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 Peroxidase is one of the important enzymes present in all tissues and performs 
catalytic functions. It is suitable as a model enzyme for studying the effect of any 
mutagen. In the present investigation, an attempt was made to study the effect of 
sodium azide (SA) on peroxidase composition in cowpea (Vigna unguiculata L. 
Walp.), with an objective of finding its mode of action i.e. whether it has promoting 
or inhibitory effect on the enzyme synthesis and whether the action is specific or 
random. The seeds were treated for two hours with various SA concentrations viz. 
0.0005M, 0.0010M, 0.0015M, 0.0020M, 0.0025M and 0.0030M. These seeds were 
further allowed to germinate on moist filter paper in petriplates at room temperature 
(25+20C) for about three and seven days respectively and later analysed for percent 
seed germination. Peroxidase enzymes were extracted from the seedling sample and 
subjected to the electrophoresis. Results indicated that there was a gradual decrease in 
percent seed germination percentage with an increase in the concentration of SA. SA 
retarded thegrowth of radicle and plumule. PAGE analysis of peroxidase enzyme 
composition of control cowpea seedlings showed presence of three peroxidase 
isoforms, but 0.0025M SA treated seedlings showed presence of five peroxidase 
isoforms. This clearly indicated that, SA induces synthesis of certain peroxidase 
isozymes. Similarly, certain peroxidase isozymes present in control seedlings were 
seen missing in the SA treated seedlings. This evidently reveals that SA along with 
seed germination hampering can also inhibit the synthesis of certain enzymes. 
KEYWORDS: Cowpea, Sodium Azide, Peroxidase enzyme, Germination, 
Electrophoresis and Isozymes. 
Introduction 
Sodium azide causes breakage of chromosome (Clastogen), segregationerrors during 
the cell division (Turbagen) and gene mutation (Mutagen) (Flamm and Mehlman, 
1978).Mutagen is nowadays used in mutation breeding program to create novel 
varieties of plants.Cow pea {Vigna unguiculata 
(L.) Walp.} the test plant is vigorous, bushy or trailing summer annual, with curious, 
cylindrical and pendant pods. The plant grows indefinitely as long as the 
environmental conditions are favourable.Seeds are fed to cattle and poultry and are 
sometimes used as a coffee substitute. However, its chief value is as a forage crop, as 
a cover crop to prevent erosion, and as a green manure. 

Peroxidase is one of the important enzymes which is present in all tissues and 
perform catalytic functions. It has a high number of isoenzyme forms. Peroxidases 
play a number of physiological roles like destruction of oxygen from toxic hydrogen 
peroxides, inactivation of IAA, ethylene formation, hydroxylation of proline in cells, 
the cell wall lignification, ion translocation and degradation of flavonoids. The 
peroxidase is suitable as model enzyme for studying the effect of any mutagen 
(Khanna and Maherchandani, 1981). Peroxidases perform a wide variety of catalytic 
functions, (Gasper et al, 1982). Because of its high number of isoenzyme forms that 
differ in hydrogen donor specificity and localization (Darimont and barter, 1973) 

Abstract 
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In the present investigation an attempt is made to study the effects of sodium 
azide on seed germination and peroxidase isozyme composition in cowpea, with an 
objective of finding its mode of action i.e. whether it acts as promoter or inhibitor of 
enzyme synthesis or whether its action is specific or random. 
 
Material and methods 

Seeds of cowpea were procured from the agro service centre, Loni. Uniform 
seeds of size and weight were selected from the lot. The seeds were surface sterilized 
with 0.1 % mercuric chloride solution for 1 minute at room temperature. They were 
thoroughly washed under running tap water for about 20 minutes and rinsed with 
double distilled water and allowed to stand in the same for about 12 hours at room 
temperature. 

Later the seeds were treated with various concentrations of (distilled water), 
0.0005, 0.0010, 0.0015, 0.0020, 0.0025 and 0.0030 molar of sodium azide for two 
hours in dark. Again they were thoroughly washed under running tap water for 20 
minutes followed by a rinse in double distilled water. Then the seeds were allowed to 
germinate on moist filter paper in petriplates at room temperature (25+ 20C) for about 
three days or until the radical and plumule had emerged out. Later the seeds were 
analysed for percent seed germination. 

Percent seed germination were calculated after seven days of seed 
germination. Seeds which gave rise to both plumule and radical were considered as 
germinated. The percent seed germination was calculated using formula;  
Percent Seed Germination = Number of seeds germinated/ Total number of seeds kept 
for germination x 100. 
a) Extraction of peroxidase isozymes from plant material: 

One gram seedling was homogenized in 2ml of electrode buffer (Tris glycine 
buffer, pH 8.2) and centrifuged for 30 minutes at 10,000 rpm at 40C. The 
supernatantwas stored in 10 ml bottles, half the amount of 50% glycerol was added in 
the supernatant and following a pinch of bromophenol blue (as a marker). The 
supernatant was stored at 200C until subjected to electrophoresis. 
b) Electrophoresis  

The gel casting mould was thoroughly cleaned and rinsed with distilled water 
and then with ethanol and was allowed to air dry.Both the open ends of the gel mould 
were sealed with an adhesive tape. The comb was fixed approximately in the centre of 
the gel mould taking care that the comb does not touch to the gel mould.7.5% 
acrylamide solution was prepared and poured immediately in the gel mould comb 
assembly. The gel was polymerized in 10- 15 minutes.After 20 minutes the comb was 
removed carefully taking care that edges of the wells were not disturbed.The adhesive 
tape used for sealing the edges of the gel mould was removed.The horizontal 
migration chamber was filled with electrode buffer. The gel along with gel casting 
mould was inserted into the electrode buffer of the migration chamber. The gel should 
be completely submerged in the electrode buffer.Using a micro pipette, 15µl of 
protein sample was loaded which was prepared earlier (in which glycerol was added 
to increase the density of the sample and bromophenol blue was mixed to help as 
marker) in each well.The electric current (50 volts) was switched on and 
electrophoresis was carried out for about 3-4 hours or until, marker dye migrated to 
the edge of the gel.The power supply was switched off and gel mould containing the 
gel was removed, after successful running.Activity staining of the electrophorized gel 
for the peroxidase isoenzyme was performed as mentioned below. The gel was placed 
in the stain for 15 minutes and then fixed in 7 % acetic acid. 
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c) Activity staining of peroxidase isozymes: 
The peroxidase isozymes present in the polyacrylamide gel slabs were 

detected using activity staining method of Shrauwen (1966). The staining was done 
using benzidine solution in presence of hydrogen peroxide. The preparation of 
incubation mixture for the activity staining of peroxidase was as follows. 
d) Preparation of incubation medium: Incubation medium was prepared by mixing 
the following solutions. 
i. Saturated benzidine:200ml distilled water was boiled for few minutes. 4 grams of 
benzidine was added to boiling water and boiled again for another 4-6 minutes. 
Further it was cooled and filtered. It was stored in amber coloured bottle preferably in 
a refrigerator, until its use. 
ii. Ammonium chloride (30%): 30 grams of ammonium chloride was dissolved in 
50 ml distilled water and then made up to a final volume of 100ml.  
iii. Hydrogenperoxide (0.2%): 0.2 ml of hydrogen peroxide was added to 99.8ml 
distilled water. It has to be prepared fresh just before use. 

i, ii and iii  were mixed in 100:15:20 ratio. The gel after electrophoresis for 
peroxidase isozyme was soaked in incubation medium for 10-15 min. Sites (bands) 
indicating the presence of peroxidase appeared reddish brown. Peroxidase isozymes 
present in the acrylamide gel reacted with the hydrogen peroxide, present in the 
incubation medium and produced nascent oxygen at the site of peroxidase. The 
nascent oxygen reacted immediately with benzidine in presence of ammonium 
chloride and oxidised the benzidine into brown coloured chlorine end product which 
appeared on acrylamide gel as bands. The gel in 7% acetic acid was fixed to stop the 
activity of staining and preserved in 2% acetic acid. 

The gel was traced on a tracing paper to facilitate the calculation of the 
relative mobility (Rm values). The relative mobility of a givenisozyme band was 
calculated as follows 
Rm= Distance travelled by isozyme/Distance travelled by the marker dye 

The molecular weight of the peroxidase could not be ascertained, due to non-
availability of molecular markers. All the observed peroxidase isozymes were 
arbitrarily named as 1, 2…so on, based on their Rm values, in ascending order.  
 
 
Result and Discussion 

Percent germination of cowpea seeds treated with different concentrations of 
sodium azide (for 2 hour at room temperature) is shown in table 1. From the table it is 
evident that maximum percent of seed germination is observed in distilled water 
grown (control) seeds followed by 0.0005M sodium azide treated ones. There is a 
gradual reduction in percent seed germination with an increase in the concentration of 
sodium azide. 50 % seed germination (LD50) was observed in 0.0025M concentration 
of sodium azide. Hence this concentration was selected for future studies. The reason 
for the observed inhibitory effect of sodium azide on seed germination may be due to 
the action of sodium azide as respiratory inhibitor or as acting as enzyme poison 
(Ramchandran and Goud, 1983). Nilan et al (1978) also reported seed germination 
inhibition in mung bean and barley. But Azad Ali et. al. (2014) and Rufin K. N. et. al 
(2015) reported mutagenic effect of sodium azide on the test plant and resulted 
increase in seedling growth. 
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Table-1: Effects of different concen
germination and per
germination) 
 
Sr. 
No. 

Concentration of Sodium azide 
(in M) 

1. Control 
2. 0.0005 
3. 0.0010 
4. 0.0015 
5. 0.0020 
6. 0.0025 
7. 0.0030 

 
Graphical representation of percent seed germination of cowpea treatedwith 
different concentration of sodium azide. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Maximum inhibition (61.54%) was observed in 0.0030 M concentration of 
sodium azide (Table-1).Sodium azide 
the growth of the seedling. The growth of radical, plumule and total seedling length 
was measured from 12 da
Control (distilled water) grown seeds exhibi
12.12 and total seedling length of 24.29 cm.
of sodium azide showed a gradual decrease in shoot, root and seedlin
2). The effects were dose dependent. The
with an increase in the concentration of sodium azide.
observation that sodium azide exerted a clear inhibitory effects on the growth of the 
seedlings. Maximum retarding effects of azide 
seeds treated with 0.0030 M concentration of sodium azide 
length- 4.04 and seedling length
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Effects of different concentrations of sodium azide on percent seed 
germination and percent seed inhibition in cowpea (after

Concentration of Sodium azide Percent 
Germination 
100.00 
96.15 
88.46 
73.07 
69.93 
50.00 
38.46 

Graphical representation of percent seed germination of cowpea treatedwith 
different concentration of sodium azide.  

Maximum inhibition (61.54%) was observed in 0.0030 M concentration of 
1).Sodium azide continued to exert its inhibitory effect even on 

the growth of the seedling. The growth of radical, plumule and total seedling length 
was measured from 12 day old seedlings and the data was depicted in table
Control (distilled water) grown seeds exhibited a shoot length of 12.17. 
12.12 and total seedling length of 24.29 cm. Seeds treated with various concentrations 
of sodium azide showed a gradual decrease in shoot, root and seedlin
). The effects were dose dependent. There was a decrease in the growth rate, along 

with an increase in the concentration of sodium azide. So it was clear from the 
observation that sodium azide exerted a clear inhibitory effects on the growth of the 
seedlings. Maximum retarding effects of azide was seen in the seedlings
seeds treated with 0.0030 M concentration of sodium azide (shoot

4.04 and seedling length-6.34 cm).   
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trations of sodium azide on percent seed 
(after 7 days of seed 

Percent 
Inhibition 
0.00 
3.85 
11.54 
26.93 
30.07 
50.00 
61.54 

Graphical representation of percent seed germination of cowpea treatedwith 

Maximum inhibition (61.54%) was observed in 0.0030 M concentration of 
continued to exert its inhibitory effect even on 

the growth of the seedling. The growth of radical, plumule and total seedling length 
y old seedlings and the data was depicted in table- 2. 
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Table 2: Effects of sodium azide on the growth of root, shoot and seedling in 
cowpea (After 12 days of seed germination)
Sr. 
No. 

Concentration (M)

1. Control 
2. 0.0005 
3. 0.0010 
4. 0.0015 
5. 0.0020 
6. 0.0025 
7. 0.0030 

 
Graph 2: Graphical representation of seedling length of cowpea treated with 
different concentration of Sodium azide
 

 
The peroxidase isozyme composition of distilled water (control) grown 

seedlings showed the presence of three peroxidase 
Rm values, 0.05, 0.010 and 0.16. Out of these one is cathodal ( Rm value
two are anodal peroxidases (Rm values, 0.1 and 0.16). These enzymes are identified 
as isoforms 1, 4, and 6 (Fig.3).

The sodium azide treated seedlings showed an increase in the number of 
peroxidase isozymes. The 0.0020 M sodium azide treated seedlings showed the 
presence of six peroxidase isozymes having Rm values 0.08, 0.10, 0.13, 0.28, and 
0.38. These are identified as isoforms 2, 4, 5, 9, 11 and 14. Out of these the first one 
(isoform 2) is cathodal and the remaining five (4, 5, 9, 11) are anodal isozymes (Fig. 3 
and Table-3). The 0.002
only five peroxidase isozymes having Rm values 0.08, 0.10, 0.16, 0.26 and 0.35. 
These are identified as isoforms 2, 4, 6, 10 and 12. Out of these first one (isoform 2) is 
cathodal and the last five (4, 6, 10 and `12) are anodal isozymes (Fig 3).
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Effects of sodium azide on the growth of root, shoot and seedling in 
12 days of seed germination) 

Concentration (M) Root Length 
(cm) 

Shoot Length 
(cm) 

12.12 12.17 
9.91 5.08 
4.75 10.22 
6.64 7.9 
9.16 5.25 
5.5 7.4 
4.04 2.3 

2: Graphical representation of seedling length of cowpea treated with 
different concentration of Sodium azide 

The peroxidase isozyme composition of distilled water (control) grown 
dlings showed the presence of three peroxidase isoforms. They are isozymes with 

Rm values, 0.05, 0.010 and 0.16. Out of these one is cathodal ( Rm value
two are anodal peroxidases (Rm values, 0.1 and 0.16). These enzymes are identified 

ms 1, 4, and 6 (Fig.3). 
The sodium azide treated seedlings showed an increase in the number of 

peroxidase isozymes. The 0.0020 M sodium azide treated seedlings showed the 
presence of six peroxidase isozymes having Rm values 0.08, 0.10, 0.13, 0.28, and 

. These are identified as isoforms 2, 4, 5, 9, 11 and 14. Out of these the first one 
(isoform 2) is cathodal and the remaining five (4, 5, 9, 11) are anodal isozymes (Fig. 3 

3). The 0.0025 M sodium azide treated seedlings showed the presence of 
nly five peroxidase isozymes having Rm values 0.08, 0.10, 0.16, 0.26 and 0.35. 

These are identified as isoforms 2, 4, 6, 10 and 12. Out of these first one (isoform 2) is 
cathodal and the last five (4, 6, 10 and `12) are anodal isozymes (Fig 3).
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Effects of sodium azide on the growth of root, shoot and seedling in 

ength Total Seedling 
Length (cm) 
24.29 
14.99 
14.97 
14.54 
14.41 
12.9 
6.34 

2: Graphical representation of seedling length of cowpea treated with 

The peroxidase isozyme composition of distilled water (control) grown 
. They are isozymes with 

Rm values, 0.05, 0.010 and 0.16. Out of these one is cathodal ( Rm value- 0.05) and 
two are anodal peroxidases (Rm values, 0.1 and 0.16). These enzymes are identified 

The sodium azide treated seedlings showed an increase in the number of 
peroxidase isozymes. The 0.0020 M sodium azide treated seedlings showed the 
presence of six peroxidase isozymes having Rm values 0.08, 0.10, 0.13, 0.28, and 

. These are identified as isoforms 2, 4, 5, 9, 11 and 14. Out of these the first one 
(isoform 2) is cathodal and the remaining five (4, 5, 9, 11) are anodal isozymes (Fig. 3 

ngs showed the presence of 
nly five peroxidase isozymes having Rm values 0.08, 0.10, 0.16, 0.26 and 0.35. 

These are identified as isoforms 2, 4, 6, 10 and 12. Out of these first one (isoform 2) is 
cathodal and the last five (4, 6, 10 and `12) are anodal isozymes (Fig 3). 
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Fig. 3: Peroxidase isoform composition of sodium azide treated and untreated 7 
day old cowpea seedlings. (Trial-1) 
     mM 

Rm Values 0.0      0.0020   0.0025 Isoform No. 

  -0.08    2 

            -0.05    1 

 

             0.10    4 

             0.13    5 

             0.16    6 

             0.21    9 

            0.26    10 

            0.28    11 

            0.35    12 

            0.38    14 

 
 
Peroxidase isoforms 2, 5, 9, 10, 11, 12 and 14 which were totally absent in the 

control seedlings were seen in the sodium azide treated seedlings (Fig. 3). This clearly 
indicates that sodium azide induces synthesis of certain peroxidase isozymes. 
Similarly certain peroxidase isoforms which are present in the control seedlings are 
seen missing in the azide treated seedlings. Isoform-1 which is present in the control 
seedlings is not found in the azide treated seedlings (Fig. 3). The isoform 6, which is 
present in the control, is missing in the 0.0020 M treated seedlings. 

This clearly indicates that sodium azide can also inhibit the synthesis of 
certain enzymes. This is in consistence with the idea of Stickberger (1973) who 
opinioned that the sodium azide can inhibitthe action of several enzymes in plant 
system. The idea of sodium azide as a mutagen is conceived by several authors (Nilan 
et al, 1976 and Konzack et al 1975) but the experimental evidence was lacking. 
Inhibition of enzyme synthesis is certainly a cause of gene mutation. 
Table-3: Nomenclature of the peroxidase isoforms based on their relative 
mobility values. 

Rm value Isoform Number 
-0.05 Isoform 1 
-0.08 Isoform 2 
0.08 Isoform 3 
0.10 Isoform 4 
0.13 Isoform 5 
0.16 Isoform 6 
0.18 Isoform 7 
0.20 Isoform 8 
0.21 Isoform 9 
0.26 Isoform 10 
0.28 Isoform 11 
0.35 Isoform 12 
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0.36 Isoform 13 
0.38 Isoform 14 

 
The experiment was repeated trice with an aim of confirming the results. 

There was no change in the peroxidase isoform composition in the control seedlings, 
in all three trials (Fig. 3, 4 and 5). In all three trials the control seedlings showed 
consistently three isoforms. They are isoform 1, 4 and 6. But surprisingly, the type of 
isoform present in azide treated seedlings varied in all trials. There was no 
consistency in the number of peroxidase isozyme observed in 0.0020 and 0.0025 M 
sodium azide treated seedlings. For eg. Isoform 14 is found only in trials 1 and 3 but 
not in 2. In trial one, it is found in the seedlings treated with 0.0020 M azide and in 
trial 3, it is found in the seedlings treated with 0.0025 M azide. Thus it is concluded 
that sodium azide is unspecific in its action and the products cannot be predicted.  
 
Fig. 4: Peroxidase isoform composition of sodium azide treated and untreated 7 
day old cowpea seedlings. (Trial-2) 

 
mM 

Rm Values 0.0      0.0020   0.0025 Isoform No. 

  -0.08    2 

            -0.05    1 

 

             0.10    4 

             0.16    6 

  0.18    7 

  0.20    8 

            0.28    11 

  0.36    13 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN 2249-9598, Volume-09, Jan 2019 Special Issue (02) 

 w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8 Page 181 

Fig. 5: Peroxidase isoform composition of sodium azide treated and untreated 7 
day old cowpea seedlings. (Trial-3) 
   

mM 
Rm Values 0.0      0.0020   0.0025 Isoform No. 

  -0.08    2 

            -0.05    1 

 

             0.08    3 

             0.10    4 

             0.16    6 

  0.28    11 

   0.38    14 

   

 
Conclusions 

There was a gradual decrease in seed germination percentage with an increase 
in the concentration of SA. SA retarded thegrowth of radicle and plumule. PAGE 
analysis of peroxidase enzyme composition of control cowpea seedlings showed 
presence of three peroxidase isoforms, but 0.0025M SA treated seedlings showed 
presence of five peroxidase isoforms. This clearly indicated that, SA induces 
synthesis of certain peroxidase isozymes. Similarly, certain peroxidase isozymes 
present in control seedlings were seen missing in the SA treated seedlings. This 
evidently reveals that SA along with seed germination hampering can also inhibit the 
synthesis of certain enzymes. 
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