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Microsomal Cytochrome P-450¢]] wjg}t o] 24 1%

The Theoretical Review on Microsomal Cytochrome P-450-Monooxygenases

=l 4

}i}-

o2 (xenobiotics) & T3 AR 7]
AdiAlet FAEH microsomal cytochrome
P-450°1 A& A7 2 713 e 2w o
HE st FS/RE A8 o 7ol FHA &t

23] grogdAbolA cytochrome P-450-mo-
nooxygenaseo] 98 o|Bze] thAlEA 5t
Faidol ozl RSl o3 A= QAW F
A3 A2& WFrldE oF ml &),

&) F4He P-450 9o okt FEE 2¥
Bol2 o] Agdig ot B3RS Ryl 3
2 gt} webd dEe A% WEEH Wlgol
ZE7t, AFFde W A oY FAFE
Fystnar guls B 244 AAg JEEEE
Zxald vigcl, gglz P-4509) sl 29 @
Ag 23 e B2 2] Aol ARG 2 o
¢l 4 &, i) Cytochrome P-450 isoenzy-
mes ol St A9 AT EF (574 Fhd A
R, 25(7), 497, 1985), ii) Microsomal Cyto-
chrome P-450s ¢ S|4 (43 $44, 1,
309, 1986), iii) Microsomal Cytochrome
P-450 FH| il &) Foj=l= dalwke (3=
Hx3}4, 8(2), 67, 1986), iv) Cytochrome P-
~ 450-monooxygenases ATolM f71840e) F

84 (3 2, 7(3),8,187) & 42
s va =30l HeEls Az,

CEXCE S

71

3

BEA A 8] A= ol ) 2ok,

P-450 (cytochrome P-450), BP(benzo(a)
pyrene), MC (3-methylcholanthrene), PB
(phenobarbital), BNF (8-naphthoflavone),
PCB (polychlorinated biphenyl), PAH(pol-
ycyclic aromatic hydrocarbons), AHH
(aryl hydrocarbon hydroxylase), ECDE
(7-ethoxycoumarin O-deethylase).

1. P-450 2 Unixeol S

TERAFAM WAE F3] o 156~20% =
microsomes ® TAH o] 9lem, 7t micro-
somes & =% 7te] RNA2l 50~60% & zn
s 242 ribosomesd A Foict,
2T microsomes ] e A@o] AFs)
9] 1= ¢lslE= lipid, phospholipid,
phosphatidylinosit'ol, inositol, plasmalo-
gen 8te) okzte] gangliosides & ztm Ut}

7t2] 4%3 (endoplasmic reticulum) 2
triglycerides, phospho]ipids, cholester-
ol & o ol &FHE o8 7480l gk a8

L ojekgt tialke] 71591 microsomes®] ol
E23l= P-450 systemdl] &3] ©|F4 2|
Aoz & TR AAREAYL flavo FHE F,

gol
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i)

NADPH-P-450 (cytochrom c ) reductasest
NADH-cytochrome bs reductase 7} gt

ct,
]

Ll

barbiturate®} & P-450 fFEE2
< dHo A3 microsomes s F whilA
oA 10% F= P-4507F F7i=ln 3 Exle
NADPH-cytochrome P-450 reductase+= 20
~308Ate] P-450 7 FE gl S¥A M}
HAgA = cytochrome hs(bs), NADH~bs re-
ductase, fatty acyl CoA desaturase 2 45
o] glon], Auake B33l 27|71 $)8] NADH
2 2 HAZ gk, P-450 @A EL mi-
crosomal membraned] & o] o] AFE o
glew NADPH-P-450 oxidoreductase£2}9
3olgo] Fig.13% el lipid bilayer o 2
w7 BE=H o] ok,

Fig.l. Three—dimensional concept of the
monooxygenase system in the
endoplasmic reticulum. R, subst-
rate.

W FHFe 7+=E microsomes ol &8}
kMo & P-450:NADPH-P-450 oxidoreduc—
tase 7+ 10:1~100:19) #¥l& (H)S

o]l F 3

2ltt(Nebert & Gonzalez, 1987)., ¥

| p-4502 © shie EAE W Ao oMx

Nz e 548 Uehie @ 289 aaseet

R—CHg — R-- CH,0H
ALIPHATIC OXIDATION

Sas e

AROMATIC HYDROXYLATION

R—NH—CHz ~> [R~NH—CH,OH] => R~NH, + HCHO
N-DEALKYLATION

R—0—CHy = [R—0—=CH,0H] — R—0H + HCHO
O-DEALKYLATION .

R—§=CHz = [R=§~CH,0H] > R—SH + HCHO
S-DEALKYLATION

OH S
H—CIZH—CH3—> R-IC_CHS =3 R-=C—CH3 + NHj3
NH, NH,

OXIDATIVE DEAMINATION
. H + + )

Ri—8~Ra] = Ry—5—Rp + H*
SULFOXIDE FORMATION

H+ -
(CHzlgN — [(CH3)3N—OH] —> (CHglyN* —0~ + H*
N-QXIDATION
OH

i
Ry—NH—R; = Ry—N—R;,
N-HYDROXYLATION

OH
Ry—CH—X—> R1—¢—-X ~>Ry—C=0 + HX
) Ry Ra
OXIDATIVE DEHALOGENATION
":{3 e- IRB H* R_B
Ry—G=X —» [Ri—Ce + X[ = Ry—CH + HX
Ry Ry Ry

REDUCTIVE DEHALOGENATION

Fig.2. Examples of the many diverse
monooxygenase activities of the

P-450 enzymes. The oxygen deriv-

ed from atmospheric oxygen is
denoted by bold print.
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Microsomal Cytochrome P-450¢) W& |23 n &

g ¢ glout O BolAe| AF FEHT, FTE
Fo) 7tzZ o] o = P-450°] tis) FE ¥
£ A7 Hof gor} Heh A, we EE H
R3] gl a Zegate] FHdx p-4500] &
A}, mEA] d8 FHEAR TAE P-450
AR BF2 steroids €2, arachidonic
acid, B1EM91 D, cholesterol B3 A8 &&
(Ex o)Ed )l oFF, 4F4, 2HHELTE
oxidative biotransformation2 23 &
© hydrophilic ¥ HAEZAE HAgAIZIAD, P-
4509] 715 X (e Z4=E 7D Adle
¥ NADHE #713Pd NADPHO A53ae-g u
7% sh=d 2 &lE aminopyrine (N-deme-
thylation) ¢ MAlS 2= NADH#F NADPHZ

ek e w2 £t A9 2wz F7)
gt (Vermillion & Coon, 1978).
oJurd o 2 microsomes el A¥Eo] e

& Be FA80 YL OES 58 A3 3
B Ade FR €3 Ao, QAd A4l
Az ubgol| o3 a4 Fx SHNM deter-
gent 7} 91X de] B3 &7E HAE + Sle
™ oF 20417 Y= A Axde] HdEHE
2 2FE = AoE Wol Aulroez o g4
=5 Jehic)

M Fig.2+ aliphatic, aromatic 3=
5o) P-450-dependent monooxygenase |
o) EEE o el Ugd RoE o

Hel e AU Z1d ) o] 23S dAlsted o
monooxygenases o] |ae] AZ] ¢kA HE

ek,

2. P-4500] 2/t Cholesterol 2| CHA}

P-45) 5AAS dT8ke SREe] ¢4 B4
o 2= A Fulle o EFe st uiyE
P-450 HA7F BB Al tiabelA FE o
shg grisler e o YRt #esheAl &
+ Hold,

P-450 2] A 712N AA7A 7P HE
Hoz 7" BdF9 U= cholesterol &
E 7 Utk

AN A steroid AL cholesterol
9 Z7/RNEF C-20, C-2294 FAstg ez
B AlZ=]® mitochondria oAl o] ¥kgo] 2o
dc}, oo @eidts &4Ul wlE P-450-hydro-
xylaseo|t}, W& 7]dEo] g YeERllE mi-
crosomal P-450 3= @8] mitochondrial
P-450 & W3] AAF F=AQ Fold-g H=
t}, 22lY microsomes 9412 #Zel adrenal
mitochondrial P-450 &= membrane 9 73}
A Ag= A

@712 F F79 mitochondrial P-450 ©l
== 2 shte P-450,. (side chain
cleavage enzyme) ©]® ©]7& cholesterol
9] 43g 3wHdoht &gt (Fig.3). <,
isocapraldehyded] Z7/IRE BaAlA A
steroid® ATE2#H¢l pregnenolones A4
g}, = ohe ke P-450y,, EE 116-
hydroxylase 24 glucocorticoid &4
oA HAFe] F£AsNES-g Enjgirt, ¥ o
9} -2 ug2 adrenal cortexolA T doft
t}, 9] F £72] mitochondrial P-450 &
flavo @A jron sulfur 2d= P4
22 HAHgA g FHFh mitochondria £
Farse-Ale] gA HEe dHe ele] P-
450 .opf camphor hydroxylase system) ©]
g4 o| A% mitochondria®l P-4502 mi-

tochondria e t&Euel] A#E Sle AL A
QEtaE P-450gmd fAbsHeL,

Fig. 37 o] cholesterol & Agol 2R
A A FaEE T ASHA 20a AXAN L
ot 3WAE old WA g R
o8] pregnenolone & A7 3l diol 4
Azl el a7k ottt (Lambeth, 1985).

dihydroxycholesterol & A% HAB8&
A& »M Fig. 4904 ¥ dke} o] reduc-
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Cholesterol

2 NADPH

2 NADP~.

w71 &

K, (CHOL/PL)

CHOLESTEROL [ ]
HO

NADPH, 0,

H
0

22R-HYDROXY-
HO CHOLESTEROL 0.0005

NADPH, O,
H 0
204,22RA-DIHYDROX Y-
noﬁj{):g:i:nssmnm. 0.0023
kNADPH, Qs
o -]
l : HIGH

PREGNENOLONE

Ox

HO

Fig. 3. Sequence of oxidations of cholesterol catalyzed
by cytochrome P-460, . The enzyme catalyzed
sequentially a 22R-hydroxylation and a 20a-
hydroxylation: a third OZ/NADPH—dependent
oxidation results in the scission of the chole-
sterol side chain to yield pregnenoclone (plus
isocapraldehyde). The hydroxylated interme-
diates are bound significantly more tightly to
the enzyme than is cholesterol, thus prevent-
ing release and accumulation of these steroids.

2 0,
- . Cyto P ‘
2 FAD 4 Fet** - Fe* ) Faso
cholesterol Chuolesterol
Reductase Adrenodoxin Cyto Paso
2 FADH; 4Fe*** Fe*** Cvio Pusy

(OH ), cholesterol Dihydroxy-

cholesterol
2 H,0

Fig. 4. Oxidations of cholesterol by electron transfer.

Cys

G _® ® B, ©®
SIS Y-
R 5 . @?@

Cys

Fig. 5.

Cys C)’S Cys

©

Cys Cys Cys
Structure of adrenodoxin.
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&@_@ e o

cm

PREGNENOLONE 17¢~HYDROXVPREGNENOLONE DEHYDROEPIANDROSTERONE
i i
i
i
I : g t
. ] 1 ; Q
v v -OH \
o
PROGESTERONE V7a-HYDROXY PROGESTERONE ANDHOSTENEDIONE
$HzOH CHpOH
ENDOPLASMIC
RETICULUM
11- DEOXYCORTICOSTERONE 11-DEOXYCORTISOL
CH:OH cn,on -
- ueoxvcoancosrznowe 1- osoxvcoa'nsm.
C"‘! @ CH:OH CH;OH
R
HO

PREGNENOLONE COHTICOS‘I’EHONE
CH:; @ HD °“=°“

CORTISOL

Ho 18- HYDROXYCORTICOSTERONE @ P450¢17a
CHOLESTEROL
O CMz0H
ue &=0 (3) Pasoc21
MITOCHONDRION A()?:j (@) pasoenp
ALDOSTERONE

Fig. 6. Metabolic pathways leading to the mitochondrial (bottem) and microsomal
(tep) biosynthesis of sex steroid and mineralocorticoid hormones and the
key steps involving four P-450 monooxygenases. The involvement of 118-
hydroxylase in the two steps between corticosterone and aldosterone has
recently been established, Estrogens and testosterone are formed

by the further metabolism of androstene-3,17-dione. scc, cholesterol
side—-chain cleavage.
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tase ¥ adrenodoxin (MW, = 22,000) % 3
AZled olRAL iron-sulfur PR FA ad-
renal mitochondria membrane o4 g+ 27
Hro}, o]t 22 adrenodoxin 2 inorganic
sulfur & irong ZZt & x4 ztu Qlod
= A9 H29x Z+zhe ¥ BAe] cysteine-
sulfur® @@= 9tk (Fig.5). ferric
ironE2 flavo YN IA2RE P-4500] & 3
ue] AAbgre W gt

ole} L HAAFL AX P-450 o] Astes A
g Wkl ol a4tahtgol we}l choles-
terol ©] 20,22-dihydroxycholesterol & =
th(James & Otto, 1982). =z} J2xoa
A= pregnenolone & AAWollX T }jA] Z+
= P—450—depe‘ndent monooxygenases o £}
3l Fig.6% o] a+3=29 microsomes
mitochondria ol &gl&el WALS Z5] sex
steroid & hormones 2 Hr} I#HE P-
450, ¢ 11B8-hydroxylase mitochondr-
ia B20)A %} 21-hydroxylase ¢} 17a-hydro-
xylase = microsomes E2EAM o|& 42%
o] 5i4s H FHAE o&f g5 Hol 9l
tt(Nebert & Ganzales, 1987).

mitochondria® cholesterol ¢] P-450 .
o 93 Al & 2 dilaiEe] wapzze] p
-450:17a 2} P-450.-21 9 2Jall Al&ellA ol A=
™ mitochondria® P-450-1189 23 HF
o R fAEE AL s Evigl=s gelol,

W steroids & AU e AQe Mz o
E o8 P4509) 71AE olgE=d FRAF A
Z59 azhre-g Fofdit), &, Dw-2 -1
-hydroxylation, ii) epoxidation, iii) ally-
lic oxidation &2 w-oxidation®] 43!
279 M F AT dsle] o 5%7F Ao
wrt,

#A#AZ¥e] P-450 & lauric acid(dodecanoic)

o} e Apate] FAERSE w-9 w-1-913
;Ze Za)| gttt Michael, et al., 1986).

7

3. BIEIE! DCHAOIA P-450 9| H&t

HIER Dy o A48 cholecalciferol &
ZA754Q] 7-dehydrocholesterol 285 UV
off o]sf o RollA A=A cholecalciferol .
A AETHe 2 848 Ushiiz] gton o]
o] A8 1,25-dihydroxycholecalciferol
o] 848 Vet Fig. 73 go] o] 238
cholecalciferol ©] % wA o] Sabspute g A
H AAEt A wAlY 9SS A gojuky
I Fe] kg2 A1FlA Yot} (Olson, e
al ., 1976 ; Frazer & Kodicek, 1970 ;Gray,
etal ., 1971).

25-Hydronylation ‘Ja-Hydrozylation

(Keiney Mitachordrio) !

(Liver Microsomes)

HO- Ho~ Mo oH

25-HYDROXY
CHOLECALCIFEROL

CHOLECALCIFEROL 10, 25-DIHYDROXY

CHOLECALCIFEROL

Fig.7. Cytochrome P-450-catalyzed
hydroxylation reactions leading
to production of active forms
of vitamin D.

cholecalciferol 25-hydroxylases Zi9
WA e glod o] E4ve FEAA micro-
P-450 <35l whgAlZ e A
(Madhok & Deluca, 1979). 7k2] microso-
mal 25-hydroxylase 8} vhdl= A3
hydroxylase = A% mitochondria <l &)
ot el EkA e TR AFLe la- 5%
hk-go] dojut= 7H F23F Fioln Hure
la-9=4talubg-o] Qojd 4 e A A
otk la-$4ks} whgoz e g 2 F2
W= 25-hydroxycholecalciferol o] 172k
9] godoA A EE Hel Do F£9 tiat
elc},

24- 7 4shikg-& alg} 23 oA gdoji=r &
5] A% AellA & delgt), 4173 mitoch-

somal

la—

Br

Mo offl o
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Microsomal Cytochrome P-450¢l thgh oS3 2%

ondria ol ¥ojubs o] ¥rg-& la-hydroxy-
lase &) 2R FAlE AF9] P-450-dependent
systemeol 28] SAHA},

4. P-450 0 2|8t 0|22&! (Xenobiotics) CHA}

SEAe] 7EA L o|ZA 9 AlE #3 Ut
Z1#o)n] # 9} AAe] 2 v rl@er ols)l
2 1AFe) 71d) wet &, e gAlste
ol zte] whabgskel oF 10~30% & ©RETh

Table 1& 7t¢] microsomes 7F o] A&
Alals 58 & J1Ee R o FEH R FE 7
£2)3 microsomes & °)Ed thAilsd & 43
ulwd Relok, wEl 2%, o, H, HEE 2
UL sl Bee o 4 vk TdEE Be

Table 1. Capacity of various tissues for
metabolizing compounds.

Capacity for metaboli-
zing compounds

(percent relative to
liver microsomes)

Organ or tissue

Gut 10
50-175
10-20

Adrenal cortex
Testes

Spleen

Heart

Muscle

Brain

Placenta

Skin

e e T R o = R oy |

glatga 2o 7iellA] dialEled o A =T}
o] g9l ols #MAE £ U, HWAE F7HA
71 a9 2o BAES “4=Ed (inducers)”
olg} =8 microsomal P-450¢l4 = ©l B
£ P-4508 FAL fedEvt od EA¥EES
=35 5RA o8 AR £ Jde ofH EFHT
type & P-450( EHEA) 4L fF=3lvl o

weolth,

) 74A] = Fe] 2EEAEe] °|&E (xeno-
biotics) AR FEEARA El=%en] 2
URE Tabhle 2 a3yl

Table 2. Some compounds reported to
induce biotransformation.

Drugs Industrial chemicals

Aminopyrine Alcohols

Amphetamine Aldrin/dieldrin

Barbiturates Chlordane

Chloral hydrate Chloroform

Chlordiazepoxide DDT, DDD
(Librium) - DMSO

Chlorpromazine Heptachlor

Diazepam(Valium) Ketones

Diphenhydramine Lindane

E thanol PCB compounds

Ethanol pyridione Piperonyl butoxide

Glutethimide Pyrethrum

Halothane Toxaphene

Imipramide

Meprobamate

Morphine

Nicotine

Phenylbutazone Polyaromatic

Phenytoin hydrocarbons

Promazine Benz(a)pyrene

Propoxyphene Dibenzanthracene
(Darvon) 3-Methylcholan~-

Steroids threne

Sulfanilamide

Thalidomide

Trimethadione

Urethane

Zoxazolamine

P-450-monooxygenases ol &) A o

g T e #@wxle] M Fad AL 3
gsletza®E AAd=E+= epoxides B ©] EA
o] E@uiold m= uktd EAE EFH L 3l
slatalel wetd A Fused TdEAEZ 9T
511 glch, epoxides &= ¥#e]l PAHEHTE B2
ot FAo] o I ATEA (PAH) Brh  F40]
E ] =] wEolt, a8y epoxidesE 3
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Eoryd3alel phenol & A7 #3) A2
Y=Y = stAg woke] @4 vehlyl 93
2535 L@F¢ A SR 2} o
B4 413l £ d5A7E = e 5483 &
A+ epoxide hydrolase 2ld] epoxide &
dihydrodiol 2 ARt} °] E4dx 3AHE o
ERR 5l epoxide $H= 2] S4¢] glow 4
vidE o), z2leg 3 AAHE epoxides i &
22 phenol 2 A W9g"® 5 e epoxide
hydrolase®] 2l8] dihydrodiol & H71% 3
©H(Ellen, 1985). '

T P-450 B9 &4E8 benzene T o]g]
HFEHE epoxidationAl7lEd 2 oA 27}
Az dg=2A vehdo, 233 5HEAEL
epoxidation®] st A= & regioselec-
tivity 2 vehliEd 2 A9 A9 o)== QAR
 HEuARbES] HolaRH & 4 Yok &, A}
AFEL B 7AREEH AAHG HME OE
FAE2 sl A= e A (site)7F FA
¥7] w&e]ch

9549 23 epoxidationolA. regio-
selectivity & =te]= AAF P-450 % NADPH
-P-450 reductase & H7Wg A FAAANA 7t
2 B3P ZFAE I Uk 2 42 dFHY
PB-P-450 59 848 A7 A 7494 1A
biphenyl 2 ¥8 di4 o2 4-hydroxybiph—
enyl o] A AH, NFe] MC-P-450 T a4
o] 2-¢} 4-hydroxybiphenyl©] 0.442) H]
£2 7 AkEe] A4E ) (Burke and Mayer,
1975). 2822 PB- $9&E4E biphenyl ¢
3,4-oxides 44-& FA3tn, MC- THaEIT
2,3- 3 3,4-oxides ] WAL Zt7+ FZ

ma P-4502 B9 E4EC] vdEE AR
t}2 regioselectivity & AAuUe] 4w
el s $a4-g zheth

bromobenzene ©] e 1+ §4& PBE
A g oA X =n MC-u BNF-AF
Bolld adc}, o) PB-ATEEZHH F

#H P-450¢ 9J% ArF}elr] bromoben-
zene® 3,4-epoxidation & Zufsl7] ufjEo)
o}, 2wt BNF-AEl 552 2,3-epoxidation
< 5, 2,3-epoxide A& Ev)sis] AAdg o)
EdL 3,4-epoxide & ¥lmF2w 3 FH&
LeiAl 97) et (Lau & Zammeni, 1979 ;
1981; Lau, et al., 1980).

wel benzene & ©]8] K= So) Mg o}
2 548 vehil=d 98 P40 59 5450
#AHEHo] glom Fig.83 29 benzene ¢
arene oxide & #4435 == regioselecti-
vity 8] o] ® olel glaklEe] A 2&3F<9
thAkel A 9] zlo] wiiel] FAHe HdH 2 Fxo)
Mz deA el s mEck, %8 DBA/2
¢} CH7BL/6mice B JBEEE 3 A
(Longacre, et al., 1981) benzene ©] DBA/
2¢] 2o} £ Y& vehins AL g2 olF
Aolg} Selalw strainol wWab I THAMIE)
& #el7t S-S AlAkska Uth

OH
[ ;i
N n-—2 "ok
| P 0
H!\\

@, 5-GLUTATHIONE
H

Fig.8.(1)The bioactivation of benzene to
the arene oxide; (2)hydration of
the arene oxide to the i#rans-
dihydrodiol catalyzed by epoxide
hydrolase; (3) spontaneous or
glutathione S-epoxide transferase-—
catalyzed addition of glutathione;
(4) tautomerism of benzene to the
oxepin; (5) spontaneous isomeriza—
tion of the arene oxide to the
phenol via a carbonium ion inter—
mediate.
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Microsemal Cytochrome P-450°] tha o]&% pa

PCBs & AAWA 48 ¥ 7, 43 =
£ E719] 3t microsomesolA] mEAS} AY
) (Shimada & Sato, 1978). e|ul P-450-&
=€ 1 A%S F7RIICL 28y k) micro-
somes |4 PBel 2] P-450 == MCY 9
3 f=ro gaEolx] gk A3 microsomes
o PBel &g A=/t &7} glom MCel €
& f=7t 23l8 2 AL S/ oz n|
Fo| P-450 $H &4 7L 43 H 3gEe
Al 2H8 JEge FE AL T S YT =
& CHO Al=o)A @438 & 4-chlorobiphenyl
S a9z e 28 DNA, RNAC 538 5H=1)
F A% 85%E AA gl a2l o e
DNAgte] Agt&o] guiae] 3,580 g},
(Wong, et al., 1979).

Benzene & iAo 245l ¥ DNASH &
FEF¥E, a2 bromobenzene ©) QxH o
2 P ¥} microsomes & 282} AT
Hl benzene FEAHS FHAYF SAddd)e)
oA = "AA7A BE A )

2 #AHe] MC-micromesol &s A=
PAH QAMIEE L 12 A S P-450c3 A
7k A TAA A AR AR SR A48
o 2 @A P-450c o ATAANM QoA
PAH hARIEER P-450 9 O shite)l 593
27F PAH9 o3 X8 s d & o= A
= 9 3= Aol 721= sttt (Levin, ef af.,1082;
Thomas, et al., 1979 ; 1981).

##e2] MC-microsomes®] vla] =]
microsomes & P-450% P-450c 7} 2%n]
I EAETD (Thomas, et al., 1981). &t
PB-microsomes ¢ Y172 microsomes &
MC-microsomes ©l 2ls] 445 PAH thAl
0] A2l 2}, olgt e du= 71241 PAH
ol gk P-4509] o8] FHEAT HFs]  FAF
gl regioselectivity & zk1 9182 <uldcl

o]RE HEH0E P-450cE PAH tAlA
specific selectivity &} regioselectivity

E el zZH Ye J1A o)A Wl

W@ P-450 systemo] <l8] Fig.0s zo|
toluene ©] AsE71% &1, azo 32
nitro SFFo] =4 7t vkl s BAAT
(Fig. 10). wWekd azoreductase ¢ nitro-
reductase & P-450 # NADPH-P-450reduc-
tase o 98] 1 ¥4-& vehdd)

inaed function i "o
. an NADP*
N:CO + NADPH + H* + 0y — = HyC: OH + +h

Toluane p-Gresal

Fig. 9. Oxidation of toluene by the mixed
function oxidase.

NO; NH,
. hecme P,
@ + ZNADPH + H- —roremtim, @ + 2NADP* + 2H,0
Nitrobenzana Anilina

Fig. 10. Reduction of nitrobenzene.

5. Z90) efdio) P-450 0l a|x= Yt

e (placenta) & 22 g s 54332 73
ol slelA tigks] 28§ 1A= Eopd o) &
3 ok Fog =gk T8 2Fo7 W
olc},

AYFZY 7k olA JEHALE APk A
of ¥isf Bixk (53], QAN AeHe YRz
gt P-450-moncoxygenases el |3 @7 o
g0l A=) ged I olfFY i nEny
& B =37 dRza o] sl Wol AR
o we 23 () I Aol HA FR) kol w)
Foltt, Eg 2 HACAM B A7) Aa® B
T ool AEst 7 Ao Qs kel
Fo| A7) ol 2YARS B pelleto]
&t P-450 %9 monooxygenases BHEE=
7zt 438 A dEolng Ak NS )
A god k),

ElRto 2 HE microsomes 8¢ P-4502) £&)
7t 338 Atg gl s BrEtn AAle] o o
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=

TAeA FFHo AFHT AL HelA &
=3 HALEAd glol) et B3t olslrt dojd &
Qeodjghs 7Y dZeld), eiyre FEg o 8] st
el Aol sl Fa3 Zipo s o8] ste-
roid EEE°] HHlelA 4= wFoln a5
A4 F ol F23 F @At p-45037  BEA
g0l o8 29} Z, aromatase ® cho-
lesterol-side chain cleavage 4 (SCC &
= CSCCHel™}(Tulchinsky and Ryan, 1980).

gz A o) Ed 459 steroid &
AEAT)= P-450 Alele] oW 7HEdt  ATaA)
7t A FEof okt Fict,

¢ mAe] ol 28] einte 2 XRE AHHI}
H=slw Welch, et al., 1969 ; Nebert, et al,
1969; Juchau, 1971 ; Pelkonen, et al., 1972),
olgh Ze fEE AAAl st of PR 2AF
18 S4=o1 7t (Pelkonen, et al., 1978 ;
Gurtoo, et ., 1983). 3y fAd¥ A=
2 aolel g BA, 2813 monooxygenases
frx W7l S BEse] 4Fe o] FH=A
ot EF<dell 98] Rzl AHHS #d" p-
450 & o2 o] EHE dAlsled Ued Fa=
o8 TR FEER A Bdrls guke]
OEAUAE FEE £ e 593 Aol 8t
t}(Pelkonen, 1980 ; Juchau, 1980).

Table 3. Effect of cigarette smoking and
phenobarbitone-type inducers onaryl hydrocarbon
hydroxylase (AHH) activity in different
human tissues

Induction of AHH activity by:

Tissue Cigarette Drugs
smoke
Placenta +++ -
Lungs (+) -
Liver - ++
Intestine + -

Lymphocytes in vitro (+) -

dHe] Mz olg £3e AwH 23 (Table
3) ®Hlfle] mAle] Fdo o] BEs] whe 51X
Tk Qi) ZielM &= AHH §57} gojubA] ot
(Vlhikangas, et al., 1983). 2]t 7<)y
Zao|v wlokd 24 )@ AFE bl ks
PAH #=&3 =&3& 3% x50 A7)
71 W2l e WA So] tia dER 2t}
(Pelkonen & Nebert, 1982). =3 efjule] A
Soj&) 2 olu} HMEE vidEd AHHR =582
g17] wj ol <27} A} (Pelkonen & Moilanen,
1979).

W lymphocyte &= Aol gloiA AHH &
A=Y fresde FYsed ez o g AMe
Ha JEd oSl Fddl @3 2 7HA 719y
& B&FstA He=A 29, BPUALE ATl 9
&l Pelkonen® (1979) & el¥le] explant cul-
tureE A&3golt REER XEld: Aas =
AHHE 433 wston o 428t gk
©] AHH @4 =o9] ojul 4aAaAAE I 24
o},

Hilx tE Z2oA 9} o] 7 Bl
2o| 5ol ol Be P wech oFE  efur
L 7tz A ET o 84S e
HA gon I FEY oy &2 ol A A
ool = w238 gul 2o hemoglobin, meth-
emoglobin®] Z#3] ¥} Qo] BHx =
A5 o] wEEAe] H71 w2tk (Juchau .
& Symms, 1972 ; Symms & Juchau, 1974). &,
o] eHEtHARlA hemoglobin @) e}
spectrum 34 heme Tideo] wls] 2=
2 EAslr] ek (Hodgsan & Juchau,
1977).

ECDE & AHH$} o] gwkxog P-450¢ %5
flEaol 93 F2 2 BT YEhe Aoa
gajzd o}t AHH 34 = Histols 2] 5olgk A
< ECDE 84 =x71 ®iute] A9l 23 BA 7}
1t} (Table 4).
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Table 4, Association of various placental monooxygenase activities with placental aryl hydrocarbon hydroxy-

lase (AHH) acitivity

Placental monooxygenase activities closely
correlated with placental AHH activity

Placental monooxygenase reactions not closely
correlated with AHH activity

1. 5 & 7-hydroxylations of
N-2-fluorenylacetamide
N-demethylation of
3-methyl-4-monomethylaminoazobenzene
3. 6-hydroxylation of zoxazolamine

o

4, Hydroxylations of
7,12-dimetyl-benz [a] anthracene

4.

6.

1. N-& l-hydorxylations of

N-2-fluorenylacetamide®
O-deethylation of
7-ethoxycoumarin®

3. N-demethylation of

N -methylaniline
N-demethylation of

N.methylaminobenzoic acid
. N-demetylation of

chloromethyl-aniline
4-hydroxylation of biphenyl®

* These activities were increased by preexposure to cigarette smoke, but were not positively correlated with AHH activity

statistically *In rat placentas (Lake ef al, 1973)

A#e] einlel] #g B AT Fol BPe
AstEe ol ARAAAE 293 vehllz vk 2
)22 7-ethoxycourmarin(Jacobson, et al.,
1974), zoxazolamine (Kapitulnik, et al.,
1977), 7.12-dimethylbenz(a)anthracene
(Juchau, et af.,1978) T 2g&wrt 8&
AR ET Febel euteld AF3] A Uglyg
t}. ol= 3 mlr® e dr&el 415 PAH
AL 5PEEe) SHute]l monooxygenases 4
29 FE8 IV INE fFrEd e 837 o
Fold},

a8e EulE A2 Sl AAlg Table 3l
A mH 2] Fde] sl Blvtoz BE AHHZ &
AT 212 7N E AHH®%7F gojuiR

%=tk Vhhikangas 5 (183) o] A&ghu} 9l

o Conney(1986) = 28] Z40A %9l o
ol #Asly] Hag =FEEE ST AER & F
e FAHE 2 A7 =EA7]1E "ute ES
A A9 71, #, FANA AHH =8
AAZI e A 2oE sl

B AF4A A% o] 2} AA3td FFel oidt &
AQLPE QA AA(Park, et al., 1988) I

o= A IR FA %&L pPePch ot
A Conney (1986) ] Huyx B Axle] Asisie
FeHo g AwEly vk, Jelu Qg o
gl A 2o A el B o EF <l
Aot AAS oz 3 Zzhe] wEelF welA
% o AZF FES) delok st AA¥E F7t
% monooxygenase FAE = £33 AFHe] 79 ‘
M E LAz ol AL glAeA EAF
=Ed0| HBNtg 28l glole] A=Azl W
=4

3 Table 5% zo] <1 &) Ellollr WUtE
A3 o8 kg 2A3AR) Al g Fde
e AHH+= &2 aminoazodye N-deme-
thylase® zoxazolamine hydroxylase 84
= A3 ERAY)e e g veten
(Welch, et al., 1968 ; 1969 ; Conney, et al.,
1971; Jacobson, et al., 1974 ; Kapitulnik,
et al., 1976), T-ethoxycoumarin® O-
dealkylation®l tg o] Ao 710 &
Ayl #AR ) (Jacobson, et al., 1974).

o8 A= gile] Mg i 22eg weon
o8 monooxygenases 7} &) dith= AL 9
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Table 5. Effect of cigarette smoking on the

metabolism of chemicals by placenta.

Enzyme activity in placenta

Reaction measured Nonsmokers Cigarette smokers
Benzo [a] pyrene hydroxylation 0.5+ 0.1° 31+ 4
3-Methyl-4-monomethylamino-azobenzene <4 26+5
N-demethylation
Zoxazolamine hydroxylation 04+0.1° 6+2
7-Ethoxycoumarin Q-dealkylation 29+ ¥ 46+ 5
Estrogen biosynthesis “Yy+ o 47+ 5

Placentas from nonsmokers and from women smoked 7-40 cigarettes/day during pregnancy were examined for ability

to metabiolize several chemicals.
* Average + SE.

b nmol fluorescent phenolic metabiolites equivalent to 3- hydroxy-benzo[a]pyrene formed per g placenta per hr.
¢ nmol 3-methyl-4-aminoazobenzene formed per g placenta per hr.

d

nmol tritiated water formed per g placenta per hr.
¢ nmol 7-hydroxycoumarin formed per g placenta per hr.

! nmol estradiol and estrone formed per g placenta per hr from A*androstene-3,17-dione.

ih:ia=4
AHH 4= v1&dAle) ginea] BE gl
AEe ze) E Holn, Fxe =Hullae 80

v 7tee] o] & vebdt (Conney, 1986). &
AAte] BmelA 713 2o AHH 4= & HE4A
A ekl A B}l Folx 400m9) EHEE W}
EpliZIx S} &Fo) 15~2070e EWlE HE=
AlFE SA Hlbke) AHH 84 %= 704 o] 49
HYoA HElE Heln),

FAAe) efglela AHH S571 A A9l &
ol vEhlle 493 (=E 2LEAL gAilEtE

28 fEsted] BE QAL 54D FAF
o ulEAR M ofFA) e RYATIEAE W

sl AL

A3s) Frile 9= oo BHAAAS
d7eE BE SRS doze] HA]IIE
Bch, o] Ao A B dATvF Y H X
9 o2 FREL olF FEI o] =HA Esb] o
2o},

9 o BRI AN HAe FA9 EHE
HH PAH Bl olsl #3e] 713} el
A7t fi==le] phenacetin®] 3% ©]9]
thAMEES] N-acetyl-P-aminophenol ©]

e
k-
4
347

#Hv} (Pantuck, et al., 1974). <A A phen-
acetintAlel] did F9 53 (én vive) 2
phenaceting A7 54 g€ plasmag
half life & AAA7IX= &X9 plasmas] &
%o @FAY plasmad & N-acetyl-P-
aminophenol & AR (Pantuck, et al.,
1972 ; 1974). Plasma®]A phenacetin® %
%9} & N-acetyl-P-aminophenol & ¥ EH|
&2 FdAelA AFs] FrEded e F
de] #F#(gastrointestinal) A phena-
cetin®] ALE ERAFAY £E g 2He
Tl Sel7hs B Foo) AR QA7 AE
Algtel, F9°] phenacetin g thile] mH =
RS A7 iR R 3 2elA o9 gaE =
ARG SR ee ojH FAAEL phenacetin
HAE EFAIIA gid, oldte] FdAls ulE
@A=tEr} caffeine (Parsons & Neims, 1978,
theophylline (Jenne, et al., 1975), antipy~
rine (Hart, et al., 1976)©] plasma e half
life € £ o 22M289, a2d Fd& ph-
enytoin, meperidine, nortriptyline & oj
AL FZA71A oot
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ol od o] &9 tAls &IAF7] &
o FHAE ol EA L tlAlsle B EAEd ¢
3 WA E oE thE @H PSR olvix: F
HEE 7 YA »EC

Fole E¢e) MollA testosterone & Tf
Al g8 Fvta 28 b vl Mittler, et
al., 1983). Table 61419} ko) Huldr] A
ol 2859 w28 7R+ 7te] testosterone
68-hydroxylase B4 E7} 204% F7ks%l o,
serum testosterone T 46% +AES

oh $ AYMY 27 % 56% Z2HA of o

P-450 ] th& o]&H p&

A (ul) )e] £ o g BEE Yepile A
oz & 2 &t} (Morrison, 1978).

A 2FoA P-450 & == AHH @4 =7t
2 e Z7EE Ayl #d8 EANE
3 A7E sl FHY o ey 71
22 dis! g Al EZelch, v AA AR
AT olFe olFx o8 ola]gol HA Pom 2

Z58 AL Huelr BPE dlAMIIE P-450
£ 2] AA ler A of#lFol 7] Wil

. &, 25 AR P-450 & FulE= Aol &
AL ATE A § HerAFY shielH

Ze #HEe FA7e) serumold testoste- olell W2 monoclonal antibody & =AZ&=
rone°] F 0 B2 gEg e AL A4 delt,
e AUAR 2o EFAAnn Yy o
Table 6. Effect of cigarette smoke on hepatic testosterone metabiolism;
testosterone serum level, and prostate size in dogs.
Hepatic testosterone Testosterone Relative
Treatment 6p-hydroxylase serum level prostate
(ng product formed/mg/hr) (ng/dl) size
Control (Sham-smoked) 120+ 0.37 128+ 21 100
Cigarette smoke 3.65+ 0.60 69+ 7 4

Dogs were sham-smoked or exposed to smoke from 12 high tar/nicotine cigarettes per day for 662-816 days.

6. P-4500i CH&t ARTEH

WA P-4509 TE2H 54 4¥EH heme
@idl P-4509 BERAE ‘ﬂ' '5}14'-4 4=
E 213 glE= protoporphyrin K(Fig. 11)2]
heme 2] =l ¥
WA AR (Fe) = polypeptide 2] cysteine 2
Z ¥H thiolate cysteinyl sulfur ¢ 2%
Ho] g1tk " hemedlA ferric irond
oA A A R A g ligand B2]  H]
AZ2 eIt A A A vl R oA F3 ligand
B4 93 23t ligand 9] A2 high spin
e A low spinHEHlE HAZE shift 30

prosthetic group91d

430 nm2] Soret maximumE YERE “type
II” binding spectrum= Yo F1th( Jefcoate,
1978 ; Kumaki, et al, 1978; Schenkman,

et al, 1981). ©l} & spindele) W=

COOH
COOH

Fig.11. Structure of protoporphyrin K.
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P-450 reductase ] <& = fho) 4
s} AN T2 o\ wale] o3 e
Aot} (Sligar, et al, 1979: Guengerich,
1983). a¥MEZ Fie] B4R AT
A3 7129 1980 2 A A EIEL
i) #49 hydrophobicH&2d Agsh= &4,
ii) prosthetic heme iron<] A Hs=
4, ii) 5e]l3l B4R )9} ol 2AF
EE S0l $AEFe PdBs BELTL T
g8t (Testa & Jenner, 1981 ; Netter,
1980) .

Fig.12. Postulated topology of the
catalytic site of P-450.. Benzo
[(e)pyrene is depicted lying
over a plane parallel to the
porphyrin plane. The protein
perimeter in the catalytic
permits only one of two possi—
ble faces of the substrate to
be oriented in a fashion allow
ing epoxidation of the C9-Cl10
double bond. The depicted to-
pology introduces the epoxide
in the observed 9R, 10S geome—
try.

Fig.12-& P-450c9 Zuj59ie BPY 4%
& vERd Ao (Yagi and Jerina, 1982),
Fig.13 & ethoxycoumarin®] 3loj4] P-
&H0col 2§ regioselectivity®] ¥4# ol
o] W& a-carbon4tsle] YH|ehe =43 8
At ( Jerina, et al, 1982).

oh 9 y
A Q
il
Fe (Y)
6
I
B Fe (¥)

Fig.13. Stereochemistry of @-carbon
oxidation and alteration in
regioselectivity by P-450, dur-
ing the oxidation of 1,1-[2H,]
-ethoxycoumarin. (A) The sub-
strate is depicted in the active
site of P-450. in the only
fashion that does not require
the extension of coumarin or
the side chain termial methyl
groups into the perimeter of
the protein domain shown in
Fig.12. The pro-S hydrogen
abstraction predicted by
Jerina’s model(1982) was obser-—
ved. (B)A second favorable
orientation of the substrate
places the C5-C6 double bond
in a position susceptible to
the oxygen addition observed
with 1,1-{ 2H,;)-ethoxycoumarin.

H Fig.14+= P-450b2 protoporphy-
rinold  pyrrolen@7t A F RRo=w
BEo] Ztzle) B4 Holx S-S T8 Fu
222} Johnson, 1979).

p-4509) ZolAAe 3R 2 & =
W =, i) 7139 A, i) Az AAAD
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Fig. 14, Topology of P-450,. The elon-
gated perimeter of the protein
domain is not centered over
the porphyrin and covers pyrrole
ring B. Pyrrole rings A,C, and
D are susceptible to alkylation
by suitable terminal olefins or
acetylenes. '

Fukshs EaME ke B, i) 7idel 4A
2 = FiuAz EEd. a3t g =
AEAe) o3 FIFE W) A g3

o, a2 P-4509A1E4 2 o o] A
57 AR O 71Feg 34 ve 4= Utk
i) 7193e 2 ¥hgslhs B48 AAEe] P-
450 ] AAHe g AYstd P-4500 oF o
AL gAst= 4$-9, i) heme irond} &7
#-H]7}948 (quasi-irreversible) 9l &
= WA= Bd® P-450°1Y} heme $hialg]
S AAsks Fgolrt, 2 i) wNE
olu} BAEAAAL] heme groupd] ¥ -7|¥G&e
2 A%slE 28 T P-4500] 2Rl g1
BARZADIE] heme groupd EHE Ede
BAZ P-450 ¢\ =S A AFE} P-
4502 B84 A7le EdE vs ¢ Adoh
a2y A o € AL /AR oA o]
2lel) P-450¢ #HP W52 EE o|Fd@e 4
Are] dag = oy 89sde ded &

2 A5l AAHZ vk 1) o) ; @A g
o] A& Aol olEd YA AT
A4sHe 25 dteA] glAlEelobyl s SwE
o] E@e] wel 2 Al &1 =& A=),

i) G s Casd CudFEL Zn, Fegl 3
el Al Zo] tlAlEg Z2A17|Y HlERIC e
ES 245 tAls g2t i) SRE;
23" ASEE (adrenocorticotropic
hormone, ACTH) & tAIE EJ7lA7I0] A3
FEE F7HZIE V) |dF ; Uelrl ojg4E
Ee Wol7h @R dntdoz giasge] -
ot v) A (sex) ; B AFEEL Y £
Aol WAt ze) dAE R &olE vehdc,
vi) 345 o8 ¥Rl fisge] &5
UL & F U7 Wiely,

7. 9kE0| 218t P-4509 XSt

P-450¢1 oist oAl elA R HF nle} 720
P- 450 -monooxygenases o] i BT A
E oz gelA A 8 4 vk oelA o fE
o 9% P-4509] oA &S AT HshA
= WA P-4509) 2§ vheARE BT} A
oz AuE gart vk

Fig.15% P-450 9 2)3 7)Arle] w87
2& a9F Aok, 7ide] g Addsk= (A
@Al low-spinBEAR2 BE high-spinEH=
218l%] P-4509] spin equilibriumelr o™
shift &} =] vk 2AEH W] o
3 o)e} 22 Fge] A= Y=H Type
T4 spectrum®¥a( A,.,~ 390 nm, Peak :
Apin~420 nm, trough )+ apoprotein
siteo] P-450571AS E3A A2 A3 &
Zte] AL el v FWA 4890 it
(Jefcoate, 1978). S¥is 24 B flavo
Aol NADPH-P-450 reductase = 23]
NADPHe] j3] 5% 3hte] Azl &g
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high-spin ferric P-4509 @glo|c}, I3
low-sgpin ferric P-450¢] g9 du93FHo
ELE: AAA e Aol (transition) o)t} (Rein,
et al, 1979). C)2A%E Fig. 1594 Ri=n}
8} o] ferrous P-450-0, tAIE-S A4 517]
AT o] et D)dAl= NADPH

RH -
Fe*3 L—-Fe*“'RH ¥ Fe*Z.RH
(a) 8)

" ROH 0,
(F) lc

(D)
H Fet2.RH
i 5,
-3

(e}
F|e+3-nu |=Ie+3.n
0 ( 07
H,0

Fig.15. The cytochrome P-450 reactio
cycle.

-P-450 reductase® % NADPHY E=
bs 2 €% NADH £ 39 oJx shlg®H F
ZF ARE S FWiA] AAe] Hdgeld, #YdE O,
ZZAEER] B)BA2RE Eo] &H7 HeEe]
Bale ferric P-450-2 AALEln  HFH o
2 F)QANA 7)18-E AsAIIT

2)e] P-4500) 9% wEA RS dee &
Az}l oA B 4 Y= o @AE 293
Epllm glch,  olF Fm= AR 71l oA
E4 (inhibitors) & 8|7} &) A B &
3 el o5 SolFql wkgel disl AES;
3 2 @ekgel 93 vehle odEatde] oA
o t3t S £HFer AWETA} Fp, 2
) 270 4ds) AFA2E Edol 22 P-450
9] A 59)o) i3l A k= ¥H-g3 NADPH-
P-450 reductase S5 AR ZeN} <
BE Alele] AEnke2 ohF 713 dHEZE
Lii=2

tlale] ZHE A ojAlelA FEAY  <lAlE
o} okEo] P-4502] heme®E I Azt

Eoh= A5-5 A4E 5 9. a8z 7leF
A AA= A=A WA &) ol = Q)
o 5249 F4YNIR BE HojzA oA £4s)
A Tels ey 3 = vk @A7R] HanE
7 g 71949 P-450 241242 nitro-
gen heterocycleS= o]g} e RE =
imidazole @ quinolime 2] & 3w I PR
Eo] 484 A (Fig.16 ). =d ol #
AallA Fa% 2L olF nIAY FEE| AT
3 B2 X 54 £3tth= ARdojn). 8la F
Fe] oAl 7] imidazole RE]E zZh= ok
CEeHE D) g8 vehdet, 2 zpezA
i) YA o= A7 41 lone electron
pair 7 heme iron¥} wWj9jAEE] &) o7
o olgl e HARLS BE heterocydic

3 5 4
N
OO
5 ¥ 2
}":1 N/
8 1

Iimidazole quinoline

Fig.16. General structures of the
imidazole and quinoline ring
systems. Ring numbering in
these systems is indicated.

nitrogen atomell 23] AT}, i) imida-
zoled 1- Hi= 4(5)- HAoA =@ E}A 9]
AFEAe] a7 2-93 EE 4,5-F 4
ZeA o] ME-e A 3H gL QA B 2
dojuit}l, i) benzimidazole 794 2
-92) A@{ZA A e oM 2} o] BE A
A e FaF g7

P-450 heme 2% = ojg] BAAAlo]lE 4
HE F = FL2 47 98 1-alkylimidazole
o &3 g ¥k Yo (Wilkinson et al,
1974) AEAsdF dAAHA 29 F A7
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imidazole o 2) AADEE Yely= Zg3
ZA8es AAFD Yot (Rogerson, et
al, 1977 ; Murray, et ef, 1982 Murry &
Ryan, 1983a; 1983b).

Fig. 173} Zo] & F3ol4 (antifungal )
=42 H 839l ketoconazole, miconazole,
clotrimazole, econazoleS & & gy
QA% AEFENA microsomal P-450-&
£24%= 28-& etk (Kahl, et al, 1980;
Niemegeers, et al, 1981 ; Sheets &

0 ..

oo (O 3l
fssTenliiens

ketoconazole clotrimazole

N
{ HaC >
O@ NC\N S]
H,C
Cl cl 3 \NJLN
H O H
[o1]
econazole (R =H| cimetidine

miconazole [R = Cl]

H3C—'N<_(:>ﬂs_/— Ng-.NﬁCHS

CHy NO,
ranitidine

Fig.17. Structures of the imidazole
drugs ketoconazole, miconazole,
clotrimazole, econazole, and
cimetidine, and the related
drug ranitidine.

Mason, 1984; Meredith, et al, 1985), %
9] A8 EREL in viveo)H] Y HoE T
% 9FEQ] AEutge) F-HE ASo|d.

] FEG Al d@ <8 antimycotic
imidazole 2] A4 JAAxE ferric P-
450 8] 94 A vl X olA imidazole 2%
o] 3ol AP FAE) e Aoz Y
Bttt (Fig. 18, Sheets, et al, 198).
FHo1A L JER = imidazole E§ g0
2 $84¢ 2E V)49 4P Bdeke 2
ol9je] P-4509)&4 wIEARS oA Ao

Fig.18. Interaction of clotrimazole
with ferric P-450 at the sixth
axial heme ligand position. The
shaded region is a hydrophobic
apoprotein binding site for the
within the P-450 active site.

2 H2o) wHAY 2 ¢lE Kketoconazole &
lanosterol 14-demethylation ] A o £
8 cholesterol & VRS 7HAA7)W chole-
sterol 4t&l8] e o8] adrenal steroi-
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dogenesis & At (Pony, et al, 1982;
Loose, et al, 1983).

Schuster(1985) &= & Fgo|Ade) o imi-
dazole €&l 23] adremocortical mito-
chondrial P-4504, BT AT H
a3 er tfg F3lA steroidogenic path-
way = YA Edd) e Hoz FIHAY,

Henry(1985) &= FE3§ vl g3t se] A3 29
23] 25-hydroxyvitamin D; 7} 1-9x<)A
FAE Yojusd e)u] ketoconazole 3
miconazole o] 2|8] JAF vt B

At 1282] microsomes94] chorionic
gonadotropine(HCG) «]| 2J3] FRN =&
cholesterol 17/20 - lyase #dEx keto-
conazole @ clotrimazole] 28] A =w
2 AFE= testosterone A TP PAE £
gl st ( Pont, et al, 1982; Kan, et al,

. 1985).

o] o) fEm go| 7 olele] P-450 &4
A7} 3 FHolAY imidazole o] 28] 433
R3] QA HE Aol Yt ©olE system
2 AHQA 7S] By ] vHYH
9l 71%5-% Ueld W imidazole - =AE ARg3H
87} PPz aAE FoF AFS JHAH
A= 24,

imidazole € 7|¥ ZF o2 § cimetidine
(Fig.17) 9] 7§ ol 2o 93t <fEdlAlegy
ol Ao o &l _Murray( 1987) 9] F4d2 AlgEst
AYFE Mg 22 49 AE AASa ok
Aol cimetidine?] o &4 &3 d
A & 83 g9 g Yepdtt
(Flind, 1978; Serlin, et al, 1979 ;Silver
& Bell, 1979 ;Hetzel, et al, 1979). 28]
il antipyrine ¥ diazepamg] E3E Zr4A
71t} (Klotz & Reimann, 1980 ; Serlin, et
al, 1980), o= imidazole3} Z°l cime-
tidine type I[9] &< spectrum o]

g

E YehiEd olA& P-450 hemed 6%
ligand 9&]oll A P-450Cferric) 3 A3urs
&l7] W&o]t} (Pelkonen, 1980). o]} &
£ 4.2 pentacoordinate high spin state
2RE2] spin equilibriumo]4] ¥ shift ¢}
Jdise] gled, NADPHERE HzlAge] &
27 =2 AFe page] gls ¥k opg}
ofEAle] oAl B 3tk cimetidined
microsomal P-4500] A%shew o v
£ A3} vEe P-450-monooxygenases 2]
=g A = b olF oFsle olg) Ze &
AL opmlx okg I Al W A A
B9l # 2}, Y imidazole 2 ARE
UntF oz FO AAZSETEE o] FYL
monooxygenase 2] FACE A&z o 7}
F 283 224z ¢34 dvk(Wilkinson, et
al, 1974 ; Murray, et al, 1982; Murray
& Ryan, 1983a). % Fig.182 clotri-
mazole®l ferric P-4502] oW+ wj9)<]
el Zd¥sle JeHE el Felvf

ranitidine & A5 dTH1 1ot monoo-
xygenase o i3] k3 gAlasg e
Aoz YA A (Rendic, et al, 1984;
Breen, et al/, 1982). 2 &3+ raniti-
dine® furanz@7} imidazole & ©213}7]
o o]t} (Fig.17). 284 furand 449
ZF2] nucleophilicity+ P-450 hemo iron
atom¥ AENkg-5le] AXHGE gAY R
2] fl#AM = A Q4

quinoline & o8 o2 Az 48
EhflEs 503 Ed2A A4E 23 s he-
terocyclic 38E¢e] ErlE 25|t} (Fig. 19).
& E% quinoline nFSHFHEL B & &t
ol g] 7| 2gon o|E & AF2 in vivg
in vitroo A EXEE FHHOR A=
Aoz DA Urt. Back s (1983)2 prima-
quine©] #8FsX chloroquine Kt} & F
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monooxygenases A4 & #AIGh &
A 3 2oz XE EYF primaquined] WAL
A2-2 N-acetyl & 5-hydroxyprimaquine
o2 o]%& antipyrinethAE £R}Feo= o
Agch(Mihaly, et al ; 1985).

CHg
‘ HNMNHZ
=)
/"'-N/\/\r NH
L CHy

primaquine
chloroquine
CF3
L, )
HN HO

OH

amodiaquine

N.\ O~

/\JN\/
0“'N
H

dibucaine

mefloquine

Fig.19. Structures of the quinoline
drugs primaquine, chloroquine,
amodiaquine, mefloquine, and
dibucaine.

quinolinyl ¥ quinuclidinyl systemA}e]d]
B9 o3 dojub= Hez Lel7l quinine
st o]2). QiAo A9l quinidine @4 quinine
o] olAA Br} B ¥] ¢ ZAE AN EHE et
Wk (Fig. M, Murry, 1986). azRg
quinine 9|4 quinuclidine® A4YA7t low
spin# high spin®] ferric P- 450 ¥%9]
heme ironeo] R & ok ¥HA YRHAU
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89%0°| high spin ferric P-450 % quini-

dine®lA quinuclidine 8] Aiflele] =3}

Al A45ure-2 Wt (Murray, 1984).

a#Y racemic primaquine ¥ 2 enanti-

omers £ quinine 7 °]g] YA AR quini-

dine F= B FZaslel] Wa) Hgel Y
high

spin
P-450

(a}

high
spin
P-450

NH2

-

NH
\Ouinolinyl

(b}

Fig.20. Stereochemistry in (a)quinine
(left) and quinidine (right),
and (b) primaquine. Asterisks
indicate centers of asymmetry.
Note that in quinidine the qui-
nolinyl system obstructs the
interaction of the quinuclidinyl
nitrogen atom with high-spin
P-450. The asymmetric center
in primaquine is removed from
the point of interaction of the
drug with P-450.



1%

gz @Bt (Mihaly, et al, 1985). H|tH
2 246 e A8l 23 v YA
38 JehA] &%= primaquine @ enanti-
omer & AS$oAE ol9 2 Fgo] doju}
2] ek=r}. Primaquine® 8-9A | §ollA
olu|x @etr)7}t ferric P-4509] d§3dh= vl
AQH o Pogct(Murray, 1984 Murray
& Farrell, 1986).
amodiaquine (Murray, 1984) # meflo—
quine (Riviere & Back, 1985)& =85k
o2 quinoline & w&golA (Fig.19)= <F
B Al &40 JAIEAS)AT quinolineﬁﬂ%
a Aol A ERE Aol VR v A &
o AL pyridine Akl YA “ﬁﬂ“ﬂ
12 e 2 g4l ol 2 = A
A3 8959 dHA=A P- 450 F35
o A2gg WEE Folth 22T quinoline
AT/ A &5 AT F e dAEY

EAol7|% 3k, dibucaine& quinoline&

seoze FRulHAolm )AL 7k monooxy-

genases @4 =% =3} (Murray, 1986).
2 9AE P-450 hemeol Aoz A}
= A4 23 Aol opv apoproteinZ FHH
of A 254 HIAH GEeI.

8. Cytochrome b; 2] ?xEECI §M

cytochrome by (bs) ¥ P- 450 % %<&

heme A =2 w4239 microsomesed] &
A P-4509] 23 ZIAgAle] BAsE A
oz ¢yAa Yok, ZEY b9 71 P-

4502 T E40 wet g ARSE 7189 F
Fo| wel bgst DEHor 2FEIE I 2
7] e T2 by o FAFE P-450-
monooxygenases 9] H] FH=E I 5=
b ¢ 253 @77t a3HY, O#HH by
NADH-b; reductase st NADPH-P-450

reductase 2 ¥ microsomal membrane
o] Z¥He] Qo XA AJEergiict 1
Tz by E TS Je olxie]  60%F
=7} hydrophobic @ AECIH umxe] ulF-
& F4 oluitelt,

bs & F FEo| vhlge] A=  l=H
2 SR} heme H-89l hydrophilic $i#e=
Foje] 7% Yehlio o shies F23% F=
S z¥= hydrophobic 8 #Eo2 x| 9ta}e]
AFure.e BEZ detergent micell %c’]
o3 ge FEE e 02 EFAx 4sss
AR py Q] GEukg2 of|  FE%
hydrophobic @742 el T by 9
hydrophoblc pag 79 vy 9% 2A54

9] o o)Al 79l Fow vepd],

Fig.213} 0] by & AAAF ZH3k= o
Holg ¥ 7FA mode 7} 48R ot (Lam-
beth, 1985). &, bs¢] hydrophobic ¥-&
o Tz 7w APl TF e shed
I BEL2 byo C-dgo EX5H o] Fie
ol ARNMEL Fig. 229 v, Fauz

i) W=A aliphatic X aromatic Z7HA

2 7 olmike “="og EABKIDL i)
oleg WA ggtort IS W WARE IR
olm)Ate “—?oz EASYCH W i)
oleg @ e I Smade  “—"g
EAEA i,

Cylochrome

LN

— POt a0 YRR ————

) diiz

P-450

Prospholipld Bllayss

d7/< Cytachroms

Fig.21. Interaction of cytochrome b;s
and cytochrome P-450 with

phospholipid membranes.
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ILE THR LYS PRO SER GLU SER ILE ILE THR THR ILE ASP SER ASN PRO SER

TRP TRP THR ASN TRP LEU ILE PRO ALA ILE SER ALA LEU PHE VAL ALA

110

Um

130

E

=
[

120

TYR HIS LEU TYR THR SER GLU ASN Coo~

Fig.22. C-terminal amino acids of cytochrome bs

carboxypeptidase & A &gsld Glul132¢
Asn1332] carboxyl 288 T&% 679 C-
g} ol AtSS AARE W bse AEH 2

5] AdEE AAE BY ) W] Dailey
9} Strittmatter (1981)+ &°]€ copx=4t
o] b7t AAA ] nAEEd T3 HYE
o A F&el, ases WA sjed uist
o] R|d o] AFB}= W F FH JMEE A
Wl &7} AlE S (Fig.21). 2 shie
bs ¢l polypeptide 7} ME2AZ (cytoplasmic
side) ol th3ld, zgla AR THE
(luminal side)el] sl hydrophilic 33
31 hydrophobic ¥-80°] glAA =& #5858
Qg Armw 83 Aoy, F shle] EHE bs
2] hydrophobic 8794 hydrophobic §-&
TFz7} Robinson¥ Tanford (19750 2]}
AME Y b bs o A=A BN A bs
9] polypeptide o] 115¥A2] op|x4to g
Hyl 126 H# ojm|x4te] a-helix 7} B-turn
3l 9174 o g vless FEolut,

FH by = P-450 5% BUAE A5
P-450 reductase ¥ P-4502] 5%Fx= &
= Aoz odeld gtk 18lm NADPH-bg
reductase™ NADHZ ¥ HAE g} 18
£ byol Agdcl, NADPH-P-450 (cyto-
chrome) reductase & ¢ EAF 5+ F-E9|
flavin & Z¥= 71,000 dalton®] H4E 21
flavin< FAD$} FMNe= FAD+ NADPH

Ao

%o
L&

<&
%

- .
e
* g% 4 3
a.
(7%

l

@ crrocriome reaso O criccrrome b,

o P-as0 @ pecic

Fig.23. Two conceptions of the orga-
nization of the microsomal
membrane. Both models depict
a 400X 400A portion of the mi-
crosomal membrane, viewed
from above. Left, the drawing
depicts the random or diffu-
sional model, in which long-
lived complexes among proteins
do not occur, and electron
transfers among proteins occur
by random diffusion and colli-
sion. Right, depicted is the
organized array model, in which
there are static, long-lived
complexes among functionally
interacting components. In
one conception a cytochrome
P-45) reductase is surrounded
by about 6 cytochrome P-450
monomers to form a single
functional unit.
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2 ¥H AAE vol 28¢ UyHom FMy 9 P-4508RIELel 2R
AgE H o
o] @ggti(LaMbeth, 1985). Fig.23 & QAW 7127 o) S Aol BaAE] P-450 -

microsomal membrane o] €43} P- 450, monooxygenases ol that A= 329l B
bs, reductase® ¥ FHF model & e oA 714 ol ATHYEE B3 P-450 3}
A etk BE79] 370 M2 g& B4e Jele e

Table 7. Rat hepatic P-450’s ; designations used by different laboratories for corresponding forms

Analogous
Waxman Levin Guengerich Fe’*-CO rabbit

et al’ et al et al Amax Designations for equivalent rat P-450’s  P-450"s?
PB-1 - PB-C 450 — —
PB-2a — PCN-E 449450  P-450p 3c
2¢ h UT-A 451 RLMY, P-450-male? —
2d i UT-1 449 P-450-female, P-450 158 —
3 a UT-F 452 - : —
PB4 b PB-B 450 7
PB-5 e PB-D 450 P-450, franction C, PB-1, P-450 PB _
6 — - 450 — -
BNF-B c ENF-B 447 P-448, MC-1, P-448 MC, 6

'MC- I /MC-11*, MC-2, P-447

ISF-G d ISF-G 447 MC-2, P-448 HCB, MC-1, ISF-P-450, form 5 4
- f - 475 — -
— g - 4475 - -
- — UT-H 449 - -

“ P-450 forms 1-6 are numbered in their relative order of elution from Whatman DEAE-cellulose (DE52), with the
prefix PB indicating significant induction of the particular isozyme by phenobarbital. The two major polyeyclic hydr -
ocarboninduced forms. .

* Individual P-450’ s are designated by nondescriptive letters (ab,c,and so on) assigned sequentially as new isozymes are
purified and characterized by these investigators.

¢P-450"s are assigned arbitrary letters (A,B,Cand so on) prefixed by UT,PB,PCN,BNF, or I5F to indicate whether the
isozyme is more readily obtained from untreated rats or from rats pretreated with the indicated inducing agents, This
does not imply, however, that the agent designated is necessarily the most efficacious inducer of the isozyme in question.

¢ Analogous forms are identified on the basis of primary structure comparisons and on the basis of their similar response
to monooxygenase inducers. Rat hepatic P-450"s corresponding to rabbit forms 1,3a,3b, and 5 cannot be identified
at this time.

¢ Analogous rabbit forms have not been described.

/Note, however, that the N-terminal sequence reported by this group differs from that reported by Waxman (1984)
and by Hanju et ql(1984) at residues 12 and 13.

¢ This identification should be viewed as tentative in the absence of information on the steroid hydroxylase activities
of P-450-male,

k Strain difference characterize this major phenobarbital-induced form such the P-450b, isolated from Long-Evans rats,

_can be distinguished from P-450 PB-4 (or P-450 PB-B), isolated from Sprague-Dawely rats.

"It is unclear whether the forms studied by these investigators correspond to P-450 PB-4, to P-450 PB-5, or to a rmixture.

7 Although the primary structure of rabbit form 2 is 77% identical to rat forms PB-4 and PB-5, it exhibits the high
activity characteristic of form PB-4 rather than the low activity associated with PB-5.

* These two forms can be distinguished by HPLC and yet exhibit indistinguishable catalytic properties and N-terminal
sequences. Both appear equivalent to P-450 BNF-B,
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€ 339 P-450% ZAzte] E9 547

2 54¢ viehach

E719 PBE A% & Beld P-40, 0 &
Efre gl Y Hz:e P-450 $HE 0T}
(van der Hoeven, et al, 1974; Imai &
Sato, 1974). 223 heme irono] wWlgYH
cysteine )7} Q’-’]%L-!_"cﬁﬁ o] 7] o]x= 9
= oM xAto]l ¥& hydrophobic 54-¢ ehH
7l #3 YF2 marker?:] AALEI T,

AA7A P-450 B9 8540 Bal7) oy A
AoAA olTolRen Rald P-4500] g 9Y
o} ¥2§ AR uel Mz thEA  Br)Ham
Ak,

Table 7& P-450%] &4 229} olg) B4
2 Wele v 7 2 392 ¥ Levinzgdy
Guengerich 28 83 Waxman 18oA z+
CZ e HFe P-450 (FHEA) S 1 B4
2] FAME rIEeR EHENTE a8y oE
o EAE 2] B4 FNM 3~ 4709 BAe]
2 = Y SUE4LR ERSET &, )
Fe* -COEZAL Apm, ii) A AN F
o] Foldd, i) WISt B4, iv) N-%

bRz

2] ol it YA Y, V) SDS geldq o

%l TEEE P-450 59 549 ol B4, vidH

o) wet ehte Sold, i) o B
7&?’} monooxygenase S+ EER] &3 nwom
= 27 Jlge = s, waElq Table 72
AF o =RE HE] TFREE FHolx 1359
P-450 (%ﬂﬁ*)% vl w3lE o (Waxman,
1986) olE2 FF 9 3 Ao aRY LB
= BE A7 7Fed Zigelv,

i) P-452(Tamburini, ef al, 1984) &
clofibratec] &3] %% P-4502.2 lauric
acid hydroxylase 4% (turnover = 43
min~! P-4507') 7} o) ¢ meh 2c 9 33}
2e FAELRT 2B 08 AR HE o

g F P-450°] 55% 9 tjA}4E<2l mono-
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hydroxy testosterone4 g Zof 3Rl @)
Wl Eoll HEs] TR i) P-450 PB-2
(Kuwahara, et al, 1984)%= PBol| &3 2
~ 48 FREE AL TP o9 22 form
o el Riryl o2 545 P-450 PB-1%]
EA43 FAEItE 22Y § forme] N- @
oAt 59 6olA Mz AolE Rolx Yk
ili) 71e}e] P-450 S|4 o8] P-450-2 Table
Toll A|AlF P-450 3} P-451, form1.2,3,4,
P-450 MC-T 283 PB-13 PB-235¢] o
# SdumE ol R ATEARE 94 2
“ejolty,

H#9) 2 2o 2RE FHolx 13 F2] P-450
o] W=t & R ek Q] F9)E L] Y
2 89 9%, 4% 28]1 monooxygenase
TEZEEA 2GS olBdd) =239 AFxst
7130l we} @ dEg Ut fFEEAL A
23R ek A B 8 FeEde A
AR P-450 59 A4 WY Ay
o] o] Fo] zlon 1359 P-450 Sl 73]
g A4 fFEBde] AT Table 8)
olel 22 A= B Uz3NN P-HRE
o] EZ4E F JehFE Ao ol ol
29k 4 gltd(Waxman, 1986).

i) B2 f=E5d0°l £ P-450/79 protein
(P-450 specific content)& 2~ 3¥] &
=3t Sh e Be feEdd el FYE
&7 MZ o8 ghe, F, FESE Al Mz

oA Jveidth i) TERFHeE MR ¥ 9l
= 3§EEc] e P-4505HELE R

¥ olF &dHol, 1 a= PBY  Arclor
1254 = 25 PB-49 f=Ed=a g3 Fo|c}
i) 449 59549 e EQ¥on 2F
HiE Aew vehdtl, o <2 PB7} PB-1#
PB-2a & B ] f=A7]X% 16 @- cyano-
pregnenclone (PCN) & PB-2a%le 54
Lot ) o= =8 A o8 fEse



g 7 &

P-450 forms ® PB-1,3, PB-4/PB-5,
BNF-B, ISF-G& d¥ogu gHe= o &
of Fgo] vepdrt. vt PCNE 83 (adult,
female) 9l A2]slH PB-2a7} 04 <14 3
ZH A adult male®] AFHjA= 4~5u F
7}Ela gle}) P-450 PB-2a7} A (sex)ol wa}
2 AelE Hole FELTE gdube viehdcl,
A Slo) Felle AR FYARE AHo] P-
450 == A& AEehd P- 450bE EAS o)
o} FAFEE P- 450 B 47} AFE] REEE
AA P AFA o 50~60% 7t ol T FH
a4z A= it (Johnson, 1979).
Table 8o EAIg nje} zho] P- 450 59 &4
®] sex specificity ol #3 "HsetHQ] e
T EojAgo] VA ATE P-4505.7F male

specific 819 AKE7] (puberty) e 27 &
Ea v} (Murakami & Okuda, 1981 ; Wax-
man, et al, 1985). P-450,4= 3~43%)
=3 83 (male) oA 518 gare Yek)
th @X18% female 874X F=H o} (Maeda,
et al, 1984 ; Waxman, et al, 1985). X%t
P~ 450 PB-2a49 male specificity © femalk
EAF oA s oAHn 9ot (Waxman, ef al,
1985). P-450g & male-specific P-450
S asel (Ryan, et al, 1984) sex-—
specific o] ope} sujals P-450 3o =)&)
e} = microsomal testosterone 7a-
hydroxylase @4 %=+ adult maledl W :E)
2 o adult femaleol 40%d%= @ & F
28 YePd v} (Waxman, et al, 1985).

Table 8. Rat hepatic P-450"s : monooxygenase induction and sex specificity’

P-450 form Typical inducers’ Fold induction Sex specificity’
PB-1 PB 2-4 —
PB-2a PB,PCN,DEX 2-5 g
2c — 5¢ g
2d : — - Q

3 BNF, PB ~2 /I ~14
PB4 PBACLR >30 —
PB-5 PBACLR >20 —
6 J— —_ P
BNF-B BNFMCACLR >30 -
ISF-G ISF,.BNF,ACLR >20 -
f — — —
£ - - d
UT-H — _ .

# Data obtained from the references indicated in Table 7.

? Included are representative examples of agents commonly used to induce the indicated P-450"s. PB, phenobarbital
; PCN, 16a-cyanopregnenolone ; DEX, dexamethasone : BNF, B-raphthoflavone ; ACLR, Aroclor 1254, MC, 3-methylch-

olanthrene ; ISF, isosafrole,

¢ Isozymes that are present at >10-fold higher levels in adult rats of one sex as compared to the other are termed

sex speicfic.

4 These P450"s are expressed at similar levels in adult rats of both sexes.
¢ The male-specific expression of this P-450 is abolished upon xenobiotic administration (Waxman, ef al, 1985).

/No inducing agents have been described for these P-450 s.

¥ Expression of form 2c is suppressed by a variety of monooxygenase inducers. In the case of some polybrominated
biphenyls, this results in a 9% decrease in iimmunoreactive 2c.
* Minimum values due to the difficulty in obtaining accurate estimates of the low of these forms in uninduced rat liver.
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3loll J1E P-450 A 8F< P-450+& 4
o wa} ztelE UehlA] ger)h  #Fe 2
A EYare #AL 529 sexd HEAE
of whe} AEs] P @] wEe] P-450S &
2% o o]E 29& gFo) Folof Ik &,
i) PB-1, -4, -59 &5 2218 S3j4d PB
g s ¥He) AL Algshs Aol B[
o, ii) PB-2a%& <84 PCNZ A =g adult
male?] 7v=AL, ii) 2¢¢ g& #H oFF
AL H2e] e adult male?) ARAE,
iv) 2d+¥ adult female?] k=3 o 24HE Z
zt B8k Fo| 71 ol dF elt,

S M2 O E dpdeA 88 P-4509]
Z1AE5o)Add #AAE A7E #E= He 49
3 o] Lol m=A Hed 222 559 mi-
crosomal P-4507} 2EE & 713 Bel4&
Bhd 2 oplel BE Yo 71AEe)4e Yehip)
2oy, I@BE P-450 $9 &4 SolFHo
2 Z|5= monooxygenaseZ]| & Alga|A
P-4509] o] #HEE AT s P-4509)
48 FHESE RIS o a0 A2
Hel & 4= Qi

Table 994 ¢} go] 9Fe] 7|AEe] HF 9
A ez BE a8 P-4502 G ©

Table 9. Rat Hepatic P-450’s : Isozyme-Specific Monooxygenase Acitivities

Catalytic acitivity exhibited

Substrate ,

Turnover number’ concentration by other P-450°s"
P-450 form Caracteristic acitivity (min! P-450") uM) % P-450 form
PB-1 S-Warfarin 7-hydroxylase 1.2 300 20 BNF-B
PB-2a Androstenedione 6-hydroxylase 0.1-0.5 25 (variabley several
2c Testosterone 2a-hydorxylase 3.5 25 <2 —
2d Steroid disulfate 158-hydroxylase 20 25 <2 -
3 Testosterone 7a-hydorxylase 17.6 25 <2 -
PB-4 Androstenedione 16B-hydorxylase 12 25 <2 —
6 Testosterone hydorxylase’ 0.5 25 <10 -
BNF-B 7-Ethoxyresorufin O-deethylase 6.9 20 8 ISF-G
UT-H Debrisoquine 4-hydroxylase 35 1000 5 2c
PB-5 —*
ISF-G —
f —_—
g —

“ Typical values obtained at the substrate concentrations indicated. Decreased isozymic specificity may occur at higher

substrate concentration.

"Ratio of catalytic activities exhibited by other P-450"s (identified in this column) to those exhibited by the P-450
form identified in the first column, expressed as a percentage.

‘Range of activities observed for various preparations. Purified isozyme appears generally inactive.

9 Although several rat hepatic P-450" s catalyze androstenedione 6B-hydroxylation in purfied. reconitituted systems,
antibody inhibition experiments have established that, irrespective of its low 6@-hydroxylase activity in purified systems
(footnote c), P- 450 PB-2a is the major isozymic contributor to androstenedione 6B-hydroxylase activity both in uninduced
and in variously induced rat hepatic microsomes (Waxman, et o/, 1985). )

* Catalytic activities are at or below the limits of detection for all other P-450 s examined.

"Unique monohydroxy testosterone metabolite not identified.

# Although the catalytic specificities of these forms are distinct when examined using a series of monooxygenase substrates,
isozyme-specific catalytic reactions have not been reported for any of these forms. P-450 PB-5 exhibits a substrate
specificity profile which is quite similar to that of PB-4; its catalytic activity is, however only 5-15% that of P-450
PB-4 (Ryan, et al, 1984; Waxman and Walsh, 1932).

"Waxman, D.S. unpublished results.
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i 7 9

&3 AH8H 3 9lth (Waxman, 1986). 2
g]32 microsomal P-450¢] 93] Yeh}= &
ATE P-4509) digle] Eo)Aew w33
monoclonal antibodyol] 2]3] 80 %l 4e]
AAE 5 Y7 vl o|F o] &3l FHELE
E7| = gt wep FzAez AN o
EllE P-4502] B9 E4E EsE] fd wy
slatAel who] §-231 AlxH gloi} PB-
4 ¢} PB-59] 794 ole} & el s
THol & =] ghed I olf= opH|x=At 4%
Hge] 979%7F §U3l7] WEelck(Cheng &
Schenkman, 1983; Fujii, et al, 198 ;
Yuan et al, 1983).

10, P-450 R0 thE 2XM 280l 2

gFe) A A3 o3 P-45059 E4
E(P-4505) 9} 5o 483 Axjd e} 2o
g Relm Yt (Waxman, ef el, 1985 ;Whit—
lock, 1986). uleld opnx4t ddAAR A
o5} 812 ¢l Hie] P- 450 59] fdilele) Ez)3
Q #AE FAH3N=Y o8 Uk, dE =9
PBg} a8k f=Ede] XaEld) o fxss 3
Fo] P-450bs} P-450e = 97 % olAe] SaA
2 el = olmdt A3AE S Zhm Qi)
(Yuan, et al, 1983 ; Mizukami, e al,
1983 ; Suwa, et al, 1985). &FFH o2 ol
heme T AL o] -t@ g #AE el
ez % #FAEC] oF 713 ddHe 9
t}(Rampersaud & Walz, 1983). w9}
cDNA sequence & °©l &3t 97258 P-450
bol P-450e?} Ei% 47014k RAR FE=
pseudogene & X3 22 subfamily®l A
o2 neltt(Mizukami, e¢ al, 1983). 37
9] g gt Eojoz FFHE P-450g%
P-450h & =33 Folx 5712 H43 FHE
A2 T gl T2 P-450 subfamily®]
EA]7F N-get ZggEl sy dgaistde v

Hell ofa vrE] # v} (Haniu, et af, 1984 ;
Bandiera, ef @, 1985; 1986).

P-450) thel fxe] ZtzFeA 71 Hel @
TE YA P-450 Ao G ge] FE
= AR QYA AN ] d7=En Ut
(Nebert, et al, 1987). P-45028] F-H7} 7
EE #ERl&h] ot 24949 Pede uydya
o] e SP3E 9 ok

39 outbred 2%H ¢& 7} microsomes
o thsle] 7Y FR A} FHAQ Aol P-
450 - 3AE Alole] FEAQ Zoln o] el
elsf &8 polymorphisme) & A P-450
bell W3l 470, P-450e) el 2709 ¥
©]Z 2+ Holw e (Rampersand &
walz, 1983) P-450ho) dia)d 370, P-450g
o A YTl =HAQ HelE el ot
(Rampersaud, ef al, 198). P-450 ¢
T EARES A A7 1980 B A2y
o] % 7j2o] P-4503" ¢DNA probe 7} 1980'Q
o Hz= By H3 1983l = P-450 cDNA
Mol 419 gzt A 7K wrER
10F2] P-450 -4 =1e] Ao} |-ARF-F= o
A 8F0] ERF SAsE AEol Y (Nebert
& Gonzalez, 1987). I#d] olu)x=2t AFA
o] v}t cDNA nucleotided FAQZ g
P-450f7d2ke] 287F £98A vepdel e
I FEAS I 4 oEln 4] Folag)
P- 450 FRAZL QA 23 o]l Erfe) ¥
M &9l AEwdel 93 TEE n o) o
T #HZols P-450 Ed vector 7 EROA
AdEAow transformEYer EHFEE A X
el M PAlH o2 transfect H Yo (Nebert
& Gonzalez, 1987).

FH 10719 FRA2 family oA A2 g2
family ol &3} @ilz 2 oluln-4le] AGAQ
°] 36%-°l4 A= ot (Nebert, et al,
1987). percent FAMel 7128 & A4}
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family & ol¢} e Aole duizhe 93U
Aol Wr HA7A 60 FTolAe] P-450 2] oln|x
FHFHN LS BT Fo) dolz A Eolr), a7
il 28 subfamilydl e AR H45H=
P-450 §-3A= 22 subfamilyd e oE
FAAZRE] op)x=4t wige] 68% el FA
44 ztx o

AFe] P-450cE IS 2 F79 P-450
fF7AAC] cloningd] 93 Aruddd oz rEH
RE P-450 545-& 35E3A F% (middle
third) &, A ~180-320~Alele] ofn] =2t
o] 1A AT} FolAde] gt 7F SH 7 FEY
AL &4 2t (Nebert & Gonzalez, 1987).
o]9} 7+ o= 245¥Ae] arginine©] proline
o A%y EBdWols P-4509) o3 Iojg
AollA 2~ 3u)e] 2y ilg Heln Pro-2453]
B3 118¥512] leucine ©l arginine 2 & 2| &
50e A$ P,-4500] SHEE VERYA] Rt
(Nebert & Gonzales, 1987).

o
8
7 10
Oy . 0.
e re——
3T OH
1 I

5-exo-hydroxycomphor

D~coamphor

cusoc\kb
*»

[«
ps

3,4,4- trimethyl- &5 -
cyclopentenone - 5-
acetic acid

P-450 fAAE A= 2 d7dL A
o] 7 R al strain® FAFozH 23
Hy vk

11. DMEZFE 22|E P-450,4,2 SY

dejglolz & #alg P-450 Fo= E9d
BlglolR]l Pseudomonas putide 2 HE| RHeld
P-450g,01 74 o] AT7EQe), a2t p-
4500zm ™ WElE] ol2] P-450 = Sejojz} oty
HEPE P-450meg (Bacillus megaterium,
ATCC 133680 F <& 79 P-450°] o 4
HElol2 R EeHUA7| diely, z2v o
3 P-450mm®) 7V ®ol dAPHe] ] Wl
&3] P-450pmS W 2]l P-450 2} &F5dhe
7 ek, : '

P- 450, (P. putida, ATCC 17453)-2 @3
P- 4500+ 22k2] DNA sequence 7} 8153
E.Coli ¢ gene cloninge] ©|5o] #Hc}, P.

Q.
N
SR, o
Yo A )
o nr

5-ketocamphor  5-keto-1,2-campholide

o ocetate
waeopm CoASOC mmp CASOC COOH e e =+
0" %0 = isobutyrate
i prard :

3,4,4-trimethy!
-5-acelic acid-A -
pimelic ocid - 8-lactone

Fig.24. Metabolic degradation of camphor by PFPseudomonas putida.
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putida = 22 oA29) FUE source ZA]
B84 camphor (monoterpene) & thAls}
= F90] AUt camphor & E&dle =
2o oo A= 27} P. putidad)] A7) W

| P~450y,, system2 camphorgatel ¢

=
s

AR FolAdS Yehll= Fasvre-7 84
/ Fe —Og
‘ e

T

Fe"\*—oa

S
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— 3"‘

Fig.25. 'Proposed reaction cycle of
P-450,44,.

dioxygen®| F 9] HAPelg 49 #o}(Fig.
24, Fig.25). &, camphor 9] )8 P.putide
2 HH =5 P- 450, 1 WS camphor
€ AT, e)ol 2 P- 45042 el 2
sl ] B} 038 $840z EAEH
AEQ F2e) olv| x4t AFAE, T B9 B

2 Ak, EastEgAl S4o) oe vt
=ole] P-450 5 717 2ol d47HAI T (Ste-
phen & Ralph, 1986).

P-4500] &% ATE olAEH AlFjelzkn &
k. aAe 80dd 2RE EAYESH
Aol o8] P-4509 EAHQ 7] Tg I
£ b #AFEA e =Y0] AlxH
I 917] dEelvh  gEpM R EAR Z1e% 99

Wee 29 Zo ALslnE 2xrg  HFE0|
Hz) g}, olds B AR7E P-4500] VAP

FBE EEE TR NG F 349 ¥4S
Yol W ge =ldoz 2o 4 Qi ¥ ¥
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