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Abstract - Effects of tributyltin chloride (TBTC) in vitro on mixed function oxygenase
(MFO) system on liver microsome of eight marine fish species were investigated. To
determine the effects on MFO system, cytochrome P450 (CYP) and cytochrome b5 con-
tents, activities of two reductases (NADH-cytochrome b5 reductase and NADPH-cy-
tochrome P450 reductase) and four dealkylation enzymes (EROD, PROD, MROD and
ECOD) were measured in fish microsoms exposed to TBTC for 20 min. The CYP content
was reduced to 10% of the control group in 6 out of 8 species exposed to TBTC, whereas
there was no significant change in the cytochrome b5 content. The response of NAD(P)H
dependant reductases depended on fish species. The dealkylation enzyme activities in
microsome were also apparently inhibited by TBTC. The degree of inhibition was diffe-
rent among fish species and four enzymes. The EROD activities in eight species were
decreased to the range of 1~65% of control group.

Key words : MFO, Cytochrome P450, NADPH-cytochrome P450 reductase, NADH-cyto-
chrome b5 reductase, fish, EROD
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A B Avel EXsiEA A8 sEtERs §
A5t B84 (deactivation) A7) =] o]L£HE &4
o]t} (Gibson and Skett 1994). o] & T cytochrome
P450(CYP)3} 1 AHEAES AH2ol= 5222 o
Abol] HAB = AAZA o]Eo] LPYEAL A EEY)
AFHoz olgHY F2F daje] F&E vz A
Al A WEu Al A ol g do 4 it} (Crane
et al. 2000).

#7154 3} g+ E- (organotin compounds, OTC)& 3+ )
ol FM-utAZE 7MAH, EAAL RiSnXin2
Hehlls §7184%2A4 RS w3447, X 2ol
Zolm ng 1~49 WE zEvh I FeA TBTC
(tributyltin chloride)= %41 <] 7}s}le] (WHO 1980; Boy-
er 1989) z2fo|u} wlo s e AMY-ER) (biocide)Z
WA 2odsiet. a8 A HRRe] FrleA = TBTC
2] AR 19909 ¥ AlgkslarE A9 1 o] Fo)
= FACME 93] HAEFH T 93 (Fent 1996), A A
o= AYA FEAlE e Bog v} 9le}(Colosio ef al.
1991; Lin and Hsueh 1993). £3] TBTx & A &9
MFO #A4ele Q& F+ Zoz RuFHT glor
(Fent and Bucheli 1994), 15 {4 Yz AAS gubs)
of WER AR ELe] dFor EFHT oH(Shim
et al. 2000). °]F X AA o= Yt AEZA
Zdsted Apg-o] AFE AV FA " F7]1FA 3HE ] A
2k et A ofA] AL Ghe] FREA o] FoiZ]
2l %3 e} sl FAEel] A gkl A3t
Fx u]Fsk AAe|ch (g} 7] 1999, 2001; Shim 2000).

mpa B dFeME s dIs gl o]FEE= 8
%2l o1FE HAez st OTCel xEHE A o
e ZARIIAL 4 o F9 A w|zmEEHE TBTCS
in vitro2. v oksted MFO &AA) 2] ul-e-& xA}shedd.

HE %y

L A2 of 9 =2 A%

Aol = 7HeA 7R £ARE A et 2pdAt
7N E-X] (Mola mola), 5] (Mugil cephalus), 7F =2}
(Platichthys stellatus), A (Clupea pallasii), 27
(Astroconger myriaster)®} SFA)Ab z3)8-2} (Sebastes
schlegeli)® ZE- (Pagrus major), X (Paralichthys oli-
vaceus)E AHE-3tgTh =FA]eko 2 = TBTC (tributyltin
chloride; 96%, Aldrich)E Al&3slg o, n|l=m=2& A2
o solx AAE A% mA FA: Sigmarle] EF

Aot AHes.

2. A& A

Aololx ol FelM wlopd 742 ulz v 1.15%
KCl gojoll 7o) A& AAzT Qadie] Yo
drdz EEieh e 98 e sl g
AAsta Akl (0.1 M KHyPO,-KoHPO4-20% gly-
cerol, pH 7.4)7} ¥17| Potter-Elvehjem3 2] teflonZ-
glass homogenizers] Yo T3} 31 Y42 (8,000
X g, 20 min., 4°C)g 3t AH5dE Fo} thA] AR
2] (100,000 X g, 120 min., 4°C)S 3}y YA 3} 7}
2lok2 pelletd A718 <lAabgbEd oz A getsled ]
A2EE WEU T oFe nlmeERe A8 A9
microtubeol] AH BFdle] -150°Ce] 2A2WE1

ol mastEA Agel AHesrT

3. TBTC#}9] in vitro # %

7t o} 2b¢ w2 o] wIvkEoltt DMSO (dime-
thylsufoxide)2 3|43 2mM %2 TBTCE 7}3t
e 80°C2) SzolA 2087F Wosilch CYPE W%
8}ed cytochrome b5, NAD(P)H-cytochromec $Hd & 4 9]
4ol TBTCE w22 %o 73, debAdst
&4-¢l EROD (7-ethoxyresorufin-O-deethylase), PROD
(7-penthoxyresorufin-O-deethylase), MROD (7-meth-
oxyresorufin-O-deethylase) @ ECOD (7-ethoxycouma-
rin-O-deethylase)?] A o) & k-5 A &5l Wt
2] DMSO¢)] TBTCE o H7}85}gu) tizxF= 1)
Azl 41 2% Lot DMSO)RE Yo wiefst
At

4. MFO #2719 &3

R2E oFe 714 Az Z o 2= CYPS} cytochrome
b52] &aF, NAD(P)H-cytochrome ¢ 39 &4%) g2
3 &4 (EROD, ECOD)| #AE& A9, 99}
7+=c}e]= o] wll= MRODS} PROD A& =AM}
ok

CYP W2 mm2Ee A= A% s A 27 ¢
F3ta Alg Alellwt NasS;0.& 2% 713 o8 COo
7k2g E7]A)7]a UV/VIS £33 % 4 (Shimadzu 1601
-PC, Japan)Z A28l 4503 490 nme] Xjo|AsE
2] (difference spectrum)$- gl om, BAEFA 4= 91
cm-! mM-1o g2 A ek}t (Omura and Sato 1964). 71
2] 31 cytochrome b5 &2 n|m2 2L Uz A Als
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Aol Ztz} 233 oh-f Alg ARt NADH 4-4& ¢
o] $9A]7]2 UV/VIS £3% =4 2 424nm$} 409 nm
9] z}o]l A= EH (difference spectrum)S gl om, 2=}
E 3445 185ecm I mM-1-& F3le] A ekl o} (Estabro-
ok and Werringlsr 1978). 28] 7 NAD(P)H-cytochrome
P450 st & 4ol I 05M QlArkEA (pH 7.6)0]]
AlQbE-E3 cytochrome ¢ §4o) AlgQl w]Z2FE
Ho] wulsty adk Ao} A& Ao 77 i Als
Alo]] NADPH £} w= NADH £H8& Hrlsle] UV/
VIS #3324 2 550 nmol| A9 Fix F7E 187
253 BxELA42E 21em ! mM-1 (NADPH 9
A AP F 49 1.02cm ! mM ! (NADH &4 ¢
4% 27 F9d BYE 2

EROD, PROD @ MROD2] @42 o]F 7+ae] n)=
23¢] NADPH #4474 98 372 F 7139 7-
ethoxyresorufin, 7-penthoxyresorufin @ 7-methoxyre-
sorufing 77t 37iste] dAAZE WA o v
Eo]Z resorufin®] =& 3F-E37 (Shimadzu RF-
5301PC, Japan)®. &4 (Ex. 550 nm, Em. 585 nm)3}<]
A 2F3}¢] 7 (Burke and Mayer 1974), ECOD (7-ethoxy-
coumarin-O-deethylase) 842 o] & 71Ae] nj=m=22
o) NADPH A} A §-<4-& H7}5k & 7)2 <l 7-ethoxy-
coumaring H7}sled 37°Co} $z:olA 3087t wHe-&
A7l 9% 2M HCIZ uhg-& AAAIZ|Z HAR 7-
hydroxycoumarin-g S22 F 802 FZE3le] 1AL
£ % ohgel v3g Bohle] FusT $aos A
22 o3 YURAE o] Y3vE PP 2
7] (Ex. 370 nm, Em. 450 nm)& e 24 Az 3leic}
(Greenlee and Poland 1978). 18]31 w|=Z 2 Z2] gz
5% Lowry et al. (1951)2] Wd| we} AzkS sh4y
o 2ew 7 Bt 3% AN FEgos v
Heleh

z

AdAte] 7§ E-X] (M. mola), 5] (M. cephalus), 7+ =}
2] (P. stellatus), ) (C. pallasii), E-Ao] (A. myriaster)
& v Rl ofAlabel =383 (S. schlegeli)?t g (P.
major), X (P. olivaceus)?] 1A} w37z ZEE 2mM
TBTCZ 20%7} vjok A] CYP ¥&ke] W3+ Fig. 17}
72t 8%-2] ol 5 CYP ¥ TBTCS} vl eke]A (pre
-incubation)dl| & WX & A ¢slr= A2 0.20~0.50
nmol mg12] ¥ x o] or} uljefo]E (post-incubation)el)
= RE2 o]F7} 0.01~0.03 nmol mgl2 F+A3}]
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Fig. 1. In vitro interaction of 2 mM TBTC with cytoch-
rome P450 of marine fishes after incubation of the
microsomal suspension for 20 min at 30°C. Am:
common conger Astroconger myriaster, Cp: herring
Clupea pallasii, Mc: mullet Mugil cephalus, Mm:
ocean sunfish Mola mola, Pm: sea bream Pagrus
major, Po: olive flounder Paralichthys olivaceus,
Ps: starry flounder Platichthys stellatus, Ss: rock-
fish Sebastes schlegeli.
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Fig. 2. In vitro interaction of 2 mM TBTC with cytoch-
rome b5 of marine fishes after incubation of the
microsomal suspension for 20 min at 30°C. Fish
species refer to Fig. 1.

a2, 7| ¥-%] (0.16 nmol mg 12} %] (0.18 nmol mg-1)&=
ouc vha ¥steh TBICSI] wie} A58 u|wahd
gl olft Wl Hel 4-7% fEoz FolEY
I, o] (87%)% NER] (80%) = o|RT} Elth oA
21 o1 F 27l CYP §2 TBICH Saj4] £
o] AHALYI, Al A= o] Feoll whel Fol7t AUSS
selstegh

a8]3 o]E o] F2 cytochrome b5 &2 HulAl o
2 vf§ el JHEA] 134, $o] 9.8, et 96,
5.9 pmol mg-1e] ¥, 1 W) A FAHE AE
@ ols}el 4Felgch TBICSH] Wk Fol b
ul §haFo] Fo] 7H¥-X|9} Foiule] A7t 7.6 Y 4.8 pmol
mgloz EHT, PR AEres A& olFz
Hoie. webal o o7l 7% 3 cytochrome b5 3
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Fig. 3. In vitro interaction of 2 mM TBTC with NADPH
cytochrome P450 reductase of marine fishes after
incubation of the microsomal suspension for 20
min at 30°C. Fish species refer to Fig. 1.
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Fig. 4. In vitro interaction of 2 mM TBTC with NADH
cytochrome b5 reductase of marine fishes after
incubation of the microsomal suspension for 20
min at 30°C. Fish species refer to Fig. 1.

g ohe oETAL HAx A A n FFo
WX TBTCe sy = ZA d3E WA g+ =
st = (Fig. 2).

g3, o] §¥ NADPH-2|£4 &4 (NADPH-
cytochrome P450 reductase)?] &4 w33 Fig. 3o
b it =AM of fell A NADPH-2]&4] ) aa-o]
42 0.60~1.71 nmol min-! mg 18] $Fe|g T, 7 &
%]+ 2.81nmol min~! mg-!Z & ot} TBTCH 2]
v ofo] Bof| = 0.48 (A o])~1.81 nmol min~! mg ! (7} &
2)elsdet. @b TBTC2 wiF AFE wlwsbd 7|
B2)2] 797t AP A As|Ee] wicke| Ao 64%2
Zrastg ot 2ouke] offi FA wie] le] 80~
111%2 A o] oo}

NADH-2¢]&4 3¢ &4 (NADH-cytochrome b5 re-
ductase)®] &A]e] W3l Fig 49} 3ot AL o] foll
A o] Y ase) 4L A= 0.80~2.23 nmol min!
mg 18] £Fo|g] 3, TBTCe2] wljofo] Foll= 0.64~
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Fig. 5. In vitro interaction of 2 mM TBTC with EROD
activity of marine fishes after incubation of the
microsomal suspension for 20 min at 30°C. Fish
species refer to Fig. 1.

1.88 nmol min-! mg-1© 2 TBTCS}2] wjok A3} v)ms}
W ARAT] 642 =A AdRGOt 1 e ol
A AE 73~103%=2 <A s

g9, CYP1AS] W4 <l | &4} (indicator)?]l EROD
AL ol wet o)} glo] 3BT Hol7k 7}
Z} yro}l 0.2nmol min ! mg! £F L, FA o} FE
2 24~8.5nmol min! mglo]gl omn, ojojr] A E-X)g}
7+ =r}e] (15.4~15.8 nmol min! mg1), %] (29.2 nmol
min~! mg-1), 3 X (53.8 nmol min"! mg 1| o]}
(Fig. 5). 329 TBICs} wjopel Fol= AR} 3%,
3ol 251822 1~T027hA) AL, 019 2
1 474 14%, 29%=2 o™ @A} A=oEs
56~65% o2 Z3tt. ¢]x¥ EROD 4] x TBTC
A Sald ARE AN Bk A Axe o)l
we} zhol7} Slsiek.

ECOD $4x o1fe whet 5a@Ae Holrt gle
o, o} zI &< JH, 7=rlelEs 4.5~9.3 nmol
min'l mg! oG ot HAolrt ARH, BE, $olol
A1 15.2~38.6 nmol min-! mg1¢]¢i v} (Fig. 6). 181}
TBTCS$} o] Zoj|= 4] (36.7 nmol min-! mg1)=E
A) 2332 3.6~10.4nmol min-! mg12] $F o2 ho}
A, o) AL wioF A vimald ER| 9} FE, 53 o]
= 36~38%= dolzgon], tjLog zuEZL 63%,
o] vre] At Ao, 5o, Fxre]= 90% o]
2 8k5iet. wretA] EROD &4 3} wlatzix 2 ECOD 84
% TBTCo| &JsiA Aaig wtem A3 HEe offol
weh Aholrk A Hshalch

D, b)) ke A% pEdeE dgos
PROD¢} MROD #Ae] wi3tg zAbtelY (Fig. 7),
T o] f TBTCS} wiofFolZ ¢] PRODS} MROD 4] ¢
zZ+zt 1.83 0.6, 9.37} 1.8 nmol min ! mg 124 JX|7}
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Fig. 6. In vitro interaction of 2 mM TBTC with ECOD
activity of marine fishes after incubation of the
microsomal suspension for 20 min at 30°C. Fish
species refer to Fig. 1.
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Fig. 7. In vitro interaction of 2 mM TBTC with PROD and
MROD activities of olive flounder (Po) and harry
flounder (Ps) after incubation of the microsomal
suspension for 20 min at 30°C.

Aschelel ulsl oRF Eetem, wokel £olE 0233
0.01, 6.87} 1.6nmol min! mg 124 P77} 7t =94
o} o] 5 #A49 AAE wlmsid A9 7]'5‘3}31—‘"‘
PROD #&Alo] 74z} ul|oFo)x 9] 13%<2} 2% =30
o}x 17, MRODY: 73%%} 92%% v}elfje] PROD %*5]
o] MROD &4 u]sj TBTCell 25 ZA AssE A
< A 4 AL+

z #

22 vlaREed EXjFe F 7] "AAAEA F,
NADPH-cytochrome P450 3 &4 ¢ CYPE o]F oA
A2 8)x NADH-cytochrome b5 3 &4} cyto-
chrome b5 2 o] F-o]Z] A2 Folr] 2] A2} 24
2GEAE dAE e Fe3 A== 43A ot (Fent
and Stegeman 1991; Fent and Bucheli 1994). v}g}A 2

AR 822 ol Fel dhalx] MFO &4A S F44
¥ =9 tlEe] OTCY 3higl TBTC7} o +A4
w2A0) 97 e AEAE 24 - ¥ TR,

E QA7 24 8% o7 CYP §3(0.2~05
nmol mg-1)3} cytochrome b5 §F (0.1 nmol mg-1)-=
Stegeman et al.(1997)¢] Ao ¥F} s HfA 3o} =
Abgt sjAtel 72 gkt v fE)AAF(CYP: 0.1~
0.5 nmol mg!, cytochrome b5: 0.025~0.25 nmol mg™1).
b ECOD 42 2 AgeM ZAd 7(4.2~283
nmol min-! mg-1)¢] ¥R{F}e] 7 (0.23~2.10 nmol min-?
mgHxEct FA 2 FE B o|XF ECOD ¥4
o Tel7k v Aol AABAS o) AQA mE o

#3090 Aelod A% AL 2 7 A,

31 o]E o] {2 71AF mA=Z2 TBTCY in vitro
2 wiF Al CYPS A#f&eo] HEA (so%)ﬁ} %] (37%)
£ A YA o F{EeME 10% o]3tz AFdst A
# 55l o1} (Fig. 1), cytochrome b5 a8 9 22 <
°o]ie} (Fig. 2). ¢]XF OTCel &8 CYP: AsHHAR|
cytochrome b5+ °38k-& 2] ok AL FAEovt
Wi 2lo] | bullhead (Mullus barbatus) (Fent and Bucheli
1994) 2 scup (Stenotomus chrysops) (Fent and Stege-
man 199D M= FAFHS. T HFA EFMy-
tilus galloprovincilas)e xZ% x| ulal CYPS} cyto-
chrome b5 o] ZF A& o] o]Fel= Xfo]E B
t} (Morcillo and Porte 1997).

aeja 2 d7olA 8% o] F2 NADPH o|&4
4ol NADH 9|&EA Fdase] 42 747 060~
2.81 nmol min-! mg1, 0.80~2.23 nmol min-! mg-12] ¥
2l9d o} TBTCel x=ZA|171 Zol|: 77t 0.48~1.81
nmol min-! mg! (64~111%)3} 0.64~1.88 nmol min-!
mg1 (56 ~103%)2. M3 £, o] Foll whet AAHE
A=l 25k} (Figs. 3, 4). TBTCE: F4oiel A4
o], s zke] bullheadol] A NADPH &]&A] 319 & 4ol o
% WA g NADH 24 8uas 24E Al
319 X 2k (Fent and Bucheli 1994), scupei 4= NADH
=X HdaL S 038 FVMAFHGE B
(Fent and Stegeman 1991)%= g]¢], NADH 2]&4 3]
Ead MAE GFS olF B gk Felzt 9le A
o7 Atz 3o}

o]x® TBTCe| x23% &9 MFO &47A ulse
Y52 CYP2} NAD(PYH _4&M el ais=
o} ¥ 3}¢d A9k cytochrome b5 A of gk ok
e Aoz vehgeh SRR o7 r:w 7t PR EL7
o g9 Aol Hek et 2ol 1A Fehe T
¢ % 9o % CYP3} D47} 235 Y
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A== Z (et 1), CYP 8ol NADH 2| &4 #Y5%
o A EE Z(EF] 2), CYPE AfHA £ 35
2y 9d%e A oY =E fEEE Z(EN 3)e
2 FE9e 2AM 8% o F F el 1ol ABA, =
)&=, Ao, 7J5v}al, FE 5 M g 95 =%
=, gy %o, 183 g9] 3ol

ol wel TBTCo| &js] MFO
Hhgo] Mz 27 Jehds
—?ZF—A AR TetE dR|F}A
7 & A ZolF whdd
Aol FAME FF AT 5 AYAZE gt 9l
o] f-+ NADH 9|&A4] $Hla 47l NADPH o|&A 3]
Faee] vl o ZA A EHE dAbe] REHAG

323 TBTCE o2 ddas) fdels d3g vl
At} 8F o] F2] EROD &4]-2 0.15~53.77 nmol min-!
mg 18899 7o) TBTCe =&% Foll:= 0.01~34.86
nmol min! mg-le 2 EFHglow, o] Fd ulg}t A&
zkol 7k ATt (Fig. 5). W52 ol 24840 w3t
Z5E TBTC| &M 71 AlskAl As|Hdom, 71At
o) Ee) &3he A9} A 2d 2484 ¥
sted, A& Amst 8 offFel uls] AhA] W@t
38, TBTCol] 2|3t ECOD &A412] A& 7Agk= EROD
o] A9-9} A3 w2t (Fig. 6). &, WEAV &
23 Az /M A 2] 36~38% EL
2 AAFALT, oldM =3B (63%), o, Ael, FA
A B2t (90%)9] otk olE F EATAI A
7R ] Eell &3 ARl HWA e} G A5
£o] o2 oFo) vls] A Jepdcl o] FolA= TBT
£ B]£3 OTCZ%: EROD A o] A Asddzn &
A gl (Kime 1998), o] 2] 2A}lolA] EROD &4
2. ECOD &4l ®]s] TBTCE vl A #3=Hg)e
=}, EROD #49] A]go| & oJF+ ECOD &4 A
e Z AL B9} Scupd EROD #4l-2 TBTC
9] x&%=x9 vl sle] Zo]5o) (Fent and Stegeman
1991), F-A)7j o)1} #WiAto], bullhead?] EROD SA =
TBTCol| &l A, A& &5 w3
FANEAE FE F oFel vs] Moz s
=7} A3 Ae=w w359 =4 (Fent and Bucheli
1994), ¥ dF7HHNM % o]Fel| izl EROD 49
A& goll = AolE R 22 ATE Jeplgld g,
oA dFo|A 0.4mM TBTCo :=2% =HAF A%
CYP §5k2 27 A=t EROD &4 72 ¥
32 Roelx ot (d 5 2002), o7 Afol=
CYP &3} EROD #4¢] 25 3o, o] Fol A F

Zke} TBTCol| &3 MFO &4:A)9] Hh-gel o]z} Sl&
& X5 gl

¥, A8t Z=cielsl dajx PRODS MROD
go] dgke zAbED (Fig. 7). 99 e
PROD 42 247} 13%%} 2%2 wolA AlsHA a5
%o}, MROD 842 747t 73%9} 92%2 A a5
2] ¢ksich Ratol|lA] PROD 42 CYP2Be| o &3}
& Ao, MRODE CYPIA2¢) H$38l:= Eo|del &4
2 (Funae and Imaoka 1993), o]Zlo] o Fd= =
A8-d9™ TBTCE ofF2 CYP2Bol: zH8-3FA%H
CYP1AZA: 887 Qhecke Ag AR 6%
CYP2B:= H|AEAHE 150-hydroxylase®] Ao Z
2 Be] 9 Aoz Aeid o] (Stegeman ef al
1990), TBTC] <2]8F PROD #412] #3l= A 2o|=
YAl e wlA & YeE VST T 4 9
o 0|7 Ao TBT 320 229 FFolol A 44
SR (GSDE] Fha, AR AL A8, dEEAe] A
3] So] &= 7 (Shimizu and Kimura 1992)3 %]
g3 & & Y-

TBTC7} MFO &aAe)] Asidez g wx:
Pkl FAAAE s BHAAE Qskort, TR}
CYPE] # (heme) A o] ¢J8& w|XA} == CYP7}
Sololt 449 42 FAoe] 54 24 AH
ALEA ob| AT Hh-S FozA &L F2
4L dEFgs Aoz HAFH 3ot (Fent and
Stegeman 1991; Morcillo and Porte 1997). s}x|q9t 1ok
o] |2 F=ulF} triethyltina}e] Az 2t8-S Q33 2
hof] wram o] FAI3gHE-2 CYPS 3 AAelE 33
€ )Xz £3}A) 9 (Taketa et al. 1980), TBTS] 7%
“SH, -OH 9 NH; 7|9} 45243l Aoz 4=id
31l (Tanet al. 1978), &4 b o] zh47)9} Asl=
Zo] 45| gl Aoz oA

o]rto 2 o] 82 nmEES TBTCY in vitro= H) <k
Al MFO &a4419] o8 AR A3 shside 2
el 5 Usieh TBICH w2AFezA s
g4 FoA CYPE ZAl A 3s)H A2 cytochrome b5
= Uehe Qere A ggkes], ma Eohy huge)
5 BREsT e Yol AT AYD A o7
ANE 2A A= Sehi ude) AUELES
vZ2E HAAHGA ] Fo AEe|n CYPH Ax}E
A F&3= A FAF(donor)e]l B2 o] & A|FAFN A W37}
Qo idehel MFO &478] 715el e Jskg ulal 7ol
o wed oW edBel o8l MFO 249 ol
gt FAA ] S BAIEH ZIFol= MFO &4
Aute] ks WAH DR JFAHLPEAY HAte EE

f*
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ol 4 seEe] HPHA HAE ke W
m2 B AAE 9980 2 Aeleh 121, OTC
of g AA el kA ZAAL Fuke Frlale
e Asizk $msiA e CYPY ERODY} $&
AR ZZ BT 4 U Rele GAR,

o2]Z TBTC7} 3 okA)

& A7 dFez, o] 5
ol h:z’\l'?ﬂ o] 52| 7\}3} MFO &4:419] uk-g-& in
vitro2 ZAFstg ol tA o] F= B (Mola mola), 5
o] (Mugil cephalus), 7} =v}&} (Platichthys stellatus), A
o] (Clupea pallasii), 23] (Astroconger myriaster), &
3] -2 (Sebastes schlegeli), FE (Pagrus major), QX
(Paralichthys olivaceus)o|®], o} 5-2] 7}4} mjaz &g 2
mM<e] TBTC$} in vitro (30°C, 20)2 v ¢}s}l 31 cytoch-
rome P450 (CYP), cytochrome b5, NAD(P)H -cytochro-
me ¢ IV &S v 23 s}t 545 (EROD, PROD,
MROD, ECOD)2| H35 =Alslgch TBTCE: I9&
490 23 A= DMSO4, 22]1 2 98] &4 =3
Aol = vEbgol R 2% =2 75T}

o] F29 2 CYP 32 TBTCS v & o3 (6
o] 5/8 o)l A 10% o)3t= A A=) oLt, cyto-
chrome b5 332 Wge] ¢lic}. 3123 NADPH 9
A Bhaae] g oFel wet 25ty CYP 99
F BUass BT S ol AdEHE B 100E
2], 23] &3, Ao, =t 3§), CYP 9J¢ NADH ¢
£4 ddaant A= By 283, $o)) 2 CYP
T AR F #A5he oFJFE IR dAY 23]
Fr=dE Bl 3(dAhez FEHESI JEla gRE
(7/8)8] o]FellX]= NADH 2|24 a4} NADPH
&M FYF A vld oS AHEHE Ak pan)

TBTCE: ofe Qi3 midz 99& mHw,
*}#78 EROD 249 A3lx /%3, 35, 34, 2
EFAEE 1~7%)> 0], Aol (14~30%)> 3], 4=
2] (56~65%)2] +e]l.em, ECOD 49 AHsl=
B3], 25, $4) (36~38%)> 23] 82} (63%)> 50, A
o], §2, A=t= 9009 ¢oz w=d AiFolgleh

gk, Y9} 7x=re)edAE PROD7} MROD xcl o
A A= 5e
I o F el AL maAE TBICH o3
Ao A2} ol foll alek AR Aol e weTh

nl]o f“l
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