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The understanding and design of photophysical and photochemical processes in macromolecules is 
critical in developing molecular systems for solar to chemical energy conversion, new chemical synthesis 
strategies, and light-responsive materials. For example, photoenzymes are emerging protein-based 
photocatalysts that are repurposed from natural enzymes for non-natural reactions difficult for small-
molecule catalysts. They exhibit extraordinary selectivity, scalability, and tunability, and offer a promising 
new toolbox for solar energy conversion and chemical synthesis. However, the understanding and design 
of photoenzymes and other macromolecular photocatalysts pose several challenges. First, accurate first-
principles simulations of the electronic structure of macromolecules are usually computationally 
expensive, especially those that involve strong electron correlation. In this talk, I will discuss our 
computational strategies, including data-driven methods and quantum computing, particularly quantum 
annealing, to tackle this challenge. Second, existing enzyme design strategies do not consider electronic 
excited states, and photoenzyme engineering has mainly relied on directed evolution. I will discuss our 
work on physics-informed computational photoenzyme design, where we combine physics-based 
simulations and data-driven methods to demonstrate that microenvironment tuning is a promising design 
strategy for photoenzymes and other macromolecular photocatalysts. 
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