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SUMMARY

An iron-sulfur protein containing eight iron atoms and eight acid-
labile sulfur atoms per one molecule of 19,000 daltons was found in
Pseudomonas ovalis which had been grown on medium supplemented with
glucose and ammonium sulfate. This protein molecule was composed of
two subunits of identiczl size., The absorption spectrum exhibited a
peak at 283 nm with shoulders at 320 nm and 400 nm. The purified iron-
sulfur protein catalyzed the photoreduction of NADP by spinach chloro-
plast.

Iron-sulfur proteins have been isolated from various kinds of origin.
They act mainly as electron carriers in various biological functions,.
Two iron-sulfur proteins have been isolated from Pseudomonas: rubredoxin
from P, pleovolans(l) containing one or two iron atoms and no acid-
labile sulfur atom, and putidaredoxin from P. putida(2) containing two
iron atoms and two acid-labile sulfur atoms.

In an earlier investigation of iron-sulfur protein in Pseudomonas,
LFe-4S iron-sulfur protein (molecular weight, 14,000 deltons) was isolated
from a Pseudomonas species(3). Recent study on iron-sulfur protein in

Pseudomonas ovalis have shown that 8Fe-88 dimeric iron-sulfur protein is

a major iron-sulfur protein component of Pseudomonas ovalis. The present

communication reports the purification and properties of 8Fe-835 dimeric

iron~-sulfur protein from Pseudomonas ovalis. Evidence will be presented

that two different iron-sulfur proteins appeared to be presented in the

cell,

Abbreviation Used: SDS, sodium dodecyl sulfate
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MATERIALS AND METHODS

Polyacrylamide disc electrophoresis was performed according to the
method of Ornstein(l4) and Davis(5) at pH 9.5 using 20% gels. Poly-
acrylamide gel electrophoresis in SDS was done by the method of Weber
and Osborn(6) using 15% gels., Nonheme iron was determined with batho-
phenanthroline(7). Inorganic sulfide was determined by the method of
Kimura and Suzuki(7). Protein was determined by the method of Itzhaki
and Gill(8) using bovine serum albumin as a standard. The molecular
weight of each protein was estimated by polyacrylamide gel electro-
phoresis in SDS, Sephadex G-75 gel filtration(9), and sedimentation
equilibrium ultracentrifugation(10),

Spinach chloroplasts, as used for studying the electron transfer
capability of protein in the NADP reduction by ascorbate(1l), were
prepared according to Whatley and Arnon(12). NADPH: ferredoxin oxido-
reductase, as used for assay of cytochrome ¢ reduction by NADPH(13), was
partially purified (about 45%) from spinack leaves.

Pseudomonas ovalis Chester was aerobically grown at 30°C for 24 hrs
in the medium containing, per liter: NapHPO,+12H,0, 16.4g; KHyPO4, L.5g;
MgS04+7Hp0, 0.01g; CaClpe2Hz0, 0.002g; FeS04.7H20, 0,01g; glucose, Lg;
and {NHg), S04, Lg. The cells were stored at -2090C,

The cells (1,700g wet weight) were suspended in ice cold 0.01M
sodium phosphate, pH 7.4 (500 ml of buffer per 100g cell past), and were
sonicated at 9 kHz for 10 min at 40C with a sonic disintegrater (Kubota
200M). The suspension was centrifuged at 10,000 X g for 1 hr, at a
temperature ranging from O to 4°C., (This same temperature was used in all
the following steps.) The supernatant was filtered through a DEAE-
cellulose column (10 X 13 cm) equilibrated with 0,01M sodium phosphate,
pH 7.4. (This buffer was used throughout the purification process.)

The column was washed with 2,400 ml of the buffer and subsequently with

the buffer to which had been added 0,2M NaCl until Asgowas 0.1. The
iron=-sulfur protein was eluted from the column with the buffer contain-

ing 0.7M NaCl, After dialysis against 0.005M sodium Phosphate, pH 7.4,

the eluate was appiied to a DEAE~cellulose column {(Whatman DE-32, 6.0 X

LO cm). The column was washed with 4 liters of the buffer containing

0,25M NaCl. The brown iron-sulfur protain was eluted with the buffer
containing 0.3M NaCl. The iron~sulfur protein fraction was concentrated

to 7 ml on a small DEAE~cellulose column, and applied to a Sephadex G-75
column (3.4 X 87cm). The fractions with absorbance ratio A4,0/Lzgpabove
0.55 were combined and were applied to a DEAE-Sephadex A-~50 column (1.5

X 20 cm), which had been previously equilibrated with the buffer contain-
ing 0.2M NaCl. The column was washed with the buffer containing 0.35M
NaCl, and subsequently the iron~sulfur protein was eluted with the buffer
containing 0.38M NaCl. The fractions with absorbance ratio A4io/Azso

above 0.56 were combined and concentrated to 2 ml on a small DEAE-cellulose
column, and were applied to a Sephadex G-75 column (superfine, 3.4 X &89 cm),
Fig. la. The fractions containing a minor component (P-2, in Fig. la)

were rechromatographed on the same column (Fig. 1b),.

RESULTS
The fractions containing the iron-sulfur proteir from the DEAE~
Sephadex column were applied to a Sephadex G-75 column. Ag shown in Fig.
la, an unsymmetrical protein peak was obtained, suggesting that two or
more components are contained in the peak. The contents of tubes 90

through 97 were pooled (P-1 in Fig. 1la). The contents of tubes 98
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Fig. 1. Gel filtration of P, ovalis iron-sulfur protein on Sephadex G-75.
(a) Two ml of iron-sulfur protein fraction from DEAE~Sephadex column
were applied to a Sephadex G-75 column (3.4 X 89 cm) equilibrated with
0.01M sodium phosphate buffer containing O.IM NaCl, pH 7.4. Fractions of
5 ml were collected at a flow rate of 26 ml/hr., ——e— , absorbance at
280 nm and ---O---, absorbance at 410 nn.

(b) P-2 fraction in (a) was concentrated to 2 ml and applied to s
Sephadex G=75 column. The conditions were the same as in (a) except

that the flow rate was 15 ml/hr.

through 109 were also poocled (P-2 in Fig. la), and then chromatographed
on a Sephadex G-75 column. The elution pattern is shown in Fig. 1b,

This pattern shows a minor protein peak just behind the major protein
peak. The eluates were separated into three fractions: S-1 (tube

No's 90~95), S-2 (tube No's 96-100), and S-3 {(tube No's 101-104). The
pattern of polyacrylamide disc electrophoresis of each of these fractions
is shown in Fig, 2. Gels were not stained, since the iron-sulfur protein
could be identified by their brown color. The S-1 fraction migrated as

a single brown band, and its mobility was the same as that of the P-1
fraction. The P~-1 and S~1 fractions were combined (ISP-I). The S-3

fraction contained mostly a component (ISP-II) which migrated as a brown
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TABLE T Summary of Purification

A A
. 2
Step Volume  Protein Ay Asoy Ay, 80/A26O 410/A280
(ml) (mg)
Cell 2,070 171,423 - - - - -
extract
DEAE- 2,430 1,652  36.6 18.7  0.%6 0.51 0.02
cellulose
DEAE-
cellulose 40.5 48.6 4,32 4.4 0.24 1.07 0.52
column
First
gel 11.0 22.1 10.6 12.8 7.3 1.21 0.57
filtration
DEAE-
Sephadex 6.5 26.7 9.2 11.0 6.3 1.19 0.57
column
Second
gel 5.8 23.9 9.1 1.3 6.4 1.24 0.57
filtration

band slightly slower thar. the major component,

for protein with Amide Black, but no other protein bands were observed

except the protein band corresponding to the brown band.

(TABLE 1)

The molecular weight of ISP-I was estimated by Sephadex G~75 gel

filtration to be 18,800,

Bovine serum albumin, ovalbumin,

The gels were stained

chymotrypsinogen

A, myoglobine (whale), and cytochrome ¢ (horse heart) were used as markers.

Sedimentation equilibrium analysis yielded a molecular weight of 19,100.

The sedimentation coefficient (80 y) was calculated to be 1.8 S.

Poly~-

acrylamide gel electrophoresis in SDS of ISP-1 was carried out, and the

patterns are shown in Fig., 3.

about 9,500 using the same marker proteins as in gel filtration.

The molecular weight was estimated to be

From

these results, it is concluded that ISP-I is composed of two subunits of
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Fige 2 Polyacrylamide disc electrophoresis patterns.

{(a) 8=1 fraction (about 0,066 mg protein), (b) S-2 fraction (about
0.028 mg protein), (c) 8-3 fraction (about C.0l4 mg protein) in Fig. 1b.
Gels were not stained since the iron-sulfur protein could be identified
by their brown color.

Fige 3. SDS polyacrylamide gel electrophoresis patterns.

(a) 8-1 fraction (about 0,035 mg protein), (b) S8-1 fraction in the
absence of 2-mercaptoethanol (about 0.035 mg protein), (c) 8-2 fraction
(about 0.007 mg protein), (d) 8-3 fraction (about 0.005 mg protein).
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TABLE IT

Some Properties of P. ovalis Iron-Sulfur Protein(ISP-I)

Parameter

Molecular weight (g/mole)

a. Sedimentation equilibrium 19,100
b. Gel filtration 18,800
c. Polyacrylamide gel electrophoresis 9,500
Sedimentation coefficient <S2O ) 1.8 8
yW
Chemical analysis (mole/mole protein) 2
Iron 8.3 5
8 7.9 )
et it 2) -1 N
Molar extinction coefficient (em™ ", mM™ ")
Fogz 58.7
F320 43.9
E400 34.8

1. Solvent was 0.01M sodium phosphate buffer containing
0.1M NaCl. The value of v was assumed to be 0.72.

2. Based on a molecular weight of 19,000 g per mole.

identical size. Molecular weight of ISP-11 was estimated to be about
14,000 by Sephadex G-~75 gel filtration and by polyacrylamide gel
electrophoresis in SDS.

15P-1 appears to contain eight nonheme iron atoms and ¢ight acid-

labile sulfur stoms per mole, based on a molecular weight of 19,000
(TABLE II1), ISP-II appears to contain 6-8 atoms of nonheme iron and 6-8
atoms of acid-labile sulfur per mole, based on a molecular weight of
14,000,

The absorption spectrum of purified iron-sulfur protein is shown in

Fig. 4; it exhibits a peak at 283% nm and shoulders at 320 nm and 400 nm.
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Fig. 4., Absorption spectra of P. ovalis iron-sulfur proteins.

S0lid line: Absorption spectrum of 135P=I, ISP-I is in 0.01M sodium
phosphate buffer, pH 7.4, at a concentration C.26 mg/ml.

Dashed line: Absoption spectrum of 1ISP-IT (S-3 fraction). ISP-II is in the
same buffer, at a concentration 0.27 mg/ml.

The absorbance ratio AQOO/A283 was 0.59. The absorption spectrum of the
minor component was slightly different from that of ISP-I (Fig. L4).

In the photoreduction of NADP, ISP~T could replace the spinach
ferredoxin. This protein could also substitute for spinach ferredoxin
in the cytochrome ¢ reduction by spinach NADPH: Fd oxidoreductase and

NADPH, ISP-II had a similar biological activity.

DISCUSSION

Pseudomonas ovalis iron-sulfur protein (ISP-I) has quite different

properties from the previously described iron-sulfur proteins of
Pseudomonas: rubredoxin from P, oleovolans and putidaredoxin from

P. putida. 1ISP-I contained eight iron atoms and eight acid~labile sulfur
atoms per mole with a molecular weight of 19,000. This protein was
composed of two subunits of identical size, therefore one subunit (mole-
cular weight, 9,500) probably contains four iron atoms and four acid-
labile fulfur atoms. From this point of view, ISP-I resembles L4Fe-LS

ferredoxin from Bacillus polymyxa(14,>15) and Bacillus stearothermophilus

(16), and the high potential iron-sulfur protein(17). The iron center of

bacterial 8Fe-83 ferredoxin (Micrococcus aerogenes ferredoxin) consists
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of two tetranuclear iron complexes with four bridging sulfur atoms(18).
Chromatium high potential iron-sulfur protein has a tetranuclear iron
complex center also(19). 1ISP-I appears to consist of two identical
subunits which ccntain single tetranuclear iron center.

Some iron-sulfur proteins have been isolated in the dimeric form:
nitrogenase Fe-protein(20, 21), and hydrogenase(22). However, these
protein were high molecular weight molecules. The dimerization of
Clostridium ferredoxin has been described; it takes place in the presence
of Ogygen with an intermolecular disulfide bond(23). From the results
of polyacrylamide gel electrophoresis in 8DS (Fig. 3a, b), however, the
two subunits of ISP-I are held together probably by ionic or hydrophobic
force and not by disulfide bond,.

There are several reports on the presence of two different molecular

species of ferredoxin in one organism; Rhodospirillum rubrum(24, 25),

Azotobacter vinelandii(26, 27), Bacillus polymyxa(l4, 15), and Aphanothece

sacrum(28, 29). From the results, it is suggested that there are two
types of iron-sulfur protein (ISP-I and ISP-II) in P. ovalis. These iron-
sulfur proteins differ in molecular weight and absorption spectra. The
amount of the minor component (ISP-II) was estimated as about 1/20 of the
amount of the major component (ISP-I) by densitmetry of polyacrylamide
disc electrophoresis at the DEAE-Sephadex column step. Further characteri
zation of the minor component protein and relationships of this protein

to the major component are now under way in this laboratory.
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