Mechanisms of osmoadaptation in stromatolites of Shark Bay, Australia
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The living stromatolites of Shark Bay, Australia, represent analogues of some of the oldest life on Earth. Our previous studies have revealed extensive microbial diversity in these hypersaline systems, however to date nothing is known of the mechanisms by which stromatolite microorganisms adapt to osmotic stress. This is important to understand their persistence throughout Earth’s history. Thus the aim of this study was to characterise the genetic and physiological basis for tolerance to high salinity in stromatolite microorganisms and identify potentially innovative strategies. Degenerate and adaptor-mediated PCR were employed to characterise several candidate genes for the uptake of osmoprotectants. Natural abundance NMR Spectroscopy was used to test for the presence and accumulation of specific osmoprotectants. Results revealed for the first time the occurrence of osmoprotectants trehalose and glycine betaine (GB) under low salinity in a new halophilic archaeon. Under higher salinities, trehalose and GB levels decreased followed by accumulation of glutamate and other amino acids. We also detected the presence of GB production in a cyanobacterium that showed morphological changes under different salinities. Furthermore, we identified a novel type of bacterial GB uptake system (comprising three different transporters) and several genes encoding salinity-regulated proteins. Interestingly, a putative transposase gene was also identified adjacent to a gene encoding a GB transporter, suggesting the potential for lateral gene transfer among stromatolite microorganisms. This study has broader implications above and beyond understanding osmotolerance strategies that may have developed in early Earth hypersaline systems, including nutrient cycling and biotechnological applications of stromatolites.
