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Outline today’s talk.

Oxidative stress (signaling) in plants.
ROS production, scavenging, transport
Oxidative Stress Resilience
Acclimatory reponses: towards stress resilient crops?
H2O2 as a signaling molecule.

PROJECTS
Forward Chemical and Genetic screens

Redox proteomics. Sensitive identification of oxidative protein modifications
Chemical and Genetic Oxi-TRAPs
Subcellular sulfenomes



Reactive 
Oxygen 
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https://sustainable-secure-food-blog.com/2018/08/22/what-causes-stress-in-plants/



Abiotic stresses are accompanied by increased 
ROS production

Drought
Restricted gas exchange: O2 > CO2 

Excess light
Increased temperature

Accumulation of ROS

Cell death

Excess light DroughtControl

Arabidopsis



The high reactivity of ROS is due to their altered 
chemistry, compared to O2, that allows them to donate 
an electron or transfer an excited energy state to an 
acceptor molecule.

Mhamdi and Van Breusegem, 2018



Smirnoff & Arnaud, 2018

Subcelluar sites of hydrogen peroxide 
production, scavenging & transport



M’hamdi and Van Breusegem, 2018

t1/2 1-4µs               1-4µs >1ms              1ns         



Overproducing ROS Scavengers 
provides increased tolerance

• Transgenic tobacco tolerance

– N. plumbaginifolia MnSOD in chloroplast/mitochondria             ozone    

– A. thaliana FeSOD in chloroplast paraquat

• Transgenic tomato 

– Petunia Cu/ZnSOD in chloroplast chilling

• Transgenic potato

– Tomato cyt/chl Cu/ZnSOD in cytosol/chloroplast paraquat

• Transgenic alfalfa / maize

– N. plumbaginifolia MnSOD in chloroplast/mitoch               freezing/chilling                           



Improving Oxidative Stress Resilience in Plants

Review: Kerchev and Van Breusegem, 2021 The Plant Journal



biotic + abiotic 
STRESS

ROS

cellular damage

Antioxidantia signal
defense

acclimation
gene expression

Dual Face of Oxidative stress

damage to proteins, DNA, RNA, Lipids



Primed with 5mM H2O2

Herbicide (3-AT)
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13Kerchev et al., 2020 Biotechnology Advances

H2O2 triggers acclimatory responses (priming) 



H2O2 in ‘Systemic Acquired Acclimation’

Ron Mittler lab, Missouri, USA



H2O2 has a profound effect on nuclear gene expression 

GO enrichment analysis



VIB confidential info Willems et al. Plant Physiology 2016

Transcriptomic 
footprints 
disclose 

specificity of 
ROS signaling

~ROS
~ Organelle

~ Timing
~ Dose
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SA GA
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H2O2 signaling contributes to the complex plant stress response

Kerchev et al., 2014; Mhamdi et al., 2010 J.Exp.Bot



How plants sense H2O2 and transduce these stimuli 
into biological responses ?

What is the impact of increased H2O2 levels on plant 
cells ? How to perturb negative impact ?

ROS-related Organellar Signaling

Redox strategies for crop improvement ?

GENETIC AND CHEMICAL PERTURBATIONS THAT 
MITIGATE H2O2 INDUCED DAMAGE/CELL DEATH

1. Forward and chemical genetics

OXIDATIVE SULFUR SWITCHES IN PLANTS
2. Redox Proteomics



Chloroplast Peroxisome Mitochondrion
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Organellar H2O2 sources: the photorespiratory
pathway is a major source of H2O2 in the light

slide from Graham Noctor, Université de Paris
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Ribulose biphosphate O2

Oxygenation

3-phosphoglycerate 2-phosphoglycolate

+

Glycolate

Glyoxylate

H2O2 cell deathCATALASE

2 H2O2 2 H2O + O2

CATALASE

1987 A.H.C Huang, Academic Press, NY

PHOTORESPIRATION

High Light
Low CO2
Drought

RUBISCO

Carboxylation



Mhamdi et al., 2010

T-DNA knockout lines in Arabidopsis catalase isoforms

CATALASE2 is responsible for ~ 90% of total 
catalase activities in green leaves



High CO2; moderate light -----> ambient CO2; high light (24hrs)

Plant Catalases: peroxisomal redox guardians



Increased H2O2 reprograms nuclear gene expression 
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cat2 cat2 sid2

cat2 cat2 sid2

Chaouch et al., 2010

Photorespiratory H2O2 acts as a signal rather than as cytotoxic molecule

The cell death phenotype is a genetically programmed process

Vanderauwera et al., 2011

cat2 phenotype is reversed by additional mutations (sid2, apx1, and cad2)

Li et al., 2014

and enhanced by pp2a-b’ γ mutation



Bioassay: controlled induction of photorespiration

Restriction of gas exchange by sealing of petridishes + constant light regime:

decreased CO2 levels
controlled induction of photorespiration

WT

WT

cat2KO

cat2KO

Kerchev, Muhlenbock et al., Plant Cell & Environment 2014



Catalase-deficient cell death phenotype  within an in vitro plate assay (4 survivors are wild-type plants)

Cell death induction in CAT2 knock-out plants

(Fv’/Fm’)

In vitro photorespiratory bioassay
Restricted Gas exchange – Constant Light

Kerchev, Muhlenbock et al., 2014



Forward screens for perturbations that mitigate the 
negative effects of photorespiratory H2O2



photorespiration

WT

cat2

cat2

EMS (113.000   M2)

Chemical and genetics  screen to identify modulators of
photorespiratory H2O2-induced cell death

Waszczak, Kerchev et al. The Plant Cell, 2016; Kerchev, Muhlenbock et al. PCE, 2014

10.000 small molecules



Causative mutation identification through deep sequencing

ELO2, PUF, TFs, ~ decreased photorespiration
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A suite of second-site mutations reverting cat2KO cell death
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Chemical screen
Phenotype-based

Target identification

Identify protein target or Mode of  Action

Compound that produces 
phenotype of  interest

Add compounds (10,000)

Plate of  
cells/organisms
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Screen for 
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Chemical screen
to alleviate photorespiratory H2O2-induced cell death

34 small molecules
10.000 small molecules
DIVERSET library



Miniaturised photorespiratory bio-assay

Plant seeds (0d)

+ stress + chemicals (7d)
10.000 molecules screened

Analyze (14 - 21d)



34 different small molecules revert the  cat2-KO 
phenotype 

wt

cat2-KO

-No antioxidant activities (ROS quenching assay).
-Target identification (photorespiration ?; defense response,….)
-Mechanism elucidation (gene expression, yeast …)

DMSO “77”

Kerchev, Muhlenbock et al., Plant Cell & Environment 2014



A

DMSO 5 µM 7782335

Compound 77 triggers an auxin-like response

DMSODMSO

5 µM 7782335

Induction of DR5:GUS

Kerchev, Muhlenbock et al., 2014

Increased Lateral Root formation
Shorter primary root

IAA, NAA transcriptome
TIR1 dependent

2-(2,4-dichlorophenoxy)-N-[4-
(isobutyrylamino)-3-methoxyphenyl]
propanamide

2,4D moiety
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