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Preface

The present volume of our series “Methods and Principles in Medicinal
Chemistry” focuses on a timely topic: Bioinformatics. Bioinformatics is a
multidisciplinary field, which encompasses molecular biology, biochemistry
and genetics on the one hand, and computer science on the other. Bio-
informatics uses methods from various areas of computer science, such as
algorithms, combinatorial optimization, integer linear programming, con-
straint programming, formal language theory, neural nets, machine learn-
ing, motif recognition, inductive logic programming, database systems,
knowledge discovery and database mining. The exponential growth in bio-
logical data, generated from national and international genome projects,
offers a remarkable opportunity for the application of modern computer
science. The fusion of biomedicine and computer technology offers sub-
stantial benefits to all scientists involved in biomedical research in support
of their general mission of improving the quality of health by increasing
biological knowledge. In this context, we felt that it was time to initiate a
volume on bioinformatics with a particular emphasis on aspects of design-
ing new drugs.

The completion of the human genome sequence, published in February
2001, marks a historic event, not only in genomics, but also in biology and
medicine in general. We are now able to read the text; but we understand
only minor parts of it. “Making sense of the sequence” is the task of the
coming years. Bioinformatics will play the leading role in this field, in
understanding the regulation of gene expression, in the functional descrip-
tion of the gene products, the metabolic processes, disease, genetic variation
and comparative biology. Correspondingly, the publication of this book is
“just in time” to jump into the post-genomic era.

Basically, there are two ways of structuring the field of bioinformatics.
One is intrinsically by the type of problem that is under consideration.
Here, the natural way of structuring is by layers of information that are
compiled, starting from the genomic data. The second is extrinsically, by the
application scenario in which bioinformatics operates and by the type of
molecular biology experiment that it supports. This new contribution to
bioinformatics is roughly structured according to this view. The wealth of
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information bundled in this volume necessitated a subdivision into two
parts.

The intrinsic view is the subject of Part 1: it structures bioinformatics
in methodical layers. Lower layers operate directly on the genomic text
that is the result of sequencing projects. Higher layers operate on higher-
level information derived from this text. Accordingly, Part 1 discusses sub-
problems of bioinformatics that provide components in a global bioinfor-
matics solution. Each chapter is devoted to one relevant component: after an
introductory overview, Chapters follow that are devoted to Sequence Analy-
sis (written by Martin Vingron), Structure, Properties and Computer Identi-
fication of Eukaryotic Genes (by Victor Solovyev), Analyzing Regulatory Re-
gions in Genomes (by Thomas Werner), Homology-Based Protein Modeling
in Biology and Medicine (by Roland Dunbrack), Protein Structure Prediction
and Applications in Structural Genomics, Protein Function Assignment and
Drug Target Finding (by Ralf Zimmer and Thomas Lengauer), Protein—Ligand
Docking and Drug Design (by Matthias Rarey) and Protein—Protein and
Protein—-DNA Docking (by Mike Sternberg and Gidon Moont). An appendix
by Thomas Lengauer, sketching the algorithmic methods that are used in
bioinformatics, concludes this first Part.

The extrinsic view is the focus of the second Part: Chapters concentrate
on several important application scenarios that can only be supported ef-
fectively by combining components discussed in Part 1. These Chapters
cover Integrating and Accessing Molecular Biology Resources (by David
Hansen and Thure Etzold), Bioinformatics Support of Genome Sequencing
Projects (by Xiaoqiu Huang), Analysis of Sequence Variations (by Christopher
Carlson et al.), Proteome Analysis (by Pierre-Alan Binz et al.), Target Finding
in Genomes and Proteomes (by Stefanie Fuhrman et al.) as well as Screen-
ing of Drug Databases (by Martin Stahl et al.). In a concluding Chapter,
Thomas Lengauer highlights the Future Trends in the field of bioinformatics.

The series editors are grateful to Thomas Lengauer, who accepted the
challenging task to organize this volume on bioinformatics, to convince
authors to participate in the project and to finish their chapters in time,
despite the fact that research runs hot these days. We are sure that the result
of his coordinative work constitutes another highlight in our series on
Methods and Principles in Medicinal Chemistry. In addition, we want to
thank Gudrun Walter and Frank Weinreich, Wiley-VCH, for their effective
collaboration.

September 2001 Raimund Mannhold Diisseldorf
Hugo Kubinyi Ludwigshafen
Henk Timmerman Amsterdam
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For my son Nico

Foreword

Computational biology and bioinformatics are terms for an interdisciplinary
field joining information technology and biology that has skyrocketed in
recent years. The field is located at the interface between the two scientific
and technological disciplines that can be argued to drive a significant if not
the dominating part of contemporary scientific innovation. In the English
language, computational biology refers mostly to the scientific part of the
field, whereas bioinformatics addresses mainly the infrastructure part. In
some other languages (e.g. German) bioinformatics covers both aspects of
the field.

The goal of this field is to provide computer-based methods for coping
with and interpreting the genomic data that are being uncovered in large
volumes through the diverse genome sequencing projects and other new
experimental technology in molecular biology. The field presents one of the
grand challenges of our times. It has a large basic research aspect, since we
cannot claim to be close to understanding biological systems on an organ-
ism or even cellular level. At the same time, the field is faced with a strong
demand for immediate solutions, because the genomic data that are being
uncovered encode many biological insights whose deciphering can be the
basis for dramatic scientific and economical success. At the end of the pre-
genomic era that was characterized by the effort to sequence the human
genome we are entering the postgenomic era that concentrates on harvest-
ing the fruits hidden in the genomic text. In contrast to the pregenomic era
which, from the announcement of the quest to sequence the human genome
to its completion, has lasted less than 15 years, the postgenomic era can be
expected to last much longer, probably extending over several generations.
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