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Light Activation of P450 Enzymes Using Ru(II)-Diimine Complexes
Due to their great selectivity and unique catalytic features, the use of enzymes is gaining increasing
importance in biotechnology as an alternative approach to traditional chemical syntheses. Of particular
interest is the superfamily of cytochrome P450 enzymes, which are monooxygenases capable of
catalyzing regio- and stereoselective oxyfunctionalization.1 These enzymes activate molecular
dioxygen at their heme center using two reducing equivalents and insert one of the oxygen atoms into
C-H bonds of various substrates. However, their dependence on redox partner proteins and NADPH
cofactor are limiting their industrial applications. To overcome those challenges, our laboratory has
developed a light-driven hybrid enzyme approach taking advantage of the Ru(II)-diimine
photosensitizer and their unique excited state properties.2 This methodology has resulted in efficient
delivery of electrons to the heme domain and high photocatalytic activity.3 Recently, we have been
interested in expanding the scope of the light driven P450 enzymes. First, we combined the light-driven
hybrid enzymes with photoredox catalysis to marry the advantages of biocatalysis selectivity with
chemical
catalysis
and
thus
developed
a
light-driven
chemoenzymatic
4
trifluoromethylation/oxyfunctionalization synthesis. Along with the GC/MS protocols, reverse-phase
HPLC methods have been developed to separate, characterize and identify products. Second, we
focused on the coupling efficiency in the light-driven approach, namely the electrons used in productive
pathway leading to the formation of product versus the uncoupling pathway and the formation of
reactive oxygen species, quantified using HPLC.5 Third, the substrate scope has been expanded to
include human drug metabolites using several P450 variants in conjunction with the newly optimized
light-driven approach. The products were analyzed using HPLC and LC/MS.
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