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Abstract—The three maize catalase genes respond differentially to light signals. Expression of Cat1 is light inde-
pendent while expression of Cat2 and Cat3 is light responsive. Upon exposure to light there is rapid accumulation
of CAT-2 protein in leaves, due to both increased transcript accumulation and increased translation of the Cat2
message. Short UV light pulses also cause a strong transient induction of Cat2 gene expression, while long term
exposure to UV does not affect the rate of Cat2 transcription. The Cat3 gene of maize exhibits a transcriptionally
regulated circadian rhythm. The induction of the Cat3 circadian expression in etiolated leaves is probably regulated
by a very low fluence phytochrome response; the involvement of a blue light /UV-A and a UV-B photoreceptor is
also possible. Regulatory elements located on the Cat3 promoter have recently been identified and their significance
in the complex light response of the gene is being investigated. Possible physiological role(s) of the light responding
maize catalases Cat2 and Cat3 are discussed. q 1997 Elsevier Science Inc.
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INTRODUCTION

Light is an environmental signal that, in addition to
providing energy for photosynthesis, serves as a trigger
and modulator of complex regulatory mechanisms. The
transition from an etiolated seedling to a fully green
plant is one of the most dramatic events in the plant’s
life cycle.1 During this transition the expression pat-
terns for many genes are affected in various ways.
Among the genes whose expression patterns are repro-
grammed by exposure to light are two of the three cat-
alases in maize.

Catalase ( H2O2 :H2O2 oxidoreductase, EC
1.11.1.6; CAT) is a tetrameric heme containing en-
zyme, that is found in all aerobic organisms, and de-
grades H2O2 at an extremely rapid rate.2 Plants, un-
like animals, have multiple enzymatic forms
( isozymes) of catalase. In maize three unlinked nu-
clear structural catalase genes have been isolated and
characterized.3 – 5 These genes, namely Cat1 , Cat2 ,
and Cat3 encode the three biochemically distinct cat-
alase isozymes CAT-1, CAT-2, and CAT-3 respec-
tively.6 – 9 The function of catalase places the enzyme
in the first line of the antioxidant defense mecha-
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nisms of the cell. Eukaryotic cells continuously pro-
duce reactive oxygen species (ROS) as by-products
of electron transfer reactions. Several major meta-
bolic processes of plants including photosynthesis,
respiration, and b-oxidation of fatty acids are re-
sponsible for the production of ROS during normal
metabolism. Antioxidant enzymatic and non-enzy-
matic mechanisms effectively remove ROS from dif-
ferent cellular compartments, preventing cellular
damage. The antioxidant responses need to be finely
tuned in order to be highly specific and efficient.
Light is the signal that initiates a major transition
from heterotrophic to autotrophic metabolism, and is
also responsible for the initiation of ROS production
during this metabolic process. Thus, it is not surpris-
ing that light also modulates and reprograms anti-
oxidant gene expression in order to coordinate anti-
oxidant defense responses to cope with the ROS
produced during autotrophic metabolism.

The three maize catalase genes respond differen-
tially to light. The expression of the Cat1 gene is light
independent throughout development.2,11 In contrast,
Cat2 appears to be positively regulated by light 10 – 13

and Cat3 exhibits a transcriptionally regulated cir-
cadian rhythm.3,12 – 15 In this review we summarize the
differential responses of maize catalases to light sig-
nals.
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CATALASE PHOTOINACTIVATION AND

PHOTOREGULATED GENE EXPRESSION

Catalase is a light sensitive enzyme.16 Purified cat-
alase from bovine liver and catalase of isolated intact
peroxisomes from rye leaves were shown to be inacti-
vated in vitro by irradiation with visible light.17 In the
presence of isolated chloroplasts, catalase inactivation
is mediated by light absorption in the chloroplasts.
However, photoinactivation of catalase occurs only in
the presence of non-photosynthesizing, but not in the
presence of photosynthesizing, chloroplasts. Substan-
tial and selective photoinactivation of catalase was also
reported in vivo , when leaf sections from various
plants, including maize, were irradiated with light of
high intensity in the presence of translational inhibi-
tors.17 These results were verified in mature rye leaves,
as the catalase polypeptide was shown to be increas-
ingly degraded with increasing irradiance, although the
steady state level of the enzyme remained fairly con-
stant.18 Degraded catalase was replaced by new syn-
thesis that was also increasing with light intensity but
was low in darkness.18

Regulation of catalase genes by light involves both
induction and inhibition of gene expression. Photoreg-
ulated catalase gene expression has been reported in
several plant species including maize,10–15 Arabidop-
sis , 20,21 N. plumbaginifolia , 19,22 cotton,23 and barley.24

The maize CAT-2 catalase protein is synthesized in
leaves only in the presence of light. Cat2 mRNA can
be isolated from both etiolated and light grown leaves.
However, it is rendered translatable only after the
leaves are exposed to white light, leading to a dramatic
induction of the CAT-2 isozyme.2,10 Further studies in
our laboratory indicated that, in addition to this trans-
lational induction, transcriptional induction of Cat2
gene expression also occurs after exposure to light.13

The transcriptional induction of Cat2 expression by
light depends upon the presence of carotenoids. Carot-
enoid deficient maize mutants failed to accumulate de-
tectable Cat2 mRNA after exposure to light.13 Such
transcriptional and translational control mechanisms
driven by light are known to regulate photosynthesis
related genes.1 The functional significance of the pho-
toinduction of the Cat2 gene during leaf development
in maize is not clear. A possible role for CAT-2 is deg-
radation of H2O2 produced in light grown maize leaves
during photorespiration. However, the rate of photo-
respiration is not particularly high in maize, a C4 plant,
and the constitutive expression of Cat1 is likely suffi-
cient to accommodate the H2O2 generated from pho-
torespiration in green leaves as is suggested by the oc-
currence of normally growing CAT-2 null maize
mutants. Thus, CAT-2 may play a significant role in

protecting the plant under conditions that induce pho-
tooxidative stress, such as low temperature in combi-
nation with high light intensity. Such possibilities are
currently under investigation in our laboratory using
maize Cat2 containing transgenic tobacco plants.

EFFECTS OF UV-LIGHT IN THE EXPRESSION OF THE

MAIZE CAT2 GENE

Differential light responses of the three maize cata-
lases are also reflected in their expression pattern dur-
ing photooxidative stress caused by UV-irradiation. We
have recently shown55 that UV light pulses in the range
of 240–400 nm could entrain the Cat3 circadian ex-
pression and cause a strong transient induction of Cat2 .
The most distinct response was obtained with UV-light
in the range of 290 to 400 nm (containing UV-B and
UV-A). This effect was reduced by 60‰ when the
UV-B portion (240–310 nm) was removed.
Expression of the Cat2 gene was also induced by a UV-
A/blue light pulse (310–400 nm). However, the max-
imal transcript level of Cat2 was lower and appeared
earlier than that observed by the full spectrum UV light
pulse. Taken together these results suggest that the UV
light induction of Cat2 gene expression may be regu-
lated by a UV-B and a UV-A/blue light photoreceptor.

A slight induction of Cat2 was also observed after
long term exposure to UV light. However, the level of
Cat2 transcript accumulation was lower than that ob-
tained with UV light pulses, even though the transcript
level remained slightly enhanced over the controls.
Considering the stable circadian expression of Cat3 un-
der UV-light stress (see below), Cat2 may ensure a
basic level of H2O2 scavenging, particularly at the pe-
riod when Cat3 reaches a minimum during its circadian
oscillation.

In N. plumbaginifolia leaves Cat1 and Cat2 (not
similar to the maize Cat1 and Cat2 genes) transcript
levels changed dramatically in response to UV-B
stress; Cat1 was repressed, whereas Cat2 was induced
four-fold after UV-B exposure. In addition, Cat3 (also
not similar to the maize Cat3 gene) was induced by
UV-B.19 These data suggest a distinct role of each cat-
alase in UV-light stressed N. plumbaginifolia leaves.

CIRCADIAN REGULATION OF PLANT CATALASES

Similarities and differences among different plant
species

The Cat3 gene of maize (a monocot C4 plant) was
the first catalase gene reported to exhibit a transcrip-
tionally regulated circadian rhythm.12 Since then, three
additional plant catalases (in dicot C3 plants) , the Ar-
abidopsis Cat2 20 and Cat321 (previously called Cat1) ,
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Table 1. Characteristics of the Circadian Regulation of Oscillating
Catalases from Different Plants

Species Gene
Max.
Exp.

LL
Cycling Role

Zea mays (maize) Cat3 CT 10 NO Mitochondria?
Arabidopsis thaliana CAT2 CT 4 YES Photorespiration?

CAT3 CT 10 NO ?
N. plumbaginifolia Cat1 CT 4 ? Photorespiration?

Maximum expression (Max. exp) is the circadian time (CT) in
hours after the onset of light when the catalase mRNA accumulation
reaches the maximum. The circadian oscillation under constant light
(LL) and the possible functional role of the gene are indicated.

and the Cat1 gene of N. plumbaginifolia22 have been
shown to be transcriptionally regulated by the circadian
clock; the most important characteristics of the circa-
dian expression of catalase genes in different plants are
summarized in Table 1. Among them, two different
patterns of circadian regulation are observed. The
maize Cat3 and the Arabidopsis Cat3 show maximal
expression late in the light period, approximately 10 h
after the light onset (CT-10, circadian time) and min-
imal transcript accumulation late in the dark period at
CT-22. The Arabidopsis Cat2 and the N. plumbagini-
folia Cat1 exhibit a circadian rhythm similar to the typ-
ical rhythm observed for the photosynthetic genes cab
and rbcS with maximal transcript accumulation early
after exposure to light, and minimal at the start of the
dark period.

Additional differences between the opposite cycling
catalases Cat2 of Arabidopsis and Cat3 of maize have
been observed. The Arabidopsis Cat2 mRNA reaches
a peak of abundance 1 day after imbibition in contin-
uous dark (DD) or continuous light (LL) grown seed-
lings.20 A second peak of mRNA abundance appears 6
days after imbibition only in light grown seedlings and
may be associated with the development of photosyn-
thetic competence and induction of photorespiration.
This second peak is regulated by light and is not seen
in etiolated seedlings.20 Cat2 mRNA accumulation is
induced by exposure to high-fluence blue or far-red
light but not by red light. In addition, light induction is
unaffected by mutations that block blue-light mediated
inhibition of hypocotyl elongation (blue1, blue2, blue3,
hy4) , suggesting phytochrome involvement. Upon
transfer of etiolated seedlings to constant white light,
Cat2 mRNA rapidly accumulates and its abundance un-
dergoes robust oscillations with 24 h periodicity, indi-
cating control by an endogenous circadian clock. The
rhythm is also present in plants growing under dark-
light cycles and persists for at least 5 circadian cycles
when plants are transferred either to constant dark or
to constant light, indicating the robustness of the cir-
cadian rhythm.20 In contrast, the maize Cat3 mRNA is
present at constant levels in leaves of either DD or LL
growing seedlings without an apparent oscillation.13

The same is observed with the Arabidopsis Cat3 as its
expression is similar in seedlings germinated and grow-
ing either in continuous dark or in continuous light.21

Physiological role(s) relative to the circadian
rhythms of the catalase genes

Considering that different patterns of circadian ex-
pression of catalase genes are present within the same
(Arabidopsis) as well as between different plant spe-
cies (Arabidopsis , Zea mays , N. plumbaginifolia) , it is

reasonable to assume that each gene fulfills different
metabolic roles. In C3 plants like Arabidopsis and N.
plumbaginifolia, the phase of accumulation of catalase
transcripts early in the light period coincides with that
of photosynthetic genes and is in good agreement with
a potent physiological role of catalase in decomposing
H2O2 generated during the photorespiratory oxidation
of glycolate in the peroxisome.25

Photorespiration in maize, a C4 plant, occurs to a
lesser degree as compared to C3 plants, and the phasing
of Cat3 in maize with maximal expression late in the
light and early in the dark period suggests that the role
of this gene is likely not associated with photorespira-
tion. The existence of a C3 plant catalase (Arabidopsis
Cat3) exhibiting a similar circadian expression phase
as Cat3 of maize (C4) implies a common metabolic
necessity in C3 and C4 plants for catalase during the
dark period. The nature of such a metabolic require-
ment remains obscure. However, there is substantial
evidence that the maize CAT-3 protein is associated
with the maize mesophyll mitochondria.9,26

In C4 plants, malate oxidation in mesophyll mito-
chondria is sensitive to cyanide and shows strong re-
spiratory control, as in mitochondria from leaves of C3
species and etiolated tissues. In bundle sheath mito-
chondria, however, malate oxidation is largely insen-
sitive to cyanide and shows no respiratory control. On
the other hand this oxidation is strongly inhibited by
salicylhydroxamic acid (SHAM), showing that the al-
ternative oxidase is involved.27 Localization of CAT-3
in mesophyll mitochondria is in good agreement with
ROS production during cyanide sensitive respiration.
The need for the circadian oscillation of maize Cat3
may be explained by two different hypotheses that con-
verge to a fluctuation of ROS produced during the dark-
light cycles. First, mitochondrial respiration can be
higher late in the light period and in the early dark
period when metabolites from photosynthesis are am-
ply supplied. Later, during the dark period, the rate of
respiration becomes lower as metabolites are depleted.
That could result in a fluctuation of ROS produced at
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a rate similar to that of respiration. Second, the en-
gagement of the alternative oxidase in the maize mes-
ophyll cells could be light dependent. Actually, differ-
ential engagement of the alternative oxidase during the
dark-light cycle has been reported in plants with CAM
metabolism.28 And light dependent induction of the al-
ternative oxidase pathway (AOP) has been reported in
etiolated soybean cotyledons exposed to light.29 The
physiological role of the AOP is still uncertain (with
the exception of a few cases as in Arum lilies wherein
the AOP is apparently directly related to thermogenic
metabolism). Several lines of evidence lead to the sug-
gestion that the AOP may be related to prevention of
oxidative stress.30 An apparent induction of alternative
oxidase by superoxide in the yeast Hansenula anomala
has been shown.31 It has also been suggested that oxi-
dation of ubisemiquinones by the alternative oxidase
would prevent them from reacting with molecular ox-
ygen to generate superoxide.32 Apparently diversion of
the electron flow from the cytochrome pathway when
this pathway is overloaded and the rate of free radical
generation is high, could result in prevention of ROS
production. If that is true, then CAT-3 and alternative
oxidase could represent synergistic and/or comple-
mentary mitochondrial protective mechanisms for ROS
scavenging.

Thus, our working hypothesis (currently under in-
vestigation in our laboratory) is that a diurnal fluctua-
tion of ROS produced by mesophyll mitochondria, de-
pendent on the metabolite accumulation-consumption
rhythm and/or differential alternative oxidase engage-
ment during the dark-light cycle, could account of the
necessity for the circadian rhythm of Cat3 whose prod-
uct is associated with mitochondria.

Entrainment of the maize Cat3 circadian rhythm

The circadian expression of the maize Cat3 gene
requires the entraining signal of a light-dark cycle. This
is a marked difference from what is observed with the
Arabidopsis Cat2 , or photosynthetic genes like cab , 33

which oscillate under continuous light. An effort was
undertaken in our laboratory in order to define the nec-
essary conditions for the entrainment of the maize Cat3
circadian rhythm.15 Our results demonstrate that the cir-
cadian rhythm of Cat3 is inducible by transferring DD
or LL growing plants to a cycling dark-light regime. A
rhythm is induced by the first dark (D) to light (L) or
L to D transition, but seems to be more stable and syn-
chronized after a second transition to the initial con-
dition. The photoperiod (12h D/12h L or 8h L/ 16h
D) does not affect the appearance of the maximum and
minimum in Cat3 expression which is set at CT-10 and
CT-22 respectively.

A different pattern of circadian induction, concern-
ing the phase of the rhythm and related to the initial
light conditions is observed, when LL or DD growing
plants are transferred to the opposite continuous re-
gime. When DD growing plants are transferred to LL
the induction of the rhythm starts with an increase in
mRNA abundance that reaches a maximum 10 h and a
minimum 22 h after the transition, which represents the
normal phase of an established rhythm in 12h D/12h
L growing plants. The entrainment of the rhythm in
plants transferred from LL to DD begins with a rapid
decrease of Cat3 mRNA accumulation reaching a min-
imum 10 h and a maximum 22 h after the transition. In
this case although the phase of the rhythm is the op-
posite of what is observed in the DD to LL transition,
it still represents the normal phase of an established
rhythm in plants growing under a 12h D/12h L regime.
Thus, the phase in the entrainment of the circadian ex-
pression of Cat3 depends upon the nature of the tran-
sition and is in accordance with the phase of a normal
rhythm that exhibit 12h D/12h L growing plants. These
results indicate that the maize Cat3 gene responds to
light-on signals with induction and to light-off with re-
pression of its expression. A diurnal oscillation in Cat3
mRNA levels also occurs in roots.14 However, the am-
plitude of the oscillation in roots is much less and the
phase of the rhythm appears to lag behind that in leaves.

In a very interesting analysis of the UV light effects
on the induction of the Cat3 circadian expression, Boldt
and Scandalios55 demonstrated that single transitions
of LL or DD growing plants to constant full-spectrum
(240–400 nm) UV-light strongly induces the circadian
expression of the Cat3 gene, and significantly, in a
manner similar to that observed in DD to LL or LL to
DD transitions. Surprisingly, not only did the DD to
UV transition (‘‘dark’’ to ‘‘light’’) induce the circa-
dian Cat3 expression, but in addition, the LL to UV
transition ( ‘‘light’’ to ‘‘light’’) also induced a circa-
dian rhythm similar to the one observed in the transition
from constant light to constant dark. It is therefore
tempting to speculate that the internal ‘‘regulator’’ of
the rhythm reacts not only to light-on and light-off sig-
nals, but also to signals related with the quality of the
light (wavelength) , indicating the complex and sensi-
tive nature of the oscillator.

In addition to dark-light transitions, short 15 min
light pulses of different wavelength monochromatic or
polychromatic light given to 8 days old etiolated seed-
lings can induce the circadian Cat3 expression in a
markedly uniform way, regardless of the wavelength
of the light.15 In doing so, light pulses of white light,
red, far-red, red followed by far-red, UV-light (290–
400 nm) or UV-light from which different portions of
the spectrum (UV-C, UV-C and UV-B, or UV-C and



501Light responses of catalases

/ 2b2c 2505 Mp 501 Tuesday Jun 03 10:28 PM EL–FRB 2505

Table 2. Regulatory Elements Located on the Cat3 1kb 5* Upstream Region

MOTIF Position Response (signal/factor) Reference

GT-1 0174, 0332, 0556, 0796 light 41,42
l-box 0428, 0721, 0842 light 43
GATA repeat 0196 light, circadian clock 37
ACGT core 0606 leucine zipper factors 43,44
ARE 0148 antioxidants, H2O2 45
AP-1 binding 0217 PMA, UV, H2O2 46
NFkB binding 0423 H2O2, radiation, infection, chemicals, 46,47
XRE 0622 Aryl-hydrocarbons (dioxin) 48
TGACG 0108 auxin, salicyclic acid 43
bHLH core 016, 0136, 0180, 0263, 0328 basic helix-loop-helix proteins 49
RY motif 0386 gene expression in seed development, 50,51
SV40 enhan. 0179, 0260 enhancer 52

Position is relative to the transcription initiation/1. Signals or factors that elicit responses through these elements
are listed. Light responsive elements are in bold.

UV-B and UV-A) have been removed, using appro-
priate filters, can rapidly induce Cat3 mRNA accu-
mulation that reaches a maximum 4–8 hours after the
pulse. The Cat3 mRNA decreases thereafter reaching
a minimum within 12–16 h and then peaks again 24–
28 h after the pulse. Taken together these results sug-
gest a very low fluence phytochrome response in the
induction of the Cat3 circadian expression in etiolated
seedlings, along with the involvement of a blue-light/
UV-A and a UV-B photoreceptor.15

The Cat3 circadian rhythm damps to constant ex-
pression when 12h D/12h L growing plants are trans-
ferred to continuous light or darkness. Damping of the
rhythm occurs rapidly and slight oscillations are de-
tected three days after transfer to constant conditions,14

in contrast to the observed robust oscillations of the
Arabidopsis Cat2 gene which persist for 5 days after
transfer to constant conditions.20 Because the Cat3 gene
is continually transcribed in the absence of a cycling
light regime, the normally observed diurnal variation
of Cat3 expression has been proposed to be the result
of a circadian-regulated transcriptional repressor.13

Regulatory elements of the Cat3 promoter

Studies with other plant genes have fortified the as-
sumption that light and circadian responsive sequences
are located in the 5* flanking regions of structural
genes.33–43 The complete genomic sequence of the
maize Cat3 gene has been isolated and characterized.3

Recent reports and knowledge on light and circadian
regulation of more plant genes has prompted us to re-
examine the Cat3 5* upstream region for the presence
of regulatory motifs.

Several transcription factor binding sites were rec-
ognized (Table 2, Fig. 1) and surprisingly enough, the
presence of a transposable element in the Cat3 pro-
moter was identified. The transposable element located

at 0171 (Fig. 1, Fig. 2) belongs to a large family of
small inverted repeat elements designated ‘‘Tourist’’,53

first described in the wx-B2 mutation of maize. Mem-
bers of this family of elements are highly repetitive in
genomes of some and perhaps all members of the
grasses, are associated with insertion mutations, and are
also found in the introns and flanking sequences of
wild-type genes.54 Of all Tourist elements reported in
5’ flanking sequences of wild-type genes to date, only
the one found in the Cat3 5* flanking region is proximal
to the promoter. Moreover, the sequence (Fig. 2) of
this element, termed Zm13 , 54 revealed very interesting
motifs that are not present in other members of the
Tourist family. The terminal inverted repeats of the el-
ement are two oppositely oriented core motifs of the
SV-40 enhancer,52 located in a perfect palindrome with
sequence CAATCCATwATGGATTG (the vertical axis
denotes the symmetry center) . The two CAAT boxes
of each palindrome are two of the three CCAAT motifs
located on the Cat3 promoter. The third CCAAT motif
is also present within the transposable element over-
lapping a GATA repeat present at 0196.

The ‘‘Tourist’’ region of the maize Cat3 promoter
shares striking sequence similarities with the 0111 to
038 region of the Arabidopsis CAB2 promoter that has
been shown to be sufficient for induction of a luciferase
(luc) reporter gene by red light in etiolated tobacco plants,
as well as, for rhythmic expression in green tissue.37 The
GATA repeat of the Arabidopsis CAB2 promoter lies be-
tween 055 and 074 and serves as a binding site for the
GATA-binding protein CGF-1 that is closely related to
the GT-1 transcriptional factor and can play a role in light
regulation.39 In vivo analysis of CAB2::luc fusion con-
structs in transgenic Arabidopsis demonstrated that a cir-
cadian regulated element lies within a 36bp sequence im-
mediately upstream the GATA repeat that overlaps a
conserved CCAAT box and contains binding sites for
three putative transcription factors.40
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Fig. 1. Schematic representation of the Cat3 promoter structure. Regulatory elements located in the promoter region of the maize
Cat3 and their position relative to the transcription initiation (/1) are shown. The elements are as listed in Table 1. The location
of the Tourist Zm13 transposable element in the Cat3 promoter is also shown.

Fig. 2. The sequence of the Tourist Zm13 transposable element. The duplicated incorporation site TTA, the light responsive GATA
repeat and the three CCAAT boxes are in shaded boxes.

Based on the similarities between the ‘‘Tourist’’ re-
gion of the maize Cat3 promoter and the Arabidopsis
CAB2 promoter, it is likely that the Zm13 transposable
element present in the maize Cat3 promoter is a perfect
candidate regulatory sequence directing the light in-
ducible and circadian expression of the gene. If that is
true, it is possible that we may be able to identify maize
genotypes lacking the transposable element in the pro-
moter of the Cat3 gene and thus, do not exhibit a cir-
cadian rhythm. Alternatively, in genotypes exhibiting
circadian regulation of the Cat3 we should be able to
identify the Zm13 element in the Cat3 promoter. Ac-
tually, limited data (obtained after analysis of three dif-
ferent genotypes) indicated that genetic background
and allelic variation do not directly affect the temporal
pattern of Cat3 accumulation in leaves.13 We have re-
cently expanded this analysis examining several North
and South American maize genotypes. Preliminary re-
sults indicate that Cat3 is cycling in all of them. Inter-
estingly, these results also show that there is variation
in the amount of Cat3 mRNA accumulation in each
time point of the circadian cycle between the different
inbred lines.56 We are currently examining those ge-
notypes for presence of the Zm13 element in the pro-
moter of the Cat3 gene. And certainly the most efficient
way to provide evidence for the regulatory role of the
element is to use transcriptional fusions with a reporter
gene and examine the pattern of the reporter’s expres-
sion in transient assays and/or transgenic plants. Such

approaches are currently being pursued in our labora-
tory in order to obtain thorough insights into the mo-
lecular basis of the maize Cat3 circadian regulation of
expression.

SUMMARY

Light is the environmental signal that triggers a ma-
jor developmental transition in plants, initiating pho-
tosynthesis and autotrophic metabolism. Metabolic
pathways such as photosynthesis and respiration con-
tribute to ROS production and create the need for com-
pensating antioxidant gene expression to balance the
ROS levels. From this point of view, light response of
maize catalases could represent a coordinated regula-
tory mechanism developed to cope with light induced
oxidative stress. Differential response of the maize cat-
alases to light signals implies different physiological
roles for each gene. Two of the maize catalases, namely
Cat1 and Cat2 , encode peroxisomal or cytosolic en-
zymes. Cat1 gene expression in leaves is constitutive
at low levels and is insensitive to light. Cat2 response
to light is positive at both the transcriptional and the
translational levels. In C3 plants catalase induction by
light is suggested to be a response to photorespiration
and the consequent increase of H2O2. Low photores-
piration rate in C4 plants along with the survival of
CAT-2 null maize genotypes under normal environ-
mental conditions denote that the Cat2 gene is probably
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not essential in degrading photorespiration generated
H2O2, and may be important in conditions favoring ox-
idative stress. The CAT-3 catalase isozyme is associ-
ated with the mesophyll mitochondria and Cat3 gene
expression is regulated by a circadian rhythm. Maxi-
mum Cat3 transcript accumulation is observed late in
the light period which suggests that CAT-3 may play
an important role during mitochondrial respiration in
the dark. The need for the Cat3 circadian rhythm could
emerge from differential production of ROS in meso-
phyll mitochondria during the day-light cycle.

Many aspects of the catalase responses to light need
still to be investigated. Recent work with other plants
has shown that catalase genes respond to light in spe-
cific ways comparable with those described in this re-
view for maize. Thus, light responses may represent
evolutionary conserved mechanisms in the regulation
of catalase gene expression in plants. Further studies
are needed for understanding the underlying regulatory
mechanisms from signal perception to specific gene re-
sponse. Such knowledge will enable us to manipulate
catalase gene expression in order to elicit effective an-
tioxidant responses in severe oxidative stress condi-
tions. For these genetic engineering manipulations light
may prove to be a useful and effective switch.
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ABBREVIATIONS

AOP—Alternative oxidase pathway
ROS—Reactive oxygen species
CAM—Crassulacean acid metabolism
CAT—Catalase protein; isozyme
Cat—Catalase gene; transcript
CT—Circadian time
D—Dark
DD—Constant dark
L—light
LL—Constant light
SHAM—Salicylhydroxamic acid


