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Outline

 How to prove that ROS are involved?
 The central role of ROS on stress responses

What are ROS?

e Direct and indirect techniques
analytical methods
methods with potentials as imaging techniques



What to measure?
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ROS — what do they do?

“bad ROS”
high yields,
uncontrolled production
effective detection

ROS antioxidants
(pro-oxidants)

“good ROS”, signals?
high yields, mostly neutralized
controlled production?
low detectable amounts

acclimation



How to prove that ROS are involved? — Summary

is the effects of stress oxygen dependent?
indicators

(indirect evidence) does the antioxidant status change?
do plants with different antioxidants react differently?
do externally added ROS have the same effect?

,foot-printing” (detecting oxidized biomolecules)

indirec etection

reporter molecules: colorimetric, fluorescent or EPR
active probes

direct

tection H,0, UV-absorption, 10, photon emission
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How to prove that ROS are involved? — examples

indicators
(indirect evidence) does the antioxidant status change?

\
SOD
o _ enzymes \l
indirec etection * mRNA, protein, activity?
non-enzymatic antioxidants
direct tection e amounts, redox status? |
(ascorbate, GSH/GSSG) Peroxidases
e chemical identity, action? ‘l'

(total capacities vs. specific?)

H,0



How to prove that ROS are involved? — examples

indicators
(indirect evidence)

do plants with different antioxidants react differently?

e same species, different cultivars
e same species grown under different conditions
e transgenic plants

indirec etection

Are antioxidant
reinforced plants
more stress
tolerant?

direct tection




How to prove that ROS are involved? — examples

indicators
(indirect evidence)

do externally added ROS have the same effect?

indirec etection ROS elicitors:

e superoxide sources (e.g. methyl-viologen)
e singlet oxygen photosensitizers

direct tection




How to prove that ROS are involved? — examples

indicators
(indirect evidence)

,foot-printing” (detecting oxidized biomolecules)

indirec etection
e protein oxidation (e.g. carbonyl detection)
e lipid peroxidation products (e.g. TBARS)
* DNA damage (e.g. comet assay)

direct tection




How to prove that ROS are involved? — examples

indicators
(indirget@uidence)

problem:

spin traps and adducts are unstable in leaves!!
one possible solution:

ascorbate as “built-in” spin trap

indirec etection

reporter molecules: colorimetric, fluorescent or EPR
active probes

direct

tection
+ "X
o (ISHOH

CH,OH




How to prove that ROS are involved? — examples

indicators
(indirget@uidence)

indirec etection
reporter molecules: colorimetric, fluorescent or EPR

active probes

direct tection Molecules to change colour by ROS oxidation:

* DAB for H,0,
e NBT for superoxide radicals




How to prove that ROS are involved? — examples

Fluorescence
increase
indicators
H H E short-lived robe
(indirgetievidence) b I -l ~ probeROS
(D!’ IDW ﬁuorescence) intense ﬂuorescence
or

Fluorescence

quenching

probe probe-ROS
etection intense fluorescence low-fluorescent

indirec

reporter molecules: colorimetric, fluorescent or EPR
active probes

direct tection Molecules to change fluorescence by ROS oxidation:

e Amplex Red for H,0,




How to prove that ROS are involved? — examples

indicators \L :
(indirget@uidence) signal ROS !
activation conversion into

other ROS or radical

,

reaction W|th oxidative damage

ant|o><|dant
reactlon W|th

indirec etection Hideg & Ayaydin 2013

_ Good for imaging, BUT use with care:
tection * ROS selectivity? (check yourself!)
 artefacts? (light or redox sensitivity?)
(sample autofluorescence?)
 localization in sample? (how to putin?)
(check subcellular localization, confocal imaging)

direct

* probes always compete for ROS



How to prove that ROS are involved? — examples
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How to prove that ROS are involved? — examples

chlorophyll fluorescence emission

Fluorescence rel. units)

oo 200
Wiavelehdth (hrm)

direct tection

10, photon emission

0,('2,*) - 0,(32,8) + hv (762 nm)

2 0,(*8,*) > 2 0,(%2,°) + hv (634 nm)



How to prove that ROS are involved? — examples

plant cells? ¢ chlorophyll phosphorescence
10, quenchers and antioxidants

10, IR photoemission from photosensitizer in Hela cells
Hartz, Lambert & Ogilby 2007 Photochem. Photobiol. Sci., 6, 1106-1116

direct ROS detection 10, IR photon emission

0,(*4;*) > 0,(32,€) + hv (1269 nm)



