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Metal ions are present in biological system in the form of
metal-binding proteins and enzymes, and are involved in
physiologically important actions such as biological redox
reactions, cellular signal transductions. Research in Biometal
Science Laboratory focuses on understanding the functions of
such metalloproteins and metalloenzymes at molecular and
atomic levels on the basis of their molecular structures, which
are determined by the SPring-8 RIKEN beam lines.

1. Structural and Functional Analyses of Several
Metalloenzymes:

(1) IDO is a heme-containing dioxygenase and catalyzes the
incorporation of dioxygen (O,) into indole rings, that is the
first and rate-limiting step in the main pathway of
humantryptophan catabolism. We determined the
cyanide-bound form of IDO which suggest the role of loop in
the active site for the wide substrate specificity. We also purified
and crystallized the tetrameric human tryptophan
2,3-dioxygenase.

(2) Neuroglobin and cytoglobin are two recently
discoveredmembers of the vertebrate globin family. Both are
intracellular proteins with hexacoordinated heme-Fe atoms in
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the ferrous and ferric forms. We measured the resonance Raman
spectroscopy of cyanide-bound form of Ngb. The steric effect of
distal His on the cyanide ligand is stronger than those of other
globin proteins. The structure of native form of human Ngb was
determined at 2.8 A resolution which implicates the role of Cys
residues for the regulation of the oxygen binding ability.

(3) Bacterial nitric oxide reductase (NOR) is a membrane-bound
cytochrome cbb; type respiratory enzyme, which contains the
heme b; and non-heme iron binuclear center. NOR produces
nitrous oxide (N,O) from nitric oxide (NO) by two-electron
reduction. Although NO-complex of NOR is a key catalytic
intermediate, it is very difficult to characterize due to its very
short half life at room temperature. To overcome the difficulty,
we have developed a cryo-gas-citer, which forces gas molecules
to penetrate into NOR at cryo-condition. We also have been
trying to solve the crystal structure of NOR to clarify its
molecular mechanism. So far, many single crystals were
obtained but, unfortunately, their diffraction quality was poor. In
this year, we developed a new hybridoma screening technique
and generated 10 monoclonal anti-NOR antibodies which is
expected to improve crystal quality.

(4) The chemical structures of lipids of bovine heart cytochrome
¢ oxidase including the head group structures, the chain lengths
and unsaturated bond positions of the hydrocarbon tails were
determined by MS analysis. All 13 lipids were identified in the
X-ray structure at 1.8 resolution.

(5) Cytochrome P450 from bacillus subtilis (P450BSp) is a
peroxygenase that catalyzes the hydroxylation reaction of fatty
acid using hydrogen peroxide (H,0,) as an oxidant. Oxygen
complex of P450BSB which can be transformed into a catalytic
intermediate by X-ray reduction, was observed with
stopped-flow rapid scan at -15°C. To elucidate the catalytic
mechanism, we are trying to prepare oxygen-bound P450BSb
single crystals.

2. Structural and functional analyses of metalloporteins
relating to cellular signal transduction

The two-component regulatory system is widely distributed in
bacteria, fungi and plants. It is well known that sensory
histidine kinases (HK) sense individual environmental stimuli,
and the cognate response regulators (RR) transduce their signals
downstream upon receiving the phosphoryl group. However,
it has been still unknown how HKs are autophosphorylated
upon ligand-binding, and how RRs are activated upon
phosphorylation.

(1) FixL is a paradigm of heme-based oxygen-sensing proteins.
Spectroscopic and mutagenesis studies have suggested that
amino acid residues of the heme distal side stabilize the bound
0,, and that a single convergent structure of the sensor domain
of the ligand-bound form is relevant to the downregulation of
kinase activity. FixL uses a heme moiety as an oxygen
molecule sensing. We succeeded in the measurements of
time-resolved resonance Raman spectra of the protein spanning
of time-orders from ps to ms. The spectra suggested that the
structural change around heme associating with the dissociation
of the oxygen molecule are coupled to those of the kinase
domain of FixL.

(2) We determined the low resolution structure of the
two-component  system  (ThkAeTrrA complex) of the
thermophilic bacterium with small angle X-ray scattering and
crystallographic techniques. Two TrrA molecules bind to the
center of ThkA dimer in the complex structure. The fitting of
the high resolution structure of ThkA sensor domain into the

complex structure revealed a conformational change of the
sensor domain induced upon the ligand binding should be
directly transmitted to the ThkA catalytic domain through the
special region. On the other hand, we could not find the
candidate compound for the specific inhibitor of ThkA. An
NMR titration study revealed the specific residues of TrrA for
ThkA binding.

(3) A gaseous ethylene acts as a hormone in plants. In
Arabidopsis, ethylene is perceived by receptor proteins such as
ETR1 and ERSI that are membrane-bounded proteins with
three transmembrane helices. Although we have tried to
establish overexpression systems of ETR1 by using E.coli,
transgenic Arabidpsis and plant culture cells, the expressed
protein were insufficient in quantities. Then, we have started to
establish overexpression systems of ETR1 and/or ERS1 by
using yeast as a host.

3. De novo protein design

Hydrophobic core mutants of sperm whale apomyoglobin were
constructed to investigate the amino acid sequence features that
determine folding properties. The denaturation experiments of
these mutant myoglobins suggest that the two-state transition of
protein folding or the transient formation of the unstable
intermediate, which seem to be required for effective production
of the functional proteins, have been a major driving force of
molecular evolution of natural globular proteins.

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

(1) Green fluorescence protein (GFP)-based techniques hold
great promise for in vivo imaging. The three-dimensional
structural information is imperative to construct new
fluorescence proteins with some desirable functions. We have
succeeded in crystallization and determination of three new
GFP-like proteins. The structures help us to construct new
fluorescent proteins as in vivo markers.

(2) Biological application of X-ray absorption spectra (XAS)
have been recognized as a tool for characterization of
environment around metal ions in metalloproteins. We have
established bioXAS measurement system that enables us to
obtain XAS data from 1 puL sample. In this year, the targets have
been extended to model complexes that were inspired by
metalloproteins.

(3) ssDNA regions that result from DNA damage are
immediately coated by SSB. RecF, RecO, and RecRproteins
recognize the dSDNA-ssDNA junction and mediate the loading
of RecA protein onto the SSB-coated ssDNA. We demonstrated
that RecFR complex binds to dsDNA preferentially, that RecO
binds to SSB on the ssDNA and that RecR interacts with not
only RecF but also RecO. These results proposed a new
model for RecFOR assembly at dSSDNA-ssDNA junctions.

(4) Although PCR method is widely accepted, the non-specific
products often complicate the analysis. To reduce the
non-specific amplification, we employed a heat-stable RecA
protein that catalyzes the pairing of homologous DNA strands.
We demonstrated that the RecA protein could minimize
non-specific amplification and enable more than one dozen
simultaneous PCRs in a single test tube.

(5) To understand reaction mechanism of enzymes, we are
developing novel techniques of time-resolved crystallography.
Nitrile Hydratase (NHase) from Rhodococcus — is an enzyme
capable of catalyzing hydration of nitriles, and it contains a
mononuclear non-heme iron as its reaction center.
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This year, we obtained diffraction data in the process of the
substrate molecule binding to NHase at 140K.

(6) Glycerophosphodiester phosphodiesterase (GDE) catalyzes
the hydrolysis of glycerophosphodiesers, degradation products
of phospholipids, producing glycerol 3-phosphate and
corresponding alcohols. Among mammalian GDEs, only GDEI
is reported to have GDE activity. We have constructed an
expression system for 6 kinds of mouse GDEs. GDEs are
expressed in HEK293 cells and the protein was purified. We
have analyzed the existence of signal sequences by determining
the N-terminal sequences of the purified GDEs

5. Supporting system for structural biology research in
Harima Institute

We supported researchers of the Harima Institute in protein
characterization. This year, more than 1500 protein samples
have been characterized by protein sequencer, mass
spectrometer, PAGE, HPLC, fluorescence spectrometer and
others.
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