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YEARLY REVIEW

METABOLICALLY-PRODUCED ‘UV-LIKE’ DNA
DAMAGE AND ITS ROLE IN SPONTANEOUS
MUTAGENESIS

Introduction

Much of spontaneous mutagenesis in Escherichia coli
is due to the error-prone repair of DNA damage;
such damage is presumably produced in DNA as a
natural consequence of normal metabolism and,
from knowledge of the genetic control of the DNA
repair processes that affect spontaneous mutagene-
sis, it has been concluded that part of this spon-
taneous DNA damage is ‘UV-like’ (Sargentini and
Smith, 1981). This conclusion is based in part upon
the fact that a deficiency in error-free excision repair,
which enhances the spontaneous mutation rate of
cells, also renders cells more mutable by UV irradia-
tion, but has little effect on X radiation mutagenesis
(reviewed in Sargentini and Smith, 1981). Thus, the
repair of this spontaneous DNA damage utilizes the
same processes that are required for the repair of
DNA damage produced by 254 nm radiation.

A tabulation and review of the available data
relevant to the genetic control of spontaneous
mutagenesis in several species has recently been
published (Sargentini and Smith, 1985). The conclu-
sions from this review concerning the relative roles of
DNA replication, recombination and repair in spon-
taneous mutagenesis will be summarized here, and
papers relevant to the ‘UV-like’ nature of spon-
taneous DNA damage that leads to spontaneous
mutagenesis will be reviewed. Finally, the role of
spontaneous mutagenesis in spontaneous carci-
nogenesis will be discussed.

Where the spectrum of spontaneous mutations has
been determined in a single system, base-substitution
mutations were found to predominate, and base-
substitution assays have been used most frequently
for studying the roles of DNA repair genes in
mutagenesis (reviewed in Sargentini and Smith,
1985). Therefore, the conclusions reported here are
based largely upon data obtained for base-
substitution mutagenesis.

How are spontaneous mutations produced?

The three activities that appear to have a major
impact on the fidelity of DNA are replication,
recombination and repair. Each of these processes
has been evaluated as to their role in spontaneous
mutagenesis.
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DNA replication errors. Several different ways
have been described in which spontaneous mutations
can arise through errors during DNA replication
(e.g. base tautomerization, polymerase errors,
abnormal nucleotide pool sizes, palindromes, mis-
match repair, etc.) (reviewed in Sargentini and
Smith, 1985). However, in the bacterial system,
where more data are available, only about 50% of
spontaneous mutagenesis can be accounted for by
errors in DNA replication. This is based upon the
observation that recA mutants of E. coli, which are
deficient in error-prone DNA repair and are nonmut-
able by UV radiation (reviewed in Witkin, 1976), still
show about 50% of the spontaneous mutation rate of
wild-type cells (reviewed in Sargentini and Smith,
1985). In general, this recA-independent phenotype
has been considered as diagnostic for the involve-
ment of replication errors in spontaneous mutagene-
sis (e.g. Cox, 1976).

Although recA strains of E. coli are nonmutable by
X or UV radiation, they are mutable by certain
chemicals that produce lesions in DNA that cause
miscoding errors during replication (Kondo et al.,
1970). Therefore, it seems reasonable that metabolic
reactions could also produce miscoding lesions in
DNA, which would produce mutations during nor-
mal DNA replication.

Recombination errors. After reviewing the avail-
able data for bacteria and fungi on the genetic control
of spontaneous mutagenesis and of recombination to
see if mutations that increase or decrease recombina-
tion have a similar effect on spontaneous mutagene-
sis, the conclusion was that recombination errors do
not play a major role in spontaneous mutagenesis in
bacteria or in fungi (Sargentini and Smith, 1985).

DNA repair errors. The conclusion that the error-
prone repair of metabolically-damaged DNA is im-
portant in spontaneous mutagenesis comes from
observations on E. coli that mutations that affect
DNA repair functions and reduce UV radiation
mutagenesis (e.g. uvrD, recB) have similar effects on
spontaneous mutagenesis. Similarly, mutations that
block error-free excision repair and enhance UV
radiation mutagenesis (e.g. uvrA, uvrB) also en-
hance spontaneous mutagenesis, but have little or no
effect on X radiation mutagenesis (Sargentini and
Smith, 1981).
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Support for the importance of DNA repair in
spontaneous mutagenesis not only comes from data
on bacterial cells, but also from data on fungal and
mammalian cells. In the bacterial system, where
more data are available, about half of spontaneous
mutagenesis has been shown to be due to the
error-prone repair of damaged DNA, and about half
is presumed to be due to errors made during DNA
replication (reviewed in Sargentini and Smith, 1985).

Spontaneous DNA damage that is ‘UV-like’

Although a part of the spontaneous DNA damage
that leads to spontaneous mutations has been infer-
red to be ‘UV-like’, based upon a consideration of
the types of DNA repair systems that affect spon-
taneous mutagenesis, the mechanism(s) by which this
‘UV-like’ damage is produced in DNA is not known.
However, a model system exists, using horseradish
peroxidase and several different substrates, for an
enzymatic reaction that requires oxygen and pro-
duces excited-state molecules (i.e. ‘UV-like’) that
can damage DNA (Cilento, 1980) and proteins
(Rivas et al., 1984). Furthermore, metabolizing cells
exhibit low levels of chemiluminescence (Cadenas,
1984; Quickenden et al., 1985), which is diagnostic
for the presence of excited-state molecules. Excited-
state species have also been observed as a consequ-
ence of lipid peroxidation in microsomes (Cadenas et
al., 1984).

One can predict, therefore, that one possible way
to reduce the level of spontaneous mutagenesis
would be to introduce molecules into cells that can
quench excited states, and therefore prevent the
formation of ‘UV-like’ damage in DNA. Photochem-
ists commonly use quenchers of excited states in their
research, but these quenchers are generally toxic to
cells. Quenchers will have to be found that are
nontoxic and freely enter cells before they can be
used in studies on spontaneous mutagenesis (see
below).

A recent paper on mutagenesis in V79-4 Chinese
hamster cells suggests that the types of mutants
produced in the HGPRT locus are different for
spontaneous and ionizing radiation mutagenesis
(Brown and Thacker, 1984). Although these data
don’t allow the conclusion that the spontaneous
DNA damage in mammalian cells is ‘UV-like’, they
at least suggest that it is not ‘X-ray-like’.

Thymine residues in DNA are very susceptible to
damage by oxidizing agents and ionizing radiation,
and the major detectable product is thymine glycol.
However, thymine products of the 5,6-dihydroxy-
dihydrothymine type are also formed in the DNA of
HeLa cells by exposure to either far-UV or near-UV
radiation (Hariharan and Cerutti, 1977). One of the
activities of endonuclease IIT in E. coli is its thymine
glycol-DNA glycosylase activity. Surprisingly, a nth
mutant (deficient in endonuclease III) is not sensitive
to killing by H,O, or ionizing radiation, nor is it
unusually susceptible to the mutagenic effects of
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‘oxidizing agents’; however, it demonstrates a 4- to
22-fold enhancement in spontaneous mutagenesis
(Arg* reversion) (Cunningham and Weiss, 1985). It
would be of interest to compare the UV (near and
far) and X-ray mutabilities of this strain, in the hope
that these data may help to identify the chemical
nature of the spontaneous DNA damage that leads to
spontaneous mutagenesis, i.e. is it ‘UV-like’ or
‘X-ray-like’.

Antimutagens

An extensive review on antimutagens has been
published (Clarke and Shankel, 1975). More recent
papers will be reported here.

Selenium not only reduces the spontaneous muta-
tion level in Salmonella typhimurium, but also re-
duces the mutagenicity of several chemicals (Martin
and Schillaci, 1984). Cobalt(I1) ions have also been
shown to be antimutagenic for chemical mutagenesis
(e.g. Mochizuki and Kada, 1982), and for spon-
taneous mutagenesis in a Bacillus subtilis mutator
strain having an altered DNA polymerase III (Inoue
et al., 1981). More recently, germanium oxide has
been found to be antimutagenic toward chemically-
induced frameshift mutations (Kada et al., 1984).

In view of the evidence (discussed above) that
spontaneous mutagenesis is associated with the meta-
bolic production of ‘UV-like’ lesions in DNA, it
would be of interest to determine if certain anti-
mutagens, such as selenium and cobalt(Il), are
capable of quenching the excited states of biological
molecules.

Spontaneous carcinogenesis

The importance of spontaneous mutagenesis to
spontaneous carcinogenesis has been discussed
(Sargentini and Smith, 1981; Smith and Sargentini,
1985). For example, since excision repair-deficient
bacteria show enhanced spontaneous mutagenesis,
and because of the correlations between mutagenesis
and carcinogenesis {e.g. McCann et al., 1975}, it has
been predicted that patients with the heritable dis-
ease xeroderma pigmentosum (XP), which renders
their cells deficient in excision repair, should show an
abnormal amount and/or types of internal organ
cancers (Sargentini and Smith, 1981). It is of interest
to note, therefore, that, based upon evidence from
normal individuals and from individuals with XP, a
proficiency in DNA repair does protect against
internal neoplasia (Kraemer et al., 1984).

A deficiency in DNA repair, however, may not be
the only mechanism for predisposing a person to
spontaneous carcinogenesis. For example, a person
could be a genetic overproducer of products that
damage DNA, or be an underproducer of agents that
can detoxify (e.g. quench) these products. A person
could be deficient in error-free repair, possess DNA
replication enzymes that are error-prone, or be
immunologically deficient. A genetic abnormality in
any of these processes would be expected to predis-
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pose a person to spontaneous carcinogenesis (Smith
and Sargentini, 1985).
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