Cambridge University Press

978-0-521-29362-4 - Biological Effects of Ultraviolet Radiation
Walter Harm

Frontmatter

More information

IUPAB Biophysics Series
sponsored by
The International Union of Pure and Applied Biophysics

Biological effects of ultraviolet radiation

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521293624
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-29362-4 - Biological Effects of Ultraviolet Radiation
Walter Harm

Frontmatter

More information

TUPAB Biophysics Series

sponsored by

The International Union of Pure and Applied Biophysics
Editors

Franklin Hutchinson

Yale University

Watson Fuller

University of Keele

Lorin J. Mullins

University of Maryland

1 Walter Harm: Biological effects of ultraviolet radiation
2 Stanley G. Schultz: Basic principles of membrane transport

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521293624
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-29362-4 - Biological Effects of Ultraviolet Radiation
Walter Harm

Frontmatter

More information

Biological effects of ultraviolet
radiation

WALTER HARM

Professor of Biology
University of Texas at Dallas

CAMBRIDGE UNIVERSITY PRESS
CAMBRIDGE

LONDON NEW YORK NEW ROCHELLE
MELBOURNE SYDNEY

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521293624
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-29362-4 - Biological Effects of Ultraviolet Radiation
Walter Harm

Frontmatter

More information

CAMBRIDGE UNIVERSITY PRESS
Cambridge, New York, Melbourne, Madrid, Cape Town,
Singapore, Sio Paulo, Delhi, Tokyo, Mexico City

Cambridge University Press
The Edinburgh Building, Cambridge CB2 8RU, UK

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

www.cambridge.org
Information on this title: www.cambridge.org/9780521293624

© Cambridge University Press 1980

This publication 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 1980
Re-issued 2013

A catalogue record for this publication is available from the British Library

Library of Congress cataloguing in publication data
Harm, Walter, 1925—

Biological effects of ultraviolet radiation.

(IUPAB biophysics series; 1)

1. Ultra-violet rays — Physiological effect.

2. Radiogenetics. 1. Title. II. Series: International
Union for Pure and Applied Biophysics. IUPAB
biophysics series; 1.

QH652.H28  §574.1°9154 77-88677

ISBN 978-0-521-22121-4 Hardback
ISBN 978-0-521-29362-4 Paperback

Cambridge University Press has no responsibility for the persistence or
accuracy of URLs for external or third-party internet websites referred to in
this publication, and does not guarantee that any content on such websites is,
or will remain, accurate or appropriate. Information regarding prices, travel
timetables, and other factual information given in this work is correct at

the time of first printing but Cambridge University Press does not guarantee

the accuracy of such information thereafter.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521293624
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-29362-4 - Biological Effects of Ultraviolet Radiation
Walter Harm

Frontmatter

More information

CONTENTS
Foreword page ix
Preface xi
1 Introduction to ultraviolet radiation 1
1.1 General characteristics 1
1.2 Electronic excitation 2
1.3 Biological effectiveness 4
1.4 Sources of ultraviolet radiation 5
2 The study of biological UV effects 8
2.1 Biological objects 8
2.2 UV radiation as experimental tool and environmental factor 10
2.3 Quantitative determination of UV radjation energy 11
3 Interaction of UV radiation with molecules of biological
importance 23
3.1 UV absorption by nucleic acids, proteins, and other
biologically relevant molecules 23
3.2 Determination of the critical absorbing component:
The action spectrum 28
3.3 Major photoproducts of biological significance 31
4 Inactivation of cells and viruses 40
4.1 General 40
4.2 One-hit, one-target survival curves 41
4.3 Shouldered survival curves 45
4.4 Upward concave survival curves S1
4.5 Modification of survival kinetics 55
4.6 Intrinsic sensitivities 56
5 Inactivation of genetic material in vitro 58
5.1 Inactivation of bacterial transforming DNA 58
5.2 Inactivation of viral nucleic acids 62
v

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521293624
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-29362-4 - Biological Effects of Ultraviolet Radiation
Walter Harm

Frontmatter
More information
vi Contents

6 Causes of lethality 66
6.1 General 66
6.2 Evidence for lethal photoproducts 67
6.3 Biological reasons for lethality 71
6.4 Expression of lethality 73
7 Recovery and repair 76
7.1 General considerations 76
7.2 Photoreactivation and photoenzymatic repair 79
7.3 Host-cell reactivation of viruses 92
7.4 Excision-resynthesis repair 97
7.5 Phage-controlled repair: v-Gene reactivation 102
7.6 Recombination (or postreplication) repair 104
7.7 Multiplicity reactivation of viruses 108
7.8 Marker rescue in phages 114
7.9 Weigle recovery (or UV reactivation) of viruses 118
7.10 Other phage recovery effects 121
8 Repair-related phenomena 124
8.1 Liquid-holding effects 124
8.2 Fluence fractionation and fluence protraction 127
8.3 Other factors influencing UV inactivation and cellular repair 130
8.4 Photoprotection and indirect photoreactivation 132
8.5 The Luria-Latarjet effect 134
9 UV mutagenesis 140
9.1 General 140

9.2 Detection of UV-induced mutations and determination
of their frequencies 142
9.3 Evidence for a premutational state 143
9.4 Mechanism of UV mutagenesis 150
9.5 Kinetics of UV mutagenesis 152
9.6 Delayed appearance of UV-induced mutations 155
9.7 Indirect UV mutagenesis 156
9.8 UV induction of chromosomal aberrations 157

10 UV effects on macromolecular syntheses, genetic

recombination, lysogeny, and related phenomena 160
10.1 DNA synthesis 160
10.2 RNA and protein synthesis 161
10.3 Delay of growth and cell division 163
10.4 Lysogenic induction and related phenomena 170
10.5 UV effects on genetic recombination 174
10.6 Inactivation of the cells’ capacity to propagate phages 178

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521293624
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-29362-4 - Biological Effects of Ultraviolet Radiation

Walter Harm
Frontmatter
More information

Contents

11 Biological effects of solar UV radiation

11.1 Sunlight as a natural UV source

11.2 Solar UV effects on microbes, viruses, and DNA
11.3 The importance of repair under natural conditions
11.4 Effects of sunlight on the human skin

12 UV carcinogenesis
12.1 General

12.2 Evidence relating human skin cancer to UV exposure
12.3 Evidence for pyrimidine dimers in DNA as a cause of

neoplastic transformation

12.4 Dark repair of carcinogenic UV lesions

13 Sensitized UV effects on DNA

13.1 Substitution for thymine by S-bromouracil
13.2 UV sensitization of DNA by exogenous molecules

Notes
References
Index

vii

180
180
182
186
189

191
191
192

193
197

199
199
200

203
205
209

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521293624
http://www.cambridge.org
http://www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-0-521-29362-4 - Biological Effects of Ultraviolet Radiation
Walter Harm

Frontmatter

More information

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521293624
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-29362-4 - Biological Effects of Ultraviolet Radiation
Walter Harm

Frontmatter

More information

FOREWORD

The origins of this series were a number of discussions in the Education Com-
mittee and in the Council of the International Union of Pure and Applied
Biophysics (IUPAB). The subject of the discussions was the writing of a text-
book in biophysics; the driving force behind the talks was Professor Aharon
Katchalsky, first while he was president of the Union, and later as the honor-
ary vice-president.

As discussions progressed, the concept of a unified text was gradually
replaced by that of a series of short inexpensive volumes, each devoted to a
single topic. It was felt that this format would be more flexible and more
suitable in light of the rapid advances in many areas of biophysics at present.
Instructors can use the volumes in various combinations according to the
needs of their courses; new volumes can be issued as new fields become
important and as current texts become obsolete.

The International Union of Pure and Applied Biophysics was motivated to
participate in the publication of such a series for two reasons. First, the
Union is in a position to give advice on the need for texts in various areas.
Second, and even more important, it can help in the search for authors who
have both the specific scientific background and the breadth of vision needed
to organize the knowledge in their fields in a useful and lasting way.

The texts are designed for students in the last years of the standard univer-
sity curriculum and for Ph.D. and M.D. candidates taking advanced courses.
They should also provide a suitable introduction for someone about to begin
research in a particular field of biophysics. The Union is pleased to collabo-
rate with the Cambridge University Press in making these texts available to
students and scientists throughout the world.

Franklin Hutchinson, Yale University
Watson Fuller, University of Keele
Lorin Mullins, University of Maryland
Editors
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PREFACE

The killing of cells by ultraviolet (or UV) radiation, in particular by wave-
lengths present in sunlight, has been studied for more than a century. The
ultraviolet’s mutagenic action was experimentally established not long after
discovery of the mutagenicity of ionizing radiations by H. J. Muller in 1927.
Concomitantly, UV action spectra for the killing of cells and viruses and for
mutagenesis indicated that these effects were due to energy absorption in
nucleic acids, substances then known to be part of the chromosomes, and as it
turned out later, those actually carrying the hereditary information. Aside
from such early roots, however, UV photobiology is a relatively recent area
of research, comprising in essence the achievements of the past 20 to 30
years. Its development during this period paralleled the rapid progress in
genetics and molecular biology, resulting mainly from the experimental use
of microorganisms and viruses.

Basically, research in UV photobiology has employed the radiation as a tool
to damage organisms in a fairly specific manner, at least more specific than
ionizing radiations do. Investigating the consequences of such damage not
only permitted conclusions regarding the UV-absorbing material and the ways
in which the damage interferes with vital cellular processes, but also led to the
observation of recovery effects. Work by A. Hollaender in the middle 1930s
gave the first evidence for them, but their general significance was not recog-
nized until the later forties and early fifties. The study of recovery phenomena
indicated that, in contrast to earlier concepts, the eventual fate of an irradiated
organism is highly conditional, rather than being fully determined at the time
of energy absorption. Not only did these achievements offer explanations for
otherwise irreconcilable discrepancies between the results obtained in differ-
ent laboratories, subsequent studies on recovery phenomena also revealed
their molecular basis: the existence of a variety of sophisticated and highly
efficient repair processes enabling the cells to cope with otherwise unbearable
conditions. They are of great importance in protecting organisms against
radiation damage from our natural UV source, the sun, as well as against
damage from a wide variety of other agents. Moreover, it is now evident that
some of the reaction steps involved in repair play at the same time a signifi-
cant role in general cellular maintenance processes and such basic phenomena
as genetic recombination and DNA replication. The use of UV radiation has
been basically involved in these important discoveries.

xi
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xii Preface

When Franklin Hutchinson, the chairman of the Editorial Board of this
series of biophysics textbooks, approached me with regard to writing a book
on Biological Effects of Ultraviolet Radiation, 1 accepted with mixed feelings.
On the one hand, I was grateful for the opportunity to summarize the results,
as well as my own views and thoughts, in an area of research that I have been
associated with for the past 25 years, and in which my writing had so far been
only in the form of original papers and review articles. On the other hand, it
was obvious that the task of covering a field in which interpretations and
concepts are still in a considerable flux, and to which hundreds of scientists
contribute the results of their research almost daily, is a difficult one. My
final decision was facilitated by the editor’s request that the textbook be
short, comprising essentially what he felt I carry around in my head. Al-
though the latter turned out to be too optimistic in many instances, [ was
aware that the more time-consuming parts of the job would be: (1) the de-
cision as to what one can consider of sufficient importance to provide gradu-
ate and advanced undergraduate students, or scientists established in other
areas of research, with a useful background for entering this field; (2) the
presentation of the material in a form easy to comprehend, particularly with
regard to those potential readers unfamiliar with the inherent genetic and
quantitative approaches. My apologies, if I have not always succeeded in these
respects.

Among the rewards for writing a textbook is the author’s satisfaction in
presenting the facts, concepts, and his own thoughts in his field of com-
petence in a didactically most desirable form. Full justification of the effort,
however, requires the existence of a definitive need for such a book. The
implicit criterion that the book must differ significantly from others on
similar topics is not difficult to meet in the present case. There exist several
volumes with contributions from research symposia and excellent review
articles on various aspects of UV photobiology, published in journals, in
periodicals, or in the form of multiauthored books. They are invaluable as a
source of information for the advanced scientist but necessarily inadequate
as introductory texts. A recently published work, The Science of Photo-
biology, edited by K. C. Smith (Plenum, 1977) covers the whole discipline
of photobiology, including photosynthesis, photomorphogenesis, biolumi-
nescence, and many other fields, and contains excellent contributions from
many authors in their specific areas of competence. But only the chapter
“Ultraviolet Radiation Effects on Molecules and Cells” coincides to a major
extent with the contents of this book. Among textbooks, Introduction to
Research in Ultraviolet Photobiology by J. Jagger (Prentice-Hall, 1967) puts
its main empbhasis on the techniques involved in UV-photobiological research.
Molecular Photobiology by K. C. Smith and P. C. Hanawalt (Academic Press,
1969) covers a similar area, as does this book. However, almost 10 years have
passed since publication of Molecular Photobiology, and in their contents the

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521293624
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-29362-4 - Biological Effects of Ultraviolet Radiation
Walter Harm

Frontmatter

More information

Preface Xiii

two books complement one another in several respects. Unquestionably, the
emphasis on biological problems in the present book reflects the author’s own
research preference and his original training as a biologist.

The first three chapters of the book are designed to provide the reader with
the background in chemistry and physics essential to an understanding of the
biological effects, to which all of the remaining 10 chapters are devoted. The
reader may feel that Chapters 7 and 8, dealing with recovery, repair processes,
and related phenomena observed after UV damage, are treated in more detail
than seems appropriate in comparison with other chapters. Perhaps this
amounts to overemphasis of my own research area. But in all fairness, one can
probably say that during the past 10 to 20 years hardly any other branch of
UV photobiology contributed more to our general biological knowledge than
the study of repair and recovery.

It is my pleasure to acknowledge the help of many colleagues, and the pub-
lishers of their work, for the kind permission to use their graphs or other
illustrations in this book. The names are too numerous to mention them all
here; acknowledgments are given at the appropriate places. Particular thanks
are owed Dr. Franklin Hutchinson for the encouragement to my writing, and
my colleague Dr. Claud S. Rupert, with whom I have had for the past 15 years
close scientific relations in several areas covered by the book. These resulted
in a number of joint publications as well as in an earlier attempt at writing
together a comprehensive monograph on UV photobiology of microorganisms.
We abandoned this effort, simply because the literature was turning out
results faster than we were able to digest them for the purpose of writing,
taking into account all other commitments and problems at a newly estab-
lished university campus. Nevertheless, this apparently futile exercise was of
considerable help in the preparation and writing of the present text, notably
the first three chapters, which cannot deny the physicist’s influence.

My thanks also include Dr. Michael H. Patrick for critically reviewing sev-
eral chapters of the book, and Mr. H. Thomas Steely, Jr., a graduate student
in the Molecular Biology Program at The University of Texas at Dallas for
reading the manuscript and giving me his views as a potential user of the
textbook. I am particularly indebted to Sally Rahn for secretarial help and
for the typing of the manuscript.

Walter Harm
August 1979,
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