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Insect pest management by entomopathogenic fungi 
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Abstract 
The natural regulation of insect pest population is effectively done by widespread disease causing 
pathogenic fungi which are potentially the most versatile biological control agents due to their wide host 
range in different insects. Insect pathogenic fungi are effective in limiting the occurrence of certain 
populations of soil pests with varied mode of action and virulence. The fungi have evolved mechanisms 
for adhesion and recognition of host surface cues that help in direct adaptive response including the 
production of hydrolytic, assimilatory and detoxifying enzymes and other metabolites that facilitate 
infection in insect pests. Therefore, in this review we discuss the role of entomopathogenic fungi for the 
management of the insect pests in agricultural ecosystem.  
 
Keywords: Fungi, pest, management, insect, hydrolytic, biological control 
 
1. Introduction 
Diseases in insects caused by pathogenic fungi (IPF) are widespread and contribute to the 
natural regulation of insect populations [17, 22, 34]. Entomogenous fungi are potentially the most 
versatile biological control agents due to their wide host range and are comprised over 100 
genera with approximately 750 species, reported from different insects [15]. Insect pathogenic 
fungi limit the occurrence of certain populations of soil pests and most insects overwintering 
in the soil environment with considerably varied mode of action and virulence [23]. Most 
entomogenous fungi have evolved mechanisms for adhesion and recognition of host surface 
cues that help in direct adaptive response including the production of hydrolytic, assimilatory 
and detoxifying enzymes including lipase/esterases, catalases, cytochrome P450s, proteases, 
and chitinases; specialized infectious structures, e.g., appressoria or penetrant tubes; and 
secondary and other metabolites that facilitate infection. Among the micro-organisms involved 
in the insect control, the entomopathogenic fungi (EPF) constitute the largest single group of 
pathogens. They belong to the orders Entomophthorales and Hypocreales (Hyphomycetes) [52]. 
Entomopathogenic fungi mostly belong to Zygomycotina, Ascomycotina, Basidiomycotina 
and Deuteromycotina. Among the 85 known genera of entomopathogenic fungi only six 
species are commercially available for application against insect pests. The advantages of 
entomopathogenic fungi over synthetic insecticides are their significantly higher host 
specificity, reduction of hazards and the inability of the insects to develop resistance; because 
the EPFs simultaneously use several modes of actions and as a “living-pesticide” is subjected 
to adaptation too. Recently, multiple or single foliar applications of Beauveria bassiana strain 
GHA (Bb-GHA) have been found effective for the management of Colorado potato beetle 
Leptinotarsa decemlineata [51]. However, the slow efficacy in comparison to chemical 
pesticides and on field exposure to various biotic and abiotic stresses is the main constraints to 
EPF. The EPF are unique comparatively and cause infection by growing through insect cuticle 
and not required to be ingested, thus show a great potential for control of even sucking insects. 
A special feature of fungi is that infectivity is caused by contact and the action is through 
cuticle penetration and therefore, offers a great potential in pest management. According to the 
recent report the novel entomopathogenic fungi have been used for grasshopper management [22]. 
 
2. Effective fungal pathogens and their application in insect pest management 
The most prominent fungal pathogens are the species, Metarhizum, Beauveria, Nomurea rileyi, 
Verticillumlecanii and Hirsutella [42], living in fresh water, soil surfaces and aerospaces [14]. 
Not only against agricultural pests, fungi Metarhizium anisopliae had the potential to act as a 
biocontrol agent for Culex pipiens [5]. However, the mosquitoes are listed as natural hosts for 
Metarhizium anisopliae but some strains are virulent against mosquito larvae [3] fungal
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pathogens particularly B. bassiana, I. fumosorosea and M. 
anisopliae are being evaluated against numerous agricultural 
and urban insect pest species belonging to order Isoptera [19, 

21], Lepidoptera [20], Coleoptera [4], Hemiptera [25] and Diptera 
[39]. This has led to number of successive attempts to use 
entomopathogenic fungi for pest control through various 
mechanisms as the species Verticillium hemipterigenum 
produces a broad range of secondary metabolites [18] to kill the 
insect. In another case, the physical and biochemical 
properties of conidia of Beauveria bassiana and the layers of 
hydorphobins covering conidia surface when applied on the 
fruits, may impair the ability of C. capitata to detect cues, 
thereby it lead to significant reduction in the fly oviposition 
[9]. 
 
2.1 Mode of action of Entomopathogenic fungi  
Fungal pathogenesis is process of chain of events in the 
disease development in an insect host upon infection, mostly 
attributed to the cuticular penetration [38]. Pathogenesis occurs 
through a series of systematically integrated events 
progressing upon spore attachment to germination, 
penetration, growth and proliferation within the body of the 
host, interaction with insect defense mechanism and finally 
re-emergence on the cadavers. 
The cuticle is the first barrier to infection by fungi, therefore 
rapid and direct penetration [53, 57] of the cuticle is important 
for virulence as the fungal virulence towards insects arise 
independently [58]. The insect pro-cutice is primarily chitin 
fibrils embedded in a protein matrix and penetration involves 
both mechanical and enzymatic components. Specificity, the 
fungal infection is determined at cuticular penetration stage as 
many pathogens are virulent after being injected into the 
hemolymph of an otherwise non-susceptible host. The fungal 
conidial germination proceeds with the formation of germ 
tube or appressorium [56], which forms a thin penetration peg 
that breaches the insect cuticle via mechanical (turgor 
pressure) or enzymatic means (proteases). The mechanical 
pressure exerted by growing hyphae and/or appressoria, and 
production of organic acids, particularly oxalate during 
infection may contribute to weakening of cuticular structures 
including lipid breakdown [24]. In M. anisopliae, appressorium 
formation, hydrophobins, and the expression of cuticle-
degrading proteases are triggered by low nutrient levels [40]; 
whileas, in B. bassiana at least two hydrophobins (Hyd1 and 
Hyd2) contributing to cell surface hydrophobicity, adhesion to 
hydrophobic surfaces, and virulence [15, 7]. In the fruit fly, 
Ceratitis capitata the conidial preparations of B. bassiana 
caused a significant oviposition deterrent effect in terms of 
reduction in the number of female visits/fruit and of 
oviposition punctures/fruit compared to the untreated control. 
Whileas, the fungal fractions containing mycelium and culture 
supernatants the oviposition deterrent effect where moderate 
or negligible [9]. 
The production of cuticle-degrading enzymes, chitinases, 
lipases and proteases has been recognized since long as an 
important determinant of the infection process in various 
fungi, facilitating penetration as well as providing 
nourishment for further development [21]. In B. bassiana 
oxidation of cuticular lipids by P450 enzymes is followed by 
successive transformations to yield fatty acyl CoAs, by a 
reaction occurring in peroxisomes and/or mitochondria [28, 29]. 
Eight cytochrome P450 (CYP) genes, four catalases, three 
lipase/esterases, long chain alcohol and aldehyde 
dehydrogenases, and a putative hydrocarbon carrier protein 
have been implicated as potentially participating in cuticular 

lipid degradation; thereby, leads to the cuticular penetration 
[30]. The proteases ‘spore bound Prl’ found in 
entomopathogenic fungi is well characterized for cuticle 
invasion [21]. Furthermore, successive in vivo passage has been 
reported to have enhanced the capacity of the fungus to cause 
infection [21], which ultimately increased the activity of spore 
bound Prl [37]. Khosravi et al. [23] under controlled conditions 
reported a relatively high efficacy of Beauveria bassiana 
isolates on Arge rosae (Hymenoptera; Argidae). The species 
Trichoderma atroviride T23, a wild strain were successfully 
used for Chalk brood disease pathogen (Ascosphaera apis) 
control in honey bee colony. 
 
2.2 Enzymes of Entomopathogenic Fungi 
Significant progress is being made in recent years regarding 
the molecular determinants that mediate the interactions 
between the pathogen and cuticular surfaces of the host insect. 
Fungal infection to the insects includes three processes.  
a. First step involves conidia adhesion and germination in 

the epicuticle of insect and the activation by 
carbohydrates present in the cuticle. When fungal spores 
come in contact with the cuticle of insect hosts, they 
germinate on the cuticle and invade the insect body [34].  

b. In the second stage of infection the entomopathogenic 
fungi develops an appressorium with the purpose of 
beginning the penetration and germ tube formation [28]. 
The cuticle penetration is the result of combined action of 
mechanical force and the enzymatic action of those 
enzymes secreted by the fungus [28]. The enzymes 
involved are proteases, chitinases, lipases and lipoxy-
genases which break down the cuticle, offering nutrients 
to the fungus [7].  

c. Third stage of infestation leads to the death of the insect 
as when the fungus reaches the hemocoel, it presents 
cellular hyphae like blasto-spores to evade insect immune 
system [49]. Entomopathogenic fungi synthesize different 
metabolites which act as toxins, playing an important role 
in the infective process. The engineered strains of 
entomopathogenic fungi overexpress a variety of 
compounds [13] like proteases, chitinases, and protease-
chitinase fusion proteins, displaying increased virulence 
compared to their parental isolates. Other common 
symptoms exhibited by insects after fungal infection are, 
convulsions, lack of coordination, behavior alteration, 
stopping eating and paralysis. Insects’ death results by a 
severe damage in the tissues, toxicosis, cell dehydration 
and loss of nutrient intake [44], finally the hyphae emerges 
from the insect dead body, sporulates and starts a new 
infection cycle. Besides, the enzymatic action offers 
nutrients to the fungus, it also facilitates its proliferation 
inside insect [16]. However, the free fatty acids on the 
surfaces of various lepidoptera species and biting midge, 
Forcipomyia nigra were found to inhibit germination a 
range of entomopathogenic fungi [46]. 

 
2.3 Action of fungal enzymes on insect cuticle  
Most of the insects present a segmented cylindrical structure 
called the tegument and its rigidity is caused by the three 
layers namely, cuticle, epidermis and basal membrane [33]. 
The cuticle serves as a physical barrier against parasites and 
diseases as it is a structure formed by crystalline chitin nano-
fibers inside a proteins, polyphenols and lipids matrix [47]. The 
main component of the cuticle is chitin, a polysaccharide that 
is similar to cellulose. Whileas, the monosaccharide units are 
bounded by β-1, 4 bonds forming a linear molecule. The 
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chains in cuticle are arranged in anti-parallel mode in a highly 
crystalline structure, where glucosamine molecules are 
bounded by hydrogen bonds, offering stiffness and chemical 
stability to it [46]. 
 
3. Infestation of Entomopathogenic fungal enzymes to 
insect cuticle  
3.1 Lipases 
Basically, the entomopathogenic fungi activity depends on the 
ability of its enzymatic equipment, including lipases, 
proteases and chitinases to breaking down the insect’s 
integument so as to uptake the nutrient, thereby leads to 
infestation [31]. The external layer of the insect cuticle 
‘epicuticle’ is waterproof and acts as the first line barrier 
against pathogen attack. It is composed of heterogeneous mix 
of lipids, long-chain alkenes, esters and fatty acids. The role 
of lipases to hydrolyze the ester bonds of lipoproteins, fats 
and waxes at interior of the insect integument is well known 
[2]. As the lipase enzyme significantly contribute to the cuticle 
penetration, and once the epicuticle breaks down, the fungus 
produces great quantities of protease (Pr1) which degrade the 
protenacious material that is found in the procuticle. The 
conidial germination of Nomuraea rileyi fungus is 
significantly improved when it is combined with 81-3kDa 
lipase produced by it; as the lipase activity increases the 
Spodoptera litura larvae mortality, opening the possibility of 
streamlining the fungal infection process [43]. Recently, 
cytochrome P450 monooxygenase (CYP52) have been 
reported to be important for the insects’ epicuticle breaking 
down [28]. In B. bassiana, the gene encodes the lipase activity 
is Bbycyp52x1, corresponds to an enzymatic complex known 
as CYP52X1, which is involved in the hydrocarbons 
degradation. Further the fungal enzymes CYP52 are versatile 
and the isoforms present exhibit different activities and 
specificities in relation to the kind of alkanes and fatty acids 
present in/or the insect cuticle. 
 
3.2 Proteases 
The main characteristics of entomopathogenic fungi are their 
pathogenicity and virulence which are closely related to the 
proteases production. The proteases are most important for 
the infective process [27]. Once the epicuticle breaks down by 
the lipases as discussed above, the fungus produces Pr1 
proteases, which degrades the proteinaceous material. The 
solubilized proteins are degraded by aminopeptidase and 
exopeptidases [50]. The most studied proteolytic enzymes are 
subtilisin-like, serine-protease Pr1 and trypsin-like protease 
Pr2. The molecular structure of subtilisin-like protease Pr1 is 
made of five cysteines, forming two disulfide bridges, and a 
catalytic triad formed of Asp39, His69 and Ser224 units [26]. 
The activities of Pr1 and Pr2 proteases have been determined 
in B. bassiana, M. anisopliae, Lecanicillium lecanni, N. rileyi 
and Metarhizium flavoviride. The proteases Asp39, His69 and 
Ser224 are secreted during the first cuticle degradation stage 
and they are subject to a signal transduction mechanism with 
the activation of protein kinase A (PKA) mediated by AMPc. 
The protease Pr1 is key extracellular component involved in 
the cuticle penetration and that without this enzyme the 
infection to insect is impossible. 
 
4. Incorporation of genetic engineering in 
Entomopathogenic fungi for the management of insect 
pests 
Recently, genetic engineering of Entomopathogenic fungi has 
been employed to improve the virulence and construction of 

protease recombinants. For instance, M. anisopliae was 
transformed with the introduction of gene aaiT, which 
encodes a neurotoxin of the Androctonus australis scorpion, 
regulated y mcl1 promoter, which was expressed in the insect 
hemolymph [48]. Similarly, B. bassiana was genetically 
modified through the co-transformation of aa1T gene of A. 
australis and pr1A gene of the M. anisopliae protease. 
However, no synergic effect was observed because as the 
protease Pr1 were used to degrade the AA1T protein [26]. 
Here, it is necessary to explain the interaction between the 
two kinds of proteins and the stage where they are expressed. 
This means that Pr1A interact at the beginning of the infection 
with AA1T in the hemolymph. Therefore, it is fact that 
protease Pr1 synergically act with chitinases in the cuticle 
degradation process, and a fused gene was constructed, 
presenting both protease and chitinase activities. In an another 
example; the employment of cDNA of the protease gene 
CDEP, isolated from B. bassiana and fused with the cry1Ac 
gen of B. thuringiensis in the presence of the native promoter, 
improved the insecticide activity B. thuringiensis over the 
Helicoverpa armigera larvae, therefore opens the possibility 
of using the entomopathogenic fungi to control plants pests 
[55]. The role of the lipases during the infection process is not 
commonly recognized; however, the enzyme cytochrome 
P450 subfamily involved in the hydrocarbon degradation 
confirms the importance of lipases at the beginning of the 
infection process [31]. 
 
4.1 Chitinases  
The chitin, β-1, 4 N-acety1 glucosamine is most abundant in 
nature after the polymer cellulose [45] and is the main 
structural component in fungi cell wall and invertebrates 
exoskeleton [36]. Chitinases hydrolyzes the β-1, 4 bonds of 
chitin polymer producing a predominant N, N-
diacetilchitobiose, which later break down by an enzyme 
chitobiose to yield N-acety1 glucosamine (GlcNAc) 
monomer. Chitinases are widely distributed in living 
organisms and synergically act with proteasesso as to degrade 
the insect cuticle [40], further chitinases are associated to 
different stages of infestation [1] caused by entomopathogenic 
fungi. The filamentous fungi genome contains between 10 
and 25 chitinases for different physiologic functions like, 
chitin degradation in fungi cell wall or the exoskeletons of 
arthropods used as nutrients source, cell wall remodeling, 
branching, hyphae fusion, autolysis and competence. The 
defense against other fungi located in the same ecological 
niche [54] is also done by chitinases. Chitinases have been 
recognized as powerful bio-insecticides against the diamond 
back moth (Plutella xylostella) [32]. The analysis of the chit2 
gene expression profile indicated the presence of two different 
transcribes providing evidence of an alternative RNA 
splicing, which displaying different biological activities [6]. 
The enzyme CHIT 30 chitinase of chi3 gene of M. anisopliae 
was expressed during the cattle tick, Rhipicephalus microplus 
infection [8]. Like protease Pr1, the expression of chitinases 
has been proved through genetic engineering and the result of 
the improvement were overexpressions of chit1 gene of M. 
anisopliae sf. Acridum. However, no increases in the 
virulence against Manduca sexta [35] were observed. The fact 
remains that, when a constitutive promoter was used for the 
chi2 gene of M. anisopliae overexpression, the time to death 
was reduced, even when alterations in the spores, hyphae and 
appressorium were detected [32]. Two chitinases of chit1 and 
chit2 genes were isolated and characterized from L. lecanii 
[26], but genes were not similar to other Entomopathogenic 
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fungal chitinases, indicating that there is a great variability of 
chitinases produced by fungi. Similarly, Bbchit1 gene 
contains two binding sites and its chitinolytic activity was 
increased via construction of a series of variants; like, SHU1 
and SHU2 which showed the greatest enzymatic activity 
because of mutation of amino acids, outside their catalytic and 
binding regions [10, 11]. the virulence of B. bassiana was 
improved by Bbchit1 gene recombinant with chitin binding 
domain (ChBD) of silkworm mouth (Bombyx mori); thereby, 
overexpressing the chitinase and reducing the time of death of 
insect [10]. Afterwards, the B. mori CHBD binding fragment 
was recombined with CDEP-1 gene of B. bassiana serine 
protease, yielding a hybrid protein that increased the binding 
ability of protease to cuticle chitin; therefore, increase the 
pathogenicity of B. bassiana [12, 13]. 
 
5. Summery and conclusion 
Diseases in insects are widespread and contribute to the 
natural regulation of insect populations and the fungi are 
potentially the most versatile biological control agents due to 
their wide host range. However, due to their limited the 
occurrence, even then certain soil pests and most insects 
overwintering in the soil can be controlled by fungi 
considerably by their varied mode of action and virulence. 
Since, the evolved mechanisms for adhesion and recognition 
by fungi to host surface help in direct adaptive response 
including the production of hydrolytic, assimilatory and 
detoxifying enzymes including lipase/esterases, catalases, 
cytochrome P450s, proteases, and chitinases; specialized 
infectious structures, e.g., appressoria or penetrant tubes; and 
secondary and other metabolites that facilitate infection. 
Among the micro-organisms involved in the insect control, 
the entomopathogenic fungi (EPF) constitute the largest 
single group and include mostly the orders Entomophthorales 
and Hypocreales that is, Zygomycotina, Ascomycotina, 
Basidiomycotina and Deuteromycotina. Only six species are 
commercially available for application against insect pests 
and due to their higher host specificity, reduction of hazards 
and the inability of the insects to develop resistance has been 
achieved like the Beauveria bassiana found effective for the 
management of Colorado potato beetle. 
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