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Abstract

Treatment with 50 uM CuSgfor five days caused significant decrease in dry-matter production and protein level of ten-
day-old sunflower seedling roots. An increase of lipoperoxidation product rate was also observed. The involvement of some
enzyme activities in the sunflower root defence against Cu-induced oxidative stress was studied. Copper treatment inducec
several changes in antioxidant enzymes. SOD (superoxide dismutase, EC 1.15.1.1) activity was reduced but CAT (catalase
EC 1.11.1.6) and GPX (guaiacol peroxidase, EC 1.11.1.7) activities were significantly enhanced. The lignifying peroxidase
activities, assayed using coniferyl alcohol and syringaldazine, were also stimulated. Analysis by native gel electrophoresis of
syringaldazine peroxidase activity showed the stimulation of an isoform (A2) and the induction of another one (A1) under
cupric stress conditions. On the other hand, the activity of PAL (phenylalanine ammonia lyase, EC 4.3.1.5), which plays an
important role in plant defence, was also activated. The possible mechanisms by which Cu-induced growth delay and change:
in enzymatic activities involved in plant defence processes are discuksede this article: H. Jouili, E. El Ferjani, C. R.

Biologies 326 (2003).
O 2003 Published by Editions scientifiques et médicales Elsevier SAS on behalf of Académie des sciences.

Résumé

Variations des activités enzymatiques anti-oxydantes et lignifiantes dans les racines de tourneddEljanthus an-

nuus L.) traitées par un exces de cuivreDes jeunes plantules de tournesdEljanthus annuus L.) cultivées sur un milieu

nutritif de base en conditions contrblées et agées de 10 jours sont traitées par une dose deﬂiqumhsq pendant cing

jours. Les effets du stress métallique sont déterminés, au niveau des racines, sur la croissance, la teneur en protéines totale
la lipoperoxydation membranaire et les activités de certaines enzymes impliquées dans la défense contre les stress abiotique
Concernant la croissance, I'application de 50 uméldie CuSQ dans le milieu de culture se traduit par une nette réduction de

la biomasse seche racinaire, estimée a 41% par rapport aux témoins. La longueur des racines traitées ainsi que leur teneur en ¢
sont également réduites de 20% et de 53%, respectivement. L'effet du stress cuprique se manifeste encore par une diminutio
de 53% de la teneur des protéines totales solubles et une stimulation significative de la production de MDA (malondialdéhyde),
un des produits majeurs de la lipoperoxydation membranaire. Parallélement a ces perturbations, des modulations de quelque
activités enzymatiques ont été notées. En effet, les racines traitées présentent une importante stimulation de I'activité de la CA
(catalase, EC 1.11.1.11) et la GPX (gaiacol peroxydase, EC 1.11.1.7) (267% et 163%, respectivement par rapport aux témoins
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Quant a la SOD (superoxyde dismutase, EC 1.15.1.1), son activité se trouve plutdt inhibée dans les extraits de racines traitée
par le cuivre en exces. L'étude a porté aussi sur I'activité de certaines enzymes impliquées dans le processus de lignification
les peroxydases lignifiantes et la PAL (phénylalanine ammonia-lyase, EC 4.3.1.5), I'enzyme clé de la voie de biosynthése
des phénylpropanoides, aboutissant a la formation des monolignols. L'activité des peroxydases lignifiantes a été testée pec
leurs substrats spécifiques : I'alcool coniférylique et la syringaldazine. Le dosage de I'alcool coniférylique peroxydase montre
une stimulation importante de son activité (245%). De méme, la révélation de I'activité de la syringaldazine peroxydase par
électrophorese native sur gel de polyacrylamide a montré la stimulation d'un isoforme (A2) et I'induction d'un autre isoforme
(Al). Cette stimulation de I'activité des peroxydases lignifiantes a été accompagnée, en outre, d’'une activation de la PAL dans
les racines traitées par le cuivre. L'ensemble des modifications des activités enzymatiques étudiées est discuté en relation avec
retard de croissance enregistré dans les racines de tournesol traitées par 56 j@e@USQ. Pour citer cet article: H. Jouili,

E. El Ferjani, C. R. Biologies 326 (2003).
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1. Introduction 2. Materials and methods

) ) _ ) ) ) 2.1. Plant material and growth conditions
The aim of this study is to investigate the possible

relationship between the toxic effect of copperandthe  Sunflower seedsHelianthus annuus L.) were ger-

changes of some enzyme activities involved in defence minated and grown in a controlled chamber, as previ-

mechanisms. ously described by Mazhoudi et al. [7]. Ten-day-old
In plants, excess of copper can easily catalyse the seedlings, previously grown on a non-contamined nu-

generation of harmful free radicals [1] and might trient medium, were treated for five days by addition

therefore cause oxidative stress [2]. This injurious ef- of 50 pM CuSQ on the nutrient solution.

fect may be alleviated by enzymatic reactions scav-

enging oxygen free radicals and including SOD, CAT 2.2. Malondialdehyde determination

and peroxidases. The activities of these enzymes are

increased by copper excess treatment [3,4]. Lipid peroxidation was r.neasu.red. as the amount of
Copper can also affect membrane properties by MD_A determlnec_i by the thiobarbituric acid (TBA) re-

oxidation of membrane lipids [5]. The injurious mem- action, as described by Heath and Packer [8]. The as-

brane effect can however be estimated from the in- S&Y was carried out according to Baccouche et al. [9].

crease of MDA, one of lipid peroxidation prod-
uct [2].
Moreover, increased activities of lignifying perox-

2.3. Enzyme preparations and assays

. ) Plant material was extracted in 50 mM potassium
idases qu PAL are k'no'vvn to be' re'late'd to. environ- phosphate buffer (pH 7.0) containing 5 mM sodium
mental injury in both biotic and abiotic stimuli [6]. N 5c-orbate and 0.2 mM EDTA. The homogenate was
plants, lignifying peroxidases were involved in poly- centrifuged at 13009 for 15 min. The resulting

merization of hydroxy cinnamyl alcohols to lignin. supernatant was used for assays of CAT, SOD and

PAL is responsible for the conversion afphenyl-  peroxidases. CAT and SOD activities were determined
alanine totrans-cinnamic acid, a key intermediate in a5 described by Aebi [10] and Polle et al. [11],
the pathway of lignin production. guaiacol peroxidase and coniferyl alcohol peroxidase

In the present study, we investigated the changeswere assayed, respectively, according to Fielding and
of SOD, CAT, GPX, CAPX (coniferyl alcohol perox-  Hall [12] and Sato et al. [13].
idase), SPX (syringaldazine peroxidase) and PAL ac-  For determination of PAL activity, fresh material
tivities in sunflower roots exposed to cupric stress. was homogenized in 100 mM borate buffer (pH 8.8)
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containing 0.5 mM EDTA and 17 mM-mercapto-
ethanol. The homogenate was centrifuged at 20000
for 20 min and the supernatant was immediately
assayed for PAL activity. The reaction mixture (3 ml),
containing 100 mM borate buffer (pH 8.8), 20 mM
phenylalanine and 200 pul of extract, was incubated at
40 for 1 h. Production of cinnamic acid was measured
as an increase in absorbance at 290 nm.

2.4. Electrophoretic analysis

Anionic isoperoxidases were separated on 10%
polyacrylamide gel electrophoresis. The syringaldazi-
ne isoperoxidases were stained by incubation of the
gel with a solution of syringaldazine as described by
Tadeo and Primo-Millo [14].

2.5. Protein determination

Protein content was determined according to Brad-
ford [15] using bovine serum albumin as standard.

2.6. Statistical analysis

The results presented are the mean valtistandard
errors obtained from at least five replicates. Significant
differences between treated and control plants are de-
termined using ANOVA test® < 0.05).

3. Results
3.1. Seedling growth, water content and protein level

Under 50 uM CuS@ sunflower roots showed a re-
duced length (Fig. 1A) and a delay of ramification.
Also, matter production and water content were re-
duced by 41% and 53%, respectively, in treated roots
compared to the control (Fig. 1B and 1C). The amount
of total protein has decreased by 53% in Cu treatment
conditions (Fig. 2A).

3.2. Lipid peroxidation

An increase in the level of lipid peroxidation
products, measured as thiobarbituric acid reactive
metabolites, was observed in sunflower roots after
copper treatment. The MDA content was increased by
22% in treated roots compared to the control (Fig. 2B).
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Fig. 1. Root length (A), dry weight (B) and water content (C) from
10-day-old sunflower seedlings grown in control nutrient medium
(O) or supplemented with 50 pM Cug({®) for five days. The
values given are the means of ten experiments. Standard errors are
indicated by vertical bars.

3.3. Enzyme activities

The catalase and guaiacol peroxidase activities
were significantly enhanced by copper treatment
(Fig. 3A and 3B). By contrast, data showed a notable
reduction of superoxide dismutase activity in treated
roots compared with control (Fig. 3C).

Fig. 4A showed that coniferyl alcohol peroxidase
activity was strongly enhanced (245% increase over
the control). In the same way, PAL activity has
increased in treated roots with respect to control
(Fig. 4B).

Native gel electrophoretic analysis of syringal-
dazine peroxidase activity in control roots showed
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Fig. 2. Total protein content (A) and MDA level (B) in roots from —'En
10-day-old sunflower seedlings grown in control nutrient medium o 10t
(O) or supplemented with 50 pM Cug(®) for five days. The ]
values given are the means of five experiments. Standard errors are 2 5 |
indicated by vertical bars. 8
w2
only one isoform (A2). In treated roots, the isoform 0 : :
A2 was increased and another putative isoform Al is Control Cu
dISplayEd E_md seems to be induced, or its amount in- Fig. 3. CAT (A), GPX (B) and SOD (C) activities in roots from
creased (Fig. 5). 10-day-old sunflower seedlings grown in control nutrient medium

(O) or supplemented with 50 pM Cug({®) for five days. The
values given are the means of five experiments. Standard errors are
4. Discussion indicated by vertical bars.

In the present work, we have examined the effect ~ Our results also show an increase in the MDA
of copper excess on growth and several physiological level in roots of Cu-treated sunflower seedlings com-
processes in roots of sunflower seedlings. pared with controls (Fig. 2B). Lipid peroxidation

A significant reduction of dry matter production, was already demonstrated in roots [5] and leaf seg-
root length and water content are observed in roots ex- ments [19] treated by excess of copper. In fact, it is
posed to copper treatment (41, 33 and 53%, respec-well known that copper initiates the lipoperoxidation
tively, Fig. 1). In fact, copper has been identified as process, which generates free radicals and is recog-
being a powerful inhibitor at high levels [2,7,16,17]. nized to affect membrane integrity [1], leading to the
Our findings indicate again a significant decrease in alteration of ion transports [20].
protein level by cupric stress (53%, Fig. 2A). This re- These damaging membrane effects could explain,
duction of protein amount could be related to the abil- in part, the reduction of water content in treated
ity of Cu to interfere with thiol groups of a wide range  sunflower roots (Fig. 1C) affecting cellular turgor and
of enzymes [16] and might therefore produce disorder thereafter cell enlargement. So, growth delay could be
in protein metabolism. Moreover, cupric ion is consid- related to the inhibition of cellular turgor, the reduction
ered as an efficient generator of toxic oxygen species of total protein amount and to the generated free
that caused protein degradation [18]. radicals by lipoperoxidation.
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Fig. 4. CAPX (A) and PAL (B) activities in roots from 10-day-old
sunflower seedlings grown in control nutrient mediuf) (or
supplemented with 50 uM CuSQ() for five days. The values
given are the means of five experiments. Standard errors are
indicated by vertical bars.
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Fig. 5. Native PAGE of syringaldazine peroxidase isozymes in
root extracts from 10-day-old sunflower seedlings grown in control
nutrient medium (control) or supplemented with 50 uM Cy%Cu)

for five days. The same protein amount (75 pg) is deposed in each
lane.

Generally, it is known that growth inhibition, noted
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tions of Cu in roots. Copper-induced guaiacol perox-
idase activity was also shown by Mazhoudi et al. [7]
and Chen et al. [21]. In the case of SOD, the inhibi-
tion of its activity after copper treatment (Fig. 3C) is
confirmed by Palma et al. [22] and Wecks and Clijs-
ters [2]. Thus, it seems that in sunflower treated roots
CAT and guaiacol peroxidase take part in defence
mechanisms against oxidative stress caused by copper,
while SOD does not.

Finally, we have examined the effect of cupric
stress on lignifying peroxidases (coniferyl alcohol and
syringaldazine peroxidases) and PAL. Lignifying per-
oxidases were assayed using specific electron donors,
coniferyl alcohol and syringaldazine. It appears that
copper enhances coniferyl alcohol peroxidase activ-
ity (Fig. 3B). Qualitative and quantitative changes
in isoenzymatic profile of syringaldazine peroxidase
were investigated (Fig. 5). Our findings show a stim-
ulation of isoform A2 and an induction of isoform
Al. In the same way, Chen et al. [21] reported that
copper excess induced lignifying peroxidase activi-
ties in radish roots, which are correlated with growth
reduction. Thus, we can also propose that, in sun-
flower roots, growth reduction could be caused by Cu-
enhanced lignifying peroxidase activities.

PAL, a key intermediate of phenylpropanoid path-
way, is also activated by cupric stress (Fig. 4B). It
was shown that PAL is generally stimulated in plant
tissues exposed to several environmental stresses [6].
The same authors indicated that PAL enhancement
in these stress conditions is due te®} generation,
which occurs as primary reaction in response to stress.
So, it seems that, in sunflower roots, the enhancement
of PAL activity could be related to the implication of
this enzyme in the plant response to cupric stress.

In conclusion, activities of antioxidant enzymes,
lignifying peroxidases and PAL increased when sun-
flower roots were treated with 50 uM CugOThis
indicates that sunflower roots mobilize several enzy-

in plants under heavy metals uptake, is related to some matic defence processes in order to mitigate Cu-stress
physiological process alterations owing to generated gamages.

oxidative stress. Such damages could be mitigated and

repaired by antioxidative enzymes like CAT, SOD and
peroxidases.

In fact, our results show a stimulation of CAT and
guaiacol peroxidase activities in treated roots. De Vos
et al. [5] and Wecks and Clijsters [2] also reported an
increase in the capacity of CAT by toxic concentra-
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