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Abstract: This study investigated the effect of exogenous sulphur dioxide gas
for different durations the superoxide dismutase, peroxidase, lipid peroxidation
and non-protein SH content in mung bean (Vigna radiata) seedlings. It has been
found that the activity of superoxide dismutase is enhanced at low concentration
but decreased when the seedlings are exposed to higher concentration of SO2; the
peroxidase activity and lipid peroxidation decreased and the non-protein SH content
increased significantly. The results indicate that superoxide dismutase, peroxidase,
lipid peroxidation and non-protein SI-I content metabolisms are associated with
the growth of the organism and are susceptible to alterations by exogenous sulphur
dioxide stress.
Keywords: Sulphur dioxide, superoxide dismutase, peroxidase, lipid peroxidation,
non-protein SH content, mung bean (Vigna radiate).

1. INTRODUCTION
Sulhpur dioxide(SO2) is a major atmospheric contaminant resulting from
volcanoes and combustion of sulfur containing fossil fuels in industries like
brick kilns, thermal power plants, etc. (Dwivedi and Tripathi 2007). Further,
oxidation of SO2 usually in the presence of catalysts like finely divided metal
particulate matter, NO2 etc. forms H2SO4 and thus causes acid rain, and is
major cause of environmental concern.
SO2, a colorless, corrosive, non-inflammable gas with irritating and
pungent odour may cause temporary and permanent injury to vegetation
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(Tripathi and Dwivedi, et. al. 2002), Health (1980) and (Renuga and Paliwal
2004). The phytotoxic behaviour of SO2 has been reported in many. Studies
(Daines 1968); Jacobson and Hill 1971 and Thomas et. al. 1956) Changes in
the physical appearance of vegetation is an indication that the plant metabolism
is impaired (Puckett et. al. 1973 and Zieoles 1972) SO2 directly alter the
ability of mesophyll cells to fix CO2 (Winner et. al. 1985). Thus influence the
photosynthetic capacity of the plant (Silvius et. al. 1978). Much of the SO2
absorbed by leaves enters through stomata and dissolves in the moist surfaces
of mesophyll cells (Thomas et. al. 1950). The resulting sulfrous acid dissociates
into H+, HSO3- SO3-2 and SO4-2 and there ions get accumulated these. SO2
toxicity is due to the reducing property of the gas. SO2 also interfere with the
structure and permeability of cellular membranes and with enzymatic activity
which affects many biochemical processes in the cell (Irshad et. al. 2011) by
causing oxidative stress. (Khan and Khan 2011) have critically analysed the
plant response to diseases in sulphurdioxide stressed environment.
Superoxide radicals (O2-) and other activated oxygen species (singlet excited
oxygen hydroxy radicals and hydrogen peroxide) are generated in probably
all the aerobically living cells (Fridovich, 1974). These forms of capable of
damaging cellular components, e.g. they may initiate lipid peroxidation or cause
inactivation of enzymes. Cells are protected against the deleterious superoxide
radicals by various kinds of superoxide dismutase which specifically scavenge
these radicals. This enzymes plays a vital role in protecting cells against the
activated oxygen species, however, their precise significance is not clear. The
hydrogen peroxide produced directly or indirectly, being toxic to the biological
system, is metabolized by peroxidases in plants.
Since superoxide dismutase is a sulphydral enzyme and also SH groups
help in the maintenance of oxidation-reduction potential of the cell it is felt to
determine the non-protein SH content during the course of SO2 stress.
The present investigation is aimed to look into the oxidative metabolism in
terms of radical scavenging enzymes, viz. superoxide dismutase and peroxidase,
and cellular damage in terms of lipid peroxidation and non-protein SH content
on exposure of seeds to sulfur dioxide and to determine the effect of exogenous
SO2 in germinating mung beans. This will help in better understanding the role
of antioxidative enzymes in physiological processes.
2. MATERIALS AND METHODS
Healthy seeds of mung bean were purchased locally and sterilized with 0.2%
HgCl2 solution. The seeds were then thoroughly washed with 0.2% distilled
water solution and soaked in doubly distilled water in petridishes for 5h for
imbibitions and then were exposed to 0.025 mole of SO2 for different intervals.
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of time i.e. from half hour to two hours. The seeds taken out after different
intervals of time were washed thoroughly with distilled water and germinated
for 72h. The seedlings were taken after 24, 48 and 72 h of germination and
ground in a prechilled mortar and pestile with distilled water. The slurry was
then centrifuged at 1000rpm for 10 min. The clear supernatant was used for the
determination of enzyme activities.
Superoxide dismutase was estimated by the method of (Fridovich 1974).
Peroxidase was assayed using p-phenyldiamine as the substrate by the method
of (Briton and Mehley et.al 1955). Lipid peroxidation and non protein SH
content were estimated by the methods of (Krishnamurty and Bieri 1962) and
(Sedlak and Lindsay 1968) respectively.
Protein concentration in the seedling extracts were determined by the
method of (Lowry et. al. 1951) using bovine serum albumin as the standards.
3. RESULT AND DISCUSSION
3.1 Superoxide dismutase activity
The results (Table 1) reveal that the enzyme activity is increased significantly
(P<0.05) in the seedlings germinated in water, as the germination is advanced.
Table 1: Effect of Sulphur dioxide gas on the superoxide dismutase activity, peroxi
dase activity, lipid peroxidation and non-protein SH content in mung bean seedling
germinated for 72 hours at 30° C.

The values reported here the mean ± SD of six determinations of two independent
experiments.
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The enzyme activity did not change significantly in half an hour exposed
seedlings germinated for 24 and 48 hours. But on third day of germination,
the enzyme activity is induced and the induction is 17 per cent as compared
to the control values. Similarly, increase in the enzyme activity is observed
in one hour exposed seedlings germinated for 24 and 48 hours although the
induction is low in the 48 hours germinated seedlings. In 72 hours germinated
seedlings, significant decrease in the enzyme activity is observed. Similarly,
the enzyme activity is found to be inhibited in one and a half and two hours,
exposed seedlings. On first day f germination, inhibition is less than that on the
second day of germination period. Similarly, on third day of germination, the
inhibitory effect is more pronounced showing the inhibition to be germination
time dependent.
3.2 Peroxidase activity
It is evident from the data (Table 1) that significant (P<0.05) increase in the
enzyme activity is there in the control as well as in the treated seedlings.
Sulphur dioxide gas is found to have no effect on the enzyme activity in
the half and one hour exposed seedlings germinated for 24 and 48 hours,
however, on third day of germination the enzyme activity is decreased
significantly (P<0.05) as compared to the control values. In the one and a
half and two hours exposed seeds germinated for 24 hours, inhibition in the
enzyme activity is observed and the inhibition is more in two hours exposed
seedlings. The inhibitory effect is more pronounced on second and third day
of germination.
3.3 Lipid peroxidation
It is clear from the data (Table 1) that increase in lipid peroxidation is observed
in the control as well as in the treated seedlings as the germination advanced.
In two hour exposed seedlings, the increase in not much as the germination
time increases. No significant change in lipid peroxidation is observed in half
an hour exposed seedlings germinated for 24, 48 and 72 hours as compared
to the control seedlings. Increase in lipid peroxidation is observed in one hour
exposed seedlings (33, 54,s and 9 per cent as compared to control values on
first, second and third day of germination, respectively). Sulphur dioxide gas
has inhibitory effect on lipid peroxidation in mung bean seedlings exposed for
one and a half and hour and two hours and inhibition is found to be germination
time dependent, i.e. the lipid peroxidation decrease being 22, 44 and 66 percent
as 24, 48 and 72 hours of germination, respectively in the seedlings exposed
for two hours with SO2 gas.
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3.4 Non-protein SH content
From the data (Table 1) it is clear that sulphur dioxide gas has no effect on
non-protein SH content in 24 hour mung bean seedlings exposed for half an
hour and one hour, with gas. Non-protein SH content is increased significantly
(P<0.05) in 72 hours seedlings exposed for different periods under study and
enhancement is found to be exposure time dependent as non-protein SH content
increases with the increase in the exposure time. Similar results are obtained in
24 and 48 hours germinated seedlings but the effect is more pronounced in 48
hours germinated seedlings.
CONCLUSION
A variety of biochemical and physiological changes take place in plants subjected
to SO2 stress (Rao and Blanck 1996; Katzel and Moller 1993 and Irshad et. al.
2011). Sulphurdioxide gas enhanced the superoxide dismutase activity when the
seedlings were exposed to SO2 for short duration, but the activity was decreased
when the seedlings were exposed to SO2 for a longer time and SO2 became toxic at
higher concentration. The peroxidase activity and lipid peroxidation significantly
in seedlings exposed to SO2 for different duration and the results are in agreement
with the results obtained by (Ketzel and Moller 1993) who have observed that
apples exposed to 0.5 percent sulphurdioxide have substantially low activity of
polyphenol oxidase and peroxidase. The non-protein SH content was found to be
increased significantly and the results are in agreement with those of (Irshad et. al.
2011). The increase in protein content could be due to the utilization of sulphur for
synthesis of more amino acids (Mlodzinowski and Bialobok 1977).
The results clearly show that gases affect the oxidative metabolism when
the seedlings are exposed to sulphurdioxide gas.
REFERENCES
[1]

Briton C and Mehley AC (1955), Assay of catalase and peroxidase In: Method in enzymology
(Eds. S.P. Colowick and NO Kalpan), 2, Academic Press Inc., New York, 764.

[2]

Daines, R.H. (1968), Sulfur dioxide and plant responses, J. Occupat. Medic. 10, 516-524.
http://dx.doi.org/10.1097/00043764-196809000-00015

[3]

Dwivedi, A.K. and Tripathi, B.D. (2007), Pollution tolerance and distribution behaviour of
plants in surrounding area of coal-fired industries. J. Environ. Biol. 28, 257-263.

[4]

Fridovich I. (1997), Superoxide Anion Radical. Superoxide Dismutases and Related
Matters. J. Biol. Chem. 272, 18515-18517.

[5]

Fridovich, I. (1974), Superoxide dismutase Adv. Enzymol. 41, 35-97.

[6]

Health, R.L. (1980), Initial events in injury to plants by air pollutants, Annual Review of
Plant Physiology, 31, 395-431. http://dx.doi.org/10.1146/annurev.pp.31.060180.002143

95

Exogenous
Sulphur Dioxide
Induced Changes
in Superoxide
Dismutase,
Peroxidation and
Non-Protein SH
Content in Mung
Bean (Vigna
Radiata) Seedlings

Sharma, R
Kaur, K

[7]

Irshad, Ahmad, S.F. and Sultan P. (2011), Effect of Sulfudioxide on the Biochemical
parameters of Spinach (Spinacea oleracia) Trakia Journal of Sciences, 9(1), 24-27.

[8]

Jacobson, J.S. and Hill, A.C. (1971), Recognition of Air Pollution Injury to Vegetation: A
Pictorial Atlas. Air Pollution Control Association, Littsburg.

[9]

Katzel, W.N. and Moller, S.A. (1993), Physiological and Biochemical effect of SO2 on
Wheat Varieties, Environment and Ecology, 9, 760-765.

[10] Khan M.R. and Khan, M.M. (2011), Plant Response to Diseals in Sulphur Dioxide Stressed
Environment, Plant Pathology Journal 10, 1-12. http://dx.doi.org/10.3923/ppj.2011.1.12
[11] Krishnamurthy, S. and Bieri, J.S. (1962), Dietrary Antioxidants as Related to Vitamin E
function, J. Nutr. 77, 245.
[12] Lowry, 0.H., Rosebrough, N.J., Farr, A,L, and Randall, R.J. (1951), Protein Measurement
with the folin phenol reagent, J. Biol. Chem. 193, 265.
[13] Mlodzinowski, J.M. and Bialobote, I. (1977), Changes in Protein concent on Glycine max and
Pisum sativum under continuous SO2 and root pollution. Environment Pollution, 25, 181.
[14] Puckett, K.J., Nieboeh, E., Flora, W.P. Flora and Richardson, D.H.S. (1973), Sulfurdioxide:
Its effect on photosynthesis 11C fixation in Lichens and suggested mechanism of
phytotoxicity, New Phytol. 72, 131-154.
http://dx.doi.org/10.1111/j.1469-8137.1973.tb02019.x
[15] Renuga, G. and Paliwal (2004), Characterisation of a protective enyzme associated with
chloroplast under sulphurdioxide stress. J. Plant Biology, 31, 89-94.
[16] Sedlak, J, and Lindsay, R.H. (1968), Estimation of Total, Protein-bound and Non-protein
sulfhydryl groups in Tissues with Ell man’s Reagents, Analyt. Biochem. 25, 192.
http://dx.doi.org/10.1016/0003-2697(68)90092-4
[17] Silvius, J.E., Ingle, M. and Bear, C.H. (1975), Sulfurdioxide Inhibition of Photosynthesis
of Isolated Spinach Chloroplasts, Plant Physiol. 56, 434-437.
http://dx.doi.org/10.1104/pp.56.3.434
[18] Thomas, M.D., Hendricks. R.H. (1956), Hendricks and C.R. Hill: Sulfur metabolism of
plants-effects of SO2 on vegetation. Indust. Eng. Chem. 42, 2231-2235.
http://dx.doi.org/10.1021/ie50491a023
[19] Tripathi, B.D. and Dwivedi, A.K. (2002), Atmospheric pollution and its outcome-An
Analysis, Botanica, 512, 88-92.
[20] Winner, M.A., Mooney, H.A., Williams, K. and Von, T. (1985), Measuring and assessing
SO2 effect on photosynthesis and plant growth. Tropical Ecology 19, 156.
[21] Zieoles, I. (1972), The effect of sulfate on activity of Ribulose -1,5-di-P-carboxylase in
isolated spinach chloroplasts, Planta 103, 155-163.
http://dx.doi.org/10.1007/BF00387367
[22] Rao, D.N. and Le Blanc (1996) Effect of 03 and Sulphur pollutants separetly and in mixture
on chlorophyll and carotenoid pigments of Oryza satire. Water, Air and Soil Pollutant, 18,
441-445.

96

