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Bassam Oudh Al Johny

Department of Biological Science, Faculty of Science, King Abdulaziz University, P, O, Box
80203, Jeddah 21589, Kingdom of Saudi Arabia.

ABSTRACT

Siderophores Endophytic bacteria are plant associated bacteria living inside the plant tissues symbiotically
with damaging the plant tissues. The endophytic bacteria play very important role in plant growth and
development by adding variety of metabolites such as phytohormones, antimicrobial compound and other
nutrients. In the present study, endophytic bacterium was isolated from Calotropis plant and was identified
as Bacillus sp. IU103 through 16-sDNA sequencing. The IU103 was analyzed for indole-3-acetic acid through
spectrophotometer. Application of [U103 showed that inoculation significantly improved plant growth attributes
e.g., root and shoot length, biomass and chlorophyll contents. In addition, I[U103 showed antibacterial and
antifungal activities. All these characteristics revealed that IU103 has shown some plant growth promoting
characteristic and can be used as plant growth promoting bacteria in agriculture.
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INTRODUCTION

Bacteria associated with plants are called
endophytes and they are very helpful to the
plants in the term of plant growth promotion and
survival under stress to the host plants. Bacterial
plant endophytes are existing in a broad species
and various of plant organs (Jeger and Spence,
2001; Bharti et al., 2016), without any phenotype
changes of plant or decrease of crop yield (Sturz et
al., 2000). Numerous studies have described that
endophytic bacteria can apply for agricultural
purposes with following activities; plant growth
promoting (Saharan, 2011), nutrients mobilizing
such as nitrogen and phosphorus (Sharma et al.,
2013), providing plant hormone such as auxin
and gibberellin (Hardoim et al., 2008) and protect
the diseases caused by soil-borne pathogens
(Berg and Hallmann, 2006).

In addition, endophytes produce numerous
distinctive and useful secondary metabolites.
Phytohormones are plant growth regulators
that conduct signals to control cell division
and therefore contribute growth promotion
and development of plant (El-Tarabily and
Sivasithamparam, 2006). Moreover, they also
modulate plant responses to environmental
changes, allowing the plant to tolerate
environmental stresses (Gouda et al., 2018).
Present research have established that certain

Figure 1. Indole-3-acetic acid (IAA) produced by
1001, 1002, 1U03, IU04, and IUO5 estimated by
spectrophotometer at OD 535 nm.
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endophytic microbes, including bacteria, enhance
growth of the plants by pouring phytohormones
e.g., cytokinins, indole-3-acetic acid (IAA) and
gibberellins (Gouda et al., 2018). Bacteria in the
genera Microbacterium, Agromyces, Bacillus,
Paenibacillus, and Methylophaga are reported
to produce IAA (Bharti et al., 2016). IAA
produced by bacteria, present in the rhizosphere
enhances root growth and nutrient availability
because of the increased area of fertile soil that
is occupied, resulting augmented biomass of
the plants resistance against diseases (Ji et al.,
2019). Endophytic microbes including bacteria
are exploited extensively for the production
of novel biologically active compounds such
as insecticidal, cytotoxic, and antimicrobial
compounds (Kim et al., 2012). The antimicrobial
activity of the endophytic bacteria are very
important and therefore, these characteristics of
the endophytic bacteria have very significant role
in medicine and agriculture.

The secondary metabolites, secreted by bacteria
have important application in agriculture (Gouda
et al., 2018). In the present study, we have isolated
five endophytic bacteria from Calotropis plant.
The isolates were screened for idole-3-acetic acid
(IAA) production. Further one strain producing
high concentration of IAA was selected for further
study. Antimicrobial activities of the selected
isolate was tested against fungi and bacteria
such as Salmonella enteritidis, Bacillus cereus,
Staphylococcus aureus, Escherichia coli. The
overall the endophytic isolate was characterized
for IAA production, plant growth promotion,
and antimicrobial activity. However, endophytic
bacteria should be explored further for their
potential benefits in agriculture (Muthukrishnan
et al., 2015). Further standardized testing
and formulation is needed to discover new
endophytes.

MATERIAL AND METHODS

Isolation of bacterial endophytes: Calotropis
plant were collected and cut off into small pieces
and all the pieces were washed for 10 minutes
in running tap water to remove the debris, soil
particles. After washing, with tape water, the
samples were washed with deionized water and
out on sterilized tissue paper. Furthermore, plant
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samples were dipped in 75% ethanol for 2 minutes
followed by dipping in 1% of sodium hypochlorite
(NaClO) for 1 minutes again. The samples were
finally rinsed with deionized water for 5 times.
Eventually the samples were incised through
aseptic surgical blade and were placed on LB agar
plates. The plants were incubated at 37°C to get
the colonies bacteria.

Growth conditions of bacterial culture: In order
to grow the endophytic bacteria, LB broth was
made containing 10 g yeast extract (difco) 10 g/L;
NaCl 10 g/L, peptone, 5 g/L and difco agar 15 g/L.
The pH 7was adjusted using 0.01M HCI and/or
0.01M NaOH and the media was autoclaved. The
autovalve medium was poured into plants and let
the media solidified. The plants were incubated at
37°C for overnight to check the contamination.
Eventually the samples were incised through
aseptic surgical blade and were placed on LB agar
plates. The plates were incubated at 37C for 48 h
and visible bacterial colonies were detected.

Calorimetric analysis of bacterial IAA: A test
tube of 5 mL LB broth, supplemented with 0.2
g/L of L-tryptophan (Trp) was inoculated with
isolates. The culture media was incubated at
30°C on shaker 200 rpm for 72 h. after 72 h,
the centrifugation for 12 min was carried out at
10,000 xg for and supernatant were obtained.
One milliliter of culture supernatant and 2 mL
Salkowski’s reagent (Ullah et al., 2013) were mixed
and were incubated at room temperature for 30

Figure 2. Phylogenetic assessment of 16S rDNA
from IU103 with other bacterial strains obtained
by BLASTN. The sequences of the bacteria were
aligned for construction of phylogenetic tree using
MEGA?7.
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min in dark. Addition of Salkowski’s reagent and
incubation of supernatant generated red color
which was measured by spectrophotometer at
535 nm. The concentration of indole-3-acetic
acid was estimated in comparison with standard
curve made up of IAA (Sigma-Aldrich).

Antibacterial activity fungal Endophytes: The
isolate was subjected for antibacterial activity
using disc fission dual culture technique. In the
first step, pathogenic bacterial suspension (48 h
old) was poured on LB agar plate. The isolate,
from the culture plate was picked and stabbed
on LB plate having pathogenic bacteria. The plate
was incubated for 48 h at 37°C. Calculation of
the antibacterial activity done by measuring the
inhibition zone, produced by endophytic bacteria
against pathogenic bacteria.

Antifungal activity endophytes: The isolate
was subjected for antifungal activity using disc
fission dual culture technique. In the first step,
pathogenic fungi was grown on potato dextrose
agar plates. After 48 h of incubation at 32,
the isolate, from the culture plate was picked
and stabbed on BDA plate having pathogenic
fungi. The plate was incubated for 72 h at 32°C.
Calculation of the antibacterial activity done
by measuring the inhibition zone, produced by
endophytic bacteria against pathogenic fungi.

Extraction of DNA for PCR analysis: Bacterial
cultured grown at 37C for 24 h was used
extraction of genomic DNA. The culture was
then centrifuged at 10,000 rpm and pellet was
used added within 1 mL of extraction buffer
containing; 50 mM Tris-HCI (pH 8.0), 50 mM
EDTA, 2% cetrimide, 1% SDS, 0.7 M NaCl, and 50
pL B-mercaptoethanol. The mixture was incubated
at 65°C for 1 h and then mixed with equal volume
of chloroform:isoamyl alcohol (24:1). The DNA
was precipitated using isopropanol and pellet was
washed with 70% ethanol pellet was suspended
with 100 pL TE buffer. The polymerase chain
reaction (PCR) was used to amplify the DNA
through universal primers targeting the 16S
rDNA, 27F (5’-AGA GTT TGA TC(AC) TGG CTC
AG-3’) and 1492R (5’-CGG (CT)TA CCT TGT TAC
GAC TT-3’). The PCR was run with conditions:
98°C; 5 min, 97°C; 1 min, 54°C; 30's, 72°; 1 min,
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and a final 72°C for 5 min and total 30 cycles
were run.

Plant growth promoting assessment of bacteria:
Effects of bacterial endophyte on Brassica
plants was determined to estimate the value of
bacterial endophytes plant growth promotion.
Brassica seeds were dipped in 75% ethanol for
2 minutes followed by dipping in 1% of sodium
hypochlorite (NaClO) for 1 minutes again. The
seeds were finally rinsed with deionized water for
5 times and the placed on wet autoclaved filter
paper on the petri-plates. The seed were kept in
moist by adding distilled water after interval of
12 h. the germinated seeds planted in pots filled
with autoclaved soil. The pots were placed at
28°C in controlled environment of temperature
and humidity (60% relative humidity) in growth
chamber. The alternate day night duration was
8 h/16 h respectively with 1600 Ix of light for
plant growth. Bacterial isolate was cultured in
LB broth and was incubated 72 h on shaking
incubator at 37°C (160 rpm). The culture was
centrifuged at 10,000 rpm at 4°C for 5 min and

Al Johny

cell pellets were collected and then suspended in
0.89% saline water (sterile). Plants were inoculated
with various concentration of Cd from 0 to 30
mg/mL with concentration difference of 10 mg/
mL at the time of seeding.

RESULTS AND DISCUSSION

Bacteria isolation

Total five entophytes were purified from the
mixed culture. The isolates were primarily
purified by picking a single colony from mixed
culture and streaking on fresh LB agar plate.
Furthermore, the isolates were identified through
their morphological characteristics, e.g., color,
structure, texture, shape and size of the colonies.
The isolates were encoded as 1U100, 1U102,
10103, 1U104 and IU105. All the five isolates
were obtained from plant were screen for IAA
production through Salkowski’s test.

Characterization of IAA production potential
Production of IAA was assessed in all the five
bacterial isolates through Salkowski’s test. Results

Figure 3. Plant growth attributes enhanced by IU103 as compared to control. (A) Shoot
length enhanced by U103 as compared to control. (B) Root length enhanced by [U103. (C)
Biomass enhanced by U103 as compared to control. (D) Chloropgyll contents enhanced

by [U103 as compared to control
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of all the five isolates were uneven and color
production (indication) of presence of IAA was
week in four isolates. The color development in
four e.g., U100, IU102, [U104 and IU105 was not
encouraging even after 30 min of incubation in
dark. However, U103, produced reddish color
after 30 min of incubation. The results (Fig 1)
showed that isolates IU100, IU102, IU104 and
IU105 produced negligible amount of IAA which
was non-significant. However, IU103 produced
significantly high concentration of IAA in culture
media.

Analysis of the present data revealed that
endophytic bacteria isolated from Silybum
marianum had significantly enhanced the root
and shoot length in heavy metal stress conditions
(Bharti et al., 2016; Timmusk et al., 2017). They
concluded that endophytes play a key role in the
growth of plants under heavy metal. Similarly
it proved vital for the increase in fresh and dry
weights of the selected plants. The endophytes
including fungi and bacteria have been of
great interest as inoculants in agriculture to
improve plant growth in many crops (Chauvin
et al.,, 2017; Timmusk et al., 2017). Endophytic
bacteria enhance plant growth by production of
phytohormones such IAA, which play a central
role in cell enlargement, root initiation, and
cell division (Khan, 2019). Among the tested
endophytic isolates, IU103 was producer of IAA.
The bacterial isolates might be involved in plant
growth promotion due to the IAA production the
enhance plant growth by cell enlargement, root
initiation, and cell division (McShan et al., 2015)
(Ramesh et al., 2015). It has been speculated that
production of IAA by bacteria could enhance
the legume-Rhizobium symbiosis and uptake
of nutrients thus increasing root length and
subsequently enhance plant development (Ullah
et al., 2015).

Molecular identification of selected bacterial
strains: The purified PCR products of 16S rDNA
from the IU103, was sequenced, revealing
nucleotide sequence lengths. The sequences was
aligned with sequences identified by BLAST
search of the NCBI database. The selected
sequences showed the highest query coverage
and sequence homology with [U103. Results of
the BLAST sequence search (Fig. 2) indicated
the endophyte isolate [U103 showed maximum
similarity with Bacillus sp. therefore, it was
named as Bacillus sp. strain IU103.

Plant bioassay of 1U103: Effect of IU103 on
plant growth attributes of were determined using
Brassica plants. Results (Fig. 3A and 3B) showed
that inoculated with the IU103 significantly
promoted plant growth attributes such as
shoot and lengths root length as compared to
control. Chlorophyll contents of the plants
were an important indicator of photosynthesis,
which is necessary for the survival of the plant.
Inoculation of IU103 significantly increased the
chlorophyll contents of plants and increased
plant biomass as compared to control (Fig. 3C
and 3D). In short, overall results revealed that
inoculation of IU103 significantly affected plant
growth, development and application of [U103
was effective, and consistently improved plant
growth attributes, e.g., shoot length, root length,
chlorophyll content, and biomass as compared
to control. The ability of isolates to inhibit the
growth of different pathogens is implication of
the secondary metabolites secreted by endophytic
bacteria (Ullah et al., 2019). It is also evident
from the present study that some endophytes
isolated can be developed as potential biocontrol
agents (Ramesh et al., 2015; Ullah et al., 2019).
Therefore, further studies are necessary to assess
the ability of the isolates to confer protection
against pathogens. The overall study revealed

Table 1. Antibacterial activity of endophytic bacteria IU103.

Treatment Antibacterial activity of [U103

E. coli S. typhi | B. subtilis | S. aureus | P. vulgaris
U103 + ve + ve + ve + ve + ve
Positive Control | + ve + ve + ve + ve + ve
Negative control| - ve - ve - ve -ve -ve
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Table 2. Antifungal activity of endophytic bacteria IU103.

Treatment Antifungal activity of [U103

A. niger | A. avamori | T. konningi F.|oxysporiumP. fumicalsuri
U103 + ve +ve + ve + ve + ve
Positive Control + ve +ve +ve + ve + ve
Negative control - ve - ve - ve - ve - ve

that the [U103 was effective endophyte, producing
high concentration of phytohormone IAA. The
IAA production could be responsible for the plant
growth promotion. In addition, IU103 also had
antibacterial and antifungal activities which also
support the plant growth promotion my killing
pathogens.

Antibacterial Activity: Antibacterial activity of
U103 was assessed against Gram-positive and
Gram-negative bacteria. [U103 was screened for
their antibacterial capability against four common
Gram-positive bacteria, such as. Similarly, [U103
was also assessed for its antibacterial activities
against Gram-negative bacteria. The results
revealed that (Table 1) antibacterial compounds
were produced by IU103, which were equally
effective against Gram-negative and Gram-
positive bacteria. Formation of clear zones
around the IU103 colonies in culture plates
were indication of antibacterial activities of
the 1U103. E. coli DH5 o was used as negative
control and tetracycline was used as positive
control. Antimicrobial activities have been
detected in numerous endophytic bacteria and
fungi, which have very important for the plant
growth promoting activities because pathogenic
microbes such as bacteria and fungi are killed
by and hence the plant are protected from their
hazardous effects (Ullah et al., 2013, Xia et al.,
2016). Moreover, antimicrobial activities of the
endophytic microbe revealed that elimination
of pathogenic microbe around the plants results
pant growth development (Xia et al. 2016).
In the present study, among the five bacterial
endophytic strains [U103 was found effective
against all the tested pathogens.

Antifungal Activity: The inhibitory effect of [U103
was tested against the fungal phytopathogens.

Antifungal activity of U103 was assessed
different fungi. I[U103 was screened for their
Antifungal capability against different species
of fungi (Table 2). The results showed that the
antifungal compounds were produced by [U103,
which were effective against different species
of fungi. Formation of clear zones around the
IU103 colonies in culture plates were indication
of antifungal activities of the [U103. E. coli DH50
was used as negative control and tetracycline was
used as positive control. Results of these study
revealed that the IU103 showed excellent anti
bacterial and antifungal activities. Previously a
number of studies have reported antimicrobial
activities of plant endophytic bacteria (McShan
et al.,, 2015). Ullah et al., (2015) reported that
endophytic bacteria isolated from Solanum sp.
Showed antibacterial activities against Gram-
negative bacteria (Ullah et al., 2019).
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