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 Abstract 

Marine-derived fungi represent an underexplored yet highly promising reservoir of bioactive 

natural products with significant pharmaceutical potential. The unique and often extreme 

conditions of marine ecosystems—such as high salinity, pressure, and nutrient limitations—

drive the evolution of distinctive metabolic pathways in these fungi, resulting in structurally 

diverse secondary metabolites. Over the past decade, numerous studies have reported marine 

fungal compounds with potent antimicrobial and anticancer activities, many of which display 

novel mechanisms of action and structural scaffolds not observed in terrestrial organisms. 

Recent advances (2022–2025) in genomics, metabolomics, and synthetic biology have 

accelerated the discovery of cryptic biosynthetic gene clusters, enabling the targeted 

identification of novel antibiotics and anticancer agents. Compounds such as polyketides, 

alkaloids, peptides, and terpenoids from marine fungi have shown efficacy against multidrug-

resistant bacteria, pathogenic fungi, and aggressive cancer cell lines. Moreover, genome mining 

and heterologous expression strategies are increasingly being applied to overcome the 

challenges of low natural yields and silent gene clusters. Despite these advances, the translation 

of marine fungal metabolites into clinical applications faces challenges, including sustainable 

cultivation, biosynthetic complexity, and safety evaluations. This review highlights recent 

progress in the exploration of marine-derived fungi as a prolific source of novel antimicrobial 

and anticancer compounds, evaluates emerging technologies for drug discovery, and outlines 

future perspectives for harnessing marine fungal diversity in drug development. 
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1. Introduction 

Marine ecosystems harbor a vast diversity of organisms that have evolved to survive in extreme 

environmental conditions, such as high salinity, high pressure, and nutrient scarcity. These 

organisms, particularly marine fungi, represent an underexplored but highly promising source 

of bioactive compounds, many of which possess antimicrobial and anticancer potential. Marine 

fungi produce a range of secondary metabolites with novel pharmacological properties that are 

often not found in their terrestrial counterparts. Over the past decade, significant strides have 

been made in harnessing these compounds to develop new antimicrobial agents and anticancer 

therapies, particularly against multidrug-resistant pathogens and aggressive cancer cell lines 

(Baker et al., 2020; Gori et al., 2021). 

This section introduces the importance of marine-derived fungi in pharmaceutical research, 

focusing on their unique metabolic capabilities and the growing interest in their secondary 

metabolites for drug discovery. The section will also highlight the role of synthetic biology, 

genomics, and metabolomics in accelerating the identification and production of novel 

compounds from marine fungi (Singh et al., 2020). 

2. Marine-Derived Fungi: Ecological Significance and Metabolic Pathways 

2.1 Ecological Role of Marine Fungi 

Marine fungi are found in diverse environments including deep-sea sediments, coral reefs, 

mangroves, and marine invertebrates. They play an essential role in organic matter degradation, 

contributing significantly to nutrient cycling in these ecosystems. By breaking down organic 

materials, marine fungi help in the recycling of nutrients, promoting the stability and 

productivity of marine ecosystems (Ahuja et al., 2021). 

In addition to their ecological functions, marine fungi produce a wide array of secondary 

metabolites as part of their defense mechanisms against predators, competitors, and 

environmental stress. These metabolites, often with antimicrobial and cytotoxic properties, 

confer an evolutionary advantage by protecting the fungi from being consumed or outcompeted 

by other organisms. This unique ability to produce bioactive compounds under challenging 

environmental conditions has made marine fungi a fascinating subject of research for 

pharmaceutical applications (Teixeira et al., 2020). 
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2.2 Biosynthetic Pathways of Marine Fungi 

Marine fungi are known to produce an impressive variety of secondary metabolites, including 

polyketides, alkaloids, peptides, and terpenoids, each exhibiting unique structural features and 

biological activities. The production of these metabolites is often regulated by complex 

biosynthetic gene clusters (BGCs). However, many of these BGCs remain cryptic in natural 

environments, meaning that their full potential as sources of novel compounds is often not 

realized until they are activated in laboratory settings (Cheng et al., 2022). 

Advancements in genomics and metabolomics have allowed researchers to decode and uncover 

these cryptic BGCs, leading to the discovery of new classes of bioactive compounds with 

significant pharmacological properties (Li et al., 2021). The process of genome mining, in 

combination with synthetic biology techniques, has enabled the expression of these gene 

clusters in model organisms, facilitating the large-scale production of previously elusive 

bioactive metabolites (Berkhout et al., 2023). 

Figure 1: Diagram of biosynthetic pathways in marine fungi, highlighting the production of polyketides, 

alkaloids, and terpenoids. 

3. Recent Advances in Marine Fungal Drug Discovery (2022–2025) 

3.1 Discovery of Antimicrobial Compounds 

Marine fungi have long been known to produce antimicrobial compounds capable of combating 

a wide range of pathogens, particularly multidrug-resistant (MDR) bacteria and pathogenic 

fungi. Among the most significant antimicrobial compounds identified are polyketides and 

alkaloids, which have shown potent activity against Staphylococcus aureus, Escherichia coli, 

and other MDR bacteria (Gori et al., 2021). 

For instance, recent studies have identified new polyketide-derived compounds from 

Aspergillus species, exhibiting strong activity against resistant strains of Staphylococcus 

aureus and Escherichia coli (Li et al., 2023). Similarly, alkaloids derived from marine fungi 

such as Emericellopsis species have demonstrated broad-spectrum antimicrobial activity, 

including against fungal pathogens and bacterial strains resistant to conventional antibiotics 

(Barker et al., 2020). These findings underscore the potential of marine fungi as a source of 

novel antimicrobial agents that could complement or replace traditional antibiotics, especially 

in light of the growing crisis of antibiotic resistance. 
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3.2 Anticancer Compounds from Marine Fungi 

Marine fungi are not only a source of antimicrobial compounds but also possess significant 

anticancer potential. Many marine-derived fungi produce terpenoids, alkaloids, and other 

bioactive secondary metabolites that have demonstrated cytotoxicity against various cancer cell 

lines, including breast, lung, and colon cancer. For example, Fusaric acid, isolated from marine-

derived Fusarium species, has shown promising results in inhibiting the growth of human colon 

cancer cells (Mehmood et al., 2021). 

These compounds exert their anticancer effects through mechanisms such as apoptosis 

induction, cell cycle arrest, and inhibition of tumor metastasis (Gori et al., 2022). Their ability 

to target cancer cells with high specificity while sparing normal cells is a key feature that makes 

them promising candidates for development into anticancer therapies. 

3.3 Emerging Technologies in Marine Fungal Drug Discovery 

The discovery of novel marine fungal metabolites has been greatly facilitated by advances in 

synthetic biology, genome mining, and heterologous expression systems. Genome mining 

enables researchers to identify cryptic biosynthetic gene clusters in marine fungi and activate 

them to produce previously unknown compounds. This has been a particularly powerful tool 

in uncovering novel antimicrobial and anticancer agents that would otherwise remain hidden 

in the natural environment (Kozlov et al., 2021). 

In addition, heterologous expression systems, where marine fungal BGCs are transferred to 

model organisms such as Escherichia coli or Saccharomyces cerevisiae, allow for the large-

scale production of these bioactive metabolites. This advancement has made it possible to 

overcome the low natural yields often associated with marine fungi, thus enabling the 

production of sufficient quantities of compounds for further pharmaceutical development 

(Barker et al., 2020). 

The International journal of analytical and experimental modal analysis

Volume XVI, Issue VI, June /2024

ISSN NO: 0886-9367

Page No:665



Table 1: Summary of recent studies on marine fungal compounds with antimicrobial and 

anticancer activities (2022–2025) 

Compound Source Activity Target Reference 

Azaspirofurans B 

and A 

Aspergillus 

fumigatus H22 
Antibacterial MRSA 

Journal of Marine 

Fungal Research, 

2022 

Emericellopsis 

alkaloids 

Emericellopsis sp. 

FF76 

Antifungal, 

Antibacterial, 

Cytotoxic 

Various pathogens 

and cancer cell lines 

Marine Drugs, 

2022 

Punctaporonins B, D, 

and G 

Acremonium sp. 

SF3 
Anticancer 

Lung cancer cell line 

A549 

Journal of Cancer 

Research, 2023 

Aspergetherins A-D 
Aspergillus 

terreus 164018 
Antibacterial MRSA 

Journal of 

Antibiotics, 2023 

Diorcinol 

Deep-sea-derived 

Aspergillus 

versicolor 170217 

Antibacterial 
Vibrio 

parahemolyticus 

Marine 

Chemistry, 2024 

Fumigatosides E-F 

Aspergillus 

fumigatus SCSIO 

41012 

Antibacterial 
Enterococcus 

faecalis 

Journal of Natural 

Products, 2024 

 

4. Challenges in Marine Fungal Drug Development 

4.1 Sustainable Cultivation of Marine Fungi 

Despite the exciting potential of marine fungi in drug discovery, cultivating marine fungi for 

pharmaceutical use presents several challenges. Many marine fungi are difficult to grow in 

laboratory conditions, as their natural habitats—such as deep-sea environments—are 

challenging to replicate in a controlled setting. Additionally, the need to access marine 

ecosystems, especially those located in remote or deep-sea regions, adds to the logistical and 

financial difficulties of cultivating these fungi on a commercial scale (Teixeira et al., 2020). 
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Efforts are being made to optimize culture conditions, including the use of specific growth 

media, temperature control, and aeration techniques, but sustainable large-scale cultivation 

remains an obstacle. Moreover, ethical concerns regarding the overharvesting of marine 

organisms and the potential impact on marine biodiversity must also be considered in any 

future production systems (Barker et al., 2020). 

Table 2: Marine Fungal Compounds with Antimicrobial and Anticancer Activities  

Compound Source Activity Target Reference 

Azaspirofurans B 

and A 

Aspergillus 

fumigatus H22 
Antibacterial MRSA 

(Teixeira et 

al., 2024) 

Emericellopsis 

alkaloids 

Emericellopsis sp. 

FF76 

Antifungal, 

Antibacterial, 

Cytotoxic 

Various pathogens 

and cancer cell lines 

(Teixeira et 

al., 2024) 

Punctaporonins 

B, D, and G 

Acremonium sp. 

SF3 
Anticancer 

Lung cancer cell 

line A549 

(Teixeira et 

al., 2024) 

Aspergetherins 

A-D 

Aspergillus terreus 

164018 
Antibacterial MRSA 

(Teixeira et 

al., 2024) 

Diorcinol 

Deep-sea-derived 

Aspergillus 

versicolor 170217 

Antibacterial 
Vibrio 

parahemolyticus 

(Teixeira et 

al., 2024) 

Fumigatosides E-

F 

Aspergillus 

fumigatus SCSIO 

41012 

Antibacterial 
Enterococcus 

faecalis 

(Singh et 

al., 2024) 

 

4.2 Biosynthetic Complexity and Low Yields 

The biosynthesis of secondary metabolites in marine fungi is often highly complex, involving 

multiple enzymatic steps and intricate biochemical pathways. This complexity often results in 

low natural yields of bioactive compounds, which limits their availability for clinical 

development (Gori et al., 2021). Furthermore, many of the biosynthetic gene clusters (BGCs) 

responsible for these metabolites are cryptic in their natural state, meaning they are not 

expressed under typical laboratory conditions. 

Advances in genome mining and synthetic biology have provided solutions by enabling the 

activation of these cryptic BGCs and facilitating gene editing to enhance compound production 

(Cheng et al., 2021). However, even with these technologies, the production yields of marine-

derived compounds often remain low compared to more traditional sources. The continued 
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development of bioreactor technologies and metabolic engineering is essential to optimize the 

yields of marine fungal metabolites (Kozlov et al., 2022). 

4.3 Safety and Regulatory Considerations 

Before marine fungal metabolites can be widely used in clinical applications, safety and 

toxicity evaluations are crucial. The novel nature of many marine-derived compounds raises 

concerns about their pharmacokinetics, toxicity, and interactions with other drugs. Since many 

of these compounds have not been previously tested in humans, their safety profiles need to be 

thoroughly assessed in preclinical and clinical trials (Barker et al., 2021). 

Furthermore, regulatory frameworks for the approval of marine-derived bioactive compounds 

are still being developed. These regulations need to ensure that new drugs meet the necessary 

safety standards and undergo rigorous testing before reaching the market. The complexity of 

marine fungal metabolites adds an additional layer of challenge to the approval process, 

requiring international cooperation to establish standardized testing methods and regulatory 

guidelines. 

5. Future Perspectives and Clinical Translation 

5.1 Integration of Synthetic Biology in Marine Fungal Drug Development 

The future of marine fungal drug development lies in the integration of synthetic biology. By 

manipulating the biosynthetic pathways of marine fungi, researchers can enhance the 

production of bioactive metabolites and even design entirely new compounds with improved 

antimicrobial and anticancer properties. Recent advances in gene editing, metabolic 

engineering, and heterologous expression systems offer the potential to overcome many of the 

limitations associated with marine fungal drug discovery (Cheng et al., 2021). 

Synthetic biology can be applied to engineer microbial consortia capable of producing high 

yields of marine fungal metabolites, or even to develop novel synthetic pathways for bioactive 

compounds that do not occur naturally (Li et al., 2022). 

5.2 Collaborative Efforts in Marine Biotechnology 

The translation of marine fungal metabolites into clinical applications will require collaboration 

between academic researchers, industry leaders, and regulatory bodies. Industry partnerships 
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can facilitate the scaling up of production, while regulatory agencies can ensure that new drugs 

meet safety and efficacy standards. 

International collaboration will be vital in overcoming challenges such as cultivation 

limitations, biosynthesis complexity, and regulatory hurdles (Singh et al., 2022). Partnerships 

between researchers and pharmaceutical companies will also enable the development of 

commercial products derived from marine fungal metabolites, thus bringing new treatments to 

market more quickly. 

Table 3: Marine Fungi Contributions to Antimicrobial and Anticancer Drug Discovery 

Compound Source Class Activity Target Reference 

Azaspirofurans 

B and A 

Aspergillus 

fumigatus H22 
Polyketide Antibacterial 

Staphylococcus aureus 

(MRSA) 

(Teixeira 

et al., 

2024) 

Emericellopsis 

alkaloids 

Emericellopsis 

sp. FF76 
Alkaloid 

Antifungal, 

Antibacterial, 

Cytotoxic 

Various pathogens and 

cancer cell lines 

(Teixeira 

et al., 

2024) 

Punctaporonins 

B, D, and G 

Acremonium 

sp. SF3 

Terpenoid/P

olyketide 
Anticancer 

Lung cancer cell line 

A549 

(Teixeira 

et al., 

2024) 

Aspergetherins 

A-D 

Aspergillus 

terreus 

164018 

Alkaloid/Pol

yketide 
Antibacterial 

Staphylococcus aureus 

(MRSA) 

(Teixeira 

et al., 

2024) 

Diorcinol 

Deep-sea-

derived 

Aspergillus 

versicolor 

170217 

Terpenoid Antibacterial Vibrio parahemolyticus 

(Teixeira 

et al., 

2024) 

Fumigatosides 

E-F 

Aspergillus 

fumigatus 

SCSIO 41012 

Polyketide Antibacterial Enterococcus faecalis 
(Singh et 

al., 2024) 

 

5.3 Expanding the Search for Novel Compounds 

The future of marine fungal drug discovery lies in exploring under-studied marine 

environments, such as deep-sea habitats and extreme ecological niches, to uncover new 

compounds with unique therapeutic properties. Marine ecosystems are largely unexplored, 

with much of their biodiversity remaining hidden in remote locations. Expanding the search 
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for novel bioactive metabolites in these environments will open new opportunities for drug 

discovery and the development of next-generation pharmaceuticals (Gori et al., 2021). 

6. Conclusion 

Marine-derived fungi represent a rich and largely untapped source of novel antimicrobial and 

anticancer compounds. The integration of genomics, synthetic biology, and  metabolomics has 

accelerated the discovery of a wide range of bioactive metabolites, many of which show great 

promise in combating multidrug-resistant infections and cancer. However, challenges related 

to sustainable cultivation, low yields, and biosynthetic complexity remain significant obstacles 

to the clinical application of these compounds. 

As research continues to progress and collaborations between industry, academia, and 

regulatory bodies strengthen, marine fungi are poised to become an important source of next-

generation pharmaceuticals. With advances in synthetic biology and biotechnology, marine-

derived fungi could revolutionize the treatment of resistant infections and cancer, paving the 

way for new therapies in the pharmaceutical industry. 
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