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Abstract

Abiotic and biotic stresses are the major parameters affecting plants growth and yield. In the current
scenario of crops and other plants as important sources of food grains, vegetables, fruits for the ever
burgeoning population of world, it becomes important to chalk out the impact of varying stresses.
There is an urgent need to analyze these stress factors so as to ensure the feeding of the entire future
world population, and to develop new techniques and strategies so as to come up with sustainable
agriculture. Without knowing the background details of a problem it is not possible to find a solution
hence detailed study on plants and their response to various stress would help to find some new
dependable solutions. Among various compounds involved in stress tolerance one such small organic
compound which are cationic in nature have gained attention in the past and they are known as
Polyamines (PAs). These PAs play a wide variety of roles in plant life among which we will be
focusing only on abiotic stress although they are also known to show biotic stress response also. The
concentrations of PAs in plants vary with respect to time, environmental conditions and under stress
situation. Their biosynthesis, transport and catabolism play very crucial role in plant stress response.
Different PAs act on different type of stresses and stress specific in nature. PAs are very important for
heat, cold, drought, ozone, radiation, salt etc stress tolerance in plants. This article will be elaborating
about some of the important PAs and their role in plant stress response.

Abbreviations

PAs Polyamine
Put Putrescine
Spd Spermidine
Spm Spermine

CuAO Copper binding diamine oxidases

DAO Diamine oxidases
PAO Polyamine oxidases
ADC Arginine decarboxylase
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ROS Reactive oxygen species
SAMDC  S-Adenosylmethionine decarboxylase

Introduction

All the living organisms are either directly or indirectly depend upon plants their survival.
Although at present there is enough of the food available to feed the entire population but the
rapidly increasing world’s population is giving signs that there is a need to develop new
techniques to increase the crop yield. Plants experience a wide variety of stresses in their life
cycle. They may be biotic stresses like weeds, birds, nematodes, micro organisms, etc or
abiotic stresses like salt stress, cold stress, heat stress, drought stress, radiation stress etc. In
order to come up with effective strategies it is important to study the plant’s behaviour under
stress conditions and how they react to the stress, what mechanism they follow to overcome
those stressful situations.

PAs are one of the most important organic compounds that are cationic in nature and contain
two or more amino groups. Put, spd and spm are the most extensively available PAs in plants.
Arginine decarboxylase (ADC) is the enzyme that is responsible for decarboxylation of
arginine to produce Put similarly enzyme ornithine decarboxylase (ODC) acts on ornithine
and upon its decarboxylation produces put. The enzyme spd synthase converts put to spd
subsequently spm synthase converts spd to spm. PAs may either be present in free or in
conjugated form. The conjugated forms of PAs are found to be associated with nucleic acids,
proteins and with many other molecules. CUAO/DAO and PAO have important role in
controlling growth and in providing tolerance to stress conditions to plants [1][2]. PAO has
also shown its effect on Programmed Cell Death [3] [1], tolerance to osmotic stress [4] [2]
and many other stress related tolerance. The genes that encodes those enzymes which are
responsible for synthesis of PA can be overexpressed in different plants in order to get higher
folds of tolerance towards both biotic and abiotic stress as reviewed by [5] [6]. In this review
article we will be focusing on different types of PAs and their role in plants to initiate the
mechanism involving tolerance against various types of stress.

Role of polyamines in response to salt stress

One of the most common salt that induces stress on plants is NaCl and many other salts are
also found to be affecting the plant’s normal metabolism and normal state of development.
Different plants show different range of tolerance towards the salt stress. Na" competes with
K" and disables the K™ to bind to specific site of enzyme there by inhibiting the enzymatic
activity. Transgenic rice with transformed ADC gene of the oat showed enhanced activity of
the expressed ADC enzyme and the accumulation of put in the transformed rice was estimated
to be more than non transformed one along with the former showing increased yield when
they were subjected to NaCl stress [7]. The rice cultivar which was sensitive to salt tolerance
had higher content of put accumulated where as the rice cultivar that showed tolerance
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towards salt stress had higher amount of spm and spd accumulated in it [8]. After observing
different levels of PA that were accumulated in varying amount in the shoot, it was inferred
that the salt sensitivity of a particular rice cultivar was due to their ability to accumulate
different PAs like the spd and spm content was less as compared to that of put, which was
accumulated at a higher concentration [9]. As observed by [10], the put was found to be
accumulated at a higher level of concentration in plasma membrane of their root in the rice
cultivar that was salt sensitive whereas the rice cultivar which were salt tolerant had increased
amount of spm and spd in the plasma membranes of their root. There are many evidences of
PAs accumulating in a wide range of plants in response to salt stress. The accumulation of
spm and spd benefited the rice plants in preventing the efflux of amino acids as well as
electrolytes from shoot and root system of those plants which signified that they are crucial
for response to the salt stress [11]. The harmful effects of salt stress were controlled by spd
and spm when they were applied externally by nullifying the effects of salt stress and thereby
increasing the photosynthetic efficiency as well as reactive oxygen metabolism to support
plant’s normal growth and development[12][13]. According to [14] ABA along with PAs can
work efficiently in providing tolerance to salt stress as it was observed in the seedlings of
grape.
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Figure. 1 Structure of Polyamines from plants adapted from [15]
Polyamines response to water stress

Drought stress is also a matter of concern because it has major contributing role in agricultural
yield loss. Conventional plant breeding and modern GE techniques may provide some
beneficial results in overcoming drought stress among which GE has gained a widespread
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importance in recent fast moving world. PAs can regulate the opening and closing of stomatal
aperture there by controlling the rate of transpiration in plants [16], where PAs can manage
the pore size of the plasma membrane present in the guard cells as well as have control over
K" channels. Arabidopsis undergoes stomatal closure in response to drought conditions and
shows higher level of put when ADC2 was used for overexpression in order to tolerate low
water stress [17]. Another example which proves the function of PAs in controlling the water
stress response is, as observed by workers [18], where the exogenous treatment of spm to
Citrus reticulate which was dehydrated responded by closing its stomatal aperture thereby
reducing the amount of water to be lost, leakage of electrolytes in lesser amount and
exhibiting little wilting as compared to those plants that were not treated with spm. Seed
germination in case of alfalfa that was subjected to exogenous put applications under drought
conditions induced by applications of PEG of varying concentrations was found to be
increased and there was positive influence of put on overall dry as well as fresh weight of
shoot and root and showed healthy growth of hypocotyls with increased length [19].
Researchers further showed that among the three major PAs found in plants drought
resistance in case of apple was strongly influenced under the response initiated by spm [20]
and the same was observed by other workers [21] where spm had major influence on drought
tolerance in cherry tomato. H,O, was found to be involved in certain signalling pathways
which were produced as a result of oxidation of PAs where the pathway would provide
tolerance towards drought stress in plants [22].

Response of polyamines for temperature stress

The anthropogenic activities has led to global warming and irregular patterns of climate
change which has direct adverse affects on plants, animals as well as all other living
organisms also. Plants start to accumulate PAs as they sense temperature stress. The plasma
membrane of cell has got the phospholipids which have the tendency to allow the binding of
PAs to them and when there is binding of PAs to desired site on phospholipids the cell
undergoing, cytolysis due to cold stress can be stopped thus providing cold tolerance to plants
[23]. It was observed that the spm that was treated externally induced the accumulation of
both spd and spm internally but not allowing the put content to increase and thus lowered the
damage that would have been caused by chlling stress [24] [25]. As the chickpea was
subjected to chilling stress it was observed that there was increase in concentration of put
[26]. Cold tolerance can be enhanced by providing spd along with the growth medium as it
was done in cucumber by workers [27]. The tomato that was made to over-express SAMDC
resulted in spd and spm accumulation at higher concentrations and along with this the
enzymes that showed antioxidant activity were synthesized and the oxidative degradation of
the lipids present in the membrane was prevented when there was stress due to higher
temperature [28]. According to workers [29] the increase in concentration of spm, spd and N-
spd were linked to increased proline synthesis during heat stress as observed in tobacco plant
and it was seen that as there was increase in the production of proline, it stimulated the
accumulation of conjugated and free PAs. PAs have the ability to increase the photosynthetic
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efficiency in plans during heat stress as well as having the capacity to enhance the
antioxidative properties and maintain osmotic balance inside the cells [30].

Response of polyamines for heavy metal stress and mineral deficiency

The presence of heavy metals and absence of macro and micro nutrients will overall affect the
plant growth, development and yield. Providing right amount of nutrition to plants is essential
for their normal growth and development. In K deficient conditions there was increase in
significant amount of put and ADC activity [31]. As deficiency of K can be known by their
put levels in the same way boron deficiency can also be known as it was seen by researchers
[32] in tobacco plants whose leaves were found to be accumulating conjugated put and roots
accumulated free put. It was observed in grapevine that PA concentration was altered in those
conditions where N and Mg were present in limiting conditions [33]. The metabolic activity
of PA production was found to be regulated by concentrations of Cu** and Cd?* as estimated
in the wheat and sunflower leaves, where the amount of put was found to be increased and
amount of put in sunflower leaves was found to be decreased [34]. The functioning of SOD
and GR is hampered by these two above mentioned metals which can be prevented by
treating with appropriate concentrations of spm and spd before the commencement of these
metal stresses [35].

Response of polyamines during oxidative stress

Oxidative stress may be due to any factors that results in decreasing the plant’s ability to fight
against the free radicals and show its antioxidant property. The superoxide free radicals can be
detoxified by PAs like put, spm, spd [36]. Due to oxidative stress there will be increase in the
amount of ROS which results in damage of plants DNA, proteins and lipids. Researchers
showed that the oxidative stress can be tolerated by the plants if there is pretreatment of PAs
before the occurrence of stress [37] as they have confirmed that in the leaves of maize by pre
treating them with put and spm. A supporting example for relation between PAs and
enhancing the antioxidant property of plant was given by workers where they showed that
application of spd exogenously enhanced the production of spm and spd internally where as
reducing the content of put in cucumber root, when the plant was encountered with low
oxygen stress which somewhat indicated that there was a relationship between PAs and their
ability to stimulate the antioxidant activity [38] [39]. Along with enhancing the antioxidant
property there were some other benefits which were observed to be associated with PAs such
as better regulation of ROS scavenging, decreased amount of lipid degradation in the
membranes. Although PAs are resoponsible for production of H,0, which acts as a signalling
molecule to induce the plants defense mechanisms but still this H,O, that can lead to cellular
damage [40].

Polyamines response towards mechanical stress

Mechanical stress that may be due to biotic or abiotic factors influences the PAs to induce
response in plants. There was increase in the levels of free put and enhanced ADC2
expression in Arabidopsis as it was subjected to treatment of methyl jasmonate along with
providing wounding which was a mechanical stress [41]. According to workers PAO, CuAO
had the ability to heal the wound in plants [42]. There was deposition of suberin and lignin
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around the place where they was injury in maize and this deposition was found to be
increased as a result of increased biosynthesis of H,O, with the aid of PAO thus signifying
that PAO has a positive influence on wound healing [43].

Table 1.Abiotic stress response of Polyamines in different plants and the its outcome, modified

[15]
Type of | Type of Type of | Effect of PA Result Reference
stress Plant PA
0.15M Panax 0.00001 | Decrease in amount of of| Increased [44]
NaCl ginseng M, chlorophyll degradation, tolerance to
0.0001M, | accumulation of spd and salt stress
0.001M spm in  higher content,
Spd increased activity of
enzymes that perform
scavenging
Oxidative | Seedlings | 0.0002M | Increased antioxidative oxidative [45]
stress of spm  or| property, higher amount of| damage was found
Cerasus spd spm, spd, put accumulation, | to be stopped that
humilis activities of the enzymes|was caused as
SAMDC, ADC and ODC | result of drought
0.08M Muskmelo | 0.05M The amount of put was| Seedlings of [46]
Calcium | n GABA decreased but that of spm| muskmelon
nitrate and spd got increased,PAO | showed higher
, SAMDC, ODC, ADC, levels of tolerance
DAO enzymatic activity towards calcium
was enhanced nitrate stress
0.001M | Sunflower | 0.0001M | Helped in normal Increased [47]
CuClyor | and PAs development and amount of
CdCl, wheat prevented the effects of| tolerance
those metals stress on plant | towards stress
caused by the
heavy metals
Water Thymus 0.02g/L | Lowered amount of injury | There were no [48]
stress vulgaris L. | of p to cells, increased activity | harmful
put of enzymes showing effects of
antioxidant functions, drought stress
increased dry Matter and on plants

increased water content of
the leaf

Reponse of PAs to other types of stress
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PAs have role in response to UV radiation which is a known stress to plants. The amount of
conjugated PAs was estimated to be higher and the levels of free PAs was estimated to be
lowered when Phaseolus vulgaris was subjected to UV-B stress [49]. When the same type of
radiation stress was provided to tobacco there was accumulation of higher amount of put, but
prolonged exposure to that radiation resulted in lowering the levels of PA [50]. Although
other examples are also present but still by considering these two examples it signifies that
there is some relation between radiation stress recognition and to initiate response against it
by the PAs in the plants. As the ozone is directly hitting the plants it is affecting the plants
normal growth and development, inefficient photosynthesis, damage to foliar regions and
ultimately leading to senescence of plant [51]. The leaves of barley plant showed enhanced
activity of ADC when the leaves were treated with ozone. Researchers showed in vitro that
spm, spd and put with levels between 0.01M to 0.05M were able to control the formation of
superoxide free radicals [52]. Arabidopsis had gained the ability to detoxify the effect caused
by paraquat when it was treated with PAs [53] which signified that the PAs may be
stimulating the antioxidant properties of the plants. Salt tolerance can be achieved in tobacco
by overexpressing CuUAO (genes coding for diamine oxidase) [54] and the result of ZmPAO
(maize polyamine oxidase) overexpression in tobacco plant would result in better healing of
the wound [55]. Researchers showed that acid resistance in plants was found to be enhanced
when the plant was treated with put under acid stress conditions and it was able to stabilize
the membrane [56]. There will be increase in the content of PAs when the plants encounter
biotic stress like when a pathogen enters a plant cell there will be activation of PA oxidase
which results in accumulation of H,O, that will inhibit the further entry of pathogens into the
plant cell [57].

Protection of plants by Polyamines

PAs play many vital roles in plants like they regulate plants growth, development, cell
differentiation, PCD, providing response when plants encounter biotic and abiotic stress and
many other functions will be regulated by PAs. They protect biopolymers, proteins,
membranes and lipids due to their ability to interact with the sites where there will be negative
charge on the molecules with whom they interact. Whenever the plants encounter stress the
degradation of nucleic acids and proteins is protected and stabilised by PAs. A diamine put
has very crucial role in initiating the response to plant stress and it also serves as a precursor
molecule for spd and spm synthesis [58]. Under stressful conditions there will be reduction in
chlorophyll content and increase in biopolymer degrading enzymes which ultimately causes
the plant cell to undergo senescence, but the presence of spm and spd will prevent the cell
form undergoing senescence [59]. Researchers found that by giving osmotic stress to oat
plants and treating them with spd showed that spd protected Rubisco, cytochrome, and D1,
D2 proteins of the thylakoid and also helped in stabilizing their structure [60]. On expressing
Saccharomyces cerevisiae SAMDC (S-adenosylmethionine decarboxylase) in tomato plant
and upon providing the plant with prolonged chilling treatment and then subjecting to mild
warming increased the spm and spd content in the fruit along with which a pathogenesis
related protein PR1b1 was also found to be accumulated [61] and thus it was inferred that the
accumulation of protein was due to PAs thus providing a link between PAs and their role in
cold stress response. ADC1 expression is specifically increased when there is cold stress [62]
(Hummel et al. 2004) whereas ADC2 expression is generally expressed in higher amount
during abiotic stresses [63][64][65] [66] [67]. When the plant experiences only salt stress then
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it is observed that the plants accumulates more amount of SAMDC2 and when the plants
experiences cold stress then SAMDC1 and SAMDC?2 both are observed to be accumulating in
higher amount [68]. In response to salt stress the increased activity of CuAO results in
increased concentration of GABA [69] or may trigger the synthesis of ROS in the apoplast
[70] [71] due to PA oxidation in larger amount where PAs aims at protecting the plant under
stress induced by salt. The external treatment of put decreases the damage to chlorophyll and
protects the thylakoid membrane during stress conditions and the activity of PSII was found
to be enhanced [72][73][74]. The function of PAs in ROS scavenging can be understood by
[75] work where the oxidative damage to DNA was found to be inhibited due to presence of
spm in Mesembryanthemum crystallinum.

Conclusion

The biotic and abiotic stress if neglected will cause severe damage to crop and ultimately the
plant may not be able to survive with such harsh conditions. There are some stresses which
we can avoid but there are some stresses that are not under the control of our hands and for
such stresses the development of stress tolerant crops or coming up with new conventional
strategies are required. To develop any strategy it is necessary to know the detailed
background of that problem so that we can come up with a better solution. Supporting to that
statement PAs have been well understood and known to play a very crucial and promising
role in initiating a stress response and providing tolerance towards stress in plant’s life. Hence
by using PAs we can go for conventional or trans/cis genic approaches to control the synthesis
and catabolism of PAs in different plants as needed to provide tolerance to different stress
conditions in plants.

The problem of biotic and abiotic stress have been affecting the crop yield since wayback but
the research is still going on to make the plant tolerant towards that particular stress that a
plant is facing. Although many conventional and biotechnological approaches have ensured
that the future agriculture is free from danger but still those techniques that would bring a
revolutionary change in the field of stress biolgy are in demand.
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