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An approach on phytoalexins: function, characterization and
biosynthesis in plants of the family Poaceae

Uma abordagem sobre fitoalexinas: func¢io, caracterizacido e biossintese em plantas da familia Poaceae

Rejanne Lima Arruda™ Andressa Tuane Santana Paz' Maria Teresa Freitas Bara'
Marcio Vinicius de Carvalho Barros Cortes” Marta Cristina Corsi de Filippi"
Edemilson Cardoso da Conceigio'

ABSTRACT

Phytoalexins are compounds that have been studied
a few years ago, which present mainly antimicrobial activity.
The plants of the family Poaceae are the most geographically
widespread and stand out for their economic importance, once they
are cereals used as staple food. This family stands out for having a
variety of phytoalexins, which can be synthesized via the shikimic
acid (the phenylpropanoids), or mevalonic acid, being considered
terpenoid phytoalexins. The characterization of these compounds
with antimicrobial activity is carried out using chromatographic
techniques, and the high-performance liquid chromatography
(HPLC) coupled with mass spectrometry are the most efficient
methods in this process. This research aimed to present an

approach of the function, characterization and biosynthesis of

phytoalexins in plants of the family Poaceae.

Key words: metabolites, protection of plants, signaling,
Oryza sativa.

RESUMO

As fitoalexinas sdo compostos que vém sendo
estudados hd alguns anos, apresentando principalmente
atividade antimicrobiana. As plantas da familia Poaceae sdo
as geograficamente mais difundidas e se destacam por sua
importdncia economica, uma vez que sdo os cereais que compoe
a base da alimentagdo, em todos os continentes. Essa familia
se destaca por apresentar uma variedade de fitoalexinas, sendo
que as mais importantes sdo sintetizadas a partir da via do dcido
chiquimico. A caracterizagdo desses compostos com atividade
antimicrobiana é realizada por meio de técnicas cromatogrdficas,
sendo que a cromatografia liquida de alta eficiéncia (HPLC)
acoplada com espectrometria de massas é a técnica mais
eficiente nesse processo. O trabalho apresenta como objetivo uma
abordagem da fungdo, caracterizagdo, biossintese e aplicagoes
das fitoalexinas em plantas da familia Poaceae.

Palavras-chave: metabdlitos, prote¢do de plantas, sinalizagdo,
Oryza sativa.

INTRODUCTION

Phytoalexins are natural products
secreted and accumulated temporarily by plants in
response to pathogen attack. They have inhibitory
activity against bacteria, fungi, nematodes, insects
and toxic effects for the animals and for the plant
itself (BRAGA, 1991). They are mostly lipophilic
compounds that have the ability to cross the plasma
membrane and act inside the cell. According to
SMITH (1996) their toxicity in the plant occurs as a
function of their acidic character, the high number of
hydroxyl and substituents.

CAVALCANTI et al. (2005) states
that the mode of action of phytoalexins on fungi
includes cytoplasmic granulation, disorganization
of the cellular contents, rupture of the plasma
membrane and inhibition of fungal enzymes,
reflecting on the inhibition of seed germination
and elongation of the germ tube and reduction or
inhibition of mycelial growth.

According to GRAYER & KOKUBUN
(2001) phytoalexins are secondary metabolites of
low molecular weight, so that it can not be applied to
antifungal proteins and peptides produced by plants,
once they have higher molecular weight. STOESSL

Laboratério de PD&I de Bioprodutos, Faculdade de Farmacia, Universidade Federal de Goias (UFG), 74605-170, Goiania, GO, Brasil.

E-mail: rejanne.lima.arruda@hotmail.com. “Corresponding author.

Laboratorio de Fitopatologia, Embrapa Arroz e Feijao, Santo Antonio de Goias, GO, Brasil.

Received 08.15.15  Approved 01.13.16

Returned by the author 03.25.16

CR-2015-1164.R1



1207 Arruda et al.

et al. (1980) defined the phytoalexins as products of
the metabolism of higher plants absent in healthy
tissues or present only in insignificant amounts, which
accumulate in significant quantities in response to
attack by fungi or bacteria.

Pisatin was the first chemically
characterized phytoalexin from pea plants. After this
discovery, other phytoalexins were isolated from
various crops such as beans, rice, barley, banana,
among others (BRAGA, 1991).

The phytoalexins have great diversity, and
more than 300 types have been characterized amongst
different classes of chemical compounds such as
coumarins, diterpenes, flavonoid, alkaloids, phenolic
compounds, luteolinidin, apigenidin and apigeninidin
(HARBONE, 1999; CALVALCANTE, 2005), these
being used as chemical markers in several studies. The
rate of phytoalexin accumulation is considered a key
factor for the establishment of the pathogen infection.

Synthesis of phytoalexin in response to
pathogen attack can be modified with the influence
of various factors as temperature, humidity and water
availability. Several parts of the plant can produce
phytoalexins such as leaves, flowers, stems, seeds and
root tubers (MIKKELSEN et al., 2003).

Some compounds can act as a phytoalexin
in a plant organ and be constitutive in another part
of the same plant, such as momilactone A, which
occurs constitutively in rice husks, and rice stems
(LEE et al., 1999), but is a phytoalexin in rice
leaves (CARTWRIGHT et al., 1981). TOYOMASU
et al. (2008) also reported that momilactone A is
constitutively produced and exuded from root. Thus,
phytoalexins are defined by the dynamics of their
biosynthesis and function, not by the class of chemical
structure to which they belong, or biosynthetic
pathway through which they were formed.

According to AHUJA et al. (2012)
phytoalexins have been identified in several plant
families such as Brassicaceae, Fabaceae, Solanaceae,
Vitaceae and Poaceae in response to the infection
by pathogens or treatment with elicitors. Studies of
phytoalexins in Poaceae are stimulated by the extensive
cultivation of cereals of this family in the world, and
their importance in feeding. Therefore, studies have
been carried out aiming to explore the phytoalexins
produced in various parts of plants of this family to
defend against pathogenic microorganisms, and also
to investigate the use of substances isolated from
these plants to induce the synthesis of phytoalexins
(CHUKWUNUNSO et al., 2013). Table 1 illustrates
the main phytoalexin of different plant families.
This paper presents a review on the function,

characterization and biosynthesis of phytoalexins
identified in plants of the family Poaceae.

Phytoalexins in Poaceae

The family Poaceae (Gramineae) presents
13 subfamilies comprising 793 genera and 10,000
species. Plants of the family Poaceae are geographically
the most widespread on Earth. In Brazil, there is a
record of 197 genera and 1, 368 species (SANCHEZ-
KEN et al., 2007). The family is ranked in third place in
number of genera, and is the fifth in number of species,
occupying the first place in the economy, mainly in the
production of sugar, cereals, pasture and bamboo. This
family has great ecological and economic importance by
the dominance in various plant ecosystems, by its use in
animal nutrition and the participation of cereals in the
diet of half of the global population (SANCHEZ-KEN
etal., 2007, WELKER & LONGHI-WAGNER, 2007).

GALHANO & TALBOT (2011) state
that among the cereal cultivated plants belonging
to the family Poaceae, rice is the most important
member providing the majority of the world’s caloric
intake. Poaceae plants have also been studied for
the production of a variety of compounds which
are classified as phytoalexins (AHUJA, 2012).
Some members of this family, including rice, maize
and sorghum, are known by the production of
substantial amounts of groups of phytoalexins. Other
cereals such as wheat and barley, although having
certain phytoalexin biosynthesis genes, still has no
phytoalexin identified. (CHUKWUNONSO et al.,
2013. This can be explained by the absence of the
specific elicitor phytoalexin for the gene expression
of these plants, since it is of secondary metabolism
products that is required phenotypic changes elicited
by the action of biotic or abiotic agents.

Members of the family Poaceae
produce mainly diterpenoid phytoalexins. Corn
yield diterpenoid phytoalexins named kauralexins
(Figure 1-A and B) and acid sesquiterpenoids
known as zealexins (C and D) (Figure 1). The
elicitors of phytoalexins in corn include pathogens
such as Aspergillus flavus, Aspergillus sojae,
Cochliobolus  heterostrophus, Colletotrichum
sublineolum, Fusarium graminearum,
Ostrinianubilalis, Rhizopus microspores and
Ustilago maydis (HUFFAKER et al., 2011).

Sorghum  produces  two distinct
3-deoxyanthocyanidin  phytoalexins known as
apigeninidin (2-(4-hydroxyphenyl) benzopyrilium
chloride) and luteolinidin (2-(3,4-dihydroxyphenyl)-
chromenylium 5,7-diol) (Figure 2). Biosynthesis of
3-deoxyanthocyanidin phytoalexins is independent

Ciéncia Rural, v.46, n.7, jul, 2016.



An approach on phytoalexins: function, characterization and biosynthesis in plants of the family Poaceae.

1208

Table 1 - The main phytoalexin of different plant families.

Plant families Type of Phytoalexins/Exemplos References
Amaryllidaceae Flavans COXON, 1980
Brassicaceae (Cruciferae) Indole phytoalexins/camalexin Sulfur-containing phytoalexins/brassinin BROWNE, 1991

Diterpenoids:Momilactones;  Oryzalexins; Zealexins; Phytocassanes;
Deoxyanthocyanidins/luteolinidin ~ and  apigeninidin

Isoflavones Isoflavanones Isoflavans Coumestans Pterocarpans/pisatin,
phaseollin, glyceollin and maiackiain  Furanoacetylenes/wyerone

Phenylpropanoid related compounds and references therein Steroid

Chenopodiaceae Flavanones/betagarin Isoflavones/betavulgarin
Compositae Polyacetylenes/safynol
Convolvulaceae Furanosesquiterpenes/Ipomeamarone
Euphorbiaceae Diterpenes/casbene
Poaceae Kauralexins

Flavanones/sakuranetin Phenylamides
Leguminosae

Stilbenes/resveratrol Pterocarpens
Linaceae Phenylpropanoids/coniferyl alcohol
Malvaceae Terpenoids naphtaldehydes/gossypol
Moraceae Furanopterocarpans/moracins A-H
Orchidaceae Dihydrophenanthrenes/loroglossol
Rutaceae Methylated phenolic compounds/xanthoxylin
Umbelliferae Polyacetylenes/falcarinol Phenolics: xanthotoxin 6-methoxymellein
Vitaceae Stilbenes/resveratrol
Rosaceae Biphenyls/auarperin Dibenzofurans/cotonefurans
Solanaceae

glycoalkaloids Norsequi and sesquiterpenoids Coumarins Polyacetylenic

PEDRAS, 2000
GEIGERT, 1973
ALLEN, 1971
URITANIL 1960
SITTON, 1975
POLONI, 2014
LIN PARK, 2013
JEANDET, 2013

JEANDET, 2013

KEEN, 1975

SUNILKUMAR, 2006

TAKASUGI, 1979
WARD, 1975

HARTMANN, 1974

HARDING, 1981
JOHNSON, 1973
CONDON, 1963

LANGCAKE, 1976

KOKOBUN, 1995

JEANDET, 2013

derivatives

(JEANDET, 2014).

of light, it occurs in the dark, in contrast to the light
dependent anthocyanin biosynthesis (flavonoid
compounds, which are plant pigments) (WHARTON
& NICHOLSON, 2000).

According to HUANG & BACKHOUSE
(2004), the induction of 3-deoxyanthocyanidin is not
the only level of defense used by sorghum against
pathogens. They showed that sorghum inoculated with
Fusarium proliferatum, and Fusarium thapsinum,
increased the levels of apigeninidin and luteolinidin,
as well as the concentrations of the resistance-related
proteins peroxidases, B-1,3 glucanases and chitinases.

Phytoalexins in rice

Rice (Oryza sativa, Gramineae) is among
the most important staple foods in the world. Some
serious diseases such as blast, which is caused by the
fungus Pyricularia oryzae (Magnaporthe oryzae),
can cause considerable losses in productivity,
leading to a major economic loss for the population

(GRAYER & KOKUBUN, 2001). Thus, studies
have been carried out to develop more resistant
cultivars. One potential strategy to confer resistance
in rice plants is the manipulation of their innate
defense mechanisms, which can be induced by a
variety of biotic and abiotic factors (LI et al, 2014).
These factors have the ability to induce plant defense
through the production of PRPs (resistance-related
proteins), phytoalexins, hypersensitivity response
and systemic acquired resistance.

The phytoalexins that more accumulates in
response to the attack of pathogens in rice plants are
compounds of the class of diterpenes (Solenoids) such
as momilactone A, B and phytocassane A-E. From
the class of flavonoids, only one was identified, the
sakuranetin  (5,4’-dihydroxy-7-methoxyflavanone)
(Figure 3) (AJUHA et al, 2012).

According to OKADA (2007) the
diterpenoid phytoalexins are classified into four
distinct types of polycyclic diterpenes based on the
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Figure 1 - Structure of phytoalexins produced by corn plants.

structure of their hydrocarbon diterpene precursors:
phytocassanes A-E, A-F oryzalexins, momilactones A
and B and oryzalexin S (Figure 3). Two diterpenoid
phytoalexins have been reported; phytocassane F and
ent-10-oxodepressin (INOUE, 2013; HORIE, 2015).

KOGA et al. (1995) cites that
phytocassanes A, B, C and D are produced by
induction mediated by infection with the pathogens
Magnaporthe oryzae and Rhizoctonia solani.
However, the phytocassanes E are induced by
the pathogen Phytophthora infestans and have
antifungal action against Magnaporthe oryzae.

KOGA et al. (1997) reports that the
antimicrobial action of phytocassanes B, C and E has
EC,, values of 4-7ug ml", four times greater than the
phytocassanes A and D. This can be explained by the
presence of the group B hydroxyl at the C-1 position
of these phytocassanes which can form hydrogen
bond with the carbonyl group at C-11.

The Momilactones A and B exert antifungal
action against Magnaporthe oryzae, Botrytis
cinerae, Fusarium solani, Fusarium oxysporum,
Colletrotichum gloesporides. These phytoalexins
possess antibacterial activity against Escherichia
coli, Pseudomonas ovalis, Bacillus pumilus and
Bacillus cereus (FUKUTA et al., 2007).

The phytoalexin sakuranetin (flavonoid) is
an antifungal compound present in the leaves of black
currant, and in rice leaves, they are induced at the
moment of the pathogen attack (KODAMA et al., 1992).

Characterization and methods of detection of
phytoalexins

NUGROHO et al. (2002), evaluating the
accumulation of induced phytoalexins in tobacco
plants showed that an efficient analysis in the
identification of phytoalexins of the sesquiterpene
group (Capsidiol, phytuberin and phytuberol) is
the use of a gas chromatograph equipped with an
autosampler and flame ionisation detector to identify
the Capsidiol. The identification of these phytoalexins
was carried out after the extraction process using
ethanol, MeOH and chloroform and liquid nitrogen
for the tissues maceration.

To analyze the sakuranetin (flavonoid)
in rice leaves, KODAMA et al. (1992), injected the
leaf extract using a HPLC C18 column equilibrated
with C H, (benzene)-Et OAc (ethyl acetate)-HCO,H
(formic acid) at a ratio of (10:1:1). The sakuranetin
was detected by UV at a wavelength of 285nm.

PEDRAS et al. (2006) reported the
identification of 23 cruciferous phytoalexins by

Ciéncia Rural, v.46, n.7, jul, 2016.
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Figure 2 - Structure of phytoalexins produced by sorghum.

HPLC analysis with diode array detection and mass
spectrometry with electro spray ionization using
positive and negative ion modes. According to the
authors, the positive ion modes were more sensitive
than the negative mode.

SHIMIZU et al. (2008) have created a
protocol for rapid and accurate quantification of two
phytoalexins inrice (phytocassanes and momilactones),
using high-performance liquid chromatography and
mass spectrometry with electrospray ionization as
analytical method. The levels of these phytoalexins
are commonly analyzed by gas chromatography.
The method was very efficient in quantifying the
phytocassanes and momilactones, which were induced
by the cholic acid and by the oligosaccharide elicitor
chitin. According to the authors, the HPLC method is
more advantageous than gas chromatography, once
the HPLC coupled with mass spectrometry (MS) in
tandem provides a quantitation method which does
not require complicated purification steps such as
derivatization and has no need for high temperatures.
Momilactones A and B yielded the precursor ions and
protonated molecular ions with m/z 315 and m/z 331,
respectively, and the ions of the characteristic products
at m/z 271 ([M+H-CO,]+) and m/z 269 ([m+H-H,O-
CO,]+), respectively, in the positive ion mode.

Biosynthesis of phytoalexins

Most of the identified phytoalexins derive
fromthe phenylpropanoidbiosynthetic pathway, which
are a class of organic compounds synthesized from the
amino acid phenylalanine. The phenylpropanoids are

involved in various functions and play a vital role in
the interaction between the plant and the environment.
Many secondary metabolites are involved in the
resistance to plant diseases, namely: isoflavones,
coumarins, stilbenes, dihydrophenanthrene, lignin
and other phenols. Enzymes that catalyze the
biosynthesis of phytoalexins are: Phenylalanine
ammonia lyase (PAL), cinnamate 4 hydrolase,
and coenzyme 4-cumaraseligase (MATEOS &
LEAL, 2013). The knowledge of the biosynthetic
pathways of phytoalexins and the involved enzymes
lead to the knowledge of the expression of plant
response to an infection by pathogens. Terpenoid
phytoalexins exist in a variety of species, such as
tobacco (NVicotiana tabacum), cotton (Gossypium
hirsutum), sweet potato (Ipomoea batatas) and elm
(Ulmus americana). Despite the great diversity of
monocots, ranging from palm trees, orchids, ginger,
lilies, onions and herbs, so far, the largest group of
terpenoid phytoalexins of Poaceae occur in the
genera Oryza and Zea (HARBORNE, 1999).

In plants, the isopentenyl diphosphate and
dimethylallyl pyrophosphate (DMAPP) isoprenoid
precursors can be derived from the mevalonate
or metileritritol phosphate. The methylerythritol
phosphate (MEP) pathway leads to the biosynthesis
of geranylgeranyl diphosphate and the diterpenoid
biosynthesis pathway (OKADA, 2007). The pathways
proposed by TOYOMASU (2008) for the biosynthesis
of diterpenoid phytoalexins in rice are illustrated in
figure 4. The diterpene cyclases catalyze the conversion
of ent-copalyl-diphosphate (ent-CDP) or syn-copalyl-

Ciéncia Rural, v.46, n.7, jul, 2016.
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Figure 3 - Structure of phytoalexins in rice plants.
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Figure 4 - Biosynthesis of diterpene phytoalexins in rice.

diphosphate (syn-CDP) in four key hydrocarbons in
the phytoalexin biosynthesis in rice, which are: ent-
cassa-12,15-diene; ent-sandaracopimara-8(14),15-
diene; 9B-pimara-7,15-diene and stemar-13-ene.

The geranylgeranyl diphosphate
production in rice probable occur in the plastids
by methylerythritol phosphate pathway, whereas
sesquiterpenes and triterpenes are usually synthesized
in the cytoplasm through the mevalonate pathway
(VRANOVA et al., 2013). Diterpenoid phytoalexins
are expected to arise through the diphosphate
geranylgeranyl methylerythritol.

Phytoalexins the process of plant resistance to pathogens
Plant pathogens have evolved numerous
strategies for obtaining nutritious materials from
plants, which in turn, evolved preformed chemical
and physical barriers as well as the immune system
to combat the pathogen attack. These two types of
defense are considered as constituting, if they are
already present before the infection, or induced, if it
results from host-pathogen interaction (BRAGA &
DIETRICH, 1987; ZHANG et al., 2013).

Plants usually produce more than 100,000
natural products of low molecular weight - the
secondary metabolites, which differ from the primary
because they are not essential to plant life (DOMINGO

& LOPEZ-BREA, 2003). Some metabolites act as
antimicrobials, working in defense against plant
pathogens. These substances can be divided into two
major groups: phytoanticipins, which are constitutive
in plants and phytoalexins that increase considerably
in response to the attack of insects and other animals
(BRAGA & DIETRICH, 1987).

Although fungi are the agents most
commonly used in the study of induction of
phytoalexins, bacteria, viruses, nematodes and stimuli
from abiotic origin can also induce the accumulation
of these defense substances in plants. The process
of induced defense involves the activation of latent
resistance mechanisms in plants in response to prior
treatmentwith bioticand abioticagents (LIetal.,2014).
Among the biotic elicitors, which are characterized by
viable or inactivated microorganisms, plant extracts
have been widely used to promote the induction of
resistance, once these products have the advantages
of not being phytotoxic and are readily biodegradable
(DEVAIAH, 2009). Once they are no pathogenic
organisms, their mechanism of action is the induced
systemic resistance, not causing symptoms such as
necrosis and activating the defense response of plants
such as the production of PRPs and phytoalexins.

The innate response of plant defense is
activated through two mechanisms, which are, PAMP-

Ciéncia Rural, v.46, n.7, jul, 2016.
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triggered immunity (PTI), also known as basal or non-
host defense and “effector-triggered immunity” (ETI)
or host-specific resistance. The PTI defense mechanism
occurs soon after contact with the pathogen, and is
considered the first line of innate immunity in plants
(ZHANG & ZHOU, 2010). This is based on the highly
specific interaction between the pathogen effectors and
the products of the R gene, according to the Gene for
Gene Theory (BOLLER & FELIX, 2009).

Depending on the signaling pathway, which
leads to the expression of defenses, the induction of
resistance can be divided into induced (ISR), that
is activated by non-pathogenic microorganisms
and is mediated by jasmonate and ethylene, and
acquired (SAR), which is activated by pathogenic
microorganisms, and is a salicylate-dependent induction
(PIETERSE et al., 2001; ZHANG et al., 2015).

The knowledge of these pathways is
important for choosing the most appropriate
elicitor agent to trigger the desired defense system
and thus obtain the highest expression of these
antimicrobial compounds.

CONCLUSION

Identification of phytoalexins in a particular
species supports the findings of future elicitors of
synthesis of active compounds in plant defense against
biotic stresses. The search for molecules in other
similar plant species, which could be extracted in large
scale and used to stimulate other plants producing
these compounds, is an effective mechanism that can
provide greater protection to these plants.

Vegetable extracts contain a complexity of
secondary metabolites, which act synergistically to
combat plant pathogens and can be used as a matrix
for the isolation and synthesis of specific active
molecules, facilitating large-scale use.

Because these are compounds that are
extracted from plants, they can present phytoalexins,
which contribute to an increased expression of these
compounds in plants used in the study.

The synthesis of phytoalexins mechanism
has not yet been developed and thus the means
of obtaining this is restricted to the process of
isolation and identification, which requires a greater
expenditure of time and lower yield.

The cost and time for the execution of
the insolation process makes few researchers able
to develop the identification of phytoalexins, due to
the lack of specific standards for such identification.
Besides the need to obtain these standards, the
research to find the best elicitors for each species

studied becomes necessary, because once it comes
secondary metabolism products; factors are needed
for this induction.

The use of more advanced techniques such
as proteomics or metabolomics, which are intended to
identify and quantify the set of metabolites produced
or modified by a body, are tools available that can
serve as a more complete process of analysis of
phytoalexins. The molecular biology study became
a strategy that has been extensively analyzed
because knowledge of expressed genes facilitates
the identification of species with similar defense
response characteristics and allows the extraction and
identification of these phytoalexins through a bank of
genomic data.

Prospects for further studies to evaluate
the discovery of new phytoalexins identification
mechanisms, as well as research that prove their
activities and the application process for this
mechanism to reduce production losses of important
crops for human consumption, like the Poaceae
family, can collaborate to improve the quality of
products supplied to the population.
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ERRATUM

Artigo “An approach on phytoalexins: function, characterization and biosynthesis in plants of the family

Poaceae” publicado no fasciculo v46n7 de julho da Ciéncia Rural paginas 1206-1216, onde se lia:

“Key words: metabolites, protection of plants, signage, Oryza sativa.”

leia-se:
“Key words: metabolites, protection of plants, signaling, Oryza sativa.”

onde se lia:
“300 types have been characterized amongst different classes”

leia-se:
“300 types have been characterized among different classes”

onde se lia:
“influence of various factors as temperature”

leia-se:
“influence of various factors such as temperature”

onde se lia:
“explore the phytoalexins produced in various parts of plants”

leia-se:
“explore the produced phytoalexins in various parts of plants”

onde se lia:

“This can be explained by the absence of the specific elicitor phytoalexin for the gene expression
of these plants, since it is of secondary metabolism products that is required phenotypic changes
elicited by the action of biotic or abiotic agents.”

leia-se:

“This gap can be explained by the lack either elicitors, biotic or abiotic, as specific genes that
regulates the expression/activation of components of the metabolic pathways necessary for
obtaining the phytoalexin molecule.”

onde se lia:
“(GRAYER & KOKUBUN, 2001). Thus, studies have been carried out to develop more
resistant cultivars.”

leia-se:

“(GRAYER & KOKUBUN, 2001), despite the efforts what has been done by plant pathologists
and breeders to develop resistant cultivars.”

Ciéncia Rural, v.46, n.8, ago, 2016.



1507

onde se lia:
“MeOH and chloroform and liquid nitrogen”

leia-se:
“MeOH, chloroform and liquid nitrogen”

onde se lia:
“These two types of defense are considered as constituting”

leia-se:
“These two types of defense are considered as constitutive”

onde se lia:

“Once they are no pathogenic organisms, their mechanism of action is the induced systemic
resistance, not causing symptoms such as necrosis and activating the defense response of plants
such as the production of PRPs and phytoalexins.”

leia-se:

“Once they are no pathogenic organisms, their mechanism of action to induces systemic
resistance, by activating the defense response of plants such as the production of PRPs and
phytoalexins.”

onde se lia:
“Because these are compounds that are extracted from plants, they can present phytoalexins,
which contribute to an increased expression of these compounds in plants used in the study.”

leia-se:
“Once these are compounds that are extracted from plants, they can present phytoalexins, which
contribute to increases expression of these compounds in plants used in the study.”

onde se lia:
“execution of the insolation process makes”

leia-se:
“execution of the isolation process makes”

onde se lia:
elicitors for each species studied becomes necessary, because once it comes secondary
metabolism products; factors are needed for this induction.”

leia-se:
“elicitors for each species needs also more studies to clarify what is the secondary metabolism
product and metabolism elicitors.”

onde se lia:

“metabolites produced or modified by a body, are tools available that can serve as a more
complete process of analysis of phytoalexins. The molecular biology study became a strategy
that has been extensively analyzed because knowledge”

leia-se:

“metabolites produced or modified by a organism, are tools available that can serve as a more
complete process of analysis of phytoalexins. The molecular biology studies became a strategy
that has been extensively analyzed because the knowledge”
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onde se lia:
“evaluate the discovery of new phytoalexins identification”

leia-se:
“evaluate the discovery of new phytoalexins and identification”

Para a versao correta, acesse:
http://www.scielo.br/pdf/cr/v46n7/1678-4596-cr-46-07-001206.pdf
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