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Organisms capable of autotrophic metabolism are an integral part of ecosystems. In fact, it can be argued that autotrophy is a requirement for life to exist anywhere and chemolithoautotrophs – organisms that acquire energy from the oxidation of inorganic compounds and are able to use inorganic carbon as the source for cell carbon – are likely to have been one of the first types of organisms on Earth. These organisms most likely existed under conditions that are today confined to what one may describe as extreme environments. Organisms that thrive under those conditions primarily utilize carbon fixation pathways other than the Calvin cycle. Yet, very little is known about the organisms responsible for primary production in these ecosystems. The goal of our project is to better understand the evolutionary history and ecological significance of these so-called alternative carbon fixation pathways. We are particularly focusing on the reductive TCA (rTCA) cycle, which occurs in phylogenetically diverse prokaryotes whose growth conditions fit well with our view of the primitive Earth. We have used a combination of enzyme activity measurements and the detection of key genes, particularly ATP citrate lyase (ACL), to obtain evidence for the operation of this pathway in a variety of prokaryotes. Furthermore, our expanded data set of ACL sequences allows us to reconstruct the evolutionary history of ACL and the rTCA cycle, and to assess the ecological importance of organisms using this pathway in the environment. The ecological and evolutionary implications of our findings will be discussed.

