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Highlights
« This article focuses on the actinobacterial biodiversity of island soils.
* The effectiveness of different isolation methods in isolating actinobacteria was investigated.
» The potential of the isolated actinobacteria strains to be new species was determined.

Article Info Abstract

Actinobacteria are one of the most frequently studied prokaryotic groups within the Bacteria
domain. In this study, soil samples collected from the islands of Burgazada, Biiylikada, Gok¢eada,
Heybeliada, and Kinaliada were used to isolate, identify, and analyze the phylogeny of
Actinobacteria. For the isolation studies, three different isolation methods and 11 different
selective media were employed. As a result, a total of 103 bacterial strains were isolated. The
molecular identification of the isolated strains was conducted using 16S rRNA gene region
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sequence analyses. These analyses revealed that the isolates belonged to 12 different genera
within the Actinobacteria phylum. Comparison of the 16S rRNA gene sequences of the isolates
with their closest relatives in the EzBioCloud database indicated a sequence similarity ranging
between 95.76% and 100%. The isolation studies demonstrated that the standard dilution plate

method was more effective for isolating both diverse genera and potential novel species. The data
obtained through this method showed that 22 of the isolated strains, belonging to 8 different
genera, have the potential to represent novel species. In conclusion, this study highlights that
island soils are an important source for the discovery of new Actinobacteria species. Furthermore,
it emphasizes the significance of such isolation studies in uncovering the rich biotechnological
potential of Actinobacteria.

1. INTRODUCTION

Actinobdcteria, gramépositive prokaryotes with a high proportion of guanine and cytosine (G+C) in their
genome, live in a vatiety of terrestrial and aquatic ecosystems, including extreme environments such as
acidic-alkaline,- low-high temperature, high salt concentration, high radiation, low humidity and low
nutrient content. These aerobic bacteria, which form spores and filaments, often have a mycelial life cycle
and form the doptinant group of the soil microbiome. Their ability to be found in almost all habitats is due
to the spore's ability to produce extracellular hydrolytic enzymes and secondary metabolites [1,2].

The islands are of great importance for the Earth's biodiversity as they make significant contributions to
global biodiversity, although their surface measurements are small [3]. Most of the biodiversity studies of
the islands have focused on macroorganisms. However, the information about the interactions of microbial
communities on the islands with each other and with other living things is quite limited [4]. The
identification of microbial communities on the islands and the eclarification of symbiotic relationships help
us to understand the effects of environmental changes such as habitat fragmentation on microbial
communities and therefore the functions undertaken by these communities [5]. Determination of the
biodiversity of Actinobacteria in these habitats plays an important place in current systematic studies. In
the study from South Shetland Island, 36 actinobacteria species identified by 16S rRNA gene region
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sequence analyses were isolated from 15 different soil samples using 5 different selective media. According
to the results of 16S rRNA gene region sequence analysis, it was determined that these actinobacterial
isolates belonged to 10 different genera (Brachybacterium, Brevibacterium, Dermacoccus, Kocuria,
Micromonospora, Micrococcus, Microbacterium, Rhodococcus, Rothia and Streptomyces) [6]. In another
isolation study conducted from Sichang Island, Chonburi Province of Thailand, 6 soil samples were taken
and the culture-based method was used to obtain Actinobacteria. As a result of 16S rRNA gene region
sequence analysis, 55 actinobacteria strains isolated using only humic acid vitamin (HV) agar medium were
determined to be members of 3 different genera (Nocardia, Saccharothrix and Streptomyces) [7]. In recent
years, Streptomyces boninensis K11-0400" [8] and Agromyces seonyunensis MMS17-SY077"[9] have been
introduced to the literature as new Actinobacteria species from different island soils.

In this study, the biodiversity and molecular typing of actinobacteria strains isolated from‘the soil of the
Prince Islands (Burgazada, Biiyiikada, Heybeliada and Kinaliada) in the Marmara Seatand Gokceada in the
Aegean Sea were investigated by 16S rRNA gene region sequence analysis.

2. MATERIAL AND METHODS

2.1. Collection of Soil Samples and Isolation of Actinobacteria

Soil samples were collected from selected locations of Burgazadd, Biiyiikada, Gokceada, Heybeliada, and
Kinaliada at a depth of 10-20 cm under sterile conditions (Jable 1)“and were stored at +4 °C until the

isolation date.

Table 1. Locality and Geographical coordinates of soil samples

Biiyiikada Heybeliada Gokgeada

June 2012* June 2012* November 2014*

40°51'53.16"K  40°52'29.57"K | 40°10'39.89"K  40°11'35.66"K
29°7'33.34"D  29°528.00"D | 25°54'24.35"D  25°52'31.56"D
40°51'40.64"K  40°52'26.36"K

20°6'43.73"D  29°5'44.06"D ,| 40° 8'59.98"K " 140° 8'35.77"K
Burgazada Kinahada 25°51'40.55"D 4 25°56'45.74"D
June 2012* June 2012*

40°52'52.24"K  40°54'26:09"K

20°3'49.74"D  29° 2'54.95"'D | 40°14'8:80"K 40° 9'2.58"K
40°53'11.72"K  40°54'46.94"K | 25°54"22.79"D  25°55'27.56"D
29°3'23.02"D  29°2'31:42"D

* Date of collection of soil samples

Standard dilution plate/10]psucrose centrifugation [11] and 1.5% phenol [12] methods were used in the
isolation of* ActinobaCteria./Before insulation, 25 g was taken from each soil sample and dried at room
temperature for 15 days. After drying, 1 g of soil samples were weighed and placed in previously prepared
sterile‘bottles containing 9 ml of ringer solution and glass beads. After half an hour of shaking, 1 ml of
homogeneous solution taken from these 10 solutions under sterile conditions was transferred to glass tubes
containing 9:mLof sterile ringer solution and a 107 dilution was prepared. This procedure was repeated for
the 107 solution under the same conditions and 0.2 ml of homogeneous solution from each dilution was
inoculated into antibiotic-added selective media (Table 2). For the 10°% solution to be used in the sucrose
centrifugation method, 1 ml was taken from the 107 solutions prepared in the dilution plate method with
the help of an automatic pipette and added to the tubes containing sterile 9 ml of 20% sucrose solution.
Then these tubes were centrifuged (30 min, 240xg at room temperature) and 0.2 ml was taken from the
upper part of the gradient formed in the tubes and passaged into the selective isolation media (Table 2). For
the 1072 solution to be used in the 1.5% phenol method, 1 ml was taken from the 10 solutions prepared in
the dilution plate method with the help of an automatic pipette and added to the tubes with sterile 9 ml of
1.5% phenol solution. After this mixture was incubated for 30 minutes at 28 °C, 0.2 ml of homogeneous
mixture taken by automatic pipette from 107 dilution was spread to selective isolation mediums (Table 2)
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by swab. Two plates were prepared from each dilution prepared by different isolation methods and
incubated at 28 °C for 14-21 days.

Table 2. Selective media and antibiotics used in isolation
No Media Antibiotics
1 Humic Acid-Vitamin Agar [13] Cycloheximide (50 pg /ml)
Rifampicin (5 pg/ml)
Nalidixic acid (10 pg/ml)
Nystatin (50pg/ml)
Cycloheximide (50pg/ml)

2  Bennettss agar [14]

3  Czapeks dox agar [15]

International Streptomyces Project-2
Medium (ISP2 agar) [16] Nystatin (50ug/ml)
International Streptomyces Project-5 Rifampicin (5pug/ml)
Medium (ISP5 agar) [17]

Nystatin (50pg/ml)

6 Starch Casein agar [18] Nalidixic acid (#0.ug/m1)
7 SML1 Stevenson’s agar [18] Nystatin(50ug/ml)

, Cycloheximide (50pg/(ml)
8 SM2 Stevenson’s agar [18] Neomycift sulfat@(50ug /mi)

) , Nystatin (50ug/ml)
9 SM3agar - Gauze’s agar [18] NAlidixic adid (10pg/l)
10 Tryptone yeast extract agar [15] Cycloheximide (50.u1g /ml)

Rifampicin (5 pg/ml)

11 Tryptone yeast extract vitamin agar [15] Nalidixic acid (10 pg/ml)

2.2. Selection, Purification and Stocking of ACtinobacteria Isolates

The samples transferred to different selectiveimedia by consecutive dilutions were left for incubation at 28
°C for 14-21 days, and actinobacterial-like colonies were selected according to their morphological
character in these isolation plates. Fhe identified actingbacteria and similar colonies are cycloheximide (50
ug/ml) supplemented glucose yeastiextract agar (medium no. 54; DSMZ) [19], tryptone yeast extract agar
(medium no. 680; DSMZ) [15] and NZ-Amin agar (medium no. 554; DSMZ) was transferred to the surface
by line planting method. After 14 days,of incubation at 28 °C, pure isolates were obtained from the
transferred plates. Properties of isolates in fattening media, such as development, spore color, air micellar
color and soluble pigment eolorpwere determined using the ISCC-NBS color catalog proposed by Kelly
(1964) [20]. Isolates were enumerated, pure cultures were made and transferred to autoclaved screw-capped
tubes containing256% glycerol'with.the help of a core and stored at -80 °C.

2.3. Genamic DNA Isolation;"16S rRNA Gene Region Sequence Analyses and Phylogenetic Analyses

Genomic DNA isolation of the isolates was performed using PureLink® Genomic DNA Isolation Kit
(Invitrogen, USA)ATwo universal primers 27F- (5'-AGAGTTTGATC(AC)TGGCTCAG-3’) and 1492R-
(5'-ACGG(ET)TACCTTGTTACGACTT-3') were used for PCR amplification (Thermo Fisher, USA) of
the 16S rRNAgene region [21,22]. The sequencing process of 16S rRNA gene regions, which was
amplified, was performed by Macrogen Europe using 5 primers (Table 3). The chromatogram files in ABI
format obtained after the sequencing process were combined using Chromas version 2.6.6 and sequences
of 16S rRNA gene regions in FASTA format of each strain were obtained. These sequences that were used
to identify the isolates at the genus level and the closest types were determined using the EzBioCloud
database (https://www.ezbiocloud.net/) [23]. MEGA 11 program was used in phylogenetic analyses of
actinobacterial strains [24]. The phylogenetic dendrograms were constructed using the Neighbour-Joining
method [25] and the Jukes-Cantor phylogenetic distance matrix [25].
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Table 3. Oligonucleotide primers used for 16S rRNA sequencing and PCR amplification

Primer code Sequences (5°-3°) Base length  References
518F CCAGCAGCCGCGGTAAT 17 [26]
MG5F AAACTCAAAGGAATTGACGG 20 [27]
800R TACCAGGGTATCTAATCC 18 [27]
27F AGAGTTTGATCMTGGCTCAG 20 [28]
1525R AAGGAGGTGWTCCARCC 17 [28]

3. THE RESEARCH FINDINGS AND DISCUSSION
3.1. Isolation of Actinobacteria

For the isolation study, the lands of Biiyiikada (2), Burgazada (2), Heybeliada (2) and Kinaliada (2) were
collected from 8 different localities, namely from coastal and forest areas. Gokgeada lands, on the other
hand, were taken from 6 different locations, taking into account the diversity‘of,habitats (coast, forest,
agricultural area, pasture, settlement). The effect of these factors on the determinatiomyofiactinobacterial
biodiversity was also investigated by preferring different methods, media‘and localities in‘the isolation of
soil samples. A total of 11 different mediums (Table 2) containing different antibiotics were used in the
isolation of Actinobacteria. Three different isolation methods (standardidilution \plate [10], sucrose
centrifugation [11] and 1.5% phenol [12]) and 4 different media wereused in thesisolation of Actinobacteria
from the lands of Biiyiikada, Burgazada, Heybeliada and Kinaltada. In'the isolation’of Actinobacteria from
Gokeeada lands, only the standard dilution plate method and 7 different media were used.

A total of 103 Actinobacteria strains were isolated in the isolatien study. Of these, 85 of them were isolated
by standard dilution plate method, 11 were isolated by 1.5% phenolmethod and 7 by sucrose centrifugation
method. The distribution of the isolates according to the media is given in Figure 1. 41 isolates were
obtained from Gokgeada, 25 isolates from Heybeliada, 22 isolates from Kinaliada, 11 isolates from
Burgazada and 4 isolates from Biiylikada.

Distribution of Isolates According to Different Growth Medium
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Figure 1. Distribution of isolates according to different growth medium
3.2. Molecular Typing and Phylogenetic Analysis of Isolates

The molecular identification of 103 Actinobacteria strains was based on sequence analysis of the 16S rRNA
gene. To determine the types to which the strains belong and the degree of kinship with the closest types,
the sequences of the 16S rRNA gene region were compared with the data in the EzBioCloud server
database. In the strains to be performed with phylogenetic analyses, those with sufficient length (>1300) of
the 16S rRNA gene region sequences (76 actinobacterial isolates) were preferred [29]. Accordingly, it was
determined that the strains belonged to 12 different genera of Actinobacteria (Figure 2). It was determined
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that the isolated strains belonged to 7 different species in Gokgeada, 6 in Heybeliada, 5 in Kinaliada, 4 in
Burgazada and 3 in Biiyiikada. Strains belonging to 9 genera were isolated from soil samples taken from
two localities in Biiyiikada, Burgazada, Heybeliada and Kinaliada using three different methods and 4
different media. In the isolation study conducted in Gékgeada using only the dilution plate method and 7
different mediums, strains belonging to 7 different types of actinobacteria were isolated. Of these strains,
49 were members of Streptomyces, 17 of Micromonospora, 10 of Nonomuraea, 6 of Nocardia, 5 of
Actinomadura, 4 of Saccharopolyspora, 3 of Rhodococus, 3 of Kribbella, 2 of Agromyces, 2 of
Microbispora, 1 of Amycolatopsis and 1 of Geodermatophilus (Figure 2). According to 16S rRNA gene
region sequence analyses, the types of strains are closest related are given in Tables 4-7. The previously
recommended minimum 16S rRNA gene similarity value for the identification of a new bacterial species
was 97% [30]. However, according to the study conducted by Chun and colleagues in 2018 this value was
re-updated and proposed to 98.7% [31]. However, there are also species in the literature that are over 98.7%
similar to the closest type species and are described as new species [22, 31-33].

Table 4. 16S r RNA sequence analysis results of strains isolated from Biiyiikadaland Burgazada soil

Isolate Closest type strain Similarity (%) #Nucleotididifference
B2F13 Actinomadura bangladeshensis 3-46-b3" 98.89 16/1442
Z2R53 Geodermatophilus dagingensis WT-2-17 99.93 111443
Z1R8  Micromonospora noduli GU143" 99.86 2/1429
Z1R61 Micromonospora salmantinae PSH03" 99.65 5/1430
Z1F35 Micromonospora tulbaghiae DSM 451427 99.86 2/1437
Z2R54 Nonomuraea lycopersici NEAU-DES(1)" 99.17 12/1440
Z1R24 Nonomuraea turkmeniaca DSM 43926F 98.87 16/1416
Z1R34 Streptomyces ureilyticus YC419" 98.21 26/1449
Z1R7  Streptomyces burgazadensis Z1RZ' 95.76 65/1441
Table 5. 16S r RNA sequence analysis results of strains,isolated from Kinalada soil
Isolate Closest type strain Similarity (%) Nucleotid difference
K1R23 Agromyces neolithicus 23-28" 98.75 18/1439
K2R23 Agromyces neolithieus 23-23" 98.89 16/1439
K2F73 Micromonospora chaiyaphumensis DSM 452467 99.44 8/1437
K2F72 Micromonospora luteifusca GUI2" 99.09 13/1427
K2R35 Micromenespora musae-Ms1-97 99.64 5/1391
K2R33 _Micromonosporaipalomenae NEAU-CX1" 99.86 2/1428
K2R55 Micromonospora saelicesensis Lupac 09" 99.93 1/1437
K2519. Micromonospora saelicesensis Lupac 09" 99.93 1/1437
K2S20 " Micromonospora saelicesensis Lupac 09" 99.79 3/1437
K2R49 Micremonospora trifolii NIE79" 99.93 1/1429
K2R47 Mitromonospora zamorensis DSM 456007 100.00 0/1439

K2R37 Nocardia jinanensis NBRC 108249" 99.37 9/1439
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Table 6. 16S r RNA sequence analysis results of strains isolated from Gékeeada soil

Isolate  Closest type strain Similarity (%) Nucleotid difference
Al238 Actinomadura montaniterrae CYP1-1B" 98.96 15/1440
AYDS4  Actinomadura montaniterrae CYP1-1B" 99.86 2/1440
AS21 Actinomadura napierensis B60" 99.11 12/1344
Al239 Actinomadura napierensis B60" 99.18 11/1344
ZIRC94  Amycolatopsis kentuckyensis NRRLB-24129" 99.86 2/1443
AZ5 Microbispora rosea subsp. rosea ATCC 12950" 99.10 13/1443
EZ3 Microbispora rosea subsp. rosea ATCC 129507 100.00 0/1431
EA55 Nocardia gipuzkoensis 234509" 100.00 0/1441
AS26 Nocardia nova NBRC 15556" 99.24 11/1439
EC52 Nocardia rhamnosiphila NRRL B-24637" 99.65 5(1438
Ziz37  Nonomuraea candida HMC10" 98.78 17/1396
ADS25  Nonomuraea indica DRQ-2" 99428 10/1396
YILB32 Saccharopolyspora antimicrobica DSM 451197 99.51 711434
YILB29 Saccharopolyspora antimicrobica DSM 451197 99.52 711444
ZEYS56 Saccharopolyspora elongata 7K5027 100.00 0/1445
ZES61  Saccharopolyspora shandongensis 88" 99.22 11/1417
YILC25 Saccharopolyspora shandongensis 88" 99.72 4/1417
EC51 Streptomyces ambofaciens ATCC 238777 99.72 4/1449
EI2125  Streptomyces ambofaciens ATCC 238777 99.72 4/1449
BI255 Streptomyces antimycoticus NBRE,12839" 99.93 1/1445
ZEZ7 Streptomyces antimycoticus NBRC 12839" 99.72 4/1445
ZIRS29  Streptomyces aureocirCulatus NRRL ISP-5386" 99.52 7/1448
ZIRI57  Streptomyces aureocirculatus NRRL ISP-5386" 99.52 7/1450
ZIRI269 Streptomyces.coeruleorubidus ISP51457 99.01 14/1412
BI519 Streptomyeesifilipinensis NBRC 128607 99.09 13/1436
Bl1245 Streptomyces filipinensis NBRC 12860" 99.31 10/1445
BARZ15 Streptomyces flaveolus.NBRC 37157 100.00 0/1444
ZEI1231  Streptomycesimelanosporofaciens DSM 403187 100.00 0/1449
EZ11 Streptomyces rubrogriseus LMG 203187 100.00 0/1448
ES24 Streptomyces rubrogriseus LMG 203187 100.00 0/1448
ES109 Streptomyces rubrogriseus LMG 203187 100.00 0/1448
YI12 Streptomyces samsunensis M14637 100.00 0/1425
ZEYZ1  Streptomyces seymenliensis B1041" 98.76 18/1449
ZEYZ14 Streptomyces umbrinus NBRC 130917 99.59 6/1446
AS59 Streptomyces virginiae NRRL ISP-50947 99.58 6/1444

ABT77 Streptomyces virginiae NRRL ISP-5094" 99.59 6/1446
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Table 7. 16S r RNA sequence analysis results of strains isolated from Heybeliada soil

Isolate Closest type strain Similarity (%) Nucleotid difference
H3R5 Kribbella karoonensis Q417 99.59 6/1447
H2R4  Kribbella shirazensis UTMC 693" 99.29 10/1404
H2R22 Kribbella turkmenica 16K104" 98.96 15/1442
H2F23 Micromonospora coriariae DSM 448757 100.00 0/1439
H2R10 Micromonospora coriariae DSM 448757 100.00 0/1439
H2F8  Micromonospora inositola DSM 438197 98.71 18/1395
H3F6  Micromonospora yasonensis DS3186" 98.96 15/1438
H3F25 Micromonospora yasonensis DS3186" 98.89 16/1437
H3S3  Nocardia takedensis NBRC 1004177 98.85 16/1395
H3S24 Nocardia takedensis NBRC 100417" 99.38 9/1441
H2R21 Nonomuraea purpurea 1SM4-017 99.10 15/1444
H1R4  Nonomuraea candida HMC10" 98.14 26/1396
H2R11 Nonomuraea candida HMC10" 99,36 9/1398
H2R3  Nonomuraea insulae H2R21" 99.31 10/1442
H2R16 Nonomuraea insulae H2R21" 99.86 2/1444
H2R15 Nonomuraea lycopersici NEAU-DES(1)" 99,03 14/1441
H3R2  Rhodococcus wratislaviensis NBRC 100605" 99.51 7/1441
H1R6  Streptomyces lannensis TA4-8" 99.65 5/1446
H1R9  Streptomyces lannensis TA4-8" 99.72 4/1446

Distribution of genera based on 16S rRNA Gene Sequencing
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Figure 2. Distribution of genera based on 16S rRNA Gene Sequencing

In this study, strains with similarity values between the lowest 95.76 % and the highest 100% in terms of
sequence similarity of the 16S rRNA gene region were isolated (Tables 4-7). Of these strains, the Z1R7
strain [21], which has a similarity of the 16S rRNA gene region of 95.76% with the Streptomyces specialis
GW41-1564T type, and the H2R21 strain, which is 99.1% similar to the Nonomuraea purpurea 1SM4-01T
type type [22] were introduced to the literature by polyphasic taxonomy. Apart from these, the strains with
the lowest 16S rRNA gene region sequence similarity were strain HLIR4 (PP331372) with 98.14% similarity
with Nonomuraea candida HMC10" type strain and strain Z1R34 (PP331421) with 98.21% similarity with
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Streptomyces ureilyticus YC419" type strain. Isolates that are similar between 98.71% and 99.18% with the
closest strains were Micromonospora sp. H2F8 (PP331440) (98.71%), Agromyces sp. K1R23 (PQ808885)
(98.75%), Streptomyces sp. ZEYZ1 (KU497646) (98.76), Nonomuraea sp. ZiZ37 (KU497655) (98.78),
Nocardia sp. H3S3 (PP331419) (98.85%), Nonomuraea sp. Z1R24 (PQ808136) (98.87%), Actinomadura
sp. B2F13 (KP027413) (98.89%), Agromyces sp. K2R23 (PQ808886) (98.89%), Micromonospora sp.
H3F25 (PQ807782) (98.89%), Actinomadura sp. Al238 (KU497647) (98.96%), Kribbella sp. H2R22
(PQ808888) (98.96%), Micromonospora sp. H3F6 (PP331449) (98.96%), Streptomyces sp. ZIRI269
(KU497661) (99.01%), Nonomuraea sp. H2R15 (PQ808135) (99.03%), Micromonospora sp. K2F72
(PP331492) (99.09%), Streptomyces sp. B1519 (KU497662) (99.09%), Microbispora sp. AZ5 (KU497650)
(99.10), Actinomadura sp. AS21 (KU497648) (99.11%), Nonomuraea sp. Z2R54 (PQ808874) (99.17%)
and Actinomadura sp. Al239 (KU497649) (99.18%). The closest types of these strainsqnd nucleotide
differences are given in Table 8.
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Actinomadwra sedimins YIN I 10031 (JF272484)
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Actinomadira bangladeshensis 34603 [AB331632)
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Figure 3. Neighbor-joining [25] phylogenetic tree of Actinomadura, Agromyces and Geodermatophilus
strains based on 16S rRNA gene sequence analysis using MEGA 11 software. Bootstrap values above
50% are shown in the dendrogram
In the dendrogram shown in Figure 3, strain B2F13 clustered with Actinomadura bangladeshensis 3-46-
b3, the closest type species with 98.89% 16S rRNA gene region sequence similarity. Strains Al238, AS21,
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Al239, which show less than 99.2% sequence similarity with the closest type species, also cluster with
Actinomadura napierensis B60". Strains K1R23 and K2R23 clustered with the closest type species,
Agromyces neolithicus 23-23". Accordingly, strains B2F13, Al238, AS21, Al239, K1R23 and K2R23 have
the potential to be new species considering the previous studies [32-34].

62 Rhodococcus sp. KIR19
W00 phodococcus tibetensis FX19.536T (OP167981)
Rhodococcus oxybenzonivorans S2-17 (KY765341)
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Rhodococcus jostiiDSM 447 19T (FNTL01000001)
Rhodococcus koreensis DSM 44498T (FINSV01000005)
Rhodococcus percolatus MBS1T (X92114)
Rhodococcus opacus DSM 432057 (X80630)
Rhodococcus sp. H3IR2
s Rhodococcus wratislaviensis NBRC 1006057 (BAWF01000105)
Rhodococcus pseudokoreensisR79T (CP070619)
Prescottellasoli DSD51WT (KJ19393149)
ool Rhodocoecus sp. BIRS
80’ Prescottellaequi DSM 203077 (AF490539)
| Kribbella sp. H2R22
Kribbella turkmenica 16K104T (MGT770857)
Kribbella flavida DSM 178367 (CP001736)
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1 Kribbella jiaozuonensis NEAU-THZ27T (MK817655)
Kribbelia sp. H2R4
82 Kribbelia sp. H3IRS
58| T Kribbella shirazensis UTMC 693T(TN038072)
Kribbella speibonae YM55T (KM382224)
Kribbella karoonensis Q41T (KP052782)

34— Kribbella swartbergensis HMC25T (AY995147)
Microbispora bryophytorum NEAU-TX2-2T (KF886293)
Microbispora camponoti 2C-HV3T (KR261651)
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82— Microbisporasitophila NEAU-D428T (MW001208)
100|647 Microbisporasp. AZS
Microbisporarosea subsp. aerate ATCC 154487 (U48984)
Microbispora hainanensis 2110207 (F1261972)
Microbisporasp. EZ3
100' Microbisporaresea subsp. rosea ATCC 129507 (FTNI01000083)

—
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Figure 4. Neighbor-joining [25] phylogenetic tree of Kribbella, Microbispora and Rhodococcus strains
based on 16S rRNAsgene sequence analysis using MEGA 11 software. Bootstrap values above 50% are
shown in the dendrogram

In the"dendregram canstructed using the neighbor-joining method (Figure 4), the H2R22 strain formed a
nedresthcluster-with the closest type species Kribbella turkmenica 16K104T with 98.98% sequence
similarity. Similarly, strain AZ5 formed a tree topology with the type species Microbispora rosea subsp.
rosea ATCC)y12950" with 99.1% sequence similarity, indicating that both strains have the potential to be
new species.
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Figure 5. Neighbor-joining [25] phylogenetic tree afiNonomuraea and Saccharopolyspora strains based
on 16S rRNA gene sequence analysis using MEGA 11 software. Bootstrap values above 50% are shown
in the dendrogram

In the phylogenetic dendrogram createdhwith Nonomuraea and Saccharopolyspora strains (Figure 5),
isolates H1R4, ZI1Z37,Z2R24, H2R15 and Z2R24 have the potential to be new species according to both
the 16S rRNA gene regionisequence,similarity rates and the topology they show with the closest type
species in the phylogenetic dendrogram. The 14-17 nucleotide difference between the closest type strains

in terms of 16S rRNA gene regionysequences of these strains also supports this potential.
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Figure 6. Neighbor-joining [25] phylogenetic tree of Micromonospora strains based on 16S rRNA gene
sequence analysis using MEGA 11 software. Bootstrap values above 50% are shown in the dendrogram

In the Neighbor-joining dendrogram created for the strains belonging to the genus Micromonospora (Figure
6), isolates H2F8, H3F25, H3F6 and K2F72 have the potential to be new Actinobacteria strains according
to the tree topology they show. The 16S rRNA gene region sequences of these isolates differ 13-18
nucleotides from the closest type species. This difference supports their potential to be new species.
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Figure 7. Neighbor-joining [25] phylegenetic tree of Nocardia strains based on 16S rRNA gene sequence
analysis using MEGA 11software. Bootstrap values above 50% are shown in the dendrogram

In the phylogenetic dendregram-in Figure 7, it is seen that isolates H3S3 and H3S24 have a high potential
to be new"species corsidering their topological positions with Nocardia takedensis NBRC 100417, the

closest type species according to 16S rRNA gene region sequence analysis.
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Figure 8aNeighbor-joining [25] phylogenetic tree of Streptomyces strains based on 16S rRNA gene
sequence analysis using MEGA 11 software. Bootstrap values above 50% are shown in the dendrogram

In the Neighbor-joining phylogenetic dendrogram (Figure 8) created for Streptomyces strains, Z1R34,
ZIRI1269, BI519, ZEYZ1 strains have a high potential to be new species according to their topology.

In the isolation study carried out with different isolation methods, media and number of locations from five
different island soils, 103 Actinobacteria strains were isolated. The phylogenetic relationships of 76 of these
strains with sufficient 16S rRNA gene sequences were determined. In this article, among the isolates
identified by 16S rRNA gene region sequence analysis and phylogenetic relationships determined, strains
with the potential to be new species belonging to different actinobacteria genera were identified. In recent
studies, Agromyces seonyunensis MMS17-SY077" [9], Nocardioides sambongensis KUDC5002" [35],
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Gordonia insulae MMS17-SY073" [36] and Streptomyces boninensis K11-0400" [8] were isolated from
island soils and introduced to the literature as new species. Streptomyces burgazadensis Z1R7" [21] and
Nonomuraea insulae H2R21" [22] isolated within the scope of this study were identified as new
Actinobacteria species from Tiirkiye by completing polyphasic taxonomic studies. The strains given in
Table 8 are also isolates with high potential to be new species. However, although 16S rRNA gene region
sequence analyses are sufficient to determine the species to which the strains belong, they are not sufficient
to provide species status [37]. Accordingly, polyphasic taxonomic studies must be completed in order to
gain species status of strains with the potential to become new Actinobacteria in phylogenetic dendrograms,
including H1R4 and Z1R34 strains with a similarity rate of less than 98.7%, proposed by Chun et al. [27]
for the 16S rRNA gene region sequence similarity ratio.

In addition, actinobacteria strains isolated from soils have the ability to both synthesize bioactive molecules
and promote plant growth as in many actinobacteria [38,39]. Since the actinobacteria strains isolated in this
study are soil isolates, they have the potential to be both a source of new bioactive”molecules and to have
plant growth promoting properties. In this respect, strains that have the potential,to be ‘new:species will
contribute to the stock of organisms that can be used in pharmacology and agriculture;

Table 8. Isolates with the potential to be new Actinobacteria species

Similarity )\ Nucleotid

Isolate  Locality Closest type strain (%) difference
Al238  Gokceada Actinomadura montaniterrae CYP1-1B! 98.96 15/1440
AS21  Gokgeada Actinomadura napierensis B60" 99.11 12/1344
Al239  Gokgeada Actinomadura napierensis B60" 99.18 11/1344
AZ5 Gokgeada  Microbispora rosea subsp. rosea ATEC 12950" 99.10 13/1443
ZiZ37 Gokceada Nonomuraea candida HMC10" 98.78 17/1396
ZIRI269 Gokgeada  Streptomyces coeruleordbidus ISP 51457 99.01 14/1412
BI519  Gokgeada Streptomyces filipinensis NBRC 128607 99.09 13/1436
ZEYZ1 Gokgeada Streptomyces seymenliensis B1041" 98.76 18/1449
B2F13 Biiyiikkada Actinomadura bangladeshensis 3-46-b3" 98.89 16/1442
Z2R54 Burgazada Nonomuraea lycopersici NEAW-DES(1)" 99.17 12/1440
Z1R24 Burgazada Nonomuraea turkmeniaca DSM 43926" 98.87 16/1416
Z1R34 Burgazada Streptomycesyureilyticus YC419" 98.21 26/1449
H2R22 Heybeliada Kribbella turkmenica 16K104" 98.96 15/1442
H2F8 Heybeliada Micromoenospora inesitola DSM 438197 98.71 18/1395
H3F25 Heybeliada™ Micromonospora yasonensis DS3186" 98.89 16/1437
H3F6 Heybeliada Micremonospara yasonensis DS3186" 98.96 15/1438
H3S3 Heybeliada Nocardia takedensis NBRC 100417" 98.85 16/1395
H1R4  HeybeliadayNonomuraea candida HMC10" 98.14 26/1396
H2R15 . Heybeliada /Noremuraea lycopersici NEAU-DES(1)" 99.03 14/1441
K2R23" Kinaliada® Agremyces neolithicus 23-23" 98.89 16/1439
K1R23 Kinaliada', Agromyces neolithicus 23-23" 98.75 18/1439
K2F72), Xinaliada | Micromonospora luteifusca GUI2" 99.09 13/1427

4. RESULTS

In this study, culturable Actinobacteria strains were isolated, and the identification and phylogenetic
relationships of these strains were carried out by 16S rRNA gene region sequence analysis. Among the 3
different methods used in the isolation of Actinobacteria with a culture-dependent approach, it has been
determined that the dilution plate method gives a more successful result in determining the actinobacterial
biodiversity of soils. In addition, the results obtained within the scope of the study show that increasing the
selective media using the dilution plate method of more soil samples to be taken from different locations
of a single island will give more successful results in determining the actinobacterial biodiversity of the
islands. In addition, among the selective media used, Humic Acid-Vitamin Agar [7] was found to give more
successful results in the selective isolation of Actinobacteria compared to other media (Figure 1).
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As aresult of 16S rRNA gene region sequence analysis, it was determined that the island soils have a high
actinobacterial diversity. Strains belonging to the genera Actinomadura, Amycolatopsis, Agromyces,
Geodermatophilus, Geodermatophilus, Kribbella, Microbispora, Microbispora, Micromonospora,
Nocardia, Nonomuraea, Rhodococcus and Saccharopolyspora, predominantly members of the genera
Streptomyces and Micromonospora with high potential for synthesis of bioactive molecules were identified.
The results show that the islands, which are an important example of geographical isolation, are a valuable
resource for highly new and rare Actinobacteria strains. In the identification using the EzBioCloud database
and the phylogenetic studies carried out using the MEGA 11 program; It has been seen that the island soil
hosts actinobacterial strains with high potential to become a new species. The results obtained within the
scope of this study show that at least 22 isolates (Table 8) of belong to 8 different actinobacterial genera
have a high potential to be new species, taking into account the similarity rates they show with their closest
relatives and their topographic positions in phylogenetic dendrograms (Figures 3-8).%\T'he fact that
Actinobacteria have the potential to produce bioactive molecules and enzymes to bedused inythe fields of
agriculture, health and industry shows that the new species to be identified as a result of. this, study will
make significant contributions to the stock of organisms in these areas from Tiirkiye. In\addition, strains
defined as new species are also known despite high sequence similarity ratessdn the T6SrRNA gene region
[31, 40, 41]. According to this literature information, other strains that arg‘isolated within‘the scope of the
study have the potential to become new species. In conclusion, as a‘result of,16S rRNA gene region
sequence analyzes, the taxonomic positions should be determined preciselyawith a palyphasic taxonomic
approach in order for the isolates with both high potential to be new: species and low potential to gain new
species status.

ACKNOWLEDGMENTS

This study was supported by Ondokuz Mayis Uniyersity Scientific Research Projects Coordination Unit
with project number PYO.FEN.1904.13.004.

CONFLICTS OF INTEREST
No conflict of interest was declared, by the authors.
REFERENCES

[1] Anandan, R., Dharumadurai, ‘Dyand Manogaran, G.P., “An introduction to actinobacteria,
In Actinobacteria-basics and biotechnological applications™, IntechOpen, (2016).

[2] Boubekri, K., Soumare; A., Mardad, 1., Lyamlouli, K., Ouhdouch, Y., Hafidi, M., and Kouisni, L.,
“Multifunctional role’ 'of Actinobacteria in agricultural production sustainability: A
review”, Microbiolegical Research, 261: 127059, (2022). DOI:
https://doi.org/10.1016/j.micres.2022.127059

[3]» Whittaken, R.J., Fernandez-Palacios J.M., “’Island Biogeography: Ecology, evolution, and
conservation (2nd ed.)”, Oxford: Oxford University Press, (2007).

[4] Davison, J., Moora, M., Opik, M., Ainsaar, L., Ducousso, M., Hiiesalu, 1., and Zobel, M.,
“Microbial island biogeography: isolation shapes the life history characteristics but not diversity of
root-symbiotic fungal communities”, International Society for Microbial Ecology Journal, 12(9):
2211-2224, (2018). DOI: https://doi.org/10.1038/s41396-018-0196-8

[5] Wang, P., Li, S.P., Yang, X., Zhou, J., Shu, W., and Jiang, L., “Mechanisms of soil bacterial and
fungal community assembly differ among and within islands”, Environmental Microbiology, 22(4):
1559-1571, (2020). DOI: https://doi.org/10.1111/1462-2920.14864


https://doi.org/10.1038/s41396-018-0196-8
https://doi.org/10.1111/1462-2920.14864

[6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Ahmet Ridvan TOPKARA, Salih SARICAOGLU, Kamil ISIK / GU J Sci, 38(2): x-x (2025)

Lim, C.P., Hoon K.C., Cheah Y.K., “Actinobacteria from Greenwich Island and Dee Island:
Isolation, diversity and distribution”, Life Sciences, Medicine and Biomedicine, 1-1, (2017). DOI:
https://doi.org/10.28916/1smb.1.1.2017.2

Phongsopitanuna, W., Sripreechasakb P., Sangvichienc E., Tanasupawat S., “Diversity,
antimicrobial activity, and susceptibility of culturable soil actinobacteria isolated from Sichang
Island”, ScienceAsia, 47: 673-681, (2021). DOI: https://doi.org/10.2306/scienceasial513-
1874.2021.088

Také, A., Inahashi, Y., Omura, S., Takahashi, Y., and Matsumoto, A., “Streptomyces boninensis
sp. nov., isolated from soil from a limestone cave in the Ogasawara Islands”, International journal
of systematic and evolutionary microbiology, 68(5): 1795-1799," (2018). DOI:
https://doi.org/10.1099/ijsem.0.002753

Kim, Y. S., Kim, S. B., “Agromyces seonyuensis sp. nov., isolated fromnisland soil”’sinternational
Journal of Systematic and Evolutionary Microbiology, 73(1): 005689, (2023). DOI:
https://doi.org/10.1099/ijsem.0.005689

Jiang Y., Li Q., Chen X., and Jiang C., “Isolation and cultivationnethodsiof Actinobacteria In
Dhanasekaran D, Jiang Y. (editors)” Actinobacteria—Basicsand Biotechnological Applications, 39—
57, (2016).

Yamamura H., Hayakawa M., and Limura Y., SApplication of sucrese-gradient centrifugation for
selective isolation of Nocardia sp. from soil”, Journal of Applied Microbiology, 95: 677-685,
(2003). DOI: https://doi.org/10.1046/j.1365-2672.2003.02025.x

Hayakawa, M., Yoshida, Y., and limura; Y., “Selective isolation of bioactive soil actinomycetes
belonging to the Streptomyces, violaceusniger phenotypic cluster”, Journal of Applied
Microbiology, 96(5): 973-981, (2004)."DOI. https://doi.org/10.1111/j.1365-2672.2004.02230.x

Hayakawa, M., Nonomura, H., “Humic Acid-Vitamin Agar, A New Medium for The Selective
Isolation of Soil Actinomyeetes”, Journal of Fermentation Technology, 65: 501-509, (1987). DOI:
https://doi.org/10.1016/0385-6380(87)90108-7

Jones, K.L.,7"Fresh Isolates of /Actinomycetes in which The Presence of Sporogenous Aerial
Mycelia is A Fluctuating Characteristic”, Journal of Bacteriology, 57: 141-145, (1949).

Bower, C.SjpHucker, G.J., “Tech. Bull.” 228. New York State Agr. Exp. Sta., Geneva, N.Y., (1930).

Shirling, EXB., Gottlieb, D., “Methods for Characterization of Streptomyces Species”, International
Journal of Systematic Bacteriology, 16: 313-340, (1966). DOI: https://doi.org/10.1099/00207713-
16<3-313

Pridham’ T. G., Anderson P., Foley C., Lindenfelser H. A., Hesseltine C. W., and Benedict R. G.,
“A selection of media for maintenance and taxonomic study of Streptomyces”, Antibiotics Annual,
947-953, (1956/1957).

Tan G. Y. A.,, Ward A. C., and Goodfellow M., “Exploration of Amycolatopsis diversity in soil
using genus-specific primers and novel selective media”, Systematic and Applied Microbiology,
29: 557-569, (2006). DOI: https://doi.org/10.1016/j.syapm.2006.01.007

Gordon R.E., Mihm J.M., “’The type species of the genus Nocardia”, Microbiology, 27: 1-10,
(1962). DOI: https://doi.org/10.1099/00221287-27-1-1


https://doi.org/10.28916/lsmb.1.1.2017.2
https://doi.org/10.2306/scienceasia1513-1874.2021.088
https://doi.org/10.2306/scienceasia1513-1874.2021.088
https://doi.org/10.1099/ijsem.0.002753
https://doi.org/10.1099/ijsem.0.005689
https://doi.org/10.1046/j.1365-2672.2003.02025.x
https://doi.org/10.1111/j.1365-2672.2004.02230.x
https://doi.org/10.1016/0385-6380(87)90108-7
https://doi.org/10.1099/00207713-16-3-313
https://doi.org/10.1099/00207713-16-3-313
https://doi.org/10.1016/j.syapm.2006.01.007
https://doi.org/10.1099/00221287-27-1-1

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Ahmet Ridvan TOPKARA, Salih SARICAOGLU, Kamil ISIK / GU J Sci, 38(2): x-x (2025)

Kelly, K. L., “’Color-name charts illustrated with centroid colors. Inter-Society Color Council-
National Bureau of Standards, Supplement to NBS Circ”, 533, Standard sample No. 2106,
Chicagol, (1964).

Saricaoglu, S., Isik, K., Veyisoglu, A., Saygin, H., Cetin, D., Guven, K., and Sahin, N.,
“Streptomyces burgazadensis sp. nov., isolated from soil”, International Journal of Systematic and
Evolutionary Microbiology, 64(12): 4043-4048, (2014). DOI: https://doi.org/10.1099/ijs.0.065870-
0

Saricaoglu, S., Nouioui, I., Ay, H., Saygin, H., Bektas, K. I., Guven, K., Cetin, D., Klenk, H.P.,
Isik, k. and Sahin, N., ‘Nonomuraea insulae sp. nov., isolated from forest soil”, Antonie van
Leeuwenhoek, 111: 2051-2059, (2018). DOI: https://doi.org/10.1007/s10482-018-1097-6

Yoon S.H., Ha S.M., and Kwon S., “’Introducing EzBioCloud: a taxonomicallyunited database of
16S rRNA gene sequences and whole-genome assemblies”, International dJournaliof Systematic and
Evolutionary Microbiology, 67(5): 1613-161, (201.7). DOI:
https://doi.org/10.1099/ijsem.0.001755

Tamura K., Stecher G., and Kumar S., “MEGAI11: melecularevolutionary genetics analysis
version 117, Molecular Biology and Evolution,38(7): ©3022-3027, (2021). DOI:
https://doi.org/10.1093/molbev/msab120

Saitou, N., Nei, M., “The Neighbour-Joining Methed: A New Method for Constructing
Phylogenetic Trees”, Molecular and Biological, Evelution,” 4: 406-425, (1987). DOI:
https://doi.org/10.1093/oxfordjournals.molbev.a040454

Jukes, T.H., Cantor, C.R., “Evolution of protein molecules. In Mammalian Protein Metabolism”, 3,
21-132, Edited by H. N. Munro. New York: Academic Press, (1969).

Chun, J., Goodfellow, M.A., “Phylogenetic analysis of the genus Nocardia with 16S rRNA gene
sequences”, International Journal of Systematic and Evolutionary Microbiology, 45(2): 240-245,
(1995). DOI: https://doi.org/10.1099/00207713-45-2-240

Lane, D.J., “16S/23S rRNA sequencing. In: Stackebrandt E, Goodfellow M. Nucleic acid
techniques in bacterial systematics”, Wiley, New York, US, 115-175, (1991).

Buchhalz-Cleven, B.E:E., Rattunde, B., and Straub, K.L., ’Screening for genetic diversity of
isolates ‘of “anaerobic Fe(ll)-oxidizing bacteria using DGGE and whole-cell hybridization”,
Systematic and Applied Microbiology, 20(2): 301-309, (1997). DOl:
https://doi.org/10.1016/S0723-2020(97)80077-X

Stackebrandt, E., Goebel, B. M., “Taxonomic note: a place for DNA-DNA reassociation and 16S
rRNA sequence analysis in the present species definition in bacteriology”, International Journal of
Systematic  and  Evolutionary ~ Microbiology,  44(4):  846-849, (1994). DOI:
https://doi.org/10.1099/00207713-44-4-846

Chun, J., Oren, A., Ventosa, A., Christensen, H., Arahal, D. R., da Costa, M. S., and Trujillo, M.
E., “Proposed minimal standards for the use of genome data for the taxonomy of prokaryotes”,
International Journal of Systematic and Evolutionary Microbiology, 68(1): 461-466, (2018). DOI:
https://doi.org/10.1099/ijsem.0.002516

Penkhrue, W., Sujarit, K., Kudo, T., Ohkuma, M., Masaki, K., Aizawa, T., Pathom-Aree, W.,
Khanongnuch, C., and Lumyong, S., “’Amycolatopsis oliviviridis sp. nov., a novel polylactic
acidbioplastic-degrading actinomycete isolated from paddy soil’’, International Journal of


https://doi.org/10.1099/ijs.0.065870-0
https://doi.org/10.1099/ijs.0.065870-0
https://doi.org/10.1007/s10482-018-1097-6
https://doi.org/10.1099/ijsem.0.001755
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.1093/oxfordjournals.molbev.a040454
https://doi.org/10.1099/00207713-45-2-240
https://doi.org/10.1016/S0723-2020(97)80077-X
https://doi.org/10.1099/00207713-44-4-846
https://doi.org/10.1099/ijsem.0.002516

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Ahmet Ridvan TOPKARA, Salih SARICAOGLU, Kamil ISIK / GU J Sci, 38(2): x-x (2025)

Systematic and  Evolutionary  Microbiology, 68(5):  1448-1454, (2018). DOI:
https://doi.org/10.1099/ijsem.0.002682

Saricaoglu, S., Saygin, H., Topkara, A.R., Gencbay, T., Guven, K., Cetin, D., Sahin, N., and Isik,
K., “Nonomuraea basaltis sp. nov., a siderophore-producing actinobacteria isolated from surface
soil of basaltic parent material’’, Archives of Microbiology, 202: 1535-1543, (2020). DOI:
https://doi.org/10.1007/s00203-020-01866-3

Songsumanus, A., Kuncharoen, N., Kudo, T., Yuki, M., Ohkuma, M., lgarashi, Y., and
Tanasupawat, S., “Actinomadura decatromicini sp. nov., isolated from mountain soil in Thailand”,
The Journal of Antibiotics, 74(1): 51-58, (2021). DOI: https://doi.org/10.1038/s41429-020-0353-y

Hwang, Y. J,, Son, J. S., Lee, S. Y., He, Y., Jo, Y., Shin, J. H., and Ghim¢S. Y., “Nocardioides
sambongensis sp. nov., isolated from Dokdo Islands soil”, International Journabef Systematic and
Evolutionary Microbiology, 70(1): 16-22, (2020). DOI: https://doi.org/10.1099/ijsem:0.003689

Kim, Y. S., Roh, S. G,, and Kim, S. B., “Gordonia insulae sp. nov., isolated from an island soil”,
International Journal of Systematic and Evolutionary Micrebiology, 70(3): 2079-2083, (2020).
DOI: https://doi.org/10.1099/ijsem.0.004023

Tindall, B. J., Rossell6-Moéra, R., Busse, H. J., Ludwig, Wi and Kampfer, P., “Notes on the
characterization of prokaryote strains for taxonomictpurposes®, The International Journal of
Systematic ~ and Evolutionary ~ Microbiology, 60: 249-266, (2010). DOI:
https://doi.org/10.1099/ijs.0.016949-0

Nafis, A., Raklami, A., Bechtaoui, N., El Khalloufi, F., El Alaoui, A., Glick, B. R., and Hassani, L.,
“Actinobacteria from extreme niches in Morocco and their plant growth-promoting
potentials”, Diversity, 11(8): 1394(2019)..DOI: https://doi.org/10.3390/d11080139

Nafis, A., Oubaha, B., Elhidar, N., Ortlieb,nN+, Kulik, A., Niedermeyer, T., and Barakate, M.,
“Novel production of two new nonpolyenic antifungal macrolide derivatives by Streptomyces Z26
isolated from Moroccan rhizospheric 'soil”, Online Journal of Biological Sciences, 18: 176-185,
(2018). DOI: https://doi.org/10:3844/0jbsci.2018.176.185

Biswas, K., Choudhury, J. D., Mahansaria, R., Saha, M., and Mukherjee, J., “Streptomyces
euryhalinus sp. now{, a newwactinomycete isolated from a mangrove forest”, The Journal of
Antibiatics, 70(6): 747-753, (2017). DOI: https://doi.org/10.1038/ja.2017.3

Tang, X.,'Zhao, Jjpkir K., Chen, Z., Sun, Y., and Gao, J., “Streptomyces cyaneochromogenes sp.
nov., a blug’pigment-producing actinomycete from manganese-contaminated soil”, International
Jourpal of |\ Systematic and Evolutionary Microbiology, 69(8): 2202-2207, (2019). DOI:
https://doi.org/10.1099/ijsem.0.003406


https://doi.org/10.1099/ijsem.0.002682
https://doi.org/10.1007/s00203-020-01866-3
https://doi.org/10.1038/s41429-020-0353-y
https://doi.org/10.1099/ijsem.0.003689
https://doi.org/10.1099/ijsem.0.004023
https://doi.org/10.1099/ijs.0.016949-0
https://doi.org/10.3390/d11080139
https://doi.org/10.3844/ojbsci.2018.176.185
https://doi.org/10.1038/ja.2017.3
https://doi.org/10.1099/ijsem.0.003406

