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Draft Genome Sequence of the Moderately Halophilic Methanotroph
Methylohalobius crimeensis Strain 10Ki
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Methylohalobius crimeensis strain 10Ki is a moderately halophilic aerobic methanotroph isolated from a hypersaline lake in the
Crimean Peninsula, Ukraine. This organism has the highest salt tolerance of any cultured methanotroph. Here, we present a
draft genome sequence of this bacterium.

Received 13 May 2015 Accepted 18 May 2015 Published 11 June 2015

Citation Sharp CE, Smirnova AV, Kalyuzhnaya MG, Bringel F, Hirayama H, Jetten MSM, Khmelenina VN, Klotz MG, Knief C, Kyrpides N, Op den Camp HJM, Reshetnikov AS, Sakai
Y, Shapiro N, Trotsenko YA, Vuilleumier S, Woyke T, Dunfield PF. 2015. Draft genome sequence of the moderately halophilic methanotroph Methylohalobius crimeensis strain
10Ki. Genome Announc 3(3):e00644-15. doi:10.1128/genomeA.00644-15.

Copyright © 2015 Sharp et al. This is an open-access article distributed under the terms of the Creative Commons Attribution 3.0 Unported license.

Address correspondence to Peter F. Dunfield, pfdunfie@ucalgary.ca.

Methylohalobius crimeensis strain 10Ki tolerates up to 15%
NaCl (1), almost double the level of any other cultured

methanotroph (2). The draft genome was sequenced, assembled,
and annotated by the U.S. Department of Energy Joint Genome
Institute (JGI) using Illumina and Pacific Biosciences (PacBio)
technologies. Using the Illumina HiSeq 2000 (3), 20,000,000 reads
totaling 1,780 Mb were generated from a long-insert mate pair
library and 20,000,000 reads totaling 3,000 Mb from a standard
shotgun library. Illumina sequence data were passed through
DUK to remove known library preparation and sequencing errors
(L. Mingkun, A. Copeland, and J. Han, unpublished data). An
SMRTbell library was constructed and sequenced on the PacBio
RS platform; 115,902 raw PacBio reads yielded 147,692 adapter-
trimmed and quality-filtered subreads totaling 446.8 Mb. Filtered
reads comprising 1365.7� Illumina and 127.7� PacBio genome
coverage were assembled using AllpathsLG (4). The final draft
assembly contained five contigs in five scaffolds. The estimated
size of the genome is 3.5 Mbp, with an average G�C content of
58.3%. In total, 3,404 protein-coding genes and 95 pseudogenes
were predicted.

Diverse genetic systems for osmotolerance were present, in-
cluding (i) ectABCD genes for ectoine and hydroxyectoine synthe-
sis, along with a second copy of ectoine synthase ectC, (ii) a gene
encoding a high-affinity importer of choline/glycine betaine
driven by a sodium-motive force (5), (iii) three gene copies for
choline dehydrogenase and a gene 40% identical to betaine
aldehyde dehydrogenase from Bacillus subtilis, indicating possible
glycine betaine synthesis from choline, and (iv) a pathway for
sucrose synthesis and degradation/reutilization, including genes
for sucrose-phosphate synthase, sucrose synthase, and fructoki-

nase. Na� export and use of a sodium motive force is suggested by
genes encoding a putative Na�/H� antiporter localized within an
ATP synthase-encoding gene cluster, and a complete nqr gene
cluster encoding Na�-pumping NADH:quinone oxidoreductase
(6). There is also a gene cluster for synthesis of gas vesicles, which
play a role in adaptation to hypersaline environments (7). Ge-
nome comparison with the moderately halophilic methanotroph
Methylomicrobium buryatense 5G (8) revealed 59.3% overlap of
their predicted proteomes (at �60% identity).

The genome did not contain mmoXYBZDC genes encoding
soluble methane monooxygenase, verifying earlier biochemical
tests (1). Two nearly identical and complete operons encoding
particulate methane monooxygenase (pmoCAB) were detected,
along with two other orphan pmoC copies. All genes necessary for
carbon fixation via the ribulose monophosphate pathway were
predicted. Genes encoding a pyrroloquinoline quinone (PQQ)–
dependent methanol dehydrogenase, along with an associated
cytochrome c and other proteins predicted to be involved in
Na2�-dependent methanol oxidation, were found in an arrange-
ment (mxaFJGIRSACKLD) identical to that in Methyloccoccus
capsulatus (Bath). Tetrahydromethanopterin- and tetrahydrofolate-
dependent formaldehyde oxidation pathways and a formate dehy-
drogenase were encoded. Complete Embden-Meyerhof-Parnas and
pentose-phosphate pathways, along with a complete TCA cycle, were
predicted, but the Entner-Doudoroff pathway is apparently incom-
plete. An incomplete serine cycle was predicted due to the absence of
phosphoenolpyruvate carboxylase.

Genes encoding for assimilatory nitrate (nasA) and nitrite re-
ductase (nirB), as well as dissimilatory nitric oxide reductase
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(norCB) and hydroxylamine dehydrogenase (haoA), were present.
Nitrogen fixation genes were not.

Nucleotide sequence accession numbers. The Methylohalo-
bius crimeensis strain 10Ki genome sequence was deposited in
GenBank under the accession numbers ATXB01000001 to
ATXB01000005.

ACKNOWLEDGMENTS

This work was supported by an Alberta-Innovates-Technology Futures
(AITF) New Faculty Award and a Natural Sciences and Engineering Re-
search Council of Canada (NSERC) Discovery Grant to P.F.D. C.E.S. was
supported by doctoral fellowships from the NSERC and AITF. The work
conducted by the U.S. Department of Energy Joint Genome Institute is
supported by the Office of Science of the U.S. Department of Energy
under contract no. DE-AC02-05CH11231.

REFERENCES
1. Heyer J, Berger U, Hardt M, Dunfield PF. 2005. Methylohalobius crimeen-

sis gen. nov., sp. nov., a moderately halophilic, methanotrophic bacterium
isolated from hypersaline lakes of Crimea. Int J Syst Evol Microbiol 55:
1817–1826. http://dx.doi.org/10.1099/ijs.0.63213-0.

2. Dunfield PF. 2009. Methanotrophy in extreme environments, encyclope-
dia of life sciences (ELS). John Wiley & Sons, Chichester, United Kingdom.

3. Bennett S. 2004. Solexa Ltd. Pharmacogenomics 5:433– 438. http://
dx.doi.org/10.1517/14622416.5.4.433.

4. Gnerre S, MacCallum I, Przybylski D, Ribeiro FJ, Burton JN, Walker BJ,
Sharpe T, Hall G, Shea TP, Sykes S, Berlin AM, Aird D, Costello M, Daza
R, Williams L, Nicol R, Gnirke A, Nusbaum C, Lander ES, Jaffe DB.
2011. High-quality draft assemblies of mammalian genomes from mas-
sively parallel sequence data. Proc Natl Acad Sci USA 108:1513–1518.
http://dx.doi.org/10.1073/pnas.1017351108.

5. Kappes RM, Kempf B, Bremer E. 1996. Three transport systems for the
osmoprotectant glycine betaine operate in Bacillus subtilis: characterization
of OpuD. J Bacteriol 178:5071–5079.

6. Unemoto T, Hayashi M. 1993. Na�-translocating NADH-quinone reduc-
tase of marine and halophilic bacteria. J Bioenerg Biomembr 25:385–391.
http://dx.doi.org/10.1007/BF00762464.

7. Oren A. 2012. The function of gas vesicles in halophilic archaea and
bacteria: theories and experimental evidence. Life 3:1–20. http://
dx.doi.org/10.3390/life3010001.

8. Khmelenina VN, Beck DA, Munk C, Davenport K, Daligault H, Erkkila
T, Goodwin L, Gu W, Lo C-C, Scholz M, Teshima H, Xu Y, Chain P,
Bringel F, Vuilleumier S, DiSpirito A, Dunfield P, Jetten MS, Klotz MG,
Knief C, Murrell JC, Op den Camp HJM, Sakai Y, Semrau J, Svenning M,
Stein LY, Trotsenko YA, Kalyuzhnaya MG. 2013. Draft genome sequence
of Methylomicrobium buryatense strain 5G, a haloalkaline-tolerant metha-
notrophic bacterium. Genome Announc 1(4):e00053-13. http://
dx.doi.org/10.1128/genomeA.00053-13.

Sharp et al.

Genome Announcements2 genomea.asm.org May/June 2015 Volume 3 Issue 3 e00644-15

http://genomea.asm.org

	Draft Genome Sequence of the Moderately Halophilic Methanotroph Methylohalobius crimeensis Strain 10Ki
	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENTS

	REFERENCES

