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Editorial on the Research Topic

Fungal green biotechnology and biomanufacturing

Fungi are extremely widespread organisms on Earth and play significant roles in the

environment and medicine. Many fungi are free-living in soil or water, while the others

established parasitic or symbiotic relationship with plants or animals. Fungi have evolved

the capability to synthesize diverse enzymes and natural products (Wei et al., 2019, 2021;

Guan et al., 2020). Some of these products are commercially produced, while the others have

potential applications in biotechnology. These highlight the tremendous potential of fungi

for sustainable and green biomanufacturing (Zou et al., 2023). Recently, the potential of

fungi-based biotechnology and biomanufacturing has been explored as a strategy to reduce

the carbon emissions and achieve carbon neutrality (Gong et al., 2023). In order to further

contribute to the emerging fields of fungal biotechnology, we have organized the Research

Topic of “Fungal green biotechnology and biomanufacturing”.

This Research Topic focuses on the diverse and complex world of fungal

biomanufacturing, exploring strategies for optimizing biotechnology approaches for yeasts,

molds, and mushrooms. This includes using fungal cell factories to produce enzymes,

natural products, bulk chemicals, biocontrol agents (BCAs), and fungal-based alternative

food products. In addition, fungi-based biomanufacturing involves optimizing strain and

fermentation processes. The articles collected in this Research Topic aim to shed light

on the crucial role of fungal biotechnology and biomanufacturing play in advancing

sustainable development.

The most frequently mentioned aspect of the fungal biotechnology is undoubtedly the

use as BCAs. Biocontrol methods harness the power of natural enemies and antagonistic

microorganisms to combat pests and pathogenic fungi (Li et al., 2021). These methods

offer the advantage of being safe with low risks of pest resistance, making them

popular in agricultural production. Trichoderma harzianum, a widely recognized BCAs,

exhibits efficacy against a wide range of plant pathogens, such as Fusarium. Xiao et al.

summarized studies on enhancing the biocontrol ability of T. harzianum through strain

improvement. Strategies such as increasing the production of antimicrobial biomolecules

and enhancing environmental adaptability have proven highly effective in strengthening

its biological control capabilities. Another intriguing aspect of fungal biotechnology is the

utilization of endophytic fungi, which colonizes the inner tissues of plants without causing
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disease symptoms. This mutualistic interaction provides benefits to

both the host plants and the fungi. Many plant endophytic fungi

show significant potential in biocontrol against plant diseases. Feng

et al. report on the biocontrol abilities of Chaetomium globosum,

a common plant endophytic fungus, against Fusarium crown

rot (FCR) caused by Fusarium pseudograminearum. C. globosum

modulates the rhizosphere microbiome, often referred to as the

plant’s second genome, and enhances the plants’ resistance to FCR.

Fungi are capable of synthesizing a variety of valuable

bulk chemicals, including organic acids and bioethanol. Recent

advancements in genetic and metabolic engineering techniques, as

well as the availability of sequenced genomes have greatly helped

to harness their potential for the production of bulk chemicals

(Zou et al., 2021). However, genetic modification of chassis cells,

e.g., introducing pathways for using xylose and lignocellulosic

hydrolysates to Saccharomyces cerevisiae, plays an essential role

in facilitating cellulosic ethanol production. Wang et al. evaluated

the fermentation performance of a modified S. cerevisiae strain

GRE3OE (with GRE3 overexpression) using pretreated substrates,

including sweet sorghum bagasse, sorghum straw, and xylose

hydrolysate as substrates. The study proved that GRE3OE has the

potential to be used as a candidate strain for industrial ethanol

production using various lignocellulosic hydrolysates.

A common strategy in a synthetic biology effort for natural

product biosynthesis is to build heterologous biosynthetic gene

clusters in chassis cells (Xiao et al., 2023). However, this

strategy is limited to situations where the biosynthetic pathway

is elucidated and characterized. Microbial transformation refers

to the process of using microorganisms or their enzymes

to convert substrates into structurally related products. This

approach has long been employed to produce natural product

derivatives and is not relied on the knowledge of defined

biosynthetic pathways. Peng et al. use Beauveria bassiana, one of

the best-known species of entomopathogenic fungi, to produce

stilbene methylglucoside with GPR119 agonistic activity. The

results demonstrated that microbial biotransformation has the

advantages, including highly regioselectivity and stereoselectivity,

environmental sustainability, mild reaction conditions, and a

straightforward production process.

The rapid growth of human civilizations has led to the

development of new food products with increased nutritional

characteristics and decreased environmental footprints. Fungi, a

group of microorganisms that have been utilized in various foods

for thousands of years, have recently gained significant attention

in both research communities and commercial ventures. This

interest is derived from the exploration of innovative applications

in a diverse array of food products like alternative proteins.

Technological advances in the cultivation and processing of fungi

have created new possibilities for the control of textures, flavors,

and nutritional properties of fungi-based foods (Ji et al., 2014). Qin

et al. highlighted the technological advances in biotechnological

production of omega-3 fatty acids. Biosynthesis of omega-3 fatty

acids via engineered fungal cell factories remains the best solution

to achieve a stable, sustainable, and affordable production strategy

(Ji et al., 2015).

This Research Topic aims to summarize the advances in fungal

biotechnology and biomanufacturing. However, several significant

aspects have not been addressed: (1) Application of filamentous

fungi in the production of industrial enzymes; (2) Research on

the role of fungi in environmental pollution control; (3) The

development of new building materials and vegan leathers using

fungal mycelium; (4) In particular, mushrooms, the important

agricultural fungi. Further exploration and discovery of fungal roles

and applications in green biotechnology and biomanufacturing are

expected to continue to unveil new insights in these areas.

Author contributions

GZ: Writing – original draft. YW: Writing – review & editing.

X-JJ: Writing – review & editing.

Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This work

was supported by grants from the National Natural Science

Foundation of China (Grant Number: 32111530179).

Acknowledgments

The authors are grateful to all the authors, reviewers, and

editors who have participated in this Research Topic for their

excellent contributions.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no impact

on the peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Frontiers inMicrobiology 02 frontiersin.org

https://doi.org/10.3389/fmicb.2023.1334993
https://doi.org/10.3389/fmicb.2023.1133025
https://doi.org/10.3389/fmicb.2022.1085114
https://doi.org/10.3389/fmicb.2023.1148513
https://doi.org/10.3389/fmicb.2023.1280296
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org


Zou et al. 10.3389/fmicb.2023.1334993

References

Gong, M., Wang, Y., Bao, D. P., Jiang, S., Chen, H. Y., Shang, J. J., et al. (2023).
Improving cold-adaptability of mesophilic cellulase complex with a novel mushroom
cellobiohydrolase for efficient low-temperature ensiling. Bioresour. Technol. 376,
28888. doi: 10.1016/j.biortech.2023.128888

Guan, R., Wang, M., Guan, Z., Jin, C.-Y., Lin, W., Ji, X.-J., et al. (2020). Metabolic
engineering for glycyrrhetinic acid production in Saccharomyces cerevisiae. Front.
Bioeng. Biotechnol. 8, 588255. doi: 10.3389/fbioe.2020.588255

Ji, X. J., Ren, L. J., and Huang, H. (2015). Omega-3 biotechnology: a green and
sustainable process for omega-3 fatty acids production. Front. Bioeng. Biotechnol. 3,
158. doi: 10.3389/fbioe.2015.00158

Ji, X. J., Ren, L. J., Nie, Z. K., Huang, H., and Ouyang, P. K. (2014). Fungal
arachidonic acid-rich oil: research, development and industrialization. Crit. Rev.
Biotechnol. 34, 197–214. doi: 10.3109/07388551.2013.778229

Li, H., Wei, Y., Yuan, G., and Guan, R. (2021). Insight into maize gene expression
profiles responses to symbiotic bacteria derived from Helicoverpa armigera and
Ostrinia furnacalis. Arch. Microbiol. 204, 56. doi: 10.1007/s00203-021-02667-y

Wei, Y., Ji, B., Ledesma-Amaro, R., Chen, T., and Ji, X.-J. (2021). Engineering
yeast to produce plant natural products. Front. Bioeng. Biotechnol. 9, 798097.
doi: 10.3389/fbioe.2021.798097

Wei, Y., Ji, B., Siewers, V., Xu, D., Halkier, B. A., andNielsen, J. (2019). Identification
of genes involved in shea butter biosynthesis from Vitellaria paradoxa fruits through
transcriptomics and functional heterologous expression. Appl. Microbiol. Biotechnol.
103, 3727–3736. doi: 10.1007/s00253-019-09720-3

Xiao, M. L., Wang, Y. M., Wang, Y., Yan, X., Zhu, Z. H., Tian, E. R., et al.
(2023). Repurposing the cellulase workhorse as a ROBUST chassis for efficient terpene
production. Green Chem. 25, 7362–7371. doi: 10.1039/D3GC01770B

Zou, G., Li, B., Wang, Y., Yin, X., Gong, M., Shang, J., et al. (2021). Efficient
conversion of spent mushroom substrate into a high value-added anticancer drug
pentostatin with engineered Cordyceps militaris. Green Chem. 23, 10030–10038.
doi: 10.1039/D1GC03594K

Zou, G., Nielsen, J. B., and Wei, Y. (2023). Harnessing synthetic biology for
mushroom farming. Trends Biotechnol. 41, 480–483. doi: 10.1016/j.tibtech.2022.10.001

Frontiers inMicrobiology 03 frontiersin.org

https://doi.org/10.3389/fmicb.2023.1334993
https://doi.org/10.1016/j.biortech.2023.128888
https://doi.org/10.3389/fbioe.2020.588255
https://doi.org/10.3389/fbioe.2015.00158
https://doi.org/10.3109/07388551.2013.778229
https://doi.org/10.1007/s00203-021-02667-y
https://doi.org/10.3389/fbioe.2021.798097
https://doi.org/10.1007/s00253-019-09720-3
https://doi.org/10.1039/D3GC01770B
https://doi.org/10.1039/D1GC03594K
https://doi.org/10.1016/j.tibtech.2022.10.001
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

	Editorial: Fungal green biotechnology and biomanufacturing
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


