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Clostridium bifermentans strain WYM is an effective biohydrogen producer isolated from landfill leachate sludge. Here, we pres-
ent the assembly and annotation of its genome, which may provide further insights into the metabolic pathways involved in effi-
cient biohydrogen production.
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Clostridium bifermentans was first identified by Tissier and
Martelly (1). However, since its discovery, it has often been

confused with Clostridium sordellii in terms of its taxonomic rela-
tionship because the strains share similar cultural, biochemical,
morphological, and serological characteristics. Later, Nishida et
al. (2) showed that C. bifermentans and C. sordellii have different
sporulation behaviors, and Brooks et al. (3) differentiated these
two species using gas chromatography. These results increased the
confidence level for separating C. bifermentans and C. sordellii as
different clostridial species. Today, with modern technologies, we
can use whole-genome sequencing to further validate their taxo-
nomic relationship.

C. bifermentans is a Gram-positive, anaerobic, and spore-
forming bacterium (4, 5) that is commonly found in water, soil,
sewage, and animal feces (6, 7). It is pathogenic and causes diseases
such as bacteremia with metastatic osteomyelitis (8) and necrotiz-
ing pneumonia (9, 10). It ferments a wide range of carbohydrates,
including glucose, fructose, maltose, glycerol, and sorbitol (4),
and produces useful metabolites, such as acetate, lactate, ethanol,
hydrogen, and carbon dioxide (11). Hence, it is a potential hydro-
gen producer.

C. bifermentans strain WYM was isolated from landfill leachate
sludge. Sanitary landfills are very active in the biodegradation of
organic waste. Therefore, the sludge originating from these land-
fills carries a similar microbial community and may contain effi-
cient hydrogen producers. Sanitary landfills and their sludge are
extreme environments that often have an imbalance of nutrients
and fluctuating living conditions, such as pH and temperature.
Hence, strain WYM, surviving in landfill leachate sludge, may
have strong adaptability to harsh environments and may possess
unique properties in the production of biohydrogen and bio-
chemicals.

The genome sequencing of strain WYM was performed us-
ing the Illumina MiSeq benchtop sequencer (2 � 150-bp
paired-end sequencing). The reads were trimmed and assem-
bled de novo using the CLC Genomics Workbench 6.0 (CLC

bio, Denmark). Multiple-genome alignment was conducted
using Gegenees 2.0.3. The average similarities of the conserved
core and the size of the core were set at 20% (12). The genome
sequence was annotated with the Rapid Annotations using
Subsystems Technology (RAST) server (13). RNAmmer 1.2
and tRNAscan-SE 1.21 were used to predict rRNAs and tRNAs,
respectively (14, 15). Based on 16S rRNA analysis, strain WYM
has 99 to 100% identity with many C. bifermentans strains,
including strains E006 and E019. In addition, the heat plot
from the multiple-genome alignment revealed that strain
WYM shares up to 95% similarity with C. bifermentans ATCC
19299 AVNB01 and 88% with ATCC 638 AVNC01. These re-
sults suggest that strain WYM is a new strain of C. bifermentans.
The draft genome sequence of strain WYM comprises
3,475,995 bases in 180 contigs. It has a G�C content of 28.02%
and contains 3,380 genes, 5 rRNAs, and 51 tRNAs.

C. bifermentans WYM contains a dimeric [NiFe] hydrogenase
that is regulated by the genes hypA and hypB. In addition, it con-
tains genes encoding products such as acetate kinase, butyrate
kinase, and ethanol dehydrogenase that are involved in the pro-
duction of organic acids and solvents, including acetate, butyrate,
and ethanol.

Nucleotide sequence accession numbers. This whole-genome
shotgun project has been deposited at DDBJ/EMBL/GenBank un-
der the accession no. AVSU00000000. The version described in
this paper is version AVSU01000000.

ACKNOWLEDGMENTS

DNA sequencing was completed in a genomic platform at the Monash
University Malaysia. This work was funded by a multidisciplinary grant
from the School of Science, Monash University, and MOSTI (e-science
fund 6/2/10-SF0130).

We thank How Lim Sek (Worldwide Landfills Sdn. Bhd.) and Zamri
Abd Rahman (KUB-Berjaya Enviro Sdn. Bhd.) for their assistance in sam-
ple collection.

Genome AnnouncementsMarch/April 2014 Volume 2 Issue 2 e00077-14 genomea.asm.org 1

http://creativecommons.org/licenses/by/3.0/
http://www.ncbi.nlm.nih.gov/nuccore?term=AVSU00000000
http://genomea.asm.org


REFERENCES
1. Tissier H, Martelly. 1902. Recherches sur la putréfaction de la viande de

boucherie. Ann. Inst. Pasteur 16:865–903.
2. Nishida S, Tamai K, Yamagishi T. 1964. Taxonomy of Clostridium

bifermentans and Clostridium sordellii. I. Their toxigenicity, urease activ-
ity, and sporulating potency. J. Bacteriol. 88:1641–1646.

3. Brooks JB, Moss CW, Dowell VR. 1969. Differentiation between Clos-
tridium sordellii and Clostridium bifermentans by gas chromatography. J.
Bacteriol. 100:528 –530.

4. Brooks ME, Epps HB. 1959. Taxonomic studies of the genus Clostridium:
Clostridium bifermentans and C. sordellii. J. Gen. Microbiol. 21:144 –155.
http://dx.doi.org/10.1099/00221287-21-1-144.

5. Bayliss CE, Waites WM. 1976. The effect of hydrogen peroxide on spores
of Clostridium bifermentans. J. Gen. Microbiol. 96:401– 407. http://dx.doi
.org/10.1099/00221287-96-2-401.

6. Wang CC, Chang CW, Chu CP, Lee DJ, Chang BV, Liao CS. 2003.
Producing hydrogen from wastewater sludge by Clostridium bifermentans.
J. Biotechnol. 102:83–92. http://dx.doi.org/10.1016/S0168-1656(03)0000
7-5.

7. Nachman S, Kaul A, Li KI, Slim MS, San Filippo JA, Van Horn K. 1989.
Liver abscess caused by Clostridium bifermentans following blunt abdom-
inal trauma. J. Clin. Microbiol. 27:1137–1138.

8. Scanlan DR, Smith MA, Isenberg HD, Engrassia S, Hilton E. 1994.
Clostridium bifermentans bacteremia with metastatic osteomyelitis. J.
Clin. Microbiol. 32:2867–2868.

9. Misra DP, Hurst DJ. 1980. Necrotising pneumonia and empyema caused

by Clostridium bifermentnas. Thorax 35:310 –311. http://dx.doi.org/10.11
36/thx.35.4.310.

10. Bashir Y, Benson MK. 1990. Necrotising pneumonia and empyema due
to Clostridium perfringens complicating pulmonary embolus. Thorax 45:
72–73. http://dx.doi.org/10.1136/thx.45.1.72.

11. Leja K, Myszka K, Czaczyk K. 2013. The ability of Clostridium bifermen-
tans strains to lactic acid biosynthesis in various environmental condi-
tions. Springerplus 2:44. http://dx.doi.org/10.1186/2193-1801-2-44.

12. Ågren J, Sundström A, Håfström T, Segerman B. 2012. Gegenees:
fragmented alignment of multiple genomes for setermining phylog-
enomic distances and genetic aignatures unique for specified target
froups. PLoS One 7:e39107. http://dx.doi.org/10.1371/journal.pone.0039
107.

13. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA,
Formsma K, Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson
R, Osterman AL, Overbeek RA, McNeil LK, Paarmann D, Paczian T,
Parrello B, Pusch GD, Reich C, Stevens R, Vassieva O, Vonstein V,
Wilke A, Zagnitko O. 2008. The RAST server: Rapid Annotations using
Subsystems Technology. BMC Genomics 9:75. http://dx.doi.org/10.1186
/1471-2164-9-75.

14. Lagesen K, Hallin P, Rødland EA, Staerfeldt HH, Rognes T, Ussery
DW. 2007. RNAmmer: consistent and rapid annotation of ribosomal
RNA genes. Nucleic Acids Res. 35:3100 –3108. http://dx.doi.org/10.1093
/nar/gkm160.

15. Lowe TM, Eddy SR. 1997. tRNAscan-SE: a program for improved detec-
tion of transfer RNA genes in genomic sequence. Nucleic Acids Res. 25:
0955– 0964. http://dx.doi.org/10.1093/nar/25.5.0955.

Wong et al.

Genome Announcements2 genomea.asm.org March/April 2014 Volume 2 Issue 2 e00077-14

http://dx.doi.org/10.1099/00221287-21-1-144
http://dx.doi.org/10.1099/00221287-96-2-401
http://dx.doi.org/10.1099/00221287-96-2-401
http://dx.doi.org/10.1016/S0168-1656(03)00007-5
http://dx.doi.org/10.1016/S0168-1656(03)00007-5
http://dx.doi.org/10.1136/thx.35.4.310
http://dx.doi.org/10.1136/thx.35.4.310
http://dx.doi.org/10.1136/thx.45.1.72
http://dx.doi.org/10.1186/2193-1801-2-44
http://dx.doi.org/10.1371/journal.pone.0039107
http://dx.doi.org/10.1371/journal.pone.0039107
http://dx.doi.org/10.1186/1471-2164-9-75
http://dx.doi.org/10.1186/1471-2164-9-75
http://dx.doi.org/10.1093/nar/gkm160
http://dx.doi.org/10.1093/nar/gkm160
http://dx.doi.org/10.1093/nar/25.5.0955
http://genomea.asm.org

	Draft Genome Sequence of Clostridium bifermentans Strain WYM, a Promising Biohydrogen Producer Isolated from Landfill Leachate Sludge
	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENTS
	REFERENCES


