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Elucidation of the catalytic mechanism of hydrogenase based on all-atom
structure information for the mitigation of global warming

Tamada, Taro
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Hydrogenases catalyze the reversible oxidation of molecular hydrogen and
play an essential role in energy metabolism in many microorganisms. Furthermore, hydrogenases are
interesting not only for basic research but also for clean energy applications since hydrogen is a
sustainable and environmentally friendly energy source. [NiFe] hydrogenase contains several metal
centers, including the bimetallic Ni-Fe active site and iron-sulfur clusters. We determined the
oxidized form of hydrogenase from Desulfovibrio vulgaris Miyazaki based on Ni-B state and new
conformation by combined use of neutron and X-ray crystallography. Neutron structure identifies the
oxygen species at the active site and confirms specific hydrogen/deuterium atoms to clarify the
proton and electron transfer pathways. In addition, we collected neutron diffraction data of the H2
and D2-reduced form prepared using a redox indicator, methyl viologen.



Hy = 2H" + 2e”

1,000 NiFe
Ni  Fe
Ni-A, Ni-B
Ni-R, Ni-Sla, Ni-C
Ni Fe
C 2016 2019 Desulfovibrio vulgaris
Miyazaki F DvMF X
. Ni
Ni
+2.0
Ni Fe
. MV
° Ni-B Ni-Fe
° Ni-R, Ni-Sla, Ni-C Ni-
Fe
H+
1.0 X
@
Ni-B  Ni 7:3
2.0 1.04
PHENIX
@ X
3 21
5mM 100%
1
1.
H /D
= <« 100 %
A _UES Rk
SPring-8  BL26B1 X
J-PARC/MLF  BLO3 5 mM MVEEORELER

iBIX STARGazer &) ERER



R 20.6%
9469
Ni-B Ni-Fe
2B
oD
E34*
E16°
E16°
Path2
E16° E46°
E46°

3C
A

C-term H552-

OH"

C546"

C546"
LAQW (i
GssL D,0"
EE\“"\
E465
E1 65
C
3. A:
3 B,C:Path2

17350
2A
OH"
B Ni
E34"
T18°
2C  T18°
T18°
3A 3
2
Ds0* 3B

E34.™
N E3au 0/

3,4

Proximal cluster

Medial cluster

C249°

02221' C1508
Distal cluster ¢‘ H1888
c2168 /““:L
,{\ cigts
4. A:3
B:proximal C:medial
-3.20

Fo-Fc H/D



NiFe 4A

proximal c17
G19°
4B,C
@
5
Ni-B
98% Ny, 2% H,
2
Ni-B
3-(2)
3 2 21
Oxidized form Reduced by H, 3 hr with MV 21 hr with MV
)
\ /
¥
5.
3 21
20 2Fy~Fe Ni-B Fo-Fe
3-(2) .
H/D H,-reduced  D,-reduced
iBIX iBIX
1 iz SoeE at MLlF/J—PARC at MLlF/J—PARC
Wavelength (A) 3.0-5.8 3.2-4.89
2.0 Resolution (8 20.77-2.0 16.7-2.0
SOy (2.11-2.00) (2.11-2.00)
Unique reflections 43,518 56,080
Rmerge Rinerge (%) 22.1 (49.9) 28.3 (73.6)
Vo) 7.0 (2.0) 7.1 (2.0)
Completeness (%) 76.6 (47.8) 98.3 (98.1)
STARGazer Redundancy 4.4(2.7) 4.8 (3.0)
©)
Ni-B
Ni-Fe

H/D



Hiromoto Takeshi Nishikawa Koji [Inoue Seiya Matsuura Hiroaki Hirano Yu Kurihara Kazuo 76

Kusaka Katsuhiro Cuneo Matthew Coates Leighton Tamada Taro Higuchi Yoshiki

Towards cryogenic neutron crystallography on the reduced form of [NiFe]-hydrogenase 2020

Acta Crystallographica Section D Structural Biology 946 953
DOl

10.1107/S2059798320011365

Hiromoto Takeshi Nishikawa Koji Tamada Taro Higuchi Yoshiki 64

The Challenge of Visualizing the Bridging Hydride at the Active Site and Proton Network of 2021

[NiFe]-Hydrogenase by Neutron Crystallography

Topics in Catalysis 622 630

DOl
10.1007/s11244-021-01417-0

11 4 2

2021

Leighton Coates

Desulfovibrio vulgaris Miyazaki F [NiFe]-

21

2021




2021

T. Tamada, T. Hiromoto, K. Nishikawa, Y. Hirano, K. Kusaka, L. Coates, Y. Higuchi

Neutron diffraction studies of [NiFe]-hydrogenase from Desulfovibrio vulgaris Miyazaki F

The 20th Annual Meeting of the Protein Science Society of Japan

2020

2020

mw

mw

2020




2020

2021

Desulfovibrio vulgaris Miyazaki F [NiFe]-
19 71

2019

Hiromoto T, Nishikawa K, Matsuura H, Hirano Y, Kusaka K, Cuneo M, Tamada T, Higuchi Y

Neutron diffraction experiments on [NiFe]-hydrogenase crystallized under H2 atmosphere

International Symposium on Diffraction Structure Biology 2019

2019

Desulfovibrio vulgaris Miyazaki F [NiFe]-

(2019)

2019




Tamada T and Hirano Y

Structural biology relating to electron transfer

3rd QST International Symposium

2019

(Hiromoto Takeshi)

(80609884) (82502)

(Kurihara Kazuo)

(50354890) (82502)




