Enzymatic cascade to produce (R)-citronellal using an Old Yellow Enzyme
and a Short-Chain Dehydrogenase
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(R)-Citronellal, a terpene prised for its distinct lemon, rose, and citronella odours,
serves as a precursor for (=)-menthol.!! This chiral monoterpene alcohol is highly valued
in the chemical sector for its cooling properties and minty fragrance.? Nowadays, the
production pathways for (-)-menthol involve (R)-citronellal as an intermediate, together
with metal catalysts such as Ru and Pt.F!

In contrast, flavin mononucleotide (FMN)-containing ene-reductases, specifically
from the OId Yellow Enzyme family (OYE; EC 1.6.99.1), have proven to be effective
biocatalysts for the reduction reactions of citral, demonstrating asymmetric bioreduction
capabilities for a broad range of a,B-unsaturated compounds. Notably, the OYE NCR
from Zymomonas mobilis was engineered to alter its stereoselective reduction of citral,
to obtain (R)-citronellal instead of the (S)-enantiomer, albeit with 88% ee." Alternatively,
OYE2 from Saccharomyces cerevisiae has shown the ability to selectively catalyse the
reduction of geranial to (R)-citronellal with 95.5% ee.[®

This study focuses on the development of a bienzymatic cascade with two
consecutive reactions for the (R)-citronellal formation from the inexpensive geraniol
(Figure 1). The cascade involves a short-chain dehydrogenase (SDR) catalysing the
oxidation of geraniol to geranial, preventing the formation of neral, followed by OYE2
catalysing the reduction to yield (R)-citronellal. Due to potential cross-reactions with the
SDR leading to the formation of (R)-citronellol, this cascade requires a two-step biphasic
system to provide >95% ee (R)-citronellal.
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Figure 1. Enzymatic cascade for the production of (R)-citronellal from geraniol.
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