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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 re-
dox reactions, cellular signal transductions and so on. Re-
search in Biometal Science Laboratory focuses on under-
standing the functions of such metalloproteins and metal-
loenzymes at molecular and atomic levels 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
heme-containing dioxygenases, cytoglobin, bacterial nitric
oxide reductase, cytochrome c¢ oxidase and peroxygenase
P450.

(1) The heme-containing dioxygenases catalyze the first
and rate-limiting step in Trp metabolism, kynurenine path-
way, in which two oxygen atoms of the molecular oxygen
(O2) is incorporated into the indole ring of the substrate.
On the basis of the crystal structure of indoleamine 2,3-
dioxygenase (IDO) and the kinetic measurements of the
IDO mutants, we proposed a possible mechanism of the
catalytic reaction; the proton abstraction by Oz leads to
the electrophilic addition of Oz into indole ring. We also
started to construct the expression system of the recom-
binant protein of another dioxygenase, tryptophan 2,3-
dioxygenase.

(2) Cytoglobin (Cgb) and Neuroglobin (Ngb) are newly
discovered members of the vertebrate globin family and
reversibly bind Oz by virtue of the heme iron. The static
and time-resolved vibration spectroscopies revealed the Fe-
His stretching and presence of three conformers in the CO
complex for Cgb and Ngb. The high resolution crystal-
lographic analysis of ferric Cgb in orthorhombic crystal
lattice revealed the additional helix, composed of twenty
residues in the N-terminal extra region.

(3) Bacterial NOR is a membrane-bound cytochrome
bc complex that catalyzes the two-electron reduction of
NO to N20 in bacterial denitrifcation. This enzyme is
considered as an ancestor of cytochrome ¢ oxidase (CcO).
In this study, the structures of the reaction intermedi-
ates in the single turnover of the NO reduction by NOR
from Pseudomonas aeruginosa were characterized by the
time-resolved EPR spectroscopy combined with the origi-
nal freeze-quench device. Based on its structure, we pro-
pose a newly developed mechanism for the NO reduction
reaction conducted by NOR. In addition, we have obtained
single crystals of NOR, which diffracted X-ray at 6 A res-
olution.

(4) Knowledge of the position of hydrogen atom is es-
sential to understand the mechanism of CcO. To obtain
CcO crystals diffracting X-rays at higher resolution, var-
ious crystallization conditions were inspected. When 3-
oxatridecyl-a-D-mannoside as a detergent was used, the
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data set was successfully processed at 1.65 A resolution.

(5) Cytochrome P450 from bacillus subtilis (P450BS[3)
is peroxygenase, which catalyzes the hydroxylation reac-
tion of fatty acid using hydrogen peroxide (H202) as an
oxidant. For elucidation of the catalytic mechanism, it is
imperative to have intermediate structural information on
the catalytic cycle. To deduce some features of the Os-
bound or activated oxygen intermediate, we determined
structure of the ferrous-CO-bound form as an analog of
oxygenated intermediate.

2. Structural and functional analyses of metal-
loproteins relating to cellular signal transduction

The two-component regulatory system is widely dis-
tributed in bacteria, fungi and plants. It is well known
that sensory histidine kinases (HK) sense individual en-
vironmental 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) The rhizobial FixL-FixJ two-component system is
a paradigm of oxygen sensing signal transducing systems.
We have discorvered that FixT is a novel type of RRs,
which binds to the dimerization domain in FixL to inhibit
its autophosphorylation activity.

(2) For elucidation of the mechanisms of “intramolec-
ular signal transduction of HK”, “ATP-dependent auto-
phosphorelaytion of HK” and “phosphotransfer between
HK and RR”, we have tried determination of the solu-
tion and the crystal structures of the HK and its RR
complex using proteins from hyperthermophile, Thermo-
toga maritima. Using small angle X-ray scattering tech-
nique, we obtained the solution structures of HK, RR, and
HK/RR complex. These structures revealed that two RR
molecules bind two-fold symmetrically to the dent region
in HK dimer. We also obtained the crystal structure of
HK/RR complex at 4.8 A resolution. Each domain of HK
and RR were assigned into the electron density map. The
complex formation, binding manner of RR, on the crystal
structure was identical to the results of SAXS.

(3) ETR1 protein, which belongs to two-component
system, mediates responses to the plant hormone ethylene.
The details of ethylene signal transduction mechanism in
plants, however, has still remained unclear. To study the
ethylene-binding site (Cu'™), we have constructed large-
scale expression systems of the full-length ETR1 cloned
from Arabidopsis using FE.coli and culture cell (T87) as
host. Western-blot analysis indicated the expression of the
full-length ETR1 in E.coli and T87 system. It has reveled
that the recombinant ETR1 using E.coli system has the
same topology as the in vivo protein.

3. De novo protein design

(1) Sperm whale myoglobin was transformed from b-
type to c-type hemoprotein by site-specific residue replace-
ments with Cys and in vitro formation of covalent bond
between the Cys residue and a heme vinyl side chain.

(2) Solution structure of an artificial protein computa-
tionally designed to fold into the bacteriophage ACro struc-
ture was determined by NMR spectroscopy. The solved
structure was similar to a X-ray structure of natural ACro
with RMSD of the polypeptide backbones at 2.1 A.

4. Development and application of new methods

to protein structural determination
(1) Green fluorescent protein (GFP) from Aequorea and
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GFP-like proteins become ubiquitously used as tools in the
field of molecular and cellular biology. Structural infor-
mation should be imperative to perform rational mutage-
nesis for generating fluorescent proteins with more use-
ful performance. We have succeeded in purification of
new chromo/fluoro-proteins cloned from anthozoa species
and subsequently determined the 13 crystal structures.
The structures indicate important interactions between the
chromophore and amino acid residues, which are effective
in determination of fluorescent colors.

(2) X-ray absorption spectroscopy of bio-related sam-
ples (bioXAS) has recently recognized as the comprehen-
sive tool for 3D- and electronic structural characteriza-
tion of the active site in metalloproteins. We have de-
veloped a XAS measurement system suitable for bioXAS
study at SPring-8 beamline. The following improvements
on the system are now progress; (i) adaptation for undula-
tor beamline for the data with higher S/N ratio, especially
intending to measurement of ultra-diluted samples such as
membrane proteins. (ii) introduction of spectrometer for
detection of radiation damage.

5. Supporting system for structural biology re-
search in Harima Institute

The Functional Analysis Group of the Large Scale Pro-
tein Production Team in the High-throughput Factory was
reorganized to assist researchers of the Harima Institute
in protein characterization, and now belongs to this lab-
oratory. This year, more than 700 protein samples have
been characterized by protein sequencer, mass spectrome-
ter, PAGE, HPLC, fluorescence spectrometer and others.
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