Preface

One of the major challenges for post-genomic biology is to understand how
genes, proteins, and small molecules interact to form cellular systems. It has
been recognized that a complicated living organism cannot be completely un-
derstood by merely analyzing individual components, and that interactions
between these components or biomolecular networks in terms of structures
and dynamics are ultimately responsible for an organism’s form and func-
tions. To elucidate the essential principles or fundamental mechanisms in cel-
lular systems, study of structures and dynamics of biomolecular networks in
cells is increasingly attracting much attention from biology, mathematics, and
engineering communities. In particular, there are many complicated but in-
teresting phenomena generated from the biomolecular networks due to their
specific structures and nonlinear dynamics such as switching behavior and
collective rhythms of biological systems which are ubiquitous in living organ-
isms.

This book will cover contents and topics on modeling biomolecular net-
works and analyzing their nonlinear dynamics in a comprehensive manner,
especially stressing the viewpoints of systems and engineering. Attention will
be focused on deriving general theoretical results and revealing the essential
principles of biological systems on the basis of nonlinear dynamical and con-
trol theories. In particular, we will describe how to model a general molecular
network in a single cell; how to construct a molecular network with specific
functions or structures, such as gene switching networks and gene oscillating
networks in individual cells at the molecular level; how to model a general
multicellular system with the consideration of external fluctuations and in-
tercellular coupling of signal molecules; how to design a synthetic molecular
network from the viewpoint of forward engineering; and how to analyze and
further control the nonlinear phenomena of living organisms at the molecular
level, such as switching behavior, cooperative dynamics, and synchronization
of biological oscillators in multicellular systems.

This book will provide upper-level undergraduate students, graduate stu-
dents, and researchers in the areas of mathematics, engineering, computer
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science, and biology with a computational or theoretical background in both
academia and industry, e.g., fields of systems biology, bioinformatics, and
synthetic biology. The book assumes little knowledge of molecular biology
with each chapter covering the necessary material. Biologists would find the
book useful if they have a strong computational background or training
in systems biology or computational biology. Readers are assumed to have
undergraduate-level backgrounds in mathematics, engineering, and basic bi-
ology. This book will introduce readers to the challenges in life sciences: from
the understanding of individual molecules to system-level analysis, and from
the static interactions between molecules to dynamical networks, in the hope
that the readers will build on them to make new discoveries of their own.
Designing and constructing synthetic molecular networks from the perspec-
tives of both synthetic biology and engineering are also described in the book.
Unlike traditional books on systems biology and bioinformatics, this book
aims to show engineers and biologists the essentials of biomolecular networks
with emphasis on structures and dynamics by presenting cutting edge research
topics and methodologies, which will be vital for their future careers.

Contents of this book are mainly based on collaborative studies and dis-
cussions with many researchers. Collectively and individually, we express our
gratitude to these people for their collaboration. In particular, the authors
thank Yong Wang, Xing-Ming Zhao, Rui-Sheng Wang, Tetsuya J. Kobayashi,
Zhi-Ping Liu, Tianshou Zhou, Zhujun Jing, Marto di Bernardo, Masaaki
Takada, Rui Liu and Shinji Hara for their cooperation and valuable com-
ments in bringing this book to completion. The studies forming the basis of
this book were partially supported by the ERATO Aihara Complexity Mod-
eling Project, Japan Science and Technology Agency, Japan; FIRST, Aihara
Innovative Mathematical Modeling Project, JSPS; Grant-in-Aid for Scientific
Research on Priority Areas 17022012 from MEXT of Japan; the Chief Scien-
tist Program of Shanghai Institutes for Biological Sciences, Chinese Academy
of Sciences with the grant number 2009CSP002; the National Natural Science
Foundation of China under Youth Research Grants 10701052, 10832006, and
60502009; Shanghai Pujiang Program; the Distinguished Youth Foundation of
Sichuan Province under Grant 072Q026-019; the Program for New Century
Excellent Talents in University under Grant NCET-05-0801; and the JSPS-
NSFC Collaboration Project.
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