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This team is engaged in structural characterization of
biological molecules to support biological science. Our ac-
tivities include mass spectrometry, protein chemical anal-
yses, ultracentrifugal analysis and nuclear magnetic reso-
nance. We are interested in developing new characteriza-
tion methods for biological molecules.

1. Development and application of analy-
sis methods for structural detail on biological
molecules

Direct analysis of modifications and their position
within the protein sequence is required because genomic
search is not able to predict post-translational modifica-
tions for a majority of proteins for sure. Furthermore, the
binding site of a low molecular reagent with a protein is the
most important information for an approach using chem-
ical biology with a bio-probe. We have been developing
analytical methods for post-translational modifications or
bio-probe binding site of proteins combined with MS and
chemical methods. We have applied this method to several
cases, for example an inhibitor of cell differentiation from
plant medium and a physiological active peptide from rat
brain extracts, a novel glycol-protein from jellyfish with
post-translational modifications.

We have developed off-line liquid chromatography-
matrix assisted laser desorption / ionization tandem mass
spectrometry (off-line LC-MALDI-MS). Trypitc peptides
form bovine serum albumin or from ovalbumin were iden-
tified at a 30 fmol-1 pmol levels include phosphate-peptide.
Using this system, we have identified several polyamine
sensitive spots from a 2 D-gel.

2. Development of quantitative analysis of
biomolecules

Several new approaches for quantitative MS are de-
scribed and Isotpe dilution is the most promising approach.
But it is a bottleneck of the protein quantification using
MS that protein is converted to peptide quantitative. To
resolve this problem, we have developed protein processing
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systems. Two typical robots were designed for the purified
protein in the 1D or 2D-gel and for complex mixture in
solution.

Amino acid composition analysis is the most reliable
protein absolute quantification method. We tried a pre-
labeled method that was 1000 times sensitive than the Nin-
hidryn method. In combination with the acid hydrolysis
method, we have been developing an absolute quantifica-
tion method of a minute quantity protein.

3. Gas-phase chemistry for structural character-
ization of biomolecules

The gas-phase chemistry in a time dependent dis-
sociation process, multipole storage assisted dissociation
(MSAD), was studied in the context of mass spectromet-
ric structural characterization of biomolecules. The MSAD
process is a low-energy slow activation-dissociation process
that involves a unique form of collision-induced dissocia-
tion (CID) in the hexapole ion storage device at low vac-
uum region between the ion source and analyzer cell of an
FT-ICR mass spectrometer. Ubiquitin ions generated by
electrospray ionization were fragmented at the C-terminus
to Asp residues at a high selectivity under specific MSAD
conditions. The process was studied further as a better
understanding of the process should facilitate application
of this residue selective fragmentation. In order to gain a
better control of MSAD and enable fine tuning of experi-
mental conditions, the ion source was fabricated in-house
with a nano-electrospray needle mounted on a computer-
controlled moving stage, which can be synchronized with
experimental events so that the flow of ions into the stor-
age device may be switched off during the reaction delay
period. By using this improved device, activation of ions
in the MSAD process were characterized with benzylpyri-
dinium thermometer ions, which have been previously well
characterized in terms of dissociation threshold energies.

Research Subjects

1. Structural analysis of biological molecules involved in
post-translational modification

2. Development of quantitative analysis of biomolecules

3. Gas-phase chemistry for structural characterization of
biomolecules
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