450nm AbATH H .

F2 REED N TS B ER A &t

Table 2 Test for determination of P450 content under

different centrifugal acceleration

[ B ) LRELD) ZlEae P450
11 400 v/ min 38 900 r/ min N
20min 60min
12 000 v/ min 46 500 r/ min N
30min 90min
3 14 700 v/ min 46 500 o/ min [HEHY 38 000 Y
30min 90min r/ min 45min

1) N 24 450nm AL AW, Y i 450nm AbA7 0

2.1.2 %A
Tr1) 55 S O T A ORI TP O S I N
FIHFER AN ( 20% ) TR BE N 5% , (R I £E UK i3
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TP 5 FE 30min, T-38 000 rf miniE4T 55 = IRAK i F3 RORRERAMEEIE P450 FRIERY TR (L
Eﬁi‘éﬁ-*b, # u4\j]ui?rﬁ'ﬁ ﬁUHE@ﬂJ‘]ﬁllﬁll ﬁ—X‘fﬁ‘i, gé( Table 3 Changes of P450 peak in solubilization and no
solubilization conditions
W 3 A 1 2.t 1% 3 W I, S RE TR e
AL L A Bl B A L i

VI P4SO 7= Wi Ji, S RKWEAELAE 455~ 457nm T Ty mmo M @Al W&o ek 3
2 [0 GOk AR I &5 R 258 HH R BN B 5, T8 2 11 143 21 R Vefl/nm 457 456 455 451 450 449
W, TR T A LLEE RS, FF 5 3461 7E 450nm £

Inm b P8 KUs (4% 3). 2.1.3 CO A5
0.651 oRiAA L E WM E IR G S Co 454, &

JCI) SN A 450nm 77 A AE R0 AEIX
N, CO B b R 2 —, HAE T+ 7> B2 W
Y CO BERIAS LA A S AN 5€ 4, EL#E S 7 ) 1)
AR BL R P4AS0 S BE I HERR . D Bk, TERORAR R
il A BER L, 2EAT T AR CO S8 AR, ANIR] N I (1]
T, P450 S RINE ARk 4 518 3).
4 AR COESENIHNE R P450 2 & LI
Table 4 Changrﬂ-‘. of |llﬂlkH and P450 contents with different CO

0.600

0.400

charge quantum

pa 0 ALY R ) i P450 ki
L]
/ min /min / nm Snmol*mg” !
1 0.5 1 460 0
0.200
2 1 2 456 0.115
3 1.5 3 453 0. 265
0.109 ! ! ! ! 4 2.0 4 450 0.351
400,00 42000 44000 46000 480.00 500.00 1)CO ik 10 em P min- !
W inm
0.349
B 1 AR A AR AL AT AT 14 il
Fig. 1 Spectrum of treatments without solubilization 0300
0.352
0.200
0.300 -
0.100
=
0.250
-0.011
200 ' '
02 400.00 420.00 440.00 460.00 480.00 500.00
% /nm
0.164 B3 FFE COE=EA P450 13 K iE
40000 420.00 440'”‘{ 460.00 420,00 500.00 Fig. 3 Spectrums of P450 with different charge quantum of CO
1 fom ;
B2 BORIE AR 1 H2% 4 1 L, 7650 70/>( 0. Smin) , 5V IR i) e 6

Fig. 2 Spectrum of treatments with solubilization condition .I-:IH:E‘—F, 450 nm ﬁ&ﬁ‘& J\‘\/E J‘l’:%*“j‘: ?ﬂ: IIEK,‘: H_ll Il)|_l_,, E&gﬁ
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A 18 J5c K W AR AF 460 nm Ab. 3F— 25 38 hn i <,
B, B8 S PORE S BCE 2min, SOVF RN 78 20 BEAT,
ﬁkfﬂid&ﬂiﬂa 460nm B 5h % 456nm. #3514 i

AR R I D), g R R4k S RS, 4l A
3min, VI A] Smin B, #£ 5 7F 450 nm Ab B 4
RIS 5 B 4k 28 38 7, W) P450 5 it Bk A e 5
W] N e sE A B 3) .

TR 7= A (1) 420nm Wi 5 b ] BT A% 5
BRI 67 35 A7 0%, FF AE 40 M (3 R P40 P4 i B % 7%
=) (AN (38 P420) , 3X— i C 4 TH I AHFST
[ CO T HEIR S, LA A AH & STk b 18 2% T 46 46 18
K3 LAIESE. U Achazi %5 AR H] Sepharose 2B #i:
YRk SR BR AR € i 2 by v 23 B ) i €6 3K 5
Ok A K B, 40 B9 5 1 CO 22 6% 1547 450nm Al
420nm 2 PMEWEAFAE, FFUEW] 420nm & AR T %7 M
Fe 51 6 L € 2263, 3K 5 ARG 45 SR 5. HAR ST
W B, AS[] A= 4 1) BHORE A FE 5 3 47 420nm W i
“@ 19~ 25]

2.1.4 PRI

SR FE L 6.5 .4 .3 H1 2 45l i (F 8 4k &
400mg £50mg) by AN Ak B, B A7 M 46 41 i (G 2
P450 &R E. il 4 w] W, 25 IURE R E) P450 75
S (AR 2 AN K. (FLBE A5 HORE BE IR ok 2D, P450 &
B A LTS dtknr W, 2 4 is] 58 43 vl BA
AT I e K. 43 B BORE Rk 2, P450 | BT

J A it 5 bl ] 7 21 €5 1 P8 4l AH Y o D A7 K.
Achazi 25 NEL 20~ 50 4% i 05 i 2 ok A&, e Ay
A3 P450 &4, Rol gt mAEMmhT EHa K211
P TS

054

;%" 0.52 -

.g 0.50

i‘j (48 — H

\uD: 046 — |_|

& 0.44 I I I !

6 5 3 2

W B HY S R

B4 FEBEHREGT IS P450 & &

Fig. 4 Relationships betw een P450 content and sampling amounts

2.2 DALt 5 P450 b AR WrbRac ) 0 36 TS G
TR
2.2.1 JEARE bR

SMIAE 6 MR E (1072, 1073, 1074, 1073,
10 *mg/ mLAI CK) , LA 46 B il 725 46 7 48] 44 25 48h

Jia, U0 E JLR A L {5 5% P4SO 15 A mFQsTJL,
AR W I (1073, 1074, 107 °, 10" *mg/ mL Fl
CK), Bris] P450 5 4k bl 45 35 4% 25 W FE (8 n 2 L7
#a, FLAE 107 *mg/ mLIGBESh ik B 55 KA, At
WAL 1.6 £7%; 1 78 5 3 % (107 mg/ mL) I, P450
TR R, UM S0 B M (O xS R 1.1 £

AR ah 41 P4S0 % A 5 S AL W) 2 e B ﬁ‘
(p< 0.05, Dunnett t-test) .
28
ERE
§ 19
€16
m i i
10 L

0.000 001 0. 00001 00001 0.001 0.01
BEAG I T fmg- mL!

B 5 JRUUIERIARE 48h 5, M HIFMEMEE P45 S8
Fig. 5 Cytochrome P450 content in earthworm, after 48h exposure in

contact filter paper test

2.2.2  bIEG AR R AR R

(1) ANIF)yG G 5 i I ) py i 4] P450 75 & 1 3l
AL 5124 M 8 mg/kgRIERFE T, 405 T
REGMY 1, 3, 7, 14 F1 28d Pl 5 W 5] ORE 74 P450 &2
i, AR L 6.

d 6l L, RISV S 1d 5 3d, 2

dn T, B A Y P4S0 0] IR bE G It ﬁ'J
HAFET RN 4 mg/ kg FFE fh, W5 44 4 P450 &

Tl 7ESE5G 5 3d, 1mg/ ke Ab PR, P450 5 & LBXJ
TN T 16% . MR 55 7d, 2 H0FE S o i ] 44 oy
P450 i 5 0 'f’pﬂ‘i'i’j%’li" AP (12 4
H18 mg/kg) (1) P450 & 5 43 7l Ky nf AL 0. 99 .
1. 41 .1.30 F 1.2 5, 230017 e ALk 48
NI 2 30595 1% 3 8, 840 JTF I b P450 1A kK
EROD A v P (R HF 50 A B, 7E 65 Bmol/ LK [, 14
RARVRSNG T, JEXT 4 351 %2 /& EROD [ (115 T A% %L
13, ARSI 25 FAH L. AR50 AT B3 14d R0
28d, AT AT AL FE L4 v, s & P450 B B R R,
14d B, 73510k 6 B2 11 0. 77, 0. 82, 0. 86, 0. 88 1%,
28d B4 51 kg kf B 0. 79, 0. 82, 0. 87, 0. 83 fif, &
B S 1E L, S AL A b v B
(p< 0.05).

25 AR BEWUR 38 5 26 o0 B S, 3k o 1 i) TR
B, LA A F 1) A8 TR0 X P4S0 2 (1) 52 i 1
+£d3 L (p=0), Hor i i) AR B x B ) (R A8 2%
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6 FERTERETZALIEE P50 FREL
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different exposure time

P450 (%) AT & B /%
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E7 BSE 7dFEIRE T AL P4s0 B8
Fig. 7 Cytochrome P450 contents in all treatments at the

7 ex posure (Iil_\"

Vb P450 5 i 19 A8 S D iR duz KL 0T 5 5 B ) Rk
J& 2 BT 2 F L5 BT ( Tamhane £550) , £ 56
SEULRI, TR TR 2] 45 Ak BE AL P4S0 AR HT )
ZERAEFE (p> 0.05), 175 Y 5 e i 1) 0} 25 4k
] P450 S ESEWIAE 0.05 KA EH(p =
0) . X i) 2550 (99 7 A=, ] -5 S 0 i 451 44 P9 1) 28
BT 26, Biti A5 2% &5 I 0] () 189 n, iz 885144 P 3 25 & 34
%, A0 2% P450 thh bt 7= A mi .
(2) diisl P450 BESIEREME- R H
7 ] WL, 33 rb SE R S ] Rk Y P450 S RZ
[8] 47 7F W 2 7 |2 N O R, K # 2= a6
[ Dunnett’ s t-test( 2-sided) | 45 S 2 W, &b #4155 %)
M2 (A E R E M S (p= 0) . FERBARIKIE T
(2 mg/ kg bA'F), b3 HE W] 3 EU 5] P450 &R
F T, 2 B SE R R 5, G P450 S
W T, LA P450 B Bk iR b a] AU Fi 7R X R
75 Y& 75 047 IR 52 200

(3) At HEM RICR Wk S TR,
HEACE M MW % AE 98. 7% ~ 101.4% (p< 0.01).
T3P R CRAE 74. 1% ~ 76. 3%, 5 56 i 6]
SE LSS0 | U AR b, SE 1Y R IR A,
X5 AR SRR A ¢, R, WREIE R
P o] figad s 3E 400 0%, i B4R L 5 a , AT 3
P, WD T e ) ER YT

£5 HMAERPEOEKE (THEREFE, 0= 3)

Table 5 Recovery of amended phenanthrene from soil and filter paper

( mean Estandard deviation, n= 3)

HEAR I- 4
B PR TS T BT R [l %

/mgeml"" /% Smgkg ' ! Go
10°° 100.216.9 1 75.2%4.8
1073 101.4 %6.2 2 74.1%5.2
10°* 99.3%7.3 4 75.7%5.8
1073 98.7%5.8 8 76.3%5.5
1072 99.5 *4. | — —

16 PR ) Ay itk g AR 4, o ) AR
TG U 40 ) B Vs i ORE AR RS 1) - BB B 25 25 B
] A P )T, ST i ) o A2 Bk A& P450
it IR B . 7EURERE b, T SR AR RE fd R 1 4
BN 77 2, 23 T Mg ORE 7R 40 i 5 3% P450
HHZWRCE) B RIE-ROCR. 4R KR, ik
P& PAS0 5 A SEAIR AR e E T Gl i A8 B
T, Z AR bR AT PR, CFE AR A, R gk —
ARIFSE 22 UE B 5] 44 P450 5 fAE N W BRI 1 5L
TGRS L3R BS W A bR iR I T AT
% k-

[ 1] ity fRii e, S:Em. JHE b 4 il 6 5 P4S0 I 5 Jr i
HELJ) . Ak TR S IRNEAE, 1997, 23(4) : 236~ 238.

[2]  VRRICK, BEALRE. 4N {h 3 P450 AR A4 Shi
SUM L Jbst BleE R, 2001,

[ 3] Galgani F, Bocquene G,

L5 R AT

Truquet P H, et al. Monitoring of
pollutant biochemical effects on marine organisms of the French
coasts [ ]]. Oceanologica ACTA, 1992, 15(4): 52~ 61.

| 4] Haasch M L, Prince R. Caged and wild fish: induction of

hepatic cytochrome P450 as an environmental biomonitor[ J].

Environ. Toxicol. Chem.. 1993, 12: 885~ 889.
[ 6]  AewbfR. ST GORE A 07 8 0 Ab B4 25 2 R 05 R KAk 5

Qe BESE 0], b E PSR, 1995, 15(2): 153~ 156.
[ 6]  Efges. g IRRTS X AT EROD BTG 1)), & difk,
2002, 21( 3): 292~ 295.

[ 7] Berghout A G RV, Wenzel E. Buld J, et al. Isolation, partial
purification and  characterisation of the cytochrome P45(-
dependent monooxygenase system from the midgut of the

Comp.  Biochem.

earthworm  Lumbricus terresiris | ] ].

1991, 100C (3): 389~ 396.

Physiol. ,



1642 B oW

H

™ 27 %

[8]

[9]

[ 10]

[12]

[13]

[ 14]

[ 15]

[ 16]

[17]

[ 18]

Khan M A Q. Stanton R H, Reddy G. Detoxication of foreign
chemicals by invertebrates| A]. In: Khan M A (), Bederka ]
P. (eds) Survival in Toxic Environments[ C]. New York:
Academic Press, 1974, 191~ 220.

Liimaitainen A, HAnninen 0. Occurrence of cytochrome P450
in the earthworm Lumbricus terrestris| A]. In: Hietanen E,
Laitinen M, Hanninen O. (eds) Biochemistry, Biophysics and
Environmental Implications| C]. Amsterdam: Elsevier, 1982.
255~ 258.

Milligan D L, Babish J G, Neuhauser E F. Noninducibility of
cytochrome P-450 in the earthworm Dendrobaena veneta|]].
Comp. Biochem. Physiol., 1986, 85C(1): 85~ 87.

Achazi R K, Flenner C, Livingstone D R, et al. Cytochrome

P450 and dependent activities in unexposed and PAH-exposed

terrestrial annelids [ J]. Comp. Biochem. Physiol., 1998,
121C: 339~ 350.
Roos P H, Van Afferden M, Strotkamp D, et al. Liver

microsomal levels of evtochrome P4501A1 as biomarker for
exposure and bioavalability of soithound polveyclic aromatic
hydrocarbons [ J]. Arch. Environ. Contam. Toxicol., 1996,
30(1): 107~ 113.

Roos P H. Differential induction of CYPIAL in duodenum,
liver and kidney of rats after oral intake of soil conlaining
polyeyclic aromatic hydrocarbons [ J]. Arch. Toxicol., 2002,
76(2): 75~ 82.

Fouchecourt M O, Berny P, Riviere J L. Bioavailability of
PCBs 1o litters  of

male laboratory rats maintained on

contaminated soils:  PCBs  burden and induction of
alkoxyresorufir o-dealkylase activities in liver and lung [ J].
Arch. Environ. Contam. Toxicol., 1998, 35(4): 680~ 687.
PR g, SRR, SOEE. ERBEIE I /N FVT 40 €5 48 P450
HEASEWIL ] 95 M 5 4R (1S %2 ), 2003, 23(2): 135~
136, 141.

Omura T, Sato R. The carbon monoxide binding pigment of
liver microsomes | J]. Journ. Biol. Chem., 1964, 239(7):
2370~ 2378.
Bradford M M. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of proteirdye binding [ J]. Anal. Biochem., 1976,
72: 248~ 254,

Organization for Economic Cooperation and Development,

(OECD). Proposal for Updating Guideline 207: Earthworm,

[ 19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

acute toxicity tests OECD Guideline for Testing of Chemicals
207[ R]. Paris: European Committee, 1984,
Gilewicz M, Guillaume J R, Carles D, et al. Effects of
petroleum hydrocarbons on the eytochrome P450 content of the
molluse bivalve Mytilus gallopro incialis [ J]. Mar. Biol.,
1984, 80: 155~ 159.

Stegeman J J. Benzo [ a] pyrene oxidation and microsomal
enzyme activity in the mussel Mytilus. edulis and other bivalve
molluse species from the Western North Atlantic[ J]. Mar.
Biol., 1985, 89: 21~ 30.

Ndifor A M, Ward S A, Howells R E. Cytochrome P450
activity in malarial parasites and its possible relationship to
chloroquine resistance [ 1]. Mol. Biochem. Parasitol., 1990,
41: 251~ 258.

Wilbrink M, Groot E I, Jansen R, et al. Occurrence of a
evtochrome P450- containing mixed-function oxidase system in
the pond snail, Lymnaea stagnalis|J]. Xenobiotica, 1991,
21: 223~ 234,

den Besten P J. Cytochrome P450 monooxygenase system in
echinoderms [J]. Comp. Biochem. Physiol., 1998, 121C( I-
3): 139~ 146.

Leitao M A S, Affonso E G, da Silva M E F, et al.
Peculiarities of the liver monooxygenase system of Brazilian
freshwater fish [ J]. Comp. Biochem. Physiol., 2000, 126C:
29~ 38.

Rochaesilva T A, Farley B, Nonaka K O, et al. Spectral
characteristics of a compound altering cytochrome P450 spectra
from vertebrate microsomes suggest that it is a functional protein

[J]. Comp. Biochem. Physiol., 2001, 130C (1): 53~ 66.

Song Y F, Jing X, Fleischmann S, et al. Comparative study of

extraction methods for the determination of PAHs from
contaminated soils and sediments [ J]. Chemosphere, 2002, 48
(9): 993~ 1001.

Sverdrup L. E, Jensen J, Krogh P H. et al. Studies on the
effect of soil aging on the toxicity of pyrene and phenanthrene to
a soibdwelling springtail [ J]. Environ. Toxicol. Chem.,
2002, 21(3): 489~ 492,

TEwk, AR, R E B Y R AR A o Lt T BB 44
EROD (#4505 T (1] FREDRHZ224R, 2000, 200 59 1) - 176
~ 180.

AEIE, A AL, VRARRL, AF. AR GEE L1 2, 4 SRR Sl i

SPEREPERON )] A R A EREE, 2003, 19( 1) : 36~ 39.



