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Tools developed by statistical physicists are of increasing importance in the anal-
ysis of complex biological systems. Physics in Molecular Biology discusses how
physics can be used in modeling life. It begins by summarizing important biolog-
ical concepts, emphasizing how they differ from the systems normally studied in
physics. A variety of subjects, ranging from the properties of single molecules to the
dynamics of macro-evolution, are studied in terms of simple mathematical models.
The main focus of the book is on genes and proteins and how they build interactive
systems. The discussion develops from simple to complex phenomena, and from
small-scale to large-scale interactions.

This book will inspire advanced undergraduates and graduates of physics to
approach biological subjects from a physicist’s point of view. It requires no back-
ground knowledge of biology, but a familiarity with basic concepts from physics,
such as forces, energy, and entropy is necessary.
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ductory biophysics at the Niels Bohr Institute and currently teaches biophysics at
advanced undergraduate and graduate level. Professor Zocchi is an experimentalist;
his present research is focused on understanding and controlling conformational
changes in proteins and DNA.

www.cambridge.org© Cambridge University Press

Cambridge University Press
0521844193 - Physics in Molecular Biology
Kim Sneppen and Giovanni Zocchi
Frontmatter
More information

http://www.cambridge.org/0521844193
http://www.cambridge.org
http://www.cambridge.org


PHYSICS IN MOLECULAR BIOLOGY

KIM SNEPPEN & GIOVANNI ZOCCHI

www.cambridge.org© Cambridge University Press

Cambridge University Press
0521844193 - Physics in Molecular Biology
Kim Sneppen and Giovanni Zocchi
Frontmatter
More information

http://www.cambridge.org/0521844193
http://www.cambridge.org
http://www.cambridge.org


cambridge university press
Cambridge, New York, Melbourne, Madrid, Cape Town, Singapore, São Paulo

Cambridge University Press
The Edinburgh Building, Cambridge CB2 2RU, UK

Published in the United States of America by Cambridge University Press, New York

www.cambridge.org
Information on this title: www.cambridge.org/9780521844192

C© K. Sneppen and G. Zocchi 2005

This book is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,

no reproduction of any part may take place without
the written permission of Cambridge University Press.

First published 2005

Printed in the United Kingdom at the University Press, Cambridge

A catalog record for this book is available from the British Library

Library of Congress Cataloging in Publication data

ISBN-13 978-0-521-84419-2 hardback
ISBN-10 0-521-84419-3 hardback

Cambridge University Press has no responsibility for the persistence or accuracy of URLs for
external or third-party internet websites referred to in this book, and does not guarantee that any

content on such websites is, or will remain, accurate or appropriate.

www.cambridge.org© Cambridge University Press

Cambridge University Press
0521844193 - Physics in Molecular Biology
Kim Sneppen and Giovanni Zocchi
Frontmatter
More information

http://www.cambridge.org/0521844193
http://www.cambridge.org
http://www.cambridge.org


Contents

Preface page vii
Introduction 1

1 What is special about living matter? 4
2 Polymer physics 8
3 DNA and RNA 44
4 Protein structure 77
5 Protein folding 95
6 Protein in action: molecular motors 127
7 Physics of genetic regulation: the λ-phage in E. coli 146
8 Molecular networks 209
9 Evolution 245

Appendix Concepts from statistical mechanics
and damped dynamics 280

Glossary 297
Index 308

v

www.cambridge.org© Cambridge University Press

Cambridge University Press
0521844193 - Physics in Molecular Biology
Kim Sneppen and Giovanni Zocchi
Frontmatter
More information

http://www.cambridge.org/0521844193
http://www.cambridge.org
http://www.cambridge.org


Preface

This book was initiated as lecture notes to a course in biological physics at
Copenhagen University in 1998–1999. In this connection, Chapters 1–5 were devel-
oped as a collaboration between Kim Sneppen and Giovanni Zocchi. Later chapters
were developed by Kim Sneppen in connection to courses taught at the Norwegian
University of Science and Technology at Trondheim (2001) and at Nordita and the
Niels Bohr Institute in 2002 and 2003.

A book like this very much relies on feedback from students and collaborators.
Particular thanks go to Jacob Bock Axelsen, Audun Bakk, Tom Kristian Bardøl,
Jesper Borg, Petter Holme, Alexandru Nicolaeu, Martin Rosvall, Karin Stibius,
Guido Tiana and Ala Trusina. In addition, much of the content of the book is the
result of collaborations that have been published previously in scientific journals.
Thus we would very much like to thank:
� Jesper Borg, Mogens Høgh Jensen and Guido Tiana for collaborations on polymer collapse

modeling;
� Terry Hwa, E. Marinari and Lee-han Tang for collaborations on DNA melting;
� Audun Bakk, Jacob Bock, Poul Dommersness, Alex Hansen and Mogens Høgh Jensen

for collaborations on protein folding models and models of discrete ratchets;
� Deborah Kuchnir Fygenson and Albert Libchaber for collaborations on nucleation of

microtubules and inspiration;
� Erik Aurell, Kristoffer Bæk, Stanley Brown, Harwey Eisen and Sine Svenningsen for

collaborations on λ-phage modeling and experiments;
� Ian Dodd, Barry Egan and Keith Shearwin for collaborations on modeling the 186 phage;
� Jacob Bock, Mogens Høgh Jensen, Sergei Maslov, Petter Minnhagen, Martin Rosvall,

Guido Tiana and Ala Trusina for ongoing collaborations on the properties of molecular
networks, and modeling features of complex networks;

� Sergei Maslov and Kasper Astrup Eriksen on collaborations on large-scale patterns of
evolution within protein paralogs in yeast;

� Per Bak and Stefan Bornholdt for collaborations on macro-evolutionary models, quan-
tifications of large-scale evolution, and modeling evolution of robust Boolean networks.
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viii Preface

Kim Sneppen is particularly grateful for the hospitality of KITP at the University
of California, Santa Barbara, where material for part of this book was collected
during long visits at programs on Physics in Biological Systems in winter/spring
2001 and 2003.

I, Kim, thank my infinitely wise and beautiful wife Simone for patience and love
throughout this work, and my children Ida, Thor, Eva and Albert for putting life
into the right perspective.
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