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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 Bio-
metal 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. Sructural and Functional Analyses of Several Metal-
loenzymes:

(1) Human indoleamine 2,3-dixoygenase (IDO) is a
heme-containig dioxygenase and catalyzes the incorporation
of dioxygen (O,) into indole rings, that is the first and
rate-limiting step in the main pathway of human tryptophan
catabolism. We prepared the 19-type of mutants by
site-directed mutagenesis and measured their activities of the
dioxygenase reaction. The results suggest the important
amino acid residues for the catalysis, which helps to under-
stand the mechanism of the substrate specificity and the
catalytic reaction of IDO.

(2) The X-ray diffraction data of CO-bound form of
mouse neuroglobin was measured. The difference Fourier
maps suggest that upon CO binding the heme group slides
into a crevice in the proximal side, which is consistent with
the published structure.

(3) Peroxygenase P450 is a unique cytochrome P450
type enzyme which catalyzes the hydroxylation reaction of
fatty acid using hydrogen peroxide (H,0O,) as an oxidant. For
elucidation of the catalytic mechanism, the crystal structure of
the intermediate was determined using x-ray analysis.

(4) Cytochrome P450SU-1 (CYP105A1) from Srepto-
myces griseolus has an hydroxylation activity for vitamin D3
to produce the active form of vitamin D;, 1a,25(OH)D;.
Substrate specificity for vitamin D; by P450s is often crucial
to their application for analytical and pharmaceutical purpos-
es. The crystal structure of P450SUI1 in the substrate-free
form and the analysis of various mutants and the docking
calculation of the CYP105A1-vitamin D; provided significant
information on the substrate recognition within the catalytic
pocket.

(5) Staurosporine has attracted much attention due to its
powerful anti-tumor activity. StaP and StaD play key roles in
staurosporine biosynthesis since main frame of staurosporine
is constructed by these enzymes. We have expressed StaP in E.
coli and purified by conventional methods. Single crystals of
substrate-free and —bound forms which diffract at 1.9- and
2.4-A resolution were obtained. Crystallographic and bio-
chemical analyses of this enzyme are in progress. It was
difficult to purify StaD because of its low-heme-content and
non-specific degradation, but we managed to obtain high
heme-content and pure samples by optimizing expression and
purification conditions. We have also started to optimize the
conditions of VioB which is a homologue of StaD.

(6) Nitric oxide reductase (NOR) is presumed to be an
ancestral enzyme of cytochrome ¢ oxidase which is a central
enzyme of aerobic respiratory system. In order to obtain
short-lived obligatory catalytic intermediate, NOR-NO com-
plex, we have developed cryo-gas-citer which diffuses gas
molecules into frozen protein solution. Screening buffer
condition for cryo-gas-citer experiments reveals lithium
chloride, glycerol, or ethylene glycol accelerates diffusion of
gas molecules into frozen protein solution. We have been also
trying to solve the crystal structure of NOR. We have gener-
ated 10 monoclonal antibodies specifically bound to Pseudi-
monas aeruginosa cNOR to enhance crystal formation. Using
some antibody fragments, crystals of cNOR-Fab complex
were obtained. Optimization of the crystallization conditions
is in progress. In addition, the crystallization of Bacillus
stearothermophilus qNOR, which couples the oxidation of
menaquinol with the reduction of NO to N,O, was also started.
We constructed the expression system of the gNOR in E. coli.,
and have obtained the single crystals of the purified enzyme
which diffracted X-ray at ~3.0A resolutions.

(7) Xray structures of all lipids contained in bovine
heart cytochrome ¢ oxidase were determined at 1.8  resolu-
tion. The head group of each phospholipid(PL) and the fatty
acids of triacylglycerol contributed to the specific bindings.
4PLs stabilized dimmer state and 3PLs in subunit III provided
pathway and storage for O,.

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

The two-component regulatory system is widely distri-
buted in bacteria, fungi and plants. It is well known that
sensory histidine kinases (HK) sense individual environmen-
tal stimuli, and the cognate response regulators (RR) trans-
duce 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) To elucidate the more details of transduction me-
chanism in FixL, the three-dimensional structural information
of the full-length FixL is imperative. We have started to try
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the crystallization of the full-length FixL. As far, we obtained
micro crystals which was still insufficient for X-ray diffrac-
tion experiments. We will continue the screening of the
crystallization conditions to obtain crystals with suitable
shapes.

(2) Corynebacterium diphtheriae is a causative agent of
diphtheria. Heme oxygenase (HmuO) is involved in iron
acquisition from the host heme that has been transported
thorough an ABC-type heme transporter. We indicated that
the chrS protein which was produced in the E. coli membrane
catalyzed heme-dependent autophosphorylation reaction.
Protoporphyrin and its Co and Zn complexes failed in the
kinase activation, suggesting that ChrS is a specific sensor for
the heme.

(3) We constructed the atomic model of ThkA«TrrA
complex by the fitting of the domain structures (sensor,
dimerization, and catalytic domain of ThkA and TrrA) into
the complex structure at the resolution of 4.2 A. The struc-
ture revealed new insights as follows: [1] the inter-domain
beta sheet between sensor and catalytic domain regulates the
kinase activity of ThkA, [2] the ATP binding site of catalytic
domain changes the conformation after the kinase reaction,
and [3] the inter-domain helical interaction between sensor
and TrrA regulates the ligand affinity in the sensor domain.
We also develop a new detection method for phosphorylated
histidine kinase protein using a polyacrylamide gel
co-polymerized with the Phos-tag molecule that binds specif-
ically a phosphoester dianion (O-PO;*). The quantitative
analysis of the phosphorylated histidine kinase with using of
the processing software, Image J, corresponds to the result of
a current radioisotope method. Moreover, this is the first
data that Phos-tag binds a phosphoramidate dianion
(N-PO5%).

(4) ETR1 and ERS1 are believed to be ethylene receptor
proteins containing a cupper ion. However, the transduction
mechanism of ethylene concentration remains still unclear.
We have tried to construct their overexpression system using
yeast (Pichia pastoris) as host. Although western-blot analy-
sis have not yet indicated the expression of the proteins, use
of some variant of Pichia pastoris will be hold promise to
establish the construction system of the recombinant proteins.

3. Denovo protein design

We had computationally designed a de novo protein that
folds into a unique tertiary structure similar to that of a mo-
nomeric variant of bacteriophage A Cro. In the present study,
this protein was redesigned to fold cooperatively, based on the
solution structure. The present result indicates that amino
acid sequences that realize the folding cooperativity are
further selected from those that realize a unique tertiary
structure.

4. Development and application of new methodsto protein
structural determination

(1) Dronpa is one of switchable fluorescent proteins,
which enable us to detect fast movement and tracking of
individual proteins in vivo. We introduced lasers and spec-
trometer into “on-line” by which we can control the isomeri-
zation state of the crystals and subsequently collect X-ray
diffraction patters. Based on the structures, we propose a
possible mechanism of the reversible photochromism oc-
curred in Dronpa

(2) We have established the measurement system that

suitable for X-ray absorption spectroscopy of metalloproteins
and bio-inspired metal complexes in SPring-8 beamlines. A
couple of the spectra of structural unknown products of
manganese complexes that are stable only in solution at
low-temperature were collected by using the system with
quick-scan method. The structural information around man-
ganese ion was successfully determined by EXAFS analysis.

(3) In previous year term, we found evolutionally
conserved intermediates between homolog proteins, ubiquitin
and NEDDS, which have same topology of ubiquitin-fold
(UBL) and are post translational modifiers. This study has
been extended to other UBL. Similar intermediates are ob-
served in some other post translational modifiers but not in
the non-modifiers such as ubiquitin like domains in large
proteins. This result suggested the functional relevance of the
intermediates to the protein modification systems. Our inter-
ests are also focused on the mechanism of amyloid fibril
formation in proteins. The disulfide-deficient variant of hen
lysozyme was used as a model amyloid protein. The kinetic
mechanism of dissociation of the protofibril was studied in
detail by pressure-jump Trp fluorescence spectroscopy.

(4) RecA protein plays a central role in homologous
recombination by promoting DNA strand exchange. Al-
though RecX protein downregulates the RecA function, the
mechanism is not clear. Therefore, we prepared T. thermo-
philus RecX protein and examined its properties. RecX
protein existed as a monomer, showed 54% o-helical content
and was stable up to 80 °C. In addition, RecX protein
interacted with T. thermophilus RecA protein directly and
inhibited the ssDNA-dependent ATPase and strand exchange
activities in vitro.

(5) Rolling circle amplification (RCA) of plasmid or
genomic DNA using random hexamers and bacteriophage
phi29 DNA polymerase has become popular in the amplifica-
tion of template DNA. We constructed some mutant SSB
proteins from T.thermophilus to increases the efficiency of
DNA synthesis and the accuracy of RCA. As a result, we
succeeded to get one of the SSB mutant protein, which halved
the elongation time required to synthesize DNA and elimi-
nated nonspecific DNA products in RCA reactions.

(6) To gain a deeper understanding of the reaction
mechanism, we are developing techniques of time-resolved
crystallography. Nitrile Hydratase (NHase) from Rhodococ-
Cus is an enzyme capable of catalyzing hydration of nitriles,
and it contains a mononuclear non-heme iron as its reaction
center. The iron center is activated by photo-driven NO
release. This year we refined structures obtained last year, and
verification and obtained supporting data by UV/Vis mi-
cro-spectro photometer. And, determination of Thiocyanate
Hydrolase, that is a new nitrile hydratase family protein,
structure by X-ray crystallography.

(7) Glycerophosphodiester phosphodiesterase (GDE)
catalyzes the hydrolysis of glycerophosphodiesers, degrada-
tion products of phospholipids, producing glycerol
3-phosphate and corresponding alcohols. Among mammalian
GDEs, only GDEI1 is reported to have GDE activity. We have
constructed an expression system for 6 kinds of mouse GDEs.
GDEs are expressed in insect cells and the purified protein
was obtained. We have analyzed the enzyme activity of a
mouse GDE. Screening of crystallization was successful in
several conditions.

5. Sructural studies on protein solutions using synchro-
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tron small-angle X-ray scattering

RIKEN structural beamline I, BL45XU-SAXS is ac-
tively used by Fujisawa and his collaborators including inside
and outside RIKEN. The main focus of his studies is the
kinetic studies of protein in solution that include submillise-
cond fast-flow measurements and high pressure experiments.
The high pressure apparatus developed by his group has a
very small sample volume and can record time-resolved data
with transient change of pressures. The pressure perturba-
tion was used for studying weak interaction between proteins,
subunits and domains. The physical properties of filamen-
taneous proteins, high molecular protein complex, and intact
crystalline were studied.

6. Supporting system for structural biology research in
Harima I nstitute

We supported researchers of the Harima Institute in
protein characterization. This year, more than 1200 protein
samples have been characterized by protein sequencer, mass
spectrometer, PAGE, HPLC, fluorescence spectrometer and
others.
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