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ABSTRACT: Natural products (NPs), especially those derived from microbes, have been important in 

serving as crucial sources of therapeutic agents because of their distinct bioactivities and structural variety. 

This chapter explores the historical, biological and pharmacological significance of microbial natural 

products, focusing on their roles in antimicrobial, anticancer, immunosuppressive, and anti-inflammatory 

therapies. Microorganisms such as bacteria and fungi produce secondary metabolites that demonstrate 

potent biological effects, including antibiotic, antiviral, antifungal, and immunomodulatory properties. 

With rising antimicrobial resistance, the need for novel treatments has led to emerging strategies like 

CRISPR-Cas gene editing, efflux pump inhibitors, and combination therapies. Commercial antibiotic 

development remains challenged by high costs and low profitability. Global collaboration and sustainable 

practices are essential to address the growing threat of antimicrobial resistance and to support future drug 

discovery from microbial sources. 
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he analysis of the effectiveness of bioactive 

compounds present in nature is of much 

interest for the drug-discovery (Ebada et al., 

2008). Natural products are byproducts and/or 

metabolites of living organisms like animals, plants 

and microbes.  The use of natural products as 

medication is based on the fact that the products are 

readily available and are cheap compared to modern 

medication, especially in underdeveloped countries. 

Moreover, they are of utmost value as drug research 

and discovery sources because of their unusual 

composition of chemicals and wide set of 

bioactivities (Shen et al., 2015). 

Nature has been seen to possess very numerous 

structurally diverse secondary metabolites. The 

bioactive compounds can be immunosuppressive, 

anticancer and antibacterial drugs being of clinical 

significance (Ahmed et al., 2025). Moreover, they 

act as growth promoters, herbicides, insecticides 

and anti-parasitics in agricultural and veterinary 

applications. The reports by the World Health 

Organization (WHO) have shown that an average of 

60 percent of the people in the world enjoy their 

health care services offered by traditional medicine 

(El-Naggar et al., 2021). The utilization of natural 

products as medicines by human beings has likely 

occurred since time immemorial, long before the 

first recorded instances. The earliest records are of 

the juice of the poppy seed, Papaver somniferum, 

and the oils of Cedrus species (cedar). About 1000 

products of plant origin are covered in ancient 

Mesopotamia (2600 BC) in the first known records 

(Newman et al., 2000). The ancient Egyptian Ebers 

Papyrus (1550 BC) contains over 800 complex 

prescriptions along with more than 700 natural 

components, such as aloevera (aloe) and the oil of 

Ricinus communis (castor) (Zhong et al., 1999). 

T 
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Microorganisms have played a pivotal role in 

advancing natural product chemistry and 

revolutionizing medical therapeutics. Since the 

discovery of penicillin in 1929, microorganisms 

have been recognized as a valuable source of 

diverse and unique bioactive compounds (Fenical et 

al., 1993). A large number of antibiotics available 

today are derived from microbial sources, and more 

than 120 of the most important drugs in modern 

medicine originate from terrestrial microorganisms 

(Shaaban et al., 2012). The current chapter discusses 

the role of microbial natural products as promising 

therapeutic agents. 

IMPORTANCE OF MICROBIAL 

NATURAL PRODUCTS IN MEDICINE 

Natural products play promising role in medicine 

as immunosuppressive, anti-bacterial, anti-cancer, 

and anti-inflammatory agents (Fig. 1). 

Antibiotic Agents 

Penicillium notatum produces the well-known 

antibiotic penicillin, a secondary metabolite 

effective against various Gram-positive bacteria 

responsible for diseases such as scarlet fever, 

gonorrhea, diphtheria, meningitis, and pneumonia 

(Tan & Tatsumura, 2015).  

Penicillin and vancomycin belong to the non-

ribosomal peptide antibiotics (Fischbach & Walsh, 

2006). Non-ribosomal peptides represent one of the 

most prevalent and structurally diverse groups of 

secondary metabolites. They are assembled by non-

ribosomal peptide synthetases (NRPS) and possess 

potent bioactive properties with significant 

therapeutic potential. Another important antibiotic 

class, the aminoglycosides, functions by binding to 

the 30S rRNA subunit of bacterial ribosomes, 

thereby inhibiting protein synthesis and disrupting 

bacterial growth. The first aminoglycoside to be 

identified in 1944 was streptomycin, which is 

produced by S. griseus and helps treat pulmonary 

tuberculosis. Semi-synthetic derivatives of natural 

products have been developed into aminoglycoside 

antibiotics, including dibekacin, netilmicin, 

amikacin, and isepamicin (Pham et al., 2019). 

Anticancer Agents 

Polyketide actinomycin was the first antibiotic 

proven to have anticancer effects and was isolated 

originally in 1940 from Streptomyces parvulus 

 

Fig. 1. Importance of microbial natural products 
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(Hollstein, 1974). Specifically, the FDA-approved 

actinomycin D, sometimes referred to as 

dactinomycin, has been clinically utilized widely as 

an anticancer medication to treat a variety of 

malignancies, namely, Ewing's sarcoma, pediatric 

rhabdomyosarcoma, and metastatic Wilms' tumor, 

non-seminomatous testicular cancer. 

Immunosuppressive agents 

FK506 (tacrolimus) and rapamycin (sometimes 

called sirolimus) are natural microbial substances 

that have immunosuppressive tendencies. 

Rapamycin suppresses the immune system by 

inhibiting cell cycle progression of lymphocytes and 

blocking the growth of platelet-derived growth 

factors, Interleukins-2, Interleukins-3 (IL-2, IL-3), 

and epidermal growth factors (Soliman, 2013). 

Additionally, rapamycin works in combination with 

other immunosuppressants, like cyclosporin, to 

lower acute renal allograft rejection and renal 

damage. Rapamycin has a number of biological 

activities in addition to its immunosuppressive 

action, including lifespan extension properties, 

antineoplastic, anticancer and neuroregenerative / 

neuroprotective (Yoo & Mazmanian, 2017). Fig. 2 

shows the microbial natural products with 

immunosuppressive properties. 

Anti-inflammatory properties 

Additionally, several natural substances have 

anti-inflammatory properties. FK506 has also 

explained effectiveness in treating chronic 

inflammatory condition that is refractory 

rheumatoid arthritis. By reducing the proliferation 

and activation of inflammatory cells as well as the 

expression of inflammatory cytokines, rapamycin 

also has a neuroprotective effect by suppressing the 

inflammatory response resulting from spinal cord 

injury (Song et al., 2015). 

BACTERIAL AND FUNGAL SECONDARY 

METABOLITES IN ANTIMICROBIAL 

THERAPY 

Secondary metabolites found in bacteria, fungi, 

algae, plants and animals, examples include 

 

Fig. 2. Microbial natural products as immunosuppressive agents 
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terpenes, phenolics and alkaloids Fungi release 

secondary metabolites, known as “extrolites,” into 

the environment that are volatile, excreted 

compounds, incorporated into cell structures, or 

retained within the cell. Our consideration of 

secondary metabolites stems from screening in 

pharmaceuticals, agriculture and academia to 

identify beneficial small molecules. Bioassays help 

isolate compounds from fermentation extracts, 

which are then identified using techniques like 

NMR, mass spectrometry and X-ray 

crystallography. Fungi and bacteria also produce 

different polyketides. Some metabolites, like 

gibberellins, are found in both fungi and plants 

(Rodrigues et al., 2012).  

Bacteria are considered a fascinating source of 

bioactive compounds, known for their remarkable 

structural diversity and wide range of biological 

activities. Bacteria that live in seawater and 

sediments and various aquatic organisms generate 

numerous special medicinal substances which 

exhibit multiple therapeutic functions (Piel, 2009). 

Marine bacteria produce active biological 

substances that enable them to defend against 

environmental dangers while they obtain nutrients 

(including carbon) from their host organism. These 

bacteria produce various bioactive substances 

(Alexpandi et al., 2019). Table 1 shows microbial 

secondary metabolites and their uses. 

Antimicrobial Potential of Marine 

Actinobacteria 

Phylum Actinobacteria synthesize a range of 

useful secondary metabolites. Actinobacteria play 

an essential role in ecology by decomposing and 

recycling complex organic nutrients. Additionally, 

they are recognized for producing a variety of novel 

bioactive secondary metabolites with significant 

pharmaceutical and medical potential (Bull & 

Stach, 2007). Chlorocatechelin, another compound 

isolated from microbial Streptomyces species, has 

demonstrated strong inhibitory effects against a 

wide range of bacterial and fungal pathogens. They 

are newly identified siderophores that feature 

chlorinated catecholate groups and an 

acylguanidine moiety in their structure (Kishimoto 

et al., 2014). 

 

Fungal Secondary Metabolites as Antibiotics 

Fungi exist as powerful producers of bioactive 

secondary metabolites which have helped scientists 

achieve new medical discoveries for animal and 

human health. The β-lactam antibiotics, which 

include penicillin and cephalosporin, stand out as 

the most important medical discoveries. Penicillin 

discovery brought a medical revolution which led to 

essential technological progress in microbiology, 

chemistry, biochemistry and engineering fields. 

Moreover, it laid the foundation for the emergence 

and growth of the modern pharmaceutical industry. 

Numerous secondary metabolites can be produced 

by fungi, and these are usually influenced by the 

fungus's developmental stage as well as 

environmental variables including temperature, 

light, and nutrient concentrations (Calvo et al., 

2002). Aspergillus fungi, in particular, are capable 

of producing a great number of such chemicals. 

Over 226 known secondary metabolites are secreted 

by filamentous fungus, Aspergillus fumigatus, that 

belong to various classes i.e., polyketides, cyclic 

peptides, alkaloids and sesquiterpenoids (Frisvad et 

al., 2009). The best investigated representative of 

fungal secondary metabolites synthesized by A. 

fumigatus is gliotoxin, which consist of an 

intramolecular disulfide bond to a diketopiperazine 

backbone (Gardiner & Howlett, 2005). 

Mechanisms of Action of Microbial Antibiotics 

The β-lactam antimicrobials are also one of the 

oldest antimicrobial agents used in vast quantities. 

This is a very wide group with a β-lactam ring 

within their molecular structure, comprising 

penicillin derivatives (penams), cephalosporins 

(cephems), monobactams and carbapenems (Holten 

& Onusko, 2000). They irreversibly inhibit the 

enzyme transpeptidase used by bacteria to build 

their cell walls. The final stage in the peptidoglycan 

formation is carried out by transpeptidase, referred 

to as penicillin-binding proteins (PBPs). PBPs bind 

to the D-Ala-D-Ala peptidoglycan end located in 

the end of muropeptides, which are the precursors 

of the peptidoglycan. The β-lactam antibiotics are 

the type of antibiotic that mimics the site and inhibit 

PBP crosslinking of peptidoglycan (Vollmer et al., 

2008). 
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Mechanism of action of aminopenicillins  

The penicillin family of antibiotics includes the 

aminopenicillins. The β-lactam ring that contains 

nitrogen having four-membrane in the center of this 

category of antibiotics' structure, which is essential 

to their antibacterial activity, is what distinguishes 

them from other penicillins. Two examples of 

aminopenicillins are ampicillin and amoxicillin & 

clavulanic acid. Sometimes, the β-lactamase 

inhibitor clavulanic acid is used with amoxicillin. 

This combination helps overcome bacterial 

antibiotic resistance caused by β-lactamase 

synthesis and broadens the spectrum of action 

against germs. The bacterial β-lactamase enzyme 

from Streptomyces clavuligerus is significantly 

inhibited by clavulanic acid (Ser et al., 2016). 

Aminopenicillin has minimal antibacterial activity 

against the majority of entities when taken alone, 

but when combined with β-lactam antibiotics, it 

stops microbial lactamase from inactivating the 

antibiotic. By binding to and permanently blocking 

the β-lactamase, it restores the antibacterial action 

of β-lactam antibiotics against bacteria that secrete 

lactamases. Additionally, concomitant penicillin 

may become more effective by deactivating β-

lactamase (Bush & Bradford, 2019). 

MICROBIAL NATURAL PRODUCTS AS 

IMMUNOMODULATORS 

An immune response is the host immune 

system's coordinated reaction to neutralize or 

eliminate the effects of any foreign substance or 

infection that is identified (Finlay & McFadden, 

2006). It involves recognizing the invaders and 

developing defense strategies. Adaptive immunity 

relies heavily on lymphocytes, such as B-cells, T-

cells, and the antibodies they secrete. The primary 

function of lymphocyte T-cells is cell-mediated 

immunity (Singh et al., 2017).  

Immunomodulators are any biological or 

synthetic substances that can alter innate, adaptive, 

or both immune responses. These are classified as 

immunosuppressants and immunostimulants. Both 

stimulatory and suppressive effects are possible 

with certain immunomodulators.  

Immunostimulation strengthens the immune 

system, while immunosuppression lowers the 

immune system. These are essential components for 

immunomodulation. In autoimmune diseases, an 

active immune system leads to the loss of self-entity 

(normal immune cells) by making it hard for the 

body to differentiate itself from the non-self (foreign 

antigens). In order to moderate the immune system 

to almost normal functioning, immunosuppressants 

are required. Additionally, immunomodulators have 

the ability to trigger several cellular processes, 

including protein synthesis, lipid peroxidation, free 

radicals and apoptosis. In addition, they target 

different transcription factors and immunological 

responses (Kumar et al., 2022). 

Natural products made from microbial sources 

have shown the immunomodulatory effects through 

mounting research (Ramirez et al., 2022). Natural 

compounds that are produced by microbes could be 

utilized as new drugs. An innovative approach to 

this therapy is the use of immunomodulation to 

improve host immunity instead of just direct 

antibacterial action. Immunomodulators is one of 

the promising classes for treatments of infectious 

diseases (Ruh et al., 2017). To preserve homeostasis 

and improve all consequent immunological 

responses, immunomodulatory medications include 

synthetic, recombinant, and natural 

immunomodulatory preparations have been utilized 

to either activate or inhibit the immune system's 

defenses. 

NEW STRATEGIES TO COMBAT 

ANTIMICROBIAL RESISTANCE (AMR) 

The discovery of antibiotics was one of the most 

effective medical discoveries in the twentieth 

century. However, their utility is now being put at 

stake by the advent of antimicrobial resistance 

(AMR), which is a normal effect of nature where 

microorganisms develop resistance to medicine. In 

the first place, this opposition is advanced by 

excessive antibiotics use, patients’ non-compliance 

with treatment and lack of new antibiotics 

(Annunziato, 2019). Treatment failure also happens 

because of sub-therapeutic exposure to drugs 

through improper dosing, organ pathophysiology 

and drug distribution. 

AMR can either be intrinsic or acquired 

resistance. Intrinsic resistance belongs to the 

category where bacteria do not have the target of the 
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drug in the first place, whereas acquired resistance 

may happen as a result of mutation or a foreign 

genetic material (Blair et al., 2015). Plasmids and 

transposons aid in horizontal gene transfer, which 

disseminates the resistance genes in the bacterial 

population. They usually contain beneficial genes 

that can make bacteria durable and survive in 

harmful conditions and they allow transferring 

resistance between Gram-negative bacteria and 

Gram-positive bacteria (Aslam et al., 2018). 

Limitations of current antibiotics and 

treatment failure 

Antimicrobial resistance (AMR) poses a 

challenge to the efficacy of antibiotics and puts 

additional burdens on infectious diseases (Rafiq, 

2025). Since the years of 2015 and 2025, the 

development of new technologies such as 

antibacterial peptides or phage therapy and CRISPR 

has gained significant attention (Czaplewski et al., 

2016). Amplified diagnostics and WHO-approved 

stewardship initiatives encourage sensible practice 

of antibiotics in animal and human domains to stop 

resistance (WHO, 2020). The incidence of AMR 

factors increases the threat of smallpox. The new 

methods embrace a better diagnostics practice, 

population education and country-based plans in 

line with the WHO recommendations. Antarctic 

extreme habitats are promising sources of new 

antimicrobials, as environmental stress induces 

bacteria to produce unique bioactive metabolites. 

The search for new antibiotics focuses on 

Streptomyces and extremophiles from unexplored 

habitats (Mehetre et al., 2018). 

MDR Bacteria Targeted Elimination Using the 

CRISPR-Cas System 

Sublethal antibiotic doses allow bacteria to 

survive by altering phenotypes, driving drug-

resistant infections. New antibacterial approaches 

must focus on narrow-spectrum antibiotics and 

rapid adaptation to resistant bacteria. The CRISPR-

Cas system, consisting of Cas proteins and CRISPR 

arrays, creates complexes that target specific DNA 

or RNA sequences by modifying guide RNA. This 

method, promising for combating superbugs, uses 

delivery vectors like phages, nanoparticles, and 

plasmids to induce lethal DNA breaks in bacteria 

(Shafi et al., 2022). 

Alternative methods for treating antibiotics 

Combination Therapy I: Increases Membrane 

Permeability: Polymyxins kill Gram-negative 

bacteria by disrupting membranes. Tran et al. (2018) 

discovered that mitotane, a non-antibiotic drug, 

enhances polymyxin B’s effect against resistant 

strains. The bacterial outer membranes undergo 

disruption by SPR741 which leads to improved 

antibiotic effectiveness. Scientists need more 

research to understand how this substance works 

with carbapenems against bacteria that resist 

treatment because of porin deficiencies (Streicher, 

2021). 

Combination Therapy II: Decreases Activity of 

Efflux Pump: Efflux pumps cause antimicrobial 

resistance by removing drugs from bacteria. The 

Resistance‐Nodulation‐cell Division (RND) family 

dominates multidrug resistance in gram-negative 

bacteria. Efflux pump inhibitors (EPIs) like 

phenylalanine-arginine β-naphthylamide (PaβN) 

block these pumps, increasing antibiotic levels 

inside bacteria, permeabilizing membranes, and 

reducing resistance, especially in P. aeruginosa 

(Ghosh et al., 2019). 

Combination Therapy III: Prevents Kinase and 

Intrinsic Antibiotic Resistance: Two-component 

systems (TCS) help bacteria sense and adapt to 

environments, controlling virulence and resistance. 

PhoP/PhoQ in Salmonella regulates infection and is 

inhibited by quinazoline compounds. Eukaryotic-

like serine/threonine kinases (eSTKs), including 

PASTA kinases, affect bacterial metabolism, 

pathogenicity, and antibiotic susceptibility, making 

them potential drug targets (Ianiro et al., 2018). 

FUTURE PERSPECTIVES AND 

CHALLENGES 

Exploring Microbial Biodiversity for Novel 

Compounds 

Studies on marine-derived fungi showed that 

they have unique metabolic routes and the ability to 

yield various bioactive substances. The marine-

derived natural products (marine fungi) have a wide 

range of classes, including polyketides, alkaloids, 

terpenoids and peptides. Therefore, marine-derived 
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microorganisms are a source of new antibiotic 

development (Pan et al., 2024).  

Challenges in Commercial Antibiotic 

Development 

The extensive money invested in research and 

development activities and low monetary gains have 

now compelled the big pharmaceutical companies 

to abandon the antibiotic development activities. 

Consequently, the pipeline for antibiotic innovation 

exhibits a precarious state, disproportionately 

affecting low-income countries where the 

commonness of antibiotic confrontation is most 

pronounced (Piddock et al., 2024). WHO reported 

in 2024 on antibacterial development underscores 

the imperative need for continued investment and 

enhancements in innovative strategies to combat the 

escalating menace of antimicrobial resistance 

(Mendelson et al., 2024). 

Role of Artificial Intelligence in Natural 

Product Discovery 

The emergence of artificial intelligence can 

examine a wide range of data records consisting of 

genomic and chemical information to determine 

potential bioactive natural substances. AI-driven 

methodologies have expedited the identification of 

novel antibiotics by harnessing the previously 

untapped genomic potential of diverse microbial 

populations. Machine learning algorithms have 

been utilized to forecast biosynthetic gene clusters 

and their associated metabolites, thereby optimizing 

the selection of promising candidates for further 

research and development (Gangwal & Lavecchia, 

2025). Furthermore, the implementation of artificial 

intelligence models has facilitated the acceleration 

and refinement of structural elucidation processes 

for complex natural products, thereby augmenting 

the overall efficacy of the discovery process 

(Jiménez-Luna et al., 2021) 

Global Collaboration for Sustainable 

Antibiotic Usage and Development 

The approach to the mitigation of antimicrobial 

resistance requires international responses. The 

World Health Organization, Global Antibiotic 

Research and Development Partnership are notable 

institutions that have been catalyzing activities that 

would translate to sustainable development and 

usage of antibiotics. Among these, there is 

stimulation of research and development 

programmes, enhancement of regulatory tools, and 

universal access to efficient antibiotics (Mendelson 

et al., 2024).  

CONCLUSION 

Microbial natural products offer vast potential 

for drug discovery due to their diverse biological 

activities. Microbial natural products offer vast 

potential for drug discovery due to their diverse 

biological activities. They have been very useful in 

the cure of infections, cancer, inflammation, and 

immunological disorders. However, the resistance 

to antimicrobials is a major health risk in the global 

world. Innovative approaches such as CRISPR, AI-

aided drug discovery, and marine bioprospecting 

play a significant role in addressing this challenge. 

Although science is catching momentum, the 

commercial development of antibiotics is held back 

by economic and policy barriers. To achieve the 

sustainable use and discovery of effective microbial 

therapies, a unified international strategy is 

essential. 

 
Table 1. Microbial secondary metabolites and their uses 

Metabolite Source Species Structural 

Classification 

Commercial Products Mode of 

Action 

Indications 

/ Uses 

Reference 

Penicillins G 

and V 

Penicillium 

rubens, P. 

chrysogenum 

Nonribosomal 

peptide 

Benzylpenicillin, 

phenoxymethylpenicillin, 

ampicillin, amoxicillin 

Inhibits 

bacterial cell 

wall  

Gram-

positive and 

some Gram-

negative 

bacterial 

infections 

Demain & 

Elander, 

1999 

Cephalosporin 

C 

Acremonium 

chrysogenum 

Nonribosomal 

peptide 

Cephalexin, cefadroxil, 

cefuroxime, cefdinir, etc. 

Inhibits the 

biosynthesis 

of cell wall  

Gram-

positive and 

Gram-

negative 

Demain & 

Sanchez, 

2009 
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bacterial 

infections 

Pleuromutilin Clitopilus 

passeckerianus, 

other Clitopilus 

spp. 

Diterpene Retapamulin, tiamulin, 

valnemulin 

Inhibits 

protein 

synthesis by 

targeting 

bacterial 

ribosome 

Topical and 

veterinary 

bacterial 

infections 

Hurdle et 

al., 2011 

Fusidic acid Acremonium 

fusidioides 

Steroid-like 

structure 

Sodium fusidate, 

Fucicort® 

Blocks the 

elongation 

factor G (EF-

G) in protein 

synthesis 

Gram-

positive 

bacterial 

infections, 

mostly 

topical 

Collignon, 

2002 

Strobilurins 

A–D 

Strobilurus 

tenacellus 

Polyketide 

with benzoyl-

CoA 

Azoxystrobin, kresoxim-

methyl, trifloxystrobin, 

etc. 

Inhibits 

mitochondrial 

respiration 

via 

cytochrome 

bc1 complex 

Agricultural 

fungicides 

Balba, 

2007 

Pneumocandin 

B₀ 

Glarea 

lozoyensis 

Lipopeptide Precursor of caspofungin 

(Cancidas®) 

Inhibits β-

1,3-glucan 

synthase 

affecting 

fungal cell 

wall 

Systemic 

fungal 

infections 

Denning, 

2003 

FR901379 Coleophoma 

cylindrospora 

(C. empetri) 

Acylated fatty 

acid 

Precursor of micafungin Inhibits β-

1,3-glucan 

synthase 

Systemic 

fungal 

infections 

Espinel-

Ingroff, 

2003 

Echinocandin 

B 

Aspergillus 

pachycristatus, 

A. rugulosus 

Acylated fatty 

acid 

Precursor of 

anidulafungin (Eraxis®) 

Inhibits β-

1,3-glucan 

synthase 

Systemic 

fungal 

infections 

Balkovec 

et al., 

2014 
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