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Abstract

Microbially unexplored medicinal plants can have a genetically diverse microbial population with
multi-functional plant growth promoting traits. Altogether, 75 endophytic bacterial strains were
isolated from Withania coagulans Dunal and Olea ferruginea Royal, medicinal plants of Karak,
Pakistan. Isolated endophytic bacterial strains were grouped into 8 clusters while, 4 remained ungroup
on the basis of the SDS-PAGE profile of whole cell protein. Clusters representative bacterial strains
were evaluated for different activities, among them 4 strains were selected for 16s rDNA gene
sequencing due to their prominent results. The 16s rDNA gene sequencing homology of the
representative strain WC2, WC58, WC138 and OFR115 were assigned to Enterobacter cloacae,
Enterobacter dissolvens, Enterobacter hormaechei and Cronobacter Sakazakii respectively.
Phylogenetic tree indicated evolutionary relationship of these bacteria to their closely related species.
All of the representative bacterial isolates were screened for biochemical characteristics, and various
plant growth promoting activities like phosphate solubilization, ammonia production, and indole-3-
acetic acid (IAA). Indirect plant growth promoting traits, such as hydrogen cyanide production,
protease production, salt tolerant capability and antagonistic activities against plant pathogenic fungi
under in vitro conditions were also evaluated. These isolates were also characterized biochemically.
Furthermore, the isolation of endophytic bacteria from Withania coagulans and Olea ferruginea is
novel in association to these plants. Owing to these characters, the representative isolated bacteria are
suggested to be used in bio-fertilizer and bio-pesticides.
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Introduction
Endophytic bacteria by definition are those bacteria that
colonize the internal tissue of the plants either symbiotically or
in a mutualistic relationship [1]. Likewise, soil carries a rich
pool of microbial inoculum for rhizosphere endophytes that
readily colonize and exclusively invade host tissues. The
microbial community isolated from rhizosphere is of special
importance to the plants [1]. Therefore, endophytes that infect
plants from the soil must be competent root colonizers. The
variation in the endophytic communities can be attributed to
bacterial species, plant genotype, plant developmental stage,
colonizing tissue type, soil type and environmental conditions
[2]. Monocotyledonous as well as dicotyledonous plants and
their compartments (i.e. roots, stem, leaves, seeds) have been
explored for endophytic bacteria [3]. Different endophytes have
been identified from different plant tissues. The biodiversity of
endophytes can be judged by the potential of microbes to
colonize the tissues and persist in the plant [4]. Molecular
diversity of endophytic bacteria in a single plant is not limited
to a single species, but comprises a number of different genera
and species. It may be varied even in different tissues of a

single plant [5]. In general, endophytic bacterial populations in
plant tissues have been reported between 102 to 104 viable
bacteria per gram [2].

Bacteria that can fix nitrogen i.e. convert stable atmospheric
nitrogen gas into a biologically useful form are known as
diazotrophs. These organisms reduce di-nitrogen to ammonia
with the help of enzyme, nitrogenase [6]. Diazotrophic bacteria
can positively influence plants by improving growth and root
development, which increases plant tolerance to various
environmental stresses [7]. All plants naturally harbour a
diverse range of endophytic bacteria which can affect
positively host growth along with soil quality. Variations in
plant growth frequently reflect alterations in phytohormones
levels induced by endophytes [1]. Endophytes are well known
for their potential to improve plant growth by direct and
indirect mechanisms. Direct mechanisms involve the microbial
synthesis of phytohormones for example, production of
Indole-3-acetic acid (IAA), ethylene like, cytokinins like and
gibberellins like. In addition, these endophytic bacteria also
have the ability of nitrogen fixation [8]. Moreover, the
endophytic bacteria have the potential to produce 1-
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aminocyclopropane-1-carboxylate (ACC) deaminase, which
lowers plant ethylene levels because ACC is a precursor for
ethylene production [9,10]. On the other hand, indirect
mechanisms include suppression of pathogen infection via
antifungal or antibacterial agents. The other indirect
mechanisms include assisting plants in acquiring nutrients via
phosphate solubilisation, nitrogen fixation and siderophores
production. Besides these mechanisms, plant-associated
microorganisms improve nutrient acquisition by supplying
minerals and other micro/macro nutrients from the soil [11,12].
Therefore, isolation and characterization of endophytic bacteria
with various properties from unexplored hosts will have much
applications to improve plant growth promotion [13,14].

In the present study, Withania coagulans and Olea ferruginea
were selected on the basis of their wide medicinal importance.
The aim of the present study was to isolate, find genetic
diversity and characterize plant growth promoting (PGP)
potential of endophytic bacteria from Withania coagulans and
Olea ferruginea.

Materials and Methods

Isolation of bacterial endophytes
The plants were collected in August of 2013 from Sabir abad,
district Karak, Khyber Pakhtun Khwa, Pakistan (33.14618
latitude, 71.18926 longitude) as the source material for
bacterial endophytes isolation. Surface disinfection was
conducted by using serial washing with 70% ethanol for 5 min,
0.1% HgCl2 for 1-2 min and then double distilled water, 5-6
times for 2-5 min. A 100 μl sample of the water from the third
rinse was plated on 869 medium [15] to verify the efficiency of
sterilization. Three replicates of each sterilized plant part
samples were transferred into test tubes containing 5 ml semi-
solid medium. These samples were incubated for 7 days at
28°C and observed for the growth of endophytic bacteria.
Morphologically different colonies were selected and purified
on LB agar plates.

SDS-PAGE of whole-cell crude protein
The methods of cell preparation, protein extraction, data
analysis and gel electrophoresis was followed as described by
[16].

Biochemical characterization of endophytic bacteria
Bacterial cultures were screened for physiological and
biochemical characters through molecular identification kits,
QTS 24 miniaturized identification system (DESTO
Laboratories Karachi, Pakistan). Bacteria were cultured for 24
h in nutrient broth medium at 35 ± 2°C to inoculate QTS kits.

Phosphate solubilization by Endophytes
Bacterial isolates were screened for their potential to solubilize
insoluble calcium phosphate on Pikovskaya agar medium as
described by Pikovskaya, [17]. Bacterial colony was placed on
the center of Pikovskaya agar medium plates with the help of
sterile loop and incubated at 30°C for 7 days. The phosphate

solubilizing efficiency was measured on the basis of halo zones
around the colonies by following the formulae of [18,19] and
was measured by:�� = �������������   �������������ℎ   �������� × 100
Quantitative estimation of Indole-3-Acetic Acid (IAA)
Production of Indole-3-acetic acid (IAA) was estimated for all
bacterial isolates by inoculating 500 µl of 24 h old bacterial
suspension in 50 ml of broth containing 0.1% DL-tryptophan
and kept in a shaker incubator at 30 ± 2°C for 5 days at 180
RPM in the dark. IAA concentration in the culture supernatant
was estimated by mixing 4 ml of salkowski reagent in 1 ml of
supernatant and absorbance of the resultant pink color was read
after 30 min at 535 nm in UV/Visible Spectrophotometer. The
IAA production was measured from the regression equation of
a standard curve and the result was expressed as µg ml-1 [20].

Ammonia production
Bacterial endophytes were tested for the production of
ammonia in peptone water. Freshly grown cultures were
inoculated in 10 ml peptone broth in each tube and incubated at
28 ± 2°C for 48-72 h. Nessler’s reagent was added to each tube
after incubation. The development of faint yellow to dark
brown color was a positive test for ammonia production [21].

Screening of isolates for HCN
Qualitative determination of hydrogen cyanide (HCN) for all
bacterial isolates were carried out by adapting the method of
Lorck with few modifications [22]. Bacterial isolates were
streaked on nutrient agar medium supplemented with 4.4 gl-1
of glycine. The production of cyanide was detected by placing
Whatman filter paper No.1 soaked in 0.5% picric acid under
side of the petri dish lids. Development of brown to red color
after incubation of four days indicated HCN production.

Antifungal activity
Overnight grown bacterial culture was streaked on the four
ends of the petri plates on SDA (Sabouraud dextrose agar)
medium and spores of fungal species Macrophomia phaseolina
(ATCC62589) were spot inoculated at the center of plates and
incubated at 28 ± 2°C for 5-8 days. Antifungal activity was
noted as the prohibited growth of mycelium in the direction of
bacterial colony [23]. Percent of radial growth inhibition was
recorded by the following formula:���� = �1− �2�1 100
PRGI: Percent of radial growth inhibition, R1: Radius of
fungus, R2: Radius of bacterial colony

Assessment of bacterial isolates for enzymatic activity
The 24 h old bacterial colony was mixed with a drop of 3%
hydrogen peroxide on a glass slide by using a sterile toothpick
or a loop. The formation of bubbles considered positive for
catalase activity. To screen amylase activity, 24 h old bacterial
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cultures were spot inoculated on starch agar plates and
incubated at 28 ± 2˚C for 48 h. After proper incubation, plates
were flooded with gram iodine solution. Appearance of the
clear yellow zone around the bacterial growth indicated starch
hydrolysis while blue zone surrounding the bacterial growth,
indicated that starch is present and has not been hydrolyzed
[24]. To measure protease enzyme, fresh cultures of bacterial
isolates were placed on the center of the SMA medium (15 g
skim milk, 0.5 g yeast extract, 9.3 g agar and 1 L distilled
water) and incubated for 48 h. Colorless halo zones around
bacterial colonies were indicative of protease production.

Determination of growth at different salt
concentration
Bacterial isolates were checked for salt tolerance at various
concentrations. Fresh cultures were streaked on nutrient agar
medium containing 0%, 7.5%, 10% and 15% NaCl. After 24 h
of incubation at 28 ± 2˚C results were noted as positive or
negative growth.

16s rDNA gene sequencing of selected isolates
Fragments of the 16s rDNA gene were amplified from genomic
DNA of the isolates. The amplification and PCR-based direct
sequencing procedure were followed by [5]. The acquired
sequences, together with some related sequences, were aligned
with FASTA3 programe [25]. Ambiguous bases were excluded
from the calculation of similarity. The tree topology was
inferred by the neighbor joining method and the phylogenetic
tree was visualized and bootstrapped 1,000 times of re-
sampling by using the TRECON software package [26].

Results

Isolation and SDS-PAGE of whole cell proteins
Seventy five bacterial strains were isolated from root, stem and
leaves of W. coagulans and O. ferruginea. Protein profile was
studied by SDS-PAGE analysis for all isolated bacteria of both
plants. The strains that showed similar protein profiles were
grouped in the form of clusters which based on visual
comparison of band pattern. Each group has a similar band
pattern, but differ from other group. Out of 75 isolated
bacterial strains, 71 were grouped into 8 clusters (I-VIII) while
4 remained ungroup since their band pattern did not match to
any group (Appendices S1).

Biochemical characterization of bacterial endophytes
The biochemical characteristics of isolated strains were tested
by microbial identification kits QTS-24. The test showed the
utilization of different nitrogen and carbon sources by the
tested strains. The utilized carbon/nitrogen sources by these
representative strains shown in Appendices 2 and described in
Table 1.

Table 1. PGP and heavy metals characterization of isolated
representative strains.

Isolated representative strains F34 F157

Phosphate solubilization 1.8 -

Ammonia production + +

HCN production + -

IAA production (µg) 12.3 10.3

MIC for Pb (ppm) 1150 NA

MIC for Cd (ppm) 900 NA

MIC for Hg (ppm) NA 100

In vitro screening of Endophytic Bacteria for PGP
traits
The potential of endophytic bacterial isolates for PGP activities
were checked. Depending upon the extent of Phosphate
solubilization, isolate OF115 was the highest phosphate
solubilizer (450%). It is followed by isolate, WC138 (308%) as
a good phosphate solubilizer, while WC2 (144%) was
moderate phosphate solubilizer. On the other hand, all the
tested endophytic isolates were found positive for IAA
production (Appendices 3). Among all isolates, WC138
produced significant amount (10.809 µg/ml) of IAA followed
by WC2 (10.571 µg/ml), OF115 (9.6 µg/ml) and WC58 (9.976
µg/ml). Moreover, all four isolates were able to produce
ammonia (Appendices 3). These traits have been illustrated in
Table 1.

Screening of isolates for Bio-control Activity
All isolates, except OF115 were found positive for their HCN
production. The antagonistic activity of endophytic isolates
against phytopathogenic fungi revealed the maximum
antifungal zone for isolate, WC2 (32 mm) which was followed
by OF115 (23 mm). On the other hand, the minimum
antifungal zone was 11 mm produced by isolate, WC138 as
shown in Table 1. Protease test was positive for WC58 only,
while the rest of the strains failed to secrete this enzyme (Table
2).

Screening of endophytic bacteria for enzymatic
activity
Bacterial endophytes were screened for their production of
extracellular enzymes. Catalase activity was detected in all
bacterial isolates. The results of amylase activity of endophytic
isolates revealed that only WC58 showed strong amylase
activity. The rest of the isolates were unable to produce this
enzyme (Table 2).

Table 2. Biochemical characterization of isolated representative
strains.

Isolated representative strains F34 F157

Protease production - +

Amylase production - +

QTS tests
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ONPG + +

CIT + +

MALO + +

LDC + +

ADH + +

ODC + +

H2S + +

UREA + +

TDA + +

IND - -

VP - -

GEL - -

GLU + -

NO3/N2 + +

MALT + +

SUC + -

MANN + -

ARAB + -

RHAM + +

SORB - -

INOS - -

ADO - -

MEL - -

RAF + -

16s rDNA and Phylogenetic analysis of the selected
sequences
16s rDNA gene sequences indicated that WC2 shared 99%
homology with Enterobacter cloacaeT and WC58 showed 99%
homology with Enterobacter dissolvensT. In addition, WC138
was 100% homologue to Enterobacter asbuiaeT and OF115
showed 100% identity to Cronobacter sakazakii. The results of
the BLAST analysis have been summarized in Table 2. The
phylogenetic tree (Figure 1) constructed using 16s rDNA gene
sequence reveals that WC138 make a separate clade with
Enterobacter asburiae (AB004744) when compared with type
strains and reference strains of closely related species, whereas
WC2 is closely related to Enterobacter cloacae (HE978272)
but also with Enterobacter dissolvens (Z96079) which is a
subspecies of Enterobacter cloacae (HE978272), WC58
phylogenetically related to Enterobacter dissolvens (Z96079)
while OF115 by making a separate clade is closely related to
Cronobacter sakazakii (EF059843). The Sequence was
submitted and the gene bank number were acquired from
NCBI (Table 2).

Figure 1. Phylogenetic analysis of the isolated representative strains
based on comparative analysis of 16s rDNA gene sequences.

Discussion
The plant endo-rhizosphere niche comprises a diverse
population of bacterial taxa (endophytic bacteria) which may
detrimental or beneficial to the associated plant. The bacterial
endophytes isolated from traditional medicinal plants (W.
coagulans and O. ferruginea) were investigated in the present
study. The plants under investigation have been used as
traditional mendicant’s to cure intestinal infections, asthma,
biliousness, anti-tumor, anti-inflammatory, anti-stress,
antioxidant, immunomodulatory, homeopathic and cardio-
protective activities. The selected plants were found to harbor a
variety of endophytic bacteria with varying population density
among roots, leaves and stem of both plants. The numbers of
endophytic isolates were greater in roots as compared to leaves
and stems. It is a common trend that bacterial populations are
larger in roots due to rhizosphere association, while less in
stems and leaves as studied by [27]. The fact is that the soil
serves as a main inoculum of microbe, so the roots being in
close proximity with soil harbor a more diverse population of
endophytic bacteria [28].

The phylogenetic tree constructed using 16s rDNA gene
sequence revealed that the isolated endophytes belonging to
diverse bacterial groups distributed in the family
Enterobacteriacae. They were dominated by the genus
Enterobacter followed by Cronobacter. To the best of our
knowledge, both are being reported for the first time as an
endophytic association with these medicinal plants i.e O.
ferruginea and W. coagulans. The dominant existence and
distribution of the genus Enterobacter with medicinal plants is
in contrast to the result of earlier studies. Mostly, endophytic
bacteria isolated from medicinal plants belonged to
Pseudomonas and Bacillus species [29].

The genus Enterobacter has been extensively studied and
reported to be endophytic colonizing hosts such as soybean,
Citrus sinensis and crop plants [30]. Cronobacter has also been
previously isolated from herbal tea plants [31], infant food,
infant milk and cereal crops [32]. In addition, it has also been
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isolated from rhizosphere soil of plants growing in semi-arid
region [33]. In four identified species E. cloacae and E.
asburiae are commonly studied species and have been
previously isolated as endophytes from Piper nigrum, corn,
cotton, cucumber, rice, common bean [34-37]. However the
data on the other two species is limited.

Nowadays interest is growing in exploring the endophyte
potential for their plant growth promoting attributes and their
usage as a biological control agent of plant pathogen.
Functional diversity among all the isolates were observed for
these traits. Phosphorus is needed by plants for growth and
development, but its availability in agriculture soils is low [17].
Endophytes are known to improve plant growth by the
phosphate solubilization [38]. In the present study, all strains
were found to have the potential to solubilize phosphorous. As
reported, the ability of endophytic Enterobacter species to
solubilize phosphate on a large scale. The present study
revealed E. asburiae as the potential plant growth promoting
bacteria with the highest phosphate solubilizing efficiency,
which can be related to an earlier study of who reported the
same activity [39,40]. E. cloacae and E. dissolvens also
solubilized phosphate and these are in accordance with the
findings of [37,41,42]. While Cronobacter sakazakii has not
been reported as phosphate solubilizer. It is reported that
endophytes solubilize the inorganic phosphorus by reducing
the pH through the excretion of organic acid activity, while
organic phosphorous is solubilized by production of various
phosphatases, which results in a better plant development and
improved yield [43].

Production of IAA by endophytes is another valuable trait that
influences plant growth directly [44]. The results of present
strains with a significant amount of IAA production are similar
to investigations performed by [37,40]. It has been reported
that many endophytes including Enterobacter, Azotobacter,
Serratia, Klebsiella produced IAA which stimulated plant
growth [45]. In addition to IAA, ammonia production is
another PGP trait which has a signaling role between plant and
bacterial interactions [40]. Production of ammonia can be
taken up by plants as a source of nitrogen [41]. Here it was
observed that the most prominent activity was exhibited by E.
asburiae which has also been reported by [40]. Crononbacter
sakazakii has not been reported by any researcher for ammonia
production.

Plant growth promoting bacteria have attracted much attention
as biological control agents for their role in combating plant
diseases, though their full potential has not yet been reached.
Therefore, many of the bacterial endophytes promote plant
growth indirectly by inhibiting the growth and activities of
phytopathogens by the production of antimicrobial substances
like HCN through a variety of different mechanisms. In the
current study, HCN activity was displayed by E. cloacae and
E. asburiae which are in line with the findings of other
researcher [40,41]. It was observed that E. dissolves failed to
produce HCN, which has also been reported by [46].
Crononbacter sakazakii is still not studied by previous worker
for the production of HCN, because they were mostly isolated
from non-living products. Moreover, the antagonistic ability of

the bacterial endophytes has been evaluated. Enterobacter
species towards Macrophomina phaseolina and other
pathogenic fungi has been formerly tested by [47]. All the
identified strains were for the first time checked against
Macrophomina phaseolina which found to inhibit the growth
of fungus by making large inhibition zones. The formation of
antifungal zone may be due to the secretion of colicins by these
bacteria that result in mycelial deformities.

Plant roots secreted numerous compounds which act as
chemical attractants for a vast number of microbial
communities. These exudates promote plant microbial
beneficial symbiotic interactions [48,49]. Endophytic bacteria
show more plant growth promoting effects than bacteria found
in the rhizosphere [50]. It has been demonstrated that the
isolated bacteria showed beneficial effects, such as secretion of
growth promoting substances i.e. IAA, ammonia, phosphate
solubilization. In addition, the isolated bacteria also act as
biocontrol agent because they produced HCN and having
antifungal activity which can inhibit phytopathogen. Protease
is hydrolytic enzyme which is involved in the suppression of
pathogenic growth and subsequent reduction in damage to
plants [51]. Enterobacter dissolvens was able to produce this
enzyme. This may be involved in the penetration of endophytes
in host plant as described for Azoarcus sp.

Bacteria produce amylase to the outside of their cells to carry
out extra cellular digestion [52]. In our present analysis,
extracellular amylase enzymes were produced only by
Enterobacter dissolvens. Amylase, which promotes early
germination and increase in availability of starch assimilation
[53]. On the other hand, the catalase enzyme is produced by
the bacteria that respire using oxygen and protect them from
the toxic by product of oxygen metabolism [54] and making
them highly resistant to environmental, mechanical and
chemical stresses [55]. All the bacterial strains show positive
results for catalase activity.

Additionally, the tolerance of bacteria in stress conditions were
determined. These properties may be helping host plants living
in stress conditions by interactions of bacteria and plants. In
the present study, the maximum salt tolerance of endophytic
bacteria was observed at 2.5% and 7.5% salt concentration. It
is noteworthy here that that the growth rate decreased with the
increased in salt concentration. All bacterial isolates were
tolerant with 2.5% sodium chloride, while none of the isolate
tolerated 15% salt concentration. E. cloacae showed a high salt
tolerance rate with a growth at 10% salt concentration, while
the other two showed good growth at 7.5%, which is similar to
previous studies [56]. The highly salt tolerant bacteria along
with plant growth promoting traits would be advantageous for
use in the mitigation of salt stress to make cultivation possible
in saline agriculture lands [56].

Collective summarized analysis of all the experiments done in
the present study highlighted the evident variation in the
genetic makeup of the isolated endophytic bacterial strains
which could be a valuable resource for applied agriculture. The
information acquired from these strains could open the door
and exploit the valuable data for the benefit of mankind. It is
concluded that the isolated bacteria have numerous plant
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growth promoting activities which directly or indirectly
promote plant growth.
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