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production abilities than other enzyme groups.
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Introduction

The phylum Actinobacteria is amongst the most prevalent
among bacteria, comprising heterogeneous genera of Gram-
positive and Gram-variable bacteria, as described by Ventura et
al.  (2007). The
Thermoleophilum sp. (Zarilla & Perry, 1986), Gardenerella

phylum additionally encompasses
vaginalis (Gardner & Dukes, 1955), Saccharomonospora viridis
P1017 (Pati et al., 2009), Ferrimicrobium acidiphilum and
Ferrithrix thermotolerans (Johnson et al., 2009). Actinobacteria
are classified according to their oxygen requirements, motility,
spore formation, and G+C content (Ensign, 1992). The genome
size of Actinobacteria is variable, with values ranging from 0.93
Mb (Tropheryma whipplei; Bentley et al.,, 2003) to 12.7 Mb
(Streptomyces rapamycinicus; Baranasic et al., 2013). These
genomes are typically found in either circular or linear form.

Actinobacteria are found in a variety of ecological niches,
including and aquatic (marine and fresh waters) and terrestrial
ecosystems, and exhibit a complex life cycle, including the
existence of dormant spores or actively growing hyphae
(Shivlata & Satyanarayana, 2015).

The genus Streptomyces is classified in the family
Streptomycetaceae, belonging to the suborder Streptomycineae
(Waksman & Henrici, 1943; Stackebrandt et al., 1997; Kim et
al., 2003; Zhi & Stackebrandt, 2009). Currently, the genus
contains more than 800 species with validly published names

(see https://www.bacterio.net/genus/streptomyces). Members

of the genus Streptomyces have been identified from different
habitats such as soil (Saricaoglu et al., 2014), rhizospheres (Piao
et al., 2018; Sujarit et al., 2018), marine sponge (Silva et al.,
2016), marine sediment (Veyisoglu & Sahin, 2014), lake
sediment (Ray et al, 2016), mangrove sediment (Hu et al,
2012), mangrove soil (Law et al., 2019), desert (Li et al., 2019)
and plant tissue (Wang et al,, 2018).

It is well established that Actinobacteria are able to thrive in
a variety of environments, both normal as well as extreme.
These include environments with acidic or alkaline pH, high or
low salinity, high radiation, low levels of available moisture or
nutrients (Zenova et al, 2011). The diverse physiology and
metabolic flexibility of extremophilic and extremotolerant
actinobacteria enable them to survive under unfavourable
conditions. Alkaliphilic actinobacteria are categorised into
three principal groups. The first group is alkaliphilic (optimal
growth occurs at pH 10-11), the second group is moderately
alkaliphilic (growth occurs at pH 7-10, although poor growth is
observed at pH 7.0) and the third group is alkalitolerant
actinobacteria (optimal growth occurs at pH 6-11) (Jiang & Xu,

1993). Baldacci (1944) was the first to report alkaliphilicity.
Subsequently, Taber (1960) isolated alkaliphilic Actinobacteria
from soil. The presence of alkaliphilic and alkalitolerant
Actinobacteria has been documented in a range of
environments, including deep-sea sediments (Yu et al., 2013),
alkaline desert soils (Li et al., 2006), and soda lakes (Groth et al.,
1997) (Shivlata & Satyanarayana, 2015).

Alkaliphilic and alkalitolerant actinobacteria have been
observed to thrive in high salinity environments, classified as
haloalkaliphiles or haloalkalitolerants. Similarly, they are
known to inhabit thermobiotic conditions, classified as
alkalithermophiles or alkalithermotolerants. Furthermore,
halophilic and  halotolerant alkalithermophiles and
alkalithermotolerant actinobacteria have also been isolated
2011; Shivlata &

Streptomycetes  are

from saline habitats (Zenova et al,
2015).  Alkaliphilic

commonly found in soda lakes and alkaline soils (Swiecimska

Satyanarayana,

et al., 2020). Actinobacteria constitute an important group of
Their

involvement extends to a wide range of biological processes,

microorganisms with an ecological significance.

including biogeochemical cycles, bioremediation,
biodegradation, and plant growth promotion (Palaniyandi et
al.,, 2013; Cockell et al., 2013; Chen et al., 2015). Moreover, they
produce a diverse array of pharmaceutically valuable bioactive
compounds (antibiotics, antitumor agents, anti-inflammatory
compounds, and enzyme inhibitors) and secrete numerous
industrially and clinically significant enzymes.

the

antituberculosis drug derived from actinobacteria, drug

Following the discovery of streptomycin, first
discovery and development programmes have increasingly
focused on the identification of antimicrobial agents. A
significant number of actinobacterial species have subsequently
been investigated for the discovery of clinically valuable
compounds. The phylum Actinobacteria includes several
genera that include antibiotic-producing species, with the
genus Streptomyces being of particular importance as an
important source of secondary metabolites, especially
antibiotics. It is estimated that Streptomyces species account for
more than 50% of the total known microbial antibiotics, with at
least 10,000 examples currently documented (Bull, 2010).

A number of new bioactive compounds with different
antimicrobial activities have been identified. These compounds
synthesized by various species of the Streptomyces genus are
albocycline-type macrolides (Gu et al., 2019), benditerpenoic
acid (Zhu et al.,, 2021) and pyrimidomycin (Das et al., 2022).
Despite this, bacteria causing nosocomial infections remain a

significant public health concern. These bacteria present a
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significant public health crisis and health security threat due to
the increasing prevalence of antibiotic resistance (Mancuso et
al., 2021; Chanama et al., 2023).

Although pharmaceutical companies and research
laboratories have access to a wide array of clinical drugs, they
remain committed to the search for new therapeutic drugs that
can combat microbial pathogens. In order to identify new
bioactive compounds with potential pharmaceutical or
industrial applications, actinobacteria have been isolated from
remote and previously unexplored locations, including deserts
(Kurapova et al., 2012), marine environments (Dhakal et al.,
2017) and wetlands (Yu et al., 2015). It has been hypothesised
that extremophilic actinobacteria may be a source of novel,
valuable metabolites containing gene clusters for the synthesis
of new biomolecules (Bull, 2010). Consequently, efforts are
being made to isolate such organisms from extremely extreme
environments.

Lake Van is located in the eastern part of Tiirkiye’s
Anatolian peninsula, at approximately 43°E longitude and
38.5°N latitude. The surface area of the lake is 3574 km?, its
volume is 650 km’, its maximum depth is 450 m and its
maximum length is 130 km (Cukur, 2014). In addition to being
a closed basin, Lake Van is a salty soda lake and differs from
other lakes in the world with its importance. Considering its
features and volume, in addition to being the largest lake in
Tirkiye, it is the largest soda lake and the third largest closed
lake in the world (Reimer et al., 2009).

The chemistry of soda lakes is distinctive due to the
presence of elevated concentrations of carbonate/bicarbonate
in the form of Na,CO; and NaHCO; (Jones et al., 1998). Soda
lakes host a diverse array of microbial communities, and studies
on the microbial diversity of these lakes contribute to our
understanding of the biology of extreme habitats. At the same
time, new microorganisms obtained from these environments
and their novel enzymes are of significant interest within the
scope of biotechnological applications. Proteases, lipases and
cellulases are obtained from alkaliphilic microorganisms in the
production of biotechnologically advanced laundry detergents
(Horikoshi, 2008). Alkaline protease is also used in the food
industry, pharmaceuticals and medical diagnostics (Kanekar et
al,, 2002). In addition to enzymes, alkaliphilic microorganisms
can also be employed for the biodegradation of organic and
inorganic pollutants and hydrocarbons (Sorokin et al., 2012;
Poyraz & Mutlu, 2017).

The aim of this project is to isolate alkalitolerant
Streptomyces members obtained from Carpanak Island in Lake

Van, to determine the nucleotide sequences and phylogenetic

analysis of the Streptomyces isolates obtained by PCR
amplification of 16S rRNA gene regions and to determine the
antimicrobial activities of the isolates and their capacity to

produce enzymes of industrial importance.

Material and Methods

Collection and Storage of Soil Samples

Soil samples taken from three different localities (Table 1)
of Carpanak Island by measuring their coordinates with the
eXplorist100 were placed in sterile 50 mL falcon tubes and
transferred to the laboratory, dried at room temperature, and
then planted in four different alkaline selective isolation media
(Table 2) using the dilution plate method. The locality and
geographical coordinates of the soil samples are given in Table
1.

Table 1. Locality and geographical coordinates of soil samples

Locality Geographic
Coordinates
From the part of the island close to Lake  38°36.366 N
Van 043°05.197 E
From the part of the island far from 38°36.531 N
Lake Van 043°05.055 E
One of the regions of the island with 38°36.399 N

dense plant flora 043°05.115 E

PH Measurement of Soil Samples

The pH of the soil samples was measured from the
saturation mud prepared with the help of a glass electrode pH
meter. pH values of soil samples were determined using a 1:2.5
soil:water solution (Saglam, 1978). For this, 10 g of soil was
weighed and transferred into a 50 mL falcon tube, and 25 mL of
pure water was added. The falcon tubes were shaken for 1 hour
and left to rest for 1 day. The pH values of the samples were

measured the next day.

Actinobacteria Isolation

Dilution plate technique was used to isolate actinomycetes.
1 g of the soil samples was weighed and placed in bottles
containing 9 mL of sterile Ringer’s solution containing glass
beads. In this way, the 10" solutions prepared for each soil
sample were shaken gently for 45 minutes to separate the spores
and mycelia of actinomycetes attached to the soil colloids from
the colloids. Then, these 10" dilutions were kept in a water bath
set at 60°C for 45 minutes in order to reduce contamination that

could be caused by vegetative forms, and the 10" dilutions of
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each soil sample were mixed with a vortex mixer (Fisons
Sientifiv Appartus Ltd., Loughborough, Leicesteshire, England,
UK) and made homogeneous. 1 mL soil dilution was taken
under aseptic conditions with an automatic pipette (1000:
Axygen Inc, 33210 Central Avenue, Union City, CA 94587
USA) and placed in glass tubes containing 9 mL of sterile
Ringer’s solution, and in this way, 107 soil dilutions were
obtained. This process was repeated and 10~ sediment dilutions
were prepared. 0.1 mL of soil solutions were taken from each of
the 10 and 107 dilutions with an automatic pipette, placed on
the surfaces of isolation plates with antibiotics added in
different concentrations as mentioned above, and inoculated by
the smear plate method with a sterile loop. 3 plates were
prepared for each dilution and incubated at 28°C for 25-30
days.

Selection, Purification and Stocking of Isolates

Actinomycete strains were selected from the isolation plates
that were incubated in selective isolation media for 21-30 days,
taking into account their colony morphologies. The selected
strains were inoculated onto the surface of malt extract-yeast
extract (ISP2) (Shirling & Gottlieb, 1966) supplemented with
cycloheximide (50 pg/ml) by the line sowing method to ensure
a single colony, and were incubated at 28°C for 20 days. The
isolates selected considering the colony morphology were
numbered, pure cultures were made, and transferred to
autoclaved screw cap tubes containing 25% glycerol with the

help of sterile toothpicks and stored at -20°C.

Table 2. List of selective media used

Determining pH Range

Tolerance ranges were determined at pH 4, 5, 6, 7, 8, 9, 10,
11, and 12 for 20 isolates selected according to color groups.
The study employed glucose yeast extract-malt extract agar.
The pH values of the agar were adjusted with 0.1 M NaOH and
0.1 M HCL The inoculation of the isolates into the culture
medium was conducted using the point inoculation method
with the aid of an automatic pipette. For each isolate, 1.5 mL of
Ringer’s solution was added to screw-capped bottles and
sterilised by autoclaving at 121°C for 15 minutes. The spore and
substrate mycelia of the isolates were transferred to small glass
vials containing a ringer under aseptic conditions with the help
of a sterile loop. This was done to facilitate the point inoculation
procedure, which was then carried out using an automatic
pipette and a bacterial solution that had been homogenised by

mixing with a vortex.

Genomic DNA Isolation

Genomic DNA isolation of 17 out of 20 isolates selected
according to color groups was performed with the Invitrogen
PureLink Genomic DNA Mini Kit.

Amplification of the 16S rRNA Gene Region

Primers 27f (5-AGAGTTTGATCMTGGCTCAG-3') and
1525r (5'-AAGGAGGTGWTCCARCC-3") were used for
amplification of the 16S rRNA gene region of the test isolates.
PCR products were checked using agarose gel electrophoresis
(1%, w/v) (Table 3).

No Medium Antibiotics

1 Humic acid vitamin agar Cycloheximide (50 pg/ml),
(Hayakawa & Nonomuraea, 1987) Nalidixic acid (10 pg/ml)

2 Starch-casein agar Nystatin (50 ug/ml),
(Kuster & Williams, 1964) Cycloheximide (50 pg/ml)

3 SM3 agar-Gauze’s agar Nystatin (50 pg/ml),
(Tan et al., 2006) Rifampicin (5 pg/ml)

4 R2A agar Nystatin (50 pg/ml),

(Reasoner & Geldreich, 1985)

Cycloheximide (50 pg/ml)

Table 3. Nucleotide sequences of primers used in 16S rRNA gene region studies

Primer Code Sequence (5°-3’) Length Reference

518F CCAGCAGCCGCGGTAAT 17 Buchholz-Cleven et al. (1997)
800R TACCAGGGTATCTAATCC 18 Chun (1995)

MGSF AAACTCAAAGGAATTGACGG 20 Chun (1995)

Ot
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Sequencing of purified 16S rRNA gene region PCR products
was performed by Macrogen Inc., Netherlands, using two

forward and one reverse primer.
Analysis of 16S rRNA Sequence Data and Phylogenetic

Dendrogram Creation

After the 16S rRNA gene region sequence analysis of the
isolates was completed, the sequence data obtained were
combined with the ChromasPro 1.7.5 program and using the
global alignment algorithms available in Ezbiocloud Server

(Chalita et al., 2024; see https://eztaxon-e.ezbiocloud.net/). 16S

rRNA nucleotide similarity with the most closely related
organisms was determined. MEGA 7 program was used for
phylogenetic analysis, and the CLUSTAL_W (Kumar et al,
2016) option of the same program was used for alignment.
Neighbor Joining (Saitou & Nei, 1987) method and Kimura-2
(Kimura, 1980) phylogenetic distance matrix were used to draw
phylogenetic dendrograms. Bootstrap analyzes of the created
phylogenetic trees (Felsenstein, 1985) were performed with

1000 replicates.

Evaluation of Antimicrobial Activities

The isolates were examined for their ability to inhibit the
growth of eight pathogenic organisms, including three Gram-
positive and three Gram-negative bacteria and two fungi
(Williams et al., 1983) (Table 4). The inoculation of the isolates
into the culture medium was carried out by the point
inoculation method using an automatic pipette. For each
isolate, 1.5 mL of Ringer’s solution was added to screw-capped
bottles and sterilised by autoclaving at 121°C for 15 minutes.
The spore and substrate mycelia of the isolates grown on
glucose yeast extract-malt extract agar medium at 28°C were
transferred to small glass vials containing a Ringer solution
under aseptic conditions with the help of a sterile loop.

Subsequently, 7 pL of the bacterial solutions, which were
homogenised by mixing with a vortex, were taken with an
automatic pipette and inoculated by the point inoculation
method in groups of 5 onto the modified Bennett's agar surface
(Jones, 1949) without the addition of antibiotics. The
inoculated plates were incubated at 28°C for 72 hours. At the
end of the incubation period, 3-5 mL of chloroform was poured
onto the developing colonies with the help of a sterile syringe.
The lid of the petri plates was kept half-open for 45 minutes to
allow the chloroform to evaporate. The pathogen test
organisms, each of which had been cultivated in 5% nutrient

agar for 2 days, were inoculated onto the colonies that had been

killed in this way by the spread plate method. The inhibition
zones formed around the inoculated plates after 48 hours of

incubation at 37°C were measured.

Table 4. Pathogenic organisms selected for antimicrobial

activity testing
Number Pathogenic Organisms

1 Bacillus subtilis ATCC 6633
2 Staphylococcus aureus ATCC 25923
3 Enterococcus faecalis ATCC 29212
4 Escherichia coli ATCC 25922
5 Klebsiella pneumoniae ATCC 70060
6 Pseudomonas aeruginosa ATCC 27853
7 Aspergillus niger ATCC 16404
8 Candida albicans ATCC 1023

Examination of Lipase Producing Abilities

Lipase activity was determined according to the ability of
the isolates to hydrolyze Tween 20. For this purpose, 5 g
peptone (Merck, Germany), 2.5 g NaCl (Merck, Germany),
0.05 g CaCL,x2H,0O (Merck, Germany), 10 g agar and 5 mL
Tween 20 (Merck, Germany) in 500 mL distilled water. Then, a
single colony was taken from the pure colonies of the isolates in
the GYM and they were inoculated in the medium in a spot
manner. The media were incubated at 28°C for 5 days. The
formation of a zone with a frosted glass appearance around the
planting line after incubation was considered positive (Kumar
etal., 2012).

Examination of Amylase Producing Abilities

The amylase activity of the isolates was determined by
adding 1% lugol to the petri dishes after 7 days of incubation in
starch agar medium (1% starch, 0.3% NaCl, 0.1% KH,PO,, 2%
agar). Lugol dyes the medium in a dark color and creates a
transparent zone in the area where amylase production occurs.
The presence of activity was determined by measuring the
transparent zone formed around the actinobacteria (Fossi et al.,
2009).

Examination of Protease Production Abilities

The protease production abilities of the isolates were
determined by measuring the transparent zone formed around
the actinobacteria after 7 days of incubation in a medium
containing 1% casein, 0.5% yeast extract, and 2% agar
(Mohamedin, 1999).
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Examination of Pectinase Producing Abilities

of the

determined by measuring the transparent zone around the

Pectinase production abilities isolates were
actinobacteria colonies at the end of 7 days of incubation in the
medium containing 1% pectin, 0.3% (NH,).HPO4, 0.2%
KH,PO4 0.3% K,HPO,, 0.01% MgSO, 2% agar (Raju &

Divakar, 2013).

Results and Discussion

Soil samples were taken from three different localities of
Carpanak Island by measuring their coordinates with the
eXplorist 100. Dried soil samples were inoculated into four
different alkaline selective isolation media using the dilution
plate method.

The pH of the soil samples was measured from the
saturation mud prepared with the help of a glass electrode pH
meter. pH values of soil samples were determined using a 1:2.5
soil:water solution (Saglam, 1978). For this, 10 grams of soil was
weighed and transferred into a 50 mL falcon tube, and 25 mL of
pure water was added. The falcon tubes were shaken for 1 hour
and left to rest for 1 day. Three repeated measurements were
then made. The average of three measurements is given in Table
5.

Table 5. pH values of soil samples

Locality Soil pH
From the part of the island close to Lake Van 6.93
From the part of the island far from Lake Van 7.20

One of the regions of the island with dense plant flora  6.88

Soil samples brought to the laboratory were placed in petri
dishes and left to dry at room temperature until studied. The
dilution plate technique was used to isolate Streptomyces.

Actinomycete strains were selected from the isolation plates
that were incubated in selective isolation media for 21-30 days,
taking into account their colony morphologies. The selected
isolates were numbered and pure cultures were made and
transferred to autoclaved screw cap tubes containing 25%
glycerol with the help of sterile toothpicks and stored at -20°C.
42 isolates were selected and stocked according to colony
morphology. Four different media were used as selective
isolation media in the study. The highest number of isolates

were isolated from R2A medium. 17 isolates were isolated from

R2A agar, 14 isolates from starch casein agar, 6 isolates from
humic acid-vitamin agar, and 5 isolates from SM3 agar. R2A
medium was found to be more efficient than other media we
used in isolation from tested soils. Meklat et al. (2020)
performed isolation of Alkalitolerant actinobacteria from
algerian saharan soils. 29 actinobacterial strains were selectively
isolated by the dilution plate method on Complex Medium agar
(Chun et al, 2000). Arayes et al. (2022)
haloalkalitolerant Streptomyces from Um-Risha Lake in Egypt.

isolated a

Isolation of Streptomyces was performed by the spread plate
technique using starch casein agar medium (SCA) (Kiister &
Williams, 1964).

The graph showing the distribution of isolates obtained

from the selective isolation media used is given in Figure 1.

Number of isolates
S

Number of isolates
SM3 agar 5
Humic acid-Vitamin agar 6
o Starch Casein agar 14
ER2A agar 17

Figure 1. Graph showing the distribution of isolates obtained

from the selective isolation media used

Isolation and subculture of some isolates were performed
and petri dishes are shown in Figure 2. When the locality
distributions of the isolates obtained are examined, it is seen
that 18 isolates were obtained from the 2nd locality, 16 isolates
from the 3rd locality and 8 isolates from the 1st locality. The
distribution of isolates according to localities is given in Figure
3.

Studies continued with 13 isolates selected based on colony
morphology differences among the 42 isolates obtained.
Glucose yeast extract-malt extract agar was used in the study.
The pH values of the agar (4, 5,6, 7, 8,9, 10, 11, 12, respectively)
were adjusted with 0.1 M NaOH and 0.1 M HCI buffers. The
development of 13 spot cultured isolates at each pH value was
evaluated. The results are given in Table 6. When the results
were evaluated, isolates coded CA43, CA46, CA62, CA68 and
CA75 showed growth between pH 4 and 10, while CA59 and
CA94 showed growth between pH 4 and 11. The remaining
isolates grew between pH 4 and 12. When the pH results were
evaluated, it was concluded that the isolates were alkalitolerant,
not alkaliphilic.

Ot
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Figure 2. a) Isolation of 1st soil sample obtained from Carpanak Island (R2A Agar). b) Growth of isolate CA46 in ISP2 medium.
c) Growth of isolates CA94 (left side) and CA40 (right side) in ISP2 medium

Table 6. Development of isolates at different pH values

No Organism pH4 pHS5 pH®6 pH7 pHS pHY pH 10 pH11 pH 12
1 CA36 + + + + + + + +
2 CA40 + + + + + + + + +
3 CA43 + + + + + + + - -
4 CA49 + + + + + + + - -
5 CA56 + + + + + + + + +
6 CA59 + + + + + + + + -
7 CA61 + + + + + + + + +
8 CA62 + + + + + + + - -
9 CA68 + + + + + + + - -
10 CA75 + + + + + + + - -
11 CA76 + + + + + + + +
12 CA77 + + + + + + + +
13 CA94 + + + + + + + + -
Note: “+” indicate growth; “~” indicate no growth.
1525R universal primers. The DNA region, amplified after
PCR, with an average size of 1500 base pairs, was visualized on
£ agarose gel electrophoresis on the Mini Lumi imaging device.
,:_i 1: 16S rRNA gene sequence analysis was performed with 3
-é 10 ﬁ primers, 518F, MG5F and 800R, of the 13 isolates for which 16S
z 5

Number of Isolates

M 1.locality 8
2 locality 18
W 3 Jocality 16

Figure 3. Graph showing the distribution of isolates according

to localities

Genomics of 13 isolates, selected according to their colony
morphology differences among the 42 isolates obtained, were
performed with the Invitrogen PureLink Genomic DNA Mini
Kit. The 16S rRNA gene region of 13 isolates, whose genomic
DNA was isolated, was amplified in Gradient PCR with 27F and

rRNA gene region PCR amplifications were performed. After
the 16S rRNA gene sequence analysis of the isolates was
completed, the sequence data obtained were combined with the
ChromasPro 1.7.5 program and the sequence data of the most
closely related species in international databases were used
(Chalita et 2024;
https://eztaxon-e.ezbiocloud.net/) and their % similarity was

using Ezbiocloud Server al., see
determined. According to the sequence analysis results, all 13
isolates were determined to belong to the Streptomyces genus
(Table 7). The obtained 16S rRNA gene nucleotide sequences
have been deposited in GenBank and their accession numbers

are given in Table 7.
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Table 7. Phylogenetic similarity of test organisms of the Streptomyces genus with their closest type species according to 16S rRNA

sequence results

No Strain GenBankNo Closest Type % Similarity- Nucleotide Difference
Code
1. CA36  PP352073 Streptomyces exfoliates NRRL B-2924" 100% - 0/1447
2. CA40 PP352075 Streptomyces rectiviolaceus NRRL B-16374" 99.31% - 10/1448
3. CA43 PP352171 Streptomyces sanglieri NBRC 100784" 98.96% - 15/1448
4. CA49  PP352271 Streptomyces himalayensis subsp. Himalayensis PSKA28T  95.76% - 60/1414
5. CA56 PP352628 Streptomyces ambofaciens ATCC 238777 99.45% - 8/1449
6. CA59 PP352629 Streptomyces seymenliensis B1041" 99.10% - 13/1449
7. CAe6l PP352630 Streptomyces aureoverticillatus NRRL B-3326" 99.45% - 8/1448
8. CA62  PP352631 Streptomyces ureilyticus YC419" 99.59% - 6/1448
9. CA68 PP352689 Streptomyces angustmyceticus NRRL B-2347" 99.86% - 2/1451
10. CA75  PP352913 Streptomyces arenae ISP 52937 97.53% -35/1417
11. CA76 PP352914 Streptomyces ambofaciens ATCC 238777 99.72% - 4/1448
12. CA77  PP353666 Streptomyces rosealbus YIM 31634" 99.78% - 3/1388
13. CA94 PP353683 Streptomyces violarus NBRC 13104" 98.76% - 18/1446

According to 16S rRNA gene region nucleotide sequence
analysis, 13 isolates belonging to the Streptomyces genus show
95.76% to 100% similarity to their closest type species. CA36
isolate was 100% with its closest type species, Streptomyces
exfoliates NRRL B-2924", CA68 isolate was 99.86% with its
closest type species, Streptomyces angustmyceticus NRRL B-
2347%, CA76 isolate was 99.72% with its closest type species,
Streptomyces ambofaciens ATCC 23877", CA77 isolate was
99.78% with Streptomyces rosealbus YIM 31634, the closest
type species to the isolate, CA62 isolate was 99.59% to the
closest type species, Streptomyces ureilyticus YC419", CA56
isolate was 99.45% to the closest type species, Streptomyces
ambofaciens ATCC 23877", CA61 isolate was 99.45% with
Streptomyces aureoverticillatus NRRL B-3326" has similarity,
and CA40 isolate has 99.31% similarity with its closest type,
Streptomyces rectiviolaceus NRRL B-16374T. CA59 isolate was
99.10% with its closest type species, Streptomyces seymenliensis
B1041", CA43 isolate was 98.96% with its closest type species,
Streptomyces sanglieri NBRC 1007847, CA94 isolate was 98.76%
with its closest type species, Streptomyces violarus NBRC
131047, and CA75 isolate was 97.53% with Streptomyces arenae
ISP 52937, and CA49 isolate was 95.76% with the closest type
species, himalayensis subsp. himalayensis
PSKA28" has similarity.

For the identification of new species, the 16S rRNA gene

Streptomyces

similarity value has been recommended to be below 97%
(Stackebrandt & Goebel, 1994), but recently this value has been

increased to the range of 98.7-99% (Stackebrandt & Ebers,
2006).

The neighbor-joining (Saitou & Nei, 1987) method was
used to draw the phylogenetic dendrogram containing 13
isolates of the Streptomyces genus. Additionally, bootstrap
analyses of the phylogenetic tree created using the Kimura-2
phylogenetic distance matrix (Felsenstein, 1985) were
performed with 1000 replicates (Figure 4).

A total of 13 isolates were examined for their ability to
inhibit the growth of eight pathogenic organisms, including
three Gram-positive and three Gram-negative bacteria and two
fungi. The Streptomyces sp. CA61 and Streptomyces sp. CA94
isolates demonstrated the most promising antimicrobial
activity against five different pathogens.

The isolate coded CA36 showed antimicrobial activity
against four different pathogenic microorganisms. While
isolates coded CA56, CA68 and CA76 showed antimicrobial
activity against three different pathogenic microorganisms,
isolates coded CA62 and CA75 showed antimicrobial activity
against two pathogenic microorganisms. While the isolate
coded CA40 showed antimicrobial activity against a single
pathogenic microorganism, isolates coded CA43, CA49, CA59
and CA77 did not show antimicrobial activity against any of the
eight pathogens used in the study. Additionally, it was
determined that none of the isolates tested showed activity
against the fungi. The petri dish image of the zone diameters of
the antimicrobial activity of some isolates against pathogenic

microorganisms is given in Figure 5 and Table 8.
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Figure 4 Phylogenetic dendrogram of isolates of the
Streptomyces genus based on 16S rRNA gene sequence
analysis. In the tree drawn according to the neighbor-joining
algorithm, bootstrap values were given for branch points that

were supported over 50%. Bar, 0.005

Tween 20 agar was used to test the lipase-producing abilities
of the isolates. The zones formed around the isolates, which
were sown as dots on petri dishes, as a result of 5-day
incubation, were evaluated. When their lipase production
abilities were examined, 11 isolates, except CA43 and CA62,
had the ability to produce lipase.

The most researched and most efficient sources of lipases
are animal, plant and microbial (bacterial, fungal and yeast)
sources. However, one bacterial phylum that shows good
potential for lipase production is actinobacteria (Mansour et al.,
2015; Arumugam et al,, 2017; Hamedi et al., 2019; Sharma &
Thakur, 2020). Among the lipase-producing actinobacteria, the
most studied is the Streptomyces genus (Nithya et al., 2018;
Panyachanakul et al., 2020).

The amylase activity of the isolates was evaluated on starch
agar medium. Spot-seeded isolates were incubated for seven
days. After incubation, 1% lugol was added to the petri dishes.
The formation of a transparent zone in the area of amylase
production was evaluated. While two isolates did not produce
amylase, 11 isolates produced amylase.

Studies on amylases are largely of fungal origin, but
actinobacteria have also been shown to be good amylase
producers. Soil has been an excellent source for obtaining such
bacteria. For example, Thampi & Bhai (2017) isolated three
species of amylase-producing actinobacteria from rhizosphere
soil samples of black pepper plants.

The protease production abilities of the isolates were
evaluated by measuring the transparent zones formed around

the isolates. While three isolates did not produce protease, ten

isolates were determined to produce protease.

Figure 5. Antimicrobial activity test. a) Bacillus subtilis ATCC 6633"-Group 1. b) Pseudomonas aeruginosa ATCC 27853". ¢) Bacillus

subtilis ATCC 6633"-Group 2
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Table 8. Zone diameters (mm) of the antimicrobial activity of the isolates against pathogenic microorganisms

No Organism  B.subtilis S.aureus E.faecalis E.coli K.pneumoniae P.aeruginosa A.niger C. albicans

1 CA36 30 20 - 14 20 - - -
2 CA40 - - - - 30 - - -
3 CA43 - - - - - - - -
4 CA499 - - - - - - - -
5 CA56 14 14 - - 50 - - .
6 CA59 - - - - - - - R
7 CA61 54 54 40 20 40 - - -
8 CA62 - 10 - - 40 - - -
9 CA68 44 30 - - 30 - - -

10 CA75 14 - - - - 20 - -

11 CA76 20 - 16 10 - 14 - -

12 CA77 - - - - - - - -

13 CA9%4 20 20 16 - 20 26 - -

Microbial production is an ideal alternative to meet importance. At elevated temperatures, the process is

industrial needs. Within the microbiota, the Bacillus genus is
mainly used for enzyme production. In addition, another new
microbial source studied is Actinobacteria members, which are
widely used in the production of bioactive compounds such as
cellulase and amylase. These are currently under investigation
because extremophilic actinobacteria are known to produce
thermostable proteases and mesophilic actinobacteria such as
Streptomyces are known to produce pronase 7 M (S. griseus) and
fradiase (S. fradiae), which are in commercial use (McCarthy et
al., 1985; Flores-Gallegos & Nava-Reyna, 2019).

The pectinase production abilities of the isolates were
evaluated by measuring the transparent zones formed around
the isolates. In the study, it was observed that none of the
isolates produced pectinase. Table 9 presents the lipase,
amylase, protease and pectinase production abilities of the
isolates. The commercial applications of this enzyme include
juice purification, vegetable purification, wastewater treatment,
degumming, defoaming agent, and fermentation accelerator in
the tea and coffee industry. Additionally, it is used as an
analytical tool for plant product evaluation (Beulah et al., 2015;
Oumer & Abate, 2018).

An alternative and powerful source of pectinase has been
identified in actinomycetes, which are known for their
production of bioactive compounds and are used for the
production of antibiotics (Kumar & Sharma, 2012). In recent
has that

thermocarboxydus produces thermostable pectinases, which are

studies, it been  reported Streptomyces

active at high temperatures and are gaining increasing

accelerated, which contributes to economic gain (Priyanka,
2019).
Table 9. Abilities of isolates to produce lipase, amylase, protease

and pectinase

No Organism Lipase Amylase Protease  Pectinase
1 CA36 +++ + + -
2 CA40 +++ + - -
3 CA43 - + + -
4 CA49 +++ + + -
5 CA56 +++ + + -
6 CA59 +++ - + _
7 CA61 +++ + - -
8 CA62 - + + -
9 CA68 -+ + + B}

10 CA75 +4+ + + _
11 CA76 +++ + + -
12 CA77 +++ + + -
13 CA%4 +++ - - -

Note: Symbols: (-) No growth; (+) Little growth; (++) Moderate

growth; (+++) Excellent growth.

Conclusion

According to 16S rRNA gene region nucleotide sequence
analysis, Streptomyces spp. isolates CA49, CA75, CA94 and
CA43 show similarities between 95.76% and 98.96% to their
closest type species. All genotypic, chemotaxonomic and
phenotypic analyzes of these four isolates, which are likely to be
new species, will be completed and introduced to the literature

in the near future. Members of Streptomyces are the most
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common microorganisms that have the function of breaking

down organic compounds through enzyme activities.
Therefore, industrially and agriculturally important enzymes
detailed characterization of the industrially important enzymes
produced by these isolates to be introduced into the literature

is required.
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