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Abstract 

The discovery of antibiotics remains one of the most transformative milestones in the history of 

medicine, fundamentally reshaping human survival against infectious diseases. Among the 

microorganisms responsible for this revolution, the genus Streptomyces occupies a dominant and 

irreplaceable position. These filamentous, Gram-positive soil bacteria are prolific producers of 

biologically active secondary metabolites, including antibiotics, antifungals, anticancer agents, 

immunosuppressants, and enzyme inhibitors. This narrative review explores the historical 

development, biological uniqueness, ecological relevance, and pharmaceutical importance of 

Streptomyces, emphasizing their central role as microbial saviours. The review highlights the 

discovery of streptomycin, which marked the beginning of the antibiotic era, and traces the 

evolution of natural product drug discovery from soil screening to modern genome mining 

approaches. It also examines the ecological function of Streptomyces in nutrient cycling, plant 

health, and soil ecosystem stability. Furthermore, the review discusses emerging challenges such 

as antimicrobial resistance and rediscovery of known compounds, which threaten antibiotic 

innovation. Recent advances in synthetic biology, metagenomics, and artificial intelligence have 

revived global interest in Streptomyces as a source of novel therapeutic compounds. Despite 

decades of research, these organisms continue to reveal hidden biosynthetic potential encoded 

within silent gene clusters. This review concludes that Streptomyces remain one of nature’s most 

valuable microbial resources and will continue to play a critical role in future drug discovery and 

global health protection (Ser et al., 2022; Rutledge and Challis, 2015). 

 

 

 

 

https://doi.org/10.65760/tmbj.v1i1.5


ISSN: 3141-6071 

28 
 

1.0 Introduction 

The history of human medicine is deeply intertwined with the discovery of antimicrobial agents. 

Before the antibiotic era, infectious diseases such as tuberculosis, pneumonia, diphtheria, and 

wound infections accounted for millions of deaths globally. Even minor injuries could lead to fatal 

septicemia due to the absence of effective treatment options. The introduction of antibiotics 

marked a paradigm shift in medicine, transforming previously lethal infections into manageable 

conditions. Among the natural producers of antibiotics, the genus Streptomyces has played a 

central role. These organisms are soil-dwelling Actinobacteria characterized by their filamentous 

growth and remarkable metabolic versatility. They are responsible for producing a significant 

proportion of clinically important antibiotics used today (Cruz-Bautista et al., 2023). Their 

contribution extends beyond antibiotics to include anticancer drugs, antifungal agents, and 

immunosuppressants, making them indispensable in modern pharmacology. 

The discovery of streptomycin from Streptomyces griseus by Selman Waksman and his team in 

the 1940s marked a turning point in medical history. Streptomycin became the first effective 

treatment for tuberculosis, a disease that had previously caused widespread mortality (Waksman, 

1953). This breakthrough opened the floodgates for the discovery of many other antibiotics derived 

from Streptomyces, including tetracycline, chloramphenicol, and erythromycin. Beyond their 

medical importance, Streptomyces play essential ecological roles in soil environments. They 

contribute to decomposition processes, breaking down complex organic materials such as 

cellulose, lignin, and chitin. Their metabolic activities support nutrient cycling and enhance soil 

fertility (Ser et al., 2022). Additionally, they produce geosmin, the compound responsible for the 

characteristic earthy smell of soil after rainfall. 

In recent years, antimicrobial resistance has emerged as a global health crisis, reducing the 

effectiveness of existing antibiotics. This challenge has renewed scientific interest in Streptomyces, 

particularly their hidden biosynthetic gene clusters capable of producing novel compounds 

(Rutledge and Challis, 2015). Advances in genomics and synthetic biology have revealed that these 

organisms possess far greater metabolic potential than previously understood. 

2.0 Historical Background of Streptomyces 

The discovery of Streptomyces-derived antibiotics is rooted in early soil microbiology research. 

Scientists observed that certain soil microorganisms could inhibit the growth of pathogenic 

bacteria. This observation led to systematic screening of soil isolates for antimicrobial activity. 

The most significant breakthrough occurred in 1943 when streptomycin was isolated from 

Streptomyces griseus. This discovery was revolutionary because it provided the first effective 

treatment for tuberculosis, a disease that was previously considered incurable (Waksman, 1953). 

The success of streptomycin established Streptomyces as a critical source of antibiotics. 

Following this discovery, the 1950s and 1960s became known as the golden age of antibiotic 

discovery. Researchers isolated numerous antibiotics from Streptomyces species, including 

tetracycline from Streptomyces rimosus and chloramphenicol from Streptomyces venezuelae 
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(Ahmad et al., 2017). Pharmaceutical companies invested heavily in natural product screening 

programs, focusing on soil microorganisms as primary sources of novel compounds. 

During this period, it became evident that Streptomyces possess unusually large genomes enriched 

with biosynthetic gene clusters responsible for secondary metabolite production. This genetic 

complexity explained their extraordinary ability to produce diverse bioactive compounds (Chater, 

2016). Despite decades of exploration, modern research continues to reveal new Streptomyces-

derived compounds, suggesting that many metabolites remain undiscovered (Lacey and Rutledge, 

2022). 

3.0 Morphology and Biological Characteristics 

Streptomyces exhibit a unique filamentous morphology that distinguishes them from typical 

bacteria. They grow as branching hyphae that form a complex mycelial network within soil 

environments. This fungal-like structure allows them to efficiently explore and colonize nutrient-

rich microhabitats. 

Their life cycle includes spore germination, substrate mycelium formation, aerial hyphae 

development, and sporulation. This complex developmental process is regulated by environmental 

signals and genetic pathways (Ser et al., 2022). The formation of spores ensures survival under 

harsh environmental conditions. Genomically, Streptomyces possess some of the largest bacterial 

chromosomes, often exceeding 10 megabase pairs. These genomes are rich in guanine-cytosine 

content and contain numerous biosynthetic gene clusters responsible for secondary metabolite 

production (Chater, 2016). 

Many of these gene clusters remain silent under standard laboratory conditions, limiting the 

detection of their full metabolic potential. This phenomenon has become a major focus of modern 

microbial biotechnology (Rutledge and Challis, 2015). 

Streptomyces are widely distributed across diverse environments, including soil, marine 

ecosystems, plant rhizospheres, and extreme habitats. Their adaptability contributes to their 

evolutionary success and metabolic diversity (Quinn and Dyson, 2024). 

4.0 Streptomyces as Antibiotic Producers 

One of the most remarkable features of Streptomyces is their ability to produce antibiotics. More 

than 70% of naturally derived antibiotics used in medicine originate from actinomycetes, 

particularly Streptomyces species (Cruz-Bautista et al., 2023). 

These antibiotics belong to diverse chemical classes, including aminoglycosides, macrolides, 

tetracyclines, glycopeptides, and polyketides. They act through multiple mechanisms such as 

inhibition of protein synthesis, disruption of cell wall formation, and interference with DNA 

replication. 
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Common examples include: 

• Streptomycin  

• Tetracycline  

• Chloramphenicol  

• Neomycin  

• Kanamycin  

• Erythromycin  

The production of these compounds is influenced by environmental conditions such as nutrient 

availability, pH, and stress factors. Many biosynthetic pathways remain silent unless activated 

under specific conditions (Rutledge and Challis, 2015). 

Modern genome mining techniques have revealed that Streptomyces genomes contain far more 

biosynthetic potential than previously recognized. Synthetic biology approaches are now being 

used to activate these silent gene clusters (Robertsen and Musiol-Kroll, 2019). 

5.0 Ecological Importance of Streptomyces 

Streptomyces play vital roles in maintaining soil ecosystem health. They contribute significantly 

to decomposition processes by breaking down complex organic matter such as cellulose, lignin, 

keratin, and chitin (Ser et al., 2022). 

Through these activities, they recycle nutrients back into the soil, enhancing fertility and 

supporting plant growth. Their enzymatic capabilities make them key players in carbon and 

nitrogen cycling within ecosystems. 

In plant-microbe interactions, Streptomyces colonize plant roots and produce antimicrobial 

compounds that suppress plant pathogens. Some species also produce plant growth-promoting 

substances that enhance agricultural productivity. 

Their production of geosmin is responsible for the characteristic earthy smell after rainfall, an 

indicator of healthy microbial activity in soil ecosystems (Quinn et al., 2020). 

6.0 Secondary Metabolites and Medical Applications 

Streptomyces produce a wide range of secondary metabolites with pharmaceutical importance. 

These include antibiotics, anticancer drugs, antifungal agents, and immunosuppressants. 

6.1 Anticancer Compounds 

Several anticancer drugs, including doxorubicin, bleomycin, and daunorubicin, are derived from 

Streptomyces. These compounds interfere with DNA replication and cell division, making them 

effective in chemotherapy (Sethi et al., 2025). 
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6.2 Immunosuppressants 

Drugs such as rapamycin and tacrolimus are derived from actinomycetes and are widely used in 

organ transplantation to prevent immune rejection (Robertsen and Musiol-Kroll, 2019). 

6.3 Antifungal and Antiparasitic Agents 

Compounds such as amphotericin B and nystatin are effective antifungal agents, while avermectins 

derived from Streptomyces avermitilis are widely used as antiparasitic drugs. 

7.0 Streptomyces and Antimicrobial Resistance 

Antimicrobial resistance poses a significant global health threat. Many pathogenic bacteria are 

becoming resistant to existing antibiotics, necessitating the discovery of new antimicrobial agents 

(Quinn and Dyson, 2024). 

Streptomyces remain a promising source of new antibiotics due to their hidden biosynthetic gene 

clusters. Many of these clusters encode novel compounds that could be effective against resistant 

pathogens (Rutledge and Challis, 2015). 

8.0 Modern Technologies in Streptomyces Research 

Advances in technology have revolutionized Streptomyces research. Genome sequencing and 

bioinformatics have enabled the identification of biosynthetic gene clusters (Chater, 2016). 

Synthetic biology allows manipulation of metabolic pathways to enhance antibiotic production 

(Robertsen and Musiol-Kroll, 2019). Metagenomics enables access to uncultured microbial 

diversity, expanding discovery potential (Ezeobiora et al., 2022). 

Artificial intelligence is increasingly being used to predict bioactive compounds and accelerate 

drug discovery processes (Ser et al., 2022). 

Conclusion 

Streptomyces remain one of the most important microbial groups in medical and pharmaceutical 

science. Their contributions to antibiotic discovery, disease treatment, and biotechnology are 

unparalleled. Despite decades of research, they continue to reveal new metabolic potential. With 

the rise of antimicrobial resistance, their importance is greater than ever. Advances in modern 

biotechnology ensure that Streptomyces will continue to serve as microbial saviours in the future 

of medicine (Quinn and Dyson, 2024; Ser et al., 2022). 
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