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Key Sentence :

1. Support for characterization of biomolecules

2. Development and application of proteomics

3. Characterization of protein post-translational modifications
4. RNA mass spectrometry
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Outline

Protein is one of the most important molecules of the life and our purpose is to clear the correlation of a
gene and functions by examining the protein structure. So, we have been developing the
characterization methods of protein post-translational modifications (PTMSs) in the latest proteomics



technology.

In the general LC-MS/MS based proteomics, there are many cases overlooking PTMs due to a low
sequence cover rate.

We established the less oversight analysis methods of PTMs by the combination of mass spectrometry
of the whole proteins, the LC-MS/MS analysis that improved a cover rate, and amino acid composition
analysis. Furthermore, we support the protein X-ray crystallographic analysis using SPring-8, Harima.
In addition, we widened structure analysis by the mass spectrometry to the RNA molecule which a
function attracted attention in late years. And we developed RNA MS search engine Ariadne.

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

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(LC)-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 analyzed

SUMOlyation site of thymine DNA glycosylase (TDG) that initiates base excision repair in XPC

complex, which is a DNA damage detector for nucleotide excision repair.(Collaboration with Pf.

SUGASAWA, Kobe univ.)) and identified a male-specific RNA binding protein that regulates

sex-specific splicing of Bmdsx. (Collaboration with Dr.Suzuki and Dr. Matsumoto, Laboratory of

Molecular Entomology, RIKEN ASI ) We also identified smaller form is FP25K lacking its N-terminus,

which is Lepidopteran baculovirus-specific protein. (Collaboration with Dr.Kang, Laboratory of

Molecular Entomology, RIKEN ASI ) and e analyzed a topology of the extrinsic PsbO, PsbP and PsbQ

proteins in a green algal Photosystem Il complex by crosslinking with a water-soluble carbodiimide.

(Collaboration with Pf. Enami, Tokyo University of Science) , and we and professor Lee of Pusan

University have determined directly the A-acylation of major lipoproteins of Staphylococcus aureus

and S. epidermidis, although N-acyltransferase genes could not be detected in the genomes of these

bacteri. We determined new amino acid sequences of the protein fragments in jelly fish.

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) to quantify proteins or PTMs.

We have been developing a ultrahigh sensitive amino acid analysis system that have a ultra high
pressure LC system and highly sensitive fluorescence detector using laser incident beam to achieve
high resolution and high sensitivity. Using this system, we found that MYPT1 was methylated in vitro
and in vivo by histone lysine methyltransferase SETD7 and demethylated by LSD1, identifying Lys
442 of MYPTL1 as a target for methylation/demethylation by these enzymes. (Collaboration with Dr.
Hamamoto, The University of Tokyo)

For amino acid analysis, we have been reported an automated protein hydrolysis system delivering
sample to a solid acid catalyst. We examined new solid acid for heat resistance.

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

Recently, synchrotron radiation facilities are indispensable for the related researchers. However, the
researchers far from the synchrotron facilities often feel it stressful to visit the facilities for
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measurement of X-ray diffraction. Thus we and the division of synchrotron radiation instrumentation
together built a mail-in data collection system in Wako campus area for remote accumulation of the
diffraction data at SPring-8. In addition, we prepared apparatuses for the micro-beam line of BL32XU
at SPring-8, for the users who wish to collect diffraction data using the micro-focused x-rays. We also
established a remote-data collection system which enables us to control directly the apparatuses at
BL26B1. On the other hand, crystallization of target proteins is difficult for the recent structural
biology, so that automated device for macromolecular crystallization is strongly desired. In this point of
view, we have developed a novel device for protein crystallization based on dynamic light scattering in
corporation with a company (in collaboration with Nikkiso Co., Ltd.).

Single molecule imaging using XFEL may achieve 3D structure determination without
crystalline or upperlimit of molecular weight at atomic resolution, so an expectation leans on the
highly advanced structure analysis of the biological samples such as a membrane protein or the
supermolecule complex which it was not possible for by conventional X-rays crystallographic analysis,
NMR, and the electron microscope analysis. We take part in a project of a sample irradiation device
development for XFEL, especially examination of a protein ionization using mass spectormetory.

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

We are developing 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. We have developed a
database search engine, Ariadne, which 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. To expand the identification capability of Ariadne to larger DB such as human genome, we have
improved the algorithm in the second step. As a result of the improvement, the method allows to
identify RNA components simultaneously from mixtures of RNAs by searching human genome.
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