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Our research covers the comprehensive understanding of the physiological roles of biocatalysts (enzymes) as well as 
the reaction mechanism, the structure and properties of each enzyme. 1) Development of intermediate analogue 
inhibitors of acyl-activating enzyme superfamily that plays pivotal roles in plant hormone homeostasis and secondary 
metabolite biosynthesis of plants. 2) Design and synthesis of transition-state analogue and mechanism-based inhibitors 
of γ- glultamylcysteiene synthetase  and γ-glutamyl transpeptidase, the key enzymes in glutathione biosynthesis and its 
metabolism, respectively. 3) Studies on structural basis for bioluminescence change of firefly luciferase. 4) Studies on 
the activation/inactivation process of plant hormones. 5) Molecular mechanism of regulation of coumarin biosynthesis 
in plants.
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Molecular Design and Synthesis of 
g-Glutamylcysteine Synthetase Inhibitors

γ-Glutamylcysteine synthetase (GCS) catalyzes the 
ATP-dependent coupling of L-Glu and L-Cys to make 
γ-Glu-Cys, the first and the rate-limiting step in glutathi-
one biosynthesis. Therefore GCS is an extremely impor-
tant enzyme that controls the cellular redox status and 
detoxification potential through affecting the glutathione 
level and confers the cells with resistance against toxic 
xenobiotics such as reactive oxygen species and antican-
cer drugs. We designed and synthesized the sulfoximine-
based transition-state analogue inhibitors 1a and b with an 
emphasis on the recognition of the side chain of Cys by 
the enzyme [Figure 1. (a)]. The X-ray crystallographic 
studies on E. coli GCS indicated that the side chain of Cys 
was recognized by Arg132 [Figure 1. (b)]. The inhibitor 
1b with a cyano group at the side chain of Cys moiety was 
ca. 5 times more potent than the inhibitor 1a with a methyl 
group, suggesting that the cyano group mimicked the SH 
of Cys to interact with the guanidino group of Arg132. 
The cyano sulfoximine 1b was more than 6000 times as 
potent as buthionine sulfoximine (BSO), a most frequently 
used GCS inhibitor, thus serving as a new lead for effec-
tive drug for controlling the cellular glutathione biosyn-
thesis.

Cytochrome P450s in Brassinosteroid 
Biosynthesis

Brassinosteroids (BRs) are plant steroid hormones that 
are essential for normal growth and development in 
plants. Cytochrome P450 monooxygenases (P450s) play 
crucial roles in BR biosynthesis, in which many oxygen-
ations at steroidal skeleton and side-chain structure occur. 
Recent molecular genetic studies for BR-deficient mutants 
of Arabidopsis, rice, tomato, and garden pea have identi-
fied several P450 genes (CYP85A, 90A, 90B, 90C, 90D, 
and 724B) so far. However, the catalytic functions of them 
remained ambiguous due to lack of biochemical study. 
Recently, we succeeded in functional expression of these 
P450s in a baculovirus-insect cell system as well as in a 
bacterial expression system, and their catalytic activities 
were determined in an in vitro assay. We found that 
 CYP90B and CYP724B are redundant C-22 hydroxylases 
and also that CYP90C and CYP90D are redundant C-23 
hydroxylases. CYP90A was found to catalyze C-3 oxida-
tion and isomerization of 22-hydroxycampesterol and 
22,23-dihydroxycampesterol to produce their correspond-
ing 4-en-3-one. In contrast, campesterol is not metabo-
lized by CYP90A at all. Taken together, we have proposed 
the campestanol-independent pathway of BR biosynthesis, 
which predominantly converts campesterol to 22-hydro-
xycampesterol and (22S,24R)-22-hydroxyergost-4-en-3-
one to form bioactive BRs, without going through campes-
tanol.
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Figure 1. (a) The reaction mechanism of GCS and the sulfoximine-based 
transition-state analogue inhibitors 1a and 1b. (b) The X-ray structure 
showing the interaction with the side chain of Cys and Arg132.

Figure 2. Cytochrome P450s in Brassinosteroid Biosynthesis CYP90A, 
C3-oxidase; CYP90B and CYP724B, C22-hydroxylase; CYP90C and 
CYP90D, C23-hydroxylase; CYP85A, C6-oxidase.


