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Clostridium paradoxum strain JW-YL-7 is a moderately thermophilic anaerobic alkaliphile isolated from the municipal sewage
treatment plant in Athens, GA. We report the near-complete genome sequence of C. paradoxum strain JW-YL-7 obtained by
using PacBio DNA sequencing and Pilon for sequence assembly refinement with Illumina data.
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The anaerobic thermoalkaliphile Clostridium paradoxum strain
JW-YL-7 was isolated from an aeration pool at the municipal

sewage treatment plant in Athens, GA, USA, in 1993 (1), and
representatives have been identified in sewage sludge from North
America, Europe, and New Zealand (2).This organism grows op-
timally at 56°C at a pH of 10.1, with a doubling time of 16 min;
produces acetate, H2, and CO2 as major products of fermentation;
and has the unusual property of highly motile sporulated cells (1).
It has been proposed that C. paradoxum be assigned to the genus
Peptoclostridium in the family Peptostreptococcacae, along with the
pathogens Clostridium difficile and Clostridium sordellii and the
alkalithermophilic Clostridium thermoalcaliphilum (3). C. para-
doxum, unlike its neutrophilic relatives, must maintain an in-
verted pH gradient, with the interior of the cell more acidic than
the external environment. Previous studies have investigated the
structure and function of the Na� translocating F1F0 ATPase of
C. paradoxum, which functions strictly as an Na� exporter to es-
tablish an electrochemical gradient to drive cellular processes such
as solute import and cell motility (4, 5).

Raw PacBio RS-II data (three single-molecule real-time
[SMRT] cells) were filtered as described previously (6) to generate
140,177 reads with an average length of 6,028 bp and ~310� ge-
nome coverage. PacBio reads were assembled into 3 large contigs
using the HGAP.3 protocol from SMRT Analysis software version
2.2 for a genome size of 1.9 Mb and a largest contig of 1.5 Mb.
Assembly polishing and refinement were performed using Illu-
mina MiSeq reads and pilon software (7). Genome annotation
was performed as described previously (8), which predicted
1,941 protein-coding genes and G�C content of 30.2%. Genome
integrity was further verified by the CheckM tool (9), which clas-
sified the genome as belonging to class Clostridia with 98.6% com-
pleteness estimation based on the presence of 250 marker genes.
Although the genome encodes a large number of genes with the
greatest homology to those of thermoalkaliphiles, the species with
the greatest number of genes with closest homologs to C. para-
doxum are C. difficile, followed by Clostridium sticklandii. In the

CAAAAA motif identified in C. difficile, adenine residues (shown
in bold type) associated with CTGCAG, WCAGC, and CTANNN
NNNTAG motifs are also methylated in C. paradoxum (10).

The 1.9-Mb genome is less than half the size of sequenced
sporulating relatives such as C. difficile and significantly smaller
than the nonsporulating C. sticklandii and is not significantly
larger than noncultivable spore formers of “Candidatus Arthro-
mitus” species (11, 12). The nonpathogenicity, ease of cultivation,
streamlined genome, and high efficiency of sporulation make
C. paradoxum a valuable model for investigating sporulation in
Clostridia. The previously described F-type ATPase, as well as a
putative membrane-bound sodium translocating pyrophospha-
tase, a ferredoxin-NAD�:oxidoreductase (Rnf) complex possibly
involved in sodium efflux and symporters of the sodium:alanine,
sodium:dicarboxylate, and sodium:neurotransmitter families are
present. In addition to the bifurcating Rnf complex, C. paradoxum
possesses three soluble bifurcating hydrogenases. These genome
sequence results agree with earlier analysis results indicating mul-
tiple copies of the 16S rRNA genes with heterogeneous interven-
ing sequences (13) and will be useful for a range of studies.

Nucleotide sequence accession numbers. This whole-genome
shotgun project has been deposited at DDBJ/ENA/GenBank un-
der the accession LSFY00000000. The version described in this
paper is version LSFY01000000.

ACKNOWLEDGMENTS

PacBio sequencing was performed at the University of Maryland Institute
for Genome Sciences. Illumina sequencing and data analysis were con-
ducted at ORNL.

FUNDING INFORMATION
This work, including the efforts of W. Andrew Lancaster, Sagar M. Uttur-
kar, Farris L. Poole, Dawn M. Klingeman, Dwayne A. Elias, Michael W. W.
Adams, and Steven D. Brown, was funded by DOE | Office of Science (SC).

This research was funded by the Bioenergy Science Center (BESC), which
is a U.S. Department of Energy Bioenergy Research Center supported by

crossmark

Genome AnnouncementsMay/June 2016 Volume 4 Issue 3 e00229-16 genomea.asm.org 1

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00229-16&domain=pdf&date_stamp=2016-5-5
http://genomea.asm.org


the Office of Biological and Environmental Research in the DOE Office of
Science. ORNL is managed by UT-Battelle, LLC, Oak Ridge, TN, for the
DOE under contract DE-AC05-00OR22725.

REFERENCES
1. Li Y, Mandelco L, Wiegel J. 1993. Isolation and characterization of a

moderately thermophilic anaerobic alkaliphile, Clostridium paradoxum
sp. nov. Int J Syst Evol Microbiol 43:450 – 460. http://dx.doi.org/10.1099/
00207713-43-3-450.

2. Cook GM, Russell JB, Reichert A, Wiegel J. 1996. The intracellular pH of
Clostridium paradoxum, an anaerobic, alkaliphilic, and thermophilic bac-
terium. Appl Environ Microbiol 62:4576 – 4579.

3. Yutin N, Galperin MY. 2013. A genomic update on clostridial phylogeny:
gram-negative spore formers and other misplaced clostridia. Environ Mi-
crobiol 15:2631–2641. http://dx.doi.org/10.1111/1462-2920.12173.

4. Ferguson SA, Keis S, Cook GM. 2006. Biochemical and molecular char-
acterization of a Na�-translocating F1Fo-ATPase from the thermoalka-
liphilic bacterium Clostridium paradoxum. J Bacteriol 188:5045–5054.
http://dx.doi.org/10.1128/JB.00128-06.

5. Meier T, Ferguson SA, Cook GM, Dimroth P, Vonck J. 2006. Structural
investigations of the membrane-embedded rotor ring of the F-ATPase
from Clostridium paradoxum. J Bacteriol 188:7759 –7764. http://
dx.doi.org/10.1128/JB.00934-06.

6. Utturkar SM, Klingeman DM, Bruno-Barcena JM, Chinn MS, Grunden
AM, Köpke M, Brown SD. 2015. Sequence data for Clostridium autoetha-
nogenum using three generations of sequencing technologies. Sci Data
2:150014. http://dx.doi.org/10.1038/sdata.2015.14.

7. Walker BJ, Abeel T, Shea T, Priest M, Abouelliel A, Sakthikumar S,

Cuomo CA, Zeng Q, Wortman J, Young SK, Earl AM. 2014. Pilon: an
integrated tool for comprehensive microbial variant detection and ge-
nome assembly improvement. PLoS One 9:e112963. http://dx.doi.org/
10.1371/journal.pone.0112963.

8. Woo HL, Utturkar S, Klingeman D, Simmons BA, DeAngelis KM,
Brown SD, Hazen TC. 2014. Draft genome sequence of the lignin-
degrading Burkholderia sp. strain LIG30, isolated from wet tropical forest
soil. Genome Announc 2(3):e00637-14. http://dx.doi.org/10.1128/
genomeA.00637-14.

9. Parks DH, Imelfort M, Skennerton CT, Hugenholtz P, Tyson GW.
2015. CheckM: assessing the quality of microbial genomes recovered from
isolates, single cells, and metagenomes. Genome Res 25:1043–1055.
http://dx.doi.org/10.1101/gr.186072.114.

10. Van Eijk E, Anvar SY, Browne HP, Leung WY, Frank J, Schmitz AM,
Roberts AP, Smits WK. 2015. Complete genome sequence of the Clos-
tridium difficile laboratory strain 630�erm reveals differences from strain
630, including translocation of the mobile element CTn5. BMC Genomics
16:31. http://dx.doi.org/10.1186/s12864-015-1252-7.

11. Galperin MY, Mekhedov SL, Puigbo P, Smirnov S, Wolf YI, Rigden DJ.
2012. Genomic determinants of sporulation in Bacilli and Clostridia: to-
wards the minimal set of sporulation-specific genes. Environ Microbiol
14:2870 –2890. http://dx.doi.org/10.1111/j.1462-2920.2012.02841.x.

12. Galperin MY. 2013. Genome diversity of spore-forming Firmicutes. Mi-
crobiol Spectr 1. http://dx.doi.org/10.1128/microbiolspectrum.TBS-0015
-2012.

13. Rainey FA, Ward-Rainey NL, Janssen PH, Hippe H, Stackebrandt E.
1996. Clostridium paradoxum DSM 7308T contains multiple 16S rRNA
genes with heterogeneous intervening sequences. Microbiology 142:
2087–2095. http://dx.doi.org/10.1099/13500872-142-8-2087.

Lancaster et al.

Genome Announcements2 genomea.asm.org May/June 2016 Volume 4 Issue 3 e00229-16

http://genomea.asm.org

	Near-Complete Genome Sequence of Clostridium paradoxum Strain JW-YL-7
	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENTS

	REFERENCES

