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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 analyses, 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 of Analysis Methods for Structural Detail on Biological Molecules.
Direct analysis of modifications 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 the analytical method for post-translational modifications by a
highly sensitive amino acid analysis method. Using this method, we have succeeded in detecting phspho-serine and
glucosamine residues in an acid hydrolysate of ovalbumin, a protein that has phosphorylation and N-glycosylation,
electro-blotted onto a PVDF membrane.
We have applied post-translational modifications analysis combined with mass spectrometry and chemical methods to several
cases. For example, O-glycosylation sites of a-dystroglycan peptide and of mucins from some kinds of jellyfishes were
determined. And we are preparing to start modificomics project.

(2) Development of Quantitative Analysis of Biomolecules.
However mass spectrometry could detect peptides quantitatively using isotopic diluting method, a protein is difficult to convert
to peptides quantitatively. So, we have been developing automate protein digestion system to quantitative protein detection by
liquid chromatography - mass spectrometry. We start to develop two systems that are in-gel digestion system and in-solution
digestion system.
We have also applied the highly sensitive amino acid analysis method to detect a protein quantitatively. Comparing the species
specific amount of C-terminal fragment (CTF) of B-amiloid precursor protein using this method, the relationship of the length
between CTF and B-amiloid protein was determined. It is an important observation to realize mechanism of y-secretase.

2. Fundamentals of mass spectrometry

(1) 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
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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