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PURPOSE OF THE ABSTRACT

Enzyme catalysis and photocatalysis are two research areas that have become of great interest in organic
synthesis. This is mainly because both represent attractive strategies for making chemical synthesis more efficient
and sustainable. It is therefore not surprising that bio- and photocatalytic approaches are now often combined to
exploit the exquisite selectivity of enzymes and the unique chemical transformations accessible to
photocatalysis.[1-3]

In recent work, we have investigated the application of photobiocatalytic strategies using different photosensitizers
and sacrificial electron donors to drive Rieske oxygenase (RO)-catalyzed hydroxylations in vivo,[4] demonstrating
that light-induced electron transfer leads to similar catalytic activities as in whole-cell reactions supplemented with
glucose. We are currently exploring the possibility of using this light-induced electron transfer via photosensitizers
as a simple way of overcoming the need for the natural redox partners of ROs. This is important because the
identification of the physiological redox partner(s) of a given RO is often hampered by the fact that host genomes
typically contain numerous candidate genes encoding redox partner proteins, most of which are not located near
the RO gene(s). Thus, a light-driven approach to screen for RO activity without the physiological redox partner(s)
would provide an effective surrogate electron supply system for functional characterization and/or biocatalytic
application of ROs.

In another example, we have shown that the combination of bio- and photocatalysis provides a highly valuable
approach to building molecular complexity from simple, cheap and widely available starting materials.[5] By
combining photocatalytic C-C bond formation with enzymatic asymmetric reduction, we have demonstrated the
direct conversion of simple aldehydes and acrylates or unsaturated carboxylic acids to chiral gamma-lactones. The
photochemoenzymatic synthesis of aliphatic and aromatic gamma-lactones was thereby achieved with up to >99%
ee and 99% yield.
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