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Preface

It is known that reactive oxygen species (ROS) are the by-products of aerobic
breakdown and are inescapably formed by a number of metabolic pathways and
electron transport chains. ROS are partially condensed form of molecular oxygen
and normally result from the transfer of electrons to O2 to form, in a succession of
univalent reductions, superoxide radical (O2

�−), hydrogen peroxide (H2O2), and
hydroxyl radical (•OH), respectively, or through an electron-independent energy
transfer till an excited form of oxygen (singlet oxygen) (Gupta et al. 2016; Halliwell
and Gutteridge 2015). Redox signal transduction is a complete feature of aerobic
life enriched through evolution to balance evidence from metabolism and the
environment. Like all other aerobic creatures, plants maintain most cytosolic thiols
in the reduced (−SH) state because of the low thioldisulfide redox potential
imposed by millimolar amount of the thiol buffer including glutathione.

Plants have developed cellular tactics where the endogenous content of
antioxidant enzymes deliver them with amplified defense against harmful effects of
oxidative stress encouraged by heavy metal and other stress sources (Palma et al.
2013). Stress-induced upsurges in ROS level can cause different degree of oxidation
of cell components and a gross change in the redox status. Plant cells generally cope
very well with high rates of generation of superoxide, H2O2, and even singlet
oxygen. When the increment of ROS in plant cells quickly augments and the
scavenging systems of ROS do not operate appropriately, a condition of oxidative
stress and oxidative injury happens (Gupta et al. 2015). In plants, chloroplast is the
most important among the organelles in respect of ROS generation as O2 is con-
stantly provided through the water autolysis and freely available inside the orga-
nelle (Gupta et al. 2015). In plant cells, compartmentalization of ROS production in
the different organelles includes chloroplasts, mitochondria, or peroxisomes, and
they also have a complex battery of antioxidant enzymes usually close to the site of
ROS production (Corpas et al. 2015). Plant cells also contain a series of
ROS-scavenging non-enzymatic antioxidants such as ascorbic acid, glutathione
(GSH), and carotenoids, as well as a set of enzymes such as superoxide dismutase
(SOD), catalase, glutathione peroxidase (GPX), peroxiredoxin (Prx), and the
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ascorbate–glutathione cycle (Corpas et al. 2015). The total pool of redox-active
complexes which are found in a cell in reduced and oxidized forms generates
cellular redox buffers where NAD(P)H/NAD(P)+, ascorbate/dehydroascorbate
(AsA/DHA), glutathione/glutathione disulfide (GSH/GSSG), and reduced
thioredoxin/oxidized thioredoxin (Trxred/Trxox) are the main pairs. AsA and GSH
are major constituents of the soluble redox shielding system, and they contribute
pointedly to the redox environment of a cell. AsA cooperates tightly with GSH
(c-Glu-Cys-Gly) in the Foyer–Halliwell–Asada cycle (ascorbate–glutathione
cycle), involving three codependent redox couples: AsA/DHA, GSH/GSSG, and
NAD(P)H/NAD(P)+. It undertakes subsequent reduction/oxidation reactions cat-
alyzed by ascorbate peroxidase (APX), monodehydroascorbate reductase (MDAR),
dehydroascorbate reductase (DHAR), and glutathione reductase (GR) that is uni-
versally responsible for H2O2 sifting and keeping AsA and GSH in the reduced
state at the outflow of NADPH, this cycle being situated in all cellular partitions in
which ROS detoxification is required.

One of the major consequences of stresses in plant cells is the enhanced gen-
eration of ROS which usually damage the cellular components such as membranes,
nucleic acids, proteins, chloroplast pigments, and alteration in enzymatic and
non-enzymatic antioxidants. The molecular mechanisms of signal transduction
corridors in higher plant cells are vital for processes such as hormone and light
sensitivity, growth, development, stress resistance, and nutrient uptake from soil
and water (Gupta et al. 2013).

It is really great achievement for the plant biotechnologists who are working for
years to know how redox state handled by plants. This edited volume will provide the
recent advancements and overview to the plant scientists who are actively involved in
redox signaling states and also a key player for cellular tolerance in plant cells under
different stresses (biotic and abiotic). Other key features of this book are cellular
redox homeostasis as central modulator, redox homeostasis and reactive oxygen
species, redox balance in chloroplasts and in mitochondria, and oxidative stress and
its role in peroxisome homeostasis. Some chapters are also focusing on
glutathione-related enzyme system and metabolism under metal(ed) stress. Abiotic
stress-induced redox changes and programmed cell death are also addressed in the
edition. In summary, the information compiled in this volume will bring depth
knowledge and current achievements in the field of redox state chemistry in plant cell.

Dr. Dharmendra K. Gupta, Prof. José M. Palma, and Dr. Francisco J. Corpas
individually thank all authors for contributing their valuable time, knowledge, and
enthusiasm to bring this book into in the current shape.

Hannover, Germany Dharmendra K. Gupta
Granada, Spain José M. Palma
Granada, Spain Francisco J. Corpas
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