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Abstract

A total of 13 Actinomycetes strains were isolated from 70 soil samples collected from five locations
across the Jeddah Province, while the other two locations located in Baljurashi province of Saudi
Arabia. All 13 isolates were purified and subjected to enzymatic screening and antibacterial assays.
The results indicated that two of these isolates (AC45 and AC69) produced both enzymes and exerted
some antibacterial activity. Isolate AC45 produced more amylase and polygalacturonase (697.8 and
1498.59 units/ml, respectively) than isolate AC69; however, AC69 secreted more lipase than AC45
(6957 and 22127 unit/ml, respectively). Furthermore, both AC45 and AC69 exhibited good antibacterial
activity against Staphylococcus aureus, Staphylococcus epidermidis, and Bacillus subtilis. The two
isolates were identified using their 16S rRNA sequences, and the results suggest that isolate AC45
shares 99.71% similarity with Streptomyces lavenduligriseus and isolate AC69 shares 99% similarity
with Streptomyces sp.
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INTRODUCTION

Actinomycetes are filamentous gram-
positive bacteria®, which produce hyphae? and
are characterized by the production of conidia.
They also have a high G-C content, at over 55%
of their DNA3®**, are unicellular? and non-motile?.
The Actinobacteria phylum is one of the largest
taxonomic units within the bacterial domain®>®
with its constituents widely distributed across
different environments’?, including some extreme
habitats'®. Despite this, soil remains the most
significant habitat for Actinomycetes species?.

Actinobacteria have the ability to produce
various natural bioactive products®, which are
both economically and biologically valuable,
including enzymes, antibiotics, antitumor, and
immune regulatory agents'**3, In fact, two-thirds
of the world’s most common antibiotics are
synthesized by Actinobacteria’®, with most of
these products produced by the members of the
Streptomyces genus®.

Various studies have reported that
some genera of the Actinomycetes produce a
diverse range of enzymes that can be applied in
biotechnology driven industries and bio microbial
applications®. In 1940, the first Actinomycete
derived antibiotic (Actinomycin) with bacteriostatic
and bactericidal properties was purified from
Streptomyces antibioticus (formerly known as
Actinomyces antibioticus)¢°.

With the spread of resistance of certain
microbes to antibiotics, the need to discover new
antibiotics is increasing. Actinomycete is one
of the possible ways to increase the chance of
finding new and interesting antibiotics due to their
diversity.

The searching for a new site, such as the
deserts to take soil samples and isolate some of
the Actinomycetes for the studying of secondary
metabolites, which can be detected for some of
the reliable materials in the field of resistance to
pathogenic bacteria rather than the most common
types of Streptomyces found in soil samples
around the world?!22,

Here we isolated a series of Actinomycete
strains from the desert soil from five locations in
Saudi Arabia. These isolates were evaluated for
their enzyme (o-amylase, polygalacturonase,
and lipase) production and antimicrobial activity
against several known pathogens. Identification

of the selected isolates was performed using their
16S rRNA sequences.

MATERIALS AND METHODS
Sample collection

A total of 70 soil samples were collected
from five different locations across Saudi Arabia
including three sites in the Jeddah Province and
two sites in the Baljurashi province (Tablel).
Samples were collected at a depth of 15 cm using a
shovel and stored in sterile polyethylene bags. The
samples were then transported to the laboratory
for further isolation, where remained until dryness
in room temperate for three days.
Isolation of Actinomycetes

Actinomycetes were isolated using the
soil dilution plate technique® and Starch-Casein
agar (SCA) plates?. Briefly, one gram of soil sample
was suspended in 10 ml of distilled water and
then diluted up to 10 “ dilutions®. Then, 100 pl
of each dilution was spread on the SCA medium
and incubated at 28 °C for 7-15 days.
Screening for enzymes production

Three types of enzymes were evaluated
in this study, the assay for each is described below.
a-Amylase

a-Amylase activity was determined
by measuring the amount of maltose released
from a starch substrate following addition to the
growth media®®. The absorbance was recorded at
560 nm using a spectrophotometer (Jenway 6305
UV/Visible Spectrophotometer) and one unit of
enzyme activity was defined as the amount of
enzyme producing 1 umol of reducing sugar as
maltose per hour under standard assay conditions.
Polygalacturonase

Polygalacturonase activity was assayed
using polygalacturonic acid as a substrate®. The
absorbance was measured at 560 nm using a
spectrophotometer (Jenway 6305 UV/Visible

Table 1. Locations of the samples

Location GPS No. of
reading samples
Jeddah N 21°50'22.5 E 39°08'12.7 20

1

2 N21°54'15.3 E 39°21'04.9 13
3 N21°53'36.1 E 39°21'00.9 12
Baljurashi 4 N 19°53'22.7 E 41°35'29.5 14
5 N19°53'32.0 E41°35'31.5 11
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Spectrophotometer) and one unit of enzyme
activity was defined as the amount of enzyme that
liberated 1 imol of galacturonic acid per minute
under standard assay conditions.

Lipase

Lipase activity was assayed using the
Winkler and Stuckmann spectrophotometric
assay?’”. The absorbance of the released
p-nitrophenol was recorded at 410 nm using a
spectrophotometer (Jenway 6305 UV/Visible
Spectrophotometer).

Extraction of the secondary metabolites

Two isolates were selected to fermented
in liqguid medium (starch-casein) in shaking
incubator on 180rpm at 30°C for 7 days. The
mycelia were collected and added to methanol in
ratio of 1:1 (v/v), and shaking it overnight, after
that, the methanol extract was evaporated in a
rotary evaporated until dryness. The culture filtrate
(200 ml) was extracted by adding ethyl acetate as
a solvent where were added to the in the ratio
of 1:1 (v/v). followed by shaken vigorously for 10
minutes. The ethyl acetate phase was separated
from the aqueous phase using separating funnel
then evaporated in a rotary evaporated until
dryness.

Screening for Antimicrobial Activities

The antimicrobial activity of the selected
Actinomycetes isolates was screened using two
pathogenic bacteria (Staphylococcus aureus ATCC
6538 and Staphylococcus epidermidis ATCC 12228)
and one Bacillus subtilis isolated obtained from
King Abdul Aziz Hospital in Jeddah, Saudi Arabia.
Antimicrobial efficacy was determined using the
agar-well diffusion method, where 6 mm diameter
wells were created in the agar media and then
filled with the antimicrobial extract?.

Mueller Hinton agar plates were prepared
and inoculated with the bacteria of interest and
allowed to grow to a lawn culture before the wells
were filled with the extract of interest. The plates

Table 2. List of BLAST results for the 16S sequence

were then cooled at 4 °C for 30 seconds and then
incubated at 37 °C for 24 h. Microbial inhibition
was observed as zones of clearance which were
then measured and recorded.
Isolate identification

The DNA from each isolate was extracted
and sent to macrogene, in Seoul, Republic of Korea
where it underwent 16S rRNA sequencing. These
sequences were then compared to the 16S rRNA
sequences in the NCBI GenBank database using
the basic alignment search tool (BLAST).

RESULT

Atotal of 13 Actinomycetes were isolated
from 70 soil samples collected from five different
locations across Saudi Arabia. Among the isolates,
two strains (AC 45 and AC 69) demonstrated both
enzyme production and antimicrobial activity
against at least one of the bacterial pathogens
used in the preliminary screening. BLAST analysis
of the 16S rRNA gene sequences from these soil
Actinomycetes isolates revealed that AC45 shared
99.71% sequence similarity with Streptomyces
lavenduligriseus and AC69 shared 99% sequence
similarity with Streptomyces sp. G49 These results
are summarized in Table 2 and the morphological
structure for each isolate is described in Fig. 1.

The two isolates were screened for
production of a-amylase, polygalacturonase,
and lipase, where the estimation of enzymes
productivity are recorded as (unit/ml) Fig. 2.

The S. lavenduligriseus isolate was shown
to produce more amylase and polygalacturonase
than the Streptomyces sp isolate but the
Streptomyces sp isolate secreted more lipase
than the S. lavenduligriseus isolate.

The antimicrobial activities of the
selected isolates were tested against several
pathogenic strains, and antagonism was measured
by determining the size of the zone of inhibition
(mm) for each (Figs. 3 and 4).

Isolate No. Description Accession

AC 45 Streptomyces lavenduligriseus NZ_JOBD01000085.1
strain NRRL ISP-5487 contig 85.1

AC 69 Streptomyces sp. G49 KT741025.1
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Fig. 1. Spore chain arrangement observed at 1000X. A) Isolate AC 45- Streptomyces lavenduligriseus, B) Isolate
number AC 69 - Streptomyces sp.

The results, which illustrated in Figure
4 that showing the isolate of Actinomycetes
Streptomyces sp. G49 which was recorded the best
result for inhibition pathogenic bacterial growth
in all treatments to S. aureas, S. epidermidis and
B. subtilis, (8, 10, 9 mm) respectively, comparing
with the results for using standard antibiotics,
Gentamicin 120ug (10,12, 13mm), and Clindamycin
2ug (12, 10 and 10mm) respectively.

On the other hand, the isolate of S.
lavenduligriseus outperformed on the both
antibiotics to control of Bacillus subtilis, which
recoded 9 mm (inhibition zone size) compared
by 13 and 10mm for both Gentamicin 120ug and
Clindamycin 2ug, respectively.

Streptomyces lavenduligriseus (AC 45)

25000
20000
15000
10000 6957
5000
697.8 1498.95
0 = |
a-Amylase Polygalacturonase Lipase

DISCUSSION

This study successfully isolated two
antibacterial producing Actinomycetes from
Saudi desert soils. Among the 13 selected
isolates, only two demonstrated the ability
to produce antibacterial agents with activity
against the tested microbes, and both AC45
(Streptomyces lavenduligriseus) and AC69
(Streptomyces sp.) showed good antibacterial
activity against Bacillus subtilis, Staphylococcus
aureus, and Staphylococcus epidermidis. These
results were similar to the study conducted by
Ganesan et al*, who screened 106 isolates from
Nilgiris district soil in the Western Ghats of Tamil
Nadu, India, and cross-streaked against various
microbial pathogens, and found that 44 isolates

Streptomyces sp. (AC 69)
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Fig. 2. The estimation of enzymes productivity (unit/ml) for two isolate of streptomyces (Streptomyces

lavenduligriseus and Streptomyces sp.)
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Fig. 3. A: Streptomyces lavenduligriseus (AC 45) was recorded a moderate effect against Staphylococcus epidermidis
while Streptomyces sp.(AC 69) showed a good effect. B: isolate of Streptomyces sp. (AC 69) showed a strong effect
against Staphylococcus aureus while isolate S. lavenduligriseus (AC 45) showed a moderate effect. C: the same

result in B but in the presence of Bacillus subtilis.
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Fig. 4. Antagonistic activity of Actinomycetes isolates by mm against pathogens (Staphylococcus aureus ATCC
6538; Staphylococcus epidermidis ATCC 12228; Bacillus subtilis) with 125 pl of extract comparing with two stander

antibiotic Gentamicin 120ug and Clindamycin 2 pg.

exhibited good antimicrobial activity against
different pathogenic microbes®. In addition,
Mohamed et al*® isolated 32 Actinomycetes
from Algerian desert soil, three of which showed
antibacterial activity against B. cereus, S. aureus,
and S. epidermidis.*®

Both isolates were also evaluated for
the production of a-amylase and both isolates
demonstrated good oi-amylase activity, which is
in agreement with the study conducted by Yassien
and Asfour3! who demonstrated the ability of five
Streptomyces isolates to produce a-amylase3. Our
isolates also produce polygalacturonase and lipase,

which is in agreement with the study conducted
by Salehghamari et al®? on a Streptomyces
coelicoflavus isolate from the Meyghan Salt
Lake of Arak located in the Markazi Province of
Iran, which produced polygalacturonase, and
Cardenas et al*®, who identified three novel lipases
produced by Actinomycetes strains3?®. These
results are also in agreement with Swarna and
Gnanadoss** who identified five lipases producing
from Actinomycetes®*.

In future studies, both enzymes and
antimicrobials component will be extracted and
purified with the aim of determining the chemical
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composition, to try to use it as anti-pathogenic
materials as one of the attempts to find new
types of natural antibiotics produced from desert
Actinomycetes.
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