
The effect of copper excess on growth, H2O2 level and peroxidase activities were studied in maize shoots.
Ten-day-old seedlings were cultured in nutrient solution that contained Cu2+ ions at various concentra-
tions (50 and 100 μM) for seven days. High concentrations of Cu2+ ions caused significant decrease both
in matter production and elongation of maize shoots. In addition, treatment with CuSO4 increased levels
of H2O2 and induced changes in several peroxidase activities. Moreover, the disturbance of the physio-
logical parameters was accompanied by the modulation of the peroxidase activities: GPX (Guaiacol per-
oxidase, EC 1.11.1.7), CAPX (Coniferyl alcohol peroxidase, EC 1.11.1.4) and APX (Ascorbate peroxi-
dase, EC.1.11.1.11). Furthermore, this modulation becomes highly significant, especially, in the presence
of 100 μM of CuSO4.
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INTRODUCTION
Nowadays, metal pollution constitutes a major problem which threatens the environ-
ment by entailing the disturbance of the ecosystems leading to dysfunction of the bio-
logical systems.

Many metals, including Cu, are required as micronutrients in plants to act as
cofactors and/or as part of prosthetic groups of enzymes, but they may be strongly
phytotoxic when taken up in excess. Cu plays a key role in many metabolic mecha-
nisms such as respiration and photosynthesis as a constituent of the redox compo-
nents of the electron transport chain, in protein and carbohydrate metabolisms.
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Copper excess can easily catalyze the production of free radicals [11, 28].
Reactive oxygen species (ROS) are common components of the defense responses of
plants against heavy metals. The overproduction of free radical species can be initi-
ated directly or indirectly by metals, thereby, causing severe damage to different cell
components [11, 31].

Antioxidative systems, consisting of several non-enzymatic and enzymatic mech-
anisms, are activated in the cells in response to oxidative damage. Amongst them
guaiacol peroxidase, coniferyl alcohol peroxidase and ascorbate peroxidase have an
important role in the antioxidative response of plant cells to the environmental stress
[14, 31]. In plants, peroxidases have been mainly detected in cell walls, endoplasmic
reticulum, Golgi apparatus, chloroplasts and vacuoles, and their distribution is pre-
sumably connected to different physiological functions.

The present study has focused on the modulation of peroxidase activities during
the exposition of maize shoots to the cupric stress. In addition, effects of copper
excess on growth, metal accumulation and H2O2 production were also studied.

MATERIALS AND METHODS

Plant material and growth conditions

Zea mays. L., var. aligreen seeds were germinated and grown in a controlled cham-
ber at  25 °C � 2 °C and 65% RH, with a photoperiod of 16 h and a ligth intensity of
150 μmol/m2 pers.

Ten-day-old seedlings were treated for 7 days by addition of 50 and 100 μmol–1 of
CuSO4 to nutrient medium, as previously described by Mazhoudi et al. [15].

Copper content

Dried shoot materials were ground to powder and were wet-digested in 65% nitric
acid (1 ml per 0.1 g of dry matter). The digested material was made up in distilled
water. The Cu content of shoot was determined using atomic absorption spectropho-
tometer (Perkin Elmer-model 2380, C.R.G.R.).

H2O2 determination

Hydrogen peroxide levels were determined according to Sergiev et al. [25]. Shoot tis-
sues (500 mg) were homogenized in ice bath with 5 ml 0.1% (w/v) TCA. The
homogenate was centrifuged at 12000 × g for 15 min and 0.5 ml of the supernatant
was added to 0.5 ml 10 mM potassium phosphate buffer (pH 7.0) and 1 ml 1M KI.

The absorbance of supernatant was read at 390 nm and the content of H2O2 was
given on a standard curve.



Peroxidase extraction

Plant material was extracted in 50 mM K-Phosphate buffer (pH 7.0) containing 5
mM sodium ascorbate and 0.2 mM EDTA. The homogenate was centrifuged at
13000 × g for 15 min. The resulting supernatant was considered as soluble enzymat-
ic fraction.

Extraction was performed at 4 °C. Protein concentration was determined accord-
ing to Bradford [4] using Bovin serum albumin as standard protein.

Enzyme assays

Guaiacol peroxidase activity was determined following the increase in absorbance at
470 nm by adding the enzymatic preparation to 2 ml of 9 mM Guaiacol and 10 mM
hydrogen peroxide in 25 mM K-phosphate buffer (pH.7.0) [8].

Coniferyl alcohol peroxidase activity was measured by monitoring the decrease in
absorbance at 260 nm [19]. Ascorbate peroxidase activity was determined according
to Nakano and Asada [17].

Statistical analysis

The results presented are the values ± standard error obtained from at least six repli-
cates. Significant differences between treated and control plants are determined using
ANOVA test (P < 0.05).

RESULTS

Seedling growth and water content

Figures (1A and 1B), presenting the effect of 50 μM of CuSO4 on biomass shoots,
show a significant decrease in weight production. Thus, fresh and dry matter pro-
ductions are severely reduced by 40% and 75%, respectively. Also, the copper excess
causes a reduction in shoots elongation and water content (Figs 1C and 1D). Theses
effects stand more marked in shoots of the seedlings cultivated in the presence of 100
μM of CuSO4. The inhibition of growth is accompanied by the appearance of chloro-
sis. This visual symptom is accentuated at 100 μM of CuSO4 (Fig. 2).

Copper content

Figure 3A shows a progressive increase in the Cu level during treatment of maize
seedlings with 50 and 100 μM of CuSO4. This accumulation starts after 72 h of treat-
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Fig. 1. Fresh and dry weight production, elongation and water content of shoots (A, B, C and D) of maize
seedlings exposed to 50 and 100 μM of CuSO4 for up to 7 days. Data are mean values of three indepen-
dent experiments. SE are indicated by vertical bars. Symbols refer to the following treatments: (�),

control; (�), 50 μM CuSO4; (�), 100 μM CuSO4

Fig. 2. Morphological effects of copper excess (50 and 100 μM) in maize shoots



ment. In the same way, we notice that in 100 μM Cu-treated shoots, the level of cop-
per accumulated exceeds 60 μg g–1 dry weights at 168 h of treatment. Whereas, with
50 μM of CuSO4, the content of copper accumulated is only 20 μg g–1 dry mass.
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Fig. 3. Copper accumulation, H2O2 level and protein content in shoots (A, B and C) of maize seedlings
exposed to 50 and 100 μM of CuSO4 for up to 7 days. Data are mean values of three independent exper-
iments. SE are indicated by vertical bars. Symbols refer to the following treatments: (�), control;

(�), 50 μM CuSO4; (�), 100 μM CuSO4
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H2O2 production and protein content

The effect of Cu on H2O2 contents in shoots is shown in Figure 3B. Cu-exposure for
seven days increased the level of endogenous H2O2 in comparison with control
plants. However, overproduction of H2O2 is more marked in 100 μM Cu-treated

Fig. 4. Activities of guaiacol, coniferyl alcohol and ascorbate peroxidases in shoots (A, B and C) of
maize seedlings exposed to 50 and 100 μM of CuSO4 for up to 7 days. Data are mean values of three
independent experiments. SE are indicated by vertical bars. Symbols refer to the following treatments:

(�), control; (�), 50 μM CuSO4; (�), 100 μM CuSO4



shoots than in 50 μM Cu-treated shoots. In fact, while, in the shoots of the seedlings
exposed to 100 μM of CuSO4, the H2O2 level is estimated at 110% compared to con-
trol, in shoots treated with 50 μM of CuSO4, the percentage of accumulation does not
exceed 50% compared to control. During the treatment, the total amount of proteins
in shoots is not affected by cupric stress (Fig. 3C).

Effect of copper excess on peroxidase activities

Results presented in Figure 4 show that peroxidase activities were affected by cop-
per excess only at 100 μM of CuSO4 exposure. A progressive stimulation in guaia-
col peroxidase begins after 72 h of Cu-treatment and it is accentuated towards the end
of treatment to reach a level of increase amounting to 44% (Fig. 4A). Figure 4 B rep-
resenting the effect of CuSO4 on the activity of the ascorbate peroxidase shows that
there is a progressive stimulation of the activity of this enzyme. This stimulation
reaches 77% at 168 h of treatment. In the same way, we noted a progressive increase
in the alcohol peroxidase activities (Fig. 4C).

DISCUSSION

Copper is known to be an essential micronutrient for plant growth [1]. With higher
concentrations, this element can become toxic. In this work, we have examined the
effect of copper excess (50 and 100 μM) on growth, H2O2 content and some peroxi-
dase activities. In fact, the kinetics of growth of ten-day-old maize seedlings, treated
separately during 7 days by 50 and 100 μM of CuSO4, shows a significant reduction
of fresh and dry matter production, shoot length and water content.

The inhibition of growth can be explained, according to certain authors, by the
inhibiting action of cupric ion on mitotic activity of the meristematic cells [9].
Wainwright and Woolhouse [30] suggested that the reduction of growth can be a con-
sequence of the lost of cellular turgor due to a flight of K+ and other solutes.

The intoxicating effect of copper is also visualized on the shoot by appearance of
chlorosis. Many works have suggested that, these visual symptoms might be due to
the reduction in chlorophyll content in shoots. Indeed, copper excess inhibits the syn-
thesis of the chlorophyll [16]. According to Scarponil and Perucci [23], the inhibi-
tion of chlorophyll synthesis is related to the inhibition of ALA deshydratase, impli-
cated in biosynthesis of porphyrin structures.

According our results, we have noted that the inhibition of growth in maize
seedlings is accompanied by an overproduction of H2O2 and by modulation in the
peroxidase activities: guaiacol peroxidase, coniferyl alcohol peroxidase and ascor-
bate peroxidase. 

Our results indicate that Cu excess increased oxidative stress, as this is evident
from increased levels of Hydrogen peroxide (Fig. 3B).
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In fact, this radical produced during abiotic stress can play the role of a local sig-
nal causing cellular death and it can diffuse through the cells causing a change in the
redox state of cellular membranes and their polarity, which would stimulate the
antioxidant mechanisms of plant defense [29, 31]. In fact, hydrogen peroxide consti-
tutes a transduction signal; the diffusing H2O2 can intervene in the induction of genes
coding for antioxidant enzymes [2].

Following the some line of analysis, Velikova et al. [29] suggested that the
increase in H2O2 contents would stimulate the oxidative polymerization of certain
defense proteins in cellular wall, forming a mechanical barrier to the stressing agent. 

The overproduction of these harmful molecules can have several origins. It can
result from the deterioration of electron transports in photosynthetic and respiratory
chains [21].

Elstner et al. [7] show that H2O2 produced by heavy metals comes from the trans-
formation of superoxyde radicals (O.

2) into H2O2 by superoxide dismutases.
The overproduction of free oxygen could be quenched by induction of specific

enzymes such as peroxidases. Since, these enzymes were reported to reduce H2O2
using phenolic compounds or flavonoids as donors of electron such as guaiacol,
coniferyl alcohol and ascorbate [20]. In the case of guaiacol peroxidase, we noted
a progressive stimulation in shoots treated by 100 μM of CuSO4. This result was
shown in other works using heavy metals such as nickel, cadmium and copper [3, 13,
18, 24].

Alongside with this, we noted an increase in coniferyl alcohol peroxidase activity
in shoots treated by 100 μM of CuSO4 (Fig. 4C). The increase of this enzyme can be
explained by the activation of lignification process in response to the cupric stress
[5, 12, 13].

On the other hand, we noted that this stimulating effect of Cu on guaiacol perox-
idases and  coniferyl alcohol peroxidase is not observed in shoots treated by 50 μM
of CuSO4. The differential behavior of peroxidases could be related to the level of
H2O2 produced under stress conditions. In fact, it seems that ACPX and GPX  activ-
ities were not afffected after treatement with 50 μM of CuSO4.

We suggest that both these isoforms have not an efficient role in detoxification of
H2O2 produced under 50 μM of CuSO4 treatment.

At 100 μM, their activity increased progressively for about 120 h, before 168 h
CAPX and GPX activities increased strongly. This stimulation could be related to the
increased level of H2O2 during the period of treatment.

The elimination of hydrogen peroxide can be implemented within the cycle ascor-
bate-glutathion. During this cycle, H2O2 is reduced in H2O by ascorbate peroxidases
which uses the ascorbic acid as a donor of electrons and regenerates the monodehy-
droascorbate. Thus, the ascorbate peroxidases play a key role in cycle ascorbate glu-
tathione and in the detoxification of H2O2 in the photosynthetic organism [27].

The stimulation of the ascorbate peroxidase in shoots treated by 100 μM of CuSO4
could constitute one of the antioxidative means of defense in the maize seedlings
exposed to cupric stress. Moreover, several authors [6, 10, 26] showed that, copper
excess has an inductive effect on the activity of the ascorbate peroxidase. Our study



shows that ascorbate peroxidase activities vary according to the metal concentration
used since we have noted a fluctuation in this enzyme in response to 50 μM of
CuSO4. APX activity was increased progressively for about 120 h; at 168 h this
activity was fallen. In fact, the fluctuation in antioxidative enzymes to metallic stress
has frequently been found [22, 24].

In conclusion, the present work has shown that the presence of excess Cu causes
oxidative stress in maize shoots and subsequently increases antioxidant responses
due to increased production of H2O2. Accordingly, it was observed that excess Cu in
shoots led to oxidative stress inducing changes in the activity of GPX, APX and
ACPX. The antioxidant responses were observed in maize shoots being both Cu-
concentration dependent and time-dependent.

The differential behavior of peroxidase isoenzyme during the stress conditions
caused by addition of toxic amount of copper in the nutrient medium might be elu-
cidated by the study of subcellular localization of reactive oxygen species and per-
oxidase isoforms.
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