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Abstract—Polyamines (putrescine, spermidine and spermine) have 
been shown to be important in stress tolerance. They are small basic 
molecule play important role in plant response (or defense) to both 
abiotic and biotic stresses. They are small polycationic compounds 
that are present in all living organisms. They also play an important 
role in the regulation of various cellular and molecular processes 
including growth and development etc. Polyamines also play 
important role in the interactions between plants and their pathogens 
like fungi, viruses, bacteria etc. Although many reports on 
polyamines and there genes (ADC, ODC, SAMDC) shows resistance 
to various fungal pathogens. After interaction there is an increases in 
free polyamines, diamine oxidase (DAO) and polyamine oxidase 
(PAO). The activities of these enzymes produces hydrogen peroxide 
(H2O2), which may act defense mechanism. These H2O2 produced 
might trigger the hypersensitive response (HR), thought to be a form 
of programmed cell death. Therefore, the accumulation of polyamine 
in the plants make the plants for resistance to fungal pathogens. 
Advances in the use of   polyamines and there genes used for the 
research to make the plants for fungal resistance are summarized.   
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1. INTRODUCTION 

Crop plants are affected with various environmental stresses 
like biotic and abiotic stresses, it will reduces crop yield and 
quality. Biotic stresses like insects, fungi, bacteria and viruses 
and abiotic stresses like high, low temperature, salinity, 
drought, flooding, heavy metals and oxidative stresses [20-
21], [4]. Among the biotic stresses, fungal pathogens are 
responsible for large-scale damage to many cultivated species. 
Most of the cases, fungal diseases can completely destroy the 
crops. To over come this problem, transgenic or plant breeding 
approaches, especially the engineering of biosynthetic 
pathways associate with stress responses has emerged as a 
promising way to improve tolerance in crop plants [4],[14]. 
There are wide variety of low molecular weight molecule such 
as pathogenesis-related proteins (PR), chitinases, mannitol, 
glucanases and polyamines (PAs) [18],[22] ,[32] have been 
studied for their role in defense mechanism against fungal 
pathogens and are potential source for genetic manipulation 
(13],[19].  

2. POLYAMINES AND BIOSYNTHETIC PATHWAY 

The polyamines, diamine Putrescine, triamine Spermidine and 
tetra-amine Spermine (Fig. 1) are low molecular weight, 
aliphatic amines that are positively charged at physiological 
pH. These small molecules, which are ubiquitous in 
occurrence, are involved in maintaining membrane integrity, 
synthesis and function of macromolecules such as DNA, RNA 
and protein, regulation of cell proliferation and differentiation, 
senescence and various stress responses [1],[12][14][15],[32], 
[34-35].  

 

Fig. 1: Structure of Common Polyamines 
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Fig. 2 : Polyamine biosynthetic pathway 

Polyamines exist in three forms in the cell, as free cations, 
covalently bound to low molecular weight phenolic 
compounds like hydroxycinnamic acids (conjugated form of 
PAs) and bound to macromolecules or membranes (bound 
form of polyamines). Though the major form is the free 
cationic form of polyamines, there are instances when the 
amounts of conjugated form exceed the free form and these 
are known to be critical in certain physiological processes 
including seed germination, flower development, and abiotic 
stress responses [22],[37]. 

Polyamine biosynthetic pathway in plants has been well 
elucidated and is similar to those in animals and 
microorganisms. The common polyamines Put, Spd, and Spm 
are synthesized by the decarboxylation of the amino acids 
ornithine and or arginine and their further aminopropylations  
[22],[29]. The diamine Put is the obligate precursor for the 
higher polyamines Spd and Spm, and is synthesized either 
directly from ornithine, by the action of the enzyme ornithine 
decarboxylase (ODC) or indirectly, from arginine by arginine 
decarboxylase (ADC). Agmatine, the immediate product of 
ADC activity, is further converted into N-Carbamoyl-Put by 
agmatine iminohydrolase and ultimately to Put by N-
Carbamoyl-Put aminohydrolase (Figure.2).  

Except for bacteria, plants and some fungi, which utilize both 
pathways for the synthesis of Put, all other organisms posses 
only the ODC pathway for polyamine biosynthesis. In higher 
plants, however owing to the higher cellular pools of arginine 
and its involvement in transport in the plants, the ADC 
pathway is the major pathway for the synthesis of Put [22]. In 
bacteria, ODC pathway is more predominant than ADC 
pathway [22]. The ADC and ODC pathways are connected by 
the inter-conversion of arginine and ornithine through the urea 
cycle [29] Put is further converted to Spd and Spm. Spd is 
synthesized by the addition of an aminopropyl group derived 
from decarboxylated SAM (dcSAM) through the action of 
Spermidine Synthase (Spd Synthase). The addition of another 
aminopropyl group to Spd by Spermine Synthase (Spm 

Synthase) leads to the synthesis of Spm. The decarboxylation 
of SAM is catalysed by S-adenosylmethionine decarboxylase 
(SAMDC) [30]. SAM in turn, is formed from methionine by 
the action of SAM Synthase [22]. SAM is shared between the 
polyamine and ethylene pathways, as it is converted to 1-
aminocyclopropane-1-carboxylic acid (ACC) by the enzyme 
ACC synthase that is further catalysed by ACC Oxidase to 
form ethylene. 

3. POLYAMINE CATABOLISM 

The catabolic pathway for polyamines involves their oxidative 
deamination, catalyzed by amine oxidases, which mainly acts 
on the free protonated forms of polyamines [11]. These 
pathways mediate polyamine involvement in cellular 
processes by providing the degraded products for further 
utilization (Rea et al. 1998). Involvement of catabolic pathway 
has been implicated in cell wall lignifications as well as for 
defense responses [27],[28]. The copper containing diamine 
oxidase (DAO) is a dimeric glycoprotein and acts primarily on 
diamines (Put and Cad) although they may also act on higher 
polyamines to form pyrroline, ammonia and H2O2. The 
polyamine oxidases (PAOs) are monomeric glycoproteins 
containing flavin, which act on the secondary amino groups of 
Spd and Spm forming pyroline, diaminopropane (DAP) and 
H2O2 [31]. The pyrroline (4-aminobutylaldehyde) obtained by 
the action of DAO on Put and PAO on Spd is further oxidized 
by an NAD-dependent dehydrogenase to -aminobutyric acid 
(GABA) [10]. GABA in turn is transaminated to form 
Succinic semialdehyde, which is further oxidized to Succinate. 
Succinate is finally connected to the TCA cycle. NH3 
produced in the pathway is further connected to amino acid 
metabolism through ammonia detoxification cycle. Thus, this 
pathway helps in the recycling of the polyamine carbon 
skeleton and part of the nitrogen. The H2O2 produced by 
diamine and polyamine oxidation is used for the 
polymerisation of lignin and suberin precursors or in the cross 
linking of polysaccharide bound phenols [11]. 
Diaminopropane, a major product of oxidation of Spd and 
Spm is further converted to β-alanine or utilized for the 
synthesis of the higher polyamines like norspermidine, 
norspermine and cladopentamine by successive 
aminopropylations [6]. By producing intermediates and 
products further utilized by other pathways, polyamine 
metabolism is a connecting link between amino acid and 
carbon metabolism. The recycling pathway i.e. the conversion 
of Spd into Put and Spm into Put and Spd has been known to 
regulate the polyamine levels in animals and fungi. This is a 
common occurrence in animals; no substantial evidence for 
the occurrence of the same in plants is available [7].  

4. POLYAMINES - FUNGAL RESISTANCE 

Polyamines play important role in controlling diseases at 
multiple levels. At the cell wall level, they prevent the entry of 
the different pathogen by lignifications and suberization. 
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Conjugated polyamines, especially hydroxyl cinnamic acid 
amides (HCA amides) and comouryl-agmatine, have been 
known to have anti microbial properties [22], [26],[32]. 
Polyamines particularly Spm has been shown to be an 
endogenous precursor for pathogenesis related (PR) proteins, 
PR-1, PR-2, PR-3 and PR-5 [34]. Polyamine, mainly Put acts 
as a substrate and precursor for many tropane alkaloids such 
as hyosyanine and scopolamine, which are well known for 
their anti- microbial properties. 

Plant system has two pathways for Put synthesis, one from 
ornithine involving ODC and another from arginine involving 
ADC. Fungi have only ODC pathway for polyamine formation 
[25]. The involvement of polyamines in resistance against 
fungal disease is well documented. In barley leaves, 
inoculation of Puccinia, results in an increase in the level of 
Put and Spd [22]. Put, Spd and Spm levels increased in the 
‘clubbed’ region of turnip roots infected with plasmodiophora, 
where as regions of roots not showing disease symptoms did 
not show increased polyamines [32]. Walters et al.2003 [32], 
found similar polyamine increase in barley leaves infected 
with powdery mildew and correlated to respective increase in 
ADC, ODC and SAMDC activities. Therefore, polyamines 
were suggested to be involved in “green island” formation 
[32]. Further work, using a detached leaf system for the 
generation of Green Island on powdery mildew infected barley 
leaves showed that several-fold increase in polyamines 
occurred in these green islands [8]. Similarly polyamine 
increase was reported in wheat infected with Puccinia [38]. 
The growth of the phytopathogenic fungi can be controlled by 
using DFMO, the inhibitor of ODC effectively [23]; [32]. 
Rajam and Galston, [25] for the first time, demonstrated the 
control of the growth of several phytopathogenic fungi in vitro 
by DFMO. Later, [25], reported the complete prevention of 
Uromyces infection on Phaseolous Vulgaris by DFMO 
treatment either pre or post inoculation. Broad bean could be 
protected from the rust and barley against powdery mildew by 
DFMO treatment. Reported, that the DFMO treatment 
inhibited uredospore germination and restricted germ-tube 
development and also the effect of DFMO on pathogenesis 
control was persistent for about two weeks [24]. Near isogenic 
lines of wheat differing in susceptibility to stem rust were 
tested for their polyamine levels and it was found that resistant 
lines have a higher endogenous polyamine level which does 
not show any change on infection where as susceptible and 
moderately resistant lines showed significant increase in Put 
and Spd levels on infection. [5], [16]. Recent work on barley 
reacting hypersensitively to the powdery mildew fungus, [9] 
showed an increase in conjugated polyamines and the 
polyamine biosynthetic enzymes ODC, ADC and the catabolic 
enzymes activity following inoculation. Further, that in an 
incompatible interaction between barley and powdery mildew 
where the resistance was penetration based, level of Put, Spd 
and catabolic enzyme activity was found to increase after 
inoculation [9]. Tomato accumulate high amount of Feraloyl-
Put as a result of tobacco mosaic virus (TMV) infection, and 

the amount was highest after particle multiplication [39],[40]. 
Negrel et al. [17] reported, a 20-fold increase in ODC activity, 
which parallels the phenylalanine ammonia lyase (PAL) 
activity during hypersensitive response in tobacco. Hiraga et 
al. [12] reported that the HR of tobacco to TMV, a HR-
induced peroxidase gene (tpoxc1) is responsive to spermine 
but not to salicylate. Belles et al. [2], reported that increase in 
free Put in tomato plants infected with Citrus exocortis viroid 
was found to be due to decrease in ODC rather than ADC 
activity. Hypersensitive tobacco plants showed an increased 
Put and Spd levels and also ADC and ODC activities on TMV 
infection whereas DAO activity was negligible. Rabiti et al. 
[26] reported that susceptible plants however showed low Put 
and Spd levels and no change in ADC, ODC or DAO levels 
showing the involvement of polyamine in viral infection. 
There is information that polyamine plays a role in stress 
responses, and there are some reports on transgenic approach.  

However, reports of fungal resistance by Over- expression of 
Polyamine pathway gene are limited.  Polyamine genes, like 
Samdc in tobacco and tomato [19],[33] and adc in eggplant 
[18] were developed. These plants showed resistance to 
various fungal pathogens. 
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