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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 developed a mathematical model of
ligand-induced ErbB4 receptor signaling and obtained in-
formation on the key regulators in the system. Based on
this information, we tested the effect of kinases and phos-
phatases by experiment and found that B-Raf is specif-
ically activated in the cells coexpressing different ErbB
receptors. We further made a model on the ErbB coex-
pression system and investigated the system behavior. For
the identification of protein-protein interaction in the sig-
naling pathway, LC/MS/MS analysis has been employed.
For effective identification of the protein interaction, we
developed a software support tool “PROMISS”. We also
achieved Molecular dynamics (MD) simulation of ErbB
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receptor-protein interaction and found that phosphoryla-
tion by ErbB receptor induced marked structure change in
Shc protein.

(2) Development of Grid-based biochemical simulator
with a parameter estimator

The OBIYagns (Yet Another Gene Network Simula-
tor) is a biochemical system simulator that is composed
of a multiple-user web-based graphical interface, ordinary
differential equation solvers and parameter estimators dis-
tributed over an OBIGrid (Open Biolnformatics Grid).
This grid-based biochemical simulation system can achieve
high performance and provide a secure simulation environ-
ment for estimating kinetic parameters in a proper time
period. OBIYagns can be applied to larger system biology-
oriented simulation projects.

(3) Development of modeling system based on Monte
Carlo simulation

In this study, we focus on stochastic aspects and spatio-
temporal behavior in biochemical models. Since con-
ventional simulation techniques are based on rate equa-
tions which assume uniform distribution of infinitesimal
molecules, they encounter a difficulty when stochastic fluc-
tuations are not negligible. In order to overcome the prob-
lem, we developed modeling software based on the Monte
Carlo (MC) method. In this MC method, coordinates of
molecules are specified in a discrete space, and Brown-
ian motion of these molecules is represented by a ran-
dom walk. During a simulation, a complex is temporarily
formed when molecules collide. The lifetime of the complex
is determined by a dissociation probability. The substrate
molecule in the complex can be converted into a product
form with a certain probability. In the current fiscal year,
while extending the prototype (the 2-dimensional space
version) developed in the preceding year to 3-dimensional
space, we refined and improved the algorithm for dissoci-
ation of complex. The result is consistent with rate equa-
tions at least in the uniform case. Such refinement led us
to find numerically relation between the probability con-
stants, which are peculiar to MC, and kinetic coefficients
from the rate equation theory. Using the MC method, we
performed simulations of mitogen-activated protein kinase
(MAPK) cascade signal transduction, and found a localiza-
tion of activated MAPK when the system operates under
diffusion-limited reaction regime. We also showed that a
stimulus-response curve exhibits the ultrasensitivity with
a Hill coefficient 2. These finding are epoch-making for
simulations with the stochastic fluctuation.

2. Thermus thermophilus whole cell simulation

(1) Microarray analysis and metabolic simulation of
Thermus thermoplilus

Thermus thermophilus possesses about 2,300 ORFs.
Structures of all representative proteins are being analyzed
by the Structurome Project. To elucidate the gene function
of T. thermophilus, genetic network estimation using mi-
croarray data and metabolic pathway simulation are con-
sidered.

(2) Estimation of genetic 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 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, and so on, is ob-
tained from biochemical experiments. However, when we
do not have a-priori knowledge on the biochemical system,
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it is often difficult to obtain the sufficient amount of infor-
mation for the construction of the mathematical model. It
is known that an S-system model is capable of describing
the biochemical system even when the kinetic schemes are
unknown. The purpose of this study is the development of
the method for the inference of S-system models of genetic
networks from the observed time-series data of gene expres-
sion patterns. Several network inference algorithms based
on the S-system model have been proposed. However, it
had been difficult for these methods to infer large-scale ge-
netic networks, because of the high-dimensionality of the
problem. To overcome the high-dimensionality, we intro-
duced the problem decomposition strategy which divides
the original inference problem into several subproblems.
The decomposed subproblems are solved using GLSDC (a
Genetic Local Search with distance independent Diversity
Control) which has been proposed by us. By using two
technique mentioned above, we succeeded in the inference
of the large-scale artificial genetic network consisting with
30 genes.

3. Ontology

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 develop-
ment of low-level text processing tools, implementing mor-
phological analysis using statistical natural language pro-
cessing techniques.

(2) Development of tools for development of syntax-
based extraction rules. It will facilitate collaborative work
with biologists by supporting annotation tasks and by en-
abling interactive testing of extraction rules.

(3) Development of information model for reusable
knowledge elements in the domain of molecular pharmacol-
ogy that permits inferences, such as drug interactions. It
is accompanied with investigation of relationship between
each concept and linguistic expressions that to be applied
for knowledge extraction from textual information.
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