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Abstract. A new mesophilic sulfate-reducing bacterium.
strain Groll, was isolated from a henzoate enrichment
culture inoculated with black mud from a [reshwater
ditch. The 1solate was a spore-forming, rod-shaped.
motile, gram-positive bacterium. This isolate was able of
complete oxidation ol several aromatic compounds in-
cluding phenol, catechol, benzoate, p- and m-cresol,
benzyl alcohol and vanillate. With hydrogen and carbon
dioxide, formate or O-methylated aromatic compounds,
autotrophic growth during sulfate reduction or homoace-
togenesis was demonstrated. Lactate was not used as a
substrate. SOZ , SO%", and S,0%" were utilized as
electron acceprors. Although strain Groll originated from
a freshwater habitat, salt concentrations ofup to 30 g - 171
were tolerated. The optimum temperature for growth was
35-37°C. The G + C content of DNA was 42.1 mol%.
This isolate is described as a new species of the genus
Desulfotomaculum.

Key words; Sulfate reduction — Desuffotomaculum —
Anaerobic catechol oxidation — Degradation and trans-
formation of aromalic compounds

Druring anaerobic microbial transformation and degrada-
tion of lignin-related aromatic compounds only a few
intermediary products, like benzoate or phenolic com-
pounds are formed (Healy and Young 1980; Bache and
Pfennig 1981; Kaiser and Hanselmann 1982). Anacrobic
degradation of phenolic compounds including catechol
has been reported for methanogenic mixed cultures and
pure cultures ol phototrophic, nitrate-reducing and sulfa-
te-reducing bacteria (for review see Evans and Fuchs
1988). Sulfate-reducing bacteria capable to use several
aromatic compounds as the only carbon source were
almost exclusively isolated from marine habitats. On-
Iy Desulfobacterium catecholicum, Desulfomonile tiedjei,
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Desulforomaculuin sapomandens, the thermophilic Desul-

Jotomaculum thermobenzoicun and a few straing of Desul-
Jococcus multivorans are able o grow in [resh water

media (Szewzyk and Pfennig 1987; De Weerd et al. 1990;
Tasaki et al. 1991).

Among Lhe sulfale-reducing bacteria belonging to the
genus Desulfotomaculum only the two species mentioned
above have been reported to metabolize aromatic com-
pounds. While Desulfoiomaculim thermobenzoicum was
able to grow only with benzoate, Desulforomaculum
sapomandens could also use phenylpropionate, phenyl-
acelate and 4-hydroxyvbenzoate (Cord-Ruwisch and Gar-
cla 1985; Tasaki et al. 1991). With respecl to the
degradation ol aromatic compounds strain Groll showed
a similar versatility as the marine strains, Desulfobac-
terium phenolicum and Desulfabacterium anilini (Bak und
Widde! 1986; Schnell et al. 1989).

In the present paper we describe an isolate that utilizes
aromatic compounds, {arty acids and alcohols as the only
electron donor and carbon source. In addition, strain
Groll is able o O-demethylate and decarboxylate aro-
matic compounds. To our knowledge this is the first
report on a sulfate-reducing bacterium growing by O-
demethylation of an aromatic compound and subsequent
complete decomposition of the benzene nucleus.

Materials and methods

Sources of microorganisws

Strain Groll was isolated from an enrichment culture inoculated
with a black mud sample from a small freshwater ditch. Benzoate
was used as onmiy carbon source and electron donor. Desulfolo-
macwlum orientiy (DSM 675) was kindly provided by H Cypionka,
University of Konstanz, FRG.

Media and conditions for cultivation

The freshwater basal medium was prepared according to Pfennig
et al (1981). The bicarbonate-buflered (30 mM)} medium was
reduced with sulfide (1.5 mM). and contained trace element solution
SL 10 (1 ml 17%), and sclenite-tungstate solution 2ml-17"), and
5ml - 17" vitamin solation (Widdel and Pfennig 1984). Na-dithionrtc
(8 mg - 17 ") was supplemented. Resazurin (0.4 mg -1~ ") was added



as a redox mdicator. The pH value of the medium was adjusted to
7.0-7.2. Stenlized srew cap botiles (50 ml) or serum bottles (50 and
100 ml) were completely filled with mediwm and scaled with latex
or hutyl rubber stoppers fixed with aluminium seals, For checking
awtotrophic growth, the serum botties contained 20 m! medium and
80 ml gas phase (H,/CO,: 80%/20%, v/v).

Substrates and electren acceptors were added from neutralized
filter-sterilized or autoclaved stock solutions prior to inoculation
by sterile syringes. Bicarbonate-free medium was prepared with
10 mM potassium phosphate, pH 7.2. Strain Groll was cubated
at 37 °C, whereas Desulfotomaculum orientis was cultivated at 30 °C.

Tsolation

A pure cullure was obtained by repeated application of the agar
dilution method (Pfennig et al. 1981).

Ta check purity, the isolate was inoculated into media containing
0.1% veast exiract plus 0.1% ol Bacto-peptone (Difto), glucose,
fructose or lactate. After incubation the media were examined
microscopically.

Preparation of dense cell suspensions for determining
decarboxylation activity

Cells were harvested anaerobically by centrnfugation at [3000x g
and 4 °C for 20 min. Cells were washed twice with medium without
substratc and clectron acceptor. Pellets were suspended 1in medium
with 20 mM sulfate in an anacrobic chamber. For cxperiments with
dense cell suspensions, the reaction mixture (20 ml) contained a
bicarbonate-buffered (30 mM), sulfide-reduced medium, 20 mM
sulfate, 1--1.5mM aromatic sybstrate, and 100-250 uM Na-di-
thionite. The final protein content was 50 to 80 ug - ml~*. Assays
were performed in 25 ml serum bottles closed with butyl rubber
septa. At periodical mtervalls 05 ml samples were withdrawn by
sterfle syringes and analyzed.

Analyiical procedires

CGrowth was monttored spectrophotometricaily at 578 nm. Oxida-
tion of resazurin was prevented by addition of a few crystals of
Na-dithionite.

Substrates and products were measured by gas chromatography
using 15% SP1220 on Chromosorb WAW 80/100 (Supeico, Bel-
lefonte, USA); glass colummn, 2mm x 3 m; column temperature:
160 °C; equipped with a Fl-detector). Aromatic compounds were
identified by their characteristic UV-spectra (200-400 nm). Prior
to analysis sulfide was precipitated by 100 ul-ml™! zinc acetate
(100 mM). Separation and quantification of aromatic compounds
were performed with high performance liquid chromatography
(LKB 2152 (Pharmacia/LKB, Freiburg, FRG) using a RP 18 co-
lumn {Kontron, Eching, FRG) with UV detection at variable
wavelength, and using a solvent system of mcthanol-water-glacial
acetic acid (30%/65% /5%, v/v/v) al a flow raic of 2 ml min ~*. The
pH was adjusted to 3.0. 10 ul samples were directly injected after
sterile filtration.

The guanine plus cytosine content of DNA was determined by
the thermal denaturation method (Marmur and Dety 1962). Pre-
sence of desulfoviridin was tested by the fluorescence test according
to Postgate {1956). cytochromes were characterized by monitoring
absorption spectra of Na-dithicnite-reduced against airoxidized
cell-free extracts. Sulfate was analysed as barium sulfate according
to Cyptonka and Pfennig (1986). Sulfide was delermined photo-
metrically by the methylene blue method {Cline 1969). Protein was
determined by the method of Bradford (1976) with bovine scrum
albumin as standard. Cell dry mass was determined as described
by Widdel und Pfennig (1981).

Chemicals

All chemicais were of analytical grade.

Results

Enrichment, isolation and morphology

Cultures containing benzoale as the only carbon source
and electron donor were inoculated with black anaerobic
mud from a freshwater ditch. After 2 weeks of incubation
formation of ¥1,S and growth of large spore forming rods
showing slow motility were ohserved. After several trans-
fers in liquid media the molility was lost, but cells freshly
transferred from solid agar media regained motility. From
this enrichment culture a pure culture was isolated by
repeated dilution in agar (Pfennig et al. 1981} It was
named strain Groll after its origin (Grolland, a suburb
of Bremen, FRG).

Cells of the isolate were straight rods with pomnted
ends (Fig. 1), 1-2.5 pm wide and to 4-7 um long, occur-
ring singly or in pairs. Formation of spherical and central
spores was ohserved, which caused swelling of the cells
{(Fig. 1). No gas vacuoles have been observed. Spores
tolerated 10 min pasteurization at 85 °C. Cells of the
cxponential phase stained gram ncgative. Filamentous
growth was sometimes observed when cells were trans-
ferred to media containing a new substrate.

In other enrichment cultures with henzoate inoculated
with anaerobic mud of scveral freshwater habitats similar
types of spore-forming sulfate-reducing bacteria develop-
ed together with Desulfococcus multivorans-like cells.
For enrichment of Desulforomaculum species benzyl
alcohol, catechol or vanillate was found to be a selective
substrate, because Desulfococcus multivorans strains were
unable to use these aromatic compounds.

Pigments und G + C content

Determination of the DNA base ratio of the isolate
vielded a content of 42.1 (4 1.6) mol% guanine + cyto-
sine. Cytochromes of the b-type werc detected and evi-
dence lor c-lype cytochromes were also found.

\
-

.

Fig. 1. Phase contrast photomicrograph of Desulforomacubum strain
Groll. Bar represents 10 um
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Growih conditions and nutrition

Strain Groll grew at 20 to 40 °C, the optimum tem-
perature being at 35-37 “C. The pH range was between
6.0 and 8.0 with an optimum at pH 7.0-7.4. The isolatc
required no organic supplements. Vitamins were not
essential for growth. After transfer to [resh media the
isolate required Na-dithionite (100 pM) as addifional
reductant to initiate growth. Without dithionite rather
long lag-phases up to onc weck were observed.

Strain Groll is a strictly anacrobic sulfate-reducing
bacterium, able to grow cither chemolithoautotrophically
with H, as electron donor and CQO, as only carbon source,
or with formate, methoxylated aromatic and several other
compounds (Table 1). The isolate was capable to grow
with H, plus CO., formate and methoxylated aromatic
compounds in media lacking sulfate by homoacetogenesis
asindicated by the production of small amounts ol acetate

Table 1. Organic compounds tested as electron donors and carbon
sourcesin the presence of 10 mM sulfate; added substrate concentra-
tions are given in mM m parentheses

Utilized

H, plus CO, (80%,/20% ), formate (20), propionate (10). butyrate(5).
valcrate(3), capronate(3), caprylate(2), caprinate®(2). isobulyra-
te(3), 2-methylbutyrate(5), 3-methylbutyrale(5), crotonate(8),
ethanel(10), propanol(3), butanol(S), hexanol(5), octancl{2), 2-
methyl-1-propanol, 1,3-propanedicl(5), pyruvate{10). malate(3),
fumarate(5), succinate(5), maleinate(3). benzoate(2), 3-hydroxy-
benzoate(2), 4-hvdroxybenzoate(2), 2-aminobenzoate(2), phe-
nol(2), catechol{(2), m- und p-Cresol(1). 4-hydroxybenzyl-alco-
hol(1), benzylalecohol(2), 4-hydroxybenzaldehyde(1), benzalde-
hyde(2), 3,4-dihydroxybenzaldehyde(1), 3.4-dihyvdroxybenzoate (2).
phenylacetate(2), phenylpropionate(2), vanillyl alcohol(1}. vaml-
Iin(2), vanillate (2), anisol(1), cinnimate(2), ferulate(2)

O-demethylation without further degradation
2.6-dimethoxyphenol (2), 2-methoxybenzoate(2), syningate(2)

Utilized slowly without SO~
Pyruvate(10}, crotonate(8), formate(20), H, plus CO,(80%/20%).
methoxylated aromatic compunds

Tested but not utilized

Fructose(2}, glucese(2). xylose(2), maltose(2), galactose(2), cello-
biose(2), methanol(20), mecthanol(20} plus acetate(2), 2-propa-
nol(35). 2-butanol( 3), elycerol(5), eyclohexanol (1), cyclohexanon(l),
cyclohexane-carboxylate(2), acetate(10), undecanate(l), laurina-
te(0.5). myristate(l), palmitate(1.5). stearate(l.5), cysieinc(2),
glycine(3). aspartate(2), lactate(10), atrate(3), tartrate(S), oxa-
Tatc(10), malonate(10). adipate{3}. 2-hydroxybenzoate(2). phtha-
late(2), gallate(2), 3-methoxybenzoate(2), 4-methoxybenzoate(2),
2.4-dihydroxybenzoate(2). 2,5-dihvdroxybenzoate(2), 3.5-dihy-
droxybenzouic(2)4-aminobenzoate(2). resorcinol(l). hydroguino-
ne(1). pyrogalloi(1), phloreglucinol (1), hydroxyhydroguionone(1}.
2-, 3- und 4-aminophenol{0.5), 2.4-diaminophenol(0.5). anilin(0.5),
4-nitrophenol®(0.5).  toluene(0.5).  4-hvdroxybiphenvl(0.5), 2-
hydroxybiphenyl(0.5). nicotinate(2), phenylalamn(2).

After growth for two weeks at 37 °C each culture was transferred
three times in fresh media containing the same substrate.
Autolrophe prowth was examined through seven vepeated
transfers.

+ [tilized slowly within six weeks

b Not utilized but reduced to 4-aminophenol, if other electron
donors were available

(1-5 mM) if yeast extract was added. Crotonate and
pyruvate were complelely lermented to acctate. Fatty
acids, alcohols, aromatic compounds and other substrates
were oxidized completely. Fastest growth occurred with
butyrate and butanol with a minimum doubling time of
about 12 to 14h {for benzoate 22-23 h). Increased
substrate concentrations resulted in an excretion of
acctate. Some aromatic compounds were transformed by
O-demethylation or decarboxylation prior to complete
oxidation (Fig. 2).

Sodium chloride was not required for growth, alt-
hough the isolate showed high salt tolerance. Lven a
sodium chloride concentration of 35g-1"" was not
inhibitory (data not shown). Variations of the mitial
sullide concentration (up to 10 mM) in the freshly in-
oculated madia demonstrated that strain Groll was more
lolerant to sulfide than other members of the genus
(Cord-Ruwisch und Garcia 1983). The maximum OD 5
was around 0.2 in the presence of 10 mM sulfide added.

Stoichiometry of substrate oxidation

The stoichiometry of benzoate, protocatechuate, va-
nillate, phenol, catechol, butanol and butyrate oxidalion
was determined for Desulforomaculium strain Groll. Re-
sults are shown in Table 2. All aromatic compounds
tested were completely oxidized to CO,, although acetate
was produced at increased concentrations of benzoate,
butyrate and butanol. If grown with initial high butanol
concentrations significant amounts of butyrate were
formed besides acetate. The molar ratios hetween subst-
rate oxidized and sulfide produced coincided with the
following equations.

Catechol
+ 325HS™ +275H”

AGY = —259kJ - mol catechol ™! (1)

Phenol

CeHO + 35802 + 3H,0 » 6 HCO; + 35118~
+25H"

AG* = —212kJ - mol phenol ™! 2)

Protocatechuale

C,H.0, + 325802 + 411,0 - 7HCO;
+325HS +275HT

AG” = —239%k] - mol protocatechuate ™! (3
Vanillate
CeH,0; + 4502° + 4H,0 — § HCO;

+4HS +3H'
AGY = —359 kJ - mol vanillate “* (4)
Benzoate
CH,COO™ 4 373 SO — THCOZ + 375HS”

4+ 225HT

AGY = — 186 kT - mol benzoate ™ * (Sa)

C.H,COO™ 4 275502 + 4H,0 - CH,CO0 ™
+SHCO; + 275HS +225H
AG® = —139kJ - mol benzoate ™' . (5b)



285

Table 2. Results of stoichiometric measurements with Desulforommacufm sp. strain Groll on benzoate, catechol, phenol, vanillate,
protocalechuate, butyratc and butanol as electron denor and carbon source, and 10 mM sulfate as electren acceptor

Substrate given Acetate Cell dry Substrate Substrate mol HS formed  Growth yield:

and utilized excrefed weight consumed oxidized per mol g dry weight
formed for cell material® by sulfate substrate per mof

reduction oxidized substrate oxidized

[mM] [mM] [mg -1 [mM]

Benzoate

1.7 0 422 0.23 147 10 27.0

2.1 1.1 432 0.24 1.86 R 279

Catechol

1.8 0 1 0.20 1.60 319 232

24 8] 394 0.25 2.15 2.74 18.3

Phenol

1.8 0 29.7 0.16 174 3.50 159

Vanillate

2.2 0 49.0 0.20 1.94 3.50 25.6

Protocatechuate

24 0 41.1 0.27 2.13 319 19.3

* Substrale consumed for cell matenal was calenlaled according to Schnell et al. (1989):

Benzoale:

17C,H;COO0 + HCO; + 71 H,0 = 30<{C,H,0;5 + 18 OH ™ ; thus 0.0055 mmol benzoate arc required for 1.0 mg cell dry weight.

Catechol:

17 Co60y + 2HCO; + 40H,0 — 26 (C,H,O4> + 2 OH™; thus 0.0063 mmol catechol are required for 1.0 mg cell dry weight

The AG® values (for pH 7.0) were calculated from the
data of Thauer et al. {(1977) and Kaiser and Hanselmann
(1982).

O-demethylation of aromatic compounds

Strain Groll was able to O-demethylate several aromatic
compounds. The specifity of O-demethylation was tested
with mono-methoxybenzoate isomers and Desulfoto-
macufum orientis as reference strain. Strain Groll O-
demethylated only 2-methoxybenzoate, whereas Desul-
Jotomaculum orientis utilized only the para-isomer. Ho-
wever, both strains O-demethylated vanillin, vanillate,
vanillyl alcohol, anisol, ferulate, 2-methoxyphenol, 2,6-
dimethoxyphenol and syringate. Besides this transforma-
tion also decarboxyvlation of protocatechuate to catechol
occurred. The same high decarboxylation activity was
obscrved with catechol-grown cells of strain Groll, but
not with cells grown with henzoate, phenol, butyrate or
butanol. 4- or 3-hydroxybenzoate or other aromatic acids
were notl decarboxylated and cells grown with these
substrates showed no decarboxylation activity of proto-
catechuale. Aromatic aldehydes were rapidly oxidized to
the corresponding acids by strain Groll. Vanillin was
oxidized to vanillate which was O-demethylated and
decarboxylated to catechol prior to complete oxidation
{Fig. 3). Benzyl alcohol was rapidly metabolized without
detection of intermediates in the culture fluid. Vanillyl
alcohol was first O-demethylated before oxidation of the
alcohol group occurred. Concentrations up to 0.5 mM
were completely oxidized. At higher concentrations pro-
tocatechyl alcohol was excreted, which was not further
metabolized. Desuifotoinacufiin orientis showed only O-
demethylation of vanillyl alcohol (data not shown).

Degradation of catechol and phenal

Growth of strain Groll with catechol and phenol as only
clectron donor was only possible in bicarbonate-buffered
media, whereas benzoate and butanol allowed also
growth in phosphate-buffered media without bicarbo-
nate. The complete oxidation of 2 mM phenol by sirain
Groll was more than two times slower than of 2 mM
catechol, which was completely oxidized within 8 days.
Degradation of catechol was studied with dense cell
suspensions (50-80 pg protein/ml) of benzoale- and
catechol-grown cells of strain Groll. Benzoate-grown cells
of strain Groll degraded benzoate and 4-hydroxyben-
zoate without any lag-phase, whereas degradation of
3-hvdroxybenzoate (> 60 h), catechol (> 105 h), proto-
catechuate {60 h), and phenol (> 190 h) occurred after
different prolonged lag-phascs. In the casc of protoca-
techuate degradation, catecho! was identified as an inter-
mediate by HPL.C-analysis.

Catechol-grown cells degraded the same substrates
without any lag-phases, except the degradation of phenol,
which only occurred after a lag-pase of more than 190 h.
During protocatechuate degradation catechol was for-
med as an intermediate. As shown in Fig. 2A -F, catechol-
grown cells rapidly degraded catechol, benzoate, 3-
hydroxybenzoate, 4-hydroxybenzoate, and in addition
transformed protocatechuate to catechol, whereas phenol
was utilized only rather slowly (data not shown).

Discussion

Physiological acpects

To our knowledge the newly isolated strain Groll is the
first sulfate-reducing bacterium growing by O-deme-
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thylation and subsequent complete mineralization of
aromatic compounds. Il is also the first freshwater sirain
of sulfate-reducing bacteria capable of mineralizing phe-
nol and cresols. Table 1 shows that strain Groll utilizes
more than 20 different aromatic compounds. With regard
to the utilization of aromatic compounds this freshwater
isolale is as versatile as the marine isolates, Desulfobacte-
rium anilini (Schoell et al. 1989) and Desulfobacterium
phenolicum (Bak und Widdel 1986).
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Strain Grollis a completely oxidizing sulfate-reducing
bacterium, as shown by the stoichiomelry ol substrate
oxidation (Table 2). However, with increased concentra-
tions of butyrale, butanol and benzoate strain Groll
produced acetate. Strain Groll oxidized 1 mol substrate
to 1 mol acetate. These findings are in agreement with
butyrate oxidation by Desulfobacterium auiotrophicum
which is also a complete oxidizer (Schauder et al. 1986).
Therefore, it is likely that strain Groll activates butyrate,
and perhaps benzoate, by CoA transfer from acetyl-CoA
formed [rom butyryl-CoA by f-oxidation. With increased
butanol concentrations (>2 mM) substrale oxidation
was incomplcte (Table 2), and from 1 mol butanol oxidi-
zed two moles acetate were formed. At butanol concen-
trations higher than 7 mM also butyrale was produced
from butanol. This formation of butyrate indicates that
the alcohol-oxidizing enzymes were not affected by high
sulfide concentrations.

Because ol the decarboxylation of protocatechuate by
catechol grown cells and the CQO ,-dependence of catechol
utilization, a carboxylation of catechol to protocate-
chuate asinitial reaction of catechol metabolism by strain
Groll 1s assumed. A reductive dehydroxylation of cate-
chol to phenol as postulated for methanogenic consortia
by Balba and Evans (1980) is probably not involved in
catechol degradalion by strain Groll. We propose a
carboxylation of catechol to protocatechuate similar Lo
the carboxylation of phenol Lo 4-hvdroxybenzoate as
demonstrated for denitrifying bacteria (Tschech and
Fuchs 1989), beecause our results with strain Groll were
in good agreement with the postulated pathway for
anaerobic catechol oxidation since all catechol-oxidizing
strains are able to utilize protocatechuate, 3-hydroxyben-
zoate, 4-hydroxybenzoate and benzoale (Szewzyk and
Pfennig 1987; Schnell et al. 1989).

The results with strain Groll show that sulfate-
reducing bacteria are able to participate in the bioconver-
sion of lignin monomers. The ability to transform
aromatic compounds is similiar to that of Acetobacterium
woodii (Bache and Pfennig 1981) and homoacetogenic
Clostridiumn specics (Lux el al. 1990).

Taxonomy

We proposce to place strain Groll in the genus Desulfoto-
maculum, because the isolate is a spore-forming rod-
shaped sulfate-reducing bacterium. Strain Groll dilTers
from other mesophilic strains of this genus with respect
to the range of substrates utilized (Widdel 1992). In
particular, strain Groll can be distinguished from the
other mesophilic members of the genus Desulfvtomacu-
fum cxcept Desulfotomaculum orientis by its ability to
grow autotrophically with H, plus CO, or formate, to
use propionate and catechol, and by its G + Ccontent.

Description of Desulfotomacutum sp. strain Groll

Morphology. Straight or slightly curved rods, 1.5-2.5 um
in diameter and 4.5-6.5 ym long, with pointed ends.
Spores are spherical and located in the center of cells,
causing sweiling. Slightly motilc. Gram stain of cells in
the exponential phase is negative.
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Culture conditions. Strict anaerobe. The temperature
optimum is 35-37 “C, the pH optimum is between 6.9
and 7.2. Addition of NaCl or vitamins to the medium is
not required for growth. Addition of 100 uM Na-di-
thionite favours initiation of growth.

Growth subsirates. Elcctron donors utilized with sulfate
as lhe electron acceptor: H,, formate, propionate, buty-
rate, valerate, capronate, caprylate, iso-butyrate, 2-me-
thylbutyrate, 3-methylbutyrate, crotonate, ethanol, pro-
panol, butanel, hexanol, octanol, 2-methyl-1-propanol,
1.3-propanediol, pyruvate, malate, fumarate, succinate,
maleinate, benzoate, 3- and 4-hydroxybenzoatc, 2-ami-
nobenzoate, phenol, catechol, 3,4-dihydroxvbenzoate,
phenylacetate, phenylpropionate, aromatic alcohols and
aldchydes, methoxylated aromatic compounds. Substrate
oxidation is usually complete leading to CO,, but at high
substrate concenfrations of butyrate, butanol and ben-
zoate acctate may accumulate.

Electron acceptors. Sulfate, sulfite, thiosulfate and CO,
serve as electron acceptors, whereas nitrate and sulfur
do not.

Biochemical characteristics. Cells contains cytochromes;
desulfoviridin is not present. The mol% G + C of DNA
13 42.1 + 1.6 {thermal denaturation).

Source. Black sediment of a freshwater ditch. The
strain was deposited in the Deutsche Sammlung von
Mikroorganismen (DSM), Braunschweig, FRG under
No. 7213.
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