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Concerted proton/electron transfer mechanism in cofactor-dependent enzyme

HAYASHI, HideyukKi

3,800,000

Enzymes, which are the catalysts for the chemical processes in living cells,
promote the movements of protons and electrons. However, not much effort has been paid for
elucidating the origin of the driving forces for these movements. In this study, a methodology was
developed In order to clarify the driving force for the most probable reaction pathway. In this
methodology, the reaction intermediates with all possible protonation and redox states are first
classified according to the numbers of protons and electrons, and then the energy level is plotted
against the coordinates of the reaction step, protonation state, and the redox state. The obtained
energy landscape can be used to draw the reaction pathway, and combined with high-resolution
structural methods, elucidate the structural elements of the driving force for the proton and
electron movements.



PLP

PLP

globiformis AGAO

)

) X
1) X
©)

4)
QM/MM
©)

H-~4

(1) AGAO
AGAO Cu?
AGAO 2
TPQ
TPQ(amr) 2
on-copper off-copper
AGAO

dead-end
TPQ(amn)

Cu?

TPQ

ThrS TPQ

TPQ(amr)
TPQ(amr)

Cu?

AAT

Arthrobacter

pH

TPQ
TPQ

Cu?

TPQ
off-copper
TPQ(amr) on-copper



TPQ(amr)  Cu® TPQ(amr)
HAG humid-air/glue-coating
X
AGAO pH
pH
pH
pH
pH
pKa = 6.0 6.5
pH Asp298
pH Asp298
Asp298
AGAO
(2) Thrs
ThrS ThrS
QM/MM
3 3 us MD
@
ThrS TS O- OPHS
TS
OPHS 2- -5- AP5
AP5
TS AP5 TS AP5
482
nm 3 330 nm 2
2
AP5 TS X AP5
Ca 2
AP5 OPHS Lys61
Lys61
Lys61
pH pH Thrs AP5
AP5 ThrS
pH
AP5

©)

pH



@

@)

4

Murakawa, T., Baba, S., Kawano, Y., Hayashi, H., Yano, T., Kumasaka, T., Yamamoto, M.,
Tanizawa, K., Okgjima, T.

In crystallo thermodynamic analysis of conformational change of the topaquinone cofactor
in bacterial copper amine oxidase.

Proc. Nat, Acad. Sci. U.SA. , 2019, 116(1), 135-140.

DOI: 10.1073/pnas.1811837116

Ujiie Y., Tanaka, W., Hanaoka, K., Harada, R., Kayanuma, M., Shoji, M., Murakawa, T.,
Ishida, T., Shigeta, Y., Hayashi, H.

Molecular mechanism of the reaction specificity in threonine synthase: importance of the
substrate conformations.

J. Phys. Chem. B , 2017, 121(22), 5536-5543.

DOI: 10.1021/acs.jpch.7b02932

Murakawa, T., Hamaguchi, A., Nakanishi, S., Kataoka, M., Nakai, T., Kawano, Y.,
Yamaguchi, H., Hayashi, H., Tanizawa, K., and Okajima, T.

Probing the catalytic mechanism of copper amine oxidase from Arthrobacter globiformis
with halide ions.

J. Biol. Chem. , 2015, 290(38), 23094-23109.

DOI: 10.1074/jbc.M115.662726

10
Hayashi, H., Murakawa T.
Strain as the driving force for catalysis in aspartate aminotransferase.
V Russian Congress on Biochemistry, Sochi, Russia (2016)
Hayashi, H., Murakawa T., Shoji M., Shigeta Y.
Energetics of the proton-transfer mechanism in aspartate aminotransferase.
Pacifichem 2015, Honolulu, U.S.A. (2015)

0

MURAKAWA, takeshi

8 90445990

SHOJI, mitsuo



