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Preface

This volume documents the proceedings of a major international conference on
DNA Repair Mechanisms, held at Keystone, Colorado in February 1978. The
meeting was one of the 1978 ICN-UCLA Winter Symposia on Molecular and
Cellular Biology, sponsored by ICN Pharmaceuticals, Inc., and organized through
the Molecular Biology Institute of the University of California, Los Angeles.

The conference marked the fourth anniversary of the first comprehensive interna-
tional meeting on the subject of DNA repair held at Squaw Valley, California in
1974. That meeting generated a great deal of enthusiasm and catalyzed many sig-
nificant collaborative ventures among the nearly 200 participants. In the ensuing
years the field has more than doubled in number of researchers and in the rate of
proliferation of new information and publications on the subject. This surge of
interest is due in part to the increased evidence that many types of repairable damage
in DNA are also highly mutagenic and carcinogenic. Procedures for measuring the
repair of damaged DN A have become refined and new ones have been developed in
the past several years. In addition, new pathways for the repair of DNA damage by
excision have been discovered and error-prone bypass modes have been elucidated.
Enough new repair enzymes have been isolated and characterized that it has become
imperative that a rational nomenclature be developed. Much more is known about
the hereditary disease Xeroderma pigmentosum with respect to its deficiency in
several DNA repair modes and evidence for repair defects in other human heredi-
tary diseases is being established. DNA repair currently represents one of the most
active fields of investigation in the overlapping spheres of molecular biology and
clinical research on human genetic deficiency and aging.

The 1978 meeting was attended by nearly 400 participants. The format for the
meeting included some novel aspects as well as the more traditional symposium
style. An overall perspective on the field of DNA repair was provided in plenary
sessions in which 17 speakers outlined current areas of active investigation and
important problems in the field. Then, selected questions formed the focus of 13
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workshop sessions coordinated by designated experts representing various views
and approaches to the respective problems. Poster sessions were utilized to facilitate
the presentation of new data from additional participants.

It is important that researchers in DN A repair periodically have the opportunity to
gather at a conference of this sort. The field includes scientists in the diverse disci-
plines of biochemistry, genetics, photobiology, radiology, and environmental bio-
logy. Workers in these disciplines are affiliated with different national and interna-
tional scientific societies and the field of DNA repair derives benefits from these
multiple associations. However, it also requires multidisciplinary gatherings such as
this conference to promote the free interchange of information essential to the ad-
vancement of the field.

This volume includes papers from the plenary session speakers and the workshop
participants as well as short summaries by the workshop session conveners, describ-
ing the current state of agreement and dispute on specific topic areas. We have
additionally included a number of manuscripts from a selected group of poster con-
tributors. Difficult decisions had to be made because of the space limitations in the
volume and we sincerely regret that we were unable to include papers from more of
the excellent poster presentations. In choosing these we tried to include documenta-
tion of important new findings, theories, and approaches to complement the mate-
rial covered in the other papers and have, wherever possible, stressed the availabil-
ity of multiple biological systems of DN A repair and mutagenesis research. Finally,
the volume includes contributions from the two keynote lecturers, Paul Howard-
Flanders and Bruce Ames.

We have arranged the papers in the volume roughly according to their organiza-
tion in the meeting, with an attempt to group plenary session contributions together
with the relevant workshop and poster manuscripts. We hope that the result repre-
sents a logical and comprehensive treatment of the rapidly moving field of DNA
repair as of early 1978.

We wish to acknowledge the financial sponsorship for this meeting provided
predominantly by contracts with the U.S. Department of Energy and by the Na-
tional Institutes of Health (in particular the National Cancer Institute, National In-
stitute on Aging, National Institute on Child Health and Development, National
Institute on Allergies and Infectious Diseases and the Fogerty International Center).
We also solicited support from many major chemical and drug companies because
of the obvious relationship of this conference topic to carcinogenic chemicals in the
environment. We are pleased that the following companies were able to respond
with support and we appreciate the commitment to scientific enquiry and concern
expressed by these private organizations: E. I. du Pont de Nemours and Co., Merck
and Co., Eli Lilly, and Hoffman—-La Roche.

We appreciate the excellent suggestions and help we received from many of our
colleagues in assembling the program for this meeting. Finally we are indebted to
Fran Stusser and her staff and to the Keystone administration for their generally
efficient handling of the arrangements for the meeting.

Philip C. Hanawalt
Errol C. Friedberg
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REPATRABLE DAMAGE IN DNA(1)
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ABSTRACT

Important contributions to the elucidation of the role
of DNA repair for cell viability, mutagenesis, malignant
transformation and cell degeneration are expected from
experiments in which individual DNA lesions of known
chemical structure are investigated. This is important
in view of the high degree of complexity of the spectrum
of lesions which is induced by most physical and chemical
agents by direct action and by Andirect action via the
intermediacy of active oxygen species. The formation

of thymine damage in baby hamster kidney cells by indi-
rect action was demonstrated for the chemical DNA damag-
ing agents benzo(a)pyrene (B(a)P) and ascorbic acid/Cu<+.
It is useful to characterize the biochemical properties
of DNA lesions in terms of their excisability, coding
properties and regulatory properniies. As a start the
excisability of several structurally related arylation
products of guanine induced by B(a)P and N-acetoxy-ace-
tylaminofluorene (N-acetoxy—-AAF) was determined in the
epitheloid human alveolar tumor line A549. The following
decreasing scale of excisability was observed: B(a)P-

4 ,5-epoxide adduct C,> B(a)P-4,5-epoxide adduct C,>>
B(a)P-diol-epoxide II-deoxyguanosine > deacetylation
product of "major" deoxyguanosine-AAF adduct > B(a)P-
diol-epoxide I-deoxyguanosine > "major" deoxyguanosine-
AAF adduct > "minor" deoxyguanosine-AAF adduct. For

the B(a)P-deoxyguanosine adducts these results suggest
an inverse relationship between the excisability of the
lesions and the mutagenicity and toxicity of the B(a)P-
metabolites by which they are induced in mammalian cells.
The effect of the location of the lesions in chromatin
on their excisability is discussed.

1
This work was supported by contract EY-76-5-05-4155
of the U.S5. Department of Energy and P.H.S. Grant

GM18617.
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INTRODUCTION

The elucidation of the role of the repair of DNA damage
in cell viability, mutagenesis, malignant transformation and
cell degeneration represents a major goal in molecular toxi-
cology. TImportant contributions to this goal are expected
from experimental systems in which {ndi{vidual DNA Lesions
of known chemical structure can be investigated. The study
of DNA damaging agents which induce a whole spectrum of
lesions and the use of biochemical procedures which do not
allow the distinction of individual lesions are less informa-
tive. The biochemical and biological effects resulting from
the treatment of a cell with a DNA damaging agent are usually
a composite of the expression of a multitude of lesions and
it is often very difficult or impossible to dissect the
contributions made by individual lesions. However, it is
the chemical structure of the individual lesions, their
abundance and distribution in the genome which determine the
mode(s) of lesion processing and ultimately the biological
endpoints in a particular cell. Out "short" range geal shoulfd
be to define the foxicity, mutagenicity and thansforming
potency of Andividual Lesions rathen than of damaging agents.
With the help of this knowledge it may become possible to
analyze multiple lesion situations where lesion interaction
may influence repairability and biological expression.

In this article T will first discuss lesion formation
and point out the complexity of the spectrum of lesions which
are formed in the DNA of intact cells by most physical and
chemical damaging agents. I will then describe and define
biochemical properties of DNA lesions and, as an example,

I will review our present knowledge of the relative excisa-

bility of a series of structurally related arylation lesions
of guanine. In a final paragraph I will discuss the effects
which the intragenomic location of lesions may have on their
repairability.

(1) FORMATION OF DNA LESIONS BY DIRECT AND INDIRECT ACTION

The list of DNA damaging agents is long and the list of
DNA lesions which they produce is even longer. There is
hardly an atom on the purine and pyrimidine rings of DNA
which has not been shown to react with some physical or
chemical damaging agent. Often it is possible to predict
the type of lesions which are likely to be formed from basic
chemical principles, e.g. a majority of ultimate chemical
damaging agents possess electrophilic properties and react
with the electron-rich centers of the heterocyclic bases in
nucleophilic displacement reactions(l). Valuable information
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about the structure of DNA lesions can be obtained from
An vitho experiments with mono- and polynucleotides but re-
liable data concerning the relative abundance and distribu-
tion of the lesions {n 4{fu can only be obtained in experi-
ments with intact cells. Most experiments with chemical
agents use highly radioactive compounds in order to be able
to detect the introduction of radioactive substituents on the
DNA bases (or the backbone) at low levels of damage. How-
ever, an important class of DNA lesions escapes detection
under these conditions. There are a number of chemical DNA
damaging agents of considerable importance to biochemical
and medical research which may exert at least part of their
action via the formation of reactive oxygen species. Most
of these agents, e.g. 4-nitroquincline-N-oxide s, Strepto-
nlgrln{3} adriamycin, mitomyein a3 benzo(a) pyrene
(B{a)?) , possess or are metabolically activated to quinone-
like structures. In many cell systems they can participate
in one-electron redox cycles which lead to the formation of
highly reactive oxygen radical species such as superoxide-
and hydroxyl-radicals which are expected to induce DNA
lesions of the type produced by radiation. Oxygen radical
species may also be responsible for the chromosomal damage
induced by ascorbiec acid plus Cu?t, The formation of DNA
strand-breakage by some of these agents has been clearly
demonstrated in {n vifho cnmpﬂnenf iystems but not in intact
cells where drug-induced breaks have to be distinguished
from breaks introduced as a consequence of DNA repair.
Hydroxyl- and superoxide- radicals are formed as a
consequence of water radiolysis by ionizing radiation. .9)
Hydroxyl radicals have been shown to induce thymine dam&ﬁe
and DNA strand breaks(10) in intact cells and they are mostly
responsible for the lethal action of aerobic gamma- and x-
raysfll}. This type of radiation action which is mediated
via oxygen radical species is referred to as "indirect
action". In contrast, energy deposition into the DNA target
is referred to as "direct action" of ionizing radiation.
Similarly, active oxygen species are also formed by far-
ultravieclet light by water photolysis and by near-ultraviolet
light by phﬂtodvnaTlc action and photodissociation of hydro-
gen percxlde The type of DNA lesions formed by
active oxygen species is expected to be closely related
regardless of whether they are formed by ionizing radiatiom,
ultraviolet light or in a redox system involving a chemical
agent. Therefore, it may be useful to expand the terminol-
ogy developed for ionizing radiation to include ultraviolet
light and chemical agents and we are proposing the following

definitions:













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































