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The draft genome sequence of Ruminoclostridium sp. Ne3 was reconstructed from the metagenome of a hydrogenogenic micro-
bial consortium growing on xylan. The organism is likely the primary hemicellulose degrader within the consortium.
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Global desire to use hydrogen as an energy source is growing as
it is environmentally less damaging, greenhouse neutral, and

has a high energy density (1, 2). Commercial production of hy-
drogen is mainly undertaken by physicochemical methods,
though increasingly, biogenetically produced hydrogen is of inter-
est due to its low cost and the potential to use waste streams as
feedstock (3, 4). Biogenic hydrogen is produced as an end product
of dark fermentation and is normally coproduced with some form
of reduced carbon, typically CO2 (5). Termites naturally host pro-
karyotes that facilitate lignocelluloses digestion, including taxa
that are known to produce hydrogen (6, 7). An enrichment cul-
ture, designated 1 TC, from the gut of a worker Nasutitermes exi-
tiosus (collected, 33°45=34� S; 150°59=25�E) was shown to convert
xylan to commercially significant quantities of hydrogen with rel-
atively little CO2 production.

The 1 TC culture was sequenced using Illumina HiSeq 2000,
and resultant reads were assembled using Velvet 1.1.07. The met-
agenome was binned using short k-mer tools into genomes (8). In
total, the metagenome encompassed three mostly complete clos-
tridial genomes, two Clostridiaceae sensu stricto (9, 10) and one
Ruminococcaceae genome. This manuscript describes the genome
of the Ruminococcaceae taxon, Ruminoclostridium sp. Ne3. The
closest completely sequenced relatives to Ne3 were Ruminoclos-
tridium cellulosi (11) and Ethanoligenens harbinense (12). Based on
16S rRNA comparisons, undertaken separately using 16S PCR,
and classification using RDP (13), Ne3 was most closely related to
R. cellulosi (sequence, RDP: S001243254). Ne3 accounted for
12.9% of the metagenome and comprised 267 large (�200 bp)
contigs which totaled ~2.6 Mbp. The mean, median, and N50 con-
tig lengths were 10,023 bp, 8,233 bp, and 10,188 bp, respectively.
The longest contig was 47,843 bp, and the G�C content was 54%.
Annotation was performed using IMG-ER (Integrated Microbial
Genomes Expert Review) (14), which predicted a total of 2,596
protein-coding genes and 36 structural RNAs. The annotated ge-
nome is available for download at IMG-ER (http://img.jgi.doe
.gov/mer), and the sequences and metadata are available at the

European Nucleotide Archive under accession no. PRJEB8629
(http://www.ebi.ac.uk/ena/data/view/PRJEB8629).

In order to understand how the 1 TC culture converts xylan to
hydrogen, the carbohydrate active enzymes and hydrogenases that
the component genomes possess were examined using the dbCAN
(http://csbl.bmb.uga.edu/dbCAN/index.php) (15) and Pfam
(http://pfam.xfam.org/) (16) online tools. It seems likely that Ru-
minoclostridium sp. Ne3 is the primary degrader of xylan in the
consortium. Its genome encodes an array of catabolic genes in-
cluding glycoside hydrolases from families implicated in activities
against hemicellulose including various xylanases and xylogluca-
nases (GHs: 5, 8, 30, and 74), debranching enzymes (GH51, 67, 78,
106, and 127), and enzymes with activities against hemicelluloses-
derived oligosaccharides (GH1, 2, 3, 39, and 105). Similar genes
have been previously observed in termite microbiomes (17, 18).
Along with carbohydrate active genes, genes involved in hydrogen
production were also detected in Ne3, including two FeFe hydro-
genases (PF02906, PF02256) and a NiFe hydrogenase (PF00374).
Work to further characterize the genome of this taxon is ongoing.

Nucleotide sequence accession numbers. This whole-
genome shotgun project has been deposited at DDBJ/EMBL/
GenBank under the accession numbers CEMF01000001 through
CEMF01000267.

ACKNOWLEDGMENTS

We thank CSIRO-University of Science and Techology, Beijing, and
China Scholarship Council for the support of this project.

We also thank Nicholas Cooper of Systems Pest Management Pty. Ltd.
(Epping, Australia) for collecting Nasutitermes exitiosus from which the
1 TC culture was derived. Additionally, we thank Se Gong (CSIRO) for
assistance with gas chromatography work that supported the study.

REFERENCES
1. Show KY, Lee DJ, Tay JH, Lin CY, Chang JS. 2012. Biohydrogen

production: current perspectives and the way forward. Int J Hydrogen Energ
37:15616–15631. http://dx.doi.org/10.1016/j.ijhydene.2012.04.109.

2. Rahmouni S, Settou N, Chennouf N, Negrou B, Houari M. 2014. A
technical, economic and environmental analysis of combining geothermal

crossmark

Genome AnnouncementsMarch/April 2015 Volume 3 Issue 2 e00305-15 genomea.asm.org 1

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00305-15&domain=pdf&date_stamp=2015-4-23
http://genomea.asm.org


energy with carbon sequestration for hydrogen production. Energ Proce-
dia 50:263–269. http://dx.doi.org/10.1016/j.egypro.2014.06.032.

3. Azwar MY, Hussain MA, Abdul-Wahab AK. 2014. Development of
biohydrogen production by photobiological, fermentation and electro-
chemical processes: a review. Renewable Sustain Energ Rev 31:158 –173.
http://dx.doi.org/10.1016/j.rser.2013.11.022.

4. Yasin NH, Mumtaz T, Hassan MA, Abd Rahman N. 2013. Food waste
and food processing waste for biohydrogen production: a review. J Envi-
ron Manage 130:375–385. http://dx.doi.org/10.1016/ j.jenv-
man.2013.09.009.

5. Elsharnouby O, Hafez H, Nakhla G, El Naggar MH. 2013. A critical
literature review on biohydrogen production by pure cultures. Int J Hy-
drogen Energ 38:4945– 4966. http://dx.doi.org/10.1016/ j. i-
jhydene.2013.02.032.

6. Warnecke F, Luginbühl P, Ivanova N, Ghassemian M, Richardson TH,
Stege JT, Cayouette M, McHardy AC, Djordjevic G, Aboushadi N,
Sorek R, Tringe SG, Podar M, Martin HG, Kunin V, Dalevi D, Made-
jska J, Kirton E, Platt D, Szeto E, Salamov A, Barry K, Mikhailova N,
Kyrpides NC, Matson EG, Ottesen EA, Zhang X, Hernandez M, Murillo
C, Acosta LG, Rigoutsos I, Tamayo G, Green BD, Chang C, Rubin EM,
Mathur EJ, Robertson DE, Hugenholtz P, Leadbetter JR. 2007. Metag-
enomic and functional analysis of hindgut microbiota of a wood-feeding
higher termite. Nature 450:560 –565. http://dx.doi.org/10.1038/ na-
ture06269.

7. Varm A, Kolli BK, Paul J, Saxena S, König H. 1994. Lignocellulose
degradation by microorganisms from termite hills and termite guts: a
survey on the present state of art. FEMS Microbiol Rev 15:9 –28. http://
dx.doi.org/10.1111/j.1574-6976.1994.tb00120.x.

8. Dick GJ, Andersson AF, Baker BJ, Simmons SL, Thomas BC, Yelton
AP, Banfield JF. 2009. Community-wide analysis of microbial genome
sequence signatures. Genome Biol 10:R85. http://dx.doi.org/10.1186/gb
-2009-10-8-r85.

9. Wang H, Lin H, Tran-Dinh N, Li D, Greenfield P, Midgley DJ. 2015.
Draft genome sequence of Clostridium beijerinckii Ne1 from an enrich-
ment culture obtained from the Australian subterranean termite, Nasuti-
termes exitiosus. Genome Announc 3(2):e00303-15. http://dx.doi.org/
10.1128/genomeA.00303-15.

10. Wang H, Lin H, Tran-Dinh N, Li D, Greenfield P, Midgley DJ. 2015.

Draft genome sequence of Clostridium sp. Ne2 from an enrichment cul-
ture obtained from the Australian subterranean termite, Nasutitermes exi-
tiosus. Genome Announc 3(2):e00304-15. http://dx.doi.org/10.1128/
genomeA.00304-15.

11. Koeck DE, Wibberg D, Maus I, Winkler A, Albersmeier A, Zverlov VV,
Liebl W, Pühler A, Schwarz WH, Schlüter A. 2014. Complete genome
sequence of the cellulolytic thermophile Ruminoclostridium cellulosi wild-
type strain DG5 isolated from a thermophilic biogas plant. J Biotechnol
188C:136 –137. http://dx.doi.org/10.1016/j.jbiotec.2014.08.024.

12. Xing D, Ren N, Li Q, Lin M, Wang A, Zhao L. 2006. Ethanoligenens
harbinense gen. nov., sp. nov., isolated from molasses wastewater. Int J Syst
Evol Microbiol 56:755–760. http://dx.doi.org/10.1099/ijs.0.63926-0.

13. Wang Q, Garrity GM, Tiedje JM, Cole JR. 2007. Naïve Bayesian classifier
for rapid assignment of rRNA sequences into the new bacterial taxonomy.
Appl Environ Microbiol 73:5261–5267. http://dx.doi.org/10.1128/
AEM.00062-07.

14. Markowitz VM, Chen IM, Palaniappan K, Chu K, Szeto E, Pillay M,
Ratner A, Huang J, Woyke T, Huntemann M, Anderson I, Billis K,
Varghese N, Mavromatis K, Pati A, Ivanova NN, Kyrpides NC. 2014.
IMG 4 version of the integrated microbial genomes comparative analysis
system. Nucleic Acids Res 42:D560 –D567. http://dx.doi.org/10.1093/nar/
gkt963.

15. Yin Y, Mao X, Yang J, Chen X, Mao F, Xu Y. 2012. dbCAN: a Web
resource for automated carbohydrate-active enzyme annotation. Nucleic
Acids Res 40:W445–W451. http://dx.doi.org/10.1093/nar/gks479.

16. Finn RD, Miller BL, Clements J, Bateman A. 2014. iPfam: a database of
protein family and domain interactions found in the Protein Data Bank. Nu-
cleic Acids Res 42:D364–D373. http://dx.doi.org/10.1093/nar/gkt1210.

17. Do TH, Nguyen TT, Nguyen TN, Le QG, Nguyen C, Kimura K, Truong
NH. 2014. Mining biomass-degrading genes through Illumina-based de
novo sequencing and metagenomic analysis of free-living bacteria in the
gut of the lower termite Coptotermes gestroi harvested in Vietnam. J Biosci
Bioeng 118:665– 671. http://dx.doi.org/10.1016/j.jbiosc.2014.05.010.

18. Sethi A, Slack JM, Kovaleva ES, Buchman GW, Scharf ME. 2013.
Lignin-associated metagene expression in a lignocellulose-digesting ter-
mite. Insect Biochem Mol Biol 43:91–101. http://dx.doi.org/10.1016/
j.ibmb.2012.10.001.

Wang et al.

Genome Announcements2 genomea.asm.org March/April 2015 Volume 3 Issue 2 e00305-15

http://genomea.asm.org

	Draft Genome Sequence of Ruminoclostridium sp. Ne3 from an Enrichment Culture Obtained from the Australian Subterranean Termite, Nasutitermes exitiosus
	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENTS

	REFERENCES

