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SUMiIARY
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frommi nmicrosomal hemoproteins to henme-binding plasma proteins. Mol. Pliarinacol. 10,

204-213 (1974).

The tramisfer of henmo’ fronm cytociuroune P-450 to humuman seruuuu albumin aiid rabbit apoherno-

pexini was invo’stigatt’d. Timese studio’s were conducted using both menmbrane-boummd and
solubilized cytochroumie P-450 preparatiomis, as well as the mnodified form of time hemoprotein,

cytochromumt’ P-420. I)ata indicate that the plasma hem(’-binding proteimms used in this study

were unahile ttu reunove henme front either nmcmbrant’-bound our solubilized preparatiomis of

cytochr(umno’ P-450; mu commtrast, the hemmuo’ of o’ytochronmit’ P-420 preso’nt in time above prepara-
tions was readily tranusferred to both seruun alhuuuuium amid apohenmopexium. These findings sug-

gest that a barrier (‘XiStS four henme transfer fronm cytochrome P-450 to the heme-hituding
prott’ins. This Iuarrier is attributed to the shielding effect exerted on time prosthetic group by

the tertiary structure tuf the ap(uj)rotein. This shielding t’ffect in turmi iumiposes selectivity onm the

Substali(’(’s which may come in comitact ivitim the imenme moiety of the cytochrouu-te. Further-
mumort’, ha’nmmopeximt was fouund, in all (if the preparations studied, to have a greater affinity for
four the prosthmetie group of cytoehromt’ P-420 thuan serumn albumin. Accordmgly, henmopexin
is indicated as the p(ussible intra- amid initercellular henme transfer pr(uteini four the umuicrosoummal

ii(’uuituproto’imi, (‘ytocimrome P-420.

I NTROI)UCTION

Pro’vi’ uus st tidies demuionst ratimig that time

hemmme (uf cytouclum’tiumme P-420, but imot that of

cyt(uchrt tune P-450, was transferable to st’runm

albumin (1) led us tou propose (2) a schmeimme

(Scheune 1) four the catabolism of c�ttuchronme

P-450. 1mmthus sclmemne, followimmg the coinver-
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of cytouchronme P-450 to eytochronie

P-420, a henme-bimmding pr(uto’imm would serve

to carry the imemume of cvtochromume P-420 to

the heumme-degradiumg o’nzynmes. Subsequently

this hemmie-proteiim coiimplex servo’s as a sub-
strate foir thie lmemmmeoxygenase system (3),
wlmichm is respounsihle for thie degradatioui of

time iueune ummoiet y, ferriprot oporphyriim IX

(4), of cytochrummme P-450. Serumui albumin

was the only heimue-biimding proteimm utilized

in the previous trammsfer studies. It has been

shmown (5-7) tlmat the iieuuie-binmdiumg capacity
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Other cytoclmronmes

Exchammge?

Cytochrome P-450
Emizymatic? Atmtocatalvtic? Other?

Cytochrorne P-420

llenmopt’ximi, albumin, or ot Imer

transfer Iurmmteilms

Bile pigments
Henme oxygenmase

SCHEME 1

Ilenie-proteimu ommniplex

of anotimer serunm j)routeilm, henuopexin, is

greater than that of albunuin. Furthiermourt’,

it has beeum denuoimstrated that the imenue iuf
cvtochrouuue P-45O�50 is readily transferable
ttu hemopexin (8).

In the present study time trammsfer (uf henme

from both muienubraume-ho uund and souluhihized

cytochrome P-450, as well as th(’ hmenme ouf
CO-bimmdimmg particles (eytochrommme P-420) tou
aptuhemopexin and serum albunmirm, was mi-
vestigated. The data presento’d further sup-
port the hyptuthmesis tiuat in the nmanimahiamu

system the molecular (‘0 unforimmatit uumt uf cvt 0)-

chrome P-450 is such that the hemuut’ grtuup

is very tightly huund our is n(ut readily o’x-
posed to the envirouumnment (1). However,

alteratioums in the hmeimuprotein iviuichi lead

to the formatioum of tho’ nu(udified form ouf the
cytochro unumo’, cytochronuue P-420 (9), result

in increased accessibility or in lower affiutity
for hemt’. Thus proteimms with high hmenme-

binding affinity that conic imi coummtact with
this pturtituum cif the moulecule wouuld be able
t(u remuuove the henue frtunu thi(’ apoproteini of
the cvtoichrome.

MATERIALS AND METHODS

i\Iale Sprague-I)awley rats were used.

Ummkss othierwist’ imidicated, all chmt’mmmieal.s
used were purchased fronu Sigma Chenuical

Comumpany. Rabbit luemopexi ii amid apt uhuemo u-
pexiuu were prepared according to a previ-
ously described procedure (10).

Preparation of labeled cytochrome P-4;70. Time

hemume moiety of cvtochronne P-450 was

labeled by treatiuug rats (150-200 g) with an

intravenous immjectioun of [3 , 5-3H]S-amino-

levuhinic acid (specific activity, 510 nmCi:
nmnmole; New Eumglaumd Nuclear) at a dose of

40 jACi/100 g tuf boudy weight (1). Aftt’r 2 hr
he anuinuals were decapitat(’d, amid the livers

were reuuuoved, P(’rfuse(l with 0.9 � sodiuumi

chhoriclo’ so ulut ioun, amid hit ullmog(’!tize(I. \ I icro-

s ummial fractions were pro’pareoi usiumg 0.05 mi

Tris-HCI buffer, 1)11 7.4, countanming 0.15 mi

KCI, as previously oleseribed (1).
Transfer of /meme front membrane-bound

(/JtOelI route P-4o0. limo’ nuen )St)nmmal suspemm-
situn was divided into thuret’ aliquots. Time

protein cointent ouf each aliquot was adjusted
to 4.5 nmg/ml. Tou tuumt’ alitiuot rabbit apo-

lienmopexin was added to a humal eoummceumtra-

tioum ouf 0.1 � . Ttu a st’conmd ahiquot imunman

serunu albumiui, essemmtially free (if fatty

acids (prepared by Siguuma (‘henuieal Corn-

paumy), was addo’d toi a fimial ctuuuco’ntration of
0.1 � . Time third ahiquot, mu Tris-HC1 buffer,

served as tiut’ conmtrtuh. These mixtures wt’re

imicubated four 30 mimi at 25#{176}.rfli(, nmcubation

mixtur(’s were thuemicentrifuged at 105,(XX) )<
q four 90 uuuiui. Time niicnusouuuual j)(’llt’ts thins

0ui)t ained \ver(’ resuspended iii Tris-H (11 buf-
fer (0.05 M, l)H 7.4) to tiio’ ouriginal volunme.

Thuo’ ro’dist ribut it umi o mf hiemume bet iveen time

supernatant and mmcrtuso mmml fractions was

investigated by ((ii umut curt unmatographuv,

spectral, and ra(liouact ivt’ studies.

Tlmrt’t’ milliliters ouf thie supo’rumataumt frac-

thuui wo’rt’ apphio’d to a 1)EAE-So’phmadex

A-SO columuumu (1.6 X 26 cmii) equilibrated

with Tris-HCI buffer (0.05 mi, pH 7.4) amid

e’luted with a gradient uf Sf10 ml (if 0-0.5 mi

KC1 iui Tris-HC1 buffer. hue flouw rate was

aboutmt 20 ml iur, amid lO-nuil fractiouns were
collected.

Siwctral studio’s were carried out on a
D’\V-2 Aumuiumeou dual-beanm Sp(’et rophmo itt )umie-

ter. Time cytoeimnumime P-450 coumtt’utt was



determuiined usimmg Liii t’xtimictiommcoefficient

ouf 91 mmn’ cnim between 450 and 490 nm

(11). The (‘ytochrome b5 content was meas-

ured utilizinmg NADH as the reducimmg agent

amid aut extinmction o’oefficient of 185

nmmi’ cmii-’ between 412 aimd 424 nm (12).
Time hmemuie-imemmmopexin eomnplex concentra-

tio)n was obtaiimed using an extimiction coeffi-

ciemit of 110 mumm�’ cuui’ for tue differemmce in
absorption between 413 and 500 nm (13).
The e uno’eumt ration of protohmemume ivas deter-
mined by tii(’ pyridine-hmemmiocimromiiogen

methiod of Paul et al. (14); aim extinction

coefficiemmt ouf 32.4 ummw’ cnm’ WaS used for
rt’duced nmiumus oxidized difference spectra
betmveo’ui 537 and 575 mum.

Radioactivity of sanmples was measured
utilizing Aquasol Universal liquid scintilla-

tion “cocktail” (New Eumglaimd Nuclear)

aimd a Packard scintillation counter. Time
backgrtuund radioactivity was about 20 cpm.
Time redistribution of radioactivity between
thme superumataimt ammd muuicrosouumal fractions
ivas determumiuied accordimmg to time following

foruuiula:

X 100

threitol, 0.1 mmr), were incubated at 23#{176}for

30 mm with 1 mmmg/iuml of apohemmmopexin, 1

imig/nil of serum albumin, or the Tris buffer
mmmixture alomme.

The reduced minus CO difference spec-

trumum of each mixture was measured before

amid after incubati(umm. The incubatiomi mix-
tures were cimrommmat(ugraphed on DEAE-

Sephadex A-SO coluimins (1.6 X 26 cm); 3
mmmlof sanmple were applied to the column.
The colurnuus were equilibrated with Tris
buffer mixture ammd eluted with a hiimear
gradient of 0-0.3 mu KC1 in the Tris buffer
mixture described ai)ouve. Spectral studies
were coumducted on thme eluents, and time pro-

toherne content of time fractions was deter-
nmined as described abouve.

Transfer of lieme fromim CO-bindinq par-

ticles (cytochronte P-420). The heumie portion
of cytochromne P-450 was labeled by treating
the rats (130-200 g) ‘with [‘HIALA’ as de-

scribed above. Microsomal fractions and
subsequently CO-binding particles, the cy-
tochrome P-420-rich microsomal particles
devoid of cytochrome b5 (12), were prepared

as previously imidicated (1). The microsomal
pellets were anaerobically incubated in the
dark withi 0.2 % steapsin at 37#{176}for 1 hr.
Thereafter the incubation mixture was cen-
trifuged at 200,000 X q for 2 hr. The CO-

bimmding particles thus obtained were resus-

pended in Tris-HC1 buffer (0.05 mu, pH 7.4)

and ceimtrifuged at 200,000 X g for 1 hr in
order to remove time steapsin. The CO-bind-
ing particles were resuspemmded in Tris buffer

(4.5 mmug of protein per mmiillihiter), and ali-
quots were immeubated at 23#{176}for 30 mum with
rabbit apohemmiopexin or Imuntan serum albu-
immin (1 nmg/rnl). The incubatiomm mixtures
were centrifuged at 200,000 X g for 1 hr,
and the redistribution of lieme between the

supernatant fraction amid the CO-binding
particles was deternmined by column chro-
nuatograpity of the supermmatant fractioims as
well as spectral aimd radioactive studies
according to time imiethods outlined earlier.
Three milliliters of the supernatant fraction

were chromatographed oim a DEAE-Sepha-

dcx A-SO colurnmm (1.6 X 26 cm), mvhich was

equilibrated with Tris buffer and eluted with

The abbreviatiomu used is: ALA, I-amiimio-

levuhinic acid.

Proteimu concemmtration was uiteasured by the

method of Lowry et al. (13).

Transfer of Item e �from solub ilized cyto-

chrome P-4�5O partieles. Imuimimature rats (50-
60 g) received daily inmtraperitomieal injec-
tions tuf phmeittibarbita� (100 mg/kg) f(ur 3
days. Time animmials were killed 17 hr after
time last inj ectioum. I\licrosomal fractious were

prepared as described above. Cytochmromne

P-450 was solubilized according to time
mnethuod ouf Lu et al. (16). Thie contemit of
cvtoo’hmrtunme P-450 was uuueasured as de-

scribed abouvt’; the imighest specific activity
was found in the 0-45 % aninmoniummi sulfate

fractiomu. The cvtochronue b5 content of this
fractitun was mumeasured by thie addition of
exogent uus NADH-cytochmro ummmeb5 reductase.2

Ahiquots ouf the solubilizt’d cytochrome P-430
(0-43 (�) fractioim, containimig 4.5 nmg of pro-

teini per umtilhiliter in Tris-HC1 buffer mmmix-
ture (0.1 mm, pH 7.7; glycerol, 20%; dithio-

206 MAINES ET AL.

2 TIme NADH-cytochromne b, reductase was

kindly supplied by 1)r. 1). J. Lorusso.

-- Supernatamit ‘FL cpm/ml

Stmpermiatamit ‘H cpm/nil

+ pellet ‘H cpm/ml
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a linear gradient of 0-0.5 ii KC1 in Tris-HC1
buffer. The cytochrtiumme P-420 commtemut was

measured using sodium dithionate as time
reducing ageumt and anm ext iumction coefficient
of 110 mmuM’ cm’ for the difference in ab-
sorption between 420 amid 490 rmui (11).

RESULTS

Transfer of hente from membrane bound

cytoc/tromne P-450 to serum albumin and apo-

heniopexin. Table 1 shows the trammsfer of
tritiurn-labeled microsomal heme to albumin

and apohemopexin. After centrifugation of
the nmicrosomal fraction (4.5 nug of protein

per milliliter; 0.67 nmole of cytochrome
P-450 per nmilligramui of proteimm) which had
been incubated witim 0.1 % albunuin or 0.1 �
apohemopexin at 23#{176}for 30 nun, the micro-

somal contents of cytochrorne P-450 and
b5 remaiumed unchanged. However, decreases

of 11 #{182}�‘�and 15 % were observed in time radio-

TABLE 1

Transfer of microsomal heme to serum albumin

and serummi hemopexin

[‘H]ALA (40 ,aCi/100 g of body weight; 310

mCi/mnitule) was administered intravenously to

nmale rats, amid the animimals were killed 2 hr later.

Microsomal fractions (4.3 mg of protein per milli-

liter; 23,000 cpnm/nil) were prepared amid equili-

brated at 25#{176}for 30 mum with human serum albu-

min or rabbit apohiemopexin (0.1%). Thereafter

the incubation uumixtures were cemutrifuged, atud the
redistribut itmmmouf radioactivity between the super-

miatant and mnicroso,nal pellet was deternuined as

described imm M.�TERIAL5 AND METHODS. The spec-

tral studies were conducted as described in the
text.

Fraction Cytochrome
P-450

n,noles/mg
protein

Cytochromc
b�

nmnoles/rng
protein

Radioactivity

% total cpm

Microsommues +
buffer
Supernatamut 0 0 5
Pellet 0.67 0.83 93

Microsomnes +

albumimm
Supermmatamit 0 0 11

Pellet 0.64 0.85 89
I�Iicrosommies +

hemopeximu

Supermuat ant 0 0 13

Pellet 0.68 0.88 85

activity ouf tue umuicrostunmial I)t’ll(’t ill time
presenuce 0 if serumim albuuumimm and apohenmmo-

peximu, r(’spt’ctively. This radiouaetivity was

recov(’red in time superumatamit fractioumm con-

tainimug t he added jr it ems.
In ourder ttu dt�’terntimio, tue counuptusitio)mt of

the radioactivity hoist fr(uuuu time micrtusouumial

pellet , t he henutupexin-et ummtaininug superna-

tant fractioum was cimrouumuattugraplued omt a

DEAE-Sephmadex A-SO coulumum using a un-
ear gradiemmt of 0-0.5 mi KC1 iii Tris-HC1
buffer. As shituwmu in Fig. 1, tue pattermi of

elutioum uf radioactivity followed the elutn)n

I)rofile t)f imemmlo)pexin, whicim indicates that
the radhuact ivity reunoved fronum nuicrosomes
\VL15 associated withm thus proutein.

Transfer qf Itente front solubilized cyto-

chrome P-450 to albumin and apohentopexin.

A Soululh)ihiz(’d cytochrome P-450 preparation
with a specific activity of 1.8 nnmoles/mg of

proteimm was prepared froummu livers of pheumo-
barbital-treated, miniature rats. The henie
coumtent was 2.3 nnmioles/rng tuf pr(itein,
nmeasured as pyridimme-hiemmuouchrt umuuogemt. The

cytochronue b5 Numuteumt of the preparatiouim,

mumeasured by time addit iomm of NADH-cvto-

cimrume b5 reductase, was less than 0.02
nmmmole/mg of protein. Aliquots (if time cyto-

chronic P-450 preparation ivere incubated

at 25#{176}for 30 nun with 1 mg/nil tuf serum

albunuimm our ap(uimemmmop(’ximm; thereafter the

reduced finns CO difference spectra of the

immcubat 1(u!i nuixtures were mmueasured. Time

cytochronme P-450 content of incubatiomm
mixtures was identical with that ouf time

commtrol incubated ivith Tris-HC1 buffer numix-
ture (data not shown). Subsequently the
immcubatiomm mmuixtures were chronmatographmed.
The elutio)n profiles of the albunmiim- and
henmopexin-coumtaimmimmg incubation mixtures

are sitowmm imi Figs. 2 amid 3, respectively. As

showum, upoum inicubation of solubilized evto-
chrome P-450 fractiouums with the heme-bind-
ing proteins, sonic heme was transferred
front the stulubilized cytocimrome P-450 frac-
tions to thie exogenous heme-bindimmg pro-
teimis. The extent of heme transferred in the

presemice of apohemmmopexiui (0.6 imrnole/rng of

protein) was nmarkedly greater thaim in the

presence of albumin (0.2 mmniole/nug of pro-

tein) (peaks I (if Im’igs. 2 and 3). As ium thue

previous experinmment, time cytocimrome P-450
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Fm o;. 1. (‘hrtiimalogruph ic profile o/ hentopext n after equilibration with miero.�ontal fraction

Tnt itmnui-labeled muuicrosonmal heumiouproteinis were prepared by imutravenitius imijectiomi mmf L:IH]ALA imito

rats (40 �oCi/100 g of body weight; 510 mCi/miumuuole). After 2 hr the amuimnals were killed, amid mnicrosomuial

fractions (4.5 mug tmf luroutcimu per muilliliter; 25,000 cpm/uuil) were prepared amid immcubated with 0.1%

lmemiiopcximi at 25#{176}for :30 muinu. Follomwimug cemut rifugatioimu, the hemumoipeximi-comit aimuimig supermiatamit fractiomi

was cimromatomgraphed out a 1 )EAE-Sepluadex A-50 coluniumi equilibrated with Tris-HC1 buffer (0.05 in,

pu 7.4) amid eluted with a limmear gradiemut of 0-0.5 in KC1 in Tris-HC1 buffer. Time hemuiopeximi comicemitra-

ioumt was mmmeasureol as clcsc rilied imi in tTm:Hu ALS tNi) it ETHOIiS.

20.
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Elution Volume (ml)

Fm n. 2. (‘it rt)inUto(/itl phi c proji Ic of .stilmmhiltzetl cytoch rome P-450 after incubation wi tim serum album in

Hat liver cvtocimrtmmne P-45() was solubilized accordimig to the mimethod of Lu ci at. (16). The Q_45(� ann-
mimoimiiimmuusimlfat e fm-act iommi (18 mimuioules tuf cvt tmchromuue P-450 per mumilligramui tmf proteimi ) was incubated with

0. 1� serumui albinmuuimi at 25#{176}f(ir 3() mumini. Time nnuculuat itimi mixture was chromuiat tigraphed oimi a I )EAE-Sepha-

dcx A-5() colimmuumi equilibrated with Tmis-IIC1 btuffem (0.05 in, pH 7.7) mnixt tire, the compositiomu of which

is described immider M.tTm:un�m.S tND mnn:TmlomDS, amid eluted witlu a limicar gradiemit of 0-0.5 ii KCI imt Tris-

11(1 buffer mmmixt tire. Ilenie ammd cvtoclmromume P-450 were determumined as described in MATm:nmim.s AND

ii l:TlmoDs.

commtent of time fraction rt’nmaimmed the sanue
after boutim tro’atmeumts (tueaks II ouf Figs. 2

aut(1 3; 2.1 nmmoles/muug uf prtuteiut). The

reduced minmus Co differeum(’e spectrum of

peaks II of hot ii Figs. 2 amid 3 is siiowmm iii
Fig. 4. Thus figure shows that althougim the

(‘Vt ouehiroimmue 1�-45O content of bcuthi fractions

renuaiuied the same, thero’ was a decrease imm
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Fmt;. 4. CO difference spectrum of solubilized

cytochrome P-450 after i;tc ttbation with plasma imeme-

binding proteins

Soulubilized cvtochrome P450 preparat iomus with

a specific activity of 1.8 mimumoles/muig of protein were

obtaimmed fronim rat liver microsonial fractioumis (16).
Aliquouts of the 0-43% ammomiiuni sulfate fract imimi

(4.5 ung of proteimu per nmillihiter) were incubated
with 0.1% humani serum albumuuimi (in rabbit apo-

hemopexin at 23#{176}Cfor 30 niimu. The incubatiomi

mixtures were chromuiatographed omu a l)EAE-

Sephadex A-30 ctmhnmmomi. The reduced minus CO

differemuce spectrunm ouf peak II was imieasured as

described muMATERIALS .tNI) ME’rimons. , after

incubation with serum albunuimi; - - -, after mu-

cubat iomu wit ii apohemumopeximi.
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40 ___

30 -

Elution Volume (ml)

FmG. 3. Chromatographic profile of solubilized cytochrome P-450 after incubation with (Ipohemopexin

Solubilized rat liver cvtochrome P-450 was imucubated with 0.1� sertnmum apoimenuuopexin. Comiditioumis

were the samume as described for Fig. 2.

timo’ peak at 422 mmmiiwhiemi immeui)ated withm
apt uhteuuuoupexiuu. This fluidimig iuidicat (‘S t hmat t he

siuurce iuf hente renitived fr(imiu time so)lubilized

cvto uchro ummmt’P-450 part icl(’S was t ho’ cyt 0-

chro unme P-420 pro iduced durimmg s(uluhihiza-
tiomu procedure.

Transfer of hente front CO-b indinq particles

to serunt albwmt in aitd apohentope.rin. Cvto-

chroumuut’ P-450 was quammtitativelv conv(’rt(’d
to evtochrcunue P-420 by nicuhatimug time

- nmicr(uSouumal fractioun withm 0.2% steapsium at

37#{176}for 1 hr under nitrougeum. Table 2 shuows

that U�(iit equilibratioui of tue CO-binding

particles with the lit’nuue-biuudiuig luro)to’imis at
25#{176}four 30 nun there was a substamitial (It’-

crease mmtime heme etuntent of the CO-biumd-

ing particles as ummeasured by time pyridine-

imeuuioeimrom(ugen spectrum (34 #{182}‘mmmd 64 %

up uuu iuucuhat ioun wit it serummi al i)unmmimm amid

apt uhemmiopexin, respo’ct ively). Co imiconimt aumt

decreases lit the uadiouactivitv (if time CO-
binding particles, amo)ummting to 41 % and

43 #{182}� after treatment withu serum albumin

amid apouhmemimopexini, ro’speet ivelv, \\���(‘ tub-

served. It should be umouted that tue buss ouf

henie fro um CO-hi nmdinig part 1(10’s, when

m(’asured by time pyridiume-hemutochromittigemm

methoud and by radituactivity deterumuinations,

does mtut exhibit Liii exact st(uiciuionmetrie re-

latiounuship. Thus is attributed to imtethitidtultugi-



scribed iii MATER! .�LS tNmi METmioDs.

cal difficulties, wimich, at preseuit, cammnot be

resolved. However, the results obtained by

botim methods are supportive.

The chronuatograpitio’ pattermi of henuo-

peximi after equilibratituum with CO-binding
particles (Fig. 3) shows thiat the elution pat-
tern (if hmemopexin paralleled that of the
tritiunu counts. Figure 6 shows that intact

imeme nmolecules were renmoved from the

microsomal membranes as the eluted hemo-

peximi exhibited a visible ahscurpticun spectrummi

characteristic of a heme-hemopexin c(urnplex
(10): the oxidized forum showed a Soret

hand at 413 nni with ptuorly defimmed a- amid
fl-bands. The differemuce spectrum of the

reduced forni exhibited amt absorption niaxi-

mumiu at 427.3 mum with aut a-hand at 357 nrn
ammd time fl-band at 330 mmmii. Th reduced
plus CO vs. oxidized difference spo’ctrum

showed a Soret hand amid a- amid fl-bands at

417, 372, amid 340 mmiii, respectively. The

reduced plus CO vs. reduced differemmce spec-

1 .99 87 trunm exhibited a Soret hand at 421 nnu,
with rio detectable a- or fl-baud. Evidence

0.93 59 for the ligation of CO with the reduced

henme-hienmopexin complex has h)eemm reported
0.�0 (17).

Treatment Protoheme Radioactivity

mzmmzoles/mg � total
protein

2

8nmoles Hemopexin /ml

cpm x 102

- 06

0.4 L�OD28Onm

M KOl

__--�-02

L -

2C 40

Elution Volume (ml)

ICC SC

0.0
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TulLE 2

Loss o�f heimie �fro in (‘0-bin (liii g particles to sec u in

albumin (111(1serum hemnopexin

Adult nmale rats received at#{236}mit ravenous imijec-
i(ummof :iiI1,&LA (40 (LCi/100 g omf body weight

510 mumCi/uummnoile), amud 2 hr later the amuiumials were

killed. CO-bimudimug particles (4.5 mug of proteimu

per milliliter) were prepared iuy imicubating miii-

crosommual fractiomns witim steapsin (0.2%) at 37#{176}for

1 hr umuder miitrogcmi amid cemitnifugaticun at 200,000

X q for 2 hun. This tneatmmiemut released cytoclmronie

155 and qinant it at ively converted cytochmrome P450

to cytochnormie P420. The CO-bimuditig particles
were equilibrated wit Ii human senummu albimmuimu (in

nai)bit ap(mhuemuim)I)exini (0.1�� ) at 25#{176}for 30 mmmi.

Tlueneaft en I lie imicubat ion mixt tines were cemit ui-

fuged at 200,000 x g for 1 hr amid spectral as well

as nadituact ivitv st indies weme comidut’ted as de-

CO-bimiding pant io’les +
buffer

CO-bimudimmg part it’les+
al liumni mu

(X)-bimmdinmg pant io’les +
luemmioipexi mu

4

FiG. 5. Chromatograph ic profile of hemopexin after equilibration with CO-binding particles

Tritiumn-lalueled CO-bimidinug particles were prepared by treating the mnicnosonual fraction with steap-

sin (0.2�) at 37#{176}for 1 hr umider ammaerobic comiditions. Apohenmopeximm (0.1%) was equilibrated with the

particles at 25#{176}for 30 miii auud chromiuatographed on a 1)EAE-Sephadex A-SO column. The colummi was
eluted withu a limuean comicemutnation gradiemut of 0-0.5 ii KC1 iii Tnis Buffer (0.05, pH 7.4).
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FIG. 6. Absorption spectra of hernopexin elided front DEiE-�S’ephadex A -50

CO-binuding particles were prepared froni tritiunm-labeled rat liver imuicrosomuial cytochromuue P-450 as

described in MATERIALS AND METHODS. CO-bimmding particles (4.5 ummgof proteimu per umuilliliter; 3.9 minmuomles

of cytochrome P-420 per nmilligranu of protein) were inmcubated withi rabbit apohemuuopeximi (O.1��() at

25#{176}for 30 mimi. After cemutrifugatiomi at 200,000 X g for 1 hn, time simpermmatamit fnactiomu was churoumuato-
graphed on a DEAE-Sephadex A-SO cohmnmiu amid spectral studies were conducted on time elimemit. --,

oxidized (absolute); - - -, reduced (difference); � redtmcetl plus CO (differenmce); . .. -, reduced
minus CO (difference).

DISCUSSION

We (2) imave receuitly prouposed time jro’s-
ence of a “henme transfer protein” that serves
to carry heme fromum cytociuronme P-420 to) time
major site of heme oxygemiase activity. We

further suggested that time conversion (uf cyto-
chrome P-430 to cvtochronme P-420 oiccurs
in n’ivo. This conjecture was based omi time

observation that the Imenue moiety ouf cyto-
chrome P-450, in contrast to that of cy-
tochrome P-420, could miout be transferred

to human serum alhumimm in vitro. Ho’moi-
pexin, a henue-binding plasma proteimu with a

much higher affinity for imeme thamm albumuuirm

(6, 7), has been shouwn to renuuvt’ imemmue
from cytochronme P-450�80, (8), wlmicit is a
soluble cyto(’hromule isolated from Psettdo-

monas putida (18). Timerefore we imtvesti-
gated the transft’r ouf huenme tou iuemuuoupo’ximu

fromui maummnmaliant muiicrt msomumal cvtoclmromuue

P-450, ammd a solubilized fourni thereof, as
well US steapsin-treated mmiicrosonues, i.e.,

CO-bimudiumg particles.
Tue preso’nt study shuows that iu(’mttt)p(’xin,

like albumuuimu, was unabbt’ to renuov(’ the hut’mume
nuoietv fro mu cvtochro:ume P-430. Treatniemit

ivitii albumimiui or apt uimemuuoupexiui (Table 1)
did umout ciuamige thi(’ mierousomal commtemmt of

cytochro unumo’ I �-450, menmbramue-bound or solu-

bilized. Furthuernmore, the hmeumie ivimich was

t rammsferred to time exogo’mtoius henme-bindnmg
proteimus was muot lost froumui cytochrome b6

simmee the couttemmt of this cytociurome iii time
intao’t muuicrosomal lureparatiout was uuot al-

tered in tiu’ pro’sence iuf time added huenme-bimmd-

imug l)routt’imms. Sinuibar!v, the very minute

quamitity of this cytochurtumuue preseuit iii the
soli.mbilized mmmicroscuummal fractioun was not al-
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t(’rO’(l ujuo urn imicub)atiort w�it ii st’runum albuumuin

or muut )iu( ‘mumoupexin . �1hmt’ro’ft ure (‘yt(ichiro ummue
P-420, �viiioim � pro’so’mit imm time inta(’t tur

souluhilizo’d mmui(’rosonual frmtctiounus, cuuld hut’

iummplit’ato’(l as tite stuUrt’t’ ouf tiue imo’mmmetramis-

fo’rred fit ummmt hmeS(’ prepamatitumis. That cyto u-

cimmoumimo’ P-420 was the actual souimrce of timo’

Imenit’ trammsfo’rred toi timo’ o’xougo’muouus proteimms
is furtlit’r supptmrted by thit’ experimimemmts
sluowinig that uptumm coummvo’rsit mmttuf o-vtouchmromume

P-45() tom t’vtouchuroumuue P-420, timo’ imemmie of time

batter sjut’cit’s is readily tranmsfo’rable tom time

addt’d hemmmt’-bimmdimig pntit tins.

This fimudimig intdicato’s tltat a b)arm-i(’r exists

for hmo’nuo’ tranmsfer. Sw-it a bmtrrio’r mmmv be

attrihuto’d to (a) time tertiary structure tif tito’
cvt tuciurommumo’I �-450 nutulo’cubo’,t ito’ ajv upro uteint

of wimicit t’umc mnipasses t ho’ lit-nut’ mnouiety suo’lt

a nut mlo’cular (‘oumifiguratiomli wouulol immipose selo’c-

tivitv omit t ho’ substamuces whit-hi cmuuld (‘tumumo’mu

comitact with the prtusthetic grtuup of the

moubo’o-ult’ ; (lu) time bocatim in m) o-ytochn mimic
P-450 iii tIme endoplasnmmic ro’ticulum sueim

thmat thio’ uumtleo-ule is ‘‘buried’’ ivithmiui time
ummo’umulum-amio’;amud (e) timo’ emmnmluimiatimumi of hmithm

(a) amm(I (h), mmmtnmo’ly, nmoleeulam- c unift urmumat it mum

amid umuoudo’ mit assuo-immtiouu with tho’ mumo’ummbrmmne.

The data pro’st’nted hiere, as wo’ll as in tuur

pro’viouus studio’s (1, 2), support the first
hyiuothmesis. If huo’atiomu withuium time mciii-

bramme (‘ommstituto’d time barrio’r to) hio’nue trans-
fer, tho’ iieumme omf soulubilized cytouchurcunme

P-430 slit muld 1)0’ t ramusferLtble; hit uwo’vo’r, this

was muot oi)so’rved. Regardless of tito’ nature
of time bmirrier, it is apparemut titat time hinmdimmg

emmeu-gy omf home amid apocvtouchmm-oumumo’ P-430
niust he greater than that of hmeuuo’ amid

apocvt ocimronmme I �-420. Fiirt hmo’rnmuouro’, the

himmthimmg (uitmgv of imenmopt’ximi 6ur iuemmie is

estiummat(’(l to) 1)0’ ahuout 10� (6), anmd timat of

cytoucimroimne P-430, aimout 10� (19). Thus,

if aflinitio’s wero’ inmportammt deto’rmuuiumants of

time harrio’r tou hmeuume tu-ansfo’r, onto’ would cx-

p(’ct apoiieuuuoupo’ximm to rt’niovt’ tiit’ hit’uume froni

cvtochrommme P-450; againu, this was miout oh-

servt’(i.1’rouuimtimese fiumdimmgsit nmmay be spec-
ubat’d that cvtoueiurouume P-43() is localized

Oii time omuto’r surface ouf timo’ ummicroisomal

vesicles, with thmt’ prosthetic group of the

nm(ulecubo’ I ueimig siuieldo’d fro mum t ho’ sum-momud-

imigs hy tIme tt-rtiary structure omf time apopro-
to’imm. Thus (-ouuld (‘xplaium wimy thit’ heumue �uf

iuttact cyto(-hmrtimmie P-430 is muot traumsferable

t(u time heuuie-binding pruteins wimibe thiat o)f

tIme denatured fourumi, evtochromute P-420, is

ro’adibv transferabbo’. Strittnmatter ci al. (20)
have Sim()wiutiuat cvtomo-imromne b5 is localized
(iii time tuuto’m- surfmtce ouf tii(’ nuicrosoummual

vo’sieles. Furtimo’rnuturo’, a svmiergistic effect of
NA I)H, wiuichu 1my ro’dut(-immg cytocitro mimic b5

mmuay provide the sect mmmdreducinmg equivaleumt.
ro’t1uiro’d for cyt omo-huro �miie P-450-depemmdemmt

drug oxidLmtiomm, imas bt’emt showum (21-23).

Tiuis would imply thmat, mi order for the
svno’rgistic effect tou take place, a structural

�roximmiity nmust o’xist between these cyto-
t-imroumuies. It is imuteresting that ev(’mm soulu-
h)iliZ(’d o-vtoieimruumie P-430 did wit give up

its Imo’uume uumuiety, wimit-hi furthmo’r supports time

immmpturtance tuf thut’ structural comifiguratitun

omi time mmutibeeube.

As expectt’d, thmo’ tramtsfer of imemmmo’from
CO-himidimig partit-lt’s to apoheummopexin was

numarkedly gro’ater timami tom albummn. Although
imemumopexin amid albuumuimm are so-called secre-
tory proteimus, it is (-ommeeivab)le that hemumo-

peximi amid albuuutiut mmmav so’rve as interummediary

prtmtt’imms imi the imutm-aeo’hlular transport of
iuenme fm-urn o-yt mo’iimo mimic I �-420 to�u imcme

oxygeumase (3). At this poimit, abtimougim thuere

is no firmuu evidemio-e for the mmatural tuccurro’mmce
of cvtochrommme P-420 in vito, time possibility

timat this fourmummay serve mmsaim immtermumediate

iii time degradatitun (if im(’mmio’is mumoust intriguiiug.
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