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SUMMARY

SHOEMAN, D. W., VANE, iLOIE M., AND MANNERING, G. J. : Inductiomn (if drug metabo-

lism. VII. Differences in P-420 hemoproteins from untreated and :3-methylcholamnthrene-
treated rats. Mol. Pharinacol. 9, 372-382 (1973).

Cytochromes P-450 and P,-450 (P-448) , found predominantly in luepati(’ microsomes from
unntreated and from 3-nnethvlcholanthrene-treated rats, respectively, are reported to be dis-
tinct molecular entities. To test this hypothesis, a comparison was made of soluble P-420

hemoproteins obtained from membrane-bound P-450 hemoproteins by digesting microsomes
with steapsin. Partially purified, soluble cytochromes P-420 and P1-420 from microsomes

from untreated and 3-methylcholanthrene-treated rats, respectively, were fouunnd to differ in
their (-lectrophoretic mobilities annd in the molar absorbances of thseir carbonu munonoxide
complexes (P-420, 110 m��m cm�; P1-420, 134 m�’ cm’); when cmuused to aggregate,
cytocinrome P-420 exhibited both type I (hexobarbital) and type II (anuilinne difference

spectra, but aggregated cytocisrome P,-420 exhibited a type II difference spectrum only.
Tinat cytochnrome P5-450 is mnoit simply a complex of cytochrome P-450 witin 3-metinylcinolan-

threne or its metabolites wous demonstrated by tine failure of soluble, purified cytocinrome
P,-420 fronu rats treated with tritiated 3-methylciuolanthremne to exluibit radiomuctivity.
These studies support tine view that cytochromes P-450 and P1-450 mire distimuct mole-

cular entities.

I NTHODUCTI ON

A wide vmnriety 01 drugs amid otiner foreigmn

compouumsds are knowin to stimulate the hio-
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these migemuts, tine polycyclic isydrocarbonss

form a special group because they exhibit
comusiderable selectivity inn tine kinuds of
foreigns compounuds they cause to 1)0’ nno’tai)O-

lized mit imucreased rates. For example,
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ployed representative of the more general
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class of inducers, stinnulates the microsonual

N-demethylation of both ethylmorphinue

and 3-methyl-4-methylanninoazobenzenne,
whereas the polycyclic hydrocarbons 3-
methylcholanth.rene and 3 , 4-benzpyretse

stimulate the N-demetiuylation of 3-methyl-
4-metlnylaminoazobemuzenne only (2-4) . This

relatively greater specificity of the inducinng

effects of the polycyclic hydrocarbons sug-

gested mnot only that more than one mecina-

nism of imuduction exists, but that more tiuamn
one hepatic mixed-function oxidase system
can exist or cann be caused to occur in Inepatic

microsomes. A clear understanding of tise
mechanisms winerebv these agents produce

tineir inductive effects Isas inot been acinieved
despite considerable inivestigative effort,
but recennt studies from our laboratory (2-9)
have show-n that tine P-450 hemoprotein3
compomnent ol the mixed-function oxidase
system seen inn microsomes after the ad-
nninistration of 3-methyicholanthrene differs

from that seen inn nuicrosomes from uin-

treated amuimals or ainimals treated withn

phenobarbital. This species of P-450 hemo-

protein was first named cytochrome P1-450
(2), but has since been referred to by some
investigators as cytochrome P-448 because

tine absorption maximum of its carbon mon-
oxide differemnce spectrum is at 448 nunu
rather than at 450 rim (10). Evidence for tine

existence of cytochrome P1-450 has appeared
inn several recent publications (2-17). It is
not kinow-in whethuer cytochrome P1-450

occurs inormally in liver and other tissues or
whether it comes unto being only wheni tine

Throughout this communication a P-450

hemoprotein is considered to be any hennoprotein
occurring in hepatic microsomes which in its

reduced state and combined with carbon monoxide
gives a difference spectrum with a Xnax in the
neighborhood of 450 nm. Exannples of P-450 henso-
proteins are cytochrome P-450, found predomi-
nantly in hepatic microsomes from untreated rats,
and cytochrome P1-450 (or P-448), foiund pre-

dominantly in hepatic microsomes fronn rats

treated with 3-methvlcholantisrene. P420 hemno-

proteins are derived fronn P450 hemoproteins; in
tineir reduced state and combined with carbon

monoxide they give a difference spectrum with a
Xrnax at about 420 mum. Cytochrome P420 is derived

from cytochronne P-450; cytochrome P1-420 is
derived from cvtochronne P1 -450.

annimal is exp(ised to I)(ul�’c�’clic isydro-
carbonns. If it o’xists isormally inn small

amounts inn tine livers of untreated annimal.s
as a natural coinstituemnt or inn response to

polycyclic luydrocarbons inn t he emuviron-

mo’nnt, quantities are mnot great ennough to

be detected i)y metluods currently available

(5).
Cvtochrome P-450 from umntremuted ani-

mals amid cytoclnrome P1-450 from 3-methyl-

chnolantlnremse-treated anuimals might differ
in their biochemical annd physical properties

because their proteins differ, because poly-

cyclic hydrocarbons may cause a chaisge in
memi)ralue lipids or otluer membrane comu-

stituemnts, thins causinug the lnennoproteimn to

associate differently with thue membraine, or

because differemnces in tine proteiru may cause

tine Inemoproteins to associate differenntly
w-ithi membrane comnstituents. Solubilized

and partially purified cytochuromes P-450
and P,-450 prepared in our laboratory (9)
show-ed sligintly different spectral charac-

teristics. Tinis suggests that tine hemopro-
teins of tine two cvtocinromes differ, but the

preparationns i’s-crc iuot pure enuough to

exclude the posSii)ility that tine solubilized
iiemoproteiius may have remaimued attached

to certain memi)ralse constituents arnd that

a single hemoprotein may iuave heemn at-
tacised to cert aims nnemhrane conustit uents

wiuemn tise source of microsomes was un-
treated amninunals, annd to otiner membrane

constituenuts when the source of microsomes

was animals treated with 3-methnvlchol-

anthrene.
Soluble 1�-420 Inemoproteins, whichu cann be

prepared readily from membrane-bound
P-430 hemoproteins by a variety of pro-
cedures (18, 19), cann be obtained inn a con-

siderably huiginer state of purity than has
thus far beenn attainable with P-450 memo-
proteins. Tine current study was unidertakemu

to determine whether inuherent differences in
cytochromes P-430 amid P,-450---that is,

differences not due to associatiomns witIn
membrane consstituents-would be retained

in their more readily soluhilizeci anud purified
P-420 hemoprotein derivatives, cyt ochrome

P-420 and cvtochrome P,-420. I)isc electro-

phoretic and spectral bindimug studies of

solubilized, purified P-420 released by
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st eapsimn digest ionn fnonn nuio’ro�so�mo’s fro inn
umntreated and 3-met luvlcluolamst hro-ne-t reat ed

rats promvided furthuer evidonsco- tluat cvto�m-

chromes P-450 amid P1-450 aro’ distimsct
chemical enstities.

Schennkmann anud co-workers (20) suggest(’d
tisat pol�’c�’clic iuydrocarborns o)r their
metabolites may c(imbinie w-ith tine type I
i)irndinsg site of native cytochrome P-450 to
produce a stable complex witin the charac-

teristics of cvtochrome P1-450. Altinougin

moro’ recennt studies show- that tisis pos�i-
bility is isighly unulikely (8), tine radioactivity

of I)urified cytochrome P1-420 from rats

treated w-itin tritiated 3-metiuvlchoilanntinreise

was measured inn ann attempt to resolve the

oiuo’Stiomu furtluer.

METHODS

Tu’eatinen I of an iinals. i\Ialo’ Holt zmann

rats (250-300 g) were treat(’d intrap(’ri-
toneally ivith 3-methuylcholamnthremne or witlu
tritiated 3-methylcholaiutiurene (1 or 10
j.�Ci/mg) dissolved in co)rnn oil at a dose level
of 20 mg/kg/day for 4 days. Control amni-

mals were givo’mn only corns oil. Animals were
killed 20 hr after the last injection.

Prepai-ation of purified P-420 Imeinopro-

teins. Microsomes were prepared as de-
scribed pro-viously (3) from pooled livers
(200 g) wlsichs had been perfused in situ with
cold 1.15 c/� KCI 5(ilUti(ils to remove blood.

Microsomes wo’ro’ suspemsded in phnosphate
buffer (0.1 u, pH 7.4) in a (-o)mncemstration

equivalent to) 1 g 0)1 fresh liver iwr milliliter

of suspenssion. Cytochromo’ P-450 was par-
tiallv converted to soluble cytochrome P-420
by adding steapsirn (Sigma grade II) to the

suspo’nsioims to) mufimsal coinceintratioms of 0.07 %,

flusluing with msitrogemu, amid imncubatiing
under nitromgenu foir 24 hr at 40#{149}Tine mixture
was centrifuged at 105,000 X fjii,ax for 1 hr.
Tine supermnatannt fraction was do-salted by

passage through a Sephadex G-25 columin

(5 X 45 cm) and evaporated uisder reduced
pressure to about one-fourtln its volume inn a
rotary o-vapoirator equipped witiu a con-

denso-r coolo-d with ice wat o’r (t empo’rature
of water bath, 40#{176}).Aggregato-s oif P-420
lsemoproto’in that formed as a iesult of
the do-salt insg and concentrating processes
(21) w-ere collected by centrifugatiomn at

105,000 X f/n,axfoir 1 hr. This pellet was the

somur(-o- of P-420 iuo-nuoproto’imss inn the electro-

PhoreSis studies. Inn sevo-ral experimennt.s the
do’salto’d, concenstrated fractioin was nuot

(-0-Intrifuged ; irustead, sucrose was added
(final conscentrationu, 0.5 ni ) ; the suspension

was lavo-red over a 1, 1.5, amsd 2 iu disconn-
tirnuous sucrose gradio-mst annd cenutrifuged

under refrigeration for 16 hr at 26,000 rpm
inn a Spimuco SW� 27 roto)r. P-420 hemoproteinu
was founnd inn tln(’ mat(’rial winich formed a

band above the 1.5 �u lavo’r.
Disc electroplo oresis of’ P-420 heiiiopi-oteins.

Disc o’lectrophoresis oif tine purified, aggre-

gated P-420 cytocisroimes ‘si-as conducted as
do’scrihed by Ormusteimi (22) and by Davis

(23), except that ammomsium persulfate was

used to catalyze polymerization rather than
ribo iflaviri , because P-420 Isemoprot eimn was
foiund to) i)e unstmiblo- toi higiut inn the pro’semnce

oif riboflavin; also, urea was incorporated

inn the g(’ls to prevent tine formatioims of

immobile particulat e P-420 inemoprotein,
whuiciu forms in solutiomns oil low ionic strength

(21). Currents of 4 mamp amsd 12-20 mamp

were used iii the analytical amud preparative
apparatus, respectively. Samples wero’ dis-
solved inn S ii urea solutions. Five-milliliter

volumes of bothu upper ansd low-er gels were
employed inn tine preparative apparatus
(Camnalco), with a samplo’ volume of 2.5 ml.
The lowest 5 cm of the gel chamber were

etched with hvdrofluoric acid to aid inn the
retemstiomn of tine urea-contaimninng geLs. The

eluate was passed unto a fraction collector
through a Gilson ultraviolet absorbance
mo)muitor equipped with a 280-rim filter.
Proteimn-containing bands inn the amnalytical
gels wero’ revealed by staimuing with Amido
black. Heme-comntaimiimng bands ‘s’s-crc de-
tect ed using the bemnzidimne reactiomu.

Deterin inatian of 3-nietlu ylc/i olantli rene. The

pellets remaining after digo’stion with 0.07 %
steapsinn or the purified, particulate P-420

Inemoprotein obtained from microiso)mes from

rats treated with :3-met hvlciuoilantiuremne or

t ritiat ed 3-met hvlcholamnt huro’mne were exam-
imso’d foir their contents of 3-mo’thylchol-
ansthrene, usimsg a comi)imuationu of thinu-layer
amid gas-liquid ciuromatoigraphy by pro-
o-eduro’s similar to those used by Gammal
et at. (24) for tho- deto’rmimnatiomn oil 7, 12-
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dimethylbenz[ajanthracene. Aqueous sus-

pensionns (1-5 ml) of these preparations were

acidified to pH 1 with concentrated HCI
and extracted three times with 2 volumes

of ether. The ether extracts were dried over
anuinydrous sodium sulfate contained in a
50-mi Erlenmeyer flask. The decanted ether
‘s’s-as evaporated inn a conical tube under
nitrogen on a water bath (50#{176}).The residue
was dissolved inn about 50 � of ethanol and
transferred toi thin-layer chromatographic

plates coated with silica gel (Brinkmannn
precoated or Kointes preparative) whicin
had been activated for 30 mm at 105#{176}.Tine

chromatograms ‘s’sere developed at room
temperature with benzene. 3-Methyichnol-

anthrene was located under ultraviolet
light. The areas of gel containing 3-metiuyl-

cholanthrene were scraped from the plate

and extracted with 3 ml of ethanol which
was evaporated to dryness in a conical tube.
The residue ‘s’s-as dissolved in 25 �ol of etin-
anol, 5 .nl of whsich were then injected
inth a Barber-Coleman gas chromatograph

equipped with an argon ionizationn detector.
Tine 6 foot X 5 mm column was packed

ivithu 2 % OV-210 onn Gas-Chrom Q anud

operated at 240#{176}.TIne flash heater and
detector were maimutained at 260#{176}.Tine
column was loaded with 50 �mg of 3-methyl-
cholanthrene prio)r to each anualysis. A
stamsdard curve derived from kinown amoumnts
of 3-methylcholanthnrene spotted onn tine
thin-layer plates was determined daily.
Recovery of 3-metinyicholanthreine mudded

to tissue was determinned to be about 65 %.
Deteinu in ation of radioactivity. Exactly

0.25 nil of suspemnsionns of microsonues or
fractiomss of nuicrosomes from rats treated

with tritiated 3-methylcholanthrenue, whiciu
comntainned 1-2 mg of protein per milliliter,

w-as dissolved inn 1 ml of Nuclear-Cisicago

Solubilizer amnd mulloived to stannd for 1 mr
with occasiomnal sinaking. In order to prevent

quemsclsing, iueme was bleachued by addimsg

30 �ol of glacial acetic acid (analytical
reagent) annd 20 /11 of 30% inydrogemn per-

oxide (mnmsalytical reagemnt) anud allo’svinsg tine
mixture to stamnd for ann additiomial hour.
Fifteens nuilliliters oil toluemne comstmuimsinug

0.4 % 2, 5-dipinensyloxazole and 0.05 � p-

bis[2-(5-pisenyloxazolyl)]bemnzene (Pouckard

Innstrument Companny) were added, amsd tine

activity was determinsed in a Packard

Tri-Carb scintillation counter. Externsal
stanndard rat.io-efficienscv correlatiomis were

determino’d usiing microsomes fronn urn-
treated rats amnd tritiated toluemie or triti-

ated 3-metluvlciuolansthnrense as standards,
with isitronnetinamne as a quenuchuinsg agennt.

Ai)So ilute activities were calculated from
tine co)rrelatiomn ansd t he automatic extermnal
stanudard ratio) with tine aid of a computer,
using a nn(idificationn of tIue program w-ritten

by Grower amnd Bransome (25). Samples
were counnt.ed for a length of time which

emnsured a statistical error of no more than

5%.
Determination of Imenie. The heme coiutennt

of nuicrosomes and fractions of microsomes

was determinned by the method of Omura

annd Sato (26). Recovery of hemin chloride
added to tlse preparations showed that tine
preparatiomss did not interfere with tine

assay of hemin.

Deteinu in ation of cijtoc/u route b5 . Tine cyto-

churome b5 contennt of purified P-420 memo-

proteinn preparations was determinned using
cvtoeinrome b5 reductase prepared by the
metinod of Strittmattcr annd Veick (27).
NADH reductiomn of cytochrome b5 was

coupled to tine reduction of added cyto-

chromme c inn tine presemnce of excess re(luctase.
As little as 0.006 numoles of cytochrome b5

camu be determinsed b)\� thuis procedure. Crude

cvtochrome b5 used inn tine assay was prepared
by tise muuetlsod of Sargennt amnd Vadlamudi
(28) amid ass,nyed iY� the method of Omura

amud Sato (26).
Deternnination of cai-bon lilofloxide and

drug binding spectia. Tine cmurbonn monoxide

differenuco’ spectra of reduced P-450 ansd
P-420 lnennoproteimss were determinned by tine

nuetinod of Omura arid Sato (26) as described
previously (3). Tine differemuce spectrunu
produced by tine binndinng of arnihinse tir isexoi-

barbital to particulate P-420 lnemoproteinn
was determined by tine nuetiuod of Hemmer

et al. (29) as descrii)ed pro’vio)usly (6).

RESULTS

]51o/)erlieS of P-.�2O /oenuojiiolezns /10)/il

U 0 tIeate(1 a iod 3- unel/m yleluolan timeeoc-treated

rats. Tine results oil a typical fractiommiatiommu
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TABLE 1

Purification of P-420 hemoproteins from untreated and 3-methylcholanth icite -treated rats

Data were obtained from a typical experiment.

Fraction5 Source of microsomes

Untrea ted rats 3-Methylcholant hrene- treated rats

Recovery of P420 P-420 content Recovery of P-420 P-420 content

Supernatant after steapsin treat-

ment
Eluate from Sephadex G-25

Aggregated P-420 hemoprotein

P-420 hemoprotein from sucrose

gradient fractiomnation

%

43

43

6.7

3.1

nnzoles/mg protein

1.9

10.3

12.4

35

35

2.2

1.4

nmoles/mg protein

0.41

7.6

9.8

a The fractions can he identified from the description of the purification procedumt given in METHODS.

b Percenitage recovery = [(nmoles of P420 hemoprotein mi the fraction)/(nmnoles of P-450 hemo-

protein inn unfractiomsated microsomes)] X 100. The announts of P-450 hensoprotein from microsomes

from 200 g of wet liver from untreated and 3-met hylcholamntlsremse-treated rats were 2520 and 5560 �.snnnoles,
respectively. Calculatiomis of the P450 hemoprotein content of microsomes fronn both untreated and

3-methylcholmuntIurene-treated rats were based on a millinnolar extinctionn coefflciennt of 91 mnsr’ cm�
(30); calculations of the P-420 hemoprotein comitent of the fractions were based on a millimolar extinc-

tion coefficient of 110 nmr’ cm’ (30). Values for P-420 from nnicrosomes fronn rats treated with 3-nnethyl-

cholanthrene can be recalculated to accommodate the assumption that P-420 hemoprotein fronn these

microsomes is P1-420 by substituting ann extimictionn coefflciemnt of 134 for 110 mw’ cm’ (see the text).

study are summarized in Table 1 . The
aggregated material comutained a high con-
centrationn of P-420 hemoprotein. The large
loss of P-420 inemoprotein could be almost
account(’d for iii the supernatant fractions
obtained from centrifugation of the aggre-

gated material. Although there w-as ahun-
dant cvtochroime b5 inn the supermuatant
fractionu recovered from the aggregates,
none ‘si-as detectable in the aggregates from
either source of microsomes using the

sensitive ennzymatic method described inn
METHODS. Tise abseisce of cytochrome b5

enuabied determimsations of the extinction
coefficiersts of the P-420 hemoproteins.
The extinctiomi of P-420 hemoprotein from

untreated rats (cytochrome P-420) was

calculated onn the basis of its heme content

and �A420 - A500 to be 110 ± 4 mM’
cnrm, which agrees with the value deter-
mined by Omura and Sato (30). The extinc-
tion of P-420 hemoprotein from 3-methyl-
cholanthrene-treated rats (cytochrome P1-
420) ‘s’s-ascalculated to be 134 ± 9 m�r’
cm�. The two extinction coefficients differ

significantly (t = 2.7, df = 12, p < 0.05).
It has been reported previously that the

absolute oxidized, reduced, and reduced

carbon momuoxide spectra of cytociuromes
P-420 and P1-420 do) not sho’sv qualitative

differences (31).

A mearn conncemntratiomn of about 15 mnnuoles

of cytochrome P-420 per milligram of pro-
tein ‘s’s-as observed in tine particulate material
obtained by sucrose gradient fractiomnation.
This is about 2.5 times more concentrated

thann the purified cytochrome P-420 ob-
tamed by Omura and Sato (31). In a prepa-
ration 0)1 cytochrome P-420 containing 15

nmoles of heme per milligram of protein,
tine molecular ‘s’s-eight of cytoehrome P-420

cannot exceed 70,000.
Aggregated cytochrome P-420 is in the

form of microtubules (21). It exhibited a
typical type I (hexobarbital) binding spec-
trum with Amax = 385 nm, Amin = 429 nm,

and ann isosbestic point at 405 nm (Fig. 1).

It also gave a type II (aniline) binding

spectrum with typical Xmax and Xmin values

of 385 nm and 429 nm, respectively, but it
‘s’s-as more symmetrical than that usually

seen with microsomes and thus its isosbestic

point w-as at 400 rim rather than at 420 nm.

Electron micrographs show-ed the aggre-

gates of cytochrome P1-420 to be amorphous,

‘svith oilily rare inncidemice of microtubules,
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Fmu. 1. Drug binding to aggregated P-420 heiito-

proteins froimi hepatic nmicrosomnes fronn untreated

(�\�) and 3-methyicholan threne (MC)-treated rats

Microsomes from a given source were placed inn

reference and sanuple cuvettes (1 nug of protein per
milliliter), and a baselimie tf equal light absorbance

at all wavelengths was established using a dual-

beanu spectrophotomet er . Spectra were recorded

after addition of saturating announts of the type I

compound (hexobarbit nil ; final concent ration , 1.6

mM) or the type II connpoumn(l (aniline; final coIn-

centration, 10 mM) to the sample cuvette. ‘Fine
aggregated cytochronne P-420 preparation cimin-

tamed 7.7, and the aggregated cytocisronise P1-420

preparation, 8.1 nmoles omf P-420 hennoproteimi per

nnilligrann of protein, based oms an extinction coeffi-
ciemit omf 110 ni’st�’ cmn�m.

‘svhiclu coflc(’iVably could isave l)eemn due to

the preseisce of small anuoumuts o)f cytociurome

P-420. These aggregato’s showed a ty�)e II

difference spectrum but nno type I difference
spectrum (Fig. 1). Tine magnnitudes (�A/
[P-420]) of tine bimndinng spectra produced

‘svith P-420 inemoproito-inis aro’ about omse-

fourth thuose seenn wit In memi)ranne-boUnsd

P-450 hemoproteinns.

Elect rop/mores�s of P-420 Imemoproteins.

Figure 2 illustrates tine anualytical scale disc

electrophoresis of aggregated P-420 hemo-
proteins from microsomes from untreated

and 3-methylchuolanthrene-treated rats dis-
solved in 8 �‘snurea solution, arid of a mixture

of the t’svo preparations. Cytochrome P-420
and cytochrome P1-420 migrated at differeint
rates. That the bands represenuted P-420
hemoproteins ‘s’s-as vo-rified by preparative
disc electrophoresis, ims ‘svhicin large o’nuough

quantities of the cytochromes were col-
lected in the eluates to permit their cluarac-

terization spectrally. Typical results oh-
tainned ‘svith a preparationu oil cytochroime

P-420 are sho’svn in Fig. 3. Similar results
‘svere observed with the cytocinronne P1-420

preparation. Preparative disc electrophorc-
sis did not improve the purity of tise P-420

cytochromes, arid recoveries of tine cyto-
chromes after electrophoresis ‘svere poor
(Table 2).

Binding of 3-methylcholant/mrene to nmiero-

8011/eS and to jmrijied cytocitrorne P1-.�2O.

i\ I icrosomes from 3-methylchuolanntlsreise-
treated rats ‘svere analyzed for their comst(’nst
of 3-metiuvlclsolarnthrenne usiing a met mod
winich combined thin-layer and gas-hicjuid

chromatography as described in METHODS.

Tine molar rmutio of 3-methnvlcisolaruthrene
t() P-450 iuemoprotein ‘svas found to be

0.085 ± 0.005. This is about twice that
estimated by Solsemskmamn et a!. (20) from

the absorbansce o ii nno-t iuvlcholanntiurene-
like material extracted from microsonues.
\Iicrosomes mind aggregated oyt ocisrome

P1-420 from aninuals ‘svhsich had ro’c(-ivecl
tnt iunn-labeli’d :3-nnet hylchoilanst isro-mne ‘svere

amsmnlvzed for radiomuctivitv . The nnicn mstmines
00 inst ainned radioact ivi t v � iuivmih-mut to
0.094 ± 0.007 molt4 oil 3-nuuo’tls�-lchnolamn-

tiurenne p(’r nuomle oil cyto)cinrome P1-450. Tine
anuoumnt 0if :3-metis\-lcinomlanitinro’nse in nuuioro-

somes I1)emisllre(l directly did noit differ

signifioamitly fromm tiimut estimated fronu

measuro’nnent 0)1 rmidiomactivitv. No radio-
mnctivitv \‘s’mis (IPte(to’(l in the aggregated
cvt ochr mnue I ��-420 pro-pared fnonn t hese

nTiicro)sorfles. Considermnt ion of t lie co)mlfi-

deince limits t ml t he :3-metinvicinolamnt liremie

analyses pla(-es ann upper limit of 0.02 for the
nuolmnr rati i oil nuuetmui)ohito-s t ml :3-nuet lsvl-

ciuolamnthrene ton P-450 huennopro)to’imu in
microsonnes from 3-niet iuylcist ilamnt hremie-

treated rats.
\ Iicroso)mes ‘svere inscubat ed wit in t nt imnted

3-met iuvlcluolamstinrenne to deternuinie ‘s’s-hat

effect tii( compoumud might have omi tlso’
binuding spectra of cytochrome P-450.
?slicrosomes lromm 50 g of liver ‘sv(’re inncu-

bated at 35#{176}for 30 mirs inn 0.05 n phosphate

buffer (pH 7.4) constainsing tritiated 3-

This value was obtained by using tine ext itti-

timn coefficient for cvtochronse P-420 (110 nuiF’
cnn’) ; if the ext inset iomi coefflciemnt �or cvtochrome

P1-420 (134 mimF’ cnn’) derived in the text is used,

the value becomes 0.112 manic.
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N+MC MC

Fn;. 2. Analytical scale disc electi-ophoresis of P-420 heinopi-oteins

Aggregated P-420 hemoprotein preparations fromsi the livers of untreated (N) and 3-methylcholan-

threne (MC)-treated rats were dissoiived irs 8 M urea. l)uplicate sanspies of each preparation, as well as

mixtures oif the twoi (N + MC), were subjected toi (usc elect romphoresis as described imi the text. Omie of

the gels wmts stainned to reveal proteins; the other, tom reveal heme. The phoitographs are of the proteins-

stained gels; the diagrams are compomsite represent atiomis of bands revealed by both stainnimsg procedures.

Tine lowest bamsd (shown in both the photograph amid the diagrams) did not comsnbimne with carbon momiox-

ide; the highest band (shown in the photograph but msot in the diagram) comitained no henie. The dark

masses at the tops of the gels seen in the phottmgraphs are stacking gels.

m(-t hvlchsolmintinrenne (0.05 �‘sn) ‘svinicin had
beers emulsified i)V so�innicmititmmn (total volunno-

0)1 inscul)atiomln mixture, 25 ml). After irucin-

bationi, tise mi(rosomo-s ‘sv(’re reco)vero’d by
co’nntrifugation at 100,000 X g for 60 minu.

Tine microsomo-s comitaimned 3.3 moles of

3-methvlcinolannthrenne per mole of P-450
hemoproto’imn. This is about 30 times that

found inn microsomes froim animals tro’mited
‘svith tritimuted 3-niethvlcholanntinrene; vet

the can bonn nnonsoxide, ethyl isocyanide, amid

typo I i)innding (iuexobarbital) spectra

sinowns by these microsomes ‘svero’ mo diffo’remst

qualitatively or quantitatively from tiuose

proiduced by coimutrol microsonio-s, thus
demmmsstrmntimig that it is nnot possible to

connvert cytocinrome P-450 t(i a P-4fiO ho-mo i-

proto-inn ‘svit In spectral ciuaracterist ics similar
to cytocisrrmme P1-450 by imscubatimsg micro-

soinuo’s with 3-m’t huylcinolamnthuro-mie.Similar

results ‘svero- obtainno-d by Gmsosspelius mmd

co-’svorko’rs (32) mmsing 3, 4-benzpyro’mue.

I)ISCUSSION

Tine view that cvtoiclsrome P1-450 is a

speci(’s 0)1 P-450 hemoiproteimn distinguisin-

able from cytocluromo- P-450 is based onn

several kinds (�il evidence.

1. Tine relative sizes of the 430 and 455
mini maxima so-cnn inn the spectrum produced

by tine ethyl isocyanside complex ‘svith

reduced m(’mbramue-i)oumnd cytociurome P-450

differ from tisose seems ‘s’sith membrane-
i)o)tnmnd cytoclnromo’ P1-450 (2, 4, 15). The

locationus of tine seconnd spectral peaks of the

two cytocliromo’s differ slightly; wit hi cyto-

chrome P-450 thuo’ maximum is at 455 mini,

mind ‘svitln cvtooIsroimo’ P1-450 it is at 453

mum (14). This differt-nsco- ‘s’s-as also oibso-rved

inn soluble pro’pmurmitiomns of the two cyto-

chromes (9, :31).

2. TIse maximum of the spectrum pro-

duced by tine carbonn monoxide complo-x ‘svit in

ro’duco’d inembramse-bounud cvt oichrome P-450

is seems mit 450 mini; witin nuo-mbrmnnso’-boiunnd
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FIG. 3. Preparative scale disc electrophom-esis of

cytochrorne P-420

Aggregated cytochromsne P-420 from livers (if

untreated rats was dissolved imi 8 an urea and sub-

jected to disc electrophoresis as described in the

text. The apparatus was flushed at a rate of 1

ml/min, amid the eluate was passed through an
ultraviolet flow nnonitor into) a fractioni co)llector.

The output of the flow nnonitor (------) and the

magnitude of the carbons monoxide differemnce

spectrum (-�-) of the corresponding fraction are
plotted as functions of time.

TABLE 2

Preparative disc electrophores is of P-4.20 hemo -

proteins from untreated (cytochrome P-420) and

3-methylcholan threne-treated (cytochrome P,-420)

rats

Details of the procedure are given in METHODS.

Results were derived from a typical experiment.

Cytochrome P-420 hemoprotein
applied to column

P-420 hemoprotein
recovered in eluate

ing protein nmoles
cytoc/trome

mg protein nmoles
cytochrome

P420 20 105 13 21

P1420 39 140 26 20

cytochrome P1-450 it is seen at 448 mum (10).

This differemuce ‘s’s-as also observed inn soluble
preparations of the two cytochromes (9, :31).

3. �\Iembrane-boumud cvtochrome P-450

produces a type I bindimug spectrum w-ith

hexobarbital; membranue-bound cvtocinrome
P1-450 does riot (6). This differemuce ‘s’s-as

also observed inn soluble preparatiomss oil thue

t’svo cytochromes (9, 31).

4. The spectral extimnctiomn coefficienut of

soluble cvtochuome P-450 is about 25% lo’sver

than thnmit of soluble cytochnronne P1-450

(9, 31).

The currerst study adds to this (‘vi(lo’nee
by �inow-imsg that tine solublo-, partimully

purified P-420 huemoprotein derivmntives of

cytocinromes P-450 and P1-450 difler imi their

electropinoretic mohilities aisd iii their

spectral ext inset ions coefficients. Aggregmut ed
P-420 ino’mnoiproteins from the t’svo st murces

also diffo-red inn drug bimnding chuaracteristics;

aggr(-gmnto-d cvtochrome P-420 show-ed both

type I (inexobarbital) arid type II (aniline)

difference spectra ‘svhnereas cytocinrome
P1-420 sino’sved the tYJ)e II difference

SI)ectrumfli ommslv. This is inn keeping ‘s’sitln ‘svhat
is kmno’svn aboiut tine binding characteristics

oil rno’mI)rmirs(--bound cytoclurome P1-450,

msameli-, that it is lmnckinng or highsly deficient

in a type I I)innding site, at least for certain
type I compounds sucin as hsexobarbital (6,

8). It is oil some imuterest that cvtochrome
i�-420 slnomws a type I difference spectrum

oilily ‘sviuemu iii tine aggregated state. \Viuethner

more or f(-\’s-er specific structural comnformi-

ties proiduced by muggregatio)mn are reoiuired
for spectral himuding, or ‘svhuether aggregation

simply causes a very iuigh local coincerntra-

tioimn of cvtoclurome that ma\- be required
before bimsdimsg spectra hecoime detectable,
is a matter for conjecture. Inn a previous
study (21) it ‘svas observed tinat cytoicinrome
P-420 aggro’gated inn tIne form oil uniform

microtubules, whereas aggregat es of P1-420

‘svo’re amorphous. This might suggest that

aggregates oil P-420 hemoproteinis must be

in the microtuhular form iii o)rder to slno’sv a

type I differennce spectrum. This is not the

case, ho’svever, I)ecause aggr(-gates of cyto-

chrome P-420 from anoither species, tine cat,

did muot assume tubular forms, arid these
amorphous aggregates pronducecl the type I

sPectrum ‘svit h hexobarbit mul.5
\Iucin evido-mico’ huas miccumulated to shno’sv

tisat cvto)chsr(imo- P1-450 is mioit simply murela-
tivo-lv stable complex oil (ytocinrome P-450
with 3-methvicmnolamstinr’nio- oir one or more of
its nietaho)hc do-rivatives (8). Onne of the

moro- comsvimscinug argumemsts supportimig this

vie’sv ‘svmns tine omhservmntioin tiumut purified,

� D. \V. Shoiennan annE! ( �. J - �Ianmiering, unpub-

lished observatio)ns.
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(4)

soluble cytocinrome P1-450 from rats treated

‘s’sith tritiated 3-metinylcholanthrenne con-
tamed radioactivity equivalent to only 0.04

mole of 3-methylcholannthrene per mole of
P-450 inemoprotein (9, 31). Ho’svever, the
possibility remained that even this small

amount of the polycyclic hydrocarbon inn

combination with cytochronne P-450 could

have accounted for the small differenuces seen
in spectral characteristics of the impure cyto-

chromes P-450 and P1-450 preparations. The

current finding that cytocinrome P1-450
fronn animals treated with tritiated 3-methyl-
cholanthrene is devoid of radioactivity

within the limits of measurement, while still
differing from cytochrome P-420 inn its dcc-
trophoretic migration, binding to drugs, and

spectral extinction coefficiennt, strengtlnens

tine previous conclusion that cytochrome
P1-450 is a distinct chemical entity inot to be

equated witin a complex of polycyclic hnydro-

carbon and cytochrome P-450.
Hildebrandt and Estabrook (12) concluded

that treatment of animals with 3-methyl-
cholanutinrene caused an increase inn micro-

somal cytochrome P-446 and that this
inemoproteun had an extinctiomn coefficient of

218 mM’ cni�. Microsomes were also

thougint to comutain cytocinrome P-454 with
an extinction coefficient of 56 m�n1 cm’.
The absorption maximum of the spectrum

observed at 450 nm ‘s’s-as conusidered to result
from the sum of tine spectra produced by
P-446 and P-454. If P-446 is P1-450, as im-

plied, and ‘sve accept 91 m�r’ cmm as the
extinction coefficient for cytochrome P-450

(30), then one ‘s’s-ould have expected the cx-

tinctiomn coefficient of P1-420 to be about
t’svice that of P-420 rather than the 120 2 ob-

served in the currenut study. Whuile it cars be
argued that cisannges in tine extinctioin coeffi-
cient of P1-450 may not be reflected in P1-420,
or that this value may he attenuated, it
should be pointed out tinat the techmuique

of Kinoshita and Hone (33), as used by
Hildebrandt amid Estabrook, does riot enable
the determination of tine extinction coeffi-
cient of specific P-450 hemoproteins ‘s’s-hen

they occur t.ogetiner in micro)somes. By this

technique, spectra are recorded inn a double-

beam spectropiuotometer with microsomes
from 3-methylcisolanthremne-treated annimals

iii the sample cuvette and microsomes from

untreated animals in the reference cuvette.
By diluting tine preparations to contain the

same concentration of cytochrome b5 , the
only cytochrome other than P-450 hemopro-

teins assumed to be present in microsomes
inn meaningful concentration, it ‘svas believed

tinat the resulting differemnce spectrum repre-

sented the absolute spectrum of the induced
cytochrome (P-446 or P1-450). The extinc-

tion ‘s’s-as them calculated on the basis of heme
constent. The following comnsideratiomns dem-

onstrate why this kind of experiment cannot

yield extinction coefficients for two inypo-

thetical species of cytochnomes contained
in tine same prepanatiomu of microsomes, as-
sumimng that tiue�’ do exist. Tine only data

provided ins these studies ‘svere tine chanuge in
the difference optical density on the addi-
tion of carbon monoxide to reduced micro-

somes in both cuvettes, cytochrorne b5 con-
centrations in the preparations, anud total
heme content. If we let P�6 , P�6 and P�6
equal the concentrations of -ytochrome
P-446 in microsomes from untreated, 3-meth-
ylcholanthrene-treated, and phenobarbital-
treated animals, respectively; P�#{176}54, P�4,

and P�4, the concentrations of cytocinrome
P-454 inn microsomes from untreated, 3-
methylcholanthrene-treated, and phenobar-

bitai-treated amnimals, respectively; X, the

extinction coefficient of P-446; and Y, the
extinction coefficient of P.454, then the fol-

lowing relationships are obtained with the

technique of Kinoshita and Hone, using the
three sources of microsomes.
� From difference spectra determinations:

OD = P�6(X) + P�4(Y)

- [J�46(X) + P�54(Y)j (1)

OD = ‘446(-”) + P�’54(Y)

- [P�46(X) 4- P�(Y)] (2)

I’ro)nn heme and c�-tochrome b5 analyses:

For microsomes from unntreated animals,

P�46 + P;�54 = [heme] - [b5] (3)
For microsomes from 3-methylcholanthrene-

treated animals,

‘446 + P7�4 = [ineme] - [b5]
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For municrosonnes fromun pisemsol)arbital-t reated

animals,

�r46 + ‘1�54 = [mo-me] - [b5]

Because there are five equations imnvolv-

ing eight unnknuo’svnus a umuque solutions is not

possible arid ho basis is apparent to us for

the result that .r equals 218.

Jefcoate and Gaylor (34) oi)tainned ann ex-
tinction coefficiemit t)f 143 m�r’ cm’ for

microiso imal lart ides from 3-methnvlcinol-

amntiurenne-treated rai)bits ‘svinich mad beers

freed of cytoclnro)me h5 . If ‘sve assume that

microsomes from :3-methu�-lcholamuthunene-
treat ed animals contain only cvt oc hurt mnue
P1-450, then tine number of umnkmuo’svmus ims
Eqs. 1-5 is reduced and a unique solution
for tine extinnction coefficiemut of c\-toclsronne

P1-450 exists. Using tine data of Hildebranudt

arid Estabrook, the extinction coefficient is
calculated to he 138 m’si� cnn1. Thus the

extinctionn coefficienut oil 143 oberved by
Jefcoate amid Gaylor is comusistent ‘svitiu tine
hypothesis that almost all tine P-430 henuo-

proteimn imu their microsomal particles ‘s’s-as
cytochnrome P1-450.
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