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Isolation of Actinomycetes Indigenous to Guilan Province and Their
Effect on Human Pathogens

Abstract

Actinomycetes are known as the largest reservoir of natural antibiotics in the world. For this reason,
due to their ability to produce various antibiotics and other compounds of therapeutic importance,
they are considered the golden microorganisms of the 21st century. The purpose of this research is
the isolation and molecular identification of actinomycetes with antimicrobial properties from
agricultural soils in the native areas of Guilan province. Soil samples were collected from the
southwestern agricultural areas of Guilan province. Serial dilution was used to isolate
actinomycetes. Then the morphological, physiological, and biochemical identification of the
samples was done and finally, the molecular identification of the isolates was done using /6S rRNA
sequencing and phylogenetic analysis. Antimicrobial activity was investigated against pathogenic
microorganisms. A total of 14 isolates were identified.2 isolates with more antimicrobial properties
were selected. Based on the results of phylogenetic studies and /6S rRNA sequencing,
Amycolatopsis roodepoortensis strain EA7 with 99.63% confidence, and Streptomyces
microflaveus strain EA6 with 93.92% confidence were identified. The isolated bacteria had more
antimicrobial activity against Gram-positive pathogenic microorganisms Staphylococcus aureus
and standard sample Staphylococcus aureus PTCC 1112. This research is the first report on the
identification of actinomycetes with antimicrobial properties in the agricultural soils of the
southwestern regions of Guilan province located in the Alborz mountains. The identification of the
rare strain of Amycolatopsis roodepoortensis strain EA7 from the northern regions of Iran makes
the soils of these regions very valuable.

Keywords: actinomycete, antimicrobial activity, /16S ¥rRNA, Amycolatopsis, Streptomyces
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Introduction

Actinomycetes are known as the largest reservoir of natural antibiotics in the world, but the
abundance of discovery of Bioactive compounds is a new structure (Adamek et al., 2018).
Actinomycetes, belonging to the order Actinomycetal, are members of a heterogeneous group of
gram-positive bacteria that contain more than 55% GC content in their DNA (Peng et al., 2016). It
is believed that actinomycetes are the source of about 61% of all bioactive substances derived from
microorganisms that have been discovered so far (Song et al., 2021; Law et al.,2017). Among
them, the genus Streptomyces has the largest share in the production of secondary metabolites,
which is 16% of all important producers of antibiotics, mainly from Micromonosporaceae and
with a smaller share of Pseudonocardiaceae and Thermomonosporaceae from 'rare
actinomycetes".

This shows that rare actinomycetes are a valuable source of new compounds, and improved
isolation strategies are needed to increase their isolation frequency (Takahashi and Nakashima,
2018). Due to their ability to produce various antibiotics, anticancer compounds, and other
compounds with therapeutic importance, considered the golden microorganisms of the 21st
century (Ibnouf et al., 2022; Adamek et al., 2018).

Therefore, there is a need to continue the search for new microorganisms that are able to produce
bioactive compounds that can combat emerging and resistant infectious pathogens. Actinomycetes
are known as the most economically important microbes. Mainly because they can produce
important medical and pharmaceutical products (Takahashi and Nakashima., 2018). The purpose
of this study is to isolate actinomycetes and screen them to evaluate their antimicrobial activity
and molecular and phylogenetic identification of this group of bacteria from the soil samples of
Alborz Mountain in northern Iran. That is why, in the current study, we isolated and screened
actinomycetes from the soil samples of Alborz Mountain in northern Iran.

Materials and Methods
Soil sampling

A total of 15 soil samples from 3 different places in Alborz mountains (Roodbar city), in
geographical coordinates (east 49/5292° and north 36/8767°) from agricultural areas were
collected from a depth of 15 cm with a shovel after discarding the top layer of soil. The samples
were placed in clean, sterile containers with lids and immediately transferred to the laboratory (Tan
et al., 2019). In the separation step, successive dilution was used 107! to 1077 dilutions (1 to 7) were
prepared from the soil. In this way, 1 gram of dried soil samples was added to 9 ml of sterile
distilled water and after pipetting, 1 ml of each of dilutions 3 to 7 was transferred to the starch
casein agar (SCA) culture medium by pipette. and it was cultivated as a continuous streak (Kalaba
et al., 2021). Tetracycline and nystatin antibiotics were used to prevent contamination. The plates
were incubated for 4 days in an incubator at a temperature of 28°C (Law et al., 2017). After
incubation, to determine the morphological characteristics of the selected isolates, they were
inoculated in the standard culture medium ISP2 (Yeast Malt Extract Agar) for 5 days at a
temperature of 28°C (Ibnouf et al., 2022).
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Isolation and identification of actinomycete strains

The isolated strains were selected by standard microbiology method in terms of morphology,
biochemical, and fermentation of sugars. For primary diagnosis, warm staining methods, soil
smell, and colony observation were used. All isolated actinobacterial strains were compared with
actinobacterial morphology presented in Bergey's manual of systematic bacteriology for possible
identification of isolates (Ranjitha and Ravishankar, 2017). Antibiotic sensitivity test against
commercial antibiotics (ampicillin, tetracycline, vancomycin, chloramphenicol, imipenem,
ceftazidime, piperacillin, and ciprofloxacin) was investigated using the Kerby-Bauer disc diffusion
method (Fahmy et al., 2021). Bacterial cultures were spread on Muller-Hinton Agar (MHA) plates
with 0.5 McFarland turbidity. Eight antibiotic discs were placed on the inoculated plates. They
were incubated for 2 days at 28°C. The diameter of the halo around the disk indicated sensitivity
to antibiotics and vice versa. It was measured in millimeters (Ansari et al., 2019). The ability of
superior strains to grow at different temperatures (27-37°C), different pHs (4-10), and the ability
to tolerate sodium chloride at different concentrations (0-7%) were investigated (Nabila and
Kannabiran, 2018).

Preparation of standard strain

The standard strain of Streptomyces griseus PTCC 1124 was purchased from the Scientific and
Industrial Research Organization of Iran. It was cultivated together with the samples isolated from
the soil.

Identification of test organisms

The studied organisms for the antimicrobial assay of actinomycetes were collected from the
infectious department of Razi Hospital in Rasht. According to the protocol of Ansari et al. (Ansari
etal., 2019), pathogenic bacteria were identified and isolated by biochemical methods.in this study,
Gram-positive (Staphylococcus aureus) and Gram-negative (Pseudomonas aeruginosa)
pathogenic bacteria were used as target organisms (Oliveros et al., 2021). Pseudomonas
aeruginosa standard strain PTCC 1565 and Staphylococcus aureus standard strain PTCC 1112
were purchased from the Iran Scientific and Industrial Research Organization.

Antimicrobial assay of actinomycete isolates

Antimicrobial assay of actinomycete isolates was performed by well diffusion agar method on
Mueller Hinton agar medium. First, from the tested pathogens, 0.5 McFarland's turbidity was
prepared and cultured on Mueller Hinton agar medium with sterile swap. Then, wells were created
on the medium with a sterile dropper and 50 pL of actinomycete strains grown (0.5 McFarland
turbidity) in TSB broth medium were transferred to the wells. Then they were incubated in an
incubator at 37°C for 24-48 hours. After this time, the result was reported (Oliveros et al., 2021).
Based on the presence and absence of the zone of inhibition, the actinomycete with the most
antimicrobial activity was selected for further studies.

Molecular identification using 168 rRNA gene sequencing
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Molecular identification of isolated isolates was done using /6S rRNA gene sequencing and
phylogenetic analysis (Tan et al., 2019). In order to extract the DNA of the selected isolates, a
DNA extraction kit (Sinaclon kit) was used. Extraction was done by the mini-column method.
Actinobacteria general primers (Table 1) were used to isolate and amplify the /6S rRNA gene
(Osama et al., 2022). After ethidium bromide staining, polymerase chain reaction (PCR)
amplification was detected using agarose gel electrophoresis (Tan et al., 2019; Li et al., 2021).

The program used in the PCR of actinomycetes isolates was thirty-five cycles as described below
(Table 2). After completing the reaction steps and confirming the obtained bands by agarose gel
electrophoresis, the reaction product was sent to Pishgam Biotechnology Company for sequencing.
Then, the results obtained from sequence alignment were compared with the sequences recorded
in the NCBI database using the BLAST program (www.ncbi.nlm.nih.gov/blst). The similarity of
16S rRNA gene sequences and the phylogenetic tree of these isolates were drawn by the Neighbor-
joining method using the NCBI database and BLAST program (Fahmy et al., 2021; Tan et al.,
2019).

Results

Isolation and identification of actinomycete strains

During our research on actinomycetes from Alborz mountains (Roodbar city), 14 isolates with the
morphology of actinomycetes were identified using gram staining, biochemical tests, and
fermentation of sugars. The results of biochemical investigations, fermentation of sugars, and
antibiotic sensitivity tests are shown in Table (3). The macroscopic shape of the strains in ISP2
solid medium was observed as dry, chalky appearance (Fig. 1a, b), and the microscopic shape of
the strains was observed as filaments (Fig. 2a, b). The strains are gram-positive, aerobic, and
filamentous. These strains grew well in all tested solid media with variable colony colors.
Biochemical characteristics showed that these strains were catalase positive, and oxidase negative,
and grew well in the temperature range of 27 to 37°C and the pH range between 7 and 8. Strain
EAT failed to hydrolyze starch and urea, but hydrolyzed gelatin and casein. Simmons Citrate agar
test, oxidase, movement test, sulfide production, and indole production were also negative. It can
use several carbon sources such as glucose, xylose, mannitol, raffinose, and arabinose. But strain
EAG6 hydrolyzed starch and urea and could not ferment galactose, sucrose, lactose, and arabinose
sugars. For strain EA6, EA7 and the standard strain, movement test, and indole production were
also negative. But strain EA6 was able to produce sulfide. the rest of the strains and the standard
strain did not produce sulfide. The strain EA6 did not use several carbon sources such as sucrose,
galactose, lactose, and arabinose, and the standard strain did not use sucrose, mannitol, and
raffinose. strain EA7 was resistant to eight antibiotics used in this study. Two strains EA6 and EA7
showed sensitivity to piperacillin and ciprofloxacin antibiotics in this study. However, the standard
strain also showed sensitivity to vancomycin antibiotics (Fig. 3).

Identification of test organisms

A total of 6 pathogenic bacteria Staphylococcus aureus as gram-positive bacteria and
Pseudomonas aeruginosa as gram-negative bacteria were isolated and identified from the
infectious department of Rasht hospitals. The test results are given in the table below (Table 4).
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Pathogenic bacteria Staphylococcus aureus, cocci, catalase positive, oxidase negative, coagulase-
positive, growth in mannitol salt agar medium and Pseudomonas aeruginosa as gram-negative
bacteria, rods, catalase positive, oxidase positive, non-fermenting, motile, able to use citrate and
They grow at 42°C.

Antimicrobial assay of actinomycete isolates

The isolates were screened for antimicrobial activity. Due to the distinct antimicrobial activity, 2
samples were selected as strains EA7 and EA6 for further identification and phylogenetic
investigation. Because they showed broad-spectrum antimicrobial activity. In the stage of the
antimicrobial assay by Well diffusion agar method, two strains EA7 and EA6 showed more
antimicrobial properties. strains EA7 and EA6 showed the diameter of the antimicrobial halo
against staphylococcus aureus and the standard strain of staphylococcus aureus PTCC 1112 of 25
and 15 mm, respectively. Against Pseudomonas aeruginosa, no halo was observed or the diameter
of the halo was small (Fig. 4). They were selected as two indicator strains in terms of antimicrobial
effect.

Molecular identification

The phylogenetic position of strains EA7 and EA6 was determined based on the /6S ¥YRNA gene
sequence. Analysis of the /65 rRNA gene using BLAST software with other bacteria in the genetic
database (NCBI) showed that the strains consist of /65 ¥RNA and 1500 bp gene sequences. Also,
the alignment of these sequences with the sequences recorded in the NCBI data bank showed that
strain EA7 is Amycolatopsis roodepoortensis with 99.63% confidence and strain EA6 is
Streptomyces microflaveus with 93.92% confidence. Two strains named Streptomyces
microflaveus strain EA6 and Amycolatopsis roodepoortensis strain EA7 were named. The results
of PCR and the relationship of Amycolatopsis roodepoortensis strain EA7 with other
Amycolatopsis species and Streptomyces microflaveus strains EA6 with other Streptomyces species
using the Neighbor-joining method are shown in Fig. 5, 6, 7 respectively. Gene registration of
these isolates was done as follows.

Discussion

Investigating and discovering new microorganisms that produce new secondary metabolites can
be essential for an effective role in the competition with new, increasing diseases and antibiotic-
resistant pathogens (Kisil et al., 2021). Actinomycetes are remarkable as a rich source of secondary
metabolites, in addition, they play a vital role in the decomposition of organic matter (Kurnianto
et al., 2021).

The diversity of actinomycetes and their capacity to produce new materials places this category in
a remarkable position. In the last two decades, there has been a decline in the discovery of new
vital compounds from soil-derived actinomycetes, which have produced a large number of
previously described secondary metabolites (Chen et al., 2018). As a result, this gives rise to new
actinomycete species from unusual environments, which in turn creates a new era for medicinal
specialists (Kalaba et al., 2021). Actinomycetes produce a wide range of biologically active
compounds such as antibiotics, enzymes, and enzyme inhibitors (Law et al., 2017).
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In this research, 14 strains of actinomycetes were isolated from the southwestern regions of Guilan
and identified through biochemical, morphological, physiological, and molecular methods.2
strains showed more antimicrobial activity against the studied pathogens. These isolates were able
to grow in the 3 environments tested (ISP2, SCA, MHA), but showed the most and most
appropriate growth in SCA and ISP2 agar environments for the production of antimicrobial
compounds. These strains showed broad-spectrum antimicrobial activity against Gram-positive
bacteria. It can be said that the antimicrobial effect of the desired strains has a higher effect against
gram-positive bacteria. Out of 14 isolates of actinomycetes, only strain EA7 was highly resistant
to eight commercial antibiotics (including ampicillin, penicillin, chloramphenicol, tetracycline,
piperacillin, imipenem, ceftazidime, and ciprofloxacin). While other isolates showed the lowest
resistance with a maximum halo diameter of 20 mm.

Other research (Alam and Jha, 2019; Shaik et al., 2017) showed the antibiotic resistance of soil
actinomycetes, Amycolatopsis Balhimycina, and Amycolatopsis orientalis against 4 antibiotics
(ampicillin, penicillin, chloramphenicol, tetracycline) as well as antimicrobial activity in They
have shown methicillin-resistant Staphylococcus aureus strains. which is consistent with the
results of our research.

Ansari et al.'s study (Ansari et al., 2019) confirmed the antibiotic resistance of Streptomyces SP
to ampicillin and ciprofloxacin. Significant differences in antibiotic susceptibility patterns and
nutritional resource utilization within and among actinomycete species may be related to local
adaptations (Kisil et al., 2021).

In another study, Gram-negative bacteria were more resistant to the antimicrobial effect produced
by actinomycetes compared to Gram-positive ones (Fahmy et al., 2021).

In research, it was shown that gram-negative bacteria have more resistance to antimicrobial effects
compared to gram-positive ones, and in the case of Staphylococcus aureus, the diameter of the
halo was greater than that of Pseudomonas aeruginosa (Abd-Elnaby et al., 2016).It can be
attributed to the different structure of the outer membrane in gram-negative bacteria that have
lipopolysaccharide compounds, which leads to their impermeability against antimicrobial
substances (Nikbakht et al., 2021). It is important to obtain data from both methods based on 76S
rRNA gene sequencing and biochemical characteristics in order to provide a suitable method for
the classification of prokaryotes, especially for the genera Amycolatopsis and Streptomyces in
actinomycetes (Osama et al., 2022). Studies have shown that the species in the genus
Amycolatopsis with the species in the genus Streptomyces, which have the similarity of the Yala
165 rRNA gene, may still show very different phenotypic characteristics according to biochemical
characteristics and patterns of carbon source utilization (Sharma and Manhas, 2019). Molecular
technique is a common and accurate technique for identifying microorganisms. Among the
different molecular methods, measuring /6S ¥rRNA sequences is a very powerful tool in the
classification of Streptomyces. Therefore, in this research, in order to identify the isolated bacteria
and in-depth evaluation of the biochemical and physiological characteristics of the isolated strains,
with the aim of providing a better understanding, the /65 ¥rRNA gene sequencing method was used
(Tan et al., 2019). The 16S rRNA gene sequence has a highly conserved sequence. So, in bacteria
of a very similar species, in bacteria that are in the same strain and there is almost a hundred percent
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identical sequence, as a result, it is very suitable as a target gene for DNA sequencing in samples
containing thousands of different species (Kurnianto et al., 2021).

The strains identified in the /6S rRNA gene sequence determination method differed from each
other in terms of their kinship relationships with the closest strains in biochemical characteristics
and fermentation of sugars. This issue is related to the factors that affect the behavior of
microorganisms, which are still not well understood (Kawuri and Darmayasa, 2018). However,
changes, such as the concentration of nutrients and how to access these substances, the occurrence
of competitors in the environment, metabolites, and cell density, can play a role in the gene
expression and enzyme complex inside the cell (Kumar and Jadeja, 2016).

It is hypothesized that actinomycetes from different environments may have different
characteristics with unique structural elements due to changes in their environment, including
competition for survival, predation, available nutrients, light, oxygen, and pressure (Gupta et al.,
2019). In this study, we showed that actinobacteria present in different environmental conditions
have diverse characteristics and can form new species that produce new and biologically active
compounds. In this research, Amycolatopsis roodepoortensis strain EA7 is one of the rare
actinomycetes and belongs to the Psuedenocardiace family. This strain is one of the important
producers of antibiotics. The identification of this rare strain from the northern regions of Iran
makes the soils of these regions very valuable because this can lead to the production of useful
bioactive compounds for future pharmaceutical applications and fight against multidrug resistance
and Pathogens becoming resistant to antibiotics.

Data availability Amycolatopsis roodepoortensis strain EA7(GenBank accession number:
OR680714), Streptomyces microflaveus strain EA6 (GenBank accession number: OR680713).

CONFLICT OF INTEREST: No conflict of interest declared.

Reference

Adamek M, Alanjary M, Sales-Ortells H, Goodfellow M, Bull A, Winkler A, Wibberg D,
Kalinowski J, Ziemert N. Comparative genomics reveals phylogenetic distribution patterns of
secondary metabolites in Amycolatopsis species. BMC Genomics .2018: 19(426):1-15.

Peng Q, Zhi-Xiang F, Jie-Wei T, Zu-Chao L, Lei W, Zhi-Gang Z, Yi-Wen C, Qiang T. Diversity,
bioactivities, and metabolic potentials of endophytic actinomycetes isolated from traditional
medicinal plants in Sichuan, China. Chinese Journal of Natural Medicines. 2015; 13(12): 0942-
0953.

Song Z, Xu T, Wang J, Hou Y, Liu C, Liu S, Wu S. Secondary Metabolites of the Genus
Amycolatopsis: Structures, Bioactivities, and Biosynthesis.Molecules.2021;26(18):1-35.



266
267
268
269

270
271

272
273

274
275
276

277
278
279

280
281
282

283
284
285
286

287
288
289

290
291
292

293
294
295
296

297
298
299

300
301
302

Law JWF, Ser HL, Duangjai A, Sao Kaew S, Bukhari SI, Khan TM, et al. Streptomyces
colonosanans sp. nov., a novel actinobacterium isolated from Malaysia mangrove soil exhibiting
antioxidative activity and cytotoxic potential against human colon cancer cell lines. Frontiers in
microbiology. 2017;8(1):877-891.

Takahashi Y, Nakashima T. Actinomycetes, an Inexhaustible Source of Naturally Occurring
Antibiotics.Antibiotics Journal. 2018;7(45):1-17.

Ibnouf EO, Aldawsari MA, Waggiallah HA. Isolation and extraction of some compounds that act
as antimicrobials from actinomycetes. Saudi Journal of Biological Sciences.2022; 29(8):1-7.

Tan LT-H, Chan K-G, Pusparajah P, Yin W-F, Khan TM, Lee L-H, et al. Mangrove-derived
Streptomyces sp. MUM265 as a potential source of antioxidant and anti-cancer agents. BMC
microbiology. 2019;19(1):1-16.

Kalaba MH, Moghannem SA, El-Hawary AS, Radwan AA, Sharaf MH, Shaban AS. Green
synthesized ZnO nanoparticles mediated by Strepfomyces plicatus: Characterizations,
antimicrobial and nematicidal activities, and cytogenetic effects. Plants. 2021;10(9):1760-1786.

Ranjitha V, Ravishankar V. Extracellular synthesis of selenium nanoparticles from an
actinomycetes Streptomyces griseoruber and evaluation of its cytotoxicity on HT-29 cell line.
Pharmaceutical nanotechnology. 2018;6(1):61-68.

Fahmy NM, Abdel-Tawab AM. Isolation and characterization of marine sponge—associated
Streptomyces sp. strain NMF6 producing secondary metabolite(s) possessing antimicrobial,
antioxidant, anticancer, and antiviral activities. = Journal of Genetic Engineering and
Biotechnology. 2021;19(102):1-14.

Ansari MA, Alkubaisi N, Vijayaragavan P, Murugan P. Antimicrobial Potential of Streptomyces
sp. To The Gram-Positive and Gram-Negative Pathogens. Journal of Infection and Public Health
2019; 12(1): 861-866.

Nabila MI, Kannabiran K. Biosynthesis, characterization and antibacterial activity of copper oxide
nanoparticles (CuO NPs) from actinomycetes. Biocatalysis and agricultural biotechnology.
2018;15(1):56-62.

Oliveros KM,Rosana AR, Montecillo AD, Opulencia RB, Jacildo AJ, Zulaybar TO, Raymundo
AK.Genomic Insights into the Antimicrobial and Anticancer Potential of Streptomyces sp. A1-08
Isolated from Volcanic Soils of Mount Mayon, Philippines. Philippine Journal of Science. 2021;
150 (6A): 1351-1377.

Osama N, Bakeer W, Raslan M, Soliman HA, Abdelmohsen UR, Sebak M. Anti-cancer and
antimicrobial potential of five soil Streptomyces: a metabolomics-based study. Royal Society Open
Science. 2022;9(2):1-17.

Li R, Wang M, Ren Z, Ji Y, Yin M, Zhou H, Tang SH-K. Amycolatopsis Aidingensis sp.nova.,
Halotolerant Actinobacterium, Produces New Secondary Metabolites. Frontiers in
Microbiology.2021;12:1-14.



303
304

305
306
307

308
309
310

311
312
313

314
315
316

317
318
319

320
321
322
323

324
325
326

327
328
329

330
331

332
333
334

335

336

337

338

Kisil OV, Efimenko  TA, Efremenkova OV. Looking Back to Amycolatopsis: History of the
Antibiotic Discovery and Future Prospects. Antibiotics. 2021; 10(125): 1-25.

Kurnianto MA, Kusumaningrum HD, Lioe HN, Chasanah E. Antibacterial and antioxidant
potential of ethyl acetate extract from Streptomyces AIA12 and AIA17 isolated from the gut of
Chanos Chanos. BIODIVERSITAS .2021; 22(8):3196-3206.

Chen C, Ye Y, Wang R, Zhang Y, Wu C, Debnath S, Ma Z, Wang J, and Wu M. Streptomyces nigra
sp. nov., is a novel actinobacterium isolated from mangrove soil and Exerts a Potent Antitumor
Activity in Vitro. Frontiers in microbiology. 2018;9(1):1-14.

Alam M, Jha DK. Optimization of culture conditions for antimetabolite production by a rare tea
garden actinobacterial isolate, Amycolatopsis sp. ST-28. African Journal of Clinical and
Experimental Microbiology. 2019; 20 (3): 209-220.

Shaik M, Sankar G, Iswarya M, Rajitha P. Isolation and characterization of bioactivities of
metabolites Producing marine Streptomyces parvulus Strain Sankarensis-A10. Journal Of Genetic
Engineering and Biotechnology .2017;15,87-94.

Abd-Elnaby HM, Abo-Elala GM, Abdel-Raouf UM, Hamed MM. Antibacterial and anticancer
activity of extracellular synthesized silver nanoparticles from marine Streptomyces rochei
MHM13. The Egyptian Journal of Aquatic Research. 2016;42(3):301-312.

Nikbakht M, Omidi B, Amoozegar MA, Amini K. Cytotoxicity effect of secondary metabolites of
Streptomyces Koyangensis and Streptomyces Tunisiensis isolated from saline soils of Garmsar City
on human breast cancer cell line (MCF-7, IBRC C10082). Medical Science Journal of Islamic
Azad Univesity-Tehran Medical Branch. 2021;31(4):367-376.

Sharma M, Manhas RK. Purification and characterization of actinomycins from Streptomyces
strain M7 active against methicillin-resistant Staphylococcus aureus and vancomycin-resistant
Enterococcus. BMC Microbiology. 2019;19(44):1-14.

Kawuri R, Darmayasa I. Bioactive Compound from Extract Filtrat Streptomyces sp. as Biocontrol
of Vibriosis on Larvae of Macrobrachium Rosenbergii shrimps. Journal of Biosciences. 2019;
26(10):15-25.

Kumar R, Jadeja V. Isolation of Actinomycetes: A Complete Approach. International Journal of
Current Microbiology and Applied Sciences. 2016;5(2): 606-618.

Gupta A, Singh D, Singh SK, Singh VK, Singh AV, Kumar A. Role of actinomycetes in bioactive
and nanoparticle synthesis. Role of Plant Growth Promoting Microorganisms in Sustainable
Agriculture and Nanotechnology: Elsevier. 2019; 4(1): 163-182.



339 Table 1 Primers used in polymerase chain reaction

Primer type Primer sequence Number of
nucleotides

27F 5'- AGAGTTTGATCCTGGCTCAG -3' | 20

1492R 5'-GGTTACCTTGTTACGACTT-3' 19
340
341
342 Table 2 Adjusted temperature schedule for polymerase chain reaction

Number Time Temperature (°c) level
1 2 95 denaturation
33 30 Second 95 denaturation second stage
30 Second 55 Annealing
45 Second 72 Extension
1 5 72 The third stage (final extension)

343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360

10



361 Table 3 Morphological, biochemical, and physiological characteristics of Actinomycetes

Biochemical tests A A A A A A A A A A A A A A S
C C C C C C C C C C C C C C T
T T T T T T T T T T T T T T S
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Warm coloring + + + + + + + + + + + + + + +
Acid-fast staining + + - + + - - + - - - - + + -
Catalase + + + + + + + + + + + + + +
oxidase - - - - - - - - - - - - - _ -
Starch hydrolysis + + + + + + - + - - + - + + T
Simon Citrate - + + - + + - - - - + - - I +
urea + - + - - + - + - + - + + + +
Nitrate reduce - - - - - - - - - - - - - - -
Gelatin hydrolysis test + + + - - + + + + + + + + + +
Casein hydrolysis test + + + + + + + + + + + + + + +
Test (SIM) - - - - - - - - - - - - - - -
motility - - - - - + - - - - - - - - -
Sulfide - - - - - - - - - -
indole
Vegetative mycelium whit | whit | whit | whit | whit | white | crea | crea | crea | whit | whit | whit | whit | crea | whit
e e e e e yello | m m m e e e e m e
W
Salt tolerance - - - - 4% | 2% | 7% | 2% | 4% | 4% | 2% | 2% | 2% | 4% | 2%
temperature 27- | 27- | 27- | 27- | 27- | 27- | 27- | 27- | 27- | 27- | 27- | 27- | 27- | 27- | 27-
30 32 30 30 32 37 37 30 30 30 30 30 32 32 37
Different pH 4-10 | 4-7 | 4-6 | 46 | 45 | 4-10 | 4-10| 4-7 | 47 | 4-7 | 47 | 47 | 47 | 47 | 4-10
Colony color whit | whit | whit | whit | whit | white | crea | crea | crea | crea | crea | crea | crea | Cre | whit
e e e e e m m m m m m m am e
Spore wall + + + - - + - - - - - - + + -
Antibiotic sensitivity test
Ampicillin 10mg 11 12 12 13 14 9 R 10 R R 12 15 11 10 7
Tetracycline 30 mg 11 14 15 15 16 10 R R R 10 12 R 11 16 10
Vancomycin 30 mg 21 22 18 21 22 10 R 10 R 10 12 18 12 16 28
Chloramphenicol30mg 15 16 15 15 17 13 R 10 R R 14 14 13 16 10
Imipenem10 mg 13 14 13 14 12 R R R 11 13 12 11 14 12 R
Ciprofloxacin 5 mg 22 19 18 21 21 22 16 17 19 19 21 22 21 23 22
Ceftazidime 30 mg 18 19 17 18 18 R R 10 15 15 15 17 14 18 R
Piperacillin100 mg 19 22 21 24 26 22 15 16 25 25 22 24 25 25 22
Sugar fermentation test
Glucose + + + + + + + + + + + + + + +
fructose + + - - - + - + - + - - + - +
Sucrose - - + + - - - - - + - - - + -
Galactose + + + + - - - - - + R R + R +
Raffinose + - + + + + + + + + + + + + -
Mannitol + + + + + + + + + + + + + + -
Maltose - - + - - + - n - + _ _ T T T
xylose + - - + - + + + + + + + + + +
Arabinose - + + - - - + - + + + + + + +
Lactose + + + + - - - - - + - - + + +
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362

363 Table 4 Staphylococcus aureus and Pseudomonas aeruginosa identification tests
Staphylococcus | Results | Pseudomonas Results
aureus aeruginosa
Catalase + Catalase +
oxidase - oxidase +
coagulase + SIM Motility
Mannitol ~ Salt | + Simmons Citrate | +
Agar agar

TSI -
Growth at 42°C +

364

365

366

367
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370

371
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381

382

383

384

12



385
386

387

388
389

390
391

392
393

394

395

Fig. 2 Microscopic image of (a) EA7, and (b) EAG6 strains

=
B

L)

3c: PTCC 1124

Fig. 3 Antibiotic sensitivity test of sample isolated from soil and standard sample
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398

399
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401
402

PTCC 1124

Fig. 4 Antimicrobial assay of actinomycete isolates

1500bp

Fig. 5 PCR product electrophoresis results on agarose gel
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7 Amycolatopsis regifaucium strain GY080 168 ribosomal RNA, partial sequence
) % Amycolatopsis japonica strain MG 417-CF 17 16S ribosomal RNA, partial sequence
2 Amycolatopsis decaplanina DSM 44594 16S ribosomal RNA, partial sequence
2 Amycolatopsis oliviviridis strain SCM_MK2-4 168 ribosomal RNA, partial sequence
% Amycolatopsis azurea strain IMSNU 20053 16S ribosomal RNA, partial sequence
 Amycolatopsis lurida strain IMSNU 20057 16 ribosomal RNA gene, partial sequence
3 L 7 Amycolatopsis lurida strain DSM 43134 16S ribosomal RNA, partial sequence
2 Amycolatopsis pittospori strain PIP199 168 ribosomal RNA, partial sequence
OEA7
|°-°°‘_| ? | Amycolatpss oloradenss sain DSM 4422 165 rbosomal RNA, parta .
403 » Amycolatopsis umgeniensis strain UM16 16S ribosomal RNA, partial sequ...

9

9

404 Fig. 6 Phylogenetic tree of strain EA7 based on /6S rRNA gene sequences with other Amycolatopsis species using

405 the Neighbor-joining method. Bootstrap values were expressed as a percentage of 1000 repetitions. Bar, 0.004
406 substitutions per nucleotide position.

407

408

409

Straptomyees microflavas susn 173025 165 ribossmal RNA pona, parnisl sequence
Streplomryces sp. HB 122 165 ribosomal RNA pone. partial sogque noe
Strepomyces mi roflavis sirain NAGRS 12 chomosne, complete penone
: Streplonryces wp. sirain LMAIZISE_ V4 165 ribosomal RNA gene, partial sequcnce
Sreptomyces fubyissimus sirain Kris? 168 nbosomal RNA pene, partial sequence
$ ;nm.«m‘. i roflavus strain SAISX 16 163 ribossmal RNA gonc, panial soquence
Strepiomyces @, sirain N70 165 ribosmal RNA gene, panial sequonce
| Sreptomyces s, swain LD-24 168 ribosomal RNA gone, partial soquance
Sreptontyces macroflavus sirwin NM7 165 ribosomal RNA gone. partial saquence
O Sreplomyces griseus dran QT252 165 ritosomal RNA gene. panial squence
Streplonsyces priveus strain QT3 19 168 ribosonal RNA pene, partial sequence
7 Surepromyces microflavus strain MBTI6 165 riboswmal RNA gene, parial sequence
Sireptomyces . strain M4 168 ribosomal RNA gene, partial sequence
Strepiomyces @, sirain N¥O 165 ribosmal RNA gene, partial sequonce

410  Sreptorave s st sain ACEB3(1) 165 rbomomal RNA sema. parial seconcy

411 Fig. 7 Phylogenetic tree of strain EA6 based on /6S rRNA gene sequences with other Streptomyces species using the

412 Neighbor-joining method. Bootstrap values were expressed as a percentage of 1000 replicates and a bar of 0.002
413 substitutions at each nucleotide position.
414
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