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SUM .mnAmiv

,JANSSON, INGELA, ANI) SCHENKMAN, .JOHN B. : Evidence against participatiomi of

cytocinrome b5 in the hepatic micre)somal mixe’d-function oxidase reaction. hal. Pliarma-

cal. 9, 840-845 (1973).

Tine addition of inmcreasimmg concentrations of a detergent (Triton X-100)-soluhilized cvto-
chrome b5 from liver microseimes to liver micresemes of unutreated or phemmobarbital-treated

animals produced corr(’s�)ommdimngly greater inmhibitionn of aminmopyrimme dealkvlation. Even

addition elf NADH to the’ XADPH-supported r(’action did not preve’nt this innhibitioim,

although the added cytochrome b5 funuctioned as arm emmdogenous he’moproteimm; i.e., it svas

reduced by NADH and stimulated the’ reductiomi of exogermous cytocimrome c. These oh-

servations suggest that cytochrome b� does miot function in hepatic rnicrc)somal mixe’d-

function (Ixidase r(’actions.

Since time’ report by Estabreleik amid his

co-svorkers (1) tlmat cvtochrchme P-450 is the
terminal oxidase in time adrenal celrtex C-21

mixed-function stc’roid hvdreixylase’ reactionu,

and the sui)sequent observation by these

investigators (2) that cytochrome P-450
plays a similar role’ inn time liver microsomal

mixed-function oxidtise, many innv(’stigate)rs

have studied the mecimannism of action of the
latter enzyme system. The se’ejuence of
e’vents inn tine’ reactiomu see’ms tei be’ innitiate’d

by a reversible binding of the drug substrate
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to) time (Ixidized form (l’e�3h) cif the’ te’rnuimnal

(Ixidase, usually causinmg felrmation of a type
I spectral change (3). 1ormatic)nm of this
enzvme-sui)st rate complex facilitates dcc-

tron fiomm to cvtoehrome P-450 (4).
The mixed-funuctionn oxidase reacticlmi inn

liver microsomes requires NADPH. Two

electrons are supplied by the pyridine
nueleotide (5), ostenmsihly for activationn of

molecular oxygen (6), probably sequentially,

since the reductase imas beemi shown to fume-
tion i)e’tsmeen the fully reduced amid half-
reduced forms (7). Capture’ of the oxy-

gemmated inmtermediate’ of a bacteritil cvtei-
chrome P-450-cont.aininmg nmonooxvgemmase

(8), mmith subsequent discharge of tiuis corn-

plex, suggested that a 1-(’lectronm re’ductiorn

occurs, follomved by himuding of oxygen. The

oxygen-bound form is discharged by a

second electron. An oxygenate’cl inmterm(’diate
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has beerm observed in liver rnicroselrnes during

drug oxidation (9).
Although NADH itself poorly supports

hepatic micre)sornal drug oxidations, it has a

synergistic effect mvhen added svith adequate
XAD1�H (10, 11). XADH, hosvever, reduces

cytochrorne b5 to a greater extenmt. than

NADPH. Based upon a decrease in the
level of reduction of cytochrorne b5 by
NADPH or by XADH plus NADPH in the
presence of substrates. of the micre)sornal
mixed-function oxidase, Hilde’branmdt and
Estabrook (1 1) suggested that cytochrelme
b5 funmctions in the mixed-function oxidase

reaction by supplying the second electron

to the oxygenmated, substrate-bound herno-
protein.

In light of the recent observation of
Ichikawa and Loehr (12) that reducing

equivalents ce)Uld still reach eyte)chrome
P-450 from NADH inn the absence of micro-

sornal cytochrorne b5 , sve have investigated
the possible role of this latter henuoprotein

in the mixed-function oxidase reaction. Our
results cast doubt on its involvement.

Liver rnicrosomes ms-crc prepared from

adult (200-300-g) male Sprague-Dasvley

rats by calcium ion sedimentation (13) and

mvere mvashed inn 0.15 �n KC1 to remove the

calcium. Cytochromc’ b5 mvas prepared by a

modified method of Spatz and Strittmatter
(14). In our studies a 45-mm incubation of
rat liver microsornal acetone posvder in 1 .5 %

Triton X-100 (Rohm arid Haas) at 37#{176}mm-as

sufficient for extraction of virtually all of
the cytochrorne b5 . The microsornes mvere
not sonicated mvith XaCl before forming an
acetone posvder, as this caused a poor yield.
The preparationus used here mvere purified to
17 nmrnoles of cytochrome b5 per milligram of

protein and mvere de’tergent-free. Binding of

cyte)cimrorne b to liver nuicrosomes mvas ac-

cornplished as described by Strittmatter
et a!. (15), at 37#{176}for 20 rnimm, mvhich is

sufficient time for complete binding at this

temperature (16) . Phennoharbital-inndueed
animals received 80 mg/kg of drug felr 4
days prior to use. Arninmopyrinie demet.hylase

activity mvas measured from the formalde-

hyde produced, as described earlie’r (13).

Irm agreement with the report of Stritt-

matter et al. (15) anmd Enomoto and Sato
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FIG. I . XADH reductio,i of (ytochrome b5-

I ortified liver ‘iii icrosomes of phenobarbital-treated

rats

�iIicrosomes, treated as described fehr Fig. 2,

were suspended to 1.7 mg of protein per milliliter

in 0.1 M Tris-1lCl buffer, pH 7.5. 1)ifference spectra

were recorded 1 nmimi after additiomi of about 1 mg

of dry NADH to time sanuple cuvette. The (yt.o-

chrome P-450 ceinitent eif miiie’rosonmes was 1.35

nmoles/mg. The (vtocimrome b� content was 0.31

nmole/mimg (a), 0.51 mmmmu(hle,/nig (b), 0.69 mimeile/mg

(c), 1.11 nmnioles,/mmmg (d) , amid 1.49 nmoles ‘rug (e).

(16), added cytehchrelme b� houimd te) liver

microsomes funuctionmed as native hemo-

proteinm. The addition of NADH or NADI�H
to these microse)mes rssulted in essentially
complete reduction of time total b5 hemo-
protein inn the nuicrosomes. Figure 1 shomvs

the NADH-reduced mimmus oxidized spectra

of a svashed microsomal preparation which

had bee’nn incubated svith diffe’renmt amounts

of cvtochrebme b5 . Time hemoproteimi b� ce)fl-

tent sm-as incre’as(’d over 4-fold, frelm 0.31

t(l 1.49 mmmoles/mg of protein. The’ bimnding

characteristics of micros mes from phe’nmo-

barbital-treated rats mm-crc similar to) those

of unitreated rats (Fig. 2). The e’xtent of
cytochrome b� immcorporationn into the micro-
somes increased inn roughly linear fashion

mvith imncreasing concentrations of the hemo-
proteinm in time nme’diunm (I’ig. 2). Tine incur-
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FIG. 2. Ilili(lilig (lf deiergeiit-soiubilizecl eyto-

chrome b� to liver nhicrosome.s of untreated (��n.) euid

phenobarbital-irealed (0) rats

Binding of cytochreinie b� was determined as

described in the text . Microseimes were suspemmded

to 10 nig of proteini per milliliter. After incubation

t he nuicreisonies were sedinmemit ed by cenmt rifugat i e)n
at 145,0()0 X (J for 20 mm, resuspenmded to their

original volunme in 0.15 �i KC1, and resedimemmted

by cenitrifugationi. The washed microsomes were

resuspended tel their eiriginal veilunme for measure-
ment (If the NAI)H-reducible bound cvtochrome
b5 ; all time henmoprotein appeared to be enzynuat-

ically reducible.

poratieln 55ILS determined after time micro-

somes had been sedimented at 148,000 X g

for 15 mini anmd washed once with 0.15 M

KC1. The’ smashed microse)mcs we’re used in

the experiments de’scribed belomv. XADH-

cytochrorne c reduetase activity of time
microsomes mm-as also considerably enhanced
by increased cytochrome b5 concentrations

(Fig. 3), as observed by Okuda et at. (17)

amid first reported by Strittmatter and
Velick (is).

The effe’ct of immcrease’d cytochrome’ b5

levels in time’ microsomes of untreat(’d amid
phenobarbital-treated rats is shosvn in Fig.

4. The rate of NADPH-supported demethy-
lation of aminopyrine decr(’ased mvith in-
creasing cytochrome b5 content in the

microsomes of untreated (Fig. 4A) and
phenobarbital-treated rats (Fig. 4B). Al-

though our experiments confirm a previous
report that addition of NADH stimulates

the rate of NADPH-supported aminopyrine

demet.hylation (13), the stimulated rates of
dernethylation declined with the increase in

cytochrome b5 roughly in parallel mvith the
non-NADH-stimulated rates. Inhibition did
nelt reach 50 % even when ratios of total

cytochrome b5 to the endogenous b5 level
(or the endogenous cyt.ochrome P-450 level)
mvere increased 5-fold. The data in Fig. 4A

exhibited a biphasic plot on semiiogarithmic

paper, with a sensitive phase showing 50 %
inhibition at a concenmt.ration of cytochrome
b5 about twice the ziative level, in both the
presence and absence of NADH. Time less

sensitive phase showed 50 % inhibition at

5.5 times the native cytochrome b� level in

both the presence and absence of XADH.
Of interest was the failure to observe a

biphasic plot with microsomes from Ilheno-
barbital-treated animals ; parallel limes were
obtained in both the presence amid absence

of NADH, mvith 50 #{182}�inuhibition elccurring at
5.5 times the native level of cvtochrome b5

Our re’sults tend to rule out the possibility
that cytoclmrome b� is invelived in time micro-

somal mixed-function oxidase reaction. The
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of liter ?iticro.s-miie.s fortified i,iih extra ci,tochropne

b.

Li mer nmicrosonies of mimit retuted rmtts, (omitaining

0.475 nm(ile of (‘vt(iehreirne P-450 amid 0.314 nmehle

eif e’vtociironTue b� per mmiilligranm, amid the same

muicrosonies (out aimmitmg 0.5 mmniole of eytochronie

b� , were exanuinied at 22#{176}imm aim Aluimico-Clmami(’e

spee’tropimotometer at. 555 mmii nimimmus 541 nrn.

Either 0.1 nmg of umifortified (a) or fortified (b)
niiei’rosonies was added t o a nmiedi mtti� comm t nii nming

0.1 mm Tris-HCI bmmifer, pH 7.5, timid GO imnmoles of

horse heart. (vtoclmromne e in 3 mmml. The reaction

was initiated lIT addition of dry NAT)H (approxi

nuatelv 1 mg).
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FIG. 4. Effeet (if e,,haPeee(l (!,1(i(hr�,,me i)� (Otitelil On. anhinopyrine (lemethylase (letivit!, i1 Iiz’(r ,?,i(ro.o)p,u’s

of untreated (A ) and pheoobarbital-Irealed (B) rats

Liver niicrosonues were treated as described for Fig. 2. The emmzyme assay was (‘(imiduleted at :37#{176}for

7 nmimi amid contained S nmmm ammuimieipyrinme timid 0.4 m�m NADP (plus anu NAI)P-gemiertuting svstemmm). The

aI)scisstt indicates time rati(is if total anioummt (if cytochrome b5 to tue initial amnoumit of o’ytochronie 1i5

amid cvtoeiireinime P-450. x , no added NAI)H ; 0 , 1 ni�n NAI)H. A. Initial (‘oncemitrttti(imm,s of e’vtoe’hrome

b� and e’vtochrome P-450 �vere 0.31 ttmid 0.43 mmnnole/mg, respectively. B. Initial coneentrtnt ions of e�to-

chronic 11: amid cvtochronie P-45() were 0.43 tunei 1.35 nmoles/mg, respectively.
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suggestion by Hildebrammdt amid Estabrook

(11) that cytochrome b� is inmvolved inn the

reactionm ms-as based upon time follosving

observationns. (a) NADH inuere’ased the

over-all rat(’ of XADPH-supported N-

demet hvlat item e If e’t hvlnme irpinimne’, but riot

the substrate re’quirememnt (Km) for the
reactie)n. (h) Increased catie)mm conncentra-
tions stimulated ethuvlme Irphinne oxidation

supported by XADPH but mmot by XADH,
and also emuimanced the’ XADH stimulation
of the XADPH-supported re’action. (c)

NADH had nd (‘ffect uponm the NADPH-

supported rate of reductielmn of cytochrome

P-450 in the pre’senmce or absence of ethyl-
morphine. (d) Time additiomm of ethylmehrpimine

to aerobic micreisc)nn(’s r(’dhiced by NADPH

decre’tised the e’xtenmt elf re’duction of cyto-
chrome b5 . Time’ additionm eif NADPH to

microsomes r(’duced l)V NADH inn the pres-

enmce of ethvonvirphinc’ also decreased the
level e)f reductieimi of evtociureime l)� , hut to

a lesse’r extennt. (e) Time’ a(lditielnm elf NAD1�H

to aerobic micrelsome’s ceimitaimiimmg NADH

and ethylnmeirphuine inicrease’d time rate of
oxidation eif NADH.

These observationis suggested that the inn-

creased rat(’ of drug nmetal)(Ilism involves a
step after time imite’ract.ieinm of .suI)strate svith

the microsomes (a) arid tine’ initial reductie)nl

of cyte)chrom(’ P-450 ((j), and is not due to

an influermee of NADH (In cvtochreime e

reducta.se’ (b), mvhiclm is i)e’he’ve’d tel be’ the’

rate-limitinug step inn drug metai)(ilisnnm. Then

enhanced rt�ute’ of NAI)H ehxidatiebmi (e’)

when NADPH svas prese’nmt along mvith
ethylmorphinme mvas take’mi tel immdicate’ that

NADPH acts as a valve or c’e)ntrehl febr imnput

of electrons from NAI)H. Tine declinme’ inn time

level of reductiomi of (‘vtochr(lme’ b5 by
NADPH (d) wime’mm e’thivlnmorplminie’

presennt, anmd its partial recovery svimen
NADH svas added, inmdicmite’d tiuat e’l(’ctron

flow is mediated dire’ctly via cytc)clurome’ b5

to ann oxygenn-i)(Iuni(l substrate cornpl(’x of

cytochrome P-450. Time’ e’hiange’ inn oxidatie)nn-

reduct.iomm sttmtc’ of evtocimrome’ b� nue’anis that

cyte)chrelme b� may he’ capable’ of deinmatimmg
electrons faster than it acee’pts them, as 1(11mg

as drug metaholisnum j)r�cee’ds, i.e., its

reducticlnn is rate-limiting.
Althougim time chanmges inn the steady-state

levels of reduce’d cvtochrome b� (‘xplaini time

wavelengtim simift inn spe’etral change’ with
drugs and NADPH (19), they do nnot miece5-

sarily rne’ann tluat cyt(lehreinue b� funmctiomms as

an electromm dommor inn time’ mixe’d-functiomn
oxidatiomu of (irugs. A change’ in time’ le’ve’l of
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reduced cytocinrome b� could also mean a

change inn the availability of electrons for
cytochrorne b5 . Thus, if the rate’ of reduction

of cytocinrorne’ b� is rate-limiting, increasing

the amount of this (‘lectre)mn acceptor avail-
able to the reductase should accelerate its
reduction amid increase the amount of
reduced cvtochrome b5 , thereby allowing an

increase inn the rate of electron flomv from
cytochrome b�

As shosvni inn Fig. 3, electron flux from

NADH to cvtochrorne c via cvtochrome b5

is about double in microsomes in which the

cvteleimrome b5 level mvas doubled, indicating

that the added hemoproteimi is functional in
liver microsomes. Hosvever, all additions of
cytochrome b5 diminished aminopyrine

demethylase activity. There seemed to be
no relationship betmveen the amount of

cytochrome P-450 present and the binding
Of cytochrome b5 to tine microsomes. A 2.5-

fold elevation of the microsomal content of
cytochrome P-450 with only a minor (40 %)
increase in the endogenous conte’nt of cyto-

chrome b5 did not alter the relative stimula-
tion (17 %) afforded by NADH or the extent

of inhibition caused by additional amounts
of cvtochrome b5.

An alternative possibility could be that.

cytochrome b5 drains electrons from the
NAD1�H pathway, pehssibly tel time lipid

desaturase pathsvay, inn svhich cytochrome

b� has been shown to funnction (20). The more

cvtochrome b5 present, time greater the drain,

even when the NAD1�H pathsvay is sub-

sidized by added NADH. The positive
modifier action of type I substrates like
arninopyrine (4) arid ethylmorpinimme (21,
22), facilitating arud spe(’ding electronm flow

through the mixed-function oxidase path-
way, probably diminishes the availability of

electrons to cytochrome b5 , thereby le)mvering
its steady-state reduced level.

The data of Hildebrandt and Estabrook
(11) amid Cohemi amid Estabrook (23, 24),

while riot necessarily demonstrating the in-
volvement of eytochrelme b5 , do indicate

the inmvolvement of another pathsvay mvhich
can feed electrons of NADH into a step after
time initial reduction of cytoehrome P-450 in

the mixed-fumnction oxidase reaction ; this

step, simmee it is stimulated by NADH, is

probably rate-limiting in the absnnce of

XADH. I’ronm the observation by Ichikamva

and Loehr (12) that eveni inn the absence of

cytochrome b5 a route exists for inmput of

NADH reducing equivalents, as mvell as our

present findings, it is highly unlikely that

cytochrome b5 serves as the link between

NADH and cytocimre)me P-450.
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