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ABSTRACT Here, we report the closed genome sequence of Clostridium formic-
aceticum, an Rnf- and cytochrome-containing autotrophic acetogen that is able to Received 6 April 2017 Accepted 7 April
convert carbon monoxide to acetate using the Wood-Ljungdahl pathway. The ge- 2017 Published 25 May 2017

. . Citation Karl MM, Poehlein A, Bengelsdorf FR,
nome consists of a circular chromosome (4.59 Mb). Daniel R, Diirre P. 2017. Complete Zenome

sequence of the autotrophic acetogen
Clostridium formicaceticum DSM 92T using
lostridium formicaceticum DSM 92T was first isolated in 1970 from sewers and Nanopore and lllumina sequencing data.

ditches near Géttingen, Germany (1). It is described as a Gram-negative, obligate, Genome Announc 5:¢00423-17. https://doi

anaerobic, mesophilic, motile, rod-shaped, and spore-forming organism with homoac- 'Orgm?']128/genomeA‘OO4B'T7j
. . . . Copyright © 2017 Karl et al. This is an open-

etate fermentation during the exponential growth phase and additional formate access article distributed under the terms of
production in the stationary growth phase (1). Unlike the close relative C. aceticum, the Creative Commons Attribution 4.0
C. formicaceticum is not able to grow at the expense of H, + CO,, but chemoauto- Internationalllicense!
lithotrophic growth was observed using CO + CO, (2). Furthermore, the presence of égifgi;gggﬁﬁ?;ito R DITire,
cytochrome and menaquinone was demonstrated in this organism (3).

Extracted DNA was prepared for sequencing following the protocol for 1D
genomic DNA sequencing for the MinlON device using SQK-LSK108. Prior to the
end-repair and dA-tailing step, the DNA was sheared using a g-TUBE (Covaris,
Woburn, MA, USA) with an Eppendorf MiniSpin centrifuge (Eppendorf AG, Hamberg,
Germany) at 5,500 rpm and repaired using NEBNext FFPE RepairMix (New England
Biolabs, Ipswich, MA, USA). The library was loaded on a SpotON Flow Cell Mk | (R9.4)
and sequenced using MinKOWN version 1.3.30. Raw data were base-called using
Metrichor Desktop Agent version 2.43.1. The assembly was performed using the Canu
version 1.4 assembler and resulted in six contigs (>10,000 bp) with an average
coverage of 38-fold (4). In addition, isolated DNA was used to generate lllumina
shotgun paired-end sequencing libraries, which were sequenced with a MiSeq instru-
ment and the MiSeq reagent kit version 3, as recommended by the manufacturer
(Ilumina, San Diego, CA, USA). Quality filtering using Trimmomatic version 0.36 (5)
resulted in 2,247,002 paired-end reads. SPAdes genome assembler software version
3.10.0 (6) was used for lllumina only and Illumina/Nanopore hybrid assemblies, result-
ing in 88 and 12 contigs (>500 bp), respectively. All assemblies were combined
employing Gap4 version 4.11 software of the Staden package (7) and using the available,
but unpublished, genome sequences of C. formicaceticum ATCC 27076 as the reference
(CP017603). The closed genome of C. formicaceticum consists of a circular chromosome
(4.59 Mb) with an overall G+C content of 35.53%. Automatic annotation and identification
of rRNA and tRNA genes were performed using the Prokka software tool (8). The closed
genome contained 33 rRNAs, 134 tRNAs, 3,062 protein-encoding genes with a predicted
function, and 1,124 genes coding for hypothetical proteins. The analysis of the genome
revealed that all genes were involved in the methyl and carbonyl branch of the Wood-
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Ljungdahl pathway. These genes form one cluster showing the same arrangement as found
in C. aceticum and other clostridial autotrophic acetogens (9). Furthermore, all genes
necessary for an Rnf complex were found. Genome analysis also revealed the genes for
cytochrome synthesis, similar to C. aceticum. The inability of C. formicaceticum to use H, +
CO, may be related to the absence of certain hydrogenases. Compared to C. aceticum, one
hydrogenase gene cluster (CACET_c35700 to CACET_c35750) is missing in the sequenced
genome.
Accession number(s). This whole-genome shotgun project has been deposited at
DDBJ/EMBL/GenBank under the accession number CP020559.

ACKNOWLEDGMENTS
This work was supported by grants from the BMBF Gas Fermentation project (FKZ
031A468A), the ERA-IB 5 project CO2CHEM (FKZ 031A566A), and the MWK-BW project
Nachhaltige und effiziente Biosynthesen (AZ 33-7533-6-195/7/9). We also thank Kath-
leen Gollnow for technical support.
The funders mentioned in the acknowledgments had no role in study design, data
collection and interpretation, or the decision to submit the work for publication.

REFERENCES

1.

Andreesen JR, Gottschalk G, Schlegel HG. 1970. Clostridium formicoaceti-
cum nov. spec. isolation, description and distinction from C. aceticum and
C. thermoaceticum. Arch Microbiol 72:154-174.

. Lux MF, Drake HL. 1992. Re-examination of the metabolic potentials of

the acetogens Clostridium aceticum and Clostridium formicoaceticum:
chemolithoautotrophic and aromatic-dependent growth. FEMS Microbiol
Lett 74:49-56. https://doi.org/10.1111/j.1574-6968.1992.tb05341 x.

. Gottwald M, Andreesen JR, LeGall J, Ljungdahl LG. 1975. Presence of

cytochrome and menaquinone in Clostridium formicoaceticum and Clos-
tridium thermoaceticum. J Bacteriol 122:325-328.

. Koren S, Walenz BP, Berlin K, Miller JR, Bergman NH, Phillippy AM. 2017.

Canu: scalable and accurate long-read assembly via adaptive k-mer
weighting and repeat separation. Genome Res [Epub ahead of print.].
https://doi.org/10.1101/gr.215087.116.

. Bolger AM, Lohse M, Usadel B. 2014. Trimmomatic: a flexible trimmer for

lllumina sequence data. Bioinformatics 30:2114-2120. https://doi.org/10
.1093/bioinformatics/btu170.

Volume 5 Issue 21 e00423-17

. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS, Lesin

VM, Nikolenko SI, Pham S, Prjibelski AD, Pyshkin AV, Sirotkin AV, Vyahhi N,
Tesler G, Alekseyev MA, Pevzner PA. 2012. SPAdes: a new genome as-
sembly algorithm and its applications to single-cell sequencing. J Comput
Biol 19:455-477. https://doi.org/10.1089/cmb.2012.0021.

. Staden R, Beal KF, Bonfield JK. 2000. The Staden package, 1998. Methods

Mol Biol 132:115-130.

. Seemann T. 2014. Prokka: rapid prokaryotic genome annotation. Bioin-

formatics 30:2068-2069. https://doi.org/10.1093/bioinformatics/btu153.

. Poehlein A, Cebulla M, llg MM, Bengelsdorf FR, Schiel-Bengelsdorf B,

Whited G, Andreesen JR, Gottschalk G, Daniel R, Dirre P. 2015. The
complete genome sequence of Clostridium aceticum: a missing link be-
tween Rnf- and cytochrome-containing autotrophic acetogens. mBio
6:€01168-15. https://doi.org/10.1128/mBio.01168-15.

genomea.asm.org 2


https://www.ncbi.nlm.nih.gov/nuccore/CP020559
https://doi.org/10.1111/j.1574-6968.1992.tb05341.x
https://doi.org/10.1101/gr.215087.116
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1089/cmb.2012.0021
https://doi.org/10.1093/bioinformatics/btu153
https://doi.org/10.1128/mBio.01168-15
http://genomea.asm.org

	Accession number(s). 
	ACKNOWLEDGMENTS
	REFERENCES

