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Abstract

A central issue of interest in Astrobiology is; ”what are the environmental limits of microbial metabolic
activity”? This question is crucial to such issues as where life might be found in the solar system, where
life might found in extreme environments on the Earth, and how life may have survived and evolved
through difficult periods. For example, the last refuges of life on the surface of Mars may well have
been environments where low temperatures restricted organisms to low rates of metabolism and created
difficulties in repairing damage caused by background radiation (McKay 1997). Another example is
whether microorganisms might exist under the ice of Europa (McKay 2008).

One of the limiting factors in the survival of ”dormant” organisms is difficulty in repairing damage to
various large molecules such as DNA. In the past, it had been assumed that microbes are not metabolically
active and are unable to repair any damage they suffer below the freezing point of water. More recent
work has shown this not to be true (Vestal 1988; Friedmann et al. 1993; Schroeter et al. 1994; Rivkina
et al. 2000; Christner 2002; Price and Sowers 2004; Junge et al. 2006; Panikov et al. 2006). However, if
such activity exists, it likely exists at only low levels. For this reason, we are studying the incorporation
of 125I-deoxyuridine (125IdU) into DNA as a measure microbial metabolic activity at low temperatures.
Since the iodo group on IdU has a Van der Walls radius similar to that of a methyl group, the compound
can act as analog for thymidine, becoming incorporated into DNA during repair and/or synthesis (Cooper
et al. 1971).

We present work where the incorporation 125IdU into the DNA of Colwellia psychrerythraea has been
studied over a temperature range from 8 C to -40 C. The results are consistent with the view that DNA
repair and/or synthesis can occur below 0 C. They also show that this method has the potential to enable
the detection of metabolic activity to lower levels than previously possible.
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