Application of nanoSIMS-based, high-resolution chemical imaging for the identification of anaerobic hydrocarbon-degrading microorganisms 
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Isolation of anaerobic hydrocarbon degraders in pure culture is often challenging due to their very long doubling times, or to growth in biofilms or aggregates together with other phylotypes. As an alternative, hydrocarbon-degrading microorganisms can be identified within complex communities, such as enriched cultures or even directly in environmental samples, by fluorescence microscopy and high-resolution chemical imaging. The identification is based on assimilation of 13C into biomass from 13C-labeled hydrocarbon substrates by the hydrocarbon-degrading microorganisms within a relatively short incubation time (pulse-chase experiments), while the other, accompanying microorganisms will not be labeled. The enrichment in 13C is determined at a single-cell level by nanoSIMS analysis. Phylogenetic identity is resolved by hybridization with sequence-specific HRP-labeled oligonucleotide probes, followed by deposition of fluorescent, F-containing tyramides. The targeted cells can be identified by fluorescence microscopy or by the detection of F via nanoSIMS imaging, simultaneous with the detection of 13C. This approach was used to identify sulfate-reducing bacteria able to degrade benzene and gaseous alkanes in enriched cultures. A benzene-degrading enrichment culture was incubated with 13C-benzene in pulse-chase experiments. Hybridization with a sequence-specific oligonucleotide probe followed by nanoSIMS analysis showed that a phylotype affiliated to the Desulfobacterium spp. of the Deltaproteobacteria was highly enriched in 13C, and therefore evidently responsible for the degradation of benzene. Application of molecular biology methods showed that enrichment cultures with propane and butane were dominated (≥70% of the total cell number) by sulfate-reducing bacteria affiliated to the Desulfosarcina/Desulfococcus group of the Deltaproteobacteria. Incubations with 13C-labeled propane or butane followed by hybridization with oligonucleotide probes and nanoSIMS analysis showed that the dominant microorganisms assimilated substantial amounts of 13C, while the accompanying bacteria showed little or no label incorporation. This indicated that the dominant microorganisms were indeed responsible for the short-chain alkane degradation. High-resolution chemical imaging as shown here has a high potential for the identification of hydrocarbon-degrading microorganisms directly in environmental samples.
