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Abstract: Investigating the microbial diversity of Actinobacteria inhabiting the soils of the Kula-Salihli Geopark and identifying species
at the genus level using 16S rRNA gene sequences are the primary goals of this work. In the literature review of this geopark located
within the borders of Manisa province, no study on actinobacterial biodiversity was found. In this study, 10 different selective isolation
media were used to investigate the biodiversity of Actinobacteria in the Geopark. A total of 469 Actinobacteria strains were isolated
using the dilution-plate method. From these 469 strains, 34 strains were selected based on their colony morphology and pigmentation
characteristics. The isolates performed phylogenetic analysis based on sequencing of the 16S ribosomal RNA gene region. The isolates
were found to belong to nine different genera, including Actinomadura, Amycolatopsis, Kribbella, Micromonospora, Nocardia,
Nonomuraea, Pseudonocardia, Saccharothrix and Streptomyces, according to the results of phylogenetic analysis. Five isolates have
been identified as novel species as a consequence of our current study.
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1. Introduction

The phylum Actinobacteria, currently referred to as
Actinomycetota, is a common group of gram-positive
microorganisms found in both terrestrial and aquatic
environments. Although Actinobacteria are frequently
found in both terrestrial and aquatic habitats, they can be
found in a variety of harsh environments, including deep
seas, deserts, hot springs, salt lakes, and caves (Barka et
al.,, 2016; Hui et al,, 2021). Actinobacteria, by producing a
variety of compounds, play an important role in the
bioremediation of pollutants, the degradation of
lignocellulosic biomass, and the promotion of plant
development (Saini et al, 2015; Mawang et al, 2021;
Faddetta et al.,, 2023).

Actinobacteria's primary and secondary metabolites have
been identified as significant industrial compounds.
Although rare Actinobacteria, which are crucial for the
production of novel secondary metabolites, have been
discovered in a variety of soil types, volcanic regions are
still a relatively unexplored resource for the detection of
chemicals with industrial significance (Miao and Davies,
2010; Tiwari and Gupta, 2012).

Geographical areas referred to as UNESCO Global
Geoparks are those where landscapes and places of
global geological significance are managed using a
comprehensive concept of conservation, education, and
sustainable development. Currently, there are 213
UNESCO Global Geoparks in 48 countries. Tiirkiye's first
and only UNESCO-registered geopark, Kula-Salihli

UNESCO Global Geopark, is located in Manisa province.
The geopark, which has a rich geodiversity, is one of the
youngest volcanic areas in Tiirkiye (UNESCO, 2024).

The purpose of this study is to determine the diversity of
Actinobacteria found in the Kula-Salihli Geopark's soils.
Thus, with this study, we aim to both contribute to the
biological diversity of our country and contribute to the
stock of microorganisms that have the potential to be the
source of various metabolites that can be used in
biotechnological applications.

2. Materials and Methods

2.1. Collection of Soil Samples

In August 2023, soil samples were collected from four
distinct locations inside of Kula Geopark (Figure 1). After
being tagged and put in sterile plastic bags, the soil
samples were transported to the actinobacterial soil
research laboratory and stored there for analysis at 4 °C.
By
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Figure 1. Location of Kula-Salihli Geopark.
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2.2.Isolation of Actinobacteria from Geopark Soils
Ten different media were made to isolate the
Actinobacteria members. Nalidixic ~ acid  and
cycloheximide were added to each medium to prevent
the growth of gram-negative and fungal species. Then,
soil samples were first put on a sterile petri plate and
allowed to dry at room temperature for 14 days. In a
mortar, dried soil samples were pounded into a powder
without being mixed. Each of the prepared solutions was
then shaken for half an hour. One gram of soil sample
was transferred into vials containing 9 milliliters of
Ringer's solution and ten-to-one dilution ratio tubes
were prepared. Dilutions of 10-2 and 10-3 were obtained
via repeated dilution. 200 microliter suspensions were
inoculated onto different medium surfaces using an
automated pipette, and they were subsequently cultured
for 21 days at 28 °C. Table 1 shows the medium used.

2.3. Selection, Purification, and Storage of Strains
Among the incubated colonies, isolates thought to be
Actinobacteria were selected based on characteristics
such as spore production and morphology. These
cultures were cultivated on the surface of International
Streptomyces Project Medium No. 2 (ISP2; Shirling and
Gottlieb, 1966) agar using a sterile loop. After incubating
at 28 °C for 14 days, pure isolates were obtained from
transferred plates. Pure cultures were transferred to
20% v/v glycerol stock solution and stored at -80 °C until

use.
2.4. Genomic Extraction of DNA and 16S rRNA
Amplification

The PureLink® Genomic DNA Isolation Kit (Invitrogen,
USA) was used for obtaining the isolates genomic DNA.
Then DNA was detected using 1% agarose gel
electrophoresis. Polymerase reaction (PCR)
amplifications of the 16S rRNA gene region were
performed on a MyGenie-96 Gradient Thermal Cycler

chain

Table 1. List of selective media used and antibiotics

(Korea) using universal primers 27F and 1525R (Table
2). A 50-pl reaction mixture was made for the 16S rRNA
amplification of each test isolate. This mixture contains
deionized water, extracted genomic DNA, 27F and 1525R
primers, and Promega's GoTaq® Hot Start Colorless
Master mix. There are 22 pl, 1 pl, 1 pl, 1 pl and 25 pl of
these compounds in the mixture, in that order. The
following parameters are used in PCR amplification
(MyGenie-96 Gradient Thermal Cycler, Korea): pre-
denaturation for two minutes at 95 °C; denaturation for
one minute at 95 °C, comprising thirty cycles; bonding for
1.5 minutes at 55 °C and elongation for three minutes at
72 °C; final stage for ten minutes at 72 °C; and four
storage stages at 4 °C. The amplification products were
subsequently detected using 1.5% agarose gel
electrophoresis (Merck).

2.5.16S rRNA Gene Analysis

ABI-format chromatogram files resulting from the
sequencing of PCR products were examined using the
Chromas version 1.7.6 program (C. McCarthy, School of
Health Sciences, Griffith University, Queensland,
Australia). Each organism's 16S rRNA gene nucleotide
sequence was then obtained in FASTA format by
overlapping the primer reads. In the EzBioCloud
database, every sequence was compared to other
sequences (Yoon et al., 2017). ClustalW was used to do
multiple sequence alignments in the MEGA 11 software
(Tamura et al,, 2021). Phylogenetic trees of the alignment
sequences were constructed using the neighbor-joining
method (Saitou and Nei, 1987), the Jukes-Cantor model
(Jukes and Cantor, 1969) and bootstrap analyses based
on 1000 resampling (Felsenstein, 1985) using MEGA 11
software. The 16S rRNA gene sequences of the
Actinobacteria isolates used in this study were stored in
the NCBI GenBank database.

Name of medium

Antibiotics

Reference

Actinomycete Isolation Agar
Gause No.1 Agar

Nocardia Agar

Humic Acid Vitamin Agar
R2A Agar

Oligotrophic Agar
Starch-Casein Agar
Hickey-Tresner Agar
Modified Soil Agar

ISP-2 Agar

Nalidixic acid (10 ug/ml) and cycloheximide (50 pg/ml)
Nalidixic acid (10 pg/ml) and cycloheximide (50 pg/ml)
Nalidixic acid (10 pg/ml) and cycloheximide (50 pg/ml)
Nalidixic acid (10 pg/ml) and cycloheximide (50 pg/ml)
Nalidixic acid (10 ug/ml) and cycloheximide (50 ug/ml)
Nalidixic acid (10 ug/ml) and cycloheximide (50 ug/ml)
Nalidixic acid (10 pg/ml) and cycloheximide (50 pg/ml)
Nalidixic acid (10 pg/ml) and cycloheximide (50 pg/ml)
Nalidixic acid (10 pg/ml) and cycloheximide (50 pg/ml)
Nalidixic acid (10 pg/ml) and cycloheximide (50 pg/ml)

Kumar et al, 2012
Tan et al.,, 2006
Sanglier et al., 1992
Hayakawa and Nonomuraea, 1987
Reasoner and Geldreich, 1985
Jiang et al., 2016
Kuester and Williams, 1964
Hickey and Tresner, 1952
Sadoway et al,, 2013
Shirling and Gottlieb, 1966

Table 2. Oligonucleotide primers used for 16S rRNA PCR amplification and sequencing

Primer code Sequences (5’-3") Base length References

27F AGAGTTTGATCMTGGCTCAG 20 Weisburg, 1991

518F CCAGCAGCCGCGGTAAT 17 Buchholz-Cleven et al, 1997
800R TACCAGGGTATCTAATCC 18 Chun and Goodfellow, 1995
MG5F AAACTCAAAGGAATTGACGG 20 Chun and Goodfellow, 1995
1525R AAGGAGGTGWTCCARCC 17 Lane, 1991

*M= adenine or cytosine, R= adenine or guanine, W= adenine or thymine.
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3. Results

3.1. Morphological Analysis of Actinobacteria

In the Kula-Salihli Geopark (2,320 km2), which is located
inside the boundaries of the province of Manisa, soil
samples were collected using a GPS device at four distinct
places (Table 3).

Table 3. Locality and geographical coordinates of soil
samples

Soil No. Locality Geographical coordinates
1 Kula Fairy Chimneys 38,60760°N 28,80798°E
2 Kula Fairy Chimneys 38,60809°N 28,80753°E
3 Kula Divlit 38,56023°N 28,66096°E
4 Kula 38,56192°N 28,66048°E

By using the dilution plate method for soil isolation, 469
Actinobacteria were isolated in total. A total of 152
different strains, which were selected by eliminating
similar ones according to their macroscopic and
microscopic images, were divided into 27 color groups
according to their colony morphology and pigmentation
characteristics (Kelly, 1964). Following color grouping,
34 strains were chosen for 16S rRNA gene region
analysis, with consideration given to characteristics such
as phylogenetic analyses, ten different selective media,
substrate mycelium and air mycelium. When the
distribution of actinobacteria according to the media is
examined, it is seen that 8 isolates were obtained from
starch casein agar, 5 isolates from R2A agar, 9 isolates
from humic acid vitamin agar, 1 isolate from Gause agar
and 11 isolates from ISP-2. The results showed that ISP-
2, starch casein agar and humic acid vitamin agar media
were the best media for isolating Actinobacteria from
Geopark soil. Figure 2 shows the distribution of the
number of isolates according to the media used.

11
9
8
5
1
[ ]
c G H R S

Figure 2. Media distribution of Actinobacteria isolates
(C= Starch-Casein agar, G= Gause agar, H= Humic acid
vitamin agar, R= R2A agar, S= ISP-2 Agar).

3.2. 16S rRNA Gene
Actinobacteria

According to the results of the nucleotide sequence
analysis of the 16S rRNA gene region using universal
primers (518F, 800R, and MG5F; Table 2), 34 isolates
were recognhized as members of the Actinobacteria
phylum.  These
predominantly belong to the genera Amycolatopsis (8
isolates), Kribbella (7 isolates), and Streptomyces (7
isolates). The remaining strains were from the genera
Nonomuraea (4 isolates), Micromonospora (2 isolates),
Pseudonocardia (2 isolates), Nocardia (2 isolates),
Actinomadura (1 isolate), and Saccharothrix (1 isolate). In
conclusion, nine different Actinobacteria genera were
obtained from Kula-Salihli Geopark in this study. Figure 3
shows the distribution of the genus.

Sequence Analysis of

isolates were determined to

Streptomyces Iy
Saccharothrix wH 1
Pseudonocardia . 2
Nonomuraea — )
Nocardia a2
Micromonospora I 2

Kribbella
Amycolatopsis

)
)

Actinomadura w1

Figure 3. Genus distribution of Actinobacteria isolates.

3.3. Phylogenetic Analysis of the Actinobacteria
To explore the links between the
Actinobacteria isolates in this study and their closest

evolutionary

taxonomic relatives, phylogenetic trees based on 16S
rRNA sequences were created. The phylogenetic tree was
constructed using the neighbor-joining method. After
phylogenetic  analysis, the predominant
Actinobacteria genus in this members of

most
study,
Amycolatopsis, have a 99.28% similarity with the closest
type strain. Kribbella, the other major genus with seven
isolates, has a similarity between 99.45% and 99.93%
with its closest type
Streptomyces, the other dominant genus, have similarity
between 99.17% and 100.0% with their closest type
strain. A similarity of the 16S ribosomal RNA gene
sequences of each isolate and its closest relatives is
shown in Table 4. Phylogenetic trees of the isolates based
on the neighbour-joining method are also given in Figure
4-11.

strain. Seven isolates of
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Table 4. Summary of information on 16S rRNA sequence determination of isolated strains

Strain Closest type strain Similarity Nucleotid difference
KC28 Streptomyces thinghirensis DSM 419197 100.00 0/1449
KC37 Kribbella albertanoniae BC640T 99.79 3/1440
KC40 Micromonospora orduensis S2509T 99.65 5/1437
KC48 Streptomyces xanthophaeus NRRL B-5414T 99.93 1/1447
KC66 Streptomyces cellostaticus DSM 40189T 99.52 7/1448
KC83 Kribbella jejuensis DSM 17305T 99.45 8/1447
KC93 Nocardia sp. 100.00 0/1449
KC97 Micromonospora fulviviridis DSM 439067 99.44 8/1436
KG3 Amycolatopsis lurida DSM 431347 99.28 10/1386
KH2 Nonomuraea turkmeniaca DSM 439267 99.01 14/1416
KH8 Amycolatopsis lurida DSM 43134T 99.28 10/1386
KH9 Amycolatopsis lurida DSM 431347 99.28 10/1386
KH16 Nonomuraea polychroma DSM 43925T 98.48 22/1443
KH19 Nonomuraea antri NN258T 98.75 18/1441
KH50 Saccharothrix espanaensis DSM 442297 99.72 4/1438
KH76 Nocardia sp. 100.00 0/1449
KH104 Pseudonocardia cypriaca KT21427 100.00 0/1442
KH114 Pseudonocardia zijingensis 63307 99.51 7/1418
KR1 Amycolatopsis lurida DSM 431347 99.28 10/1386
KR2 Amycolatopsis lurida DSM 431347 99.28 10/1386
KR3 Amycolatopsis lurida DSM 43134T 99.28 10/1386
KR6 Amycolatopsis lurida DSM 431347 99.28 10/1386
KR12 Amycolatopsis lurida DSM 431347 99.28 10/1386
KS12 Streptomyces canus DSM 400177 100.00 0/1448
KS15 Streptomyces aureocirculatus NRRL ISP-5386T 99.52 7/1450
KS37 Actinomadura hibisca NBRC 151777 98.96 15/1446
KS52 Kribbella karoonensis Q41T 99.93 1/1447
KS86 Kribbella karoonensis Q41T 99.93 1/1447
KS88 Kribbella karoonensis Q41T 99.86 2/1447
KS95 Kribbella speibonae YM55T 99.72 4/1447
KS96 Kribbella karoonensis Q41T 99.86 2/1447
KS97 Streptomyces canus DSM 400177 100.00 0/1448
KS108 Nonomuraea helvata IFO 146817 99.43 8/1409
KS109 Streptomyces pseudovenezuelae DSM 402127 99.52 7/1450
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Figure 4. Phylogenetic tree showing the relationship of the actinobacterial isolates in group Pseudonocardia and related
type strains. Phylogenetic tree was based on the Neighbor-joining method using MEGA 11 software. Bootstrap values
above 50% (for 1000 replications) are shown. The scale bar indicates 0.01 substitutions per nucleotide position.
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Figure 5. Phylogenetic tree showing the relationship of the actinobacterial isolates in group Saccharothrix and related
type strains. Phylogenetic tree was based on the Neighbor-joining method using MEGA 11 software. Bootstrap values
above 50% (for 1000 replications) are shown. The scale bar indicates 0.01 substitutions per nucleotide position.
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Figure 6. Phylogenetic tree showing the relationship of the actinobacterial isolates in group Nonomuraea and related
type strains. Phylogenetic tree was based on the Neighbor-joining method using MEGA 11 software. Bootstrap values
above 50% (for 1000 replications) are shown. The scale bar indicates 0.01 substitutions per nucleotide position.
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Figure 7. Phylogenetic tree showing the relationship of the actinobacterial isolates in group Actinomadura and related
type strains. Phylogenetic tree was based on the Neighbor-joining method using MEGA 11 software. Bootstrap values
above 50% (for 1000 replications) are shown. The scale bar indicates 0.01 substitutions per nucleotide position.
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Figure 8. Phylogenetic tree showing the relationship of the actinobacterial isolates in group Amycolatopsis and related
type strains. Phylogenetic tree was based on the Neighbor-joining method using MEGA 11 software. Bootstrap values
above 50% (for 1000 replications) are shown. The scale bar indicates 0.01 substitutions per nucleotide position.
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Figure 9. Phylogenetic tree showing the relationship of the actinobacterial isolates in group Kribbella and related type
strains. Phylogenetic tree was based on the Neighbor-joining method using MEGA 11 software. Bootstrap values above
50% (for 1000 replications) are shown. The scale bar indicates 0.01 substitutions per nucleotide position.
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Figure 10. Phylogenetic tree showing the relationship of the actinobacterial isolates in group Streptomyces and related
type strains. Phylogenetic tree was based on the Neighbor-joining method using MEGA 11 software. Bootstrap values
above 50% (for 1000 replications) are shown. The scale bar indicates 0.01 substitutions per nucleotide position.
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Figure 11. Phylogenetic tree showing the relationship of the actinobacterial isolates in group Micromonospora and
related type strains. Phylogenetic tree was based on the Neighbor-joining method using MEGA 11 software. Bootstrap
values above 50% (for 1000 replications) are shown. The scale bar indicates 0.01 substitutions per nucleotide position.
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4. Discussion

To date, Actinobacteria members have been found in a
wide variety of environments. Among these
environments, extreme habitats such as hot springs,
volcanic areas, deserts, deep-sea sediments, caves and
salt lakes are particularly important. Following a
literature review, actinobacteria have also been found in
different volcanic regions of the world. These include
lava tubes, lakes, caves, sediments, rocks and soils.
Studies in volcanic regions have shown the presence of
actinobacteria belonging to the following genera:

Brevibacterium, Dietzia, Micromonospora, Nocardia,
Nocardiopsis, Rhodococcus, Saccharomonospora,
Saccharopolyspora,  Salinospora, Streptomyces, etc.

(Riquelme et al,, 2015; Meena et al, 2019; Sottorff et al,,
2019).

Meena et al. reported in their study in 2019 that deep-sea
sediment samples were collected from Barren Island,
Andaman and Nicobar Islands. A total of 123 cultivable
marine actinobacteria were isolated and identified.
Isolates were categorized under 10 genera, of which
Brevibacterium, Dietzia and Streptomyces are the
dominant genera (Meena et al,, 2019).

In another study conducted by Sottorff et al. (2019), it
was determined that most of the species isolated from
volcanic Easter Island were actinobacteria belonging to
the Dietzia, Micromonospora,  Salinispora and
Streptomyces genera, according to the 16S ribosomal
RNA gene sequence analysis.

Phylogenetic analysis of 34 isolates obtained in this study
revealed that they belong to nine different genera. Five of
these isolates are thought to be new species when the
nucleotide similarity rates of the 16S rRNA gene region of
the closest type strains are compared. The five isolates
belong to Actinomadura, Amycolatopsis and Nonomuraea
genera known as rare actinobacteria.

According to a study conducted by Penkhrue et al. in
2018, Amycolatopsis oliviviridis SCM_MK2-4T
showed the highest sequence similarity with the closest
species, Amycolatopsis azurea JCM 3275T with 99.4%,
according to 16S rRNA gene sequence analysis results
(Penkhrue et al,, 2018). Strains KG3, KH8, KH9, KR1, KR2,
KR3, KR6, and KR12 obtained from this study show
99.28% sequence similarity with Amycolatopsis lurida
DSM 431347, the closest species according to 16S rRNA
gene sequence analysis results. Based on this
information, KG3, KH8, KH9, KR1, KR2, KR3, KR6, and
KR12 strains are thought to be new species. Representing
Amycolatopsis lurida strains, isolate KH8 was selected as
a strain with high potential to become a novel species.

In the research of Saricaoglu et al. in 2020 based on
phylogenetic analysis of 16S rRNA gene sequences
revealed that Nonomuraea basaltis 160415T has 99.1%
similarity with the closest type species Nonomuraea zeae
NEAU-ND5T (Saricaoglu et al., 2020). The KH2, KH16 and
KH19 strains isolated in our study have 99.01, 98.48 and
98.75 similarity with the closest type strains,
respectively. According to this information, KH2, KH16
and KH19 may be new species.

strain

In accordance with the results of phylogenetic analysis of
the 16S rRNA gene sequence in the study conducted by
Songsumanus et al. in 2021, Actinomadura decatromicini
CYP1-57 showed 99.5% similarity with Actinomadura
syzygii GKU1577, the closest type species (Songsumanus
et al, 2021). According to the 16 rRNA sequence analysis
of the KS37 strain obtained in this study, it was
determined that it showed 98.96 similarity with
Actinomadura hibisca NBRC 151777, the closest type
species. In the light of this information, KS37 strain is
thought to be a novel species.

5. Conclusion

To date, no study has been conducted on the
actinobacterial diversity of Kula-Salihli Geopark, one of
the youngest volcanic regions in Tiirkiye. Our research
focused on the diversity of actinobacteria found in the
soil of Kula-Salihli Geopark in Manisa. A total of 34
isolates were determined to belong to nine genus,
including Actinomadura, Amycolatopsis, Kribbella,
Micromonospora, Nocardia, Nonomuraea,
Pseudonocardia, Saccharothrix and Streptomyces by
phylogenetic analysis based on 16S rRNA gene
sequencing. Based on the nucleotide difference and
percentage similarity of the 16S rRNA gene region, it is
probable that the isolates of Actinomadura sp. KS37,
Amycolatopsis sp. KH8, Nonomuraea sp. KH2,
Nonomuraea sp. KH16, and Nonomuraea sp. KH19
represent novel species. With this study, in addition to
determining the new species potential of the Kula
Geopark, we contribute to the biodiversity of our country
and the stock of microorganisms that have the potential
to be a source of various metabolites that can be used in
biotechnological applications.

Author Contributions

The percentage of the author(s) contributions is
presented below. All authors reviewed and approved the
final version of the manuscript.

B.B. KI.
C 50 50
D 50 50
S 50 50
DCP 50 50
DAI 50 50
L 50 50
w 50 50
CR 50 50
SR 50 50
PM 50 50
FA 50 50

C=Concept, D= design, S= supervision, DCP= data collection
and/or processing, DAI= data analysis and/or interpretation, L=
literature search, W= writing, CR= critical review, SR=
submission and revision, PM= project management, FA= funding
acquisition.

Conflict of Interest
The authors declared that there is no conflict of interest.

BS] Eng Sci / Betiil BAYRAKTAR and Kamil ISIK

507



Black Sea Journal of Engineering and Science

Ethical Consideration

Ethics committee approval was not required for this
study because of there was no study on animals or
humans.

Acknowledgements

This study was supported by Ondokuz Mayis University
Scientific Research Projects Coordination Unit (BAPKOB)
under the project number PYO.FEN.1904.23.008.

References

Barka EA, Vatsa P, Sanchez L, Gaveau-Vaillant N, Jacquard C,
Klenk HP, Meier-Kolthoff JP, Clément C, Ouhdouch Y, van
Wezel GP. 2016. Taxonomy, physiology, and natural products
of Actinobacteria. Microbiol Mol Biol Rev, 80(1): 1-43.

Buchholz-Cleven BEE, Rattunde B, Straub KL. 1997. Screening
for genetic diversity of isolates of anaerobic Fe(Il)-oxidizing
bacteria using DGGE and whole-cell hybridization. Syst Appl
Microbiol, 20(2): 301-309.

Chun ], Goodfellow MA. 1995. Phylogenetic analysis of the
genus Nocardia with 16S rRNA gene sequences. Int J Syst
Bacteriol, 45(2): 240-245.

Faddetta T, Polito G, Abbate L, Alibrandi P, Zerbo M, Caldiero C,
Reina C, Puccio G, Vaccaro E, Abenavoli MR, Cavalieri V,
Mercati F, Piccionello AP, Gallo G. 2023. Bioactive metabolite
survey of Actinobacteria showing plant growth promoting
traits to develop novel biofertilizers. Metabolites, 13(3): 374.

Felsenstein J. 1985. Phylogenies and the comparative method.
Am Nat, 125(1): 1-15.

Hayakawa M, Nonomura H. 1987. Humic acid-vitamin agar, a
new medium for the selective isolation of soil actinomycetes.
] Ferment Technol, 65(5): 501-509.

Hickey R], Tresner HD. 1952. A cobalt-containing medium for
sporulation of Streptomyces species. ] Bacteriol, 64(6): 891.
Hui MLY, Tan LTH, Letchumanan V, He YW, Fang CM, Chan KG,
Law JWF, Lee LH. 2021. The extremophilic actinobacteria:

From microbes to medicine. Antibiotics, 10(6): 682.

Jiang Y, Li Q, Chen X. 2016. Isolation and cultivation methods of
actinobactera. In: Dhanasekaran D, editor. Actinobacteria—
basics and biotechnological application, IntechOpen, London,
UK, pp: 39-57.

Jukes TH, Cantor CR. 1969. Evolution of protein molecules.
Mammal Prot Metabol, 3(24): 21-132.

Kelly KL. 1964. Color-name charts illustrated with centroid
colors. Inter-Society Color Council-National Bureau of
Standards, Supplement to NBS Circ. 533, Standard sample No.
2106, Chicago, US.

Kuester E, Williams ST. 1964. Selection of media for isolation of
streptomycetes. Nature, 202: 928-929.

Kumar A, Gupta R, Shrivastava B, Khasa YP, Kuhad RC. 2012.
Xylanase production from an alkalophilic actinomycete
isolate Streptomyces sp. RCK-2010, its characterization and
application in saccharification of second generation biomass.
] Mol Catal B Enzym, 74(3-4): 170-177.

Lane DJ. 1991. 16S/23S rRNA sequencing. In: Stackebrandt E,
Goodfellow M. Nucleic acid techniques
systematics, Wiley, New York, US, pp: 115-175.

Mawang CI, Azman AS, Fuad ASM, Ahamad M. 2021.
Actinobacteria: An eco-friendly and promising technology for
the bioaugmentation of contaminants. Biotechnol Rep, 32:
e00679.

Meena B, Anburajan L, Vinithkumar NV, Kirubagaran R, Dharani
G. 2019. Biodiversity and antibacterial potential of cultivable

in bacterial

halophilic actinobacteria from the deep sea sediments of

active volcanic Barren Island. Microb Pathog, 132: 129-136.

Miao V, Davies J. 2010. Actinobacteria: the good, the bad, and
the ugly. Antonie Van Leeuwenhoek, 98: 143-150.

Penkhrue W, Sujarit K, Kudo T, Ohkuma M, Masaki K, Aizawa T,
Pathom-Aree W, Khanongnuch C, Lumyong S. 2018.
Amycolatopsis oliviviridis sp. nov., a novel polylactic acid-
bioplastic-degrading actinomycete isolated from paddy soil.
Int ] Syst Evol Microbiol, 68(5): 1448-1454.

Reasoner DJ, Geldreich EE. 1985. A new medium for the
enumeration and subculture of bacteria from potable water.
Appl Environ Microbiol, 49(1): 1-7.

Riquelme C, Rigal F, Hathaway ]J, Northup DE, Spilde MN,
Borges PAV, Gabriel R, Amorim IR, Dapkevicius MDLNE.
2015. Cave microbial community composition in oceanic
islands: disentangling the effect of different colored mats in
diversity patterns of Azorean lava caves. FEMS Microbiol
Ecol, 91(12): fiv141.

Sadoway T, Rule D, Watson K, Moote P, Soliman LC, Azad N,
Donkor K, Cheeptham N, Horne D. 2013. Cure from the cave:
volcanic cave actinomycetes and their potential in drug
discovery. Int ] Speleol, 42(1): 5.

Saini A, Aggarwal NK, Sharma A, Yadav A. 2015. Actinomycetes:
a source of lignocellulolytic enzymes. Enzyme Res, 2015:
279381. https://doi.org/10.1155/2015/279381.

Saitou N, Nei M. 1987. The neighbor-joining method: a new
method for. Mol Biol Evol, 4(4): 406-425.

Sanglier, JJ, Whitehead, D, Saddler, GS, Ferguson, EV and
Goodfellow, M. 1992. Pyrolysis mass spectrometry as a
method for the classification, identification and selection of
actinomycetes. Gene, 115(1-2): 235-242.

Saricaoglu S, Saygin H, Topkara AR, Gencbay T, Guven K, Cetin
D, Sahin N, Isik K. 2020. Nonomuraea basaltis sp. nov., a
siderophore-producing actinobacteria isolated from surface
soil of basaltic parent material. Arch Microbiol, 202: 1535-
1543.

Shirling EB, Gottlieb D. 1966. Methods for characterization of
Streptomyces species. Int ] Syst Bacteriol, 16(3): 313-340.

Songsumanus A, Kuncharoen N, Kudo T, Yuki M, Ohkuma M,
Igarashi Y, Tanasupawat S. 2021.
decatromicini sp. nov. isolated from mountain soil in
Thailand. ] Antibiot, 74(1): 51-58.

Sottorff I, Wiese ], Imhoff JF. 2019. High diversity and novelty of
Actinobacteria isolated from the coastal zone of the

Actinomadura

geographically remote young volcanic Easter Island, Chile. Int
Microbiol, 22(3): 377-390.

Tamura K, Stecher G, Kumar S. 2021. MEGA11: molecular
evolutionary genetics analysis version 11. Mol Biol Evol,
38(7): 3022-3027.

Tan GYA, Ward AC, Goodfellow M. 2006. Exploration of
Amycolatopsis diversity in soil using genus-specific primers
and novel selective media. Syst Appl Microbiol. 29(7): 557-
569.

Tiwari K, Gupta, RK. 2012. Rare actinomycetes: a potential
storehouse for novel antibiotics. Crit Rev Biotechnol, 32(2):
108-132.

UNESCO. 2024. List of UNESCO Global Geoparks and Regional
Networks. URL: https://www.unesco.org/en/iggp/geoparks
(accessed date: March 1, 2024).

Weisburg WG, Barns SM, Pelletier DA. 1991. 16S ribosomal
DNA amplification for phylogenetic study. ] Bacteriol, 173(2):
697-703.

Yoon SH, Ha SM, Kwon S, Lim ], Kim Y, Seo H, Chun J. 2017.
Introducing EzBioCloud: a taxonomically united database of
16S rRNA gene sequences and whole-genome assemblies. Int
] Syst Evol Microbiol, 67(5): 1613-1617.

BS] Eng Sci / Betiil BAYRAKTAR and Kamil ISIK

508



