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We would like to develop a computational method by which experimental
researchers can improve the function of a target enzyme easily and efficiently, and thus performed
the search of transition structure that is necessary to estimate an activation energy of the
enzymatic reaction and the calculation of the activation energy by quantum chemical calculation. We

then compared the calculation results with the experimental results. i i
As a result, we found that to obtain comparable result between experiment and calculation, reaction

path oflthe target enzyme should be calculated quite accurately even though the reaction coordinate
is complex.

QM/MM



TS

TS
TS
1
TS Decomposition
Analysis TS
L-DEX YL 23 TS
TS
TS
TS TS
Pseudomonas sp. YL L-DEX YL
TS
L-DEX YL L-2-
L-2-CPA L-DEXYL MFA
Molecular Operating Environment (MOE)
L-DEX YL —
Amber
QM/MM QM
MM QM/MM L-DEX
YL TS TS
TS IRC TS
0]
L-DEX YL
4 59 16 180 QM/MM
Gaussian09 Our own N-layered Integrated molecular Orbital and Molecular
mechanics (ONIOM) QM PM3
B3LYP/6-31G(d) M06-2X/6-31G(d)
MM Amber
0.1 4
TS SCAN TS
Nudged Elastic Band NEB TS

Reaction Plus Pro2 HPC

TS

FMO
TS

TS

L-DEX YL



L-2-CPA 2 1 1

Asp10
2
2-
2 TS
Asp1807?
Enz—B:™\ H
H—
H o’ H . H
- o]
Asp10_c 0 /;;:\u ﬁ (& \) /I////CH—> ASp10_C<\ + H04</////CH
No  Hood Asp10— \ COOH 0 COOH
(o}
1 L-DEX YL  L-2-
(€D) MFA L-DEX YL
QM 1 PM3 2 1
MFA -
1
1
45 kcal/mol
6 8 kcal/mol
2 MFA
2
2
() L-DEX YL
€y
1
M06-2X/6-31G(d) L-DEX YL 1
QM 180 L-2-CPA
MFA
4.91, 9.61 kcal/mol
2
TS
TS
(3)TS
@O @
SCAN
L-DEX YL L-2-CPA
TS

NEB



QM

TS

QM
80 TS
@
TS

40 kcal/mol 5.1 kcal/mol

D

2)

3)

¢y

@

®

o

TS

QM/MD

QM/MM
TS

Nakamura, T., Yamaguchi, A., Kondo, H., Watanabe, H., Kurihara, T., Esaki, N., Hirono,
S., Tanaka, S. Roles of K151 and D180 in L-2-haloacid dehalogenase from Pseudomonas
sp. YL: Analysis by molecular dynamics and ab initio fragment molecular orbital
calculations. J. Comput. Chem. 2009, 30, 2625-2634.

Kondo, H., Nakamura, T., Tanaka, S. A significant role of Arg4l residue in the
enzymatic reaction of haloacid dehalogenase L-DEX YL studied by QW/MM method. J-Mol.
Cat. B: Enzymatic. 2014, 110, 23-31.

Kondo, H. Hujimoto, J. K., Tanaka, S., Deki, H., Nakamura, T. Theoretical prediction
and experimental verification on enantioselectivity of haloacid dehalogenase L-DEX
YL with chloropropionate. Chem. Phys. Lett. 2015, 623, 101-107.

L-DEX
YL 2019 3
99

- QM/MM
L-DEX YL 2018 9 12

L-DEX YL
(2 2017 3 2017

Tanaka Shigenori

8 10379480



