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SUMMARY

Cytochrome P-450, the terminal oxidase that functions iti the oxidation of many drugs
and other foreign compounds, is thought to depend in large degree for its Ph�5icILl and bio-
chemical properties on its association with microsomal phospholipidls. Drugs have been
classified into tsvo groups, depending uponi is-hether they form a tvl)e I or a type II dif-
ference spectrum ‘when they combine w-ith cytochronie P-450. The type I bimsding site is
thought to be located in an undetermiiied hydrophobic regiots of cytochrome P-450 proteimi
or in lipids of the microsomal membrane, whereas the type II binding site is thought to be
associated with the CO-binding site of the hcmoprotcimm. Phosphohipase C (EC 3.1.4.3),
which specifically hydrolyzes phosphatidylchohn(’s and phosphat idylethamsolamimies to cor-
responding phosphoryl products, is-as used in the currenmt studies its atm attempt to evaluate
the role of phospholipids in the microsomal drug-metabolizing system. ITmmtreat(’(l amid phos-
pholipase C-treated microsomes from the livers of rats were usedi to studly the oxidations amid
binding of two type I drugs, ethylniorphimic and hexobarbital, ats(l time type II compound!,
aniline. Treatment of microsomes with phospholipase C dcstroyed the type I bimidimmg site,

but microsomes lost only about 40 � of their ability to oxidize ethylmorphine ammd Imexobar-
bital. The loss of aniline oxidation is-as omsly about 15 #{182}�,arid the bindimsg of anmiline to hemo-

protein was increased significantly. Phospholipase C treatmemst caused about a 20 � con-

version of cytochrome P-450 to cytochrome P-420, which remained with the microsomes.
These studies provide further evidence that the type I and! type II bindimmg sites differ ammd

that the type I binding site is associated with membramme phospholipids. The studies also
shoss that type I binding is not required for the oxidatiomm of type I compoummds by microsomal

enzymes.

INTROI)UCTION

The physical amid biochemical l)roperties

of cytochromc P-450, the termimsal oxidase

which fumsctions ins time imepatic microsomal
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system respomisible fur the metabolismii of
matmy drugs and othi(’r xenobiotics, are

thougimt to depend to a large degree oti asso-

ciations of time hemoproteimm svithm hipit! corn-

pomiemits of time microsomal membrane (1 -4).
This view is based partly oti time observation
that agemits wimichm attack phosphohipids, such

as lipases comitainme(! in hieated! smmake venom

OF crude pnimmcreatic extracts, 0150 convert the

biochemically active cvtocimrome l�-450 to
the biochemically inactive cvtochrome P-
420.
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Time ct’u(le lipase I)reparatiomms et)i�)loyed to

comsvert cytochrome P-450 to cytoclirome
P-420 comstaimled! a variety of lipid-splitting as

iveil as proteolytic enzynies amsd therefore

1)rovided little i tiforniatiot i as to time imature
of time associations betweeti c�-tociironne P-450

tttl(l nmicrosoniial I)ii0SPhm0lil)id. Time current

studies have employed phmospiid)lipase C its an

attempt to evaluate more specifically the role
of pimospholipids iii the microsomal drug-
metabolizimig systeni. Phiospi iohil)ase C (EC

3.1.4.3) isnis selected! because of its availabil-

ity its pimrifie(I fommii amid becsumse of its estab-

lisimed specificity its time imy(lroiysis of phos-

l)imritid!y�lchm�litmes amid ph iospiiatidylethaniol-
anmimies to their corresponmdhnig a , (3-diglycer-

1(1(5 arid the respective Phs�sPiiom�l corn-
pounmds. Time specificities of phmos�)iiolipases

make them useful tools for time selective deg-
ra(latiomm of nienibramie structures (5-7).

These emmzymes may be used to alter or ehimi-
tmate specific groups of phiospiiolipic!s at-

tnichsed to biological niemnbramies. Phospiso-

hipase C has beets use(l to t!emomistrate a

pisos�)holipid t’e( �uit’eniem it for �\.i’Pase activ-
ity IUS(! Ctt-m-� tratispom’t iii tue sarcoplasniic

r(’ticulunm (8), br time tratisport of Hb+ by
kid!miey cortex tubules (9), amid for nmicros��-

nmmal NAI)H-cvtocimrome c reductase (10, 11)

atid glucose ()-phm�sPimatase activities (11, 12).

1(eniner 5111(1 C0-WOFkeFs (13) and mini
:Lti(l Sato (14) shOWed that (Irugs cati be

classified itiD) tWo ty�)es, I amid II,� its ac�

cordamice with the differetice spectra they

l)m’o(lucd’ wiieti t 1mev comiibimie with cyto-
chrome P-450. I ti certaiti cases, time kitietics

of the reactiotis betwt’eti drugs mLtmdl imerno-

l)m-oteims to pto(lIld’e spectral d’hmamlges was
sufficiently similar to time kitmetics of time

reactiomss itmvoivimmg time tiietahohismii of time

satm.ie drugs to suggest a causal relationship

betweemi bitiditig to iiemoproteiti amid drug

metabolism. It was t1� erefomi’ of imiterest to

study tIme effect of p1iospisolipmtst� C oh the
bitmditsg of drugs to cytochirommme P-4;5O as well

as ott (!t’ug nmetabohsm. Et.Imylmorphminme,
hm(’xobarbitai, atl(i amiilitie ivere selected for

study because much is kmmowti about their

2 The t vpe I ihiflerence sl)(’(-l mttmmmis chmarac I erized

by an absorpto peak at 385-390 rmi� amid a t n iugim

at 419-425 mM; I iii’ I VIW II olifIeretio-e sl)ect runm has

an (1)5011)11011 Pt’�k at 426 435 mM mitid a I rough at

390-405 timM.

metabolism amid because times- react with

microsomal lmemoprotei ml to) give represeimta-

tive types of binding spectra.

.51ETHODS

�\Iale Holtzmati rats (250-280 g) were
employed in all experiments. Hepatic micro-
somes were prepared as described previously
(15) arid were used omi the d!ay of their �rep-
aration.

Proteins isas determined by time method of

I�owrv et a!. (16). I)ifferemice spectra pro-
duced by bindlimig of etimyimorphimme, imexo-

barbital, arid aniline to cytochrome P-450

w�et.e determined as described by Remmer
arid associates (13), usimmg a Shimadzu model
MJ�S 50 dual-beam spectropimotometer. Cy-
tociironie P-450 was determined essenitially

as described by Omura amid Sato (3), usimsg a
Beckrnamm model I)B dual-beam spectropho-
tometer as described previously (15).

Time compositiomi of the inicubatiomi mixture
for time measurement of the oxidative N-

demetimylation of ethylmorpimim ie is-as the

same as that described �)reviously (17), cx-
cel)t that mmicotimmamide was omitted. \Iicro-
somes (100,000 X q fraction) with a protein
comitemst of 4-S mimg,tiil ivere incubated for 15

mini at 37#{176}with ethiyimorphinie (2 mit) ins a
volume of 5 ml. Amsilimme hivdlroxv)ase activity
is-as determined as described by Kato amsd

Gillette (18), ivith slight modifications o)f the

immcubatiomi mediimrn . Time microsorne fraction
(100,000 x �, pellet), with a protein comitent
of S -10 mg/nil, iVas immcubatedl for iS mits at

370 with ammilimme (1 mit) its a volumiie of 5 ml.

\licn )soflimil hexobarbit mu ixidase activity
ivas (letermimied! as dlescribed by Rubimi et al.

(19), except that a different liver pm�eparatiomi
was used. Eight to temi milligrams of micro-
sornal proteiti (100,000 X �,‘ pellet), plus 1.0
nil of 100,000 X � supertsatamit fract.iomm, w-ere
imicubated for 15 mimi at 37#{176}is-ith isexo-

barbital (0.6 m�m) its a volume of 5 ml. The

100,000 X g supermmatant fraction was addled

because maximum activity was not obtained
with miiicrosomes alotie.

Piiosphsolipase C (Sigma Chemical Corn-

pammy, type I, from L’Io.s-tridnem mm-c/c/iii, lot
38B-0150) imicubations were carried out at
room temperature (20-22#{176}) irs a medium
commtaimmimig 0.02 M Tris buffer (pH 7.4) ammd

2.5 mim (‘aC!2 . Time proteimi concentratioms of



TABLE 1

Effect of phospholipa.se C on micro.somal pho.spholipids

Hepatic nmicrosonmes (4.2-5.0 nmg of proteins per milliliter) were digested with phospholipase C (0.8

nmg/ml of incubation nuediuni) in the presence of 0.02 M Tris buffer, pH 7.4, and 2.5 tnst CmiCl2 at room
temperature (20-22#{176}) for 30 mm. Figures its parentheses represent the mmunmber of experinments.

Phosphorus content

Assay Untreated microsomes Phospholipase Loss

(incubated in Tris buffer) C-treated nmicrosomes

�mmzole/ing protein ± SE

0.428 ± 0.007 0.129 ± 0.007 70

0.160 ± 0.005 0. 034 ± 0.002 79

0.062 ± 0.002 0.029 ± 0.002 53
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0.066 ± 0.008 0.292 ± 0.018

time microsomes is-as 4.2-5.0 mg/mi; the con-
centration of phospholipase C was varied
according to the experiment. The phospho-

lipase C reaction sva.s termitiated by the addi-

tioni of EDTA (final concentrations, 9 m�i),
which chelates the Ca++ needed for pimospho-

lipase C activity (20) . After sedimemstinig time
reaction mixture at 100,000 X g for 30 mini,

the pellet is-as svashed onice ivith 1 . 15 % KC1

solution containing 10 mM MgC12 and the

suspensionm is-as agaiti centrifuged mit 100,000

X g for 30 mm. The fimmal pellet w-as sus-

pemided in sufficient KC1 solutiomi to give a
protein concentration of 4-5 mg/nil.

Microsomal lipids is-crc extracted! by the
method of Blighi and Dyer (21). The concen-
tration of phospholipids ivas determined by

the method of Bartlett (22). Phospholipids
were separated by thin-layer chmrornatog-
raphy on silica gel G, using cimloroform-
methanol-glacial acetic acid-is-ater (65:25:

8:4 by volume) as time developing system
(23). The lipid spots were visualized by ex-
posing the dried plates to iodine vapor for 2
mini (24). The spots were circled! amid the
iodine was alloss-ed to evaporate. Quantita-

tive determinations of the phospholipids
were obtained by scraping the spots from the

plates, transferring them to graduated comsi-
cal centrifuge tubes, atid eluting the lipids

with warm chloroform-methanol solution
(25). The solvent was removed with time aid

of a stream of air, arid the residues were

assayed for total phosphorus (22).

The presemice of l)isosphmor3’ietlmanolaniimme

amid I)imoSPIior�lcisohimme after treat nienit of
microso)mes with phsosl)hsolipase C was deter-
mined by centrifugitsg the reactioms mixture

at 100,000 X �i for �30 mini, followed by misix-
imig a suitable aliquot of the resultimig super-
nataist fraction with mimiequal volume of cold

20 % trichloracetic acid solutiomi to destroy

phospholipase C activity. After stamidinig in

the cold for 30 mimm, time mixture was cenmtri-
fuged and the supernatant fraction was re-
moved amid evaporated under reduced pres-
sure to a suitable volume. Aliquots is-crc
taken for l)hosphorus assay (22) . An imicrease

is-as seems mi acid-soluble pimosphsorus its the
phospholipase C-treated samples os-er that

of control samples. Thmis was due iargel�- to

the accumulationm of �ihosphorylcholimie atmd

phospimorylethariolaminse, as shown by paper
chiromatography using the developimmg sol-
vemmt of Runeckles amid Krotkov (26), whicim

consists of ethyletie glycol niommomethyl

ether-pyridine-glacial acetic acid-water

(8:4:1:1 by volume).

RESULTS

Phospholipase C released 70 #{182}�of time total
phospholipids from microsomes; 79 � of the
phosphatidylcholitse arid 53 � of the pisos-
phatidylethanolarnimme ims time microsomes

is-crc hydrolyzed (Table 1). As phmospiiatidyl-

cholitie amid phospimatidyletimatiolami tiC (liS-
appeared from tue microsomes, dliglyCerides
accumulated ins time microsomes, as slsowmi b�

Total phosphol ipid pimosphorus iii

100,000 X g pellet (9)

Phosphatidylcholine its 100,000 X g

pellet (9)

Phosphatidylethanolamimme in 100,000

X g pellet (9)
Acid-soluble phosphorus its 100,000 X g

supermsatant (8)
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FIG. 1. Effect of phospholipase C on microsomnal drug metabolism

Conditions for obtaininmg phospholipase C-treated microsomes are described in Table 1. The metabo-
lisnim of ethylrmmorphine, lmexol)arbital, and aniline was determimmed as described in METHODS. Plain bars,

nmicrosomnes not incubal ed but washed with KC1; singly hatched bars, microsomes incubated for 30 mm at

room temperature imm0.02 ii Tris buffer amid 2.5 mM CaC12; cross-hatched bars, phospholipase C-treated
microsommmes. Elevemm ethylmorphimie amid aniline studies mummdthree hexobarbital studies were performed;

each study employed pooled livers frommm three rats. Vertical bars represent standard errors of the means.

1e�borbtol Ethylmorphine Aniline P-450/I0
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FrG. 2. Effect of pho.spholipa.se C on binding of

drugs to em icrosommnal hemoprotein

(‘onditionms for obtmuinmimmg phospholipase C-

treated mnicrosomes are described in Table 1.
Differemmce spectrmt were obtained as described by

Hemmer et al (13). Microsommmes were diluted with
0.20 ii Tris buffer (pH 7.4) to a protein commcentra-

tions of 1 mg/mi. The final concent rations of drugs

were: hexobarbital, 2.5 minI; eth\-lmorphinse, 2.1

fliM; mitmd aniline, 6.7 minI. 1)ifferemice spectra were

obtained for hexobarhital ammd ethyimorphine be-

I ween 420 arid 500 mgi, for aniline between 430
and 500 nm�, mind for P-450 between 450 and 500

n151. Symbols represent the sanme conditions as in

Fig. 1. Values are the nmeamms ± standard errors of

thiimi-laver clmromatography on silica gel G

using the developing solvent of petroleum

ethier-diethyl ether-glacial acetic acid (9 : 10:
1 by s’olume) described by Maims and Mans-

gold (24). The phospimorus that accumulated
its the superniatant fraction as a result of

treatment by microsomes ivith phosphiolipase
(Ttsble 1) is-as shoivn by paper chromatog-

raphy (25) to be due largely to phosphoryl-
choline arid phosphorylethanolamine.

Digestion of microsomes svith pimospho-
lipase C caused a reduction of ethylmorphine

amid hexobarbital metabolism of 42 arid 43 %,

respectively , but the metabolism of aniline
was reduced by omsly 15 % (Fig. 1). Hexo-

barbital amid ethylmorphine show- typical
type I bimiditsg spectra is-hers added to micro-
somes; anilimse gives a typical type II spec-

trum. Figure 2 shoiss that the bimiding of
both ethylmorphine arid hexobarbital is-as
virtually eliminated is-hen microsomes svere
digested isithi phospholipase C, but the binid-
inig of anilimie is-as increased. Phospholipase C
caused a 20 % loss of cytochrome P-450
(Fig. 2 anid Table 3). In three determinations

time change in absorbanice between 450 and

500 m� per milligram of protein of micro-

10 experinments, each of which employed the pooled

livers from three rats.
* Significammtiy different from control (p < 0.05).
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FmG. 3. Effect of duration of incubation of mnicrosomes with phospholipase (‘on microsomal .\-demcth pie-

tion of ethyimorphine, phospholipid content of microsomes, and binding of drugs to mnicrosomal hemoprotein

Microsomes (4.2-5.0 mg of protein per milliliter) were digested with phospimolipase C (Pase C) (0.2

mg/mI of incubation medium) in the presence of 0.02 ii Tris buffer (pH 7.4) mund 2.5 mit CaCl2soltitiomm.
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somes itmcubated with arid without phospho-
lipase C was 0.060 ± 0.002 arid 0.076 ±

0.002, respectively, w-hich represents a los-s of

about 20 #{182}‘�of cytochrome P-450. Time niag-
nitude of the 1)eak at 420 m� seems its time

spectrum obtained with phospholipase C-
treated microsomes was compatible w-ith a
20 % comsversion of cytocimrome P-450 to
cvtochrome P-420. No cvtochsrome P-420

was detected in the medium from wimicli

these microsomes had been harvested.

To reitiforce the impressions given by time

data presented ins Table 1 amid Figs. 1 amid 2

that time losses of metabolism and binding of
etisylmorpimimse arid hexobarbital observed
after microsomes had beers incubated with

phospholipase C were related to losses of
pimospimolipids, microsomes ssere digested!
is-itis phospiiohpase (1 for various times be-

tsseemi 0 amid 30 mimi. 1”igure 3 shsosvs that time
loss of total microsomal phospholipids svith
time correlates is-eli with time losses of ethyl-
morphimme metabolism amid bimidimig. Time

losses d)f imexobarbital atid etisylmorpimimse
bitiding is-crc similar ; ammilimme bimmdimsg is-as
agaimi seen to imicrease after phmo)sphiolipa.s(’ C
digestion. It is apparemit that type I binsdimmg

is riot obligatory for the metabolism of ethyl-
morphsinse or hiexobarbital, ammd that more

than omme pathway flimsy therefore exist for time
metabolism of thiese dm-ugs. Furthier evidetsce

that eths-imorpisine may be metabolized by
an altermmative mechatmi,sm ivas obtainsed by
determimiimmg the kinetic commstamits of ethyl-
morphimme N-demethmyiationm usitsg pimospho-
lipa.se (‘-treated! microsomes. A sigmiificamst

increase in apparemit K,,, and a decrease in

apparent l,,� is-crc seems after microsomes
is-crc incubated ivith phospho�hipase C (Table

2).

To rule out the possibility thimit time (‘ifects
of the pimosphmoiipase (‘ preparation ott time
ability o)f microsomes to nietabolize atsd bimid
drugs might be due to) a contamimmant irs time
preparatiomm ratimer timami to pimo)spimohpase C
itself, Ca� is-its omitted from time incubation



Treatment of microsomes

Nomie (imicubated imi Tris buffer)

M X

2.86

1O� ± SE

± 0.14 (9) 509.7 ± 48.1 (9)

Phospholipase C (i93b ± 0.38 (11) 3354b ± 24.7 (11)

1fllaX

a Nammommmoles of formmnuldelmyde fornmed per milligram o)f protein per hour ± standard error.

Sigmsificamstly different (p < 0.05) from results obtaimsed with untreated microsomes.

TABLE 3

Effect of phosphoiipasc C on microsomes in the presence and absence of (‘c++

Microsonses were digested with pimospholipmise C as described in Table 1, except that Cafh was

omitted where immdicated. Control microsomes were incubated with Tris buffer imi the ahsemmce of phos-

pholipnuse C. Vmulues mire time mueans ± stmumidard errors of three experimemsts, each of which employed the

pooled livers of three rats.

Control
Assay (with Ca�)

Phospholipase C-treated
(with Ca�)

Control Phospholipase C-
(no Ca�) treated (no Ca�)

5.2 204.7 ± 16.7 (43%)i 372.9 ± 27.2

14.0 41.7 ± 9.3 (-63�) 133.4 ± 10.0

1.6 19.2 ± 2.4 (-31%) 28.0 ± 2.9

0.0073 ± 0.0003� 0 0.0087 ± 0.0017�0.0088

0.0073 ± 0.0003� 0 0.0093 ± 0.0009�0.0081
0.0134 ± 0.00tX�0.0210 ± 0.0026 0.0134 ± 0.0024�0.0137

P-450� 0.076 ± 0.002 0.056 ± 0.008 0.078 ± 0.011 0.078 ± 0.005

Total plmospisorus iii 100,-�
000 X g pellet#{176} 0.42 ± 0.05 0.14 ± 0.02 (-67�� 0.39 ± 0.03 0.45 ± 0.05

Acid-soluble phospimormis

imm 100,000 X (/ simper-

mmatant#{176} 0.085 ± 0.004

369.4

140.4

28.7

± 15.9

± 13.3

± 1.6

0.086 ± 0.004 0.309 ± 0.017 0.073 ± 0.002

#{176}Nmmmmomoles of fornmaldehyde formmied pe� milligrans of proteimm per isour.
Nanomoles of imexoi)arbit mu disappearmsnce per mmmilligrmmmim of l)rotein per hour.

Nanonsoles of p-mimimimmophem#{236}olfornmsed per mmsilligramn of proteimi per imour.

1 Change itt absori)mtmi(’e bet weemm 420 amid 500 nms/2 per mmmilligrmimmm of proteimm.
Chammge imm mubsorbmimice bet iseemi 430 mimid 500 rn�t per mill igrammi of prot eimm.

1 Chammge imm mibsorhamice bet weemm 450 mind 500 nml/2 per nnilligram of pm-oteimi.

51n-ronmoles of i)lmospisomtis � mmmilligrans of nmicrosonimal prot eimm
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TABLE 2

Effect of phosphoiipasc C treat meat of microsomes on kinetic constants of ethqlmorphine �V-demethylation

Microsomes were digested with phospholipase C as described its Table 1. The kimsetic comist ants were

determnimsed with the aid of statistical amsalysis (17). Numbers in parentheses indicate the tiumber of

experinsents, each of which employed the pooled livers from three rats.

1:th)’lmmsorphimie imsetmtbmm-

lismim’

Ilexoharhit al met abolisnmt

Ammilimie nsetmtbOlismii

Eth�-lmorphimme bimidimig1

Ilexobmirbital bimi(limsg”

Anilimse i)indimmge

357.5 ±

112.7 ±

28.0±

K,,,

± 0.0012

± 0.0004

± 0.0023

fliedliuni. (‘mL� is required for PimospimoliPase

C activity (20). Without Ca�, �)hmospho-

lipase C had no effect omi the metabolism or

bitiding of etisylniorphim Ic, imexobarbit a!, or
anilimse, the loss of P-450, or the phospho-
lipid content of the microsotiies (Table 3).

It iias also imiiportanst to rule out the possi-

bihit�- that the products of time phiospisolipase

C reactiomi (is-miter-soluble phosph o ryl corn-

poumsds ansd diglycerides) itihibit time metabo-
lism of ethylmorpimimme amsd imexobarbital,
imstetfere ivith type I biimdimsg, or bimmd as type

I conipoumsds so as to obscure type I bitiding
of etimylniorphimie or imexobambitmil. Phmos-
ph morylchohimsc amid 1)1iospiiorylethammolamimie

are is-ater-soluble amid remaims its the
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100,000 X ii supermiatant fraction o)f piios-

pisoliprise C-digested microsomes. Washummg
time l)liosphmolipase C-digested nuicroso)msmal

pellet repeatedly ivith 1.15 % KC1 solutid)mi
did tiot restore the activity lost as a result of

phiospholipase C treatment. Phospimorylcimo-
line amid pimosphorylethanolamimme added! to

untreated microsomes in time imigii commcemstra-

tiomss of 2.0 and 2.8 mit, respectively, Isad mmo
effect ots t hie metabolism of etim�-lniomplmitie,
hexobarbital, or aniline. Thmey did not miter-

fere ivitis time binding spectra of isexobmirbital,

ethylmorpimitse, or aniline, mior di(I thie�t- h)to-

duce type I or type II bimiditig sI)ectra ivhmcmi

added to microsomes. No attempt is�as made
to remove time diglycerides from PhmOSi)i50-
lipase C-treated microsonies ; hoivever, time

additions of diglyceride (10 �inioles) to time
imicubations mixture comitaimsimig ilmmtrcatcdl
microsomes had no effect oni the misetabohism
d)f ethvlmorphine.

DISCUSSIOX

Time iniportance of the associatioms of
microsonial imensoprotein with nicnsbiamie

lipid became known largely its a result of

studies its is-hick c\’tochronsc P-450 was eon-

verted to cvtoclsrome P-420, a spectrally

altered, immactive forni of time imemoprotein.

Cytochronie P-450 is coniverted to cyto-
chirome P-420 by a ivide vam-icty of agents:

snake vcmions containing l)hmospholipase A
( 1-3) ; detergents such as sodium deoxy-

cisolate (2, 3) and lysolecithin (4) ; the metal-

binding reagents bathiocuproimmesulfonate amid

batimopimcnsansthrolinesulfonate (27, 28) ; tr3-p-
sins (27, 29) ; urea (27) and urea derivatives

(30); guanidimme (4); neutral salts (4); the

mercurial sulfimydryl-binding agents p-chlo-
romercuribemszoate (27), p-chloromercuri-
phenylsulfate (27), and HgCl2 (27, 31);

iodine (4, 32); anilimse (4); alcohols (4, 27,

30); amid a variety of amides amid phenols
(30). Iii a critical analysis of the manmer in

w-hich these diverse agents convert cyto-

chrome P-450 to cytochrome P-420, Imai

and Sato (4) concluded that the ultiniate
effect of each agent was to disrupt the asso-
ciation betiveen hemoprotein and niicroso-

mal lipid. Depending upon the agent, timis
mnighst occur either by its actionm on time lipid
or by an effect on protein associated w-itls the
lipid. Since isithm few exceptions it is those

dirugs possessing hsighi lipid solubilitv sviiichs

react ivitis the dlrug-nietabolizimmg system, time
actise area of cvto)cimronie P-450 ismis as�

sunied by Immiai ammd Sato t be itt comitact

is-iti-i 01 ‘ ‘enibeddledi” its a imigimly imy(lro)pisobic
1)tul’t O)f c3-tocimronie P-450 l)motcimi or its lipidls

of time niicrosomah niemiibrane.

Remmer atidi co-workers (13) and Iniai

arid! Sato (14) simowed thmat tiso types o)f

spectral cimamige (I msni(! II) 1(’stllt whets
various drugs co)nibimme withs miiicmosonsal
henioproteits. The niagnitud!es of tlmesc spec-

tral chmamiges were fonmnsd to (iepensd upo�ti the

comscemstratiomss of substrate amid niicroso)nial

proteins. Schenknians ci al. (33) propo)sedl thmmtt
time bimsdinmg of substrates to tisicrosotiial

hensoprotein precedles emizyniatic comss’ersiotm

of time substrate, and therefore time appear-

amice of a spectral chanmge might be megarded

as evi(lence for time formatiomi of atm emizvme-
substrate coml)lex. This j)ostillate ivas based

largely omi time obsers’atiomi timat time spectral

dissociatiois comsstatmts amid the Michiaclis
coisstanits of tsso of time substmatcs examimmed

(hexobarbital and ansitiopyri tie) ivere imearly

time same. It ivas further I)md)I)c)sed that sub-
strates ivimicls pro(limce the type II spectral

chamige interact is-iths time inti at time CO-
binsdinmg site of time imeme, because amsilimie, a

type II conipoumsdl, displaced! C() fronn the
CO-cytochronic P-450 complex. Time inter-

actioms of ti-pc I conspoumsds ivas conssi(!ered
to take place at a differetst site, simice addition

of hexobarbital dud tsot (lisplaCe CO. Schetik-
mans amid Sato (34) postulated thmat time type I

bindlinmg si)ectrun-i nimsy result whets ty�)e I
compoumids displace time sixth ligamid o)f time

hmeme from a hmydrophobic regions of time apo-

enzyme. Our observations that digestiomi of
nnicrosomes with phospholipase C dlestrd)ys

type I binding, but (loes nmot decrease type II

binidimsg, provides further cvidemsce that the

tiso binding sites differ arid supports time viess’
that the type I binding site is closely asso-
ciated! with membramse phospholipids. It is

probable tlmat phosphiohipids are essemstial for
time specific comiformatiomi of time type I bind-

imsg site. Thiey may evens be rims ititegral part

o)f the sixth iigamsd to time heme of cytochrome
P-450. The failure of phospimolipase C to

destroy type II bindimig imsdicates either that
phospholipids am-c riot mseeded to preserve time

imstegrity of time type II site or that the site is
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associated iviths pimospimohipid in such a is-ay

that it is impervious to the actions of pimos-

1)hsOliptise C.
The observatiomm that phospholipase C-

treated niicrosomes cans metabolize etimyl-

nio)rphine ammd hexobarbital isitiiout cx-

hibitimsg a type I binidimmg spectrum is riot
consistent ivitim tue viess- that binsding is an

obligatory step its the mecimammism of drug hy-
droxylatioms ammd suggests the inivolvement of
arm altermiative metabolic route. Hoivever, the

curremst studies (ho mio)t rule out a role of type
I bimsditsg its time oxidatioms of type I drugs. If
time reactivity of type I compounds ssitis an

altermsativc system is less thsami that with time
system inmvolvinmg ty�)e I binding, as may be
indicated by time imicrease its the apparenit K,,,

of ethylmorphine N-demethylationm observed

sifter mnicorsomes are treated ivith phosphso-
hipase (‘ (Table 2), the alternative route of

metabolism nitty represent a minor pathivay
is-hmemi time type I binding site is intact arid

thus might IiO)t greatly insfluemsce the kinetics

O)f time over-all reactioms ivhen untreated

microsomes are employed!. Omi the other

hand, metabolism of type I compounds by
tsso routes, one of ishicis involves the type I
bimmdimig site ammd one of wimich does not, need
miot msecessarily immvolve differenst enzyme sys-

tems. As judged from the inhibitory effect of
carbons monoxide, both routes require cyto-
chrome P-450. (‘arbors monoxide (atmo-
sphere, 80 % CO-20 � stir) inhibited the

N-denietimylatioms of ethylmorphinme by un-

treated and phosphohipase C-treated micro-
somes 87 amid 92 %, respectively (atmosphere

used ins coimtrol inmcubations, 80 % N2-20 �

air). If a simmgle enzyme system is involved ins
the oxidatioms of type I compounds, the role
of time type I binmdimig site might be thought
of as facilitative rather thmans obligatory. A
facilitative role of the type I site is riot diffi-

cult to visualize. According to Iniai and Sato
(4), bimsdimmg spectra result ivhcms (!rugs com-

bitie with hmemoproteimi to produce commforma-

tiomial cimamiges its the proteins. These commfor-
matiommal cimammges might well fsscilitate the
flow of electromis witimimm the drug-imemo-

proteims complex so as to etihianmce the reactioms
rate. Evidemice for such a facilitative role of

time type I bimmdimmg site was provided by

studies of Gillette ammd co-workers (35-38)
ammd by Schenkrnatm (39), ivhmo observed that

type I compounds stimulated NADPH-

cytochrome P-450 reductase activity. When
the type I site is not available, as is the case
after microsomes have beers treated with
phiosphiolipase C , time drug-imiduced consfor-
mational chsamsge in the hiemoprotein is not

possible. Nevertheless, the interactions be-
tiseers drug and hemoprotein occurs;
hvdroxyiatioms takes place, but less readily

than ishems the type I site is functional. As

Imai amid Sato (40) have pointed out, ben-

zcmme is metabolized by time microsomal sys-

tem evens though it does msot produce a bimsd-

immg spectrum ivith microsomes. A second

possibility that could explains metabolism of

type I compoummds in the absence of type I
bimiding is that two cytochrome P-450s may

exist, ommly onse of ishich is associated with

phosphohipid to form a type I bindimig site.

Both cvtochromes ssould j)articipate its the
hydroxylation reaction, but the cytochrome
P-450 with the type I birmdimsg site would be

the more reactive of the tis-o. A third, but

least likely, possibility that must be con-

sidered is that type I bindimig may have little

if anythinsg to do isitii dirug metabolisnni.

Usimmg ansilinse as the type II compound, the

magtsitude of the type II binsdinmg spectrum

is-as observed to be augmensted sifter micro-
somes hiad been incubated with phospho-

hipase C. This cams be explaitmed if ammihine

combines miot only is-ith the type II binding

site, but also, to a lesser degree, ivith the type

I binmdimig site. Type I amid type II binding

spectra are tmear mirror images. Thus, wimemi
differensce spectra are being observed, the
maximum amid minimum peaks of each spec-

trum tend to oppose each other, and it is thus
lUSt po)ssibie to determinse hmow much affimsity

a type II compoutsd lists for the type I bind-

ing site amid! vice versa. If a conij)ound com-
bined with both binding sites, the type I amid

type II spectra w-ould temid to cancel each
other; onsly timat spectrum would be seems

which represented the bimmdimsg site most able
td) combine with time compound. In accord-
since withs timis comscept, phospholipase C
removes time type I binidimig site, amid the type

I bimmdimmg ssitis amsihinie timat ivomuld normally
have occurred its umitreated microsomes is iso
longer presemit to) produce a spectrum that

subtracts from tue type II spectrum formed
ivith anmilimse; hmemicc, the type II spectrum is
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augmented after phospholipase C incuba-
tion. Evidence has been presented by several
investigators suggesting that many com-

pounds may combine in varying degrees is-ith
both binding sites (41-43). Alternative to

this concept, the ligand state of the hemo-
protein may be affected by its association in

the membrane with phospholipid. When it is
released from this association, new, more

favorable association constants for type II

compounds are created.

The observation that treatment of micro-
somes with phospholipase C destroys all type
I binding with only a 20 % conversion of
cytochrome P-450 to cytochrome P-420
could mean that only 20 % of the total micro-
somal cytochrome P-450 is associated svith
membrane phospholipid in a manner that cmi-
ables the formation of a type I bindimmg site.
This is-ould support time contention of Ullrich
(32) that only a small percentage of the cyto-

chrome P-450 in microsomes is available for

type I drug binding. This could mean that
only a small part of cytochrome P-450 is
associated with phosphohipid, or that two
cytochrome P-450s exist, omily omse of which is

bound to phospholipid. It is also conceivable
that cytochrome P-450 might lose type I
binding sites as a result of phospholipase C
treatmemit svithout being converted to cyto-

chrome P-420.
To establish unequivocably the essential-

ity of lipid in the microsoma! drug-
metabolizing complex, it is msecessary riot
only to correlate loss of eiszymatic activity

with alteration or removal of lipid, but also
to demonstrate restoration of activity after
addition of lipid to the treated microsomes
(44). Although our data show- that partial

loss of enzymatic activity arid loss of binding
can be correlated is-ith a loss of microsomal

phosphohipids, attempts to re-establish lost
activities and binding were not successful.
It is possible that conformational changes in

cytochrome P-450 occur is-hen the hemopro-
tein is dissociated from phospholipid which
cannot be reversed readily.

Of considerable interest ivith respect to the
current studies is the recent observation
made in Coon’s laboratory of a phosphatidyl-
choline requirement its the hydroxylation of
drugs by a solubilized microsomal system
containing cytochrome P-450 (45). Previous

studies from that laboratory showed that
hepatic microsomes from the rabbit w-hiclm
had beeni solubiized usimmg a mixture of

glycerol, dithiothreitol, and sodium deoxy-
cholate could be resolved into a fraction cons-

taming cytochrome P-450, a fraction cons-
tainuisg an NADPH reductase, and a heat-

stable, lipid fractions (46-48). All three
fractions is-crc necessary for the maximal

oxidation of drugs. Phosphatidylchohimme lists
nosy been shois-n to substitute for time lipid
fraction. Benzphetamimie and ethylmorphimse,
the drug substrates used in these studies, are

known to be compoumids w-hich give a type I
binding spectrum svith microsomes.
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