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[Purpose and Background of the Research]
Methane and ethane, the major components of
natural gas, have been regarded as one of the most
promising resources as alternatives of oil. However,
due to their inertness, it is necessary to transform
them into their derivatives to utilize them for
synthetic chemistry. Although conventional
hydroxylation reactions can convert them to the
corresponding alcohols, it requires extremely
harsh reaction conditions. In this research project,
we intended to develop biocatalytic systems that
can proceed hydroxylation of methane as well as
ethane under mild conditions.

[Research Methods]
Cytochrome P450s (P450s) are ubiquitous
enzymes that comprise a superfamily of

heme-containing monooxygenases. P450s isolated
from bacteria have been regarded as attractive
candidates for oxidation catalysts because of their
high catalytic activity for direct oxygen insertion
into wunactivated C-H bonds. However, the
substrate specificity of bacterial P450s is very high
and thus their use in organic synthesis has been
limited.
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Figure 1. Schematic representation of the reaction
system using decoy molecules.
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We have demonstrated that the substrate
specificity of hydrogen peroxide-dependent
P4508sp can be altered by inducing its substrate
misrecognition using a decoy molecule, which is
recognized by P450ssgp as a substrate due to its
structural similality. In the presence of decoy

molecules, a wide variety of nonnatural
substrates could be oxidized by the H202/P4508sp
system (Fig 1). Recently, we have expanded this
strategy to other P450s such as P450spo and
P4508Ms. For example, we have reported that the
addition of perfluorocarboxylic acids as decoy
molecules to P450Bms resultded in the
hydroxylation of alkanes to the corresponding
alcohols. In this research project, we intend to
construct a reaction system by developping decoy
molecules that strongly accerarate the
hydroxylation of methane.

[Expected Research Achievements and
Scientific Significance]

Controlling the substrate specificity of enzymes is
one of the key research topics in the field of
biocatalytic transformation of organic compounds.
The present proposed strategy using decoy
molecules is a novel approach to change substrate
specificity of enzymes without any mutagenesis.
The biocatalytic systems using decoy molecules
developed in our laboratory would provide
alternatives to conventional chemical processes
for small alkane hydroxylation and for valuable
product formations such as fine chemicals and
drugs.
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