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Enzymatic bioelectrocatalysis offers a powerful strategy for performing selective redox transformations under mild conditions by coupling biological catalysts to electrodes. Despite significant progress in enzyme engineering and electrode materials, the design of efficient enzyme–electrode interfaces remains largely empirical. Redox mediators, electrode surface chemistry, and enzyme environments are typically optimized through iterative “guess-and-check” experimentation, making it difficult to establish predictive structure–activity relationships. I will describe our efforts to transition bioelectrochemistry toward a data-driven paradigm for designing bioelectrode interfaces. Our work focuses on identifying molecular design rules governing electron transfer between electrodes, redox mediators, and enzymes. To accomplish this, we combine high-throughput electrochemical automation, molecular simulations, and machine learning–guided analysis to rapidly evaluate large chemical spaces of redox mediators and electrode environments. Using automated electrochemical platforms capable of screening hundreds of conditions with minimal human intervention, we generate quantitative datasets linking mediator structure to electron transfer kinetics, enzyme activity, and electrochemical stability. These experiments are complemented by molecular dynamics simulations that provide insight into mediator–enzyme interactions and transport within polymer or hydrogel matrices. Machine learning models trained on these datasets enable identification of molecular descriptors that govern bioelectrocatalytic performance, revealing previously unrecognized relationships between mediator structure, enzyme environment, and electron transfer efficiency. Together, these approaches enable a transition from empirical optimization to predictive design of bioelectrocatalytic interfaces, providing a framework for rapidly electrifying new redox enzymes and expanding the scope of bioelectrochemical synthesis, sensing, and energy conversion.
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