Astrobiological potential of icy Worlds
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Goals for space exploration over the coming decades place a strong focus on the search for life in the universe. Accordingly, NASA has outlined ambitious plans to investigate environments relevant to possible extinct or extant life on other icy worlds. These plans include sending spacecraft and rovers to such places as Mars and Europa to return scientific information about these icy worlds and to gain insights into their life support potentials. The icy regions of our own planet provide important analogues that will allow scientists to assess the potential for life on other icy worlds, to design tools to study such life, and to develop decontamination protocols so that extraterrestrial sampling efforts will yield unequivocal results. Antarctica, in particular, provides us with an Earthly analogue owing to the presence of a diversity of cold saline lakes, deep permafrost, extensive glacial ice, and deep subglacial environments. Based on research results from Earth’s polar regions, we now know believe that microbial life can exist within grain boundaries of solid ice, within the dirty layers of permanent lake ice and glaciers, within the surface snow at the South Pole, and as deep as 4 km beneath the surface of the East Antarctic Ice Sheet in systems such as Lake Vostok. 

Importantly, cellular macromolecules, such as nucleic acids, have been shown to be well preserved within Earth’s ice sheets making them potential ice museums for the study of microbial evolution and survival. Recent models have predicted that active cells can survive over hundreds of thousands of years at temperatures reaching -40°C in a mode of maintenance metabolism (i.e., they are not capable of increasing their numbers but they can produce enough metabolic energy to maintain the integrity of DNA and essential proteins). These models have been corroborated by the discovery of microorganisms on Earth that have been revived following  several million years of captivity within permafrost and other icy environments. These findings have implications for the potential life in the martian ice caps, which are thought to be ~100 million years old. 

This presentation will bring together salient points of what is known about the environments on Mars and Europa with data from Earth’s icy regions to draw conclusions about the astrobiological potential of these extraterrestrial worlds. 

