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A soybean flour-induced, soluble cytochrome P-450 (P-450,,.Y) was purified 130-fold to homogeneity from
Streptomyces gyiseus. Native cytochrome P-450,,. is a single polypeptide, with a molecular weight of 47,500, in
association with one ferriprotoporphyrin IX prosthetic group. Oxidized P-450S exhibited visible absorption
maxima at 394, 514, and 646 nm, characteristic of a high-spin cytochrome P-450. The CO-reduced difference
spectrum of P-450O had a Soret maximum at 448 nm. When reconstituted with spinach ferredoxin and
spinach ferredoxin;NADP+ oxidoreductase, purified cytochrome P-450O, catalyzed the NADPH-dependent
oxidation of the xenobiotic substrates precocene II and 7-ethoxycoumarin. In vitro proteolysis of cytochrome
P-450soy generated a stable and catalytically active cytochrome P-450, designated P-450SOYA.

Streptomyces griseus (ATCC 13273) has the remarkable
ability to catalyze the stereo- and regiospecific oxidation of a
diverse array of xenobiotics. The types of reactions per-
formed by S. griseus include aromatic, cyclic, and aliphatic
hydroxylations, 0-, S-, and N-oxidations, C-C fission, epox-
idation, and 0- and N-dealkylations. These transformations,
which occur with compounds such as alkaloids (17, 27),
coumarins (25), rotenoids (28), chromenes (30), and other
complex xenobiotics (7, 26), parallel those performed by
mammalian cytochromes P-450 (34, 36). However, the na-
ture of the enzymatic system(s) employed by S. griseus for
such diverse reactions has remained unresolved (26). The
biotransformations catalyzed by S. griseus occur primarily
following growth of the organism on a complex medium
enriched with soybean flour (26). Recently, Sariaslani and
Kunz (29) demonstrated that soybean flour and one of its
isoflavonoid constituents, genistein, induce the synthesis of
cytochrome P-450 in S. griseus and inferred a role for this
enzyme in the biotransformation reactions performed by this
organism. Here we report the purification and characteriza-
tion of a soybean flour-induced cytochrome P-450 and dem-
onstrate the transformation of two xenobiotic substrates,
precocene II and 7-ethoxycoumarin, by purified prepara-
tions of this enzyme.
(A preliminary description of these results was presented

at the 87th Annual Meeting of the American Society for
Microbiology [M. K. Trower, D. P. O'Keefe, and F. S.
Sariaslani, Abstr. Annu. Meet. Am. Soc. Microbiol. 1987,
abstr. 06, p. 261]. It should be noted that the enzymes
designated cytochromes P-450SG1 and P-450SG2 in the previ-
ous account represent cytochromes P-450OSyO and P-450soy0
respectively, in the present communication.)

MATERIALS AND METHODS
Microorganism, growth, harvest, and general protein pro-

cedures. S. griseus ATCC 13273 was grown and harvested as
described previously (29) except that the concentration of
the soybean flour in the medium was increased to 25 g/liter.
Pelleted cells were stored at -80°C until required. Protein
contents were estimated by the procedures of Gornall et al.
(11) and Bradford (6). The cytochrome P-450 concentration

* Corresponding author.

was determined by the method of Omura and Sato (23).
Heme was analyzed as its reduced pyridine hemochrome
derivative (10). High-pressure liquid chromatography (HPLC)
was performed on a system consisting of an LKB 2152 con-
troller, LKI3 2150 pump, and a Hewlett-Packard 1040A diode
array detector.
Cytochrome P-450.,y purification protocol. All procedures

except steps 4 and 5 were carried out at 4°C. Glycerol (20%
[vol/vol]) was included in all buffers following the salt
precipitation step to prevent degradation of the P-450 to its
inactive P-420 species. Protease inhibitors used in steps 1 to
3 to inhibit a wide range of protease activities were pepstatin
(an acid protease inhibitor), leupeptin (a broad-range prote-
ase inhibitor), and phenylmethylsulfonyl fluoride (PMSF; a
serine protease inhibitor). Fractions were stored between
purification steps at -80°C with no discernable loss of P-450
specific content.

Step 1: preparation of crude cell extract. Frozen cells of S.
griseus (approx. 250 to 350 g, wet weight) were thawed in
100 mM sodium phosphate buffer, pH 7.4, containing 1.0
mM dithiothreitol and 0.1 mM EDTA containing the prote-
ase inhibitors pepstatin (0.7 mg/liter) and leupeptin (0.5
mg/liter) at 1.5 ml of buffer per g of cells. Cell extracts
(105,000 x g) were prepared as described before (29) except
that cells were disrupted by a single passage through a
French pressure cell. PMSF (0.5 mM) was added to the
slurry following cell disintegration.

Step 2: ammonium sulfate fractionation. The 105,000 x g
supernatant was fractionated by collecting the ammonium
sulfate precipitate between 30 and 50% saturation by cen-
trifugation (18,000 x g, 20 min) and then redissolving in a
small volume of PEGP buffer (100 mM sodium phosphate
[pH 7.2], containing 1.0 mM EDTA, 20% [vol/vol] glycerol,
0.2 mM PMSF, 0.7 mg of pepstatin per liter, and 0.5 mg of
leupeptin per liter).

Step 3: gel filtration chromatography. The resuspended
protein (approx. 1.0 g) was applied to a Sephacryl S-200 HR
column (5 by 70 cm) and eluted (70 ml/h) with PEGP buffer.
Collected fractions (15 ml) containing P-450 were pooled
(designated S1) and concentrated to a final volume of 5 to 10
ml by ultrafiltration (Amicon PM-30).

Step 4: anion-exchange HPLC. The S1 fraction was chro-
matographed on a DEAE-3SW column (7.5 by 150 mm) with
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TABLE 1. Purification protocol for P-450soy and P450S.yA

Step Total protein Total activity Specific content Recovery PurificationStep (mg) (nmol of P-450) (nmol of P-450/mg (%) (fold)of protein)

105,000 x g supernatant (309 g, wet weight) 3,170 381 0.12 100 1.0
Ammonium sulfate (30-50%) 910 325 0.36 85 3.0
Sephacryl S-200 HR 153 200 1.3 53 10.8
DEAE-3SW 6.6 83 12.6 21.8 105
S-type hydroxylapatite

P-450soy 1.3 20.4 15.7 5.4 131
P-450soya 1.5 23.5 15.7 6.2 131

buffer A (20 mM Tris-acetate [pH 7.4] containing 20%
[vol/vol] glycerol) and buffer B (0.8 M sodium acetate in
buffer A) (16). Proteins were eluted (0.75 ml/min) with the
gradient 15% B (0 to 5 min), 15 to 55% B (5 to 30 min), 55 to
90% B (30 to 40 min), 90% B (40 to 50 min), and 90 to 15%
B (50 to 65 min). The resolved P-450 fraction (designated
Fl), which eluted at 15 to 16 ml, was collected when the
390/280 nm ratio was greater than or equal to 1:1, concen-
trated, and equilibrated with 10 mM PCG buffer (sodium
phosphate buffer [pH 6.8] containing 0.01 mM CaCl2 and
20% [vol/vol] glycerol) with an Amicon Centricon-30 con-
centrator.

Step 5: hydroxylapatite HPLC. The Fl fraction was chro-
matographed on a Regis KB S-type hydroxylapatite HPLC
column. Proteins were eluted (0.5 ml/min) with a 30-min
linear gradient of PCG buffer from 10 to 100 mM. Two
cytochrome P-450 fractions, designated P-450soy and P-
450soya were resolved at 4.5 to 6.0 and 10.5 to 11.0 ml,
respectively; these were collected when the 390/280 nm ratio
was greater than or equal to 1.0:1.5 and then concentrated as
described above.
LDS-PAGE. Lauryl dodecyl sulfate-polyacrylamide gel

electrophoresis (LDS-PAGE) was carried out on an 8%
resolving gel with the discontinuous system described by
Laemmli (18). Molecular weight markers used were phos-
phorylase b (97,400), bovine serum albumin (68,000), egg
albumin (43,000), carbonic anhydrase (29,000), chymotryp-
sinogen (25,700), P-lactoglobulin (18,400), and lysozyme
(14,400).

Preparation of apoproteins, amino acid analysis, and tryptic
mapping. P-450 apoproteins were prepared by reverse-phase
HPLC (RPHPLC) on a Vydac C4 column (4.6 by 250 mm).
The solvent systems used were solvent A (distilled water
containing 0.1% [vol/vol] trifluoracetic acid [TFA]) and
solvent B (acetonitrile containing 0.1% [vol/vol] TFA) at a
flow rate of 0.75 ml/min with the following gradient: 30% B
(O to 5 min), 30 to 70% B (5 to 35 min), 70 to 90% B (35 to 40
min), 90% B (40 to 50 min), and 90 to 30% B (50 to 55 min).
Eluates were monitored for heme at 400 nm and for protein
at 220 and 280 nm. The P-450S0y and P-450 apoproteins
were collected and then concentrated under a stream of
nitrogen, followed by lyophilization.

P-450 apoproteins were alkylated with iodoacetic acid to
generate their carboxymethyl adducts (33) and purified by
RPHPLC as described above. The amino acid compositions
of these proteins were obtained after 20 h of hydrolysis in 6
N HCl at 110°C, followed by analysis on a Beckman 6300
amino acid analyzer.
For tryptic mapping, 1 nmol of apoproteins evaporated to

dryness was suspended in 0.1 mM ammonium bicarbonate
buffer, pH 8.0 (300 ,ul). TPCK (tolylsulfonyl phenylalanyl
chloromethyl ketone)-treated trypsin was added (enzyme/
P-450 ratio of 1:50) and incubated overnight at room temper-

ature. Peptide maps were obtained by RPHPLC as described
above, except that a gradient (1.0 ml/min) of 0 to 70% B (0 to
60 min), 70 to 90%S B (60 to 70 min), and 90% B (70 to 80 min)
was employed.

Preparation of polyclonal antisera and Western blot analy-
sis. Stained bands corresponding to P-450soy and P-450S,YA
were excised from a preparative LDS-PAGE gel and homog-
enized by grinding in liquid nitrogen. Polyclonal antibodies
were produced at Hazelton Research Products Inc., Denver,
Pa., by emulsifying the homogenized gel bands (containing
200 ,ug of protein) with Freund complete adjuvant and
intradermally injecting the preparations into New Zealand
White rabbits. Similarly prepared boosters (100 jig) emulsi-
fied with Freund incomplete adjuvant were injected subcu-
taneously every 2 weeks for a total of 6 weeks and 10 weeks
for P-450S0y and P-450SoyA, respectively. Rabbits were bled
at two weekly intervals after the third week, and the result-
ing sera were assayed for specific immunologic activity by
Western blot analysis.
Western blot analyses were carried out as described by

Towbin et al. (35). Following LDS-PAGE separation, pro-
tein bands were electrophoretically transferred to Immo-
bilon membrane filters (Millipore Corp., Bedford, Mass.).
The filters were then treated with either anti-P-450soy- or
anti-P-450sy,A-specific antisera. Antibody-binding protein
bands were visualized by using anti-rabbit immunoglobulin
G (IgG) conjugated with horseradish peroxidase as a probe
and developed with 4-chloro-1-naphthol (14).

Xenobiotic transformations. The reconstituted reaction
mixture (5 ml) contained TES (N-tris[hydroxymethyl]
methyl-2-aminoethanesulfonic acid) buffer, pH 6.8 (20 mM),
P-450 (0.1 ,uM), either 5 mM precocene II (in ethanol) or 1
mM 7-ethoxycoumarin (in dimethyl sulfoxide), and saturat-
ing levels ofNADPH (0.72 mM), spinach ferredoxin (7 p.M),
and ferredoxin:NADPH oxidoreductase (0.75 U). Reaction
mixtures were incubated with shaking for 1 h at 30°C,
extracted into ethylacetate, and analyzed by both thin-layer
chromatography (TLC) (25, 30) and by gas-liquid chroma-
tography.

Gas-liquid chromatography was performed on a Hewlett-
Packard model 5890 gas chromatograph equipped with a
DB-17 bonded-phase fused silica column (30 m; 0.25-mm
internal diameter) with helium (37 lb/in2) as the carrier gas
and injector and flame ionization detector temperatures of
350°C. The oven temperatures for analysis of extracts of
precocene II and 7-ethoxycoumarin incubations were 200
and 180°C, respectively. Under these conditions, precocene
II and its cis- and trans-dihydrodiols eluted after 1.9, 7.0,
and 7.5 min, respectively, while the elution times for 7-
ethoxycoumarin and 7-hydroxycoumarin were 7.6 and 10.0
min, respectively.

Effect of protease inhibitors on P-450 content. Harvested S.
griseus cells were divided into two batches, and extracts
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FIG. 1. S-type hydroxylapatite HPLC profiles (280 and 390 nm)
of the anion-exhange-purified P-450 fraction (Fl) (0.4 mg of protein
and 5 nmol of P-450 loaded).

were prepared as described above except that only one batch
was treated with protease inhibitors. The two extracts were
then fractionated with ammonium sulfate and chromato-
graphed on an analytical anion-exchange HPLC column
under the conditions described for step 4 of the purification
process, except that the following gradient was employed:
15% B (0 to 5 min), 15 to 25% B (5 to 35 min), 25 to 90% B
(35 to 45 min), 90% B (45 to 55 min), and 90 to 15% B (55 to
70 min).

Materials. Soybean flour was purchased from Natural
Sales Co., Pittsburgh, Pa.; TPCK-trypsin, spinach ferre-
doxin, spinach ferredoxin:NADP+ oxidoreductase, 7-hy-
droxycoumarin, PMSF, and TES were bought from Sigma
Chemical Co., St. Louis, Mo.; leupeptin and pepstatin were
obtained from Boehringer Mannheim Biochemicals, Indian-
apolis, Ind.; anti-rabbit IgG conjugated with horseradish
peroxidase and 4-chloro-1-naphthol were purchased from
BioRad Laboratories, Richmond, Calif.; cis- and trans-
precocene II dihydrodiols were available from previous
studies in this laboratory (30). Other materials were of the
finest commercial grade available.

RESULTS

Purification of cytochrome P-450.Y. Two deep reddish-
brown homogeneous P-450 fractions (designated P-450soy
and P-450SOYA) with specific contents of 15.0 to 16.8 nmol of
P-450 per mg of protein were isolated from crude extracts of
S. griseus. Results from a typical purification are given in
Table 1. The A394/A280 ratios of purified preparations were
usually between 2.1 and 2.3. The elution profiles of the final
hydroxylapatite HPLC step are depicted in Fig. 1.

Molecular weight and isoelectric point determination. The
molecular weights of native P-450soy and P-450soyA were
estimated to be 48,000 and 46,000, respectively, by size-
exclusion HPLC (LKB TSK G3000 SW column [7.5 by 600
mm]). LDS-PAGE analysis of the reduced and denatured
enzymes revealed single bands for each protein (Fig. 2), and
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FIG. 2. LDS-PAGE analysis of the purified cytochromes P-
450soy and P-450soyA under reduced and denaturing conditions. Lane
1, Mixture of P-450S.Y (2.0 ,ug of protein) and P-4500Oy, (2.0 ,ug of
protein). Lane 2, P-450soy (2.0 Fg of protein). Lane 3, P-450w.yA (2.0
,ug of protein). Lane 4, Molecular weight standards.

the molecular weights of P-45050y and P-450,OY were esti-
mated to be 47,500 and 46,000, respectively. The nearly
identical molecular weight estimates for both the native and
denatured proteins indicate that the native S. griseus cy-
tochromes P-450 are monomers.
Both P-450 enzymes migrated as single bands on isoelec-

tric focusing analyses (Pharmacia Phast Gel IEF 3-9; data
not shown), with pl values of 5.7 and 6.0 for P-450,,y and
P-450OYA, respectively. These pI values are at least 0.8 pH
units more alkaline than those reported for other procaryotic
cytochromes P-450 (2, 8, 9, 32).

Spectral characteristics and identification of the heme pros-
thetic group. The absorption spectra of P-4505,y are depicted
in Fig. 3. The absolute spectra (measured at pH 6.8 and
23°C) of oxidized (maxima at 394, 514, and 646 nm), reduced
(411 and 545 nm), and CO-reduced (447 and 548 nm) P-450soy
and P-450.,,Y were identical. Both enzymes exhibited CO-
reduced difference maxima at 448 nm. The spectra of the

ABS

500
WAVELENGTH (nm)

ABS

FIG. 3. Absolute absorption spectra of purified P-450,.y The
concentration of P-450SY, based on the heme content, was 4.0 ,uM
in 100 mM sodium phosphate buffer, pH 6.8. The oxidized ( ),
sodium dithionite-reduced (. ), and CO-reduced complex
(---) spectra are shown. ABS, Absorption. Absorption units on the
right side are for the spectra from 500 to 700 nm.

VOL. 171, 1989



1784 TROWER ET AL.

TABLE 2. Catalytic activity of cytochrome P-450.0y
Product (nmol formed/min per nmol

of P-450,,Y)
Assay mixture Precocene II

7-Hydroxy-
cis- trans- coumarin

Dihydrodiol Dihydrodiol

Completea 0.6 2.3 2.7
Minus P-450 <0.1 <0.1 <0.1
Minus ferredoxin <0.1 <0.1 <0.1
Minus ferredoxin reductase <0.1 <0.1 <0.1

a As described in Materials and Methods.

oxidized enzymes, with the Soret maximum at 394 nm and a
weak charge transfer band at 646 nm, are indicative of
predominantly high-spin cytochromes P-450.
The spectra of the reduced pyridine hemochrome deriva-

tives of P-450S.Y and P-450,S,Y are characteristic of ferropro-
toporphyrin IX (10). Based on molecular weights of 47,500
for P-450.0y and 46,000 for P-450OA,Y the molar ratios of
heme to protein were calculated as 0.95:1.0 and 0.94:1.0,
respectively.
Cytochrome P-450 catalytic activities. The catalytic activi-

ties of P-450soy and P-450s.y were investigated with two
model substrates, precocene II and 7-ethoxycoumarin,
which are both metabolized by intact cells of S. griseus
following growth on soybean flour-enriched medium (25, 30).
In the absence of the indigenous electron transport proteins
from the S. griseus system, spinach ferredoxin reductase
and spinach ferredoxin were used to provide reducing power
from NADPH to the terminal cytochrome P-450 component.
TLC analysis of extracts from reconstituted incubations

with P-450soy and P-450.0yj as enzyme catalysts revealed the
formation of the cis- and trans-precocene II dihydrodiols
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FIG. 4. Elution profiles of 1 nmol each of P-450,0y (A) and
P-450SOYA (B) by RPHPLC.

from precocene II, while 7-ethoxycoumarin was 0-dealkyl-
ated to 7-hydroxycoumarin (Table 2). The catalytic rates for
P-450SOYA were within 9% of those determined for P-450,0.Y
Removal of any one of the three protein components of the
reconstituted cytochrome P-450 system resulted in the loss
of catalytic activity.
Cytochrome P-450 apoprotein. Apoproteins of the en-

zymes were generated in preparation for amino acid analysis
and proteolytic mapping of RPHPLC with the procedures
outlined in Materials and Methods. RPHPLC removes the
heme moiety from the P-450 holoenzyme, resulting in the
formation of the apoprotein. The heme group eluted prior to
the apoproteins at 19.1 ml. Both P-450S.Y and P-450SOyA
showed single protein peaks with identical elution volumes
(22.0 ml) (Fig. 4). A mixture of the two proteins was not
resolvable when analyzed by this procedure.
Amino acid composition. The amino acid compositions of

P-450soy and P-450Soya together with the reported amino acid
contents of other procaryotic cytochromes P-450 are shown
in Table 3. The amino acid contents of the two S. griseus
proteins were very similar, with 8 of the 17 amino acids
determined having identical residue counts. Like other cy-
tochromes P-450 (4), P-450soy and P-450SOYA had an excep-
tionally high leucine content. The unusually low content of
the basic amino acid lysine in P-450soy and P-450SOYA is
apparently balanced by the conservative substitution of
arginine, which could be attributed to the high G+C content
in Streptomyces DNA and resulting bias toward arginine in
codon usage (3).
Western blot analyses. The antigenic relatedness between

P-450S.Y and P-450soy was assessed by Western blot analy-
ses with polyclonal antisera raised against either P-450soy or
P-450SOYA. Our results show that the two antisera crossre-
acted with both P-450soy and P-40Sy,A

TABLE 3. Procaryotic cytochrome P-450 amino
acid compositionsa

No. of residues/mol
Amino acidb

P-450cam P-450C P-450meg P-450Soy P-450soyA

Cysc 6 2 10 4 4
Glx 55 54 55 43 41
Asx 36 33 49 37 35
Ala 34 54 25 48 47
Ile 24 14 27 14 14
Leu 40 46 44 54 54
Met 9 8 7 6 6
Phe 17 17 17 17 16
Pro 27 25 25 36 36
Trp 1 1 1 NDd ND
Val 24 25 27 25 25
Gly 26 33 27 32 31
Ser 21 20 34 14 14
Thr 19 14 24 24 21
Tyr 9 6 11 5 4
His 12 12 9 14 14
Lys 13 14 28 5 4
Arg 24 29 15 51 49

Total residues 397 407 435 429 415
% Hydrophobic 44 47 40 47 48
% Basic 12 14 12 16 16

a Values for P-450cam, P450:, and P450meg are from references 8, 9, and 2,
respectively.

b Hydrophobic amino acids: Ala, Ile, Leu, Met, Phe, Pro, Trp, and Val.
Basic amino acids: His, Lys, and Arg.
cDetermined as carboxymethylated cysteine.
d ND, Not determined.
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FIG. 5. Tryptic mapping of P-450,.y and P-450.,Y by RPHPLC.
Differences between the two maps are indicated by asterisks.

Proteolytic mapping. To clarify the relationship between
P-450soy and P-450soy,& we digested these proteins with
TPCK-treated trypsin and then mapped the resulting pep-
tides by RPHPLC (Fig. 5). Comparison of the two proteo-
lytic maps provided evidence that P-450S.Y and P-450SOYA
were composed of >99% identical peptide fragments. The
peak labeled *2 varied in height in different samples and may
represent incomplete peptide digestion. The peak labeled *1
probably represents a genuine difference in peptide compo-
sition.
The fact that P-450soy and P-450o,y, are distinguishable by

electrophoretic and chromatographic means while possess-
ing similar antigenicities, amino acid compositions, peptide
maps, and enzymatic activities suggests in vitro proteolysis
of the larger polypeptide, P-450soy, during the purification
process. The presence of both P-450SOY and P-450SoyA in
ammonium sulfate extracts (step 2 of the purification
scheme) which had or had not been treated with protease
inhibitors following cell breakage was investigated by anion-
exchange HPLC (note the shallow gradient used, which
allows resolution of the two cytochromes by this technique)
(Fig. 6A and B) and by Western blot analysis (Fig. 6C and
D). It is evident from Fig. 6 that inclusion of the protease
inhibitors up to the ammonium sulfate fractionation step
inhibited the formation of P-450soyA*
Remarkably, subsequent gel filtration chromatography

(step 3 of the purification scheme) resulted in the loss of the
protection afforded by the protease inhibitors despite prior
equilibration of the column and their inclusion in the eluting
buffer, which accounts for the presence of P-450 0 and
ultimately its isolation with P-450soy in the final purifcation
step.

DISCUSSION

Procedures described in this communication allow the
resolution of the P450 fraction prepared from crude extracts

1 2
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1 2 3 Mol Wt

-97,400

-68,000

-43,000

-29,000
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C

FIG. 6. (A and B) Analysis of ammonium sulfate extracts (2 nmol
of P-450) prepared in both the presence and absence of protease
inhibitors by anion-exchange HPLC and Western blot analyses. The
390-nm anion-exchange HPLC profiles of the protease-inhibited
ammonium sulfate and noninhibited ammonium sulfate preparations
are shown in panels A and B, respectively. (C and D) Western blot
and LDS-PAGE analyses of the ammonium sulfate extracts of the
non-protease-inhibited (lane 1, 100 ,ug of protein) and inhibited
fractions (lane 2, 100 ,ug of protein) are shown in panels C and D,
respectively. The membranes were probed with a 1:2,000 dilution
and the anti-P-450SOY serum. Lane 3, Molecular weight standards.

of soybean flour-grown S. griseus cells into two homoge-
neous proteins designated P-45050y and P-450SOYA The re-
sults presented demonstrate, however, that the catalytically
active P-450SoyA is generated during the purification from
P-450soy by in vitro proteolysis.
The purified P-450SY exhibits properties similar to those

of previously described cytochromes P-450. P-450soy exists
as a single polypeptide with a molecular weight of 47,500.
This is within the range (45,000 to 57,000) described for the
majority of cytochromes P-450 (1, 2, 4, 21, 22, 32). The
spectral characteristics of the P-450so, are also similar to
those of the other purified cytochromes P-450 (4), except
that the spectrum of the substrate-free ferricytochrome, with
a Soret maximum at 394 nm, is characteristic of a high-spin
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cytochrome P-450. The majority of the purified eucaryotic
cytochromes P-450 and all of their procaryotic counterparts,
in the absence of substrate or detergents, are low spin.
Cytochrome P-450S.Y is therefore the first substrate-free
high-spin procaryotic P-450 to be reported, ranking among

the limited number of high-spin cytochromes P-450, all
isolated from either rat liver (24, 31) or rabbit liver (5, 13)
sources.

The requirement by cytochrome P-450S.Y for both ferre-
doxin reductase and ferredoxin for activity indicates that the
S. griseus cytochrome P-450 system is similar to other
reported procaryotic P-450 systems in being multicompo-
nent. The only described procaryotic cytochrome P-450 that
differs from this arrangement is the catalytically self-suffi-
cient P-450BM-3, which contains both reductase and mono-

oxygenase activities on a single 119,000 Mr polypeptide (20).
The ability of cytochrome P-450,0y to accept reducing equiv-
alents from spinach chloroplast ferredoxin demonstrates that
the S. griseus enzyme is relatively nonspecific in its interac-
tion with the component providing reducing power, although
this step is rate limiting overall. The rates obtained for
0-dealkylation of 7-ethoxycoumarin (Table 2) by the P-
450SOY spinach ferredoxin-coupled system reported in this
communication are within the lower range of activities for
the same reaction catalyzed by mammalian cytochromes
P-450 (0 to 27 nmol of product formed per min per nmol of
P-450) (12, 19). However, our preliminary results indicate
that activities with cytochrome P-450S0y will be enhanced
once the other indigenous electron transport components of
the S. griseus cytochrome P-450 system are employed in the
reconstituted assay system (Trower and Sariaslani, unpub-
lished data). Although carried out by rat liver microsomes,
no rates have been reported for the oxidation of precocene II

to its mixture of cis- and trans-dihydrodiols (15), so compar-
isons with the data obtained with cytochrome P-450s0y
(Table 2) for this substrate cannot be made.

In this communication we have shown that homogeneous
preparations of cytochrome P-450,0y can mimic S. griseus
intact cells, as well as mammalian cytochromes P-450, in the
oxidative transformation of precocene II and 7-ethoxy-
coumarin. These findings provide strong evidence for the
involvement of cytochrome P-450,.y in the in vivo oxidation
of these two substrates, confirming the original suggestion
by Sariaslani and Kunz (29). The involvement of cytochrome
P-450soy in other biotransformation reactions performed by
S. griseus intact cells grown on soybean flour-enriched
medium and the resemblance of this enzyme to its mamma-
lian counterparts will be investigated further in this labora-
tory.
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