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ABSTRACT: The peroxidase isoenzymes have essential role in the oxidative protection of plants under 

abiotic stress. The isoenzymes are a set of proteins catalysing the same reaction but they differ in number 

of properties. Analysis of these isoenzymes helps in finding the mutagenic potential of plants in response to 

environmental conditions. The native PAGE analysis was conducted which separates the isoenzymes based 

on their electrophoretic mobility and then visualized using staining solution containing substrate. The 

experiment showed Up-regulations of few isoenzymes and also down-regulations of some of the isoenzymes 

is observed in different concentrations of the fungicide i.e., metalaxyl treatment.  The study shows the 

induced peroxidase is Ca2+ dependent. However, inclusion of EGTA could not effectively inhibit the 

peroxidase activity which clearly shows the involvement of multiple signal pathways.  
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INTRODUCTION 

The enzyme Peroxidases are efficient components of 

the antioxidative system induced in response to 

environmental stress, such as pathogen attack, metal 

excess, salinity, drought and high light intensity 
(Veljović et al., 2018; Aftab et al., 2022). The isoforms 

of Class III Peroxidases in plants are shown to be 

expressed in many kinds of biotic and abiotic stress 

conditions (Aleem et al., 2022) and have low substrate 

specificities (Aleem et al., 2022). The differences in 

their relative activity which can be induced by any 

external stimuli is exploited to identify their role as 

biomarker in many developmental stages and stress 

conditions (Stival Sena et al., 2018). In view of this the 

present study aimed at analyzing the activity of the 

enzyme peroxidase on treating the maize seeds with 
metalaxyl, a systemic fungicide by using 

electrophoretic technique. The activity of peroxidase 

can be analyzed directly on the gel by addition of a 

suitable substrate, like guaiacol (Achar et al., 2014) 

known as Zymographic analysis. 

MATERIAL AND METHODS  

Collection of seeds and Treatments. Maize seeds 

procured from VC farm, University of Agriculture 

Science, Mandya, Karnataka. Seeds of uniform size 

were selected and soaked for 24 hours in distilled water 

(control) and with different concentrations (mg/g) of 

metalaxyl for 24 hours. Five seeds in triplicate were 
placed on Petri dish with 8-10 layer of soaked filter 

paper and incubated at 25°C.  

Preparation of enzyme extract and electrophoresis. 

The extraction of peroxidase enzyme was performed by 

using phosphate buffer PH 7.0. The isoenzyme pattern 

was analysed for 0, 5th and 7th day enzyme extracts. 

NATIVE-PAGE was performed to separate the 

isoenzymes in a BIORAD Mini Gel electrophoretic 

system according to the method of Laemmli (1970).  

Effect of Ca2+ and EGTA on peroxidise. Different 
concentrations of CaCl2

 (500µM) and EGTA (50µM) 

were added to the enzyme samples from control and 

7mg treated seedlings.  And then the isoenzyme 

patterns were tested for 0-day, 5th day and 7th day of 

germination.  

Visualization of enzyme activity and analysis:  

Staining of gels for peroxidase activity was performed 

by the method described by Sadasivam and Manickam 

(1991).  The gels were washed thrice with distilled 

water and were stained with freshly prepared Benzidine 

solution. Benzidine solution was prepared by dissolving 
0.05 g of benzidine in 0.5 ml of absolute alcohol and 

the volume was made up to 20 ml with distilled water.  

Enzyme activity was assayed by using histochemical 

stains that produce an insoluble dye where enzyme 

activity was present. The gels were photographed and 

scored for isozyme bands using Vilbert Lourmat Gel 

documentation system. Data generated for each enzyme 

were recorded in a matrix identifying the presence or 

absence of a particular band and Rf (resolving front) 

values were calculated. Rf = distance travelled by the 

enzyme band in the gel/ distance travelled by the 

indicator (Palem and Padmaja 2014).  

RESULTS 

Isoforms of maize peroxidase on 0-day, 5th day and 

7th day of germination: On 0 day of germination, 

native gel stained for peroxidase activity reveals the 

presence of isoforms in control. Similar patterns of 
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isoforms were detected in metalaxyl treated maize 

seedlings in concentrations 4.5, 6 and 7 mg/g of 

metalaxyl treatment (Fig. 1a and 1b).  

The zymogram study also showed that there was 

changes in  the intensity and number of isoenzyme 

bands under normal and metalaxyl treated condition. 

Analysis of  peroxidase zymogram pattern showed 

varied expression of isoforms in control. These 
isoforms could not be detected in concentration 1.5 and  

3.0mg of metalaxyl treated seedlings and the intensity 

was low compared to the control seeds.  

On the otherhand peroxidase expressed isoforms 1 and 

2 when exposed to 4.5, 6.0 and 7mg metalaxyl treated 

seedlings. But variation in the intensity of the bands 

was observed among different concentrations. In 4.5mg 

metalaxyl treatment the intensity of the bands formed 

were 0.8% and 0.5% whereas in 6.0mg treated 

seedlings the intensity was 2.2%, 1.2% and in 7mg it 

was 1.3% and 0.8%. However no isoforms could be 
detected in the concentrations 1.5 and 3.0mg metalaxyl 

treatments.  

 

 
Fig. 1a. Peroxidase isozyme banding profiles in maize seedlings on 0-day. 

Lane 1: Marker; Lane 2: Control; Lane 3-7: Metalaxyl treatment viz, 1.5, 3.0, 4.5, 6.0 and 7mg/g concentrations. 

Lane 2:  

 

 

Lane 3: 

 

 

Band No. Relative front Lane % Band No. Relative front Lane % 

1. 0.219 2.4 1. 0.261 1.4 

2. 0.299 2.1 

Lane 4:  Lane 5: 

  

Band No. Relative front Lane % Band No. Relative front Lane % 

1. 0.240 1.2 1. 0.214 0.8 

2. 0.298 0.5 

Lane 6:  Lane 7: 

  

Band No. Relative front Lane % Band No. Relative front Lane % 

1. 0.218 2.2 1. 0.213 1.3 

2. 0.301 1.2 2. 0.300 0.8 

Fig. 1b. Densitometric scan, Rf value and intensity of peroxidase isoenzymes in   control and fungicide treatment on 

0-day of germination. 
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The zymogram study on 5th day germinated seedlings 

also showed similar pattern of isoforms (Fig. 2a and 

2b). However the intensity of the band has been 

increased which correlates with the increased 

peroxidase activity on the 5th day of germination. 
Peroxidase isoforms  was not observed in 1.5, 3.0, 4.5 

and 6.0mg of metalaxyl treated seedlings. Two isoforms 

with the same intensity as control was observed in the 

7mg treated seedlings. In all the other concentrations 

only one band with almost the same intensity was 

observed. 

 

 
Fig. 2a. Peroxidase isozyme banding profiles in maize seedlings on 5th day. 

Lane 1: Marker; Lane 2: Control; Lane 3-7: Metalaxyl treatment viz., 1.5, 3.0, 4.5, 6.0 and 7mg/g concentrations. 

Lane 2:  Lane 3: 

 

 
Band No. Relative front Lane % Band No. Relative front Lane % 

1. 0.204 3.7 1. 0.203 2.0 

2. 0.294 2.3 

Lane 4:  Lane 5: 

 

 

Band No. Relative front Lane % Band No. Relative front Lane % 

1. 0.202 2.8 1. 0.194 1.8 

Lane 6:  Lane 7: 

  
Band No. Relative front Lane % Band No. Relative front Lane % 

1. 0.169 2.2 1. 0.177 3.0 

2. 0.257 1.8 

Fig. 2b. Densitometric scan, Rf value and intensity of peroxidase isoenzymes in control and fungicide treatment on 

5th day of germination. 
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On the 7th day of germination (Fig. 3a and 3b), the 

activity of peroxidase in the control maize seedlings as 

well as in the highest metalaxyl treated maize seedlings 

of concentration- 7 mg/g of seed weight was more than 

that on the 5th day of germination in the same 

concentrations. However, on the 7th day of germination, 

the activity of peroxidase in the concentrations- 1.5, 3, 

4.5 and 6 was decreased when compared to that on the 

5th day of germination in the same concentrations. 

 

 
Fig. 3a. Peroxidase isozyme banding profiles in maize seedlings on 7th day. 

Lane 1: Marker; Lane 2: Control; Lane 3-7: Metalaxyl treatment viz., 1.5, 3.0, 4.5, 6.0 and 7mg/g concentrations. 

Lane 2:  Lane 3: 

  
Band No. Relative front Lane % Band No. Relative front Lane % 

1. 0.204 3.7 1. 0.227 2.8 

2. 0.294 2.3 2. 0.317 2.1 

Lane 4:  Lane 5: 

  
Band No. Relative front Lane % Band No. Relative front Lane % 

1. 0.227 2.4 1. 0.228 3.4 

2. 0.317 0.4 2. 0.310 2.7 

Lane 6:  Lane 7: 

 
 

Band No. Relative front Lane % Band No. Relative front Lane % 

1. 0.230 3.1 1. 0.225 1.1 

2. 0.309 2.2 2. 0.310 0.7 

Fig. 3b. Densitometric scan, Rf value and intensity of peroxidase isoenzymes in control and fungicide stress on 7th 

day. 

 

Effect of Ca2+ and EGTA on peroxidase: Our results 

have clearly demonstrated an enhanced activity of 
peroxidase (Fig. 4a and 4b; 5a and 5b; 6a and 6b) with 

the addition of exogenous Ca2+ (50 µM). This activity 

could be further inhibited by the addition of Ca2+ 

chelater EGTA, the inhibited activity was restored with 
the addition of exogenous calcium. 
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Fig. 4a. Effect of Ca2+ and EGTA on peroxidase activity on 0 day of germination. 

Lane 1: Marker; Lane 2: Control; Lane 3: Control + CaCl2 (500µM); Lane 4: Control + CaCl2  + EGTA (500µM + 

50 µM); Lane 5: Enzyme from 7mg treatment; Lane 6: Enzyme from 7mg treatment + CaCl2 (500µM); 

Lane 7: Enzyme from 7mg treatment + CaCl2 + EGTA ( 500µM + 50 µM). 

Lane 2:  Lane 3: 

  

Band No. Relative front Lane % Band No. Relative front Lane % 

1. 0.239 2.4 1. 0.239 2.8 

Lane 4:  Lane 5: 

 
 

Band No. Relative front Lane % Band No. Relative front Lane % 

1. 0.238 0.8 1. 0.219 2.4 

2. 0.299 2.1 

Lane 6:  Lane 7: 

  

Band No. Relative front Lane % Band No. Relative front Lane % 

1. 0.261 2.8 1. 0.240 1.2 

Fig. 4b. Densitometric scan, Rf value and intensity of peroxidase isoenzymes in presence of CaCl2 and EGTA on 0 

day. 

 

DISCUSSION 

Expression of different plant peroxidases in rice was 
induced by different types of wounding (Hiraga et al., 

2001). This wide range of peroxidase isozymes and 

their tight and differential regulation prepares them for 

various stress conditions (Passardi et al., 2005). 

Our result clearly shows that peroxidase exhibited 

different trends of activity on different days of maize 

seed germination and a different pattern of expression 

of peroxidase activity was seen in the different 

concentrations of metalaxyl. The intensity of isoform 

bands observed indicates the induction patterns of 

individual peroxidase isoenzymes since a same amount 

of protein was used from each preparation for loading 

on to the gel. 
The expression of isoenzymes was more intense at 

higher concentration of metalaxyl on 7th day of 

germination. These results indicates the expression of 

isoforms of peroxidase depends on the growth stage 

which may be due to expression of different genes. 

Significant changes in the activities of some individual 

isoenzymes of peroxidase is reported in wheat under 

drought stress and two isoenzymes showed enhanced 

activities after the poly ethylene glycol treatment 

(Csiszar et al., 2008). There were three isoforms of 

peroxidase was reported in two different ecotypes of 

Withania somnifera in in vivo and in vitro plant 
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samples but the intensity of isoenzyme bands were 

different in all the samples with a higher amount in in 

vitro plants (Kanungo et al., 2013). In order to create 

crops having higher yields, under adverse abiotic and 

abiotic stress conditions, plants biomarkers are widely 

used (Bakhsh and Hussain 2015; Leetanasaksakul et 

al., 2022). 

A total of three isoforms of peroxidase were expressed 
and its intensity varied between the seeds of 

eggplant cultivars and even between control and 

seedlings inoculated with R. solanacearum culture 

(Prakasha and Umesha 2016). The result of our study 

and the above mentioned reports indicates the 

expression of peroxidase isoforms depends on the stress 

level and seedling age which is related to the expression 

of specific gene. At the same time, the fungicide stress 

at higher concentration is also responsible for the 

induction of isoforms. It is very clear from our results 

since the isoform pox-1 and pox-2 were observed only 

with the highest concentration (7mg/g) of metalaxyl 
treated seedlings.   

Free Ca2+ act as one of the key signal molecules in 

plants and animals. It is involved in multiple signal 

transduction pathways, comprising of many 

intercellular and intracellular interactions. Changes in 

the cytosolic free Ca2+ concentration induce 

intracellular Ca2+ signals. Calcium ions work as a 

molecular switch for PO activity and exert a protective 

function, rendering POs heat stable (Plieth and Vollbehr 

2012). This change in cellular Ca2+ concentration may 

be due to various environmental stimuli, like salinity, 
oxygen deficit, cold stress (He et al., 2015). 

Enhanced activity of antioxidant enzymes and 

improvement in several physiological and biochemical 

processes have been reported by several studies. Wang 

(2010) reported increased peroxidase activity under 

drought stress in the seedlings treated with calcium. 

The native gel staining clearly demonstrated the 

peroxidase activity of both isoforms obtained on 0 day, 

5th day and 7th day of germination are Ca2+ dependent. 

The study shows the induced peroxidase is Ca2+ 

dependent and further studies have to be conducted to 
understand how Ca2+ signaling would protect the plants 

against the oxidative damage that occurs during and 

after the stress. A more direct influence of Ca2+ has been 

confirmed from our study and this is in accordance with 

the many other protective functions that Ca2+ in plants.   

However, inclusion of EGTA could not effectively 

inhibit the peroxidase activity which clearly shows the 

involvement of multiple signal pathways as Xu and 

Zhang (2015) have shown the involvement of protein 

kinases in antioxidant defensive signaling. The 

expression of Ascorbate peroxidase encoding genes is 

differentially modulated by several abiotic stresses in 
different plant species (Caverzan et al., 2012).  As 

EGTA can inhibit only the Ca but not the kinases and 

hence effective inhibition could not be observed. 

Further work in understanding the signaling pathways, 

its regulation and cross talk may help us to understand 

the mechanism involved in abiotic stress response. 

 

 

CONCLUSIONS 

Zymography of peroxidases studied on 0, 5th and 7th 

day of germination showed the isoenzyme pattern. 

Some of the isoenzymes were up-regulated whereas 

others are down-regulated, depending on the stress 

level. The expression of isoenzymes was more intense 

at higher concentration of metalaxyl on 7th day of 

germination. And the zymogram also revealed that 
induced peroxidase is calcium dependant but the 

presence of EGTA could not inhibit enzyme activity 

effectively. This may suggest the involvement of 

multiple signalling pathways. These results further 

confirms our findings on the expression of isoforms of 

peroxidase depends on the growth stage which may be 

due to expression of different genes.  

FUTURE SCOPE 

Further study is required to know the specific role of 

different isoenzymes expressed and their gene analysis. 

Acknowledgement. I extend my sincere thanks to Dr. Savitha 
G for guiding me in completing this work. I also sincerely 
thank the Principal Government college for women(A), 
Mandya for providing the laboratory assistance towards this 
study.  
Conflict of Interest. None. 

REFERENCES  

Achar, R. R., Venkatesh, B. K., Sharanappa, P., Priya, B. S. & 
Swamy, S. N. (2014). Evidence for peroxidase 

activity in Caralluma umbellata. Applied 
Biochemistry and Biotechnology, 173, 1955-1962. 

Aftab, Tariq & Hakeem, Khalid (2022). Antioxidant Defense 
in Plants. ISBN; 9789811679810 (electronic bk.) 
9811679819 (electronic bk.) 9811679800, 
9789811679803.  

Aleem, M., Riaz, A., Raza, Q., Aleem, M., Aslam, M., Kong, 
K. & Zhao, T. (2022). Genome-wide characterization 

and functional analysis of class III peroxidase gene 
family in soybean reveal regulatory roles of GsPOD40 
in drought tolerance. Genomics, 114(1), 45-60. 

Bakhsh, A., & Hussain, T. (2015). Engineering crop plants 
against abiotic stress: Current achievements and 
prospects. Emirates Journal of Food & 
Agriculture, 27(1), 24-39. 

Caverzan, A., Passaia, G., Rosa, S. B., Ribeiro, C. W., 

Lazzarotto, F. & Margis-Pinheiro, M. (2012). Plant 
responses to stresses: role of ascorbate peroxidase in 
the antioxidant protection. Genetics and molecular 
biology, 35, 1011-1019. 

Csiszar, J., Pinter, B., Kolbert, Z., Erdei, L. & Tari, I. (2008). 
Peroxidase activities in root segments of wheat 
genotypes under osmotic stress. Acta Biologica 
Szegediensis, 52(1), 155-156. 

He, L., Li, B., Lu, X., Yuan, L., Yang, Y., Yuan, Y. & Guo, 

S. (2015). The effect of exogenous calcium on 
mitochondria, respiratory metabolism enzymes and 
ion transport in cucumber roots under 
hypoxia. Scientific Reports, 5(1), 11391. 

Hiraga, S., Sasaki, K., Ito, H., Ohashi, Y. & Matsui, H. 
(2001). A large family of class III plant 
peroxidases. Plant and Cell Physiology, 42(5), 462-
468. 

Kanungo, S., Ranjan Rout, J. & Sahoo, S. (2013). Evaluation 
of Antioxidant Enzyme Activities in Withania 
somnifera L. in vitro and in vivo Grown 



Shobha  & Savitha             Biological Forum – An International Journal     15(5): 1781-1787(2023)                                    1787 

Explants. Iranian Journal of Biotechnology, 11(4), 
260-264. 

Laemmli, U. K. (1970). Cleavage of structural proteins during 

the assembly of the head of bactriophage T4. Nature, 
227, 680-685. 

Leetanasaksakul, K., Roytrakul, S., Phaonakrop, N., 
Kittisenachai, S., Thaisakun, S., Srithuanok, N. & 
Soulard, L. (2022). Discovery of potential protein 
biomarkers associated with sugarcane white leaf 
disease susceptibility using a comparative proteomic 
approach. PeerJ, 10, e12740. 

Palem, P. P. & Padmaja, V. (2014). Defensive Role of 
Antioxidant Enzymes Peroxidase, Esterase and 
Catalase in Beauveria species under abiotic stress 
stimuli. Journal of Chemical, Biological and Physical 
Sciences, 4(2), 1196-1208. 

Passardi, F., Cosio, C., Penel, C. & Dunand, C. (2005). 
Peroxidases have more functions than a Swiss army 
knife. Plant Cell Reports, 24, 255-265. 

Plieth, C. & Vollbehr, S. (2012). Calcium promotes activity 
and confers heat stability on plant peroxidases. Plant 
Signaling  & Behavior, 7(6), 650-660. 

Prakasha, A. & Umesha, S. (2016). Biochemical and 
molecular variations of guaiacol peroxidase and total 

phenols in bacterial wilt pathogenesis of Solanum 
melongena. Biochemistry & Analytical 
Biochemistry, 5(3), 1-7. 

Sadasivam, S. & Manickam, A. (1991). Biochemical 
methods, second edition, new age international (p) 
limited, Publishers. 

Stival Sena, J., Giguère, I., Rigault, P., Bousquet, J. & 
Mackay, J. (2018). Expansion of the dehydrin gene 
family in the Pinaceae is associated with considerable 
structural diversity and drought-responsive 
expression. Tree Physiology, 38(3), 442-456. 

Veljović Jovanović, S., Kukavica, B., Vidović, M., Morina, F. 
& Menckhoff, L. (2018). Class III peroxidases: 
functions, localization and redox regulation of 
isoenzymes. Antioxidants and Antioxidant Enzymes in 
Higher Plants, 269-300. 

Wang, C. Q. (2010). Exogenous calcium alters activities of 
antioxidant enzymes in Trifolium repens L. leaves 
under peg-induced water deficit. Journal of Plant 

Nutrition, 33(12), 1874-1885. 
Xu, J. and Zhang, S. (2015). Mitogen-activated protein kinase 

cascades in signaling plant growth and development. 
Trends Plant Sci., 20(1), 56-64.  

 

 
How to cite this article: Shobha N. and Savitha G. (2023). Zymographic Analysis of Maize Peroxidase Isoenzymes in 
Response to Fungicide Stress. Biological Forum – An International Journal, 15(5): 1781-1787. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25457109
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25457109
https://www.ncbi.nlm.nih.gov/pubmed/25457109

