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SUMMARY

Rabbit hyperimmmmc scnunm prepmured to purified rat liver XADPH-cyt-ocimronuc c re-
reductase (NADPH : cytochrome c oxidoreductase, EC 1 . 6 . 2 . 3) specifically inhibits f-I-ic

activity of timis enzyme; thus, NADH-cytochrorne c reductase mmas not affected. Measure-

ment of time effects of time imypenimnunc serum to NADPH-cytocimrone c reductasc on drug

oxidation indicated that aminopyrinc N-denuuctimyhation and aniline imydroxylation by rat
liven microsomes from pimenobarbit mil-trea �ed aninuals, as mm-el! as benmzpyremie hydroxylation
by nnicrosomes from 3-nmethylcimolant-hrene-t-reated animals, mm-crc inhilbited. In additionm, time

activity of NADPH-cytochrome c reductase of muormal, pimeimobarbital-treated, and 3-

methylcimolanti-ircne-trcated rats mvas inimibited to f-i-ic same extent by time -y-ghobulin fraction

prepared from hypeninmunc serum. Liver NAI)PH cytochrome-P-450 reductase of animals

treated mmith phenobarbit-al mm-as also inhibited by the ant-ireduct-ase globulin. The result-s

indicate timat f-he XADPH-cytochronc P-45t) reductases invollved in drug olxidat-ion by

liver nicrosomcs from normal , plmeimobarhit ai-t-neated, and 3 -nmcthylcholmunt immcne-treated

animals tire similar.

I NTRODTJCTION

NA1)PH-Cvtochrorne c rec!uctat�e (NA

DPH:cvtochnronue c oxidoreductase, EC-
1 . 6 . 2 . 3) is believed to funmction in rico as a

componmen-it of f-he hcl)atic microsonual nuixcd-

function-i oxidase n�ystenu (1). This is imidicated

by ti-ic relatively synmclmrotous and equiva-

lent inductionm of both-i NADPH-cvt-ochnonue

� C reductase and mixed-futctionm oxidase ac-

t-ivity folhomm-inmg treatncnit of rats mvith

This resemurelm was smml)ported in-i j)art- l)y Grmmnmts

T-23 ammo! BC-27 fronn the Anmericanm Cancer Society,

Gram-it CA-02817 fronm time Nnutionmul Cmmnucer Inisti-

tute, amid Gram-it (1M-17021 fronu ti-ic Umuited States

Public Health Service.
l Reeil)ienut- of 1-tesemurclu Cancer I )evelopnmenmt

Award GM-K4-19,601 fron time Nat iomunul Inustitut es

of Health.

I)henobarbital (2) . Recent evidenmcc suggests
that- timis enzyrm-ie may also serve as the re-

ductu-ise for cytoci-ironme P-450 (3-5). The

finmdings that (a) approximately time san-ic

amount-s of NADPH-cvtochmronue c reduct-ase

and NADPH-cytocinronue P-430 reductase
activities mvere retained fohlomving steapsin
fneatment of liver nuicrosomes (6) and (b)
unit ibody to NADPH-cytocimronie c rcc!uc-
fuse inimibited w-hvdroxylation of fatty acids

it-i rat liver nuicrosonues (7) also inn!icate

that- t-imis enzyme may serve as P-450 re-
dimctasc in time nnixe(1-fumuctionn oxiolase svs-

f en-i.

It-i order to test this lmypotlmcsis, rabbit

antiserum to rat liven NADPH-cvtocluronue

C reductase mm-as prepaneo! atmd mva.s usco! to
sfuo!-o- its effect- on-i tine drug oXi(lmLses of rat



I

I

I

(i54 GLAZER ET AL.

I

liV(’t nmiet’osoimcs. TI me result s inndicmmte t 1mm-it

( a) NAI )PH-cvtocimroinme C rec!ucfmusc, a-minmo-

pyninnc .V-dcmmmctluvlat ion, nuni!imme lmyolt’oxvla-
tionu, umtl(l hcnmzpvrenmc iny(lroxylati(Inu mmen’c

imnimibited by flue in�-penitmmnu�inmc scttn to

NA I) � C ncdinctmse, (b) NA-

1) 1�H -cvt oclmnommmc c rcductnuse fnom� t h-ic livers

of mmonnmmulrats, mu-smmell mis those trcate(l mmith

ci t I men j )l ne’nnobmu rbit nil on� 3 -imuct I nylcin Oltiti-

timrenic, mmmis cqmmuhlv inimibitcol by anmtirc-
(!Uctnise gl(Ibuhiml, anmol (c) XAI)1�H-cvto-

clmnonu’ P-450 nc(!uctmm-se mm-mu-simninibiteol by

amntircdimctnusc globulin.

mn.-TEnIIALS .-ND mmETnIoDs

_iIal(’uaI.s-. ��nminnol)vnn(’ mvas inmrclmascd

fronm �\Iathm(’sonn, Cohenunmmm, amid Bell, a-mid

bcnizpyrenc from-i-i Aldrich Chcmnicmu! Con-

� [3 4:uH]Betmzp�nene (500 nuCi/mummole)
was obtmuitmcd from Schmm-murz BioI{eseanclm,

Inc. Pinennobmurbital sodium-i-i mm-mis obtainmed

fronum \Ierclm ammo! Company, atmd 3-metimvl-
clnohamnflmremmc mm-mis purchn--iseo! fnonn Calbio-

cinem. Anmiiimne mm-mis olbtaimlcd from Merck,

anol mm-misdistilico! ummclen vacuum before usc.
All otimer cincmmmicals mmenc of rcnugennt grmuole,

ammo! glmuss-distilhec! mvatcr mm-mu-sused.

Lnz�jiiie assays. Male Sprnugue-Damvhey
nmuts (2()0-2.�0 g) mmcrc enm�Iloycd in all cx-

Peninflcmit S. Hepat ic mmicnosoncs mm-crc pn’e-
llmmrc(l mis descnibeol by Om-i-iura et al. (8).
‘I’rypsinm digests mvene undImmed by inmcubaf-
mug hiV(�n nnicnosonues mi 0.1 mm potmussium

hIhn(Isllhmmu-t ( buffer, pH 7.4, imit Fm trypsin (6
tug/lO g of liven, mvet mmeigint ) dissolved mi
1.0 mim HCI fun 20 hr at 4#{176}.

NAI)PH-cvtoclmronue C reo!uctmisc mm-ms

l)urifieo! nupprolxinuately 400-fold from the
mvnisimed nmicnosomes n-mud nissmnyec! nuccording

to time nmmctino(! of Onuumrm numn(! Tmu-kesume (9)

time specific muctivitv (If tine j)unified cnnzynue

mmmu-s24 �nmuoles/mimm/nmg of llnoteinm, and time

llrcilmirmut i(Iti conntmuimuco! nuo NADH-cvfo-
cinrom-ime (� neo!uct n-iso’ on NA I)H-cytochron-ic

l)� rcohinctmmse mictivitv. ‘lime diffencmmce in-i finmal

specific nietivitv betmmccnn time emmzynue jIm�ci)mu-
nmtioni (!cscnibed mu tlmis report ammo! that of

()nmimrni- nuu(! Tnikesue (9) (37 /Lnolcs /nmirn/nng

of IIt’(It(�itm) mm-mis olue to time Ptchlninmution of

cvtolchnronmme 0 cfluploVe(l. Our assay cnmuployed

Imonse imemunt cvtoeinroinime c, mmimcremis ()nnuna

and! Takcsue usco! purified yenust cytoleimnclnue

C (10).

Anuirmolpvn.mrme _V-olenctimylation mind anmi-

lin-ic iiV(lt’oXylati()tn mvere measured by time

nuethmods of Sclnemnknnatm ci al. (11), mind

NADPH-c�-tochn rome P-450 reduct ase by

time prccedure cIf Scimcnnknmmin anud Cimmti (5).

Bcnzpvrcnmc hmydnoxylat ion-i mm-n-is det en-

mined by mu nmoohificatioum of ti-ic mctlmoo! of

Silvcrnunmnm nit-id Tmulahmw (12). Time a-ssmuv nilx-
tune comntmiliico! 0.4 m�n NADP, S nvmn iso-

citrate, 13 � (If isolcitrmute deimycirogenmuse

(Sigma tyPe IV, 7.3 ,amuolcs/nuin/mg of
proteimm), 10 niCi (If �3 ,4-H�benzpvrenme, :-��o
/.LM bcnzjlyremie, mini! 20 mu j)oltassiun I)imOS-

Pimate buffer, l-IH 7.4. Time nilxturc mmas iticu-
bmtcd for 10 ninm to) generate niaxinmmil

NADI�H, ama! time nussmuy timcn mmas ituitia-ted

by time mliiditiotm (If IflicrOsomes (0.4 mg of

protcitu) mm 50 nmm II(ltnissiun pimolspimate

buffer, pH 7.4, mm mu fimial volume of 1.0 n-il.
Time rcnumilnc!cn (If t im(’ mssmiv mm-n-iscarried out

as pncm�ioIusly described (12).
Profcinn mvas c!eterr-iminmcd! by ti-ic nnctio! of

Lomvrv ci al.(13).

I�iepa iat lOll of a a I iseiuin . A n�ialc ahbi nmo

rabbit mvas imnmunmized againmst 400-fold

purified XAI)PH-cytochmrome e reductmse.
Time anmimal received onme simbcmntaneous

inmjeetionm of 2 mug of enmzyme nliXe(1 mvit-h

Freunmd’s conml)lef e adj uva-rmf (Calbiochen).

Three mmeeks miftcn ti-ic initimul inmjectionm, an

iimtramusculnun injectionu of 1 mug of time

emnzvme mvnis given-i in 0.9 #{182}�NaCI amid re-

peateol tmmicc more mi-f mmeekhy iimtenvnils. One
uveek after time finmal inmjccfion, blodld mmas

obfmiimcd fron time ntnminal by cani!imic Ilunc-
tune. Blood mvas similarly collected from
nnonminmnnrnize(! rabbits to serve as n-i cdlntroi

it-i time etmzvmatic mssnm-vs. Serum mvmus oh-
tn-i-it-icc! by cemutnifuga-tion of time cloltteo!
bloiod. Ti-ic y-globuhimm fraction of the serunm

mmnus pmintimuhl� purified by lireciPitatiolni nit

33 (�; satunatiomm uvith amnonmiun sithfate,

fohlomved by dimnlysis (14).

Ouciut erlonmy pit-i-f cs mvene 1)urcim used from
Hvianmd Labonmutonies for deternuinationm of

time (loublc-oliflusi(Iti patterms (If time p’c-

cil)itinm ncn-ietionns.

_4 (ii?? lii is/la-lu) ii oJ (/�U(/5. Pheimobmurbit al

sodium mvmis (lissolved mi 0.9 % XaCl n-it-id

innjectcol mit mi (1(150’ (If 100 ng -‘kg on-ice dm-ilv
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for 3 days. )detlm\-lcimolanmtimnenw mm-n-is ad-

nuinmistercd in comm oil ()dazola) n-it mulevel of
20 mumg/kg once dmuilv for 3 dmnys.

RESULTS

Time results of titratiomu mvithn rabbit minti-

serunu of ti�ie activities of microsolrnmu-1-boitIK!

amid 400-fold purified NADPH-cytocinnon-i-ie
C reductase n-inc pn’esenmted im Tmblc 1 . Both

erizvnmme l)rcpnmmnut lotis mm-crc numirkedly i mm-

hnibitec! by tine imypeninmnumnne sen-inn-i ; time

I)urificd cnnzyn-ie mvas affected to) a greater
extcnmt ti-in-in-imm-n-isti-ic nmenthrminme-bounmo! l)repm-
ration fronu untreated rnits. This pimemmomcton

occurred despite ti-ic piesenice of appn(IXi-

nmmutehv 40 times less enzvnmc proteinu mm time
assay mnixfure for t inc nmicnosornal enmzynme.

Time diffenenuce mm semmsitivifv to munmtiserunm

nmmiv be f-i-ic result of either (n-i) mmnuolmmspecifnc
inmtcractionu betmm-een anmtibody and imomi-

ennzvmuumtic coml)oncnmts of tIme nmenubranme on
(b) n-it-i impure mintibody maying reactivity

mvithm nuore thami onc c(Inpolmctut (If time nuicro-

sonnes. It appemuns fhnt tine latter explmitmnit ion

is time less likely, sinmce time cnzymuue IlrePmuna-

‘i�.�nuLE 1

EJTeu/ (If VA D1�H-e//to(-h roiiu e ,- re(l�L(-ta.�e (1 0 ti5(rul?fl

on n,emhrane-bound (in(l purific(I

.VA DPH-(iJtO(h ro,,� e c reduu-ta.�-e

ilesults represenit the averages of (lumplicate

(letern-iinimut ions.

NAI)PH -cytochrornc c reductase’
Antiserum --� --- � --- -- � - - �- --- �-- -

Microsornal ((� ) Purified (�

I_il ;,,,iu’les �uiin � protein

52.7 (10#{128}H 23,600 (100

10 -10.1 (76) 14,3X (60

25 29. 2 (55 ) S , 270 (35

50 20 . 8 (39 ) 4 , 230 ( 18
1(X) 10.6 (20) 1,475 (6

iOn)’ 23 . SIX) ( 101

: The (onicemut rationu of nmicroson,ul proteinn in

the assay t-n-iixt utre wmus 0.132 nmg/mmil ; tiumut of

purified emizyne, 0.005 nmg n-il ; tumid thmt of anut i-

serum, 4 nmg/mmul of assay mixtunre.

u) .-\olsorbed antiserum was prepared 1)V inucui)a-

tioni of muntiserum with mini equal volimme of micro-

sonmes (0.2 mg (If protein per nulliliten) for 15 mimimu

at 25�, followed by cenmt rifugmut ionu at 100,()0() X g

for 3() main. Time renaimiinug supermumittunt fluid was

I hemu a(Ided t o t he :usstuv of t lie I)urifie(1 CE zvnne.

tionn efliplOVe(l jx)ssesseol mu iniglm specific mic-

tivitv n-in-id appnuncnntlv mm-mis niot a nuuixcd

m-nmtigcn, inn tinat it gave essenmtimillv (lIme nmajor

prccipitin-i bolnmol 1lIIoIti rcmucti(Imn mm-itIn imyper-
innmumue senimmum (Fig. 1). Ioleniticmil qumunmtities
of nm(Ilnual rabbit senummrm munm(! mnicnosome-

nuolsolrbeo! mit-it iserum , cnmplovc(1 as colnut nols,

mvenc mVithn(IImt effect omm time micfivitv of

NAI)PH-cvtocinronmmc e rc(Iuet muse.

Fvi(Ierice for time role (If XAI)PH-cvto-

clmrormme e. m’cdunctmuse il-i (mug oxidnition is

1)t�t�5etmte(! in Tmuble 2. Both mumimnopv nine
.V-denmetlmvlmutiomn numcl ammilinne lnvdrolxvlmdion

by nmicnosonmnul pre�munnutionns fronu livers of
rats treated mm-itim pinemmobmunbitmul mmerc itt-

Imibited by tine munntiscrummm to NAI)PH-
cvtoclnrome e ncductnisc. Time extent of

inimibitiomm of cmnzvnmmutic nuctivitv mm-mis a

fumictiotn (If the eonmccnmtnmutionm of jinoteimn
thins mudditionn (If larger ninumounmts of nimicro-

sOnmU’5 fromu bmunbit minute-f lemut cot numminmuls

Ft;. 1 . Oueluterloiu�� doubIt_uIiJT,i.�-ion patterns

of rat l,uer .\�.-1 J)PH-c,,tor/uro,,,e u- re(i�utase

‘Fine plate wmus developed fon- 12 hr mit 25#{176}anmd

nhemn for 2 (layS at 4#{176}.\%‘ell a. pumrifled enuzym�e (2.4

ng of l)�)tein-i � mi-iillil iter ; SPPific mict ivity, 24

numnoles mmiinm rmg of l)rot (�i mu) ; u�ell b, t rv��si mu-
digested ext rmu(t of mmmicrosomnes fronmu unit remute(I

anmi mnals (27 nug of pm t ci mu per muill il i Icr ; specific

tue I ivitv , 63 mn�mmmoles, mini ni nmg if pnot einu ) ; mm-eli e

t n-ypsinm-digest ed ext rmuct of nuicrosomines froma

l)iienuobarl)it al -t remit ed am-iui-i-mt-uls (49 mng of prot cmi

P#{176}��nuilliliter ; ullecific act ivitv, 130 nmmMnioles-nmmimi
nng of proteimm) ; m�-ell �l, miormnal rmul)l)it -� -gloilulinu

( 10 tug of proteinm lien n�illilitei) fromim uinutn.emutet

aninmmuls ; svell e, 0.9�; Na(1 � m�ell .f. rmuhhi t mmnmti

re(Iuc t mtS(’ ‘, -glu )1)uml mu I I 2 nag ( if P� t (� mu l)C� mill

1 iter) -



Timun�E 2

Effect of .VADPH-u!/toehrome c reduetase antiserum on mierosomal drug-�netabo1izing

enzqn,es (1 � (I _VA DH-e!Jtoch rome c re(lu(-tase

Hesults tire ti-ic neanus ± stmmmmdard errors of deterninmations onu three rats. Nornmal serum or anti-

serum (0.1 nl) was mncubmuted for 5 ninm at 25#{176}with 0.1 n-il of mierosomal suspenusionu before addition of

the mussay mixture. The proteimu conucentrationi of normtul serum or mmnutiserum in the missay was 4 mg/mI.

, Microsonial -
Inzvrne . )�ormal serum Antiserum

. llrotemn

�ng assay fl??Z(’lCS ?�lifl -uuig ,,zicroso,,zal protein

Anuinmopyrinme dennethylase’ 0.2 24.4 ± 2.0 0

0.8 25.7 ± 3.0 16.0 ± 2.1

Amuilinne hydroxymase 0.2 3.69 ± 0.30 0

0.8 4.13 ± 0.58 1.91 ± 0.16

Beimzpvremme hydroxvlaseh 0.2 3.78 ± 0.21 0

NAI)H-evtochron-i-ie C reductase 0.025 1260 ± 35 1150 ± 30
NAI)H-cytochrome b� re(!uetasec 0.025 76 ± 5 70 ± 3

a Hats were treated omuce daily wit-lu 100 nmg--kg of pimenoi)arbit-al fom 3 conuseeut-ive days. Activity is

expreSse(l mis nmaiioflm(Iles of formnuldehyde prodinced per nmimmute per milligrann of proteinu for murmumnuopyrmne

den-id hylmuse, mumudas muaruornoles of p-anunuophenuol produced per minute per nmmilligram of proteinu for

anilinme hydroxylase.
6 Hats were treated on-ice daily with 20 mg kg of 3-meihylcholamithrene for 3 coniseeutivc olin-s.

C Unntreated rmits.
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resulted in-i a lesser degree (If inmhibitiomu by

time imypenimnuune serum . Bcnnzpyncmme iy�
droxvlmif hlti by liver nuicrosonmes Pn’cI)aredl

fron 3-met imylcimolam-itinrem-ie-t nem-ited! amuimais

was also markedly deeremused by time hnvper-

inuntunne serunm. Time emmzvnue activities

(Table 2), assayed after tneatmenmt with

cit her phuemiobmurbit n-il or 3-ncthvhcinOlan-
timnenme, mm-crc about 4 tinucs Inighmer tint-in-i tinosc

of microsonunes from unmtreateo! rats. Of pmu,.-

ticuim-ir inmportammce mm-n-istime muck of effect of

i-ivpenimnitnie serum t o XAI)PH-cyt o-

cimnonme e neductase Ott mmuierolsonnmil XAI)H-

cvtochnronic e reduet muse anm(! NAI)H-cvto-

chron-ic 1)5 rcductnusc, a fimm(liulg ind!icmutive of

time SllecihcitV of tine munttibodv preptu’mut ion.

1mm muter exjienim�emnt 5 ni l)an�t imil!y pitnifico!

(m-upproxinuntelv lO-folol) -y-globuhini frmuction

prepared frommm time lnypeniimmmitmmc senumim to

NAI)PH-cytocinronue C rcdttctnusc mvmis cnn-
j)hOye(1 . Ouch mtct’lony (!olltble-ohiffusion pnut -

tenns of time immteractionn bctmmccmm nuntibodv

uumm(! various emmzvnmc preparniti�Ins (h�ig. 1)
imidicatc! finn-it time precipifimi ncaetiolmn mm-mis

relatively SII(’eifiC for XA1)PH �c\-toeinn’ome

(. rcductmtse. A nmmmijon pneCijlititi bnunmo! mimic! a

nuitmol react 1(111 eonmmllonucrmt mmcrc obt miitmcd
with both f-inc lIimt�c mitmol enuolc cmnzvncs,

mmhile no numitigen-ntnitibody rcaetionm mm-n-is

(letected mmith -)‘-glo)bulinm fronu a mmomninmm-

munmizcd mun-iinual . H omm-cver, t imc purified

emmzynue nigratcc! elect nopimoreticmuhhy mis a

Imomogenteous prof cit-i oti J)olyacrylami(le gel
(9) mind mva.s at least n-is pure mis preparations
of NADPH-cvfochromuuc c rcducta.se reported

previously (10, 15, 16). Tints, it is unnlikely

timat ti-ic enzvnme mvmmsriot mu-relatively i�ire
titutigent ; the tuition precipitinm lit-ic thmu-t ap-

I)eanedl (Iti cloiiblc-difftisiott mu-nahvsis immight
mm-eli hmwe been due to dissociatiomm of tic

cnmzvnc to yield n-i smnbutmit mm-helm nuilgrm-itcd

fmu-ster t imminmt Inc inolocmnzvnc. Evidenmce finnu-t

NADPH--cvtochrome C rcductasc is cotum-

posed of subummits hunts beet-i reported by
Ichikamm-a and Vnirnnu-nmo (17).

As �)teVioUs1y simomvmm mmitln Inypcninummmutme

senitnm, t i-ic anmtineduct use globulitm inimibit ed

nmicrosomnul NAI)PH-cyt olcimnorne c rco!uc-

f-misc (If monnmul liven (Fig. 2) , mvhile y-giobuhin

fronm a nmolmninnmunnizcd rabbit hao! imo effect.

1mm adc!ition, enzyme pncpn-immu-tion-is fronm time

liver nunicrosomes of rn-its tnemutc(1 mmithm hlimctmo-

barbit n-il ammo! mm-itl 3-mmet I mvlcluoiamt i icume

mmenc miffecfcol to) n-i sinmillar degree. It sinoluld

be rioted thin-it 3-nctimvlcimolannflmnetmc did nmot

induce XADPH�-cvtocl nronuc c rcdinct muse,

causinmg intstead m slight rcciuction in-i specific
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FIG. 2. Effect of anti-.\ADPH-cytochrome e

re(l,,(ta.se glob olin on flu ieroso,,,al �VA DPH-cyto -

chronue c reductase (1(tinities from normal, pheno-

barbital-treated, an il 3-met/u ylchoianth rene -lreate(I

rats
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Experimiuemnt-al eoniolitionus were 1 he sanme as

described in-i Table 1. The eonucentrmutiomi of mumiero-

scim�mul protein wnus 0.08 mg mu a total volunme of 1.0

mi-il, iunmd that of antireduuctase globulin was 12 nmg
of proteinu per milliliter. 0, un-treated rats; #{149},

phenioi)mirbit-al -treat ed rats ; 0 , 3-nmethyleimolmunu-

threnue-treated rats. The specific activities of

NAI )P1I-cyt-ochrone c reduettuse were : out reated

rtuts, 42.0; llhenoilmirhital-treated rats, 84.2; 3-

net imvlcimlmunt-hrenie -t reated rats , 33 .3 nmumoles-’

nminm nmg of proteinu. Emicli poim-it is the neamm of

duplicmute determinututiomis onu each of two rats.

activity. A similar effect imas been-i noted by

Glaunanim (18).

Tine activity of NADPH-cvtocimnome

P-450 reductase of microsomal prepanationms

from pi-ienobarbitmul-tncatcd rats mm-ms mulso
inililbited by time globulin fraction-i from

iuypcnin-imunc serum to NADPH-cyto-

elmrolnue ( reductase (F’ig. 3). The activity of
NADPH-cytochrone P-450 reducf ase mm-as
immhibited to approximately f-i-ic same extent

as tile nct-abolisnm of mimninopyrine an-id aniline

(Table 2), but- onmly one-half as mucim as
NA1)PH-cvtocimronuc c reducf asc, at equiva-

FmG. 3. Effect of (lnti-.\ADPH-(-ytoehromc c

reduetase globulin Ofl P-450 rerluctase

�ilicruusones were inicubated with cit her globulimu

or amutireductase globulini for 5 mrmimmmit 37#{176}before

additionm of 0.1 M l)�taS5iutnm llhoSPhate buffer, p11
7.5, to a fimual volunme of 2.5 nil. Assays conmtaincd

a tot nil of 0.8 mg of microsormnul proteimi. The re-

aetionus were irmitiated by the rmupid midditiomu of

20 ,d ��uf NAI)PH (fimual conicemut-rationi, 0.36 nutmn),

tumid redumction was nmeasure(I by the inucrease

it-i absorbanice between 450 anmd 475 ninm as de-

scrihed previously (5). Emuch value is the result

(,f determimi nmat ionis unsinug I he nmierosomnmml fraction,

pooled fronm two rats treated onmce daily wit-h 100

mg-kg of Piuenobarbital for :� eon-isecmitive dmys.

len-it min�ioumtts of ninntiboc!v mmmd microsonmil

1)rotcitl.

DISCUSSION

Previoius studies by Kuniymummuni ci al. (10)

have shmommtm ti-in-it ti-ic nmornnnil amid phcnmo-

barbit nul-induceci NADPH-cvtoci-iron-ic c ne-

ductn-ise enzymes arc inumunnologicahhy ideniti-

en-il in-i them reactivity mmitim anitibody i)��e-

parec! to) normmd cytociunolme c rcductasc.
This linus been-i confimnued by our cxperinmcnmts.
Lu ci al. (19) lmave also reported ti-in-it time

ability (If NADPH-cvtoclmromnc c rcductase

to fummction mm the over-all Imydroxvhmitioii of

fatty acids in a partially purified, solubihized

svstemmm mm-as related to its ability to reduce

cytocimron-ie P-450. Ti-ic clatnm rcpontcol in

tlmis Ilnuhler support tic com-iccpt tinat

NA l)PH-cvtocinronuc e re(!ucf use h n-is a
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conumon-i role it aninuo)pvnimme N-denmethmyla-

fion , anmilimme hvolroixvlat ionm , mmol benmzpvrene

invoiroxylatiorn. Inmimibitioni of XADPH-

cvtocimnome P-450 reduct ase act ivitv by
I mvl)eninmn�nnme sen-itt-i-i t 01 XAI)1 �H-cvto-
cimnome c reductase also implies that ti-ic

latter enzyme serves to transfer electron-is to
cvtochrome P-450 itt fle microsomal mixed-

futmction-i oxidase system. These effects mvere

indcpendent- of ti-ic fy�)c of inducing agent

employed (i.e. , l)hmetobarbital or methyl-

cimolant-hrcnc), at-id ti-ic inmduced enzyme

activities mm-crc coiuahlv sensitive to inThibif ion
by aimtincductase serum. Tluesc fit�idings

suggest that NADPH-cytochromc c reduc-
tasc enzymes of both-i normal at-id barbitu-
mit c- at-id imvdrocarbon-induccd microsomes

are an-itigenically identical. Time lesser

sensitivity to the antibody of XADPH-

cvtoclmromc P-450 rcducf-asc from phenmo-

barbital-treated rats as compared to

NADPH-cytochromc C reducfasc is nmot

enfirciy uniexpected mm-lien-i on-ic considers that

ti-ic assay of the forn-ier cnmzyme activity
relics on endogenmous cytochromc P-450

mmhulc tine latter activity utilizes an exogenous

supply of cytochromc c. Close proximity

bct-mmecnm cytocimrornc P-450 an-ic! time reductasc
mmould be expected to lessen tine opportunity
for fl-ic minmfibody to interfere mvith ti-ic inter-
action-i betmvecn substrntc an-id enzyme. In

time case of XADPH-c\-tochronc c reductase,

flue ninmtigen-a-nt ibody react ion conceivably

1)rcvents by stcric iminmc!rmtmcc f-he bincliimg of
time relatively large cytochromc c m(Ilcculc

to time active site of the cnzyne, tlmerchy

pnoducinmg relatively greaten inimibifioim.

In vicmv (If f-he results, it is further Imy-

Pot-hcsized tlmat- f-I-ic differci-ices in inductioln
befmmeen methi\-lclmohanfimrcnme- and barbitu-

mute-induced enmz�-me muetivitv mire prcdomi-

nmaimtly ti-ic result of mtnm alterationm of time

cvfochromc P-450 imenoproteinm (20-23) and

mine not due to aiiv o1ualitmtivc chanmge mm the

structure of NADPH-cvtocl-inonue c reduc-

tase. Hommevcr, tic possibility still remains

ti-in-if n-it-i altered b-itt amitigeniea-lly similar

form of ti-ic reductase is formed follomming

ac!mi fist rat-ion of t h-ic uiiffenent inc!uciimg

agents. Addif-ionmmil inunuunmochicnical studies

of Iflutified NADPH-cvtoehromc e reductase

from l)hmctmobnil’bit n-il- anm(l n-ict imvlcholamm-

threnic-treated aninmmm-ls mam- clarify t-imis I

nint ter.
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