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Oxidative stress, caused by reactive oxygen species (ROS) from sources
like UV light and pollutants, challenges both prokaryotic and eukaryotic
organisms. To combat this, organisms have evolved mechanisms such as
enzymatic defenses (e.g. superoxide dismutase, catalase, peroxidase) and
non-enzymatic antioxidants (e.g. glutathione, carotenoids). Selenium,
crucial in forming selenoproteins, plays a significant role in reducing
oxidative damage and regulating cell processes. Regulatory systems like
OxyR and SoxRS control the expression of stress response genes.
Understanding these mechanisms is key for advancing biotechnological
applications, such as bioremediation and medical therapies, by harnessing
microbial diversity and resilience.

Oxidative stress is an unavoidable outcome of the
interaction between Prokaryotic (and Eukaryotic)
organisms and their environment. During this interaction,
they encounter reactive oxygen species (ROS) originating
from external sources like UV light, atmospheric oxygen,
and chemical pollutants. To maintain cellular homeostasis
and survival under these challenging conditions, different
organisms have evolved a remarkable array of
mechanisms to mitigate oxidative stress. This summary
highlights examples of such mechanisms found in both
natural and engineered ecosystems and delves into their
impact on the organism within a dynamic environment.
Special attention is given to the intricacies, regulation, and
functional importance of these mechanisms. The genetic
diversity observed in various organisms regarding each of
these mechanisms offers valuable insight into the wide
range  of  responses  exhibited by different
(micro)organisms. Future applications of advanced
oxidation technologies might be used in combination with
biological systems to select and design engineered systems
with more efficient operational management tools for
removal of selected compounds and pathogens.
Enzymatic defense mechanisms play a central role in
bacterial response to oxidative stress. Superoxide
dismutase (SOD), catalase, and peroxidase are key
enzymes that work together to neutralize ROS, including
superoxide ions, hydrogen peroxide, and organic
hydroperoxides. These enzymes catalyze the breakdown
of ROS molecules into less harmful products, thereby
protecting vital cellular components from oxidative
damage.

In addition to enzymatic mechanisms, bacteria also utilize
non-enzymatic defense mechanisms to combat oxidative
stress. This includes the synthesis of antioxidants such as
glutathione, tocopherols, and carotenoids, which act as
free radical scavengers and reduce cell damage caused by
ROS. These molecules are crucial for maintaining redox
balance and protecting important biomolecules such as
DNA, proteins, and lipids from oxidation.

Selenium is an essential trace element that plays a crucial

role in bacterial defense against oxidative stress. Selenium
is an integral component of certain proteins, known as
selenoproteins, which function as critical antioxidants. An
example of a selenoprotein is selenocysteine-containing
proteins, which include selenocysteine as an amino acid.
These proteins have been shown to be essential for
bacterial survival under conditions of high oxidative
stress. Selenoproteins primarily function by reducing lipid
peroxidation, which is a primary consequence of oxidative
stress in cells. Their ability to neutralize free radicals and
other reactive oxygen species makes them important
players in the cellular defense system. Additionally,
selenoproteins have also been shown to have anti-
inflammatory properties and to regulate cell proliferation
and apoptosis, further contributing to cell survival and
integrity under stress. The regulation of selenoprotein
expression is closely linked to bacterial stress response
mechanisms. Transcription factors such as OxyR and
SoxRS can regulate the expression of genes involved in
selenium metabolism and selenoprotein biosynthesis. The
precise regulation of these proteins depends on the
availability of selenium in the environment as well as the
specific bacterial strain and its adaptation to different host
environments.

Understanding the role of selenoproteins in microbial
stress response is of great interest both from a basic
research perspective and from an applied perspective.
Manipulation of selenoprotein expression in Prokaryotes
has the potential to enhance their resistance to oxidative
stress and increase their utility in biotechnological
processes, such as bioremediation and production of useful
metabolites. Therefore, further research in this area is
crucial to elucidate the detailed mechanisms behind
selenoprotein function and their potential applications in
microbial applications. In biogas systems archaeal
methanogens regulate expression of selenoproteins to
adapt to redox challenges.

Regulation of oxidative stress response in bacteria is
complex and involves a wide range of signal transduction
pathways and transcription factors. Key players include



OxyR, SoxRS, and PerR, which control the expression of
genes involved in antioxidant production, DNA repair, and
stress response. These regulatory systems ensure an
accurate and balanced response to changing environmental
conditions and ensure survival under oxidative stress.

The ability of biological systems to adapt to different
environmental conditions is crucial for their survival and
spread. Their defense mechanisms against oxidative stress
are closely linked to their ability to colonize new habitats,
resist host defenses, and participate in symbiotic
interactions. Therefore, understanding these mechanisms
is not only of fundamental scientific interest but also of
great importance for the application of microorganisms in
biotechnological processes, bioremediation, and medicine.
In conclusion, through the presentation of a range of

mechanistic responses observed across diverse biological
systems, | intend to provide an insight into the variety and
effectiveness of strategies employed to combat oxidative
stress, as well as their adaptive responses to environmental
challenges. Continued research in this field will contribute
to unraveling intricate regulatory networks, discovering
novel therapeutic targets, and exploitation of microbial
diversity for the benefit of human health and
environmental sustainability.
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