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Metalloenzymes catalyze a broad range of biological transformations important for life.
A detailed understanding of the mechanisms underlying their reactivity requires a
confluence of methods to elucidate both local electronic changes to the metallocofactor
as well as global structural motions. Here, I will explore the application of relevant x-ray
techniques to distinct enzymatic systems involved in photosynthesis and secondary
metabolite production. To investigate the mechanism by which Nature splits water
during photosynthesis, we performed time-resolved laser pump, x-ray probe
experiments to characterize sub-millisecond reactive intermediates of photosystem II,
the metalloenzyme complex responsible for the oxidation of water in plants and
cyanobacteria. This approach probed the catalytic Mn4CaO5 cluster and yielded the first
ever x-ray emission data on the water splitting step. Intriguingly, no additional oxidation
past the S3-intermediate state was observed, and evidence of significant Mn reduction
within 50 μs of the final laser flash led to the proposal of a new mechanistic model of
natural water oxidation.

Although spectroscopic methods are incredibly powerful, they are nonetheless limited in
scope. X-ray crystallography, in contrast, can provide key insights into global structure. By
solving structures of the radical SAM metalloenzyme SuiB, whose downstream peptide
product has been implicated in bacterial virulence, we were able to investigate the
structural basis for substrate recognition by the enzyme superfamily. Unlike in previous
studies, the substrate peptide binds to SuiB as a helix far from a putative recognition
domain and instead makes key contacts with a previously overlooked bridging region.
These results are the first example of peptide substrate binding distinct from its
recognition domain, and further hint at an expanded function for both the putative
substrate recognition element and bridging region in this subfamily of metalloenzymes.
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