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PREFACE (draft)

This textbook originates from many years of combined research and teaching by the
authors at the interfaces of mathematics, chemistry and biology. Several chapters grew
out of two of Professor Aguda’s university courses, one on ‘self-organization in far-from-
equilibrium chemical reaction systems’ and the other on ‘mechanisms and models of
cellular regulation’ (taught at Canadian and US universities); the latter was intended for
graduate students of bioinformatics, biomedical engineering, mathematics and physics.
Professor Friedman, the current director of the Mathematical Biosciences Institute at
Ohio State University (USA), brings into the textbook an extraordinary perspective of an
accomplished mathematician and teacher who is now committed to applying the
quantitative and physical sciences to the analysis of complex biological systems. This
textbook also benefits from numerous interdisciplinary workshops on cellular processes
held in the last few years at Professor Friedman’s institute.

The general outline and presentation of the chapters in the textbook is governed by the
biological story of a cell - how it grows, proliferates, differentiates, and dies. The known
molecular mechanisms of these cellular processes are thoroughly discussed in order to
demonstrate to the student how to build mathematical models. The current frenzy in high
throughput data acquisition technologies in molecular biology is providing the modeler a
lot of data to work on, and this textbook will illustrate how various types of models can
be extracted from bioinformatic or pathways databases. The common thread linking the
chapters in the textbook is the view that the cell is one huge connected regulatory
network of physico-chemical interactions. To cope with the complexity of this network,
various levels of abstractions or granularities of models are considered. Detailed mathe-
matical analyses are then applied to these abstract models to unravel their properties and
their predictive power. In addition, the textbook illustrates the use of various
computational methods and software, including dynamic simulation and whole-cell
modeling platforms.

The book begins with a general introductory chapter dissecting the paradigm that the cell
is the modular unit of life and explaining why we concentrate on models at the cellular
level. Part I of the book consists of chapters that lay the foundation of cell modeling — the
meaning and granularities of models, essential cell biology and biochemistry, and a
survey of the mathematical and computational toolbox for modeling. Part II examines
cell growth including chapters on phenomenological models as well as detailed molecular
mechanisms in growth-factor signaling, gene expression and metabolism. Part III deals
with cell proliferation and the detailed molecular machinery of the cell division cycle in
prokaryotes and eukaryotes. Part IV tackles topics related to cell survival including cell
death, aging, and repairing damaged genes. The penultimate chapter of the textbook, in
Part V, introduces cell systems biology that employs high throughput data (genomic,



transcriptomic, proteomic, etc.) from which network models can be inferred. The final
chapter deals with models of human diseases related to the cellular processes studied in
the book, including cancer.

This textbook will be of interest to graduate students in applied mathematics and physics,
and to biologists, undergraduate students and researchers who have some familiarity with
differential equations and computer programming. Extensive appendices giving primers
on the required mathematics, chemical kinetics, computer software, and bioinformatics
are provided to render the textbook self-contained as much as possible. Each chapter will
end with a list of further readings from the relevant literature and a set of problems or
exercises reinforcing the concepts discussed in the chapter.
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List of Books Similar or Related to the Proposed Aguda-Friedman Textbook

[1] Michael Kraus & Bernhard Wolf, Structured Biological Modelling: A New
Approach to Biophysical Cell Biology, CRC Press; (July 31, 1995), 219 pages, ISBN:
0849347726

Although there are major similarities in the systems viewpoint pursued in the Aguda-Friedman textbook
and the book above, the latter is o/d (published in 1995) and caters to a very wide audience of
experimentalists and biologists. This book is described as follows: “Presents a synthesis of experimental
biological techniques and concepts of systems analysis and modeling, examining the regulation of
biological systems, especially cellular signalling networks, from a systems-oriented viewpoint, and
showing how data can be converted into a consistent computer model that comprises functional properties
of the system.” (Book News, Inc). Also, “This book will be useful to cell and molecular biologists,
oncologists, physiologists, theoretical biologists, computer scientists, and all other researchers and students
studying functional aspects of cellular signaling.” (Amazon.com)

[2] C. Fall, E. Marland, J. Wagner, and J. J. Tyson, Computational Cell Biology,
Springer-Verlag Telos; 1st edition (July 9, 2002), 488 pages, ISBN: 0387953698.

The mathematical and computational methods illustrated in this book are similar to those used in the
proposed Aguda-Friedman textbook. However, the book above emphasizes the computational techniques
illustrated in a wide range of cellular processes instead of developing a coherent biological theme as the
Aguda-Friedman book does. The book above “was conceived of and begun by Professor Joel Keizer based
on his many years of teaching and research together with his colleagues. The project was expanded and
finished by his students and friends after his untimely death in 1999.” (Amazon.com)

[3] Lee A. Segel, Modeling Dynamic Phenomena in Molecular and Cellular
Biology, Cambridge University Press; (March 30, 1984), 304 pages, ISBN: 052127477X

Although this is a well-written textbook, it is old and uses a very wide range of examples under the heading
of dynamic biological phenomena.

[4] James M. Bower & Hamid Bolouri (Eds.), Computational Modeling of Genetic
and Biochemical Networks (Computational Molecular Biology), Bradford Books; 1st
edition (January 22, 2001), 390 pages, ISBN: 0262024810

This is really not a textbook but a compendium of topics from active researchers in the field covered by the
title of the book. “This book provides specific examples, across a wide range of molecular and cellular
systems, of how modeling techniques can be used to explore functionally relevant molecular and cellular
relationships. The modeling techniques covered are applicable to cell, developmental, structural, and
mathematical biology; genetics; and computational neuroscience.” (Amazon.com)
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