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Elucidation of reaction mechanism of hydrogenase by neutron crystallography
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Desulfovibrio vulgaris Miyazaki F

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, iron-sulfur clusters, and a Mg2+ ion. We
determined new conformation of Ni-A type in the oxidized form of hydrogenase from Desulfovibrio
vulgaris Miyazaki F by X-ray crystallography considering anomalous dispersion. Neutron structural
analysis of the oxidized form was almost completed at 2.0 resolution. In addition, we established

the freezin% method of large crystals of hydrogenase under anaerobic conditions by confirming the
uniformity of crystal mosaicness. Neutron structural analyses of the reduced form (active form) are
in progress.
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2_0 A Neutron X-ray
1 PHENIX Eeamisource at MI_iE/IJ)EPARC at ?’II_:%\EK
Wavelength (A) 1.8-5.8 0.8000
Space group P2,2,2, P2,2:2,
Cell dimensions
a, b, c(A) 66.6,98.5, 126.8 66.7,98.5,126.9
Resolution (A) 20-2.0(2.07-2.0)  50-1.04 (1.07-1.04)
Unique reflections 55,004 397,623
Remerge (%) 23.7 (44.9) 5.9 (46.1)
I/o(l) 4.0(1.6) 19.7 (4.1)
Ni-B Completeness (%) 96.2 (94.0) 99.9 (99.6)
Redundancy 3.8(2.3) 8.5(7.2)

OH
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_ aerobically purified sample anaerobically purified sample
Ni-A Neutron X-ray Neutron X-ray
e iBIX BL5A MaNDi BL5A
at MLF/J-PARC at PF/KEK at SNS/ORNL at PF/KEK
0.1 mm® Wavelength (A) 1858 1.0000 2.0-4.0 1.0000
Space group P2,2,2, P2,2,2, P2,2,2; PR
Cell dimensions
a, b, c(A) 66.7,98.4, 126.7 66.7,98.4,126.7 66.7,98.3,126.8 66.6,98.1, 126.0
Resolution (A) 20-1.92(1.95-1.92)  50-1.02 (1.05-1.02) 15-2.4 (2.49-2.4) 77-1.25(1.27-1.25)
N i _A Unique reflections 59,110 390,846 28,772 227,512
1 Remerge (%) 22.2(42.0) 5.5 (44.4) 19.0 (23.8) 5.8(24.0)
1/o(1) 4.4(1.5) 23.7(3.9) 7.0(3.1) 70.2 (11.4)
Completeness (%) 99.2(79.8) 92.9(88.1) 86.8 (80.3) 99.9 (99.6)
Redundancy 3.7(22) 11.8 (7.5) 3.1(2.1) 14.1(11.7)
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