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Phytoalexins: Defence or just a response to stress?
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Abstract

Inducible plant defence responses include antimicrobial compounds called phytoalexins, Iytic enzymes, oxidizing
agents, cell wall lignification and a number of pathogenesis related proteins. The antimicrobial properties of
phytoalexins suggest that they are an important component of plant defence. A role for these compounds in defence
has been revealed through several experimental approaches. Data have come, for example, through studies on the
rate of phytoalexins in relation to cessation of pathogen development, quantification of phytoalexins at the
infection site and relationship of pathogen virulence to the phytoalexin tolerance. Although there are some evidence
suggesting a role for phytoalexins accumulation in resistance, there are also examples against it. Progress in the
development of our understanding of the role of phytoalexins in resistance is discussed in this review.
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Fitoaleksinler: Savunma m yoksa sadece strese bir tepki mi?

Ozet

Uyarlabilir bitki savunma mekanizmasi, fitoaleksinler, litik enzimler okside olan maddeler, hiicre duvar
lignifikasyonlan ve patojenite ile ilgili birkag proteini de kapsayan antimikrobiyal maddeleri igerir. Fitoaleksinlerin
antimikrobiyal Ozellikleri, onlarm bitkilerin savunmasinda 6nemli oldufunu gostermektedir. Bu maddelerin
dayamkllbktaki rolii birka¢c degisik yaklagimla cahsilmigtir. Biriken fitoaleksin| oramnin patojen gelisimini
durdurmasi, infeksiyonun olustugu yerdeki fitoaleksin miktari ve patojen viriilenslifinin fitoaleksini tolere etme
yetenegiyle iligkisi gimdiye kadar yapilan ¢ahigmalar arasindadir. Fitoaleksinin birikiminin dayaniklilikta bir roli
oldugunu kanitlayan sonuglar olmasina ragmen, bu diigiincenin tam aksi 6rnekler de bulunmaktadir. Bu derlemede
fitoaleksinlerin dayamklihiktaki roliinii anlamamzi saglayacak gelismeler tartigitlmgtar.

Anahtar sozciikler: Fitoaleksinler, bitkiler, dayamiklilik, savunma, patojen

Introduction (resistance) is the rule |(Panopoulus et al., 1984). In

many cases, following an attack, an encounter leaves
Higher plants are routinely exposed to micro- no obvious trace of its occurrence and the microbe
organisms, both above and below the ground. fails to establish itself due to a lack in activation of
Fortunately, only a handful of them cause diseases on pathogenicity functions or to highly effective plant
them. Indeed, as with animals, compatibility of defence mechanisms. Others leave evidence of an
micro-organisms (susceptible) with the host is an intense host-pathogen interaction that eventually

exception in the nature, while incompatibility results in the restriction of the pathogen (Delaney,
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1997). In this case, host tissues often display activated
defence functions that produce antimicrobial
compounds, enzymes and structural reinforcement
that may limit pathogen growth (Dixon and Lamb,
1999).

Activated (infection-induced) defence mechanisms
operates only once the pathogen attempts to infect the
host, thus their products are normally either absent
from healthy plant tissues, or present only in lower
amounts than that can be detected during incompatible
interactions. They therefore provide an excellent
model for investigation of events involved in cellular
signalling, and to evaluate the role played by specific
defence mechanisms in resistance (Smith, 1996).

Phytoalexin concept

Antimicrobial compounds from plants are broadly
classified into two categories: phytoantipicins and
phytoalexins (Mansfield, 1999). Phytoanticipins are
described as "low molecular weight, antimicrobial
compounds that are present in plants before challenge
by micro-organisms, or are produced after infection
solely, from pre-existing precursors’. Phytoalexins
are defined as "low molecular weight, anti-microbial
compounds that are both synthesized and
accumulated in plants after exposure to micro-
organisms or abiotic agents" (Paxton, 1980; VanEtten
et al., 1994). Phytoalexins represents one component
of a battery of induced defence mechanisms used by
plants including lytic enzymes such as chitinases and
glucanases, oxidizing agents, cell wall lignification
and a number of pathogenesis-related (PR) proteins
and transcripts of unknown functions (Dixon and
Lamb, 1990; Lamb et al., 1989). It is important to
recognise that phytoalexin accumulation may be part
of a co-ordinated defence strategy, in which any one
factor may alone be unable to account for restriction
of the potential pathogen (Mansfield, 1999).

Elicitors of phytoalexin accumulation

The molecules that signal plants to begin the process
of phytoalexin synthesis are called elicitors. Elicitors
of biotic origin may be involved in the interaction of
plants and potential pathogens, whereas abiotic

elicitors are not involved in normal host-pathogen
interactions (Darvill and Albersheim, 1984).

In natural conditions, the stimulus is provided by
the presence of the micro-organism and its perception
by the host initiates the chain of events leading to
phytoalexin synthesis. Biotic elicitors may originate
in the invading organism, in which case they are
referred to as "exogenous', whereas "endogenous”
elicitors are of plant origin and are generated by the
interaction between micro-organism and plant.
Molecules with elicitor activity have been identified
across a wide range of structural types including
polysaccharides, glycoproteins, lipids, lipopolysaccharides,
oligosaccharides and even enzymes, though their
activity can be attributed to their effect in releasing
elicitor-active components from the cell walls of the
pathogen or host (Anderson, 1989; Blein et al., 1991;
Hahn et al., 1992; Ricker and Bostock, 1992; Alghisi
and Favaron, 1995).

Abiotic elicitors form a diverse collection of
molecules that are not derived from natural sources,
such as the tissues of the pathogen or host. Under
normal circumstances, they would not be encountered
by the plant. The group includes compounds such as
fungicides; salts of heavy metals, for example Cu*
and Hg™; the detergents, basic molecules such as
polylysine and histone; reagents that are intercalated
DNA (Dixon et al., 1983; Darvill and Albersheim,
1984). Treatment of plant tissues with factors that
cause stress, for example repeated freezing and
thawing, wounding or exposure to UV light (Kodama
et al., 1988; Kodama et al., 1992; Mert-Tiirk et al.,
1998) can also induce phytoalexin synthesis.

Phytoalexins in disease resistance

Phytoalexins accumulate at infection sites and they
inhibit the growth of fungi and bacteria in vitro
therefore, it is logical to consider them as possible
plant-defence compounds against diseases caused by
fungi and bacteria. Depending upon the phytoalexin,
fungus and bioassay, the ECs for fungi is generally
10° to 10° M (reviewed by Kuc, 1995). Thus they are
comparatively weak as antifungal agents. Although
there is no evidence that are phytoalexins are
translocated, the speed of their accumulation and



localization at the infection site may permit the
pathogen to encounter concentrations far in excess of
the ECso at early stages in the infection process. There
is evidence for this presumption. Concerning the
accumulation of pisatin in pea and phaseollin in green
bean, it was apparent that the phytoalexins
accumulated to fungitoxic concentrations not only in
inoculum droplets placed on opened pea or bean pods
but also in the tissues immediately below the
inoculum droplets (Cruickshank and Perrin, 1968).
These data supported a role for phytoalexins in plant
disease resistance, but there were and still are
exceptions.

There are also examples that phytoalexins
accumulated during compatible plant-pathogen
interactions. These include the induction of pisatin by
the virulent Oomycete Aphanomyces eutiches
(Pueppke and VanEtten, 1976) and by the pathogenic
strains of the fungus Nectria hematococca and
induction of spirobrassinin by virulent races of
Leptosphaeria maculans (Pedras and Seguin-Swartz,
1992). Similarly Glazebrook and Ausubel (1994)
reported that the virulent pathogen Pseudomonas
syringae pv. maculicola elicits the synthesis of high
levels of camalexin in Arabidopsis thaliana.
Mert-Tiirk et al. (1998) also showed that camalexin
accumulated during both compatible and
incompatible interaction in A. thaliana when
challenged with an Oomycete, Peronospora
parasitica.

If the results exemplified above are interpreted, in
incompatible interactions, phytoalexin accumulation
limits or stops pathogen growth, thereby conferring
resistance to the plant (Figure 1). In compatible
interactions, the pathogen apparently, either tolerates
the accumulated phytoalexins, detoxifies them,
suppresses phytoalexin accumulation, and/or avoids
eliciting phytoalexin production (Mansfield, 1982).

Gene manipulation for resistance

Phytoalexin definition described above does not
include any criteria that would allow discrimination
between a role for phytoalexins in defence versus just
a response to stress. In order to evaluate the
importance of phytoalexins in defence the following
criteria can be used: 1. The restriction of the pathogen
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development must be associated with phytoalexin
production, 2. Phytoalexins must accumulate to
antimicrobial levels at the infection site in resistant
plants or cultivars that could result the cessation of
the pathogen growth, 3. There must be strong
evidence that the phytoalexins have vital importance
in resistance, and absence of these compounds would
result enhanced susceptibility (Hammerschmidt,
1999).

The first two criteria are easy to satisfy through
direct observation of pathogen development in
relation to phytoalexin accumulation. The third
criterion is the most difficult and complicated one that
requires detailed analysis as exemplified below.

A central part of evaluating the role of
phytoalexins in resistance has been to manipulate
phytoalexin accumulation synthesis with inhibitors
and enhancers of phytoalexin synthesis and then to
determine whether the degree of resistance is altered
thereby. If phytoalexin accumulation makes a
significant contribution to resistance, cultivars that
are normally susceptible to a virulent race of
pathogen would be expected to become more
resistant, and cultivars that are resistant would
become more susceptible to infection, according to
whether the phytoalexin content is increased or
decreased respectively.

In order to find out the role of phytoalexins in
resistance, a few elegant models have been studied.
The gene for biosynthesis of stillbene phytoalexins
has been transferred from Vitis vinifera (grapevine) to
tobacco. In response to inoculation with Botrytis
cinerea, the transformed plants accumulate mRNA
for stilbene synthase, the enzyme specifically
required for synthesis of the stilbene phytoalexin
resveratrol, around the infection site. They also
demonstrate an enhanced resistance to the pathogen
that corresponds with accumulation of resveratrol to
fungitoxic concentrations (Hain et al., 1993). This
affords powerful evidence of the role of phytoalexin
accumulation in disease resistance.

Glazebrook and Ausubel (1994) and Glazebrook
et al. (1997) isolated three phytoalexin-deficient
(pad) mutants of A. thaliana accession Col-0 to help
elucidate the role(s) of phytoalexins in plant-pathogen
interactions. Infection by P. syringae induced the A.
thaliana phytoalexin, camalexin, in the pad!, pad2 and
pad3 mutants to 30, 10 and <1% (undetectable) of the
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Figure 1: Activity of antimicrobial compounds at different stages of the plant-pathogen interaction. The dashed lines refer to
the routes taken by virulent pathogens to avoid plant defence (adopted from Mansfield, 1999).

level in wild-type plants, respectively. Nane of pad
mutants was compromised in their ability to resist
infection by P. syringae strains carrying avirulence
(avr) genes. However padl and pad2 exhibited
enhanced susceptibility to virulent strains. In contrast,
growth of these strains in the pad3 mutant was not
significantly different from that in wild-type accession
providing evidence that camalexin does not have an
important role in protecting the plants from avirulent
pathogens but might have a role on restricting the
virulent pathogens. Similar results obtained using an
Oomycete P. parasitica in a few wild-type accessions
and the same mutants (Mert-Tiirk et al.,, 1998;
Mert-Tiirk, 2001).

Genetic manipulation of secondary metabolites is
an area of molecular biology that remains in its
infancy. More detailed understanding of the
enzymology of phytoalexin synthesis is needed
(Mansfield, 1999). Dixon et al. (1996) pointed out
that attempts to engineer metabolic pathways may
give unexpected results, revealing fundamentally
redundant enzyme systems, metabolic channelling, or
unexpected translocational control mechanisms. A
continued research focus on phytoalexins is therefore,
likely to yield data on fundamental aspects of plant
metabolism as well as being of indirect benefit to the

development of disease control strategies.



Conclusions

Phytoalexins are only one components of the complex
mechanisms for disease resistance in plants. Studies
on phytoalexins alone have contributed a great deal to
plant biochemistry and molecular biology. As they
accumulate both in susceptible and resistant plants,
the real question is that whether they are contributors
to defence or just the end product of pathogen- or
stress-induced metabolism. More conclusive
approaches could be used to answer the question. One
of them could be to generate phytoalexin biosynthetic
mutants that no longer synthesize phytoalexins, then
to assess them whether phytoalexin deficiency causes
enhanced susceptibility. There are two extremely
critical points here that should be kept in mind. This
approach should include genetical analyses using a
system in which the biochemical and physiological
evidence argues strongly in favour of a key role for
phytoalexins in resistance. Second point is that the
plants must be evaluated for changes in other
defences that may compensate for the loss of
phytoalexin production.

As a result of advances in molecular biology,
much better view of the role of phytoalexins in
defence has established, though we do still not know
for certain whether phytoalexin are contributors for
defence. Clearly future studies on these compounds
will allow us to understand and evaluate plant-
pathogen interactions as well as provide new
approaches to disease control. All affords in
molecular biology and biotechnology is to introduce
new approaches into disease control for more friendly
environment.
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