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Abstract

Cadmium (Cd) toxicity causes leaf chlorosis, growth inhibition, and disruption of photosynthetic machinery. A pot experiment
was conducted to evaluate the changes in growth, physiochemical attributes and expression level of the catalase (Cat2) gene in
two tomato cultivars (cv. Nagina; cv. Roma) under cadmium (Cd) stress. Plants were subjected to various concentrations of
Cd in soil medium (0, 160, 320, 640 and 1280 uM Cd) in full strength Hoagland nutrient solution. Elevated Cd concentrations
caused an apparent turn down in plant growth, photosynthetic pigments, and activity of CAT and increased the level of
ascorbic acid, proline, H,O, and malondialdehyde (MDA) and ascorbate peroxidase (APX) peroxidase (POD) activities. The
fruit biomass, moisture content, total fiber, protein, glucose and fructose contents were decreased. In addition, Cd induced
alterations in some nutrient elements; for instance, Ca®* decreased and K" in fruit was increased in response to Cd toxicity.
Cadmium contents in fruit decreased evidently under elevated levels of Cd. The results of the present study demonstrated that
Cd toxicity severely deteriorated the fruit quality, whereas the cultivar that showed greater Cat2 gene expression and had low
H,0, and MDA contents tolerated Cd stress effectively. Fruit quality of cv. Nagina was better than cv. Roma. In this context,
we have recorded greater ash, fiber and protein contents in cv. Nagina, while cv. Roma was inferior in this regard under
cadmium toxicity. © 2017 Friends Science Publishers
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Introduction

Heavy metals have long life in soil and are non-degradable in
nature, and thus contamination of economically important
plants poses a threat to humans and animals. The cadmium
(Cd) is greatly soluble in water and is highly mobile which
allows its entry into food chains (Pedro et al., 2013). For
plants, Cd is a non-essential element, and its excess can lead
to several toxic effects at the whole plant level (Tang et al.,
2013). Plant leaf chlorosis, growth reduction, water
imbalance and disturb essential mineral uptake are the
common symptoms observed in Cd stressed plants
(Redondo-Gémez et al., 2010). Among metabolic processes,
photosynthesis appears to be particularly sensitive to Cd
excess (Tang et al., 2013). Furthermore, it alters stomatal
regulation (Perfus-Barbeoch et al., 2002), causes impairment
to both types of photosystems and restrains the activities of
some key enzymes in the Calvin cycle (Kupper et al., 2007).
Cd triggers excessive synthesis of reactive oxygen
species (ROS) such as hydrogen peroxide (H,O,), hydroxyl
radical (OH), superoxide radical (O%.), and the singlet

oxygen (*O,), that in turn induce oxidative damage to plants
(Choppala et al., 2014). The overproduction of ROS under
heavy metal stress causes lipid peroxidation and instability
in enzymes (Hussain et al., 2012; Riaz et al., 2014). On the
other hand, balance between ROS generation and
detoxification mechanisms is necessary for growth
regulation. Plants have adapted to mitigate the oxidative
stress through antioxidative (enzymatic and non-enzymatic)
mechanisms. The catalase (CAT), peroxidase (POD), and
superoxide dismutase (SOD) are antioxidant enzymes that
formulate integral component of oxidative defense system
(Liu et al., 2015). CAT is one of the antioxidants with a
high turnover of about 0.006 billion molecules of hydrogen
peroxide to molecular oxygen and water per 60 s (Lee and
An, 2005). In this way, it detoxifies the major portion of
H,0, (Shim et al., 2003).

The Cd also interferes with the uptake and
translocation of mineral nutrients in different plants (Liu et
al., 2015). Therefore, it is important to study the effect of
Cd, particularly on Ca as well as on physiologically
important micronutrients, such as Zn, Cu and Mn. However,
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contradictory results have been found in the literature. Thus,
further studies are needed to investigate the interactions
between contaminants and nutrients in order to favour
selection for enhanced uptake efficiency of desirable
nutrients and reductions in the uptake of undesirable ones
(Liu et al., 2003).

Tomato (Lycopersicum esculentum L.) is a highly
nutritious diet. Therefore, nutrient and proximate analysis of
vegetables and fruits is of pivotal significance in evaluating
their nutritional value (Pandey et al., 2006). Moisture
contents, fiber contents, ash contents, and protein contents of
fruits are a good indicator of its quality. In Pakistan, tomato
is a second major vegetable plant (FAO, 2009). Global crop
production of tomato is severely hampered by heavy metals,
particularly Cd (Mengel et al., 2001). In spite of better
nutritional value, its yield per hectare is very low. The Cd
accumulation in relation to other nutrients in the fruit and its
influence on fruit quality and production is rarely studied in
tomato. Furthermore, there is a lack of knowledge about the
contribution of Cat2 gene in overall reduction of Cd-induced
oxidative stress and subsequent role in altering fruit
nutritional value. The present study aimed to assess how
different Cd level stress affects the uptake, translocation of
nutrients and deteriorate the fruit quality, whereas the
cultivar that showed greater Cat2 gene expression and had
low H,0, and MDA contents tolerated Cd stress effectively.

Materials and Methods

Growth Conditions, Plant Material and Treatments

The seedlings of two tomato (Lycopersicum esculentum L.)
cultivars Roma and Nagina were provided by Vegetables
section, Ayub Agricultural Research Institute (AARI)
Faisalabad, Pakistan. A pot experiment was conducted in the
wire house during November—March, 2014 at the Botanical
Garden, Government College University Faisalabad,
Pakistan (latitude 29°30N, longitude 72°11E and altitude 214
m), with 11/13 h light/dark period, average day/night
temperature cycle (24/12°C), mean relative humidity (65%),
and photosynthetically active radiation 612-920 pmol m s *
during the entire course of the experiment. Six seedlings of
Roma and Nagina were planted in pots (25 cm high,
circumference 60 cm at the base and 72 cm at apex). A hole
was made in each pot and was filled with 8 kg of washed
sand. Seedlings were thinned to maintain five healthy
seedlings per pot. Cadmium (0, 160, 320, 640 and 1280 uM)
was applied using CdCl, to the growth medium of tomato
plants in nutrient solution at flowering stage. Completely
randomized design was used for this experiment with three
replications per treatment. Sampling was done after three
weeks of imposition of stress so as to record data for various
growth and physiochemical attributes.

Growth and Yield Attributes

A measuring scale was used to determine shoot length.
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Shoot and fruit fresh and its dry masses were measured in
grams. The maximum leaf length (L) and width (W) was
measured and the leaf area was calculated as: leaf length x
leaf width x 6.45.

Where, 6.45 is a correction factor calculated by using
graph squares.

Determination of Photosynthetic Pigment Contents

The chlorophyll a and b (Chl. a and b) contents were
quantified by the method of Yoshida et al. (1976). 10 mL of
acetone (80%) was used to homogenize the 0.1g of fresh
leaf material. Then the supernatant was used to measure
absorbance at different wavelengths (480, 645 and 663 nm)
using UV-VIS spectrophotometer (U-2910, Hitachi
Instruments Inc., Tokyo, Japan). Leaf carotenoids were
quantified by using the procedure of Davies (1976).

Determination of H,O,and MDA Contents

Leaf hydrogen peroxide levels were quantified using the
procedure of Velikova et al. (2000). Fresh leaf tissue (0.15 g)
was homogenized ground in 1 mL of TCA (0.1%) (wiv).
Centrifuged the homogeneous material at 10,0009 for 10 min
for collection of supernatant. The mixture of supernatant and
potassium phosphate buffers (0.5 mL each) reacted with 1
mL of KI solution (1M). Vortexed the mixture thoroughly.
Then absorbance was noted at 390 nm by using UV-VIS
spectrophotometer (U-2910, Hitachi Instruments Inc.,
Tokyo, Japan) and TCA (0.1%) solution was used as blank.
The hydrogen peroxide was determined from the standard
curve of known concentration of hydrogen peroxide.

MDA contents were estimated using the procedure of
Hodges et al. (1999). One mL of 5% TCA solution (w/v)
was used to homogenize the 0.1 g of fresh leaf material.
Centrifuged the homogeneous material at 12,000 g for
collection of supernatant and 1 mL of it was reacted with
ImL of 20% TCA prepared in 0.5% (w/v) TBA. This
mixture was heated at 95°C for 30 min in a water bath.
After heating, the mixture was centrifuged at 7500 g for 5
min. The absorbance of material was noted at 532 and 600
nm using UV-VIS spectrophotometer (Hitachi U-2910,
Tokyo, Japan) using TCA (5%) as a blank.

Ascorbic Acid Content

Ascorbic acid content in the leaf was measured according to
protocol using by Mukherjee and Choudhuri (1983). 0.25 g
fresh leaf material was homogenized in 10 mL of TCA
(6%). The 2 mL of dinitrophenyl hydrazine (2%) solution
(in acidic medium) was mixed extract (4 mL) for a reaction
and then added 1-2 drop of thiourea (prepared in 70%
ethanol to attain 10% concentration) to the mixture. The
mixture was incubated in a water bath at 95°C for 15 min.
The mixture was cooled down to 25°C placed on the ice box
and then added sulfuric acid (80%) to the mixture slowly.
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The absorbance was measured at 530 nm with UV-VIS
spectrophotometer  (Hitachi U-2910, Tokyo, Japan).
Ascorbic acid content was determined from a standard curve
of known concentration of ascorbic acid.

Antioxidants Enzymes Assay

POD and CAT activities were estimated according to the
protocol of Cakmark et al. (1993). The reaction mixture (3
mL) contained guaiacol (20 mM), phosphate buffer (50 mM)
contained pH (5.0), H,O, (40 mM) and enzyme extract (0.1
mL) for POD. Change in absorbance at 470 nm was
recorded using a spectrophotometer (IRMECO U2020,
Geesthact, Germany) after every 20 s for 2 min. The activity
of enzyme was estimated in units/mg protein (U = 1 mM of
H,0, reduction/min/mg protein). CAT reaction mixture (3
mL) included phosphate buffer (50 mM) (pH 7.0), H,0, (5.9
mM) and enzyme extract (0.1mL). Enzyme extract was
added to mixture to start the reaction. Change in absorbance
after every 20 s was recorded for 2 min at 240 nm using a
spectrophotometer (IRMECO U2020, Geesthact, Germany).
Leaf APX activity was estimated by using the procedure of
Asada and Takahashi (1987). The reaction mixture (1 mL)
comprised H,0O, (0.1 mM), potassium phosphate buffer (50
mM) (pH 7.0), ascorbic acid (0.5 mM) and enzyme extract
(200 pL). The absorbance of mixture was noted as reduced
at 290 nm and the correction was done by H,O,. The activity
of these enzymes was expressed in U/mg protein.

Catalase Gene Expression with RTg-PCR

For determination of Cat2 gene expression, total RNA was
isolated from the shoot of tomato (0.1 g) by using Trizol
(Invitrogen, USA). Real time RTq-PCR was performed with
SYBER ExScript RT PCR Kit (TaKaRa, Inc., Japan) to
determine the expression level of Catalase (Cat2) gene. The
expression level of target gene (Cat2) was normalized to the
level of Actin (Act). The sequences of primers of the target
gene Cat2 and Act are listed in Table 1.

Determination of Moisture and Ash Content from Fruit

The fruit moisture contents were measured with air forced
draft oven (Memmet Germany) and ash content by the
procedure described in AACC (2000) method no. 44-15A
and method no. 08-01, respectively.

Estimation of Total Protein and Fibre Contents in Fruit

Fruit N contents were measured with Kjeldhal’s method and
crude fibre as described in AACC (2000) with method no.
46-10A and 32-10, respectively. Protein contents were
estimated from nitrogen by multiplying with a factor 5.7.

Determination of Mineral Nutrients

Fruit samples (0.5 g) of each variety were digested with a
di-acid mixture such as HCLO3; and HNO; (1:3) for 2-3
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h at hot plate. Dilute digested mixture was used to
determine the mineral nutrients, according to the method
of Yoshida et al. (1976). Sodium, potassium and
cadmium contents of fruit were determined with help of
polarized zeeman atomic absorption spectrophotometer
(Hitachi, Z-2000, Tokyo, Japan).

Statistical Methods

The results were considered statistically significant at P <
0.05. The experiment was carried out in a completely
randomized design (CRD) with three replications.
Difference among means was calculated using least
significant difference (LSD) at P < 0.05. Computer software
COSTAT (CoHort software, 2003, Monterey, California,
USA) was used for all statistical analysis, and MS-Excel
was used to graphically present the data.

Results
Growth Attributes

Exposure of tomato plants to increasing concentrations of
Cd (0, 160, 320, 640 and 1280 pM Cd) had a marked
inhibitory effect on different growth attributes. In this
context, we recorded a dose-dependent decline in shoot
length, shoot, root dry weights and leaf area, where an
erratic pattern of increase or decrease was observed. Cd-
induced decline in various growth attributes was more
evident in cv. Roma than those in cv. Nagina (Fig. 1).

Photosynthetic Pigments

When two tomato cultivars were subjected to Cd toxicity in
the growth medium, a significant degradation of
photosynthetic pigments was recorded. In this context, Chl.
a, b, total Chl. and carotenoids decreased significantly with
increasing Cd concentration in the growth medium. Of two
cultivars, cv. Nagina had minimal degradation of above-
mentioned pigments (Fig. 1).

MDA, H,0, and Ascorbic Acid Contents

Cd toxicity also triggered a significant rise in ascorbic acid
contents of both tomato cultivars, but this rise was more in
cv. Roma. The presence of toxic metal (Cd) in the root zone
caused a conspicuous increase in the cellular levels of
MDA and H,0, which in turn cause oxidative damage to
tomato plants. This oxidative damage was more in cv.
Roma than that in cv. Nagina in terms of elevated cellular
levels for MDA and H,0,. The concentration of ascorbic
acid was maximal in plants of cv. Roma (Fig. 2).

Antioxidants Enzymes

Antioxidant enzymes; POD and APX exhibited a consistent
rise in their activities with increasing concentration of Cd,
while CAT increased significantly at 320 uM of Cd** in the
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Table 1: Nucleotide sequences of primers for real-time RT-PCR gene expression analyses

Plant Gene Accession No. Amplicon size (bp) Sequence
Tomato Act NM_00111149 160 fw 5'- tct gtt tee cgg ttt tge tat tat; rv 5'- tge atc agg cac ctc tca ag
Cat2 NM_001247257.1 185 fw 5'- ctt tcc tet tcg acg ata ttg gta; rv 5'- gtg att tgc tce tee gac tc
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Fig. 1: Changes in various growth attributes and photosynthetic pigments in two tomato cultivars (Nagina and Roma)
exposed to varying concentrations of CdCl,. (nh = 3; Mean + SD)

tomato plants. Plants of cv. Nagina had showed greater
activity of CAT, while cv. Roma was inferior in this context.
In addition, Quantitative gene expression of Cat also
depicted a significant rise in the transcription level of this
enzyme but this rise was greater in cv. Nagina than that in cv.
Roma. Plants of cv. Nagina had greater activities of different
antioxidant enzymes (Fig. 2).

Catalase Gene Expression

In this report, at MRNA level, Cat2 gene expression was
probed under Cd toxicity. The plethora of Cat2 gene

transcripts was compared in plants subjected to 160, 320,
640, and 1280 puM concentrations of Cd*2. The Cat2 gene
expression levels were examined by real-time PCR (Fig. 2).
To stay away from error, real-time PCR is stabilized with a
housekeeping (reference) gene usually and also with control
samples. To appraise the stability of our results, Cat2
transcript levels of 160, 320, 640 and 1280 uM of Cd*
samples were measured three times, which pointed out
steady-state MRNA levels for both Cat2 and housekeeping
gene (Act) in the cells. The 160, 320 and 1280 uM of Cd*
treatments led to a increased in catalase gene expression
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Fig. 2: Changes in various biochemical attributes and transcript level of Cat gene in two tomato cultivars (Nagina and
Roma) exposed to varying concentrations of CdCl,. (n = 3; + SD)

level compared to the control, Cat2 gene expression levels
were increased significantly at 320 uM of Cd*?, which
indicates that Cat2 was strongly up regulated by this
concentration. Plants of cv. Nagina had showed greater Cat2
gene expression levels as compared to cv. Roma (Fig. 2).

Fruit Moisture, Ash, Fiber,
Fructose Contents

Protein, Glucose and

The Cd application influenced fruit quality of tomato plants.
In this context, increasing levels of Cd caused a consistent
decline in moisture contents, while ash contents more
increased in response to Cd toxicity in cv. Nagina. The
difference between two cultivars with respect to moisture
and ash content was non-significant. A dose dependent
decrease in total fiber content was observed under Cd
toxicity in cv. Roma. Likewise, fruit protein content
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decreased due to Cd toxicity, particularly in cv. Roma. In
contrast, cv. Nagina had greater protein contents at 320
and 1280 uM CdCl,. The stress generated by Cd toxicity
caused a decline in fruit glucose and this decline was
more evident in cv. Roma at 640 uM CdCl,. Similarly,
toxicity generated by Cd decreased fruit fructose
content, but this decrease was more in cv.Nagina.
Minimal values for fruit fructose were evident under
elevated Cd level (1282 uM) in cv. Roma (Fig. 3). In the
present study, Cd stress exhibited non-significant effect
on the moisture content of the fruit.

Fruit Fresh and Dry Mass, Mineral Quality and Cd
Contents

Tomato plants subjected to Cd toxicity showed a marked
perturbation in fruit fresh and dry masses as well as fruit
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Fig. 3: Fruit quality of two tomato cultivars (Nagina and Roma) exposed to varying concentrations of CdCl,. (n = 3; + SD)

mineral quality. The fruit Na" content remained unaffected
by CdCl, application except for a slight non-significant
decline at an elevated Cd concentration (1280 puM). In
contrast, toxicity generated by Cd induced rise in fruit K*
content and cv. Roma had greater fruit K™ concentration
than that of cv. Nagina under elevated Cd levels (640 and
1282 uM). Fruit Ca** content decreased significantly in
response to Cd toxicity and this decrease was being more
maximal in cv. Roma at 640 uM CdCl,. Fruit Cd** content
increased significantly under elevated levels of Cd Plants of
cv. Nagina had significantly accumulated Cd®* in fruit at
1280 uM CdCl,, while cv. Roma was inferior in this
context. Cd toxicity also induced a significant decline in
fruit biomass (Fig. 4). Plants of cv. Roma had greater fruit
dry masses under varying levels of Cd.
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Discussion

In the present study, Cd toxicity induced a conspicuous
decrease in shoot fresh and dry masses and this Cd-induced
decline was greater in cv. Roma. Ample information is
available in the literature that highlights the negative
influence of Cd on plant growth (Xie et al., 2014). The
decrease in tomato growth under Cd stress could be due to
Cd-induced altered water relations and photosynthetic
pigments (Riaz et al., 2014), oxidataive damage (Saidi et al.,
2013), altered nutrients uptake and thus reduced cell
expansion. The stress generated by Cd toxicity significantly
degraded chlorophyll a and b, and carotenoid content. This
decline was being greater in the cv. Roma compared with
cv. Nagina. Earlier studies reported that Cd suppressed the
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activity of enzymes such as d-aminolevulinic acid
dehydratase and proto-chlorophyllide reductase required for
the biosynthesis of pigments (Qian et al., 2009). Under
diverse environmental conditions, plants maintained a
balance between ROS generation and elimination (Tang et
al., 2013). Plants under environmental constraints
accumulate excessive levels of ROS that in turn trigger
oxidative damage. The Cd toxicity inhibits physiochemical
processes in plants such as chlorophyll biosynthesis,
photosynthesis and nutrient uptake that in turn retard growth
and productivity (Ali et al., 2013). A significant rise in MDA
and H,O, contents in plants under Cd stress was observed in
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the present study. The higher cellular levels of H,0O, and
MDA were associated with growth inhibition (Collén et al.,
2003). In our study, Cd increased the activities of CAT, POD
and APX possibly to cope with oxidative stress. However,
sensitive cultivar had comparatively low activities of
antioxidant enzymes that in turn reduced its growth.
Antioxidant enzymes are crucial cellular components that
maintain cellular redox potential. Irfan et al. (2014) found a
dose dependent increase in the activities of antioxidant
enzymes in Brassica juncea subjected to Cd stress. Likewise,
Mohamed et al. (2012) reported that oilseed plants with
greater activities for antioxidant enzymes presented a better
ROS detoxification potential. The Cd stress resulted in a
significant increase in the cellular contents of AsA in tomato
plants.

Cat2 gene expression was probed under Cd toxicity at
MRNA level. In this context, lannone et al. (2015) evaluated
the response of wild type tobacco (SR1) plants and CAT-
deficient plants (CAT1AS) to Cd toxicity. These authors
further reported that CAT1AS plants accumulated more Cd
than wild type plants and this was also associated with
inhibited plant growth. In our study, we recorded greater
transcript levels of Cat2 in the tolerant cv. Nagina possibly
due to its better performance under Cd toxicity.

The Cd stress caused a distinct rise in the ash content of
tomato fruits. Ash content of fruit provides information about
the inorganic content that could be used to calculate the
mineral content. Proteins are considered as an important part
of the diet that ensures the adequate supply of amino acids.
In our study, Cd stress caused a decline in protein and fibre
content that significantly reduced the fruit quality. It is
emphasized that the amount of fibre content should be low in
the diet of infants and school going children. Higher
concentration of fibres in weaving diet causes irritation in the
gut mucosa, reduced mineral and vitamin bioavailability as
well as digestibility (Eromosele and Hamagadu, 1993). In
our study, cv. Roma had lower fibre contents as compared
with cv. Nagina. Nonetheless, a diet with high fibre content
is good for anti-constipation purpose (Eromosele and
Hamagadu, 1993). In our study, Cd stress reduced essential
micronutrients, glucose and fructose contents in tomato
fruits. In almond seedlings, Cd toxicity caused a significant
decline in essential macronutrients including Ca, K, Mg
(Nada et al., 2007). Liu et al. (2003) reported that Cd had
synergistic interaction with the uptake and translocation of
different nutrients, including Fe, Cu and Zn in rice.
Similarly, Yang et al. (2011) recorded Cd-induced decline in
macronutrients (K and P) in Potamogeton criprus. In
contrast, we found increase in K content of fruit, particularly
in the cv. Roma under higher Cd regimes. However, fruit Ca
content decreased due to Cd toxicity and this decrease was
being much more in the cv. Roma at 640 pM CdCl,.

Conclusion

The results of the present study demonstrated that Cd
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toxicity severely deteriorated the fruit quality, whereas the
tolerant cultivar (Nagina) that showed greater Cat2 gene
expression and had low H,O, and MDA contents tolerated
Cd stress effectively. The sensitivity of cv. Roma to Cd was
associated with the greater cellular levels of H,O, and MDA
under Cd toxicity that in turn triggered more oxidative
damage, suggesting a lack of systemic oxidative defense
mechanism in the cultivar.
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