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I. INTRODUCTION

All livng cells are comstantly exposed to
chemical and physical agents that have the
ahbility to alter the primary stracture of
DNA. Such alteralions, if ool cormected,
would resull in mulalions. While many of
these muiations would be nectral (ie. no
changes in the amino acid sequences af pep=
tides) or would be insignificant {no invalve=
mwent of regulatory regions for the DNA and
RNA or in the case of proteing no alteration
of active sites), the accumlation of signifi=
cant mutations hat the potential 1o increage
the genetic diversity of a species, Such gen-
#tie divessity @ an esmeatial component
of evolution and the abiity of species 10
SUTVivG in changing environments, However,
there does come a critieal poit in Tl acea-
mwulaticn of mutations {(genete load) an
whoeh fime the spesacs can no loager cxist
iDrabshansky, 19500 Thus it would seem obe
wigus that lving sysiems musl mamtain
mechanisms [or 1he mepairng of DNA
damage. It would also seem ohvisus that

these same systens must balance the removal
of DNA damage with the sccumulation of a
fieite mamber of mutations, In this chapter
we disensg the diversity, as well az the excit-
ing intricecy, of the DNA sepain svatemns
frued i the paradiga Excherichia colf. In
additicn we consder the dramatic changes
that bave eceurred within the Last 10 years
e owr understanding of the procescs of
DA repair and mutagenesis. Magy of these
changes have becn brought about by the
information  gaimed tThrough the wariocus
EERGIE Projects

Beginnmg to understand the processes as
saciated with DNA repair and mulagenesis
reguires vistimg (e debate pver whother mive
tations arise spoatanecusly or are directed by
environmental conditicns—arwin versus
Lamarck. In 1542 Lusia and Deelbriick seempd
te answer this question following the publicas
tion of their fuctuation tests (Lusmie acd
Dielbruck, 1943). By combining statistics with

i TASHIN

anelegant myvestigation ol mulation numbers,
these pipneers demonsirated that under their
laboratory conditions bacterial mutations
arose spontancously during growth, While
these and related results (Lederberg and
Lederberg, 1952 Mewcomb, 1549) chearly
supported the view that mutations are none
directed and arise spontaneously, the debate
has mever really ended. The last 10 years has
seen & dramatic increase in the inlerest shown
in "directed” and stressmindazed mutagenesis
(Wright, 20000 While this is nat a new cons
cept. the very mention of naturally cccurring
“direcled” mutagenssis invokes the passions
assaciated with Lamarck's views an the in=
heritanee of acquired charsclerstics, In all
lairmess, Lamarck should alsa be rensen-
hered for baving articubaled il need for a
erachal evelution fram the simplest species
te the most complex, Evalutionite {Dob-
ihansky, 19500 and mathematidane have
conslitently questioned the probability that
evolition could have proceeded a8 capidly a8
demsmatrated had rue random oatsgendas
been the ealy factor in providing genetis dia
versly (Wright, 2000). The valdity of thes
queslions is aliested 1o, smee loday we know
of the mmpact that lransposons and Lranspoi=
iliens can have oo diversily and on the evelus
Upmary process (Labrador and Corees, 1997,
spe Whatihe and Salyers ch. 17). Fartbermore
there are data that strongly suppor the exisie
enpe of stresgarelated “directed'” mutagenesis
mechanisms (Wright, 20000 Hawever, it is
important to note that in all of theso cases
there is no eviderse found to support the
Lamarckian comcept of the inheritance of ace
quired charazteristics.

Consistently spantanesus mutations aere
thought to arise almest exchisively a5 & cone
sequence of growth (either errors in replicas
tion, unrepaired DA damage or as & resalt
of exrers daring the process of repairing dams
aged TINAL As described in the chapter by
Frishein, this volame, prokaryatic [INA rep=
lication is the primary respousibility of the
replicating complex. Thes complex af DMA
palymerasss and acesssory proising perlorm
the pormal semscorservative replication with

a greal deal ol sscuracy (Friedberg o al,
2000; Friedsesg ot al. 1995 Ohashi et al,
000). Withow! the mvalvement of any
Factors contributed by the besteria, the po=
tential error frequency associated with the
pairing af bases woald be between | to 109G
per nucleatide. However, the actual matation
Erequency for newdy replicated K. coli DNA s
s to nine onders of magnitade less frequent
than the prediction based solely on energel=
ics. At Jeast three to six onders of magnitude
of this enhanced fAdelity & due to inherent
propertics assoviabed with the replisation ma=
chinery including the 3 to ¥ exonuchoase
Functicn ihat has editing or proofresding sc=
tivity, Furiber reduction in the replication
errars oeear ai a resalil of the funclioning a
profein sydiems involved i mismatels carrec-
tiom (deseribed below).

Rexently o family of errorprone pelymes-
aged that bk the 3 to §' exonoclesse editing
function bave besa ientified in eubactenia,
archsea, and cukarvetes (Friedberg of al,
2000; Cietlach et al., 1999). In E. coli these
deagnated DNA polymerascs IV (DinB)
and ¥ {Umal)X'C) have been asociated with
transleson procesang of DMNA (replication
past a nomnstructional keon) asd conse=
guenlly with the potential geoeration of
mulalons. In cukaryoles, bomaologs of hese
polymerases have heen associated wilk hue
man diseases including cancer and polene
tially with the functioaing of the diversity
associated with the immure svstemn. The ex=
istence of these polymerases and their stress=
related regulstion kas spawned an intensive
reminvestigation into the natare of the mutas
grnesis process{es).

In 1983 Jokn Cairns and his callabarators
published a controversial and exciting artizle
that forced rethinking about how spontine
eous mualalions might arise when cells ane
under i stress=induced selection (Caims &t
al, 19E8), Although there were some prob=
lems with this fizst repart (Prival and Cebula
1598), Cairns and Foster (1981} coalimmed
that mwtatsons arise in nondividing or sla-
tionary phase bacteria when ihe cella are
salsjected 1o nonlethal seleciive pressure



