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SUM MARY

A procedure for time pmurtial purifications and subsequemst solubihizations of cytochnome P-450
from microsomal membmmumses of chick embryo liver is described. Successive treatment of

microsomes withs Protease VII amnd Lubrol WX yielded a solubilized preparation with
about a 1.8-fold iiscremuse ins tine specific content of cytochrome P-450, measured a�s milhi-
micromoles per milligram of proteins, withs mso detectable amounts of cytocinrome b5 and
mimsinsal activities of NADPH- ansd NADH-cytocinnome c reductases. The CO difference

spectruns of tine solubilized cytocisrome P-450 showed au absence of cytochnrome P-420;
hnowever, tine absolute spectrum of the CO complex of tine reduced preparation displayed a

peak at 420 m�u. Tine solubilized cytochnome P-450 obtained from cinick embryo livers in-
teracted nviths various substrates to give type I on type II spectra similnur to those observed

in other species. Cytochrome P-450 in chick embryo liven wmus insducible by drugs, poly-

cyclic hydrocarbons, and steroids.

INTR0I)UCTm0N

Tue liven microsomal isemoproteims cyto-
cisronne P-450 hsa�s beems implicated as the
temnsinial oxida-se for tue metabolism of drugs

(1, 2), cancinogemsic hydrocarbons (1, 2),
steroids (3), amid fatty acids (4, 5).

Tine additions of various substrates to
microsonsnul pneparmutionis results in spectral
cinamsges, suggestimsg ans interaction) betw’eemn
the substrate amid tine hemoproteims P-450.
These spectral cinaniges are classified insto

two types: type I, hnavimng a maximum at
about 390 mj� anid a minsimum at about
420 mhz, ansd type II, having a maximum at
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about 420 m� amid a nuinsimum nut about
390 m�e (6-8). Recent studies have also

shownn the presence of at lea-st two differenst

fonm.s of P-450 in liven cell microsomes:
cytochrome P-450, which is preferentially
imnduced by treatment of ansimahs with drugs,
such as phenobarbital, and cytochrome P-

448, w’hich is preferenstially induced by

polycychic hydrocarbons, such as 3-methyl-
chsolantbsrenie (9, 10). The two forms of

P-450 can be distinguisined by indirect
means, such as the formation of an ethyl
isocyanide-hemoproteims complex (11), an
n-octylamine-isemoproteinn complex (12), or

a carbon monoxide-hemoproteims complex (9,
10). It has been sinowms that two hemopro-

teinns with diffenenst tumnsoven rates occur in
micnosomal CO-binsdinsg particles (13, 14),

and that treatment of rats withn 3-methyl-

cholamsthrene preferentially inuduces tine

inemoproteims witin tine lonsger half-life (13).
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Murphy et a!. (15), usinmg rate-zonmal centnif-

ugatiomn, also demonsstrated that cytocinnome
P-448 produced by treatmemst with 3-metinyl-
cinolansthnnemse wmts foumnd ins larger quanstities
in particles inmuvimig ams imncrea.sed sedimensta-
tions rate.

Inn order to study tine properties of tinese
microsommul hnemoproteimms, several attempts
have beems nsade to isolate amid purify cyto-
cinrome P-450. Microsommul cytocinrome P-
450 relatively free from cytochrome b5 amid
XADPH-cytocisronse C reductase activity
has beems obtaimsed usimmg trypsims (16, 17),
steapsins (18, 19), Xagarse (muBacillus subtilis
proteiniase) (17), amid deoxycinohate (20). In

all l)repmuratiomss except thuose treated witin
Naganse, cytocisnonse P-450 w’as partly cons-
verted to P-420, tine demututured form of the
isemopnoteini. Solubihi zmutions munsd partial pun -

ficatioms of cytochunome P-450 inave beemn
effected by treatmemst of microsomes w-itis
Lubroi WX followed by Sephuadex G-25 tumid

DEAE-Sepisadex columns cii romatognaphy
(12, 21), or by treatmemit withs deoxychnolate

followed by DEAE-cellulose columns cinroma-

tograpluy (4). These methuods did isot inscrease
the specific contennt of tine solubihized P-450,
in tennis of milhimicronsoles per milligram of

proteins. Ins the latter procedure (4), more-
over, 30 % of the P-450 was chsansged to

P-420. MacLemsmsams et al. (22) have suc-
ceeded ins obttuinimng mu“P-450 particle” with
ann apparent 4-5-fold punifictutions by treat-

menst of microsomes uvitin tert-am�’l alcohnol
and potassium cisolate.

A vnuniety of 5fl-steroid nuetmubohites nsmutummul

to mamu imave beems siiowns in previous studies

from tinese laboratories to be potent imiducers
of #{244}-amimsohevulimsic acid symsthetase ins the
chuck embryo liver or ins liver cell culture
(23, 24). Thus mitochuomsdnial enzyme is nate-

limitinsg ins tine hueme-biosymstisetic pnutin way.

Tine rehmutionsiuip between steroid ensinamuce-
ment of #{246}-amimsolevulinnic acid symithneta.se

fonmmutions timid of ineme biosymntisesis, iii tine

form of cytocinrome P-450, together with tine
usefuimsess of tine chick embryo prepmummutionn

for investigmutiomns of the microsomnul drug-

metabohi zimsg en zyme system, prompted thus

study of the isolmutions munsd clmmummicterizmutions

of chick embryo liver cytochmrorne P-450.

1mm this study, munsotlsem B. subtilis pro-

teinsase preparation (Protemuse VII) wmus used

for the removal of cytocismome b5 ansd
XADPH-cvtociurome c reductase from
microsomal membrammes. Sinsce botis Protea.se

VII amid Nagarse are crude pmo)teinsase prep-
msrations obtainsed from B. subtilis amid are

prepared commercially by t � different
laboratories-Sigma Chemical Compamsy, St.

Louis, amid Ntugase Compamsy, .Japans-ami

attempt was mnude to compare time abilities

of tisese two prepmurations to soluhihize cyto-
chrome b5 and NADPH-cytocinrome c me-

ductase. Lubnol WX wa-s mnext employed to
solubilize tine membramse-bounsd P-450. Tine
solubihized P-450 thus obtaimsed wmus es-

semstially free of cytochurome b5, cytochrome
P-420, amid NADPH-cytocinrome c reductmu.se

activity. The sj)ecifid comntenst of tine solu-

bihized P-450 wmus almost twice tisat of tine

original micnosomes. Tine spectral properties
o)f the soluble P-450 from chick embryo liver
microsomes were also examinsed, a-s wmss the
insteractions of tise P-450 with several model
drug amid steroid substamsces.

MATERIALS AN!) METHODS

Treatment of chick embryos. Chuck embryos
17-19 days old were used ins null expenimennts.
Drugs or steroids (1.5% solutionss, w/’v) ins a

volume of 0.2 nil were immjected insto tue yolk

sac of tine chick embryo through a small hole

drilled insto the bhunnt emmd o)f tine egg, which

thnems was imscubated at 370 for 24 him unsless

otherwise specified. Tine drugs used were

allylisopropyiacetamide dissolved ins pro-

pylense glycoh, sodiuns plsensobanbital dis-
solved ins 0.9 % XniCl, amid 3-metinylcimolans-

threnue dissolved inn corns oil. Tue steroids
used were 1 7a-hydroxy- 11 -ketopregni mtmsolonse

(3a, 17 a-dihnydnoxy-5�3-pregniamse-1 1, 20-di-

omse) timid etiochsohamsolonne (3a-inydroxv-5$ -

andnostamn-17-omse), both dissolved ins pro-

pylemse glycoi. Comutrol chick embryos were

treated withu tins imujections of 0.2 ml of tine
appropriate solvennt.

Preparation of in iciosonial fractions from

chick embryo liver. Livers of chuck emnnbryos

were perfused in situ thnrougin the hsemtm-t with

a solutions comstmuinsimsg 1.15% KC1 amsd isepmtrin
(100 USP units//mh). Tine livers were thems
inomogemsized ins 4-6 volumes of 0.25 M su-

crose comutmuinsing 0.1 nnun sodium ethnvlemme-
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diaminnetetraacetmute withm five strokes of a

motor-driven glass-Teflons iuomogen)izer. Tue

inonnogeisnute was cenutnifuged at 9000 X g for
20 nuns. i\Iicrosommsl l)elhets were obtainned by
censtrifugimig the 9000 X q supennsatanst frac-
tioms at 105,000 X q for 60 nnims. Tine resulting
pellets were wasined onsce withs 1.15 � KC1-
0. 1 :si sodium pinosphate buffer containninsg
glycerol at a conscemstrmutiomn of 25 % (v/v).
Each muilhiliten of suspenusion constained micro-

sonnes equivalemst to 1 g of liver, wet weight.

This preparations could be stored at -20#{176}for
1 monstis without amsy appreciable loss of

cytochrome P-430 a-s determined spectro-
scopicaUy.

Preparation of microsomal fractions from

phen obarbital- and 3-met hyicholant hrene-
treated rat livers. Female Sprague-Daw-ley

rats weigisinsg 200-250 g were treated with

phsennobarbital or 3-nsethnylcholansthrene
instrapenitoneally at a dose of 75 mg/kg or
20 mg/kg daily, respectively, for 5 days.

After fasting for 20 hum, the mats were killed
by decmupitation amsd their livers were per-
fused in situ withs 1.15 % KCI-heparins solu-
tions. Liver homogemsates were centrifuged
mit 600 X g for 10 mimi, tumid nsicmosomes

were prepared as described above.
Preparation of sol ubilized P-450 from chick

embryo liver. Livers were mensoved from ap-

proximately 200 chick embryos without
perfusion ansd rinsed thoroughly ins 1.15%

KC1 solution. Liver micnosomes were pre-
pared as described above amid subsequenstly
Lnemuted as follows at 0-4#{176}.

Step I: Tue proteins conscemitnatioms of liven
microsomes suspended ins 0.1 �un sodium phos-
phate buffer, pH 7.0, comitmuimuing 25% glyc-
erol, w-a.s measured tumid adjusted to 5 mg/mI

of 0.1 un sodium phosphate buffer-glycerol
solutions.

Step II: Protease VII (Signia), 10 mg/mi

of 0.1 M sodium phosphate buffer, pH 7.0,
containing 25 % glycerol, was added to the
micnosomal suspenusion at a final concentra-

tions of 20 �.ug/mg of nsicrosomah protein. The
mixture was thems incubated at 4#{176}for 15 hr
in ans nutmosphere of N2. mi some preliminary
experiments two protease preparations from
B. subtilis, Nagarse amid Protease VII, were
compared for their ability to solubihize cyto-
cinrome b5 and NADPH-cvtoclnrome c re-

ductase.

Step III : Tine microsomal preparation was
diluted 3-fold withs 0.1 ur sodiuns phosphate

buffer, pH 7.0, amsd cemstnifuged at 105,000 X

f/ for 60 mm. Tise supernmtamst fraction was
then discarded, mind the pellet obtained was
resuspended in 0.1 si sodium phosphate buf-

fer-glycenol solutions, pH 7.0. Tine suspenssion
was again diluted 3-fold amid centrifuged at

105,000 X ii for 60 mm as described above.
Step IV: The pellet from step III was

resuspemsded iii 0.05 un sodium phosphate

buffer-25 % glycerol solution, pH 7.0. The
protein concentrations of the suspensions was

determimsed, and the protein content was
adjusted to 8 mg/mI of 0.05 M sodium phos-

pisate buffer-glycerol solutions. To this di-
luted preparations, sufficient 5 % Lubnol WX
(w/v) (Anisold and Hoffmans Company,

Providence, It I.) in 0.05 .ui sodium phos-

phate buffer-25 % glycerol solution, pH 7.0,
was added to make a fnal conicentnation of
Lubrol WX in the mixture of 2.0 mg/mg of
proteins. The mixture was stirred mechan-
ically nut 4#{176}for 30 mini.

Step V: The mixture was centrifuged at
105,000 X g for 50 mins. Four layers were

observed. The top, turbid layer was carefully
pipetted off amid discarded. The next, an

oransge-red clear phase, was collected and

saved. The pellet and tine interphase be-

tweens the clear phase amid tine pellet itself
were discarded.

Step VI: To tine combimsed orange-red
clear pisases, an equal volume of saturated
ammomsium sulfate solutions (60 g of am-
monsium sulfate dissolved in 100 ml of 0.1 M

sodium phosphate buffer, pH 7.0, after
which the pH was adjusted to 7.8 with 4 �i

ammomilum hydroxide) was added, and the
mixture was then censtnifuged at 78,000 X g

for 40 mm.
Step VII: Following centnifugation, the

particulate material floating on top of the
supernatant fraction w-as removed carefully

with a small spatula and placed on tine wall

of a test tube for a few minutes to drain any
ammonium sulfate solution adhering to it.

The particulate material was then dissolved
ins a minimal volume of 0.1 un sodium phos-
phate buffer-25 % glycerol solution. The
recovery of microsomal protein in this final

preparation, whnichs was a clear solution, was

about 30 %. The solubihized preparation was
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2 5� Sassa and S. Gramiick, unpublished results.

devoid of cytocinrome P-420, as measured by
the CO differenuce spectrum, and cytocinrome
b5. Very small amounts of XADH- and
NADPH-cytocinrome c neductases were pres-
ent in tine final preparations, mis described
later. This final preparation could be stored
at - 20#{176}for several week�s with little loss of

activity. It has been termed soluble P-450,

since no cytochnrome P-450 was sedimented
when tue particulate matter was dissolved

ins 0.1 us sodiuns phosphate buffer iii the
presence of 5 % glycerol (specific gravity of
5 % glycerol in 0.1 un sodium phosphate

buffer at 4#{176}= 1.01) and centrifuged for 120
mm at 105,000 X g.

Measurements of absorption spectra. Tise
absolute and difference spectra of microsomes
and of soluble P-450 were measured witin a
Cary recording spectrophotometen, model
15, using microcuvettes (1-cm optical patis,
4-mm width) at room temperature. For
measurement of the absolute spectrum of thse
carbons monoxide complex of P-450, CO was
bubbled into tine sample cuvette for 30 sec,
and then a few crystals of sodium dithnionite
were added to the sample. For measurement

of substrate binding to solubilized P-450,
0.4 ml of the sample was placed in reference
and sample cuvettes and tine difference
spectrum was recorded. Steroids, dissolved
in dimethylsulfoxide, un-crc added ins a 20-�i1

volume to give a final concentration of 48
j�un in time sample. Tine final concenstrations of

drugs in sample cuvettes were as follows:
aminopynine and aniline, 15 msn; allyliso-
propylacetamide amid nicotinamide, 30 mum.

Tine ethnyl isocyanide difference spectra were
determinsed as follows: 0.4-mi aliquots of the
dithioni ce-reduced preparation, pH 7.0, were
placed in referensce and sample cuvettes;
ethyl isocyanide y#{231}a-�added to tine sample
cuvette at a final concentration of 1.2 mum,
and the difference spectrum un-as recorded.

Analytical methods. The protoheme con-

tent was measured spectrophotometrically
by time difference in absorption at 418 mM
between CO-pynidine ferrohemocinrome amid
pyridine fernihemochnrome: 2.0 ml of 0.1 ur

borate buffer, pH 8.9, containing 25 % pyni-
dine, were added to 0.5 ml of sample, CO was
bubbled through, amid then 0.01 ml of water
and a small amount of sodium dithnionite
were added to tine sample cuvette. To the

referemnce cuvette, 0.01 ml of 10 % sodium
iodide solutions was added. An extimiction
coefficient of 1 16 ur’ cm ‘ was used to
calculate the pnotoheme � The
method is especially useful when the annount
of material is limited, as in the present
studies. The sensitivity of the assay is ap-
proximately 6 times greater thman time pyri-
dine inemochnromogen assay of Ponrmu and
Jones (25), and the values obtnuined by the

above niethod are in good agreement with
the values obtained by tine pynidimse hmemo-
cisromogen assay nsetisod (25).

Total amoumsts of flavinn were deteinnuined

fluonometnically by the nnetisod of Bessey
et al. (26) after extraction with cold 1 1 %
trichioracetic acid.

The P-450 contemits were estinsated by tue
method of Omura and Sato (27) from the

CO difference spectrunu of dithionite-ne-
duced preparations, using an extinctions co-
efficient of 91 mur’ cmm between 450 mM
amid 490 m�n (27). Thne P-420 constents were
estimated by tine method of Omunmu mind
Sato (27) from tine CO diffenensce spectrum
of dithnionite-neduced preparationns.

For tine deternsiisation of cytochronse b5,

the NADH reduced mimsus oxidized dif-
ference spectrum was measured between
424 and 409 mj�. An extimsction coefficient of

185 mum� cm’ (27) w-mus used to quantitate
cytocisrome b5. Tine finsal concentrations of
NADH in tine sample cuvette uvas 0.5 mum.

Proteins was determined by tine method of
Lowry et al. (28), usimsg bovinse serum al-

bumin as a standard.
The activities of NADH- and NADPH-

cytochnome c neducta.ses were measured
according to the methiod of Dailner et at.
(29), with tine follouving modificationus. The
reactions were started by nmupidly adding

0.02 ml of 3 mm XADH (or NADPH) to a
solutions of 0.05 mmsodiunu phosphate buffer,
pH 7.5, containimsg 30 mMmoles of cyto-

chrome c, 0.2 mMmole of KCN, and 0.08 ml
of a microsomnul or soluble P450 preparation

(30-40 �g of microsomal protein or 2-3 mg

of proteins of soluble P-450). Tue total

volume of tine reaction mixture was 0.6 ml.

The numounst of cytochnrome c reduced per

minute ins tue mixture was recorded as the
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rng of Lubrol WX/mg protein

Fmo. 1. Effect of concentration of Lubrol WX on

solubilization of cytochrome P-450 and protein from

allylisopropylacetam ide-treate(l ch ick embryo liver

flhicrO.�O1fle.�

Allylisopropylacetamide was injected imlt() the

yolk sacs of 17-day-old eggs at a dose of 3 mgI

embryo, followed by further imscubatioms of the

eggs for 24 hr at 37#{176}.The proteims comscentration
of the microsomal suspensiomis obtained from

allylisopropylacetamide-t reated chick ennbryo

liver was adjusted to 8 nug/mI of 0.05 M sodium

phosphmtte buffer, pH 7.0, containing 25% glycerol.

After imicubation with various amounts of Lubrol
WX for 30 mimi at 40, the mixtures were censtri-

fuged at 105,000 X g for 50 minus and the concemstra-
tions of P-450 and protein imi the supermsatant
fract iomms were determimied.

differemmce ins absorhansce at 550 m� between
reduced tunud oxidized cytocimrome c, amsd tine

amouist was calculated usimng ann extimsctionn

coefficient of 1S.5 nsmn’ ens-’ (29).

RESULTS

Effect of Lubrol IVX on extraction of P-4.50

from eh uk embryo liver inicrosomes. Figure 1

shows tine effect of thme commcenstratiomi of
Lubrol WX ons solubihizmutioms of P-450 from
micmos( anal membranes. At mso conscenstra-

tionu of Lunbroh WX used ins these experiments
was P-420 detectable spectmopisotometricallv
in mumsyof tine 105,000 X �,‘ supemnsatant frac-

tionss. Ins order to reduce tine mumounsts of
Lubrol \VX ins tine finsal preparations, since
this agenst nuppeams to imsternupt the normal

sequensce of flow of reducinsg equivalents in
microsonses (21), and to solubihize tine P-450
most effectively, it was decided to use a

40

1IEE;z�:IT���:
Protein

Nogorse or Proteose � added (�og/mg protein)

FmG. 2. Effect of concentration of Protease VII

or .Vagarse on .solubilization of cytochrome b�,

.VADPH- and .VADH-cytochronte c reductases, and

protein from allylisopropylacetam ide-treated chick

embryo liver microsontes

Liver microsomal suspensions (5.0 mg of pro-

teims per milliliter of 0.1 M sodium phosphate
buffer, p11 7.0, containing 25% glycerol) prepared

from allyhisopropylacetannide-treated chick em-

bryos amid comitaining 1.4 m�smoles of P-450 and

0.438 mpmole of cytochrome b� per milligram of

microsomal protein were imicubated with various

amoumnts of Protea.se VII (0- - -0) or Nagarse

(#{149}-S) at 4#{176}for 15 hr umider muitrogen gas. The

comitents of the reaction mixtures were cemitri-

fuged at 105,000 X g for 60 minu. The percentages of

cytochrome b3, NAI)PH-cytochronne c reductase,
NM) H-cytochrome c reductase, amid protein

solubilized into the supernatamst fractions were

calculated from the anuommts presemst ims both

supernatants amid pellets.

Lubrol WX to proteins ratio of 2.0 mg/mg.
After treatmemst of chuck embryo liver micro-

somes witin Lubmol WX, 1.6-1.8-fold purifi-
cmution was achieved ins tennis of amounsts of
P-450 per milligram of proteins.

Effect of Protease VII on solubilization of

cytochrome b5 and NA DPH-cytochrome c

red uctase from chick embryo liver microsomes.

Recemstly Nishnibaynushi tumid Sato (17), using
Xagarse, succeeded ins removing cytochrome
b5 and NADPH-cvtocinrome c reductase
from tue microsomal membranes of pheno-
barbital-treated rabbit livers without ap-
precimuble conversion of P-450 to P-420. In

tine present study Protease VII was used for
thus purpose, amid tine ability of thus enszyme

to solubilize cytochrome b5 and NADPH-
cytochrome c reducta.se was compared with
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sq of Nogorse or Proteose TO/mg of microsomot protein

Fia. 3. Specific activity of .VA DPH-cytochrmne

c reducla.se after treatment of nmicrosomes with

Protease VII or .Vagar.se.

Experinuemital conditions were the sanne as

described ins the legemid to Fig. 2. The specific

activity of NAI)PH-cytochrome c reductase was

calculated from the comutensts of NADPH-cyto-

chrome (� reductase amid proteims ins the super-
muat amst fract ion amid expressed as mihhimicronuoles
of cytochrome c reduced per milligram of micro-

sonnal proteimi per nninute. #{149}-S, Nagarse-

treated; 0- - -0, Protease Vu-treated.

that of Nagarse. Amsaerobic incubation of
allyiisopnopylacetamide-tneated chick em-

bryo liver with various amounts of Protease
VII was carried out in tise presence of 25 %

glycerol at 4#{176}for 15 mr under tine conditions
described by Nishibayashi and Sato (17).

As sisown ins Fig. 2, cytochrome b5 and
NADPH-cytochrome c reductase were al-
most completely released from the micro-

somal membranes along with 30-35 % of the
total microsomal protein after centrifugation
of the contents of tine incubation flasks at
105,000 X g for 50 mimi at concentrations of
Nagarse or Protea-se VII as low as 20 pg/mg
of microsomal proteins. Since the degree of

solubihizations of NADPH-cytochnrome c re-
ductase was reduced with increases in the

concentration of Nagarse or Protease VII,
NADPH-cytochrome c reductase seemed to
be partially degraded during the incubation.

Further studies showed that the specific
activity of NADPH-cytochsrome c reductase,
expressed as mihimicromoles of reduced

cytochrome c per milligram of protein per

minute, dropped markedly with both

Nagarse and Protea.se VII digestions at con-

centrations of the proteases greater than

20 pg/mg of protein (Fig. 3). However,

40

::

0

c reductose

�em

-,-

�g of Naqorse/mg of microsomol protein

FIG. 4. Effect of concentration of .Vagarse on

solubilization of cytochrome b3, �VA DPH-cyto-

chronme �#{149}reductase, and protein from liver micro-

.somes of pheflObarbital-treate(1 rats.

Bats were treated with pheniobarbital initra-

Pcritomieally at a dose of 75 mg/kg/day for 5 days.
Liver microsonnal sinspemisions (5.0 nng of protein

per milliliter of 0.1 �n sodium phosphate buffer,

1)11 7.0, comitainimig 25% glycerol) were prepared
and contained 2.05 m�smoles of P-450 and 0.768

mMmole of cytochrome b� per milligranu of protein.

The microsomal suspensions were incubated with

various amounts of Nagarse, and the percemitages

of cytochrome b5, NAI)PH-cytochronue c reduc-

tase, amid protein solubilized imito the supernatant

fractions were calculated as described in the legemid

to Fig. 2.

when phsenobarbital-treated rat liver micro-
somes were subjected to Xagarse digestion,
iso appreciable decrease in enzyme activity
occurred following solubihizatioms of
NADPH-cytochrome c reductase unsdem the
same conditions used for chnick embryo
liver (Fig. 4). Thus it appears tisat the
NADPH-cytochrome c reductase of chick

embryo liver microsomes is more sensitive
to protease treatment than is tine reductase
of rat liver microsomes. When Protease VII
at a conscentration of 20 pg/mg of microsomal
protein was used, the solubiizations of cyto-
chrome b5 and NADPH-cytochrome c re-

ductase was similar to thiat obtainsed with
the same concentration of Nagan’se. Al-

thoughs cytochrome b5 and NADPH-cyto-

chrome c reducta.se appeared to be readily
released from the microsomal membranes

by Protease VII or Nagarse, NADH-cyto-
chrome c reductase remainsed attached to

microsomal membranes, as shuown ins Fig. 2.
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(‘omparison of enzymatic activities in solubilized P-450 preparation and original microsome.s

(‘hick embryos were treated with allylisopropylacetamide and soluble P-450 was prepared as de-
scribed in MATERIALS AND METHODS. The contents of heme amid flavims compomnemits and the activities of

flavin-containimig redmnctases in the soluble P-450 and original liver microsonses were measured as de-
scribed in the text.

NADPH- NADH-
P450 P-420 Cytochrome bu Total heme Total flavin cytochrome cytochrome

c reductase c reductase
Fraction

M icrosonses

Soluble P-450

1.69
3.0

m�moles/mg protein

0 0.454

286 ET AL.

0 0 2.63

Figure 5 shows tine specific content of
P-450, ins terms of millimicromoles per milli-
gram of proteins, ins tine pellet after tine
microsomes had been incubated with
Nagarse or Protease VII ansd centrifuged at
105,000 X g for 60 mm. Inscubation of micro-
somes with these proteases, even whnen per-

formed anaerobically in tue presemsce of
25 % glycerol, caused degradation of the

P450, especially at hugh concentration.s of the
proteases. The results show that when micro-

somes of chick embryo liven cells are used
as starting material, a concentrations of
20 �g of Protease VII per milligram of
microsomal proteins appeturs capable of ef-

E

0

a.

E

E

j�g of Nogorse or Proteose 1211/mg of microsomol protein

Fat. 5. Specific content of P-450 in microsomes

obtained from allyli.sopropylacetamide-treated chick

embryos after treatment with Protease VII or Xa-

gar.se
F:x�erimemstal conditions were the same as

described in the legend to Fig. 2. The specific
coiilemit of P-450 in the pellets wmss calculated and

expressed as millinsicromoles of P-450 per nnilhi-
gram of proteimi. #{149}----�, Nagarse-treated;
0- - -0, Protease VII-t reated.

fectinig substantial solubilization of cyto-
chrome b5 ansd NADPH-cytocisrome c re-
ductms.se w-itis little degradations of cyto-
chronic P-450.

Based on these observationss, P-450 was
partially purified and solubilized from al-
lyhisopropylacetamide-treated chick embryo
liver microsomes by imscubating thne micro-
somes first with Protease VII to remove

cytochrome b5 and NADPH-cytochsrome c

reducta.se, ansd tisen with Lubrol WX to
solubilize P-450, followed by salt fractiona-
tioms. The specific activity of P-450 ins the
finsal preparations uvas almost twice as high as

that in the originsal microsomal fractions, as
showns in the following sections.

Partially purified and solubilized cyto-

chrome P-450 from chick embryo liver. As
showms ins Table 1, the solubilized P450 con-
taimsed nso cytochrome P-420, as measured
by tue CO difference spectrum, or cyto-
chrome b5. The activities of NADH- and
XADPH-cytochrome c reductases were very
low ins tine solubilized P-450 preparations;
this was also indicated by the 76 % loss of
flavims, a prosthetic group of both NADH-

ansd NADPH-cytocisrome c reducta.ses, from
the microsomes.

The ineme comstenst of the preparation,
determined by the pynidine hemochuromogen
method, uvas lower than the level of P-450

determinned spectrophotometrically. The
iseme may be unsusually unstable under the

conuditionus of hemochromogens development,
or the extinnctiomn coefficient of tine solubiized
P-450 preparation may be different from
that of P-430 presenst ins nsative microsomes.
A similar discrepaiscy was observed by
Mivake et al. (21) with their soluble P-450.

TABLE 1

,n�moles cvtochrome c

reduced/mg pro/cia

1.17 19.5 148.0

0.284 1.47 5.88
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FIG. 6. A bsolute spectra of solubilized P-450 prepared front allylisopropyluceta mimic -treated c/tick embryo

liver mnicrosomnes

Chick emmnbryos were treated with allylisopropylacetanuide as described in the legemid to Fig. 2. The

solubihized P-450 preparatioms is described mi MATERIALS AND METHODS. It %%.a5 prePared at a concemitra-

tiomi of 2.88 mug of proteimi per milliliter of 0.1 M sodium phosphate buffer, pH 7.0, comitainsimig 25% glycerol.

The amoumst of P-450 was 2.21 m�nuoles/mg of proteims. - -, oxidized spectrumis (0.1 ii sodium phosphate

buffer, pH 7.0, containimng 25% glycerol in the refereisce cuvette and solubilized P-459 preparation in the

sansple cuvette); , reduced spectrum (contcnsts of tine referemnce amid sample cuvettes were the sanne

as for the oxidized spectrum, except that the solubilized P--ISO was reduced with a few crystals of sodium

dithionsite); - - -, carbons monoxide-reduced spec trumis (contents of the refereisce amid sample cuvettes

were the same as for the oxidized spectrum, except that the solubilized P-450 was reduced with a few
crystals of sodium dithionite and CO then was bubbled through it for 30 see).

Figure 6 sluows tine absolute absorptions
spectrum of the solubilized P-450 from
allylisopropylacetamide-treated chick em-
bryo livers. The CO difference spectra of

cytochnrome P-450 in microsomes and of thne
solubiized P-450 preparation from ahlyliso-
propylacetamide-treated chick embryo livers
are shnown in Fig. 7. Altinough no peak nut
420 m� was detected in the CO difference

spectrum of the soluble P-450 preparation,
the absolute spectrum showed a peak at
420 m�. The identity of the 420 m� peak in

the absolute spectrum is not known mut
present, but could be due to P-420 or

hemoglobin.
Induction of chick embryo liver microsomal

P-450 with drugs and steroids. As shown in
Table 2, a 2-2.5-fold increase in liver micro-
somal P-430 content was found whnen 17-
day-old chick embryos were treated with
allyhisopropylacetamide, 17a-hydroxy-1 1-
ketopregnanolone, and etiocholanolone, all

of which are strong inducers of #{244}-amino-
levuhinic acid synthnetase (23, 24). The P-450

constenst of chick enusbryo liver microsomes
was also emsinanced by pisemsobambital anud
3-metinylchuolantinremse, altisoughn the insduc-

tion of thne inemoprotein was less tisans that
obtainsed withs ahlyhisopropylmucetamide or
steroids. Cytocinrome P-450 from 3-methyl-

cholanstisrene-tneat ed chick embryos did not
shnow tue differensce absorption mmuximum at
448 m� in combination with carbons monnox-
ide tisat mad been observed inn rats amsd rmub-

bits (9, 10), evens winens tine cmurcimnogens wmus
injected twice witisims 64 him.

Tine CO-P-450 consplex of this induced
inemoprotein had a differensce spectrum nub-

sorptions maximum at 450 m�, similar to thsat
obtainsed in chick ensbrvos treated �viths
phenobarbital. On the otiner hand, when
phnensobarbital- ansd 3 -nsethnyhchohanuthnrense-

treated rat liver microsomes were used, tue

CO differemsce spectrum absorption maxima
occurred at 450 m� amid 44S m�, respectively,
as reported by otiser workers (9, 10). TIne
fact tisat it was msot possible to demomsstrate
an induced P-44S ins cinick embryo liver was
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FIG. 7. (‘arbon monoxide difference spectra of

(lith ionite-re(lmLce(i nmicrosome.s and soluble P-450

prepared from allylisopropylacetami(le-treated chick

embryo livers

Chick embryos were treated with allyhiso-
propylacetannide and microsomes amid soluble

P-450 were prepared from their livers as described

in MATERIALS AND METHODS. The proteins cons-

cemstrations of nnicrosomes and soluble P-450
were 2.5 amid 1.9 mg/ml of 0.1 M sodium phosphate

buffer, pH 7.0, constaining 25% glycerol, respec-

tively. The CO difference spectra were determined
by the method of Omura and Sato (27).

also confirmed by tine ethyl isocyanside dif-
ference spectrum of tisi.s inuduced preparation.
Imai and Sato (30) sinowed that tun ethyl
isocyamside-inensoproteinu complex of liven
microsomes had Soret peaks at 430 amid 455
m�, and that these peak heights were
dependent on pH. Sladek amsd Mannering
(11) showed that at pH 7.0 the penuk ineight
at 430 mji was greater thian tinat at 455 mp
uvinen microsomes from unutreated or pheno-

barbital-treated rats were used, but that
when microsomes from 3-methylchohan-

thremue-tneated rats were examined the 455
m� peak was greaten than tIne 430 m� peak.

As shown in Table 3, ins our experimensts at
pH 7.0 thne peak at 455 mp� of the ethyl
isocyamside differennce spectrum of micro-
somes from 3-methylcholamnthnene-treated

chick embryos wa.s iso Inighem thams tinat at
430 mM, tine ratio of tine 455 and 430 mM
peaks being similar to tinat obtaimsed with

TAttLE 2

Effect of administration of drugs and steroids to
chick embryos on liver microsomal hemoproteins

Liver microsomes were prepared from 17-day-

old chick embryos that had been treated with

allylisopropylacetannide, 17a-hydroxy-1 1-keto-

pregnanolone, et iocholamiolone, or phenobarbi tal

as described in MATERIALS AND METHODS. Other
chick embryos received 3-methylcholanthrene at a

dose of 3 mg/embryo omice in 40 hr or twice ins 64 hr,

followed by incubation at 37#{176}.The contents of

P-450 and cytochrommne b were measured as de-

Treatment P450 Cvtochrome

,,z�.i.nzole/,,zg
,,zicroso,,zal protein

Controls 0.362 0.236

Allylisopropylacetannide 0.958 0.224

17a-Hydroxy-11-keto-

pregnanuolone 0.705 0.256

Etiocholamsolonse 0.979 0.402

Phenobarbital 0.548 0.216

3-Methylcholansthrene

Comitrols 0.444 0.303

Oncein40hr 0.720 0.259

Twice ims 64 hr 0.755 0.377

microsomes from untreated chuck embryos.

When the difference spectrum between the

oxidized liver microsomal hemoprotein of
allyhisopropylacetamide-treated and un-

treated chick embryo was studied by the
method of Kinoshnita anid Hone (31), the
difference spectrum shnowed maxima at 575
mph, 540 m�, and 416 m� (Fig. 8). This

spectrum suggests that the P-450 of al-
lylisopropylacetamide-treated chick em-

bryo liver microsomes was spectrally similar
to that observed with pinenobarbital-treated
rat liver microsomes (9).

Substrate- induced difference spectra of solu-

bilized P450 fr� chick embryo liver. Various
types of compounds combine witis micro-
somal cytochnome P-450 to give either type

I or type II bindinig spectra (6-8). Studies
were carried out to determine tine bindinng

capacities of partially purified chick embryo
liver microsomal P-450 for certain nsatural
steroids, which had previously been shown

to be stronsg inducers of hepatic 6-aminso-
levuhimuic acid synthetase (23, 24). As sum-
marized in Table 4, 17a-hydroxy-11-keto-
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TABLE 3

Ratio of ethyl isocyanide difference spectral peaks of

micro.somai P-450 derived from livers of chick

embryos treated with allytisopropylacetamide,

1 7a -hydro.ry-1 1 -ketopregnanolone, and 3-meth yl-

cholanthrene

Chick emnsbryos were treated as described its

Table 2. Microsonnes were prepared and suspennded
ins 0.05 M sodium phosphiute buffer, pH 7.0, comu-

tainsimug 25% glycerol, at protein concentrations of

2-3 mg/mI. I)ithionsite-reduced microsonnes were

placed its the referemice amid sanuple cuvettes;

ethyl isocyannide (1.2 nsst was added to the sannple

cuvette, amid the difference spectrum was recorded.

Values represent ratios of the 455 and 430 m�a

peaks of the ethyl isocyamside difference spectra.

Treatment P eak ratio

Ahlylisopropylacetannide

Control 0.143

Treated 0095

17a -Hydroxy-1 1 -kctopregtsamsolone

Control 0.229

Treated 0.161

3-Met hylcholanthirene

Omice ins 40 hr

Constrol a 0.194

Treated 0.255

Twice in 64 hr

Control 0.194

Treated 0.259

pregnanuolonse, nt potent inducer of #{244}-nunsinso-
levuhimnic acid synthetase, caused no spectral
cisansge inn P-450. On tine addition of etio-
chsolamsolone, ansotiner strong inducer of #{244}-
aminohevuhinsic acid symntisetase, a very weak

difference sj)ectruns (type I) was recorded.
Allylisopnopylacetanside gave a type I spec-
trum. Inuductionu of P-450 ins chick embryo
liver with muhlyhisopropylacetmumide or 17a-

hnydroxy-1 1-ketopregnamsolone did not
change the substrate-induced differenice spec-
tra. Aminopyrinse produced a type I spec-
trum, and ansihinse amud nsicotinamide gave a
type II spectruns, simssilan to thiose observed
in other species (32).

innscussnox

Mivake et a!. (21) recently obtaimsed a

partimully purified P-450 preparations by treat-
meist of rabbit liver nsicrosomes witis Lubrol

WX, tins anhydnous condensation product of

a long-cinains fmuttv alcohol nund ethylene
oxide. Nisinibayashi and Sato (17), in otiser
studies, used Nagarse, a B. subtilis protease,
to remove cytocinrome b5 and XADPH-
cytochrome c neductase from microsomal
membranes. Treatment of microsomes with

eitiser Lubrol WX or Xagamse resulted ins
little conversions of P-450 to its inactive

form, P-420. The studies preseisted isere show
thnmut another protease preparation derived
from B. subtilis, Protease VII, is as effective
as Xagarse in solubilizing cytochsrome b5 and
NADPH-cvtocinrome c reducta.se from 11ver
micnosomal membranes. At a concenstration
of 20 �g of Pnotea.se VII men milligram of
microsomal proteins, cytocinrome b5 and
NADPH-cytocisrome c reductase were corn-
pletely solubilized, annd tine specific contenst of
P-450 rernainsinig ins thse pellet decreased by
less tinans 15 %. If tine nnutio of Protease VII

to nsicmosonsal protein was increased ins thse
mixture, the P-450 loss inicreased, as meas-
ured by tine decrease ins its specific content
(Fig. 5) Tine results presensted above also
sisow that NADH-cytochirome c reducttise,

ins constrast to NADPH-cvtochnrome c me-
ductase, was nsot readily released frons tine
microsornal rnensbrmumies (Fig. 2), ins nugmee-

menst uvitin tine earlier investigatiomss of
Emnster et al. (20), usinng deoxycinohmute, anud
of Orrenuius et al. (33), usinsg trypsin as
solubilizing agents for cytocinrome b5 amid

XADPH-cytochsronne c neductase. At mucon-
centmnution of 20 �g of Protease \‘II per milli-
gram of microsomal proteins, cytochurorne
P-450 was not released to numsy apprecinsbhe

extent into the supemisataist fractions of
Pnotemuse Vil-digested nsixtures. At higher
conncemntmationss of Protease VII cytocisrorne
P-450 was released into the supemnatanut

fraction as cytocinrorne P-420. It appears,

thnenefore, thnut NADPH-cytocisronse c me-
ductase ansd cytocinrome b5 nuay be localized
superficially in the rnicmosomnul vesicle mens-
bnamnes, whenetus XADH-cytocinrome c re-
ductase arid P-450 are presenst in tine ininner
membmnumsous structure (33).

We inave also attempted to purify further

tine solubilized P-450 frons chnick embryo

liven by cinromatogmnuphny oms Sepinadex G-25,

DEAE-cehlulose, and agarose colurnmss and

by sucrose density gradiemit cemstmifugatiomn.
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a Dashes meami that mio spectral changes were detected under our experimental conditionss when

substrates were added to the sample cunvettes containing the soluble P-450 preparation.

a)
U
C
0

.0

0

.0

4

Wavelength m�.

FIG. 8. Oxidized spectrum of induced nticrosomcml P-4.50 following treatment of chick embryos with al-

lylisopropylacetantide

Chick embryos were treated with allylisopropylacetamide amid microsomes were prepared as described
in the legend to Fig. 2. Liver nuicrosomes were suspended its 0.05 M sodium phosphate buffer, pH 7.0,

containing 25% glycerol. The oxidized spectrmn was deternnined by the method of Kinoshitmu and Hone

(31) . The differemsce spectrum was recorded betweemi the sample cumvette, containinsg niicrosonnes prepared

from treated chick embryos (10.1 mug of proteins per milliliter, 0.958 mMmole of P-450 per milligram of

proteims, 0.244 mpnuole of cytochronse b� pen milligram of protein), and the reference cuvette, containing

microsomes preptired froni umstreated chick embryos (5.4 mg of protein pen milliliter, 0.357 mMmole of

P-450 per milligranu of proteimi, 0.282 nn�smole of cytochrome b� per milligram of protein) . Sinsce the cyto-

chrome b� contemits in 1)0th cuvettes were nsearly equal, the absorptioms of cytochrome b5 is camuceled out

and the difference spectrum recorded is that of the oxidized P-450 induced by ahlyhisopropylacetamide.

TABLE 4

Substrate-induced spectra of soluble P-450 from chick embryo livers

Chick embryos were treated as described in Table 2. P-450 was solubihized fronu liver nsicrosomes of

umstreated and treated chick embryos as described in MATERIALS AND METHODS. Substrate-induced spectra

of soluble P-450 were recorded after addition of substrates to the solubihized P-450 preparation (protein
content, 3 mg/ml). The final concemutratiomss of substrates in sample cuvettes were: steroids (ins dinnethyh-

sumlfoxide), 48 a’�m; anuimiopynine (ins dinnethylsulfoxide), 15 mM; amuiline (in H2O), 15 mM; allvhisopropyl-

acetamide (ins dimethylsulfoxide), 30 nut; msicotimuamide (in H20), 30 mM.

Substrate
c nt0 r I0

Allylisopropylaceta-
mide-treated

17a-Hydroxv-1 1-keto-
pregnanolone-treated Spectral

type
Peak Trough Peak Trough Peak Trough

m�a �fl/z m�.a

17-cr-Hydroxy-11-keto- ----#{176} - - - - -

pregnamnohone

Etiochohannolonse 400 420 410 420 410 - I

Progesterone 420 390 420 - 415 - II

Amimuopyrine 400 420 400 - 400 - I

Aniline - - 425 - 430 - II
Allyhisopropylacetanuide 400 - 395 418 400 420 I
Nicotinsamide 420 - 420 - 420 - II



soLuIulLlzA’mnox on’ nIn(’nosouISL (‘YT()(’n-IIto\IE P-450 291

rJli) specific constenit of tine P-45() cotnl(1 IB)t

be imscretssed by nunsy of these nuetiio(ls, partly

because of its instmibility, since the henno-
proteins cinaniged renudily to P-420 winems
subj ected to columns cli monitutogmmupi my . The

absensce of cvtochsrome h5 fnons tine sohu-
bihized P-450 �vas also coisfimnsed by tue
method of Ahvames ci al. (34), usinsg DEAE-

cellulose columns chnronumutography msccom-
pnunied by KCI gradienst ehution.

The procedure reported here for tue solu-
bihiztttioms tunid partinul l)umI’ificnutions of nnicro-
somtul P-450 from chick embryo liver has the

fohlowinsg advantages : (a) the solubilized
P-450 prepmimed by this nssethnod is simitable
for mea.suninng the absolute sl)ectn’ufli of cyto-

chrome P-450, sinsce ho turbidity occusms with
the solubihized prepnumatiomi ; (b) the jnrt�-
cedume is soniewhnnut sinnl)k’m thmnums that cnn-

ployimsg Lubmol WX, as reported by \hiyake
et al. (21) ; (c) tine anu)unsts of P-450 i�en�
milligram of proteins nure almost twice those

in tue onigimsal microsornes ; amid (d) tine
solubihized P-450 is (hevoi(I of cvtochrome
b5 ansd shsonvs rninsimnsl connt tsnnimsnstioni svith

NADPH- tumid NADH-�c)’tochnromc C reduc-
ta.ses amid cytocinronne P-420.

Tue preparation of tine solubihized P-450

reported ins tinis paper huas some advmuintnuges

over tine teclunniques previously reported.
Nishuibaymusisi tumid Smuto (17) used Nagarse for

removal of cytocinrome h5 munnd NADPH-
cytocisronse c reductmuse but nuade no at-
tempt at sohubilizing the P-450 of them
pneparatiomns. lumtisermon’e, tine tottul fimuvins
comstensts of tineir P-450 Ptumticles tumid nuative

microsomes were almost idenstical. TIne sol-
uble PrePamatiomn of Lu msnsd Coons (4) cons-
tains at least 30 � cytochironne P-420, mis
measured by tine Co differensce spectruns of
time preparations eluted from tine 1)EAE-
cellulose colunmns. The procedure of Miyake

et a!. (21) for rabbit liver nnicrosornes ins-

volves passinug the sohimbihized 1)repnumation
tisroughu tu Sephsadex G-25 column followed

by passage through a DEAE-Sepiunudex
column. Their finunul preparations constmuimss tine
same specific conutenst of P-450 as nimutive
microsomes oni muproteins basis. Of tine origimsal
P-450, onnly 5 % was recovered ins their finsal

preparation. Tine solubihized P-450 h)mepnuma-

ti()ns obtainied by MacLemsnann ci al. (22)

fnomnn beef liven containss considerable
annnoumnsts of cytochnmorne b5 tumid P-420, al-

though tine specific contenst of cytochsrome
P-450 wnus inscretused 4-5-fold over that of tine
nnative microsomes.

Tine absolute sPectrum of tine P-450-CO)
conuplex of tine solubiized prepammution

showed distinsct petiks at 420 mM, 450 m�z,
nuind 550 mM (Fig. 6). Sinnce tine CO difference

spectrum revealed the absensce of the 420 m�
peak dime to P-420 or hnensoglobin, tine
idenstity of tine 420 nsM Peak ins tine mubsolute

spectruns remainus to be elucidated.
Almost all tine cinemical agents and drugs

whicin hnave been shnowns to be insducems of
P-450 instermuct with P-450 in vitro; i.e., they
cause substrate-induced diffenensce spectrnu
(32) . For exturnple, tine mudditions of jihienso-

bmurbitmil, numinuopyrimse, amid fatty nucids (32,
35) to rat liver rnicrosomal prepamnttiomns me-

suits ins type I spectral chsamsges. Ins tine pres-
emit 5tU(li(�s nil iv lisopmop�’i acet amide was

shiow’ii to be a type 1 substrmute (Table 4), tumid
the P-450 imuduced by this compounsd was

similar to tiuat imnduced by pinemsobambital

(l’ig. 8). use oxidized form of tine ailyliso-
propvlmucet aniide-iniduced P-450 si sOlVed mub-
sorptioms nnnuxirntu nut 416 niM, 540 m.n, munsd

575 mM, tvpictul of mu“low-spinu” cytocinrome
P-450 (9). Tine addition of 17a-iivdmoxv-1 1-

ketopregntunsohomse t o t lie microsomes tumid to
tue solubihized P-450, however, di(1 nsot
result inn tine cinmumnuctemistic substrate-ins-

(luced thifferennce spectra, evens tufter treat-
nsenst of chick embryos with 17a-hsydmoxv-11-

ketopregmnmunnolone. Tinis steroid is knsown

to be mu potemst inuducer of #{244}-aminuolevuiinic
acid synsthnetase (23, 24), tine rmute-lirnitinsg
enszynnne of huenie biosymstiuesis, mtnsd cans in-
crenuse P-450 contenst ins tine liver (Table 2)
tus well as tine activity of certain model drug-
nset aboiizinsg emizymes coupled to this
‘‘mixed-functions” oxidase (36). Tine ins-

nubility to detect differenuce spectmnu with tine
addit ionn of 1 7a-h nydroxy - 11 -ketopregmnanso-

lonne to tine P-450 prepmtmnutions nutty have beemn
due to tine limits of senssitivity of tine spec-
t ropisotonnet em employed ins these expemi -

rnensts or to qualitative differences ins tine
P-450 obtnuinsed fronu chick embryo liver as

compared uvitis tinnut from other species.
i\lore meceistly, Alvares ci al. (37) have
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reported a species differemnce ins the insductionn

of nuicrosomnul P-450 by 3-nsetiuvlclnolann-
thrense. Hats tumid rabbits trenuted witin tinis
agenst showed a peak sinift of CO-bounsd P-
450 spectmnu to 448 mis. Houveven, treatnnenst

of mice and guinea pigs with 3-nuethuylchnohan-

tinrenie produced nio i)enuk shift ins tine CO-
bounnd P-450 spectmmt. Ins tise pmesenst expeni-
mensts, :3-methylciiolnunstis nemne tretutmenut of

cinick enibryos caused mu 1.6-fold inncrease in
P-450 constent; tine CO-inernoprotein corn -

phex had ams absorptionn maximum at 450 rn/2,

:unnd no j)enuk inscrea.se nut 455 mM over thunit at

430 rn� inn tine ethyl isocvanside difference

spectrum was observed (Tables 2 munnd 3).

1”inese observnutiomns funrth ncr comnfnmm bot it

qunmuhittutive nus well as qununstitative species

variationis inn tine inn(luctiomn of nsicmosommui

cvtochn ronne I �-450 by exogenous cinernictuh
tsgemnts.

REFERE NC ES

1. A. 11. Conmsey, Pharmmo!. 11(1. 19, 317 (1967).

2. ( 1. J. �aImsmumierimig, in ‘‘Selected Pharnuacologi-

cal Testiisg Methods” (A. Burger, ed),

p. 51. Marcel 1)ekker, New York, 1968.

3. A. 11. Cominey, W. Levitt, M. Ikeda, H. Kuntz-

mats, 1). Y. Cooper and 0. Hosenthal, .1.

Riol. Chem. 243, 3912 (1968).

4. A. V. I-I. Lii amid M. J. Coon, J. Rio!. (‘hem.

243, 1331 (1968).
5. F. Wisda, IT. Shibata, M. (ioto amid V. Saka-

moto, Biochim. Biophy.s. Act a 162,518 (1968).

6. V. lnnai amid H. Sato, Biochem. Biophys. lies.

(‘om,nun. 22, 620 (196(i).

7. II. I�enumer, J. Schenkmami, 11. W. Estabrook,

11. Sasame, J. Gillette, S. Narasinnhulu,

I). Y. Cooper and 0. Hosenthsal. ho!.

Pharmacol. 2, 187 (19661.

8. F. Mitamsi ansd S. Hone, .1. Biochem. (Tokyo)

65, 269 (1969).

9. A. Ilildebramudt, H. Hemmer and H. W. Esta-

brook, Biochem. Ihoph ys. Re.s. Common. 30,

607 (1968).

10. A. P. Alvares, C. Schilling, W. Levims amid H.

Kusntzman, Biochem. Biophy.s. lies. (‘ommun.

29, 521 (1967).
11. N. E. Sladek amid C. J. Mannenimig, Biochem.

Biophys. lies. Common. 24, 668 (1966).

12. C. IL E. Jefcoate, J. 14. Gavlor mind H. 14.

(‘alabrese, Biochemistry 8, 3455 (1969).

13. \\‘ . Levims and It. Kuntzmnan, J. Biol. C/tern.

244, 3671 (1969).

14. W. Levims, A. P. Alvares amid H. Kuntzman,

Arch. Biochern. Biophys. 139, 230 (1970).

15. 1�. J. Murphy, H. M. Framsk amid T. L. Wihhianss,

Biochem. Biophys. lies. Commun. 37, 697
(1969).

16. T. Omrnsra, P. Siekevitz amid (4. H. Palade,
j. Biol. Chem. 242, 2389 (1967).

17. 11. Nishibayashi amid H. Sato, J. Biocheni.
(i’okyo) 63, 766 (1968).

18. T. Ominra amid H. Sato, Biochiin. Biophys.

Acta 71, 224 (1963).

19. II. Nishibayashi, T. Omura and H. Sato,
J. Biochem. (Tokyo) 60, 172 (1966).

20. 14. lrnster, P. Siekevitz amid (1. H. Palade,
.1. (‘dl Rio!. 15, 541 (1962).

21. V. Miyake, J. L. (iaylor amid H. S. Mam)ms,

J. Rio!. Chew. 243 , 5788 (1968).

22. 1). II. MacLenmsan, A. Tzagoloff amid I). G.

�\1cComumuell, Biochim. Biophys. Ada 131,
59 (1967).

23. S. Gramsick and A. Kappas, J. Rio!. Che,is.

242, 4587 (1967).

24. A. K:uppas amid S. Gramiick, J. Rio!. Chein.

243, 346 (1968).
25. H. J. Porra amid 0. T. (1. Jones, Biochem. J.

87, 181 (1963).
26. 0. A. Bessey, 0. H. Lowry amtd H. 11. Love,

.1. Rio!. (‘hem. 180, 755 (1949).
27. T. Onnura amid It. Sato, J. Rio!. Chein. 239,

2370 (1964).

28. 0. 11. Lowry, N. J. Hosebrosmgh, A. L. Farn and

H. J. Ramsdall, J. Rio!. C/tern. 193, 265 (1951).

29. 0. l)allner, P. Siekevitz and C. H. Pahade,

J. Cell Biol. 30, 97 (1966).

30. V. Imai and H. Sato, Biochein. Biophys. lies.

Common. 23, 5 (1966).

31. T. Kinsoshita amid S. Hone, J. Biochem.
(Tokyo) 61, 26 (1967).

32. J. B. Schenkman, H. Hemmer and it. W.

Estabrook, Mo!. Pharmacol. 3, 113 (1967).

33. S. Orrenius, A. Berg amid L. Enmister, Eur. J.

Biochem. 11, 193 (1969).
34. A. P. Alvares, C. Schilling, W. Levini amnd It.

Kmnmutznnmnmi, J. Pharmacol. Exp. l’her. 176,

1(1971).
35. S. Jakobssoms, H. Thor amid S. Orneniius,

Biochem. Biophys. lies. Common. 39, 1073

(1970).
36. J. Baron and T. It. Tephly, Biochem. Biophy.s.

lies. Common. 36, 526 (1969).

37. A. P. Alvares, C. Schilling amid W. Levimi,
.J. Pharmacol. Exp. 7’her. 175,4 (1970).




