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Recent advances in photoenzymatic synthesis
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Abstract: Biocatalysis has the advantages in terms of sustainability, efficiency, selectivities and evolvability, thus it
plays a more and more important role in green and sustainable synthesis, both in industrial production and academic
research. However, compared with the well-known privileged chemocatalysts, enzymes suffer from the relatively
limited types of reactions it can catalyze, which is unable to meet the future needs of green biomanufacturing. On the
other hand, photocatalysis has emerged as one of the most effective strategies for the generation of reactive chemical
intermediates under mild conditions, thereby providing a fertile testing ground for inventing new chemistry. However,
the light-generated organic intermediates, including radicals, radical ions, ions, as well as excited states, are highly

reactive resulting in the difficulties of controlling the chemo- and stereo-selectivities. The integration of biocatalysis
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and photocatalysis created a cross-disciplinary area, namely photoenzymatic catalysis, which can not only provide a
new solution to stereochemical control of photochemical transformations with the exquisite and tunable active site of
enzymes, but also open a new avenue to expand the reactivity of enzymes with visible-light-excitation. In addition,
photoenzymatic catalysis inherits the inherent advantages of biocatalysis and photocatalysis, such as mild reaction
conditions, representing green and sustainable synthetic methods. We have witnessed the booming development of
photoenzymatic catalysis during the past several years. In this review paper, the recent advances in this field are
highlighted. According to the cooperative modes of photocatalysis and enzymes, this paper is divided into following
four parts: photoredox-enabled cofactor regeneration systems, cascade/cooperative reactions combining enzymes with
photocatalysts, unnatural transformations with photoactivable oxidoreductase, and artificial photoenzymes. In this
paper, we summarize the representative works and emphasize on the catalytic mechanisms of photoenzymatic
transformations as well as the strategies for realizing abiological transformations. At the end of this review, by
analyzing the challenges of photoenzymatic synthesis, the future directions are prospected. We hope that this review
can inspire the discovery of more novel photoenzymatic systems and ultimately spur the applications of photoenzymes

in industrial productions of high value-added enantiopure chiral products.

v" New reaction patterns
¥v" Non-natural reactivity
v Exquisite selectivity

v Directed evolution

Electron transfer

Energy transfer
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Fig. 8 Light-driven microbial cell factories integrating
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LKADH—short-chain dehydrogenase from Lactobacillus kefiri;

RasDH—short-chain dehydrogenase from Ralstonia species
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Fig. 10 Enantioselective intermolecular radical conjugate addition by light-induced ketoreductase
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