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1. INTRODUCTION 

The wide distribution of multidrug-resistant bacteria poses a grave 
threat to global health by overwhelming our current antibiotic 
arsenal and pushing infection-associated morbidity and mortality 
to new heights [1]. Pathogens, including Staphylococcus aureus, 
Escherichia coli, Klebsiella pneumoniae, Pseudomonas 
aeruginosa, and Enterococcus faecalis, are rapidly acquiring 
resistance to entire families of drugs, underscoring the pressing 
need for new, effective treatment options [2].  

 
 
 
 
 
 
 

 
 
 
 
 

 

The World Health Organization has repeatedly called for the 
identification of new bioactive molecules, with a particular 
emphasis on those sourced from nature, to outpace these 
resistant strains [3]. Within this research, soil-dwelling 
microorganisms, especially actinomycetes, are attracting intense 
interest due to their established ability to produce a wide array of 
complex and biologically potent secondary metabolites, which 
serve as antimicrobial agents [4]. 
 
 
 
 
 
 
 

 ABSTRACT  

Bacterial resistance to commonly used antibiotics for treating infections is the biggest challenge facing clinicians. Previous 
research on antibiotic-producing actinomycetes has been limited. This study aims to explore the potential of identifying 
actinomycete isolates that may produce antibiotics more effective than current treatments for bacterial infections. Fifty soil 
samples were collected from various regions in central Iraq to isolate actinomycetes. Ten clinical bacterial isolates of 
Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Enterococcus faecalis, which 
were resistant to multiple antibiotics, were obtained and maintained for use in experiments. The double-layer of agar and spot 
assay was used to detect antagonistic interactions between actinomycete and pathogenic bacterial isolates (ten isolates). The 
Kirby-Bauer method was employed to evaluate the response of these isolates to four different antibiotics (ofloxacin (OF), 
gentamicin (CN), amoxicillin (AX), vancomycin (VA). The experiments demonstrated successful isolation of actinomycetes and 
validated the effectiveness of the employed method. The results indicated that the clinical isolates were highly resistant to the 

antibiotics tested. Nine out of ten isolates showed antagonistic reactions to actinomycete bacteria. This suggests that soil-
derived actinomycetes can be isolated and possess strong antagonistic activity against bacteria resistant to various antibiotics. 
Such isolates could potentially be used to develop more effective antibiotics than those tested in this study. 

Keywords: Actinomycetes, Antagonism, Antibiotics, Clinical pathogenic bacteria.    

Citation: Mahdi AA, Hassan SF, Zaki RA, Ali HT, Ghafil JA, Zgair AK. (2024) Antagonistic Interactions Between Soil-

Isolated Actinomycetes and Pathogenic Bacterial Strains. World J Exp Biosci 12: 20-25. 
https://doi.org/10.65329/wjeb.v12.01.005 

     Received May 12, 2024; Revised June 18, 2024; Accepted: June 20, 2024; Published: June 24, 2024 

 

 

Research article 

Copyright: ©. Ayat Abdalmutalib Mahdi, Sajjad Falah Hassan, Rawan abdulkadir zaki, Hiba Tawfiq Ali, Jenan Atiyah Ghafil, Ayaid Khadem Zgair. This is an open-

access article distributed under the terms of the Creative Commons Attribution. International License (http://creativecommons.org/licenses/by/4.0/ ), which permits 

unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative 

Commons license, and indicate if changes were made.  

World Journal of

Experimental Biosciences

Volume 12, Number 1: 21 - 25 

ISSN: 2313-3937 

2024                                                                            

* Correspondence: Ayaid Khadem Zgair. E-mail:  ayaid.zgair@sc.uobaghdad.edu.iq 

Department of Biology, College of Science, University of Baghdad, Baghdad, Iraq  

Full list of author information is available at the end of the article. 

 

https://doi.org/10.65329/wjeb.v12.01.005
http://creativecommons.org/licenses/by/4.0/


 

   22 

  
    World J. Exp. Biosci., 12 (2024) 20-25 

Mahdi AA, et al. (2024).                            

 
Actinomycetes are Gram-positive filamentous bacteria that belong 
to the genus Streptomyces, which produces a wide variety of 
antibiotics [5], antifungals, antivirals, immunosuppressive agents, 
and antitumor compounds [6]. It is predictable that more than two-
thirds of naturally derived antibiotics, including streptomycin, 
tetracyclines, erythromycin, and rifamycin. Their notable metabolic 
diversity stems from the presence of big metabolic organizing 
gene groups that encode polyketide synthases (PKSs) and non-
ribosomal peptide synthetases (NRPSs) that enable the formation 
of secondary metabolites with exclusive mechanisms of 
accomplishment [7]. Despite extensive studies on these types of 
bacteria, only a few actinomycete species have been identified, 
suggesting that many undiscovered strains in the environment 
may serve as reservoirs for novel bioactive compounds [8]. 

Soil is one of the most complex and nutrient-rich environments in 
actinomycete habitats. To support growth and metabolite produ-
ction, optimal environmental conditions are created. The chemical 
and physical properties of soil, including nutrient content, pH, and 
organic matter, are believed to influence the diversity and 
biosynthetic potential of these microorganisms [9]. Soil actinomyc-
etes play a vital ecological role by decomposing organic matter 
and inhibiting the growth of other microorganisms through the 
production of antimicrobial metabolites. This natural antagonistic 
behavior makes soil-dwelling actinomycetes attractive sources for 
screening against pathogenic bacteria, especially multidrug-
resistant (MDR) strains [10]. 
Recently, the potential of soil actinomycetes in screening for new 
antibiotic agents has gained interest. For example, antibiotic-
active actinomycete isolates collected from agricultural soils, forest 
soils, and extreme environments (such as deserts and saline soils) 
have shown inhibitory activity against various clinical pathogens. 
In many cases, actinomycetes exhibit a vast and largely unexplo-
red diversity across different geographic locations and soil types. 
Due to the limited understanding of the diversity and distribution of 
actinomycetes, there is still much to be discovered and understood 
about them. The reason for studying soil actinomycetes partly 
stems from their potential to contain unique strains that produce 
new antimicrobials. Characterizing these strains for their inhibitory 
activity and antagonism against clinically significant bacteria is an 
essential part of early-stage screening in the search for potential 
antibiotics [11]. This finding can have a significant impact in the 
war against MDR bacteria, which are responsible for high-risk 
infectious bacterial diseases. This type of research may provide a 
novel approach to antimicrobial research areas.  
The current study aims to investigate the antagonistic interactions 
between soil-isolated actinomycetes and selected pathogenic 
bacterial strains. To achieve the study's goal, actinomycetes were 
isolated from various soil samples and evaluated for their 
antibacterial activities using standard in vitro assays. 

2. MATERIALS and METHODS  

2.1. Soil sample collection 

The previous standard method, as described by Khudhair et al. 
(2023), was followed to collect soil samples from various 
environmental areas in central Iraq [5]. In this experiment, clean 
and sterile universal glass containers were used. The sampling 
sites were selected to represent diverse environments (different 
land uses, vegetation types, moisture levels, and desert areas) to 
determine the highest probability of isolating actinomycete 
species. Fifty soil samples were collected from various sites in 
Baghdad city and its surrounding areas. 
The soil samples were collected from the sub-top layer (typically 
the top 6-12 cm) to get the highest active soil microbial community. 

The clean and sterilized device was used to collect the soil sample. 
The surface debris and organic matter have to be avoided. Multiple 
samples were collected across the area of interest and mixed to 
create a composite sample for representative analysis. The 
information labels were put onto the containers. The location, date, 
depth, and any other relevant information were included in the 
labels of the containers. The samples were kept in a refrigerator 
until processing [11]. 

2.2. Clinical bacterial isolates 

In the current study, clinical isolates of S. aureus, E. coli, E. 
faecalis, P. aeruginosa, and K. pneumoniae were obtained from 
the Postgraduate Laboratory at the Department of Biology, 
College of Science, University of Baghdad, Baghdad, Iraq. The 
clinical isolates were maintained by inoculating them onto nutrient 
broth and nutrient agar, and then incubating for 18 h at 37°C. They 
were subsequently stored at 4°C for several weeks. For long-term 
storage, the bacterial isolates were stored in nutrient broth 
containing 20 % glycerol at –20°C [11]. 

2.3. Kirby-Bauer method 

The standard method of Yao et al. (2021) was followed to perform 
the Kirby–Bauer disk diffusion test to identify the susceptibility 
patterns of ten clinical isolates, including S. aureus, E. coli, E. 
faecalis, P. aeruginosa, and K. pneumoniae to the different 
antibiotics [ofloxacin (of), gentamycin (CN), amoxicillin (AX), 
vancomycin (VA)]. The diameters were compared with the 
measured diameters of the Clinical and Laboratory Standards 
Institute (CLSI) breakpoint charts to determine the Sensitivity (S), 
Intermediate (I), and Resistance (R) of the bacteria to the above 
antibiotics [12].  

2.3. Isolation and identification of actinomycetes  

One gram of soil samples was added to 10 ml of normal saline. 
The soil samples were double-fold diluted with normal saline. 
Hundred microliters of each dilution were cultured on the nutrient 
agar. The plates were incubated for 5-7 days at 37 oC. The 
previous method of Gurung et al. (2010) was followed to isolate 
and identify the isolated actinomycetes. The morphological 
characteristics of colonies and bacterial filaments, as observed 
under a light microscope after post-staining with the Gram stain, 
were used to identify the genus of the isolated actinomycetes [13]. 
The pure culture of isolated Actinomyces was stored for short-term 
use by streaking on nutrient agar and then stored at 4°C for two 
weeks. In the long term, the bacteria were stored at -20 oC in 
nutrient broth containing 20 % glycerol.   

2.4. Antagonism effect 

The agar double layer and spot assay were used to check the 
antagonistic effect of isolated Actinomycetes and pathogenic 
bacteria. Briefly, the nutrient plate was divided into several 
squares using the scale. The first nutrient layer was poured into 
the plate. After solidification in each square, the spots of 
actinomyces were done. The plates were incubated at 37 oC for 2-
4 days. The second layer of nutrient agar (40 oC) was poured. After 
solidification, the streaking of pathogenic bacteria was done on 
each plate. The plates were incubated at 37°C for 18 hours. The 
clear zone appears at each spot, indicating the antagonistic effect 
between the actinomycetes and pathogenic bacteria. Figure 1 
illustrates the procedure's details. 

2.5. Statistical analysis 

The results were expressed as the mean ± standard deviation 
(SD). 
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Fig. 1. The diagram of the procedure of the agar double layer and spot assay 

was used to check the antagonistic effect of isolated Actinomycetes and 

pathogenic bacteria. 

3. RESULTS 

3.1. Actinomycete isolate  

From five soil samples, we successfully isolated one 
Actinomycete. This isolate was suspected, based on its 
morphological characteristics, to be Saccharomyces. We do not 
have the full facilities to identify the species of the bacteria. The 
most important issue that we focused on is the antagonism of this 
isolate with the pathogenic bacterial isolates. The number of 
isolates used in the current study was ten isolates.  

3.2. Kirby-Bauer method 

The present study showed the number of clinical isolates that 
responded to different antibiotics (ofloxacin (OF), gentamycin 
(CN), amoxicillin (AX), vancomycin (VA). The results indicated that 
the number of isolates resistant to the four antibiotics was higher 
than the number of isolates sensitive to them. The study proved 
that the isolates used in the current study exhibited multidrug 
resistance.  
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Fig. 2. The susceptibility pattern of ten clinical bacterial isolates (S. aureus, E. 

coli, E. faecalis, P. aeruginosa, and K. pneumoniae) to various antibiotics 

(ofloxacin (OF), gentamicin (CN), amoxicillin (AX), vancomycin (VA).  

3.3. Antagonistic effect of actinomycete 

The present study demonstrated that the actinomycete isolates 
exhibited an antagonistic effect against nine isolates of ten 

different clinical bacterial strains. The only isolate (P. aeruginosa) 
does not show an effect due to the antagonistic effect of 
actinomycetes. The isolates were multidrug-resistant; thus, the 
actinomycetes may produce a higher antibacterial effect than the 
antibiotics used in the current study. The present study is a 
prospective study in the fight against multidrug-resistant bacteria.  

Table 1. The antagonism of actinomycete isolates and ten clinical bacterial 

isolates. Positive indicates the inhibitory zone, while the negative indicates no 

inhibitory response.  

No Isolates Response to 
Actinomycetes 

1.  S. aureus  Positive  

2.  S. aureus Positive 

3.  E. coli Positive 

4.  E. coli Positive 

5.  E. faecalis Positive 

6.  E. faecalis Positive 

7.  P. aeruginosa Negative 

8.  P. aeruginosa Positive 

9.  K. pneumoniae Positive 

10.  K. pneumoniae Positive 

4. DISCUSSION 

The emergence and widespread outbreak of infection with 
antibiotic-resistant bacterial pathogens are one of the biggest 
challenges for healthcare systems worldwide [14]. The present 
research investigates the potential of soil actinomycetes as leads 
for the development of novel antimicrobial compounds, particularly 
against multidrug-resistant (MDR) bacteria. The tests revealed 
that nine out of ten clinical isolates the tests were conducted on, 
that is, S. aureus, E. coli, K. pneumoniae, P. aeruginosa, and E. 
faecalis, were extremely sensitive to actinomycete isolates despite 
them having been found to be resistant to conventional antibiotics 
such as ofloxacin, gentamicin, amoxicillin, and vancomycin. The 
observation aligns with earlier studies that have suggested the 
potential of actinomycetes, particularly those of the Streptomyces 
family, to accumulate secondary metabolites with high 
antibacterial activity [15]. 
The extremely high rate of antibiotic resistance among the clinical 
isolates in this study concords with other findings emerging from 
other regions of the globe, where, for instance, resistance to 
classes of drugs such as broad-spectrum antibiotics has been 
rising at an alarming rate [16]. For instance, P. aeruginosa and K. 
pneumoniae are both multidrug efflux pumps and β-lactam 
enzymatic breakdown [17], while E. faecalis is commonly said to 
harbor vancomycin resistance genes [18]. The poor efficacy of the 
tested drugs in this study highlights the need for alternative 
strategies, including the exploration of natural sources for novel 
antimicrobial drugs. 
The application of double-layer agar and spot assay was an 
effective initial technique for screening antagonistic interactions. 
The large proportion of positive antagonistic reactions (90%) 
suggests that the central Iraqi soil-derived actinomycetes contain 
diverse bioactive compounds with activity against pathogenic 
bacteria. That one of the clinical isolates failed to exhibit 
antagonistic interaction could be attributed to either inherent 
resistance factor(s) or failure to produce specific secondary 
metabolites active against the strain. 
Soil remains an underexploited reservoir of new actinomycete 
species, especially in regions with unique environmental 
conditions [19]. Iraqi soil, with its dense ecological niches, can be 
an excellent source of novel strains with unidentified biosynthetic 
pathways. The isolation of such highly antagonistically active 
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actinomycetes in the current work again strengthens the notion 
that regional soil microbial diversity could be exploited for antibiotic 
drug discovery [20]. Previous research has shown that new 
actinomycete isolates from understudied environments tend to 
yield structurally novel, highly active antimicrobial metabolites, 
indicating a high likelihood of discovering new antibiotics with 
clinical significance [21]. 
The results of the present research provide impetus for further 
elucidation of the active metabolites produced by these isolates. 
These include purification, structural studies, and identification of 
the mode of action of these compounds. Additional genomic and 
metagenomic strategies can be employed to identify biosynthetic 
gene clusters for antibiotic formation, which could lead to the 
discovery of totally new types of antibiotics. This study validates 
the potential of soil-isolated actinomycetes as a source of novel 
antimicrobial compounds to manage MDR pathogens. The high-
level antagonistic activity suggested that these isolates may be a 
source of clinically effective antibiotics, meeting the growing issue 
of antibiotic resistance. 

5. Conclusion 

The discovery of a new antibiotic could significantly benefit public 
health by enhancing the fight against antibiotic-resistant bacteria. 
The current study showed the potential to isolate Actinomycetes 
bacteria from soil in central Iraq. This isolate exhibited antagonistic 
activity against various clinically resistant bacteria (S. aureus, E. 
coli, E. faecalis, P. aeruginosa, and K. pneumoniae) to four main 
antibiotics (ofloxacin (OF), gentamicin (CN), amoxicillin (AX), 
vancomycin (VA)) that are routinely used in treating bacterial 
infections. This research is a step toward developing a new 
antibiotic derived from these bacteria (Actinomycetes), which 
could help limit the spread of infectious bacterial diseases and 
improve public health. 
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