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Introduction

Dehalobacter restrictus gen. nov. and sp. nov., 

a strictly anaerobic bacterium that reductively dechlorinates tetra- 

and trichloroethene in an anaerobic respiration
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Fig.2 A Electron micrograph of a thin-section of PER-K23 de-
monstrating a cell wall consisting of a cytoplasmic membrane 
(cm), peptidoglycan (p), and a surface layer (s) (bar 0.1 µm). 
B Electron micrograph of a freeze-etch preparation of PER-K23 
(barO.l µm) 

iron, thiamine, and cyanocobalamin were required for 
growth of PER-K23. 

Among many electron donors tested (H2, formate, lac-
tate, pyruvate, propionate, butyrate, acetate, succinate, fu-
marate, glycine, alanine, aspartate, glutamate, methanol, 
ethanol, propanol, glucose, fructose, xylose, glycerol, ace-
toin, and CO), the enrichment culture utilized only dihy-
drogen and formate for growth with tetrachloroethene as 
the electron acceptor (Bolliger et al. 1993). In contrast to 
the enrichment, the pure culture of PER-K23 was no 
longer able to grow with formate as the electron donor. 
Hence, the only electron donor that supported growth was 
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Fig.3 Fragment of the primary structure of the peptidoglycan of 
PER-K23. The interpeptide bridge is marked by a dashed frame 
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Fig.4 Redox difference spectrum of membrane extract of PER-
K23. Membranes were extracted with octyl-P-o-glucopyranoside, 
and spectra of dithionite-reduced minus air-oxidized extracts were 
recorded. The protein concentration was 1.36 mg/ml 

dihydrogen. Fermentative growth was also not observed. 
Negative test results with nitrate, sulfate, and other com-
pounds in the enrichment culture had previously indicated 
that PER-K23 cannot use many electron acceptors (Bol-
liger et al. 1993). Experiments with Fe(III), Mn(IV), and 
N20 in the presence of molecular hydrogen confirmed the 
previous result that PER-K23 utilizes only tetra- and 
trichloroethene as electron acceptors. PER-K23 neither 
contained superoxide dismutase nor exhibited catalase ac-
tivity. 

Under optimal growth conditions (30°C; initial pH, 
7.2) in gently shaken cultures with medium containing ac-
etate as the carbon sow·ce and peptone, PER-K23 grew 
with a specific growth rate of0.037 ± 0.01 h-1 (td=19 h). 
The growth yield determined by measuring the production 
of cellular dry weight was 3.3 ± 0.3 g dry wt. per mol of 
c1- formed. 



Phylogeny

The phylogenetic relationship of PER-K23 to other bacte-
ria is depicted in Fig. 5. Not included in this analysis is the
isolate TEA, for which a very high sequence similarity of
99.7% has been shown previously (Wild et al. 1996).
Within the phylogenetic group of the gram-positive bacte-
ria with a low DNA G+C content, Syntrophobotulus gly-
colicus, with an overall 16S rRNA sequence similarity of
92.9%, is the closest relative of PER-K23. PER-K23, iso-
late TEA, and S. glycolicus together with five desulfito-
bacteria (Utkin et al. 1994; Bouchard et al. 1996; Chris-
tiansen and Ahring 1996; Gerritse et al. 1996; Sanford et
al. 1996) and Desulfotomaculum orientis (Delaney et al.
1989) are members of a phylogenetic cluster defined by
sequence similarities of 88.5% and higher. The corre-
sponding values for these organisms and other members
of the major phylogenetic group of the gram-positive bac-
teria with a low DNA G+C content are slightly lower
(82.2–87.5%).

Most analyses supported a moderate relationship of
this group to Heliobacterium (Woese et al. 1985), the re-
maining desulfotomaculi (Delaney et al. 1989; Patel et al.
1992; Redburn and Patel 1993), the Syntrophospora-Syn-
trophomonas branch (Zhao et al. 1990), and other “phylo-
genetically gram-positive” bacteria with gram-negative
cell walls such as Acidaminococcus, Dialister, Mega-
sphaera, Pectinatus, Phascolarctobacterium, Selenomo-
nas, Veillonella, and Zymophilus (Schleifer et al. 1990;
Zhao et al. 1990; Del Dot et al. 1993; Cook et al. 1994;
Willems et al. 1995;). However, the significance of such a
grouping is low, as indicated by the multifurcation in Fig. 5.

Discussion

PER-K23 had almost the same physiological properties
have been as described previously for the dominating or-
ganism in the enrichment culture (Holliger et al. 1993).
Properties of both pure and enrichment culture differed
only in the spectrum of electron donors utilized. In con-
trast to the enrichment culture, PER-K23 was no longer
able to grow with formate as an electron donor. The only
electron donor that supported growth was molecular hy-
drogen. This result suggests that growth on formate in the
enrichment culture was probably due to the presence of a
contaminating bacterium that had formate lyase activity,
producing dihydrogen and carbon dioxide. Similar narrow
ranges of electron donors utilized are known only for
some methanogens (Vogels et al. 1988) and for two tetra-
chloroethene-dechlorinating bacteria, Dehalococcoides
ethenogenes (Maymo-Gatell et al. 1997) and isolate TEA
(Wild et al. 1996). 16S rRNA sequence analysis, however,
clearly showed that PER-K23, strain TEA, and Dehalo-
coccus ethanogenes belong to the domain Bacteria, and
not to the Archaea.
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Fig.5 16S rRNA-based phylogenetic tree reflecting the relation-
ships of PER-K23. The tree was reconstructed applying a maxi-
mum likelihood approach including sequence positions that con-
tain identical residues in at least 50% of available 16S rRNA se-
quences from the gram-positive bacteria with a low DNA G+C
content. The topology was corrected according to the results of the
distance matrix and maximum parsimony analyses. Given that
only partial sequence data are available in the case of Desulfo-
tomaculum orientis, its position in the tree has to be regarded as
preliminary. The triangles indicate groups of phylogenetically re-
lated species or genera (bar 10% estimated sequence divergence).
The Selenomonas group (a) comprises Acidaminococcus, Dialister,
Megasphaera, Mitsuokella, Phascolarctobacterium, Selenomonas,
Sporomusa, Succiniclasticum, Veillonella, and Zymophilus. The
Syntrophomonas group (b) comprises Syntrophomonas and Syn-
trophospora
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