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ABSTRACT

Actinomycetes abundantly present in soil are renowned for various
secondary metabolites production with a wide range of use in diverse fields
of life. Many reports are available on the use of actinomycetes for the
regulation of pathogenic microbes in plants. For this purpose, this study
used thirteen Actinomycetes strains, which were isolated from the fields of
Piplan (district Mianwali) Punjab, Pakistan. However, out of thirteen, only
seven were found active for the production of both primary and secondary
screening. The active seven actinomycetes (AW1, AW2, AW3, AW4,
AM1, AC1, and AC2) were separated for their microbial potential against
pathogenic strains (Escherichia coli and Staphylococcus aureus) isolated
from the same agriculture soil. About 42.85% of isolated actinomycetes
(three out of seven) showed antagonistic properties against S. aureu and E.
coli in primary screening. Thus, it was noticed that the three strains (AW3,
AML1, and AC1) had great antimicrobial potential, which showed the most
promising results. Whereas in Secondary screening only AC1 showed the
best result with ethyl acetate extract as compared to ethanol, methanol, and
chloroform. Hence, It was concluded that actinomycetes isolates had great
potential for antibacterial activity and they can be used in agriculture
industry for the regulation of plant pathogens.

Keywords: Actinomycetes, antimicrobial, metabolites, piplan, primary
screening, secondary screening

1. INTRODUCTION

Actinomycetes belong to a group of bacteria placed in order in
Actinomycetales, having a distinguished taxonomic group in the bacterial
domain; however, with fungi, they share certain morphological features [1].
They are aerobic, spore formers, and Gram-positive. In soil, they create
thread-like filaments [2]. They display filamentous growth, producing
substrate or aerial mycelium, occasionally coccoid to rod in shape [3].
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Actinomycetes DNA has high G+C content in the range of 57-75% [4]. Out
of eighteen main lineages of the bacterial domain, Actinomycetes are one
of the prime taxonomic units [5]. They cultivate as hyphae and are
characteristically capable of the production of soil earthy smell [4, 6].
According to [7] around 100 actinomycetes genera are found in soil and
several species, which are primarily found as soil inhabitants.

However, reportedly in the previous literature, Actinomycetes existed
as an appearing group of microorganisms, which were extensively dispersed
in natural ecosystems around the world [8, 9]. Furthermore, the species had
been found in a divergent aquatic environment containing deep ocean
sediments [10-12].

It is also known that the Actinomycetes are producers of
many secondary metabolites [13]. In actinomycetes, about 70-80% of
secondary metabolites are produced by Streptomyces genera (almost 500
species); while other genera have less contribution, for example,
Micromonospora, Saccharopolyspora, Actinoplanes, and Amycolatopsis
[14]. They have a broad range of utilization within the agricultural, medical,
and pharmaceutical industries. In medicine, secondary products are used
as antibiotics, antitumors, antiviral, and anti-infection agents [15-17].
Furthermore, actinomycetes would manufacture plant growth promoters to
boost plant growth and facilitate the institution of plants under stressed
conditions [18, 19]. Secondary metabolites produced by actinomycetes
facilitate other microbes by forming mutualistic and symbiotic interactions
with them to protect their host from pathogenic microbes [20]. There is
scarce data from fields of Piplan (district Mianwali) about the isolation of
ascomyecetes and their antimicrobial activity from the rhizospheric region
of the crops. Therefore, the current study aimed to investigate the isolation
of actinomycetes from (fields of piplan) and the use of these strains against
pathogenic strains, which were isolated from crops such as maize (Zea
mays), cotton (Gossypium), and wheat (Triticum aestivum). The current
study would significantly highlight the applications of isolated
actinomycetes for the control of plant pathogens strains.
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2. MATERIALS AND METHODS
2.1. Collection of Soil Samples

Soil samples were collected from the rhizospheric region of the crops
such as wheat (Triticumaestivum), cotton (Gossypium), and maize (Zea
mays) for the isolation of actinobacteria.

The soil samples were sited in polythene bags (sterile) during the month
of November 2017.

The samples were desiccated at ambient temperature for continuous 2
days and sieved. The sieved soils were then used for the actinomycetes
isolation.

2.2. Isolation and Characterization of Actinobacteria

For isolation purpose, enrichment of Actinomycetes in the samples was
carried out by physical [21] and chemical treatment [22]. Following
physical and chemical treatment 1 gm of soil sample was serially diluted
and spread on ISP media supplemented with 50 g/ml antifungal agent
nystatin [23]. The isolated actinobacteria (13 strains) were sub-cultured and
incubated for 7-12 days at 28°C. However, only seven selected colonies of
actinobacteria were noticeably characterized both morphologically and
biochemically [24].

2.3. Test Organisms

Pathogenic soil bacterial strains, such as S. aureus and E. coli were
isolated from the same soil samples, which were used to assess the
antagonistic activity of actinomycetes. Glycerol stock was prepared to store
bacterial strains. It can be used by subculturing when required.

2.4. Primary Screening for the Antibacterial Activity of Actinomycetes

In primary screening, a modified cross-streak process was used to assess
antimicrobial activity [25]. From each plate, an isolated colony of
actinomycetes was picked and streaked on the modified nutrient agar
surface.

A single streak of actinomycetes isolates was created for each isolate,
which passed down the middle of the plate and incubated at 28°C for 5-7
days [26]. An upright ribbon growth of the actinomycetes was observed on
the plates, followed by the inoculation within 24 hours old culture
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pathogenic soil bacterial strains i.e. E. coli and S. aureus. Then, the plates
were further incubated for 24 h at 37 °C [27]. The inhibition zone was
measured and recorded after the incubation.

2.5. Secondary Screening for the Antibacterial activity of
Actinomycetes

The Agar well diffusion process along with crude extracts of ethanol,
ethyl acetate, chloroform, and methanol was used in the secondary
screening of the isolate. Submerged fermentation bioactive compound
production was done by Chaudhary et al. [2]. A conical 250 ml flask was
taken with 50 ml of ISP broth, which was inoculated with Actinomycetes
isolates. After the incubation was done at 30°C in a shaking incubator at
150-rpm rotation for continuous 7 days. When fermentation was done and
centrifuged at medium twice for 10 min at 10,000 rpm to take out cells and
debris and harvested them for fermented broth. Collected crude extracts
were tested against test microorganisms (S. aureus and E.coli) via a method
of agar well diffusion [28, 29]. Both test microorganism and cell
concentrations were adjusted at 0.5 McFarland turbidity standards. A
sterilized cotton swabs were used to inoculate the strains on nutrient agar
plates. A sterilized micro tip (1000 pl) was used to bore wells in the plates.
Then, the wells were poured with 20, 50, and 100 pl of each crude extract.
The plates were incubated at 37°C for 24 h [2]. After incubation, the zone
of inhibition was measured and noted for the record.

3. RESULTS AND DISCUSSION

In the last few years, actinomycetes seemed extensively studied in
various undiscovered locations in distinct parts of the globe (including
Pakistan). However, there are no reports of isolation of actinomycetes from,
District: Mianwali Punjab (Pakistan). Therefore, attempts have been made
to isolate actinomycetes from this undiscovered area to find new species.
From Soil samples, 7 actinomycetes strains (out of 13) were isolated and
labeled as Actinomycete wheat 1 (AW1), Actinomycete wheat 2 (AW?2),
Actinomycete wheat 3 (AW3), Actinomycete wheat 4 (AWA4),
Actinomycete maize 1 (AM1), Actinomycete cotton 1(AC1l), and
Actinomycete cotton 2 (AC2). In the current study overall, 53.8 % isolates
of actinomycetes were found to be gram-positive organisms and the results
were similar with Subhan et al. [30] who identified 55 % isolates of
actinomycetes as gram-positive. Furthermore, two pathogenic bacterial
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strains (E.coli and S. aureus) were also isolated, which were characterized
both morphologically and biochemically (see Table 1).

Table 1. Morphological and Biochemical Characteristics of Bacterial
Strains Isolated from Agricultural Soil
SrNo. GS S M C Sp F COlIn_ MR _VP Cit Nit U HsS

S.aureus + Cocci - - - -+ - - + +  + o+ 4
E. Coli - Rods + - -+ + -+ o+ - +

Note. GS: Gram Staining; S: Shape; M: Motility; C: Capsule; Sp: Spore; F:
Flagella; C: Catalase; O: Oxidase; In: Indole Production; MR: Methyl Red,;
VP: Voges-Proskauer; C: Citrate Utilization; Nit: Nitrate Reduction; U:
Urease; H>S: H>S Production

The morphological characterization of all the seven isolates showed dry
and rough to the powdery and smooth texture of isolates. Moreover, the
colonies were chalky white, dry, nodular, and sticky on isolation agar of
actinomycetes. The morphological and biochemical characteristics
suggested that the isolates were representative of genus Actinomycetes (see
Table 2). The characteristics of the genus were also in line like the previous
findings of Gurung et al. [31] and Anwar et al. [32].

Table 2. Biochemical Characteristics of Actinomycetes Bacterial Strains

Isolated strains of Actinomycetes
AW1 AW2  AW3  AW4 AC1 AC2 AM1
+ +

Biochemical Test

]
+
+
+

Catalase
Citrate Utilization
Urease
Methyl Red
Voges-Proskauer
Melanin Production
H>S Production
Nitrate Reduction
Motility -
Starch Hydrolysis + + + +
Note. AW1: Actinomycete wheat 1; AW2: Actinomycete wheat 2; AW3:
Actinomycete wheat 3; AW4: Actinomycete wheat 4; AM1: Actinomycete

maize 1; AC1: Actinomycete cotton 1 and AC2: Actinomycete cotton 2

1 + | +

R

R RN E S
I O S O S R

T S N S N S I S

S N
]
RS NN

+ | + |1

In the current study, a soil sample was collected from the surface and
rhizospheric region of crops at the depth and it has been found that as a
result of appropriate pH and water condition in depth, actinomycetes
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quantity at depth is quite higher than the surface of the soil and similar
findings were also reported Basavaraj et al. [33].

For antimicrobial potential, strains of actinomycetes were assessed. By
perpendicular streak method, primary screenings were performed [29].
Firstly, the perpendicular streak method (primary screening) was used to
test actinomycetes strains and it was concluded that three (AW3, AM1, and
AC1) out of seven strains (AW1, AW2, AW3, AM1, AC1, AW4, and AC2)
(see Table3) showed activity against test S. aureus and E. coli (gram-
positive and gram-negative bacteria). This broad-spectrum activity of
actinomycetes may be attributable to the production of more than one
antimicrobial compound, which compels the strains more effectively
against the both tested bacteria [31]. An overall 42.5% activity of
actinomycetes (three out of seven strains) was recorded and founding was
in close agreement with Seipke et al. [34] who stated 45 % of isolates;
whereas Remya and Kumar [35] reported that 47 % of isolates showed
broad-spectrum activity in the primary screening. However, a lower
antimicrobial activity of actinomycetes of 38 % (51 out of 134
actinomycetes) were compared to this study, which was reported by
Sharma et al. [36]. Similarly, findings of low antimicrobial activity of
actinomycetes were reported by [37, 38]. Moreover, Belyagoubi et al. [39]
reported a very high level of 72.86 % of antimicrobial activity of
actinomycetes as compared to this study’s findings.

Table 3. Primary Screening against Bacterial Isolates

Actinomycetes and zone of inhibition (mm)
AW1 AW2 AW3 AW4 AM1 AC1 AC2
Staphylococcus aureus  10.5 0 10.5 0 205 20.6 0
Escherichia coli 0 105 205 0 105 20.8 0

Table 4. Secondary Screening Results

Bacterial Isolate

Actinomycetes

Bacterial Isolate

AW3 AM1 AC1
Staphylococcus aureus - - +
Escherichia coli - - +

For secondary screening, three actinomycetes (AW3, AM1, and AC1)
isolates were selected based on the primary screening (see Table 4). The
Agar well method was used to perform secondary screening of active
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isolates [28, 29]. A finding of secondary screening was conclusive. In all
three actinomycete isolates only Actinomycetes AC1 showed great
potential for antimicrobial activity as compared to those strains, which
exhibit activity in primary screening but did not give antimicrobial activity
in secondary screening. The reason behind this is maybe when growing on
a solid medium the modification in the morphology of actinomycetes
(filamentous mycelia) while in liquid broth (fragmenting mycelia) [28] and
mostly actinomycetes are poor fermenters. Actinomycetes release active
compounds, which became inactive or stick to the liquid medium
component or in broth they modified chemically is also the possibility [31,
40].

Table 5. Zone of Inhibition in mm with Ethyl Acetate Extract

Zone of inhibition (mm)

Bacterial Isolate

20uL 50 puL 100 pL
Staphylococcus aureus 3.1 5.5 12
Escherichia coli 2.9 5.1 10

Different solvents were used for the isolation of antimicrobial
metabolites including ethyl acetate, ethanol, chloroform, and methanol from
the broth. This method is called a solvent extraction method. Only ethyl
acetate extract of actinomycetes AC1 exhibited antimicrobial potential
against Staphylococcus aureus and Escherichia coli. The recorded activity
of ACL1 against Staphylococcus aureus was measured by inhibition zone as
3.1,5.5and 12 mm with 20, 50, and 100 mg/L concentrated extracts of ethyl
acetate respectively. However, the recorded activity of AC1 against E.coli
was measured by inhibition zone as 2.9, 5.1, and 10 mm with 20, 50, and
100 mg/L concentrated extracts of ethyl acetate respectively (Table:5). It
was noticed in the present study, that fermented broth with other solvents
did not extract any antimicrobial metabolite as no inhibition zone was
observed with any concentration. Gurung et al. [31] findings with other
solvents suggest the failure of metabolite extraction may be due to the
existence of polar functional group in a secondary metabolite that form
metabolite soluble in water and insoluble in solvent, the use of inappropriate
solvents and inadequate shaking of the mixture.

3.1. Conclusion

The current study showed that isolates of Actinomycetes, found in
Piplan soil of Mianwali, had the potential to use it as sources for the novel
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antibacterial compounds against pathogenic microorganisms of soil. Isolate
AC1 exhibited the highest activity in secondary screening against both
gram-positive and gram-negative test bacteria. However, further work in
this research is required about AC1 for its practical application in this field.
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