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Abstract Abiotic (cold, drought, heavy metals, salinity, wounding) and biotic (plant parasite organisms) stressors 

frequently inhibit plant growth and development. One of the most harmful plant parasite organisms, 

phytopathogenic fungi, can cause severe diseases and major yield losses in crops. By physically strengthening their 

cell walls through lignification, suberization, and the production of various defense-related enzymes, plants protect 

themselves against fungi. The defense-related enzymes -1, 3-glucanase, chitinases, polyphenol oxidases (PPO), 

phenylalanine ammonia-lyase (PAL), and peroxidases (POX) are the main focus of the study. 

 

Keywords plant pathogenic fungi, defense-related enzymes, plant defence 

1. Introduction 

The eukaryotic group of living organisms known as fungi is very large and varied. Fungi have a variety of effects on 

plant growth and development. Plants and fungi that have mutualistic relationships produce more biomass, have 

higher survival rates, are healthier, and are more resistant to pathogen attacks. However, fungal pathogen infections 

can result in decreased agricultural crop plant yields and growth rates, making them significant economically [1]. 

Beginning when a spore or hyphae makes contact with the plant surface, a variety of factors affect that the fungal 

pathogen and host plant interact. The abilities of the organisms involved and the environment in which they interact 

determine how things proceed after contact. Rusts and powdery mildews are examples of biotrophic fungi that 

exploit the nutrients supplied by their live host and inflict little harm when they invade. However, in order to spread, 

necrotrophic fungi frequently destroy plant cells by secreting toxins and enzymes that break down cell walls. 

Numerous pathogenic fungi cause characteristic symptoms on their host plants, including but not limited to leaf 

spots, leaf curl, necrosis, blights, cankers, galls, rust, mildews, and epinasty [2].  

Plants have evolved efficient resistance mechanisms to deal with pathogen attack. Breaking through the host cell 

wall, the main physical barrier defending plants from microbial invasion, is one of a pathogen's main challenges. 

Plant cell walls serve as barriers against both abiotic and biotic stresses in addition to giving the body of the plant 

structure. In response to fungal pathogen attack, plants activate a variety of defense mechanisms. Preexisting 

chemical and physical barriers as well as inducible defense responses, such as the induction of defense-related 

enzymes that become active following pathogen infection, are examples of these mechanisms. 
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2. Defense-related enzymes 

All defense-related enzymes are pathogenesis-related (PR) proteins that are responsible for the development of 

disease resistance responses in plants. The enzymes phenylalanine ammonia-lyase (PAL), polyphenol oxidases 

(PPO), peroxidases (POX), chitinases, and -1, 3-glucanase are associated with plant defense. 

 

2.1 Phenylalanine Ammonia-Lyase (PAL) 

PAL (E.C.4.1.3.5) is primarily essential for plant disease resistance responses and is involved in the manufacture of 

phenolic secondary metabolites of antimicrobial nature compounds [3]. PAL is the primary enzyme in the 

manufacture of several secondary compounds associated to defense, such as phenols and lignins, and its presence in 

the metabolic activities of numerous higher plants has been proven [4]. Plant resistance to disease is associated to 

the synthesis of phenolic compounds in response to infection and their presence in the plant. Due to its crucial 

function in the production of phenylpropanoid, PAL is one of the enzymes in plant secondary metabolism that has 

been investigated the most [5]. PAL is an inducible enzyme that reacts to biotic (pathogens) and abiotic (UV 

radiation and low temperature) stresses [6]. There is research showing that changes in PAL activity occur during 

pathological events (Table 1). 

 

2.2 Polyphenol Oxidase (PPO) 

Plant polyphenol oxidases (PPOs, EC 1.14.18.1 or EC 1.10.3.2) are widely distributed and extensively researched 

oxidative enzymes, and for a long time, it has been known that these enzymes affect the changing the color of in 

diseased and damaged plant tissues. PPOs are nuclear-encoded enzymes of almost ubiquitous distribution in plants 

[7]. The oxygen-dependent oxidation of phenols to quinones is catalyzed by PPO [8]. It has often been proposed that 

PPOs play a role in plant defense against pests and pathogens due to their noticeable response products and 

induction by wounding and pathogen attack [9,10]. Plants react quickly to diseases, therefore there is immediate rise 

in PPO, indicating that antimicrobials are being synthesized to ward off the pathogens. Pathogen-induced PPO 

activity has been reported for several plant species (Table 1). 

Table 1: Studies of defense-related enzymes against phytopathogenic fungi in some plants. 

Defense-related 

proteins/enzymes  

Fungi species Plants References 

Phenylalanine ammonia-lyase Bipolaris sorokiniana Barley [36] 

Cercospora nicotianae Tobacco [37] 

Magnaporthe oryzae Rice [38] 

Rhizoctonia solani Rice [39,40] 

Polyphenol oxidase Acremonium zonatum Water hyacinth [41] 

Alternaria alternata, Colletotrichum 

capsici  

Pepper [42] 

Alternaria solani Tomato [9] 

Alternaria triticina Wheat [43] 

Ascochyta rabei Chickpea [44] 

Colletotrichum lagenarium Cucumber [45] 

Erysiphe necator Grapevine [46] 

Fusarium graminearum Wheat [47] 

Fusarium oxysporum f. sp. albedinis Date palm [48] 

Fusarium oxysporum f. sp. ciceri Chickpea [49] 

Fusarium oxysporum f. sp. cubense Banana [50] 

Fusarium oxysporum f. sp. lycopersici Tomato [51-53] 

Fusarium solani Eggplant [54] 

Hemileia vastatrix Coffee [55] 

Ramulispora sorghicola Sorghum [56] 
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Rhizoctonia spp. Alfalfa [57] 

Rhizoctonia solani Cowpea [58] 

Rhizoctonia solani Rice [39,40] 

Sclerospora graminicola Pearl millet [59] 

Sphaerotheca fuliginea Cucumber [60] 

Stemphylium vesicarium Onion [61] 

Ustilago tritici Wheat [62] 

Verticillium dahliae Olive [63] 

Verticillium dahliae, V. albo-atrum Pepper [64] 

Peroxidase Bipolaris sorokiniana Wheat [65] 

Colletotrichum gloeosporioides Townsville 

stylo 

[29,30] 

Colletotrichum lagenarium Cucumber [66] 

Erysiphe graminis f.sp. hordei Barley [28,67] 

Erysiphe necator Grapevine [46] 

Fusarium oxysporum f. sp. cubense Banana [68] 

Fusarium oxysporum f. sp. lycopersici Tomato [53] 

Hemileia vastatrix  Coffee [69] 

Magnaporthe grisea Rice [70] 

Neovossia indica Wheat  [71] 

Puccinia graminis f. sp. tritici  Wheat [72] 

Rhizoctonia solani Rice [39,40] 

Uromyces fabae Broad bean [73] 

Uromyces vignae Cowpea bean [74] 

Chitinase Alternaria alternata Tomato [75] 

 Alternaria brassicicola Arugula [76] 

 Botrytis cinerea Cucumber [77] 

 Colletotrichum falcatum Sugarcane [78] 

 Colletotrichum sp. Mango [79] 

 Erysiphe necator Grapevine [46] 

 Fusarium graminearum Wheat [80] 

 Fusarium oxysporum f. sp. ciceri Chickpea [81] 

 Giberella fujikuroi  Sugarcane [82] 

 Puccinia striiformis f. sp. tritici Wheat [83] 

 Puccinia triticina Wheat [84] 

 Rhizoctonia solani Rice [40,85] 

 Sclerotium rolfsii Peanut [79] 

 Sclerotinia sclerotiorum Rapeseed [86] 

β-1,3-Glucanase Alternaria alternata Tomato [75] 

 Alternaria brassicicola Arugula [76] 

 Colletotrichum falcatum Sugarcane [87] 

 Erysiphe necator Grapevine [46] 

 Magnaporthe oryzae Rice [88] 

 Sclerotinia sclerotiorum Beans [89] 

 Sporisorium scitamineum Sugarcane [90] 
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2.3 Peroxidase (POX) 

Peroxidases (POX, EC 1.11.1.7) play a key role in plant physiology by catalyzing the oxidoreduction of different 

substrates utilizing hydrogen peroxide. Numerous studies have indicated that POXs play roles in several plant 

defense responses, including lignification and suberization [11,12], crosslinking of cell wall proteins [13,14], xylem 

wall thickening [15)], generation of reactive oxygen species [16-18], hydrogen peroxide scavenging [19], 

phytoalexin synthesis [20], wound healing [21-23], antifungal activity of POX itself [24], and auxin metabolism [25-

27]. POXs help plants defend themselves against pathogens such as fungus [28-30]. Expression of peroxidase 

contributes to plant defense in two ways: passively (by strengthening barriers) or actively (by producing ROS to 

fend off attacking pathogens). Plant peroxidases, β-1,3-glucanases, and chitinases work together in the early phases 

of plant infection [31]. 

 

2.4 Chitinase 

A broad and diverse group of enzymes known as chitinases (E.C. 3.2.1.14) are also one of the key proteins 

connected to plant pathogenesis (PR) that breaks degrade chitin and strengthens plant defenses against disease-

causing agents that contain chitin [32]. Chitinases are enzymes that degrade chitin, the second-most prevalent 

structural polysaccharide in nature found in insect exoskeletons; they are also important components of fungal cell 

walls [33]. Chitinases have been proven to have significant antifungal efficacy against plant pathogenic fungi (Table 

1). 

 

2.5 β-1,3 Glucanase 

Multifunctional enzymes known as β-1,3 glucanases (E.C.3.2.1.39) are found in many living organisms, such as 

bacteria, fungus, and some invertebrate animals and plants [33]. Through its ability to degrade the cell walls of 

fungal pathogens, β-1,3-glucanase may play a role in plant defense against pathogens [34]. When overexpressed in 

many crops, the defense protein glucanase catalyzes glucan hydrolysis, which is an essential part of the pathogenic 

fungal cell wall and crucial to increased resistance to infections of fungal diseases [35]. In conclusion, studies have 

shown that chitinase and β-1,3-glucanase are important components of plant defense against phytopathogenic fungi. 

(Table 1). 

 

3. Conclusion 

In order to protect themselves from many threats including phytopathogenic fungi, plants have evolved a variety of 

defense mechanisms. Preexisting chemical and physical barriers as well as inducible defense responses, such as the 

induction of defense-related enzymes that become active following pathogen infection, are examples of these 

mechanisms. Changes in enzyme activity such as phenylalanine ammonia lyase, polyphenol oxidases, peroxidases, 

chitinases, and -1, 3-glucanase are mostly induced by contact between the pathogen and the host plant. Based on 

the findings of numerous completed and ongoing studies, more research is needed to stimulate resistance in the host 

plant and to bring the usage of defense-related enzymes against plant pathogens into practice. 

 

References 

[1]. Tudzynski, B. (1997). Fungal phytohormones in pathogenic and mutualistic associations. In: The mycota, 

Caroll, G. C., & Tudzynski, P. (eds). Springer-Verlag, Berlin, Heidelberg, New York. pp. 167-184. 

[2]. Isaac, S. (1992). Fungal-plant interactions. Chapman & Hall. London, pp. 252-265. 

[3]. Waewthongrak, W., Pisuchpen, S., & Leelasuphakul, W. (2015). Effect of Bacillus subtilis and chitosan 

applications on green mold (Penicillium digitatum Sacc.) decay in citrus fruit. Postharvest Biol. Technol., 

99, 44-49. 

[4]. Hemm, M. R., Rider, S. D., Ogas, J., Murry, D. J., & Chapple, C. (2004). Light induces phenylpropanoid 

metabolism in Arabidopsis roots. Plant J., 38, 765–778. 

[5]. Whetten, R., & Sederoff, R. (1995). Lignin biosynthesis. Plant Cell, 7, 1001–1013. 



EKEN C & DEMİR D                                                                      The Pharmaceutical and Chemical Journal, 2023, 10(6):1-9 

 

          The Pharmaceutical and Chemical Journal 

5 

 

[6]. MacDonald, M. J., & D’Cunha, G. B. (2007). A modern view of phenylalanine ammonia lyase. Biochem. 

Cell Biol., 85(3), 273–282. 

[7]. Mayer, A. M., & Harel, E. (1979). Polyphenol oxidases in plants. Phytochemistry, 18(2), 193–215. 

[8]. Vaughn, K. C., Lax, A. R., & Duke, S. O. (1988). Polyphenol oxidase: the chloroplast oxidase with no 

established function. Physiol Plant, 72, 659–665. 

[9]. Thipyapong, P., & Steffens, J. C. (1997). Tomato polyphenol oxidase: Differential response of the 

polyphenol oxidase F promoter to injuries and wound signals. Plant Physiol., 115, 409–418. 

[10]. Thipyapong, P., Hunt, M. D., & Steffens, J. C. (2004). Antisense downregulation of polyphenol oxidase 

results in enhanced disease susceptibility. Planta, 220, 105–117. 

[11]. Dean, B. B., & Kolattukudy, P. E. (1976). Synthesis of suberin during woundhealing in jade leaves, tomato 

fruit, and bean pods. Plant Physiol., 58, 411–416. 

[12]. Quiroga, M., Guerrero, C., Botella, M. A., Barceló, A., Amaya, I., Medina, M. I., Alonso, F. J., de 

Forchetti, S. M., Tigier, H., & Valpuesta, V. (2000). A tomato peroxidase involved in the synthesis of 

lignin and suberin. Plant Physiol., 122, 1119–1127. 

[13]. Bradley, D. J., Kjellbon, P., & Lamb, C. J. (1992). Elicitor- and wound-induced oxidative cross-linking of a 

proline-rich plant cell wall protein: a novel, rapid defense response. Cell, 70, 21–30. 

[14]. Showalter, A. M. (1993). Structure and function of plant cell wall proteins. Plant Cell, 5, 9–23. 

[15]. Hilaire, E., Young, S. A., Willard, L. H., McGee, J. D., Sweat, T., Chittor, J. M., Guikema, J. A., & Leach, 

J. E. (2001). Vascular defense responses in rice: Peroxidase accumulation in xylem parenchyma cells and 

xylem wall thickening. Mol. Plant–Microbe Interact., 14, 1411–1419. 

[16]. Bolwell, G. P., Butt, V. S., Davies, D. R., & Zimmerlin, A. (1995). The origin of the oxidative burst in 

plants. Free Radical Res., 23, 517–532. 

[17]. Wojtaszek, P. (1997). Oxidative burst: an early plant response to pathogen infection. Biochem. J., 322, 

681–692. 

[18]. Bestwick, C. S., Brown, I. R., & Mansfield, J. W. (1998). Localized changes in peroxidase activity 

accompany hydrogen peroxide generation during the development of a nonhost hypersensitive reaction in 

lettuce. Plant Physiol., 118, 1067–1078. 

[19]. Kawaoka, A., Matsunaga, E., Endo, S., Kondo, S., Yoshida, K., Shinmyo, A., & Ebinuma, H. (2003). 

Ectopic expression of a horseradish peroxidase enhances growth rate and increases oxidative stress 

resistance in hybrid aspen. Plant Physiol., 132, 1177–1185. 

[20]. Kristensen, B. K., Bloch, H.,& Rasmussen, S, K. (1999). Barley coleoptile peroxidases. Purification, 

molecular cloning, and induction by pathogens. Plant Physiol., 120, 501–512. 

[21]. Espelie, K. E., & Kolattukudy, P. E. (1985). Purification and characterization of an abscissic acid-inducible 

anion peroxidase associated with suberization in potato (Solanum tuberosum). Arch. Biochem. Biophys., 

240, 539–545. 

[22]. Lagrimini, L. M., & Rothstein, S. (1987). Tissue specificity of tobacco peroxidase isozymes and their 

induction by wounding and tobacco mosaic virus infection. Plant Physiol., 84, 438–442. 

[23]. Sherf, B. A., Bajar, A. M., & Kolattukudy, P. E. (1993). Abolition of an inducible highly anionic 

peroxidase activity in transgenic tomato. Plant Physiol., 101, 201-208. 

[24]. Caruso, C., Chilosi, G., Leonardi, L., Bertini, L., Magro, P., Buonocore, V., & Caporale, C. (2001). A basic 

peroxidase from wheat kernel with antifungal activity. Phytochemistry, 58, 743–750. 

[25]. de Forchetti, S. M., & Tigier, A. (1990). Indole-3-acetic acid oxidase and syringaldazine oxidase activities 

of peroxidase isozymes in soybean root nodules. Physiol. Plant., 79, 327–330. 

[26]. Lagrimini, L. M., Bradford, S., & Rothstein, S. (1990). Peroxidase-induced wilting in transgenic tobacco 

plants. Plant Cell, 2, 7–18. 

[27]. Lagrimini, L. M., Gingas, V., Finger, F., Rothstein, S., & Liu, T. (1997). Characterization of antisense 

transformed plants deficient in the tobacco anionic peroxidase. Plant Physiol., 114, 1187–1196. 



EKEN C & DEMİR D                                                                      The Pharmaceutical and Chemical Journal, 2023, 10(6):1-9 

 

         The Pharmaceutical and Chemical Journal 

6 

 

[28]. Thordal-Christensen, H., Brandt, J., Cho, B. H., Rasmussen, S. K., Gregersen, P. L., Semedegaard-

Petersen, V., & Collinge, D. B. (1992). cDNA cloning and characterization of two barley peroxidase 

transcripts induced differentially by the powdery mildew fungus Erysiphe graminis. Physiol. Mol. Plant 

Pathol., 40, 395–409. 

[29]. Harrison, S. J., Curtis, M. D., McIntyre, C. L., Maclean, D. J., & Manners, J. M. (1995). Differential 

expression of peroxidase isogenes during early stages of infection of the tropical forage legume 

Stylosanthes humilis by Colletorichum gloeosporioides. Mol. Plant–Microbe Interact., 8, 398–406. 

[30]. Curtis, M. D., Rae, A. L., Rusu, A. G., Harrison, S. J., & Manners, J. M. (1997). A peroxidase gene 

promoter induced by phytopathogens and methyl jasmonate in transgenic plants. Mol. Plant–Microbe 

Interact., 10, 326–338. 

[31]. Oliveira, M. D. M., Varanda, C. M. R., & Félix, M. R. F. (2016). Induced resistance during the interaction 

pathogen x plant and the use of resistance inducers. Phytochem. Lett., 15, 152–158. 

[32]. Jalil, S. U., Mishra, M., & Ansari, M. I. (2015). Current view on chitinase for plant defence. Trends in 

Biosciences, 8(24), 6733-6743. 

[33]. dos Santos, C., & Franco, O. L. (2023). Pathogenesis-related proteins (PRs) with enzyme activity activating 

plant defense responses. Plants, 12, 2226.  

[34]. Mauch, F., & Staehelin, L. A. (1989). Functional implications of the subcellular localization of ethylene-

induced chitinase and β-1,3-glucanase in bean leaves. Plant Cell, 1, 447-457. 

[35]. Sundaresha, S., Manoj Kumar, A., Rohini, S., Math, S., Keshamma, E., Chandrashekar, S., & Udayakumar, 

M., (2010). Enhanced protection against two major fungal pathogens of groundnut, Cercospora 

arachidicola and Aspergillus flavus in transgenic groundnut over-expressing a tobacco β-1,3-glucanase. 

Eur. J. Plant Pathol., 126, 497–508. 

[36]. Kaur, S., Bhardwaj, R. D., Kaur, J., & Kaur, S. (2021). Induction of defense-related enzymes and 

pathogenesis-related proteins imparts resistance to barley genotypes against spot blotch disease. J Plant 

Growth Regul., 41, 682-696. 

[37]. Shadle, G. L., Wesley, S. V., Korth, K. L., Chen, F., Lamb, C., & Dixon, R. A. (2003). Phenylpropanoid 

compounds and disease resistance in transgenic tobacco with altered expression of L-phenylalanine 

ammonia-lyase. Phytochemistry, 64, 153–161. 

[38]. Giberti, S., Bertea, C. M., Narayana, R., Maffei, M. E., & Forlani, G. (2012). Two phenylalanine ammonia 

lyase isoforms are involved in the elicitor-induced response of rice to the fungal pathogen Magnaporthe 

oryzae. J Plant Physiol., 169(3), 249–254. 

[39]. Nithya, K., Shanmugaiah, V., Balasubramanian, N., & Gomathinayagam, S. (2019). Plant defence related 

enzymes in rice (Oryzae sativa L.,) induced by Pseudomonas sp VSMKU2. J Pure Appl Microbiol., 13(3), 

1307-1315.  

[40]. Divya, K., Thampi, M., Vijayan, S., Varghese, S., & Jisha, M. S. (2020). Induction of defence response in 

Oryza sativa L. against Rhizoctonia solani (Kuhn) by chitosan nanoparticles. Microb. Pathog., 149, 

104525.  

[41]. Martyn, R. D., Samuelson, D. A., & Freeman, T. E. (1979). Ultrastructural localisation of polyphenol 

oxidase activity in leaves of healthy and diseased water hyacinth. Phytopathology, 69, 1278-1287. 

[42]. Anand, T., Bhaskaran, R., Raguchander, T., Samiyappan, R., Prakasam, V., & Gopalakrishnan, C. (2009). 

Defence responses of chilli fruits to Colletotrichum capsici and Alternaria alternata. Biologia Plantarum, 

53, 553-559. 

[43]. Tyagi, M., Kayastha, M. A., & Sinha, B. (2000). The role of peroxidase and polyphenol oxidase isozymes 

in wheat resistance to Alternaria triticina. Biologia Plantarum, 43, 559-562. 

[44]. Khirbat, S. K., & Jalali, B. L. (1998). Polyphenol oxidase and bound phenol content in leaves of chickpea 

(Cicer arietinum L.) after inoculation with Ascochyta rabei. Legume Res., 21, 198-200. 

[45]. Avdiushko, S. A., Ye, X. S., & Kuc, J. (1993). Detection of several enzymatic activities in leaf prints 

cucumber plant. Physiol. Mol. Plant Pathol., 42, 441-454. 



EKEN C & DEMİR D                                                                      The Pharmaceutical and Chemical Journal, 2023, 10(6):1-9 

 

          The Pharmaceutical and Chemical Journal 

7 

 

[46]. Indu, S. S., Pallavi, N. W., Shashikant, B. G., Varsha, P. S., Vijayshree, C., & Sanjay, D.S. (2020). 

Induction of systemic resistance in grapevines against powdery mildew by Trichoderma asperelloides 

strains. Australas. Plant Pathol., 49, 107–117. 

[47]. Mohammadi, M., & Kazemi, H. (2002). Changes in peroxidase and polyphenol oxidase activities in 

susceptible and resistant wheat heads inoculated with Fusarium graminearum and induced resistance. Plant 

Sci., 162, 491–498. 

[48]. El Hassni, M., Verdeil, J. L., & El Hadrami, I. (2005). An hypoaggressive Fusarium oxysporum isolate 

induces polyphenoloxidase activity in the date palm seedlings allowing their protection against the bayoud 

disease. Plant Pathology Journal, 4(2), 96-102. 

[49]. Raju, S., Jaylakshmi, S. K., & Sreeramulu, K. (2008). Comparative study on the induction of defense 

related enzymes in two different cultivars of chickpea (Cicer arietinum L.) genotypes by salicylic acid, 

spermine and Fusarium oxysporum f. sp. ciceri. Australian Journal of Crop Science, 2, 121-140. 

[50]. Thakker, J. N., Patel, S., & Dhandhukia, P. C. (2013). Induction of defenserelated enzymes in banana 

plants: Effect of live and dead pathogenic strain of Fusarium oxysporum f. sp. cubense. ISRN 

Biotechnology, 2013, 601303. 

[51]. Rai, G. K., Kumar R., Singh, J., Rai, P. K., & Rai, S. K. (2011). Peroxidase, polyphenol oxidase activity, 

protein profile and phenolic content in tomato cultivars tolerant and susceptible to Fusarium oxsyporum 

f.sp. lycopersici. Pak. J. Bot., 43(6), 2987-2990. 

[52]. Ojha, S., & Chatterjee, N. C. (2012). Induction of resistance in tomato plants against Fusarium oxysporum 

f. sp. lycopersici mediated through salicylic acid and Trichoderma harzianum. Journal of Plant Protection 

Research, 52(2), 220-225. 

[53]. Manikandan, R., & Raguchander, T. (2014). Fusarium oxysporum f. sp. lycopersici retardation through 

induction of defensive response in tomato plants using a liquid formulation of Pseudomonas fluorescens 

(Pf1). Eur. J. Plant Pathol., 140, 469-480. 

[54]. Chakraborty, M. R., & Chatterjee, N. C. (2007). Interaction of Trichoderma harzianum with Fusarium 

solani during its pathogenesis and the associated resistance of the host. Asian J. Exp. Sci., 21(2), 353-357. 

[55]. Melo, G. A., Shimizu, M. M., & Mazzafera, P. (2006). Polyphenoloxidase activity in coffee leaves and its 

role in resistance against the coffee leaf miner and coffee leaf rust. Phytochemistry, 67, 277-285. 

[56]. Luthra, Y. P., Ghandi, S. K., Joshi, U. N., & Arora, S. K. (1988). Total phenols and their oxidative enzymes 

in sorghum leaves resistant and susceptible to Ramulispora sorghicola Harris. Acta Phytopathol. Entomol. 

Hung., 23, 393-400. 

[57]. Demir, D., Eken, C., Çelik, E., & Alkan, N. (2021). Effect of Rhizoctonia spp. on polyphenol oxidase 

enzyme activity in alfalfa seedling. Research Journal of Biotechnology, 16 (11), 47-50. 

[58]. Chandra, A., Saxena, R., Dubey, A., & Saxena, P. (2007). Changes in phenylalanine ammonia lyase 

activity and isozyme patterns of polyphenol oxidase and peroxidase by salicylic acid leading to enhanced 

resistance in cowpea against Rhizoctonia solani. Acta Physiologiae Plantarum, 29, 361-367. 

[59]. Raj, S. N., Sarosh, B. R., & Shetty H.S. (2006). Induction and accumulation of polyphenol oxidase 

activities as implicated in development of resistance against pearl millet downy mildew disease. Functional 

Plant Biology, 33(6), 563–571. 

[60]. Schneider, S., & Ullrich, W. R. (1994). Differential induction of resistance and enhanced enzyme activities 

in cucumber and tobacco caused by treatment with various abiotic and biotic inducers. Physiol. Mol. Plant 

Pathol., 45, 291-304. 

[61]. Abo-Elyousr, A. M. K., Hussein, M. A. M., Allam, A. D. A., & Hassan, A. H. M. (2008). Enhanced onion 

resistance against stemphylium leaf blight disease, caused by Stemphylium vesicarium, by di-potassium 

phosphate and benzothiadiazole treatments. Plant Pathol. J., 24(2), 171-177. 

[62]. Anjum, T., Fatima, S., & Amjad, S. (2012). Physiological changes in wheat during development of loose 

smut. Tropical Plant Pathology, 37(2), 102-107. 



EKEN C & DEMİR D                                                                      The Pharmaceutical and Chemical Journal, 2023, 10(6):1-9 

 

         The Pharmaceutical and Chemical Journal 

8 

 

[63]. Markakis, E. A., Tjamos, S. E., Antoniou, P. P., Roussos, P. A., Paplomatas, E. J., & Tjamos, E. C. (2010). 

Phenolic responses of resistant and susceptible olive cultivars induced by defoliating and non-defoliating 

Verticillium dahliae pathotypes. Plant Disease, 94, 1156-1162. 

[64]. Gentile, I. A., Coghe, M., & Matta, A. (1982). Phenols, polyphenol oxidase and peroxidase in pepper plants 

infected by virulent and avirulent strains of Verticillium. Rivista di Patologia Vegetale, 18, 5-12. 

[65]. Minaeva, O. M., Akimova, E. E., Tereshchenko, N. N., Zyubanova, T. I., Apenysheva, M. V., & Kravets, 

A. V. (2018). Effect of Pseudomonas bacteria on peroxidase activity in wheat plants when infected with 

Bipolaris sorokiniana. Russ. J. Plant Physiol., 65, 717-725. 

[66]. Irving, H. R., & Kuc, J. A. (1990). Local and systemic induction of peroxidase, chitinase and resistance in 

cucumber plants by K2HPO4. Physiol. Mol. Plant Pathol., 37, 355-366. 

[67]. Kerby, K., & Somerville, S. (1989). Enhancement of specific intercellular peroxidases following 

inoculation of barley with Erysiphe graminis f. sp. hordei. Physiol. Mol. Plant. Pathol., 35, 323-337. 

[68]. Saravanan, T., Bhaskaran, R., & Muthusamy, M. (2004). Pseudomonas fluorescens induced 

enzymatological changes in banana roots again Fusarium wilt disease. Plant Pathol. J., 3(2), 72–80. 

[69]. Silva, M. C., Guimaraes, L., Loureiro, A., & Nicole, M. R. (2008). Involvement of peroxidases in the 

coffee resistance to orange rust (Hemileia vastatrix). Physiol. Mol. Plant Pathol., 72, 29-38. 

[70]. Sasaki, K., Iwai, T., & Hiraga, S. (2004). Ten rice peroxidases redundantly respond to multiple stresses 

including infection with rice blast fungus. Plant and Cell Physiology, 45(10), 1442–1452. 

[71]. Gogoi, R., Singh, D. V., & Srivastava, K. D. (2001). Phenols as a biochemical basis of resistance in wheat 

against Karnal bunt. Plant Pathol., 50, 470-476. 

[72]. Flott, B. E., Moerschbacher, B. M., & Reisner, H. (1989). Peroxidase isoenzyme patterns of resistant and 

susceptible wheat leaves following stem rust infection. New Phytol., 111, 413-421. 

[73]. Jakupovic, M., Heintz, M., Reichmann, P., Mendgen, K., & Hahn, M. (2006). Microarray analysis of 

expressed sequence tags from haustoria of the rust fungus Uromyces fabae. Fungal Genet. Biol., 43, 8-19. 

[74]. Mould, M. J. R., Xu, T., Barbara, M., Iscove, N. N., & Heath, M. C. (2003). cDNAs generated from 

individual epidermal cells reveal that differential gene expression predicting subsequent resistance or 

susceptibility to rust fungal infection occurs prior to the fungus entering the cell lumen. Mol. Plant-Microbe 

Interact., 16, 835-845. 

[75]. Cota, I. E., Troncoso-Rojas, R., Sotelo-Mundo, R., Sa´nchez-Estrada, A., & Tiznado-Herna´ndez, M. E. 

(2007). Chitinase and b-13-glucanase enzymatic activities in response to infection by Alternaria alternata 

evaluated in two stages of development in different tomato fruit varieties. Scientia Horticulturae, 112(1), 

42-50.  

[76]. Gupta, P., Ravi, I., & Sharma, V. (2013). Induction of b-1,3-glucanase and chitinase activity in the defense 

response of Eruca sativa plants against the fungal pathogen Alternaria brassicicola. J Plant Interact., 8, 155-

161. 

[77]. Aoki, Y., Haga, S., & Suzuki, S. (2020). Direct antagonistic activity of chitinase produced by Trichoderma 

sp. SANA20 as biological control agent for grey mould caused by Botrytis cinerea. Cogent Biol., 6(1), 

1747903. 

[78]. Rahul, P., Kumar, V. G., Sathyabhama, M., Viswanathan, R., Sundar, A. R., & Malathi, P. (2013). 

Characterization and 3D structure prediction of chitinase induced in sugarcane during pathogenesis of 

Colletotrichum falcatum. J. Plant Biochem. Biotechnol., 24, 1-8. 

[79]. Loc, N. H., Huy, N. D., Quang, H. T., Lan, T.T., & Ha, T.T.T. (2020). Characterisation and antifungal 

activity of extracellular chitinase from a biocontrol fungus, Trichoderma asperellum PQ34. Mycology, 

11(1), 38-48. 

[80]. Shin, S., Mackintosh, C. A., Lewis, J., Heinen, S. J., Radmer, L., Dill-Macky, R., Baldridge, G. D., Zeyen, 

R. J., & Muehlbauer, G. J. (2008). Transgenic wheat expressing a barley class II chitinase gene has 

enhanced resistance against Fusarium graminearum. J. Exp. Bot., 59, 2371-2378. 



EKEN C & DEMİR D                                                                      The Pharmaceutical and Chemical Journal, 2023, 10(6):1-9 

 

          The Pharmaceutical and Chemical Journal 

9 

 

[81]. Anusuya, S., & Sathiyabama, M. (2013). Identification of defence proteins from the seed exudates of Cicer 

arietinum L. and its effect on the growth of Fusarium oxysporum f.sp. cicero. Arch. Phytopathol. Plant 

Protect., 47(13), 1611-1620. 

[82]. Lin, S., Zhou, Y., Chen, G., Zhang, Y., Zhang, Y., Ning, W., & Pan, D. (2010). Molecular responses to the 

fungal pathogen Gibberella fujikuroi in the leaves of chewing cane (Saccharum officinarum L.). Sugar 

Tech., 12, 36-46. 

[83]. Bai, X., Zhan, G., Tian, S., Peng, H., Cui, X., Islam, M. A., Goher, F., Ma, Y., Kang, Z., Xu, Z-S., & Guo, 

J. (2021). Transcription factor BZR2 activates chitinase Cht20.2 transcription to confer resistance to wheat 

stripe rust. Plant Physiol., 187(4), 2749-2762. 

[84]. Huang, X., Wang, J., Du, Z., Zhang, C., Li, L., & Xu, Z. (2013). Enhanced resistance to stripe rust disease 

in transgenic wheat expressing the rice chitinase gene RC24. Transgenic Res., 22, 939-947. 

[85]. Sripriya, R., Parameswari, C., & Veluthambi, K. (2017). Enhancement of sheath blight tolerance in 

transgenic rice by combined expression of tobacco osmotin (ap24) and rice chitinase (chi11) genes. In 

Vitro Cell. Dev. Biol. Plant., 53, 12-21. 

[86]. Zarinpanjeh, N., Motallebi, M., Zamani, M. R., & Ziaei, M. (2016). Enhanced resistance to Sclerotinia 

sclerotiorum in brassica napus by co-expression of defensin and chimeric chitinase genes. J. Appl. Genet., 

57, 417-425. 

[87]. Prathima, P., Raveendran, M., Kumar, K., Rahul, P., Kumar, V. G., Viswanathan, R., Sundar, A. R., 

Malathi, P., Sudhakar, D., & Balasubramaniam, P. (2013). Differential regulation of defense- related gene 

expression in response to red rot pathogen Colletotrichum falcatum infection in sugarcane. Appl. Biochem. 

Biotechnol., 171, 488-503. 

[88]. Wang, Y., Liu, M., Wang, X., Zhong, L., Shi, G., Xu, Y., Li, Y., Li, R., Huang, Y., Ye, X., Li, Z., & Cui, 

Z. (2021). A novel β-1,3-glucanase Gns6 from rice possesses antifungal activity against Magnaporthe 

oryzae. J. Plant Physiol., 265, 153493. 

[89]. Geraldine, A. M., Lopes, F. A. C., Carvalho, D. D. C., Barbosa, E. T., Rodrigues, A. R., Brandão, R. S., 

Ulhoa, C. J., & Junior, M. L. (2013). Cell wall-degrading enzymes and parasitism of sclerotia are key 

factors on field biocontrol of white mold by Trichoderma spp. Biol. Control, 67, 308-316. 

[90]. Su, Y. C., Xu, L. P., Xue, B. T., Wu, Q. B., Guo, J. L., Wu, L. G., & Que, Y. X. (2013). Molecular cloning 

and characterization of two pathogenesis- related beta-1,3-glucanase genes ScGluA1 and ScGluD1 from 

sugarcane infected by Sporisorium scitamineum. Plant Cell Rep., 32, 1503-1519. 


