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Fig. 1 (Color online) Time structure of the nuclear resonant scat-
tering. The half lifetime for ’Fe is 98 ns.
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Fig. 2 (Color online) (a) Schematic view of the set up for nuclear
resonant vibrational spectroscopy. (b) Cryostat for cooling
the sample. The APD detector is placed as near as possible to
the sample. The sample cell with a Kapton film is shown in
the inset photo.
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Fig. 3 Nuclear resonant vibrational spectrum for a polycrystalline
a-*"Fe foil®.
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Fig. 4 (Color online) The Ni-R reduced state of [NiFe]-
hydrogenase. (a) X-ray structure of the Desulfovibrio vul-
garis Miyazaki F[NiFe]-hydrogenase active site!®. (b—d)
Some of the structures proposed for isoelectronic Ni-R
forms®.
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Fig. 5 (Color online) Ni-H-Fe-hydride wag exposed in the reduced state Ni-R of [NiFe]-hydrogenase?. (a—c) High-
frequency NRVS for [NiFe]-hydrogenase reduced in H,O (blue trace) and D,O (red trace; a) and the cor-
responding ’Fe PVDOS simulations given for the representative DFT models VIS (b) and VS (¢). (d, e)
Representative DFT-optimized models VIS (d) and VS (e) for the Ni-R active site.
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Fig. 6 (Color online) Experimental NRVS for Ni-R and DFT-cal-
culated spectra for 6 kinds of high-spin models¥. H/D
isotopomers are given in blue/red.
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Fig. 8 (Color online) NRVS PVDOS spectra of SyrB2-Cl and
SyrB2-Br%. Regions 3, 2 and 1 that contain intense features
are indicated at the top.
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Fig. 9 (Color online) DFT-predicted PVDOS NRVS spectra of
five-coordinate TBP structural candidate 1cp,,—X for the Fe
(IV) =0 intermediate of SyrB2%. Vertical bars represent
relative calculated mode-composition factors of vibrational
modes, and brackets at top correspond to energy regions
from Fig. 8. Inset, peak intensity contributions (from the
three bracketed regions) to the overall PVDOS envelope.
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Fig. 1 (Color online) Hydrogen-atom abstraction reaction

coordinates® . Energies (given as AE, AG in kJmol~!) for
the m-trajectory (1pp,—Cl, green numerals and levels) and
the o-trajectory (orange numerals and levels) are shown.
Reactants are on the left; energies for the transition state
(where the Fe has developed S=5/2 spin character) are
given at the top; structures of Fe (III)-OH products are dis-
played on the right, showing the m-product 1p,~Fe(III)—
OH (with hydrogen-bonding interactions indicated) set up
for chlorination and the g-product set up for hydroxylation.
Distances are given in A.
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s W ZHBIRE DA OENE R FADILH

Nuclear resonant vibrational spectroscopy and its
application to the biological research
— Probe for the active center of enzymes —

Yoshitaka YODA Japan Synchrotron Radiation Research Institute (JASRI)
1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5198 Japan

Abstract Nuclear resonant vibrational spectroscopy is a site-selective technique allowing the observation of
only the vibrational modes of Fe in the active ceter of the enzymes, which makes it ideal for
studying active center without interference from protein backbone modes. Many iron-dependent
enzymes including hydrogenase, which catalyse both production and consumption of H,, have a
close relation to the energies, environments, medical and so on. The principle and features of the
nuclear resonant vibrational spectroscopy and its application to the hydrogenase and halogenase
is introduced. The structures and electronic states of there active centers and its relation to the
activities were elucidated.
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