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INTRODUCTION 

Owing to the improper and unregulated usage of  

antibiotics, the rapid outbreak of Multi-Drug Resistance 

(MDR) bacterial strains across the globe is highly  

inevitable. It is quite an alarming threat that greatly 

threatens the human community as it spreads exponen-

tially (Ventola, 2015). Further, the discharges from the 

industrial sectors, aquaculture farms and agronomic 

practices might lead to the distribution and acquisition 

of a wide variety of antibiotic-resistant traits in the  

bacterial population (Serwecińska, 2020). Alternatively, 

the evolutionary changes due to the random/site-

specific mutations can cause the organisms to acquire 

resistant properties at their genomic level (Arber, 2000; 

Durão et al., 2018; Hadjadj et al., 2019; Souque et al., 

2021; Baquero et al., 2021 and Feng et al., 2022).  

Owing to all these, even many of the non-pathogenic 
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bacteria belonging to the gram-positive and  

gram-negative classes are now included as a potent 

threat to the well-being of the human population. The 

most common MDR bacterial strains are methicillin-

resistant Staphylococcus aureus (MRSA),  

colistin-cephalosporin-resistant Escherichia coli (MCR), 

carbapenem-resistant Klebsiella pneumonia (OXA) and 

vancomycin-resistant Enterococcus faecalis (VRE). The 

high incidence of such pathogens and a lack of  

combinatorial chemistry-based therapeutic agents have 

led to searching for novel and potent antimicrobials 

(Lam, 2007). Such bioactive compounds can be  

produced by varied classes of bacteria and fungi as a 

part of their secondary metabolism (Rana et al., 2019; 

Roy et al., 2022; Lázár et al., 2018; Windels et al., 2019 

and Maeda et al., 2020). 

Actinomycetes are one of the most important producers 

of antimicrobials, which can be isolated from soil  

samples, and their metabolites can be explored for po-

tential use in pharmaceutical chemistry (Selim et al., 

2021). About 2/3rd of the naturally existing antibiotics 

are derived from these actinomycetes species, contrib-

uting significant welfare to the human community 

(Okami and Hotta, 1988). The species such as Strepto-

myces, Actinoplanes and Nocardia from the soil  

samples were identified as potent inhibitors of  

gram-negative and -positive bacteria and fungi 

(Dhanasekaran et al., 2009). The coastal regions of 

Tamil Nadu, India, are identified as one of the richest 

pools of actinomycetes as it has a diversified  

community with varying degrees of metabolite secretion 

potentials. 

Secondary screening using MDR is used to identify and 

characterize microorganisms that exhibit resistance to 

multiple antimicrobial agents, including antibiotics 

(Sapkota et al., 2020). This type of screening is  

particularly relevant in the context of Actinomyces or 

any other microorganism with potential antibiotic-

producing capabilities. MDR screening helps identify 

microorganisms that can withstand the effects of  

multiple antibiotics. These resilient strains are of 

 particular interest because they may contain novel re-

sistance mechanisms or produce potent antimicrobial  

compounds. Actinomyces and other antibiotic-

producing microorganisms are valuable resources for 

drug development. MDR screening helps identify 

strains that produce antibiotics effective against  

multidrug-resistant pathogens, providing potential leads 

for new drug candidates. Studying MDR microorgan-

isms, including Actinomyces, contributes to the One 

Health approach, which recognizes the interconnected-

ness of human, animal, and environmental health. Un-

derstanding MDR in soil microorganisms can shed light 

on the spread of antibiotic resistance through  

environmental reservoirs. Actinomyces and other MDR  

microorganisms can be used in biotechnological  

applications, such as bioremediation or enzyme  

production. Understanding their resistance profiles is 

essential for optimizing their use in various industries. 

Actinomyces and other antibiotic-producing microor-

ganisms are valuable resources for drug development. 

MDR screening helps identify strains that produce  

antibiotics effective against multidrug-resistant  

pathogens, providing potential leads for new drug can-

didates. 

With this fact, the present study has isolated the  

actinomycetes species from those soil samples,  

characterized their morphological features and  

sequenced their genomes. Further, a series of primary 

screening using the standard ATCC strains and  

secondary screening using screened MDR strains were 

examined to evaluate the antimicrobial ability of the 

isolates. Also, metabolites of the isolates were  

assessed to facilitate the development of novel  

antimicrobials against the wide range of MDR strains. 

MATERIALS AND METHODS 

Methodology 

Collection of samples 

Soil samples were collected from the seashore along 

the coastline of Tamil Nadu in aseptic uricol bottles 

which includes Thiruvanmiyur Beach (12.9736°N, 

80.2665°E), Kottivakam Beach (12.9661°N, 80.2651°

E), Edward Elliot’s Beach(12.9989°N, 80.2719°E), Ma-

rina Beach (13.0550°N, 80.2824°E), Kovalam Beach 

(13.0827°N, 80.2707°E). The samples were kept in 

sterile air-tight poly bags during the transportation and 

preserved at room temperature until further use. 

 

Isolation of actinomycetes 

Actinomycetes were isolated from the collected marine 

soil samples using Actinomycete Isolation Agar (AIA) 

and Yeast Malt Extract Agar (YMEA), which were  

dissolved in filtered sea water augmented with the 

group of antibiotics viz. rifampicin (4.5µg/ml), flucona-

zole (150µg/ml) and amphotericin B (25µg/ml) as  

described by Chaudhary et al. (2013) and Hanshew et 

al. (2015). To mimic the native environment of marine 

actinomycetes, the sterilised sea water was used for 

the media preparation. Serially diluted and titrated soil 

samples were streaked on YMEA and AIA plates and 

incubated at 37°C for 14-28 days to observe the 

growth. The obtained colonies were gram-stained and 

visualized under a microscope (oil immersion lens, 

100X). Colonies showing typical actinomycete-like  

appearances were sub-cultured. 

 

Antimicrobial screening 

Primary screening 

The primary screening was done to screen the antimi-

crobial action of actinomycetes using Muller-Hinton 
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(MH) agar plates on the screened ATCC strains such 

as Acinetobacter baumanni (ATCC 19606), Enterococ-

cus faecalis (ATCC 29212), Escherichia coli (ATCC 

25927) and Staphylococcus aureus (ATCC 25923). As 

per the modified Cross-streak method, the plates were 

inoculated with a single streak of actinomycete culture 

in the centre of the petri plate. The plates were incubat-

ed at 37°C for about 7 days to allow the substantial 

growing ability of the colonies and to produce and  

diffusion of antibiotics in the agar medium. After incuba-

tion, the ATCC strains were streaked perpendicular to 

the actinomycete and incubated to observe their  

antibacterial potential. 

 

Secondary screening 

The actinomycetes screened from the primary  

screening were subjected to investigate the antimicrobial 

potency against the multidrug-resistant bacterial strains 

such as Methicillin Resistant Staphylococcus aureus 

(MRSA), Vancomycin-resistant Enterococcus faecalis 

(VRE), Carbapenem resistant Klebsiella pneumonia 

(OXA) and Colistin-cephalosporin resistant Escherichia 

coli (MCR) using the cross streak method as described 

in the previous section. 

 

Biofilm disruption potential 

The secondary metabolites from the isolates were test-

ed for their activity against biofilm formation. Staphylo-

coccus aureus was inoculated in MH broth supplement-

ed with 2 mg/mL of glucose. The supernatant from the 

broth containing actinomycetes was added to each 

plate. The plates were left undisturbed for 48 hours in 

an incubator at 37°C. Following biofilm formation, the 

plates were washed twice with sterile water. The 

washed plates were stained with 0.1% crystal violet 

and the coverslips were visualized under the light  

microscope. 

 

16S rRNA sequencing of actinomycetes 

The genomic DNA of the isolates was extracted using 

the Qiagen’s genomic DNA extraction kit as per manu-

facturer’s instructions (Catalogue no: 69504). A 16S 

rRNA gene which was PCR-targeted was performed for 

the bacterial isolate with 25µL reaction volume consist-

ing of broad-range 16S rRNA primers as described by 

Weisburg et al. (1991): 16S Forward primer -5’-

AGAGTTTGATCCTGGCTCAG-3’ and 16S Reverse 

primer -5’ ACGGCTACCTTGTTACGACTT-3’ (10 pM of 

each primer) (Table 1), 10× PCR buffer ,10 mM of 

dNTP mix, 1 unit Taq DNA, DNA template (0.1-1 µg of 

DNA) and PCR grade water (Table 2). The PCR ampli-

fication was performed in Mastercycler (Eppendorf, 

Germany) with initial denaturation at 95°C for 3 min 

followed by 37 cycles at 95°C for 30 s, 55°C for 30 s 

and 72°C for 1 min, and with final extension at 72°C for 

7 min. The amplicons were resolved along with DNA 

markers in 0.8% agarose with ethidium bromide (10 

mg/mL) by gel electrophoresis for ~25min at 135 V 

using Mupid-exU system (Takara, Japan) and the gel 

was analysed by BioGlow UV Transilluminators 

(Crystal Technology, USA). The resultant product size 

is 1500bp. 

 

16S rRNA gene sequencing and BLAST analysis 

The 16S rRNA PCR product was sequenced at  

Macrogen Inc. (Seoul, Korea) using ABI PRISM® 

BigDye Terminator and ABI 3730XL sequencer 

(Applied Biosystem, USA) using primers mentioned. 

The low quality ends of 16S rRNA sequences were 

trimmed by using Bio-Edit version 7.0.9 (Isis Pharma-

ceuticals) or Codon Code Aligner version 4.0 software 

(Codon Code Corporation). The species identification 

of the bacteria was achieved by comparing the nucleo-

tide sequence of 16S rRNA gene against known  

sequences available in the GenBank microbial  

genomes database using the Basic Local Alignment 

Search Tool (BLAST), (https://blast.ncbi.nlm.nih.gov/

Blast.cgi). The 16S rRNA gene sequences of the pre-

sent study bacterial isolate were deposited in the Na-

tional Center for Biotechnology Information (NCBI) 

GenBank database. 

 

Phylogenetic analysis of 16S rRNA gene 

Multiple nucleotide alignment of the 16S rRNA gene 

sequences was performed using CLUSTALW. The 

phylogenetic tree was constructed using the neighbour-

hood joining algorithm with a 500 bootstrap in the 

MEGA (molecular evolutionary genetic analysis)  

version 7.0 software. A total of 45 16S rRNA  

sequences of various Streptomyces sp. were used to 

build the evolutionary tree. 

 

Extraction of bioactive secondary metabolites 

The potent antibacterial compound-producing strains 

were grown in ISP-5 broth and incubated in a shaking 

incubator at 150 rpm, 30°C for 7 days (Singh et al., 

2017). Then the medium was centrifuged at 10,000 

rpm for 10 min; the supernatant was subjected for  

Primer Name Sequence Product size (bp) 

16S forward  - fD1 5′-AGAGTTTGATCCTGGCTCAG-3′ 
1500bp 

16S reverse - rP2 5′-ACGGCTACCTTGTTACGACTT-3′ 

Table 1. Primers used in 16S rRNA PCR 

https://blast.ncbi
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solvent extraction using an equal volume of ethyl  

acetate. After the vigorous shaking, the solvent phase 

was collected and dried. The dried residues were dis-

solved in dimethyl sulfoxide (DMSO) and used for fur-

ther  

analysis (Wei et al., 2019). 

RESULTS 

Sample collection and isolation of actinomycetes 

Actinomycetes are a group of filamentous,  

gram-positive bacteria commonly found in soil. They 

are known for their ability to produce spores and form 

branching hyphae, giving them a filamentous appear-

ance like fungi. Actinomycetes play crucial roles in soil 

ecosystems and are considered essential contributors 

to soil health and fertility. 

The isolation of Actinomyces from soil involves a series 

of steps, including culture and identification of these 

microorganisms. Actinomyces are a type of bacteria 

commonly found in soil and play an essential role in 

decomposing organic matter. 

Eight isolates of actinomycetes were cultured from the 

five different soil samples and cultured on YMEA and 

AIA plates to enable maximal growth with an incubation 

period of 14-28 days as described (Janaki et al., 2016 

and Harir et al., 2017) and their morphological observa-

tions are listed in Table 3. All the isolates were found to 

be gram-positive and showed distinct actinomycete-like 

morphological structures under the microscope (Fig. 1). 

The colonies were observed in 2 days of incubation 

period in YMEA media and 4 days in AIA media,  

resulting in the former media better suited for the rapid 

culturing of actinomycetes isolates. 

 

Primary screening 

Primary screening using plate culture is a widely used 

method in microbiology to identify and isolate microor-

ganisms from a sample. This technique is particularly 

valuable when dealing with complex samples, such as 

soil, with diverse microbial populations. The primary 

screening aimed to select and isolate individual colo-

nies of interest for further study or characterization. 

The isolated actinomycetes species were studied for 

their antibacterial action against the screened ATCC 

bacterial strains viz. ATCC 25923, ATCC 29212, ATCC 

25927 and ATCC 19606. All eight isolates showed 

good inhibitory potential against the ATCC 19606, and 

S1b and S3 showed the highest inhibitory potential 

against all the ATCC strains (Table 4). These strains 

were selected for further investigation. 

Secondary screening 

Secondary screening of Actinomyces colonies involves 

further characterization and evaluation of the isolated 

colonies from the primary screening. This step is essential 

for identifying specific Actinomyces strains and  

assessing their potential for various applications, such 

as antibiotic production, enzyme production, or other 

biotechnological purposes. 

To further demonstrate the antimicrobial action of the 

selected isolates against the standard MDR strains 

such as MRSA, VRE, OXA and MCR, the secondary 

screening was performed and their observations are 

listed in Table 5. All the isolates showed good inhibitory 

action against MRSA strain, whereas the isolates S1b 

and S3 showed a remarkable inhibitory action against 

all the screened MDR strains (Table 5, Fig. 2). To 

screen for the antimicrobial potential of the actinomy-

cetes, a modified Cross streak method (Promnuan et 

al., 2020) was employed. Comparison with control 

plates showed that select species of actinomycetes had 

a good inhibitory potential against ATCC 25923, ATCC 

29212, ATCC 25927, ATCC 19606, MRSA and VRE on 

actinomycete with a culture duration of 7 days. This 

suggested that a threshold time was required for the 

growth of actinomycetes and secretion of their bioactive 

PCR components 
Master Mix 
(25 µl reaction) 

Sterile Milli Q water 18.4 µl 

10x PCR Buffer (15mMgCl2) (10X) 2.5 µl 

dNTP mix (10 mM of each dNTP) 1 µl 

16S Forward primer (10 pmol) 1 µl 

16S Reverse primer (10 pmol) 1 µl 

Taq polymerase enzyme (5U) 0.1 µl 

DNA template 1 µl 

Total Volume 25 µl 

Table 2. PCR Master mix composition 

S.No Isolates Morphology Identified Species 

1 

2 

3 

4 

5 

6 

7 

8 

S1 

S1b 

S2 

S3 

S4b 

S4R 

S4W 

S5 

White, powdery colonies 

Dry, opaque colonies 

Milky white, chalky colonies 

Grey pigment producing colonies 

Distinct white colonies 

Grey pigment producing colonies 

Dry, white colonies 

White, opaque colonies 

Streptomyces sp. 

Streptomyces sp. 

Streptomyces sp. 

Streptomyces sp. 

Streptomyces sp. 

Streptomyces sp. 

Streptomyces sp. 

Streptomyces sp. 

Table 3. Obtained Colonies’ morphology and BLAST results  
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Fig 1. Colonies morphology and its respective morphology of the eight actinomycetes isolates(Streptomyces sp.)  (a) S1, 

(b) S1b, (c) S2, (d) S3, (e) S4b, (f) S4W, (g) S4R, (h) S5 

                        Isolates 
Standard ATCC bacterial culture 

25923 29212 19606 25927 

S1 +++ - ++++ - 

S1b ++++ + ++++ + 

S2 + - +++ - 

S3 ++++ ++ ++++ +++ 

S4R ++ - ++++ - 

S4W + - ++++ - 

S4b +++ + ++++ - 

S + - ++++ - 

++++: Complete inhibition, +++: Moderate inhibition, ++: Partial inhibition, +: Low inhibition, -: No inhibition 

Table 4. Inhibitory potential of actinomycete isolates against the screened ATCC strains 
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Fig 2. Inhibitory action against the MDR bacterial strain samples (MRSA, VRE, OXA, MCR, NDM) a) control, b) S1, c) 

S1B, d) S2, e) S3, f) S4b, g) S4R, h) S4W and i) S5 

Fig 3. Biofilm formation (a) control, (b) S1B and (c) S3 (Control showed instances of biofilm formation, observed as 

dense mass of bacterial growth under the microscope. The samples that were inoculated with S1B and S3  in actinomy-

cete broth did not show any significant inhibition of the biofilms of Staphylococcus aureus). 
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Fig. 4. Electropherogram of 16srRNA gene of isolated Streptomyces sp. 

Fig 5. Dendrogram of evolutionary origin relationship S1b (MK641472) and S3 (MK641473) Phylogenetic Tree formed 

by neighbour-joining method) 
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metabolites. 

 

Biofilm formation 

The biofilms formed upon the coverslips were observed 

under a light microscope. The control showed biofilm 

formation, which was observed as thick adhesive  

regions under the microscope. The samples that were 

inoculated with actinomycete broth did not show any 

significant inhibition of the biofilms. The sample  

inoculated with isolate S1B recorded lower instances of 

planktonic cells of S. aureus, whereas biofilm formation 

had not reduced (Fig. 3). The sample inoculated with 

the secretions of S3 showed neither a decreased 

planktonic cell count nor a reduction in the biomass 

Isolates 
Standard multidrug-resistant (MDR) strains 

MRSA VRE OXA MCR 

S1 

S1b 

S2 

S3 

S4R 

S4W 

S4b 

S5 

++++ 

++++ 

++++ 

++++ 

+++ 

++++ 

++++ 

+++ 

- 
+++ 

- 
+++ 

- 
++ 

+++ 

- 

- 
+++ 

- 
- 
- 
- 
- 
- 

- 
++ 

- 
+ 

- 
- 
- 
- 

Table 5. Inhibitory potential of the isolates against the screened MDR strains 

++++: Complete inhibition, +++: Moderate inhibition, ++: Partial inhibition, +: Low inhibition, -: No inhibition 

Fig 6. LC-MS analysis of S1b showing that the isolated metabolite did not resemble any standard indicating that it could 

be a novel compound 
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formation of S. aureus as observed by Zheng et al. 

(2022). 

 

16S rRNA Amplification and sequencing 

DNA samples were extracted from all the isolates and 

were directed to PCR using the specified forward and 

reverse primers. The electrophoresis (1% agarose gel) 

results indicated that the band size of 1500 bp  

corresponds to 16S rRNA of actinomycetes. Further, 

the sequences of the colonies were deduced through 

Sanger’s dideoxy sequencing to facilitate the  

phylogenetic analysis. The low-quality sequences were 

trimmed using Bioedit v.7.0.9 (Isis pharmaceuticals) or 

Codon code aligner version 4.0 (Codon code  

corporation) and used as the primary reference for 

BLAST search and from their results. The isolated  

actinomycete species were identified as Streptomyces 

sp. as shown (Fig. 4 & Table 6). The sequences of S1b 

and S3 were submitted to Genbank, and accession 

numbers were obtained, such as MK641472 for S1b 

and MK641473 for S3. The evolutionary origins of the  

isolated species were constructed using the  

neighbour-joining method and depicted in the dendro-

gram (Fig. 5). 

 

LC-MS analysis 

Fig. 6 and 7 illustrate the LC-MS chromatogram of the 

secondary metabolites derived from the isolates S1b 

and S3, respectively. Further, their absorption peaks 

were compared against a wide range of standard  

antibiotic standards, viz. nitrofurans, sulfonamides,  

pyridazines, fluoroquinolones, tetracyclines, chloram-

phenicols and ivermectins. As none of the observed 

peaks corresponded to any of the standards, the  

metabolites of the isolates could belong to a new class 

of antimicrobials. Since the coastal regions of Tamil 

Nadu are rich in actinomycete diversity, there might be 

a greater chance of indigenous antibiotic secretors in 

the local habitat. 

Conclusion 

The present study isolated 8 Streptomyces sp. (S1, 

S1b, S2, S3, S4b, S4W, S4R, S5) marine actinomycetes 

Fig 7. LC-MS analysis of S3 showing that the isolated metabolite did not resemble any standard indicating that it could 

be a novel compound  
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from the Thiruvanmiyur Beach (12.9736°N, 80.2665°E), 

Kottivakam Beach (12.9661°N, 80.2651°E), Edward 

Elliot’s Beach(12.9989°N, 80.2719°E), Marina Beach 

(13.0550°N, 80.2824°E), Kovalam Beach (13.0827°N, 

80.2707°E) and of these two isolates, S1b and S3 

showed excellent inhibitory action against ATCC 

25923, ATCC 29212, ATCC 25927, ATCC 19606, 

MRSA, VRE, OXA and MCR. This indicated that the 

metabolites of the S1b and S3 were potent antimicrobial 

agents against MDR strains ((Methicillin Resistant 

Staphylococcus aureus (MRSA), Vancomycin Resistant 

Enterococcus faecalis (VRE), Carbapenem-Resistant 

(OXA) Klebseilla pneumoniae and Colistin-

Cephalosporin Resistant Escherichia coli (MCR). Sang-

er’s dideoxy sequencing of the isolates was performed, 

and the sequences were submitted to Genbank with 

the accession numbers MK641472 (S1b) and 

MK641473 (S3). The BLAST research and the phyloge-

netic tree analysis using the N-J method indicated that 

the isolates were identified as Streptomyces sp.  

Eventually, the metabolites were purified using LC-MS 

and analysed for resemblances with the standard  

classes of antimicrobials such as nitrofurans,  

sulfonamides, fluoroquinolones, tetracyclines,  

chloramphenicols or ivermectins and found to be nega-

tive. Hence, from the observations of the present study, 

the secondary metabolites of the isolates, S1b and S3 

were found to be novel and could be explored for the 

futuristic development of the antimicrobial compounds. 

Conflict of interest 
The authors declare that they have no conflict of  
interest. 

REFERENCES 

1. Arber, W. (2000). Genetic variation: molecular mecha-

nisms and impact on microbial evolution. FEMS Microbiol-

ogy Reviews, 24(1), 1-7. https://doi.org/10.1111/j.1574-

6976.2000.tb00529.x. 

2. Baquero, F., Martinez, J. L., F. Lanza, V., Rodríguez-

Beltrán, J., Galán, J. C., San Millán, A., Cantón, R. & 

Coque, T. M. (2021). Evolutionary pathways and trajecto-

ries in antibiotic resistance. Clinical Microbiology Reviews, 

34(4), e00050-19. https://doi.org/10.1128/CMR.00050-19. 

3. Chaudhary, H. S., Yadav, J., Shrivastava, A. R., Singh, S., 

Singh, A. K. & Gopalan, N. (2013). Antibacterial activity of 

actinomycetes isolated from different soil samples of She-

opur (A city of central India). Journal of Advanced Phar-

maceutical Technology & Research, 4(2), 118. https://

doi.org/10.4103/2231-4040.111528. 

4. Dhanasekaran, D., Selvamani, S., Panneerselvam, A. & 

Thajuddin, N. (2009). Isolation and characterization of 

actinomycetes in Vellar estuary, Annagkoil, Tamil Nadu. 

African Journal of Biotechnology, 8(17). 

5. Durão, P., Balbontín, R. & Gordo, I. (2018). Evolutionary 

mechanisms shaping the maintenance of antibiotic re-

sistance. Trends in Microbiology, 26(8), 677-691. https://

doi.org/10.1016/j.tim.2018.01.005. 

6. Feng, S., Wu, Z., Liang, W., Zhang, X., Cai, X., Li, J., 

Liang, L., Lin, D., Stoesser, N., Doi, Y., Zhong, L., Liu, Y., 

Xia, Y., Dai, M., Zhang, L., Chen, X., Yang, J. & Tian, G. 

(2022). Prediction of antibiotic resistance evolution by 

growth measurement of all proximal mutants of Beta-

Lactamase. Molecular Biology and Evolution, 39(5). 

https://doi.org/10.1093/molbev/msac086 

7. Hadjadj, L., Baron, S. A., Diene, S. M. & Rolain, J. M. 

(2019). How to discover new antibiotic resistance genes?. 

Expert Review of Molecular Diagnostics, 19(4), 349-362. 

https://doi.org/10.1080/14737159.2019.1592678. 

8. Hanshew, A. S., McDonald, B. R., Díaz Díaz, C., Djiéto-

Lordon, C., Blatrix, R. & Currie, C. R. (2015). Characteri-

zation of actinobacteria associated with three ant–plant 

mutualisms. Microbial Ecology, 69, 192-203. 

9. Harir, M., Bellahcene, M., Fortas, Z., García-Arenzana, J. 

M., Veloso, A. & Rodríguez‐Couto, S. (2017). Isolation 

and Characterization of Actinobacteria from Algerian Sa-

hara Soils with Antimicrobial Activities. PubMed, 6(2), 109

–120. https://doi.org/10.22088/acadpub.bums.6.2.5. 

10. Janaki, T., Nayak, B. K. & Ganesan, T. (2016). Antifungal 

activity of soil actinomycetes from the mangrove Avicen-

nia marina. J. Med. Plants Stud, 4, 05-08. 

11. Lam, K. (2007). New aspects of natural products in drug 

discovery. Trends in Microbiology, 15(6), 279–289. https://

doi.org/10.1016/j.tim.2007.04.001. 

12. Lázár, V., Martins, A., Spohn, R., Daruka, L., Grézal, G., 

Fekete, G., Számel, M., Jangir, P. K., Kintses, B., Csörgő, 

B., Nyerges, Á., Györkei, Á., Kincses, A., Dér, A., Walter, 

F. R., Deli, M. A., Urbán, E., Hegedüs, Z., Olajos, G. & 

Pál, C. (2018). Antibiotic-resistant bacteria show  

widespread collateral sensitivity to antimicrobial peptides. 

Nature Microbiology, 3(6), 718–731. https://

doi.org/10.1038/s41564-018-0164-0 

13. Maeda, T., Iwasawa, J., Kotani, H., Sakata, N., Kawada, 

M., Horinouchi, T., Sakai, A., Tanabe, K. & Furusawa, C. 

(2020). High-throughput laboratory evolution reveals  

evolutionary constraints in Escherichia coli. Nature  

Communications, 11(1), 5970. 

14. Okami, Y. & Hotta, K. (1988). In: Actinomycetes in Bio-

technology; Goodfellow, M.; Williams, ST; Mordarski, M.; 

Eds., 33-67. 

15. Promnuan, Y., Promsai, S. & Meelai, S. (2020). Antimicro-

bial activity of Streptomyces spp. isolated from Apis  

dorsata combs against some phytopathogenic bacteria. 

PeerJ, 8, e10512. https://doi.org/10.7717/peerj.10512. 

16. Rana, K. L., Kour, D., Sheikh, I., Yadav, N., Yadav,  

A. N., Kumar, V., Singh, B. P., Dhaliwal, H. S. & Saxena, 

A. K. (2019). Biodiversity of Endophytic Fungi from  

Diverse Niches and Their Biotechnological Applications. In 

Fungal biology, 105-144. https://doi.org/10.1007/978-3-

030-03589-1_6. 

17. Roy, A., Khan, A., Ahmad, I., Alghamdi, S., Rajab, B. S., 

Babalghith, A. O., Alshahrani, M. Y., Islam, S. & Islam, M. 

R. (2022). Flavonoids a Bioactive Compound from  

Medicinal Plants and Its Therapeutic Applications. BioMed  

Research International, 2022, 1–9. https://

doi.org/10.1155/2022/5445291 

18. Sapkota, A., Thapa, A,. Budhathoki, A., Sainju, M., 

Shrestha, P. & Aryal, S. (2020). Isolation, characterization, 

and screening of antimicrobial-producing actinomycetes 

https://doi.org/10.1155/2022/5445291
https://doi.org/10.1155/2022/5445291


 

948 

Selvakumar, T. A. et al. / J. Appl. & Nat. Sci. 16(3), 938 - 948 (2024) 

from soil samples, Int J Microbiol., 2020, 2716584. https://

doi.org/10.1155/2020/2716584.  

19. Selim, M. S. M., Abdelhamid, S. A. & Mohamed, S. S. 

(2021). Secondary metabolites and biodiversity of actino-

mycetes. Journal of Genetic Engineering and Biotechnolo-

gy, 19(1), 72. 

20. Serwecińska, L. (2020). Antimicrobials and antibiotic-

resistant bacteria: a risk to the environment and to public 

health. Water, 12(12), 3313. https://doi.org/10.3390/

w12123313. 

21. Singh, C., Parmar, R. S., Jadon, P. & Kumar, A. (2017). 

Optimization of cultural conditions for production of anti-

fungal bioactive metabolites by Streptomyces spp. isolat-

ed from soil. International Journal of Current Microbiology 

and Applied Sciences, 6(2), 386-396. 

22. Souque, C., Escudero, J. A. & MacLean, R. C. (2021). 

Integron activity accelerates the evolution of antibiotic 

resistance. eLife, 10. https://doi.org/10.7554/elife.624747. 

23. Ventola, C. L. (2015). The antibiotic resistance crisis: part 1: 

causes and threats. Pharmacy and Therapeutics, 40(4), 277. 

24. Weisburg, W. G., Barns, S. M., Pelletier, D. A. & Lane, D. 

J. (1991). 16S ribosomal DNA amplification for phyloge-

netic study. Journal of bacteriology, 173(2), 697-703. 

25. Windels, E. M., Michiels, J. E., Fauvart, M., Wenseleers, 

T., Van den Bergh, B. & Michiels, J. (2019). Bacterial per-

sistence promotes the evolution of antibiotic resistance by 

increasing survival and mutation rates. The ISME journal, 

13(5), 1239-1251. 

26. Zheng, J., Shang, Y., Wu, Y., Zhao, Y., Chen, Z., Wang, 

Q., Li, P., Sun, X., Xu, G., Wen, Z., Chen, J., Wang, Y., 

Wang, Z., Xiong, Y., Deng, Q., Qu, D. & Yu, Z. (2022). 

Loratadine inhibits Staphylococcus aureus virulence and 

biofilm formation. iScience (Cambridge), 25(2), 103731. 

https://doi.org/10.1016/j.isci.2022.103731. 


