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ABSTRACT

A diverse variety of plants establish relationship with microorganisms. Endophytic microbes
whether bacteria or fungi are ubiquitous in most of the plants and colonize inside the plant tissues
either localized or systemic way without causing harm on their hosts. Endophytes are most potent
phytohormone producers. We have found nitrogen fixing endophytic bacteria, along with phosphate
solubilizers and different types of siderophore producers. They even have ACC deaminase activity
which actually helps in plant growth promotion by lowering the ethylene level in plants. The
endophytes gain entrance in plants by various mechanisms. In ancient period, they were regarded
as virulent plant pathogens but after exploring its antagonistic potential against several bacterial
and fungal phytopathogens and various plant growth promoting activities, they are used as
bioinoculants for the development of plants. As chemical fertilizers, synthetic fungicides are
hazardous to plants as well as to human and animals, natural bioactive compounds from endophytes
especially from fungi gained attractions of scientists. Several alkaloid, terpeniod, peptide, polyketide
derivatives that have antimicrobial properties against plant pathogens have been explored. As in
this review, properties of some secondary bioactive metabolites like collectotric acid, phomenone,
trichodermin, helvolic acid, pestalachloride A, cryptocin, pyrrocidines A, loline alkaloid,
leucinostatin A have been discussed. There are more bioactive compounds from endophytes have
been studied in various researches which have antagonistic effects against human pathogens, but
not enlisted in this study. We tried to enlist the beneficial roles of endophytes on their host and non-
host plants in this review.

Keywords: Endophytic microorganisms; indole acetic acid; gibberellins; ACC deaminase; antimicrobial
compounds.
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INTRODUCTION

Endophytes are microorganisms live inside the
host plant for at least a part of its lifecycle. In this
association microbes receive nutrients and
protection from host plants while facilitating
nutrient uptake and give protection from
environmental stresses to the plants [1, 2]. Other
beneficial roles of endophytes include increased
drought resistance [3], thermal protection [4],
survival under osmotic stress [5]. These
endophytes were isolated from various wild plants
and crops [6, 7].

Chemical fertilizers and pesticides used in
agriculture have hazardous effect on mankind [8]
and environment [9]. Plant growth promoting
bacteria have symbiotic association with their host
plants are important to improve productivity and
health of plants under various environmental
conditions [10,11,12]. Endophytes are gaining
attractions owing to their impressive growth
promoting potential on plants [13]. Plant growth
promotion ability of endophytes includes
phytostimulation [14], biofertilization [15], and
biocontrolling [16] properties. These
microorganisms may produce several
phytohormones like auxin, gibberellins, can fix
atmospheric nitrogen, solubilize phosphate, and
have antimicrobial potentials as well [17,18].
Bacterial endophytes confer stress tolerance to the
plants and help in their growth and photosynthesis
[19]. The antimicrobial compounds are defined as
low molecular weight organic substances
produced by microorganisms and are active at low
concentrations against other microbes. The
endophytes are believed to carry out resistance
mechanism against pathogenic invasion by
producing secondary metabolites [20].

Endophytic fungus from Ferula sumbul were
reported with their ability to produce various
bioactive metabolites like 2-methyl-3-nonyl
prodiginine, Bis (2-ethylhexyl) phthalate and
preaustinoid A. These secondary metabolites were
active against test microorganisms and also had
anticancer property against two human melanoma
cell lines [21]. Beside this, biofertilizers are those
microbes that bring about the enrichment of soil
and are most important of sustainable agriculture
[22]. The production of healthy crops to meet the
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demand of world’s expanding population relies on
chemical fertilizers. So the use of microbes
whether rhizosphere or endophytic communities
as biofertilizers may be useful for healthy crop
production, enhancement of soil fertility and have
no negative impacts on human health as well. The
endophytic bacteria were also help to promote
growth and resulted in an increased biomass of
sweet sorghum in heavy-metal contaminated
lands. The endosymbiont Bacillus sp. SLS18 also
help to uptake Mn/Cd from this type of lands and
help to grow sweet sorghum for ethanol
production. Well this actually reduces the
competition between food crops and energy crops
for fertile lands [23]. Phytoremediation is the
approach based on the ability of plants or plant
associated microbes to uptake, remove or lower
the environmental pollutants from soil, water or
air.  Plant growth promoting endophyte
Pseudomonas lurida strain EOO26 showed an
impressive result of ammonia, ACC deaminase
production along with multi-metal tolerance. The
plants inoculated with this specific strain showed
an enhanced Cu uptake by 8.6 fold for roots and
by 1.9 fold for leaves than the uninoculated plants,
which indicates the phytoremediation ability of
plants is boosted up by the endophytes and can be
used in to remove environmental contaminants
[24]. There were many reports suggested the
phytoremediation efficiency of plants for soils
contaminated with heavy metals was enhanced
greatly by the use of endophytic bacteria [25,26].
So, this review describes the plant growth
promoting abilities in a direct and indirect way
along with their phytoremediation efficiencies
which undoubtedly enlighten the biotechnological
application of these beneficial microbes to reduce
the environmental pollutions in an eco-friendly
manner.

PLANT-ENDOPHYTE ASSOCIATION

The endophytic bacteria are present in each and
every plant almost [27]. Both the culture
dependent and independent endophytes belong to
more than 200 genera of bacteria and these
included Actinobacteria, Acidobacteria,
Aquificae, Bacteriodetes, Chloroflexi,
Cyanobacteria, Firmicutes, Fusobacteria,
Proteobacteria Spirochaetes and
Verrucomicrobiae [28,29,30,31]. There were



many reports suggested the plant-endophyte
interactions [32,33,34]. The molecular basis of
plant growth promotion by endophytes was
elucidated by microarray-based gene expression
techniques. This would help to identify those
genes for example nutrient uptake genes, cell
organization, biogenesis genes in plants which
were up-regulated during endophyte colonization
[35]. Recently the PCR based approach showed
lipopeptide genes from endophytic bacteria had
antifungal (Iturin D and bacillomycin D) and
antibacterial (surfactin) actions against
phytopathogens [36]. The interaction between
plant and endophyte need an entrance of
microorganisms inside the plant tissues.
Endophytes enter the plant through various points.
These included stomata [37], lenticels [38], tissue
wounds [39], root cracks [40] and germination
radicles [41]. Apart from this, endophytes use root
hair cells [42] and cell wall degradative enzymes
[43] to enter in plants. Quadt-Hallmann et al.,
found that endophytic isolate Enterobacter
asburiae JM22 was present in roots, cotyledons
and stems of cotton plants treated with living
bacteria but in ultrathin sections of leaves no
bacteria were detected inside the leaf tissues. Not
only bacteria but fungi also establish
endosymbiotic relation with plants. There are
many factors that influence these plant-fungal
interactions as for example temperature, humidity,
geographic location, age of host plant [44,45,46].
The establishment of plant-endophyte relation
begins with colonizing the roots by soil bacteria.
In this step various molecules especially proteins
played an important role. For an example Methyl-
accepting chemotaxis proteins involved in this
[47]. Furthermore, biofilm formation is important
which helps in the attachment to the roots of
plants. Various adhesive components were
involved like PAL5 exopolysaccharide, cellulose
in biofilm formation and consequent root
colonization of microorganisms [48,49]. There are
another class of membrane components
lipopolysaccharides up-regulated in endophytes
during this association [50]. The changes in
endophytes are not only the single factor to
establish the plant-endophyte association but
alteration in plant cell wall was also important.
Bacterial endophytes are capable of producing
plant cell wall degrading enzymes. It was reported
in studies that endoglucanse mutant endophytic
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strains were unable to colonize the roots of plants,
which means endoglucanase are important cell
wall degrading enzymes need to be present in the
endophytes [51,52].

PLANT GROWTH PROMOTION
MECHANISMS BY ENDOPHYTES

Plant growth promoting bacteria, fungi or
actinobacteria have several ways to induce growth
of plants. Basically there are two methods — direct
method and indirect method.

Direct Method

There are multiple mechanism adapted by these
endophytes to facilitate the growth of plants
directly. They can synthesize phytohormones like
auxin, gibberellic acid, cytokinins, and enhance
several stages of plant growth. They may fix
atmospheric nitrogen and make it available to the
plants, as nitrogen is very important for plants.
Endophytes are able to produce siderophores
which actually can help to sequester iron from soil
and supply it to plants. They may also produce an
enzyme called ACC deaminase (1-
aminocyclopropane-1-carboxylate deaminase)
which can lower the plant ethylene level and help
in their growth [53,54]. They may solubilize
minerals like phosphorus and make readily
available to plants. An endophyte especially
bacteria or actinobacteria directly affect the plant
growth using any one or more of the above
mechanisms. Till date, Most of the works on plant
growth promotion are focused on phytohormone
production ability of these endophytes [55,56,
57].

Indirect Method

The endophytes act as biocontrol agents against
phytopathogens which is nothing but an indirect
mechanism to promote plant growth. There are
several mechanisms like antibiotic or antifungal
compounds production, synthesis of cell wall
lysing enzymes, induction of systemic resistance
in plants. The most common mechanism which is
used by endophytes is production of antimicrobial
compounds against plant pathogens. In this case
endophytic fungi are most potent producers of
antimicrobial agents and investigated for many



years [58,59,60]. Endophytic actinobacteria are an
alternative and novel source of antimicrobial
components which have antagonistic potentials
documented in investigations [61]. Actinobacteria
not only synthesize antimicrobial agents but also
can upregulate the defense gene expression. They
are able to activate key genes of systemic acquired
resistance or jasmonate/Ethylene pathways as for
example Micromonospora sp. did the same [62].
Endophytic bacteria produce enzymes such as
chitinase, lipase, protease which facilitate fungal
cell lysis [63]. Other antagonistic bacteria can
protect plants from pathogen by out-competing
them for niches and nutrients on the root
surfaces, therefore they actually prevent
phytopathogens from binding and infecting plants
[64].

PHYTOHORMONE PRODUCTION
BACTERIAL ENDOPHYTES

BY

Phytohormones are produced by plants that help to
promote their growth in normal and stressed
conditions.  Auxins, a class of crucial
phytohormones that orchestrate almost every
aspect of plant growth and development [65,66].
Synthesis of auxin is not limited to any specific
tissue of plants rather it was evident from reports
that auxins may be synthesized in young leaves,
cotyledons, roots and shoots [67,68,69].
Gibberellins (GAs) are tetracyclic diterpenoid
growth hormone essential for plant growth. GA
deficient mutant plant species exhibit a dwarf
phenotype characteristic with an example of
Arabidopsis having gal-3 mutant [70]. They
induced stem elongation, flowering and
germination [71,72,73,74]. Endophytes have
potential to produce these phytohormones and
play important role in growth promotion of their
host plants. Bacterial endophyte Sphingomonas sp.
LK11 isolated from leaves of Tephrosia apollinea
observed to produce indole acetic acid and
gibberellins [75]. It has been reported that diverse
groups of bacterial endophytes can produce these
hormones and most of the studies have been
focused on IAA ( indole acetic acid) production.
Endophytic ~ bacteria  belongs to  phyla
Proteobacteria have shown to increase in IAA
production during in vitro stress conditions and
also faster growth and rooting in hybrid Poplar
plants (Populus trimula x P.alba) INRA 717-1B4
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[76]. In natural condition, it is quite obvious that
mixed type microbial culture give most promising
results than the single one, as in mixed type
culture some of them are potent auxin producers,
some are good nitrogen fixers, some can produce
gibberellic acid and induce plant growth [77].
Endophytes belonging to the genus Paenibacillus
have an intrinsic property to produce IAA, this
genus of microorganism with two species
Paenibacillus marcerans and Paenibacillus
lentimorbus have shown impressive results in
growth promotion to Cattleya seedlings during
acclimization [78]. Plant growth promotion
included an increase in chlorophyll content, plant
dry weight, seed germination and endophytes
exactly did these. Even they may be used as
bioinoculants in agricultural industries which help
to improve in crop yield [79]. Endophytic isolates
are not only important for crops like maize and
rice but also for horticultural plants like
rhododendrons and economically important plants
like tea, cashew etc. Isolation and plant growth
promoting traits of endophytes have been
documented in recent investigations [80,81,82].

PRODUCTION OF ACC DEAMINASE BY
ENDOPHYTES

ACC deaminase is an enzyme that cleaves ACC
the precursor of ethylene in plants into ammonia
and o-ketobutyrate. This is a multimeric
(homodimeric  or  homotrimeric), sulfhydryl
enzyme having molecular mass of 35-42 kDa.
Activity of ACC deaminase is found to be
associated with many different soil bacteria [83,
84,85]. Most important thing is how the plant
growth  promoting bacteria having ACC
deaminase activity help to promote plant growth.
Well a model was proposed in finding of Glick et
al.,, 1998, which showed that plant growth
promoting bacteria even endophytes also bind on
the surface of roots or seeds of plants. In response
to root exudates, bacteria synthesize indole acetic
acid (IAA). The IAA produced by bacteria and
endogenous plant 1AA together can induce cell
proliferation and stimulate the synthesis of ACC
Synthase. Due to this some ACC will be produced
by the plants and exuded, which is taken up by the
ACC deaminase containing bacteria and cleaved
into ammonia and o-ketobutyrate. As a
consequence of low level of ACC, the amount of



Experiment 1: Nitrogen-limiting condition
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Experiment 2: Nitrogen non-limiting condition
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Fig. 1. Effect of Sweet potato endophytes on growth of tomato seedlings in nitrogen-limiting and

non-limiting conditions [153]

Note: In nitrogen limiting condition the endophytic strains Sall and Sal3 had shown an increased shoot length in tomato seedlings.

ethylene production became reduced. This results
in an increased root and shoot length, increase in
plant biomass and protect plants from inhibitory
effects of ethylene which is produced due to the
biotic or abiotic stresses [86]. Long et al., 2008
have shown high levels of ACC deaminase has
positive effect on root growth of seedlings of S.
nugum and in this study, it was also reported that
bacterial endophytes isolated from one particular
species of plant may not always show similar
effect of growth on other plant species like its host
plant [87]. Using techniques of Recombinant
DNA Technology, it has been reported that
deletion of gene acdS responsible for ACC
deaminase enzyme in endophytic bacteria
Burkholderia phytofirmans PsJN, which results an
altered expression of ACC deaminase along with
IAA level and siderophore production and their
effect on plants [88]. If salinity increased in
agricultural lands, it will affect the crops which is
a worldwide problem. Usually in stressed
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conditions, ethylene level increased in plants [89].
Two wild type endophytic bacteria and their ACC
deaminase deficient mutant strains have been
investigated for growth promotion in tomato
plants, in this work seeds of plants were
inoculated with these endophytes in salt stressed
condition and showed that ACC deaminase
deficient mutant strains inoculated seeds have
been reported with lower growth rate than those
seeds inoculated with wild type endophytes [90].

NITROGEN FIXATION

Nitrogen is essential for plant growth, but plants
cannot get it though percentage of atmospheric
nitrogen is 78%. They are not able to fix free
nitrogen .There are many reports to suggest that
microbes can fix the atmospheric nitrogen and
make available to plants [91]. In the year of 1988,
Dobereiner et al., had isolated a new type of
nitrogen fixing bacteria from roots and stems of



sugarcane in Brazil. This new type of N2-fixing
endophytic bacteria showed optimal growth with
10% sugar and a pH 5.5 and can fix nitrogen in
presence of nitrate. Formerly it was proposed as
Saccharobacter nitrocaptans, but after DNA/RNA
TM values DNA/DNA binding values it was
found to be a new species of genus Acetobacter,
so named Acetobacter nitropcarpan [92].
Nitrogen fixing endophytic bacteria were isolated
from juice of Japanese sugarcane cv. NiF-8 and
based on some biochemical properties 13 isolated
endophytes were putative strain of Acetobacter
diazotrophicus, four isolates showed similarities
with  Herbaspirillum seropedicae, and four
isolates had similarities with Herbaspirillum
rubribalbicans like strains [93]. A new type of
nitrogen fixing endophytic bacteria (9C) was
reported from internode sap of sugarcane variety
ML3-18 along with another nitrogen fixing
endophyte (T2) from its roots and based on
phylogenetic analysis endophyte designated as 9C
was a member of genus Pantoea and endophyte
T2 was Gluconobacter diazotrophicus, both of
them reported with nitrogenase activity, but
nitrogenase activity in terms of hydrogen
production was higher in case of isolate 9C than
T2. This 9C strain was able to grow over a wide
range of temperature from 20° C to 42°C , pH and
salt concentration as well, so can be used in
agriculture [94]. There are many reports suggested
that endophytes can fix atmospheric nitrogen and
make it available to the plants [95,96,97]. Saline
based lands can be used for agriculture and the
halophytic plants growing in this condition are
reservoir  of endophytic  nitrogen  fixers.
Endophytic bacteria belonging to Actinobacteria
were able to grow in nitrogen free medium
supplemented with 6% NaCl and had potential to
induce plant growth [98]. The crop development
was tested by the inoculation with nitrogen fixing
endophytic bacteria and rice seedlings had an
impressive result in terms of enhanced
chlorophyll, nitrogen concentration, fresh and dry
weight of root and shoot in rice plants [99]. The
inorganic fertilizers though help to speed up the
crop production, but they have negative impact on
environment. These fertilizers usually contain
nitrate, phosphate, ammonium, potassium salts
which are important for plants but also have heavy
metals. These heavy metals accumulate in the
plants and soils and enter in food chain which
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cause water, soil pollutions [100]. Another
drawback of using chemical fertilizers is it can
deal with only one matter related to plant growth
like either promote growth or protect from
phytopathogens. But in case of endophytic
application may deal with various prospects of
growth promotion of plants. The endophytes can
induce growth by fixing nitrogen, producing plant
hormones, and same endophytes may also have
potentials to combat with phytopathogens along
with enhanced fertility of soil. So the use of
nitrogen fixing endophytes as biofertilizers can be
a substitute of inorganic fertilizers.

PHOSPHATE SOLUBILIZATION

The second most important growth factor is
phosphate which is present in soil as mineral salt.
Due to unavailability of this insoluble phosphate it
can be a growth limiting factor for plants. There
are many evidences that endophytic bacteria can
solubilize inorganic phosphate and make available
to host plants. The strategy behind this phosphate
solubilization is organic acid production by
endophytes, as organic acids can chelate cations
bound to phosphates [101]. Studies have been
reported that gluconic acid production leads to
solublized phosphates in supernatant [102,103].
Pseudomonas strain proved to be a good candidate
for phosphate solubilization and can be used as a
biofertilizer under phosphate limiting conditions,
as Pseudomonas strain PSE-1 isolated from
Withania sominifera (commonly known as
Ashwagandha) can solubilize phosphate and
enhanced this mineral in soil after its use as a
bioinoculant with phosphatase activity at pH10
[104]. Endophytes belongs to genus Bacillus
obtained from banana tree also have potential to
solubilize phosphate when both inorganic and
organic phosphate source applied in vitro, Soy
lecithin as organic and tricalcium phosphate as
inorganic phosphate give positive results whether
in case of Ferrous phosphate none of the isolated
endophytes can solubilize this phosphate in vitro
[105].

SIDEROPHORE PRODUCTION
Siderophores are basically low molecular weight

microbial iron chelators, can acquire iron from
various soluble and insoluble iron compounds.



Siderophore producing bacteria indirectly promote
plant growth as they can sequester iron from
limited sources and make it unavailable to plant
pathogens [106]. Endophytic bacteria are able to
produce them [107]. A research work
demonstrated 9 unique endophytic Actinomycetes
have been isolated from inner tissues of roots of
Thai glutinous rice plants (Oryza sativa L. cv.
RD6) and Thai jasmine rice plants (Oryza sativa
L. cv. KDML105), among them 5 strains
produced siderophores . Streptomyces sp. GMKU
3100 with highest siderophore production was
identified based on its 16srDNA and showed
highest growth promotion to rice and mungbean
plant seedlings when ferric citrate was used
compared to the untreated and siderophore
deficient mutant strain Streptomyces sp. GMKU
3100 treated plant seedlings [108]. A diverse
siderophore  producing endophytic  bacterial
community has been isolated from Oryza sativa
cultivated in Uruguayan soil. Among them,
isolates 120 and 124 belong to the genera
Burkholderia and L27, G16 isolates of genus
Pseudomonas have been reported with strongest
siderophore  production [109]. Strains of
Gluconacetobacterbacter  diazotrophicus from
roots of sugarcane have been tested for different
siderophore production and reported to produce
catecholate and salicylate type of siderophores.
Highest salicylate type (133pg/ml) and catecholate
type (126pg/ml) siderophores were recorded in
case of isolate L5 of Gluconacetobacter
diazotrophicus followed by other isolates of this
endophyte [110].

ANTAGONISTIC
ENDOPHYTES

EFFECTS OF

Increasing food production with good nutritional
value due to rapid expansion of population in the
world is really a challenge for the scientists. But
cereal loss is still a problem due to several
reasons, specially the plant diseases caused by
pathogenic fungi. Synthetic fungicides are mostly
applied in agricultural field. But they take much
time to degrade which can cause toxicity to
humans and animals. That is why a natural
biocontrol agent whether endophytic fungi or
bacteria are needed which have lower or no
toxicity for animals and should have antagonistic
effects against phytopathogens [111,112,113].
Apart from this another mechanism, endophytic
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bacteria and beneficial fungal symbiosis can
induce growth of plant and combat against
phytopathogens. One such case revealed that
endophytic bacteria belonging to the genus
Mycolicibacterium have positive effect on plant
beneficial fungi Serendipita indica. Dual
Application of endophytic bacterial strain of
Mycolicibacterium and endophytic  fungi
Serendipita indica have shown to boost up the
beneficiary effects of this fungal endophyte on
tomato plant and also reduce the symptoms caused
by fungal pathogens Fusarium oxysporum and
Rhizoctonia solani [114]. The endophytic bacteria
and their antagonistic properties have been widely
explored [115, 116, 117]. Actinobacteria are Gram
positive in nature with high G+C content that also
colonize inside the plant tissues and display
biocontrol and plant growth promoting properties.
An endophytic actinobacterial strain Streptomyces
sp. that was closely related to Streptomyces
caeruleatus, enhanced resistance in tomato
seedlings against Fusarium oxysporum, a root rot
disease causing fungi [118].

< Few antimicrobial compounds like
terpenoids, alkaloids, polyketide, peptide
derivatives are mentioned below.

TERPENOIDS

Sesquiterpenes, diterpeniods,
major group of terpenoids
endophytes and discussed below.

triterpenoids are
isolated from

Sesquiterpenes

Derivatives are discussed below.

Phomenone

It is an antifungal eremophilane sesquiterpene
usually produced by Xyleria sp. an endophytic
fungus of Piper aduncum plant. It has been
claimed that Phomenone have antifungal activity
against a wheat pathogen Cladosporium
cladosporioides though supporting evidences were
not presented [119]. This compound has been used
as natural precursor for synthesis of anticancer
ester drugs [120].

Trichodermin

It is member of the 12,13-epoxytrichothecene
mycotoxin family, used for synthesis of plant



growth regulators and pharmaceutical compounds
[121].This sesquiterpene derivative was reported
to give protection against two phytopathogens
Alternaria solani and Rhizoctonia solani in vitro
[122]. Trichodermin is a potent inhibitor of
eukaryotic protein synthesis as well [123].

3, 12-Dihydroxycadalene

This was a cadinane sesquiterpene isolated from
Phomopsis cassia and this compound have shown
inhibitory effect against phytopathogenic fungi

Cladosporium cladosporioides and C.
sphaerospermum [124].
Diterpene Derivatives
There are various diterpene derivatives like
paclitaxel, sordaricin, scoparasin B,

guanacastepene purified from endophytic fungi
but most of them showed antagonistic effect
against human pathogenic fungi [125,126,127].
Paclitaxel is a tetracyclic diterpenoid found in
wild Taxus plants. This compound is world’s first
expensive anticancer drug used to treat breast and
ovarian cancer. Endophytes from various plant
species were capable to synthesize the taxol [128].
There are numerous endophytic fungal genera
produce  this  bioactive  compound like
Botryodiplodia, Botrytis, Aspergillus, Alternaria,
Ectostroma, Fusarium, Cladosporium, Mucor,
Metarhizium, Pestalotia, Pestalotiopsi,
Pithomyces, Taxomyces, which may be used as an
alternative way to produce Taxol. Apart from this,
different diterpene derivatives like botryosepharin
compounds, acrostalidic acid, acrostalic acid,
isocupressic acid were obtained from endophytic
fungus Botryosepharia sp. MHF colonizes in
Maytenus hookeri, had antagonistic activity
against several bacterial and fungal pathogens
[129].

Triterepene Derivative
Helvolic acid

Helvolic acid was isolated from an yeast Pichia
guilliermondii Ppf9, its asexual form is known as
Candida guilliermondii, an endophyte of
Himalayan medicinal plant Paris polyphylla. This
compound has an inhibitory effect on spore
germination of Magnaporthe oryzae, causative
agent of rice blast disease [130].
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Meroterpenes

The meroterpene derivatives are compounds from
mixed biosynthesis having part of terpenoid ring
along with quinines or hydroxyquinones. These
compounds also have potential antagonistic action
against pathogenic microbes. There are various
reports that meroterpene compounds were
obtained from endophytic fungus associated with
mangrove plants [131] and many other plant
species. As for an example preaustinoid B2,
preaustenoid A3, isoaustinone and austenolide had
been isolated from endophytic fungi Penicillum
sp., [132].

ALKALOIDS

Alkaloids are always being an important bioactive
metabolite active against various pathogens. Many
reports suggested new alkaloid derivatives have
been found in endophytic microorganisms. In the
study by Ma et al., new isoquinolone alkaloid 5-
hydroxy-8-methoxy-4-phenylisoquinolin-1(2H)-
one was isolated from endophytic fungus
Penicillum sp. R22. This new alkaloid had
antifungal potential [133]. Few alkaloids
fumigaclavine C and pseurotin A  have broad
spectrum of activity against pathogens [134].
Numerous studies are there to describe alkaloid
derivatives from endophytic origin have beneficial
properties for human welfare [135, 136].

Pestalachloride A

This alkaloid derivative was isolated from an
endophytic fungus Pastalotiopsis adusta. This
one had antifungal activity against plant pathogens
Fusarium culmorum, Gibberella zeae and
Verticillium albo-atrum [137]. This was classified
as a new chlorinated benzophenone alkaloid that
belongs to amine and amide subclass.

Cryptocin

This alkaloid derivative is a tetremeric acid analog
isolated from endophytic fungus Cryptosporiopsis
quercina associated with stem of a Chinese
medicinal plant known as Tripterygium wilfordii.
Well this compound also have antifungal activity
against a wide range of phytopathogens including
rice blast pathogen [138].
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Fig. 2. Schematic diagram of beneficial effect of endophytes on plants

Camptothecin

This is a pentacyclic quinoline alkaloid which was
isolated from wood of Camptotheca acuminate. It
has antineoplastic potential. An endophytic fungus
Fusarium solani isolated from Camptotheca
acuminate and Apodytes dimidiata can
produce  10-hydroxycamptothecin and  9-
methoxycamptothecin [139, 140].

INDOLE DERIVATIVE

Loline Alkaloid

This is an indole derivative originated from
endophytic  fungus Neotyphodium uncinatum
associated with grass Festucapratensis (Lolium
pratense) [141]. This compound has broad-
spectrum of activity against insects and aphids and
thereby increasing resistance against insect
herbivores in host plants [142]. There was an
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unique species interaction reported in which loline
producing endophytic fungus Neotyphodium
uncinatum can protect a non-host plant also
against plant aphids [143]. The loline encoding
genes were also identified in this endophytic
fungus and based on this findings, biosynthesis of
loline was also proposed using precursor proline
and homoserine [144]. But One thing is very
important and should be noticed that sexual form
Epichle of Neotyphodium uncinatum (asexual
form), is pathogenic for host plant inflorescence,
whereas N. uncinatum established mutualistic
relation with host plant [145].

PHENOLIC COMPOUNDS

There are many phenolic compounds originated
from endophytic fungus but here only those
derivatives are mentioned that have inhibitory
effects against plant pathogens.
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Fig. 3. Endophytic fungal antagonism against plant pathogen [154]

Note: In this figure plant pathogen (P) indicated in this is Fusarium solani and the fungal endophytic isolates are G-01, G-02 and G-
03. These three foliar endophytic fungal strains from Mikania glomerata, have antagonistic property against the test phytopathogen.

2-Methoxy-4-hydroxy-6-
methoxymethylbenzaldehyde

This  phenolic  compound was isolated
from an endophytic fungus Pezicula strain553.
This has shown its antifungal activity against
cucumber pathogen Cladosporium cucumerinum
[146].

Collectotric Acid

It is a tridepside compound originated from an
endophytic fungus Colletotrichum
gloeosporioides, lives inside the stem of Artemisia
mongolica .This have antifungal property against a
crop pathogenic  fungus  Helminthosporium
sativum, and also possesses antibacterial
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properties against Bacillus subtilis, Sarcina lutea
and Staphylococcus aureus [147].

POLYKETIDES
Pyrrocidines A and B

These polyketide amino acid derivatives were
isolated from an endophytic fungus called
Acremonium zeae, colonizes in maize kernels and
may protect the kernels in pre-harvest stage
against phytopathogens [148]. Pyrrocidine A was
a potent inhibitor of ear rot and stalk rot pathogens
of maize, as for example Nigrospora oryzae,
Rhizoctonia zeae, and Stenocarpella maydis and
also has inhibitory effect against seed-rot
saprophytes  Eupenicillium  ochrosalmoneum,



Curvularia lunata (causal agent of fungal leaf spot
disease) [149].

Pestalachloride B

This antifungal metabolite was isolated from
endophytic fungus Pestalotiopsis adusta. This
compound exhibited inhibitory action against
three plant pathogens G. zeae (anamorph
F.graminearum), and V.albo-atrum, F.culmorum
[150].

PEPTIDES
Leucinostatin A

This antifungal secondary metabolite isolated
from en endophytic fungus Acremonium sp.
associated with Taxus baccata, an evergreen
conifer tree. This compound also acts against
phytopathofenic fungi Pythium ultimum, which
causes root rot disease [151].

Cryptocandin

This is a lipopeptide produced by an endophytic
fungus Cryptosporiopsis quercina , colonizes in
Chinese medicinal plant. Well this also have
antifungal properties against many
phytopathogens like Sclerotinia sclerotiorum,
which causes white mold disease over 400 plant
species and Botrytis cinerea, a necrotic fungus
affects grapes [152].

CONCLUSIONS

Plant-endophyte association is an amazing
example of symbiotic relation. Today one of the
most serious problems is environmental pollution
by the use of chemical fertilizers and pesticides
etc. The endophytes are able to promote growth
and can improve yield of crops and sometimes fast
growth also. They can also help in growth of
plants under various stress conditions, so they can
be used in agriculture. Bioactive secondary
metabolites from endophytes have immense value
in plant growth and agriculture, but these
compounds also have antimicrobial, anticancer
properties against human pathogens as well. There
are many antimicrobial endophytic derivatives still
need to be explored and these new findings may
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help in agriculture, pharmaceutical industries and
in medical science. Till date there are huge data is
present about how bioactive metbabolites act
against human pathogen. But in case of
antagonistic potential of these metabolites against
phytopathogens , more investigations are needed
on their mode of actions and that can enlighten the
path for new research.
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