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Bacillus marmarensis strain DSM 21297 is an extreme obligate alkaliphile able to grow in medium up to pH 12.5. A whole-
shotgun strategy and de novo assembly led to the generation of a 4-Mbp genome of this strain. The genome features alkaliphilic
adaptations and pathways for n-butanol and poly(3-hydroxybutyrate) synthesis.
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Bacillus marmarensis strain DSM 21297 is an extreme obligate
alkaliphile isolated from mushroom compost near the Mar-

mara region of Turkey (1). B. marmarensis has been shown to
grow in medium up to pH 12.5 and to possess an extracellular
protein and starch-hydrolyzing phenotype (2). This makes
B. marmarensis an attractive source of biotechnologically and in-
dustrially applicable hydrolases. Currently, with a market surpass-
ing $2 billion annually, such alkaline-stable hydrolases have appli-
cations in detergents, food additives, and biomass degradation
(3). Additionally, only limited genomic information is available
for strains that are viable in medium beyond pH 12.0. We report
here a draft genome sequence of B. marmarensis showing several
extracellular hydrolases and biofuel synthesis pathways, and we
provide a set of genomic data for the study of extremely alkaliphi-
lic evolution.

B. marmarensis genomic DNA was isolated from a culture
grown for 24 h at 37°C in alkaline nutrient broth with a Qiagen
DNeasy blood and tissue kit according to the manufacturer’s pro-
tocol for Gram-positive microbes. The genomic DNA was con-
centrated by isopropanol precipitation as per standard techniques
(4). DNA was sheared and ligated to Illumina adaptors for 100-bp
paired-end runs. The sequencing was performed on an Illumina
HiSeq 2000 system in the University of California Los Angeles
(UCLA) Ely and Edythe Broad Center of Regenerative Medi-
cine and Stem Cell Research High-Throughput Sequencing Core.
The sequencing reads were quality filtered using the FASTX tool-
kit (http://hannonlab.cshl.edu/fastx_toolkit/index.html) and up-
loaded to the UCLA CNSI Hoffman2 computer cluster for assem-
bly. The assembly was performed using Velvet 1.2.03 (5) with a
k-mer of 78 bp, a minimum contig length of 200 bp, and a cover-
age cutoff of 90�. A total of 5.9 million sequence reads were as-
sembled, giving 127-fold coverage of the genome. Genome anno-
tation was performed using both the RAST server (6) and the
NCBI GenBank Prokaryotic Genome Automatic Annotation
Pipeline (7). The annotation was visualized using Pathway Tools
from SRI International (8).

The draft genome consists of 93 large (�500 bp) contigs total-
ing 4.0 Mb, with a G�C content of 40.2%. A total of 4,195 pre-
dicted coding sequences were identified, and 1,889 coding se-
quences were assigned a predicted function. Among these, 37
tRNA sequences and 7 rRNA clusters were found. Several extra-
cellular hydrolases of industrial importance were annotated: 7
proteases, 6 amylases, 2 cellulases, and 1 lipase. Also, metabolic
pathways for the production of the drop-in ready biofuel
n-butanol (9) and biodegradable plastic poly(3-hydroxybutyrate)
(10) were annotated.

Several known adaptations of alkaliphiles were also found in
the genome. These include a high number of sodium-proton an-
tiporters (11), sodium-dependent flagellum rotor proteins (12),
and a specialized F1F0-ATPase (13). Interestingly, the F1F0-
ATPase of neutrophilic bacteria contains a GxGxGxG motif in the
C subunit that mutates toward AxAxAxA in alkaliphiles; increas-
ing A residues correlate with greater alkaliphilicity (14). However,
B. marmarensis displays a novel variant of GxSxAxA. This finding,
and the rest of the genome, may reveal other unique adaptations
necessary for growth in medium beyond pH 12.0.

Nucleotide sequence and accession numbers. This whole-
genome shotgun project has been deposited at DDBJ/EMBL/Gen-
Bank under the accession no. ATAE00000000. The version de-
scribed in this paper is version ATAE01000000.

ACKNOWLEDGMENTS

This work was supported by the Kaiteki Institute and performed in a
“co-laboratory” renovated by the National Science Foundation under
grant no. 0963183 (funded under the American Recovery and Reinvest-
ment Act of 2009).

We thank Matteo Pellegrini (UCLA) for assistance in genome se-
quencing and assembly.

REFERENCES
1. Denizci AA, Kazan D, Erarslan A. 2010. Bacillus marmarensis sp. nov., an

alkaliphilic, protease-producing bacterium isolated from mushroom
compost. Int. J. Syst Evol. Microbiol. 60:1590 –1594.

Genome AnnouncementsNovember/December 2013 Volume 1 Issue 6 e00967-13 genomea.asm.org 1

http://creativecommons.org/licenses/by/3.0/
http://hannonlab.cshl.edu/fastx_toolkit/index.html
http://www.ncbi.nlm.nih.gov/nuccore?term=ATAE00000000
http://genomea.asm.org


2. Chandna P, Nain L, Singh S, Kuhad RC. 2013. Assessment of bacterial
diversity during composting of agricultural byproducts. BMC Microbiol.
13:99. doi:10.1186/1471-2180-13-99.

3. Fujinami S, Fujisawa M. 2010. Industrial applications of alkaliphiles and
their enzymes—past, present and future. Environ. Technol. 31:845– 856.

4. Sambrook J, Russell DW. 2006. The condensed protocols from molecular
cloning: a laboratory manual. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY.

5. Zerbino DR, Birney E. 2008. Velvet: algorithms for de novo short read
assembly using de Bruijn graphs. Genome Res. 18:821– 829.

6. 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. doi:1
0.1186/1471-2164-9-75.

7. Angiuoli SV, Gussman A, Klimke W, Cochrane G, Field D, Garrity G,
Kodira CD, Kyrpides N, Madupu R, Markowitz V, Tatusova T, Thom-
son N, White O. 2008. Toward an online repository of Standard Operat-
ing Procedures (SOPs) for (meta)genomic annotation. Omics 12:
137–141.

8. Karp PD, Paley SM, Krummenacker M, Latendresse M, Dale JM, Lee

TJ, Kaipa P, Gilham F, Spaulding A, Popescu L, Altman T, Paulsen I,
Keseler IM, Caspi R. 2010. Pathway tools version 13.0: integrated soft-
ware for pathway/genome informatics and systems biology. Brief. Bioin-
form. 11:40 –79.

9. Shen CR, Lan EI, Dekishima Y, Baez A, Cho KM, Liao JC. 2011. Driving
forces enable high-titer anaerobic 1-butanol synthesis in Escherichia coli.
Appl. Environ. Microbiol. 77:2905–2915.

10. Keshavarz T, Roy I. 2010. Polyhydroxyalkanoates: bioplastics with a
green agenda. Curr. Opin. Microbiol. 13:321–326.

11. Ito M, Guffanti AA, Zemsky J, Ivey DM, Krulwich TA. 1997. Role of the
nhaC-encoded Na�/H� antiporter of alkaliphilic bacillus firmus OF4. J.
Bacteriol. 179:3851–3857.

12. Terahara N, Krulwich TA, Ito M. 2008. Mutations alter the sodium
versus proton use of a Bacillus clausii flagellar motor and confer dual ion
use on Bacillus subtilis motors. Proc. Natl. Acad. Sci. U. S. A. 105:
14359 –14364.

13. Liu J, Fujisawa M, Hicks DB, Krulwich TA. 2009. Characterization of the
functionally critical AXAXAXA and PXXEXXP motifs of the ATP synthase
c-subunit from an alkaliphilic bacillus. J. Biol. Chem. 284:8705– 8716.

14. Preiss L, Klyszejko AL, Hicks DB, Liu J, Fackelmayer OJ, Yildiz Ö,
Krulwich TA, Meier T. 2013. The c-ring stoichiometry of ATP synthase is
adapted to cell physiological requirements of alkaliphilic bacillus pseudo-
firmus OF4. Proc. Natl. Acad. Sci. U. S. A. 110:7874 –7879.

Wernick et al.

Genome Announcements2 genomea.asm.org November/December 2013 Volume 1 Issue 6 e00967-13

http://dx.doi.org/10.1186/1471-2180-13-99
http://dx.doi.org/10.1186/1471-2164-9-75
http://dx.doi.org/10.1186/1471-2164-9-75
http://genomea.asm.org

	Genome Sequence of the Extreme Obligate Alkaliphile Bacillus marmarensis Strain DSM 21297
	Nucleotide sequence and accession numbers. 
	ACKNOWLEDGMENTS
	REFERENCES


