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Clostridium sp. strain Ade.TY is potentially a new biohydrogen-producing species isolated from landfill leachate sludge. Here we
present the assembly and annotation of its genome, which may provide further insights into its gene interactions for efficient
biohydrogen production.
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The use of fossil fuel as the primary energy source causes various
adverse side effects, including air pollution and climate

change. Therefore, there is a need to find sources of clean, renew-
able energy (1, 2). Hydrogen is an environmentally safe energy
source because the combustion of hydrogen produces water as the
only end product. Most importantly, hydrogen can be produced
biologically from organic waste and hence it is an ideal source of
clean, renewable energy.

Hydrogen-producing bacteria that live in extreme environ-
ments such as hazardous and nutrient-scarce conditions have in-
dustrial significance because they are less susceptible to external
stress (3, 4). In this work, we aimed to isolate novel hydrogen-
producing bacteria from landfill leachate sludge. Since landfills
and their sludge are constantly nutrient limited, hydrogen-
producing bacteria that survive in these environments can adapt
to harsh conditions and they possess unique features for biohy-
drogen and biochemical production.

Members of the genus Clostridium are obligate anaerobes that
produce hydrogen more efficiently than do facultative anaerobes,
such as Bacillus sp., Klebsiella sp., and Enterobacter sp. (5–11). In
addition, all production of biological hydrogen is accompanied by
the production of useful organic acids and solvents, such as ace-
tate, butyrate, lactate, formate, ethanol, and butanol, which have
industrial applications. Hence, Clostridium spp. have promising
potential applications in industrial biotechnology.

The genome sequencing of Clostridium sp. strain Ade.TY was
performed using the Illumina MiSeq Benchtop Sequencer (2 �
150-bp paired-end sequencing). The reads were trimmed and as-
sembled de novo using 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 Tech-
nology (RAST) 4.0 server (13). RNAmmer 1.2 and tRNA-scan-SE
1.21 were used to predict rRNA and tRNA, respectively (14, 15).
Based on 16S rRNA analysis, strain Ade.TY has a 99% identity

score with several uncultured bacteria strains, and the 16S-rRNA
phylogenetic tree also revealed that Clostridium sp. strain Ade.TY
is a branch that is distant from other Clostridium species. This
finding suggests that Clostridium sp. strain Ade.TY may be a new
hydrogen-producing species. This is further demonstrated by the
heat plot from multiple-genome alignment, which revealed that
strain Ade.TY has �50% similarity to the existing complete and
draft genome databases of Clostridium species. The draft genome
sequence comprises 3,113,901 bases in 66 contigs. It has a GC
content of 26.75% and contains 3,104 genes and 9 rRNAs and 68
tRNAs.

Clostridium sp. strain Ade.TY contains a dimeric-periplasmic
[Fe] hydrogenase and two [Ni–Fe] hydrogenases. It has an energy-
converting hydrogenase that is regulated by six gene clusters,
HypA, HypB, HypC, HypD, HypE, and HypF, and a dimeric [Ni-
Fe] hydrogenase (16).

Nucleotide sequence accession numbers. This whole-genome
shotgun project has been deposited at DDBJ/EMBL/GenBank un-
der the accession number AVSV00000000. The version described
in this paper is version AVSV01000000.
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1. Nejat Veziroǧlu T. 1987. Hydrogen technology for energy needs of hu-

man settlements. Int. J. Hydrogen Energ. 12:99 –129. http://dx.doi.org/10
.1016/0360-3199(87)90086-3.

2. Dunn S. 2002. Hydrogen futures: toward a sustainable energy system. Int.
J. Hydrogen Energ. 27:235–264. http://dx.doi.org/10.1016/S0360-3199(0
1)00131-8.

Genome AnnouncementsMarch/April 2014 Volume 2 Issue 2 e00078-14 genomea.asm.org 1

http://creativecommons.org/licenses/by/3.0/
http://www.ncbi.nlm.nih.gov/nuccore?term=AVSV00000000
http://dx.doi.org/10.1016/0360-3199(87)90086-3
http://dx.doi.org/10.1016/0360-3199(87)90086-3
http://dx.doi.org/10.1016/S0360-3199(01)00131-8
http://dx.doi.org/10.1016/S0360-3199(01)00131-8
http://genomea.asm.org


3. Kim DH, Kim SH, Kim HW, Kim MS, Shin HS. 2011. Sewage sludge
addition to food waste synergistically enhances hydrogen fermentation
performance. Bioresour. Technol. 102:8501– 8506. http://dx.doi.org/10.1
016/j.biortech.2011.04.089.

4. Yossan S, O-Thong S, Prasertsan P. 2012. Effect of initial pH, nutrients
and temperature on hydrogen production from palm oil mill effluent
using thermotolerant consortia and corresponding microbial communi-
ties. Int. J. Hydrogen Energ. 37:13806 –13814. http://dx.doi.org/10.1016/j
.ijhydene.2012.03.151.

5. Chen WM, Tseng ZJ, Lee KS, Chang JS. 2005. Fermentative hydrogen
production with Clostridium butyricum CGS5 isolated from anaerobic
sewage sludge. Int. J. Hydrogen Energ. 30:1063–1070. http://dx.doi.org/1
0.1016/j.ijhydene.2004.09.008.

6. Liu IC, Whang LM, Ren WJ, Lin PY. 2011. The effect of pH on the
production of biohydrogen by clostridia: thermodynamic and metabolic
considerations. Int. J. Hydrogen Energ. 36:439 – 449. http://dx.doi.org/10
.1016/j.ijhydene.2010.10.045.

7. Ferchichi M, Crabbe E, Gil GH, Hintz W, Almadidy A. 2005. Influence
of initial pH on hydrogen production from cheese whey. J. Biotechnol.
120:402– 409. http://dx.doi.org/10.1016/j.jbiotec.2005.05.017.

8. Ho KL, Chen YY, Lee DJ. 2010. Biohydrogen production from cellobiose
in phenol and cresol-containing medium using Clostridium sp. Int. J. Hy-
drogen Energ. R1:35:10239-10244.

9. Chin HL, Chen ZS, Chou CP. 2003. Fedbatch operation using Clostrid-
ium acetobutylicum suspension culture as biocatalyst for enhancing hy-
drogen production. Biotechnol. Prog. 19:383–388. http://dx.doi.org/10.1
021/bp0200604.

10. Taguchi F, Chang JD, Mizukami M, Taki TS, Hasegaw K. 1993. Isola-
tion of a hydrogen-producing bacterium, Clostridium beijerinckii strain

AM21B, from termites. Can. J. Microbiol. 39:726 –730. http://dx.doi.org/
10.1139/m93-105.

11. Levin DB, Islam R, Cicek N, Sparling R. 2006. Hydrogen production by
Clostridium thermocellum 27405 from cellulosic biomass substrates. Int. J.
Hydrogen Energ. 31:1496 –1503. http://dx.doi.org/10.1016/j.ijhydene.200
6.06.015.

12. Ågren J, Sundström A, Håfström T, Segerman B. 2012. Gegenees:
fragmented alignment of multiple genomes for determining phylog-
enomic distances and genetic signatures unique for specified target
groups. 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, Stærfeldt 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.

16. Calusinska M, Happe T, Joris B, Wilmotte A. 2010. The surprising
diversity of clostridial hydrogenases: a comparative genomic perspective.
Microbiology 156:1575–1588. http://dx.doi.org/10.1099/mic.0.032771-0.

Wong et al.

Genome Announcements2 genomea.asm.org March/April 2014 Volume 2 Issue 2 e00078-14

http://dx.doi.org/10.1016/j.biortech.2011.04.089
http://dx.doi.org/10.1016/j.biortech.2011.04.089
http://dx.doi.org/10.1016/j.ijhydene.2012.03.151
http://dx.doi.org/10.1016/j.ijhydene.2012.03.151
http://dx.doi.org/10.1016/j.ijhydene.2004.09.008
http://dx.doi.org/10.1016/j.ijhydene.2004.09.008
http://dx.doi.org/10.1016/j.ijhydene.2010.10.045
http://dx.doi.org/10.1016/j.ijhydene.2010.10.045
http://dx.doi.org/10.1016/j.jbiotec.2005.05.017
http://dx.doi.org/10.1021/bp0200604
http://dx.doi.org/10.1021/bp0200604
http://dx.doi.org/10.1139/m93-105
http://dx.doi.org/10.1139/m93-105
http://dx.doi.org/10.1016/j.ijhydene.2006.06.015
http://dx.doi.org/10.1016/j.ijhydene.2006.06.015
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://dx.doi.org/10.1099/mic.0.032771-0
http://genomea.asm.org

	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENTS
	REFERENCES

