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ABSTRACT

Reactive oxygen species (ROS) produced in organelles such as mitochondria,
chloroplast, and peroxisome play an important role in plant signaling and signal
transduction pathways. ROSs basically are able to regulate oxidation-reduction
(known as redux) reactions, plant growth and defense responses to environmental
stimuli. Therefore, they affect every aspect at all life cycle stages of plants. ROSs
such as hydrogen peroxide, superoxide, hydroxyl radicals, and singlet oxygen act
as secondary messengers in plant cells to regulate a diverse range of protein
functions (with post-translational modifications) and gene expression. They are
produced naturally during the plant responses to environmental conditions and
intra-/inter-cellular communications. Recent researches are indicating that ROS
compounds play a key role in the plants response under both biotic and abiotic
stresses. Biotic stresses such as fungi, viruses, mites, insects and other organisms,
along with abiotic stresses such as drought, salinity and heavy metals, increase
the production of ROS in plant cells. Plants possess various mechanisms to deal
with the destructive effects of ROS increased production. ROS removal in plants
is usually performed by two main groups of enzymatic and non-enzymatic
antioxidant molecules. Antioxidant molecules play important roles in plant
tolerance under stressful conditions by neutralizing ROS and converting them
into water molecules. However, under severe stress conditions, plants are not able
to eliminate the entire content of extra produced ROS molecules; as a result, the
high amount of ROS causes oxidative stress in plants leading to various damages
to the main components of the cells, such as proteins, lipids, DNA,
carbohydrates, and ultimately cell death. There are still many unanswered
questions regarding the plant specific responses to oxidative stress and regulation
of cell communication during stress conditions. This review article tries to
introduce the origin, location, and pathways of ROS production along with their
types and effects on the cellular signal transduction system in stimulating
adaptive responses of plants under stress conditions. Moreover, this review
discusses the effectiveness of antioxidants systems in maintaining cell
homeostasis and neutralizing the negative impacts of oxygen free radicals in
plants.
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2. Photo-oxidative stress

1. Chlorophyll triplet state
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12. Germin
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14. Amine oxidases

15. Unfolded protein response
16. Folding
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. Menadione

. Quinone reductase

. Cell-wall-associated peroxidase
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. Malate dehydrogenase

. Hypersensitive response

. Diamine oxidases
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1. Programed Cell Death
2. Mitochondrial thioredoxin
3. Catalase
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4. Post transcriptional modification
5. Oxidative stress biomarker

6. Ascorbate

7. Reduced glutathione

8. Monodehydroascorbate

9. Dehydroascorbate reductase

10. Peroxiredoxins

11. Glutathione S-transferase

12. Thioredoxin

13. Polyphenol oxidase
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1. Redox signalling molecules
2 .Glutathione reductases
3. ROS scavengers
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. Flavanols
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. Hydroxybenzoic
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. Gamma-aminobutyricacid
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Antioxidants Reactionscatalyzed

Nonenzymatic

Ascorbic acid Scavenges O2+—, H202, *OH, and 102

Glutathione Scavenges H202, *OH, and 102

Tocopherol Scavenges *OH, 102, ROOe, and ROOH

Carotenoids Scavenges mainly 102

Flavonoids Scavenges 02—, H202, and 102
Phenolic acids Scavenges O2¢, *OH, ROO¢, and ONOO
Alkaloids Scavenges O2+—, *OH, H202, and 102

Nonprotein amino acids Scavenges 02—, H202, and 102

Catalyticreactionsites

Chloroplast, peroxisomes, cytosol,
mitochondria, apoplast

Chloroplast, peroxisomes, cytosol,
mitochondria, apoplast

Thylakoid membrane of
chloroplast

Chloroplast
Chloroplast, vacuole
Cell wall
Vacuole
Cytosol, mitochondria, cell wall

Enzymatic

Superoxide dismutase (SOD; EC 1.15.1.1) 2 02—+ 2H — 02 + H202

Catalase (CAT; EC 1.11.1.6) 2H202 — 2H20 + 02

2PhOH + H202 — 2PhO- + 2H20

2PhO« — cross-linked substances,
PhOe + Asc — PhOH + MDHA,
PhO+ + MDHA — PhOH + DHA

PhOH + O2 — Catechols +
02 — Q+H20

Peroxidases (POX; EC 1.11.1.7)

Polyphenol oxidase (PPO; EC 1.14.18.1)

Ascorbate peroxidase (APX; EC 1.11.1.11) H202 + AsA — 2H20 + MDHA

Monodehydroascorbate reductase
(MDHAR; EC 1.6.5.4)

Dehydroascorbate
reductase (DHAR; EC 1.8.5.1)

MDHA + NAD(P)H — AsA + NAD (P)+

2GSH + DHA — GSSG + AsA

GSSG + NADPH +
H+ — GSH + NADP+

H202 + GSH — H20 + GSSG

Glutathione reductase (GR; EC 1.6.4.2)

Glutathione peroxidase (GPX; EC 1.11.1.9)

Glutathione

S-transferase (GST; EC 2.5.1.18) R-X+GSH — GS-R +H-X

H202 + PRX-S- — OH + PRX-
SOH + GSH — PRX-SSG + H20
PRX-SSG + GSH — PRX-S- + GSSG

TRX-RS2 + NADPH + H+ — TRX-R
(SH)2 + NADP+

Peroxiredoxins (PRX; EC 1.11.1.15)

Thioredoxin (TRX; EC 1.8.1.9)

Chloroplast, peroxisomes, cytosol,
mitochondria, apoplast

Peroxisomes

Cell wall, apoplast, vacuole

Thylakoid membrane of chloroplast, cytosol,
vacuole

Chloroplast, peroxisomes, cytosol,
mitochondria, apoplast

Chloroplast, cytosol, mitochondria
Chloroplast, cytosol, mitochondria

Chloroplast, cytosol, mitochondria
Cytosol, mitochondria

Chloroplast, cytosol, mitochondria

Cytosol, chloroplasts, mitochondria, nucleus,
extracellular spaces

Chloroplast, cytosol, mitochondria
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