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1. Introduction 

With advancements in chemistry and medical technology, an increasing number of antibiotics 

are becoming integrated into our daily lives. However, when these antimicrobial agents enter 

the natural environment, they act as persistent pollutants, enduring for extended periods in 

surface and underground waters, as well as within geological surroundings. Due to their long-

lasting antimicrobial properties, they can cause permanent alterations in the natural microbial 

population of a particular habitat. One significant consequence of antimicrobial treatments is 

the emergence of resistant or multi-resistant strains. For example, the well-known danger 

associated with therapeutic antibiotic usage is the development of resistant pathogenic strains. 

However, even non-threatening microorganisms or facultative pathogenic organisms can 

contribute to the propagation of resistance. Any strain of microorganisms has the potential to 

transfer acquired resistance within or between species, resulting in the gradual loss of activity 

in the antimicrobial substances produced by microorganisms. This extensive spread of 

resistance severely hampers effective protection against pathogens. 

Facultative pathogenic microorganisms, such as Ps. aeruginosa species, are commonly found 

in the environment and can cause severe nosocomial infections, primarily in clinical settings. 

However, the most pressing issue arises from the ease with which antibacterial agents become 

multi-resistant against these groups (Morgado et al. 2021). According to the 2017 report by the 

World Health Organization (WHO), carbapenem-resistant Ps. aeruginosa represents one of the 

most critical challenges worldwide in terms of antibiotic resistance. To prevent the development 

and proliferation of multi-resistant strains, it is crucial to explore and develop new antimicrobial 

agents and groups of active compounds. 

It is also known that resistant pathogenic strains are often selected for application in different 

fields of use, leading to strains that produce antibiotics losing their antibiotic activity. Based on 

this experience, the selection of new active strains and the expansion of the selection according 

to the spectrum of action become important research and development tasks. 

From a biotechnological standpoint, members of the bacterial genus Streptomyces hold 

immense significance as they serve as a valuable source of enzymes for various industries. 

Additionally, many members of this genus are utilized in the production of antifungal, antiviral, 
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and anticancer substances. Their application in the pharmaceutical sector is based on their 

remarkable ability to generate an extensive range of antimicrobial compounds (Quinn et al. 

2020). Therefore, it is important to isolate Actinomycetes suitable for antibiotic production for 

use in plant protection, animal husbandry, and human and veterinary medicine, as well as to 

extract broad-spectrum active antimicrobial substances. 

The purpose of this study was to identify the molecular biology of lab-collected strains K189 

and K145 and analyze the results of antibacterial activity tests. After molecular identification 

of the collected K189 and K145 strains, they were tested for their antibacterial activity using 

three common antibacterial testing methods: cross-steak, agar diffusion, and filter paper 

diffusion. The data will be analyzed and compared to clarify their antibacterial capacity. Overall, 

the results of this study will provide a basis for further research into the potential clinical 

application of Streptomyces strains K189 and K145 in inhibiting multidrug-resistant 

Pseudomonas aeruginosa. 
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2. Literature 

2.1. The Actinomycetes and the family Streptomycetaceae 

2.1.1. History and taxonomy 

Actinomycetes are a group of bacteria within the Phylum Actinomycetes, renowned for their 

ability to produce a broad range of bioactive compounds, including antibiotics. The taxonomy 

of Actinomycetes is based on morphological, physiological, and molecular features, with the 

best-known genera being Streptomyces, Nocardia, and Mycobacterium (Stackebrandt & 

Schumann, 2006). 

In 1877, Ferdinand Cohn (1877), a German physician and microbiologist, described a new type 

of bacterium that he named Actinomyces and initially classified as part of the fungi kingdom 

(Salam, 2020). In the early 20th century, research by Niels Finsen (1894), a Danish 

bacteriologist, and Paul Ehrlich (1909), a German microbiologist, established Actinomycetes as 

a separate group of bacteria. 

Streptomyces, one of the largest families of Actinomycetes, is renowned for its ability to produce 

a diverse range of secondary metabolites, including antibiotics, antineoplastic agents, 

immunosuppressive agents, and also anti-inflammatory agents. The Streptomyces genus 

consists of over 500 different species, each with its unique morphological, physiological, and 

biochemical features (Dhanasekaran & Jiang, 2016). 

The genus Streptomyces was first described by British bacteriologist Edwin Lennard Jones in 

1911, and since then, many new strains have been isolated and characterized from different 

environmental sources. Researchers worldwide have identified and characterized many other 

species of Streptomyces, leading to the recognition of Streptomycetaceae as a distinct family of 

bacteria (Mukerji et al. 2006). Waksman and Henrici (1943) performed one of the earliest 

taxonomic studies of the Streptomyces genus, proposing a classification scheme based on 

morphological and physiological characteristics (Kämpfer, 2006). This scheme formed the 

basis of our understanding of the Streptomyces genus for many years. However, as molecular 

techniques advanced, they became used to better understand the diversity and evolutionary 

relationships within the genus. 

Today, molecular techniques such as 16S rRNA gene sequencing, whole-genome sequencing, 

and phylogenetic analysis are commonly used for the identification and classification of 
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Actinomycetes. These techniques provide a more accurate and detailed understanding of the 

genetic relatedness and evolutionary history of different strains within the genus. 

It is worth noting that the genetic sequence of Actinobacteria, specifically Streptomyces, is 

indeed quite large. As a group of Gram-positive bacteria, Streptomyces possesses a complex 

genome, typically ranging from 8 to 12 megabase pairs in size, making it one of the largest 

genomes among bacteria (Tidjani et al.2019). This significant genome size can be attributed to 

the presence of numerous non-coding DNA sequences and repetitive elements within the 

Actinobacterial genome. 

These genomes harbor thousands of genes, including those encoding proteins, regulatory 

elements, and other functional sequences. These genes are responsible for synthesizing 

enzymes, ketones, proteins, and other biomolecules crucial for the growth, metabolism, and 

production of biologically active compounds in Actinomycetes (Zhu et al. 2014). Moreover, the 

actinomycete genome encompasses regulatory genes that modulate gene expression, ensuring 

the precise timing and conditions for the production of desired bioactive substances (Ventura et 

al. 2007). 

Analyzing and comprehending the Actinobacterial genome pose challenges due to its vast 

complexity. However, recent advancements in high-throughput sequencing technologies have 

facilitated in-depth investigations into actinomycete genomes, unveiling their organization, 

function, and regulatory mechanisms (Zhu et al. 2014). These findings hold significant 

implications for understanding the biosynthetic capabilities of Actinomycetes and developing 

novel bioactive compounds. Furthermore, the abundance of genes and regulatory elements 

within Actinomycetes positions them as valuable microbial resources with diverse potential 

applications. Recent studies have aimed to improve the taxonomy of the Streptomyces genus, 

including a Chinese study (Zhang et al. 2018) that used whole-genome sequencing data to 

reclassify the genus into 23 clades, each assigned a unique clade number. Another study 

proposed a new taxonomic classification based on a combination of genomic and phenotypic 

data (Klaassen, 2015). 

In summary, the Streptomycetaceae family is one of the largest families within the phylum 

Actinobacteria, known for its ability to produce antibiotics and other important bioactive 

compounds. The taxonomy of Actinomycetes and Streptomycetaceae is based on a combination 



9 

 

of morphological, physiological, and molecular characteristics, which continue to evolve as 

new species are discovered and characterized. 

 

2.1.2. Cytology and morphology 

Streptomyces are filamentous bacteria that form long, branching chains of cells. At the cellular 

level, Streptomyces cells are rod-shaped and measure between 0.5-1.0 μm in diameter and 2-10 

μm in length (Mayfield et al. 1972). They have a well-developed cytoplasmic membrane, a 

thick peptidoglycan layer, and a complex array of metabolic pathways. 

 

Picture 2.1 Colour and morphology of Streptomyces spp. that are isolated from house garden 

soil. The names have been abbreviated to include HG (house garden) S (soil) followed by the 

sample number (Jalal & Ayad, 2021). 

One of the distinctive features of Streptomyces bacteria is their filamentous growth, known as 

mycelium, which is composed of long, branching chains of cells. Mycelium consists of asexual 

cells involved in growth and metabolism, as well as spore-producing aerial mycelium that 

produces new spores. These spores are short segments of mycelium that can develop into new, 

independent colonies, and their production by aerial hyphae is a key factor in the dispersal and 

settlement of Streptomyces in new environments (Dhanasekaran & Jiang, 2016). 
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In addition to mycelium and aerial hyphae, Streptomyces produces a range of secondary 

metabolites, including antibiotics, antitumor agents, and immunosuppressants, which are 

synthesized and excreted by special structures called spore chains (Selim et al. 2021). These 

spore chains are composed of spores of the mycelium that have been modified to contain large 

amounts of secondary metabolites. Among the most well-known and studied are the antibiotics, 

which have been used for many years as therapeutics to treat bacterial infections. 

Streptomyces produces a range of antibiotics with different modes of action and activity spectra, 

including tetracyclines, macrolides, aminoglycosides, and beta-lactams, among others (Alam et 

al. 2022). These antibiotics have been widely used to treat bacterial infections in humans and 

animals and are a major focus of research in the field of antimicrobial expertise. 

 

2.1.3. Ecology of Actinomycetes 

Actinobacteria, with their wide distribution in natural environments such as soil and water 

bodies, are a fascinating group of bacteria. They exhibit remarkable diversity and can be found 

in diverse habitats, including soil, water, and the surfaces of plants and animals (Goodfellow & 

Williams, 1983). In soil ecosystems, Actinobacteria thrive and play a pivotal role in nutrient 

cycling and the decomposition of complex plant polymers, such as cellulose and lignin (Van 

Der Meij et al. 2017). These microorganisms engage in intricate interactions with other soil 

microbes, forming complex microbial communities that orchestrate the functions of soil 

ecosystems. 

Moreover, Actinobacteria also make significant contributions to aquatic environments. They 

actively participate in nutrient cycling and the breakdown of organic matter, making them 

essential players in the decomposition processes within water bodies (Chen et al. 2021). 

Furthermore, Actinobacteria are involved in the formation of biofilms on aquatic plants and 

animals, which serve as critical regulators of water quality and the overall health of aquatic 

ecosystems. 

Among the Actinobacteria, Streptomyces stands out as an important genus. Within soil 

ecosystems, Streptomyces plays a vital role in maintaining the equilibrium and well-being of 

the soil environment through its biocontrol mechanisms (Shanthi, 2021). These fascinating 

microorganisms have developed sophisticated strategies to ensure the health and functionality 
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of soils, making them indispensable contributors to the intricate web of life in our natural 

habitats. 

Table 2.2 Changes in the activity of nitrogen metabolizing enzymes in the shoots and roots 

with and without biologically active Actinomycete isolates. Actinomycetes fix nitrogen at the 

tuberous roots of legumes and produce positive effects (AbdElgawad et al. 2020). 

 

Actinomycetes are also found on the surfaces of plants and animals, where they regulate plant 

and animal health (Li & Guo, 2020). For example, they are essential for the formation of legume 

root nodules, where they fix nitrogen and make it available for plant growth (AbdElgawad et 

al. 2020). Recent studies have highlighted the importance of Actinomycetes in environmental 

regulation and their potential for use in developing sustainable environmental management 

techniques. 

 

2.2. Antimicrobial effects of Streptomyces species 

Streptomyces species are a type of Actinomycetes that are known for their ability to produce a 

wide range of secondary metabolites, including antibiotics. The antimicrobial effects of 

Streptomyces species are due to their ability to produce secondary metabolites that are toxic to 

bacteria. These secondary metabolites can interfere with various cellular processes in bacteria, 

such as cell wall synthesis, DNA replication, and protein synthesis. In addition to their 
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antibacterial activity, some Streptomyces species have also been found to produce secondary 

metabolites with antiviral, antifungal, and antiparasitic activities. This makes them a valuable 

resource for the discovery and development of new antibiotics and antiparasitic agents (Donald 

et al. 2022). 

Table 2.3 List of some antibiotics produced by Streptomyces sp. (Selim et al. 2021). 

 

The table 2.3 shows that Streptomyces rimosus is responsible for the production of Hygromycin 

and Oxytetracyclin, which may be a secondary metabolite of their reaction. We look forward to 

finding out the results of the genome to reveal as a preview. 

 

2.2.1. About antibiotics in general 

Antibiotics are a group of compounds produced by microorganisms, such as bacteria, fungi, 

and Actinomycetes, which have the ability to inhibit the growth other microorganisms, including 

bacteria, fungi, and viruses. Antibiotics have been used for over 80 years to treat bacterial 

infections and have been essential in reducing the incidence and severity of infectious diseases. 

However, the widespread use of antibiotics has also led to the development of antibiotic 

resistance in many pathogenic bacteria, making it increasingly difficult to effectively treat 

bacterial infections (Davies, 2010). 

The history of antibiotics dates back to the turn of the century when Sir Alexander Fleming, a 

Scottish bacteriologist, discovered penicillin in 1928. Over the next few years, researchers 

worked to isolate and identify the active compound produced by Streptomyces, which was 

eventually named penicillin (Bennett et al. 2020). In the 1940s, penicillin was mass-produced 
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for use in World War II, and it proved to be a life-saving tool for the treatment of bacterial 

infections in soldiers (R. Hare, 1982). Since then, antibiotics have become a milestone of 

modern medicine, with new antibiotics being developed to treat a wide range of bacterial 

infections. 

 

Figure 2.4 Summary of major steps and processes in antibacterial drug discovery and 

development (Miethke et al. 2021). 

Antibiotics are secondary metabolites produced by microorganisms that have the ability to 

destroy or inhibit the growth of other microorganisms, even at low concentrations. They achieve 

this by disrupting the enzyme systems of target microorganisms, rendering their reproduction 
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impossible (Hussain et al. 2012). It is important to note that the production of these secondary 

metabolites is not directly linked to the cell's energy and material production. Instead, it occurs 

at a later stage of cultivation, often during the fermentation process. 

Currently, scientists have described around 12,000 to 13,000 different antibiotics (Antibiotic 

Resistance Threats in the United States, 2013). However, out of these known compounds, only 

about 300 are utilized in human medicine. This selective usage is due to the requirement of 

antibiotics possessing selective toxicity. In other words, an effective antibiotic must be highly 

toxic to the pathogen it targets while causing little to no harm to the host (humans) (Purssell, 

2020).  

Furthermore, antibiotics exhibit different antimicrobial spectrums, meaning they have varying 

degrees of effectiveness against specific groups of microorganisms. Some antibiotics may be 

more effective against certain types of bacteria, while others may have a broader spectrum and 

act against a wider range of microorganisms (Chis et al. 2022). 

Understanding the nature and characteristics of antibiotics is crucial for their appropriate use in 

combating infections and preserving their effectiveness for future medical treatments. 

 

2.2.2. Use of antibiotics 

Antibiotics are commonly known for their medicinal use in treating bacterial infections such as 

respiratory, skin, urinary, and gastrointestinal infections. The appropriate use of antibiotics is 

crucial to ensure their effectiveness and prevent the development of antibiotic resistance, a 

phenomenon where bacteria become resistant to the effects of antibiotics. Overuse or misuse of 

antibiotics can lead to the spread of antibiotic-resistant bacteria, making bacterial infections 

difficult to treat and control (Tang et al. 2017; Chang et al. 2014). 

Aside from their medical use, antibiotics also have various applications in other fields, such as 

agriculture, food preservation, aquaculture, environmental remediation, and biotechnology. In 

agriculture, antibiotics are commonly used to prevent and treat bacterial infections in livestock 

and poultry, as well as to promote growth and feed efficiency in some animals (Oliveira et al. 

2020). Similarly, antibiotics are utilized in the food industry to prevent bacterial spoilage and 

contamination during the processing of certain food products (Mehdi et al. 2018). In 

aquaculture, antibiotics are used to treat bacterial infections in farmed fish and shellfish (Pepi 
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& Focardi, 2021; Bojarski, Kot & Witeska, 2020). While in environmental remediation, 

antibiotics are employed to control bacterial contamination in soil, water, and air, and to clean 

up contaminated sites. A study found that the use of antibiotics in bioremediation was effective 

in reducing the levels of bacteria and pollutants in contaminated soil (Liu et al. 2017). 

In biotechnology, antibiotics are used to select for or eliminate specific bacterial strains and 

control bacterial contamination in laboratory cultures (Russell, 2003). Excessive use of 

antibiotics can lead to the emergence of multidrug-resistant bacteria. These bacteria have 

developed resistance to multiple antibiotics, making the treatment of infections more 

challenging (Kraemer et al. 2019). They can spread in healthcare settings, causing severe 

hospital-acquired infections. Additionally, multidrug-resistant bacteria can also spread in the 

community, making common infections difficult to treat. This poses a significant threat to 

public health, as we may no longer rely on conventional antibiotics to combat infections (Van 

Duin,2016). These multi-resistance refers to bacterial strains that are resistant to two or more 

antibiotics, making them difficult to treat effectively in clinical therapy. Among Gram-negative 

bacteria, members of the genera Acinetobacter and Pseudomonas are known to exhibit multi-

resistance (Bojarski et al. 2020). These bacteria can be found in the normal flora of the skin and 

have occasionally caused minor outbreaks (Morgado-Gamero et al. 2021). The development of 

resistance can occur through chromosomal or extrachromosomal mechanisms, with plasmids 

playing a significant role. Plasmids can transfer and disseminate resistance genes not only 

within the same species but also between different genera. Resistant bacteria have been isolated 

from various environmental sources, including surface waters, subsurface waters, soil, and 

plants treated with polluted water (Kraemer et al. 2019; Liguori et al. 2022). 

Antibiotics can enter the environment through various sources, including residential antibiotic 

use and agricultural practices. Residential antibiotic use involves the excretion of antibiotics 

from the human body, as well as the release of expired drugs into the sewer system, leading to 

their presence in wastewater. These substances, which are resistant to degradation processes, 

can ultimately contaminate surface water and drinking water supplies (Liguori et al. 2022). 

Agricultural antibiotic use is prevalent in veterinary medicine, plant protection, and as yield-

increasing feed additives in animal husbandry (Manyi-Loh et al. 2018). In recent years, 

regulations have been implemented to restrict the use of antibiotic-type feed supplements in the 
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European Union. 

The use of antibiotic resistance marker genes in genetically modified organisms (GMOs) is a 

topic of scientific debate. Marker genes are used in the development of GMOs to indicate 

successful gene transfer and integration. However, concerns have been raised about the 

potential transfer of antibiotic resistance genes from GMOs to the environment or bacterias, 

leading to the spread of antibiotic resistance (Netherwood et al. 1999; Oraby et al. 2022). 

The use of antibiotics is essential in maintaining the health and productivity of different species 

and systems and controlling bacterial contamination. However, to preserve the effectiveness of 

antibiotics for future generations, their use in these fields should be carefully monitored to 

minimize the development of antibiotic resistance (Miethke et al.2021). 

 

2.2.3. Antimicrobial ability of Streptomyces genus 

The genus Streptomyces is one of the largest sources of antibiotics, accounting for over two-

thirds of all commercially produced. Some of the most commonly used antibiotics produced by 

Streptomyces species include streptomycin, tetracycline, and erythromycin. Streptomyces 

species produce a wide range of antibiotics that target different aspects of bacterial physiology 

such as cell wall synthesis, protein synthesis, and DNA synthesis (Quinn et al. 2020). These 

antibiotics have a broad spectrum of activity and are effective against various bacterial 

pathogens, including both gram-positive and gram-negative bacteria (Alam et al. 2022). 

In conclusion, the Streptomyces genus is a crucial source of antibiotics that has significantly 

impacted the treatment of bacterial infections. While it's essential to avoid the widespread use 

of antibiotics to prevent the development of antibiotic resistance, the continuous discovery and 

development of new antibiotics from Streptomyces species will be critical in the ongoing fight 

against bacterial infections and the development of antibiotic resistance. 



17 

 

 

Figure 2.5 Antifungal compounds isolating from Streptomyces products (Alam et al.2022). 

 

2.3. Biodegradation as a possible bioremediation method 

Biodegradation is a process in which microorganisms break down and mineralize organic 

compounds, making it a promising method for bioremediation - the use of microorganisms to 

clean up environmental pollutants in soil, water, or air. These microorganisms can either 

naturally occur in the environment or be specifically selected for introduction into contaminated 

sites. 

One seminal study by Battersby and Wilson in 1989 provides a comprehensive overview of 

biodegradation and its potential for treating environmental pollutants. They emphasize the need 
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for further research and development in this field (Battersby & Wilson, 1989). Recent studies 

have focused on optimizing biodegradation for bioremediation and developing new techniques 

to enhance pollutant degradation. Ghorbannezhad's recent study examines biodegradation 

mechanisms and influencing factors for petroleum hydrocarbons. The authors discuss the 

potential and limitations of using biodegradation as a method of bioremediation for petroleum-

contaminated sites (Ghorbannezhad, 2022).  

 

Figure 2.6 Effect of using Pseudomonas species mixed-culture with Bacillus subtilis HG 01 

on pyrene and tetracosane degradation. Using Ps. putida ATCC 12633 had more effect on 

pyrene degradation than tetracosane and increased the degradation yield of pyrene from 50.5 

to 70% (Ghorbannezhad et al. 2022). 

Meanwhile, Z. Zhang's study investigates using biodegradation for treating per- and poly-

fluoroalkyl substances (PFASs) - highly persistent and toxic pollutants. They examine the 

biodegradation mechanisms and factors influencing the rate of degradation, as well as the 

potential and limitations of this approach for PFAS-contaminated sites. While bioremediation 

by biodegradation can be limited by nutrient and oxygen availability, environment pH and 

temperature, and competing microorganisms, these studies demonstrate the continued interest 

and importance of biodegradation as a method of bioremediation (Zhang et al. 2022). 

 

2.3.1. Biodegradation capacity of Streptomyces genus 

The Streptomyces genus is commonly found in soil environments and is renowned for its ability 

to produce a diverse array of secondary metabolites through various biosynthetic pathways. 

Additionally, this genus has demonstrated the capacity to biodegrade a range of organic 

compounds, such as polycyclic aromatic hydrocarbons (PAHs), chlorinated compounds, and 
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pesticides, by producing enzymes like hydrolases and oxidases. Research has shown that 

Streptomyces bacteria can break down various environmental pollutants, including PAHs, 

chlorinated compounds, and pesticides. For example, Streptomyces sp. KAIST-BT-01 was able 

to biodegrade naphthalene, a common PAH, by utilizing it as the sole carbon source (J. H. Lee, 

2017); María's research shows that Streptomyces has the potential to be a promising tool for 

lindane biodegradation (Fuentes et al. 2011). The Streptomyces genus is also effective in the 

biodegradation of several pesticides. Déziel found that Streptomyces fradiae could break down 

the pesticide atrazine in soil (Déziel, 2005), while another study showed that Streptomyces sp. 

KY10 could biodegrade the pesticide chlorpyrifos in soil (Park et al. 2019).  

 

Figure 2.7 Lindane Biodegradation by Defined Consortia of Indigenous Streptomyces Strains, 

Streptomyces sp. M7 showed the most effective removal rate of lindane at 37%, while 

Streptomyces sp. A2 exhibited a lower removal rate of 23% (Fuentes et al. 2011). 

Streptomyces bacteria achieve the biodegradation of pesticides by producing enzymes such as 

hydrolases and oxidases, which can break down the chemical structure of the pesticide 

molecules (Briceño et al. 2018). This process not only reduces the levels of pesticides in the 

environment but also helps mitigate their toxic effects on living organisms (Cuozzo et al. 2017).  

The biodegradation capacity of the Streptomyces genus has significant implications for 

bioremediation, as these bacteria have the potential to break down harmful environmental 

pollutants. Further research is needed to fully understand the biodegradation mechanisms and 

capacities of these bacteria, but their potential in bioremediation is promising (Ali, 2010). 
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Figure 2.8 Chemical structures of representative pesticides degraded by Streptomyces strains 

(Ghorbannezhad et al. 2022). 

2.4. Presentation of the genus Pseudomonas 

Pseudomonas aeruginosa is a ubiquitous, gram-negative, facultative pathogenic bacterium that 

is commonly found in soil, water, and other natural environments. This species has the ability 

to cause a wide range of infections in humans, including pneumonia, meningitis, bloodstream 

infections, urinary tract infections, skin infections, and wound infections. Pseudomonas 

aeruginosa is a clinically problematic bacteria that is responsible for many nosocomial and 

iatrogenic infections, and has been associated with a high mortality rate of approximately 35%. 

One of the major concerns associated with Pseudomonas aeruginosa is its ability to develop 

antibiotic resistance, including multi-drug resistance, making treatment difficult. In addition to 

causing disease in healthcare settings, environmental strains of Pseudomonas aeruginosa may 
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also pose a risk to public health due to their ability to develop disease outside of healing 

institutions. Therefore, Pseudomonas aeruginosa is considered an environmental health hazard 

that requires attention from both medical and public health professionals. 

While Pseudomonas can cause infections in plants, animals, and humans, certain species have 

also been found to have beneficial effects on plant growth and protection by producing 

antibiotics or colonizing plant roots. Pseudomonas is a versatile genus, capable of thriving 

under a wide range of environmental conditions, including challenging ones like high 

temperatures and low nutrient levels (Palleroni, 2003). This adaptability makes Pseudomonas 

an important target for biotechnology applications, such as the production of biofuels, 

bioplastics, and other industrial products. Furthermore, some species of Pseudomonas have 

been shown to be effective in breaking down complex compounds like polycyclic aromatic 

hydrocarbons and other environmental pollutants, making them a valuable resource for 

bioremediation applications (Peix et al. 2009). 

 

2.4.1. Environmental effects of Ps. aeruginosa 

 

Picture 2.9 Morphology of Pseudomonas aeruginosa representing cellassociated and 

extracellular virulence factors (Qin et al. 2022). 

Ps. aeruginosa is a bacterium that can cause a range of infections in humans, including urinary 
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tract infections, pneumonia, and bacteremia. It is also a common cause of hospital-acquired 

infections, especially in patients with weakened immune systems (Wood et al. 2023). In the 

environment, Ps. aeruginosa can have various effects on ecosystems. For instance, it can 

contribute to the degradation of organic matter, playing a crucial role in the cycling of nutrients 

in soil and water systems. Additionally, it can participate in the biodegradation of a variety of 

pollutants, including hydrocarbons and toxic metals, making it a potential tool for 

bioremediation (Korshunova T.Y. 2021). 

 

Picture 2.10 Mechanisms of antimicrobial resistance in Ps. Aeruginosa (Qin et al.2022). 

However, the presence of Ps. aeruginosa in the environment can also have negative effects, 

especially when it infects humans or other animals (Stellato et al. 2015). This bacterium is 

known to be highly antibiotic-resistant and can also be multidrug-resistant, making it 

challenging to treat once it has established an infection. Furthermore, the release of antibiotics 

and other chemicals into the environment can contribute to the spread of antibiotic-resistant 

strains of Ps. aeruginosa, further exacerbating the public health threat posed by this bacterium 

(Killough et al. 2022). In conclusion, the environmental effects of Ps. aeruginosa are complex 

and can be both positive and negative. While it can play a role in biodegradation and nutrient 

cycling, it can also pose a severe threat to human and animal health.  
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Figure 2.11 General heavy metal sorption mechanisms operating in various microbes (Saxena 

et al. 2001) 

Therefore, it is crucial to carefully manage the presence of this bacterium in the environment, 

both to minimize its impact on public health and to ensure that it can be effectively utilized for 

bioremediation purposes like in extremely harmful metal-polluted areas (Sriramulu, 2019). 

In 2001 there was reported that Pseudomonas putida exhibited resistance to cadmium and likely 

possessed detoxification capabilities (Lee et al. 2001). Another Chinese scientist Wang also 

demonstrated the use of Pseudomonas aeruginosa for cadmium removal (Wang, 1997). Several 

studies have shown the ability of microbes to detoxify chromium (McLean & Beveridge 2001; 

Megharaj et al. 2003; Viti et al. 2003). Indian scientist team, Saxena and Mangala, isolated a 

strain of Pseudomonas putida from copper mines that effectively precipitated copper, making 

it a promising candidate for copper bioremediation (Saxena et al. 2001). The figure 2.11 

illustrates the general mechanisms of heavy metal sorption observed in various microbes. 

 

2.4.2. Environmental risk factors for multiresistance development 

The development of multiresistant strains of bacteria is a major public health concern that is 

largely driven by environmental factors. These factors include the widespread use of antibiotics, 

poor hygiene practices, and the presence of antibiotic-resistant bacteria in the environment 

(Gamero et al. 2021). This is because antibiotics can kill off susceptible bacteria, leaving behind 
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only the resistant strains. Over time, these resistant strains can become more prevalent, leading 

to the development of multi-resistant bacteria. And some bacteria can persist on surfaces for 

long periods of time, leading to cross-contamination and the spread of antibiotic-resistant 

bacteria. Additionally, the presence of antibiotic-resistant bacteria in the environment can also 

contribute to the development of multi-resistant bacteria (Larsson, 2022). There are several 

environmental risk factors that contribute to the development of multidrug resistance in 

microorganisms, including Pseudomonas aeruginosa. Some of these risk factors include: 

1. Antibiotic pollution in the environment, such as through agricultural runoff or wastewater 

discharge, can lead to the selection of resistant bacteria (Bondarczuk et al. 2016). 

2. Overuse of antibiotics: The overuse of antibiotics in both human and animal populations 

can contribute to the development of multidrug resistance (Bhardwaj et al. 2021). 

3. Lack of infection control measures: Poor infection control measures, such as inadequate 

hand hygiene or failure to clean contaminated surfaces, can increase the spread of resistant 

bacteria (Serwecińska, 2020). 

4. Antibiotic usage in agriculture, particularly for growth promotion and disease prevention, 

can contribute to the development of multidrug resistance. 

5. Poor access to clean water and adequate sanitation can increase the spread of resistant 

bacteria, particularly in low-income countries (Mann et al. 2021). 

6. Unregulated use of antibiotics: The unregulated use of antibiotics, particularly in low-

income countries, can contribute to the development of multidrug resistance (Duarte et al. 2019). 

In conclusion, the development of multiresistant bacteria is influenced by a range of 

environmental factors, including the widespread use of antibiotics, poor hygiene practices, and 

the presence of antibiotic-resistant bacteria in the environment. To reduce the risk of 

multiresistant bacteria, it is important to implement measures to reduce the use of antibiotics, 

improve hygiene practices, and minimize the spread of antibiotic-resistant bacteria in the 

environment (Larsson & Flach, 2021).  
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3. Methods and Materials 

 

Figure 3.1 Macro flow chart of experimental steps and methods of my thesis 

This study is a continuation of a previous research conducted by our department. In prior studies, 

Harkai (2017) a member of our institution, two of the identified strains K189 and K145 in the 

collection as having potential for inhibiting against facultative pathogens as the Pseudomonas 

aeruginosa. Building on this foundation, we developed a follow-up research plan and 

methodology, which serves as a reference point for subsequent experiments and operations

（Figure 3.1） outlines the framework for our research and provides a benchmark for my study. 

Some of the instruments needed for this study as an equipment: 

Autoclave, incubator, freezer, centrifuge, spectrophotometer, PCR thermal cycler, 

electrophoresis apparatus, pipette, shaker, ultrasonic instrument, sterile box, etc.(Photo 3.2). 
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Photo 3.2 The instruments needed for strain selection and identification (Lab of 

Environmental Safety Department, MATE, Hungary, 2022) 

 

3.1. Previous study Related Work 

Actinomycetes are a group of gram-positive, rod-shaped bacteria that are widely distributed in 

soil and water environments. The Environmental Safety Department of the Hungarian 

University of Agriculture and Life Sciences isolated a microbial population from soil, decaying 

plant debris, peat bogs, also peat moss and compost samples in the 1970s, which were 

designated as "K" in their naming system. This name (“K”) pays homage to the German 

microbiologist named as Küster, who was also one of the leading researchers in the field of 

Streptomyces. All the samples were provided as individual freeze-dried copies and were mostly 

labeled or marked only with codes. In 2017, Harkai Peter revived, molecularly identified, and 

phenotypically tested 494 strains, of which 407 were from the family of Actinomycetes, and 

123 different species of the genus Streptomyces were identified. Subsequently, Harkai 

conducted preliminary screening of the antibacterial and biodegradation abilities of some 

strains and found that K234 but from these all especially K145, and K189 showed potential for 

further research in these areas (Harkai, 2017). 
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Figure 3.3Streptomyces Strains Inhibit Clean Zone (mm) in Agar diffusion test (Harkai, 2017) 

 

3.2. Origin of the strain 

The strains used in this study were obtained from a collection of microorganisms labeled with 

the letter "K" in the departmental nomenclature. The majority of the "K" labeled strains in the 

department belong to the Actinomyces genus. The collection was originally sourced from a 

variety of environmental habitats, such as soils, decaying plant matter, peat bogs, and compost 

samples, primarily during the 1970s. These strains were selectively isolated by Streptomyces 

and deposited by previous legal predecessors due to their unique properties, which may be of 

interest for biotechnological research. 

The relevant previous experiments were conducted by Peter Harkai in 2017, and achieved 

certain results. Strains K189 and K145 were identified as Streptomyces rimosus. The 

experiments showed they have antibacterial potential (Harkai,2017). My specific strains are 

Streptomyces spp. numbered K189 and K145. I will revitalize the strains labelled K189 and 

K145 obtained from storage in -80°C freezers and freeze-dried vials in the laboratory. 
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3.3. Revitalisation 

The experiment's initial strain revitalization process involved reactivating strains from a 

collection that had been stored in lyophilized ampoules at room temperature in boxes, protected 

from light and heat. The procedure included scratching the surface of the ampoules with a 

diamond-tipped cutting tool, followed by heating the ampoules with an open flame and cooling 

them. Next, 200-200 µl of 5% peptone contained water was measured into the ampoules and 

spread onto solid agar media. From there, 50 µl of the ampoule contents were pipetted and 

spread onto sterilized GYM agar poured into Petri dishes, as recommended by the German 

National Collection of Microorganisms and Cell Cultures (DSMZ). And I also cultured strains 

with the same numbers which were stored at -80°C in the same media to ensure that a pure and 

single target strain could be obtained.  

GYM agar contains glucose, malt extract, and CaCO3 as a pH buffer, which are ideal for 

Streptomyces strains, promoting till spore formation appears. Finally, the Petri dishes were 

inverted and incubated for 120 hours upside down at 28°C in a Memmert-type heated thermostat 

and designed to prevent condensation. 

Table 3.4 Composition of GYM medium 

GYM medium Solid Liquid 

Glucose 4.0 g 4.0 g 

Yeast extract 4.0 g 4.0 g 

CaCO3 10.0 g 10.0 g 

Agar 2.0 g - 

Malt extract 15.0 g - 

Distilled water 1000.0 ml 1000.0 ml 

PH 7.2 7.2 

 

3.4. Microbial strain identification 

Microbial strain identification is a crucial step in any microbiological study, as it allows 

researchers to accurately identify the microorganisms under investigation. Traditional methods 

of strain identification, such as phenotypic and biochemical characterization, have limitations, 

as they are often time-consuming, subjective, and prone to errors. In recent years, molecular 
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methods based on the analysis of specific DNA sequences, such as the 16S rRNA gene, have 

become increasingly popular for strain identification, as they offer several advantages over 

traditional methods, including greater accuracy, speed, and reproducibility (Rainey & 

Stackebrandt, E. 2000). In the 2017 article, it was proposed that the K189 and K145 strains 

were identified as St. rimosus species. However, in many cases, they may be reclassified to 

exclude the possibility. Therefore, we would like to verify the two strains by species to 

determine if they are still representatives of the St. rimosus species. In this study, we used 16S 

rDNA sequence analysis to identify the microbial strains under investigation. 

 

3.4.1. Phenotype examination 

To begin with, it is essential to conduct a thorough observation of the morphology and 

characteristics of the strains. This is done to compare the current findings with previous 

experimental records and establish whether they meet the initial diagnostic criteria for 

Streptomyces rimosus. 

 

Photo 3.5 Revitalisation effect of K189 strains of different dilutions from -80°Cafter 7 days 

incubation. Left: diluted to104; Mid: 105; Right: 106 Colony Forming Unit/mL. (Lab of 

Environmental Safety Department, MATE, Hungary, 2022) 

As part of the phenotyping process, I conducted a detailed examination of the colonies' colour, 

surface morphology, and arrangement, as well as the presence of pigment production, its colour, 

and the formation of spore production. The appearance of spore production was confirmed by 

a distinct greyish-white colour change on the upper surface of the colony, known as 'powdery 

spore mats,' after 96-120 hours by using a constant temperature set at 28°C. Following this 
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period, I performed a macroscopic description of the strains and documented their 

characteristics through photographic means. 

 

3.4.2. 16S rDNA-based strain identification 

Advancements in molecular biology have made it clear that identification procedures based 

solely on phenotyping, such as morphology, culture parameters, and biochemical tests, may 

produce erroneous or imprecise results. As a result, molecular taxonomic studies have become 

crucial in species identification. Therefore, I have used molecular taxonomic methods, 

specifically 16S rDNA sequence analysis, to examine the revitalized members of this strain 

collection. The steps of this analysis are outlined below. 

3.4.2.1. DNA isolation 

At first, I cultivated the revitalized strains by incubating them for 120 hours at 28°C in a 

Memmert-type heated thermostat using liquid GYM medium. I obtained the latest viable strains 

by culturing them in two sterile flasks with a constant temperature shaker set at 28°C and 160 

rpm for 96 hours. Due to the thick cell walls of the strains that are difficult to break down, I 

used the Zymo Quick-DNA Miniprep Plus Kit for this operation. I chose this kit because 

enzymatic digestion is more effective than other methods for facilitating DNA extraction. The 

kit contains lysozyme, which degrades the cell wall and aids in the release of DNA during the 

cell lysis process. 

The DNA isolation was performed according to the manufacturer's protocol. I added the 

samples to ZR Bashing Bead Lysis Tubes along with 750 μl of ZymoBiomics Lysis Solution 

and tightly capped them. I then subjected them to bead beating at maximum speed for 20 

minutes. After that, I centrifuged the tubes at ≥10,000x g for 1 minute. The supernatant was 

transferred to Zymo-Spin III-F Filter Collection Tubes and centrifuged again at ≥10,000x g for 

1 minute. I discarded the filter and added 1200 μl of ZymoBIOMICS DNA Binding Buffer to 

the filtrate, mixing it well. The mixture was transferred in two batches to Zymo-Spin IICR 

Columns and centrifuged at ≥10,000x g for 2 minutes, discarding the flow-through each time. 

Next, I added 400 μl of ZymoBIOMICS DNA Wash Buffer 1 to the Zymo-Spin IICR Column 

in a new Collection Tube and centrifuged it at ≥10,000x g for 1 minute. I discarded the flow-

through and repeated the process with 700 μl of ZymoBIOMICS DNA Wash Buffer 2, 
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centrifuging at ≥10,000x g for 1 minute, and discarding the flow-through again. Finally, I 

transferred the Zymo-Spin IICR Column to clean 1.5ml microcentrifuge tubes and added 100 

μl of ZymoBIOMICS DNase/RNase-free water directly to the column matrix. I incubated it for 

1 minute and then centrifuged it at ≥10,000x g for 1 minute to elute the DNA. The DNA should 

be stored at -20°C and kept for future use. I used the NanoDrop DNA test instrument to measure 

the DNA concentration and ensure its validity. 

 

3.4.2.2. DNA detection by agarose gel electrophoresis 

To detect the genomic DNA isolated with the kit described above, I performed agarose gel 

electrophoresis.   

Materials used: 

Agarose powder, TBE buffer, DNA samples, loading buffer (with tracking dye), distilled water, 

ECO Safe Nucleic Acid Staining Solution. 

Specifically, I prepared a 1% agarose gel supplemented with 3.5 µl of ECO Safe Nucleic Acid 

Staining Solution to allow for visualization of the DNA bands. Next, I poured the mixture into 

a gel tray with precast wells formed by comb lines. As a control, I used 3µl Gene Rule DNA 

ladder for size reference. The DNA samples "K189" and "K145" were taken out from -20°C, 

and 3 µl of each sample was mixed with 1 µl of loading buffer containing the tracking dye for 

visualization during electrophoresis. The sample was loaded into the wells of the agarose gel 

using a micropipette, with the agarose gel acting as a filter for the nucleic acid molecules during 

electrophoresis. 

Table 3.6 Materials and dosages used in agarose gel electrophoresis 

 Dosage 

Agarose powder 0.7 g 

10×TBE 7.0 ml 

DNA samples 3.0 µl 

Loading buffer 1.0 µl 

MQ water 63.0 ml 

ECO Safe Staining Solution 3.5 µl 
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I connected the gel electrophoresis apparatus to a power supply and ran it at 110V for 20 

minutes. During electrophoresis, the negatively charged DNA molecules migrated towards the 

positively charged electrode, with smaller fragments migrating faster than larger ones. 

When electrophoresis is complete, carefully remove the gel from the electrophoresis apparatus 

and place it on a UV transilluminator due to observing the DNA bands under UV light. Capture 

images of the gel with gel imaging software. Analyse the DNA bands with gel imaging software. 

Determine the size and intensity of each band. 

 

3.4.2.3. Polymerase Chain Reaction (PCR) 

Polymerase chain reaction (PCR) is a laboratory technique used to amplify a specific segment 

of DNA in vitro. It involves several steps, including denaturation, annealing, and extension, 

which are repeated in cycles to amplify the target DNA exponentially. This process is facilitated 

by a heat-stable DNA polymerase enzyme, such as Taq polymerase, which extends the primers 

by adding new nucleotides. PCR has revolutionized molecular biology and is widely used for a 

variety of applications, including DNA sequencing, genetic testing, forensics, and disease 

diagnosis. The PCR’s master mix was prepared by mixing Taq buffer, primers, dNTP, DNA 

sample, Taq polymerase and MQwater (Table 3.7) in a sterile microcentrifuge tube at room 

temperature. The mastermix was vortexed briefly and then aliquoted into PCR tubes containing 

the DNA template.  

Table 3.7 Preparation of 16S rDNA PCR Solution and Melting Curve Analysis 

Mastermix: Hear profile: 

Taq buffer 5.0 µl 95℃ 3 min  

27f forward primer 0.5 µl 94℃ 30 sec 

} 32

x 
1492r reverse primer 0.5 µl 52℃ 30 sec 

dNTP 10.0 µl 72℃ 1 min 

DNA sample 1.0 µl 72℃ 10 min  

Taq polymerase 0.25 µl 4℃ ∞  

MQ water 32.75 µl    

Final volume 50.0 µl    



33 

 

Polymerase Chain Reaction (PCR): 

The PCR amplification was performed in a thermal cycler with the following cycling conditions 

(Table 3.7). The PCR product was then analyzed by gel electrophoresis, and the resulting data 

was analyzed by using gel imaging software. 

3.4.2.4. Detection of PCR products 

I used agarose gel electrophoresis to detect the amplified PCR products. 

I prepared the agarose gel by following the same protocol in 3.3.2.2. I used a pipette to load 3µl 

Gene Rule DNA ladder and each of my samples of the PCR product 5 µl into the wells of the 

agarose gel. I ran the gel electrophoresis at a voltage of 110V for 30 minutes. After the run was 

complete, I checked the gel under UV light and compared the results to the Gene Rule standard 

to determine the quality of the samples. 

 

Photo 3.8 DNA Fluorescent Reaction Under UV Light After Electrophoresis (Lab of 

Environmental Safety Department, MATE, Hungary, 2022) 

 

3.4.2.5. Purify PCR products 

After performing a PCR reaction, it is often necessary to purify the PCR products to remove 

any unwanted impurities such as unincorporated primers, nucleotides, and enzymes. One 

common method for purifying PCR products is using a PCR purification kit. This time I used 

the NucleoSpin Gel and PCR Clean-up to do the PCR clean-up. 

I followed its protocol to do these steps. To adjust the DNA binding conditions, I added 90 μl 

of Buffer NTI to each of my two samples (approximately 45 μl per sample) and mixed them 

well. I then placed a NucleoSpin Gel and PCR Clean-up Column into a Collection Tube and 
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loaded up to 700 μl of sample. Following the manufacturer's instructions, I centrifuged the 

column for 30 seconds at 11,000 x g and discarded the flow-through. I repeated this step for the 

remaining solution. 

After that, I added 700 µl of Buffer NT3 to the NucleoSpin Gel and PCR Clean-up Column, 

and centrifuged it for 30 seconds at 11,000 x g. Again, I discarded the flow-through and placed 

the column back into the collection tube. I repeated this step for the remaining solution. To 

ensure complete removal of Buffer NT3, I centrifuged the column for an additional 1 minute at 

11,000 x g. 

Finally, I placed the column into a new micro-centrifuge tube and added 30 μl of Buffer NE. I 

incubated the sample for 1 minute and then centrifuged it for 1 minute at 11,000 x g to obtain 

the purified PCR products. 

 

3.4.2.6. Sequencing Reaction and analysis 

The PCR products were sequenced using the Big Dye Terminator v3.1 Cycle Sequencing Kit 

(ThermoFisher Scientific). The sequencing reaction was set up using 0.8 μl of purified PCR 

product, 0.25μl of 27f primer, 2.7 μl of MQ water, 0.5 μl of Big Dye Terminator mix, and 0.75 

μl sequencing buffer in a final volume of 5 μl. The reaction was subjected to thermal cycling 

using the following conditions: 96°C for 1 min, followed by 25 cycles of 96°C for 10 s, 50°C 

for 5 s, and 60°C for 4 min. (Table 3.9). 

Table 3.9 Preparation of DNA sequencing and Melting Curve Analysis 

Sequencing PCR Hear profile: 

Big dye 0.5µl 96℃ 1 min  

Big dye buffer 0.75 µl 96℃ 10 sec 

} 28x 27f primer 0.25 µl 50℃ 5 sec 

DNA sample 0.8µl 60℃ 4 min 

MQ water 2.7µl 4℃ ∞  

Final volume 5.0 µl    

The sequencing products were then purified using the ethanol precipitation method. Briefly, the 

sequencing reaction mixture was mixed with 3 M sodium acetate (NaAC), pH 5.2, and 96% 

ethanol, and incubated at room temperature for 10 min.  



35 

 

Table 3.10 Materials and Unit amounts Required for DNA Ethanol Precipitation 

3M NaAC 3.0µl 

MQ water 14.5µl 

EtOH (96%) 62.5µl 

EtOH (70%) 180µl 

HiDi solution 20µl 

The mixture was centrifuged at 3220g for 20 min at 4°C, and the supernatant was carefully 

removed. The pellet was washed with 70% ethanol, centrifuged again at 3220g for 20 min at 

4°C, and the supernatant was removed. I then inverted the tubes and fixed them on trays and 

centrifuged them at 4°C for 1 minute at 630g to remove the remaining solution. Finally, 20 µl 

of HiDi solution was added and left at 4°C for 24 hours to await the laboratory specialist for 

analytical operations. The amount of reagent is shown in Figure 3.10. 

The molecular biological identification of the Streptomyces strains was conducted using DNA 

sequencing analysis of the 16S rRNA gene. The bacterial genomic DNA was extracted using a 

Zymo quick DNA miniprep plus kit according to the manufacturer's instructions. The 16S 

rRNA gene was amplified using PCR with universal primers, and the PCR products were 

purified and sequenced. The obtained sequences were analyzed using BLAST and compared 

to those available in the NCBI GenBank database. Fix them with the MEGA x software. 

 

3.5. Antimicrobial inhibition studies 

3.5.1. Microorganisms utilized for inhibition testing 

Table 3.11 Origin of Pseudomonas aeruginosa in the inhibition tests 

Ps. Aeruginosa Origin 

P18 Environment isolation from groundwater 

P43 Environment, isolation from a Hydrocarbon-contaminated site  

P66 Environment isolation from groundwater 

ATCC27853 Reference strain from strain collection 

B02600 Lab collection strain 

B02040 Lab collection strain 
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In my study, six different strains of Pseudomonas aeruginosa were used as the indicator 

microorganisms for inhibition testing. They are all Ps. Aeruginosa P18, P43, P66, ATCC27853, 

B02600, B02040 were chosen for its widespread presence in various environments, including 

soil and water, and its known susceptibility to antibiotics and other antimicrobial agents (Table 

3.11). 

Based on a list published by the World Health Organization in February 2017, Pseudomonas 

aeruginosa was already listed among the most critical antibiotic-resistant bacterial species 

(WHO,2017). Environmental strains of P. aeruginosa were subjected to antibiotic resistance 

testing at the department. Strain P43 was isolated from a groundwater sample contaminated 

with hydrocarbons at a site where a refinery product pipeline was damaged. This strain 

demonstrated exceptional resistance to various third-generation cephalosporins, broad-

spectrum penicillins such as piperacillin, and carbapenems (imipenem) antibiotics. Furthermore, 

P43 was found to be completely resistant to the applied amino glycosides, specifically 

gentamicin. The reference strain for P. aeruginosa is ATCC 27853. Strains P18 and P66, which 

I used as test organisms, showed resistance to 14 of 31 tested antibiotics in disk diffusion 

antibiotic resistance testing and they also had some reaction against Oxytetracyclin on the scale. 

(Kaszab, 2010). 

The main microorganisms of interest were Streptomyces strains, which were obtained from 

laboratory collections, originally from soil samples in nature. To prepare the cultures for 

inhibition testing, a single colony from each Streptomyces strain was inoculated onto TGE-5 

medium plates and incubated at 28°C for 24 hours. After culturing for up to 24hours, I used a 

sterile glass stick to scrape bits into 5 ml of physiological saline to dilute and test for cell density. 

Using a Genesys Spectro Photometer (Thermo Scientific, GENESYS 10S UV-VIS), the cell 

density was adjusted to 0.7 per ml for subsequent testing. 

 

3.5.2. Preparation of test organisms 

To prepare the Streptomyces products for antimicrobial inhibition studies, a single colony from 

each strain was inoculated into 100 mL of sterile GYM liquid medium which often preferred 

for the growth of Streptomyces because it provides a nutrient-rich environment that supports 

the growth and sporulation of Streptomyces and incubated at 28°C for 120 hours days with 
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shaking at 200 rpm. The antimicrobial product has been given just only occur after 120 hours. 

As we cannot determine whether the antimicrobial substance exists inside the cells, we divided 

the samples into two groups. One group was sonicated using an ultrasonic device to break the 

cell walls, allowing any possible enzymes or metabolites present inside the cells to enter the 

liquid, which was then centrifuged to separate the solid material (Chater et al. 2010). The other 

group was directly centrifuged to remove the solid material in 4°C and 3220g for 20 minutes. 

The resulting cultures were centrifuged at 3220g for 20 minutes to pellet the cells, and the 

supernatant was filter-sterilized using a 0.45 µm sterile syringe filter to remove any residual 

cells or debris. And I also collected the same sample from the Streptomyces which incubated at 

28°C for 168 hours with shaking at 200 rpm. We obtained a metabolite sample from 168 hour 

to observe the differences between the 120 hour and 168 hour samples. 

 

Photo 3.12 Streptomyces rimosus K145 cultured in GYM liquid medium for 120 hours for 

further investigation (Lab of Environmental Safety Department, MATE, Hungary, 2022) 

After retaining about 20ml of an original sample, the other 20ml was concentrated. We took an 

equal number of samples in each case. The filtered supernatant was then concentrated using a 

rotary evaporator (Biotage) at 40°C to remove the solvent and reduce the volume. The resulting 

sample is about only 2.5 ml and stored all of them at 4°C until further use.  

Initially, we attempted to test the original, unconcentrated samples. But the experimental results 

cannot find any significant antibacterial activity. So, we attempted to redesign this experimental 

step by conducting antibacterial experiments again using both the original samples and 

concentrated samples. 
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Table 3.13 Preparation conditions for sample collection（+: processed；-: not processed） 

Sample name Concentrated Sonicated 120 h 168 h 

⑤ K189 - - + - 

⑤ K145 - - + - 

⑤ K189-CC + - + - 

⑤ K145-CC + - + - 

⑤ K189-SCC + + + - 

⑤ K145-SCC + + + - 

⑦ K189 - - - + 

⑦ K145 - - - + 

⑦ K189-CC + - - + 

⑦ K145-CC + - - + 

⑦ K189-SCC + + - + 

⑦ K145-SCC + + - + 

This will give us total 12 samples, 4 original samples（from 120 hours till 168 hours）, 4 samples 

that have been concentrated to 10% compared to the original sample, 4 samples that have been 

sonicated and concentrated to 3ml. 

3.5.3. Antimicrobial inhibition methods 

The aim of the experiment was to determine the zone of inhibition, which is the area of the agar 

plate where the Pseudomonas strains did not grow due to the inhibitory effect of the product 

samples. The size of the zone of inhibition reflects the efficacy of the product sample against 

the test microorganisms. A larger zone of inhibition indicates a stronger inhibitory effect, while 

a smaller or no zone of inhibition indicates a weaker or no inhibitory effect. By comparing the 

zone of inhibition of each sample against the control, the experiment can evaluate the efficacy 

of the product samples against the Pseudomonas strains. 

3.5.3.1. Cross-streak method 

The cross-streak method is a microbiological technique used to investigate the interaction 

between two different microorganisms. It’s history can be traced back to the early 20th century 

when microbiologists first began using agar as a medium for growing bacteria. This method is 

commonly used in antimicrobial susceptibility testing to evaluate the effectiveness of a 

compound against a specific pathogen (Kamat & Velho-Pereira, 2012). 
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Figure 3.14 Examination of antimicrobial effect using the cross-steak method, photo on the 

right shows the strain Streptomyces K189, which produces an antifungal substance against 

fungal species and forms small inhibition zones around Pseudomonas aeruginosa P18 and 

B02600. The diagram on the left is a schematic representation of this process, where the central 

stripe is Streptomyces, and the lateral stripes are the test micro-organisms is Pseudomonas. 

In my experiments, I inoculated two samples of Streptomyces onto six separate 22 ml GYM 

medium Petri dishes using a sterile glass rod. The spores were applied to the middle of the Petri 

dishes in a straight line from the very end to another edge, 1 cm from the edge in all directions. 

After incubating the plates in a 28°C thermostat for 24 hours, each of the six species of 

Pseudomonas was inoculated onto three Petri dishes using a glass rod dipped into a laterally 

scribed form (Figure 3.14). The gap lengths were measured for preliminary observations after 

the completion of the experiment. 

3.5.3.2. Agar diffusion method 

The agar diffusion method is a simple and reproducible technique that involves measuring the 

zone of inhibition around an antimicrobial agent that diffuses into an agar medium. This method 

has been used extensively for screening the antimicrobial activity of various natural and 

synthetic compounds (Bonev et al. 2008). In this study, the method was to utilized assess of the 

inhibitory activity of 16 product samples obtained from two Streptomyces strains against two 

different Pseudomonas aeruginosa strains.  
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Figue 3.15 Schematic diagram of the agar diffusion test. The right photo shows a sample 

⑦K189-CC (Table 3.12) produced from Streptomyces K189, which formed a clear inhibition 

zone on the culture medium of Pseudomonas aeruginosa P66. 

The Pseudomonas strains were cultured on 22 ml MH medium using a cotton swab spread 

method (Figure 3.16). This technique allowed for uniform growth of the microorganisms on the 

medium. We selected a total of 6 Pseudomonas aeruginosa strains and 12 samples of 

metabolites for our experiment. Each Pseudomonas strain was inoculated in 12 Petri dishes, 

with a total of 60 dishes for the 6 strains. Subsequently, three holes were made in each medium 

using a tool, and 70 µl/hole of same sample was added to each hole to ensure that they absorb 

the same amount of product for observation and analysis. The chosen volume of sample ensured 

that sufficient amount of the compound diffused through the agar medium and into the 

surrounding area to exhibit the inhibitory effect. Then I put them in the fridge at 4°C not to 

incubate, till it gets absorb into the medium. After about 4 hours (it needs to have 4 hours to 

disappeared from the holes), they were transfered to 28°C for 24 hours. 

The primary aim of the experiment was to measure in mm-s the zone of inhibition and assess 

the effectiveness of the product samples against the Pseudomonas strains. The zone of 

inhibition is an indicator of the antimicrobial activity of the tested compounds. It is the area of 

cleared agar surrounding the well that contains the sample. A larger zone of inhibition indicates 

a higher level of inhibitory activity, indicating the effectiveness of the product sample against 

the Pseudomonas strains. 
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Picture 3.16 Schematic diagram of using a cotton swab spread for Pseudomonas aeruginosa 

 

3.5.3.3. Kirby-Bauer Method（Filter paper diffusion method） 

The Kirby-Bauer method is widely used to evaluate the antimicrobial activity of various 

compounds. This method is based on the diffusion of an antimicrobial compound from a filter 

paper disk into and on an agar medium containing microorganisms (Hudzicki, 2009). The zone 

of inhibition around the disk indicates the degree of inhibition of microbial growth, and its size 

is influenced by several factors such as the size of the disk, the diffusion coefficient of the 

antimicrobial agent, and the susceptibility of the microorganism (Biemer,1973). 

 

Figue 3.16 Schematic diagram of the filter paper diffusion test. Right：a sample K189-CC 
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produced from Streptomyces rimosus K189 formed a clear inhibition zone on the culture 

medium of Pseudomonas aeruginosa P18. To avoid the technical implementation, clean zone 

less than 2 mm won’t be account. 

We aim to observe and compare experimental findings with each other. We used Petri dishes of 

the same size and equal amounts of medium, inoculum concentrations of the inhibited strain, 

and multiple identical control conditions. The samples used as variables in our experiments 

included different concentrations of samples, number of sample days, and whether the samples 

were sonicated (Table 3.13). Multiple sets of data were obtained in this way, and the results 

were analyzed by calculating the standard deviation and mean values. 

In my experiment, the Kirby-Bauer method was employed to evaluate the inhibitory activity of 

8 concentrated samples produced from two Streptomyces strains against 2 different 

Pseudomonas species. Both of these strains were naturally sourced from the environment and 

possess multiple resistances, allowing us to evaluate the inhibitory efficacy of the product 

against multiple resistant strains. The experiment included testing samples that were grown for 

5 and 7 days, as well as samples that were sonicated and those that were not. Filter paper 

diffusion method was used, with each filter paper absorbing exactly 30µl of samples. The 

Pseudomonas strains were cultured on 22 ml MH medium. 

After the filter papers were placed on the surface of the agar medium, I put them in the fridge 

at 4°C for 2 hours to incubate and wait for the agar medium to absorb the samples. This step is 

crucial as keeping the test organism at 4°C prevents premature growth, which can interfere with 

the accuracy of the results by overestimating the readings. Then the plates were incubated for 

24 hours at 28°C. During this period, the antimicrobial compounds from the filter paper disks 

diffuse into the agar medium and inhibit the growth of microorganisms. The zone of inhibition 

around each filter paper was measured and compared to the control. The aim of the experiment 

was to determine the effectiveness of the 8 product samples against the Pseudomonas species. 

There exists a situation where it is difficult to decide whether the clean-up zone is small. 

Because of the technical implementation it is difficult to decide whether or not there is a clean-

up zone. In general, cleaning of less than 2 mm is not taken into account precisely for this reason. 
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3.6. Sequencing the whole DNA 

3.6.1.  Identification of Acting Genes within the Sequences 

Whole-genome sequencing (WGS) is a powerful tool used in the field of genetics to study the 

complete DNA sequence of an organism's genome. In this study, WGS was carried out by 

BIOMI Ltd. (Hungary) using the Illumina MiSeq platform. To identify the two isolates, the 

KmerFinder 3.2 program was applied, which is a widely used method for bacterial identification 

(Clausen et al. 2018; Hasman et al. 2014; Larsen et al. 2014). Gene annotation and genome 

analysis were performed using the MicroScope platform (Vallenet et al. 2020). MicroScope is 

a user-friendly and comprehensive platform that allows for the annotation and comparative 

analysis of prokaryotic genomes. Additionally, whole-genome-based phylogenetic analysis was 

performed using the TYGS (https://tygs.dsmz.de/). This platform is a reliable and robust tool 

for phylogenetic analysis of prokaryotic genomes, using a standardized pipeline for taxonomic 

classification and genome-based phylogenetic tree construction.To obtain the genomic DNA of 

the strains, the DNeasy® UltraClean® Microbial DNA isolation Kit (Qiagen, Germany) was 

used. The whole-genome sequencing was carried out at BIOMI Ltd. (Gödöllő, Hungary), using 

a previously described method on an Illumina MiSeq platform (Német et al. 2020). De novo 

assembly and scaffolding were performed with SPAdes version 3.13.0 (Nurk et al. 2013). 

To identify the two isolates, the KmerFinder 3.2 program was applied (Clausen et al. 2018; 

Hasman et al. 2014; Larsen et al. 2014). The complete genome of the investigated strain was 

automatically annotated using the NCBI Procaryotic Genomes Automatic Annotation Pipeline 

(PGAP) v4.5 (Tautsova et al. 2016). The genome was annotated using the Genoscope platform 

MaGe (Magnifying Genomes) (Vallenet et al. 2006; 2009). The analysis was then performed 

by combining automated annotation from MaGe and manual curation using information from 

MetaCyc (Caspi et al. 2014), KEGG (Kanehisa et al. 2000), and also UniProt (Bateman et al. 

2019). Whole-genome-based phylogenetic analysis was performed by using the TYGS 

(https://tygs.dsmz.de/) (Meier-Kolthoff & Göker, 2019). This study employed a range of 

powerful genomic tools and techniques to identify and analyze the genomes of two isolates. In 

order to identify gene clusters involved in the degradation of aromatic hydrocarbons, CLC 

Genomics Workbench Tool v21 (Qiagen) will be used.  
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4. Result 

4.1. Revitalisation and Strain Characteristics 

The revitalisation of the Streptomyces strains "K189" "K145" used in this study was successful, 

as evidenced by their growth on GYM media and their ability to produce metabolites with 

antimicrobial activity. The following characteristics were observed for each strain: 

 

Photo 4.1 Left: Streptomyces rimosus K145 growing in GYM liquid medium for 72 hours. 

Right: Streptomyces rimosus K189 growing in TGE-5 solid medium for 48 hours. (Lab of 

Environmental Safety Department, MATE, Hungary, 2022) 

Strain K189 

Morphology: Strain K189 displayed typical Streptomyces morphology, forming filamentous 

colonies with a rough surface and a powdery shape appearance. The cell formations are yellow 

and spherical in the liquid medium. 

Pigmentation: Strain K189 produced light-yellow aerial mycelium and brownish-yellow 

substrate mycelium.  

Growth rate: Strain K189 grew well on GYM and TGE-5 (GYM) solid media and produced 

visible colonies after 72-96 hours of incubation at 28°C. 

Observation of Metabolites (Naked Eye): brownish-yellow in the liquid medium with flocculent 

precipitation. 
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Strain K145 

Morphology: Strain K145 also displayed typical Streptomyces morphology, forming 

filamentous colonies with a rough surface and a powdery appearance. The cells are yellow and 

spherical in liquid medium, much larger than strain K189. 

Pigmentation: Strain K145 produced yellow aerial mycelium and yellow-brown substrate 

mycelium. 

Growth rate: Strain K145 grew well on GYM and TGE-5 solid media and produced visible 

colonies after 72-96 hours of incubation at 28°C. 

Observation of Metabolites (Naked Eye): clean and yellowish-brown in the liquid medium. 

In summary, the revitalisation process was successful for both Streptomyces strains, and their 

characteristic morphology, pigmentation, growth rate, and antimicrobial metabolites were 

consistent with previous reports in the literature. 

 

4.2. Molecular Biological Identification 

The results of the molecular biological identification revealed that the Streptomyces strains used 

in this study were closely related to the reference strains in the GenBank database, with 

identities ranging more than 99%. The strains used in this study were authentic Streptomyces 

rimosus strains by telling the 16S rRNA gene sequencing, and the molecular biological 

identification method was reliable for strain identification. 

 

Picture 4.2 Molecular identification showed high similarity (≥99%) between the Streptomyces 

rimosus strains used in this study and the reference strains in the GenBank database. 

Table 4.3 Identification and morphological summary of Streptomyces strains both K189 and 
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K145 (Color and morphology are observed through naked eye.) 

 Scientific names Per. Ident Morphology Pigmentation Metabolites colour 

K145 

Streptomyces 

rimosus 

(MT604984) 

99.74% 

filamentous 

colonies 

rough surface 

thicker cell wall  

Yellowish-brown Yellowish-brown 

K189 

Streptomyces 

rimosus 

(FJ799182) 

99.8% 

filamentous 

colonies 

rough surface 

Yellow Yellowish-brown 

 

4.3. Results of Antibacterial Activity Tests 

4.3.1. Cross-streak Method 

The cross-streak method was performed to evaluate the inhibitory activity of the sample against 

a panel of Pseudomonas aeruginosa strains, they are P18, P43, P66, ATCC27853, B02600, 

B02040. The results showed that only four Pseudomonas strains (P18, P66, B02600, B02040) 

were significantly inhibited, while since less than 2mm will not be measured, so the rest of the 

strains shown as weak or insignificant inhibited effect (photo 4.4). 

 

Photo 4.4cross-steak method photos (Lab of Environmental Safety Department, MATE, 

Hungary, 2022) 
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The test was performed using the cross-streak method. The plates were incubated for 24 hours 

at 28°C, and the zone of inhibition was measured in mm’s. The experiment was performed in 

triplicate, and the results were recorded as the mean ± standard deviation. This is important 

because it allows for better accuracy, precision, and statistical significance of the results 

obtained. 

Table 4.5 K189 cross-streak method data recording and mean ± SD results (due to technical 

reasons, data < 2 mm will not be recorded) 

 

The results showed that K189 had antibacterial effect on 5 out of 6 Pseudomonas aeruginosa 

bacteria. Numerical results show that K189 has a better inhibitory effect on multi-resistant 

strains P66 and B02600 the average of clean zones is more than 4 mm. This could also prove 

that K189 itself or its products have an antibacterial effect. K189 did not show significant 

inhibitory effect on Pseudomonas aeruginosa strain P43. 

 

Table 4.6 K145 cross-streak method data recording and mean ± SD results. Measures are 

ment to be done in mm’s (due to technical reasons, data < 2 mm will not be recorded) 

 

K145 has been shown to have the ability to inhibit specific Pseudomonas species. Comparing 

(mm) ATCC27853 P43 P66 B02600 B02040 P18

1 2.00       -       5.00       3.00       3.00       2.00       

2 2.00       -       3.00       3.00       3.00       3.00       

3 2.00       -       5.00       4.00       2.00       4.00       

4 3.00       -       4.00       5.00       5.00       5.00       

5 2.00       -       6.00       4.00       4.00       5.00       

6 4.00       -       5.00       5.00       3.00       3.00       

2.50     -       4.67     4.00     3.33     3.67     

0.84       -       1.03       0.89       1.03       1.21       

2.50±0.84 -       4.67±1.03 4.00±0.89 3.33±1.03 3.67±1.21

Average

σ

Average±σ

K189

(mm) ATCC27853 P43 P66 B02600 B02040 P18

1 -                    -                    7.00                  -                    4.00                  -                    

2 2.00                  -                    5.00                  2.00                  4.00                  2.00                  

3 -                    -                    3.00                  4.00                  3.00                  -                    

4 3.00                  -                    5.00                  4.00                  4.00                  -                    

5 2.00                  -                    3.00                  2.00                  4.00                  2.00                  

6 3.00                  -                    3.00                  4.00                  3.00                  2.00                  

1.67                  -                    4.33                  2.67                  3.67                  1.00                  

1.37                  -                    1.63                  1.63                  0.52                  1.10                  

1.67±1.37 -                    4.33±1.63 2.67±1.63 3.67±0.52 1.00±1.10

Average

SD σ

Average±σ

K145
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Photo 4.4, we can prove that K145 still has an inhibitory effect on most of the Pseudomonas 

aeruginosa strains, but the effect is not significant as K189.  

Sample K145 showed significant inhibitory effect against Pseudomonas aeruginosa P66, with 

an inhibition zone of from 3 to 7 mms. It also exhibited some inhibitory effect against strains 

B02600 and B02040. However, it showed no significant inhibitory effect or inhibition against 

the other tested strains.  

Due to the space and raw material limitations of the Petri dishes, we can expect that a certain 

concentration of K145 or its product may have a significant inhibitory effect. From the figure 

4.6, we can see that the Pseudomonas aeruginosa on both sides exhibit acute angles and grow 

outwardly near the midline where the K145 and K189 strains were inoculated. I infer that this 

phenomenon may be due to insufficient concentration. In support of this view, the K145 and 

K189 products were concentrated for observation in subsequent experiments. 

 

Figure 4.7 K145 and K189 Inhibition clean zone average in mm comparison 

 

The results indicate that the two Streptomyces rimosus samples “K189” “K145” have selective 

inhibitory activity against specific strains of Pseudomonas aeruginosa P18, P66, B02040, 

B02600. The comparison in figure 4.7 clearly shows that the inhibitory capacity and effect of 

K189 was significantly better than that of K145. For Pseudomonas aeruginosa P43, both K189 

and K145 showed little or no inhibitory effect. 
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4.3.2. Agar Diffusion Method 

The agar diffusion method was employed to evaluate the antibacterial activity of the samples 

against a panel of pathogenic bacterial strains from the environment. The results indicated that 

most samples exhibited antibacterial activity against the tested strains. The zone of inhibition 

ranged from 14mm to 20mm, indicating that the samples were effective in inhibiting the growth 

of the tested micro-organisms. 

Table 4.8 Recording data of clean zones inhibited by products of Streptomyces rimosus K189 

and K145against Pseudomonas aeruginosa P66 and P18. (due to technical reasons, data < 2 

mm will not be recorded) 

As shown in Table 4.8, the concentrated products from K189 and K145 were able to inhibit the 

growth of several resistant strains of Pseudomonas aeruginosa, including P66 and P18. The 

K145 products, K145 SCC-7 and K145 CC-7, both exhibited significant inhibitory effects, with 

average clean-zone diameters exceeding 20 mm. Sample K145 SCC-7 even showed a zone 

diameter of approximately 21.5 mm against the P18 strain. The products from K189 also 

demonstrated remarkable inhibitory effects against both Pseudomonas strains, with zone 

diameters ranging from 14-20 mm. 

According to the results of the study, K189 CC-7 and K145 CC-7, which produced by 

Streptomyces rimosus K189 and K145, did not differ significantly in their inhibition of P66 and 

P18. 

 

SCC-5 CC-5 SCC-7 CC-7 SCC-5 CC-5 SCC-7 CC-7

1 -        -      14.00            20.00            -              -      20.00            21.00

2 -        -      14.00            20.00            -              -      21.00            20.00

3 -        -      16.00            22.00            -              -      20.00            19.00

Average -       -     14.67           20.67           -             -     20.33           20.00

SD σ -        -      1.15              1.15              -              -      0.58 1.00

average±σ -       -     14.67±1.15 20.67±1.15 -             -     20.33±0.58 20.00±1.00

1 -        -      14.00            20.00            -              -      22.00            20.00

2 -        -      16.00            20.00            -              -      22.00            20.00

3 -        -      16.00            21.00            10.00          -      20.00            20.00

Average -       -     15.33           20.33           3.33           -     21.33           20.00

SD σ -        -      1.15              0.58              5.77            -      1.15              0.00

average±σ -       -     15.33±1.15 20.33±0.58 3.33±5.77 -     21.33±1.15 20.00±0.00

K189 K145
Unit mm

P66

P18
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Figure 4.9 Comparative data on the inhibition capacity of secondary metabolite samples 

(Left: P66 inhibition effect; Right: P18 inhibition effect) 

 

Photo 4.10 Product by Streptomyces rimosus K189 and K145 inhibit Ps. aeruginosa P66 and 

P18 growth to form large clean zone in MH solid medium photos (Lab of Environmental Safety 
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Department, MATE, Hungary, 2022) 

From the average diameter of the inhibition clean zone, the metabolites of the strains incubated 

for 7 days far exceeded the 5 days samples in terms of inhibition capacity. Also comparing the 

inhibition effect of the sonicated and unsonicated sample, we find the results are not 

significantly different. The values of K189 SCC-7 and K145 SCC-7 in both groups were not 

higher than those of K189 CC-7 and K145 CC-7 in the non-sonified samples. 

 

 

4.3.3. Filter Paper Diffusion Test (Kirby-Bauer Method) 

 

Photo 4.11 The product of K145 inhibited the growth of P66, and a clean zone of inhibition 

appeared. (Lab of Environmental Safety Department, MATE, Hungary, 2022) 

The filter paper diffusion test is based on the diffusion of an antimicrobial compound from a 

filter paper disk into and on an agar medium containing micro-organisms, expecially on the 

surface region. It was utilized to evaluate the antibacterial activity of the samples against Ps. 

aeruginosa P66 and P18. Compared to the previous method, this approach has a greater impact 

on the growth of Pseudomonas aeruginosa, especially for strains inoculated using the cotton 

swab method. This allows us to more clearly observe the antibacterial abilities of each sample 

against the strains and make a more intuitive comparison. 
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Table 4.12 Diameter of the inhibition cleaning zone and inhibition effect of the filter paper 

method. 

 

The results indicated that all samples exhibited antibacterial activity against the tested strains. 

The zone of inhibition average ranged from 16 mm to 23 mm, indicating that the samples were 

effective in inhibiting the growth of the tested strains. Each filter paper absorbs 30 µl of 

products, so we can see more visually how the samples compare with each other. 

 

Figure 4.13 Comparative data on the inhibition clean zone average of samples produced by 

Streptomyces rimosus K189 and K145 on Ps. aeruginosa P66 and P18 

Figure 4.13 shows that the product samples from K189 exhibited good inhibition ability against 

Pseudomonas aeruginosa P18 and P66, with inhibition zones of over 20 mm. Among them, the 

K189-CC sample performed the best in inhibiting for both strains. The product samples from 

K145 showed better ability to inhibit P18 compared to P66, with a maximum average inhibition 

K189-CC K189-SCC K145-CC K145-SCC

1 24.00 18.00 16.00 10.00

2 22.00 16.00 18.00 12.00

3 22.00 15.00 16.00 10.00

Average 22.67 16.33 16.67 10.67

SD σ 1.15 1.53 1.15 1.15

average±σ 22.67±1.15 16.33±1.53 16.67±1.15 10.67±1.15

1 22.00 22.00 22.00 18.00

2 22.00 20.00 20.00 20.00

3 20.00 22.00 18.00 18.00

Average 21.33 21.33 20.00 18.67

SD σ 1.15 1.15 2.00 1.15

average±σ 21.33±1.15 21.33±1.15 20.00±2.00 18.67±1.15

Unit mm

P66
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zone of 20 mm and a common range of from 10 to 20 mm. Overall, the product of strain K189 

was more effective than that of K145 in inhibiting bacterial growth. 

 

4.4. Analysis of Effective Gene Fragments 

Eurofins BIOMI Kft. provided the complete sequences of two samples, K189 and K145. The 

results showed that both samples exhibited the highest similarity with NZ_CP094298.1 

Streptomyces rimosus subsp. rimosus strain R7 chromosome, complete genome 

(NZ_CP094298). Therefore, K189 and K145 belong to the species Streptomyces rimosus. 

Whole-genome sequencing was carried out in the sequencing facility of BIOMI Ltd. (Gödöllő, 

Hungary), according to a previously described method on an Illumina MiSeq platfom (Német 

et al. 2020). De novo assembly and scaffolding were performed with SPAdes version 3.13.0 

(Nurk et al. 2013). The complete genome of the investigated strain was automatically annotated 

using the NCBI Procaryotic Genomes Automatic Annotation Pipeline (PGAP) v4.5 (Tautsova 

et al. 2016).  To identify gene clusters involved in the degradation of aromatic hydrocarbons, 

CLC Genomics Workbench Tool v21 (Qiagen) was used. 

CLC Genomics Workbench Tool was used to the genome analysis revealed that strain K145T 

and K189T possesses OTC (otr) genes genes encoding resistant determinants. An ORF encoding 

otrB gene was found in the genomes of both strains. The efflux of OTC from the cell is carried 

out by an integral membrane protein enconding by otrB gene (McMurry et al. 1998). Besides, 

several genes responsible for the OTC biosynthesis were found downstream of the otrB gene. 

As described by Petrovic et al. (2006), pathway genes are clustered together and are flanked by 

the resistance genes as the otrB and otrA protecting the ribosome from translational arrest by 

tetracylines (Doyle et al. 1991). The third OTC resistance gene is otrC, a putative ATP-binding 

cassette (ABC) transporter with multidrug resistance function (Yu et al. 2012). The otcA and 

otcC genes were not identified or revealed using automatic annotation. Detailed analysis of the 

genome predict show that strains K145Tand K189T presumably have the potential to produce 

oxytetracycline. 

 

  



54 

 

5. Conclusion and Suggestion 

Based on the results obtained in this study, it can be concluded those Streptomyces strains K189 

and K145 have antimicrobial activity against Pseudomonas aeruginosa, even some of them are 

multi-resistance strains. The revitalization processes were successfully done in the case of both 

strains, and their characteristic morphology, pigmentation, growth rate, and antimicrobial 

metabolites were consistent with previous reports in the literature. The molecular biological 

identification method was reliable for strain identification, and the strains used in this study 

were authentic Streptomyces rimosus strains. 

The cross-streak test showed that K189 had a better inhibitory effect on multi-resistant strains 

P66 and B02600 than K145. However, K145 still has an inhibitory effect on 5 of the 

Pseudomonas aeruginosa strains, which suggests that it could be useful in combination with 

other antibiotics to increase their effectiveness. Both strains had no significant inhibitory effect 

on strain P43. Further studies are needed to investigate the mechanism behind this selectivity 

and to determine the potential applications of the sample against these specific strains. These 

results suggest that Streptomyces strains K189 and K145 have the potential to be developed as 

a new antibiotic for the treatment of multi-resistant Pseudomonas aeruginosa infections. 

As we previously used unconcentrated samples for the agar well diffusion and paper disc 

methods and did not observe any inhibition zones, we speculated that higher concentrations of 

the samples may achieve the desired antibacterial effect and redesigned this experiment. As a 

result, the concentrated metabolites from K189 and K145 showed significant antibacterial 

activity in both agar well diffusion and paper disc methods. Among them, the concentrated 

metabolites from K189 had stronger inhibition ability against multi-drug resistant 

Pseudomonas aeruginosa strains.  

Additionally, we found that the inhibition ability was significantly enhanced when the samples 

were incubated for 7 days compared to 5 days. While most Streptomyces incubation products 

are expected to appear by the 5th day, some strains may require a longer incubation period. 

Therefore, I presume that for strains K189 and K145, we need to cultivate them for 6-7 days in 

order to expect more inhibition products. Further studies are needed to explore the metabolite 

production of these two strains. 
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Because the experiments showed that K189 and K145 possessed significant ability to inhibit 

multi-resistant Pseudomonas aeruginosa. In our comprehensive analysis of the strains' 

complete sequences, we successfully identified the presence of OTC (otr) genes, which encode 

the crucial resistant determinants responsible for the production of the inhibitory substance. 

Notably, the genomes of both strains contained an open reading frame (ORF) encoding the otrB 

gene. Moreover, we discovered several genes downstream of the otrB gene that are directly 

involved in OTC biosynthesis. However, our automatic annotation process did not reveal the 

presence of the otcA and otcC genes. These findings strongly suggest that K145T and K189T 

may possess the capacity to produce Oxytetracycline. 

The study conducted on two known Streptomyces rimosus K189 and K145 showed that they 

had antibiotic activity against a test organism. However, summarizing the results of the three 

different methods used, it was found that not all cases of a specific Streptomyces strain showed 

antibody production in the presence of a specific test organism in all three experiments. These 

differences can be attributed to the different physical and chemical properties of the two 

experimental systems. 

During the cross-streak method, a stationary culture was utilized, which is known to promote 

the production of secondary metabolites, including antibiotic substances, during active growth 

in the stationary phase or towards its end. The coexistence of test organisms and the 

Streptomyces strain on a thin agar plate created a competitive environment where limited 

nutrient availability induced a stress situation, triggering antibiotic production in response. 

Conversely, the agar diffusion well test involved the use of an antibiotic filtrate derived from a 

shaken culture. In this case, the bacterial strains did not directly produce antibiotic metabolites 

in the presence of the test organism but responded to the shaking conditions by initiating 

antibiotic production. 

From the results of the experiments, it can be concluded that optimal growth conditions, 

adequate amounts of available food and oxygen, and lack of nutrient competition do not 

necessarily promote antibiotic production. Under laboratory conditions, spore formation takes 

place in the stationary phase, similar to antibiotic production. Antibiotic production on a solid 

culture medium is related to the formation of aerial mycelia, i.e. the stage of spore formation. 

Accordingly, during the cross-stripe test, the phenomenon of spore formation was experienced 
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in almost all cases. 

And based on the experimental results, we find it is crucial to preserve and maintain the 

bioactivity of strains exhibiting effective antibiotic effects. This necessitates determining 

appropriate storage durations and conditions. Conducting optimization experiments for nutrient 

medium composition is recommended, including defining the ideal carbon-to-nitrogen (C-N) 

ratio and favorable pH range. 

Refining the extraction methods for the antimicrobial substances produced by these strains is 

important. Solubility tests, such as experiments aimed at determining concentration gradients, 

can provide valuable insights into the nature and types of antibiotics produced by the strains. 

Further experiments focusing on antibiotic production could reveal whether multiple antibiotics 

are produced simultaneously and provide insights into potential cross-reactions among them. 

Additionally, it is advisable to include other members of the strain collection in experiments to 

assess their ability to induce antibiotic effects using the described methods. 

Further experiments aimed at the antibiotic production of the strains can determine whether 

they produce several antibiotics simultaneously and provide information about their mutual 

effects (cross reactions). It is also recommended to include the other members of the strain 

collection in an experiment to test their ability to induce an antibiotic effect using the described 

methods. 

This study sheds light on the antibiotic activity of the investigated Streptomyces rimosus K189 

and K145 and provide a foundation for further research in the treatment of multi-resistant 

Pseudomonas aeruginosa infections, and highlights the importance of understanding the 

influence of different experimental systems on antibody production. 

If there is a desire to develop Streptomyces strains K189 and K145 for medicinal or agricultural 

purposes, it is essential to conduct further research to thoroughly evaluate their safety, toxicity, 

and pharmacokinetics. These evaluations will provide crucial insights and pave the way for 

their potential application in various fields. 
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6. Summary 

In recent years, the emergence of microorganisms with multiple resistance to antibiotics has 

posed a significant threat to public health. Multi-drug resistant strains (MDRs) of bacteria have 

made it increasingly difficult to treat infections and have increased the risk of severe infections 

and death. The overuse of antibiotics in both humans and animals has contributed to the 

development of MDRs, which is now a global health concern. To address this issue, it is crucial 

to discover new substances that can effectively inhibit the growth of MDR strains. 

One potential source of new drugs is natural products, such as those produced by Streptomyces. 

These soil-dwelling bacteria are known to produce a wide range of secondary metabolites, 

including antibiotics and other bioactive compounds. These metabolites have the potential to 

be developed into new drugs for the treatment of MDR infections. 

To explore this potential, a study was conducted to identify the molecular biology of lab-

collected Streptomyces rimosus strains K189 and K145 and analyze their antibacterial activity. 

The study employed three common antimicrobial testing methods: the cross-streak method, the 

agar diffusion method, and also the filter paper diffusion method. 

The results of the molecular biological identification using 16S rRNA gene DNA sequencing 

revealed that K189 and K145 were genuine Streptomyces rimosus strains. The results of the 

antibacterial activity tests demonstrated that both strains exhibited selective inhibitory activity 

against specific strains of Pseudomonas. K189 displayed superior inhibitory effects against P66 

and P18 when compared to K145, while neither strain had any inhibitory effects on 

Pseudomonas aeruginosa P43. Additionally, an effective DNA fragment that generates 

antibacterial products was identified by sequencing the entire DNA of the K189 and K145 

strains. 

These results suggest that Streptomyces rimosus strains K189 and K145 have potential as a 

source of new drugs for the treatment of multidrug-resistant Pseudomonas infections. Further 

research is needed to fully understand the mechanisms of action of these compounds and to 

evaluate their safety and efficacy in clinical trials. 

In the future, it will be essential to continue exploring natural sources of antibiotics and other 

bioactive compounds to combat MDRs. The development of new drugs is a complex and time-
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consuming process that requires significant investment, but the potential benefits for public 

health are enormous. The use of natural products has several advantages, including their long 

history of use in traditional medicine, their low toxicity, and their potential for producing a wide 

range of bioactive compounds. 

As we continue to face the challenges posed by MDRs, it is crucial to develop new strategies 

for the responsible use of antibiotics in both humans and animals. This includes reducing 

unnecessary antibiotic use, promoting the development of new antibiotics, and investing in 

research into alternative therapies, such as bacteriophages and probiotics. It is also crucial to 

improve surveillance systems to monitor the spread of MDRs and to implement effective 

infection control measures to prevent their transmission. 

In conclusion, the study of Streptomyces rimosus strains K189 and K145 highlights the potential 

of natural products as a source of new drugs for the treatment of multidrug-resistant infections. 

Further research is needed to fully understand the mechanisms of action of these compounds 

and to evaluate their safety and efficacy in clinical trials. As we continue to face the challenges 

posed by MDRs, it is crucial to develop new strategies for the responsible use of antibiotics and 

to invest in research into alternative therapies. By working together, we can develop new 

treatments to combat MDRs and ensure that antibiotics remain effective for generations to come. 
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