JOURNAL OF

SCIENTIFIC
RATING PERSPECTIVES
ACADEMY

Journal of Scientific Perspectives

Volume 3, Issue 4, Year 2019, pp. 371-378

E - ISSN: 2587-3008

URL: http://ratingacademy.com.tr/ojs/index.php/jsp
DOI: https://doi.org/10.26900/jsp.3.037

Research Article

EFFECTS OF SOME OF HEAVY METALS ON TOTAL PROTEIN
AMOUNT AND PEROXIDASE ACTIVITY IN SOLANUM
LYCOPERSICUM MILL

Giilru YUCEL * & Ciineyt AKI **

* PhD., Canakkale Onsekiz Mart University, Faculty of Science and Arts,
Department of Biology, TURKEY, (The institute which research was done)
Tekirdag Namik Kemal University, TURKEY (Current institute)
e-mail: gulru.yucel.1@gmail.com
ORCID ID: https://orcid.org/0000-0001-9785-929X

** Prof. Dr., Canakkale Onsekiz Mart University, Faculty of Science and Arts,
Department of Biology, TURKEY, e-mail: cuneytaki@comu.edu.tr
ORCID ID: https://orcid.org/0000-0002-7486-2282

Received: 30 September 2019; Accepted: 14 October 2019

ABSTRACT

In this research, different concentrations of cadmium, nickel, copper heavy metals applied on
10 weeks old Solanum lycopersicum Mill. cv. invictus seedlings by irrigation water. As a result of heavy
metal applications total protein amount and peroxidase [EC 1.11.1.7] enzyme activity has been
determined by spectrophotometrically. Changing in total protein amount and peroxidase activity in S.
lycopersicum seedlings after heavy metal applications has been compared with control group.
Depending the application of heavy metals on S. lycopersicum seedlings total protein amount decreased
as 57% in 100 ppm of copper application and 10,9% increased in 10 ppm nickel application. The highest
increases in peroxidase activity 100 ppm of copper applied and in proportion as 536,03% and treated
group with 10 ppm nickel in proportion as 5.97%were determined.
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1. INTRODUCTION

Solanum lycopersicum Mill. is the member of Solanaceae family and one of the most
important vegatable crop grown at the different part of the world (Manawadu et al., 2014).1t
contains a lof of nutrients and antioxidants (lycopene, phenol, flavonoid, vitamin C) which are
quite important as food and for the the human health (Periago et al., 2009). However, heavy
metal impacts on food production and human health have become a global concern all over the
world. The main reasons of heavy metal pollution are generally urbanisation and
industrialisaiton with severe long-term consequences (Rai et al., 2019). The decline in
environmental quality as a result of pollution is evidenced by loss of biological diversity,
vegetation, harmful chemicals in food grains and atmosphere threats to life support systems
(Rai, 2016). It is well known that, some of metals such as copper (Cu), iron (Fe), boron (B),
nickel (Ni), manganese (Mn), zinc (Zn) and molybdenum (Mo) are needed in smaller amounts
which are called micronutrients or trace elements (DalCorso et al., 2014). These metals can
have adverse effect on crop agriculture and human health, when they reach high concentration
(Wang et al., 2009; Chaves et al., 2011; DalCorso et al., 2014). Copper is the essential
micronutrient and involved in numerous important for the physiological and biochemical
functions (Sharma and Agrawal, 2005). Ni is recognized an essential micronutrient for plant
growth and it is a component of the enzyme urease which is essential for nitrogen metabolism
in higher plants (Bhalerao et al., 2015). Furthermore, some of metals (non essential elements)
may potentially harmful effect such as cadmium which is the highest in terms of damage to
human health and plant growth (Chaves et al., 2011). Heavy metal's effects can resulted in
breaks on DNA strands, mutations of genetic materials, oxidative stress and damage by reactive
oxygen species (ROS) and free radicals, structural and functional membrane disintegration (Rai
et al., 2019). In many different plant species, oxidative stress has been involved in toxicity of
heavy metals. Exposure to metal ions may increase the production of ROS such as hydroxyl
radicals, superoxide radicals, or hydrogen peroxide which may react with proteins, lipids
nucleic acids and resulted in lipid peroxidation, membrane damage and inactivation of enzyme.
Therefore, heavy metals have adverse affect on many physiological processes and also cell
viability. Plants have an important mechanism to maintain low ROS level and prevent from the
harmful effects of excess level of ROS concentrations. This antioxidant mechanism consists of
numerous soluble (glutathione, ascorbate) and membrane (tocopherol) compounds and
enzymes to ROS scavenging such as catalase, ascorbate peroxidase, superoxide dismutase,
peroxidase (Jomova and Morovic, 2009; Ruciniska-Sobkowiak, 2010). Another important
factor in plant defense system under stress conditions is variation in total protein level (Cordiik
et al., 2016). Exposure to heavy metal stress can cause protein degradation (Emamverdian et
al., 2015).

In this study, specific aim was to investigate effects of different concentrations of
cadmium, copper and nickel heavy metals on the peroxidase activity and total protein content
in S. lycopersicum.

2. MATERIAL AND METHODS
2.1. Experimental Plant Material

Seeds were used in this study were obtained from agricultural store. Seeds of S.
lycopersicum were planted in plastic pots which contain mixture of perlite and torf (1:3).
Seedlings were grown in a growth chamber condition at 2542 °C and 16/8 h photoperiod.

2.2. Heavy Metal Treatment

Ten weeks old seedlings were treated with CuCl2 (12.5 ppm, 25 ppm, 50 ppm, 100 ppm),
Cd (NOs3)24H20 and NiCl2.6H20 (10 ppm, 20 ppm, 30 ppm, 40 ppm) by irrigating with water.



All of the experiments have been repeated for three times. Each group has ten tomato seedlings
and one group was selected as a control group in each treatment.

2.3. Preperation of Leaf Extracts

Approximately 0.5 g healthy fresh tomato leaves were harvested and grinded in cold
0.05 M sodium acetate buffer (pH 6.5). Homogenates transfered to the eppendorf tubes which
were centrifugated at 13.000 rpm for 15 min at 4°C. The supernatants were used for
determination of the enzyme activity and total protein content.

2.4. Determination of Total Protein Amount and Peroxidase Enzyme Activity

Total protein content has been analyzed according to Bradford (1976) using BSA as a
standard. Amount of total protein was measured spectrophotometrically at 595 nm. Peroxidase
activity in the leaf extracts were assayed spectrophotometrically at 300nm according to Kanner
and Kinsella (1983).The kinetic enzyme reaction was monitored over 120 sec. and peroxidase
measurements were taken in every approximately between 10-15 s. Peroxidase enzyme activity
was defined as pumol/mgprot/min.

3. RESULTS AND DISCUSSION

In this research, different concentrations of cadmium, nickel, copper heavy metals
applied on ten weeks old S. lycopersicum cv. invictus seedlings with irrigation water that is
being growth under in vivo conditions. Physiological responses were determined as total protein
and POX enzyme activity by spectrophotometrically. After exposuring to different heavy
metals and concentrations, changing of peroxidase activity levels and total protein content in S.
lycopersicum cv. invictus seedlings were compared with control group.

3.1. Total Protein Amount Results

Our research results showed that total protein content decreased with the increasing of
heavy metal concentration comparing with the control group (Fig. 1,2,3), except 10 ppm nickel
concentration (Fig 1).The most important reduction as 57% was observed in plants which were
treated with 100 ppm CuCl: (Fig. 3).

Figure 1. Effects of Nickel on Total Protein Content in S. lycopersicum
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Figure 2. Effects of Cadmium on Total Protein Content in S. lycopersicum
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Figure 3. Effects of Copper on Total Protein Content in S. lycopersicum
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3.2. Peroxidase Activity Results

In all treatments, peroxidase enzyme activities were increased in S. lycopersicum when
compared with the control groups. Peroxidase activity increased with the increasing heavy
metal concentration for three different heavy metals (Fig 4,5,6). The highest increase in
peroxidase activity was measured as 536.03% in 100 ppm copper application (Fig. 6) and lowest
increase was measured as 5.96% in 10 ppm nickel application (Fig. 4).

Figure 4. Effects of Nickel on Peroxidase Enzyme Activity in S. lycopersicum
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Figure 5. Effects of Cadmium on Peroxidase Enzyme Activity in S. lycopersicum
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Figure 6. Effects of Copper on Peroxidase Enzyme Activity in S. lycopersicum
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In our research, peroxidase enzyme activity increased with the increasing heavy metal
concentration whereas protein concentration mostly showed reduction. The change in the total
protein content may be associated with inhibition of protein synthesis and protein degradation
(Cordiik et al., 2016).

In parallel with our work research reported that peroxidase activity and proline content
increased with the increasing concentration for nickel in water lettuce whereas total protein
amount and other carotenoids started to show reduction at higher concentrations (Singh and
Pandey, 2011).

In another research was observed remarkably reduction in chlorophyll and total protein
content as copper concentration increased in Helianthus annus L. seedlings (Kirbag Zengin and
Kirbag, 2007).

In pea plants, protein content decreased especially in the presence of higher cadmium
concentrations (Bavi et al., 2011). Cd resulted in a decrease in total protein content which can
be consequences of increase in protein degradation, a decrease in protein synthesis (Balestrasse
et al., 2003).

Similar to our results it was reported that increasing concentrations of Cu treatments
resulted in a reduction of total protein concentration and Cu stressed had the most detrimental
effects while Ni stress showed less damaging in Ocimum basilicum L. following a combined,
biochemical, analytical, and physiological approach (Georgiadou et al., 2018).



In another research, it was observed that APX, POD, and SOD were shown remarkable
induction with the treatment of Cd, Cu (10, 20 and 50 ppm) in the leaves of tomato when
compared to control group (Kisa, 2017). Although high CdCl, concentrations effect on plants
defense mechanism was substantially high, peroxidase activity in both shoots and roots were
higher at low CdCl, concentrations. Protein sythesis was reduced excessively and thus no
peroxidase enzyme is synthesized (Bavi et al., 2011).

4. CONCLUSION

In conclusion, the present investigation showed that Cd, Cu and Ni at higher
concentrations had adverse effect on S. lycopersicum. Our results generally showed that
exposure to different concentrations of heavy metals caused increasing of POX acitivity and
reduction of total protein level.
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