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A7 d-rE Be a4 A
o] ¥ R)7] A= B A7kl FasigRw F
TAE EE 31 = EAE Cytochrome
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2 Cytochrome 3= 1 ZE3m T2 9] Hojx
A t=2Ag oA Y AMHO St7) wiel
iz Faa itk ©] ast ditabekdel o
s 732 d J3bES a3 o] P-450- CORFE
Fgo] 7 o]FoiX 1 g on olg} e HEEe
450 nmolA FSHE Vel 7] W&o B EE
o] Eo|th,

P-450 7} Cytochrome bg(bs)= =9 71
oje] 32 & (liver microsome)dl &R sl
S5 @ dides P-4502 Fe Ezteshe
FAAE Z e 43 S53 gulgel gV

o] &4l 7]5ol THFeE A A Alzksk
Ae 220 4= F4E 9 vAdEdE g &
E5o] glom ofEd AP FELURA e
(Xenobiotics) ¥9F oL} QAN Ed2A A
H Zo]xz, RAHkaGe) 248 929 monooxy-
genaseOI‘I] T2 XAA3g=4 o a3

3 /1A G2 TES e FEE 0%
= UrE]-LH__E Mixed Function Oxidase
(MFO) 8lnx k=t oj® A9 SAHeo=
benzo(a)pyrene(BP) ©] HH7jaz2A vrgsleg
* FERAE AT AYdT™
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aryl hydrocarbon hydroxylase (AHHase,

EC.1,14,14, 1) 2& o]g} zre] F 49
o] &5 Bel= o] a8 A e o]f{Fe]

she P-450& B9 54 (isoenzymes) & F
AEe] glon 247 FHla4Ee] MR UE ¥
< 5o g Yehius 7)de] Wyl wWr) 48
olth, I d&ZA E7| (1o mlojagged =
P-450 LM A& WyEstarEe] 5203k
42 ZojE ¥ opj#} N-oxidation, sulfo-

O-deal-

kylation 228]3 peroxidation, deamina-

xidation, epoxidation, N—, S—,

tion, desulfuration, dehalogenation®
E) o>

g Y& AFE FEle] P-450 S0]4do]
(Species) @ Wl 2 FAolE RBeln vk 3
oA ]98] AFE TS ojYA sk Uoh?

3-methylcholanthrene (83-MC) < &9}
E7)o4 dels S ebskd viA AR
AEAE AR fFdA =8 P-450 2
E7eld feg P-450 B} 84 iAo R
BP2] Fatghh8L F3lsH=s Fo] o o ol
w3 #F A phenobarbitone & codeine
N-demethylation FX5}%|% codeine O-
demethylation® SF%5R= Yt my
o] R-warfarin 7-hydroxylation£
barbitone®] 28l Z8]a

K3

pheno—
R-warfarin 8-

hydroxylation & 3-MCo| s Zzt He)A
o2 #x¥E}” phenobarbitone & &<
A =

2 R-warfarin T-hydroxylationg
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&9t E7lolAE 2 R-warfarin 4-hy-
_ droxylationg FEEY welM GFEUNALE
fedir] Zoes AL 279080 P-4509 7]
do] opjely) Buke 8&%3 H%E2 (indu-
cers)o] ALEEATE A4 4 dor /REE
Fo] Fo mel 243 Ho) A tmvh= A
< 9Hgit,

IJHnE F=Edn Fo A9 EE AgE
e Ee Mdo] o) &g M7 FAE oo} )
) Eo) o}F BR&ASITE  E3 ojW FES v
F2E P-450 EHEAS AT A 7484 (re-
constituted purified P-450 system) oA
AP ol & AJZNE A sl AV 438 F
2% 8 ope} o EAlo|rh,

P-450 1 ¢)&] Zd| 5= g FEe] 1AL oE
ZHETh=s elA] o & tiAEE eEdAke] 7
2 AF 9 YRRk AN GRS T8
Yojup=r biphenyl & Eg2 %2 AEE
il ethoxyresorufing @7 UANAM o &
g YA/ FhY g2y A6l dides
F&58 2kEg] AL Ao g Aelg el
A ge= Ao 2 deA gl

2. 7% zoad

P-450 2] 7] Mg Fu|Ede oEA e
vk olEd R AR o= sl o
Ex5l P-450 LMe] 53 & #471E
(active site) 9] Aejol sl o] &g 2A &
o},

P-450 LM% &4zlele £AF<] iron pro-
toporphyrin IX HE& Ztw 2o apopro-
teingl, EwolA Al=e] Jldoz JdelA &
10 gga F4FE0 L0 sh e e
W - FRATe o2 ( a8 1), 2 Hele
& tetradenate porphyrinza]el EH e ¢
& 4709 = olFw 5¥A =TT E4
HEel o Alee] A2l 7o <8 thiolate &
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ol &g UeRITH!Y I F 2714 e A9 o
AR wlg] fx)e Hol JE WNEA FE= Y R
Woel] AFATHI? P-450 AR o9t B
2d2 wlge] g oy Aol o3 et
1= BI|= B AdEREA o8] HgkE Aol
o (ZE1). Dawson 5.2 Ex 7] P-450
LM, 9} P-450 LM, 9] ojg] 4kghyeje] 2#He

g 42 F A48 mayEe vagsy
thiolate 7} P-420°] opd P-450904 A5
=g AT 421U

F P-450 LM, ¢} P-450 LM, & 13t X
k-go] Bag u gloo] ¥ mi1olMel 2o
o] =7 P-450 LMy oA Aoz o4
HA ZEl fARE ZHze] ol At iy| 2 H
At

P-450° ojs] =& s|ae] Satsinh-gol
o2 7] 38l 29 geor FEvkg2 ofF &
As APd AL ol Ss) YHAE Het
E RS O gEHe] gA g l®

P-450 7% 7|&A 2] AP ferric P-4509]
ferrous el 2 SY=AA oy 2 F o
AelA daZdfe] 7Fs3A gk FHA 3
2 A - AEe] BIAFHHA shte]  4kd]
A= AAIe] 2H ¢ dgele B0 Hu e &
AskE i gAe G2E 4] A% 71
C-0gd% ey, 2 v Sojvkge] 94
% 8] ferrice] Agdor wWEdA,

J8l1. Model of the active site of
cytochrome P-450. S represents .
a sulfur ligand.
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Cytochrome P-450 Isoenzymesd tl# #3¢] |58

= 1. Electronic gspectra of cytochrome P-450 states.

Oxida-

Absorbance maxima (nm)

Uitme  ton Adsed timnas T R
P-450; 0, Ferric 360 418 535 568 Low
P-4501y, Ferric -b 394 - 645 High
P-4501, Ferric 1-Benzylimidazole 359 422 539 575(s) Low
P-4501, Ferric 1-Butanol 37 418 535 568 Low
P—450LM2 Ferric 1-Qctan thiol 377 467 - 550 Low
P-4501w,  Ferric ~ Leftamethylene 360 423 540  570(s) Low
P-4501m, Ferrous - 413 - 544 High
P-450; v, Ferrous Cco 370 45] - 552 Low
P-450c0m Ferrous NO 366 438 - 558 Low
P-450,0m Ferrous O, 356 418 555 580(s) Low

A Near ultraviolet.

® Dash indicates the absence of a band in that region.

ROH R4
Fea*
) w
(RoH) Fe3* @ (RR) Fes* i
e
/'(-,\_ 3 (2\(
(R) (Fe-0H) * (RH)FeZ-I'
r@ P G
(RH) (Fe-0) *
(RH)Fe2*(0,)

%

H20
(3

PiTas (ch)t-'e:“(oi),n (RH)Ee3*(03)

e

8l 2. Proposed scheme for mecha-
nism of action of cytochrome
P-450 in hydroxylation reactions.
RH represents a substrate and
ROH the corresponding product.

Al D8 2014 7HF F2% AL e @A
glo| o]2A 7)1do| A=t 3= Aot
P-450 LM, ¢ Zo] 3A% vlo]| 2% @Hde]
7% AN A= =2 hydrophobic effect
of &]a] UEhdh ST =ghikge] Z|Ze 4¥
el ZAd o F}AYE azjm ¢ #HA
e oiu] EE 710 nlo|azgy Fewdomo-
nas putida®lx FFFHer A=) w4
7} vlo) a2 ZFolA] P-450 % reductased E
vl BRE 2001 o)A APEA A2 HEelA
= 44 ue] 1:38 vepdoh!® amla 717
2] association constant+ P-450 LM; <}
g 1AEY EA R de] Yo A@e] U
S =gl diang 2~ 3¢ R ZAFHE
Bt} = NADPH, P-460 reductase,
phosphatidylcholine &2 T4E A4 A(re-
constituted-purified P-450 system)elA]
P-450 o] S#£3 4L 98 a7EHe E2e 4
Az o]},
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P-450 2 o8 £9545e) & 715 AY
2 gyl 7lde] Aol heme ironsl ¥
3 Y2 spin e AlelelA] #de] AWM &
),

E1olMet o] ferrice] &1 W& spin A

£ 28 e o] dehl ] i 2
Hele B2k whloz 44 S4Eag® o
& 713 AFS P-450 71 o dhe] Azjel 9
& FY== FGolr}, ©l9} 28 reducing
equivalent = @ | 32E£F rlEE=o}
o] P-450 7 7] NADPHZ 38 2t} =8y
) A2 E P-4504= vteE]ole} mlEZcle}
ol FastasA e Of AAdgdNE  olg
FOD JY F 9L ALPAG 2V S 9
o R it FYHHE YA
olt}, ferrous dioxygenZ2FEE adrenal
mi tochondrial P-450pg,,°14 338 43t
Aok P-450 LM, & %A @)% guz
QoA 255 0TE slu 445 EFAIZEY
ferrous P-450 LM, & 420 3} 558 nmel4A] &
TIHE Vel = S AdEe] & F4dHe A
< vFo] & 5 AT,

T A Az 98- FEREEEQ sAR
Al P-450 LMA®) 2]§l active turn over £
HyOp A 4918 459 Aol 55%7) 7ldel &
AEe A Hy,0p B2A WERE 1] gl& dHis
100 %Itk ™ o] guide® P-4500] 4kk
2 AG3h= o 249 vheAe (I3} o 3
7 AAEg gl ExslelA wrgo]l e
itk (RH: 712 ). wEbd w4 2 © Yo}
71 whed (D2 el 5= ik

RH +0;+NAD(P)H+H" —ROH+ H,0+
NAD(P)* : (I

_ NADPH +Oz+H+—+NADP++H203 @
273 5 WA AR} We Azl 223 A

x| Gevy A4AEFEL ferric P-4507
superoxide &olfo g AR BET} °f

HAwA

A QoA w7l Fol T8 dHE rels ofF
= dTEojor B Ho] Az @Y, )

Nordblom® Coon® & 71A&A3lelA &
T Ahde] g A= IisER JPEE g
AL ert 2080l Yol AAHA #95 vl
AAsEt.  s1de] P-450 LM, 29 =] &
Adgde s VM TR s 2 7)do] Al
o] turn overx%s} 1 ZWRE oFA =
g F AEAE Yga ek

gt P-450 LMol oJ3f Feie=  f4bshis
X bs7t FHA AXAFE FFHL Bud v}
slovt 848 # glojolwt dhe ARL o uh®
a8 A7AAANA bs 7F 9 W BE 71E
o] Wl ZEFAA AAFHPA ARG 2AY E
= B2 turn over numbers 2 WERAT
W Miki T 2 bsol et ZHE Azt
g2 ehls P-4502 o8 FHE4E B
el mlelaggoz RE A oen] NADHe
23 P-4509 #9Yeo= NADH-bs reductase
ot bs, 2831 detergentd] AT FUt 2
TEe AS gl z28l3 NADH-bs reduc-
tase 7} Tk &3 W= NADPH-P-450 re-
ductase SAEY bs9 Fxe €8 goen
NADH &4 38lllA] by 2REL AAADe P-
450 o=, 8] NADPH &A= 715 o]
Aok F o9 Ze L AHER BAAE
AL bl AFFHAHHL oA fer—
rous oxy-P-450 2] #glo] & Yojuba A A
3w} A" AulolMs P-450 LMe] Absigt
Aol st 2ozl AT, FHA S92
A7}t ferricold] o&) W= FA3EE
2o Pereoz AT WAL AzAEE}
FA F/MEE HEAA asit, a2 F s
o} GaAFe] B9} rlael ibae] AU ¥
A o 23R JAHE d AR d7=2
L AEs WA g REo] BE ¥ ol
AW A} e 7)30) =3 R s, HFHAR o]
ukgeld P-450 9] EA4zE|R FE AHE 4=
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Cytochrome P-450 Isoenzymes<l Wi§ FTe] a5 %

o] 3fzlel ofsf whgo] SdETE o] AHL H-
B3] Al 22 vkgo] AlFE 7] AHe) ¢dE =)
diols®] alkane F41#hgelr FIHA e
Aoz o Uk aza F4E FUslaEe
AP oz ol wislshcd oA FaA Y
WS-8 JAsH= a9E vErd 5 Ao 99
oz F4& W 4EL B8] alkane B}
A3Fo] A Aoy dTHE Aoln &% 7]
AE2S} A 4tshd EAle] A 7F Z doldth
EE PR 4% 98 s4aFHo RN
H A EHA T g A XA G 2 =9
712 FHA e FaEge] YojukA] fsth!P

P-450 @) 2]3] &A%+ B33 g W F
oA Zzbe] dAlE]l v dAsp gt &
* £% Jepiad 53 P-450 LMol & Jeld
o o Zj@e] 93 reductase, bj,
NADFPH, <1A1de] |9#& veth, a2y 8@
AE AX €A FadtEe] g J1AEA SN
2% 39AIZE BEF 2104 AdE £5E 8
olez 77t §olsx gk

x| vlol IR Eolvt ATFAA M Fiksks
2 gAEe 235 gAede B A7 Eds
A=%]1 9lth.  benzphetamine N-deme-
thylationg AFAHL £uE 1519 H&=
T8 A2 zkw gl P-450 reductase
Bihge] Fxed AFPFo e vEH e A%
Miwa & %3 o] &390t} reductase P-
450 H%E2] turn over number & A A
A} vielazge] oA i 2& HSR Y
o, ZlAe] £aEE FEE S5 E 9
NADPH &ke] 33 459 benzphetamine
demethylation2 A& &£x7} 30TA &4
9%} 4 nmol *min~! per nmol of P-480°I31
2 g8} P-450 % reductase?l H]E9]
20:1¢] nlolARENME= reductased] AT
o Boll o] St daFez Ay 48S
FAZ FAH e 02 FdoF #ok.  wbM
2 %5 NADPH 4188 §lsl 4= reductase

¢ 180 nmol *min~!nmo1~!¢|™ formal-
dehyde 24 & 9J8l-+ reductase?] 80
nmol *min” ! amol " ojRlck, == AYE}

o B ol AAFHY &8-S 4H2¥ NADPHY

mol % 0.44 mol 8] CHyO°l%it}, Vermillion
I Coon? & £%o] I3E T AJRo=2A
AAH reductase & AZME ATHANA FAL
g z73%) benzphetamin demethylation

3} NADPH$| 4k8l&% & 23435 A3 NADPH

lnmot™! &

£ reductase®] 197nmol-min~
T2 457 A¥¥E% L CHaO0= reductase
2] 92nmol *min” ! nmol ™! &l HHHAY
om AP HEL 4slEl NADPHS mol G 047
mol 9| CH,O°|8ith & A= P-4509) <
3 Zoje = wWkgolr EEe] S F= A
7t vlel a2 & AHAAZE e v
3 P-450 LM alkyl $4bghukgel A wrg
A ¢} 2ol 71de] Aslg FuE 4 der A
WS URFESIRES] pshh-Eol s Sul gy,
7Y paElbgo] Yoluhs 7)FS durFoew
peroxidase o &% 7|32} FAlRE Aoz vl
7 skrol alkyl hydroperoxide (R’ QOH) &
3] ferric heme ol ¥i€13}7] 915 Aoz
Ry HFHen Y4Fg Fol Itk

AEr=E g Wslal7led oE 2L 0 A
Age] Pl et 4EH first-order rate
constant 9] ¥4 -2 2ol R
Ak

P-450 +ROOH SN CM-.K—“ D {m
K, K,

Ce E4&-71AEESe" D #Ie= ¢
AAe] A9 EY (metastable spectral
species) olth®  K;/K, ¥l @iz w ¥ 3
A+3}Eo] 3 association constant ©]th,
2, SRS Fsiiadl 2545 WA AR
7 2 fRE2 vk Kg o K9 22171 94
g P22 71w Do 2dE MR R
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#HaralEel] g lelehs AHISL e T4t
Bpde] o] gaes] s e Fe 4
A9} oy BHE Co Do B A
Ao A gusieh, e waw Tatsls:
49} P-4509] WkS-2 #AElEe] uhg-= Fg
BEE WHellM A& gE ez et

A 2717 P-4509] inner-sphereqt&o 24
Ad - 2b4A T FHE &3 ARG Y
2 A9 outer-sphere ¥H&2 alkoxy
g SEEIe] AAde2RE Aye] Hu gl
om gl 33 ),

a2 o] Aol alkoxy2heiztel] o A%
H ZjdzREe] pgygo] & FAYA il 5=
A7l @axgAe] FREadd Y p-4509)
A48 FEHEA 2T vk e 44l da
A gor] YREL Ait Hisese RE F
et A1 YR FEHoz d47E AW
21g] Haze ofF] wulgt g8 Wd + gt

218, Outer-sphere reaction of per-
oxide with P-45).

3. =940 =59 88

£2& A7 7P gel A58 eMR B,
23, A7, B e a8 3 59T
Bk 2YE SRR $PHE B ab
(isoenzymes) ¥ BEH& Aol '

#el A R A e} ol P-4502 71 B 2
4EoAlo] ol 9 a4zl SEEHE 71del
Ae Aol EAoItt, we EajgAe] cjviz
3517] W B £ AAY P-4502] Tl 2
FE WA gl oA WIPE P-4502 oY F
NEL2 FAHE gor A FHEL7 &

ol“de] tiz7] WEo] o7 Tl WEol o
ool g9 wWE B 8 rido] FHujEm
2 o]E 49 o]ER Eol & Ao "R gt
CFrEEE S AEElA] g 859 P-450 B9
AT $H RAeR P-40,9 AR B9
Form 19l faxtel Uxsly 3¢ Erje] LM,
Form 2%, P-450,%%3% o xzolgl gulge]
Aoz AZtE)ed phenobarbital (PB)-indu-
cible form® F%E Hielv} =x% FFH9 P-
4503 o} A7 P-450-PB= BX1Po] BF 50~
52kd W9l Aoz deizlen olEX PB #
o 9% 8 BYEAE HHAGY 27
LM, & 72Fl FAxe 5 P-450, & AH
o] P-450-FB29| A3} YA FCES HFe P~
450, = P-450p 0.2 5E 2oE v & FolA4
¥ P-450¢ oF YT Ao| #9l=x] g3
e P-450p 9 P-450, v Bl AR|E B
olx slew COEFEL] EFSui7) 7= &
g3 Ao|E Ho|X|uk Wslely Higo) 2% 3
Fo s Y] & HA gevh, oy dF4
3-MC Ei= PBE X3 ¥ #=¥ P40, 9
P-450 ol thEle] o]E=] TEA¢ FAHRE ¥
o Ao 233 ME A Aolz Aol
BHEAL®  P-450p 9} RTIRE P-450,%
PBel gl&] Hel= 608 -FEEA]N P-450, =
A E Fd B o|AL PBY g3 @
# goaRyH FHolx 3F9 P-450°] #E=" F
e AlAkHE Aotk
LMy, aniline} ethanol & 7FF & &
o) Sch3®  LMyp* , Form3b®»® | p-450557
= U3 g Ao Ay a5e] At
%, ~HEY E4, aminopyrine & WAlshs
Fou Ry o]Ee] FAR o= WY
t},  P-450p, 2 bgel tidld 23 AFHL
el NADPH # opjZ} NADH-depen-
dent p-nitroanisole o-demethylase 84
EE UL ® B9 LM, = E7Z9 A
4] - B-naphthoflavone~inducible P-4502) &

- 108~



Cytochrome P-450 Isoenzymesd 3t 2o A75%

= Comparisons of different fOrmS of liver microsomal P-450 among four

52.
species.
Rabbit Rat " Mouse Fish
‘Form1’ < 50kd ‘ P-450," 48kd
‘LM,  ‘form2’ ‘P-450," 49 or 50kd ‘P-450," 52kd ‘ P-450-PB’ 52kd
‘P-450,° 52.5kd
‘ LMSa’

‘LMgp ‘P-4505"(?) 51 or 52kd
‘Form 3b’ “P-4505"(?) 51 or 52kd
‘LM;, " ‘P-4504"(?) 53kd
‘P-~450p; " ‘P-450 105, (?) 50 or 52kd
‘P-450-PCN’ 51 kd ‘P-450-PCN’ 53kd

‘P-446" 53.4kd

‘P-448’ 55kd
‘LM, ‘formd4’ ‘P-448," 54kd ‘ P-450,°(?) 56 kd ‘P-448’ 55kd ‘P-448’
‘Form 5’ 55kd
‘Form 6~ ‘P-448, @) 56kd * P-450,"(7) 56 kd ‘Py-450" 55 kd ‘Py-450"
‘LM’ ‘ P-448,° (?) 56 kd ‘P-450," 53kd ‘Py-450" 55kd

* The isozymes are arranged in their approximate order of increasing molecular
weight. The approximate molecular weights (in kilodaltons, kd) are some-
times included, althought it should be appreciated that these can vary among
laboratories by several thousand daltons, depending upon experimental condi-
tions employed. Sato’s rabhit ‘P-450,°, ‘P-4505", ‘P-450,", ‘P-450s", ‘P-450;,
‘P-45045,", ‘P-4504, , ‘P-~450y,", and ‘P-448, " are not included in this table.
Mitochondrial, bacterial, and nonvertebrate forms of P-450 are beyond the
scope of this review.

LhEel SN ELR ARYHYOU FAE  Folm AT AHHge BUES UBTL®

T RS T SR #A3E 7Y+ g Holl Kaku & #4950 2 gr]o) A 2tk P}
€ BN 59540 e Ao gegy. o Hu no)a=FoaRE 33 P450EYE
%40 B-naphthoflavone T 2,3,7,8-te- £F gEgen 2 ¥ S P-450; 7 ATAAA AN
trachlorodibenzo-p-dioxin & E7]9]14 Form prostaglandin® w-s4ahg-8 FNFo g
4%} Form 62 Hojk F7kx] P-450& §% 30 FAE o APde] Fashikgol s gejshs

3, 3-MCx BFolA P-448, P-4508 #%= A& Hsh

st 83 Z_Poi-‘:r'-!‘:'h‘:— P-450,.7F 50v) fx= H 38l 4+ arachidonic acid?} P-45
Hol ¥ T a4} =Y P-450, & 497t & 4 bs ol 23 AWM HAEE wpEe
ZETL 38U P-450p & E7hER] k=) 4249 UrEH_J Aoz QALE Aslsls 2% o A Eae)
723 B-naphthoflavone & A& § gx=x Tdet FERAES FASHLY 45 Ads
H 2o st o 79 P-4H0oA shte) 59& == 3le] Maliyakal 55 & Z¥xel89 2

o & b
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Products
R S Catalase
Products H202 (@ Azide
Mannitele------- " '“—/ AA
® ) OH° Products
AA \ f--------Superoxide
03\ @ ° ° Dismutase
0 . |
YA
\“‘ 02
AAOH ~—=cr(AAOOH) AR \
NN A
bg / y
I )] AAQOD
NADPH-——= Fp——= Jpasal 'ggtyrapone !
Benzphetamine
Arachidonic \AA
Acid 0
CAR) ¢

3l 4. Schematic representation of
the possible reaction pathways
associated with the function of
microsomal cytochrome P-450 for
the metabolism of arachidonic
acid CAA). The sites of influ-
ence of varjous inhibitors are
designated. AAQOOH, the pos-
tulated arachidonic¢ acid hydro-
peroxide ; AAQH, the hydroxy
acid; fp, flavoprotein ; bs, cyto-
chrome bs. ‘

ALES BE P-450¢] cDNA 28 RAgx

o 54de Basit.

4. UURAT HSES

B egd =20l deel APHer JAFdE=
YAE BaE2 on] 0EdFH BHFos 9l
AE7] AFRert o FAEI woEAe] FHe
olE FAHIAR1 AES WE F e Aol
Jv B LU EATNA TereEdE A%
FEH+ BPE blmd AEHo & gFEoe] - o
o &% Wt o}y Fe) WHH T2

J& 5+ MFO 28] BP7} tiAl=e] iy
T84 dAEEER AR aE: =
3 epoxides 7l © ¥ epoxide hydrolase
o 28] diols = 283 ] MFOQY| ols] &
A€ YehE o8 diol epoxides 2 &
°] DNA<®} a3je] A mgate F4asy

o
B EAR) FE BPAY] 2AHE W2

Holx got?

=, MFOE #5383 5428 3% T
A3t glow o] we] 7)de] BPY ®] AHH,y,
2} LT Bpi olgt Be gApEe B
g FHolm 0% ol F3 YAERZ AW
ot IS dskrac U A2
Hug 3 £ 0 fH39 2ol e =
A Es A5 2 Aol & BolE AR A7
1=

Welch 5 %% 2 Fdals ¢latne] g uloj
Al AHH g 9 8471 433 S7i9 A @
Fatu oA Bl dr)se] ohE WS gEl

. & FolA 538 BP o8 RAYL gl P

I % Kouri B 2 22 A9zga 8
of 243 AHH,,, BAE 71 JAFo=
AEAA A&-& Baslgien, Donald 5 5
ol Hud syl grlu YA emw o
o e d4o]l PR S a) Paj-
gen 5% & o557 & R12AM AHH 402
7he} e AE BAY) glee AAssle
AT = ksl d728380] A% RaE
2 glent sEkEge e i dEAs} o
el aQlel o UPRE TEEl]  Ydalzre
2 789t AL 803 Yol o, e}
A YR WS gEkes 8o P-4500] 9
3 FdslE d9EA = Ags s Al AHH 4,
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Glucuronides

1-0-G  f#-Glucuronidass

7 3-0-6

DNA
/ 7-0-G
MFO = 8-0-G
A 6.0-G
DNA Phenols 7.8-0iol-G
Binding 1-0H 3,10-Diok-G
A |3-0H 4,5-Diol-G
“o\{ 7-OH Quinones Sult
DNA —=— 8 0xy-8P 9.0H| MFO _[36 _ ST -1’-%
Radical ™ | 6:0H [\ NE 16 .
/ 6.12 3s
7-8
9-5
6-§
455
7.8-8
NE 9,10-5
GSH Conjugates
4,5-5G
7.3-5G
/9.10-36
) h Tetrol-1(7,10/8.9) Triol
gp Epoxides S Tetrol-2 (7/8,9,10) (7/8,9)
= 12.3-01
[4,5-01 Ho0
178015 2 oS
19, 10-01& NADH
Riols Diol Epoxide |
6-OH-Me (457G Lr-T, te-diolt9, 10-0xy [\ 232
i . . (-)t-7.8 Protein
MFO-Mixed Function Oxidases {-1-9,10 23 M
EH-Epoxide Hydratase “5 Diol Epoxide Il || Viutagen
ER-Epoxide Reductasae Do r-7,t-8-diol-c-9, 10-0xy Carcinogen
DO-Dihydrodiol Dehydrogenase NADPH
GSH-T-Glutathione S-Epoxide Transferase Qui 2 Hz0 or
UDPGA-T-Glucuronic Acid Transferas_a uinones NADH
ST—Sulfotransfera_se Tetrol 1(7,9,10/8)  Triol
NE-Non-Enzymatic Tetrol 2(7,9/8,10) (7,9/8)

S5S-Stereospecific
1-Trans

T2l 5. Metabolism and activation of benzo [zl pyrene.
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