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Abstract Text: Subsurface microbes live extraordinarily slow lives, with timescales of biomass 
turnover on the order of decades or longer. Because living microbes must have functional 
enzymes, and enzyme biomass typically comprises the majority of microbial biomass, this 
implies that enzyme lifetimes must scale with biomass turnover times, and therefore that the 
enzymes of subsurface microbes are likely to be extraordinarily stable. We present 
measurements of extracellular enzyme activities from subsurface sediments near Denmark, 
combined with a simple theoretical model of the minimum feasible turnover time for 
extracellular enzymes, which suggest the minimum possible turnover time for extracellular 
peptidases in those sediments is at least 7.5 months. This is orders of magnitude slower than 
typical enzyme lifetimes. We also present preliminary analyses of the structures of those 
extracellular enzymes, which bear structural features that confer excess stability. In surface 
environments, there is little apparent selective pressure on enzymes to be more stable than 
required to maximize their activity, since biomass is turned over rapidly in those environments. 
In the subsurface, selective pressure to produce stabler enzymes may lead to novel biochemical 
mechanisms for enzyme stability that are not present in more frequently-studied, fast-growing 
microbes.  
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