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Preface

This book is a collection of the lecture notes for a course on compu-
tational structural biology taught at the Program on Bioinformatics
and Computational Biology at Iowa State University, USA. It is, in
a certain sense, a summary of what I have learned and understood
about computational structural biology based on my own research
experience, and is more of a review from the perspective of a computer
scientist or applied mathematician on the subject.

The book is focused on introducing computational and mathemat-
ical problems, their solution methods, and the research developments.
Efforts have been made to keep the contents self-contained and not
too technical, so that readers not previously exposed to related sub-
jects can still understand the materials and appreciate the biological
importance and mathematical novelty of the research in the field.

The field of computational structural biology is new and still devel-
oping. As such, it is hard to define the exact scope of the field, as
different groups of researchers may prefer different names with differ-
ent research goals and scopes in their minds, such as structural bioin-
formatics, structural genomics, or biomolecular modeling, to name
a few. Here, we just choose the current name, not exclusively, and
restrict our discussion to the use of computational methods for the
study of the structures and dynamics of biomolecules and, in particu-
lar, proteins.

Structures and their dynamic properties are key to the under-
standing of the biological functions of proteins. However, in gen-
eral, they are difficult to determine. Both experimental and theoretical
approaches have been used. They all require intensive mathematical
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computing, including data analysis, model building, structure pre-
diction, and dynamics simulation. Mathematical problems arise in
various stages of investigations on structure and dynamics. Some of
them can be resolved effectively by using existing mathematical tools,
while others present remarkable computational challenges. The devel-
opment of computational structural biology thus follows the great
need for mathematics and computation in structural research.

In Chap. 1, we discuss the importance of structures for the under-
standing of proteins and related biological functions. Two classes of
computational problems, structure determination and dynamics sim-
ulation, as the main subjects of computational structural biology, are
introduced. A review on the famous problem of protein folding is
given.

The topics related to X-ray crystallography and nuclear magnetic
resonance (NMR) spectroscopy, two major experimental approaches
for structure determination, are covered in Chaps. 2 and 3, respec-
tively, with emphasis on the phase problem in X-ray crystallography
and the distance geometry problem in NMR and their solutions. Two
important computational methods, potential energy minimization and
molecular dynamics simulation, as well as their extensive applications
to protein structures and dynamics are discussed in Chaps. 4 and 5.

The knowledge-based approach to structure prediction, an active
area of research in recent years, is reviewed in Chap. 6, with a great
deal of details left for readers to explore further. The development of
other related fields, including computational genomics and systems
biology, and their connection with computational structural biology
are also discussed.

To be self-contained, some general knowledge on algorithms and
numerical methods are given with relatively rigorous mathematical
descriptions in Appendices A and B. In contrast, in the main chapters
of the book, the presentation is made purposely without formal math-
ematical statements (such as theorems and proofs). The bibliography
is provided in the form of further readings attached to each chapter
and grouped under specific topics. They are selected readings, not
complete references, and are also given in certain suggested reading
orders.
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