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Abstract

Cytochrome P450 monooxygenases can catalyze reactions including inert C-H bond
hydroxylation, sulfoxidation, dealkylation and etc., which has a wide range of applications in
the fields of medicine, agriculture, environment and energy. Nowadays, the P450 enzyme
related research has become a hot topic. In this study, we successfully engineered the PA50BM3
monooxygense derived from Bacillus megaterium by developing a new, rapid and efficient
directed evolution strategy, which was then successfully used in artificial biosynthetic pathways
construction for value-added chemical synthesis: 1. Firstly, a novel whole-cell catalyst was
engineered by rational design based on P450BM3 mutants, which could transform the
cyclohexane to produce corresponding chiral diols via a four-step cascade catalytic reaction; 2.
Secondly, a P450BM3 mutant with high activity and regioselectivity was obtained by
developing a rational enzyme directed strategy, and the mutant was able to catalyze the selective
dihydroxylation of benzene to hydroquinone. Using the classical MD/QM-MM, the unique
molecular catalytic mechanism of P450 mutant catalyzed benzene dihydroxylation was
elucidated. Finally, the P450-catalyzed hydroquinone formation was further coupled with a
glycosyltransferase, which enabled efficient biosynthesis of arbutin from benzene. The above
studies provide an important idea for the efficient construction of non-natural biosynthetic
pathways for the efficient synthesis of high value-added chemical products in a green manner.
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