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he term "enzyme" was coined by the German physiologist Wilhelm Kühne in 1877. He 

derived it from the Greek word "enzymos," which means "in leaven" or "in yeast," 

reflecting the role of enzymes in fermentation processes. Enzymes are proteins that act as a 

biological catalyst in various biochemical reactions within plants. Plant enzymes play 

significant role in development of diseases, either by promoting or mitigating pathogenic 

interactions. 

Role of enzymes in disease development 
1. Cuticular Enzymes- The plant epidermis is protected by a waxy outer layer known as the 

cuticle, which acts as the first line of defense against invading pathogens. The cuticle is 

primarily composed of cutin, a polyester matrix embedded with waxes that provides 

mechanical strength and restricts the entry of microorganisms. However, many plant 

pathogenic fungi have evolved the ability to overcome this barrier by producing cutinase, 

an extracellular enzyme that hydrolyzes cutin into its monomeric components, known as 

cutin acids. This enzymatic degradation weakens the integrity of the cuticle, facilitating 

fungal penetration and successful colonization of host tissues. The products of cutin 

degradation may also stimulate fungal growth and infection-related development. Several 

fungal pathogens, including Colletotrichum gloeosporioides, Sphaerotheca pannosa, and 

Venturia inaequalis, secrete cutinase during spore germination and the early stages of 

infection, enabling them to breach the plant surface efficiently. Thus, cutinase plays a 

crucial role in pathogen invasion and disease establishment, making it an important 

virulence factor in fungal plant pathogens. 

2. Pectic Enzymes- Pectic substances are the major components of the middle lamella, the 

intercellular cementing layer that binds adjacent plant cells together and contributes 

significantly to the primary cell wall. During pathogen invasion, many fungi and bacteria 

secrete pectinolytic enzymes, primarily pectinesterases (PE) and polygalacturonases (PG), 

to degrade these pectic compounds. Pectinesterase initiates the process by hydrolyzing the 

methyl ester groups of pectin, producing pectic acid (pectate) and methanol. The resulting 

pectic acid is then further degraded by polygalacturonases, which cleave the α-(1→4) 

glycosidic linkages between galacturonic acid residues, leading to dissolution of the 

middle lamella and separation of plant cells. This degradation weakens host tissues, 

causing soft rot, tissue maceration, and facilitating the spread of pathogens within the 

plant. Several fungal pathogens, including Sclerotinia sclerotiorum, Sclerotium rolfsii, 

Rhizoctonia solani, Pythium, Botrytis cinerea, Erwinia caratovora, and species of 

Pseudomonas, produce pectic enzymes as important virulence factors during infection. 

Likewise, Puccinia graminis secretes pectic enzymes during spore germination to aid host 

penetration. Thus, pectic enzymes play a pivotal role in disease development by 
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disrupting cell adhesion, promoting tissue colonization, and enhancing pathogen 

virulence. 

3. Cellulolytic Enzymes- Cellulose is the principal structural polysaccharide of the plant 

cell wall, composed of long chains of β-1,4-linked glucose molecules that provide rigidity 

and mechanical strength to plant tissues. During infection, many plant pathogens secrete 

cellulolytic enzymes (cellulases) to degrade cellulose, thereby weakening the cell wall 

and facilitating host invasion. The degradation process involves the coordinated action of 

three major enzymes: endoglucanases, cellobiohydrolases, and β-glucosidases. 

Endoglucanases randomly cleave internal β-1,4-glycosidic bonds within cellulose chains, 

generating shorter oligosaccharides. Cellobiohydrolases then act on the exposed ends of 

these cellulose chains, releasing cellobiose units, while β-glucosidases hydrolyze 

cellobiose into glucose molecules. The collective action of these enzymes results in 

extensive degradation of the cell wall, tissue softening, and the release of soluble sugars 

that can be utilized by the pathogen as a nutrient source. In vascular infections, 

degradation products may also contribute to blockage of xylem vessels, leading to 

impaired water transport and the development of wilting symptoms. Several 

phytopathogens, including Pectobacterium carotovorum, Fusarium oxysporum, 

Rhizoctonia solani, and Botrytis cinerea, produce cellulolytic enzymes as key virulence 

factors during host colonization. Therefore, cellulases play a critical role in disease 

development by promoting cell wall degradation, tissue maceration, and pathogen spread 

within the host plant. 

4. Hemicellulose- Hemicellulose is a major structural component of the plant cell wall, 

closely associated with cellulose and lignin. It is a heterogeneous polysaccharide 

composed mainly of xylans, mannans, galactans, and arabans. During infection, many 

plant pathogenic fungi secrete hemicellulolytic enzymes that hydrolyze hemicellulose 

into simple sugars, weakening the plant cell wall and facilitating pathogen penetration 

and colonization. The released sugars also serve as a nutrient source for pathogen growth. 

Fungal pathogens such as Sclerotinia sclerotiorum, Sclerotinia fructigena, and Sclerotium 

rolfsii produce hemicellulases as important virulence factors, contributing significantly to 

host tissue degradation and disease development. 

5. Lignolytic Enzymes- Lignin is one of the most complex and resistant polymers of the 

plant cell wall, providing rigidity and structural support, particularly in mature woody 

tissues where it constitutes approximately 15–38% of the cell wall. Only a limited group 

of microorganisms, especially lignin-degrading fungi, possess lignolytic enzymes capable 

of breaking down this complex polymer. These enzymes weaken lignified tissues, 

facilitating pathogen penetration and colonization of host plants. Fungi that infect 

lignified tissues are known as perthotrophs. Common lignin-degrading pathogens include 

Alternaria, Cephalosporium, Xylaria, Fusarium, Penicillium, and bacteria such as 

Pseudomonas, where lignolytic enzymes contribute significantly to disease development 

and tissue decay. 

6. Wax Esterase- The cuticular wax layer of plants acts as a protective barrier against 

pathogen invasion. Wax esterases are extracellular enzymes that hydrolyze wax esters—

complex compounds composed of long-chain fatty acids and alcohols—into their 

constituent molecules. Degradation of the wax layer reduces the effectiveness of the 

plant’s external defense, enabling pathogens to adhere to, penetrate, and colonize host 

tissues more efficiently. Pseudomonas syringae is a well-known example of a pathogen 

that produces wax-degrading enzymes during infection, enhancing its ability to invade 

plant surfaces and establish disease. 

7. Other enzymes involved in degradation of cell contents- In addition to cell wall-

degrading enzymes, plant pathogens produce several other hydrolytic enzymes that 

facilitate host colonization by degrading cellular constituents and utilizing them as 

nutrient sources. Proteinases (proteolytic enzymes) hydrolyze plant proteins into peptides 

and amino acids through the action of peptidases, providing essential nutrients for 
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pathogen growth while weakening host defense proteins. Amylases hydrolyze starch 

reserves into glucose, supplying readily available energy for invading pathogens. 

Similarly, lipases and phospholipases degrade lipids, including oils, fats, waxes, 

phospholipids, and glycolipids present in plant tissues and cell membranes. This 

degradation releases fatty acids and glycerol, which serve as nutrient sources and 

contribute to membrane disruption, facilitating pathogen invasion. Furthermore, nucleases 

hydrolyze nucleic acids (DNA and RNA) into nucleotides and nucleosides, which are 

subsequently converted into simpler compounds that can be utilized by the pathogen. 

Collectively, these enzymes enhance pathogen nutrition, tissue colonization, and 

virulence, thereby playing an important role in plant disease development. 


