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Introduction  

The term pathogenesis 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 pathogenesisof a diseaseis the mechanismby 
which an etiologicalfactor causes the disease. The term can also 
be used to describe the development of the disease, such as 
acute, chronicand recurrent. The word comes from the 
Greekpathos, "disease", and genesis, "creation".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. 



Introduction (cont) 

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 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. 

Cutinases degrade the cutin on the cuticle layer presoftening 

the tissue for mechanical penetration or as a first step in tissue 

degradation. 



Pathogen-derived molecules :   

Enzymes  

Cutinase  

Cutinases break 
down cutin 
molecules and 
release monomers 
as well as oligomers 
of the component 
fatty acid 
derivatives from the 
insoluble cutin 
polymer e.g. 
Fusarium spp. And 
Botrytis cinerea.  

Pectinase  

Pectic enzymes is pectin methyl-esterases, which 
removes small branches off the pectin chains.  

Pectic enzymes is a chain splitting pectinases called 
polygalacturonases. It split the pectic chain by adding 
a molecule of water and breaking the linkage between 
two galacturonan molecules.  

Pectin lyases is split the chain by removing a molecule 
of water from the linkage, there by breaking it and 
releasing products with an unsaturated double bond. 
Examples of pathogens include Ralstonia 
solanacearum, Didymella bryoniae.  

Cellulase  

Cellulolytic 
enzymes secreted 
by pathogens play a 
role in the softening 
and disintegration 
of cell wall material.  

Toxins  Growth regulators  Polysaccharides  



Enzymes  

Hemicellulases 

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

cellulose microfibrils 

Ligninases 

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

lignin degradation is by 
basidiomycetes known as white-

rot fungi. 

Cellulase 

Cellulolytic enzymes play a role in 
softening and disintegration of 

cell walls 



Plant-pathogenic 
toxins-Low 

molecular weight 
that are toxic to 
plant or animals 

Produced by bacteria 
or fungi 

• Divided into two 
categories 

• Host-specific toxins  

• Host-nonspecific toxins 

Chemically Toxins may 
be glycosides, amino 

acid derivatives, 
peptides, terpenoids, 
sterols, pyridines, and 

quinones, etc. 



Toxins –low molecular weight  thus easily transportable 
(chemically glycosides, amino acid derivatives, peptides, 

terpenoids, sterols, pyridines, and quinones) 

Act directly on living host protoplast - a general 
protoplasmic poisons, seriously damaging or killing the 

cells of the plant. )  

Host specific  

HV toxin or Victorin– Its produced by the fungus 
Cochliobolus Victoriae. This fungus 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. A cyclic pentapeptide  

HC-toxin- Its produced by Race 1 of C. carbonum 
causing northern leaf spot and ear rot disease in maize  

T-toxin- is produced by race T of Cochliobolus 
heterostrophus, the cause of southern corn leaf blight. 

Race T is indistinguishable from other all other C. 
heterostrophus races except for its ability to produce the 

T toxin.  

Host non specific  

Tabtoxin- wild fire toxin  

Pseudomonas syringae pv. tabaci  (pv. stands for 
pathovar.) 

Dipeptide, tabtoxinine-b-lactam moiety 
linked to either L-threonine or serine 



Toxins produced by bacteria 

•Most of the toxins are nonhost specific. 

•Chlorosis-inducing toxins 
Tabtoxin – Pseudomonas syringae pv. tabaci  (pv. stands for pathovar.) 

Tabtoxinine-b-lactam  

Inhibit glutamine synthetase which converts glutamic acid to glutamine. 

Pseudomonas syringae pv. tabaci vs. tobacco, bean, soybean 

tobacco wildfire or halo blight disease 

Dipeptide, tabtoxinine-b-lactam moiety linked to either L-threonine or serine 

Tabtoxin itself is biologically inactive, but is readily cleaved by amino-peptidase 

of bacteria or plants origin to yield the active moiety tabtoxinine-b-lactam (TbL). 

Accumulation of the TbL in plants results in chlorotic halos surrounding the 

bacterial lesions 

TbL is not essential for pathogenicity. 

The gene (tabA) responsible for tabtoxin production has been identified by Tn5 

mutagenesis.  It encode a enzyme involved in tabtoxin biosynthesis.  

Tab toxin is a dipeptide composed of amino acid threonine and tabtoxinine  

The toxin as such is not toxic but in the cell it get hydrolysed and release 

aminoacid tabtoxinine which is toxic  

Act by 

inhibiting / inactivating the enzyme glutamine synthetase  

Uncoupling of phosphorylation and photorespiration,  

 destroy the thylakoid membrane of the chloroplast thus causes chlorosis 

and then necrosis. 



wildfire toxin, is a simple monobactam biotoxin produced by Pseudomonas syringae. 
It is the precursor to the antibiotic tabtoxinine β-lactam.[1]Tabtoxin is a monocyclic β-
lactam produced by P. syringae pv. tabaci, coronafaciens, and garcae. 
 
A β-lactam (beta-lactam) ring is a four-membered lactam. A lactam is a cyclic amide 
 
 
 
It is named as such because the nitrogen atom is attached to the β-carbon atom relative 
to the carbonyl. 

https://en.wikipedia.org/wiki/Biotoxin
https://en.wikipedia.org/wiki/Pseudomonas_syringae
https://en.wikipedia.org/wiki/Antibiotic
https://en.wikipedia.org/wiki/Tabtoxinine_%CE%B2-lactam
https://en.wikipedia.org/wiki/Tabtoxinine_%CE%B2-lactam
https://en.wikipedia.org/wiki/Tabtoxinine_%CE%B2-lactam
https://en.wikipedia.org/wiki/Tabtoxinine_%CE%B2-lactam
https://en.wikipedia.org/wiki/Tabtoxin
https://en.wikipedia.org/wiki/Lactam
https://en.wikipedia.org/wiki/Amide
https://en.wikipedia.org/wiki/%CE%92_carbon
https://en.wikipedia.org/wiki/%CE%92_carbon
https://en.wikipedia.org/wiki/%CE%92_carbon


Proposed biosynthetic pathway for tabtoxin. 

 DapA dihydropicolineate synthase, DapB dihydropicolineate reductase, TblS putative β-

lactam synthetase,TblC putative clavaminic acid synthase, TblD putative GNAT 

acyltransferase, TblE +TblF putative membrane protein, forming a functional pair with a D-

Ala-D-Ala ligase, TabP zinc-dependent metallopeptidase. The figure has been adapted from 

Gross and Loper 2009 



 Fungal specific toxin 

•Victorin (HV-toxin) – Cochliobolus victoriae (Helminthosporium victoriae) vs. oat (Leaf 

blotch 

Victorin (HV-toxin) 

A cyclic pentapeptide  

Victorin A, B, C, D (major), E 

Victoria was introduced in 1945.  Victoria and its derivatives contained the Vb gene 

for resistance to oat crown rust. 

Oats contain Vb gene are susceptible to victorin. 

Resistance to oat crown rust and susceptibility to the Helminthosporium victoriae are 

controlled by the same pair of alleles. 

Victorin is an unusual chlorinated peptide compound that target the Vb gene product 

on the host cells. 

Vb gene encodes a victorin receptor (100kD membrane protein), which is a subunit of 

the glycine decarboxylase enzyme that catalyzes the conversion of two glycine 

molecules into one serine molecule.  

This enzyme is essential for photorespiration and plant cells appear to go through an 

induced senescence and programmed cell death with cleavage of RUBISCO. 

Increase permeability of the plasma membrane to electrolytes. 

Dramatic changes in transmembrane potential, increasing respiration and ethylene 

production 

Victorin is active against sensitive oats at 10pg/ml, but does not affect resistant oats 

at concentration one million fold (1mg/ml) higher. 


