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ABSTRACT

Enydra fluctuans, an edible aquatic macrophyte with medicinal properties, was exposed to different
concentrations of copper (0.11 - 3.03 mg L) to determine its effects on chlorophyll a (Chl ‘a’) and
chlorophyll b (Chl ‘b”), protein and carbohydrate content, catalase activity and proline content. The
copper exposure at 0.11 mg L initially increased the chlorophyll a concentration, while
concentrations of 0.51 mg L™ and higher caused a decrease. One-way ANOVA showed significant
differences (p < 0.05) between Cu-exposed plants and control plants for chlorophyll a, but not for
chlorophyll b. At cooper concentrations of 1.09 - 3.03 mg L, protein content was significantly
reduced in the leaf, upper and lower parts of the stem. Cu at 0.11 - 0.51 mg L caused insignificant
increase in carbohydrate content in the leaf (except on day 15) and the upper and lower parts of the
stem, while a significant decrease occurred in the leaf at 1.09 - 3.03 mg L Cu on day 15, and only
at 3.03 mg L in the upper and lower parts of the stem. Catalase activity and proline content were
significantly elevated in all plant tissues at Cu exposure of 0.11 mg L™ and above. Therefore, the
study showed that although Cu can significantly affect Enydra fluctuans at relatively low
concentrations, the plant has the ability to cope with Cu stress by increasing the activities of the
antioxidant enzyme catalase and the accumulation of the non-enzymatic antioxidant proline.
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INTRODUCTION

The rapid increase in industrialization and
urbanization has caused contamination of
natural ecosystems, including water systems,
with a multitude of contaminants such as
sewage, heavy metals, pesticides and others,
resulting in the deterioration of water quality
worldwide. Heavy metals are well-known
environmental pollutants that contaminate

freshwater ecosystems such as rivers and
lakes, thereby affecting their biological
communities through processes of
bioaccumulation and concentration in the food
chain. Heavy metal pollution of freshwater
systems has also assumed serious proportions
in India [1, 2].

Many metabolic biomolecules, such as
photosynthetic pigments, carbohydrates, and
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others, are severely affected by heavy metal
toxicity. Proteins play significant roles in ion
transport, mitochondrial enzyme activities,
cellular trafficking, gene transcription, etc [3].
Higher concentrations of toxic heavy metals
can alter or restrain the activities of proteins in
plants. It was found that increased
concentrations of Cu cause a decrease in the
content of proteins in young leaves of
Helianthus annuus [4]. Toxicity of heavy
metals affects the functioning of amylolytic
enzymes that finally interfere with the
accumulation of carbohydrate in plants [5].

Fluctuations in the activity of catalase were
observed among different plant species when
exposed to different concentrations of Cu.
Astragalus neo-mobayenii showed an increase
in catalase activity with increasing Cu
concentration [6], while there was a decrease
in catalase activity in the stem of Helianthus
annuus seedlings at a concentration of 7.98 mg
L CuSOs [7].

The aim of this research was to examine the
toxic effects of Cu (0.1 - 3.03 mg L™?) on
chlorophyll a and b, protein, carbohydrate and
proline contents and catalase activity in the
aquatic macrophyte Enydra fluctuans. Enydra
fluctuans  (watercress) belongs to the
Asteraceae family and is found in South and
Southeast Asia, and parts of East Asia. In
addition to being an edible leafy green
vegetable known for its nutritional values, it is
used in traditional medicine to treat several
diseases such as bronchitis, smallpox, and skin
diseases. It is also used for its anticancer,
antimicrobial, analgesic and hepatoprotective
properties. The plant occurs abundantly and is
widely consumed in the north-eastern region
of India [8].

MATERIALS AND METHODS

Plant material and stock culture

Enydra fluctuans with prominent roots and
clear nodes were collected from water bodies
of Irongmara area in Cachar district, Assam,

India (24.689 °N; 92.742 °E). Stock cultures
were grown according to standard methods [9,
10]. The plants were grown hydroponically to
develop new branches. New branches from a
single, healthy plant were cut and transplanted
into pots filled with soil containing 50 %
Hoagland nutrient solution. The pH of the
nutrient medium was adjusted between 5.8 and
6.2. Tap water was added whenever necessary
to compensate for water loss due to
evapotranspiration. Healthy growing shoots of
similar length from one plant were cut and
washed properly with tap water. Finally, all
the shoots were acclimatized for a week in 50
% Hoagland medium at 22 - 25 °C, with 12 h
of light (intensity of 100 - 120 p mol?s™) and
12 h of darkness.

Chemicals

The experiment was performed in hydroponic
microcosms consisting of 1000 ml conical
flasks [11]. Acclimatized plants were treated
with graded concentrations of Cu as
CuCl>-2H20 (0.11, 0.51, 1.09, 2.54, and 3.03
mg Cu L™). The agueous medium consisted of
1 liter of 50 % Hoagland nutrient [12]. A
control was maintained with plants grown in
50 % Hoagland nutrient media without added
Cu. Samples were collected at the end of 5, 10
and 15 days.

Biochemical analysis

The following methods were used for
biochemical analysis: for chlorophyll, protein,
carbohydrates, catalase activity and proline the
methods of Arnon [13], Lowry et al. [14],
Dubois et al. [15], Hakiman and Maziah [16]
and Bates et al. [17] were used, respectively.

Metal analysis

Actual concentrations of Cu in the culture
medium were determined by flame atomic
absorption spectrophotometer at Tripura State
Pollution Control Board, Agartala, Tripura,
India.
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Statistical analysis

Data were subjected to analysis of variance
(one-way ANOVA) with multiple comparisons
made by Tukey test at p < 0.05 using
Statistical Package for the Social Sciences
(SPSS) 20 for Windows.

RESULTS AND DISCUSSION

Exposure to Cu resulted in an insignificant
increase in Chl ‘a’ on day 5, with a significant
decrease occurring at 1.09 mg L™ and above.
On day 10, reductions became significant at
0.11 mg L, and on day 15 at 0.51 mg L™
Reductions in Chl ‘b’ were not significant. The
highest reduction in Chl ‘a’ was 70.85 %,
while for Chl ‘b’ it was 69.41 % of that in
control on day 10 at 3.03 mg L™ Cu. The study
showed that Chl ‘a’ was highly sensitive to Cu
stress, as a significant decrease occurred at
0.11 mg L Cu on day 10 and 0.51 mg L on
day 15 (Figure 1). On the other hand, Chl ‘b’
was more resistant. These values were
comparable to the results obtained by Rama
Devi and Prasad [18], who noted a significant
decrease in Chl ‘a’ at Cu concentrations of 2
and 4 uM (equivalent to 0.13 and 0.25 mg L*
Cu, respectively), although the decreases in
Chl ‘b’ were not significant, as shown in
Figure 1. Shakya et al. [19] observed
significant changes in the content of
chlorophyll in a leafy Marchantiophyta when
exposed to a wide range of CuCly, including
extremely low and high concentrations (1071°
to 102 M). On the other hand, several studies
have shown that Cu can cause a decrease in
chlorophyll in bean (Phaseolus vulgaris L.)
seedlings at relatively higher concentrations of
6.35, 12.71 and 19.06 mg L [20]. Although
Cu inhibited chlorophyll accumulation, slowed
its integration into photosystems, caused a
delay in the formation of photosystem I (PS 1),
and decreased the photosynthetic capacity of
Hordeum wvulgare plants, the effects were
significant only at 1.0 mM, but not at 0.1 and
0.01 mM Cu (~ 63.55, 6.36, and 0.64 mg L,
respectively) [21].
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Figure 1. Effect of Cu on chlorophyll a and b
concentrations in leaves of Enydra fluctuans
exposed to different concentrations of Cu
(0.11 - 3.03 mg L) and control after 5, 10 and
15 days

Proteins were relatively less sensitive to Cu
than Chl ‘a’, with a significant decrease
occurring at exposure concentrations of 1.09 -
3.03 mg L (Figure 2). A decrease in protein
content was observed in Brassica oleracea
var. botrytis L. plants exposed to 0.5 mM (~
31.77 mg L) [22] and in Helianthus annuus
L. at 0.4 - 0.6 mM (~ 25.42 - 38.13 mg L)
[23]. These concentrations were several times
higher than those used in this study, suggesting
that Cu is able to suppress protein synthesis at
much lower concentrations. It is known that
free radicals generated under oxidative stress,
such as those caused by heavy metals, result in
degradation of proteins that are known to serve
as indicators of oxidative damage [24, 25],
suggesting that the reduction of protein content
in plants due to metal stress could be due to
changes in the synthesis as well as oxidation of
proteins. All of this could likely be the result
of increased carbonylation of proteins.

The decrease in carbohydrate content showed
a pattern similar to that of proteins, with
significant decreases occurring in leaves at
1.09 - 3.03 mg L on day 15, and only at 3.03
mg L in the upper (days 5, 10 and 15) and
lower parts of the stem (days 5 and 15) (Figure
3). On the other hand, Cu at a concentration of
011 - 051 mg L* caused insignificant
increase in the carbohydrate content in the
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leaves (except on day 15) and the upper and
lower parts of the stem. This reflects the
essential nature of Cu at trace concentrations,
which nevertheless becomes toxic at higher
doses. Exposure to Cu concentrations of 1, 10
and 100 mg L7 inhibited the synthesis of
carbohydrates in Spirodela polyrrhiza [26].
Contrary to these findings, Cu at 50, 200 and
800 ppm in the growth medium increased
carbohydrate concentrations in Rosmarinus
officinalis L. [27]. Cr (VI) concentrations of
0.01, 0.1, 0.9 and 2 mg L™* caused a decrease
in carbohydrate content in the leaves, upper
and lower parts of the stem of Ipomoea
aquatica [11]. Thus, effects on carbohydrates

could show metal- and plant-specific
variations.
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Figure 2. Effect of Cu on protein
concentrations in leaves, upper and lower stem
parts of Enydra fluctuans exposed to different
concentrations of Cu (0.11 - 3.03 mg L) and
control after 5, 10 and 15 days

The toxic effects of various heavy metals are
known to alter plant metabolic functions
including respiration, photosynthesis and
activities of enzymes [28]. An increase in
catalase activity was induced at Cu
concentrations ranging from 0.11 - 1.09 mg L*
in leaves and upper and lower parts of the
stem, while proline production was induced at
0.51 mg L and higher concentrations. It can
be observed that protein and carbohydrate
contents were significantly affected only at or
above 1.09 mg L Cu, while Chl ‘a’ was
degraded at Cu concentrations of only 0.11 -

0.51 mg L. Therefore, it can be concluded
that decreases in Chl ‘a’ caused improvements
in catalase activity and proline synthesis in E.
fluctuans, and therefore Chl ‘a’ can be
identified as a sensitive biomarker of Cu stress
in this plant. Teisseire and Guy [29] reported
higher catalase activity in Lemna minor
exposed to CuSOs (0.8 - 1.6 mg L™), and
suggested that the plant uses such mechanisms
to defend itself against the formation of
reactive oxygen species (ROS) stimulated by
heavy metals.
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Figure 3. Effect of Cu on carbohydrate
concentrations in leaves, upper and lower stem
parts of Enydra fluctuans exposed to different
concentrations of Cu (0.11 - 3.03 mg L) and
control after 5, 10 and 15 days

Cu stress increased proline concentrations in
the leaves of Helianthus annuus [4]. A likely
mechanism is altered water balance in plants
due to heavy metal stress, which in turn may
stimulate proline accumulation [30]. This
research highlights the fact that although low
and environmentally relevant concentrations of
Cu could cause toxic effects on E. fluctuans,
the plant attempted to mitigate these effects by
increasing the activities of the antioxidant
enzyme catalase and accumulating the non-
enzymatic antioxidant proline.
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CONCLUSION

Among the various biochemical and enzymatic
biomarkers used in this study, Chl ‘a’ was
shown to be a sensitive biomarker, and
proteins and carbohydrates were relatively less
vulnerable. Increased catalase activity and
proline synthesis are also induced in the early
phase of Cu stress, and may be valuable in
monitoring the effects of Cu. E. fluctuans can
survive in water bodies contaminated with Cu
due to its biochemical defense mechanisms.
However, this also adds a note of caution for
the consumers of this plant, either as a
vegetable or as a source of traditional
medicine, due to the risk of Cu toxicity,
especially in areas known to have Cu-
contaminated waters and sediments.
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