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ABSTRACT

A mi cr oel e me nwhich isNeportgna foreglaind metabolism, when gets accumulated it can act
stress factor. Such action of manganese is not fully documented and is currently being intensively studied
elements when accumulate in plant tissues cause increaseergton of reactive oxygen species. In organis
antioxidants help to deal with oxidative stress caused by free radical damage; as the main characteristic
of an antioxidant is its ability to trap free radicals. The influence of manganese eatdiftoncentrations, on the
wheat seedlings was studied. Seedlings were subjected to concentration as control, and 5mM, 10mM an
Manganese for 10 days. It was observed that the germination of seeds depends on the concentr:
manganese, under logoncentrations; a considerable amount of growth is shown as it is required by the pl
trace amount. But as the concentration increases the growth of plant is inhibited due to free radical prc
during stress condition of manganese. Trace elemardgsnecessary for the normal metabolic function of 1
plants, but at higher concentrations, these metals are toxic and may severely interfere with physiologi
biochemical functions.
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INTRODUCTION majority of plant cells, inducing oxidative stress through

Manganese (Mn) is an essential trace element required  the production of reactive oxygen species (ROS) [3].

for the growth and survival of most, if not all, living Antioxidants neutralize the effect of free radicals

through different ways and may prevent the body from

organisms. In cells, Mn is a component of

various diseases [4]. Anti-oxidants can act by scavenging
ROS by inhibiting their formation i.e. by blocking

metalloenzymes engaged in the antioxidant defense
system and in addition, is required for carbohydrate,

lipid and protein biosynthesis [1]. Manganese deficiency
is a widespread problem, typically more pronounced in
cool and wet conditions [2]. Numerous crops, including
wheat, barley and oats, are sensitive to Mn deficiency,
as revealed by high decline in yield. The reduced Mn
the
photosynthesis, resulting in a marked decrease in

content in cells  substantially impairs

soluble sugar concentration in various parts of plants.
The excess of Mn is commonly extremely toxic to the

activation of phagocytes, by binding transition metals
ions and preventing formation of OH" or decomposition
of lipid hydroperoxides, by repairing damage. Some of
the antioxidant enzymes that are found to provide
protection against the ROS are superoxide dismutase,
catalase, peroxidase, and ascorbate peroxidase [5]

Under conditions of Mn excess, apoplastic deposition of
its oxidized forms occurs and it is suggested that
peroxidases are involved in this reaction [6]. Besides
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these enzymes, other antioxidant enzymes, such as
superoxide dismutase (SOD) and catalase (CAT), may be
engaged in the scavenging system, minimizing cellular
damage caused by ROS [7][8]. Higher activities of
antioxidant enzymes in response to Mn excess were
found in woody plants [9], herbs such as white clover
(Trifolium repens.) and in rye grass (Lolium perenng.)
[10] [11]. However, the changes in the activity of these
enzymes were dependent on the plant tolerance to
oxidative stress. In sensitive plants, a decrease of
antioxidative enzymes activity (especially SOD), as a
result of protein damages by ROS, was registered [12]
[13]. High Mn concentrations stimulate cytotoxic effects
in cell structure causing extensive modifications in the
content of cytoplasmic components and plasma
membranes [14]. An increase of membrane lipid
peroxidation is accepted as an indicator of oxidative
stress intensity [15] [16]. It was also found that Mn
excess can inhibit the uptake of other essential
elements, such as calcium (Ca), magnesium (Mg), iron
(Fe) and phosphorus (P) due to the similarity of ionic size
or binding strength in ligands [1] [17].

Wheat (Triticum aestivumL.) is one of the most
important crop which plays a special role in people’s
nutrition. But unfortunately stresses, such as metal and
salinity, decrease wheat growth and productivity and
cause nutrient disorders and ion toxicity.

The aim of this study was to check the sensitivity of
wheat seedlings with respect to changes in the activity
of antioxidant enzymes which were adopted as
indicators of Mn stress action. As mentioned before,
manganese has the most important role in decreasing
wheat growth. In this research, wheat grains were
germinated under manganese stress with a control for a
period of 10 days. With the elapse of this period, the
activity level of catalase, peroxidase, lipid peroxidation,
superoxide dismutase etc. was measured.

MATERIALS AND METHODS

Plant material and seed collection

A cultivar of Wheat (Triticum aestivuni.) was used as
the source material in the present investigation. The
seeds of the cultivar were obtained from Ambala,
Haryana (India).

Germination of seeds and Extraction of enzymes
Wheat grains were taken and washed with distilled
water. After that grains were surface sterilized with
0.1% HgCl2 for 5 min and rinsed with sterile distilled
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water for 5-6 times. Surface sterilized grains were
germinated aseptically in petri plates having sterilized
wet filter paper. Various Mn concentrations were
applied ranging from 5-20mM. A control was run
simultaneously. Enzymes were extracted by
homogenizing germinated wheat (1 g) in 10 ml of the
extraction buffer (50mM potassium phosphate buffer,
pH 7.0) using a chilled mortar and pestle. The resulting
homogenate was centrifuged at 10,000 x g for 15 min at
4°C and the

determination of activities. Extraction was done at

supernatant was used for the

alternate days for 10 days. The experiments were
performed in triplicate.

Estimation of catalase (CAT) activity

Catalase (EC 1.11.1.6) activity was determined
according to the modified method of Aebi [18]. The
assay mixture for determining CAT activity containing
1.4 ml potassium phosphate buffer (50mM, pH 7.0), 1.5
ml of H202 (12.5 mM) and 0.1 ml of enzyme extract was
used to give a final reaction volume of 3 ml. The reaction
was started by the addition of H202. A blank was run
without addition of the enzyme extract. The decrease in
H202 was followed by recording the decrease in
absorbance at 240 nm for 3 min at 30s intervals in a
double beam UV-VIS spectrophotometer. One unit (U)
of CAT activity was defined as the amount of enzyme
catalyzing the decomposition of 1 yu mol H202 per min at
240 nm.

Estimation of ascorbate peroxidase (APX) activity
Ascorbate peroxidase (EC 1.11.1.11) activity was
determined according to the modified method of Zhu et
al. [19]. The 3.0 ml of assay mixture containing 1.0 ml
potassium phosphate buffer (50 mM, pH 7.0), 1.0 ml
H202 (39 mM), 0.8 ml ascorbic acid (0.5 mM) and 0.2 ml
of the enzyme extract. The reaction was started by the
addition of H20:. A blank was run without addition of
the enzyme extract. The activity of APX was measured
by monitoring the rate of ascorbate oxidation at 290 nm
for 3 min at 30s intervals in a double beam UV-VIS
spectrophotometer. One unit of APX activity was
defined as the amount required to decompose 1umol
ascorbic acid oxidized min? calculated from the
extinction coefficient of 2.6 mM™* cm™.

Estimation of peroxidase (POX) activity

Peroxidase (EC 1.11.1.7) activity was assayed adopting
the method of Shannon et al. [20]. The assay mixture
comprised o-dianisidine (2.4pumol), H202 (20 umol),
crude extract (0.05-0.5 mg protein) and 0.05 M citrate
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buffer (pH 4.8) to make the final volume of reaction
mixture 3 ml and omission of H202 from the incubation
mixture served as a blank. The enzyme activity was
measured by following the absorbance at 430 nm at
intervals of 15 sec. One unit of enzyme activity
represents a change of 1 unit/min of absorbance at 430
nm.

Estimation of H20:

The amount of hydrogen peroxide was estimated
according to the method given by Sinha [21].
Supernatant was diluted to 2 ml with 10 mM potassium
buffer (pH.7.0). 2ml 5%
dichromate and glacial acetic acid (1:3 v/v) was added

phosphate potassium
to the reaction mixture. The absorbance was read at 570
nm against the reagent blank without sample extract.
The quantity of H202 was determined from the standard
curve prepared by taking different concentrations of
H20: ranging from 20 to 100 moles.

Estimation of malondialdehyde (MDA)
Malondialdehyde (MDA) was estimated by following the
method of Moshaty et al. [22]. To 1 ml of supernatant
was added an equal volume of MDA reagent (20% TCA
in 5% thiobarbituric acid) and kept in a water bath at
95°C for 40 min and immediately chilled on ice for 15
min. The mixture was centrifuged at 10,000 x g for 30
min and the absorbance of the supernatant was
measured at 520 nm and 600 nm. The non-specific
absorbance at 600 nm was subtracted from that of 520
nm. The content of MDA was calculated using the
extinction coefficient 155 mM* cm™.

Estimation of Superoxide Dismutase (SOD)

Superoxide Dismutase (SOD) was estimated using
pyragallol (5% v/v). To 0.5 ml of 0.1 M Tris-HCI (pH 8.2),
equal volume of distilled water, pyragallol and enzyme
extract was added to give a final reaction volume of 2
ml. The activity of SOD was measured by monitoring the
autooxidation of pyragallol at 420 nm for 3 min at 30s
intervals in a double beam UV-VIS spectrophotometer.
One unit of enzyme activity represents a change of 1
unit/min of absorbance at 420 nm.

Estimation of soluble proteins

Soluble proteins were estimated following the method
of Lowry et al. [23]. The amount of soluble proteins was
calculated in mg g'! FW with the help of standard plot of
BSA (0-150 pg).
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Statistical Analysis
All the experiments were performed in triplicates and
their mean values are given.

RESULT AND DISCUSSION

Plant possess a well-organized Reactive Oxygen Species
(ROS) scavenging systems comprising enzymatic such as
Ascorbate and Superoxide

Catalase, peroxidase

Dismutase, and non-enzymatic antioxidants. A
coordinated function of these systems plays an
important role in scavenging ROS and maintaining redox
status of the cell. Relative to control seedlings, growth
of wheat showed an increased effect but with a
variation due to Mn at tested concentrations.

The cells are protected against the oxidative damage by
increased level of antioxidative enzymes by removal of
free radicals or reactive oxygen species. Catalase activity
was calculated in control and stressed seeds at alternate
days of germination. It was observed that the activity of
catalase increased with increase in time at a particular
concentration of manganese as compared to unstressed
seedlings (Figure 1a). Increased level of catalase showed
that it is major enzyme in scavenging cellular H20: [24].
However, a decrease in activity was observed with
increase in concentration of manganese at that time.
This enzyme is regarded as bioindicators of heavy metal
toxicity and plays important role in scavenging ROS like
H20: to reduce oxidative damage. Ascorbate peroxidase
activity was calculated in control and stressed seeds at
alternate days of germination (Figure 1b). It was
observed that the activity increased with increase in
time as compared to unstressed seedlings. Higher
activity of Catalase and Ascorbate peroxidase decrease
H.0>
membranes, as a high level of H.0: directly inhibits CO2
fixation [25].
peroxidase are three

level in cell and increase the stability of

Peroxidase, Catalase and Ascorbate
important H.0: scavenging
antioxidant enzymes functioning in different sub-
cellular compartments [26]. Activity of peroxidase
generally increased with increase in time as compared
to unstressed seedlings at alternate days of germination
(Figure 1c) and also increased with increase in
concentration of manganese but drastically decreased
at high concentrations. The enhancement in POX
activity might defend the cells against harmful
concentrations of hydroperoxides as POX has been

implicated in the synthesis of lignin and other phenolic
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as proteins and lipids against oxidation.
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Figure 1: Effect on antioxidant enzymes from wheat germinated under stress conditions (a) Catalase, (b) Ascorbate
peroxidase, (c) Peroxidase, (d) MDA, (e) SOD, (f) Hydrogen peroxide, and (g) protein content

Lipid peroxidation occurs in plant tissues leading to

production of free radicals, which are normally
detoxified by antioxidative enzymes. MDA is product of
lipid peroxidation. So, lipid peroxidation can be
estimated by measuring the level of MDA. Under stress
conditions, more free radicals are produced, and it was
observed, in the present study, that MDA content was
high in germinating wheat when treated with Mn as
compared to control (Figure 1d). Generally, if free
radical generation and membrane damage would be
low, there is formation of lower levels of MDA content.
So, it can be concluded that involvement of free radicals
in membrane lipid peroxidation in the seeds subjected
to Mn-stress could be a reason for increase in MDA
content.

SOD is a key enzyme in cell which plays a vital role
against oxidative damage and severe environmental
conditions. It was observed that at alternate days of
germination the activity increased with increase in time
as compared to unstressed seedlings (Figure 1e). Also,
SOD increased with

decrease in activity was observed on 10" day. When

increase in concentration but

SOD activity increased, free radicals scavenging was
done properly and thus, damage to membranes and
oxidative stress decreased, leading to the increase of
tolerance to oxidative stress. Vital biomolecules are
disturbed, if the radical is not scavenged by SOD [27].
Esfandiari et al.[28] and Zhao et al. [29] had expressed
that the increase in SOD activity and decrease in
oxidative damage were closely related. It was observed
that at alternate days of germination the Hydrogen
peroxide content decreased with increase in time as
compared to unstressed seedlings (Figure 1f).

Protein content in Mn-treated seedlings was increased
(Figure 1g), indicating that heavy metal stress may
induce production of stress proteins [30] including some
heat shock proteins [31]. It may be suggested that
protein content increased due to de novo synthesis of
stress proteins provoked by metal exposure [32].
Several researchers found increased protein synthesis
under metal stress.

CONCLUSION

In conclusion, antioxidant machinery plays an important
role in Mn-stress tolerance of plants. For successful
scavenging of ROS by a scavenging system, some
antioxidant enzymes must cooperate with each other.
In the present study, we hypothesized that enhanced
levels of antioxidants and MDA content on Mn exposure
activate the multi tolerance mechanism of antioxidative
enzymes under stress.

REFERENCES

1) Marschner P., Marschner’s mineral nutrition of higher
plants. Academic Press, Boston 2012, pp 324-333

2) Alloway B.J., Micronutrients and crop production: an
introduction. In: (ed)
deficiencies in global crop production. Springer, Berlin
2008, pp 1-40

3) LynchlJ.P., St Clair S.B., Mineral stress: the missing link in

Alloway BJ Micronutrient

understanding how global climate change will affect
plants in real world soils. Field Crops Res, 90:101-115,
2004

4) Gupta V.K., Sharma S.K., Plants as natural antioxidants.
Natural Product Radiance, 5(4): 326-334, 2006.

International Journal of Pharmacy and Biological Sciences

Anuradha Mittal* etal =~ 88

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

10)

11)

12)

13)

14)

15)

16)

17)

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

Rani P., Meena U.K., and Karthikeyan J., Evaluation of
antioxidant properties of berries. Ind J Clini Biochem,
19(2):103-110, 2004.

Fecht-Christoffers M.M., Maier P., Horst W.J., Apoplastic
peroxidases and ascorbate are involved in manganese
toxicity and tolerance of Vigna unguiculata Physol
Plant, 117:237-244, 2003

Chen L.S., Qi Y.P., Liu X.H., Effects of aluminum on light
energy utilization and photoprotective systems in citrus
leaves. Ann Bot, 96:35—41, 2005

Shi Q.H., Zhu Z.J., Li J., Qian Q.Q., Combined effects of
excess Mn and low pH on oxidative stress and
antioxidant enzymes in cucumber roots. Agric Sci China,
5:767-772, 2006

Lei Y.,
biochemical responses to high Mn concentrations in two
contrasting Populus cathayana populations.
Chemosphere, 68:686—694, 2007

Rosas A., Rengel Z., Mora M., Manganese supply and pH

Korpelainen H., Li C., Physiological and

influence growth, carboxylate exudation and peroxidase
activity of ryegrass and white clover. J Plant Nutr,
30:253-270, 2007

Mora M., Rosas A., Ribera A., Rengel R., Differential
to Mn ryegrass
genotypes: involvement of antioxidative enzymes and
root exudation of carboxylates. Plant Soil, 253:507-519,
2009

Babitha M.P., Bhat S.G., Prakash H.S., Shetty H.S,,
Differential induction of superoxide dismutase in downy

tolerance toxicity in perennial

mildew-resistant and -susceptible genotypes of pearl
millet. Plant Pathol, 51:480-486, 2002

Perveen S., Shahbaz M., Ashraf M., Modulation in
activities of antioxidant enzymes in salt stressed and
non-stressed wheat (Triticum aestivum.) plants raised
from seed trearted with triacontanal. Pak J Bot,
43:2463-2468, 2011

Todorovic” S., Giba Z., Simonovic” A., Boz"ic’ D., Banjanc
T., Grubis’ic’ D.,

Manganese effects on in vitro

development of lesser centaury [Centaurium pulchellum

(Sw.) Druce]. Arch Biol Sci, 61:279-283, 2009
Taulavuori E., Hellstrom E.K., Taulavuori K., Laine K.,
Comparison of two methods used to analyse lipid
peroxidation from Vaccinium myrtillugL.) during snow
removal, reacclimation and cold acclimation. J Exp Bot,
52:2375-2380, 2001

Filek M., Walas S., Mrowiec H., Rudolphi-Sko’rska E.,
Sieprawska A., Biesaga-Kos'cielniak J., Membrane

permeability and micro- and  macroelement
accumulation in spring wheat cultivars during the short-
term effect of salinity- and PEG-induced water stress.
Acta Physiol Plant, 34:985-995, 2012

Millaleo R., Reyes-Diaz M., Alberdi M., Ivanov A.G., Krol

M., Huner N.P., Excess manganese differentially inhibits

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

Int J Pharm Biol Sci.

photosystem | versus Il in Arabidopsis thalianal Exp
Bot, 64:343-354, 2013

Aebi H., Catalase in vitro. Method Enzymol, 105: 121
126, 1984

Zhu Z., Wei G,, Li J., Qian Q., Yu J,, Silicon alleviates salt
stress and increases antioxidant enzymes activity in
leaves of salt-stressed cucumber (Cucumis sativus.)
Plant Sci, 167: 527-533, 2004

Shannon L.M., Kay E., Lew J.Y., Peroxidase izoenzymes
from horseradish roots. J Biol Chem, 241: 2166-2172,
1966

Sinha K.A., Colorimetric assay of catalase. Anal Biochem,
47:389-394, 1972

Moshaty E.F.I.B., Pike S.M., Novacky A.J., Sehgal O.P.,
Lipid peroxidation and superoxide production in cowpea
(Vigna unguiculatp leaves infected with tobacco
ringspot virus or southern bean mosaic virus. Physiol
Mol Plant Pathol, 43: 109-119, 1993

Lowry O.H., Rosenbrough H.J., Farr A.L., Randall R.J.,
Protein measurement with Folin-Phenol reagent. J Biol
Chem, 193: 265-275, 1951

Vranova E., Inze D., Van Breusegem F., Signal
transduction during oxidative stress. J Exp Bot, 53:1227—
1236, 2002

Yamazaki J., Ohashi A., Hashimoto Y., Negishi E.,
Kumagai S., Kubo T., Oikawa T., Maruta E., Kamimura Y.,
Effects of high light and low temperature during harsh
winter on needle photodamage of Abies mariesii
growing at the forest limit on Mt. Norikura in Central
Japan. Plant Sci, 165:257-264, 2003

Noctor G., Foyer C.H., Ascorbate and glutathione:
keeping active oxygen under control. Ann Rev Plant
Physiol Plant Mol Biol, 49:249-279, 1998

Mittler R., Oxidative stress, antioxidants and stress
tolerance. Trends Plant Sci, 7:405-410, 2002

Esfandiari E, Shakiba MR., Mahboob S., Alyari H., Toorchi
M., Water stress, antioxidant enzyme activity and lipid
peroxidation in wheat seedling. J Food Agric Environ,
5:149-153, 2007

Zhao F., Guo S., Zhang H., Zhao Y., Expression of yeast
SOD2 in transgenic rice results in increased salt
tolerance. Plant Sci, 170:216-224, 2006

Sanita di Toppi L., Gabbrielli R., Response to cadmium in
higher plants. Environ Exp Bot, 41:105-130, 1999
Namjooyan S., Khavari-Nejad R., Bernard F., Namdjoyan
S., Pir H.,, The effect of cadmium on growth and
antioxidant responses in the safflower (Carthamus
tinctoriusL.) callus. Turk J Agric For, 36:145-152, 2012
Verma S., Dubey R.S., Lead toxicity induces lipid
peroxidation and alters the activities of antioxidant
enzymes in growing rice plants. Plant Sci, 164:645—655,
2003.

International Journal of Pharmacy and Biological Sciences

3

L’

www.ijpbs.com or www.ijpbsonline.com

Anuradha Mittal* et al



http://www.ijpbs.com/
http://www.ijpbsonline.com/

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

Int J Pharm Biol Sci.

*Corresponding Author:
Anuradha Mittal*
Email:mittalanuradhaZ@gmail.com

International Journal of Pharmacy and Biological Sciences Anuradha Mittal* et al | 88

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/
mailto:mittalanuradha7@gmail.com

