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BAsstracr

Acetate-degrading anaerobic microorganisms in freshwater sediment were quantified by the most
probable number technique. From the highest dilutions a methanogenic, a sulfate-reducing, and a
nitrate-reducing microorganism were isolated with acetate as substrate. The methanogen (culture
AMPB-Zg) was non-motile and rod-shaped with blunted ends (0.5-1 pm X 3—4 pm long). Doubling
times with acetate at 30-35°C were 5.6-8.1 days. The methanogen grew only on acetate. Analysis of
the 16S rRNA sequence showed that AMPB-Zg is closely related to Methanosaeta concilii. The
isolated sulfate-reducing bacterium (strain ASRB-Zg) was rod-shaped with pointed ends (0.5-0.7
pm X 1.5-3.5 um long), weakly motile, spore forming, and gram positive. At the optimum growth
temperature of 30°C the doubling times with acetate were 3.9-5.3 days. The bacterium grew on a
range of organic acids, such as acetate, butyrate, fumarate, and benzoate, but did not grow auto-
trophically with H,, CO,, and sulfate. The closest relative of strain ASRB-Zg is Desulfotomaculum
acetoxidans. The nitrate-reducing bacterium (strain ANRB-Zg) was rod-shaped (0.5-0.7 pm X 0.7-1
pm long), weakly motile, and gram negative. Optimum growth with acetate occurred at 20-25°C.
The bacterium grew on a range of organic substrates, such as acetate, butyrate, lactate, and glucose,
and did grow autotrophically with H,, CO,, and oxygen but not with nitrate. In the presence of
acetate and nitrate, thiosulfate was oxidized to sulfate. Phylogenetically, the closest relative of strain

ANRB-Zg is Variovorax paradoxus.
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Introduction

Acetate is the most important intermediate in the degrada-
tion of organic matter in anaerobic freshwater environments
[12, 20, 25, 26]. Many anaerobic microorganisms capable of
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growth on acetate as energy source have been described.
Methanogens that can grow on acetate are Methanosarcina
and Methanosaeta (formerly Methanothrix), and both types
can be isolated from different freshwater environments.
Methanosarcina species are generalists; whereas Methano-
saeta species are specialists [8]. Different genera of acetate-
utilizing sulfate-reducing bacteria are isolated from freshwa-
ter environments [34, 36]. Desulfobacca acetoxidans, isolated
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from an UASB reactor, can only grow on acetate [16]. Other
sulfate reducers such as Desulforhabdus amnigenus, Desulfo-
bacterium, and Desulfotomaculum species are generalists
which use besides acetate a wide variety of substrates such as
propionate, hydrogen, and ethanol (3, 14, 35]. Furthermore,
some sulfate reducers, e.g., Desulfovibrio baarsii, Desulfosar-
cina variablis, Desulfococcus, and several Desulfobacterium
species, show very poor growth on acetate, despite the fact
that an acetate-degrading pathway is present [34]. They gen-
erally prefer other substrates than acetate. Acetate is a com-
mon substrate for nitrate-reducing bacteria. The ability to
denitrify is widely spread among bacteria and archaea and
shows representatives in almost 130 species within more
than 50 genera [39]. Most nitrate reducers are regarded as
generalists and they are often able to grow with O, as an
electron acceptor [30]. So far, little is known about the role
of nitrate reducers as anaerobic acetate-degraders in natural
environments. In most cases the enrichment of nitrate-
reducing microorganisms was done with electron donors
other than acetate {2, 31, 32]. When tested these micro-
organisms were found to grow on acetate and nitrate [1,
17, 18].

Recently, we have described studies with freshwater sedi-
ment in which labeled acetate was used to examine the in-
fluence of sulfate and nitrate on methane production [24].
In the presence of sulfate, addition of acetate stimulated
both sulfate reduction and methanogenesis, indicating that
both populations were competing for the available acetate.
The influence of nitrate on the formation of methane was
not clear-cut, as denitrifying bacteria were using other elec-
tron donors as well. To understand the impact of inorganic
electron acceptors on methanogenesis, we quantified the dif-
ferent groups of bacteria involved in acetate metabolism in
freshwater sediment by MPN. In this study we determined
the physiologic and phylogenetic characteristics of isolated
acetate-utilizing methanogenic, sulfate-reducing, and ni-
trate-reducing microorganisms obtained from MPN tubes.

Methods

Source of Organisms

An acetate-utilizing methanogen (culture AMPB-Zg), sulfate-
reducing bacterium (strain ASRB-Zg), and nitrate-reducing bacte-
rium (strain ANRB-Zg), were isolated from freshwater sediment.
Sediment samples were collected September 4, 1995, and April 4,
1996, from ditches next to peat grassland. The grassland area is
located near Zegveld in the polder Zegvelderbroek. The polder
Zegvelderbroek is a low-lying, deeply drained polder and is located
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in the major peat area of the western part of the Netherlands
(Province of Utrecht: 52°07'N, 4°52'E). In the grassland, which is
utilized for agricultural activities, the ditches allow drainage. In the
ditches the water level is very shallow with a depth varying from 20
to 40 cm of water. Sediment samples were collected and handled as
described previously {25].

Media and Cultivation

A basal bicarbonate buffered medium with a composition as de-
scribed by Huser et al. was used [7]. To one litre of medium 1 ml
of a vitamin solution [37] and 1 ml of an acid and an alkaline trace
elements solution was added [27]. The vitamin solution was filter
sterilized separately. The gas phase above the medium was 180 kPa
N,/CO, (80%/20%) and the pH of the medium was 6.8-6.9. Elec-
tron donors and acceptors were added from 1 M sterile, anoxic
stock solutions. Except for some heat-labile substrates that were
filter sterilized, all substrates were sterilized by heat (20 min,
120°C).

Isolation

All manipulations were done under anaerobic conditions in a glove
box. The 0-10 cm layer of the sediment was homogenized, and 15
ml was transferred to a 250-ml serum bottle containing 135 mi of
medium. The bottle was closed with a butyl rubber stopper, evacu-
ated, and gassed with N,/CO, (80%/20%). After shaking for 5 min
the sediment slurry (15 ml) was serially diluted to the 107*° dilu-
tion. A three-tube MPN series was prepared by transferring 5-ml
samples to 120-m] serum bottles containing 45 ml of medium. The
MPN tests for acetate-utilizing bacteria were performed with 10
mM acetate with or without sulfate or nitrate (10 mM). Incuba-
tions were carried out in the dark at 20°C. The highest dilutions
that showed growth were used for further isolation. Pure cultures
were obtained for the sulfate-reducing bacterium by pasteurizing a
full-grown culture for 10 min at 80°C. The spores were transferred
to fresh medium and the application of pasteurization was repeated
twice. Pure cultures were obtained for the nitrate-reducing bacte-
rium by repeated application of the agar roll-tube-dilution method
as described by Hungate [6]. To check purity, isolates were inocu-
lated into medium with 0.2% yeast extract (BBL-Becton Dickin-
son), lactate, pyruvate, or glucose as substrates. After incubation,
the cultures were examined microscopically.

Physiological Tests

Utilization of carbon sources, energy sources, and electron accep-
tors was tested using concentrations of 10 mM. These tests were
performed in 120-ml serum bottles containing 45 ml of medium.
The substrates and electron acceptors consumed and the products
formed were measured.

Sequence Analysis and Phylogenetic Tree

Nucleic acids from strain ASRB-Zg were isolated by sonification
followed by phenol extraction and ethanol precipitation as previ-
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ously described [21]. The 16S rRNA gene was amplified by PCR
using a set of primers corresponding to positions 8-27 [5'-
CACGGATCCAGACTT-TGAT(C/T)(A/C)TGGCTCAG-3'] and
1492-1513 [5'-GTGCTGCAGTACGG(T/C)TACCTTGTTACG-
ACTT-3'] of Escherichia coli. PCR amplification, purification, and
sequencing of the PCR product were performed as previously de-
scribed [16]. The 16S-rDNA sequencing for culture AMPB-Zg and
strain ANRB-Zg was carried out by W. Liesack and H. Liidemann
(Max-Planck-Institute fiir terrestrische Mikrobiologie, Marburg,
Germany) as previously described [5]. The phylogenetic trees for
culture AMPB-Zg and strain ANRB-Zg were constructed by H.
Lidemann. The 16S rDNA of the isolates was integrated in an
alignment of about 8,000 full and partial primary structures using
the respective tools of the ARB software [29]. Only almost complete
sequenced 16S rDNA references were used to calculate the dendro-
gram. The phylogenetic trees were constructed from dissimilarity
matrices by the neighbor-joining method implemented in the ARB
software package. The phylogenetic tree for strain ASRB-Zg was
constructed by S. Stubner (Max-Planck-Institute fiir terrestrische
Mikrobiologie, Marburg, Germany) as previously described [38].

The sequence data of the 16S rDNA of the isolated strains were
submitted to the EMBL data bank under the following accession
numbers: AJ276397 (AMPB-Zg), AJ276370 (ASRB-Zg), and
AJ276398 (ANRB-Zg).

Analytical Techniques

Methane and hydrogen were measured as previously described
[23]. Fatty acids were analyzed on a CP9001 gas chromatograph
equipped with a FID [25]. Non-volatile organic acids were analysed
by high-pressure liquid chromatography (HPLC) on a Merck col-
umn (Polyspher OA HY). The mobile phase was 0.01 N H,SO, at
a flow of 0.6 ml/min at 60°C. Anions were analyzed by HPLC as
previously described [23].

Results
Isolation and Morphological Characterization

The methanogenic culture AMPB-Zg was obtained from 1 x
108-fold diluted, freshwater sediment inoculated with acetate
and was obtained by repeated application of dilution
method. Formation of methane and consumption of acetate
were detected to follow growth. Cells of the isolated meth-
anogen were non-motile and rod-shaped with blunted ends
(0.5-1 pm wide and 3—4 pm long). The purity check with
medium containing 0.2% yeast extract showed that AMPB-
Zg still contained a contaminating bacterium.

The sulfate-reducing strain ASRB-Zg was obtained from
1 x 10%-fold diluted sediment inoculated with acetate and
sulfate. A pure culture was obtained by pasteurizing a full-
grown culture for 10 min at 80°C. The isolated sulfate-
reducing bacterium was weakly motile and, rod-shaped with
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pointed ends (0.5-0.7 pm wide and 1.5-3.5 pm long), oc-
curing singly or in pairs. The formation of bright spores was
observed occasionally. Spores were spherical and oriented
centrally in the cells. Cells stained gram negative but gram
positive cells were observed occasionally.

The nitrate-reducing strain ANRB-Zg was obtained from
1 x 10°%-fold diluted sediment inoculated with acetate and
nitrate. It was isolated by repeated application of the agar
roll-tube-dilution method. The isolated nitrate-reducing
bacterium was weakly motile and rod-shaped (0.5-0.7 pm
wide and 0.7-1 um long), occurring singly or in pairs. Cells
stained gram negative.

Growth and Substrate Utilization

The culture AMPB-Zg grew on acetate at 20 to 40°C. The
optimum temperature for the methanogen was around 30—
35°C. The isolate did not grow on H,/CO, or formate, nor
was methane formed with these substrates. An average
growth yield of 0.75 g cell protein was obtained per mole of
acetate consumed. With acetate, doubling times of 5.6-8.1
days were measured at 30°C.

The optimum growth temperature for strain ASRB-Zg on
acetate and sulfate was around 30°C. No or little growth was
observed below 10°C or above 35°C. Strain ASRB-Zg used
sodium sulfate (10 mM) or sodium thiosulfate (10 mM) as
electron acceptors. However, growth was stimulated when
FeSO, was used as electron acceptor. Sulfur and nitrate
could not be used as electron acceptor with acetate as elec-
tron donor. The sulfate-reducing bacterium did not grow
chemolithoautotrophically with H, and sulfate as energy
substrate and CO, as sole carbon source. It grew chemoor-
ganotrophically with a large number of organic compounds
(Table 1). All substrates were oxidized completely to CO,.
The complete oxidation of acetate (19 mM) led to the con-
sumption of 19 mM sulfate. With sulfate, an average growth
yield of 2.6 g cell protein was obtained per mol of acetate
consumed. With acetate, doubling times of 3.9-5.3 days
were measured at 30°C.

Strain ANRB-Zg grew on acetate and nitrate at 4 to 30°C;
the optimum temperature for the nitrate-reducing bacte-
rium was around 20-25°C. In the presence of acetate, strain
ANRB-Zg used nitrate (10 mM) or oxygen. The nitrate-
reducing bacterium grew chemoorganoheterotrophically
with a large number of organic compounds (Table 2). All
substrates were oxidized completely to CO,, unless stated
otherwise. Strain ANRB-Zg did not grow chemolithoauto-
trophically with H, and nitrate as energy substrate and CO,
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Table 1.
bon sources for strain ASRB-Zg in the presence of 10 mM sulfate®

Organic compounds tested as electron donors and car-

Utilized:

H,-CO, (80:20, v/v) plus 1 mM acetate, formate (10), acetate
(10), butyrate (10), isobutyrate (10), methanol (10), ethanol
(10), succinate (10), fumarate (10), benzoate (5)

Tested, but not utilized:

H,—CO, (80:20, v/v), lactate (10), propanol (10), isopropanol
(10), butanol (10), propionate (10), valerate (10), glucose (10),
fructose (10), xylose (10)

Tested, but not utilized in the absence of sulfate:

Ethanol (10), lactate (10), pyruvate (10), fumarate (10)

Electron acceptors utilized with acetate:

Thiosulfate (10)

Electron acceptors not utilized with acetate:

Sulfur (5), sulfite (5), ferric iron (10), nitrate (5), oxygen (20%
v/v)

? Substrate concentrations in parentheses are millimolar unless stated oth-
erwise.

as sole carbon source, but it did with H, and oxygen (Table
2). Sulfur sulfite, thiosulfate, and sulfate could not be used as
electron acceptor with acetate as electron donor. In the pres-
ence of acetate and nitrate, thiosulfate (5 mM) was oxidized
to sulfate (5 mM) showing that thiosulfate was a suitable
electron donor for the isolate. Hardly any growth was ob-
served in the presence of thiosulphate and nitrate alone.

Phylogenetic Analysis

Comparative 16S rRNA sequence analysis revealed a rela-
tionship of culture AMPB-Zg to Methanosaeta concilii (se-
quence similarity 99.8%). The phylogenetic relationships of
culture AMPB-Zg derived from 16S rRNA sequence analysis
are depicted in Fig. 1. Strain ASRB-Zg shows a relationship
with Desulfotomaculum acetoxidans (sequence similarity
98.7%). The phylogenetic tree depicted in Fig. 2 reflects the
phylogenetic relationship of strain ASRB-Zg to its closest
relatives. Comparative 16S rRNA sequence analysis revealed
a relationship of strain ANRB-Zg with Variovorax paradoxus
(Fig. 3). However, the sequence similarity with this strain
was only 93.9%.

Discussion

We quantified the different groups of microorganisms in-
volved in the acetate metabolism in a freshwater sediment
originating from ditches next to peat grassland [24]. Acetate
was shown to be an important intermediate in the degrada-
tion of organic matter in freshwater sediment [25]. By using
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labeled acetate we could show that methanogenesis ac-
counted for more than 70% of the acetate mineralization in
the sediment when sulfate concentrations were below 70 pM
(in situ concentrations in summer). Sulfate reduction was
the process dominating the consumption of acetate (>75%)
when sulfate concentrations were higher than >500 uM (in
situ concentrations in winter). Addition of nitrate (150 pM)
lowered the acetate consumption rate and inhibited the for-
mation of methane completely. The dominant acetate uti-
lizing microorganisms were methanogens (20 x 10® cells
cm” sediment) and sulfate reducers (2 x 108 cells cm™> sedi-
ment). Acetate-utilizing nitrate reducers (5 x10° cells cm™
sediment) were clearly outnumbered by the methanogens
and sulfate reducers [24]. The acetate-utilizing anaerobes
obtained from the dilution series and their properties are
summarized in Table 3.

The aceticlastic methanogen, culture AMPB-Zg, grew
only on acetate, which is the characteristic property for all
Methanosaeta species [9]. On the basis of the 16S rRNA
sequence analysis, it became clear that the isolate is closely
related if not identical to Methanosaeta concilii. Other ac-
etate-utilizing methanogens are Methanosarcina species, but
these were only observed in the lower dilutions of the serial
dilution (<107 based on morphology and autofluorescence).
The isolation of culture AMPB-Zg from freshwater sediment
using the highest positive dilution of a serial dilution on
acetate strongly indicated that culture AMPB-Zg is the most
abundant acetate-degrading methanogen in the sediment.

Table 2. Organic compounds tested as electron donors and car-
bon sources for strain ANRB-Z in the presence of 15 mM nitrate or
oxygen (20% v/v)

Utilized in the presence of nitrate or O,:

Formate (10), acetate (10), propionate (10), butyrate (10), lactate
(10), pyruvate (10), methanol (10), ethanol (10), propanol (10),
glucose (10), fructose (10), benzoate (5), syringate (5)

Utilized in the presence of O,:

H,-CO, (80:20, v/v), humic acid (2 mg; production of acetate)

Tested, but not utilized in the presence of nitrate:

Xylose (10)

Tested, and utilized in the absence of nitrate:

Glucose (10), fructose (10) o )

Tested, but not utilized in the absence of nitrate:

Ethanol (10), pyruvate (10)

Electron acceptors utilized with acetate:

Nitrite (5)

Electron acceptors not utilized with acetate:

Sulfur (5), sulfite (5), thiosulfate (10), sulfate (10), ferric iron (10)

* Substrate concentrations in parentheses are millimolar unless stated oth-
erwise,



296

J.C.M. Scholten et al.

Moth

concilii

coides burtonii
Methanolobus taylorii

Methanosarcina barkeri
Methanosarcina thermophila
Meth cina sp. WH1 DSM 4659
Methanosarcina frisius

0.10

Fig. 1.

—
- AMPB-Zg

Phylogenetic tree inferred from 168 rRNA sequence data, showing the relationship of the methanogenic culture AMPB-Zg to its

closest relatives. Distance matrices were constructed from aligned sequences and corrected for multiple base changes at single positions by
the method of Jukes and Cantor [10]. A phylogenetic tree was constructed by the neighbor-joining method of Saitou and Nei [22] by using
the ARB software package [29]. The scale bar represents 10 nucleotide substitutions per 100 nucleotides. All nucleotide positions were used

for the construction of the phylogenetic tree.

This abundance may reflect the high affinity of Methanosaeta
species for acetate [8].

Strain ASRB-Zg is a sulfate-reducing bacterium that
forms heat-resistant endospores, which is characteristic for
Desulfotomaculum species {35]. The isolate grew on a variety
of organic compounds that are formed during anaerobic
degradation of organic matter, such as acetate, butyrate, and
ethanol. From analysis of the 16S rRNA sequence it became
clear that strain ASRB-Zg is closely related to Desulfotomacu-
lum acetoxidans. The nutritional ability of strain ASRB-Zg is
comparable to that of D. acetoxidans [35], although strain
ASRB-Zg has a wider substrate range. The specific growth

rate of ASRB-Zg (lma = 0.13-0.18 day™) is slightly higher
than that of AMPB-Zg (p,., = 0.09-0.12 day™). Strain
ASRB-Zg and AMPB-Zg are the most abundant acetate-
degrading microorganisms in the sediment, and both organ-
isms are probably competing for the available acetate when
sufficient sulfate is present in the sediment, which is the case
in winter and spring [24]. Strain ASRB-Zg is a generalist,
and it is possible that acetate degradation is not the only
activity of the strain in the sediment. It might prefer other
substrates than acetate. This ability to use other substrates
besides acetate can give strain ASRB-Zg a competitive ad-
vantage over the methanogen under conditions of high sul-

Desulfotomaculum halophilum

ASRB-ZG
Desulfotomaculum acetoxidans
R-AcAl

R-IbutAl

~ Desulfotc

—

aurpig

Desulfotomaculum orientis
Desuifotomaculum sp. DumSpec 4

esulfitobacterium dehalogenans

Peptococcus niger

R-AcetonA 170
Desulfo fum red
Desulfotomaculum acronauticum Fig. 2. Phylogenetic tree inferred from
Desuifotc lum rumins B
Desulfo . nigrificans 165 rRNA sequence data, showing the

Desulfotomacutum sp.7476

Desulfotomaculum sp.7440
Desulfotomaculum putei
Desulfotomaculum sp.7213

R-PimA1
Desulfotomaculum thermoacidavans
Desulfotomaculum geothermicum

Desulfotomaculum thermoacetoxidans

relationship of the isclated sulfate-
reducing bacterium ASRB-Zg to its
closest relatives. The tree was con-
structed with the maximum likelihood
method omitting high variable regions
of the 16S rDNA with a filter of 50%
invariance. Strains R-AcAl R-IbutAl,

0.10

Desulfotomaculum thermobenzoicum

Desulfotomaculum thermocisternum DT33455
Desulfotomaculum austraticum

Desulfotc I

kuznetsovii

Desulfotomaculum sp.7474
Aquifex pyrophilus

R-PimA1l, and R-AcetonA170 are gram
positive bacteria which are affiliated
with the genus Desulfotomaculum [38].
The scale bar represents 10 nucleotide
substitutions per 100 nucleotides.
Aquifex pyrophilus was used as an out-

group.
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l Methylococcus capsulatus Rubrivivax gelati
C oni
Brach denitrificans
ANRB-Zg
b—‘:“—i—|_—_V_“x paradoxus

Rhodoferax fermentans

0.10

Fig. 3.
ANRB-Zg and cultured members of the beta subclass of proteobacteria. Distance matrices were constructed from aligned sequences and
corrected for multiple base changes at single positions by the method of Jukes and Cantor [10]. A phylogenetic tree was constructed by the
neighbor-joining method of Saitou and Nei [22] by using the ARB software package [29]. The scale bar represents 10 nucleotide
substitutions per 100 nucleotides. Only nucleotide positions that are in more than 50% of full sequenced beta proteobacteria in the database

Phylogenetic tree inferred from 16S rRNA sequence data, showing the relationship of the isolated nitrate-reducing bacterium

of the ARB software package were used to calculate the phylogenetic tree. Methylococcus capsulatus was used as an outgroup.

fate concentration. However, at low sulfate concentrations
versatile acetate-degrading sulfate reducers may prefer other
substrates than acetate [15]. Unfortunately, no information
is available on how mixed substrate utilization may affect the
competition between freshwater methanogens and sulfate
reducers for acetate.

Strain ANRB-Zg grew only chemolithoautotrophically
with H, and oxygen as energy substrate and CO, as sole
carbon source. Under nitrate-reducing conditions it is a fac-
ultative anaerobe that grows only chemoorganotrophically
on a variety of electron donors. Although it is not possible to
draw a definitive conclusion about the functional role of
strain ANRB-Zg in the sediment, some speculations can be
made on the basis of its physiological characteristics and 16S
ribosomal DNA sequence. The strain was isolated from a
freshwater sediment that consists mainly out of organic ma-
terial (90-95%) [25]. Organic matter is a heterogeneous and
complex substance for which no exact chemical and physical
structure can be given. It contains compounds such as fulvic
acids, humic acids, and humin [28]. The capacity of strain
ANRB-Zg to degrade syringate and humic acids may indi-
cate that this organism plays a role in the degradation of
naturally occurring aromatic compounds in the sediment.
Apparently, strain ANRB-Zg has a metabolic pathway(s)

Table 3. Properties of the isolated acetate-utilizing anaerobes

that is effective toward naturally occurring aromatic com-
pounds. It has been suggested that such pathways evolved in
to novel metabolic pathways effective toward halogenated
aromatics [33]. Intriguingly, Nogales et al. retrieved a 16S
rRNA clone library from a highly PCB-polluted moor soil
[13]. This culture-independent method based on the RT-
PCR amplification of 165 rRNA molecules can be used to
obtain an overview of the metabolically active members of
the present bacterial community. Most of the sequence types
obtained from the PCB-polluted soil belonged to the beta-
subclass of Proteabacteria and were limited to two genera,
Burkholderia and Variovorax. The authors argued that the
predominance of these sequences might suggest that these
organisms play an important role in the microbial activity
within the polluted soil. Furthermore, strain ANRB-Zg is
closely related to the Variovorax strains PLAE6 and HW1
(data not shown). These strains are capable of degrading
halogenated aromatics such as 2,4-dichlorophenoxyacetic
acid [4, 11]. Aithough not tested, it could be that strain
ANRB-Zg, in addition to growing on acetate, is capable of
degrading halogenated aromatics as well.

The physiological property of growth on reduced sulfur
compounds such as thiosulfate in the presence of nitrate is a
common feature of colorless sulfur bacteria [19]. In an ear-

Width Length Gram Temperature Oxidation of
Species Morphology (pum) (pm) staining Spores optimum (°C) organic substrates
AMPB-Zg Rod 0.5-1 3-4 ND NO 30-35
ASRB-Zg Rod 0.5-0.7 1.5-3.5 +* + 30 Complete
ANRB-Zg Rod 0.5-0.7 0.7-1 - NO 20-25 Complete

ND, not determined; NO, not observed; symbols: +, positive; +°, positive and negative; —, negative able 3.
ym p P 2 g

Properties of the isolated acetate-utilizing anaerobes
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lier study, we noted that the addition of acetate and nitrate
to sediment from Zegveld led to the oxidation of reduced
sulfur compounds to sulfate [24]. The isolation of an ac-
etate-utilizing nitrate reducer that is capable of oxidizing
thiosulfate to sulfate supports these observations. Strain
ANRB-Zg might be involved in the oxidation of reduced
sulfur compounds to sulfate in the sediment. Analysis of the
16S rRNA sequence revealed that strain ANRB-Zg is related
to the genera Variovorax. To our knowledge it is not known
whether these bacteria are capable of growth on reduced
sulfur compounds. At the moment too little information is
available to understand the exact role of strain ANRB-Zg in
the sulfur cycle of the sediment.
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