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Oxidative stress 
Oxidative stress (OS) is the term applied when oxidants
outnumber antioxidants. Interference in the balance between
the environmental production of reactive oxygen species (ROS),
including hydroxyl radicals ( OH) and hydrogen peroxide (H2O2),
and the ability of biological systems to readily detect and
detoxify them, or repair the resulting damage are oxidative
stress. It is a common condition caused by biological systems in
aerobic conditions such that antioxidants cannot scavenge the
free radicals. This causes an excessive generation of ROS, which
damages cells, tissues and organs. Highly reactive radicals cause
the oxidative damage of different macromolecules proteins,
DNA, and lipids leading to loss of function, an increased rate of
mutagenesis, and ultimately cell death.



Reactive oxygen species (ROS) represent the

collection of number of molecules and free

radicals derived from molecular oxygen in

addition, there is another class of free radicals

that are nitrogen derived called Reactive

nitrogen species (RNS). These reactive species

are readily converted into reactive non-radical

species by enzymatic or non-enzymatic

chemical reactions that in turn can give rise to

new radicals.



Reactive sulfur species (RSS) are a family of sulfur-

based chemical compounds that can oxidize and inhibit thiol-

proteins and enzymes. They are often formed by the oxidation

of Thiols and disulfides into higher oxidation states. Examples

of RSS include persulfides, polysulfides and thiosulfate.

Reactive carbonyl species (RCS) are molecules

with highly reactive carbonyl groups, and often known for

their damaging effects on proteins, nucleic acids, and lipids.

They are often generated as metabolic products. Important

RCSs include 3-deoxyglucosone, glyoxal, and methylglyoxal.

RCE's react with amines and thiol groups leading to advanced

glycation endproducts (AGEs). AGE's are indicators of

diabetes

https://en.wikipedia.org/wiki/Persulfide
https://en.wikipedia.org/wiki/Polysulfide
https://en.wikipedia.org/wiki/Thiosulfate
https://en.wikipedia.org/wiki/Carbonyl
https://en.wikipedia.org/wiki/3-Deoxyglucosone
https://en.wikipedia.org/wiki/Glyoxal
https://en.wikipedia.org/wiki/Methylglyoxal
https://en.wikipedia.org/wiki/Advanced_glycation_endproduct


Cellular Source of ROS’s
In a living system there are various sources of ROS such as by-product of
cellular respiration (presence of redox cycling compounds), synthesized
by enzyme systems phagocytic cells, neutrophils and macrophage
(NADPH oxidase, myeloperoxidases), exposure to ionizing radiation,
production: a) Chain reaction, a free radical steals an electron from a
nearby compound forming a new free radical. Free radicals may steal
electrons from cellular structures or molecules, b) by normal cellular
respiration electron transport system often oxygen is the terminal
electron acceptor in the cell mitochondria to ROS. Also smoking,
herbicides, pesticides, fried foods as well as industrial contaminants that
are widespread in soils and on the surfaces of plants are sources of ROS.
Recent work has demonstrated that ROS have a role in cell signaling,
including; apoptosis; gene expression; and the activation of cell signaling
cascades. It should be noted that ROS can serve as both intra- and
intercellular messengers



MECHANISM OF oxidative stress
• Lipid peroxidation of membrane.

• Free radicals in presence of oxygen causes 
peroxidation of lipids within plasma and 
organelles.

• Autocatalytic  chain reaction, results in 
extensive membrane, organellar, and cellular 
damages.

• Oxidative modification of proteins.

• Oxidation of amino acid residue side chain, 
protein-protein cross linkage form (e.g. 
disulphide bonds.) and oxidation of protein 
backbone, resulting in protein fragmentation.



• Oxidative  modification enhances degradation 

of critical proteins.

• Lesions in DNA.

• Reaction with thymine in nuclear and 

mitochondrial DNA . This DNA damage has 

been implicated in cell aging.

DNA repair defects accumulation of 

mutations reduced ability to produced 

new cells cellular aging. 





Oxidative DNA Damage

• Correlation with cancers and diseases

• Oxidative DNA lesions by

─ Direct attack

─ Indirect activation of endonuclease enzymes

• Oxidative modification of bases – mutation

• Oxidative modification of sugar moieties – DNA strand break

• Abstraction of H+ atom from carbon atoms of sugar molecules

• Disproportionations and rearrangement lead to C-C bond

fragmentation and DNA strand break





















Physiological role of ROS

Aerobic bacteria use molecular oxygen (O2) for respiration or
oxidation of nutrients to obtain energy. Bacteria are in
continuous contact with ROS over the course of their life cycle
generated both endogenously, as a product of aerobic
metabolism, or exogenously during ionizing and non ionizing
(UV) irradiation leading to the production of a number of
radical and peroxide species through the ionization of
intracellular water. Reactive by- products of oxygen, such as
superoxide anion radical (O2 ), hydrogen peroxide (H2O2),
and the highly reactive hydroxyl radicals (·OH), are generated
continuously in cells grown aerobically . These species cause
damage to proteins, lipids, and nucleotides, negatively
impacting the organism.



Cellular Defense ‘or’ Antioxidant Defense 
Mechanisms Against ROS

Living organisms have to build up mechanisms to protect themselves
against oxidative stress, with enzymes such as catalase and superoxide
dismutase, small proteins like thioredoxin and glutaredoxin, and
molecules such as glutathione. Bacterial genetic responses to oxidative
stress are controlled by two major transcriptional regulators (OxyR and
SoxRS). ROS damage a variety of cellular macromolecules and thus elicit
adaptive oxidative stress responses in bacteria intended to permit
survival in the presence of this stressor. Expression of a number of
multidrug efflux systems is positively impacted by agents of oxidative
stress, these efflux systems possibly playing a role in ameliorating the
effects of this stress Similarly, antioxidant mechanisms are recruited in
response to antimicrobial exposure, antimicrobials being known to
generate ROSs that are key to the often lethal effects of these agents. As
such oxidative stress responses have the potential to contribute to
antimicrobial resistance in a variety of ways.



Cells have a variety of defense mechanisms to ameliorate
the harmful effects of ROS. Superoxide dismutase
catalyses the conversion of two superoxide anions into a
molecule of hydrogen peroxide (H2O2) and oxygen (O2).
As studies the biological targets for these highly reactive
oxygen species are DNA, RNA, proteins and lipids. Much
of the damage is caused by hydroxyl radicals generated
from H2O2 via the Fenton reaction, which requires iron
(or another divalent metal ion, such as copper) and a
source of reducing equivalents (possibly NADH) to
regenerate the metal. Lipids are major targets during
oxidative stress. Free radicals can attack directly
polyunsaturated fatty acids in membranes and initiate
lipid peroxidation.







Reactive oxygen species (ROS) damage DNA, RNA, proteins and lipids,
resulting in cell death when the level of ROS exceeds an organism s
detoxification and repair capabilities. Despite this danger, bacteria
growing aerobically generate ROS as a metabolic by-product, a risk
balanced by an increased efficiency and yield of energy from growth
substrates.

Two possible mechanisms can be used to manipulate bacterial ROS
metabolism and increase sensitivity of bacteria to oxidative attack .

i) Amplification of endogenous ROS production

ii) Impairment of detoxification and repair systems. Whereas removal
of their detoxification and repair system has been shown to make
bacteria more susceptible to oxidants, antibiotics and immune
attack, manipulation of endogenous bacterial ROS production
remains largely unexplored.














