Domestication of uncultivated microorganisms from soil samples
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The majority of microorganisms from natural environments cannot be grown in the lab by standard cultivation techniques. The diffusion chamber-based approach (Kaeberlein et al. 2002 Science 296: 1127-1129) is an alternative method to grow microorganisms in a simulated natural environment. We observed (Nichols et al., unpubl.) that continuous cultivation in diffusion chambers of species initially incapable of growing in Petri dish eventually leads to production of their cultivable variants, and thus to their domestication.  Here we use this approach to cultivate and domesticate microorganisms from subsurface soil samples from the FRC site (borehole FW111, area3).  The microorganisms were extracted from the soil samples and incubated in diffusion chambers.  The incubations took place in containers filled with wetted soil.  After several weeks of incubation, the content of diffusion chambers was inoculated into a new generation of diffusion chambers, to the total of three such generations.  In parallel, the chamber-grown material was inoculated into Petri dishes to monitor the process of domestication and subsequent isolation of growing microorganisms. 

Phylogenetic analysis based on 16SrRNA sequences revealed clear differences between species diversity in Petri dishes inoculated with soil material as compared to Petri dishes inoculated with material from the diffusion chambers. The isolates obtained by standard approaches belong to Alpha- and Gamma-Proteobacteria, Actinobacteria and Verrucomicrobia.  Petri dishes inoculated with diffusion chambers-grown material contained bacteria from the phyla, Alpha-, Beta-, and Gamma-Proteobacteria, Actinobacteria, Firmicutes, and CFBs. Interestingly, several isolates could only be obtained from material passaged through multiple diffusion chambers, and were never observed in the earlier generations of the chambers or in Petri dishes inoculated directly by environmental samples. Several of the isolates are close related to bacteria found in different experiments with molecular methods. 

In conclusion passaging environmental microorganisms through the diffusion chamber leads to the domestication of many previously uncultivated microorganisms, which enables their isolation in pure culture. The diffusion chamber-based domestication does select for specific microorganisms, the associated biases are different from those of traditional culture techniques. This provides access to cultures of at least some microorganisms previously known only by their molecular signatures. 
