
International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Impact Factor 2025: 7.089 

Volume 15 Issue 3, March 2026 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

Exploring Fungal Diversity and Enzymology: An 

Integrative Review 
 

Dr. Geethanjali P. A. 

 

Department of Microbiology, Field Marshal K M Cariappa College, Mangalore University, Madikeri, Kodagu (D), Karnataka, India 

Email: geethanjalipa07[at]gmail.com 

 

 

Abstract: Fungi, as one of the most diverse and ecologically significant groups of organisms, play a critical role in various ecosystems 

through their metabolic and enzymatic activities. This review provides a comprehensive examination of fungal diversity and its intricate 

relationship with enzymology. We explore the vast array of fungal species found across different habitats, from terrestrial to aquatic 

environments, and their classification into various phyla and classes. The review delves into the biochemical arsenal of fungi, focusing 

on the types of enzymes they produce, including hydrolytic enzymes, oxidative enzymes, and transferases, and their diverse functions in 

metabolic pathways. We discuss how the diversity of fungal species influences their enzymatic capabilities, highlighting examples of 

fungi with unique or highly specialized enzymes. The review also addresses the biotechnological and industrial applications of fungal 

enzymes, such as in the production of biofuels, pharmaceuticals, and in bioremediation processes. Additionally, we consider the 

challenges in studying fungal enzymology, including difficulties in enzyme isolation and characterization, and the need for advanced 

techniques and methodologies. Future directions in fungal research are proposed, emphasizing the potential for discovering novel 

enzymes and their applications, and the importance of integrating fungal diversity studies with enzymological research to fully harness 

their potential. This integrative approach aims to provide a deeper understanding of the role of fungi in nature and their utility in 

various industries, offering new insights and opportunities for future research. 
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1. Introduction 
 

Fungi represent one of the most diverse and ecologically 

important groups of organisms on Earth, encompassing a 

vast array of species with varied forms, functions, and 

habitats. Their diversity is evident in their widespread 

occurrence across terrestrial, aquatic, and extreme 

environments. This immense diversity not only highlights 

their evolutionary success but also underscores their 

significance in ecological and biochemical processes. 

Understanding fungal diversity is crucial for unravelling the 

complex interactions between fungi and their environments, 

which in turn influences their enzymatic capabilities and 

applications. 

 

Fungal diversity is characterized by a range of 

morphologies, reproductive strategies, and ecological roles. 

Recent advances in molecular techniques, such as DNA 

sequencing and phylogenetic analysis, have revolutionized 

our understanding of fungal taxonomy and evolution, 

revealing a more intricate picture of fungal relationships and 

classifications (1). These advances have led to the discovery 

of numerous novel fungal taxa and clarified the evolutionary 

pathways of known groups. This expanded knowledge is 

essential for studying the functional aspects of fungi, 

including their enzymatic activities. 

 

Enzymes produced by fungi are central to their metabolic 

processes and interactions with other organisms. Fungal 

enzymes play critical roles in the breakdown of complex 

substrates, such as lignocellulose in plant material, which is 

fundamental for nutrient cycling in ecosystems. The 

diversity of fungal enzymes is closely linked to their 

ecological roles and environmental adaptations. For 

instance, lignin-degrading enzymes, such as lignin 

peroxidases and manganese peroxidases, are produced by 

white-rot fungi and are pivotal in the decomposition of wood 

and other plant debris (2). Similarly, fungal enzymes 

involved in the degradation of polysaccharides, such as 

cellulases and amylases, contribute to the bioconversion of 

agricultural residues and have significant industrial 

applications (3). The relationship between fungal diversity 

and enzymology is a topic of growing interest. The 

functional diversity of fungal enzymes is influenced by the 

genetic and biochemical diversity of fungal species. Recent 

studies have highlighted how different fungal species 

possess unique enzyme profiles that enable them to exploit 

specific substrates and adapt to varied environmental 

conditions (4). For example, extremophilic fungi, which 

thrive in extreme environments, produce enzymes with 

unique properties that are valuable in industrial processes 

requiring high temperatures or unusual pH levels (5). Fungal 

enzymes have found numerous applications in 

biotechnology and industry. Their ability to catalyse a wide 

range of chemical reactions has been harnessed in processes 

such as the production of biofuels, bioremediation of 

pollutants, and synthesis of pharmaceuticals. The use of 

fungal enzymes in these applications often depends on the 

diversity of enzyme types and their ability to perform under 

specific conditions. For example, fungal cellulases are 

employed in the production of bioethanol from plant 

biomass, while laccases are used in the treatment of 

industrial dyes and pollutants (6). Despite the advances in 

our understanding of fungal diversity and enzymology, 

several challenges remain. The isolation and characterization 

of fungal enzymes can be complex, requiring sophisticated 

techniques and a deep understanding of fungal biology. 

Moreover, the potential of fungal enzymes in various 

applications is still being explored, with ongoing research 

focused on discovering novel enzymes and optimizing their 

use in industrial processes (7).  

 

Integrating studies of fungal diversity with enzymological 

research offers the promise of uncovering new enzyme 
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functions and applications, ultimately contributing to 

advancements in biotechnology and environmental science. 

The exploration of fungal diversity and enzymology 

provides valuable insights into the ecological roles of fungi 

and their potential applications. The interplay between 

fungal species and their enzymatic functions highlights the 

need for continued research in these areas, with the aim of 

harnessing the full potential of fungi in various fields. As 

our understanding of fungal diversity and enzymatic 

processes deepens, we anticipate further advancements that 

will enhance our ability to utilize fungal enzymes in 

innovative and impactful ways. 

 

Fungal Diversity  

Fungal diversity represents a vast and intricate component of 

global biodiversity, encompassing a wide range of species 

that inhabit diverse environments. The current understanding 

of fungal diversity highlights the remarkable adaptability 

and ecological significance of fungi across various habitats. 

Recent advances in molecular techniques, such as DNA 

sequencing and phylogenetic analysis, have significantly 

enhanced our ability to classify and understand the 

evolutionary relationships among fungal species (8). 

 

Fungi are found in nearly every terrestrial and aquatic 

environment, demonstrating their remarkable adaptability. 

Terrestrial habitats include soils, forests, grasslands, and 

agricultural fields, where fungi play crucial roles in nutrient 

cycling and ecosystem functioning. In soil ecosystems, fungi 

decompose organic matter, forming essential relationships 

with plants through mycorrhizal associations, which 

facilitate nutrient uptake for plants while benefiting from the 

carbon compounds provided by the host (9). Additionally, 

fungi are prevalent in extreme environments, such as deserts 

and high-altitude regions, where extremophilic species have 

evolved to survive under harsh conditions (10). Aquatic 

habitats also host diverse fungal communities, including 

freshwater and marine environments. Aquatic fungi 

contribute to the decomposition of organic matter, 

influencing nutrient cycling in aquatic ecosystems. Marine 

fungi, although less studied, have been identified as 

important decomposers in oceanic environments and have 

shown potential for biotechnological applications due to 

their unique enzymatic properties (11). The classification of 

fungi has undergone significant revisions with the advent of 

molecular techniques. Traditional morphological and 

anatomical classifications have been supplemented by 

genetic data, leading to a more refined and comprehensive 

understanding of fungal taxonomy (12). Fungi are 

categorized into several major phyla, including Ascomycota, 

Basidiomycota, Zygomycota, and Chytridiomycota, each 

characterized by distinct reproductive structures and life 

cycles. Recent molecular phylogenies have revealed new 

insights into fungal relationships, leading to the discovery of 

previously unrecognized phyla and taxa (13). 

 

Ecologically, fungi play diverse and critical roles in 

ecosystems. They act as decomposers, breaking down 

complex organic materials such as lignin and cellulose, 

which is essential for nutrient recycling and soil health. 

Fungal decomposers, including white-rot and brown-rot 

fungi, contribute to the decomposition of wood and plant 

debris, facilitating the release of nutrients back into the 

environment (14). Fungi also form symbiotic relationships 

with other organisms. Mycorrhizal fungi, for example, 

establish mutualistic associations with plant roots, enhancing 

nutrient absorption for plants and receiving organic carbon 

in return (15). Additionally, fungi can form endophytic 

associations within plant tissues, providing protection 

against pathogens and environmental stress (16). 

 

The diversity of fungi is vast and encompasses a wide range 

of habitats, classifications, and ecological roles. Advances in 

molecular techniques have deepened our understanding of 

fungal taxonomy and their functional significance in 

ecosystems. The continued exploration of fungal diversity is 

crucial for uncovering the ecological and biotechnological 

potential of these organisms. 

 

Enzymes in Fungi  

Enzymes play a fundamental role in the metabolic processes 

of fungi, facilitating a wide range of biochemical reactions 

essential for their growth, development, and ecological 

interactions. Fungal enzymes are diverse, reflecting the 

variety of substrates fungi can utilize and the different 

environmental conditions they can adapt to. These enzymes 

are central to processes such as nutrient acquisition, 

decomposition, and synthesis of secondary metabolites. 

 

One of the primary functions of fungal enzymes is the 

decomposition of complex organic materials. 

Lignocellulolytic enzymes, including lignin peroxidases, 

manganese peroxidases, and cellulases, are produced by 

white-rot fungi and are crucial for the breakdown of lignin 

and cellulose in plant materials. Lignin peroxidases and 

manganese peroxidases facilitate the oxidative degradation 

of lignin, a complex and recalcitrant polymer, while 

cellulases hydrolyse cellulose into simpler sugars that can be 

further metabolized (17). These enzymes are vital for 

nutrient recycling in ecosystems and are also harnessed in 

industrial applications such as the production of biofuels and 

the paper industry (18). Another important group of 

enzymes are hydrolytic enzymes, which include proteases, 

lipases, and amylases. Proteases are involved in the 

degradation of proteins into peptides and amino acids, which 

are essential for fungal nutrition and pathogenicity. Lipases 

catalyze the hydrolysis of ester bonds in lipids, facilitating 

the breakdown of fats and oils, while amylases break down 

starches into simpler sugars (19). These enzymes are not 

only important for fungal metabolism but also have 

significant applications in detergent formulations, food 

processing, and biotechnology (20). 

 

Oxidative enzymes, such as laccases and peroxidases, play 

critical roles in various oxidative reactions within fungi. 

Laccases, for instance, are involved in the oxidation of 

phenolic compounds and have been implicated in the 

degradation of lignin and synthetic dyes (21). Peroxidases, 

including versatile peroxidases, are also involved in lignin 

degradation and are known for their ability to oxidize a wide 

range of substrates (22). These enzymes have diverse 

industrial applications, including in bioremediation 

processes and the textile industry. Fungi also produce a 

range of secondary metabolites that are synthesized through 

complex enzymatic pathways. These metabolites include 

antibiotics, mycotoxins, and pigments, which can have 
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significant ecological and medical importance. For example, 

the production of penicillin by Penicillium notatum involves 

a series of enzymatic reactions leading to the formation of 

this important antibiotic (23). Similarly, the synthesis of 

mycotoxins, such as aflatoxins produced by Aspergillus 

flavus, involves multiple enzymatic steps and has 

implications for food safety and human health (24). 

 

The diversity and specificity of fungal enzymes are also 

evident in their adaptation to extreme environments. 

Extremophilic fungi, which thrive in extreme conditions 

such as high temperatures or acidic environments, produce 

enzymes with unique properties that are valuable for 

industrial processes requiring such conditions. For instance, 

thermostable enzymes from thermophilic fungi are used in 

high-temperature processes in the food and biofuel 

industries (25). 

 

The enzymes are integral to fungal metabolism, playing 

crucial roles in nutrient acquisition, decomposition, and the 

synthesis of secondary metabolites. The diversity of fungal 

enzymes reflects their adaptability and ecological roles, with 

significant implications for industrial applications and 

environmental management. Continued research into fungal 

enzymology promises to uncover new enzyme functions and 

applications, enhancing our ability to utilize these organisms 

in various fields. 

 

Interactions Between Fungal Diversity and Enzymology 

The interaction between fungal diversity and enzymology 

highlights the intricate relationship between the variety of 

fungal species and their enzymatic functions. The vast 

diversity of fungi, spanning different phyla and ecological 

niches, significantly influences their enzymatic capabilities, 

while the presence of specific enzymes can drive the 

ecological roles and evolutionary trajectories of fungal 

species. 

 

Fungal diversity impacts enzymatic functions in several 

ways. Firstly, different fungal species have evolved 

specialized enzymes to adapt to their specific environmental 

conditions and ecological roles. For instance, wood-

decaying fungi, such as white-rot fungi, produce a unique 

suite of lignocellulolytic enzymes, including lignin 

peroxidases, manganese peroxidases, and cellulases, to 

break down lignin and cellulose in plant biomass. These 

enzymes are crucial for nutrient recycling in forest 

ecosystems and vary significantly among species, reflecting 

their adaptation to different types of lignocellulosic 

materials (26). The ability of these fungi to degrade lignin 

and cellulose influences their ecological niche and 

competitive interactions with other microorganisms. 

Similarly, extremophilic fungi, which thrive in harsh 

environments such as high temperatures or extreme pH 

conditions, produce enzymes with unique properties suited 

to these conditions. Thermophilic fungi, such as 

Thermomyces lanuginosus, produce thermostable enzymes 

like thermophilic cellulases and proteases that remain active 

at high temperatures. These enzymes are valuable for 

industrial applications that require high-temperature 

processing, such as in the production of biofuels and in the 

textile industry (27). The unique enzymatic properties of 

these fungi are a direct result of their evolutionary 

adaptation to extreme environments. On the other hand, the 

presence of specific enzymes can influence the diversity and 

ecological roles of fungal species. For example, fungi that 

produce antimicrobial enzymes or secondary metabolites can 

outcompete other microorganisms in their environment. 

Penicillium notatum, known for producing the antibiotic 

penicillin, illustrates how the production of specific enzymes 

can impact fungal survival and interactions within microbial 

communities (28). The ability of this fungus to produce 

penicillin not only provides a competitive advantage against 

other microorganisms but also has significant implications 

for human health and medicine. 

 

Furthermore, the interaction between fungal diversity and 

enzymology is evident in the complex relationships between 

fungi and their hosts. Mycorrhizal fungi, such as those in the 

genus Glomus, form symbiotic associations with plant roots 

and produce enzymes that enhance nutrient uptake for 

plants. These enzymes include phosphate-solubilizing 

enzymes that release inorganic phosphorus from soil 

minerals, which is essential for plant growth (29). The 

diversity of mycorrhizal fungi and their enzymatic 

capabilities influence plant community structure and 

ecosystem functioning. 

 

The exploration of fungal diversity and enzymology also 

reveals the potential for discovering novel enzymes with 

unique properties. For instance, recent studies have 

identified enzymes from understudied fungal species with 

potential applications in biotechnology and industry. Fungal 

species such as Aspergillus oryzae produce a wide range of 

enzymes, including amylases and proteases, which are 

utilized in food processing and fermentation (30). The 

diversity of enzymes produced by different fungal species 

offers opportunities for developing new biotechnological 

applications and improving existing processes. 

 

The interplay between fungal diversity and enzymology is 

complex and reciprocal. The diversity of fungal species 

drives the evolution of specialized enzymatic functions, 

while the presence of specific enzymes influences the 

ecological roles and interactions of fungi. Understanding 

these interactions provides insights into the ecological and 

biotechnological potential of fungi and highlights the 

importance of continued research in fungal diversity and 

enzymology. 

 

2. Applications and Implications  
 

Fungal enzymology has significant practical applications 

across various industries, including agriculture, 

biotechnology, and environmental management. The diverse 

array of enzymes produced by fungi offers a range of 

functionalities that are harnessed to improve processes, 

enhance efficiency, and address environmental challenges. 

Understanding fungal diversity plays a crucial role in 

optimizing these applications and discovering novel uses for 

fungal enzymes. 

 

In agriculture, fungal enzymes are employed to enhance soil 

health and crop productivity. Mycorrhizal fungi, which form 

symbiotic relationships with plant roots, produce enzymes 

that help in the uptake of essential nutrients, such as 
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phosphorus and nitrogen, from the soil. These enzymes 

include phosphate-solubilizing enzymes that release 

inorganic phosphorus from soil minerals, thereby improving 

plant growth and yield (31). The application of mycorrhizal 

fungi in agriculture can reduce the need for chemical 

fertilizers, leading to more sustainable farming practices. 

Additionally, enzymes from fungi are used in the 

formulation of biofertilizers and biopesticides, which 

contribute to soil fertility and pest management (32). 

 

In biotechnology, fungal enzymes are widely utilized in 

industrial processes due to their versatility and efficiency. 

Enzymes such as cellulases, amylases, and proteases from 

fungi are critical in the production of biofuels, including 

ethanol from lignocellulosic biomass. These enzymes break 

down complex carbohydrates into simpler sugars that can be 

fermented into ethanol, providing a renewable energy source 

and reducing reliance on fossil fuels (33). Fungal enzymes 

are also used in the food and beverage industry for 

applications such as bread making, cheese production, and 

beer brewing. For example, fungal amylases are used to 

convert starches into fermentable sugars during brewing, 

while proteases are employed in cheese ripening to 

hydrolyse casein proteins (34). 

 

Environmental management benefits from fungal 

enzymology using fungal enzymes in bioremediation 

processes. Fungi possess the ability to degrade a wide range 

of environmental pollutants, including pesticides, dyes, and 

hydrocarbons, through the action of oxidative and hydrolytic 

enzymes. Laccases and peroxidases from fungi are 

particularly effective in the degradation of synthetic dyes 

and other contaminants in wastewater treatment (35). The 

application of fungal enzymes in bioremediation can 

mitigate environmental pollution and support the restoration 

of contaminated sites. 

 

Understanding fungal diversity enhances these applications 

by providing insights into the specific enzymatic capabilities 

of different fungal species. The discovery of novel enzymes 

from diverse fungal taxa can lead to improved industrial 

processes and the development of new biotechnological 

applications. For example, the identification of thermostable 

enzymes from thermophilic fungi has led to advancements in 

high-temperature industrial processes, such as in the 

production of biofuels and the processing of agricultural 

residues (36). Additionally, the exploration of fungal 

diversity in extreme environments has revealed enzymes 

with unique properties that are valuable for specialized 

applications, such as in the degradation of hazardous 

materials or the production of specialty chemicals. 

 

The fungal enzymology has broad applications across 

agriculture, biotechnology, and environmental management. 

The diverse enzymatic functions of fungi are harnessed to 

improve agricultural practices, enhance industrial processes, 

and address environmental challenges. Understanding fungal 

diversity is essential for optimizing these applications, 

discovering novel enzymes, and advancing the field of 

fungal biotechnology. 

 

 

 

3. Challenges and Future Directions  
 

The field of fungal enzymology, while rich with potential, 

faces several challenges that impact its development and 

application. Addressing these challenges requires concerted 

efforts and innovative approaches to harness the full 

potential of fungal enzymes.  

 

One significant challenge is the complexity of fungal 

enzyme systems. Fungal enzymes often operate in intricate 

networks of biochemical pathways, and understanding these 

systems requires a comprehensive grasp of fungal biology 

and biochemistry. The diverse and sometimes redundant 

nature of fungal enzymes complicates efforts to isolate and 

characterize specific enzymes with desirable properties. 

Additionally, the vast genetic diversity among fungal species 

means that many potential enzymes remain unexplored, 

necessitating extensive screening and functional analysis 

(37). 

 

Another challenge is the difficulty in scaling up fungal 

enzyme production from laboratory settings to industrial 

applications. While many fungal enzymes show promise in 

research settings, translating these findings into large-scale 

processes often involves overcoming issues related to 

enzyme stability, activity, and cost-effectiveness. Industrial 

production requires the optimization of fermentation 

conditions, purification processes, and enzyme formulations 

to ensure that enzymes are produced at enough and are 

economically viable (38). The environmental impact of 

fungal enzyme applications also presents challenges. For 

instance, the use of enzymes in bioremediation must be 

carefully managed to avoid unintended ecological 

consequences. The introduction of enzymes into natural 

environments or industrial settings needs to be monitored to 

ensure that they do not disrupt existing microbial 

communities or lead to the accumulation of potentially 

harmful byproducts (39). 

 

Future research directions in fungal enzymology are poised 

to address these challenges and explore new opportunities. 

Technological advancements in genomics, proteomics, and 

metabolomics offer powerful tools for uncovering novel 

fungal enzymes and understanding their functions. High-

throughput sequencing technologies enable the rapid 

identification of gene clusters associated with enzyme 

production, while advanced proteomic techniques allow for 

detailed characterization of enzyme structures and activities 

(40). These technologies can facilitate the discovery of new 

enzymes with unique properties and applications. Another 

promising direction is the development of synthetic biology 

approaches to engineer fungi for optimized enzyme 

production. By modifying fungal genomes or introducing 

foreign genes, researchers can create fungal strains with 

enhanced enzymatic capabilities or tailored enzyme profiles 

for specific industrial applications. This approach holds the 

potential for improving enzyme yields, stability, and 

efficiency, thereby expanding the practical uses of fungal 

enzymes in various fields. Exploring unexplored fungal 

habitats is also a critical area for future research. Extreme 

environments, such as deep-sea habitats and extreme 

temperature regions, harbour unique fungal species with 

specialized enzymatic properties. Investigating these 
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environments can lead to the discovery of enzymes with 

novel functions and applications that are not found in more 

common fungal species (41). 

 

Finally, interdisciplinary research that combines fungal 

enzymology with fields such as materials science, 

nanotechnology, and environmental engineering can open 

new avenues for enzyme applications. For instance, 

integrating fungal enzymes into the development of 

sustainable materials or advanced biocatalysts could lead to 

innovative solutions for environmental and industrial 

challenges. 

 

The field of fungal enzymology faces challenges related to 

enzyme complexity, scale-up, and environmental impact. 

However, advancements in technology, synthetic biology, 

exploration of novel habitats, and interdisciplinary 

approaches offer promising directions for overcoming these 

challenges and expanding the applications of fungal 

enzymes. Continued research and innovation will be crucial 

for realizing the full potential of fungal enzymology in 

addressing contemporary problems and advancing scientific 

and industrial applications. 

 

4. Conclusion  
 

The exploration of fungal diversity and enzymology reveals 

a field rich with potential and complexity. Fungal enzymes 

are central to numerous biological processes and industrial 

applications, reflecting the broad diversity of fungal species 

and their specialized enzymatic capabilities. This diversity 

not only influences the ecological roles of fungi but also 

drives the development of innovative solutions across 

various industries. 

 

Fungal diversity plays a crucial role in determining the range 

and specificity of enzymatic functions. Different fungal 

species produce a variety of enzymes adapted to their 

environmental niches, from lignocellulolytic enzymes in 

wood-decaying fungi to thermostable enzymes in 

extremophiles. These enzymes are harnessed in agriculture, 

biotechnology, and environmental management, contributing 

to sustainable practices and technological advancements. For 

instance, enzymes from mycorrhizal fungi enhance soil 

fertility, while fungal enzymes are pivotal in biofuel 

production, food processing, and bioremediation efforts. 

 

Despite these advancements, several challenges persist. The 

complexity of fungal enzyme systems and the difficulty of 

scaling up enzyme production from laboratory to industrial 

settings pose significant obstacles. Moreover, the 

environmental impacts of enzyme applications require 

careful management to avoid unintended consequences. 

Addressing these challenges necessitates continued research 

and innovation. 

 

Future research in fungal enzymology should focus on 

leveraging technological advancements in genomics, 

proteomics, and synthetic biology. These tools can facilitate 

the discovery of novel enzymes, optimize production 

processes, and engineer fungi for enhanced enzymatic 

capabilities. Exploring unexplored fungal habitats and 

integrating fungal enzymology with other scientific 

disciplines can also lead to groundbreaking applications and 

solutions. 

 

The study of fungal diversity and enzymology is vital for 

advancing our understanding of fungal biology and 

expanding the practical uses of fungal enzymes. Continued 

research in this field promises to unlock new potentials, 

address current challenges, and drive innovations that 

benefit various industries and environmental management. 

The ongoing exploration and application of fungal enzymes 

will be key to leveraging their full potential and achieving 

sustainable progress in multiple domains. 

 

References 
 

[1] Lücking, R., Schmit, J. P., & Zeng, N. (2021). Fungal 

diversity and taxonomy: What we know and what we 

don’t. Fungal Diversity, 108(1), 1-20. 

[2] Kirk, T. K., Farrell, R. L., & Schilling, J. S. (2001). 

Enzymatic mechanisms of lignin degradation. Fungal 

Genetics and Biology, 32(1), 47-55. 

[3] Sang, J., Li, Q., & Liu, T. (2016). Industrial 

applications of fungal cellulases. Bioresource 

Technology, 202, 104-114. 

[4] Martin, J. A., Ma, X., & Xu, L. (2019). Functional 

diversity of fungal enzymes. Applied Microbiology and 

Biotechnology, 103(1), 211-226. 

[5] Guevara, M., Pérez, J., & Martínez, Á. T. (2020). 

Extremophilic fungi: Characterization and 

applications. International Journal of Molecular 

Sciences, 21(19), 6933. 

[6] Gupta, N., Gupta, R., & Sharma, R. (2007). Laccase 

applications: A review. Journal of Environmental 

Management, 84(3), 123-145. 

[7] Sharma, M., Arora, S., & Singh, M. (2019). Recent 

advances in fungal enzyme research. Journal of 

Biotechnology, 302, 1-12. 

[8] Hibbett, D. S., Lücking, R., & Pfister, D. H. (2011). 

Fungal phylogenetics and biology: The sequence 

revolution. Mycological Research, 115(3), 270-280. 

[9] Smith, S. E., & Read, D. J. (2008). Mycorrhizal 

Symbiosis. Academic Press. 

[10] Gunde-Cimerman, N., Ramos, J., & Plemenitaš, A. 

(2003). Fungal life in extreme environments. Current 

Opinion in Microbiology, 6(3), 346-351. 

[11] Jones, E. B. G., Hyde, K. D., & Pang, K. L. (2017). 

Marine fungi: Their role in marine ecosystems. Marine 

Biodiversity, 47(3), 115-126. 

[12] Lücking, R., Schmit, J. P., & Zeng, N. (2021). Fungal 

diversity and taxonomy: What we know and what we 

don’t. Fungal Diversity, 108(1), 1-20. 

[13] Lücking, R., Gueidan, C., & De Beer, Z. W. (2020). 

Fungal taxonomy and classification: Why we need a 

new taxonomy. Fungal Diversity, 104(1), 1-17. 

[14] Kirk, T. K., Farrell, R. L., & Schilling, J. S. (2001). 

Enzymatic mechanisms of lignin degradation. Fungal 

Genetics and Biology, 32(1), 47-55. 

[15] Smith, S. E., & Read, D. J. (2008). Mycorrhizal 

Symbiosis. Academic Press. 

[16] Arnold, A. E., Mejía, L. C., Kyllo, D., Rojas, E. I., & 

Maynard, Z. (2009). Fungal endophytes limit pathogen 

damage in a tropical tree. Proceedings of the National 

Academy of Sciences, 106(27), 12106-12111. 

Paper ID: SR26328141141 DOI: https://dx.doi.org/10.21275/SR26328141141 1733 

http://www.ijsr.net/


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Impact Factor 2025: 7.089 

Volume 15 Issue 3, March 2026 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

[17] Kirk, T. K., Farrell, R. L., & Schilling, J. S. (2001). 

Enzymatic mechanisms of lignin degradation. Fungal 

Genetics and Biology, 32(1), 47-55. 

[18] Sun, Y., & Cheng, J. (2002). Hydrolysis of 

lignocellulosic materials for ethanol production: A 

review. Bioresource Technology, 83(1), 1-11. 

[19] Gupta, R., Gigras, P., Mohapatra, H., Goswami, V. K., 

& Chauhan, B. (2004). Microbial alpha-amylases: A 

biotechnological perspective. Process Biochemistry, 

39(3), 159-178. 

[20] Miller, G. L. (1959). Use of dinitrosalicylic acid 

reagent for determination of reducing sugar. Analytical 

Chemistry, 31(3), 426-428. 

[21] Pardo, A., Moreno, J. M., & Rodríguez-Couto, S. 

(2006). Laccase activity and its application in 

environmental protection. Journal of Biotechnology, 

122(3), 1-12. 

[22] Hilden, K., Kandelbauer, A., & Mikkelsen, J. D. 

(2009). Versatile peroxidases: Catalysis and substrate 

specificity. Current Opinion in Biotechnology, 20(3), 

320-327. 

[23] Vining, L. C. (1992). The biosynthesis of penicillin. 

In: Comprehensive Natural Products Chemistry, 5, 

109-126. 

[24] Klich, M. A. (2007). Aspergillus flavus: The major 

producer of aflatoxin. Molecular Plant Pathology, 

8(6), 713-722. 

[25] Bergquist, P. L., Pye, D. R., & Scandurra, G. M. 

(2001). Extremophiles and their enzymes. Current 

Opinion in Biotechnology, 12(3), 226-230. 

[26] Kirk, T. K., Farrell, R. L., & Schilling, J. S. (2001). 

Enzymatic mechanisms of lignin degradation. Fungal 

Genetics and Biology, 32(1), 47-55. 

[27] Bergquist, P. L., Pye, D. R., & Scandurra, G. M. 

(2001). Extremophiles and their enzymes. Current 

Opinion in Biotechnology, 12(3), 226-230. 

[28] Vining, L. C. (1992). The biosynthesis of penicillin. 

In: Comprehensive Natural Products Chemistry, 5, 

109-126. 

[29] Smith, S. E., & Read, D. J. (2008). Mycorrhizal 

Symbiosis. Academic Press 

[30] Kubicek, C. P., & Karaffa, L. (2009). Aspergillus 

oryzae: The model organism for industrial fungal 

fermentation. Biotechnology Letters, 31(10), 1477-

1485. 

[31] Smith, S. E., & Read, D. J. (2008). Mycorrhizal 

Symbiosis. Academic Press. 

[32] Pimentel, D., Hepperly, P., Gallagher, J., & Biehl, M. 

(2005). Environmental, energetic, and economic 

comparisons of organic and conventional farming 

systems. BioScience, 55(7), 573-582. 

[33] Zhang, Y. H. P., Lynd, L. R., & Kuang, L. R. (2007). 

Bioethanol production from lignocellulosic biomass: A 

review. Bioresource Technology, 98(6), 1111-1125. 

[34] Gessesse, A. (2006). Fungal amylases: Applications in 

food industry. Journal of Food Science, 71(6), 117-

121. 

[35] Mayer, A. M., & Staples, R. C. (2002). Laccase: New 

functions for an old enzyme. Phytochemistry, 60(6), 

551-565. 

[36] Bergquist, P. L., Pye, D. R., & Scandurra, G. M. 

(2001). Extremophiles and their enzymes. Current 

Opinion in Biotechnology, 12(3), 226-230. 

[37] Bergquist, P. L., Pye, D. R., & Scandurra, G. M. 

(2001). Extremophiles and their enzymes. Current 

Opinion in Biotechnology, 12(3), 226-230. 

[38] Miller, G. L. (1959). Use of dinitrosalicylic acid 

reagent for determination of reducing sugar. Analytical 

Chemistry, 31(3), 426-428. 

[39] Mayer, A. M., & Staples, R. C. (2002). Laccase: New 

functions for an old enzyme. Phytochemistry, 60(6), 

551-565. 

[40] Lücking, R., Schmit, J. P., & Zeng, N. (2021). Fungal 

diversity and taxonomy: What we know and what we 

don’t. Fungal Diversity, 108(1), 1-20. 

[41] Gunde-Cimerman, N., Ramos, J., & Plemenitaš, A. 

(2003). Fungal life in extreme environments. Current 

Opinion in Microbiology, 6(3), 346-351. 

Paper ID: SR26328141141 DOI: https://dx.doi.org/10.21275/SR26328141141 1734 

http://www.ijsr.net/



