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Ajuga turkestanica (Lamiaceae) is an endemic species of flora of Uzbekistan and is widely used in tradi-
tional medicine from its aboveground and root parts. In the course of a scientific study strains of endo-
phytic bacteria with antimicrobial activity were isolated from the underground and upper parts of the
plant. Twelve bacterial strains were selected to obtain crude extracts with methanol and ethyl acetate.
The was studied pathogenic test of crude extracts of selected endophytic bacterial strains against bacte-
rial strains and plant phytopathogenic fungi. It has been established that crude extracts isolated from
strains of endophytic bacteria are effective against pathogenic test microbes. All extracts have an inhibi-
tory effect pathogen test strains against gram-positive Staphylococcus aureus-91, Bacillus subtilis-5, gram-
negative Escherichia coli � 221, Pseudomonas aeruginosa � 225 and Candida albicans-247. The crude
extracts showed a minimum inhibitory concentration of 3.125 lg/mL � 50 lg/mL, inhibiting the growth
of test strains of the pathogen. The range of action of all extracts at the minimum inhibitory concentration
was as follows: E. coli 6.25 lg/mL � 25 lg/mL, B. subtilis 12.5 lg/mL �50 lg/mL, S. aureus �3.122 lg/mL
� 50 lg/mL, P. aeruginosa 12.5 lg/mL �50 lg/mL. The inhibitory effect of all endophytic bacterial strains
on plant phytopathogenic fungi was as follows: Fusarium oxysporium: 3–5 cm, 44% �70% and Fusarium
proliferatum: 4.1–7 cm, 27.8% � 56%. Our findings provide new insights into the antimicrobial activities
of B. mojavensis (M11) and B. amyloliquefaciens (M13) natural endophytes, suggest this species may a
promising candidate as a biocontrol agent to confer resistance to F. oxysporium and F. proliferatum disease
and other phytopathogens in medicinal plants.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Endophytic bacteria are natural factories synthesizing pharma-
cologically important biologically active secondary metabolites
diverse in structure and function of synthesized metabolites. In
terms of biodiversity endophytic bacteria are one of the most
diverse species present on earth. This is why the study of endo-
phytic bacterial bioresources that colonize the body of medicinal
plants is of great interest. Endophytic bacteria produce secondary
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metabolites of various natures due to their extensive colonization
of the host plant body and their biodiversity. Singh et al. (2017)
reported that the formation of bioactive compounds effective
against pathogenic microbes in strains of endophytic bacteria iso-
lated from plants with pharmacologically important medicinal
properties has been established. Strains of endophytic bacteria
are associated with all plants in the natural ecosystem, colonizing
intercellular and intracellular spaces in plant tissues. Endophytic
bacteria have been isolated from various plants such as common
bean (Phaseolus vulgaris) (Costa et al., 2012), medicinal Glycyrrhiza
species (Li et al., 2012), pea (Pisum sativum L.) (Tariq et al., 2014),
Ajuga turkestanica (Mamarasulov et al., 2022) and Pennisetum glau-
cum (Gupta et al., 2022). (See Table 1)

Endophytic bacteria form biologically active compounds that
protect against herbivores and pathogenic microorganisms. Endo-
phytec bacteria synthesize flavonoid, terpenoid, phenolic nature
and many other biologically active secondary metabolites
(Egamberdieva et al., 2020; Jabborova et al., 2020a, 2020b). Plants
with medicinal properties, which are currently widely used in
modern pharmaceuticals, are an important object in the search
for productive strains of endophytic bacteria. The role of
secondary metabolites synthesized by endophytic bacteria in
the formation of biologically active substances of medicinal plants
can be significant. Crude extracts obtained by extraction of endo-
phytic bacterial strains have antibacterial and phytopathogenic
fungal, diabetic and anticancer properties (Gunatilaka et al.,
2006; Guo et al., 2008; Hardoim et al., 2015; Jabborova et al.,
2019).

As the basis of this scientific article focusing on the antimicro-
bial and antifungal activity of endophytic bacteria we have
attempted to investigate some endophytic bacteria that have the
property of producing biologically active metabolites against plant
phytopathogenic fungi and pathogenic microbial strains. It is note-
worthy that the bioactive properties of medicinal plants have been
identified as a result of scientific studies that depend on endo-
phytic microorganisms that colonize its body. A. turkestanica is a
popular medicinal plant endemic to the Boysun Mountains of
Uzbekistan and its body has been found to contain biologically
active components that have cytotoxic, antioxidant and antimicro-
bial effects (Mamadalieva et al., 2013). The purpose of the study
was to search for strains of endophytic bacteria synthesizing bioac-
tive metabolite compounds against pathogenic and phy-
topathogenic microbes.

We hypothesize that endophytic bacteria that have the ability
to produce bioactive substances with activity against pathogenic
and phytopathogenic microbes based on the medicinal properties
of the medicinal plant A. turkestanica. Based on this, the objectives
of our study include: i) investigation on the pathogenic test of
crude extracts of selected endophytic bacterial strains against bac-
terial strains and plant phytopathogenic fungi; ii) determination
on the antifungal activity of strain endophytic bacteria against
phytopathogenic fungi.
Table 1
Methanolic crude extract yields from different endophytes.

Bacterial
Isolates

Weight of the methanolic
crude extract (g)

Bacterial
isolates

Weight of the
methanolic crude
extract (g)

M1 0.15 M7 0.10
M2 0.11 M9 0.13
M3 0.24 M10 0.23
M4 0.11 M11 0.16
M5 0.16 M12 0.28
M6 0.81 M13 0.18
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2. Materials and methods

2.1. Fermentation in Liquid Medium

Endophyte bacterial strains were incubated in Nutrient broth
medium (0.5% peptone, 0.3% yeast extract, 0.5% NaCl, 0.25% glu-
cose, distilled water) at 28 ± 2 �C for 72 h on an incubator shaker
(Shaker; Incubator, MaxQ 6000, Thermo Fisher, 240) with periodic
shaking at 180 rpm (Santos et al., 2015).
2.2. Preparation of crude extracts of methanol and ethyl acetate from
liquid fermentation medium

The fermentation liquid of bacterial strains was extracted with
organic solvents, ethylacetate and methanol. In this process, an
equal volume of organic solvent is added to the fermentation liquid
and shaken vigorously. Then wait ten minutes until two distinct
immiscible layers form. The organic phase containing secondary
metabolites is separated using a separating funnel. In the next step,
it was dried in a vacuum evaporator to separate crude metabolites
from the organic phase. The crude extract was then dissolved in
dimethyl sulfoxide and stored at 4 �C for further experiments.
2.3. Fundamentals of selection of microorganisms

The bacteria and fungi selected for this study were selected
because of their strong pathogenic role including their ability to
cause gastrointestinal diseases such as dysentery and many other
diseases.
2.4. Tested microorganisms

The test microorganisms used to determine antimicrobial activ-
ity are bacteria that are conditionally pathogenic to humans (S.
aureus-91, B. subtilis � 5, gram-negative bacteria P. aeruginosa �
225 and E. coli- 221 microscopic fungi C. albicans-247). Two plant
phytoratogens F. oxysporum 316 and F. proliferatum 516 fungi were
also used to determine the antifungal activity of endophytic bacte-
ria. All test cultures used were registered and stored at the Institute
of Microbiology of the Academy of Sciences of Uzbekistan.
2.5. Determination of antibacterial activity of bacterial crude extracts

2.5.1. Well Diffusion Method
Preparation of pathogen test culture inoculants. Bacteria grown

on Nutrient agar were obtained in flasks containing 5 mL of sterile
distilled water (Marson et al., 2014). The resulting suspension was
brought to a turbidity equivalent to 0.5 McFarland standard to
bring it to a state of 1.5 � 108 CFU/mL. The test strains were then
planted as a lawn on the entire surface of the Müller Hinton agar
medium with a sterilized L-shaped glass rod and kept at 37 ± 2�
C for 15 min. The test strains were then cut into 6 mm pits on
the surface of the planted medium. Endophytic bacteria were then
infused into the pits in an amount of 10 lL from crude extracts of
ethyl acetate. Penicillin antibiotic was used for positive control and
Whatman No.1 paper soaked in 6 mm dimethyl sulfoxide was used
for negative control. In the next step, the test cultures were incu-
bated for 18–24 h at 37 ± 2� C. After incubation the zone of inhibi-
tion of the extracts was measured in millimeters. The experiments
were repeated three times to confirm the reliability of the results.
2.5.2. Disc diffusion method
The antimicrobial activity of the methanolic crude extract of

endophytic bacteria against strains of pathogenic bacteria was
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determined by the disk diffusion method (Photolo et al., 2020;
Makuwa et al., 2021; Kebede et al., 2021; Ababutain et al., 2021).

Selected test strains (S. aureus-91, B. subtilis-5, upavv vayabq
,arnepbzkap E. coli- 221 da P. aeruginosa-225, microscopic fungus
C. albicans-247) were grown nutrient nroth medium at 37 ± 2� C
for 24 h. The cultured test strains were diluted in 20 mL sterilized
distilled water. The turbidity level of the strains used for the test
was adjusted with a McFarland 0.5 standard (0.5 � 108 CFU/mL).
Pathogen test bacterial strains were then inoculated on a lawn
using a pre-prepared nutrient agar medium medium sterilized L-
shaped glass rod. Methanol extract of endophytic bacteria was
soaked in 6–8 mm sterile Whatman No.1 paper. The nutrient was
then placed in a Petri dish containing pathogenic bacterial strains
grown in a medium. A penicillin antibiotic was used as a positive
control, and dimethyl sulfoxide solution was used as a negative
control. Petri dishes were kept in a thermostat at a temperature
of 37 ± 2C� (Memmert Made in Germany Schutzart DIN EN
60529 - IP20) for 18–24 h. At the end of the incubation period,
the zones of inhibition around the disks impregnated with extracts
were measured and compared with the values of the zone of inhi-
bition of the penicillin antibiotic.
2.5.3. Minimum inhibitory concentration of crude methanol extracts
Minimum inhibitory concentrations of methanol crude extracts

of endophytic bacteria were carried out in sterilized round-
bottomed 96-well microplates (Veiga et al., 2019; Rodríguez
et al., 2022). Separate microplates were used for each pathogen
strain. 200 lL of nutrient broth (S. aureus, E. coli, P. aureginose, B.
sibtilis) and Sabouraud broth (C. albicans) were poured into each
well of the plates. Methanolic extracts of 100 lL endophytic bacte-
ria were added to the first well of microplates (line A) (columns 1
and 10). As a positive control, the antibiotic ceftriaxone was added
to the eleventh column (an agent against pathogen test strains).
Methanolic extracts of 100 lL endophytic bacteria were added to
the first well of microplates (row A) (columns 1 and 10). Ceftriax-
one antibiotic was added to the eleventh column (an agent against
pathogen test strains) for positive control. In the next step, the
microplate was taken 100 lL from line A and diluted successively
to line B and other wells. As a result the following dilution ratios
are (A) 1:2, (B) 1:4, (C) 1:8, (D) 1:16, (E) 1:32, (F) 1:64, (G) 1:128,
(H) 1:256 was formed. 20 lL of pathogen test strains inoculation
(0.5 McFarland 108 colony-forming unit CFU/mL) was then added
to each well. The twelfth column (Nutrient broth) used for the neg-
ative control was left unchanged. The microplate was then incu-
bated for 24 h at a temperature of 37 ± 2�. After the storage
time, 20 lL of 2,3,5-triphenyltetrazolium chloride solution was
added to each well and kept for 2 h. After incubation color devel-
opment was observed in one well. If a red color develops in the
wells the test indicates that the strains have grown. If color does
not develop we can conclude that the growths of the strains are
inhibited by the extracts. Wells without color development in the
microplate lines represent the minimum inhibitory concentration
of the methanolic crude extracts.
2.6. Antagonistic effects endophytic bacteria on phytopathogenic fungi

The antifungal activity of endophytic bacterial strains F. Oxyspo-
rium and F. proliferatum of phytopathogenic fungi was assessed by
analysis of petri dishes (Cho et al., 2007; Abdelmoteleb et al., 2017;
Zhang et al., 2017; Liu et al., 2019; Xie et al., 2020; Erfandoust et al.,
2020). Endophyte bacterial strains were grown in Nutrient broth at
28 ± 2 �C for 24 h. In the next step potato dextrose agar (PDA) med-
ium was prepared by adding 40 g of PDA powder to 1L distilled
water and poured into sterilized Petri dishes. The bacterial strains
were then harvested in a square shape at a distance of 2 cm from
3

the center of a Petri dish filled with PDA medium using an inocu-
lation loop. Then phytopathogenic fungi selected for antifungal
activity were from the mycelium (6 mm) and placed in the center
of the Petri dish. The distance between strains of endophytic bac-
teria and phytopathogenic fungi was 2–3 cm. Then Petri dishes
were stored at a temperature of 28 ± 2 �C for 7 days. At the end
of the incubation period the growth inhibition of the phy-
topathogenic fungal colony was determined by measuring in mil-
limeters in diameter. The percentage of growth inhibition of
phytopathogenic fungi used in the experiment was calculated
using the formula Trivedi.

[%]¼ R1 � R2
R1 � 100

Where R1 = radial growth of control test strains, R2 = radial
growth of test test strains (Trivedi et al., 2008). All treatment
was replicated five.

2.7. Statistical analyses

The experimental data were analyzed with the StatView Soft-
ware using ANOVA.

3. Results

3.1. Yield of extracts

High amounts of crude extracts were obtained from endophytic
bacteria B. amyloliquefaciens ssp. plantarum (M6), B. subtilis ssp.
(M10) and P.chlororaphis (M12).

3.2. Agar well diffusion assay of secondary metabolites extracts

Endophytic bacteria were screened by Agar well diffusion
method of ethyl acetate crude extract (Table 2; Fig. 1). The crude
ethyl acetate extract of endophytic bacterial strains exhibited
antimicrobial activity against opportunistic microbes. The results
obtained showed that P. kilonensis (M1) ethyl acetate extract inhib-
ited pathogen test strains (E. coli 12 ± 1.3; B. subtilis 6 ± 1.0; P.
aeruginosa 11 ± 0.41; S. aureus 14 ± 1.2; C. albicans 12 ± 1.3). B. sub-
tilis ssp. (M10). We can see that endophytic bacterium ethyl acet-
ate crude extract inhibited the growth of the following test strains
(E. coli 11 ± 1.1; B. subtilis 13 ± 1.6; P. aeruginosa 11 ± 1.0; S. aureus
16 ± 1.3; C. albicans 26 ± 1.1). (See Fig. 2.Fig. 3Table 3)

B. amyloliquefaciens ssp. plantarium (M6) endophytic bacteria
inhibited the growth of test strains used for testing ethyl acetate
crude extract (E. coli 9 ± 1.2; B. subtilis 13 ± 1.6; P. aeruginosa
10 ± 1.2; S. aureus 14.6 ± 1.0; C. albicans 14 ± 1.1). Crude extracts
of ethyl acetate from endophytic bacterial strains showed high
antimicrobial activity against test strains of the pathogen. The pos-
itive penicillin antibiotic showed antimicrobial activity against test
strains of B. subtilis and C. albicans. A negative control test with
dimethyl sulfoxide showed no antimicrobial activity against the
strains. The obtained results indicate that strains of endophytic
bacteria contain biologically active substances against microbes
in crude extracts of ethyl acetate.

3.3. Disc diffusion assay of the methanolic crude extracts

Endophytic bacteria extracted crude extracts in methanol to
determine their antimicrobial activity by disc diffusion. Methanol
extracts of all endophytic bacteria showed positive antimicrobial
activity topathogentest strains.Methanolic extractsof the following
endophytic bacteria showed high results in the disc diffusion
method of antimicrobial activity. Methanol extract of the bacterium
B. subtilis ssp. (M10) highly inhibited the growth of pathogen test
strains (E. coli12±1.4;B. subtilis9±1.6;P. aeruginosa6.2±1.0; S. aur-



Table 2
Antimicrobial activity of the endophytic crude extract using well diffusion method.

Bacterial Isolates Endophytic bacteria Inhibition diameter zone (mm)

E.
coli

B.
subtilis

P.
aeruginosa

S.
aureus

C. albicans

M1 P. kilonensis 12 ± 1.3 6 ± 1.0 11 ± 0.41 14 ± 1.2 12 ± 1.3
M2 B. amyloliquefaciens ssp. plantarium 11 ± 1.0 11 ± 1.6 14 ± 0.4 14.6 ± 1.0 10 ± 1.2
M3 P. putida 11.7 ± 1.4 9 ± 1.1 5.6 ± 0.1 13.8 ± 0.0 8 ± 1.0
M4 B. subtilis ssp. 7 ± 1.0 6 ± 0.2 6 ± 1.0 10 ± 1.3 9 ± 1.0
M5 P. graminis 9 ± 1.3 10 ± 1.1 9 ± 0.45 14 ± 0.10 10 ± 1.0
M6 B. amyloliquefaciens ssp. plantarium 9 ± 1.2 13 ± 1.0 10 ± 1.2 14.6 ± 1.0 14 ± 1.1
M7 S. colletis 8 ± 1.0 10 ± 1.0 8 ± 0.12 12 ± 1.0 21 ± 1.3
M9 B. amyloliquefaciens 0 ± 0 8 ± 1.2 0 ± 0 12.4 ± 0.1 24 ± 1.0
M10 B. subtilis ssp. 11 ± 1.1 13 ± 1.6 11 ± 1.0 16 ± 1.3 26 ± 1.1
M11 B. mojavensis 11 ± 1.0 14 ± 1.2 12 ± 1.0 14 ± 1.3 8 ± 1.0
M12 P. chlororaphis 8 ± 1.2 9 ± 1.2 12 ± 0.1 10 ± 1.3 10 ± 1,21
M13 B. amyloliquefaciens ssp. plantarium 12 ± 1.1 9 ± 0.1 9 ± 1.1 9.6 ± 1.2 11 ± 1.1
Positive control Penicillin 0 ± 0 15 ± 1.2 0 ± 0 0 ± 0 14 ± 1.3
Negative control Dimethyl sulfoxide 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0
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eus 10 ± 1.1; C. albicans 13 ± 1.0;). Methanol extract of the bacterium
B. mojavensis inhibited the growth of pathogenic test strains (E. coli
8 ± 1.0; B. subtilis 11 ± 1.0; P. aeruginosa 10 ± 1.0; S. aureus 10 ± 1.0;
C. albicans 10 ± 1.1). P. chlororaphis endophytic bacterial methanolic
crude extract E. coli (7.8 ± 1.0) B. subtilis (12 ± 1.3) P. aeruginosa
(12 ± 1.0) S. aureus (10 ± 0.2); C. albicans (7.4 ± 1.2) exhibited high
antimicrobial properties against pathogenic test strains. B. amyloliq-
uefaciens ssp. plantarium bacteriamethanol extract E. coli (6.2 ± 0.3)
B. subtilis (14 ±1.2) P. aeruginosa (13 ±1.1) S. aureus (12 ±1.0); C. albi-
cans (11 ± 1.2) showed broad-spectrum antimicrobial activity
against pathogen test cultures. These parameters reflect the high
inhibition zone of methanol extracts of endophytic bacteria relative
to pathogen test strains. Methanol extracts of endophytic bacteria
showed strong activity against all test strains. These results indicate
thatmethanol crude extracts of endophytic bacterial strains contain
biologically active secondary metabolites that inhibit the growth of
pathogenic bacteria. The positive control penicillin antibiotic
showed antimicrobial activity against B. subtilis and C. albicans test
strains. The negative control test with dimethyl sulfoxide did not
inhibit the growth of the strains.

3.4. Minimal inhibitor concentration of the methanol crude extracts

Minimum inhibitory concentrations of methanol extracts of
endophytic bacterial strains were performed with four pathogen
test strains (E. coli, B. subtilis, P. aeruginosa, S. aureus). The following
results were obtained when methanol extracts were found to have
a minimal inhibitory concentration relative to the E. coli strain. The
best antibacterial effect against E. coli strain is P. kilonensis (M1), B.
amyloliquefaciens ssp. plantarium (M6), B. subtilis ssp. (M10) and B.
mojavensis (M11) were detected in isolates (6.25 lg/mL). In the
next places, the minimum inhibitory concentration of methanol
crude extracts of P. graminis (M5) and B. amyloliquefaciens (M13)
was 12.5 lg/mL. The best antimicrobial effect of endophytic bacte-
rial strains methanol crude extracts against B. subtilis test strains
was P. kilonensis (M1) and B. subtilis ssp. (M10) at a concentration
of 12.5 lg/mL. B. subtilis ssp. (M10) methanol crude extract inhib-
ited of S. aureus conditional pathogen strain at a concentration of
3.125 lg/mL. Strains of P. kilonensis (M1) and B. amyloliquefaciens
(M13) also inhibited the of S. aureus strain at a concentration of
12.5 lg/mL. B. mojavensis (M11) and B. amyloliquefaciens ssp.
(M13) methanol crude extracts of the bacterium inhibited the
growth of P. aureginosa strain at a concentration of 12.5 lg/mL.
The minimum inhibitory concentrations of pathogen test strains
4

of methanol crude extracts of endophytic bacteria are given in
Table 4.

3.5. Antifungal activity of strain endophytic bacteria against
phytopathogenic fungi

The antifungal activity of endophytic bacterial strains was stud-
ied in PDAmedium. Endophytic bacterial strains inhibit the growth
of phytopathogenic fungi F. oxysporium and F. proliferatum. (Table 5
& Fig. 4). The strain B. subtilis ssp. inhibited the growth of the fun-
gus F. oxysporium to 70% (3 ± 0.12) and the fungus F. proliferatum to
38.1% (6 ± 0.17). The strain of P.chlororaphis inhibited of F. oxyspo-
rium by 70% (3 ± 0.28) and the growth of F. proliferatum phy-
topathogen by 53% (4.5 ± 0.16). The strain of B. amyloliquefaciens
ssp. also had high levels of angifungal properties (F. oxysporium
60% (4 ± 0.17), F. proliferatum 50% 4.8 ± 10). Each strain of endo-
phytic bacteria used for the test synthesizes biologically active sec-
ondary metabolites that inhibit the growth of phytoptogenic fungi.

4. Discussion

Endophyte serves as an effective method in reducing plant dis-
eases in agriculture through biological control of various phy-
topathogenic bacteria and fungi using microorganisms (Jabborova
et al., 2020a, 2020b). Endophytic bacteria living in communities
together with medicinal plants are a rich source of biologically
active secondary metabolites against phytopathogens. Endophytic
bacteria live in plant tissue without causing symptoms (Bacon
and White, 2000; Yu et al., 2018). Antimicrobial agents inhibit
the proliferation of pathogenic bacteria and fungi by disrupting
the cell wall, inhibiting the metabolism and DNA biosynthesis that
take place in the bacterial cell. Antimicrobial secondary metabo-
lites synthesized by endophytic bacteria are compounds with
active action against microorganisms resistant to various drugs
(Egamberdieva et al., 2021). Antimicrobial metabolites are organic
compounds synthesized by these endophytic bacterial strains that
limit the growth and development of harmful microbes and have a
strong effect even at low concentrations (Gos et al., 2017; Islam
et al., 2018; Elfita et al., 2019). B. subtilis strains have been an
important source of antimicrobial compounds. Bacillus species
such as B. endophyticus, B. subtilis, B. and B. insolitus improve plant
growth and physiological properties in different plants (Ashraf
et al., 2004; Jabborova et al., 2021; Jabborova et al., 2022). Endo-
phyte bacterial strains have been found to have high antimicrobial



Fig. 1. Antimicrobial activity of ethyl acetate crud extracts of well diffusion method.
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Fig. 2. Antibacterial activity of methanol crude extracts by disc diffusion method.
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Fig. 3. Appearance of methanol crude extracts of endophytic bacteria against pathogenic test strains on a microplate with the addition of a solution of triphenyltetrazolium
chloride A) E. coli; B) B. subtilis; C) P. aeruginosa; D) S. aureus.

Table 3
Antibacterial activity of methanol crude extracts of against pathogenic test strains by disc diffusion method.

Bacterial Isolates Endophytic bacteria Inhibition diameter zone (mm)

E.
coli

B.
subtilis

P.
aeruginosa

S.
aureus

C albicans

M1 P. kilonensis 6.1 ± 1.1 11 ± 1.2 6.4 ± 1.0 5.1 ± 1.1 12 ± 1.1
M2 B. amyloliquefaciens ssp. plantarium 8.4 ± 1.0 6 ± 1.0 10 ± 1.1 6.3 ± 1.0 7.4 ± 1.2
M3 P. putida 5.7 ± 1.1 6.4 ± 1.2 9.6 ± 1.1 4.2 ± 1.0 5.4 ± 1.0
M4 B. subtilis ssp. 7.6 ± 1.1 8.4 ± 1.2 12 ± 1.0 6.6 ± 1.0 8 ± 1.1
M5 P. graminis 6.6 ± 1.2 8.6 ± 1.4 7 ± 1.1 4.2 ± 1.0 8 ± 1.0
M6 B. amyloliquefaciens ssp. plantarium 8.2 ± 1.0 10 ± 1.2 6.5 ± 1.1 4.0 ± 0.14 7.4 ± 1.0
M7 S. colletis 8.6 ± 0.13 10 ± 1.2 8 ± 1.0 0 ± 0 6.2 ± 1.0
M9 B. amyloliquefaciens 9.7 ± 0.16 12 ± 1.0 8.6 ± 1.1 6 ± 0.10 10 ± 1.4
M10 B. subtilis ssp. 12 ± 1.4 9 ± 1.6 6.2 ± 1.0 10 ± 1.1 13 ± 1.0
M11 B. mojavensis 8 ± 1.0 11 ± 1.0 10 ± 1.0 10 ± 1.0 10 ± 1.1
M12 P. chlororaphis 7.8 ± 1.0 12 ± 1.3 12 ± 1.0 10 ± 0.2 7.4 ± 1.2
M13 B. amyloliquefaciens ssp. plantarium 6.2 ± 0.3 14 ± 1.2 13 ± 1.1 12 ± 1.0 11 ± 1.2
Positive control Penicillin 0 ± 0 16 ± 1.0 0 ± 0 0 ± 0 14 ± 1.3
Negative control control Dimethyl sulfoxide 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0
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Table 5
Antifungal activity of endophytic bacterial strains against phytopathogens Fusarium oxysporium and Fusarium proliferatum.

Bacterial Isolates Endophytic bacteria F. oxysporium F. proliferatum

Zone of inhibition (sm) Zone of inhibition (%) Zone of inhibition (sm) Zone of inhibition (%)

Control 10 100 9.7 97
M1 P. kilonensis 5 ± 0.14 50 4.4 ± 0.17 54.6
M2 B. amyloliquefaciens ssp. plantarium 5.6 ± 0.24 44 7 ± 0.23 27.8
M3 P. putida 5 ± 0.16 50 4.6 ± 0.15 51
M4 B. subtilis ssp. 3 ± 0.12 70 6 ± 0.17 38.1
M5 P.graminis 5.3 ± 0.36 47 6.5 ± 0.12 33
M6 B. amyloliquefaciens ssp. plantarium 3.5 ± 0.41 65 5.3 ± 0.21 45
M7 S. colletis 4.6 ± 0.17 54 6.1 ± 0.17 33
M9 B. amyloliquefaciens 4.6 ± 0.42 54 6.8 ± 0.18 30
M10 B. subtilis ssp. 3.8 ± 0.22 57 4.1 ± 0.11 57
M11 B. mojavensis 3.6 ± 0.14 56 4.2 ± 0.13 56
M12 P. chlororaphis 3 ± 0.28 70 4.5 ± 0.16 53
M13 B. amyloliquefaciens ssp. plantarium 4 ± 0.17 60 4.8 ± 10 50

Table 4
Minimum inhibitory concentration of methanol crude extracts.

Bacterial Isolates Endophytic bacterial strains and antibacterial agent Pathogen test strains

E. coli B. subtilis P. aureginosa S. aureus

concentration (lg/mL)

M1 P. kilonensis 6.25 12.5 25 6.25
M2 B. amyloliquefaciens ssp. plantarium 25 25 25 12.5
M3 P. putida 25 50 25 25
M4 B. subtilis ssp. 12.5 12.5 25 12.5
M5 P. graminis 12.5 50 50 50
M6 B. amyloliquefaciens ssp. plantarium 6.25 12.5 25 25
M7 S. colletis 12.5 25 25 12.5
M10 B. subtilis ssp. 6.25 12.5 12.5 3.125
M11 B. mojavensis 6.25 25 25 12.5
M13 B. amyloliquefaciens ssp. plantarium 12.5 25 12.5 6.25
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activity in crude extracts of ethyl acetate and methanol. For exam-
ple, we can see that the crude extract of ethyl acetate of the endo-
phytic bacteria B. subtilis ssp. (M10) inhibited of the following test
strains (E. coli 11 ± 1.1; B. subtilis 13 ± 1.6; P. aeruginosa 11 ± 1.0; S.
aureus 16 ± 1.3; C. albicans 26 ± 1.1). However, methanol extract of
this strain (B. subtilis ssp. M10) was highly inhibited by the growth
of test strains (E. coli 12 ± 1.4; B. subtilis 9 ± 1.6; P. aeruginosa
6.2 ± 1.0; S. aureus 10 ± 1.1; C. albicans 13 ± 1.0). It is this strain
of B. subtilis ssp. (M10) that methanol crude extract also inhibited
the growth of test strains (E. coli 12 ± 1.4; B. subtilis 9 ± 1.6; P.
aeruginosa 6.2 ± 1.0; S. aureus 10 ± 1.1; C. albicans 13 ± 1.0) to a high
degree. B. subtilis ssp. (M10) endophytic bacteriummethanol crude
extract inhibited of pathogenic test strains S. aureus and B. subtilis
at minimal (12.5 lg/mL da 3.125 lg/mL) concentration.
Mamadalieva et al. (2013) reported that the antimicrobial activity
of the total extracts of the plant A. turkestanica obtained in various
organic solvents against pathogenic test strains. The following
results were obtained when studying the antimicrobial activity of
plant aqueous (H2O), butanol (BuOH), methanol (MeOH) and chlo-
roform (CHCl3) extracts. The plant extract (S. aureus MRSA ATCC
1000/93 6.05 ± 0.05; S. pyogenes ATCC 12344 8.8 ± 0.1) inhibited
bacterial growth. Methanol extract of the medicinal plant A. turkes-
tanica inhibited the growth of pathogenic microbes (E.coli ATCC
25922 3.15 ± 0.15; P. aeruginosa ATCC 27853 4.4 ± 0.2; C.albicans
8

ATCC 90028 3.8 ± 0.2) in a broad spectrum. Chloroform extract of
the plant reduced the growth of pathogenic test strains used in
the experiment (E. coli ATCC 25922 3.3 ± 0.1; P. aeruginosa ATCC
27853 4.9 ± 0.1; C. albicans ATCC 90028 5.75 ± 0.25)
(Mamadalieva et al., 2013).

There are theories according to which strains of endophytic bac-
teria can synthesize biologically active secondary metabolites that
are structurally and physiologically similar to the host plant. A
comparative comparison of the obtained results shows that endo-
phytic bacteria also showed strong antimicrobial activity against
their host plants. Endophytic bacteria confirm the presence of
bioactive secondary metabolites with strong antimicrobial proper-
ties in crude extracts of methanol and ethyl acetate. Endophytic
bacteria strains belonging to the Bacillus species are one of the
most widely used bacterial species against phytopathogens in the
development of sustainable agriculture when the activity of
methanol and ethyl acetate extracts of endophytic bacteria against
pathogenic microbes is studied. It also includes extracellular pro-
duction of antibiotics and antimicrobial biologically active sec-
ondary metabolites, mucolytic enzymes such as chitinase,
protease and 1,3-glucanase. Strains of endophytic bacteria isolated
from the plant A. turkestanica showed strong antimicrobial and
antifungal properties against pathogenic bacteria and plant
pathogens.



F. oxysporium F. proliferatum F. oxysporium F. proliferatum

Fig. 4. Antifungal properties of endophytic bacterial strains against phytopathogens F. oxysporium and F. proliferatum.
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5. Conclusion

The antimicrobial and antifungal activity of ethyl acetate and
methanol extracts of endophytic bacterial strains isolated from
the medicinal plant A. turkestanica distributed as an endemic spe-
cies in the flora of Uzbekistan was studied. Experimental results
showed that crude extracts of endophytic bacterial strains of B.
subtilis ssp. (M10), B. mojavensis (M11) and B. amyloliquefaciens
(M13) showed high antimicrobial activity against pathogenic test
strains. When studying the activity of strains of endophytic bacte-
ria against phytopathogenic plant fungi, all isolated strains inhib-
ited the fungi F. oxysporium and F. proliferatum. Further GC–MS
studies are needed to characterize biologically active secondary
metabolites in crude extracts of endophytic bacterial strains.
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