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Abstract

Microcoleus vaginatus is a filamentous cyanobacterium (Order Oscillatoriales)
that is abundant in surface soils in arid lands worldwide. The genome of M.
vaginatus strain FGP-2 was sequenced to explore the genomic basis for
photosynthesis, dessication tolerance, ability to produce novel alkanes, and other
features which contribute to this organism’s ability to pioneer colonization of bare

aridosols and function as a major component of biological soil crusts.

Introduction

Arid lands comprise about 40% of the total Earth land mass, and much of the
undisturbed soil surface in arid lands worldwide is colonized by biological soil
crusts (biocrusts) (1). Cyanobacteria in the genus Microcoleus, particularly strains of
M. vaginatus are the most abundant in biocrusts worldwide, where they help
stabilize the soil surface and contribute significantly to soil carbon inputs (1).

The ‘improved high quality draft’ (4) genome of M. vaginatus strain FGP-2, an
isolate from a dark pinnacled crust near Moab, UT, assembled into 6,698,929 bp
distributed across 40 contigs with an average GC content of 46%. Automated gene
modeling produced 5478 genes, of which 64% could be assigned a predicted
function. Comparison of M. vaginatus FGP-2 to the marine isolate, Microcoleus
chthonoplastes PCC 7420 (8) via a modified version of Ortholuge (7) identified only
2044 orthologs, suggesting considerable divergence, and confirming that these two

organisms are not closely related (9).
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The M. vaginatus draft genome encodes three nearly identical (98% protein
identity) copies of D1, a major target protein in photodamage, which presumably
enable M. vaginatus to quickly express and replace photoinactivated D1. Each of the
three paralogs encode a glutamate (Glu) at position 130, instead of glutamine (GIn).
In Synechocystis PCC6803, the Glu containing D1 form has been shown to increase
phototolerance under high light conditions (3) and site-directed mutagenesis of D1-
Q130E at position 130 (Gln to Glu conversion) ultimately reduces oxidative damage
caused by back electron flow in PSII (5, 11).

Arid land soil microorganisms are subjected to extremes in temperature,
salinity, and moisture availability, and may accumulate organic compounds as
osmoregulatory solutes in response to salt stress and dessication (10,12, 13). A
gene cluster encoding homologs of malto-oligosyltrehalose synthase and malto-
oligosyltrehalose trehalohydrolase (TreYZ) was identified. These genes may enable
M. vaginatus to synthesize trehalose from glycogen (15), which is typical of
moderately osmotolerant cyanobacteria (12), and agrees with early physiological
studies (2). The genome also houses a trehalose synthase homolog, which could be
important for either the synthesis or degradation of trehalose from maltose (15).

Directly downstream of TreYZ are homologs of an acyl-acp reductase and an
aldehyde decarbonylase, the products of which have been experimentally verified to
synthesize heptadecane and pentadecane alkanes in multiple cyanobacterial genera
(14). The is consistent with a previous report indicating that an isolate of M.
vaginatus produces an unusual variety of branched alkanes and apolar carbon

compounds, the most dominant being heptadecane (6).
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The genome of M. vaginatus FGP-2 constitutes an invaluable tool to
understand the unique adaptations that enable microbial colonization of arid

environments as well as the potential for generation of alternative biofuels.

Nucleotide sequence accession number. The sequence and annotation of the
draft genome of M. vaginatus FGP-2 is available at GenBank/EMBL/DDBJ under

accession number XXXXXXXX.

Acknowledgements
This project was funded by the U.S. Department of Energy Office of Biological
and Environmental Research through an LSP grant to CRK. Sequencing and

annotation was conducted by the DOE Joint Genome Institute.



81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

References

1.

Belnap, J., and O. L. Lange. 2001. Biological soil crusts : structure, function,
and management. Springer, Berlin ; New York.

Brock, T. D. 1975. Effect of Water Potential on a Microcoleus
(Cyanophyceae) from a Desert Crust. Journal of Phycology 11:316-320.
Campbell, D., G. Zhou, P. Gustafsson, G. Oquist, and A. K. Clarke. 1995.
Electron transport regulates exchange of two forms of photosystem I D1
protein in the cyanobacterium Synechococcus. EMBO | 14:5457-66.

Chain, P. S., D. V. Grafham, R. S. Fulton, M. G. Fitzgerald, ]. Hostetler, D.
Muzny, J. Alj, B. Birren, D. C. Bruce, C. Buhay, J. R. Cole, Y. Ding, S. Dugan,
D. Field, G. M. Garrity, R. Gibbs, T. Graves, C. S. Han, S. H. Harrison, S.
Highlander, P. Hugenholtz, H. M. Khouri, C. D. Kodira, E. Kolker, N. C.
Kyrpides, D. Lang, A. Lapidus, S. A. Malfatti, V. Markowitz, T. Metha, K. E.
Nelson, J. Parkhill, S. Pitluck, X. Qin, T. D. Read, ]J. Schmutz, S.
Sozhamannan, P. Sterk, R. L. Strausberg, G. Sutton, N. R. Thomson, J. M.
Tiedje, G. Weinstock, A. Wollam, and J. C. Detter. 2009. Genomics. Genome
project standards in a new era of sequencing. Science 326:236-7.

Cser, K., and I. Vass. 2007. Radiative and non-radiative charge
recombination pathways in Photosystem II studied by thermoluminescence
and chlorophyll fluorescence in the cyanobacterium Synechocystis 6803.
Biochim Biophys Acta 1767:233-43.

Dembitsky, V. M,, I. Dor, 1. Shkrob, and M. Aki. 2001. Branched alkanes and

other apolar compounds produced by the cyanobacterium Microcoleus



104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

10.

11.

12.

13.

14.

vaginatus from the Negev Desert. Russian Journal of Bioorganic Chemistry
27:110-119.

Fulton, D. L., Y. Y. Li, M. R. Laird, B. G. Horsman, F. M. Roche, and F. S.
Brinkman. 2006. Improving the specificity of high-throughput ortholog
prediction. BMC Bioinformatics 7:270.

Garcia-Pichel, F., L. Prufert-Bebout, and G. Muyzer. 1996. Phenotypic and
phylogenetic analyses show Microcoleus chthonoplastes to be a
cosmopolitan cyanobacterium. Appl Environ Microbiol 62:3284-91.
Garcia-Pichel, F., and M. F. Wojciechowski. 2009. The evolution of a
capacity to build supra-cellular ropes enabled filamentous cyanobacteria to
colonize highly erodible substrates. PLoS One 4:e7801.

Hagemann, M. 2011. Molecular biology of cyanobacterial salt acclimation.
FEMS Microbiol Rev 35:87-123.

Ohad, I, H. Raanan, N. Keren, D. Tchernov, and A. Kaplan. 2010. Light-
induced changes within photosystem II protects Microcoleus sp. in biological
desert sand crusts against excess light. PLoS One 5:e11000.

Potts, M. 1999. Mechanisms of desiccation tolerance in cyanobacteria.
European Journal of Phycology 34:319-328.

Reed, R. H,, D. L. Richardson, S. R. C. Warr, and W. D. P. Stewart. 1984.
Carbohydrate Accumulation and Osmotic-Stress in Cyanobacteria. Journal of
General Microbiology 130:1-4.

Schirmer, A., M. A. Rude, X. Li, E. Popova, and S. B. del Cardayre. 2010.

Microbial biosynthesis of alkanes. Science 329:559-62.



127

128

129

130

131

15.

Wolf, A, R. Kramer, and S. Morbach. 2003. Three pathways for trehalose
metabolism in Corynebacterium glutamicum ATCC13032 and their

significance in response to osmotic stress. Mol Microbiol 49:1119-34.



