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(Em? = - 330 mV). Bipyr idyl mediators such as paraqu at
(me thyl viologen) have long been known to remove almo st all
kin etic barr iers to thi s lethal elect ron flux (I ). On a scale of
oxidat ive stress, such herbicidal action on plants in normal
sun light surely ran ks second only to incineration .

Redox signals are cen tra l to defense responses and cross­
tolerance ph enomena, enabling a general acclimation of
plants to stress ful conditions (2 1). HP 2 has long been recog­
nized as a signal-transdu cing molecule in the activation of de­
fense responses in plants. It mediates intr a- and extracellul ar
communi cation dur ing plant reactions to patho gens, and sev­
eral studies have suggested a role in systemic acqu ired resis ­
tance. It is involved in the adaptatio n of leaves to high light.
H20 2 has a strong regulatory influ ence on fluxes through Ca2+

channels and on Ca2+ conce ntrat ions indifferent ce llu lar corn­
partment s.The ro le of mitogen-activa ted protein k inases in
oxidat ive stress signaling has recently been demonstrated in
the model plant Arabidop sis thalian a ( 15).

H20 2 is a secondary messenger in many horm one-m ediated
events, such as stomatal movement , ce ll growth, and tropic
responses (21). Hence, redox signals interact clo sely with
other signa ling sys tems . They also infl uence and modify the
action of sec ondar y me ssengers, such as nitric oxid e. It also
now appears tha t the simultaneous generation of nitric oxide
and AOS is required to trigger cell death casca des in response
to pathogen attack (12).

Plants are much more tol erant of H20 2 than animals, and
their antioxidant systems appear to have been designed to en­
sure contro l of the ce llu lar redox state rather than to faci litate
the comp lete elimination of HP 2 (18-20, 26). Ascorbate ,
glutathione, and associated antiox idant enzymes determ ine
the lifetime of HP 2 in p lanta ( 15). Plant cells are strongly
redox-buffered and con tain very large quan tities of asco rbate
(10- 100 mM) and glu tathione (1- 10 mM) (18). Most of their
intrace llular compartm ents hence have the capaci ty to deal
with even very high fluxes of H20 2 production (18) . Rapid
com partment-specifi c difference s in redox state (and hence
sign aling) that infl uence the operation of many fundamental
pr ocesses in plants can be achieved by modify ing AOS (par­
ticular ly H20 2) pr oducti on or by repressing or acti vating an­
tioxidant defenses. Recent evidence suggests that glutathione
and ascorbate are key components of redox signa ling in
plants (9, 15, 19, 2 1). Specific comp ar tment -based signaling
and regu lation of gen e express ion can be achieved via differ­
ent ial compa rtment-based changes in either the absol ute con­
cen trations of ascorbate and glutathio ne or the ascorbatel
dehydroascorbate and G SH/G S SG ratios, which are very high
and stable in the absence of stre ss (9, 13, 19).

The original articles and auth oritative reviews th at consti ­
tute thi s forum issue provide an acc ount of the ultimate origin
of oxidative stress and an analysis of the steps taken to deal
with it at source. Plants have crea ted the aerobic world in
which we live. It is therefore no surprise to find that plant s
have already tackled the key pro blems of living with oxygen,
and found so lutions in antioxidants and in redo x signaling.

ABBREVIATIONS

AOS, active oxygen species; H20 2, hydro gen peroxide;
redo x, oxidation- reductio n .
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