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Cytochrome P450 monooxygenases (P450s) are ubiquitously-distributed enzymes, which display a broad
range of bioconversion activity. They form a diverse group of hemoproteins acting on a broad range of substrates
and catalyzing a variety of oxygenation reactions. However, their catalytic power has so far hardly been used in
bioprocesses, since they are not intrinsically very active and exhibit poor stability. Most prokaryotic P450s
require specific redox partners, ferredoxin and ferredoxin reductase, for electron transfer, and NAD(P)H as a
cofactor. This indicates that whole cells are favored in the use of P450s, because P450s and their redox partners
can be capsulated in the cells and efficient interaction can be achieved. Moreover, NAD(P)H regeneration is
generally easier and less expensive in metabolically active cells. The aim of this study is to enhance the activity
of P450s which are used in a whole cell. Instead of a conventional approach to the improvement of the specific
activity of P450 itself, optimization of the host cell was employed as a strategy to enhance the activity of the
whole-cell catalysts. By a systematic screening of Escherichia coli single-gene knockout (SGK) mutants, we
successfully improved the activity of several P450s by 1.8-7.9 times compared to that of the control. The results
described in each chapter can be summarized as follows:

The chapter 2 describes a systematic screening of SGK mutants that can enhance the activity of CYP154A1,
a P450 derived from Streptomyces coelicolor A3(2), using the library of SGK mutants (Keio collection). After the
96-well plate high-throughput screening followed by test tube assays, three mutants (AcpxA4, AgéVR, and Aglnl)
and an unknown-gene-deleted one (Auk) were able to increase the CYP154A1 activity by approximately 1.4-1.7
times compared with that of the control strain. For the AcpxA, AgevR, and Ag/nL mutants, the polar effect of the
introduced kanamycin-gene cassette on the expression of downstream genes was excluded by construction of
their respective in-frame deletion mutants. In the meantime, by constructing new deletion mutations as well as
observing complementation by wild type genes on a low copy vector, the observed enhanced activities were
confirmed to be truly dependent on the respective deleted genes. As to the Auk mutant, the newly constructed
mutant obtained by disrupting the unkown gene in Z. coli BW25113, failed to enhance the CYP154A1 activity.
This suggested that the high CYP154A1 activity of the Auk mutant in the Keio collection was due to a

spontaneous mutation in the chromosome. To pursue synergistic effects of disrupting two genes,
double-gene-knockout mutants were constructed. The double ¢pxA- and gevR-gene knockout mutant could not be
generated by the method used in this study. This double mutation might have a lethal effect on £. coli BW25113.
Although the specific activities of AcpxA/AginL and AgevR/AgInL could be significantly enhanced compared with
those of the corresponding SGK mutants, the total activities of both double-knockout mutants were modest due
to their poor growth.

The chapter 3 deals with the enhancement of P450 activity in the ¢pxA-deficient mutant of Escherichia coli.
The cpxA-deficient mutant of Z. coli BW25113 was found to be able to enhance the activity of cytochrome P450s,
including CYP154A1 of S. coelicolor, compactin 63-hydroxylase (BoxA) of Streptomyces flavus A-177, vitamin Ds
hydroxylase (VDH) of Pseudonocardia autotrophica, and a mutant enzyme (BM3 F87V) derived from P450 BM3
of Bacillus megaterium, by 1.8-7.9 times compared with those detected with the parental strain Z. coli BW25113
(DES3). Different combinations of redox proteins were employed as electron mediators for BoxA and VDH, namely,
CamA and CamB for BoxA, and AciB and AciC for VDH, respectively. BM3 F87V is a self-sufficient P450
equipped with a NADPH-P450 reductase domain in a single polypeptide. This indicated that the ability of the
cpxA-deficient mutant to enhance the activity of P450s was not dependent on their redox systems. Promoter
dependency analysis revealed that the enhanced activity of the enzymes was detectable only when the genes
encoding the enzymes were expressed under the control of lactose-inducible promoters. The c¢pxA-deficient
mutant also exhibited B-galactosidase activity approximately 1.5-fold greater than did the parental strain,
showing that the enhancing effect was not unique to the activity of cytochrome P450s and that the mutant would
be a versatile host strain for recombinant gene expression. The result of real-time PCR showed that the
enhancement of the enzyme activities was attributed to increased transcriptional levels of the genes coding for

the enzymes.
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