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Most biomass is synthesized as high-molecular-weight compounds such as proteins, carbohydrates, nucleic acid polymers. Heterotrophic microorganisms use extracellular enzymes to access these large molecules. However, most of the extracellular enzymes in aquatic environments are uncharacterized and the heterotrophic organisms that produce them are uncultured. Hence, studies of extracellular enzymes in aquatic environments tend to be fairly instrumental, in that they report only potential activities of broad classes of enzymes, with little detail about the actual enzymes involved. 
I study the biochemistry of extracellular enzymes in order to better understand mechanisms of organic matter degradation. In this talk, I will first present evidence that different sets of extracellular peptidases are present in different environments, suggesting that the pathways of protein degradation differ among aquatic environments. Second, I will describe the crystal structure and biochemical properties of a novel peptidase found in an uncultured Archaeon that is abundant in deep marine sediments. Finally, I will describe an approach to assess the substrate specificity of extracellular peptidases in situ, which reveals that extracellular peptidases at one freshwater site and one estuarine site are fairly promiscuous, and that the substrate specificities of those peptidases may drive previously observed patterns of amino acid early diagenesis. These results illustrate how further analysis of extracellular enzyme biochemistry could lead to a better mechanistic understanding of biological organic matter transformations in aquatic environments.

