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Urocanate reductase (UrdA) is a flavin-dependent bacterial enzyme that converts urocanate to imidazole propionate (ImP), a gut microbial metabolite linked to impaired insulin signaling and increased risk of type 2 diabetes. Catalysis depends on a conformational transition from an open to a closed state that enables alignment of flavin cofactors and substrate for electron transfer.1 We hypothesize that stabilizing UrdA in its open conformation represents a viable strategy to inhibit ImP production without requiring active-site occupancy.
Using the two-domain UrdA crystal structure (PDB: 6T86) in the FAD-bound open state as a design template, we targeted the interdomain cleft to exploit this conformational vulnerability. Hydrophobic hotspot residues lining the upper cleft were identified as anchor points, and multiple deep learning–based design frameworks were applied as independent workflows to generate a structurally diverse candidate library. Top designs, selected by stringent predicted interface metrics, adopt compact scaffolds predicted to wedge into the cleft and sterically occlude domain closure.
Experimental validation is underway through an anaerobic spectrophotometric activity assay monitoring methyl viologen oxidation as a direct readout of UrdA catalytic activity, alongside biophysical binding assays including surface plasmon resonance.
This project aims to deliver first-in-class mini-protein leads against UrdA and establish a broader framework for targeting conformationally dynamic microbial enzymes implicated in human metabolic disease.
¹ Venskutonytė et al., Nat Commun (2021) https://doi.org/10.1038/s41467-021-21548-y
