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Cytochrome b and menaquinone have been demonstrated in the homoacetate-
fermenting Clostridium formicoaceticum and Clostridium thermoaceticum.

In this report we would like to present evi-
dence for the presence of heme in the homoace-
tate-fermenting Clostridium formicoaceticum
and Clostridium thermoaceticum. Until now
these microorganisms have been thought to
contain only the corrinoid type of tetrapyrroles
(7,13). In addition to heme the two bacteria also
contain menaquinone.

C. formicoaceticum (DSM 92, ATCC 27076)
was grown anaerobically in a medium contain-
ing fructose, 55 mM, or sodium-fumarate, 100
mM; NaHCO3 or sodium-formate, 120 mM;
peptone (Difco), 5 g/liter; yeast extract (Difco),
5 g/liter; K2HPO,, 58 mM; sodium-thioglycolate
(Difco), 6.6 mM; pyridoxine, 5 uM; Fe-NH4-
citrate, 10-4 M; Na2MoO,, 10-4M; Na2SeO3,
10- 6M. Ethylenediaminetetraacetate, ZnSO4,
MnCl2, H3BO3, CoCl2, CuCl2, and NiCl2 were
added in concentrations as given in the SL 4
solution of Pfennig and Lippert (14).

C. thermoaceticum (DSM 521) was grown at
58 C under 100% CO2 on glucose, 100 mM;
NaHCO3, 200 mM; tryptone (Difco), 5 g/liter;
yeast extract (Difco), 5 g/liter; (NH4)2SO4, 7.6
mM; sodium-thioglycolate (Difco), 4.4 mM;
MgSO4, 10-3 M; Co(NO3)2, 10-4 M;
Fe(NH4)2(SO4)2, 10-4 M; Na2WO4, 10-5 M; and
Na2SeO3, 10-6 M. Spores of C. thermoaceticum
were activated by heating in a boiling water
bath for 10 min. Cells of both bacteria were
harvested at the end of the logarithmic growth
phase or at the beginning of the stationary
phase. Extracts were prepared using the French
pressure cell (1,2). Acetone-hydrochloride ex-
tracts and pyridine hemochrome derivatives of
the heme were prepared according to Jacobs
and Wolin (8). For quantitative estimation of
the cytochrome a AE (mM-I cm-') of 20 (max-
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imum of alpha-peak minus absorption at 568
nm) was used. Menaquinones were assayed as
described by Kroger and Dadak (10) and fuma-
rate reductase according to Bernath and Singer
(4).
A cytochrome of C. formicoaceticum was

detected in the pellet fraction of fumarate-
grown cells obtained after 1 h of centrifugation
of the crude extract at 48,000 x g. Difference
spectra (reduced minus oxidized) of dithionite-
reduced particles indicated a cytochrome and
had alpha- and beta-peaks at 552 and 522 nm,
respectively, and a gamma-peak at 424 nm (Fig.
1). Spectra obtained at low temperature (- 196
C) showed maxima at 548, 522, and 420 nm, re-
spectively. The heme was completely extracted
by acetone-hydrochloride. The pyridine-hemo-
chrome derivative of the extracted heme gave a
difference spectrum with maxima at 556, 526,
and 426 nm (Fig. 2). These observations clearly
indicated the presence of a b-type cytochrome.
The cytochrome content in extracts of C. formi-
coaceticum cells grown on fumarate/bicarbon-
ate was about 0.04 ,umol per g of protein, and in
extracts of cells grown on fumarate/formate,
0.12 gmole per g of protein. In cells grown on
fructose the amount of cytochrome was too
small to calculate.
Fumarate reductase activity in crude extracts

of fructose-grown cells was 0.007 ,umol/min per
mg of protein and in fumarate grown cells, 0.19
jsmol/min per mg of protein in both supernatant
and pellet fraction.
A hemoprotein was found also in particles

obtained from extracts of C. thermoaceticum by
centrifugation at 100,000 x g for 1 h. The heme
was extracted with acetone-hydrochloride and
the pyridine hemochrome was prepared. It had
a difference spectrum (reduced minus oxidized)
with maxima at 556, 523, and 420 nm as shown
in Fig. 3. The results also indicate a b-type
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national Union of Pure and Applied Chemis-
424 try and the International Union of Biochem-

istry (1973) which state that b-type cyto-
chromes contain hemes that are not cova-
lently bound to the protein.

Special attention was drawn to the possibility
that a contamination was responsible for the
cytochrome content. Therefore C. formi-
coaceticum was grown from a colony ob-
tained after repeated application of the dilution

T agar shake culture method (12). A pasteuriza-
A0.O1 tion step was included before each transfer.
l Cytochrome was consistently found in the fu-

marate grown cultures. Furthermore, the strain
of C. formicoaceticum isolated by El Ghazzawi
(5)(DSM 93; ATCC23439) also contained cyto-
chromes. Cells of C. thermoaceticum were
grown from three different cultures kept sepa-
rately for many years, (i) from a broth culture
maintained in liquid medium for 7 years; (ii)
from an agar stab culture transferred yearly
since 1958; (iii) from a spore culture untouched

522\| 426 AA=0.01
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FIG. 1. Dithionite-reduced minus air-oxidized dif-
ference spectrum of a crude particle preparation (5
mg ofprotein/ml) of C. formicoaceticum.

cytochrome. The amount of the heme was about
0.19 gmol per g of particle protein.
Menaquinones were assayed in cells of both

C. formicoaceticum and C. thermoaceticum.
The amount in the former was estimated to be
0.03 ,umol per g of protein in fumarate/bicar-
bonate-grown cells, and in C. thermoacetium,
0.3 gmol per g of protein.
The positions of the alpha- and beta-peaks of

the spectra of the reduced cytochrome and of
the pyridine derivate of C. formicoaceticum are 400 450 500 550 600
of special interest since they indicate the possi- Wave length (n m)
ble presence of a c-type cytochrome. However, FIG. 2. Dithionite-reduced minus ferricyanide oxi-
since the acetone-hydrochloride extraction dized difference spectrum of pyridine hemochrome
leads to the complete removal of the heme the from 0.12 g of particle protein from C. for-
cytochrome must be considered a b-type ac- micoaceticum extracted with acetone-hydrochloride.
cording to the recommendations of the Inter- Final volume was 2 ml.
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FIG. 3. Dithionite-reduced minus air-oxidized dif-
ference spectrum of pyridine-hemochrome from 0.19 g
of particles from C. thermoaceticum extracted with
acetone-hydrochloride. Final volume was 2.5 ml.

since 1948. In all three cultures grown on

glucose, cytochromes were found in about equal
amounts.
The presence of cytochrome b and of mena-

quinone in C. formicoaceticum may be rational-
ized by its ability to use fumarate as an electron
acceptor. It is well known that these two elec-
tron carriers are involved in the fumarate reduc-
tase system (6, 8, 9, 16-19).
The existence of the two electron carriers in

C. thermoaceticum is more difficult to explain.
This bacterium does not grow on fumarate (3)
and a fumarate reductase has not been ob-
served. However, the growth yield of C. ther-
moaceticum is higher than expected when
grown on sugars and it has been suggested that
this bacterium may perform an electron trans-
port phosphorylation in the course of CO2
reduction to acetate (3). The presence of the two

electron carriers is compatible with this sugges-
tion.
Although A. J. D'Eustachio in a preliminary

communication (Bacteriol. Proc. p. 71, 1966)
and Newton and Kamen in their review (11)
claim the presence of a heme compound in C.
pasteurianum, to our knowledge this is the first
report of the presence of cytochromes in clos-
tridia. This finding may raise the question if the
two homoacetate-fermenting clostridia ought to
be reclassified. However, this should await
analysis of deoxyribonucleic acid nucleotide
ratios and an investigation whether a plasmid is
responsible for the synthesis of the heme or if its
synthesis is directed by the bacterial genome.
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