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Spirochaeta thermophila is a thermophilic, free-living anaerobe that is able to degrade various �- and
�-linked sugar polymers, including cellulose. We report here the complete genome sequence of S. thermophila
DSM 6192, which is the first genome sequence of a thermophilic, free-living member of the Spirochaetes phylum.
The genome data reveal a high density of genes encoding enzymes from more than 30 glycoside hydrolase
families, a noncellulosomal enzyme system for (hemi)cellulose degradation, and indicate the presence of a
novel carbohydrate-binding module.

The currently known members of the Spirochaeta genus are
anaerobes or facultative anaerobes and have been isolated
from a variety of aquatic habitats such as the sediments and the
water columns of ponds, lakes, rivers, and oceans. Among the
isolated free-living members of the genus, only Spirochaeta
thermophila has been reported to be able to grow on cellulose
and hemicellulose, the two main components of plant biomass
(1). The type and components of the enzyme machinery that
perform cellulose and xylan breakdown in S. thermophila are
unknown at this point in time.

Genomic DNA of S. thermophila DSM 6192 was used to
create a shotgun library (2 to 3 kbp) and a fosmid library (30 to
40 kbp). The Sanger sequencing data from plasmid and fosmid
end sequencing was combined with that of a sequencing-by-
synthesis reaction (454 Sequencing and Genome Sequencer
FLX454; both from 454 Life Sciences, Roche Applied Sci-
ence). The Sanger sequencing- and the 454 Sequencing-
generated traces were assembled into contigs with the New-
bler Assembler software (454 Life Sciences, Roche) and the
PHRAP assembly tool (3, 4), respectively, and were edited
with the Staden software package (10). Open reading frames
(ORFs) likely to encode proteins were predicted by the
YACOB software package (11). Automatic and manual an-
notation was accomplished with the ERGO annotation tool
(Integrated Genomics, Arlington Heights, IL), which was
refined by searches against Pfam, PROSITE, ProDom, and
COGs databases. Searches for glycoside hydrolases (GH), gly-
cosyl transferases (GT) and carbohydrate-binding modules

(CBM) were performed using HMMER3 hmmscan (2) of the
S. thermophila ORFs against a custom subset of the Pfam 24.0
database (5), containing 145 Pfam-A families.

The genome of S. thermophila DSM 6192 consists of a
2,472,645-bp large single circular chromosome and has an av-
erage G�C content of 61.9%. A total of 2,207 protein-coding
genes were predicted, covering 93.5% of the chromosome. A
tentative function could be assigned to 1,265 ORFs, and 309
ORFs had no detectable similarity to other proteins in the
public databases. The genome contains 46 tRNA genes and 2
rRNA gene operons.

Existing biochemical data and our genome data for S. ther-
mophila suggest the presence of an electron bifurcation path-
way, which may be regarded as an additional means of energy
conservation (6, 7, 9). In this pathway, both reduced electron
carriers NADH and ferredoxin are coupled to the genera-
tion of H2 by a heterotrimeric [FeFe] hydrogenase, as has
been shown for the homologous enzyme from Thermotoga
maritima (8).

S. thermophila is able to grow on various carbohydrate poly-
mers, including microcrystalline cellulose, as the single carbon
and energy source. The genome of S. thermophila was found to
encode a large number of glycoside hydrolases (72 ORFs),
the coding density for these enzymes being among the high-
est known (29.1 ORFs/Mbp). Metabolic pathways for the
utilization of the main and accessory components of various
�- and �-linked glycan polymers were reconstructed. The
genome data indicate that cellulose and hemicellulose deg-
radation in S. thermophila is accomplished by a noncellulo-
somal enzyme system.

From the genome and biochemical data, we have indications
for a novel carbohydrate-binding module (module X) which
was found in seven S. thermophila GH ORFs. The nearly iden-
tical module X-like sequences were found to be linked with
different GH family domains. The lack of sequence homologs
of module X in the public databases may be due to the small
number of sequences currently known from free-living spiro-
chetes.
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Nucleotide sequence accession number. Genome informa-
tion for the chromosome of S. thermophila DSM6192 has been
deposited in GenBank under accession number CP001698.
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