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Abstract 

Fungi play an important role in mycological research. Use of fungal processes and products can 

lead to increased sustainability through more efficient use of natural resources. Applications range from 

upgrading bio-waste for value added products to use of renewable plant biomass as a substitute for oil-

based products such as biochemicals, plastics, fertilizer, and fuel. Fungal enzymes can lead to production 

of food ingredients with prebiotic effects for a healthier human and hence greater resilience towards life-

style diseases. Similarly, use of fungi can be a short cut to healthier animal feed and less use of antibiotics 

in. For example, meat production is one of the current prime sources of multiple drug resistant bacteria. 

Fungi are one of nature′s most promising hotspots for finding new drug candidates and antimicrobials. Last 

but not least, fungi have interesting potential as the new way of manufacturing biological medicines and a 

wide spectrum of new value added bio-based products. 

Discovery of novel fungal products for specific industrial needs, builds on basic studies of fungal 

biodiversity, and on using the experimental molecular mycology tool box for identifying potentially 

interesting genes and proteins, synthesis pathways, and metabolites. For industrial use it is the secretome of 

the fungi which is targeted for both metabolite and enzyme discovery. The present study overviewed on the 

importance of recent mycological research for further biological solutions to solve important problems. 
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Introduction:  

Fungi play an important role in mycological research. Use of fungal processes and products can 

lead to increased sustainability through more efficient use of natural resources. All such uses of fungi, 

fungal products and fungal processes reflect the efforts of mycologists over generations. Similar efforts lie 

behind work to cure and prevent life threatening human mycoses, to control mycotoxin contaminations, 

and to counteract fungal spoilage of materials and ‘sick building’ syndrome. As a scientific discipline 

mycology has built comprehensive understanding of the fungal kingdom: fungal biodiversity, physiology, 

genetics, ecology, pathogenesis, nutrition. Mycology includes understanding at the system, organismal and 

molecular level. This knowledge and insight constitute the platform that has given rise to uses of fungi in 

industry, agriculture, food and feed, medicine and health. 

Mycology must grow fast beyond where it is today. The potential of fungi for a more sustainable 

world must be released to address global challenges of climate change, higher demands on natural 

resources, and the increased burden of life-style diseases. Genome sequencing was developed first for the 

human genome after which bacterial genomes were quickly sequenced. But mycology is catching up. 

Interestingly, up to now, industry makes use only of a minute portion of the fungal kingdom. Fungal 

biodiversity is a resource pool for the future. However, fungal diversity is endangered by loss of habitat, 

causing loss of species and loss of biodiversity in general. 

 Discovery of novel fungal products for specific industrial needs, builds on basic studies of fungal 

biodiversity, and on using the experimental molecular mycology tool box for identifying potentially 

interesting genes and proteins, synthesis pathways, and metabolites. For industrial use it is the secretome of 

the fungi which is targeted for both metabolite and enzyme discovery. 

Most molecular studies within fungi have focused on what the fungi are and only less on what fungi 

do and how they interact with other organisms and substrates. The molecular era first focused on 

elucidating phylogenetic relationships and species identification. Now the time is ripe for intensifying the 

study of the secretome with regard to composition, development, and evolution. Molecular studies of the 

secretome (genomics and transcriptomics of secreted proteins) will add new conceptual understanding of 

the role of the secretome in substrate specialization and organismal speciation. We will learn more about 

the mechanisms of secretome evolution, going beyond mutation and selection. This evolution was most 

likely influenced by mechanisms such as series of gene copy/gene loss and retention of the protein with 

best fit for substrate utilization and growth; or by horizontal transfer, the latter being expected to be found 

especially in closely interacting ecological niches such as the animal rumen and the phyllosphere. 
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Discovery of enzymes suitable for industrial processes draws upon mycological research within a 

wide range of mycological disciplines. These include biodiversity, fungal physiology and ecology, 

molecular biology, protein chemistry, enzymology and assay technology, and not least experimental 

mycology, involving yeasts (as screening hosts) and filamentous fungi (as gene donors and protein 

production organisms). Progress in all such fields has made it possible within a rather few years to find the 

enzyme cocktail needed to break down recalcitrant lignocellulose to a monomer sugar platform. 

Until recently, the short cut from enzyme discovery to testing most promising enzyme proteins 

employed the following steps: optimizing the enzyme discovery by identifying and choosing the conditions 

(substrate, temperature, aeration) most conducive to enzyme expression, harvesting the induced fungal 

biomass, extracting total RNA, recovering the mRNA fraction, converting to cDNA, constructing cDNA 

libraries, and screening the libraries on specific assay plates, allowing for identification of positive 

transformant yeast colonies, recombinantly expressing a full length gene, resulting in a secreted enzyme, 

with the activity indicated by the assay plate used . 

In the last few years, choice of technology for enzyme discovery has moved towards a strategy 

focusing on genome or transcriptome sequencing instead of (cDNA) library construction and screening. 

This new sequencing approach allows for higher speed discovery and lower cost experimental work. 

However, it also leads to the need for additional effort within protein expression. For a particular genome 

sequence there is much less information about whether it can easily be expressed recombinantly and 

whether the result of the expression will be a functional enzyme. With the cDNA screening strategy, you 

have a yeast clone where you know you have a full length gene, that the gene is expressed; and that 

expression leads to a secreted, functional gene, active in a specific enzyme assay. 

Importance of Mycological Research: 

 In the new bioeconomy, fungi play a very important role in addressing major global challenges, 

being instrumental for improved resource efficiency, making renewable substitutes for products from fossil 

resources. upgrading waste streams to valuable food and feed ingredients, counteracting life-style diseases 

and antibiotic resistance through strengthening the gut biota, making crop plants more robust to survive 

climate change conditions, and functioning as host organisms for production of new biological drugs. 

 Mycological research has led to the development of such antibiotic drugs as penicillin, 

streptomycin, and tetracycline, as well as other drugs, including statins (cholesterol-lowering drugs). 

Mycology also has important applications in the dairy, wine, and baking industries and in the production of 

dyes and inks. 
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Similarly, scaled up production of secreted fungal enzymes rests on experimental results, 

conceptual understanding and insight achieved through basic mycological research within the fields of 

genetics, molecular biology and protein expression – embracing also optional expression of basidiomycete, 

zygomycete and chytridiomycete proteins in ascomycete hosts and production organisms. For improved 

biological production we need a strengthened basis in fungal phylogeny, progeny trees, protein expression, 

fermentation technology, and not least more knowledge about the biosynthetic pathways of mycotoxins and 

mycotoxin occurrence and toxicity. Besides such mycological research, large scale production is also based 

on knowledge within the field of chemistry and on fungal growth, including modelling studies for 

optimization of growth conditions. 

Position of  mycology in the world: 

Mycologists have over time delivered so much knowledge about fungi (taxonomy, physiology, 

genetics, host/substrate relations including plant pathology and studies of biotrophic interactions, molecular 

biology, metabolites, enzymes and protein expression that biological products, biological processes, and 

biological solutions to important problems are already widespread within many industrial sectors. To 

mention a few: fungal enzymes are instrumental in laundry detergents at lower temperature and in the less 

polluting production of both paper and textiles, by replacing chemical processing. Thus, our knowledge 

and insight into fungal growth and fungal products (proteins as well as metabolites) have made biological 

processes competitive against chemical processes because they have been developed to be both highly 

efficient and safe. However, much more knowledge is required in order to be able to fully exploit the 

potentials of fungi, to deliver what is needed, and to address the major global challenges through new 

biological processes, products, and solutions. 

Additional basic knowledge about fungi is required across an entire spectrum of research fields: 

The fungal proteome and metabolome; the biology of fungal RNA and epigenetics; protein expression, 

homologous as well as heterologous; fungal host/substrate relations; physiology, especially of 

extremophiles; and not least the extent of global fungal biodiversity. Indeed, many of the new applications 

of fungi and fungal products will be made possible through “unlocking the magic” of fungi we have not yet 

discovered – let alone described, characterized, or classified. 

In order to achieve all this, we need to train next generation of mycologists to be experts in their 

fields, mastering both the new and the classical methods. Besides researchers, we also need to train the 

skilled workers in how to handle biological production at the industrial scale. Last but not least, we need 

skilled and enthusiastic teachers at all levels who can teach about the fascinating world of the fungi, both 

the friends and the foes, from kindergartens to graduate schools. 
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The success of industrial biotechnology using fungi and fungal products builds primarily on the 

unique and highly efficient function of the tip cells of filamentous fungi, efficiently secreting proteins 

produced by the rapidly growing mycelial biomass. Advanced bio-imaging studies have provided valuable 

insight into this exciting field of biology; more bio-imaging studies across fungal phyla could give insight 

in the variation found within the fungal kingdom. 

Conclusion: 

Fungi play an important role in addressing major global challenges. Use of fungal processes and 

products can lead to increased sustainability through more efficient use of natural resources. Applications 

range from upgrading bio-waste for value added products to use of renewable plant biomass as a substitute 

for oil-based products such as biochemicals, plastics, fertilizer, and fuel. Fungal inoculum, introduced into 

soil together with seed, can promote more robust plant growth through increasing plant uptake of nutrients 

and water, a robustness of importance for maintaining crop yields under climate change condition. Fungal 

enzymes can lead to production of food ingredients with prebiotic effects for a healthier human gut biota 

and hence greater resilience towards life-style diseases. Similarly, use of fungi can be a short cut to 

healthier animal feed and less use of antibiotics in, for example, meat production, one of the current prime 

sources of multiple drug resistant bacteria. Fungi are one of nature′s most promising hotspots for finding 

new drug candidates and antimicrobials. Last but not least, fungi have interesting potential as the new way 

of manufacturing biological medicines and a wide spectrum of new value added bio-based products. 

All such uses of fungi, fungal products and fungal processes reflect the efforts of mycologists over 

generations. Similar efforts lie behind work to cure and prevent life threatening human mycoses, to control 

mycotoxin contaminations, and to counteract fungal spoilage of materials and ‘sick building’ syndrome. As 

a scientific discipline mycology has built comprehensive understanding of the fungal kingdom: fungal 

biodiversity, physiology, genetics, ecology, pathogenesis, nutrition. Mycology includes understanding at 

the system, organismal and molecular level. This knowledge and insight constitute the platform that has 

given rise to uses of fungi in industry, agriculture, food and feed, medicine and health. 
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