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Different pathways for copper sulphate and copper nitrate antioxidation
and organic acid excretion in Typha latifolia?
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Abstract. The major topic of the present experiment was the investigation of the antioxidative enzymes
and the root exudate excretion after plant exposure to copper. The copper was added for each treatment as
copper sulphate and copper nitrate in the concentrations of 10 µM, 5 0 µM and 100 µM , respectively. The
plant species chosen for the study was Typha latifolia. The experiment gives insight into the plant responses
to different copper supplies during the same conditions of exposure. Remarkable results were obtained during
the time course about the excretion of organic acids from Typha latifolia roots during one week of copper
exposure. Oxalic acid, malic acid, acetic acid and lactic acid were detected. Interestingly, not all organic acids
are excreted from the roots in the first hours after copper addition.
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Introduction
Copper is an essential microelement for plants, but in
elevated concentrations it inhibits different important
processes for the survival of the plants. Because copper is
commonly used as a fungicide and also for control of
algae and vascular plants in aquatic bodies (Mohanapriya
et al., 2006) this element is interesting with view to its
impact on phytoremediation.
The copper uptake from the soil happens in the
rhizosphere surrounding the root (Dakora and Phillips,
2002); this is also the zone where a plethora of chemical
reactions and biological processes take place. Release of
compounds into the rhizosphere is influencing an
increased availability of several nutrient elements for
uptake from the plants. Under these conditions, the
exudation rates are promoted by the uptake and
assimilation of mineral nutrients and elements (Dakora
and Phillips, 2002). Root exudates are a complex mixture
and contain root border cells, extracellular enzymes,

organic acids, amino acids, simple and complex sugars,
and vitamins (Marschner, 1995).
Organic acids release in root exudates seems to be
linked to detoxification. Malic acid, citric acid and oxalic
acid have been identified as chelators of heavy metals
inside the cell, converting the metals to inactive and
non-toxic forms (Ma et al., 1997, Ma et al., 1998, Barbas
et al., 1999). Some plant species excrete organic acids
from their roots (Prasad, 2006) and others posses over
mechanisms for formation of complexes of heavy metals
with organic acids as mechanism for the accumulation of
heavy metals (Alonso-Castro et al., 2009).
Materials and Methods
T. latifolia plants from a commercial garden center were
grown for 52 days on perlite under green house
conditions. The day/night rhythm was settled at 14 hours
day, 10 hours night and the humidity was 60 % during the
whole exposure. Nutrients were supplied by Murashige
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and Skoog medium (Murashige and Skoog, 1962). On the
53rd day the Typha plants were released from the perlite.
Their roots were rinsed numerous times in distilled water
and transferred into 5 L pots each containing 4 L tap
water with copper nitrate respectively copper sulphate
added in the predetermined concentrations. The
treatments lasted seven days with three different
concentrations (10 µM, 50 µM and 100 µM) of copper
nitrate (CuN2O6.3H2O) and respectively copper sulphate
(Cu2SO4.5H2O). The control plants grow under the same
conditions, without copper treatment. The biological
replicates were four plants for each concentration.
The first exudate sampling was present on the third
day after the onset of the treatment, followed by daily
sampling at the same time for five days. Twelve mL
nutrition medium were picked up from the pots, filled in
Falcon tubes, shock frozen in liquid nitrogen and stored
by -20 °C until measurements.
The organic acids were analysed using capillary
electrophoresis with a salicylate electrolyte (Bazzanella et
al., 1997). The capillary electrophoresis (CE) system
G1600A (Agilent, Böblingen, Germany) equipped with a
built-in diode-array detector proceeded according to
Blossfeld et al. (2011).
Ascorbate peroxidase and monodehydroascorbate
reductase were determined according to the method
described by Vanacker et al. (1998). The determination of
the glutathione S-transferase activity was done according
to the methods described by Habig et al. (1974), Scalla
and Roulet (2002) and Keen et al. (1978).
The protein contents were evaluated according to the
method described by Bradford (1976) using serum
albumin as a standard.
Results and Discussion
The highest oxalic acid concentration was determined
after 50 µM CuSO4 treatment on the 3rd day of exposure
(P < 0.05). Compared to 50 µM CuSO4 treatment all
CuNO3 treatments lead to lower oxalic acid excretion.
The same correlation was established also for malic acid.
The 50 µ M CuSO4 lead to the highest acetic acid
concentration on the 3rd day, but this is the lowest level
detected in plants exposed to 50 µM CuSO4. During the
3rd day of exposure CuSO4 leads to higher excretion of
oxalic acid, malic acid and acetic acid in T. latifolia
exudates compared to CuNO3.
On the 4th day of exposure the oxalic acid
concentrations in the exudates of CuSO4 treated plants
were strongly reduced. Malic acid concentrations are
dispersed compared with those measured on the 3rd day.
10 µM CuNO3 lead to an increase of the excretion of
malic acid whereas under the influence of 100 µM
CuNO3, its exudation was decreased. All treatments with
CuNO3 and the concentrations of 50 µM and 100 µM
CuSO4 resulted in significantly lower excretion patterns
for lactic acid as compared with 10 µM CuSO4.
The excretion trend of Typha latifolia roots on the
4th and on the 5th day stayed stable and malic acid was the
organic acid with the highest excretion concentration in
all the treatments.
Significantly higher oxalic acid and acetic acid

excretion compared to CuSO4 was observed four days
after the CuNO3 treatment. The oxalic acid was
significantly increased compared to the control and to the
matching concentrations of the CuSO4 treatments.
On the last day of copper treatment, the acetic acid
excreted from T. latifolia roots was significantly lower in
the samples treated with CuNO3 compared to CuSO4,
whereas 100 µM CuSO4 lead to the highest acetic acid
concentrations determined in all exudate samples. On the
7th day of exposure the levels of oxalic acid determined
after 10 µM and 100 µM CuSO4 arrived the
concentrations measured on the 3rd day and the exposure
to 50 µM CuSO4 led to increased exudation compared
with the previous days of exposure but reached only the
half of the concentration measured on the 3rd day.
Additional to the exudate evaluation the
antioxidative enzymes of Typha latifolia were also
investigated. The aim was to look for additional details
for the well being of the plants after the exposure to
copper. Increasing copper sulphate concentrations in the
roots do not lead to influence in the ascorbate cycle. In
contrary to that, copper nitrate influences ascorbate
peroxidase and the monodehydroascorbate reductase in
the roots and lead to their increase with increasing
concentrations. During the exposure, ascorbate
peroxidase is induced in the leaves with increasing
copper
sulphate
concentration,
but
the
monodehydroascorbate reductase activity is strongly
reduced in the same course. This means that the
detoxification of copper sulphate and copper nitrate in the
leaves and in the roots is happens different.
The glutathione S-transferases (GST) determined in
Typha latifolia after copper exposure present very
different pictures in the different tissues. In the roots and
in the leaves GST activity was determined for the model
substrates CDNB, NBC, Fluorodifen and pNpa. The
highest GST activity in the roots was determined for the
model substrate Fluorodifen. In the leaves the highest
GST activity was determined for pNpa but significant
differences in the leaf GST activity after copper sulphate
and copper nitrate were determined for the model
substrate NBC. Exposure to CuSO4 leads to significant
increase with increasing concentrations, after CuNO3
exposure there is an increase in the NBC-GST-activity
from 10 µM to 50 µM and very strong decrease after that
by 100 µM CuNO3 (lower than the level of 10 µM). This
leads to the conclusion that different GST isoforms are
responsible for the NBC conjugation after copper
sulphate and copper nitrate exposure.
Conclusion
The source of copper is decisive about the reactions of
plants. Counter-ions might play a role in stress
development and defense. The practical aspect of the
present study is the application of Typha latifolia for
phytoremediation on copper contaminated sites, which
could be assisted by its high biomass and its extensive
distribution in Europe. The plants possess a potent
detoxification system, and some reactions might be
induced while others can be heavily impaired. An
additional interesting feature of further research is the
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relation between copper uptake, organic acid excretion
and the role of rhizospheric microorganisms which might
influence the vitality of the system.
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