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            Abstract
Proteorhodopsins are light-dependent proton pumps that are predicted to have an important role in the ecology of the oceans by supplying energy for microbial metabolism1,2. Proteorhodopsin genes were first discovered through the cloning and sequencing of large genomic DNA fragments from seawater1. They were later shown to be widely distributed, phylogenetically diverse, and active in the oceans3,4,5,6,7. Proteorhodopsin genes have not been found in cultured bacteria, and on the basis of environmental sequence data, it has not yet been possible to reconstruct the genomes of uncultured bacterial strains that have proteorhodopsin genes. Although the metabolic effect of proteorhodopsins is uncertain, they are thought to function in cells for which the primary mode of metabolism is the heterotrophic assimilation of dissolved organic carbon. Here we report that SAR11 strain HTCC1062 (‘Pelagibacter ubique’)8, the first cultivated member of the extraordinarily abundant SAR11 clade, expresses a proteorhodopsin gene when cultured in autoclaved seawater and in its natural environment, the ocean. The Pelagibacter proteorhodopsin functions as a light-dependent proton pump. The gene is expressed by cells grown in either diurnal light or in darkness, and there is no difference between the growth rates or cell yields of cultures grown in light or darkness.
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                    Figure 1: 
                        Phylogenetic relationships between proteorhodopsin amino acid sequences.
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Figure 2: 
                        Pelagibacter
                         proteorhodopsin peptide (PR3), detected by tandem MALDI mass spectrometry.
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Figure 3: 
                        Spectroscopy.
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Figure 4: 
                        Growth characteristics of HTCC1062.
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        Editorial Summary
SAR11: basking in the light
Proteorhodopsin genes were discovered, as DNA fragments in sea water, long before anybody knew what organisms they came from. They encode light-dependent proton pumps that are thought to have a central role in ocean ecology by supplying the energy for microbial metabolism, and now the intact proteorhodopsin system has been tracked down. It is found in SAR11, one of the most abundant organisms on the planet. SAR11, recently renamed Pelagibacter ubique, was synonymous with uncultured microbial diversity until it was first cultured in 2002. These organisms have proteorhodopsin proton pumps and have the odd (for a light-gatherer) ability to grow equally as well in the dark as in the light. SAR11 is out there in the oceans competing with the likes of cyanobacteria for a niche amongst the bacterioplankton. Now it seems that the cyanobacteria may have outside assistance. Viruses (or phages) that infect the ubiquitous cyanobacteria Prochlorococcus do more than just use their DNA to force the host to make more phage. The viral genome contains photosynthesis genes, possibly captured from cyanobacterial hosts long ago. These encode proteins that combine with host photosynthetic machinery to ensure that the host provides the phage with the energy necessary to produce phage progeny.
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