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Key Sentence :

1. Support for biological scientist to resolve molecular structure.

2. Development and application of structural proteomics or ribonucleomics
3. Characterization of protein post-translational modification.

Key Word :
Protein chemistry, Mass Spectrometry, X-ray analyzer, Protein structure (1D, 3D), amino acid chemical
analysis

Purpose of Research

This team is engaged in structural characterization of biological molecules and in development of
methodology for analysis of them to elucidate biological phenomena. Proteins in particular cause the
biological phenomena and have various biological activities. Investigation of protein structures helps
us to elucidate a mechanism of the biological activities, regulation of the activities, or gene functions.
We support biological researchers by developing equipment and analytical methods and managing
them, or giving advice on methodologies. A qualitative identification of small amount of proteins
becomes easy with the development of the mass spectrometry, the excellent database, and the search
program of it. The structural analysis and quantitative analysis of proteins with unknown modification
or sequence is, however, still difficult. We are wrestling with development of new characterization
methods for such proteins by combining sophisticated mass spectrometry with chemical methods. Our
activities include mass spectrometry, protein chemical analyses, ultracentrifugal analysis, and x-ray
analysis. We also established mail-in system with RIKEN SPring-8 center to deliver protein crystals
prepared in Wako campus.

1. Development and application of analytical methods for structural details on biological molecules
(Dohmae, Suzuki, Masuda, Asanuma)

Genetic code is transcripted into RNA followed by translation to proteins. Many proteins capture
appropriate functions and suffer regulations by post-translational modifications (PTMs). Direct
analysis of the 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 PTMs, 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 these methods to several cases in collaborative researches. For example, we have

characterized a protein of symbiotic microbial in termite guts and a sex-specific protein expressed in

Bombyx mori . We analyzed modification of proteins by polyamines that are candidate of biomarker

for cerebrovascular diseases. Furthermore we have started modificomics project, global analysis of the

fission yeast Schizosaccharomyces pombe proteins.

2. Development of quantitative analysis of biomolecules (Masuda, Suzuki, Dohmae)



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, which
is independent on the sequence of amino acids in proteins and is based on degradation of proteins of
peptides to amino acids, is absolutely quantitative method and is applicable to any kind of protein. 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 with the sensitive analysis. We
have developed an automated system for acid hydrolysis to avoid the contamination using solid-acid
catalyst and have applied the system to amino acid analysis.

We carried out short-time hydrolysis at 160 °C using newly developed membrane-form acid catalyst
that had highly resistance to heat. The membrane was capable of laminating a blotted membrane after
gel electrophoresis of proteins. The membrane will be useful for analysis of proteins that are extracted
from gels after electrophoresis and parallel treatment of many samples combining with 96-well or
384-well plates. Further experiments are needed for the practical use of the membrane.

We applied amino acid analysis to obtain quantitative information of distance between a pair of
cysteine residues, which were substituted at any pairs of positions of proteins, through the formation of
disulphide bond. We analyzed a free Sec transcolon, which is a protein-conducting channel. Crystal
structure of the Sec transcolon including the antibody fragment derived in Nureki Lab. in Tokyo Univ.
showed Pre-Open state of the channel. On the other hand, the free Sec transcolon was Closed-form
from the amino acid analysis as previously shown in Sugita’s simulation (Theo. Biochem. Lab., ASI).
Thus, we showed that the channel was normally closed and conformational transition occurs to open
the channel with association of motor-proteins, SecA.

3. Structural biological studies and development of the related technologies (Miyatake, Dohmae)

We and RIKEN SPring-8 center established mail-in system to deliver protein crystals prepared in
Wako campus to RIKEN SPring-8 center. The system releases the researcher's labor and accelerates
the proceedings of the structural biological studies around Wako area. In this fiscal year, we also
prepared instruments for protein purification in large amount. In addition, we have been developed a
novel method using dynamic light scattering measurement to crystallize proteins in higher efficiency
than those of conventional ones.

4. ldentification and chemical analysis of RNA by mass spectrometry (Nakayama, Akiyama, Koike)

We develop a method to correlate tandem mass spectra of sample RNA nucleolytic fragments with an
RNA nucleotide sequence in a DNA/RNA sequence database, thereby allowing tandem mass
spectrometry (MS/MS)-based identification of RNA in biological samples. Ariadne, a unique database
search engine, identifies RNA by two probability-based evaluation steps of MS/MS data. In the first
step, the software evaluates the matches between the masses of product ions generated by MS/MS of
an RNase digest of sample RNA and those calculated from a candidate nucleotide sequence in a
DNA/RNA sequence database, which then predicts the nucleotide sequences of these RNase fragments.
In the second step, the candidate sequences are mapped for all RNA entries in the database, and each
entry is scored for a function of occurrences of the candidate sequences to identify a particular RNA.
Ariadne can also predict post-transcriptional modifications of RNA, such as methylation of nucleotide
bases and/or ribose, by estimating mass shifts from the theoretical mass values. The method was
validated with MS/MS data of RNase T1 digests of in vitro transcripts. It was applied successfully to
identify an unknown RNA component in a tRNA mixture and to analyze post-transcriptional
modification in yeast tRNAPhe-1.
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