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SU.\IMAIIY

Time hmydrooxylatioit of 3 ,4-hetuzpyncne by time recootustituted livet’ tmiicnosoonual systenm front

rats treate(I �vithi 3-meth\’lclmolanthmrene require(1 cytochro)me l�-44S, NAI)PIHI-dependent

reductase, attd lipid foor nmaximal activity. Synthetic �)itoospitati(1yl(’hohiI1e could rel)la(’e time

lipi(I fractioit, �viuile detet’geitts suchm as ‘ITniton Xi-l00, sodiutim (leooxycimoolate, :101(1 s(odium

cimolate (‘0111(1 Ot)l\’ j)til’tialh\’ replace (hue lipid fnactioti. ‘[‘ito’ appttreutt Js,,, yahoo’s of N;\,I)PH

and NA1)H were 7.04 ,i�t and 3(i2 �t, respectively.

‘The ap�)arettt � o�f 3 , 4-bo’ttzi�’t’oiio was 1 .53 u�t fon the I’ocohistitute(l systeni ft’ootmm t’ats

treated �vithi phuettoobarbital and 2.S7 iou foor the neo’oonstitut(’(l s�’stetim ft’oonm rats treated �vith

3-meth’lcholattthurene. Althuoughi thuo’ sounce (of time neductase pt’epat’atiooti (froni eithiet’ 3-

met Itylcholanthit’ene- on’ pimenobat’hital-tneated hats) oliol tuot appOal’ too affect time K,,, oof 3 , 4-

benzpyrene in tlte cytoochriome P-450-dependent system, timo’ K,,, of 3 , 4-betuzpvrene in time

cytochronme P-445-dependetut svsto’nm was siglmificalutly itucreased wiio’ti thuo’ neductaso’ froom

3-metimylcimolatut htnene-t real (‘(1 t’ats was replaced with t Ito’ ro’ductase f’noom rats treated with

phettobanbital. itt c otut nast , t hte lipid fractions from phuo’tiohanbital - att(l 3-methivlcitoilan-
thmnetme-treated rats weno’ ilutel’o’hu:thtgeabl(’, and titus tho’ source of lipid did tuoot affect the Km

of 3 , 4-benzpvnotto’ �tt cit hu’i’ of t Ito’ t’o ‘constituted systenms.

1’he cytoo’Iurotmm(’ P-4:() lnao’tiotus fnoonm i’:tts tno’ato’(l with pheuuobat’bital was otuly 10 as

active as the c tochiromo’ P-448 !tactiootu itt catalyzing tito’ h droxylatiotu oof 3 , 4-beluzpynene

in the pro’settco oof ro’ductaso’ atud lipid. (‘ytochrotmme P-445- atid P-450-do’po’ludo’Iut 3 4-benz-

pyro’tie hvdn(oxvlations (‘00011(1 ho’ so’ho’ctivelv affecto’d by vantous (‘0 mj)O olltt(ls, which suggests-

alottg with ootiuo’r ittdirect (‘vi(lo’ttc(’ -that time bow activity withm o’yt citnomo’ l#{176}-450 for 3 , 4-

betizpyrene hiydno oxylat io ott is duo’ too an inhu(’rent pt’opo’nty of cvto ochno ome I #{176}-450and is Ito ot due

to cotutarttittat tott (of t ho’ o’vt oo’itno 01110’ 1)_45() prepanatit ott with c�’tochnotm’ I )_445.

I NT1IODU(TION (‘\‘chic hytlrocarbotus such as 3-methmyleho olan-

timrelm(’. Subsequent st u(hio’s (3-5) Itavo’ sug-
fite hydroxvlat 1(011 of .3 4-bettzpvro’no’ in .

gested that the mncro’aso’ ito .3 ,4-benzp�’rene
liver mucrosomes was shown by ( (01111ev . . .

- hvdroxvlase activity ill hats after .3-\IC’
ci a!. (1 2) too require �\ A1)PH and molec-

treatment may ho’ related to the formation
ular oxygen. I hese nivesttgators also) de-

- . . . of a new imcnmoproto’itu callo’d cytochro)me P-
scribed tue tiow widely ro’cogntzo’(l induction

in animals (of �3, 4-benzpyrene hydroxylase ‘ The abbreviatioons useol are: 3-MC, 3-met hyl-

activity by the prior administration of POIY- cholant ltremi(’; PB, pitemioloatbital.
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448,2 so named because it is spectrally dis-

tiiict from time (‘ytoclmno)nmo’ P-450 foutmd in

untreat (‘(1 or ph(’Iiobanbital-t reateol rats (3,
9, 10). As a result of the induction of its

metabolism by poohyevche imydrocarbons, 3,4-

benzpyrelte imas been wmdo’ly used as a nmodo’l
“3-MC-inducible” substrate, in contrast too

the many “PB-inducible” substrates.

Silverman and l’il’il’ty (11) were able to

solubihize tlt(’ 3 , 4-beimzpvrene Imydroxylase

systeni by treatnient (of rat liver tnicno-

somes with Triton X-101. This preparatiott

was relativo’Iv stable and � cal)ablo’ o�’

hydroxylating 3, 4-benzpyreime. However, tto

resolution of thmis multienzvme svstenm was

achieved. Using tim(’ teo’imnioiue developo’d by

Lu el at. (12-15), we havo’ recently ro’soolvo’ol

th� 3, 4-benzpvro’ne hydnoxylase system fnonm

rats treated withm 3-M(’ into) three fraetiotms,

contaitting evtochn ome P-445, XAI) PH-dc-

pendo’Itt re(luctaso’, and lipid (16). When thte

metabolism of a variety of substrates by tho’

recohtstit uted syst enms prepared from roots

treated with either PB or 3-MC \Vt15 studied,

it was found that the substrate specificity for

hydroxylation resides primarily in tue eyto-

chrome fraction ratimer timati in time reductase

or lipid fraction (16-19). TItus, in olgreelii(’Itt

with induction studies, time cytochrome P-445

fraction was far nmoore active timan the cyto-

chmrome P-450 fraction fo)r 3, 4-benzpvrene

hydroxylation. These results were inter-

preted to indicate thmat the cytochrome P-445
fraction is catalytically different from tIme

P-450 fraction.

In this paper time properties oof time recon-

stituted and microsomal :3 , 4-benzpvreno’

hydroxylase systems ar(’ compared. In addi-

tion, differences between the reconstituted

cytochmrome P-445- and P-450-dependent

hydroxylations of 3 ,4-benzpyrenem are do’-

scribed.

2 The cytochronte induced by 3-methylcimo-

lanthrene administration to rats has been re-
ferred to as P-448 (3), P�-450 (9), 0’ P-446 (10). In
this paper cytochromes P-448 arid P-450 will be
used to denote the mmmicrosonmal C0-bimmding pig-
nments induced by the adnministratiotm to roots of
3-nmet lmylcholanthremte and phetiobarbital, i’espec-

tivelv.
� The (‘Vt ochr(omne P-450- amid P-448-depemtdemit

3 ,4-benzpyremme hvdroxylation systenms refer to the
recoutsl itutted systems oobtained from roots I reated

with phenobarbm I ai and 3-met hylcholatt I It remie,

respeo’t iveh’,

METHOI)5

\Iale Long-l’vans rats (front 131w’ Spruce

Farnms, Altamont , X. V.) , weighitig 50-55 g,

went’ treate(l itttral)o’nitotieahly witlt PB (100
mg kg/day) oor 3-M(’ (25 mg/kg/day) once

daily for 3 days. Liver mi(’rosomes �vero’ Pre-

pane(I as previously (1e�)o(’ribe(1 ( 1 2) . The

nmet hod of solubilization an(1 partial purifi-

cation of cvto)chmrome P-44S (from 3-MC-

treated rats) and P-450 (from PB-treated

rats), and the nm(’tho)(l of preparation of the

lipid fractions, havo’ t’eo’ently been do’scniheoi

(19). Cytochronmo’ P-445 and P-450 cotmcen-

tratmons wero’ deto’rnmino’d by time fltetito)(iof

()mitra and Sato (20), using the same extinc-

tioohi (‘oefhcient (91 mt�’ cm’) foot’ both cv-

t( ochroomes. Wiio’n th(� iteme content of t Imese

pno’parations was (letermine(1 by t he pynidiiie-
ito ‘mochromogo’n met itoo(l (20), lImo eXtilictioll

coo’fhcient for -1 :0-190 01’ �t � was fooittto1

to) ho’ within 10 � (Of 91 tmmti’ cm’.

Time reductaso’ fnao’tio on �va� prepared froom

PB microsomo’s on 3-M(’ micno�sonmes,4 as

pro’vmously (lo’scnibo’d (19), with two major
nit o(lifications. Thme mienosomes were ex-

tracted with ao’o’tootte kept at rootim tempera-

ture (22#{176}),nathan titan witim acetoone chilled

to - 20#{176}.�Vanm acetotie was mon(’ o’ffective

timan chillo’d acetone in extracting lipids front

micr oso omos After Soni(’atiOhi and s(olubihiza-

tion by so)diutmm deOioXy(’itoOlate of tIme acetone-

treato’(l microsomes, the soluble fraction was

subjected to ammoniunm sulfate fract ioita -

tion, rather titan to DEAE-cellulose column

chmronmatographty. Solid ammonium sulfate

was added to) the clear, yellow, soluble fi’ac-

tion (generally 1:30 nil from 600 nmg of’ micro-

somal protein) to 40% saturation. The mix-

ture was stirno’(l for 20 mm and centrifuged

at 37,000 X for 10 fllilt, uttd the precipitate

was discarded. Additiootmal solid amnmonium

sulfate was added to the supernatant fluid to

80 #{182}�saturation; time mixturo’ � agaiti

stirr(’d and centrifuge(l. The resulting pre-

ciI)itate from 40 to SO % saturation was dis-

solved in about 10 nil of a buffer mixture

containing 0.02 M potassium phmospitate (pH

7.7), 0.1 IlIM E1)TA, 0.1 m� (lititiothreitol,

and 10 #{182}‘ glyco’rol, and was dialyzed against

I�I3 itiit’ioosotties amid 3-MC tni(’toOsOtneS ro’fer
o time mi c rosotnes p�’�’pa re(l from rats I real ed wit Ii

phemioolarbi tool amid 3-met hylcholamit lirene, respo’(’ -

lively.
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2 iitet’s oof’ tue sutmmo’ I)Llffct’ timixi otto’ oovo’t’ttight.

Tho’ dialyzed satmiph’ was co’titr’mfugo’d at

37,00() X i� 6ot’ 10 nmiit. Thto’ char, vo’lhow

pr(’l)anatio Ott was immah’ 1 nmtt ��it it I’(’s1)(’(’t too

chitimioothit’o’itolititolstoot’(’d,itt small alioittoots,

1111(101’ ititt’oogo’it oil - 20#{176}.Ihio’ httotl I’o’(lttctaso’

prepara I it its fit oiim tat s Ito ‘a tot! �vi tim I �B or
3-\l(’ go’tto’t’allv had tlto’ sanmo’ spo’(’ific ac-

tivitio’s (i.o’., .500 aitd 200 ttttits ti1�1t 11mg oof

l)rot em, I’(‘spo‘otivo’lv) as I Ito ose oobtained fi’oan

time oonigihtal jOt’o ot’o’dut’e (19). ( )tio’ utmit oof’ re-

ductaso’ is (I(’hlt(’(l as t Ito’ amo owit o’atalvzittg

the reduo’tioott oil’ 1.0 IttIPolO’ oil cvtoo(’imt’(om(’ c

1)01’ Imminuto’ tltt(l0’t’ the assay o’o)tt(htiootls de-
s(’ribe(l pl’evi( oitsl� (13). ‘Fin’ ttotal reco ovo’I’v

was appnoxi mat o’ly 30 oof tIto’total tmmicro-

somal cyto ocltt’o otimo’ (‘-no’(lllcittg ability. Those

reduct aso’ I ot’o’I)at’at it otis wo’ro’ st able foot soy-

era! wco’ks.

Tho’ �3 , 4-ho’ttzh)vt’o’tl(’ htV(lrooxvlaso’ activity

of micro iso oma 1 suspo’ttsto ohms, oon oft ho’ l’o’co otist i-
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MINUTES

1’ mu. 1 3. 4-Hcmozpiircmo 0 /0)/(iroJ’yl(o/ 1(000 (15 a

fu,oc/oomo o/ i mocoba/oomo /i000 000 000ocro.sooooooi (100(f re-

cons/ i/u /eil si/s/elm? s

A mnmo’moosoomooes (3-M( ‘ , 0.05 tag oof piot cii colt-
1 aitoi mig Othi iimnoole oof P-448 ( ; , liii t’I’os(Ontes (PB,

0.10 tug 0 if 1)1001 ciii ci omittimu tog 0.18 minmooleoofP-450)
#{149} , 022 to t020)le oof (‘Vt 0 O(’hto)tutO’ P-448, 0.02 nmg of

i’edout’mase (PB. 12 mumiits(, amid 0.1 mng of lipid
(3-M(’ ( 0, 0.29 minooole oof t’vtoocitoome P-450, 0.02

nug of redoio’Iase (P13, 12 oimiits, amid 0.1 tug oof lipid
(3-M(’ (. P13 001 3-i\I(’ ii patent iteses abtove u’efers

too I Ito’ fran ioomos I)t(’lO:tmeol (motto ta Is I real ed with
cit Item’ i ihet it Olin tI)i toil tot 3-ttio’lhvl (‘10(01a tot It rena.

OIlier (‘OotlOlOO)ti(’tils ito I lit’ reat’l memo noixt times (final

vol tue, 1 0 nil ( were olest’ti bo’ol i mi 1 iio’ 1ext

pH

Ftu. 2. 3 ,4-Ben�pyrene /oydro.ryla/ion as a

June/ion of pH i/O mmoocrosommoal (000(1 recons/ituted

so/stem/os

A nmicr(osomes (3-�\I(’, 0.05 ing of protein con-
I ai to i tog 0.06 minmole of P-448) #{149},I’econst it oiled

systemu from 3-M(’-ti’eated roots (0.22 nmole of
c’ylochroime P-448; 0.04 rig of reductase, 10 utmits;

amid 0.1 tag of lipid); 0, recotislituted system from
PB-t tented hats (0.29 momoolc of o’ytochrome P-450;

0.05 tug of ueductotse, 23 umiils ; auid 0.1 mmmgof 1i1)id).

Tue fitial volume was 1.0 ml. The p11 values were
measured ito the o’ootooplete react iou mixtttt’e at 370,

t uted svst o’m, was det(’rmilted accoirding to

tlmo’ l)r000’o’(luro’ oof No’bert attd Gelboin (21), as

previtously (1(’scnib(’d (19). TIme reactiohi mix-
tur(’, conitaitmitig 100 �onmoolt’s oof l)totassitlflt

phos1)IIttt(’ buffer (pH 6.5), 3 �moles of
MgCh, , 0.4 j.�mode of XAI)PH, SO nnmoles of

3 , 4-be�mzpyro’tmo’ (added itt 0.04 ml oof ace-

to)Ite), an(i time tto’o’essarv tmmicrosomal frac-

tions in a final volume of 1.0 nil, was iimcu-

bated at 37#{176}foor ; mitt. Protein cootteentra-

tioon was do’termilme(i by the metimood oof Lowry

ci at. (22). 3 ,4-Benzpyreno’, :3-metim\’lchOlalt-

tlmrene, XADI0H, and horse heart cyto-

chmronmo c were obtained from Sigma. 7 , 8-

Benzoflavo one was purchased from Aldrich.

Synt ho’tic lauroylglycerol-3-phosphoryleho-

hita’ was tIme generous gift of Drs. \i. ‘J.
(ootm atm(i H. W. Strobel.

RESULTS

(eneral propei’iies. I �revious studies had

estahlisimo’d that the lm’s’droxvlation of 3 , 4-
benzpvrene by t lie recotist it ut ed syst (‘m
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FIG. 3. Double-reciprocal plot for de/ermination of K�, (Of XADPH amid .VAJ)II four 3,4-bcoo:pyreooe

hydroxylation in the reconstituted systemmi

Time reaclion nmixtures contaimied, in addition to time usual conipouoeuits, the foolloiwitig fractiomis pme_
pared from roots treated with 3-MC: 0.22 uminole of cytocitrome P-448, 0.04 rig of reductase (10 units),

and 0.1 mug (Of lipid. The final volume was 1.0 ml. The apparent Km calculated from the p10)1 was identical

� uth time v’ihte obt outed � tth o (. E 600 computer using o 1 OHTP \\ P� of i omit iou Ito muIn \% W (ho 1 omod

pr(’paro’d from rats treated with :3-MC re-
quired the cytochro ome P-44S, reductase, and

lipid fractions for maximal activity (16). In

the determination tf time activity of time re-

constituted system, it is essential that time

three components be added to the ihtcubatiotl

flask first and be timorough!y mixo’d before

the buffer and cofactors are added. The re-

suits are most consistelmt when this order of

addition is followed. On!�’ otme-thmird to two-

thirds of time activity is obtained wimehi time

compottents are added in any other manner.

While the mechanism of tlmis phmo’ttomenon is

not understood at present, time importance

of the order of addition of components has

been reported for aimotimer lipid-requiring en-

zyme system (23).

The rate of the reaction was linear for ap-

proximately 5 mitm, w’ith either mictosomes

or time reconstituted systems containing cyto-

chrome P-44S or P-45O (Fig. 1). Both the

microsomal and the recotistituted eimzyme

systems exhibited the same broad pH opti-

mum, which extended from 6.7 to 7.2 (Fig.

2). NADH was otily about 20 #{182}Z-as active as

NADPH in supporting tim(’ reaction w’itIm

microsomes (2). With the reconstituted

systenm, NAI)H at saturating levels was only

30 � as active as NA1)PH. Time appano’nt K,5

values of NAI)PH alit! NADH were foutid

to be 7.04 pM and 362 pM, respectively (Fig.

3). Itt time preseimce tof 0.2 mti XADH and

0.OS nm�t NAI)PH, XAI)H itthibited the

AD PH-supp oh’ted iiydroxy!atioon of 3 .4-
bettzpyretie by 13 #{182}---ratlmer thtaut euiitaticing

it-as lmas beett reporto’d for NAI)PH-sup-

Ported amitmojn’ritme timo’tabcohistmi itt micro-

somes (24).
A!vares ci at (25) reported timat bovine

serum albunmin enimaitced 3 , 4-benzpyrene

hvdroxvlase act ivitv wimen low’ mi(’rOSofltal

protein concentratiolms were use(l. With time
reconstituted systenm, as �s’ehl as our micro-

somal preparations, albumin (0.5-2 mg nil)

has been found to have ito effect ott the re-

action rate. Time stimulatory effect of bovine

serum albumin may be due to the quality of

the water used for assay. Hayakawa and

Udenfriendi Imave observed that the stintu-

latory effect of albumitm (in 3,4-benzpyrene

hvdroxvlation itt rat liver microsonmt’s �s’as

not consistent. In addition, 0.1 mtr E1)TA
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Fiu. 4. 3,4-Bcmozpyrene /oydro.o’�,la/oon as a funcliomo of lipid or detergent c010cen/ra/lon in reconstituted

SI/s/C)??

The standard reat’lkomi mixl tomes (‘omit aitied 0.26 timiole of cytochrome P-448, 0.03 mg of reductase
(3-MC, 5 utmiits), amid the itodicatt’d atnoutols of lipid ou’ detet’gent. #{149}, crude lipid fraction from 3-�IC-

treooted rats; 0 s�tithet in laoumoylglyocmtol-3-phosphomylcholine; A sodium decoxycliolate; �, Triton

X -100; 0 , so)(li 00110 t’htoola Ic. TIme Ii ml vo ohuome was 1 .0 nml.

was as o’ffcntivt’ as 1 tmtg of albutmmiti pen nmihhi-

iito’r. In contrast too timo’ Mg2+_dt�pettdoimt imy-

dI’oxvlation of 3 , 4-benzpyi’eno’ in time ham-

ster fetus coll cultut’o’ systent of Nebert and

Gelboitm (21), magtmesiunm ions ant’ tiot re-

qwr� �d ft �r time reaction.
Lip Id req u irenieli I. Phm� osj )imat itlyl t’ho oh no

hilts recently been identmfio’d as time ao’tive

lil)itl c( otitpoimo’ttt ro’olwre(l for the htydl’o)xyla-

titam of fatty at’ids, livdrocarbonis, and a

ttumbo’r of (lnotgs (26). As shmoowii itt Fig. 4,

rather Itow cont’etmtratitons oof synthetic

in itt’o ov I glvco’no ol-3-piioosphit a’ lcho ohitio’ cooul(l

ro’ploocc limo’ crudt’ lipid f’nactioohi iii sup�)(0rt-

ittg :3 , 4-bo’tuzpyro’tto’ hmytht’ooxylatiooto. Ito this

pa t’t iculal’ cxl o’t’inmctot , lauI’o oylglyccro ol-3-

1)110 ospimo orvlcimooliute was abo nit 50 as active
as time cru(io’ lipitl fraction. Itm o’anlio’r cx-

l�#{176}ri nmch tt5. 110 it slio wIt imo’re, the sa�no’ syn-

I hut ic Oimosj)itohipid was 10 0000(1 too bo’ as

effo’ct i\’O’ :15 tiio’ (‘t’lt(!(’ 1i1)itl Inict it Ott. ht

a(idit i ott, (‘o’l’tain dt’tei’go’imts (0 nilti alsoo

l)al’t mliv l’t’h)laco’ t ito’ hil)i(l It’otctit ohm. H oh’ t’X-

atmmpl(’, Ft’itohl )�..-lOO tlti(l 500(1111110. (lo’toX\’-

cholate shigiotly stinmulato’ti thto’ reactiooti rate

at It ow co olicent root i otis, but wo’ne st no otig!y

inhibit o ot’v at highiet’ co ouico’uit rat io otis. So odium

ciioolatc st inmulated tho’ ro’actiuott slightly at

rather imigim coottcetmt tat a otis. Timo’ saimmt’ l)atto’ntt

of stimulatioohm atmd itmimibitioti by Tritooti X-

100, so odium do’o xychtAat o’, arid sodium

choolate mo-as also observed withm the recoim-

st ituted system obtained fncom P13-treated

rats. Recently Triton X-100 has also been

shown to stimulate the w-hmvdroxylatioti of

fatty acids itt the reconstituted system from

poorcme kidney ctortex microsomes (27).
Inhibition studies. The presence of both

cvtochromes P-450 and P-448 in liver micro-

somes has been suggested by a number of

investigators (28, 29). Since the cytochrome

P-448 aitci P-45O fractiotms used in time present

study were not highly purified, and the ex-

isting assay method (mainly time use of the

CO difference spectrunt) cannot precisely

determine the percentage of each cytochrome

itt a preparation, time relative anmounts of

cross-contamination in time cvtochrome frac-

tions are not known. Until time enzymes have

been totally purified, only indirect means are

available to determine whether the low ac-

tivity of time cytoehmrome P-450 fraction for

3, 4-benzpy’reime Imydroxylation is due to the

P-450 itself or to the presence of small

anmoutmts of P-44S in tue cvtochmrome P-450

pl’t’Parat it n. One approach employed in
timese studies was to show a selective effect

on either the cytochrome P-448- or P-450-de-

peimdent 3 , 4-benzpyrene hydroxyhation re-
action by various compounds. 7 ,S-Benzo-
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JIG. 5. Effect of 7,8-benzoflat’one on 3,4-benz-

py’.’ne hydroxylation in mmiicrosomuoal and reconsti-

/u.ed sm/stems

A hmuit’rosonmes (3-MC, 0.05mg of protein; 100w

activity, 0.56 nnmole/5 mimi); �, microsomes (PB,
0.08 mg of protein; 100% activity, 0.21 nmole/5
nmin); �, reconstituted system from 3-MC-treated
rats (0.22 nnmole of cytochrome P-448, 0.09 rig of

l)rOteiui; 0.04mg of reductase, 10 units; atmd 0.1 mg
of lipid; 100% activity, 1.17 nmoles/5 mm); 0,

recotmstituted system from PB-treated rats (0.29
ummole of cytochrome P-450, 0.09 nug of proteiti;

0.04 nmg of reduciase, 17 utoits; and 0.1 mg of li1)id;

100% activity, 0.30 nmole/5 nmin). The fiumal volounme

was 1.0 nil,

flavone, anminopyrine, and SKF 525 - A

(diethvlaniinoethvl diphenvlpropvlacetate)

were selected because they imave l)reviOuslY

been simowti to Imave a selective effect on

3 , 4-benzpm’retmo’ imydroxvlation in nmicno-

somes front rats treated w-ithm PB on

(7, 30, 31).

As shmown itt Fig. 5, 7 , S-benzoflavoame

strongly itmhmibited 3 , 4-benzpyro’ne imydnoxy-

lation in 3-MC microsomes as mvehi as itt

time cytcochmrome P-44S-dependent ret’o inst i -

tuted system. On time other imaimd, itt PB

nmicrosonmes, as well as in time cvtot’imnome

P-450-depc’tmdent system, timis compound in-

hibited time reaction slightly at low’ concen-

tratioims but stimuiated time rt’actioon at

Imigher concentrations. Aminopyrine, a sub-

strate of time microsomal hvdrooxvlatiooum sys-

tent, did not affect either the cytocimronme

P-44S or the 3-MC nmicrosomal svsto’tmm, but

inhibited botim the cytochironme P-450 and

time PB-nmicrosomal systems (Fig. 6). Al-

thougim time effect of a compound on time PB

microsonmai and tIme cytocimrconme P-450-de-

l)endetmt reconstituted systems differo’d
quantitatively (as shown in Figs. 5 atmd 6),

the direction of the effect was the sante with

both PB systetums. Time effect- cof both com-

1)Ouflds ott time :3-MC microsomal and cvto-
cimrome P-44S systems was more internally

coimsistent. The studies with 7 , S-benzo-

flavone and aminopyrirme w’ere repeated,

using the same reductase and lipid fractions

and varying only time imemoprotein. Time re-

sults were time same as reported for the re-

constituted system from PB- o�r 3-MC-

treated rats, indicatiimg that time tbserved

differential effect is due to time imemoproteum,

rather than to the reductase or lipid. SKF

525-A at a concentration of 2 m� inhibited

the cvtochmrome P-450-depetmdent 3,4-

benzpyrene hydroxylation by 48 #{176}� but time

cvtochronme P-448 system by onlv 9 %. At

timis same cotm(’entratiotm, SKF 525-A itt-

imibited 3 ,4-benzpyreite imydroxylation in PB

and 3-MC micnosonmes by 90% and 60%, re-

spectively. Botim recotmstit uted syst ems could

be inhibited to a greater extent by increasitmg

time concentration of SKF 525-A. Titus time

microsornal 3 , 4-benzpvreno’ hmydro oxylat iOhl

system mo’as more sensitive to inimibition by

SKF 525-A timaim time reconstituted system.

Timese selective effects stroongly suggo’st thmat-

3-
0-

>

4

FIG. 6. Effect of amooinopyriioe on 3,4-benzp!/rene

hydroxylation in. mnicrosomaal (A, 3-3W; A, PB)

and recon.slitvtcd (S, 3-3W; 0, PB) sys/emoos

The commcemmtrations of mieh’osonmes and various
fractioums used were the same as described in Fig.

5. The activities for 100% were 0.48, 0.17, 0.90,

and 0.24 utnmole’S nmiuo for the 3-MC microsomal,

PB nmicrosomal, P-448 reconstiluted, amo(l P-450

reconstituted systems, respectively. The fitmal vol-

ante was 1.0 ml.
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LJJ’(c/.s oof oaroou.s o000)t/)(001mit/s omo 3, 4-beuozpqrene h!,drox!/lu/ 0(010 b!/ rcoomo.s/ o / u/ed .‘t!/5/(mmt.5 from PB - (lot (1

3-MC-/rea/ed ru/s

The meant ioti mmlixl otto’s (fimial vol time, 1 .0 nil ) comit on moe(I the omsual o’oimuip(omietml S atiol the mimict’oostouual

fractions as foollows : I lit’ re(’(omosl ituted system froni 3-MC-t m’eated rats (P-448 system I ctotosisted oof 0-13

tomoole of cvloclom’otoie P-448, 0.07 nmg oof u’eduuct:ise (10 otiiits, :110(1 0.1 rig of lipid; the h’et’oomostitmute(l

svst emit froirti PB-t m’o’at cot mats (P-45() system) (‘totot :uiuoed 0.5$ miniole of (‘vtcoclit’ome P-450, 0.05 mug of

rcdmuctase (23 oumuits), ammo! 0.1 tug oif lipid. The activities for 100#{176}wet’e 1.34 antI 0.2� mimoles � mimi for

lime P-445 0110(1 P-45() svst emits, u’espe(’t ively. For o’ompooommm(ls which mo’et’e dissolved itt met hamool, a noomot cal

emit aitui mug the same viol oume oof metlmatiool (0.05 toil) was i moo’lomded . The activities foot 100#{176} ito I ho’se (‘(ito-

INols were 1.51 amid 0.32 motitoolo’s5 rn to for t lie P-448 amid P-450 systenus, u’espect ivelv,

(‘ompmammiol Final concemit ratiomu .�Ctivit

P-448 system P-45() svstetli

.11 tc (

Nomme 100 100

El)TA 10-2 112 100

K(’N 102

(‘‘1 ot’Ii tommie 10 51 53

100 21 15

)olo’mm:tdioomio” 5 >( 10_s #{182}07 OS)

5Xl0� 8

.\ - lKt liv! mmmalo’omuoi(lo’ 10-0 �7

Itaboacet :itmomol(’ 10� 30 50)

10_2 11 22

p-I Iy(luiixvtui(’mo’outiloetmzooat e 5 >( l0� 5 4

S-lIvolm’ooxvoioumtioolitio’’ 5 -K 10’ 22 21

lO-Pltemiamit louoolimoo’ 5 X 10-: 38 35)

a,a’-l)ipvriolvl’ 5 X 10 55 55

I )io’thvlolit Ititu’amloatut:ite 5 X 10 50 91

$toditttn :tzitlo’ 10-: 103 90

5 >( 10-s 98 72

10_2 92 ii
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I )isstolveol ito tmmo’l lmammtol

time imvdroxvlatmon of :3, 4-behmzpvrene by

the cvt oclmrome P-450- attd P-448-dependent

reconstituted systenms is catalyzed by differ-

ent enzymes, i.e., thu tw’o differehtt cvto-

chromes.

The effects of a variety oof otimer inimibitors

ott time reconstituted cytoichromo’ P-44S- and

P-450-dependent 3 , 4-benzpyrene hmydroxyia-

tiotm systems are summarized in Table 1.

No selective effect was fouimd ott eithmer the

cytochrome P-448- or P-450-dependent sys-

tem with any of time following compounds.

As expected for time microsomal imydroxyla-

tioii system, EDTA and KCN imad no effect,

even at very imigim cotmcetmtrations. Cyto-

chrome c and menadioume strongly itmimibited

time reactioim, presumably by servitmg as elec-

tron a(’ceptors for the reductase. Am(Ohtg the

sulfimydryl-binding reagents tested, p-h�--

droxymercrtribo’nzoate was time niost 1)otent

inhibitor. Metal-binding ageimts sucim as 8-

hvdroxyquinohihmt’, 1, 10-plmetmatmthmrolitme, di-

ethvlditimiocarbanmate, and a , a’-dipyridl

also inhibited the systems. The only com-

pound w-hich appeared to hmave a selective

effect mo’as sodium azide. At concentratiorms

of 5 and 10 mmt, sodium azide did not affect

the cytochrome P-448 systent but inhmibited

thmo’ cvtochrome P-450 svstenm by 28 % and

39 #{176}�, respectively.

Kinetic COfl stan Is. Tim confirmation of

earlier reports by Alvares ci at. (5, 7), the ap-

parent Km of 3, 4-benzpyreite in 3-MC mi-

crosonmes (1.13 pm!) w’as found to be cotmsid-

erablv lowo’r timan timat in PB microsomes

(7.70 pM) (Fig. 7). However, wimen time
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[3,4- BENZPYRENE]

FIG, 7. I)ouble-reciprocal plo/ for (le/erm,oina/iouo tof K,,, of 3,4-beiozpyrene iou recoiuis/i/u/ed (.4 , #{149},3-hG;

0, PB) (mold mooicroosommoal (B, #{149},3-31(’; 0, PB) sm�s/e;oos

‘Time ccottcetmtratiouus of microsomes auod various fractioums oused were tIme sanme as descril)(’d iii Fig. 5.

The fimoal volunie was 1.0 nil. Eao’im point u’epreseutts duplicate deterniiuiat lotuS. Time ajOparetit I’�,, (‘10.1(01-

lated fu’onm the 1)10)1 was identical with lime value (01)1 ained with a �E-600 coomputer, uusiuug a F( )ltT1�AN

progranm writ ten by W. W. Clelauid.

recolmstituted systt’nm was used too deternmmne

these kitmo’tic (‘oonstaflts, it was ftoutmd timat time

apparent K,,, �of 3 , 4-benzpyrene itt time sys-

tent prt’pared from PB-treated rats (1.53

pM) was lower timan timat oobtaitied from 3-

MC-treated rats (2.57 pm!), as shown itt Fig.

7. Time niaximal activity of the cvtocimrome

P-450-do’pendo’umt reat’tiotm (0.005 nnmole

unit oof reductase per nmitiute) was approoxi-

matelv 100 oof the cytocimro)nmo’ P-44M-de-

peitdt’nt reactioim (0.05 nmtole utiit of t’e-
(lUctas(’ per hTiittute when time activity was ox-

pressed as nanomoles of prooduct formed po’r
unit of reductase per minute. Timo’ niaximal

velocity (of timo’ reaction was o’xpnessed per

unit of reductase, bo’ause thio’ spo’cific tic-

t ivity (Itahmomoles of cvt ocimro onm(’ e reduced

�)er nmi�m�tto’ per milligram of prootemn) of time
reductase fraction from PB-treated rats is

generally twice as gro’at as that oof timo’ no’-

ductaso fractiorm from 3-MC-treotted rats.

flm’ efh’ct of eacii coonmponent ton the

Michmat’hms constant is summarized in Table

2. As simown itt expt’riments A atid C, tin’

lipid fractions from PB- atmd 3-MC-tn’:tto’d

rats were interchmangeable and did not affect

thm(’ K,,, (of 3 , 4-beimzpvretme in o’it her tof time

reconstituted systems. Witim tim(’ t’�’to ocimro onto’

P-44S-suppo ort o’d 3 , 4-betmzpyreime iiydro oxy La -

tid)hi, tit(’ I’(’placemt’tmt oof reductase front 3-

i\IC-treato’d rats by ro’ductaso’ froormm PB-

tr(’ated rats caused a 3-fold itmcreaso’ itt K,,,

(o’xpenimetmt A vs. experinmettt B), whmilo’ the

maxinmal velocity was hoot sigtmificatttly

cimanged (0.04 vs. 0.05 honmohe/utmit oof ne-

ductase per mitmut(’), wimichm is coonsist(’nt

ovitim our earlier report that the source o)f re-

ductase aimd lipid did not affect tim(’ niaxmnmal

activity of tIme cvtocimronme P-445-suppoort ed

3 , 4-benzpo’rene imvdroxvlat it ott (19). Itt cott-

trast, time use oof reductase front :3-MC_

treated rats itt tiio’ t’ytocimrome P-450-dt’-

pc’tmdo’tmt syst enm (lid not sigtiificatitly chmangc
eitimer time apparent K,,, (o’xperimetit D vs.

experiment C) or time nmaximal velocity

(0.005 tmmole/rtuiit of ro’ductase pt’r minute).

Thus, w’imile tim(’ source of time reduo’tast’ did

not significazmtly affect timo’ maximal velocity,

it seemed to l)h:tY all inipoortant roie-aloong

w-itim the c�to ciirorne fnact ion-in deter-

mining time K,,, tof 3 ,4-benzpyrehmo’ in the

cytocitroome P-44S-suppo onted reco otistituted

syst enm.

F.�xpo’rmments B and (‘ itt Table 2 were

desigtmed to deternmiime timo’ apparetit Km of

3 ,4-benzpvrerme under t’otmditions itt w’imicim

the same redu(’tase aitd lipid fractiotms were

used but the cvtocimromo’ ovas differetmt. Bothi

time K,,, atmd maxinmal velocity w’ith cvtoo-
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TABLE 2

K-i netic constants of 3,4-be mozpyrene

Time reactiomm nmixtures comitained the indicated tmiicrosomal fractions and othet’ commuponents, as de-

scribed in the text, foi’ the assay of 3,4-benzpyretie hydroxylation. The concentration of mico’osomal
fractions used WaS similar to timat described in Fig. 7. Km was deternmined with a GE-600 computer,

using a FORTRAN poogratmi written by W. W. Cieland. Each value represents two or more determutina-

tiomis, ammd each 3,4-benzpyremie conceumtration was done imi duplicate.

Expt Microsomal component used A’,,,

j.ti! ± SE

A P-448 (3-MG) + redooctase (3-MG) + lipid (PB oo’ 3-MC) 2.87 ± 0.03

B P-448 (3-MG) + reductase (PB) + lipid (PB 0” 3-MG) 9.03 ± 0.44”

C P-450 (PB) + reductase (PB) + lipid (PB or 3-MG) 1.53 ± 0.20”

II P-450 (PB) + reductase (3-MG) + lipid (PB) 1.00�

E 3-MG mico’osonmes

PB microsommmes

1.13 ± 0.10

7.70 ± 1.29c

The values ate significantly diffeo’ent front the value obtaimmed front experinmemit A (p < 0.01).
Km value repu’esemmts omml omie determination.

This value is sigmmificamolly differemit from time value itt time 3-MG microsomutal system (p < 0.05).

clmrome P-4;0 \V( ‘t’e Sighii fit’antiv lower titan

time values c)btai tie(1 witim cvtochronme P�44S.

I)IS(’USSION

The hmydnoxvlaticon oof 3 , 4-beimzpvrc’ne is

similar to time Imydroxylation of nmativ otimer

etidogenous and foreign substu’ates of the

nmicrosomal imydi’o )xylation system, being

catalyzed by a tmmultieimzyimmo’ system coimsist-

ing of imemopnotd’in, redluctase, afl(I hi1)id. A

major difference is timat 3 ,4-benzpyretme liv-

droxylation 15 Pt eft’rentiahlv catalyzed by

cytociirotmme P-448, whereas the hydroxyia-

tion of most other substrates is 1)refereimtiaily

(‘atalyzed by cytochronme P-450. Timis ob-

servatiotm is coimsistent with time results of

induction studies witit nmict’osonmes, wimich re-

vealed that PB stintulates the Imydroxyhation

of nmanv substrates and itmcreases time cyto-

chrome P-450 content of nmicrosomes, w’hile

3-MC stimulates time hmydroxylatioim of only

a few substrates (sucim as 3 , 4-benzpyrene)
and induces cytochmronme P-448 (32-34).

Time apparent K,� of 3, 4-benzpyretme in

3-MC microsomes was iow’er titan timat in

PB microsomes, wimei’eas time apparetit Km of

3 ,4-benzpyrene in time recotistituted system

prepared from 3-MC treated rats w’as Imigimer

than that in time reconstituted systent pre-

pared from PB-treated rats. A sintilar cimaimge

in time Micimaeiis constant imas beeim observed

upon the solubihization aimd purification of

several othmer nmenmbraime-bound enzyme sys-

tents (35, 36). Timis change is generally at-

tributed to time chaimge in enviroimment of the

enzvnme caused by the disruptioim of the nmem-

brane.

TIme results of time kinetic studies reported

in timis paper suggest timat- time rt’dluctase iso-

iated froimm PB-treated t’ats may differ front

tIme reductase isolated front :3-i\ IC-treated

rats. Although time source of time recluctase

PreParatioll did not appear too affect time
maximal vt’locitv of time reacticoim, time tmp-

parent K,,, of 3 ,4-benzpvreime itt time’ cvto-
cimnonte P-448-dependeimt systenm-but tmot

in time cvtocimrome P-450-dependeimt sys-

tem-was sigimificantly iimcreased w’hen time

reductase front 3-MC-treated rats was re-

placed wit hi time reductase front rats treated
with PB. On time otimer imand, time lipid, phios-

pimatidylcimoiine, appeared to be the same
front botim sources, sitmce the replacemeimt of

otme by tim(’ otimer did not affect time K,,, or

ntaximal veloocitv.

If time sante reductase and lipid fractions

were used and oimly time im(’moprotem was

varied, time apparent K,,, of 3 , 4-benzpynene

with cytochmrome P-450 was significantly

different (hoover) than that w’ithi cvtochrome

P-44S. Timis finding is subject to at least tw’o

interpretations: eithmer 3 ,4-benzpyrene Imy-

droxylation is catalyzed by tw’o distinct

cytochromes, aimd titus time apparent K,,, is
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different, or time bow activity w’itim cyto-

chrome P-450 is due to time lresence of small

amounts of cvtocimrome P-445 in time prepa-

ration. Since t’ytocimrtome P-450 imas been

simown to itmimibit time cytocimrome P-448-de-

pendettt 3, 4-beimzpyrene hydroxylation (19),

the appareimt K,,, simo)uld be different with time

two cytochrom(’ fractions. How’ever, inimibi-

tion by cytochmronte P-4s0 simoulol result lit

an itmcrease, ratimer timaim a decrease, iim rip-

pareimt Km . In fact, wimen sinmihmr t’xpeni-

merits oo’ere dotme at pH values tjtiier timaim

the optimal pH (6.8), time apparent K,,, of

3 , 4-betmzpyrt’ime with eytoclmrtome P-450 was

as nmuch as 10 times lower titan that obtaitmed

with cytocimroonme P-448. Titus time secotmd itt-

tel pretatiohi is utihikely. Consistetit with time’

diffenetmt ial efl’t’t’t of various t’otmipouimds tam

time reconstituted P-4M- and P-448-co otmtaitm-

ing svstenms, times(’ no’sults ihi(licato’ timat time

imydnoxylatiohi (of 3 , 4-betmzpyro ‘ito’ by time

cytochmronte P-450- oiitd P-44S-c ottt aitmi umg

recotistituted systems is catalyzeol by catahvt-

icahly different cytocimromes. Time how a(’-

tivity of cytocimronte P-450 for :3,4-bo’!mzl)o’-

i ene imydroxyhation is probably an inimert’imt

property of timis cytochrome and is not due to

the presence t)f snmall amounts of P-44S in

the preparation.

Since time cytochrome P-450 and P-44S

fractions were prepared by tht’ sante pro-

cedure, and since timere ovas no evidenco’ for

the selective removal of eitimer of timese cyto-

clmromes durittg their isolation, as judged by

the sante recovery of cytochmrome in biotim

preparatiorms, tlmere is vo’ry little, if atoy,

Cyto)CirOme P-445 itt rats treated witim P13.

Sladek atid Matohmering (37) have ro’co’tmtlv

suggested a sintilar coumclusio on.
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