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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

Key Word :
proteomics, post-translational modifications, miRNA, protein chemistry, mass spectrometry, X-ray
analyzer, structural biology (1D, 3D), amino acid analysis

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

modifications of protein involved in human homologous recombination, human UV-damaged DNA

binding protein, and we and professor Lee of Pusan University have identified the triacylated ATP
binding cluster transporter substrate-binding lipoprotein of staphylococcus aureus which functions as

a native ligand for the Toll-like receptor 2.. We analyzed modification of proteins by polyamines that

are candidate of biomarker for cerebrovascular diseases. Furthermor we have started modificomics

project, global biotinylation analysis of the fission yeast Schizosaccharomyces pombe proteins. We also
start a new project concerned 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 introduced a ultra high pressure LC system and highly sensitive fluorescence detector using laser
incident beam to achieve high resolution and high sensitivity. The system enable us to separate and
detect of modified amino acids at femto mole level: hydroxylysine and methylated basic amino acids as
asymmetric dimethylarginine, which is inhibitor of endogeneous nitric oxide synthase (NOS) and is a
key factor of vascular disease and hypertension.

We quantified or identified of PTMs of mRNA-protein complex known as P-bodies, where many
enzymes involved in mRNA degradation are concentrated (joint-research with Dr. Matsumoto of Cell.
Biochem. Lab.), of protein substrate of demethylating enzyme (joint-research with Dr. Unoki of CGM,
RIKEN), and of non-histone proteins (joint-research with Dr. Hamamoto of Univ. Tokyo).

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

The importin / nuclear transport systems are also involved in the some virus infection to transport

the viral components into the host nucleus. The human immunodeficiency virus type -1 (HIV-1), the

pathogen of AIDS, hacks the systems to transport the pre-integration complex (PIC) into the nucleus

with the help of the accessory protein Vpr. In the present study, we aims to elucidate the molecular
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mechanism of the Rch1l, a kind of human importin s, to establish how to inhibit the HIV-1 to infect the
host cell via the invention into nucleus. In this fiscal year, we analysis the homo-dimer structure of the
Rchl, which is further functionally assayed by a variety of physicochemical techniques to be
responsible for the recognition of the cargoes (joint-researched with Retrovirus Research Unit).

Other proteins studied by the X-ray crystallography
The mail-in data collection system of SPring-8 is used for the structural biological studies of
Rhodococcus amidase and LumP of the luciferase-related accessory protein (joint-researched with
Yoda/Odaka laboratories of the Tokyo University of Agriculture and Technology). The mail-in data
collection system is managed

Study on how to control the dispersity state of proteins in solution
Proteins are in equilibration between association and dissociation with the Brownian motion.
Structurally homogeneous nano-particles such as proteins tend to be self-assembled against the
general nature of increasing entropy, when the solution conditions are properly controlled. In this study,
we get the insight to how to control the dispersity of proteins to make the homogeneous multi-assembly
of the molecules in the solution, monitoring with a high-performance dynamic light scattering
apparatus (joint-researched with Nikkiso co. Itd).

An examination for single molecule imaging
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 sample preparation.

4. ldentification and characterization 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 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 successfully
applied to the identification of all of the known RNA components of the spliceosomal RNP complex
affinity-purified from S. cerevisiae by searching against the yeast genome sequence database.



Principal Investigator

Research Staff

Naoshi Dohmae

Hideyuki Miyatake
Hiroshi Nakayama
Kowashi Watanabe
Takehiro Suzuki
Akiko Masuda
Misaki Akiyama

Yuko Inotsume

Assistant and Part-timer

Yukari Matsuba

Akina Kawata

Visiting Members

Masami Koike
Rie Ichikawa
Tomohiko Tsuge
Hiroyuki Mori
Kaoru Sugasawa

Hirotomo Banko



