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Summary

A new ferredoxin designated ferredoxin III has been isolated from Desul-
fouibrio africanus grown on media high in iron. Native ferredoxin III is a dimer
constituted by two identical subunits of approx. 7500. It is distinguished from
the two other ferredoxins (I and II) isolated from this microorganism by its
amino acid composition, N-terminal sequence, spectral properties and iron-
sulfur content. The amino acid composition of D. africanus ferredoxin III is
typical of ferredoxins with an excess of acidic over basic residues and the
absence of histidine and arginine residues.

The absorption spectrum of ferredoxin III exhibits two maxima, at 408 nm
(e=585-10°M1-cm™) and 285 nm (e=82-:10° M'-cm™), with a
shoulder at 305 nm (e =75 - 10> M1 - cm™1). Its A40s/A,35 absorbance ratio is
0.78. Ferredoxin III contains approx. 12—13 atoms each of iron and labile
sulfur. This is in agreement with the high value of the extinction coefficient at
408 nm, which is slightly higher than 3-fold that of one [4Fe-4S] cluster. How-
ever, the number of cysteine residues of the protein (six residues), which is
about the half that of iron atoms, is indicative of the presence of a new type of
iron-sulfur cluster in ferredoxin III. The protein is unstable in a low ionic
strength environment; the addition of neutral salts stabilizes the protein con-
formation.

The data on the biological activity of ferredoxin III as compared to the two
other ferredoxins from D. africanus show that the three iron-sulfur proteins
function with equal effectiveness as electron carrier in the phosphoroclastic
reaction and the H,-sulfite reductase system.

Introduction

Evidence has been accumulating that ferredoxins, like cytochromes, may
occur in the cell in several forms. In the last few years, the occurrence of two
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distinct ferredoxins has been reported in several microorganisms [1—8] includ-
ing Desulfovibrio [9—11]. Two different ferredoxins were detected in
D. desulfuricans strain Norway 4 [10], whereas two distinct oligomeric forms
of the same ferredoxin exhibiting different biological and physico-chemical
properties have been isolated and characterized from D. gigas [9,12,13].

Desulfouvibrio africanus strain Benghazi has been reported by Campbell et al.
[14] to be in most respects typical of a Desulfovibrio. Recently, different
electron carrier proteins have been characterized in this microorganism, includ-
ing a rubredoxin [15], two distinct ferredoxins [15], a cytochrome ¢; [16] and
a molybdenum-containing iron-sulfur protein [17]. The two ferredoxins (ferre-
doxin I and ferredoxin II) are dimers constituted by two identical subunits
with a molecular weight of approx. 6000. The absorption spectra, amino acid
compositions and N-terminal sequencing data of the two ferredoxins clearly
indicate that ferredoxin I and ferredoxin II are different protein species. The
proteins appear to contain one four-iron, four-sulfur cluster, however ferre-
doxin I exhibits a high molar extinction coefficient at 390 nm which is in
agreement with the presence of nearly six non-heme iron atoms per molecule
[15].

In the present paper, we report the purification and some properties of a
new ferredoxin which is synthesized by D. efricanus grown on media high in
iron. This iron-sulfur protein, which is a new type ferredoxin containing
approx. 12—13 atoms each of iron and labile sulfur per molecule, is quite dif-
ferent from ferredoxin I and II, although it exhibits similar biological activities.

Materials and Methods

Desulfovibrio africanus strain Benghazi (NCIB 8401) was grown at 37°C on
the lactate-sulfate medium of Starkey [18] using an iron concentration of 3.6
mg/!l instead of 0.7 mg/l in the previous study [15]. Cells were stored at —20°C
for several weeks until being used.

Purification procedure. The purification was performed at 4°C and Tris-HCI
buffers (pH 7.6) of appropriate molarity were used unless otherwise stated.

The frozen cells (1700 X g, wet weight) were thawed and suspended in 1200
ml of 25 mM Tris-HCL. The crude extract (2500 ml) and the soluble protein
fraction (1700 ml) were subsequently prepared as already described [17]. A
settled volume of DEAE-cellulose equal to 400 ml was added to the soluble
protein fraction and the acidic protein extract was then prepared as reported
previously [15].

Step I. The dialyzed acidic protein extract was applied to a DEAE-cellulose
column (5.2 X 21 cm) which had been equilibrated with 0.05 M NaC}/0.05 M
Tris-HCl buffer. The proteins were eluted with a discontinuous NaCl gradient
(1600 ml) from 100 mM NaCl in 50 mM Tris-HCl to 1 M NaCl in 50 mM Tris-
HCl. At this stage two bands of ferredoxin, very close to each other, were
eluted together between 350 and 450 mM NaCl in 50 mM Tris-HCI buffer in a
volume of 380 ml.

Step II. The ferredoxin-containing fraction was dialyzed against 10 mM Tris-
HCI and further purified by chromatography on a DEAE-cellulose column (b X
25 cm) previously equilibated with 50 mM Tris-HCl. Proteins were eluted with
a discontinuous gradient from 100 mM to 500 mM NaCl in 50 mM Tris-HCI.
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This gradient enables the separation of a band comprising mainly ferredoxin I
and ferredoxin II (eluted between 400 and 500 mM NaCl in 50 mM Tris-HCIl)
from other components of the acidic extract still present at this stage (desulfo-
viridin, rubredoxin and an acidic cytochrome). Fractions containing ferredoxin,
recognized by their characteristic dark brown colour, were localized on the top
of the column and were eluted with 400 mM NaCl/50 mM Tris-HCI buffer.

Step III. The fraction containing the ferredoxins (470 ml) was dialyzed
against 10 mM Tris-HCl and readsorbed on a third DEAE-ellulose column
(4.5 X 21 cm). Proteins were eluted with a discontinuous gradient from 100
mM to 300 mM NaCl in 50 mM Tris-HCI. The acidic cytochrome still present in
the ferredoxin fraction was finally separated from the band containing the
ferredoxins and eluted at approx. 230—240 mM NaCl in 50 mM Tris-HCIL. The
less acidic band of ferredoxin (ferredoxin II) was then eluted at a higher
molarity (270 mM NaCl/50 mM Tris-HCI) whereas the band containing ferre-
doxin I spread on the column and appeared to be subdivided into two bands
which exhibit different colours. At this stage, ferredoxin I cannot be separated
from a new reddish brown ferredoxin which is slightly more acidic. The two
ferredoxins were eluted together between 270 and 300 mM NaCl in 50 mM
Tris-HCl in a volume of about 350 ml. The ferredoxin fraction was then
dialyzed against 51 of 10 mM Tris-HCl buffer, concentrated on a small DEAE-
cellulose column (3 X12 cm) and eluted with 0.4 M Tris-HCl, giving a volume
of 85 ml.

Step IV. The more acidic ferredoxin-containing fraction was then placed on
a calcinated alumina column (3 X 14 cm) equilibrated with 400 mM Tris-HC],
in order to remove a contaminant with a strong absorption at 260 nm. After
this step, the ferredoxin fraction presented an A;zo/A,5; absorbance ratio close
to 0.65 which is higher than that of pure ferredoxin I which exhibits a ratio of
about 0.56 [15].

Step V. The separation of ferredoxin I from the new ferredoxin was achieved
using a DEAE-Sephadex A-50 column (4.2 X 25 cm) equilibrated with 0.34 M
Tris-HC] buffer, The ferredoxin fraction from step IV was brought to approxi-
mately the same Tris-HCl molarity and applied to the column. Elution was per-
formed with a discontinuous gradient (2500 ml) from 340 mM to 450 mM Tris-
HCl buffer. The ferredoxin fraction adsorbed at the top of the column
separated into two bands at about 0.4 M Tris-HC). The first, and the strongest,
which was dark brown coloured, contained ferredoxin I and was collected in a
volume of 400 ml. The protein was judged to be pure both from its spectrum
(A3zs0/A283 = 0.56—0.57) and its amino acid composition. The yield of ferre-
doxin I was about 70 mg.

The second band, exhibiting a reddish brown colour, is constituted by a new
ferredoxin which appears to be more acidic than ferredoxin I. It was collected
in a volume of 300 ml. This new ferredoxin, which exhibits a high absorbance
ratio (Asos/A2ss = 0.78), was judged to be pure both from polyacrylamide gel
electrophoresis and from its amino acid composition. The yield of this ferre-
doxin was approx. 25 mg. It will subsequently be referred to as D. africanus
ferredoxin III.

Analytical procedures. The molecular weight of ferredoxin III was estimated
by gel filtration on a Sephadex G-50 column according to the method of
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Whitaker [19] and by SDS-polyacrylamide gel electrophoresis, using the proce-
dure of Weber and Osborn [20]. Analytical gel electrophoresis was performed
according to the method of Davis [21] on 7% polyacrylamide gels at pH 8.8.

Absorption spectra were measured on a Cary 14 spectrophotometer. Molar
extinction coefficients of ferredoxin III were obtained by measuring the values
of the absorbances of their absorption maxima using a solution of known pro-
tein concentration calculated from amino acid analysis.

Iron was determined by atomic absorption spectrometry using a Varian
A175 spectrometer. Inorganic sulfide was estimated by the method of Loven-
berg et al. [22], as modified by Suhara et al. [23]. In the extracts, protein was
determined according to the procedure of Lowry et al. [24].

Amino acid analysis. Protein samples were hydrolyzed in 200 pl of 6 M HC1
at 110°C for 18, 20, 24 and 48 h in evacuated sealed tubes [25]. Cysteine and
methionine were analyzed after performic acid oxidation as cysteic acid and
methionine sulfone, respectively, according to Hirs [26]. The values for serine,
threonine and tyrosine were corrected for decomposition during hydrolysis.
Amino acid analyses were performed on a LKB 3201 amino acid analyzer.

Sequence determination. Sequence determination was performed in the
Socosi Protein Sequencer (P.S. 100). N,N-Dimethylbenzylamine buffer was
used. To minimize the losses during solvent washing of the protein, apocyto-
chrome ¢ was added in the cup as described by Bonicel et al. [27]. The quanti-
tative determination of the phenyl thiohydantoin derivatives was done relative
to known amounts of the appropriate standards on gas chromatography (Beck-
man gas chromatography GC45 using SP400 as stationary phase according to
the technique of Pisano et al. [28] with and without silylation. Phenyl thio-
hydantoin derivatives were also analyzed by thin-layer chromatography on
silica gel containing an ultraviolet fluorescent indicator (Silica Gel GF 254,
Merck) as described by Edman and Sjoquist [29] and Edman and Begg [30]
particularly for the identification of Glu/Gln and Asp/Asn residues [31]. If
necessary, these methods were completed by amino acid analysis after conver-
sion to the parent amino acid by hydrolysis with hydrochloric acid [32] or
hydroiodic acid [33].

Measurement of pyruvate dehydrogenase activity. Pyruvate dehydrogenase
activity was determined by measuring the hydrogen produced from pyruvate
by the manometric method reported previously [15].

Measurement of sulfite reductase activity. Sulfite reductase activity was
determined by measuring the hydrogen absorption in the presence of sulfite
using the manometric method as previously described [34]. The main compart-
ment of the Warburg flasks contained: potassium phosphate buffer (pH 7.0),
150 pmol; ferredoxin-free extract and ferredoxin as indicated. Flasks were
flushed with H, for 15 min and allowed to equilibrate for an additional 15 min.
Reactions were started by tipping in sulfite (4 umol) from the sidearm. H,S
was absorbed by an NaOH wick in the center well.

Preparation of ferredoxin-free extract from D. africanus. The non-adsorbed
protein fraction obtained after treatment of the soluble extract from D. afri-
canus on DEAE-cellulose during the purification procedure was used as ferre-
doxin-free enzymatic extract.
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Results

Molecular weight. The molecular weight of native-ferredoxin III estimated
by gel filtration on a Sephadex G-50 column was found to be approx. 15000,
The results of SDS-polyacrylamide gel electrophoresis indicates that native
ferredoxin III is a dimer of molecular weight 14 500 constituted by two iden-
tical monomeric units with a molecular weight of approx. 7500. The minimal
molecular weight calculated from the amino acid composition was 6800,
excluding the iron-sulfur content of the protein.

Amino acid composition. The amino acid composition of D. africanus ferre-
doxin III is given in Table I. It is typical of ferredoxins with an excess of acidic
over the basic residues, the absence of histidine and arginine residues and low
aromatic amino acid content. Four amino acids are absent in the amino acid
composition (histidine, arginine, proline and phenylalanine). Ferredoxin III
contains six cysteine residues which should imply the presence of only one
[4Fe-4S] cluster in the protein.

Table I allows a comparison with the two others ferredoxins isolated from
D. africanus. As the ferredoxins from other species, the three ferredoxins have
a large content of acidic amino acids but ferredoxins I and II have an unusually
high content of the aromatic residues tyrosine and phenylalanine. Ferredoxins

TABLE I

AMINO ACID COMPOSITION OF D. AFRICANUS FERREDOXIN III IN COMPARISON WITH THE
TWO OTHER D. AFRICANUS FERREDOXINS

Amino acid analysis were carried out using general methods with 18 h hydrolysis (6 M HCl) at 110°C
under vacuum. Other analysis after 20, 24 and 48 h are in accordance with the average value. N.D., not
determined.

Amino acids Ferredoxin II1 Ferredoxin I *#* Ferredoxin II *#*
from nearest
analysis integer

Lysine 3.0 3 3 1
Histidine 0 0 1 1
Arginine 0 0 1 1
Tryptophan nd. n.d. n.d. n.d.
Aspartic acid 7.94 8 5 6
Threonine 3.36 4 1 2
Serine 1.4 2 2 4
Glutamic acid 139 14 13—14 8
Proline )] 0 3 3
Glycine 3.856 4 2 3
Alanine 3.1 3 6 5
Cystine (half) * 6.1 6 5—6 4
Valine 8.5 9 7 5
Methionine * 0.9 1 2 1
Isoleucine 2.7 3 3 4
Leucine 2.8 3 /] V]
Tyrosine 1.85 2 2 1
Phenylalanine (] 0 2 2
Total residues 62 58 51

* Calculated after performic acid oxidation.
** From Hatchikian et al. [15].
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Fig, 1. Absorption spectra of D. africanus ferredoxin III; , oxidized protein freshly purified, in 100
mM Tris-HCl buffer (pH 7.6); -~---- . freshly dialyzed protein; ®#e®e  denatured ferredoxin after 8 h
incubation of the dialyzed sample at room temperature. Both spectra were recorded at similar protein
concentration (9.8 uM),

I and II contain one histidine, one arginine and three proline residues whereas
ferredoxin III is devoid of these residues. Ferredoxin II differs from the two
other ferredoxins by its low content of cysteine residues.

Absorption spectrum and extinction coefficients. The ultraviolet-visible
absorption spectrum of ferredoxin III in the oxidized form (Fig. 1) appears to
be typical of four-iron, four-sulfur proteins. Ferredoxin III exhibits two broad
absorption bands centered around 408 and 305 nm. In contrast to ferredoxins
I and II [15], it shows a small peak in the ultraviolet region at 285 nm with a
shoulder at 279 nm. Addition of dithionite resulted in a partial bleaching of the
chromophore.

The freshly purified preparation exhibited an absorbance ratio, A,os/A;ss,
of 0.78. The molar extinction coefficients of ferredoxin III at 408, 305 and
285 nm are 58 500, 75000 and 82 000, respectively. These data indicate that
optical properties of this ferredoxin are quite different from those reported
for D. africanus ferredoxins I and II [15]. The value of the molar extinction
coefficient of ferredoxin III at 408 nm is much higher than those found for the
one [4Fe-48] cluster ferredoxin from Desulfovibrio [9,10,15] and the two
[4Fe-48] cluster ferredoxins from Clostridia [22]. It corresponds approxi-
mately to the absorption of a three [4Fe-4S] cluster containing protein.

Ferredoxin III proved to be extremely unstable at low ionic strength. As
indicated in Fig. 1, the absorbance ratio decreased by approx. 17% after dia-
lysis of the protein for 10 h at 4°C. In addition, the spectrum of the dialyzed
sample shows a variation of the chromophore absorbance in the ultraviolet
region with a shift of the peak at 285 nm to 280 nm.

After a few hours of incubation at room temperature under an air atmos-
phere (Fig. 1) there is a complete disappearance of the absorption bands cen-
tered around 400 and 305 nm (see Fig. 1) with a concomitant bleaching of the
protein which corresponds to the destruction of the iron-sulfur cluster. Tris-
HC1 buffer or NaCl at a concentration of approx. 0.4—0.5 M stabilizes the pro-
tein. With protein samples in such a high ionic strength environment no detect-
able change occurs in the absorption spectrum for many hours under air at
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about 25°C. Tris-HCl buffer is more efficient than NaCl in preventing denatura-
tion of the protein.

These results suggest that the modification of the protein conformation
occurring at low ionic strength leads to an increase of the oxygen sensitivity of
the iron-sulfur protein. This hypothesis was supported by the increase of
stability of dialyzed samples of ferredoxin III when they were stored under
argon.

Iron and sulfur content. Iron and acid-labile sulfide were determined as
reported in Materials and Methods, whereas the concentration of ferredoxin
was calculated from amino acid analysis.

The average value of iron content of ferredoxin III estimated from several
analyses has been found to be approx. 12—13 atoms per mol of protein.

The complete release of labile sulfide from ferredoxin III requires an incuba-
tion of the protein sample of about 2h with the alkaline zinc reagent as
reported by Suhara et al. [23]. In these conditions, the analyses revealed the
presence of 12—13 mol of acid-labile sulfide per mol.

This iron-sulfur content of ferredoxin III is in good agreement with the value
of the extinction coefficient at 408 nm which is indicative of the presence of at
least three [4Fe-4S] clusters per mol. However as compared with other ferre-
doxins, the binding of these clusters to the protein appears to be different since
only six cysteine residues have been found in ferredoxin III.

N-terminal sequence analysis. The N-terminal sequence of ferredoxin III
established by automatic Edman degradation on apoferredoxin was determined
up to 20 residues with some residues not identified (Fig. 2). Apoferredoxin was
obtained by precipitating native ferredoxin III with 3% HC1 at 80°C for 10 min.

The N-terminal sequence of D. africanus ferredoxin III has been compared to
those of ferredoxins I and II from the same organism as well as to those of
ferredoxins from D. gigas, D. desulfuricans Norway strain and Clostridium
pasteurianum (Fig. 3). Ferredoxin I and ferredoxin II show a high degree of
homology. When the two sequences are alighed for maximum homology with
the other known sequences of ferredoxins from D. gigas [35], D. desulfuricans
(11] and C. pasteurianum [36] there is an additional basic sequence of three
residues: Ala-Arg-Lys for ferredoxin I and Ala-Arg-Val for ferredoxin II. When
compared to ferredoxin III, this additional sequence is not observed and the
sequence is aligned for homology with tyrosine residue (No. 2) which is ob-
served in other ferredoxins. The amino acid sequence of ferredoxin III differs
from the two other ferredoxins isolated from D. africanus. However, homo-
logy is apparent when compared to the N-terminal amino acid sequences from
C. pasteurianum ferredoxin [36] and from D. desulfuricans Norway ferredoxin
Ir[iij.

1 5 10
Ala-Tyr- Lys Ile Thr-Ile-Asp~( )-Asp-( )-( )~ Thr Gly Asp—
hmard

15 20
(J)-( )-Glx-Val-( }-Val-

—y —— — ——r ——

Fig. 2. N-terminal sequence of ferredoxin III. Parentheses indicate that the residues in these positions
could not be identified.
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D. africanus Fd I Ala-Arg-Lys-Phe-Tyr-Val-Asp-Glx-Asp-Gln-( }-Tle-Ala-{ }-Glu=Ser-Cvs-Val-Glu-Tle-{ }-Pro-Glv
D. africanus Fd IT Ala-Arg-Val-Val-Tyr-Val-Asp-{ )-Asp-{ )-( )-Ile~{ J-( )-Ala-Ala-{ }-~Val-Glu-Ile-{ )~Pro-Asp
D. africanus Fd II1 Ala-Tyr-Lys-[le-Thr-Tle-Asp-{ ) -Asp-( )-( )-Thr=Gly-Asp-( - )-Glx-Val-({ J-Val
D. gigas Pro-Tle-Glu-Val-Asn-Asp-Asp-Cys -Met~Ala-Cys-Glu-Ala-~Cys-Val-Glu-fle-Cys-Pro-aAsp
D.d. Norway Fd IT Gly-Tyr-Ser-Val-1le-Val-Asp~( )-Asp-Lys-{ )-Ile-Glv-Ser-{ )-Glu-Ala-Val-( )~({ )
C. pasteurianum Ala-Tyr-Lys-Ile-Ala-Asp~Ser-Cys-Val-Ser-Cys-Gly-Ala-Cvs-Ala-Ser-Glu-Cys-Pro-val

Fig. 3. N-terminal sequencing data of D. africanus ferredoxins in comparison with D. gigas, D. desulfuri-
cans (Norway strain) and C. pasteurianum ferredoxins. Brackets indicate that the residues in these posi-
tions could not be identified.

Biological activity. The results on the coupling activity of ferredoxin III
between pyruvate dehydrogenase and hydrogenase on the one hand and hydro-
genase and sulfite reductase on the other are reported in Table II. Ferredoxin
III appears to be an efficient electron carrier in these two redox reactions.
From the data obtained, no significant difference of activity could be detected
between ferredoxin III and ferredoxins I and II. The stimulation of both H,
evolution from pyruvate and H, consumption in the presence of sulfite was
quite similar with the three ferredoxins (Table II).

The effect of ferredoxin III concentration on pyruvate dehydrogenase activ-
ity of the ferredoxin-free extract has been investigated. The results reported on
Fig. 4 indicate that under our experimental conditions the saturation level of
the electron carrier was obtained with a concentration of approx. 3 nmol of
ferredoxin.

TABLE II

EFFECT OF FERREDOXIN (Fd) I, II AND III ON PYRUVATE DEHYDROGENASE AND SULFITE
REDUCTASE ACTIVITIES OF DEAE-TREATED EXTRACTS FROM D. AFRICANUS

Enzymatic activities were determined as reported in Materials and Methods. Pyruvate dehydrogenase
activity: The crude extract and the ferredoxin free extract contained: 16.2 mg protein, Each ferredoxin
was assayed using a concentration of 4 nmol. Sulfite reductase activity: The following enzymatic extracts
were utilized in these assays: crude extract, 9.4 mg protein; DEAE-cellulose-treated extract (free of fexre-
doxin) 9.4 mg protein; ferredoxins I, II and IXI, 20 nmol.

Enzymatic extract Pyruvate Sulfite
dehydrogenase activity * reductase activity **
Crude extract 3.4 3.9
DEAE-cellulose-treated extract 1.1 0.7
DEAE-<ellulose-treated extract + Fd I 3.3 2.9
DEAE-cellulose-treated extract + ¥d II 3.5 2.9
DEAE-cellulose-treated extract + Fd III 3.6 2.7

* Hy (pmol) evolved in 12 min under the assay conditions.
** H, (pumol) consumed in 30 min under the assay conditions.
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Fig. 4, Effectiveness of D. africanus ferredoxin III in the pyruvate phosphoroclastic reaction. Pyruvate
oxidoreductase activity was determined as reported in Methods. The ferredoxin-free extract was used
as enzymatic extract. The values of hydrogen production indicated in the figure for each concentration
of ferredoxin represent the activity after 12 min of reaction and after subtraction of the endogenous
activity.

Discussion

A new ferredoxin (ferredoxin IIT) has been characterized, in addition to the
previously reported ferredoxins I and II, from D. africanus grown on media
high in iron. In Desulfovibrio, the regulatory mechanism of the synthesis of
iron-sulfur proteins linked to iron concentration is unknown [37]. Under our
growth conditions with D. africanus (3.6 mg iron/l), in addition to the biosyn-
thesis of ferredoxin III, we observed a marked decrease in the amount of the
blue green molybdenum containing iron-sulfur protein previously characterized
[17]. This suggests that the Mo-Fe-S protein could play a role in the synthesis
of iron sulfur-proteins.

Ferredoxins III is slightly more acidic than ferredoxin I and as with the two
other ferredoxins from D. africanus [15] the native protein appears to exist as
a dimer comprising two identical monomeric units with a molecular weight of
approx. 7500.

The amino acid composition of ferredoxin III clearly indicate that it is a dif-
ferent protein species. It is characterized by the absence of histidine, arginine,
proline and phenylalanine residues, a low aromatic amino acid content and the
presence of six cysteine residues. The N-terminal sequencing data of the protein
and the comparison with the N-terminal sequences of known Desulfovibrio
ferredoxins show more homology with ferredoxin II from D. desulfuricans Nor-
way strain than with ferredoxins I and II from D. africanus. Homology is also
observed with C. pasteurianum ferredoxin.

The optical properties of ferredoxin III differ clearly from those of ferre-
doxins I and II [15]. The spectrum of the protein is characterized by its high
absorbance ratio (Asos/A2ss = 0.78), its absorption band in the visible region
centered around 408 nm, its weak absorption in the ultraviolet aromatic region
and its high molar extinction coefficients at 408 and 305 nm. It should be
noted that in ferredoxin III, the absorption band in the visible region is shifted
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to higher wavelengths when compared to that of ferredoxins I and II [15]. This
spectral pattern has already been described in D. gigas ferredoxin II and I' [9].

D. africanus ferredoxin III is distinguished from all the bacterial ferredoxins
previously characterized by its high molar extinction coefficients at 408 and
305 nm reflecting the presence of a high content of non heme iron in the
protein. Considering the molar extinction coefficient at 400 nm per iron in
ferredoxin to be close to 4 - 10* M™! - cm™ [38], the molar extinction coeffi-
cient of ferredoxin III (€405 = 58.5 - 10° M™! - cm™!) is indicative of the presence
of at least 12 iron atoms per molecule. This is in agreement with the iron con-
tent of the protein, since a value slightly higher than 12 atoms per mol has been
found.

Our results do not allow a description of the nature of the iron-sulfur cluster
present in the protein. Indeed, no significant spectral characteristics appear to
exist between a [4Fe-4S] cluster containing protein and the recently reported
[3Fe-3S] cluster containing ferredoxins [39,40]. Moreover, ferredoxin III con-
tains at most only six cysteine residues and not the 12 or more required for the
binding of three or four clusters. It is therefore a new type of ferredoxin con-
taining a number of cysteine residues lower than the number of iron atoms.
This implies a binding of the iron-sulfur clusters of the protein which is differ-
ent from that occurring in the previously reported ferredoxins. The elucidation
of the structure of the cluster and its binding to the protein must await further
physico-chemical investigations on the iron-sulfur centers and more informa-
tion on the sequence of the protein, including its cysteine distribution.

Ferredoxin III proved to be unstable at low ionic strength during incubation
at room temperature, as was shown for other iron-sulfur proteins [10,11,41,
42]. This was evidenced by the bleaching of the visible absorption which is
usually taken as an index of denaturation of the protein. The results suggest
that the sensitivity of the protein to oxygen is enhanced in low ionic strength
environment. The addition of neutral salts markedly protects ferredoxin III
from denaturation. As postulated by Hasumi et al. [42], the stabilization of
ferredoxin by a high ionic strength environment could be due to the modula-
tion of the interaction between the chromophore and the protein moiety.

The biological activity of ferredoxin III deserves some comment. Ferredoxin
11T serves as electron carrier in the phosphoro-clastic reaction, which implies
that it has a low redox potential. It aiso mediates electron transfer between
cytochrome c¢; and the sulfite reductase system. The comparative study of the
biological activity of the three ferredoxins from D. africanus has shown that
both proteins function with equal effectiveness in the two redox reactions men-
tioned. Thus, distinction between these ferredoxins on the basis of biological
activity has not been established.

However, one has to point out that our enzymatic system is purely artificial.
It is quite possible that a compartmentalization exists in the intact cell with a
different subcellular localization of the dehydrogenases and the reductases,
each having its own electron chain: disruption of the cells would completely
change the distribution of the carriers leading thus to misleading activities.
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