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ABSTRACT 

This current research has examined the impact of these hazardous agents on entomopathogenic 

fungi and the mechanisms that affect their survival in such conditions as the environment and 

agricultural fields grow contaminated with numerous anthropogenic compounds, such as 

pesticides. This review sheds light on entomopathogenic fungi capacity to break down harmful 

pollutants such as hydrocarbons, alkylphenols, organotin chemicals, synthetic estrogens, and 

pesticides. These fungi also create a variety of secondary metabolites that could be used as 

antibacterial agents or in medicine. The usage of entomopathogenic fungi has been undervalued 

despite their enormous potential in biocontrol procedures because of a lack of knowledge about 

their capabilities. In this work, we provide the information that is currently known regarding these 

microbes' other and unusual applications. 
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INTRODUCTION 

Entomopathogenic fungi are bioinsecticides 

capable of infecting and killing arthropods. 

While they are primarily isolated from 

arthropod carcasses, their natural habitat is 

soil.  Entomopathogenic fungi are classified 

into six categories: Oomycetes, 

Chytridiomycota, Microsporidia, 

Entomophtoromycota, Basidiomycota, and 

the most prevalent, Ascomycota. The 

primary ecological role of entomopathogenic 

fungi is the biocontrol of insect populations. 

Existing literature provides insights into the 

infectious properties of entomopathogenic 

fungi, the mechanisms of infection, and their 

application in commercial biopesticide 

formulations [1]. 

In recent decades, rising environmental 

pollution has become a significant concern. 

Daily the substances that adversely affect 

ecosystem balance and living organisms are 

introduced into the environment. Soil-

dwelling fungi are particularly sensitive to 

contaminants, such as herbicides, 

insecticides, fungicides, and heavy metals, 

which can lead to reduced or delayed growth, 

disruptions in cellular metabolic pathways, 
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and damage to cellular structures. These 

harmful effects hinder the ability of these 

microorganisms to fulfill their ecological 

roles. However, some fungi have developed 

mechanisms to survive in contaminated 

environments [2]. 

Due to their high enzymatic activity, ability 

to produce secondary metabolites, and robust 

growth in culture media, entomopathogenic 

fungi are also being explored for various 

biotechnological applications, such as 

nanoparticle biosynthesis and the 

bioconversion of steroids or flavonoids, 

which have significant economic 

implications [3-5]. 

Entomopathogenic fungi are parasitic 

microorganisms capable of infecting and 

killing arthropods. They are primarily 

utilized as biopesticides in ecological 

farming, serving as a safe alternative to toxic 

chemical insecticides. Additionally, some of 

these fungi find applications in 

biotechnological processes and traditional 

Chinese medicine [6]. 

Among the known entomopathogenic fungi, 

the Entomophthorales (e.g., Furia, 

Conidiobolus, Entomophaga, or Erynia) 

exhibit the highest insecticidal activity. 

However, they are not typically used in 

biopreparations due to challenges in 

laboratory cultivation. In contrast, the most 

commonly used EPF are saprotrophic fungi 

from the Ascomycota group, which can be 

easily cultured. Globally, various 

biopesticides derived from species in the 

genera Metarhizium, Beauveria, 

Paecilomyces, Isaria, and Lecanicillium are 

available. These fungi possess a broad 

spectrum of activity, enabling them to infect 

a wide range of arthropod species [7-10]. 

Entomopathogenic fungi are diverse 

organisms that fulfill various ecological 

roles. For instance, species from the genera 

Metarhizium and Beauveria, which are often 

found in soil, help regulate natural arthropod 

populations and form complex relationships 

with plants. They are known to act as 

endophytes in plant roots, stems, and leaves. 

Research has shown that M. robertsii and B. 

bassiana can provide nitrogen to plants 

during the parasitization of insects, thereby 

promoting plant growth [11]. Beauveria 

bassiana functions as an endophyte in about 

25 plant species, aiding in the control of pests 

and fungal pathogens. As both a fungal 

endophyte and epiphyte, it colonizes leaves 

and shoots, enhancing plant resistance to 

insects and protecting against microbial 

pathogens by suppressing disease-causing 

agents or boosting plant defense responses. 

Similarly, Lecanicillium prevents fungal 

diseases by growing on leaf surfaces, limiting 

nutrient availability, producing antimicrobial 

compounds, and inducing plant responses 

while colonizing roots. In contrast, I. 

fumosorosea appears to have limited 

interactions with plants, likely due to its 

sensitivity to chemical signals secreted by 

plants as part of their defense mechanisms 

against pathogens. Interestingly, isolates of I. 

fumosorosea have been reported to infect the 

root nematode Meloidogyne javanica, 

although infection rates remain low. Overall, 

entomopathogenic fungi are primarily 

employed for the biocontrol of insect pests in 

laboratory, greenhouse, or field settings [12]. 

REMOVAL OF TOXIC POLLUTANTS 

BY ENTOMOPATHOGENIC FUNGI 

In their natural habitats, entomopathogenic 

fungi frequently come into contact with a 

variety of man-made contaminants. Few 

research have looked at the interactions 

between toxic contaminants and 

entomopathogenic fungus, despite the fact 

that the processes governing the disease of 

insects by these microbes are generally well 

recognized. Endocrine-disrupting chemicals 

are among the most dangerous categories of 

anthropogenic molecules. These substances, 

which can be natural or synthetic, have 

structural similarities that allow them to bind 

to hormone receptors, thereby disrupting the 
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endocrine systems of humans and animals. 

This category includes compounds such as 

alkylphenols (e.g., nonylphenol), organotin 

compounds (e.g., tributyl tin), synthetic 

estrogens (e.g., 17α-ethinylestradiol), and 

pesticides (e.g., ametryn). 

Removal of 4-n-nonylphenol 

Nonylphenols, which are xenoestrogens, are 

widely used in the production of various 

household products. The most prevalent form 

is para-nonylphenol, existing as multiple 

isomers that vary in the branching of their 

alkyl chains. These compounds are highly 

toxic to aquatic organisms and can 

accumulate in the environment, posing 

significant ecological risks. They primarily 

enter the environment as biodegradable 

byproducts of surfactants and detergents. 4-

NPs disrupt the functioning of both human 

and animal endocrine systems by mimicking 

17β-estradiol and binding to estrogen 

receptors [13]. Additionally, these 

compounds negatively affect 

microorganisms and soil invertebrates, 

inhibiting plant growth. 

Strains of the genus Metarhizium have 

demonstrated the ability to degrade the 

unbranched isomer of nonylphenol (4-n-NP). 

In cultures, M. robertsii and M. brunneum 

exhibited the highest degradation activity 

after 24 hours of incubation, achieving over 

90% loss of the substrate. Extracts from M. 

robertsii cultures revealed 35 derivatives 

formed after the degradation of this 

xenobiotic. The proposed degradation 

pathway suggests that Metarhizium fungi 

possess unique capabilities to conduct 

multiple simultaneous mono- and 

dihydroxylation reactions in both the 

aliphatic chain and the aromatic ring of 4-n-

NP [14-16]. Furthermore, these fungi can 

completely degrade nonylphenol in the 

culture environment, resulting in the 

formation of CO2 and H2O. 

 

Removal of Triazine by entomopathogenic 

fungi 

Triazines are herbicides characterized by a 

heterocyclic ring containing three 

unsaturated nitrogen atoms. These 

compounds are known to have carcinogenic 

effects and disrupt the endocrine system in 

living organisms, leading to their prohibition 

in the European Union; however, they still 

persist in the natural environment. Studies 

have demonstrated that M. brunneum can 

partially decompose ametryn, a type of 

triazine, at an initial concentration of 100 

mg/L, resulting in the formation of four 

derivatives. 

Removal of Dibutyltin by 

Entomopathogenic Fungi 

Dibutyltin is used as a catalyst in 

esterification reactions and as a curing agent 

for silicone rubbers. It enters the environment 

through tributyltin breakdown products and 

polyvinyl chloride compounds. 

Immunotoxic, neurotoxic, and pro-oxidative 

characteristics are linked to dibutyltin. 

Aerated cultures of M. robertsii can 

completely biodegrade dibutyltin (initial 

concentration of 20 mg/L) into monobutyltin 

and hydroxylated MBT. The addition of 

vitamin C reduces oxidative stress related to 

tin compounds in the medium, and in the 

presence of this vitamin, the tested strain 

degrades MBT three times faster. 

Furthermore, the presence of natural 

estrogens (estrone and 17β-estradiol) 

accelerates the degradation of dibutyltin, 

while both estrogens protect 

entomopathogenic fungi from oxidative 

stress induced by MBT in the culture medium 

[17-19]. The fluidity of the cell membrane in 

M. robertsii suggests its potential for 

degrading toxic substances. A less compact 

membrane structure, characterized by higher 

permeability, facilitates the transport of toxic 

compounds into the cell for degradation. 
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Estrogen Removal by Entomopathogenic 

Fungi 

17α-Ethinylestradiol is a synthetic estrogen 

widely present in the environment, including 

soil, groundwater, rivers, lakes, and seas, due 

to its extensive use and resistance to 

biodegradation. A derivative of 17β-

estradiol, it is commonly used in hormonal 

contraception. Various strains of M. robertsii 

can efficiently remove up to 85% of EE2 

from the growth medium. 

Hydrocarbons Removal 

Entomopathogenic fungi are capable of 

assimilating n-alkanes. The metabolic 

pathways for the decomposition of these 

compounds and the enzymes involved are 

well understood. N-alkanes are xenobiotics 

frequently found in the environment and in 

small quantities in the insect epicuticle, 

which, along with the wax layer, serves as the 

primary barrier for EPF. Lipids with long 

hydrocarbon chains are present in all external 

layers of insects. The fungus B. bassiana can 

utilize n-alkanes (extracted from insect 

surfaces) as a carbon source [20]. 

Cytochrome P450 in the microsomal fraction 

first hydroxylates these molecules, which are 

then catabolized via β-oxidation. 

Additionally, synthesized straight-chain 

alkanes can be grown and metabolized by this 

fungus. These linear hydrocarbons (such as 

n-hexadecane or n-octacosan) can also be 

used by other EPF, like M. robertsii, as their 

exclusive source of carbon and energy, with 

cytochrome P450 aiding in the early phases 

of breakdown [21-24]. 

The ability of the entomopathogenic fungus 

B. bassiana MTCC 4580 to remove four 

industrial dyes from wastewater was tested. 

This strain demonstrated high efficiency in 

eliminating the dyes, achieving removal rates 

of up to 97% at an initial concentration of 500 

mg/L. The highest removal rate was observed 

for Indanthrene blue at 97%, while Vat 

Novatic Grey and Reactive Remazol Red 

were removed at rates of 91% and 84%, 

respectively. The mechanism behind the 

removal of synthetic dyes by B. bassiana is 

based on bioaccumulation rather than 

biodegradation. 

BIOTRANSFORMATION USING 

ENTOMOPATHOGENIC FUNGI 

Entomopathogenic fungi can perform 

biotransformation, leading to the generation 

of derivatives with higher activity. These 

processes are favorable, because they 

improve the absorbability of products. 

Steroid Biotransformation 

Steroids are economically significant 

compounds widely utilized in medicine as 

hormones and active drugs. Pharmaceutical-

grade steroid derivatives are typically 

obtained through various modifications and 

transformations. Due to the complexity of 

chemical modification methods, which often 

involve multiple stages, microbiological 

transformations are frequently employed. 

These transformations include 

hydroxylation, Baeyer–Villiger oxidation, 

reduction, and isomerization. Among these, 

the hydroxylation reactions performed by 

filamentous fungi, are crucial for producing 

biologically active molecules [25]. 

Numerous filamentous fungi are effective in 

steroid transformations, including 

entomopathogenic fungi. Recent studies have 

revealed that 12 strains of I. farinosa can 

efficiently convert dehydroepiandrosterone 

into hydroxy derivatives. Notably, one strain, 

I. farinosa, transformed androstenediol, 

androstenedione, adrenosterone, 17a-

methyltestosterone, 17b-hydroxyandrost-

1,4,6-triene-3-one, and progesterone into 

mono- or dihydroxy derivatives with high 

yield and stereoselectivity [26]. 

Another study confirmed that I. fumosorosea 

can biotransform estrogens. Most estrogens 

were hydroxylated at the C-6 position and 

glycosylated at the C-3 position. However, 

the presence of a methyl group on the C-3 

steroid ring completely inhibited 

glycosylation, indicating that a free hydroxyl 
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group at this position is essential for the 

process [27-30]. 

Entomopathogenic fungi also hold potential 

for large-scale steroid transformations, which 

may have industrial applications in the future. 

For example, M. anisopliae, combined with a 

nano-liposome technique, successfully 

transformed 11a-hydroxy into 13-ethyl-gon-

4-ene-3,17-dione, a key intermediate in the 

synthesis of the oral contraceptive 

desogestrel, achieving a high yield. The 

primary product, 11a-hydroxy-13-ethyl-gon-

4-ene-3,17-dione, was produced at a 

concentration of 6 g/L without compromising 

transformation efficiency. Additionally, the 

main byproduct, the 6b,11a-dihydroxy 

derivative, proved advantageous for the 

purification of HGD. 

Because Beauveria bassiana can manufacture 

useful 11a-hydroxy intermediates of steroids 

in large yields, it may find use in the 

pharmaceutical business. But this procedure 

needs to be optimized. Only two 

hydroxylated metabolites were found in B. 

bassiana cultures treated with androst-4-ene-

3,17-dione at pH 6.0. On the other hand, four 

hydroxylated and/or reduced metabolites 

were found in samples at pH 7.0. These 

results show that B. bassiana is an effective 

biocatalyst for the reduction of the 17-

carbonyl group and 11a-hydroxylation. 

The B. bassiana strain ATCC7159 converts 

DHEA to 3b,11a,17b-trihydroxyandrost-5-

ene when exposed to moderate 

concentrations of DHEA (0.83–1.0 g/L) in a 

mild environment (26 °C, pH 7). The addition 

of various compounds can enhance the 

biosynthesis of these pharmaceutical 

metabolites. For instance, incorporating n-

alkane solvents as a carbon source 

significantly boosts the hydroxylation 

capacity of B. bassiana. Specifically, the 

introduction of n-dodecane (n-C12) and n-

hexadecane increased the conversion of 

DHEA to 3b,11a,17b-trihydroxyandrost-5-

ene, resulting in a 22.8% mM yield of 

hydroxylated products in the culture medium. 

A distinctive aspect of Beauveria's reaction 

mechanism is that it reduces the C-17 ketone 

of DHEA after the 11a-hydroxylation, which 

contrasts with other microorganisms that 

typically activate an unfunctionalized carbon 

to form an 11a-hydroxy-17-oxo derivative 

before producing the 3b,11a,17b-triol 

product. 

Flavonoid Biotransformation 

Flavonoids are derivatives of plant 

polyphenols, characterized as glycosides that 

feature O- and C-glycosidic bonds linking the 

base to sugar residues, typically glucose, 

rhamnose, galactose, xylose, and arabinose. 

It is believed that the sugar component of 

flavonoids significantly influences their 

absorption in the human body. Flavonoids are 

categorized into six classes: flavones, 

isoflavones, flavanones, flavanols, 

flavanonols, and flavan-3-ols. Due to their 

antioxidant, anti-inflammatory, and 

antibacterial properties, flavonoids offer 

various health benefits, including anti-tumor 

and immunomodulatory effects, as well as 

protective properties for the nervous system. 

Consuming foods rich in flavonoids can help 

prevent heart disease, diabetes, and 

depression. These compounds are naturally 

found in vegetables, fruits, cereals, wine, and 

tea [31-34]. 

Microorganisms can effectively biotransform 

flavonoids into flavonoid glycosides, which 

are better absorbed by the body. Among these 

microorganisms, entomopathogenic fungi 

(EPF) show significant potential for such 

processes. Currently, Isaria and Beauveria 

are frequently studied, while the capabilities 

of Metarhizium remain largely unexplored 

[35]. 

CONCLUSIONS 

In addition to their role in biocontrol, EPF can 

be utilized in various ways by removing 

harmful substances from the environment 

due to their enzymes that degrade toxic 
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compounds of anthropogenic origin. For 

instance, species such as M. robertsii and M. 

brunneum can break down nonylphenols, 

triazines, tin compounds, synthetic estrogens, 

hydrocarbons, and industrial dyes. While 

interactions with heavy metals can 

sometimes hinder their growth or alter 

hyphae morphology, these fungi can also 

remove heavy metals from contaminated 

environments, including waters polluted with 

zinc, copper, cadmium, nickel, and 

chromium. They can also improve plants' 

capacity for phytoremediation of metals like 

copper, manganese, and zinc. The authors 

draw the conclusion from this review that 

EPF has significant potential for the 

bioproduction of silver nanoparticles with 

antibacterial and antifungal qualities as well 

as the biosynthesis of physiologically active 

substances used in medicine, such as 

hydroxylated steroids and glycated 

flavonoids.  
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