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This team is engaged in structural characterization of biological molecules to support biological science. Our activities
include mass spectrometry, protein chemical analysesanalyseis, ultracentrifugal analysis and nuclear magnetic resonance
spectrometry. We are interested in developing new characterization methods for biological molecules.

1. Biomolecular characterization

(1) Development and Application application of Analysis analytical Methods methods for Structural structural Detail

details on Biological biological Moleculesmolecules.
Direct analysis of modifications of amino acids and their positions within a protein sequence is still required in post genome
sequence era. Furthermore, binding site of a low molecular reagent to a protein is the most important information for an
approach using chemical biology with bio-probe. We have been developing developed the analytical method for
post-translational modifications by a highly sensitive amino acid analysis method using pre-column derivatization with
6-aminoquinolyl-N-hydroxysuccimidyl carbamate (AQC). We have succeeded in detecting protein methylation in an acid
hydrolysate of calmodulin, a protein that has tri-methyl lysine residue, electro-blotted onto a PVDF membrane. We have
applied post-translational modifications analysis combined with mass spectrometry (MS) and chemical methods to several
cases. For example, O-glycosylation sites of a-dystroglycan peptide and disulfide bond pair of heparanase were determined.
Furthermore we have started modificomics project. Some acetylation site of the fission yeast Schizosaccharomyces pombe
proteins were determined using liquid chromatography (L.C)-tandem mass spectrometry (MS/MS).

(2) Development of Quantitative quantitative Analysis analysis of Biomoleculesbiomolecules.
However Whereas mass spectrometry could detect peptides quantitatively using isotopic diluting method, a protein is
difficult to convert to peptides quantitatively. So, we have been developing developed automated protein digestion system
to for quantitative protein detection by liquid chromatography - mass spectrometryLLC-MS. We have developed digestion
system.
Analysis of proteolytic peptides, a common means for the identification of the original protein by analytical techniques, can
also be useful for the quantitation of the protein. However, there are two difficulties: uncompleteness of proteolysis and
low-recovery of the resulting peptides.
We have developed an automated processing system for proteolysis of gel-separated proteins. The system includes a robotic
arm, pipetters, nanospotter and incubaters. Using the system, silver-stained protein ( 10ng ) could be quantitatively
processed and identified by LC-MS/MS. Furthermore, the system was tested using whole cell extracts of some bacteria.

(3) Studies on Structural structural Biology biology and Its its Related related Technologiestechnologies
Researchers far from synchrotron facilities often feel it stressful to visit to the facilities for measurement of X-ray
diffraction measurement. Thus we and the division of synchrotron radiation instrumentation together built a mail-in
system in Wako campus area for remote accumulation of the diffraction data connection at SPring-8. In addition, we
provide purified protein samples to the researchers in Wako area in cooperation with SR system biology research group. On
the other hand, recent structural biology mostly suffers from crystallization of target proteins is indispensable to recent
structural biologyin the process of structural studies, that becauseso that any effective techniques of crystallization are
strongly desired. In this point of view, we have developed noble novel methods of protein crystallization based upon
nano-technologies.

2. Fundamentals of mass spectrometry

(1) Gas-phase Cchemistry for Sstructural Ccharacterization of Bbiomolecules
Systematic understanding of the experimental and theoretical aspects on gas-phase ion chemistry is a key to full
exploitation of mass spectral fragmentations in structural characterization. Long-lived even-electron biomolecular ions
are often fragmented by i) leading them into vibrationally excited state (e.g. collision-induced dissociation) or ii) converting
them into relatively fragile odd-electron ionic species (e.g. electron capture dissociation). In the first approach, systematic
understanding of the chemistry is thwarted since fragmentations are highly dependent on the ionization methods, the
excitation conditions, and the timeframes of observation. To deal with the problem, we are exploring threshold-energy
dissociation mass spectrometry, in which electrospray-generated ions are stored in an ion trap with gentle excitation to
allow them to fragment via structure-dependent lowest threshold-energy pathways. In the second approach, one of the
current limitations is the poorly understood chemistry of the odd-electron biomolecular ions. The ECD mass spectra of the
peptides containing cysteine-residues and/or complex-type N-glycosyl chains were examined in detail to shed light on the
origins of fragment ions. The observed fragment ions were not fully explainable based on the nonergodic mechanism and
the involvement of multiple mechanisms was suggested. Gas-phase Chemistry for Structural Characterization of
Biomolecules
Mass spectral fragmentations of non-volatile biomolecules are highly dependent on the acquisition conditions unlike those
of volatile organic compounds in classical electron ionization mass spectrometry. Therefore, in characterization of small
biomolecules, we examine mass spectra acquired under a wide-range of conditions and use accurate mass measurements
and stable isotope labeling for assigning the fragment ions. Based on the confident spectral assignments, it was possible
to understand the fragmentation of biomolecules by correlating that to the gas-phase chemistry established in classical
mass spectrometry. On the other hand, characterization of large biomolecules by mass spectrometry is currently limited
partly because the lack of efficient dissociation methods with high selectivity. A promising approach for the selective
dissociation, multipole-storage-assisted dissociation, was investigated. A 0.4 eV difference in dissociation threshold was
shown to be sufficient for selecting lower energy fragmentation pathways.



3. Application for life science
(1) Control of cell fate by misfolding or unfolding of proteins
The ER stress response is activated during muscle fiber formation, resulting in activation of caspase and apoptosis of a
fraction of the cells. Inhibition of ATF6 activation blocks both apoptosis and myotube formation in culture models,
suggesting that ER stress or ER stress signaling is required for these processes. Treatment with ER stress-inducers
enhanced apoptosis during myoblast fusion, while the surviving cells efficiently formed myofibers. ER stress exerts a
positive effect on myofiber formation, possibly mimicking the action of signals that drive apoptosis and differentiation in
vivo.Control of cell fate by misfolding or unfolding of proteins
Endoplasmic reticulum (ER) stress activates caspase-12, triggering the ER stress-specific cascade for implementation of
apoptosis. Although myoblast apoptosis was first observed nearly a century ago, the cause of apoptosis and the mechanism
that initiates caspase activity during differentiation were largely unknown. We found that, during muscle fiber formation,
both in cell culture and in mouse embryos, the ER stress response is activated, resulting in activation of caspase-12 and
apoptosis of a fraction of the cells.
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