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Interaction of Cytochrome P-450 with Antibodies Raised against a

Solubilized P.450 Preparation from Hepatic Microsomes
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SUMMA mfl

Soluble eyt-o)cimromne P-450 I)tcl)aro’c! frolnm nmicr(IsomuTles (If nmut liver (It from livers of chick

cmbnv(Is mm-n-is slmommim to he cmupablc of eliciting tin inrnuriologicmul response in rmubbits. line

-y-glohuhin fraction froni scra of inumumiizo’ol rmihi)its nem-ucted mm-itin solui)le P-450 of time snunume

species. Prceij)itat-itig react iOnS mmere oIi)t muneo! mmhen mumt ibody and mum-itigetu mmere immeuhat cc! imu

ti-ic fluid ilimaso, n-is mm-eli mis by mugmur diffusiomi t ccimnmiques. IAmuek of cross-nenuel imit y bet mmeeiu

sl)ecicS mm-n-isdcmonstrmtcd m’cimenmnuntihodv to rmut cytoclmronw l�-450 mm-mis mullommed to nemuct mmithm

soluhlc P-450 from chick embryo livers ammo! mmimetm nunutihodv to cluck cytoleimr(Inme P-450 mm-mis

nillomvcd to react mvitim soluble P-450 fnon rat liven. The PreciPit nut c olhtniinmeol Uj)Oti nemuetionu of

antibody n-it-id mintigeni froni ti-ic snunic species shomm-ed mu t �-picnui (‘0 (liffcrcmmee spect n�unm mm-itIn

an absorption nmmixinntm n-it 450 nm mmd mutype II diffcnemice spectrum mmitim munilimue. Homvever,

no type I difference sh)ectt’Imm could he oi)tnune(! after t inc nuc!oliti(Im of sodiunin imex(Ii)mur-

bital to f-I-ic munmtibody-mim-it-igcnm eonmplcx, simggest immg t immut t he himmdimng sit e of I lie inmmnmmnmmcConm-

plex may I)P n-it or nicar the type I hinclim-ig site.

INTR0I)UCTnox

(1vtocImrome P-450 i-ins been-i found in nuam
( 1), aninunuis (2-5), yeast, (6), and hmicten’ia

(7, 8). The cytoclmn’onie in-i these species is

characterized by its emunl)on monmoxidc-imcnmo-

protcim complex, mmimich hun-is n-in-i mubsorption

mnximum n-it 450 turn. 1mm manmmnuhinumm liver,
this cvtocimromc is time ternminal oXi(lnise mu
time ‘ ‘mLxcd-funictioni” oxidationm of drugs,

enurcinolgens (9, 10), st(’roidls (1 1), mimd fnutty
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neids (1 2, 13) . ‘Fho’nc nile umuexplmunneol dii-

femences munnolmmg vminioums mulminTumui s�)cCi(�5 flu

hepmut K nmicrols(Inmd o!nimg mnet nuholisnm munud

it-u tine (lltrnutiott of olntmg miclionm (10). Sucim

Sj)ecio5 vmunimut10mm c(IU1OI! he ohme nut least I)ani iy

t 0) ( iimmulit nit im�’ differemnces inn time iH’fli(Ii)n’O-

t(’iti P-450 (It to (!ifi(’Ielme(’5 inn 1-inc imut (-

linit mug c(Iflllotm(’iltS (If t in(’ oxidmise systemum.

‘fine use (If inmnuummomussmuv nno’tiiods tO) 111-

mestigmut(’ thuis e�\-tocinn)n�o muppemirs to mob!

50flie �)r(Inmise in-i clmnifyimug time bmusis for

t hm(’5(� sl)ecies o!iffenenmces. Inn nudditiomn, such

nmetiuods mifford time possiI)ilit y (�f s(’h(�ct im’e
cnmzvnnut ic 1)lOckmde of imepmut ic o!rug mme-

tmbolisn, mmimicim could be quite intfon’nmnitive

fronu t lie exl)(’nimdnt nil lloitmt of viemm. Pre-

m-ious mmolrkers imave l)re1)an�o’o1 nunmtisera mmimichi

react mmithm purified nina! solitbilized IIn��hI-

nu-tmitiotis (If cvt(Icinr(Ine j�-i , NA l)H-cv-
tochronmc 1)� reductmusc (14), ammo! NAI)PH-

c\-t-(Ich no nie C tedUct �u5( ‘ ( 1 5 ) fr nm nat- liven.
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\\‘e limuve described (16) mu l)roCc(lttt’� for time

hlmunt in-il plnnifiem-itiolm-i nm(1 soluhilizmition of
eytcleim ronme P-450 from cimiek cml)rvo liven

nuicrols(Inuo’s, usinmg j11��t(�ni5(� \I1 for solu-
bihiznition (If cvtocimromine 1)� mmnmol NAI)PH-

on-t.(Ichuronlue C recluct muse tumid Ltnl)rol \�V)( for

s(IlUbiiiZmltioIli of cvtolcinnoImne P-450. In time

linunul s(Iluhilizcd P-450 pte�Iarat i(itm, cyt-o-

cinnonmo’ /): mm-n-isnibsetut mmmd muuininmnul amounts

of NAI)H- mimal NAI)PH - evtocimronm c

1e(!Uctnises numb! cvtocimr(Imue l-�-420 mmere j)nes-

(‘lit.

‘Fine IIIe5ent PehR)1t o!esciihes mimi munmalysis

(II t lie temicti(ItiS gimemm by mimutisernu nmuseol

nugiiiist- Pmunfimill� punifico! munch sohtbilized

CVt olcinromne P-450 jlmepminmit-iomis o)btmuined

from-i-i time ci-iick n-mud tine rmut . 1isimmg these mu-

IDunie senmi , innninniologicnul oliffereimcc’s he-

I mmeenm t Inc sol uble jIn��jImut�mi t 1( )Ii5 (If cyto-

chmnone P-4,50 fnonn nm-it nmmd cimick enmbrvo

livers linime i)eenn o!enonust imit e(!, ntino! t he

5jI(’(t rmul cinmurmict enist ics of t hue Ilrecil)it ate.
oi)1-muimmed Ilj)Oti metuet ionm of t lie mmiii isera mmit ii

t lie 5(Ihl.tl)iiize(l P-450 jlt(’j)nitnut iotis iiamc beemm

st U(!ied.

mi i lERIALS A NI) mm

Pieparal to/i of soIul)iiize(i P�45() #{149}fiaeiion

fran, I,n’eis of /1/ic 0 obarl) ital-i,eateel ,als. In-i-

mnuture nunule Lonng-Em’nuiis rmuts (70-75 g)

mmene fed mu connnucrcinul diet timid mmmiter n-id

iii)itum-i-i. Sooliimm h)hmemi(Ibminl)it mu!mm OS) #{182}�Na(1l

soliuti(In mmnus imn�ecteo! itmttni�)enitotemilly n-it mu-

dose (If 37.5 nmmg �kg tmmice n-ic!nuy for 4 dnys.

Ho’pnut ic mnien’osolnes \mere I)r(’I)nured , mmmd time

tTiicnOsOnflnll pellet 5 mmene layete(! mmiti 0. 1 M

K�HPO1�KH-PO, iittffer, pH 7.0, mmmcl storo’cl

at -20#{176} unmtil ussi.

.\lierosonmnul cvtocimrone P-450 mmns jlnur-

tin-ully Pttnifie(i mimt(I solubiiizeo! by the flmctbmoldl

olescnibed i)nem’ious1� (16) for chick enml)rvo

liver mnicros(Imes. Ti�� fimumul P-450 ilrehlmirm-
tion mm-misohssolmeoi in-i 0.1 mm Na2HPO,-NnuH2 -

l�)� bumifer, iH 7.0, eommtainiimmg 25 � glycerol,

mmmd stored at - 20#{176}unmtil used. This prepa-

rnution linus beenm tennuec! ‘‘soluble P-450,’’

since mmoI I)0’li(t mm-n-is obtaimmeol anuol tliI cvt-o-

chronmie P-450 mm-mis 1(1st, as oletermnimeol spec-

t rmu-ily, muft em cenil nifugnutiom of t hue I)n’(’i)ara-

ti(Iui for 120 n#{252}minut 105,000 X q in-i 0.1 mn

soc!iunn h)hi(I51)himite btiffo’t, pill 7.0, conitmnimmirg

S � ;- glycel(Ii. ‘Fine specific gram-it �v of 5 -�

glycerol in 0. 1 �n sodium phosphate buffer,

oletcrmino’d mmith a l-iydronucter, mva.s found

to he equal to 1.03 nut 4#{176}.

Soluble cvtoch no) me P-450 fract ion-is mvcrc

also PrcPnined fron nTIicnosomes of liven-s of

cimick embryos trenitcd mmithm nullylisopnopyl�

m-icetanmidc on 1 7a-hvdroxv- 1 1 -ketopregnanm-

olonme. AIA� or time steroid (1.5 % solution,
mm--v), dissolved in j)rop�len-ie glvcol mi a

m’ollnnR’ (If 0.2 n-ti, mmmis innjected inilo time yolk

smics of 1 7- 1 9-dav-oIld chick embryos through

a snmmmuhlhole drilled il-ito) time blunt en-id of ti-ic

eggs, mmhmichm themi mmere inrntbated at- 37#{176}for
24 inn.

mi these � � )luI)ihzed fnaetions, nicitlucn cyto-

chromes P-450 mit-id b� nor liemoglobiti could

1)0’ detected by spect-noscopic metlmods. Less

t imnumu5 (:; cont-nunum)nti(In mmithm NAIDPH- n-it-id

NADH-c�-tocimronie C ro’c!ttetasc mm-n-is fotnmd.

fin Hi U/I OiO(/ ica-l SIU(l les. Pairs of adult mmhii t e

l’ai)bits mm(’ne innnunmiz(o! mm-itin soluble cytol-

chronue P-450 pt�(’l)mit(’Ol front. liven’ micro-

5(Iflie5 of PB-tremu-t-eol rmuts on’ from liven micro-

5(11110’s from AlA-i neat cd cimick embryos.

Soluble P-450 (specific commtent-, 2.65 nnmolcs ‘

ng of l)rotein-i), comtnninming 10 ng of iinotcinm

1�Icn’ tnihiilit �‘n’ of 0. 1 mi sodium phosPimate
huffer-25 % glycerol, mvas emulsified mmith n-in

(‘0 iunii volume (If F1reitnmo! ‘s complete adj uvant
( I)ifco) . Subcutammcous injectionms mvcnc per-

formed emerv 2 mmeeks fon’ 3 m(Inmti-is, n-i-mid

blood mm-mis t-akcnm 10 days after tine last imi-

jectiolnm. ‘Flue -y-globulin fnnuctioni of time ninmti-
sei’mi mmmis(Ii)tnuned hv tmmo lIneeipitationms froni

hmulf-smit itrmutec! mmninmiinnunni sulfate i-it-id di-

alyzed again-ist 0.9 (�;;� XaCi in 0.01 ii sodium
j)iospiumte buffer, pH 7.0, for 24 hr. Conmtrol

-y-giobulini fnmctionms mmen’e PrcI)ancd in a

similar mnummmmer from untreated rabbits. The

-y-gbobuiinm fractions mv-i’re suspenmded in 0.9 %

Xmi(1l in-i 0.01 mi sodiumum phosphate buffer,

pH 7.0. ( )ueintcnlonv double-diffusion analy-

sis (17) mvas I)enforneol n-it room temperature

for 24 i-itS in 0.005 � NmuX am-id 0.6 � Aganose

dissolved inn 0.05 ii KHtP�)i-NamHPOm buf-

fer, pH 7.2.

Time reaction I)et mm(’elm tine mmitii)o)dlv fna-c-

tions of time ant-isernu amid soluble cyt-o-

chron(’ P-450 mm-n-is studied in-i the follomving

nanmnien. Soluble P-450 fract iotis, mmhucni used

4 The abbreviations used are: AlA, allyliso-

Prol)Ylmicetan-iide ; PB, 1)hemiobmirbit al.
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as antigens, mvere PrePared from lim�-’rs of

AlA-treated chick embryos, 1 7a-hmydnoxy-

1 1 -ketopnegnanolonme-t remt ed cimick em-
bnyos, PB-treated rats, n-in-id umtreat ed mt-s.

immunoglobuhimis isolated from rabbit anti-

scra atmd used mis anmtihodv frn-ictions mm-crc

anti-AIA-t rem-it-ed cimick embryo P-450 n-it-ic!

anti-PB-trenuted rat P-450. To study pre-

eipit-ationm reactionms 1)(’tmm(’cnm amtihody frac-

tions miimol soluble cvtochnome P-450, 1.0 ml
of time solubilizccl P-450 I)rel)nirnitiotm (proteini

concentrm-itionm, 0.5-0.8 nmg/ml, unless othmer-

imise specified) mm-n-is mixed mm-itli 1 .0 n-il (If

anmtibodv frnct-ionm cont aininmg vntnious

amounmts (If protein. As n-i control, 1.0 ml of

f-i-ic -y-globulimi fnnuct ion (prot einm conneent n.a-

fion, 35-40 mg/n-il) from nmo)numnnlnizeo! m.muh-
bits mm-n-is used. Time anitiboclv amid munmtigcn-i
solmitionms mm-crc mixo’d amd inctthnited mit 36#{176}
for 60 n-mimi at-id stored om-ernmight nut 4#{176}.The
solutions mm-crc t.hen centrifuged im n-i Spimuco

model Ij ultrmcenmtnifuge at 54,000 X q for

30 mimi, using a type 50 rotor. Time top,

turbid layer mvnus carefully removed mvithm a
pipette mmd discarded, nunc! the rennaimiimg

supennunutant fluid mmmis collected mund snuveo!.

The precipitates mmere suspended in-i 1 .5-2.0

ml of 0.1 �t Na2HPO1-XaH2P() buffer, pH

P 7.0, colnf-ain-iin-ig 25 % glycerol. No precij)itates
mm’crc formed mvimcn y-globuhin fnmictionms from

unt-renutcd rabbits mm-crc added to emucim of ti-ic

antigen prcparat-ionis.

_.4nalytical iimei/n ols. Cyt-ocimronmc P-450 mmmd

P-420 contents mvcnc determined by f-inc

met-hod of Omurm an-id Sato (is), using

extinction coefficients of 91 mmn’ cm’ be-
tmvccn 450 n-in-id 490 nm for c�tochmrome P-450
it-i tIme starting mmcnosdlmah fnnctiolmi (15),

55 m�n’ cm’ bet mvccn 450 anmc! 490 mmn for

soluble cvtochromc P-430 (19), ammo! 111

mM-’ cm1 het-mveen 420 mmmd 490 nm for

cytocimnome P-420 (15). For the c!eterminmu-

I tioni of cytocimnome b , thm(’ NADH reduced

minus oxidized diffenetmee spectrum mmas

measured bct-mmeen 424 anmd 409 mitn, n-in-id f-h-ic
henuoprotein conitent mm-n-is determinied using

an ext-iniet-ioni coefficient of 185 mit’ cm’

(18). Pn’otein ivas dctcrminmed by f-i-ic met-hod

of Lommrv ci al. (20), using bovinme so’num

ahbttmimm n-is a standard. NADPH- n-it-id

XADH-cvtochnomc c reduetmise activities

mmere cst iniated by nieasunimig t ii e rn-it e (If

reduction of cvtocimmonme e mis described

previously (16).
Time sodium imoxobminilitnul- amid ammilimme-

indinced differemice spect mu of cytolehmrolme

P-450 it-i the sohui)ilizt’(! IIIellalnut-iOtm muuol itt

time pt’eCipitnut(’ (Ihtmuimll’(1 tufter remiet ionm be-

t-\me(’mi antigen (PB mit P-450 j)n(’j)nu�mutioImu)

an�1 anmtibodv (munti-PB rn-it P-450) mm-crc
determinmed nut n’ouolm tenmj)ermitur(’, using atm

An-iinnco-C’lmminice (!umul-mvmuveho’nmgth, split -hemini

spo’ctnophotolnio’to’r itt tine split -i)enin niolole,

n-is described pro’mi�umsl� (16).

�Fhc finmnil c(Inmeettt mu ioti of soc!iun hexo-

hnumhital (In nim#{252}linmein-i tue sanipie cum-et-te mmas

4 mit. Timis conicemut rat iomm mm-n-isconisidereol t(I

1)e smut uratimg, sim-ice it mm-n-is nut least 10 times

t Inc 1<8 (spect rnul i)inolumg CoIlist nun-it ) vmiiines

rellolrto’dl j)revioU5i�’ by Scimenukniminm ci a-I. (21
for iiexohmirhitmul n-in-ic! mnmibimne.

REsUm;ns

Preparation (If solubilizeel (//IOC/l-rOfll(’ J�’_�)()

�f1�0?)1 lii’eis of -rats i1ea-t(’(I Will, PB. Rmut s were
tremuteci mmitim PB at nu (1(150 of 37.5 nmg/kg

twice n-i dnuv for 4 dmivs. l’igure 1 scimcmnitizcs

the j)n’ocedttn’e for oiltnuimmimg time sohthilizo’ol

cvtoeiuronm-ie P-450 prepanat-i(Ini fu 11 mit-

im(’pnitic niicrosomnul fmmuct-iomis. Tine �Irecipi-

tate obtained mmitFmsatttmm-ited (NH1)80.1 mm-mis
dissolved iii 0.1 mm Xa2HPO1-XniH�i�)1 1)111-

fer, PIT 7.0, connt mmimming 25 glycerol, amid

ti-is pnepm-irationm immus been termed soluble

P-450. About 30 ‘- of the cvtochmronune P-450,

a-s det ermine(! spectroscopically, nil-ic! mubou

34 c-j; of time pn’oltcinm \m(’r(’ recom-ereci mu th��

soluble P-450 fmnietiomm. Ti-ic (10 clifferenuce

spectrttm of tine s(Iiuhilized P-450 i)repntrn-
tio)tm mm-mis similar to ti-in-it ohtnuinmed using

mmcn�oIsoIno’s. No) j)enik at 420 nm mvas seeti,

inc!icmutinig time nubsemuce of cytoclmrome P-420.

The specific cont cut (If the solubilizeo! P-450

pneparatiomm, 3.14 nmnnoles/mng of pro)t(’imm, mm-mis
higimer tham tiumut (If P-450 in time start-itng

microsomes, 2.04 nmolcs/mng of proteimm. 1�ie

soluble cvtochrome P-450 pmcparation cot-

tamed NADPH- mmmd XADH-cvtochmm’omc e

rcduct-ases, measured emuzymatienuhly by tIme

metilild of I)nmilner ci a-i. (22), mi aniounts of

less thnnmni 5 �:4-- (If those I)t’eS(�1t in the starting

nncn’osolmes. Ti-ic soluble cvtochrome P-450

thus Pro’Pnired mm-n-is used n-is time mmtigenm mu t lie

immunological studio’s.



M mcrosomes
I

Top layer

Pellet Supernatant

Lubrol WX, 4#{176},30 mmn
Centrifuge at 105,000 x g, 50 mmn

Clear layer Pet let

I

I

I
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Protease Vii, N2, 4#{176},15 hr

Centrifuge at 78,000 x g, 90 mm

Supernatant Petlet

Wash wmth 0.1 M phosphate buffer, pH 7.0
Centrmfuge at 78,000 x g, 90 mmn

(NH4)2S04; 4#{176}

Centrifuge at 78,000 x g, 40 mmn

Precipitate Supernatant

Dmssolve mn 0.1 M phosphate

buffer - 25 -I. glycerot

Soluble P - 450

Fnn. 1 . �‘-,(-he11uati( repr(-.�-entatlon of procedure for preparation- ()�f .�oIablc c!/torhrome P-450

i’uIi c ros )mo’s WPiC t rca t ed wi t 1 l)�O t ease V I I (20 .ag/ng of ruui cros( )mnal pr 1 (9 ti ) t ( ) release cy I ochrone

1): as desoni he(l earl icr (16 ) - Fol l wi mug t real nmenu t wi t Ii protease \ I I and oenu t ri fungat iomu , t he pellet ob-

I muinued ms-mis t remit ed ms-it h Lmmhrol WX (2 mg/mg of proteimu) , tumid the sohumbihized P-450 preptumat momu thus

()l)t umnued m� t’� l)�P( nl)mt-ute(1 %� mtii “ utumm ut((1 (N 114) ‘-‘0, it , fimu-ul ( omu(( mit m utmon of 50�(

.1 niiqen-a-niibod!/ !-ea(-llolm . Hmubbit 5 mmo’m’c

inunuunuized mmitlm sohti)ihizec! cvtoelurollie 1�-

45() O)i)t muilie(! II�o)1fl hiiei mlmmcno)sollm(s (If 1DB-

t n’emlte(i nmuts. l’olbomminug inimnmummizmut ion (If the

i’mibbit 5, y-glohlumlifl fmnuct id)tis mmore j)nej)nfl�ed

fron timein semi, nult(l time nubility of time n-immti-

body fnict ion t o IIn(’cil)it mit e cyt ochnoInuo’

l�-450 mm-n-is si indied in flunio!-phnmtse (‘Xpeni-

mmmemmt5. Sollubihized cvt-ochnolnmme P-450 fmommm

lim-ers (If PB-t n’enut ed i’m-its mm-n-isimucuhnit ed mm-itim

mnunioltms mnirmoummmts (If tine muitil)O(!v fi’nuctiomn.

i’ohlomminmg itueui)nu I ion mmmd suhseo luemut cemu-

t nilugnutiolim, t hue anoummts of cytolchnrolmime P-

450 mm(’t’(� detem’nmim-ied in t he pn’ecipit nut es mmmcl

suh)em’ltnit-nitit immict julIus. liici’o’nuses inn time

nunoumit ()f nummtii)oldv in-i time numixt time resulted

itt immci’emuses imn t he (�\-t-o)cimm’oInio 1�-450 CoIn-

tent 0)1 t hue pn’ecipit mite (lig. 2) . �\.t tine nmmmti-

geni to) numtii)o(!y fmnict iomm j)1’Ot o’ii m’miti(� of

I : 95, nmenmnhv null t iue cvt ocimmonue P-450 mm-mis

lIi’(cillit muted i)v t lie innmummogloi)uhimm fmme-
t ionm. In eonmt mol o’xjlo’nimnenmt 5, mminemm t lie -y-

gboll)tthin fmnuct iou (If miomminuniunnto’ sen’uni mm-n-is

useo!, t�(I l)reciritnut-iolmm of soluble P-450 oc-

cumreol.

‘Fine numitigen-nmmmtil)oldly i’eniction mmnis nulso

sttto!ieol i)V mnmiummnimizimig i’nuhhits mmitin soluble

cvtolcimrolne P-450 o!el�im�e(! fn’onm lim’ei’s of

AIA-t remit o’o! elmiek enmmbm’vos or fron PB-

t renuted mmits. Tine imnninmmoglohulimm fn’mtctionu

O)bt nu-inme! fm’omn tine nuint isema mm-n-is itmeubtited

mvithm time conrespommohnmg minitigemi or other

s(Ihtibi(’ P-450 fn’nictioms. l’ollomminmg iimcuha-

t R)ii, tint’ t’enctiom nnixt un’e mm-n-is centnifutged

nmn�! tine CVtOCimnoImmme P-450 contetmt il-i tine

SUh)et’tmnltnitit fluid mm-misdi(’ten’nmined. Tine !nt-nu

fn’on t i�’s(’ expo’m’inuemnt s mum’e pi’escnmt cc! imi

Table 1. Wimeti nunii-AIA cimick P-450 mm-n-is

nullomme! to i’eaet mmit in t hue P-450 mutmtigemt oh-

t-muituecl from �\IA-t remnto’d cimick emhm’vos nil-id!

1 7 a - imv(ln’(IXV - 1 1 - ket olpregnmnummollone - t remit ed

cimick (‘tTll)t’yo)s, olmnly mmboimt 3 � mmmd 15 �‘

resi)ect imo’hy, (If t lie P-450 eonmt (‘nit of I he

nmnit igo’mm n’niniimmed in-i t lie supen’nmmutanmt Im’ac-

ti(Itm. ( ‘hick (‘n-ihn�-os mmen’(’ tt’enuted mmith AlA

(It’ 1 7a-hmvdroxv- I I -l�’t o�)regflm-itiolotio’ 1)0’-

cnumse t ineso’ colnii)oIunmo!s immum-e 1)eetm shmolmmm

( 1 6) t 0) 1)(’ P0t(’tit iimducers (If cvi ocimm’onne

I �-450 inn cimick (‘mml)rv( him-em’. Ho) mmemem’ , mmimo’mi

PB-tm’ent ed i’m-it P-450 mm-mis nillommecl to m’emct-
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FIG . 2. Qua-n li/aiim-c pi-ecipilu lion )((lCIiOfl be-

1u,’een anIi�J�J3 rat P-450 and .�olable l�-450 f,o,,u
PB-heated rats

The ammt ibodv fret 10)11 fromu semi of rabbi Is

i n-in-iuuni zed agmti mist- cyt oohrome P450 from P B -

treated rats was obtained mis olescrihed mu

MiTEtttit.S ANn) METHODS. \-ariouns l)rotemn �

t rmmtionus of t he mmmiiihody fract ion, were llrepnired

inn a final volummue of 1 .0 n-il . One milliliter of t io’

soluble P-450, cant aimuimug 0.79 nug of proteinu anu(l

1.58 num�uoles of cytoehroirme P-45() iii 0.1 mmsodiumnmu

l)hosphiate bmnffer-25% glycerol, wnus themi mudded,
ammd the nixtunre was mnculnuted for 1 hr nut- 37#{176}anud

stored overnight- at 4#{176}.1’ollowinug cenut rifungat iou

the supcrntmit amut frmuct ion-is and precil)it ales were

assayed for cytoehn’on�e P450 comitemut , amiol time

pereenutage values were cnilcumlated frommu tue origi-

nm-il P-45() content of the soluble P450 Prel)armt ion.

mvif-im a.tmt i-Al.-\ eInicb� P-450, oven’ 95 � of t lie

eyt-ocinrolm-i-ie P-450 frolnu PB-tremmted n’nmts

m’emanmecl in-i time stpennmnutamt fmactiomu (Table

1). Siniimrly, mviu’mi the antibody to) tie soIl-

l.11)l(’ P-450 fmmctioln fn’orri PB-trenuted n’nmts

mmnts used, t lie P-450 conmto’nt im the super-

tin-it-it-it- fmnctiomm mm-misdecn’emuso’c! by 90 C� utpon

no’actio)mu (If the nunt ibodv mm-ithi 5o!U1)le P-450

fn’on-i PB-t nenited mit s. 1mmeolnmtm’nist , less t mmmi

10 u�;� (If tho’ cvtochn’onne P-450 conmtent mm-n-is

Precil)itnuted (lilt- (If SoIhtt-i(Iti mmheni mmnmti-PB
t’at P-450 mmmus allommecl to n’emuct mmithu sohml)ho’

P-450 fronm AIA-tn’emited cimicks (Table 1).

_.4 ii I lye a -a n I ibo-iy � u(iies b�i uei il !fl’USjOfl.

Tue anutigen-antil)od!y n’o’nctiomms mmo’re nulso

StltOIi(’Ol 1)\ c!(I1m1)ie-diffttsiolnm expcniimmo’nt s itt

nigmul’oIs(’, using t hue Ouci mten’lonmy olouble-c!if-

finsionm nunalvsis to’chnimioiue (17). l’iguro 3mm

siuolmms t i-ic precipitnutiomi m’o’aet 10IIiS (I1)tnuitme(l

UjIOt renuct-iolnm of m’mut. cyt (Icimn’olne P-4.10 mm-itin

\mut’io)uS ninTloutts of ti-ic munmtiboclv fmnuct iou

oht muitie(! fron semi (If t’mul)I)its inlflltinllze(I 1(1

n’nut P-450. (�hose imspectioln of time precipit iii

limo’s n’evemuied the pn’eso’m-ico’ of t lmn’ee bnuimds

t mmo) t’elnut iv(’lv fnuiumt limmes mm(’n’e pu’(’so’nmt Ott

(it lien’ side of mustn’on-ig co’mitmtih bmuno!. NO) re-
actimitv mm-n-isoIhso’nm-o’d i)et mmo’o’tmtimo’ y-gloIl)U-

litm fm’nct ion (If set’a fronm nmolnillinmntmmiz(’dl

l’ai)i)it S mmmd soIlltl)i(’ P-450 fn’olmn unit him�’i’

( 1-ig. 3nu). Tine outo’m’ fmminit line mm-misalsol oh-

t nmino’d mmiuen anti-rat cvtochmronuo’ P-450 mm-mis

TmiiLE 1

(,�tuuaiuti1a1iue precipitation re(lCtioflS between ma iiouis

soluble cn�fochronue P-450 piepa)(l1iOO.� eimid (LU Ii-

bodieS to ui I liter ri ii (1 eh ick (mbu!/o lime, 1’-

450

Sohmhlo cvl o(-hromiuo’ P-4o0 l)r(’I)murmlt ionis fronu

A IA-t reated or l7cu-lnvdroxv-1 1-ket opregnuamolonme-

I renuted chick ennl)ry() livers nund fronu PB-treated

rat livers were prepmured as descrii)ed previously

(16). Ant ibodv frnu’t ions were l)repare(1 as (les-

(-rii)ed mu MAFERnA1.S ANt) ME1H()l)5. One mimillihiter

of t he soluble P-450, (onlt-muinmmmg 1 .5-2.6 mmrrmoles of

P45() (0.5-1 .0 nig of prot ciii) , wa-s incubated with

1.0 n-il of munutihody fractionu (50-78 n-ig of l)rot-ein)

nut- t he anut igenu t a amut illodv fraction rat ins inudi -

cat ed . Follomuinig in(umi)zutionl nit 37#{176}for 1 lur anu(l

.st orage overnight nut 4#{176}, t he (i muI emuts of I he i tie U -

l)al ioiu flask’� were ((‘mut rifunged at 54,(XX) X g for

30 mmd mu. ‘Fine cvi ociuronne P -450 (omIt Cti t of t inc

sumpernuatanit flumid mmtus I henu det ern�mnue(I tuiud cx-

l)ressed mis nu percemmt-nige of time P450 (omltemut in
the suj)ernuat amut ()bt ainmed mmhuen t inc tutu igenu was

imu(umi)nite(l with time - -glohumhinm fractionm fn’onim muonm-

mnHuunmiize(l raill)its.

.-�t-iti-A1A cluck P-ISO
AlA ciiick P-450

17a-Hvdroxv-11-kcto-

pn’egnanolone (lmi(k

P450

PB rat- P-450

Amuti-PB rat P451)

1�B rat P450

AlA chick P450

Antigen to
antibody P45(1 content of
fraction supernatant

protein ratio

; conical
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fun’timei’. Tine nmmmt-Ut’e (If I lie nmntigeins it the

nemnainimg tmmo bnunuds is tine subject- of further

immmc’stigmutio)nL

ligum’e 31) also sinolmms t imo Oucint erlommy

difl’usionm analysis (If nimmti-PB n’mmt P-450 upon

m’emuctio)tm mmmth \Iit’i(Itts numt igemus. Precipit ntion

linmes mvo’rc obtnimmec! onmlv mvhneni conitm’ol rat-

P-450 on PB-trenutecl m’nut P-450 ro’nictecl mm-it-it

nmnuti-PB n’mit P-450. (1\-tochroIn� P-450 fron

AIA-tr(’nltcd ei-iick enubrvos ohid n(If cause mu

Pt’eCiI)itnitioti remmctiomn mmith mmnmt-i-PB n’nmt P-
450. Sinumilanhy, t)(I (‘u’oss-ro’nuetiomu mm-mis oh-

Ftc . 3. I)oable -diffusion palterii of an libody in -

leraction- ii�it/i soluble eqioch ionic 1-450 prepanalion

in Agaro.�e

mu. Soltuble 1�450 (3.28 mumiuoles/nmug of i-irot cmi)
frorn PB-t rented rmmts, comitainuimug 160 �.ag of l)rotein-i,

was Plniceol iru I lie (-em-it er muell . mu t he omit er mvells

wnms placed nunmti-PB-t-reated rat P-450 (()ntmumulug

the followinug amm�ImnmIts of protein : 1 . 15.0 mg; 2, 10.5

rug ; .1, 7.5 mug; 4, 4.5 nug; 5, 1 .5 nag. ‘Nell 6 (omit ainued

the ---glolltnhinu fractionm (7.1 miug of pm�)teimu) I nonu

nomminuim�mnnuized raili)it-s.

i). ‘The (emit er \Vell (Omit muinued unit i -Pl3-t ret-it e(l

rnut P450 (4 m�g of protein). Time outer wells con-

t-ttined tie following: 1 solmnble P-450 (6.04 nmoles/

tog (If Protein) from livers of AlA-i rented chick

en-ibryos ; 2, soluble P450 (1.88 nunimoles/mg of �r�-
teinu) fromiu livers of umrmtreated rn-its ; 3, solmml)le P450

from livers of PB-treated rn-its; 4, -� -gloi)mmlin frac-

tion from semi of untreated rnuts. The solul)le P450

jlreparntt iomus 1150(1 comut aimued aI)otmt 200 jug of �r�-
teiim.

C . Time cenu I er a�o’l I (Oil t :0 nueol mini I i -A I .\. -t renit ed

cluck enullrvo liver P450 (4 mg of protein). The

ommter wells conut nuimmed t Ime samme ant igetms mis in Fig.

3b, in t he sm-in-i-ic seqmmenuce. I )ommllle-diffmmsion amunuly-

ses were carried ommt iii 0.b� Agmrose an(l 0.005�(

Nmi.N3 (hissOlve(l mu 0.05 rumso(litmm� l)iiosllhnute 1)tuffer,

1)1 1 7.0, nut roonmu t emuuperat mnre for 24 hr.

ahloImmeol to) i’emuct ivitin time -y-gl(Ihulimi fm’act-ionm

fronmm so’u’nm (If umt u’emmto’d n’nmts, mis sinommim itt

l-ig. 31). ‘Tins hue could 1)e r(’nmovec! by inmcu-

hniting time solui)bo’ P-450 mmitin set’unm fm’on

ut-ifn’cmmto’cI unit s pi’io)t’ to) no’muct iou mmitin t hue

nummtibodv fn’muctiomm, 1)umt mm-n-is nnot stuo!iec!

Vw3velenqth m�

1mG . 4. Substrate -in(/uee(l (lifference -spectra of

-soluble cyloch 1011(0 P -450 a ii ci soluble P -450--anti -

body complex

The protein (-ouuocmlt rat iou timid specific (onutent

(If soluble P450 frnn PB-tr(’nuted rats were 2 mgI

n-il mumud 1 .26 murnoles/niug ()f proteimu , respect ivelv.

To prepare ti-ie P-450-antibody comimplex, the solmn-

ble P450 preparat iont, o(Initaimuimmg 6 ng (If protein

ilu 3 nl of so(liumn j)hosplmate bmmffer, was incubated

with amuti-PB rat P450 (200 nimg of proteini per 3

nnl) at 37#{176}for 1 hr. Time incunbationu flask wa-s then

stored overnuight at 4#{176}arid ceuutriftmged at 54,000 X
g for 30 mm. The precipittite obttuimued was sums-

pen-ided in 0.1 mc soditnmuu Phosl)Imate i)uiffer, pH 7.0,
to give a fiuual conicentrationm of proteinu, derived

from soluble P450, of 2 mig/nml for determimuation

of the sodiunm hexohnirhital-inmdtmced and atnihinme-

induced difference sped mu. Time final conucemut ration

of sodiumnm hexoilarbinal or amuiline in the sample

ctmvette was 4 nmn.



CYTOCHtO\IE P-450---ANTmnmoiIv INTERA(TION 695

served betmmo’en mnt P-450 nnmol amut i-chick

P-450 (F’ig. 3c).

CIs-araetei’izal join- of cytocit rome P-�5() pie-

cij)itate(l by ant ibody . Follolmminig mncul)nut ion

of PB-treated rat cvtoci-iromc P-450 imit-im
anti-PB rat- P-450 under ti-ic comditiots

described in-i MATERIALS AND METHODS, ti-ic

precipitate obtained mvas rcsttspcndcd in 0.1
ml sodium phospimate buffer, pH 7.0. Ti-ic
suspension of time precipitmite simomve(1 ii

typical CO diffo’renmce spectrum mmlmcmmreduced
mvit-Im sodium difimionite an-id complexed mmith

Co, mmitim n-it-i absorption mmtximum at 450 nin.

� No peak at- 420 n-in-i mvnus detected iii timis

! preparation. Figure 4 sluomms ti-ic diffc’nenmce

- spectra obtained mmimemucitluer sodium inexo-

barbital, a type I substrate, or an#{252}iiiio, a

type II substrate, mvas added to the solothlc

P-450 prcpanatiolnn and to the antibody-

P-450 complex. The soluble P-450 prepara-

tion gave a type I differemmce spectnttnm mvit-h

sodium imcxoharhit-al an-id a type II c!iffcrenuce

spectrum mmif-Iu anilinu’. Hommever, tin’ sus-

- pension-i of P-430 precipitated after immcuhni-
� tion mm-it-h antibody did not sinomm a type I
� bindimg diffcrcmmce spectrum mmith ho’xobmrbi-

f-al, b-itt- mm-as capable of producimg mu type II

- differetice spcct run mvitim aniilinme. Wi mon-i soIl-

I ublc cytocimnome P-430 mvnis itcubate! mvitlu
cont-nol -y-gloI)uuitl Uflden t he snmme o’xperm -

mental condifiomis n-is tlmose for itmcubnut ion

mvith f-he antibody, no loss of ti-ic typo’ I

binding sI)ectrun--i occurred.

DtS( USSION

We have already descnibo’d (16) a met-imold
for f-he partial purification mmmd soluhihiza-

- tiot-i (If evt-ocimrome P-450 fm’om cimick embryo
� liver mierosonm.es. 1mm tine pneso’mt report,

� liver niicrdlsolrnes fromn PB-treat-cc! n’ats mvene

� used as time startinmg mnitenial for ti-ic punificni-

tion mind solubilizat ioltt of evt.ocimrono’ P-450.
� The soluble P-450 l)nel)tmratiOn mvnts devoid of

� cvtochrome P-420, as mo’asuneo! by time Co
� difference spect rum. Recently .\ Ianmnmen’inig

( 19) has reported at-i extinction coefficient- (If

‘55 mmrt en-i_i bctmveenm 450 nummd 490 mum for

the CO difference spectrum (If soluble cyto-

chrome P-450 derived fron PB-t neato-c! m’at

� liver microsonics. Using this extinctionm co-

� efficio’mmf for time soluble P-450 mum-id nun-i extinmc-

� f-ion-i coefficicnmt of 91 mmi� en-i_n (15) folr tint’

mumo’nnhnanme-bounmd P-45() il-i tine stmin’timmg

mnicrdlsclmncs, the specific c(Inmtc’nt- of tine soIl-

uble P-450 j)rcj)amntitlm-i, nienmsuroc! i-is ninino-

nolo’s of P-450 pet’ mnilligmnum of prolt (‘inn, mm-mis

nbout 1 .5 t-inics timmit of time stmun’t mug nucr(I-

sonws.

\Ve have shtommm thin-it- rabbits cmiii foln’mn nimtti-
body to cytochnome P-430 mmimcnm soluble
P-450 from rn-its or chicks is used n-is the source

of mmnt-igcn. Addition of inero’asing nunmoumits

dlf numiti-rat- P-450 to sOlUble P-450 rosulteci mu
thc- precmpit-atioln of increasing amoumts of

soluble P-450 (Fig. 2). Sinuilanly, usimg timo’

gel diffusionu technuciuc, mmlnen nmntigo’t mm-n-is

ahlommed to react mvit-h antiso’run agaimust tin’
same species, one strong mmd t-mvo mmeak

precipitation hines mvene 01)tnutedl on t hit

Ouchtenlonmy j)lmto’s (lig. 3ni). Onue (If time

mm’nik lines nip�)eaned t(I i)e riomspeeiImc folr

cvtocl-iromc P-450, becnuuse timis lita-’ mm-as

also obtain-io’d upo�n ncneti(In of nmnt i-mit- P-450

mmith ti-ic -y-gl(Ihuhmm fnactionm of s(’ra prepared

fron unt-nemilo’d rats (Fig. 3b). \Vhich of time

remaining linics is specific for cytocinronie

P-450 is nomm unicler inmvestigmutionn

Studies j)no’�’tited in-i this papo’n mulso shuolmm

thumit the niicrosonmml cvtoeimronn’ P-450 m)t’e-

Pmul’td froni chick enlhrvo) lim’en’ minus malt im-

nnutmoiogicnilly sinmilan to) ti-in-it oht-miiumed fronm

n’at- liver. Both-i tine fluic!-pimaso’ studies (Table

1) nu-nid the gel diffusioni st uc!ies (l-’ig. 3b mutud

c) simomm-ed a lack of cross-reaction betmm-een
mmmti-ehick P-450 n-it-id rn-it P-450 an-ic! i)t’t wo’t’ni

ammti-rmmt P-450 mmmd soluble P-450 from chick

o’mbryols. \VImilo’ time immek of eross-ro’actiolnm

inclienit (‘5 relat im’c’ immunmoiogicmml diffcro’mices

bo’tmv(’en the P-450 pn(’pammutio)n-is from clif-
fenenit species, timose soluble P-450 iIrel)nirn-

tmonms sino\m(’d similnu’ (�() diffon’emce speet mt

anal nd)ihities to 1)mnucl tvja’ I mmmd ty�x’ 11

5ttI)sti’titO’S. Sl)(’ei(s cliffero’iucos n’o’gnun’c!imug

thuose pamnimeto’m’s mnigimt i)e l’evenmli’(! imm t mo’
nm-fhnnt i(’5 of f-ho’ P-450 foln’ i)mmn’tieumlm-uu’ sill)-

strato’s it-i drung nmo’tnuhohsnuu studies. Tho’se

studies ar(’ Pt’t’s(’tmt ly mu pt’ogress. ‘Tine possi-

bility niust ho’ ko’pt in-i nuimud, Im(Imm(’vo!r, that

hino!imig sito’s vicinmal to time ho’nv noliety of

the P-450 may 1�’ st m’uet ummdlv simnilmur itt n-ill

sI)o’ci�’s� and fimmut ti-ic immunollolgiemll clif-
fen’o’ncos nmotcd im’m’e t’elnmte onthy t(I struet um’tuh

cinamnict enist-ics (If t lie remnuincler of tint’ P-450

nmpopt’tltcimmS.
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‘Fine I)u’tcih)itnite tliltnuitmt(! mmhmtn thmo nunti-

i)Odv fmnuet iomm t 01 cvtolchm’ono P-450 mmnus

nulhommocl t (I i’tnuct imit in P-450 fi’tlflI. timo’ sn-in-it

�II(ei(’� gnm\-o mmt �i)i0�til (‘0 cliffen’enmco’ sh)(’ct-m’ltni
mind mu t’IIe II dift’’r’nco’ slItctn’unu-i mmitim ann-

limu’, bitt o!isplnuveo! ti(I tvl)e I o!iffen’etmce spec-

tn’unn. mvithn sodiun-i imexol)nmni)itnui (l-ig. 4).

This suggests ti-in-it time sit(’ (If hinmdinmg of tine

nulmtil)OOlv fmnuction to) soIlUi)lt’ P-450 n-in�iy be n-it

011’ tt(tii’ tint t-Vi)(’ 1 stmhstmmmte-binmding site.

A_tiOtii(’t’ (Xlllmutmniti(Imt foln’ time fnuilure of time

P-450-mumitibodv coniplo’x to) slnomm a- t ype I

bindinmg diffet’emct sllectn’unu iuugimt be tinmmt-

n-in-iti-P-450 1)t’eeiPit mutt’s P-450 mmit bout t he

j)liosphmo)hij)i(l mmhmichm is mu co)nnl)oInn’mmt of P-450

mimic! mmmv 1)0 teojuii’td fun’ Ihe t y��e I I)iumolinmg

sit e (23 ) . I mm mu!dit ion, t lie inncubnmtioni of

stIlUi)h( cvtolclmn’olnmo P-450 mmitim anmtii)old!v

m’estilts in-i ti(I eonim-en’siomu of P-450 tol P-420,

simuce cyt(Icinm’o)nt P-420 mm-mis nuhstmit- h’om timo’

t’(sttsl)euid!((l lIi’(’eiilit mite of t hit’ nnixturo’ mdto’r

i’(’mictiolflmmithn mulitii)t)(!V.

It is iln’tIlInmbl( t 1mm-it t hut stllubit’ cvt o)chmn’olnme

P-450 I)t’o’Pmun’mit 1(1mm coltit nuns lIm’olt t’itis o)t lien’

t 1mm t lu hmenmolhll’olt (‘in-i I�-4.)0, on’ thin-it t lie

III’(I)ntn’mit mom nimniv l’(t)m’Os(flt mu nuo’nmi)mnummo’
im’nuctioti 011’ its sul)tmntit . \\itlm these jIo)5S1-

ilihiti(s inn nmminmd, niimtil)ooiiesnmmuy be fon’nu’cl

iii Pnuit 01’ entim’t’hy to) tint mnt)nm-cyto)cinu’onme

nUtliOt y 0)1 tIne so)limblo P-45() IIteI)min’at ion-i.

FI(I\movtm’, t hit fluiol-phmmso’ eXl)t’n’itno’nts mtd

suhlst imit t-binio!nmg studies indicmmte t limit t hme

n-in-it iilt)dV (ic’s) fom’nmeoi emit-i j)n’ecipitnut(’ cyto-

CimI’Onfl( 1 ��450, nilm(l mult-hnoughn t ie minmtigemdc

site n�nu-v umot imumollm( tint’ cvt-(Iclnrolnn( nmmoiety,

it is miemn’ emmtlughm loll’ tint mumtibody-nuniligeni

coIm�I)1ox to nmmusl� time tVi)( 1 bindinmg site.
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