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Endophytic bacteria found in all the plant that colonizes the internal tissues of their host plant and establish
different relationships, such as symbiotic, commensalistic, mutualistic, and tophobiotic. The molecular basis
of endophytic interactions is still not well understood. Endophytic bacteria improve plant growth under normal
and difficult circumstances. They increase nutrient uptake, modify the plant growth, synthesis phytohormones,
and secondary metabolites, also provide defense mechanism against pathogens and pests by hydrolytic
enzymes with nutrient limitation. Endophytes has greatest phosphate solubilization potential and nitrogen
fixation properties and produce siderophore compound in order to uptake Fe. This review focus on the isolation,
screening, molecular identification by 16SrRNA sequencing and highlights of potential application of bacterial

1. INTRODUCTION

Microorganisms in soil generate nutrients, such as phosphorous,
nitrogen, oxygen, hydrogen, potassium, vitamins, amino
acids, and trace elements promote growth and health of plants.
Endophyte is an endosymbiont living inside the plants and
release phytohormones and other secondary metabolites, which
regulate growth and morphogenesis of plants in both direct and
indirect ways. Phosphate solubilization and nitrogen fixation
of endophytes promote soil fertility, siderophore compound
enhance plant growth and act as biocontrol agent control pests
and insects.

Endophytes are thriving in leaves, stems, roots, seeds, fruits, flowers
that benefit plant growth. This review focuses on the applications
of bacterial endophytes and their advanced identification
methodologies. Several kinds of endophytes are colonized in
living plants to adopt host plants against surrounding stresses.
During last two decades, these endophytes have targeted for new
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bioactive compounds and secondary metabolites [1]. Endophytes
colonize in plants tissue intra/intercellularly can benefit host plant
without causing harmful disease, which supports plant growth
in regular and challenging conditions [2]. Endophytes such as
fungi, bacteria, or actinomycetes associated within plants studied
almost until now. Colletotrichum sp., Enterobacter sp., Phomopsis
sp., Cladosporium sp., Phyllosticta sp., etc are few commonly
found endophytes [3]. It has been reported that Agrobacterium,
Achromobacter, Bacillus, Acinetobacter, Brevibacterium,
Pseudomonas, and Xanthomonas are some diversity of endophytic
bacteria [4].

Plant limits endophytic growth to adapt in a gradual way to their
living environments that produce a variety of compounds that
are beneficial to plants development and protection [5]. Several
compounds of endophytic bacteria establish steady symbiosis to
adapt environmental conditions [2,6]. The bacterial endophytes
are isolated from all types of plants such as from maize and
bambusoid grasses [7,8]. From a single plant, different species
of bacterial endophytes are also identified and reported [9].
Quorum sensing is the technique that differentiates endophytic
bacteria from pathogen where the communication process is made
by pathogenic bacteria by producing signal molecules called
autoinducers to track the density of population [10].
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There are certain components involved in different metabolic
process, necessarily required for the proper growth of agricultural
crops. A phosphate which is present in chemical fertilizer becomes
converted into insoluble forms by complexing with calcium ions,
iron or aluminum. These insoluble phosphates converted into
soluble forms by activity of many phosphates solubilizing bacteria.
Indole acetic acid (IAA) is the most important plant hormone
synthesized in meristematic tissues of plants among PGPR. IAA
involved in differentiation of cells and tissues including lateral bud
formation and tropism responses. siderophores also control the
growth of plant pathogens through biological control mechanisms

[11].

Siderophores are low molecular weight compound, metal-
chelating agents of catecholates, hydroxamates, and carboxylates
produced by several endophytic bacteria. Most of siderophore
compounds scavenge iron, aid in the acquisition of mineral
nutrients for micro-organism and shield them from pathogens by
acting as virulence factors [12].

Nitrogen fixing process takes place to convert atmospheric
nitrogen reduced to ammonia with help of nitrogense enzyme.
Since they are sheltered within plant tissues, nitrogen-fixing
endophytic bacteria have an advantage over their rhizospheric
equivalents because they face less competition and can make fixed
nitrogen accessible to plants directly [13].

2. ISOLATION AND SCREENING OF ENDOPHYTIC
BACTERIA

A healthy plant samples (leaves, stems, or roots) were collected
in clean plastic bags to the laboratory and use for the further
experimental purpose [14]. Surface sterilization was carried out
to remove epiphytes and other dirt substances of the sample. Plant
tissues were treated with oxidant or sterilizing agent followed
by a sterile rinse for 3—4 times [15,16]. Freshly collected leaves
were washed under slow running tap water for 10-15 minutes
followed by washing in Tween 20 for 1 minute and rinsed with
sterile distilled water for 3 times in the laminar airflow cabinet.
Sterilizing agents like Sodium hypochlorite: 1%—2% for 4-10
minutes [17], ethanol: 70% for 30 seconds—4 minutes [18],
hydrogen peroxide [15] and mercuric chloride 0.05%—0.2% for
2-5 minutes are commonly followed for sterilization [19,20]. The
validation of the above said sterilization procedure was carried out
by imprinting the plant tissue onto nutrient media and fumigation-
based process prevents microbial contamination [21,22].

The choice of growth medium facilitates the culturing endophytes.
The sterilized plant samples are cutinto 0.5 cm segments, macerated
in sterile saline solution by a homogenizer. One milliliter of this
sample is serially diluted from 107! to 107'°, and 0.1 ml was spread
onto nutrient agar (NA), Luria-Bertani agar, and tryptone soya
agar media and incubated for 24-48 hours at room temperature
[23]. Tt is advisable to use an antifungal agent, nystatin of 30 pg/
ml of each to suppress fungal growth [14]. After 24—48 hours
from the bacterial cultures, select the morphologically different
bacterial colonies and are repeated streaking to be followed to
achieve bacterial isolates. The pure cultures isolated in NA are
maintained at 4°C till further used.

2.1. Biochemical and Morphological Identification of
Endophytic Bacteria

The previous reports stated that bacterial colonies are
differentiated based on morphological colony characters such as
Colony characters, Shape, Colour, Margine, Opacity, Elevation,
Consistency, Gram characters and Motility follows the standard
laboratory techniques [24]. The microscopic examination can be
performed with the oil immersion objective of the bright field
microscope. The biochemical tests such as Catalase, Oxidase,
Urease, Coagulase, Starch hydrolysis and IMViC tests are used
to check the biochemical character of endophytic bacteria using
standard manual [25].

2.2. Molecular Identification of Bacterial Endophytes

For molecular identification, 16rRNA Sequence analysis provides
accurate result by using BLAST algorithms [http://www.ncbi.
nlm.nih.gov]. Clustal X (version 1.81) is used to conduct multiple
sequence alignment. It was reported that bacterial identifications
done to be based on 16S rRNA gene sequence similarity [26,27].
Clustering analysis such as neighbors joining phylogenetic trees
analysis can be generated using sequence data from gene banks
for strains [28].

3. POTENTIAL APPLICATIONS OF ENDOPHYTES

Endophytes possess several potential applications such as it can
fix atmospheric nitrogen, synthesize siderophores compound,
secretes several phytohormones, solubilize phosphorus, and
synthesis enzymes that can induce different growth stages and
development (Fig. 1).

3.1. Plant Growth-Promoting Endophytes

Phytohormones enhance growth and development of plants that
can adapt to environmental stress by altering their hormone levels

Figure 1: Potential applications of endophytes.
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[29]. Since plant hormones act as regulators in development and
response of plants, but low-level secretion of hormone in plants
shows less response. In that case, phytohormones of endophytic
bacteria can regulate the endogenous plant hormone levels and
eventually influence plant growth and development in many
aspects [30]. Auxin secreted by endophytic bacteria within the
plant to stimulate root growth that induces the formation of
adventitious roots, lateral, and root hairs [31]. In plant cells, Auxin
plays a variety of roles, including regulating rigidity and cell wall
composition to aid cell elongation. It also protects the plant by
increasing the resistance against external stress [32]. Endophytes
were the most predominant producer of cytokinin. Cytokinins
not only produced by pathogenic and beneficial microorganism
but also secreted by endophtic bacteria of plants. It used to
increase the shelf life of vegetables, cut-flowers, fruits, stimulate
apical dominance of roots, influences the seed germination,
leaf senescence, and inducing plant immunity [33]. Endophytic
bacteria liberate gibberellins and Auxins, both are involved in
seed germination, growth of leaf, flower, stem, root, and fruit
[34]. Ethylene is a signaling molecule between bacteria and
plants for fruit ripening, plant development, sex determination,
and when secretes at a higher level, can reduce plant performance
[35]. Several endophytic and rhizospheric bacteria, including
Azotobacter, Azospirillum, Bacillus, and Pseudomonas produce
IAA through tryptophan-dependent or tryptophan-independent
pathways [36].

3.2. Nitrogen Fixation and Phosphate Solubilization

Nitrogen acts as nutritional factor for the plants. It was reported
that endophytic bacterial inoculants supply nitrogen for growth
and development through biological nitrogen fixation [37].
Bacillus, Fusarium, Pseudomonas, Rhizobium, and Klebsiella are
few promising endophytic bacteria supply nitrogen requirement
in leguminous and non-leguminous plants [38]. In agricultural
sector, an endophytic bacterium fixes nitrogen and serves as
alternative for chemical fertilizers [34]. Nitrogen fixing capability
of endophytic bacteria is confirmed by acetylene reduction assay
[39]. Endophyticbacteria like Azospirillum spp., Herbaspirillum,
and Azoarcus spp. are fixes nitrogen in non-legume plants [40].

Phosphate solubilizing bacterial inoculants converts insoluble
phosphorus to soluble form for high plant yields [41]. Endophytic
and rhizospheric bacteria have been shown to increase phosphorus
usage efficiency in wheat cultivars with deficient soil [42].
The use of synthetic phosphate fertilizers is heavily reliant on
farming activities. However, the cost of synthetic fertilizers is
related to negative effect on human and environment. Phosphate
solubilization of microbial communities such as including fungi
and bacteria are alternative source for synthetic fertilizer [43].

3.3. Siderophore Production

Endophytes secreting low molecular weight iron binding
siderophores molecule for plant growth. The universal method
adopted to detect siderophore production in microorganisms
is Chrome azurol S agar plate assay. Cross-feeding assays are
alternative tool for detecting and characterizing wild as well as
mutant bacteria-produced siderophores [44]. Microorganisms

to produce siderophores are natural iron chelating agents either
reduces or prevents chlorosis in plants. It is claimed that Arnow
and Csaky’s tests were used to determine the levels and types of
siderophores [45]. Moreover, siderophores of bacteria scavenge
the soil iron from pathogens. Endophytic fungi of Penicillium
chrysogenum have been found to secrete Fe3+ scavenging
siderophore [46]. It was reported that iron was needed for metabolic
process and proliferation of cell in biosynthesis of nucleotide,
production of energy and as cofactor in electron transfer process
[47].

3.4. Secondary Metabolites and Biocontrol Agents

Endophytes are reservoirs of secondary metabolites that secure
anticancer antimicrobial, anti-insect, and other properties [48].
Many fungal and bacterial endophytes produce secondary
metabolites, having antifungal, antibacterial, and insecticidal
properties that prevent plant pathogens [49]. Biocontrol agents
secreted by endophytic bacteria control or stop the entry of pathogen
and infection [50]. To increase pathogen resistance, endophytes
induce two forms of induced resistance such as systemic acquired
resistance induced systemic resistance [51]. It was reported that
endophytic bacteria colonized through plant tissue into vegetative
and reproductive organs of plants. Plants with prior inoculation
with endophytes reduce the diseases of fungal, viral, and bacteria
and prevent insects and nematodes attack [52—54].

4. CONCLUSION

Endophytic bacteria are present in the internal tissues of their
host plant and form a mutualistic or symbiotic relationship.
They promote plant growth by secreting secondary metabolites
and phytohormones. It is believed that endophytes solubilize
phosphate and fix nitrogen. Most endophytes produce siderophore
to provide iron for improved growth and yield, as well as to
control plant disease pathogens and insects as a biocontrol agent.
A report says that endophytic bacteria remove soil contaminants
by phytoremediation. The isolation and molecular screening of
bacterial endophytes from plant tissues were the subjects of this
review article, which also highlighted five important applications
of endophytic bacteria in agriculture and medicine. This review
focuses the essential highlight of the previous work, current
research, and new methodology associated with endophytic
microorganisms to evoke knowledge of the research for the future
perspective.
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