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The iron-sulfur protein of the 15B-steroid hydroxylase system
in Bacillus Megaterium has been purified to apparent homogeneity
as judged by SDS-polyacrylamide gel electrophoresis. Its
molecular weight, c:a 14000 Dalton, and amino acid composition
closely resemble those of the corresponding proteins from bovine
adrenal mitochondria (adrenodoxin) and Pseudomonas putida
(putidadoxin).

Over the last years several cytochrome P-450 dependent
monooxygenase systems have been identified in a multitude of
different species, organs and cell organelles (1-22). These
systems can be divided into two main groups: those with a two
protein system. 1.e. a reductase and cytochrome P~450 and those
having three proteins, a reductase, a ferredoxin (iron sulfur
protein) and cytochrome P-450. Also, it is of interest to note
that the three component system has been found in bacteria and
mitochondria from several sources (11,15,20,2%-25). The two
protein system is found in the endoplasmic reticulum in a wide
variety of cells. Proteins of the ferredoxin type found in

Pseudomonas putida and bovine adrenal mitochondria have been

sequenced (26,27). In earlier publications (28-30) we have
identified and characterized a three protein system, the 158~

steroid hydroxylase system from Bacillus megaterium. It was shown

to contain a ferredoxin reductase and ferredoxin (29) and the

terminal component cytochrome P-450 has been purified to
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homogeneity (30). In this report we describe the purification and
partial characterization of the ferredoxin component of this
hydroxylase system from B. megaterium.

MATERTAL AND METHODS
Preparation of cellfree extract from B. megaterium.

B. megaterium ATCC 13368 was obtained from American Type
Culture Collection (Rochville, Md) and was cultured in a 10 liter
Biotec fermentor for 40-45 hours as described earlier (29,30).
The harvested cells were frozen and stored at —20°C, thawed and
washed before being suspended in 0.1 M potassium phosphate
buffer, pH 7.4, to a concentration of 0.4 g of cells per ml. The
suspension was sonicated using a MSE 500 W ultrasonic
disintegrator at full output for 4 x 20 seconds. The sonicate was
then centrifuged at 50000 x g for one hour and the supernatant
was collected. DEAE-cellulose, Ultrogel AcA-54, DEAE-Sepharose,
Octyl-Sepharose, Sephadex G—25/PD-10 columus and hydroxyapatite
were obtained from sources described previocusly (28-30).

Assay Procedure.

Spectrometric measurements were performed with a Cary model
118 spectrophotometer. Photometric measurements were performed .
with the Cary 118 instrument or with a Zeiss M4/PM QII
photometer.

Protein was measured according to Lowry et al. (31) with
bovine serum albumin as standard.

Acid-labile sulfur was determined according to King and Morris

(32).

RESULTS AND DISCUSSION

Purification of B. megaterium ferredoxin.

The cellfree extract of B. megaterium (50000 x g supernatant)
was subjected to chromatography on a DEAE-cellulose column (4 x
10 cm) equilibrated with 0.1 M potassium phosphate buffer, pH 7.4
(Buffer A). The column was then eluted in a stepwise manmer,
first with 200 m1 of Buffer A, then with 100 ml each of 0.1, 0.2
and 0.4 M KClL in Buffer A. The 0.4 M KCl1 fraction, which
contained all acid-labile sulfur, and which in recombination
experiments was found to contain an obligatory function for
enzymatic activity, was concentrated to 15 ml using a PM-10
membrane. The concentration protein was then applied to an

Ultrogel AcA-54 column ( 4 x 80 cm) equilibrated with Buffer A
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Pig. 1. DEAE-Sepharose chromatography of B. megaterium ferredoxin.
—e absorbance at 415 nanometers. ¥X—X absorbance at
280 nanometers. For details, see text.

and eluted with the same buffer in about 5 ml fractions. Acid-
labile sulfur protein was eluted as a single peak and the

corresponding fractions were pooled, diluted twice with
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Pig. 2. Octyl-Sepharose chromatography of B. megaterium ferredoxin.
—— absorbance at 415 nanometers. ——X absorbance at 280
nanometers. For details, see text.
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Pig. 3. Hydroxy-apatite chromatography of B. megaterium ferredoxin.
— absorbance at 415 nanometers. ¥——X absorbance at 280

nanometers. For details, see text.

Pig. 4. A sanple from the 20mM hydroxyapatite eluate subjected to
sodiumdodecylsulfonate polyacrylamide gel electrophoresis. The
amount of protein added was 2 ugrams.
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redistilled water and applied to a DEAE-Sepharose column (1 x 4
cm) equilibrated with 50 nM potassium phosphate buffer, pH 7.4
(Buffer B). The column was first washed with ! volume of Buffer B
and then with 2-3 volumes of 0.2 M KC1 in Buffer B. The sample
was then eluted using a linear gradient of 0.2-0.4 M KC1l in
Buffer B. A total elution volume of 200 ml was collected in 2 ml
fractions. As shown in Fig. 1, the ferredoxin (measured at 415
nm) is eluted as a single peak at around 0.3 M KCl. No other
acid-labile sulfur protein containing fractions were found. The
acld-labile sulfur containing fractions were pooled, made 20%
(w/v) with regard to glycerol and 30% (w/v) with regard to
ammonium sulfate. The solution was then applied to an Octyl
Sepharose column (1 x 4 cm) equilibrated with 30% ammonium
sulfate and 20% glycerol in Buffer A. The column was then el,uted
with a linear gradient of decreasing ionic strength (30% to 0%
ammonium sulfate) and of increasing concentration of ethylene
glycol (0 to 10% w/w) in Buffer A. Total elution volume was 200
ml and fraction volume about 2 m1l. As shown in Fig. 2, the acid-
labile sulfur containing fraction is eluted as a single peak, and
no other acid labile sulfur containing fractions were found. The
proper fractions from the Octyl Sepharcose column were then
desalted on Sephadex G-25/PPM-10 columns,l equilibrated with 10 mM
potassium phosphate buffer, pH 7.4, and applied to a
hydroxyapatite column equilibrated with 5 mM potassium phosphate
buffer, pH 7.4. The column was eluted in a stepwise manner using
different concentrations of potassium phosphate buffers, pH 7.4.
The elution was carried out using 20 ml of each ionic strength

and fraction volumes were 2-3 ml.

As shown in Fig. 3 the ferredoxin was eluted as a single peak
with 20 mM phosphate buffer. No other ISP:s have been found in

the eluate. The purified proteins from this peak move as a single
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Fig. 5- Pluorescence spectra of pure B. me%aterlum ferredoxin.
. Fluoprescence spectra were recorded at 20°C using a JASCO FP-550
spectrofluorometer. Protein concentration was 0.1 mg of protein
per ml in 20 mM potassium phosphate buffer, H 7.4
——e exication at 280 nanometers. X—x excitation at
305 nanometers.

band on sodiumdodecyl polyacrylamide gel electrophoresis, with
an apparent molecular weight of around 14000 as shown in Fig. 4.

When subjected to fluorescence spectrometry, the purified
protein gives indication of a tryptophan residue in a rather
hydrophilic enviroament as shown in Fig. 5.

The absolute spectra of the oxidized and reduced purified
forms of the ferredoxin shown in Fig. 6 indicative of a bacterial
type ferredoxin.

Table 1 shows the amino acid composition of B. megaterium
ferredoxin, as compared to the corresponding proteins from

Pseudomonas putida and the steroid 11B-hydroxylase system from

bovine adrenal mitochondria.

Fig. 4 shows the hydroxyapatite ferredoxin containing fraction
on SD3-polyacrylamide gel electrophoresis giving a molecular
welght of 14000. This fits well with the value for molecular
weight computed from the amino acid composition (Table 1). This

gilves a sulfur to protein molar ratio of 1.8 and, as described in
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Fig. 6. Absolute oxidized and reduced spectra of B. megaterium
ferredoxin. The sample contained 25 nanomoles of acid-labile
sulfur/ml.

an earlier publication, the ferredoxin has a sulfur to protein
molar ratio of 0.9 (29). This indicates that the B. megaterium
ferredoxin is a 2 sulfur-2 iron protein.

The EPR-spectrum of partially purified B. megaterium
ferredoxin has been given in an earlier publication (29). It had
g-values at 1.90, 1.9% and 2.06. This procedure gives a
purification factor of 2000 and a total field of 5%.

TABLE I

THE AMINO ACID COMPOSITION OF B. MEGATERIUM FERREDOXIN AS COMPARED TO
PSEUDOMONAS PUTIDA AND BOVINE ADRENAL MITOCHONDRIA FERREDOXINS

Amino acid B. meg. P. putida Adrenal mitoch.
asp 15 15 20
thr 6 5 10
ser 6 7 7
glu 11 12 12
pro 6 4 1
gly 10 9 8
ala 11 10 7
cys 5 6 5
val 7 15 7
iso 7 6 8
leu 7 7 13
phe 4 2 4
his 2 2 3
lys 5 3 5
arg 4 5 4
tyr 3 3 1
met 3 3 3
trp 1 1 0
MW 13,500 12,500 13,100

Values for P. putida and adrenal mitochondria from ref. 33.
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The results presented in this paper show a strong resemblance
between the ferredoxin from B. megaterium and the corresponding
proteins from P. putida and bovine adrenal mitochondria. In an
earlier paper we reported the interchangeability between the B.
megaterium ferredoxin and adrenal mitochondrial ferredoxin in the
electrion transport systems of the B. megaterium steroid 15~
hydroxylase system and the mitochondrial steroid 11g-hydroxylase
system, respectively (30).

It is hoped that further work will help to elucidate the
reason for the similarities between the B. megaterium and bovine

adrenal mitochondrial systems.
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