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Abstract

Oxidative stress that generates the reactive oxygen species (ROS) is one of the major causes of DNA damage and mutations.
The “DNA damage checkpoint” that arrests cell cycle and repairs damaged DNA has been a focus of recent studies, and the
genetically amenable model systems provided by yeasts have been playing a leading role in the eukaryotic checkpoint research.
However, means to eliminate ROS are likely to be as important as the DNA repair mechanisms in order to suppress mutations in
the chromosomal DNA, and yeasts also serve as excellent models to understand how eukaryotes combat oxidative stress. In this
article, we present an overview of the signaling pathways that sense oxidative stress and induce expression of various anti-oxidant
genes in the budding yeaSaccharomyces cerevisiabe fission yeasschizosaccharomyces pomdiad the pathogenic yeast
Candida albicansThree conserved signaling modules have been identified in the oxidative stress response of these diverse
yeast species: the stress-responsive MAP kinase cascade, the multistep phosphorelay and the AP-1-like transcription factor. The
structure and function of these signaling modules are discussed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction molecular scavengers such as glutathione and thiore-

doxin[9]. Perhaps these molecules serve as the firstline

Cells in a human body metabolize approximately of defense against oxidative damage, and the cellular
10'2oxygen molecules per day during the normal respi- mechanisms that induce production of these molecules
ration process, and1% of the oxygen metabolized re-  in response to oxidative stress are often termed “oxida-
sults in the formation of reactive oxygen species (ROS), tive stress response”.
such as the superoxide anion(Q, the hydroxyl Extensive studies on the oxidative stress response in
free radical (OHM) and hydrogen peroxide @,) [1]. bacteria, particularlfescherichia coliand Salmonella
Some of heavy metals and various genotoxic agents, typhimurium have identified two independent mecha-
including UV irradiation and alkylating agents, also nhisms that respond to different types of oxidants (re-
generate oxidative stress. Because of its high reactiv- viewed by Pomposiello and Demp|&0]). Exposure
ity, ROS derived from various sources described above to hydrogen peroxide leads to the activation of a tran-
bring about damages, either directly or indirectly, to scription factor, OxyR, which regulates the expression
various cellular macromolecules, including DINA3]. of nine genes required for the protection against oxida-
For instance, oxidative DNA damage can alter purine tive stress, including catalase and glutathione reduc-
and pyrimidine bases as well as cleave the phosphodi-tase.oxyRmutants exhibit high spontaneous mutation
ester DNA backbonfl]. One of the most studied muta-  rates even in the absence of hydrogen peroxide, sug-
tions caused by ROS is 8-hydroxyguanine (8-OH-Gua), gesting that OxyR plays a role in preventing oxidative
which leads to GG> TA transversions unless repaired damage to DNA also during normal aerobic growth
before the DNA is replicatef4]. It is approximated [11,12] On the other hand, superoxide anion activates
that 20,000 bases in chromosomal DNA are damaged inthe SoxR transcription factor, which induces expres-
each human cell by ROR,5]. Indeed, ROS have been sion of another transcription factor, SoxS, as well as
implicated in several human processes and diseasespther genes. Together, SoxR and SoxS regulate induc-
including cancer, heart disease, and neurodegenerativdion of ~40 genes, including superoxide dismutase and
disease$3,4,6,7] DNA repair enzymeg§l0].

In order to counteract oxidative DNA damage, cells Detoxification of ROS in eukaryotic cells is also
have evolved several repair mechanisms including the achieved by the enzymes and molecular scavengers
direct reversal of the mutation, mismatch repair and similar to those utilized by bacter[a3,14], although
DNA excision pathwayf8]. However, itis equally im- ~ oxidative stress response in eukaryotes utilize signaling
portant to eliminate ROS promptly, in order to prevent mechanisms that show little resemblance to the OxyR
further damage to DNA. Thus, aerobically growing or- and SoxRS systems. In this article, we will review the
ganisms developed multiple ways to decompose ROS, signal transduction pathways that sense oxidative stress
through the production of detoxifying enzymes (i.e., and induce gene expression in yeasts, particularly, the
catalase, superoxide dismutase and peroxidase) andudding yeasSaccharomyces cerevisiathe fission



Download English Version:

https://daneshyari.com/en/article/9909202

Download Persian Version:

https://daneshyari.com/article/9909202

Daneshyari.com


https://daneshyari.com/en/article/9909202
https://daneshyari.com/article/9909202
https://daneshyari.com

