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ABSTRACT 
 

We have performed a research of infection contamination of spring wheat plants of Omskaya 33 variety 
with fungal pathogen on content of malondialdehyde (MDA), activity of lectin proteins and antioxidant 
enzymes: catalase, ascorbate-peroxidase and soluble peroxidase. The seeds were inoculated in suspension 
with spores of phytopathogens (1•10

4
 CFU/cm

3
) within one day. Infectious agents were represented by 

Fusarium root rot Fusarium (F.) oxysporum Schlectend.:Fr. And saprophyte mold fungus Aspergillus niger. Fungi 
were sustracted from of spring wheat’s seeds, area-specific for varieties of the Republic of Tatarstan and 
selected lines. It has been shown that both pathogenic microorganisms inhibited activity of soluble lectins, but 
only phytopathogen F. оxysporum caused increased activity of lectins, located in cell walls. At the same time F. 
оxysporum increased content of malondialdehyde, which is evidenced by oxidative burst in cells of wheat’s 
roots. Activity of antioxidant enzymes was differently changed under the influence of pathogenic agents: A. 
niger increased activity of catalase and ascorbate-peroxidase, while F. оxysporum increased activity of soluble 
peroxidase. It appears that depending in phytopathogen’s specialization, plants activate various signal 
systems, necessary for formation of defense reactions.  
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INTRODUCTION 
 

Infectious diseases, caused by fungous phytopathogens, cause reduction in yields of cereal crops and 
limit increase of agricultural goods’ production. In this connection study of molecular mechanisms of 
formation of resistance to plants’ diseases becomes essential, in particular, with regards to fusarial rot. 

 
Since wheat’s lectin shows high specificity to N-acetylglucosamin and chitin’s oligomers, an assumption 

was put forward about its defensive role in contamination of plants with chitin-iferous phytopathogens [1]. 
Intercellular recognition is evidently the first stage of interrelation of host plant and microorganism, and the 
role of receptors in recognition of foreign infectious structures may be performed by lectins that are localized 
in cellular wall [2]. 

 
It is known that pathogenesis of pants is accompanied by intensification of oxidative processes, which 

play an important role for realization of defensive reactions [3]. Newly formed active forms of oxygen may 
influence metabolic processes of both plant and phytopathogen. However, stable plants may compensate 
oxidizing processes at the account of higher content of antioxidants. 

 
Since mechanisms of plants’ stability to specific and non-specific phytopathogens are presented by 

complex and understudies processes, the aim of our work was to find out the influence of contamination with 
specific and non-specific phytopathogens on pro-antioxidant status of spring wheat.  

 
MATERIALS AND METHODS 

 
The object of our research was represented by germs of spring wheat Triticum aestivum L. of Omskaya 

33 variety. The seeds were sterilized with 70% ethyl alcohol, washed with sterile distilled water and inoculated 
in suspension of phytopatogenic spores (1•10

4
 CFU/cm

3
) within one day. Infectious agents were represented 

by Fusarium root rot Fusarium (F.) oxysporum Schlectend.:Fr. And saprophyte mold fungus Aspergillus niger. 
Fungi were subtracted from spring wheat’s seeds, area-specific for varieties of the Republic of Tatarstan and 
selected lines. After the seeds were contaminated, they were grown in cuvettes in piped water at artificial light 
with 12-hour photoperiod within 7 days. Control plants were grown on piped water. Assessment of 
contamination of plant material was performed according to method [4]. Roots of 7-day germs were used for 
determination of content of malondialdehyde, activity of lectin proteins and antioxidant enzymes.  

 
Soluble lectins were extracted with 0,05% HCl and lectins of cellular walls were extracted with 0,05% 

solution of Triton X-100 according to method described in the work [5]. For determination of quantity of 
proteins Bradford method [6] has been used. Lectin activity was calculated according to minimal quantity of 
proteins that causes agglutination of erythrocytes (mcg of protein/ml)

-1 
[7]. The level of lipid peroxidation (LP) 

was defined based on accumulation of its product malondialdehyde (MDA) [8]. Activity of soluble peroxidase 
was defined per method [9], activity of ascorbate oxidase was defined according to method [10], and activity 
of catalase was defined according to method [11]. Experiments were performed in three biological 
replications. Results of experiments are presented on pictures and in tables as arithmetic average and their 
standard errors.  

 
RESULTS AND THEIR DISCUSSION 

 

 
Figure 1: Activity of soluble lectins of spring wheat of Omskaya 33 variety while infected with pathogenic fungi. 
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As it is known, an evidence of participation of lectin proteins in formation of mechanisms of resistance 
or vulnerability of plants to phytopathogens is the change of their content or activity. In our experiments 
activity of soluble lectins decreased under the action of both specific phytopathogen F. oxysporum, and non-
specific phytopathogen A. niger, while inhibitive effect of F. Oxysporum on activity of soluble lectins was more 
expressed in comparison with A. Niger (Figure 1). 

 
Similar effect was caused by studied pathogens on activity of cellular wall’s lectins: F. Oxysporum 

inhibited their activity, while in the case with A. niger activity of lectins of cellular wall was similar to the one of 
control plants (Figure 2). The data received proves that lectins participate in the process of interaction of cells 
with specific and non-specific pathogens.  

 

 
Figure 2: Activity of lectins of spring wheat’s cellular wall (variety Omskaya 33) while infected with pathogenic fungi 

 
As it is known, lectins, extracted from various plants, are able to specifically interact with various 

structures of fungous and bacterial cells, like: Phytophtora infestans, P. megasperma var. sojae, P. 
megasperma f. sp. glycinea, Verticillium dahliae, Helminthosporium sativum, Ustilago tritici, Tilletia tritici, 
Ceratocystis fimriata, Trichoderma viride, Fusarium solani, Argobacterium tumefaciens, Pseudomonas 
solanacearum. In the system “potato – Phytophtora infestans” interaction between lectins and pathogenic 
fungi is performed according to principle “receptor-ligand”. At this, vegetable glycoprotein performs the 
functions of receptor, which interacts with ligand of phytopathogen while forming intercellular contact, which 
triggers reaction of hypersensitiveness of cells [12]. 

 
Basing on the data we obtained regarding counter reaction of lectins’ activity on contamination, we 

may suppose that spring wheat plants of Omskaya 33 variety are more susceptible to F. oxysporum in 
comparison with fungus A. niger. This is proved by results of experiments dedicated to determination of 
influence of micromycetes on intensity of lipid peroxidation (LP) of membranes (Figure 3). 

 

 
Figure 3: The level of lipid peroxidation (content of malondialdehyde) of spring wheat, variety Omskaya 33. 

 
Activation of membranes’ LP process, caused by intensified generation of active forms of oxygen 

(AFO), is one of the most recent effects, seen at plants when being exposed to various stress factors, including 
contamination with phytopathogens [13]. One of relatively stable products of lipid peroxidation of membrane 
lipids in cell is malondialdehyde (MDA), accumulation of which may help identifying the level of oxidizing stress 
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[14]. As it can be seen from Figure 3, phytopathogen F. Oxysporum increases intensiveness of formation of 
MDA in roots of spring wheat, while A. niger didn’t influence this indicator.  

 
As it is known, hydrogen peroxide Н2О2 that forms at pathogenesis in plants’ cells performs signal and 

defensive functions [3]. Various antioxidant enzymes participate in neutralization of Н2О2, including catalase 
and peroxidase. 

 
According to our researches, in the roots of wheat germs catalase’s activity increased when being 

infected with A. niger, while F. oxysporum decreased activity of catalase (Figure 4).  
 

 
 

Figure 4: Activity of catalase of spring wheat, variety Omskaya 33. 

 
It is known that pathogens or elicitors may not only activate, but also hamper expression of some 

genes, for example, of catalase and ascorbate peroxidase [15]. At the same time, activation of catalase 
intensifies pathogen’s virulence at the account of decreasing concentration of Н2О2 and suppression of 
oxidative burst [16]. Maintenance of certain level of Н2О2 in wheat cells may be one of defensive mechanisms 
with reference to highly pathogenic agent F. оxysporum. On the other hand, according to some literature, in 
compensational mechanism of antioxidant defense a great role is played by ascorbate peroxidase [17], and 
effective defense from AOS is performed only at concomitant increase of catalase and ascorbate peroxidase’s 
activity of  [18]. In our experiments in response to infectious contamination with both A. niger, and F. 
oxysporum. It should be noted that lack of catalase’s activity is often compensated with increase of activity of 
ascorbate peroxidase [19], which is apparently seen by us in case with F. оxysporum. 

 

 
Figure 5: Activity of ascorbate peroxidase of spring wheat, variety Omskaya 33 

 
In response to infectious contamination with phytopathogens activity of soluble peroxidase increased 

only under influence of F. Oxysporum (Figure 6). It should be noted that activation of peroxidase under the 
influence of infection is a typical biochemical response reaction of pants, which may be used to judge of plants’ 
resistance. However, increased activity of peroxidase doesn’t always correlate with stability and doesn’t often 
stabilize it.  
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Figure 6:  Activity of soluble peroxidase of spring wheat, variety Omskaya 33 

 
SUMMARY 

 
It has been stated that infectious contamination of wheat germs with phythopathogenic fungi 

Fusarium spp. and Aspergillus niger causes various reactions of antioxidant system of plants’ defense. Oxidizing 
process, caused by Aspergillus niger fungi is mostly neutralized by enzymes ascorbate peroxidase and catalase, 
while in case of contamination with Fusarium spp. defense from AOS is performed by peroxidases. 

 
CONCLUSION 

 
As it can be seen from the above, following the experiments performed, we have stated that F. 

oxysporum causes oxidative burst in cells of wheat’s roots, in extinction of which peroxidases take part. 
Peroxidases stimulate the processes of lignification and  suberinization of cellular walls in the process of 
pathogenesis [20], which may represent one of mechanisms of defense from specific pathogens. In reponse to 
contamination with non-specific infectious micromycete A. Niger content of LP products didn’t change, while 
catalase and ascorbate peroxidase were activated. Apparently, depending on specialization of phytopathogen, 
plants activate various signal systems that are necessary for formation of defensive reactions.  
 

ACKNOWLEDGEMENTS 
 

The work is performed according to the Russian Government Program of Competitive Growth of Kazan 
Federal University. 

 
REFERENCES 

 

1  Mirelman, D.E. Inhibition of Fungal Growth by Wheat Germ Agglutinin [Text] / D.E. Mirelman, E. 
Galun, N. Sharon [et al.]. // Nature. – 1975. – V. 256. – P. 414-416. 

2  Toyoda, H. Resistance mechanism of cultured plant cells to tobacco mosaic virus (II) Resistance of 
calli, protoplasts, cotyledons, leaf discs and intact leaves of tomato plants [Text] / H. Toyoda, M. 
Yamamoto // Ann. Phytopath. Soc. Japan. – 1983. – V. 49. – P. 639-646. 

3  Neil, S.J. Hydrogen peroxide and nitric oxide as signaling molecules in plants [Text] / S.J. Neill, R. 
Desikan, A.Clarke, R.D. Hurst, J.T. Hancock // Journal of Experimental Botany. – 2002. – V. 53. P. 1237-
1247. 

4  Gagkaeva, T.Yu. Contamination of seeds of wheat with fungi Fusarium and Alternaria on South of 
Russia in 2010 [Text] / T.Yu. Gagkaeva, F.B. Gannibal, O.P. Gavrilova // Defense and plant quarantine. 
– 2011. – Vol.5. – P. 37-41. 

5  Timofeeva O.A. Changes of lectins’ activity, induced by modificators of cytoskeleton during plants’ 
adaptation to low temperatures and PAO processing [Text] / O.A. Timofeeva, L.P. Khokhlova, T.V. 
Trifinova, N.E. Belyaeva, Yu.Yu. Chulkova // Plant physiology. – 1999. – Vol.46. – No. 2. – P.181-186. 

6  Bradford, M.M. A rapid and sensitive method for the quantitation of microgram quantities of protein 
utilizing the principle of protein-dye binding [Text] / M.M.   Bradford // Anal. Biochem. – 1976. – V. 
72. – P. 248-254. 

7  Lutsik, M.D. Lektiny (Lectins) [Text] / M.D. Lutsik, E.N. Panasyuk, A.D. Lutsik // Lvov: Vishcha Shk. – 
1981. – 156 p.  



ISSN: 0975-8585 

July– August  2015  RJPBCS   6(4)  Page No. 133 

8 Kumar, G.N. Changes in lipid peroxidation and lipolitic and freeradical scavenging enzyme activities 
during aging and sprouting of potato (Solanum tuberosum) seed-tubers [Text] / G.N.M. Kumar, N.R. 
Knowles // Plant. Physiol. – 1993. – V. 102. – P. 115-124. 

9  Yermakov, A.I. Methods of biochemical researches of plants [Text] / A.I. Yermakov, V.V. Arasimovich, 
N.P. Yarosh, Yu.V. Peruanskiy, G.A. Lukovnikova, M.I. Ikonnikova. – L.: Argopmonizdat, 1987. – P. 41-
45. 

10  Nakano, Y. Hydrogen peroxide is scavenged by ascorbate specific peroxidase in spinach chloroplasts 
[Text] / Y. Nakano, K. Asada // Plant Cell Physiol. – 1981. – V. 22. – P. 867-880. 

11  Lukstkin, A.S. Contribution of oxidizing stress into development of cold-caused damage in leaves of 
thermiphytes [Text] / A.S. Lukstkin // Plant Physiology. – 2002. – Vol. 49. – P. 697-702. 

12  Molodchenkova, O.O. Lectins and defense reactions of plants [Text] / O.O. Molodchenkova, V.G.  
Adamovskaya // Bulletin of the Kharkov National Agrarian University, series Biology. – 2014. – V. 1. – 
№ 31. – P. 30-46. 

13  Kurganova, L.N. Lipid peroxidation/ Antioxidant defense system in pea’s chloroplasts during heat 
shock [Text] / L.N. Kurganova, A.P. Veselov, T.A. Goncharova, Yu.V. Sinistyna // Plant Physiology. – 
1997. – Vol. 44. – No. 5. – P. 725-735. 

14 Mitteler, R. Oxidative stress, antioxidants and stress tolerance [Text] / R. Mittler // Trends in Plant 
Science. – 2002. – V. 7 (9). – P. 405-410. 

15  Mittler, R. Post-transcriptional suppression of cytosolic ascorbate oxidase expression durin pathogen-
induced programmed cell death in tobacco [Text] / R. Mittler, M. Cohen // Plant Cell. – 1998. – V. 10. 
– P. 461-473. 

16  Yarullina, L.G. Salicylic and jasmonic acids in regulation of pro-oxidant status of wheat’s leaves when 
infected with Septoria nodorum Berk. [Text] / L.G. Yarullina, N.B. Troshina, E.A. Cherpanova, E.A. 
Zaikina, I.V. Maksimov // Applied biochemistry and microbiology. – 2011. – Vol.47. – No. 5. – P.602-
608 

17  Apel, K. Reactive oxygen species: metabolism, oxidative stress, and signal transduction [Text] / K. 
Apel,  H. Hirt // Annu. Rev. Plant Biol. – 2004 – V. 55. – P. 373-399. 

18  Pastori, G.M. Post-transcriptional regulation prevents accumulation of glutathione protein and 
activity in the bundle sheath cells of maise [Text] / G.M. Pastori, P.M. Mullineaux, C.H. Foyer // Plant 
Physiol. – 2000. – V. 122. – P. 667-676.  

19  Willekens, H. Catalase is a sink for H2O2 and is indispensable for stress defense in C3 plants [Text] / H. 
Willekens, S. Chamnongpol // EMBO J. – 1997. – V. 16. – P. 4806-4816. 

20  Almagro, L. Class III peroxidases in plant defence reactions [Text] // L. Almagro, L. V.G. Ros, S. Belchi-
Navarro // J. Experim. Botany. – 2009. – V. 60(2). – Р. 377-390. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


