Mapping habitable environments by studying physiological changes in microbial communities at life’s upper temperature boundary
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Understanding the role of temperature in constraining biologically habitable environments is fundamental to evaluating the extent of contemporary biogeochemical cycles as well as microbial evolution throughout Earth’s history.  Microbiological studies of geothermal environments have pushed temperature limits upwards in recent years following the discovery of deep-sea hydrothermal vents and the concurrent development of culture-independent approaches to study microbial communities.  Laboratory studies have placed an upper boundary to microbial growth at ~121°C, and a limit to enzymatic activity at ~130°C.  However, recent findings have expanded our view of biogeochemistry in high temperature environments and provided intriguing data that support the existence of viable microbial communities beyond currently accepted limitations.  In these systems, due to overlap of living, fossilized, and abiogenic signals, it is clear that the careful, integrated study of both biological and geological features is critical to delineate the processes operative at and above life’s upper temperature boundary.  To elucidate changes in microbial community physiology commensurate with temperature differences, an integrated microscopic and biochemical approach was developed using laboratory cultures of hyperthermophilic microorganisms and applied to thermal gradients within the walls of active deep-sea hydrothermal chimneys.  Results of this work provide insight into physiological factors that constrain microbial activities in situ and can easily be combined with detailed studies of microbial genetics and biochemistry.  We will show that the complexity of biogenic and abiogenic signatures within these high temperature environments provides an ideal setting to develop and test criteria for life detection and characterization in similar environments on other planets. 

