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DESCRIPTION
Microbial natural products are biologically active substances 
produced by microorganisms such as bacteria, fungi, 
actinomycetes and certain marine microbes. These compounds 
include antibiotics, antifungal agents, pigments, enzymes, 
immunomodulatory substances, anticancer compounds, organic 
acids and other metabolites with useful biological or industrial 
properties. Microorganisms produce these substances as part of 
their normal metabolism, communication, competition, 
adaptation and interaction with surrounding organisms. Their 
chemical diversity makes microbial natural products an 
important source of compounds for medicine, agriculture, food 
technology and biotechnology. Microorganisms occupy nearly 
every ecological environment, including soil, freshwater, oceans, 
sediments, plants, animals and extreme habitats. Each 
environment provides different nutrients, temperatures, pH 
conditions, oxygen levels and biological interactions. These 
environmental factors influence microbial metabolism and can 
affect the types of compounds produced. Soil-dwelling 
actinomycetes, filamentous fungi, marine bacteria and 
microorganisms associated with plants or animals can therefore 
produce chemically different groups of natural substances.

Many microbial natural products are secondary metabolites. 
Unlike compounds directly required for basic cellular growth, 
secondary metabolites often become more abundant during 
particular stages of microbial development or under specific 
environmental conditions. Their production may be influenced 
by nutrient availability, temperature, pH, oxygen concentration, 
microbial competition and chemical signals from neighboring 
organisms. Some compounds provide microorganisms with 
advantages by inhibiting competitors, modifying the 
surrounding environment, or supporting interactions with other 
organisms. Antibiotics represent one of the best-known groups 
of microbial natural products. Species belonging to the genera 
Streptomyces, Bacillus, Penicillium and other microorganisms 

produce compounds capable of inhibiting bacterial or fungal 
growth. Penicillin, cephalosporins, tetracyclines, aminoglycosides 
and macrolides originated from microbial sources or were 
developed from microbial compounds. These substances have 
had an important role in the development of antibacterial 
therapy and continue to influence pharmaceutical development.

Fungi are also significant producers of natural products. 
Filamentous fungi can synthesize compounds with antimicrobial, 
immunological, anticancer, cholesterol-lowering and other 
biological activities. Fungal metabolites may contain chemically 
complex structures that differ from compounds produced by 
bacteria. Some fungal products have become medicines, while 
others serve as starting materials for chemical modification and 
pharmaceutical development. Microbial pigments form another 
group of natural products. Bacteria, fungi and microalgae can 
produce pigments such as carotenoids, melanins, flavins, 
quinones and other colored compounds. These substances may 
protect microorganisms from environmental stress or participate 
in cellular processes. Microbial pigments are being applied in 
food, cosmetics, textiles, biotechnology and materials science. 
Their biological origin can provide alternatives to selected 
synthetic colorants.

Marine microorganisms provide an additional source of bioactive 
compounds. Oceans contain diverse microbial communities 
living in seawater, sediments, coral-associated environments, 
sponges and other marine habitats. Marine bacteria and fungi 
can produce metabolites with antibacterial, antiviral, antifungal, 
anti-inflammatory and cytotoxic properties. High salt 
concentrations, pressure, low light, nutrient variation and 
complex microbial interactions can influence the metabolism of 
marine microorganisms. Microbial natural products also 
contribute to agriculture. Certain microbial metabolites can 
inhibit plant pathogens, influence insect populations, or 
stimulate plant growth. Compounds produced by Bacillus and 
Streptomyces species, for example, may suppress selected fungal 
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for producing particular classes of natural products. Combining 
genetic and chemical information can assist in identifying 
microorganisms with useful metabolic capabilities.

Microbial biosynthetic pathways involve enzymes that assemble 
complex molecules from simpler building blocks. Polyketide 
synthases and nonribosomal peptide synthetases are examples of 
enzyme systems involved in the production of many biologically 
active compounds. Changes in these pathways can influence the 
structure and activity of resulting metabolites. Genetic 
modification and pathway engineering can be used to alter 
production levels or generate derivatives with different 
properties. Culture conditions can strongly influence metabolite 
production. A microorganism may produce different 
compounds depending on the carbon source, nitrogen source, 
mineral composition, pH, temperature, oxygen availability and 
growth phase. This phenomenon is sometimes described as 
microbial chemical diversity resulting from environmental 
variation. Adjusting cultivation conditions can therefore change 
the profile and quantity of metabolites obtained from the same 
microorganism.
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or bacterial pathogens. Some microbial metabolites can also 
affect plant signaling and root development. These properties 
support the development of biological crop-protection products 
and microbial agricultural inputs.

The discovery of microbial natural products involves several 
stages, beginning with the selection and cultivation of 
microorganisms. Samples may originate from soil, water, plants, 
marine environments, or other biological sources. 
Microorganisms are cultivated under appropriate conditions, 
after which metabolites can be collected from the culture 
material. Extraction and purification methods separate 
individual compounds from complex mixtures. Chemical 
analysis can then provide information about molecular structure 
and composition. Advances in analytical chemistry have greatly 
improved the characterization of microbial metabolites. 
Techniques such as mass spectrometry, nuclear magnetic 
resonance spectroscopy, chromatography and high-resolution 
chemical analysis can help determine molecular masses, 
structural features and chemical relationships. Genome 
sequencing can also reveal biosynthetic gene clusters responsible 
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