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        ROLE OF ENZYMES AND TOXINS IN PLANT PATHOGENESIS 

The term pathogenesis (Greek pathos, "disease", and genesis, "creation")  means step by step 

development of a disease and the chain of events leading to that disease due to a series of changes in 

the structure and /or function of a cell/tissue/organ being caused by a microbial, chemical or physical 

agent. The pathogenesis of a disease is the mechanism by which an etiological factor causes the 

disease. There are several chemical weapons secreted by pathogens that are utilized as they carry out 

their activities. These weapons include enzymes, toxins, growth regulators and polysaccharides. Anton 

de Bary reported the role of enzymes and toxins in tissue disintegration caused by Sclerotina 

sclerotiorum 

ENZYMES 

Enzymes are generally large protein molecules that catalyze organic reactions in living cells and in 

solutions. Cutinases, cellulases, pectinases and lignases are often secreted by the pathogenic organism. 

Fungi, nematodes and bacteria are all known to produce one or more of the above enzymes in specific 

pathogen-host combinations. Viruses and viroids are generally not considered to secrete enzymes, 

although some viruses may encapsidate an enzyme in their particle. 

 Pathogenic organisms either continually secrete enzymes or upon contact with the host plant. The first 

surface an organism comes into contact with is cuticle and the cell wall of the plant. The cuticle is 

comprised of a complex wax, cutin, which impregnates the cellulose wall. The cell wall is comprised of 

cellulose, which makes up the structural framework of the wall, along with the matrix molecules 

hemicellulose, glycoproteins, pectin and lignin. Thus, penetration into living parenchymatous tissues 

and degradation of middle lamella is due to the action of one or more enzymes which degrade these 

chemical substances 

Cellulases 

Cellulose is the major framework molecule of the plant cell wall existing as microfibrils 

with matrix molecules (glycoproteins, hemicelluloses, pectins, lignins) filling the spaces 

between the microfibrils and cellulose chains. Cellulases have been shown to be produced by many 

pathogenic fungi, bacteria and nematodes. Cellulolytic enzymes play a role in softening and 

disintegration of cell walls.  

1. Cellulose - a polysaccharide, but consists of chains of glucose (1–4) ß-d-glucan molecules.  

2. The glucose is produced by a series of enzymatic reactions carried out by several cellulases and 

other enzymes.  

3. One cellulase (C1) attacks native cellulose by cleaving cross-linkages between chains.  

4. A second cellulase (C2) also attacks native cellulose and breaks it into shorter chains.  

5. These are then attacked by a third group of cellulases (Cx), which degrade them to the 

disaccharide cellobiose.  

      Finally, cellobiose is degraded by the enzyme ß -glucosidase into glucose.  

 

Hemicellulases 
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Hemicelluloses are complex polysaccharide polymers that link the ends of pectic compounds to 

cellulose microfibrils.  

1. The enzymatic breakdown of hemicelluloses requires the activity of many enzymes. Several 

hemicellulases seem to be produced by many plant pathogenic fungi.  

2. Depending on the monomer released from the polymer on which they act, the particular 

enzymes are called xylanase, galactanase, glucanase, arabinase, mannase, and so on.  

3. The non-enzymatic breakdown of hemicelluloses by activated oxygen, hydroxyl, and other 

radicals produced by attacking fungi also occurs.  

 

Ligninases 

Lignin is a phenylpropanoid which is found in the middle lamella and secondary cell wall 

of plants.  

Most lignin degradation is by basidiomycetes known as white- rot fungi. These fungi produce 

ligninases that enable the fungi to utilize lignin.  Lignin is an amorphous, three-dimensional polymer 

that is different from both carbohydrates and proteins in composition and properties. It is obvious that 

enormous amounts of lignin are degraded by microorganisms in nature, as is evidenced by the yearly 

decomposition of all annual plants and a large portion of perennial plants.  

 

TOXINS 

Toxins have been implicated in plant disease as far back as deBary who advanced a theory of plant 

disease often termed the “toxin theory”. A primary tenant of the toxin theory is that a toxin elaborated 

by a pathogen may produce all of the symptoms of the disease. the discovery of the toxin victorin, a 

host specific toxin, revived interest in the toxin theory of plant disease.  

1. Toxins may act directly on living host cells, damaging or even killing the host. Some toxins are 

active on a wide range of plant species (non-host-specific) or in some cases, as with the toxin 

victorin (host-specific). 

2. Toxins are extremely poisonous substances and are effective in very low concentrations.  

3. Fungi and bacteria may produce toxins in infected plants as well as in culture medium.  

4. Toxins injure host cells either by affecting the permeability of the cell membrane or by 

inactivating or inhibiting enzymes and subsequently interrupting the corresponding enzymatic 

reactions.  

5. Certain toxins act as antimetabolites and induce a deficiency for an essential growth factor.  

 

Non-host specific or non-host selective toxins  

Several toxic substances produced by phytopathogenic microorganisms have been shown to produce all 

or part of the disease syndrome not only on the host plant, but also on other species of plants that are 

not normally attacked by the pathogen in nature. Such toxins, called non-host-specific or non-host-

selective toxins.  

 

 

 

Tabtoxin  
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1. Tabtoxin is produced by the bacterium Pseudomonas syringae pv. tabaci, which causes the 

wildfire disease of tobacco.  

2. Tabtoxin is a dipeptide composed of the common amino acid threonine and the previously 

unknown amino acid tabtoxinine.  

3. Tabtoxin as such is not toxic, but in the cell it becomes hydrolyzed and releases tabtoxinine, 

which is the active toxin.  

4. Toxin-producing strains cause necrotic spots on leaves, with each spot surrounded by a yellow 

halo.  

5. Sterile culture filtrates of the organism, as well as purified toxin, produce symptoms identical to 

those characteristic of wildfire of tobacco not only on tobacco, but in a large number of plant 

species belonging to many different families.  

6. Strains of P. syringae pv. tabaci sometimes produce mutants that have lost the ability to produce 

the toxin.  

 

 

Phaseolotoxin  

1. Phaseolotoxin is produced by the bacterium Pseudomonas syringae pv. phaseolicola, the cause 

of halo blight of bean and some other legumes.  

2. Phaseolotoxin is a modified ornithine–alanine–arginine tripeptide carrying a phosphosulfinyl 

group.  

3. Soon after the tripeptide is secreted by the bacterium into the plant, plant enzymes cleave the 

peptide bonds and release alanine, arginine, and phosphosulfinylornithine, which is the 

biologically functional moiety of phaseolotoxin.  

4. The localized and systemic chlorotic symptoms produced in infected plants are identical to those 

produced on plants treated with the toxin alone so they are apparently the results of the toxin 

produced by the bacteria.  

5. Infected plants and plants treated with purified toxin also show reduced growth of newly 

expanding leaves, disruption of apical dominance, and accumulation of the amino acid ornithine.  

 

Phaseolotoxin plays a major role in the virulence of the pathogen by interfering with or breaking the 

disease resistance of the host toward not only the halo blight bacterium, but also several other fungal, 

bacterial, and viral pathogens.  

 

Tentoxin  

1. Tentoxin is produced by the fungus Alternaria alternata (previously called A. tenuis), which 

causes spots and chlorosis in plants of many species.  

2. Tentoxin is a cyclic tetrapeptide that binds to and inactivates a protein (chloroplast-coupling 

factor) involved in energy transfer into chloroplasts.  

3. The toxin also inhibits the light-dependent phosphorylation of ADP to ATP. In sensitive 

species, tentoxin interferes with normal chloroplast development and results in chlorosis by 

disrupting chlorophyll synthesis.  

4. An additional but apparently unrelated effect of tentoxin on sensitive plants is that it inhibits the 

activity of polyphenol oxidases, enzymes involved in several resistance mechanisms of plants.  
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 Both effects of the toxin, namely stressing the host plant with events that lead to chlorosis and 

suppressing host resistance mechanisms, tend to enhance the virulence of the pathogen.  

 

Cercosporin  

1. Cercosporin is produced by the fungus Cercospora and by several other fungi.  

2. It causes damaging leaf spot and blight diseases of many crop plants, such as Cercospora leaf 

spot of zinnia and grey leaf spot of corn.  

3. Cercosporin is unique among fungal toxins in that it is activated by light and becomes toxic to 

plants by generating activated species of oxygen, particularly single oxygen.  

 

Other non-host-specific toxins  

1. Fumaric acid- produced by Rhizopus spp. in almond hull rot disease  

2. Oxalic acid -Sclerotium and Sclerotinia spp. in various plants they infect and by Cryphonectria 

parasitica, the cause of chestnut blight  

3. Alternaric acid, alternariol, and zinniol -Alternaria spp. in leaf spot diseases of various plants  

4. Ceratoulmin- Ophiostoma ulmi in Dutch elm disease  

5. Fusicoccin- Fusicoccum amygdali in the twig blight disease of almond and peach trees  

6. Ophiobolin -several Cochliobolus spp. In diseases of grain crops  

7. Pyricularin- Pyricularia grisea in rice blast disease  

8. Fusaric acid and lycomarasmin -Fusarium oxysporum in tomato wilt  

 

Host-specific or host-selective toxins  

A host-specific or host-selective toxin is a substance produced by a pathogenic microorganism that, at 

physiological concentrations, is toxic only to the hosts of that pathogen and shows little or no toxicity 

against non-susceptible plants.  

1. Most host-specific toxins must be present for the producing microorganism to be able to cause 

disease.  

2. Host-specific toxins have been shown to be produced only by certain fungi (Cochliobolus, 

Alternaria, Periconia, Phyllosticta, Corynespora, and Hypoxylon), although certain bacterial 

polysaccharides from Pseudomonas and Xanthomonas have been reported to be host specific.  

 

Victorin, or HV Toxin  

1. Victorin, or HV-toxin is produced by the fungus Cochliobolus (Helminthosporium) victoriae, 

which causes Victoria blight of oats.  

2. This fungus appeared in 1945 after the introduction and widespread use of the oat variety 

Victoria and its derivatives, all of which contained the Vb gene for resistance to crown rust 

disease.  

3. C. victoriae infects the basal portions of susceptible oat plants and produces a toxin that is 

carried to the leaves, causes a leaf blight, and destroys the entire plant.  

4. Victorin is a complex chlorinated, partially cyclic pentapeptide.  

5. The primary target of the toxin seems to be the cell plasma membrane, where victorin seems to 

bind to several proteins.  
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6. Victorin also functions as an elicitor that induces components of a resistance response that 

include many of the features of hypersensitive response and lead to programmed cell death.  

 

T Toxin [HMT Toxin]  

1. T toxin is produced by race T of Cochliobolus heterostrophus (anamorph: Bipolaris maydis, 

earlier called Helminthosporium maydis), the cause of southern corn leaf blight.  

2. First appeared in the United States in 1968, it spread throughout the corn belt by 1970, attacking 

only corn that had the Texas male-sterile (Tms) cytoplasm.  

3. The ability of C. heterostrophus race T to produce T toxin and its virulence to corn with Tms 

cytoplasm are controlled by one and the same gene.  

4. T toxin does not seem to be necessary for the pathogenicity of C. heterostrophus race T, but it 

increases the virulence of the pathogen.  

5. The T toxin apparently acts specifically on mitochondria of susceptible cells, which are rendered 

nonfunctional, and inhibits ATP synthesis.  

HC Toxin  

1. Race 1 of Cochliobolus carbonum (anamorph:Bipolaris(Helminthosporium) zeicola) causes 

northern leaf spot and ear rot disease in maize.  

2. It also produces the host-specific HC toxin, which is toxic only on specific maize lines.  

3. The mechanism of action of HC toxin is not known, but this is the only toxin, so far, for which 

the biochemical and molecular genetic basis of resistance against the toxin is understood.  

4. Resistant corn lines have a gene (Hm1) coding for an enzyme called HC toxin reductase that 

reduces and thereby detoxifies the toxin.  

5. Susceptible corn lines lack this gene and, therefore, cannot defend themselves against the toxin.  

 

Alternaria alternata Toxins  

1. Several pathotypes of Alternaria alternata attack different host plants and on each they produce 

one of several multiple forms of related compounds that are toxic only on the particular host 

plant of each pathotype.  

2. Some of the toxins and the hosts on which they are produced and affect  

 AK toxin causing black spot on Japanese peat fruit,  

 AAL toxin causing stem canker on tomato,  

 AF toxin on strawberry,  

 AM toxin on apple,  

 ACT toxin on tangerine,  

 ACL toxin on rough lemon, the HS toxin on sugar cane.  

  

The mechanism of action of the toxin is poorly understood at the present time, although the 

molecular and biochemical basis for resistance is well understood. 
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