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1. Computer simulation of signal transduction
pathways

(1) Mathematical modeling of ErbB receptor signaling

ErbB receptor is implicated with various kinds of mam-
malian cancers. We investigated ligand-induced ErbB re-
ceptor signaling and found that B-Raf was specifically ac-
tivated in the cells expressing both ErbB1 and ErbB4 re-
ceptors. This ErbB1-4 cell-specific B-Raf activation seems
to contribute for the overall raise in ERK activity thereby
inducing transformation of the cells. Based on this path-
way information, we made a mathematical model of the
ErbB1-4 system and investigated the key regulators in the
pathway. We also achieved molecular dynamics (MD) sim-
ulation of ErbB3 receptor and p85 domain of PI3-kinase
interaction and found a novel binding pattern of p85 and
ErbB3 receptor.

(2) Diffusion model of intracellular signal transduction
pathway

The signal-transfer process in mitogen-activated pro-
tein kinase (MAPK) cascade is formulated as a reaction-
diffusion system describing the complete three-step
phospho-protein reactions and the diffusion process in the
direction from the cell membrane to the nucleus. The sim-
ulation analysis of the model demonstrates that MAPK
cascade can work as a signal amplifier so as to compensate
the signal attenuation due to formation of the phospho-
protein gradients. It also is found to be attainable for
the eucaryotic cells that steep gradient of phosphorylated
MAPK is not formed in a certain range of the system pa-
rameter values. One of the distinctive features in forma-
tion of the phospho-protein gradient is revealed to be its
high sensitivity to the change in the parameter values such
as diffusion distance, diffusion coefficients and enzymatic
activities of the phosphatases, suggesting that these pa-
rameters may act as the key factors for regulation of the
signal transduction systems.

(3) Particle simulation of signal transduction pathway

The development of single molecule imaging technolo-
gies has enabled one to obtain molecular dynamics of pro-
teins and RNAs in living cells. These visualized data would
frequently be processed numerically to analyze them quan-
titatively. Our simulation technology is designed to pro-
vide a strong support for gaining insights into how these
molecular dynamics in practice contribute to biochemical
property of cells, based on a particle simulation technique.
In this fiscal year, we carried out simulation analyses ex-
ploring the influence of mobility suppression on a mitogen-
activated protein kinase pathway model, a fundamental
study which focuses on establishing a free-energy theory
for our simulation in an enzyme reaction model, a develop-
ment of incorporation techniques of membrane structures,
and a development of a special purpose computer for our
particle simulation technique.

2. Estimation of signaling transduction induced-
gene expression network using S-system

Biochemical systems can be efficiently understood with
the use of computational simulations. In order to per-
form the computational simulation, we must construct the
mathematical model of the system. For the construction
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of the model, a pathway structure, a kinetic scheme, and
a set of kinetic parameters are required. The information
on the kinetic scheme, the kinetic parameters is obtained
from biochemical experiments. However, when we do not
have a-priori knowledge on the biochemical system, it is
often difficult to obtain the sufficient amount of informa-
tion for the construction of the mathematical model. It
is known that an S-system model is capable of describ-
ing the biochemical system even when the kinetic schemes
are unknown. The purpose of this study is the develop-
ment of the method for the inference of S-system models
of genetic networks from the observed time-series data of
gene expression patterns. To infer the S-system model of
the genetic network, we proposed the method based on a
cooperative coevolutionary algorithm.

3. Development of OBITco (Open BioInfomatics
Thermus thermophilus Cyber Outlet)

We developed OBITco (Open Biolnfomatics Thermus
thermophilus Cyber Outlet) for gene annotation of T. ther-
mophilus HBS8 strain. To provide system services for num-
bers of researchers in the RIKEN Harima-based Structur-
ome project, we adopted Web-based technology and high-
level user authentication system. The robust and secure
network connection protects the confidential information
within the project, thus researchers can easily access real-
time information on DNA sequences, ORF annotations or
homology search results. T. thermophilus HB8 possesses
putative 2,195 ORF's, 1156 intergenic regions, 47 putative
tRNA regions, and 6 rRNA regions. BLAST hit against
nr/nt database and InterProScan for all ORFs were used
to get homology hit records. The system provides ORF
viewer to show basic information of ORFs and database ho-
mology hit records. Researchers can update annotation in-
formation of ORF by simple operation, and then new anno-
tation is applied to central database in real-time. Latest in-
formation can be utilized for lab experiments such as func-
tional analysis, network analysis and structural analysis.
The system can be also utilized as data storage/exchange
place for the researchers for their everyday experiments.

4. Knowledge extraction from literature

Knowledge of biological function in terms of molecular
behavior has been accumulated along with the advent of
recent technologies. Most of these scientific findings are
represented in the form of textual information and there
is emerging need of computer supported information re-
trieval (IR) and extraction (IE) through natural language
processing. However, there is very limited achievement
just by simple adoption of conventional techniques into
biomedical domain texts.

The cause of poor achievement in automatic IE&IR in
biomedical domain so far is assumed to be due to mixture
of complex factors, and each will require infrastructural
efforts. Among them, we focused on following themes and
elaborating fundamental approaches. (1) Improvement of
identification and extraction of named entities (such as
protein/gene names) by development of low-level text pro-
cessing tools, implementing morphological analysis using
statistical natural language processing techniques. (2) De-
velopment of tools for development of syntax-based ex-
traction rules. It will be used for collaborative work with
biologists to facilitate their annotation tasks as well as for
testing extraction rules. (3) Development of information
model for reusable knowledge element in the domain of
molecular pharmacology that permits inferences, such as
drug interactions. It is accompanied with investigation of
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relationship between each concept and linguistic expres-
sions that to be applied for knowledge extraction from
textual information.
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