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Some metal ions are present in biological system in the
form of metal-binding proteins and enzymes, and are in-
volved in physiologically important actions such as biologi-
cal redox reactions, cellular signal transductions and so on.
In Biophysical Chemistry Laboratory, studies are concen-
trated to understand the functions of such metallo-proteins
and metalloenzymes in molecular level on the basis of their
molecular structures, which are determined by the SPring-
8 RIKEN beam line.

1. Structural and functional analyses of several
metalloenzymes

We are studying some redox metalloenzymes such as
peroxygenase P450, indoleamine 2,3 dioxygenase (IDO),
cytchrome ¢ oxidase (CcQO), and bacterial nitric oxide
reductase (NOR). Peroxygenase P450 is a unique cy-
tochrome P450 type enzyme, which catalyzes the hydrox-
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ylation reaction of fatty acid using hydrogen peroxide
(H202) as an oxidant. The molecular mechanism of the
peroxygenation reaction was proposed on the basis of the
structure of the enzyme in the substrate-bound form at
2.1 A resolution. IDO is a heme-dioxygenase that catalyzes
the incorporation of dioxygen atoms of molecular oxy-
gen (O2) into indole rings in the human kynurenine path-
way. For the purpose of crystallization, we optimized the
expression and purification protocols, and then obtained
the functional recombinant IDO with high homogeneity.
New crystals were obtained from bovine heart CcO solu-
bilized with 3-oxatridecyl-a-d-mannoside which were syn-
thesized by ourselves. The crystals (Space group P212121)
diffracted X-rays up to 2.0A resolution and the struc-
ture showed a monomer. Bacterial NOR is a membrane-
bound cytochrome bc complex that catalyzes the two-
electron reduction of NO to N2O in bacterial denitrifica-
tion. This enzyme is considered as an ancestor of CcO.
Using highly purified NOR from Ps. aeruginosa, structure
and electronic state of its active site in the resting and
the catalytic intermediate states have been investigated by
spectroscopic methods including the stopped-flow, rapid-
mixing, and freeze-quench techniques. In addition, we
characterized the heme environmental structure of a new
heme-containing globin protein, so-called cytoglobin, by
spectroscopic, electrochemical, and mutational techniques.
This protein contains a six-coordinated heme having neu-
tral imidazole groups of His81 and His113 as axial ligands,
and can combine with external ligands such as CO and Oz
after dissociation of His81.

2. Structural and functional analyses of metallo-
proteins relating to cellular signal transduction

The two-component system plays crucial roles in cel-
lular signal transduction that senses changes of the cell
environment. The system consists of two proteins, his-
tidine kinase (HK) and response regulator (RR). For
elucidation of the mechanisms of “ATP-dependent auto-
phosphorelaytion of HK” and “phosphotransfer between
HK and RR”, we have tried determination of the crystal
and the solution structures of the HK and its RR complex
using proteins from thermophile. We obtained the crystals
of HK and RR, which gave X-ray diffraction at 8 and 3.5 A
resolutions, respectively. Rhizobial FixL/FixJ phospho re-
lay is also the bacterial two-component system, which sense
the O2 tension in the root nodule and controls expression of
the nitrogen fixation genes. Genetic and biochemical anal-
yses have elucidated that kinase activity of ferrous FixL
(HK) is downregulated only by Oz binding, not by CO or
NO, indicating that FixL function as an oxygen sensor.
The a4 and as of the phospho-receiver domain of FixJ
(RR) are also revealed to be involved in the post phospho-
rylation/dimerization signaling to activate the DNA bid-
ing domain. Genetic studies in Arabidopsis have provided
evidence that ethylene perception in plants is mediated
by ETRI1, plant two-component system. We have con-
structed a large-scale expression system of sensor-domain
(SD) of ETR1 and studied its structural features. The CD
spectrum of ETR1 SD showed the existence of a-helices.
The ETRI1 protein fused to phosphatase, which is active
in only periplasm, was expressed. High activity of phos-
phatase was observed. The results indicate that ETR1 SD
is a membrane-associated but not trans-membrane protein.
This is contrary to the prediction by mean of hydrophobic
plot of the sequence.

3. Molecular design of de novo proteins

oooooo

Toward de novo creation of functional proteins, an ex-
perimental system to evolve artificial hemoproteins has
been constructed. Besides, four helix bundle hemopro-
teins were newly designed and synthesized as prototype
molecules to be evolved. Furthermore, artificial DNA bind-
ing proteins and its operator DNA sequences were compu-
tationally designed and synthesized. The interactions be-
tween protein and DNA were investigated, and an exper-
imental system was prepared to evolve artificial proteins
based on their biological functions.

4. Development and application of new methods
to protein structural determination

We also interested in development of new techniques of
X-ray crystallography and X-ray absorption spectroscopy
in determining the protein structures. A microspectropho-
tometer and an open-flow helium cryostat were installed
at the SPring-8 RIKEN Structural Biology beam line
(BL44B2) for freeze-trapping experiments of reaction in-
termediates in protein crystals. Using these systems, we
succeeded in structural analysis of intermediate states of
photoactivated cabonmonoxy hemoglobin at 1.5 A resolu-
tion and 25 K. Angiopoietins are a recently discovered fam-
ily of angiogenic factors that interact with the endothelial
receptor tyrosine kinase Tie2. The D1, D5, D5-D6 domains
of Tie2 were prepared using bacterial expression systems.
The crystal structure of D5 has been determined at the
atomic-resolution. CAG repeat disease is a neurodegener-
ative disease, a pathological hallmark of which is the aggre-
gation of mutant polyglutamine (polyQ) protein, resulting
in the formation of inter-nuclear inclusion bodies. To in-
vestigate the polyQ structure, we tried crystallization of
mutant polyQ-myoglobin (polyQ-Mb), as a model protein
of CAG repeat disease. In the Fe'-CO states, the mi-
cro crystals of polyQa2s-Mb were obtained. This study will
open a new field of crystallization of highly aggregated pro-
teins. To study the electronic structure of metalloproteins
in detail, XANES spectra provide valuable information on
their metal centers, but the analysis method has remained
challenging problems. We have analyzed XANES spectra
of Cu- and Fe-containing metalloprotein on the basis of
the DV-Xa method. The agreement of theoretical spectra
with experimental data is good enough, indicating the in-
formation delivered from the calculation is reliable. Thus,
the method must be useful for study electronic structure
of metalloproteins.
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