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The carbomi monoxicle-seutsitive livei� nticrosontal ntixed -ftnnmction (ixiolase hilts n’cccn it lv

been solubilized timid resolve(1 into thnm’ee contl)onents : cvtocltronte P-42f0, rfJ)n#{231}fl_(.\.�(�_

chrome P-450 reductase, timid a heat-stable fraction. Of a variety of comp()uut(Is test-e(l as

I)OSSible substrates in the reconstituted rat liver enzyme system, (1-benizl)hietamiule (N-ben n-
zvl-N,a-dimethylphenylethylamine) \\‘l15 thte niost active . A series o)f it -al kttutes (hiexam n(‘,

heptane , octane , no�naite , ane, dodecaii e , t-etradecane , ltnd htexadecauto’) ��er-’

shiown to serve as substrates, as ��‘ell as compoutids such as cvctohtexatte, ethtylntouphninne,

hexobarbital , aminopyrine, and norcodeinte , which are kIlo\vn to undergoi htydroxylat h n i in

intact microsomal suspensioits. Trilaurint, diolein, and trioleint appeareol toi be active, \vhnn(’as

certain other lipids, including a series of flttty acids, and anihiume were utot.

In the reconstituted rabbit liver enzyme system, htexaite was tIne most active substrate,

follo�ved by cyclohexane and bemtzphtetamine. A series of fatty aci(ls front htexanoate to

palmitoleate ��‘ere fouutd to undergo hydroxylation, in cointi’ast to time results obtainneot in
the rat liver enzyme system.

An absolute requirement for the heat-stable lipid frlLct-ioint x�’as shio�vin for thit’ hydroixyla-

tion of the various drugs as \vell as (if several alkanes. A stuoly oif tine stoiichnionwtrv of

beitzphetamine demethylation (resulting from hydroxylation of the met-h ivl grotip a uid

liberation of the resulting hydroxymethiyl gromp as formaldehyde) iundicated that eqlum(ilar

amounts of TPNH and molecular oixygen were consumed attd of formalolelnyde were pro-

duced. The results corresponded to time stoichiometry expected of a mixeol-fitnctiout oxiolase,

provided that catalase wa-s added to the enzyme system. Jut the abscunce of catalase, a

sigmiificanttly greater oxygen uptake was observed.

The Km of benzpttetamine was 1.S X 10� \1 in thte m’ecounst-ituted eunzyme system, aunol time

K8 of beutzphnetamine, which x�’as untaltered in time absentee (if time hneat-stable lipid fraction,

was 5.5 X 10� �n. Aniline and octante were shoiw’n t-(i act as competitive inhiibitors with

respect to) benzphetamiite.

INTRODUCTION the carbon monoxide-biundimtg pigment of

As described else�vhiere (1-3), w’e have microsomes (4), in a solubihized form \vhniclt

recently obtained liver cvtochrome P-450, retains tine ability oif the microsome-botitid
form of thtis pigment toi w-Iiydroxvlate fatty

Thus research was supported by (�rannt UB-12302 . . . . . ‘

front the Nttioni’il Scienice Founnd8tmonl Funds fon iciols md ilso exitmbmt’. cit mmicto mi�tnc th c
the ptnrchase of some of the equipntennt were i�ro- ti’on paramagnetmc resouiautce and cau’hoin

vided by (iraunt AM GM-12734 from the Unnited mouioxide anol substrate differeumce spectra.

States Punblic Health Service. Resolution of the system yiet(leol tinree I t’ac-
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ta in is , c�’toich ni.onite I �-450, TPNH-cyto-

cI ito itile P-450 reductase, autd a heat-stable

cointh)unnent-, all of which x\ei’e reqttim’ed for

fatty aci(l hnydroxytation to) occur at the

IflltXittilil rate. ‘Time reconstitutiout of a drug-

(l(t)t(t hnylatntg systent fron� thiese compo-

ti(ntts hills t’ecetitly been lel)Omted iii a brief

c(iutUiltntiiCltti(int ()) . ‘l�hie present paper is

coumcernned withn tine stibstm�ate sjiecificity Illid

othien 1)i’(i1)d’l’ti(’s (if tine recomtstitimted enZvfl)te

5tt’st(tti hOld! withn thie stoichiometrv of the

btuiz1 ihiet aniiute (lenneth\’lat-u)n reactiout.

M ETHOI)5

II it’ m’ltte of hmv(tn’oxvlatioun of �‘at’iotns sub-

stt’att’s \V�5 assave(1 by TI�NH tntihizatiotn,

oixvgeun uptake, oir l)ro)dtict formation. The

ft in’mat i itt f formatolehtyde from various N-

ati(l (1-uiiet-hnvl coiml)outids was measured by

t-hit’method of \ash (�) as moidified by

Cochniun and Axelrool (7). TIme olisappearance

oif TIiNH was oleterntineol at 340 m�z with a

sjit(’t toiphotometer equippe(l with a Gilford

mult ipte-sam�)le absorbatice recorder (,).

rfJi\H oxidationt was fouutd to be linear for

at least 10 mini ; all ol the rates reported were

ilt’ttn’nuuieol minnoler stnchi counditioins of line-

aritv. ( )xygeui coumsumptiont was measured

with a Clark tvl)e oxygeun etectn’oide used in

cut ij Inui(’tiou with a Sargeuit S H L recorder

aften’ ‘ 1imihibnation (it’ the mixture at- �

‘1l�\H \VltS addeol thnm’oimgtta capillary slit.

lun lolltxperimeumts tIne temperature was 30#{176},

lout stmicarbazi(le was iuiclude(1 routinely in

the i’t’ltctioiti flhixttlm’es Its a formaldehtvole-

tu’ltlipnng ageiit. \ lgCl3 was Itdded becaumse of

thit n’ehioin’t of Peters and Fouts (5) that it

eunhn:innces tine rate of some micros(imal hv-

dn’oxvtatioini neactionns, iutcltnding that- oif beuiz-

phnttauuinnc. In our resolved enzyme system

tIme oiuissioint of eithnet’ .\ lg� om. semicam’ba-

zioli’ Iiaol noi effect oti tlie htvolroxylatiott of

benmzpltt’tauiiiute as estimated by TPNH oxi-

dat n iii, htut time omission of bo ith caused a-

slight (titmntutioui (if activity. Phioisphtate

bullet’, pH 7.5, was used (as the potassium

salt) bocatise it j)u’O\’ides tine 01)tiIiiItl 1)H for

fat-tv acid Iivolroxvtat-it iii ut the resolved rab-

bit liven’ tunzvme svsttun (3). Jut experimentt-s

nit it pt’e’tnmteoil hen’e, bennziihnetantinie dentethi-

VtlttiOti \Vlt5 shno�vnn t-ti hiIt\’e thu sante j)H

oj)t iititittt.

Bovine liver catalase, grades A and B,

WIts oibtained from Calbiochient ; phospho-

lipids and di- and triglycerides were obtained

front the Aitspec Company, Ann Arbor,

\Iiclt. ; and a-lkanes, from Phillips Petm’o-

leum, with the exception of dodecane, tetra-

decane, and htexadecane, which were ob-

tamed front Beckman, and cyclohexane,

from i\IatileSoilt, (�ilemait, and Bell. (i-Benz-

phietamnie was kiitdlv dotiated by Dr. ,J. W.
J#{149}Jitiniaii of tine lJpjohn Company ; no)rcoi-

deine, by Dr. T. R. Tephlv; and ethylmor-

phitte and ammopvrine, by Dr. H. A.

Sasauite. Tue varionus fatty acids were ob-

tltifle(l froint time Hormel Institute.

Because of the poor solubility of many of

time substrates tested, orgautuc solvents wet’e

employed. Tue alkaites and oh- Illid triglyc-

erides were olissolved in acetone and time

fatty acids in 5 �7 acetone and added to tIme

reactioit mixtures iii amounits such that tine

final acetone concentration was 1 % or less.

Tine phosphohipids were dissolved in meth n-

anol and added in amounts such that time

flutal methanol concentration was 2 %- or less.

Tine complete reactiott mixtures contauting

substrates added in this manuter remained

free of turbidity (luring the course of the cx-

pei’imeitts. In control experiments it was

shown th I-It these concentrations of methanol

audi acetoite had ito effect on time rate of

TI-�NH oxidation itt either tine presence on’

absence of benzphmet-amiute. Since all (if time

dm’tmgs were routinely added in aqueous solu-

tioum, the j)ossibte coumversion of methautol to

formaldehyde was utot a problem.

Liver microisomal suspensiouts were pre-

pltred from rabbits inndutced with phenobar-
bit-Itt or rats induced with pitenobam’bitl-ll and

hiydrocortisone iii time manner described pre-

\�i(iusty (i). The method of solubihzation of

time eutzvme system and resolumtiout by column

euro matographmy imtt-o fractions containing

the heat-stable lipid, cvtochrome P-450, and

TI �N H--cytocinrome 1�-450 m’eductase has

been olescribeol (3). TI latter two compo-

umeints were commceumtratecl by the use of alum-

miuna Cy get.

RESU L’rS

:h,’ul)st,ate S/)C(’lfi(’it!/. �\. series oif possible

substrates was test-ed with the reconstitutted



Compound teSte(l

Benizphet :nnmminie

.\nnil mnne

Cvclohexanne

I lexanie
I Io’x:nnnoato’

I Lelit loniolit (‘

()ct anionic

Llunrate

‘i’ridecaunoa ti

l�:i1nmii toleat e

I )ioleinn

L((’it hi ii

l4�’stileci t mi ni
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TAIILF: 1

Substrate spccijici!�i of reconst ito ted mat lit-er

mnierosomal enzijme si/stein

TPNH disappearaunce was determinied mi reunc-

flonn mixtures conntainninig 100 �zmoles of phmosphate

buffer (p11 7.5), 5 �tmoles of MgCl2 , 3 �moles of

semicarhazide, annd the followinig compounents from
rat liver microsomes: redinctase fractiont (0.09 mg
of proteint), evtochrome P450 fractiotn (0.32 timnole;
0.44 rag of proteinn), mound lipid fractioni (0.1 rng),

inn a fiunal volume of 1.0 ml. The reactioni wa-s ini-

tiated by the addition of 0.15 �imole of TPXII.

The rate with hetmzphetaminte (�,124o = -0.036

mini), eorrectet for the rate of TPNIT oxidationi inn
the absentee of the substrate (�1-134o = -0.015,
mini), gave a calcinlated rate of 3.4 timolesmiti.

The data givent represetit averages of tw(i or more

det eruni nat I(iti5.

.
Compound tested

.. .
Fnnal concentration

Relative
.activity

if

l3etnzphetanninie 1.0 )< 10� 1(X)
Et hvlnimorphinie 1 .0 X 102 72

llexoharbital 1 .0 X 10-2 42

Anminnopvrinne 1 .0 >< 102 32

Norcodeinie 6.0 X 10#{176} 3#{216}a

Atnilitne 0.2-1 .0 X 10� #{128}Y
llexanne 5.0 X 10� 65

Cvelohexa tie 1 .0 X 102 30
ileptanne 5.0 X 10� 55

Octanne 5.0 X 10� 45
Nonnanne 5.0 X 10-i 4�

1)ecanne 5.0 X 10-_i 55

1)odecanie 5.0 X 10� 36

Tetradecanie 5.0 X 10� 14

llexadecanie 5.0 X 10� 19

Fat tV ln(’ids 0

Lecithini 0.2-3.4 X 10-i 0

Lvsolecithini 0.2-3.4 X 10� 0
Phosphat idyl-

ethaniolanninio 0.2-3.2 >< 1o� ()d

Tricaproini 2.0-5.0 X 10� 0
Trilanurini 4.C X 10� 10
I)ioleini 4.0 X 10� 25

Trioleini 2.5 x 10� 15

1)eternnninied by formaldehyde fornnationi, smnice

nnrhidit y J)revo’nit e(i unsitig the spectral assay for

TPNI I ilisappearanice.

h Annilinno’ hvdroxvlat iOti WliS olet erminneot as

described by Schennkmann et al. (9); similar resonlts

were ol)t lii nie(i whenn t he lipid fract i(ini was omitted.

The fatty acids annul t heir conncennt rat ions were

the same :ns inn Table 2.
d Sinuillnn’ resnnlts tt’ere olitainied �vheun (‘it tier

this componnnid or laurie acid was solunbilized by
sonnicat ioun ii t he abseunce of ann on’gannio’ solveuit

rat liver system, umsiuig tine spectral assay de -

scribed l)1(’%’ioittstY (5) . The intitial rate of

TPNH oxidation x�’as oletermiuteol at a series

of substrate conceuntrations ; the values

show’n iii Table 1 are those whmicit were ob-

ttiiited at time cOutcetmtrlttiolts foiuutd to be

optimal, and are thmerefore maximal veloci-

ties . Beimzphet anTliute proved to be hydroxyl -

ated the moist rltpidlv of aumy of the com-

1)0111td5 tested, aumd significaimt activity was
also) obtaineol with ther drugs knowum to

undergo demethylatiomt imi intact niicro-

sonies, as ��‘ell as with cyctoinexane, a series

of ,m-alkanmes front hexluie to hnexltdecatte, autol

certain glycem’ides (t-ritaurin , otioleint , ltnd

tnioleitt). Oum time other hmand, anilinme, phnos-

phmolil)ids, and a series of fatty acids appeared
to) be iutact-ive. Laurate was unoit invdroxvtated

�shnen tested iii the absentee (if acetoitme oir

whteun, tunnolen’ the same cottditionms, tIme lipid

fractiont was omit-ted. \Vhieut time more seunsi-

TABnu. 2

Subs/rate .‘ipe(’l/ieitq of reconsti t uteil tab/nt It tm,,’

Fit zerosomal ( nzi/in (‘ .s!/stt’Fii

The (‘onnditionis were similar to tinose aln’ea(ty

descn’ibeol, except that time followinig conmponnennts

were obtainned from rabbit liver nnmcrosontes:

n’edunct ase fract moni (0.21 nnng of pr�t ei nn) , (vt 0-

chrome P-45() frao’t ionn (0.26 mg (if protein ; 0.5

nimole, annul lipid fr:nctionn (0.08 nag). Tine nnet

rate wit ii benizphetaniunie, � = -0.043 unini),

(‘on’n’ected fm the rlnte inn the alisenice of sunl)strnnte

(1.1 = -0.016 tin ni ) , glove a calciulat ed nut

rlnte of 4.0 nitnoles mini.

l-’inal concentration Relative
actnvntv’

1!

10#{176} 100
0

102 151

10� 2(8)

102 12
10- S

l0� 25

10� 12
l0� 48
l0� 32

10� :35
10� (I
10� 0

1.0 X
1 .0-2(1 X

1.0 X
5.0 X
1.0 X

5.0 ><
2.5 X
2.0 X

1.0 X
1.0 x
4.0 X

0.8-1.7 X

1.1-2.3 x

Est imat cii liv ‘VP NIL d isn lil)earan(’o’ at 340



13e ui z phe t :n ni in it

I Iexotian’bit al

I’tiiylfliou’I)hiuie

.\.nii unopyri no’

Norcodei nit’

IIex:nnie

( ‘yo’I dnex�n nno’

( hi nunu’

3.8 0
1.7 0

2.7 0.3

1.2 C

1.2 (1.2

2.0 0

0.9 0
1.8 ()

005 010 01

Lipid Added (mg)

FmG. 1. Benzphetamine lnydroxylatiumut as (I fun(’-

/ ion of eon(entration of lip ill fraction added

The reactioni mixtures conntainieul, inn advlitionn

to time usual connpontennts, 1 i.nmole of lieumzphet anti ne
:nnid the followinmg tat liver micu’osounal fractionis

n’eductase (0.15 nag of proteinn), cvtociironne P-450
(0.26 unmole), annul the innvhcaieut anmtouumts of lipiol.
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TAIILu: 3

Lipid i’eq uirenu’n / foi’ cbs/rate h ydi’o.rylation

Hat liver microsomal fractions anid various

sunbst rates were onsed as inn Fable 1. The spectral

assay for TPNII disappearannce was insed, except

vt-i tin niorcodeinie, for which fon’nmi:nldehvde I)ro(iuuc-

lion %\‘lts determiuned.

l’i.ate of reaction
Substrate , ‘ - . -

Lnpnd present Lnpnd absent

a iizoles/,nimi

Lipid i’equireinent. The m’ate of w-inydroxyl-

lotion of’ laurate ill time resolveol rabbit liver

micm’osomal system was previously shown to

be reduced to about 30 � itt tue Itbsenmce of

tIme lipid fraction (3). More m’ecenthy, better

u’esolutioui of tile lipid front tile enzyme corn-

__________ ponents has been achieved with the rat liver
eutzvme system by washing the DEAE-cellu-

lose column with buffer before elumtiitg w’ith

KC1. l”ou’ reasons timat are imoit vet clear, lmow-

(‘\‘er, tinis modified pu’oceclum’e does not con-

sisteuttly improve the resolutioum. As shmown

hi ‘1 able 3, in the absence of the lipid fu’ac-

tion time demethylationm o)f benzpinet-amimte

aumol otimer olrugs an(l time imydm’oxylationt of

hmydrocarbons is reduced to an imtsignificant

level. Time rate of beutzpltetamiute hmydu’oxyla-

tiout was shown to) be proportioutal t-o the

_________________________ lipid concent-ratiotm oven’ It limited range

(l”ig. 1).

�S’toie/i iometi’y of benzjm/i dam-in e u/em-ct/i yla-

twit. The data in Table 4 shmoiw the sto)iChmi-

oinitetu’v of the hivdroxvlat-ioui meltctuimn with

beumzphetamiume as time subst rate. Essunitially

eqwniolam’ amounts oif TPNH 1111(1 02 were

co)nstmmed and of fou’maldehmvde were pro-

duced, pm’ovided thltt catmtlltse w�ts added to

tIme reactioum ntixtuu’e. lit the absence of cat-

ltlltse sintul am’ m’esumlts were obt airted foi’

‘ITPINII disappearautce and fom’maldeimyole fot’-

mation, but the oxygeut counsumptioiun was

hugh. The reason for thus effect- of cat-alase is

muot yet kutown, but it is evideumt fm’om time

(lIttIt- 0btI-tifl(�d that clittIhlsO’ 1111(1 no signifi-

cltmit effect 011 the rates oletermiited ito the

tive t’lt(llO)Ilct-l\’(’ It5sa\’ (10) WIts employed,

llturltte was shown to) eximibit- low bunt signifi-

caumt activity itt the rat liver system.

A less exteumsive series of coimpouumds was

tested with tint’ reconistituted rabbit liver

system (Table 2). n-Hexaime was time most

active subst-m’ate, followeol by cvclohiexaute

anti heumzphetamiute, anmol fatty ltcids from

hmexautoate toi palmitoleate were also attacked

at sufficiently rapid rates t-oi be meltsured

spectt’oph uoto imetm’ical � Anniuto)�)yu’iume, ethmyl -

moim’pi uiume, hmexobam’bit al, unorcodeinu’, and

p-niti’oauuisoIe wo’t’e pi’eviotmsiy shoiwit to

uumdergo demetinytatiotm in time pm’eseuice of a

rmtbbit liver cvtoichurome P-450 fraction and

a rat liver reduct �tse frltct-ioum (5) pn’esumably

time stmbstm’ltte specificity was imparted by time

cvtocimrome P-450 f’u’action. It may be noted

thiat tue opt imat cuiimcentration o�f cvclohex-

ane wIts tIme highest of atmv of tIne contpoiunds

studied.

It should be eniphmasize(l that time sub-

st-t’ate-depetndetit rate of TPNH oxidatiomt

aj�pears to) be a m’ehiabte rneasut’e of tue rate

oif hiydroxvla-tioiuu imn the recoutstituted en-

zv ni( system. l”o irmaldehvole forniati itt from

beumzphwtltmine (seo’ beloiw). ut hmvlmom’phimie,

hiexoibarbital, amtd amittoipyn’iute and prooluct

foim’ntationt from typical u’auiioact-ive ttlkane

Ituid fatty acid substrates were loll shiownu to

coru’esi)oun(l satisfltcto)t’il\’ to TPNH oxiola-

tioum.

E

E

0

a.



Reaction component
determined

;nnzoles/min

Ratio relative
to TPNH

utilization

+21.3 +3.6 +17.7 0.9
-26.3 -6.0 -2().3 1.0
-47.5 -18.8 -28.7 1.4

+ +21.6 +4.1 +17.5 0.9

+ -26.8 -6.8 -2(1.0 1.0

+ -35.0 -16.1 -18.9 0.9

(Benzphetamine)
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J. H. Founts, personnal commtntiicat ionn.

TABLE 4

Stoich ionnetry of benzphetam inc h ydroxyla/io n

Heactioni mixttnres containiung 300 j.nmoles of phosphate buffer (p11 7.5), 10 j�moles (if semicarbazide,

20 �moles of MgCl2 , 3 .nntoles of benizphetaminne, rabbit- liver cytoclmrome P-450 frau’tioni (1.6 nnmtiles;

0.88 rag of proteinn), rabbit liver lipid fractioni (0,18 rag), aund rat liver reductttse fractioni (0.3 rag of

proteini) were inmcubated at 30#{176}for at least 2 mini before the additioni of TPNII (1 �mole) to innitiate the

react ionn; the final volume was 3.0 ml. The formatiuinn of formaldehyde anid the disappearannce of TPNII
anmd 0� were shown to be linnear with time for t lie enntire inncumbation. Where inidicated, catalase (Calliio-
chem, grade B; 40kg of proteinn) was added prior to TPNII; similar results were (il)tainned wit-h crvsiallinne

catalase (4 �ng). The data are averages of at least two determiunationns.

Increase or decrease in components
Catalase --- - ____________ -�-- - �--- -

present Benzphetamine Benzphetamine Net chan ‘e
present absent ‘

Experimennt 1
Formaldehyde
TPNI-1
02

Experimetit 2
Formaldehyde

TPNFI
02

Fio. 2. Inverse plot for determination of K,
of benzphelamine

The nmttgumitude of the spectral chaunge innduced
by varyinng cu)nocentrat-ions of benzphetaminie was

(ieterminned at room temperature as � minmnns
‘l42� mi the preseunce of the rat liver cytochronme

P-45() fractionn (2.1 nmmoles; 6.1 mg of proteinn)
att(I 100 Mmoles of phosphate buffer, pH 7.5, inn

either the presennce (0) or absence (�) of the rat

liver lipid fractionn (0.4 mg). The finmal voltnnie was

1.0 ml. The K, of benzphetaminne is 5.5 X 10� �t.

absetuce of benzphetamine. Rat and rabbit

liver emuzyme components were foumid to be

interchangeable in the experiments establish-

inig time stoichiometry of the reactiout.

Kinetic constants and effects of inhibitors.

As reported previously (5), benzphetaminme

givo’s a type I difference spectrum w’ith the

resolved cvtocimrome P-450 fractiott. The

effu’ct of the benzphmetamiute concentratioti

out the magnitude of tIle difference spectrum,

determined as A � - A � , is shown in tIme

iutverse plot ut Fig. 2. Fruim these data tue

K8 of benzphetamine was fotmnid to be 5.5 X

10� �n, almd it should be utoted that tIme pres-

ence of the lipid fraction had no effect oui

the magnitude oif this dissociationt constant.

The K� of beumzphetamine was found to) be

1.S X 10� M in the complete hvdroxvlation

assay system (Figs. 3 and 4). These constatits

obtaiuted in time resolved enzyme system are

similar in magnitude, altitought not idu’uttical,

to those recetmtlv obtained by Peters anmd

louts’ for benzphetaminme in rat liver micro-

somal suspensions; these investigators fouutd

tliat magtmesiuno ioims broiught about a stighit

decrease in the apparent K8 aumd a sligimt mu-
crease in time apparent Km of this substrate.

The effect of octane ott the velocity oif

benzphmetamiute hydroxylation is showtm in

the inverse plot itt Fig. 3. Iormatdehuyde

formation was determined in such experi-

mettts, rather thuami TPXH disappearantce,

since tim(’latter method would measure timu’

hvdroxvlationt of the added octane as well as

that of beutzphetamine. The resumlts imudicate
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Ftc. 3. Inverse plo/ shooing effect of octane on u’eiocd!/ of benzphetaniine hyrlroxyla/ion
Iiormalulehde format ion was (let erunined inn the presence (�) or absence (0) of 6 X 10� M octanne inn

tenet ionn mixt tires u’ont aini nmg, inn addition to the uustnal conmponnennts, the followi ung rat liver microsounal

fractionns: reductase (0.2 rag of proteinn), cytochrome P-450 (0.21 nnnole; C.51 rag of proteinm), aniil 1i1)id
((1.12 rag). The velocity is expressed as unaniomoles of formaldehyde formed per miniute. The K,, of hennz-

pimet arni une annd time K1 of out a nie wero’ foinnnd tot he 1.9 X 10� .�n anid 4.4 X 10� in, respectively.

FIG. 4. Inverse plot indicating effect of aniline on velocity of benzphetainine hydi’o.ryiation

The bennzphetarninme-depeundenni disappearanmce of TPNII wa.s determinted in the abseumce (0) tnr pres-

eunce of 5.0 X 10� ii (S) tir 2.0 X 10� .ii (�) aniline itt react ioun mixtttres containninig, inn additioun to the

oilier usvnal componnennts, time followinng rat liver microsomal fractionns: reductase (0.16 rag of protein),

tipiot (0.1 rag), mmmdcytochrome P-450 (0.13 nnmole; 0.2 mg of proteinm). The velocity is expressed as nianno-

moles tif TPNH oxidized per miunute. The K,, of benmzphetaminne and the K1 of annilinme were found to l)e

1.8 X 10� it :unnd 8.0 X 10� it, respectively.

thnat oictane is a competitive inmhmibitor witim

respect to) benzplietamitme. Siunce aumiliume is

noit- hydroxylateol in time recu)lmstituted en-

zyme systu’m, time rate of TJ�NH oxidatioum

coiuld be used to determine tIme effect of this

compouttd out the rat(’ of benzpimetamine

htydroxylatioum. Time iutverse plot of time data

obtaiuted (Fig. 4) indicates timat ttniliume, like

octl-mne, belmaves as a competitive iumhibitor

witit ru’spect to beumzphu’tlt mnmtte.

t)ISCUSSION

Time m’esults pro’setitecl show that the solu-

bilized and recolmstituted eumzyme system ex-

hibits activity toward It variety of drugs, hy-

droicarboums, aimd fatty acids. Witht the

excu’ptiomm of a loss of 1-uctivity towaroh anoiliume

(tested iii the rat liver system oiumty) and a

much decreased activity toward fatty acids

ium tIme rat liver system (but imot immthmat from

rabbit liver), the solubilized form of cvto-

chrome P-450 evidently retains time catalytic

activity of thte particulate, microisomal form

of this pigment. Liver microsornal suspen-

sioums imave beeum shown to hvdroxvlate fatty

acids (1-3, 11-13), various steroids (14-17),

carcinogenic poiycyclic hydrocarbons (15),

and a variety of drugs and related substances

(iS, 19). We have previously rel)orted that

octane imydroxylation occurs imt time reconsti-

tnt-ed microsomal enzyme system (3, 20).

Spectra-h data showing tue iumteraction of
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hm(�XItIt(’ �vitIu m’at liv(’r Iflicl’u)sOmltl cvtocimru)me

P-450 (21) ttutd evidetmce foir tine occun’renmce

oif itel)tItImO’ oxidatioum in tIme nmicrois(imal fn’ac-

ticum of rat liver (1 1) tuid of hmexadecltume oxi-

datiout itt tine microsonlal fractioum of gumiumea

pmg intestnmntt mucosa (22) havu’ beetm re-

ported by others. Duritig time course of time

l)resu’nt ittvu’stigatioitm, papers ItI)I)ettl’(’Ol by
Iciiiimara et a!. (23, 24) describing time oxida-

tiomi of long-chmaium alkammes in niouse liver

micro)sonlat suspensiolts. Ultricit (25) hitts

m’ecenmtly reported ti oat cycloiiexane is cont -

verted to cvclohexauiol by rat liver micro-

so)mes, utumol Imas clettrlv showut time nnvt)lve-

rneumt of cvtochrome P-450 in the reactionu.

Tine r(’uiulir(’meumt for a iit�Itt-5tttbl( li1)id

fraction fuir reconstituitioum of �on activu’ en-

zyme system, previotisl�’ demoumstrated for

fatty acid w-htydroxyiation (3) aumd bennz-

l)imetam�ne dernethylationm (5), hulls itow beeut
shown for the hydroxylatiout of huvdrocttrbotms

as well as several other drumgs. Time fumuctiout

of time lipid fraction remains toi be estab-

lished; no) hipid-du’peumdent chautge mu the

rate or exto’utt of cvtochroime P-450 reoluctioin

or ut time K, of laurate was observed previ-

ously (3), or imm timo’ K8 of benmzpimo’tamine itt

the present ittvu’stigatiout. Although deoxy-

chmolate dot’s umot m’eplace tIme lipid fractioum,

tIme possibility remaiuus timat an impurity itt

time oleoxycimoilatu’ used to) aid in tIme solubili-

zation of time eumzvme system is time active

component, or one of time active compoumeumts,

(if time imeat-stable, chmloroform-soilimble frac-

tioum obtainmed by coilumum chmromatuigraphy of

tine system out DEAE-culluiose.

Time competitive iuihmibit-ioum observed wimeum

octaume or atmilitue is Itdoied to) tine t’o’coinnsti-

tuted etmz�me system itt tim(’ iin’esenmce of

beuizpimetamiume as tIne suibst-rate suggests a

C0)�t1lOfl biumdinmg situ for thiese coiniipouumds.

1s..ilm(’tic dattt obtaitued with mict’oisomltl sims-

petmsiouus have beett reported previoiusly by

Rubiut et at. (26), simowitug titat certain olrugs

are mutultihy coimpetitiv(’; by Tephulv lund

\Iatmnerimig (27), show’iung timat steroids corn-

I)etitivd’l�’ ilminibit time oxiolation of drugs; atmul
by Wada et at. (25), iui(hicatitng that pn’e(l-

uuisolonme Itumol 1nydrocoirt 150 iumo’ compu’tit ively

itnhibit anoiiiume Imydroxylation auuol amiuuoipv-

riume olenmethuyllttiolm. ��.hthuouugit the existenmce

tif nmultipie fornms if cyt-u)Citronme P-450

\t’oitth(l accounmt fun’ tIne brtiad stnbstrato’ speci-

ficity, uto nmoiu’e thulium tiunt’ foirumm hilts beeti

idenmtified ��‘itin certaiumtv by spectn’al nmlethn-

uioIs (29, 30). l(tc(nntl\’, Lt’ibnLnlttn (‘t at. (31)

imltt’e stuiolit’tl the effu’cts oif cem’t-ainu substu’ates

ulioiut tue (lifIt’t’ettci slieCtl’a l)1’oi(ltictd by tine

bimmotitmg of other substu’ates to liver nmicu�oi-

sonmes ttutd imave coiumctuoleol that a sinmgle c\’t(i-

cimroinme P-450 ttilt\’ be cltl)ablu’ of iumteractinng

itu diffi’reumt ways witln t\’pe I Itum(1 type I I stub-

stt’ttt&’s. It seenns unuhikely, fronm thuo’ evi(lvnnce

Il0)\\’ availabte, tiiat time renmltu’kltbly bn’t iaul

si)ecificit\’ of ci’to)cinl’Oim(’ P-450 is din’ tti tIne
occurrence of nmltnmv ulistiumct foruims tif this

imenmoiproteinu . i’�i’id(’umce is uiti�v available,

htoi�vei’et’, tlultt tIne adniiumistm’atioium of 3-tmmt’t in-

yiclmotammt-hmreumt’ to atuinimats iutoltices thu svnn-

timesis of It si�ctratt�’ distinct fornm o�f P-450

illVo)l\’(’(linn time Imydroixytatioiun (if au’oinmmatic

(‘ltt’ciliogenus (32 � . � Ittt-(’t’nnltti\’t exi illmnnIt -

ti(itt to tIme 1)n�0iblt’flm of spo’cihcitv is tiiltt (‘‘to i-

chirome P-450 j)O55(’ss(’smulttipl(’ sites. TIne

niittuativ c(imiietitive iuuhnibitioium which hilts

beeui observed bu’twu’eun stnbstrates is itt ac-

cord witim the invpotI nesis t hint this Iienmoiiirt -

tent possesses multiple catltlytic sites. i it.o-

vidu’ol that thuo’so’ also f’uuuct-ioun as eflectoir

sit-(’s, thmem’ebv giving alloistt’n’iccount 1.0)1. l-’oir

example, substratu’ A , iun hindiumg ton (‘lit-

atvtic-effector situ’ A’, nmav, by jiu’oimoitinmg a

cotnformlttiotlltt chuaumgu’, iuniuibit time hinidiuug

of substu’ate B at catltlytic-effecton’ site B’.

Coumverselv, sumbstratu’ B, upoiuu biunohinug at

catatytic-effecton’ site B’, may pre�t’uit tine

binudiumg of A at situ’A’. Tine iumdividuai sites

nmigint be grotip-specihc---omme bitndinng tIne

nmethmyl gt’oups oif fatty aciuls aln(1 aikltnnt’s,

Ituioithn(’t’ biutohiuug thuose dm’iugs couutluniiumg _V-

auu(1 ()-niiethnvt gu’otups, anoithmer biunoliung atni-

limit’, aumd soi ftirthn. Attempts art’ niow un

� to �nmn’i ft t lie t’t’sitved fon’m t if cvtt i -

chiroinme I �-450 it n orolir to (Ieternmmuuit’ hitiw

rnaunv distuun(’t foi’nis t-xist 1010(1 winet int’t’

1ti tosteu’ic conut n’tit is a feat tire of tIn is 1nemo i-

pm’uit(’iun.

‘lint’ otufinctultues iuuvoit\’o’ul itt oleteu’tmiiunitng

time st-oiiclnionmmet-ry of tiring Inyo�lrox\’llitioum itt

nmicn’oistinmal smnsp(’unsioiuus imave bt’eun sunim-

nmau’ize(l iun It m.eviu’w by ( ;utlette (19). lo out’

i’utot�’leuigo’ tint tituhv P1’t’\’ititms e�’ideuuce ft ir

ti no’ to �uivaleu ice t if’ formatule imvde ft in’ummat-it itt

aumol ( )2 bud I P\ H ut-itizatitiun is t hnzit oif

()m’reunius (37), �vIio stutthutol aumminntihivn’uunt

o)xiolat-ioiuu iti l’btt hiv’n’ tiiut’t’t iso imat susj nun -
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siotns. \ Ion’e receuuttv, I iowevu’u’, Lst-abu’toik

auuol (‘oilmen (35) imave reporteol time utihizationm

(if 2 nioiles of TPNH Ix’r timole oif fornmltlde-

iny(li fom’nmmed fm’tnnm amiumoipyn’muue in micro-

s(itmmes, ‘Flue stoichmionmetrv of benuzpimetamitie

(lemet-inytlttiout, which we have oletermiuted

iii tIne t’ecoiumstittttu’oI (‘uuzymu’ system, coirn’e-

s’it iti(ls to that of a hnvdu’oxvlatioui (it’ moumo-

oxvgoniat.ioum reactioitm, as foillows.

H�N(’H3 + T1�NH + H” + 02 -‘ H2NH

+ CH2O + TPN� + H2()

‘Ii no’ effect of catalase inn lotvo’n’itug the Iii)-

hiantut oxvgeli imptake iundicates mum additiounal
variable whiicii tmm�iy complicate similar st-itoh-

it’s with iumtact timicroisomt’s.
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