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The strictly anaerobic, Gram-negative, spore-forming bacterium strain WoGl3T

had been enriched and isolated in mineral medium with glutarate as the sole
source of energy and organic carbon. Glutarate was fermented to a mixture of
butyrate, isobutyrate, CO2 and small amounts of acetate. Strain WoGl3T grew
only with the dicarboxylates glutarate, methylsuccinate and succinate. 16S
rDNA sequence analysis revealed an affiliation of strain WoGl3T to the family
Syntrophomonadaceae. This monophyletic group is comprised of strain WoGl3T

and the genera Syntrophomonas, Syntrophospora and Thermosyntropha,
within the phylum of Gram-positive bacteria with a low DNA GMC content.
Overall intra-group 16S rRNA sequence similarities of 89<2–93<9% document a
separate phylogenetic status for strain WoGl3T. Strain WoGl3T (¯DSM 6652T) is
described as the type strain of a new species within a new genus, Pelospora
glutarica gen. nov., sp. nov.
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INTRODUCTION

Fermentative degradation of short-chain dicarboxylic
acids such as oxalate, malonate and succinate has been
documented. Several anaerobic bacteria have been
isolated that grow with these dicarboxylates as sole
sources of organic carbon and energy and decarboxy-
late them to the respective fatty acids (Schink &
Pfennig, 1982; Allison et al., 1985; Smith et al.,
1985; Dehning & Schink, 1989a, b; Dehning et al.,
1989; Denger & Schink, 1990; Janssen et al., 1996).
The decarboxylation energy can be conserved by these
micro-organisms through two different mechanisms
involving either membrane-bound decarboxylases that
act as primary sodium ion pumps or the combined
action of a soluble decarboxylase with a dicarboxy-
late}monocarboxylate antiporter (Dimroth & Schink,
1998).

Under anoxic conditions, glutarate can be utilized as a
growth-supporting substrate by sulfate-reducing bac-
teria (Imhoff-Stuckle & Pfennig, 1983; Bak & Widdel,
1986; Szewzyk & Pfennig, 1987; Schnell et al., 1989)
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The EMBL accession number for the 16S rDNA sequence of Pelospora
glutarica strain WoGl3T is AJ251214.

and nitrate-reducing pseudomonads (Anders et al.,
1995). In a study on the degradation of higher
dicarboxylic acids, we isolated a strictly anaerobic
bacterium, strain WoGl3T, that grew only with gluta-
rate, methylsuccinate or succinate (Matthies & Schink,
1992a). The dicarboxylates were fermented by de-
carboxylation to the respective fatty acids. A mem-
brane-bound, sodium ion-dependent glutaconyl-CoA
decarboxylase was involved in energy conservation
during growth with glutarate (Matthies & Schink,
1992b). In the present study, strain WoGl3T is de-
scribed as a new species of a new genus, Pelospora
glutarica gen. nov., sp. nov., on the basis of 16S rDNA
sequence comparisons.

METHODS

A pure culture of strain WoGl3T (¯DSM 6652T) was taken
from our laboratory collection. Strain WoGl3T was orig-
inally isolated from an anoxic freshwater sediment under
strictly anoxic conditions (Matthies & Schink, 1992a).

The strain was cultivated in a sulfide-reduced, bicarbonate-
buffered medium that contained trace element solution
SL10, selenite tungstate solution (Widdel et al., 1983), seven-
vitamin solution (Widdel & Pfennig, 1981) and 2% rumen
fluid under a N

#
}CO

#
(90:10) atmosphere. The addition of
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Fig. 1. Phylogenetic tree reflecting the relationships of strain
WoGl3T and representatives of the family Syntrophomon-
adaceae. Syntrophobotulus glycolicus, Desulfitobacterium haf-
niense and Peptococcus niger are shown as outgroup references.
The tree is based on the results of an optimized maximum-
parsimony analysis of a data set of about 16000 small subunit
rRNA sequences. The tree topology was evaluated and
corrected by performing maximum-parsimony, maximum-
likelihood and distance matrix analyses of various data sets
applying the software tools of the ARB program package
(Ludwig & Strunk, 1997). The multifurcation indicates that
a common significant relative branching order could not
be found. The scale bar indicates 10% estimated sequence
divergence. The references for the organisms/sequences shown
in the tree are: Ludwig et al. (1990), Zhao et al. (1990),
Christiansen & Ahring (1996), Friedrich et al. (1996), Svetlitshnyi
et al. (1996), Dojka et al. (1998) and EMBL accession no.
AF022249.

this small amount of rumen fluid was required in order to
achieve reproducible growth. Details of cultivation and
characterization are given in the original description
(Matthies & Schink, 1992a).

In vitro amplification and sequence analysis of rDNA were
performed as described previously (Springer et al., 1992).
Nearly complete 16S rRNA sequences (homologous to

Table 1. Similarity matrix based on 16S rDNA gene sequences of strain WoGl3T and its closest relatives
.................................................................................................................................................................................................................................................................................................................

Percentage similarity between the various sequences shown in Fig. 1 is given.

Taxon 1 2 3 4 5 6 7 8 9 10 11

1. Clone WCHB1-8 100

2. Clone WCHB1-7 96±9 100

3. Pelospora glutarica WoGl3T 93±5 93±9 100

4. Syntrophospora bryantii DSM 3014BT 92±3 92±9 91±9 100

5. Syntrophomonas wolfei DSM 2245T 90±5 91±0 90±3 93±0 100

6. Syntrophomonas wolfei LYB 90±0 90±4 89±6 91±7 97±6 100

7. Syntrophomonas sapovorans DSM 3441T 92±4 92±3 91±3 92±8 91±6 91±2 100

8. Thermosyntropha lipolytica JW}VS-265T 89±4 89±8 89±2 90±6 89±0 89±9 91±3 100

9. Syntrophobotulus glycolicus FlGlyRT

(¯DSM 8271T)

84±8 84±3 84±8 84±7 83±5 83±2 83±9 83±0 100

10. Desulfitobacterium hafniense DCB-2T

(¯DSM 10664T)

85±0 84±5 85±3 84±1 84±0 83±2 84±8 84±1 90±6 100

11. Peptococcus niger DSM 20475T 81±7 82±0 81±1 80±7 81±4 80±4 80±0 80±6 81±4 82±0 100

Escherichia coli positions 8–1542) used for phylogenetic
analyses were fitted into an alignment of about 16000
homologous full or partial primary structures available in
public databases by using the respective automated tools of
the software package (Ludwig&Strunk, 1997).Distance
matrix, maximum-parsimony and maximum-likelihood
methods were applied for tree construction as implemented
in the  software package. Different data sets varying with
respect to the selection of outgroup reference organisms
(sequences), as well as alignment positions, were analysed.

RESULTS AND DISCUSSION

The physiological properties of strain WoGl3T, the
mechanism of energy conservation and the enzymes
involved in glutarate fermentation by this organism
have been documented in detail before (Matthies &
Schink, 1992a, b, c). It ferments glutarate roughly
according to the following fermentation equation:

2 glutarate#−­2H+!butyrate−­isobutyrate−­2CO
#
.

Other taxonomically relevant features of its physiology
are summarized in the species description at the end of
this section.

16S rDNA sequence analysis

According to the results of comparative 16S rDNA
sequence analysis, strain WoGl3T could clearly be
assigned to the family Syntrophomonadaceae (Zhao
et al., 1993). Although the members of the Syntro-
phomonadaceae are phylogenetically representatives of
the phylum of Gram-positive bacteria with a low DNA
G­C content, this family contains organisms that
exhibit both negative (Syntrophomonas, Thermosyn-
tropha and strain WoGl3T) (Zhao et al., 1990;
Svetlitshnyi et al., 1996; Matthies & Schink, 1992a)
and positive (Syntrophospora) (Stieb & Schink, 1985;
Zhao et al., 1990) Gram-staining behaviour. To date,
all members of the family are strict anaerobes, and
most of them are syntrophic heterotrophs. A careful
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phylogenetic analysis of the sequence data, applying
different treeing methods and filters (Ludwig et al.,
1998), showed a separate status of strain WoGl3T

among the other related species (Fig. 1). There is no
closely related cultured organism known so far. The
overall sequence similarity values for strain WoGl3T

and the remaining (cultured) members of the family
are 89±2–91±9% (Table 1). The highest overall sequence
similarities (93±5–93±9%) were found for strain
WoGl3T and the sequences from two cloned 16S rDNA
fragments (clones WCHB1-7 and WCHB1-8) retrieved
from soil samples from an aquifer contaminated with
chlorinated solvents (Dojka et al., 1998). The re-
lationship to species of Syntrophospora and other
syntrophically fermenting bacteria, as well as to species
of Desulfitobacterium and to Peptococcus niger, was
significantly lower (Table 1). A closer relationship of
Syntrophomonas wolfei strains and Syntrophospora
bryantii was clearly supported in all phylogenetic
analyses (Fig. 1). However, no significant relative
branching order could be found for the two subclusters
and Syntrophomonas sapovorans or Thermosyntropha
lipolytica. Given the clear affiliation to the Syntro-
phomonadaceae and the only moderate intra-family
relationships, it is proposed to place strain WoGl3T

in a new genus, Pelospora gen. nov., as Pelospora
glutarica gen. nov., sp. nov.

Description of Pelospora gen. nov.

Pelospora (Pe.lo.spo«ra. Gr. masc. n. pelos mud; M.L.
fem. n. spora a spore-former; Pelospora a spore-
forming bacterium originating from mud).

Strictly anaerobic bacterium forming spores. So far
only one species, the type species Pelospora glutarica,
has been described.

Description of Pelospora glutarica sp. nov.

Pelospora glutarica (glu.ta«ri.ca. M.L. n. glutarica
referring to glutarate, from M.L. n. acidum glutaricum
glutaric acid, as the key substrate of this species).

Long, rod-shaped cells, 4±5–6±5¬0±8 µm in size, motile
by one subpolar flagellum, Gram-negative staining,
formation of terminal oval spores. Chemoorgano-
trophic, fermentative metabolism. Contains no cyto-
chromes. Glutarate, methylsuccinate and succinate are
the only substrates. No growth with more than 30
different substrates tested such as sugars, organic acids,
alcohols, amino acids or other dicarboxylic acids.
Products of glutarate and methylsuccinate fermen-
tation are butyrate, isobutyrate and CO

#
; succinate is

decarboxylated to propionate.

Growth rate with glutarate at 37 °C, µ¯ 0±062 h−". pH
optimum for growth is 7±1–8±2; no growth below
pH 6±0. Temperature optimum 37 °C; no growth
below 20 °C or above 37 °C. Growth in medium
containing salt concentrations of 0±1% NaCl and

0±04% MgCl
#
\6H

#
O (w}v) ; no growth in salt-water

medium at 2% NaCl and 0±3% MgCl
#
\6H

#
O (w}v).

G­C content of DNA of the type strain is
49±0³1±4 mol%.

Habitat : anoxic freshwater sediment. The type strain,
strain WoGl3T, has been deposited in the DSMZ as
DSM 6652T.

ACKNOWLEDGEMENTS

This study was supported by grants from the Deutsche
Forschungsgemeinschaft, Bonn–Bad Godesberg and the
Fonds der chemischen Industrie, Frankfurt}M.

REFERENCES

Allison, M. J., Dawson, K. A., Mayberry, W. R. & Foss, J. G. (1985).
Oxalobacter formigenes gen. nov., sp. nov. : oxalate-degrading
anaerobes that inhabit the gastrointestinal tract. Arch Microbiol
141, 1–7.

Anders, H.-J., Kaetzke, A., Ka$ mpfer, P., Ludwig, W. & Fuchs, G.
(1995). Taxonomic position of aromatic-degrading denitrifying
pseudomonad strains K 172 and KB 740 and their description
as new members of the genera Thauera, as Thauera aromatica
sp. nov., and Azoarcus, as Azoarcus evansii sp. nov., respect-
ively, members of the beta subclass of the Proteobacteria. Int J
Syst Bacteriol 45, 327–333.

Bak, F. & Widdel, F. (1986). Anaerobic degradation of phenol and
phenol derivatives by Desulfobacterium phenolicum sp. nov.
Arch Microbiol 146, 177–180.

Christiansen, N. & Ahring, B. K. (1996). Desulfitobacterium
hafniense sp. nov., an anaerobic, reductively dechlorinating
bacterium. Int J Syst Bacteriol 46, 442–448.

Dehning, I. & Schink, B. (1989a). Malonomonas rubra gen. nov.,
sp. nov., a microaerotolerant anaerobic bacterium growing by
decarboxylation of malonate. Arch Microbiol 151, 427–433.

Dehning, I. & Schink, B. (1989b). Two new species of anaerobic
oxalate-fermenting bacteria, Oxalobacter vibrioformis sp. nov.,
and Clostridium oxalicum sp. nov., from sediment samples.
Arch Microbiol 153, 79–84.

Dehning, I., Stieb, M. & Schink, B. (1989). Sporomusa malonica sp.
nov., a homoacetogenic bacterium growing by decarboxylation
of malonate or succinate. Arch Microbiol 151, 421–426.

Denger, K. & Schink, B. (1990). New motile anaerobic bacteria
growing by succinate decarboxylation to propionate. Arch
Microbiol 154, 550–555.

Dimroth, P. & Schink, B. (1998). Energy conservation in the
decarboxylation of dicarboxylic acids by fermenting bacteria.
Arch Microbiol 170, 69–77.

Dojka, M. A., Hugenholtz, P., Haack, S. K. & Pace, N. R. (1998).
Microbial diversity in a hydrocarbon- and chlorinated-solvent-
contaminated aquifer undergoing intrinsic bioremediation.
Appl Environ Microbiol 64, 3869–3877.

Friedrich, M., Springer, N., Ludwig, W. & Schink, B. (1996).
Phylogenetic positions of Desulfofustis glycolicus gen. nov., sp.
nov., and Syntrophobotulus glycolicus gen. nov., sp. nov., two
new strict anaerobes growing with glycolic acid. Int J Syst
Bacteriol 46, 1065–1069.

Imhoff-Stuckle, D. & Pfennig, N. (1983). Isolation and charac-
terization of a nicotinic acid degrading sulfate-reducing bac-
terium, Desulfococcus niacini sp. nov. Arch Microbiol 136,
194–198.

647



Janssen, P. H., Liesack, W., Kluge, C., Seeliger, S., Schink, B. &
Harfoot, C. G. (1996). Sodium-dependent succinate decarboxy-
lation by a new anaerobic bacterium belonging to the genus
Peptostreptococcus. Antonie Leeuwenhoek 70, 11–20.

Ludwig, W. & Strunk, O. (1997).  : a software environment for
sequence data. http:}}www.mikro.biologie.tu-muenchen.de}
pub}ARB}documentation}arb.ps

Ludwig, W., Weizenegger, M., Dorn, S., Andreesen, J. & Schleifer,
K. H. (1990). The phylogenetic position of Peptococcus niger
based on 16S rRNA sequence studies. FEMS Microbiol Lett 59,
139–143.

Ludwig, W., Strunk, O., Klugbauer, S., Klugbauer, N., Weizeneg-
ger, M., Neumaier, J., Bachleitner, M. & Schleifer, K. H. (1998).
Bacterial phylogeny based on comparative sequence analysis.
Electrophoresis 19, 554–568.

Matthies, C. & Schink, B. (1992a). Fermentative degradation of
glutarate via decarboxylation by newly isolated strictly an-
aerobic bacteria. Arch Microbiol 157, 290–296.

Matthies, C. & Schink, B. (1992b). Energy conservation in
fermentative glutarate degradation by the bacterial strain
WoGl3. FEMS Microbiol Lett 79, 221–225.

Matthies, C. & Schink, B. (1992c). Reciprocal isomerization of
butyrate and isobutyrate by strain WoGl3, and methanogenic
isobutyrate degradation by a defined triculture. Appl Environ
Microbiol 58, 1435–1439.

Schink, B. & Pfennig, N. (1982). Propionigenium modestum gen.
nov., sp. nov., a new strictly anaerobic, nonsporing bacterium
growing on succinate. Arch Microbiol 133, 209–216.

Schnell, S., Bak, F. & Pfennig, N. (1989). Anaerobic degradation
of aniline and dihydroxybenzenes by newly isolated sulfate-
reducing bacteria and description of Desulfobacterium anilini.
Arch Microbiol 152, 556–563.

Smith, R. L., Strohmaier, F. E. & Oremland, R. S. (1985). Isolation
of anaerobic oxalate-degrading bacteria from freshwater lake
sediments. Arch Microbiol 141, 8–13.

Springer, N., Ludwig, W., Drozanski, W., Amann, R. & Schleifer,
K. H. (1992). The phylogenetic status of Sarcobium lyticum, an

obligate intracellular bacterial parasite of small amoebae.

FEMS Microbiol Lett 75, 199–202.

Stieb, M. & Schink, B. (1985). Anaerobic oxidation of fatty acids

by Clostridium bryantii sp. nov., a sporeforming, obligately

syntrophic bacterium. Arch Microbiol 140, 387–390.

Svetlitshnyi, V., Rainey, F. & Wiegel, J. (1996). Thermosyntropha

lipolytica gen. nov., sp. nov., a lipolytic, anaerobic, alkali-

tolerant, thermophilic bacterium utilizing short- and long-chain

fatty acids in syntrophic coculture with a methanogenic

archaeum. Int J Syst Bacteriol 46, 1131–1137.

Szewzyk,R. & Pfennig, N. (1987). Complete oxidation of catechol

by the strictly anaerobic sulfate-reducing Desulfobacterium

catecholicum sp. nov. Arch Microbiol 147, 163–168.

Widdel, F. & Pfennig, N. (1981). Studies on dissimilatory sulfate-

reducing bacteria that decompose fatty acids. I. Isolation of new

sulfate-reducing bacteria enriched with acetate from saline

environments. Description of Desulfobacter postgatei gen. nov.,

sp. nov. Arch Microbiol 129, 395–400.

Widdel, F., Kohring, G. W. & Mayer, F. (1983). Studies on

dissimilatory sulfate-reducing bacteria that decompose fatty

acids. III. Characterization of the filamentous gliding Desul-

fonema limicola gen. nov., sp. nov., and Desulfonema magnum

sp. nov. Arch Microbiol 134, 286–294.

Zhao, H., Yang, D., Woese, C. R. & Bryant, M. P. (1990).
Assignment of Clostridium bryantii to Syntrophospora bryantii

gen. nov., comb. nov. on the basis of a 16S rRNA sequence

analysis of its crotonate-grown pure culture. Int J Syst Bacteriol

40, 40–44.

Zhao, H., Yang, D., Woese, C. R. & Bryant, M. P. (1993).
Assignment of fatty acid-β-oxidizing syntrophic bacteria to

Syntrophomonadaceae fam. nov. on the basis of 16S rRNA

sequence analyses. Int J Syst Bacteriol 43, 278–286.

648


	Text10: First publ. in: International Journal of Systematic and Evolutionary Microbiology 50 (2000), pp. 645-648
	Text11: Konstanzer Online-Publikations-System (KOPS)
URL: http://www.ub.uni-konstanz.de/kops/volltexte/2008/5994/
URN: http://nbn-resolving.de/urn:nbn:de:bsz:352-opus-59942


