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Preface

There are many definitions available for systems biology; these range from the
overly ambitious to the opportunist. The latter category is frequently associ-
ated with scientists working in genomics and bioinformatics, who seek to
re-label their work as systems biology. Such scientific opportunism is open to
criticism that their research areas have been unsuccessful. This is excessively
harsh—genomics and bioinformatics are certainly not systems biology, they
are in fact complementary to it. For example, omics research has provided
important insights into the components of the cell, their molecular charac-
terization and possible interactions that are typically formulated in network or
pathway diagrams. The systems biology view, on the other hand, addresses the
overall function of components, as they interact and are interconnected with a
cell. More specifically, the common ground for most perspectives of systems
biology is the need to understand the dynamic function of cells as integrated
objects, rather than the static properties of their components.

In building a systems understanding of cellular function, there are two key
requirements: the generation of quantitative experimental data and mathemati-
cal modelling. Central to this is the fact that cell functions are determined by
non-linear spatio-temporal processes, such that there is no alternative to a
dynamical systems approach. However, the generation of sufficiently informa-
tive data from quantitative, time-course, stimulus-response experiments
remains the main bottleneck. The generation of such data is time-consuming,
expensive, often unreliable and, in many cases, not yet possible. It will there-
fore be necessary to consider a range of cell systems, different technologies
and a combination of various methodologies to generate the information about
cell function needed to characterize the dynamics. The definition or working
practice of systems biology will therefore inevitably be ‘integrative’, combin-
ing various approaches. For this reason, students and researchers will never
find a single comprehensive book on systems biology (which is both afford-
able and does not require a backpack to carry it around). The present volume
is an attempt to pick and mix key topics in systems biology, allowing for dif-
ferent perspectives, while keeping a common goal-the understanding of the
principles (mechanisms, laws) by which molecules and cells interact in order to
realize their function.

The structure of the book is as follows. Sreenath et al. give an overview of
methodologies for the modelling of signal transduction pathways and show
that in modelling we are spoilt for choice. Among the choices available for
differential equation models, power-law formalism and S-systems provide a
conceptual framework that is introduced by Eberhard Voit. Grima and Schnell
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complement the discussion for differential equations by introducing stochastic
models and simulations. Jan-Hendrik Hofmeyr looks at the cell as a whole and
argues that there is nothing more practical than a good theory: experiments
should be guided by hypotheses, which in turn require conceptual tools. Gene
expression, cell signalling and metabolism are three important functional levels
in the cell. For each level there exist different technologies to generate data and
subsequently different methodologies to interpret them. Practical aspects of
metabolonomics and fluxomics are covered by Cascante et al.

Moving on to signalling, Rangamani and Iyengar have given an overview
of basic ideas in modelling as applied to cellular signalling systems. MAPK
(mitogen-activated protein kinase) cell signalling cascades have been investi-
gated through mathematical modelling for some time. They are of course of
biological significance as well, but the fact that there exists already a solid body
of work means that this topic is well-suited for a text like this. The team of
young authors like Bliithgen and Legewie is an example of a new generation
of true ‘hybrids’ in the area of systems biology; reading their words, you can-
not tell whether their background is in biology or the physical and engineering
sciences; they are well versed in both domains and thus act as prototypes for
future generations of researchers.

Pfeifer et al. focus on the JAK (Janus kinase)/STAT (signal transducer
and activator of transcription) signalling pathway, developing a mathematical
model from biological considerations and using quantitative time-course data
for parameter estimation. In this work microscopy plays a role and although
this book cannot possibly cover all technologies, live-cell imaging has emerged
as a promising source of data suitable for systems biology. For this reason it
is discussed by Mullassery et al. in their contribution. With Ericsson et al. we
continue with case studies, now looking at yeast. They show how diagrams of
biological pathways can be converted into dynamical models. This is followed
by Schaber and Klipp’s contribution and their description of how changes in
yeast cell volume can be modelled mathematically.

The remaining part of the book returns to the model-building process.
While the chapter by Eduardo Sontag focuses on network reconstruction
based on steady-state data, Brian Ingalls introduces sensitivity analysis as an
important analytical tool to study the consequence of changes in parameters.
Parameter estimation and optimal experimental design form a key step in the
model-building process, and an important message from the chapter by Banga
and Balsa-Canto is that the design of an experiment should take account of the
requirements in modelling. Gone are the times in which the modeller/control
analyst was asked to help with the analysis of data after they were generated;
they must be an intimate part of the experiment design process. The volume is
completed by a discussion on SBML (Systems Biology Mark-Up Language) by
Sauro and Bergmann and simulation tools by van Gend and Snoep.
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Finally we thank Portland Press staff, in particular Clare Curtis and
Michael Cunningham, for their efficient work in producing this book.

Olaf Wolkenhauer, Peter Wellstead and Kwang-Hyun Cho
June 2008
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structured
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