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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 analytical methods for structural details on biological molecules

Direct analysis of modifications of amino acid residues 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.

To characterize protein structure containing post-translational modifications, we recommend the combination of three
procedures. 1) Observation of molecular weight of whole protein using electro-spray ionization mass spectrometry. 2)
Liquid chromatography-mass spectrometric analysis of enzymatic digest. 3) Amino acid analysis of acid hydrolyzates. We
have applied post-translational modifications (PTMSs) analysis combined with mass spectrometry (MS) and chemical
methods to several cases. For example, we have characterized SUMOlylation site or disulfide bond pair of proteins.
Furthermore we have started modificomics project. Some acetylation sites or hypusine site of the fission yeast
Schizosaccharomyces pombe proteins were analyzed.

(2) Development of quantitative analysis of biomolecules

An application of a single method is generally insufficient for quantitative analysis of protein since the properties of
protein depend on the kinds and the sequence of amino acids. Amino acid analysis is absolutely quantitative method and is
applicable to any kind of protein. The absolute value is useful for MS analysis that only provides relative amount of
digested peptides.

We carried out a highly sensitive amino acid analysis using a fluorescent derivatizing reagent,
6-Aminoquinolyl-N-hydroxysuccinimidyl carbamate (AQC). Contamination from environment during acid hydrolysis from
protein to amino acids, however, often interferes the sensitive analysis. We developed an automated system for acid
hydrolysis to avoid the contamination and applied the system to amino acid analysis, using solid acid instead of liquid acid
in ordinary protocols.

Quantification of amino acids requires a standard solution of amino acid mixture. The international standard of amino
acids is supplied by NIST (National Institute of Standards and Technology of the USA). The lower value of methionine than
that of declared amount of the NIST standard, however, was indicated by our amino acid analysis and NMR quantification.
We recommend preparing the new amino acid standard that is Sl traceable.

(3) Studies on structural biology and its related technologies

Researchers far from synchrotron facilities often feel it stressful to visit the facilities for measurement of X-ray diffraction.

Thus we and the division of synchrotron radiation instrumentation together built a mail-in system in Wako campus area
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for remote accumulation of the diffraction data 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, crystallization of
target proteins is indispensable to recent structural biology, so that effective techniques of crystallization are strongly
desired. In this point of view, we have developed novel methods of protein crystallization based on nano-technologies.

(4) RNA mass spectrometry

Although the last decade has witnessed a remarkable growth in protein analysis by mass spectrometry, the growth has
not happened to another class of functional biopolymer, i.e. non-coding RNA (ncRNA). A reason for the differences is the
lack of a software tool for the identification of ncRNAs and their modifications. We have started to develop a search engine
that retrieves DNA/RNA sequence databases using mass data of nuclease digest of RNA. We have examined the
fragmentation pattern of oligoribonucleotides in mass spectrometer and implemented rules into a prototype program.
Using the program has successfully identified major components in a mixture of small RNAs.

2. Fundamentals of mass spectrometry

(1) Gas-phase chemistry for structural characterization of biomolecules

Systematic understanding of the experimental and fundamental aspects on gas-phase ion chemistry is a key to full
exploitation of tandem mass spectrometry for structural characterization. The study on electron capture dissociation (ECD)
of glycopeptides with complex-type sugar chains provided a new insight into the fragmentation via odd-electron systems.
It was shown that the ECD fragmentation patterns were governed by multiple factors including the availability of the
radical localizing site and the degree of protonation. This provides a foundation for the application of ECD to structural
characterization of non-peptide molecules. In the meantime, conventional dissociation methods including CID and IRMPD
were applied to tandem mass spectrometric analysis (qualitative and quantitative) of small molecules in various biological
systems.
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