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Abstract
To explore the role of endophytic bacteria from a medicinal plant in the production of bioactive compounds, bacterial strains 
(10 different taxa) were isolated from the surface sterilized stem of healthy Ephedra foliata. The endophytes were related 
to Firmicutes, Actinobacteria and Proteobacteria. They were identified as members of Bacillus (5 strains), Paenibacillus 
(2 strains), Brevundimonas (1 strain), Kytococcus (1 strain), and Microbacterium (1 strain). The bacterial metabolites were 
extracted by chloroform and examined for antimicrobial, antioxidant and anticancer properties. Strain F5 (Paenibacillus) 
showed moderate antibacterial activity against Staphylococcus aureus, Bacillus subtilis, Pseudomonas aeruginosa, and 
Escherichia coli. Its antibacterial activity was enhanced 2.3 times in the optimum conditions (starch 1% w/v, malt extract 
0.2% w/v, pH 7, temperature 30 °C, inoculum size 3% v/v, and 48 h incubation time, at the basal tryptic soy broth medium). 
The highest DPPH scavenging capacity  (EC50 at 43.0 µg/ml) was observed by the extract of the strain A1 (Microbacterium). 
The highest cytotoxic activity on HeLa cancerous cell was related to the extract obtain from strain A3 (Kytococcus) and its 
 IC50 values were determined as (µg/ml) 104, 64, and 43 after 24, 48, and 72 h, respectively. Chemical identification of the 
extracts by tandem mass spectrometry revealed possible presence of alkaloid, aminoglycoside, flavonoid, and terpenoid 
compounds as previously extracted from other medicinal plants. Our results show the great potential of these endophytes 
for production of plant-related bioactive compounds.
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Introduction

Medicinal plants are edible/non-edible plants which at least 
in one of their organs accumulate substances that represent 
health benefits by the prevention or treatment of the physi-
cal/mental ailments (Sofowora et al. 2013). It is estimated 
that 20˗85% of the population in the developed and devel-
oping countries used medicinal plants, respectively (Ekor 
2014). In modern medicine, plants are also very important 
and it is estimated that there are approximately 200,000 sec-
ondary metabolites in this kingdom (Harvey et al. 2015). 

While the medicinal plants are interesting sources for devel-
oping new (lead) drugs (anti-inflammatory, anti-cardiovas-
cular, anti-oxidant, anti-cancer and anti-microbial, etc.) their 
applications have some limitations: Chemical compositions 
of the plant can be varied due to the growth conditions, geo-
graphic distributions and harvesting seasons; their price may 
increase due to the increasing demands, and over-harvesting 
of these plants results to the losses of their biodiversity and 
some of the (medicinal) plants are on the verge of extinc-
tion (Schippmann et al. 2002). Therefore, it is necessary to 
find alternative methods to ensure that the supply of plant 
bioactive products is sustainable and environmental friendly.

Endophytes are a group of microorganisms which grow in 
the internal tissues of plants without causing any symptoms. 
They establish a symbiotic relationship with their hosts and 
during the long period of co-evolution, endophytic microbes 
have the ability to produce some bioactive chemicals (same 
or similar) as those find in their plant hosts (Joseph and 
Priya 2011). The well-known example is that of taxol, where 
produced by the endophytic fungus Taxomyces andreanae, 
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the symbiont of the plant Taxus brevifolia (Stierle et al. 
1993). The urgent to find new therapeutic molecules (such 
as antibiotics and anticancer) and necessity to maintain 
plant resources encouraged the researchers to consider the 
endophyte cultures as potential sources for identification of 
new (lead) drugs and/or for the alternative route for the pro-
duction of known plants related compounds (fermentation 
instead of agriculture).

Iran is a vast country (1.64 million  km2) that contains 
11 climates out of 13 world climates. It has 7500–8000 
plant species where 1800 species of them are considered as 
medicinal where their endophyte populations remained to 
be identified (Sharafzadeh and Alizadeh 2012). Ephedra is 
a medicinal plant (Ephedraceae) that is widely distributed in 
the world and historically was used for the treatment of vari-
ous diseases (Abourashed et al. 2003). Among the members 
of this genus, Ephedra foliata were in the wild fona in the 
east part of Iran and were subjected for studying its bacterial 
endophytes. The ability of endophytic strains for the produc-
tion of antimicrobial, anticancer and antioxidant agents were 
evaluated. The possible constituents of the bacterial extracts 
were identified by the tandem mass spectrometry.

Materials and methods

Plant sample collection

Ephedra foliata plant samples were collected from Kho-
rasan-Razavi province, Iran (N: 36.73° and E: 59.31°, ele-
vation 1360 m), transferred into the sterile biosafety bags 
and were kept at 4 °C until the analysis in the laboratory. 
The stems were washed with running tap water and super-
ficial disinfection was carried out in 70% ethanol for 1 min, 
sodium hypochlorite (5%  Cl−) for 3 min, follow by three 
times rins in sterile distilled water. The outer tissues of the 
stems were removed by the sterile blade, cut to 1 cm2 seg-
ments in aseptic conditions and were transferred to the ster-
ile phosphate-buffered saline (PBS).

Isolation and identification of endophytic bacteria

The stems were homogenized, and dilution series (up to  10−6) 
were spread-plated on tryptic soy agar medium (TSA, Merck). 
Inoculated plates were incubated at 30 °C for 2 weeks. The 
pure isolates were obtained after successive cultivation and 
subjected to the preliminary identification tests (Gram stain-
ing, colony/microscopy morphology, oxidase, and catalase) in 
order to remove duplicates. Bacterial strains were identified 
following the amplification and sequencing of the 16S rRNA 
gene (Lane et al. 1985). Relevant sequences were obtained 
from GenBank (www.ncbi.nlm.nih.org) using BLASTN. 

Phylogenetic analysis was performed using the software pack-
age MEGA version 7 (Kumar et al. 2016).

Preparation of the bacterial secondary metabolite

Bacterial strains (from the same seeding culture) were inocu-
lated into the tryptic soy broth medium (TSB, Merck) and kept 
at 30 °C for 48 h with continuous shaking (150 rpm). Culture 
supernatant was mixed with an equal volume of chloroform in 
a separating funnel after the strong shaking. The organic phase 
was evaporated in a rotary evaporator (Heidolph, Germany), 
and then it was freeze-dried (Freeze dryer, Christ Alpha 1.2 
LD Plus, Germany).

Anti‑microbial activity: screening and production 
enhancement

The antimicrobial activities of the bacterial isolates against 
some human pathogens including Staphylococcus aureus 
(PTCC 1431), Bacillus subtilis (PTCC 1023), Pseudomonas 
aeruginosa (PTCC 1074), Escherichia coli (PTCC 1330), and 
Candida albicans (PTCC 5027) were evaluated by the agar 
well diffusion method. The experiments were conducted in a 
solid mueller–hinton medium (MH, Merck). The extract pow-
der was diluted in water to achieve the desired concentrations 
(100 µg/ml), and the 50 µl suspension was transferred to each 
well. The antimicrobial activity was determined by measur-
ing the clear inhibition zone around the wells after incubated 
the media at 37 °C for 24 h. The antibacterial activity of the 
selected strain was enhanced based on the conventional one 
factor at a time approach in the basal TSB medium. Variables 
were as carbon source (1% w/v of maltose, starch, glucose, and 
sucrose), nitrogen source (0.2% w/v of tyrosin, malt extract, 
pepton, potassium nitrate), pH (5–9), time (24–120 h), temper-
ature (20–45 °C), and inoculum size (1–7% v/v). The antimi-
crobial activity of the chloroform extract was measured against 
E. coli based on the well diffusion method.

Antioxidant activity

To determine the DPPH (1,1-diphenyl-2- picrylhydrazyl) 
(Sigma, USA) scavenging effect of the endophytes, 100 µl 
serial dilutions of the bacterial extracts were prepared in dime-
thyl sulfoxide and 100 µl DPPH (0.5 mM methanolic solution) 
were added and then left in darkness at 30 °C for 30 min The 
absorbance of the mixture was determined at 517 nm. The 
antioxidant capacity was measured as follows:

where A0 was the absorbance of the control reaction (with-
out the bacterial extract) and A1 was the absorbance in the 
presence of the bacterial extract (Blois 1958).

Antioxidant activity(%) =
[

(A0 − A1)∕A0
]

× 100

http://www.ncbi.nlm.nih.org
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Anticancer activity assay

Cell line and cell culture

HeLa cells (a human cervical cancer cell line) were cul-
tured in Roswell Park Memorial Institute (RPMI 1640, 
Gibco, Scotland) medium supplemented with 10% fetal 
bovine serum (FBS, Gibco, Scotland). Cells were grown 
in a humidified incubator, which provides an atmosphere 
of 5%  CO2 at 37 °C.

Cell viability assay

Anticancer activity of bacterial extracts was determined 
using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) assay. MTT protocol was adapted 
from that described by Mosmann (1983), where 10,000 
HeLa cells were incubated in 96-well plates, in the absence 
(control) or presence (test) of various concentrations of the 
bacterial extracts in a final volume of 200 µl for 24, 48, 
and 72 h. To check changes in cell viability, 20 µl MTT 
(diluted in PBS) was added to each well, and after four h 
incubation, the precipitated purple formazan crystals were 
dissolved in 150 µl Dimethyl sulfoxide, and the absorbance 
was recorded at 540 nm (Stat Fax, USA). Cell viability 
was measured using the following formula (Maheswarappa 
et al. 2013):

Viability = [(AT)/AC] × 100, where AC was the absorb-
ance of the control reaction and AT was the absorbance in 
the presence of the bacterial crude extracts. Treated and 
control cells were observed under a light inverted micro-
scope (Olympus, Japan) for monitoring the morphological 
changes after 24, 48, and 72 h.

Tandem mass spectrometry analysis of  the  bacterial cul-
ture extract Liquid chromatography–tandem mass spec-
trometry (LC–MS/MS) analysis was performed in accord-
ance with Djinni et al. (2014) to identify the metabolites 
in the culture extract of the selected endophytes. The prev-
alent compounds were identified by comparing the mass 
spectral data with those present in the European Mass-
Bank database (https ://massb ank.eu).

Data analysis

All quantitative data were obtained from the individual 
experiments repeated at least three times. The data analy-
sis was conducted using GraphPad Prism version 6.0 and 
the  IC50 and  EC50 values were obtained from nonlinear 
regression (Mosaddik et al. 2004; Deng et al. 2013).

Results

Culturable bacteria diversity

A total of 29 bacterial isolates were obtained based on 
the aerobic cultivation of the stem samples of E. foliata 
(Fig. 1) on the TSA medium. Of them, 10 strains were 
selected for further analysis based on the preliminary bio-
chemical/morphological tests (not shown). The 16S rRNA 
gene sequences determined in this study has been depos-
ited in the GenBank database under accession numbers 
MK471235˗MK471244. Phylogenetic analysis (Fig. 2) of 
these strains revealed that they belonged to the three bac-
terial phyla including Firmicutes (7 strain), Actinobacte-
ria (2 strain) and Proteobacteria (1 strain). Members of 
the genus Bacillus are the dominant (5 strains) and were 
followed by the Paenibacillus (2 strain), Brevundimonas 
(1 strain), Kytococcus (1 strain), and Microbacterium (1 
strain). Table 1 represents the closest identified taxa to 
the entophyte strains with the percent of their similarities.

Fig. 1  Ephedra foliata. The arrow shows herbaceous stem sampled in 
this study

https://massbank.eu
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Antimicrobial and antioxidant activity

The measurement of the clear zone inhibition of the culture 
extracts against four pathogenic bacteria revealed that only 

three strains which are phylogenetically identified as Paeni-
bacillus (F5 and F9) and Bacillus (F22) represent moderate 
anti˗bacterial activity. The highest activity was observed by 
the crude extract of strain F5 (Table 1) where it was selected 

Fig. 2  Neighbour-joining phylo-
genetic tree based on 16S rRNA 
gene sequences, showing of 
the novel endophytes and their 
identified relatives

Table 1  Comparison of the isolates obtained from the stem samples of Ephedra foliate with those available in EzBiocloud (Yoon et al. 2017). 
Antibacterial and antioxidant activities of these endophytes

Strain Closet taxa Similarity
(%)

Antimicrobial activity Inhibition zone (mm) EC50
(µg/ml)

B. subtilis S. aureus E. coli P. aueroginosa C. albicans

F5 Paenibacillus polymyxa 99.8 6.0 ± 0.1 5.2 ± 0.2 7.0 ± 0.1 7.4 ± 0.2 ˗ 344.7 ± 12.4
F9 Paenibacillus polymyxa 99.7 5.0 ± 0.2 5.0 ± 0.2 3.0 ± 0.1 2.5 ± 0.1 ˗ ˗
F22 Bacillus australimaris 99.6 4.7 ± 0.2 3.7 ± 0.1 3.0 ± 0.1 3.3 ± 0.2 ˗ ˗
I24 Bacillus australimaris 99.9 ˗ ˗ ˗ ˗ 5.1 ± 0.3 ˗
F32 Bacillus zhangzhouensis 99.9 ˗ ˗ ˗ ˗ ˗ ˗
F6 Bacillus atrophaeus 99.8 ˗ ˗ ˗ ˗ ˗ ˗
A2 Bacillus atrophaeus 99.3 ˗ ˗ ˗ ˗ ˗ ˗
A1 Microbacterium maritypicum 99.8 ˗ ˗ ˗ ˗ ˗ 43.2 ± 3.0
A3 Kytococcus schroeteri 99.6 ˗ ˗ ˗ ˗ ˗ 211.0 ± 10.2
I4 Brevundimonas diminuta 99.7 ˗ ˗ ˗ ˗ ˗ 636.5 ± 23.4
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for the optimization process. Strain I24 (Bacillus) was the 
only bacterial endophyte showed the week antifungal activ-
ity by inhibition the growth of Candida albicans (5 mm 
inhibition zone). Regarding the antioxidant activity of the 
endophytic bacteria, four strains showed some level of scav-
enging capacity. Strain A1 (Microbacterium) was the potent 
with the  EC50 equals to 43.0 µg/ml. Other strains which 
represent antioxidant activity were as A3 (Kytococcus), F5 
(Paenibacillus), and I4 (Brevundimonas) with  EC50 (µg/ml) 
equals to 211.0, 344.7, and 636.5, respectively.

Enhancing the antibacterial activity of the strain F5 
(Paenibacillus)

Effects of different levels of some variables on the antibacte-
rial activity of the strain F5 against E. coli were presented in 
Fig. 3. The optimized factor in each experiment was fixed in 
the optimization of the subsequent factor(s). The antibacte-
rial activity of the strain F5 was enhanced in the presence 
of starch as the additional carbon source in the basal TSB 
medium (1.8 times). However, the mono and di-saccharides 

Fig. 3  Effects of different factors on the anti-microbial activity of the 
strain F5 against E. coli PTCC 1330. All experiments were done in 
the basal TSB medium. Bottom: Comparison of the antimicrobial 

activity before (gray) and after (black) optimization. ***P < 0.01 (un-
pair ANOVA with Tukey post hoc test)
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(glucose, maltose, and sucrose) did not show any significant 
effects on the antibacterial activity of the strain (P < 0.05). 
Regarding the nitrogen sources, 0.2% (w/v) yeast extract 
enhances the antibacterial activity 1.2 times but peptone did 
not have any increasing nor decreasing effects on the anti-
bacterial activity (P < 0.05). Interestingly supplemented the 
basal medium by potassium nitrate reduced the antibacterial 
activity 2.1 times in comparison to the basal TSB medium 
(P < 0.05). The highest antibacterial activity was observed 
in the neutral pH (pH 7) and 30 °C while moving to the 
acidic (pH 6 and 5) or alkaline (pH 8) conditions and lower 
and higher temperature than 30 °C reduced the antibacterial 
activity of the strain F5. The inoculum size also affected the 
antibacterial production where 3% (v/v) inoculation repre-
sented the most antibiotic production (P < 0.05). Finally, the 
highest antibacterial activity was observed after 48 h incuba-
tion and further incubation time reduced its activity against 
the test strain. The optimization process could enhance the 

antibacterial activity of the strain F5 2.3 times in comparison 
to the basal TSB medium (P < 0.01).

Anticancer activity

As revealed by MTT assay, the culture extracts of four 
strains affected the viability of HeLa cells after 24 h. Strain 
A1 (Microbacterium) represented a proliferating effect at 
the optimum concentration of (62.5 µg/ml) and increased 
cell viability up to 1.2 times as compared to untreated cells 
control (P < 0.05). The cytotoxic activity of the strains A3 
(Kytococcus), F5 (Paenibacillus) and I4 (Brevundimonas) 
were determined to be about 75%, 60% and 15% for the 
highest applied concentration (500 µg/ml), respectively 
(Fig. 4a, e). The  IC50 values of culture extract of the potent 
strain (strain A3) on HeLa cells were calculated as 104, 64, 
and 43 µg/ml after 24, 48, and 72 h, respectively (Fig. 4b). 
Microscopic observation revealed that cells turned to round 

Fig. 4  Effects of endophyte culture extracts on viability and morphol-
ogy of Hela cells (Magnification 200). a Culture extracts of strains 
A1 (diagonal), A3 (checker board), F5 (diamond), and I4 (sphere). 
b Effects of strain A3 extract after 24 (diagonal), 48 (checker board) 
and 72 (diamond) hours. c Light microscopic images of non-treated 
Hela cells. d Light microscopic images of treated Hela cells with 

strain A3 culture extract (125 µg/ml) after 72 h (Scale bars in C and 
D equal 25 µm). e Comparison the viability of non-treated (control) 
Hela cells and cells after treatment by culture extracts of A1, A1, F5, 
and I4 strains. *P > 0.05, **P < 0.05, ***P < 0.01, ****P < 0.0001 
(unpaired t test)
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shapes in comparison with control cells after treatment with 
this extract (Fig. 4c, d).

Identification of the bacterial culture extract

The culture extracts of three bacterial endophyte which rep-
resented the remarkable antibacterial (strain F5), antioxi-
dant (strain A1) and anticancer (strain A3) activities were 
subjected for identification by LC-Mass-Mass analysis. The 
possible chemical constituents produced by each strain were 
listed in Table 2. The mass spectrum of the chemicals identi-
fied by LC/MS2 is presented in Fig. 5. The analysis revealed 
the presence of alkaloids, aminoglycoside, flavonoids, and 
terpenoids. The possible compounds were identified as 
Achillin, Harmine, and Myricetin for the extract obtained 
from strain A1, berberine, and camptothecin for the chloro-
form extract of the strain A3, and finally sanguinarine, and 
daunorubicin for the culture extract of strain F5. 

Discussion

Ephedra plants have a long history in medication and their 
stems dried has been used for anti-inflammatory, antioxi-
dant, antimicrobial and anticancer activities. They are also 
considered for reducing weight and increasing physical 
strength (Powers 2001). Their effects are mostly related to 
their ephedrine and pseudoephedrine alkaloids. However, 
because of some adverse effects of these alkaloid com-
pounds, there are health hazards regarding the application 
of these plants and ephedra herb has been banned by FDA 
since 2004. Ibragic and Sofićand indicated that E. alata and 
E. foliata have a higher content of secondary metabolites 
among others by comparison the chemical composition of 
various Ephedra species (Ibragic and Sofic 2015). Despite 
the controversial and prolonged use of this medicinal plant, 
there is not any report regarding their bacterial endophyte 
and their metabolites which are considered in this study.

A total of 10 bacterial strains that were obtained from 
the stem samples of healthy E. foliata belonged to Firmi-
cutes, Actinobacteria, and Proteobacteria. Although these 
phyla are the common strains among endophytes, but, unlike 
to the most previous studies, where the Proteobacteria are 
dominants (Chowdhury et al. 2017), members of the Fir-
micutes are the most abundant isolates. The bacterial endo-
phytes were originated mainly from the rhizosphere and then 
ascend to the upper parts of the plant (stems and leaves) via 
the apoplast in xylem vessels. The entered bacteria were 
affected by the plant defense systems and hormones before 
they can be colonized. Hence it is not surprising that plants 
in the various soil conditions and different physiological 
systems represent different microbial residents. However, 
the limit numbers of the analyzed bacteria in comparison 
to the high-throughput sequencing studies may also affect 
our results.

Endophytes produce metabolites which could protect 
their host plant against pathogens, so it is not surprising 
that they are noteworthy sources for identification of new 
antibiotics. In this study, the strains from Bacillus and Pae-
nibacillus represented antimicrobial activity. Similarly, 
endophytic Bacillus strains which were isolated from Aloe 
vera (Akinsanya et al. 2015), maize (Gond et al. 2015), and 
Garcinia lancifolia (Doley and Jha 2016) plants showed 
antibacterial activity against some pathogenic bacteria and 
fungi. Olishevska and coworkers recently reviewed the 
potentials of Bacillus and Paenibacillus for the production 
of antimicrobial metabolites. They listed a wide variety of 
polyketides and (non)ribosomal peptides that produced by 
these Firmicute bacteria (Olishevska et al. 2019). Hence it 
can be stated the medicinal plants are promising sources to 
obtained Bacillus and Paenibacillus strains for the produc-
tion of novel antimicrobial agents.

Antioxidants are natural/chemical compounds that benefit 
the health by neutralizing the toxic effects of reactive oxygen 
species and other free radicals. Medicinal plants produced 
various phenolic and flavonoid metabolites and are among 

Table 2  Presumptive 
constituents in the chloroform 
extract of three endophytes with 
the highest anti-oxidant (A1), 
anti-cancer (A3) and anti-
bacterial (F5) activities

No m/z Formula Hit Class Source Activity

A1
1 212.4 C13H12N2O Harmine Alkaloid Plant Cell proliferation
2 319.8 C15H10O8 Myricetin Polyphenol Plant Antioxidant
3 247.5 C15H18O3 Achillin Terpene Plant Anticancer
A3
1 319.3 C20H18NO4

+ Berberine Alkaloid Plant Anticancer
2 348.4 C20H16N2O4 Camptothecin Alkaloid Plant, bacteria Anticancer
F5
1 319.3 C20H18NO4

+ Berberine Alkaloid Plant Anticancer
1 302.4 C20H14NO4

+ Sanguinarine Alkaloid Plant Antibiotic, anticancer
2 385.5 C27H29NO10 Daunorubicin Aminoglycoside Bacteria Antibiotic, anticancer
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Fig. 5  LC-MS chromatograms 
of the major constituents detect 
in the culture extracts of strains 
A1 (top), A3 (middle), and F5 
(down). Inlets show possible 
chemicals
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the main sources of the natural antioxidants (Zahoor et al. 
2018). Most of the reported endophytes with antioxidant 
activities were fungi like Pestalotiopsis, Torreya, Fusarium 
and Chloridium (Gouda et al. 2016). However, bacterial 
endophytes from Bacillus, Pseudomonas, Micrococcus, and 
Enterobacter species were also reported for their antioxidant 
activity (Akinsanya et al. 2015). The antioxidant capacity 
of the Ephedra extract was showed before (Rustaiyan et al. 
2011). Here the antioxidant activity of bacterial resident of 
this plant was evaluated. The highest scavenging capacity 
was observed in the genus Microbacterium. Members of this 
genus were isolated from the maize stem (Gao et al. 2017) 
and halophytes (Li et al. 2018) and their antioxidant capacity 
were also presented (Meddeb-Mouelhi et al. 2016).

Cancer is one of the major worldwide health challenges 
by more than 9.2 million deaths annually. The secondary 
metabolites from plant kingdom with no doubt have played 
an important role to combat this human disaster in both 
traditional and modern medicine. It is exciting to note that 
in many cases the endophyte population contributes to the 
production of these compounds. Besides the well-known 
example (taxol) (Flores-Bustamante et al., 2010), there are 
several other plants bioactive compounds like camptothecin, 
diosgenin, ginkgolide B, huperzine A, hypericin, podo-
phyllotoxin, vinblastine, and vincristine which are also (or 
only) produced by the entophytes (Kumara et al. 2014). The 
endophytic bacteria isolated in this study showed remark-
able cytotoxic activity against HeLa cell line. Strain A3 
which was identified as Kytococcus showed the highest toxic 
activity on these tumor cells. Few articles have reported the 
isolation of this bacterium from the Camellia sinensis and 
Rauvolfia serpentina plants (Shan et al. 2018; Gohain et al. 
2015). Although the anticancer activity of various endo-
phytic Actinomycetes has been reported before, there is no 
study on cytotoxic activity of Kytococcus endophyte, which 
is presented for the first time here.

In order to identify possible constituents for antibacte-
rial, antioxidant and anticancer activities, the extract from 
three strains A1 (Microbacterium), A3 (Kytococcus) and 
F5 (Paenibacillus) were subjected to chemical analysis. For 
strain A1 with antioxidant activity, it was shown to contain 
polyphenol compounds, where their antioxidant activities 
are well determined (Cory et al. 2018). Coincident with the 
proliferating effects of this strain, an alkaloid compound 
(harmine) with a proliferating activity that was previously 
extracted from the medicinal plants (Morales-García et al. 
2017) was observed in culture extract of strain A1. In the 
strain with the highest cytotoxic activity (strain A3), two 
alkaloid compounds (camptothecin and berberine) with 
anticancer activity were determined. Camptothecin, a well-
known anticancer alkaloid, was previously obtained from 
different plants (Kulkarni et al. 2010), fungi (Pu et al. 2013) 
and bacteria (Soujanya et al. 2017). However, the other 

possible compound (berberine) has been just extracted from 
medicinal plants (Demirgan et al. 2016). Finally, the anti-
bacterial and anticancer activities of the strain F5 may relate 
to the aminoglycoside (Daunorubicin) and alkoliod (San-
guinarine) constituents that have been previously extracted 
from other bacteria (Streptomyces) and plants, respectively.

Conclusions

Most prevalent endophytic bacterial taxa in E. foliata 
belonged to Firmicutes, Actinobacteria, and Proteobacteria. 
The strains F5 (Paenibacillus), A1 (Microbacterium), and 
A3 (Kytococcus) produce bioactive compounds with remark-
able anti-bacterial, anti-oxidant, and anti-cancer properties, 
respectively. Most of the possible constituents detected in 
this study were only reported form medicinal plants. The 
results show potential of endophytes for production of plant-
related bioactive compounds.
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