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The global rise in bacterial drug resistance highlights the urgent need for novel antibiotics. Entomopathogenic fungi 

(EPF) represent an underexplored yet promising source of antimicrobial secondary metabolites. This study reports, for the 

first time, the isolation of EPF from Apis dorsata and Vespa affinis in Sri Lanka and the evaluation of their crude extracts for 

antibacterial activity. EPF were isolated from surface-sterilized insect cadavers, cultured on PDA, and extracted with ethyl 

acetate. Molecular methods were used for fungal identification. Antibacterial activity of crude extracts was assessed by agar 

disc diffusion and bioautography against Staphylococcus aureus, Bacillus cereus, Escherichia coli, and Pseudomonas 

aeruginosa, using methanol and gentamycin as negative and positive controls. Nine fungal isolates from A. dorsata and 

eight from V. affinis were obtained. The crude extract of Talaromyces aculeatus (BB1) from A. dorsata showed strong 

activity against E. coli (13 mm inhibition zone at 400 μg/disc; P > 0.05 vs. gentamycin) and additional activity against  

S. aureus in bioautography. Aspergillus nomius (VA7) inhibited B. cereus, while Aspergillus niger (BB10) was active 

against S. aureus. These findings reveal that EPF from A. dorsata and V. affinis are promising sources of novel antibacterial 

agents, with, particularly T. aculeatus. 
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The emergence and global spread of drug-resistant 

pathogenic microorganisms have become a major 

public health concern
1,2

. Antimicrobial resistance in 

bacteria is primarily attributed to chromosomal 

mutations or horizontal gene transfer
3
, often driven by 

the misuse and overuse of antibiotics
3,4

. Alarmingly, 

members of the Enterobacteriaceae family and 

Pseudomonas spp. have developed resistance to 

multiple available antibiotics
5
. This challenge is 

further exacerbated by the pharmaceutical industry’s 

limited investment in novel antibiotic development, 

driven primarily by insufficient economic incentives, 

resulting in a fragile pipeline despite the early 

promise of the antibiotic era 
6–8

. 

Among Gram-positive bacteria, Staphylococcus 

aureus and Enterococcus spp., and among Gram-

negative bacteria, Pseudomonas aeruginosa, 

Acinetobacter spp., Enterobacteriaceae, and 

Escherichia coli are notable for their roles in antibiotic 

resistance
9
. The rapid emergence of such resistant 

strains undermines the therapeutic efficacy of existing 

antibiotics and poses a significant threat to modern 

healthcare systems
10

. Consequently, there is an urgent 

need for the discovery of novel antimicrobial agents. 

Historically, many antibiotics, including Penicillin, 

Bacitracin, Erythromycin, and Gentamicin were 

discovered from microbial sources such as 

Penicillium chrysogenum, Bacillus subtilis, 

Saccharopolyspora erythraea, and Micromonospora 

spp., respectively
11,12

. These discoveries highlight the 

pivotal role of natural products in antibiotic 

development. Therefore, the exploration of untapped 

and diverse biological resources remains a promising 

strategy for identifying new antibacterial drug leads. 

Entomopathogenic fungi (EPF), a diverse group of 

insect-associated fungal pathogens, represents an 

underexplored reservoir of bioactive metabolites
13

. 

Over 750 EPF species have been described, spanning 

more than 100 genera across major fungal lineages
14

. 

Despite their diversity, only limited studies have 

investigated the bioactive compounds they produce. 

The present study aimed to isolate EPF from two 

relatively understudied insect hosts in Sri Lanka, Apis 

dorsata (giant honeybee) and Vespa affinis (lesser 

banded hornet), and to evaluate the antibacterial 

potential of their crude extracts. To the best of our 

knowledge, this is the first investigation exploring 

EPF associated with these insect species, with 
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molecular methods further employed to identify the 

isolated strains. 

 

Materials and Methods 
 

Isolation and identification of entomopathogenic fungi 

Freshly deceased insect cadavers of Apis dorsata 

and Vespa affinis were collected from the premises of 

the Uva Wellassa University Library, Sri Lanka 

(8°10′4″E, 6°05′8″N) on 19
th
 March 2019. Taxonomic 

identification of the collected specimens was 

confirmed by the Department of Entomology, 

National Museum, Colombo. The cadavers were 

transported to the Advanced Research Laboratory, 

Department of Science and Technology, Uva 

Wellassa University, Badulla, Sri Lanka, in sealed, 

sterilized polyethylene bags, and processed within  

24 hours of collection. 

Prior to fungal isolation, insect cadavers underwent 

surface sterilization. Briefly, cadavers were washed 

under running tap water for 5 minutes, immersed in 

70% ethanol for 1 minute, followed by 5% sodium 

hypochlorite for 3 minutes. Finally, they were rinsed 

thoroughly with sterile distilled water and placed  

on sterilized paper towels inside a laminar flow 

cabinet to dry
15

. 

Each cadaver was homogenized in 1 mL of sterile 

distilled water using a sterile mortar and pestle.  

The homogenate was spread on Potato Dextrose  

Agar (PDA) plates supplemented with amoxicillin  

(10 mg/mL) to inhibit bacterial growth
16

. The plates 

were incubated at room temperature (30 °C) for 

several days under aseptic conditions. Emerging 

fungal colonies were sub-cultured repeatedly on 

antibiotic-free PDA plates to obtain pure cultures. 

Colony morphology was documented through 

visual observation. Genomic DNA was extracted from 

pure fungal cultures using a published protocol
17

. The 

internal transcribed spacer (ITS) region of ribosomal 

DNA was amplified using the universal primers ITS1 

and ITS4. Polymerase chain reaction (PCR) 

amplification and subsequent DNA sequencing were 

performed commercially. The obtained sequences 

were compared against the NCBI GenBank database 

using BLAST to identify the fungal isolates. 

Accession numbers were acquired from NCBI 

Genbank for the identified species. 
 

Extraction and antibacterial screening of fungal metabolites 

Each purified fungal isolate was cultured on seven 

freshly prepared PDA plates. Following an incubation 

period of 3–5 weeks, depending on the growth rate of 

the fungus, the fungal mycelia along with the medium 

were cut into small fragments and extracted with  

200 mL of ethyl acetate (EtOAc) for 24 hours at room 

temperature. The EtOAc extract was filtered through 

sterile cotton, and the filtrate was concentrated to 

dryness under reduced pressure to obtain crude fungal 

extracts
18

.  

The crude extracts were evaluated for antibacterial 

activity using the agar disc diffusion method at a 

concentration of 400 μg per disc, as per the guidelines 

of National Committee for Clinical Standards 

(NCCLS)
19

. Bioautographic analysis was also 

performed to assess the polarity and retention factors 

(Rf) of bioactive compounds
20

. Antibacterial assays 

were conducted against two Gram-positive bacterial 

strains, Staphylococcus aureus (ATCC 25923) and 

Bacillus cereus (ATCC 11778), and two Gram-

negative strains, Escherichia coli (ATCC 35218) and 

Pseudomonas aeruginosa (ATCC 9027). These 

strains were obtained from the Microbiological 

Laboratory of the Industrial Technology Institute, Sri 

Lanka, and maintained at the Advanced Research 

Laboratory, Faculty of Applied Sciences, Uva 

Wellassa University, Badulla, Sri Lanka. 
 

Statistical analysis 

The diameter of the inhibition zones was measured 

to assess antibacterial activity. Statistical comparisons 

of mean inhibition zones among extracts were 

performed using analysis of variance (ANOVA), 

followed by Tukey’s multiple comparison test, using 

IBM SPSS Statistics software version 30.0.0.0 (171). 

 

Results  
 

Isolation and identification of the entomopathogenic fungi 

A total of seventeen distinct entomopathogenic 

fungi (EPF) were isolated from freshly deceased 

insect cadavers of Apis dorsata and Vespa affinis  

(Fig. 1). Of these, nine morphologically distinct 

 
 

Fig. 1 — Insect cadavers used for the isolation of 

entomopathogenic fungi (EPF): (a) Apis dorsata (giant honeybee) 

and (b) Vespa affinis (lesser banded hornet). 
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fungal isolates were obtained from A. dorsata, while 

eight were isolated from V. affinis cadavers. The 

purified EPF cultures derived from A. dorsata and  

V. affinis are presented in Fig 2 and 3, respectively, 

while their colony morphology and pigmentations are 

included in Table 1
21–30

. 

The isolated fungi were identified as belonging to 

eight genera: Talaromyces, Penicillium, Nigrospora, 

 
Fig. 2 — Pure cultures of EPF isolated from Apis dorsata: (a) Talaromyces aculeatus (BB1), (b) Penicillium citrinum (BB2),  

(c) Nigrospora sacchari-officinarum (BB3), (d) Aspergillus flavus (BB5), (e) Aspergillus krugeri (BB6), (f) Aspergillus proliferans 

(BB7), (g) Aspergillus fumigatus (BB8), (h) Daldinia eschscholtzii (BB9), and (i) Aspergillus niger (BB10). 
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Aspergillus, Daldinia, Xylaria, Panus, and 

Pyrrhoderma. Taxonomically, Talaromyces, 

Penicillium, and Aspergillus species are classified 

under the class Eurotiomycetes, while Nigrospora, 

Daldinia, and Xylaria are members of the class 

Sordariomycetes. The genera Panus and Pyrrhoderma 

belong to the class Agaricomycetes. 

Molecular identification of the isolates was 

conducted using ITS region sequencing, and the 

resulting sequences were deposited in the NCBI 

GenBank database. Fifteen fungal isolates identified 

using molecular data, along with their corresponding 

accession numbers, are listed in Table 2. Notably, the 

majority of isolates were assigned to the genus 

Aspergillus.  

 
Antibacterial activity of the isolated EPF 

The most promising antibacterial activity was 

exhibited by Talaromyces aculeatus (isolate BB1), 

obtained from Apis dorsata. Based  on  ITS  sequence  

 
 

Fig. 3 — Pure cultures of EPF isolated from Vespa affinis: (a) Xylaria adscendens (VA2), (b) Nigrospora oryzae (VA3), (c) Nigrospora 

oryzae (VA4), (d) VA5, (e) Aspergillus nomiae (VA7), (f) Pyrrhoderma noxium (VA8), (g) VA9, and (h) Aspergillus flavus (VA10). 
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Table 2 — Molecular identification of entomopathogenic fungi 

(EPF) isolates based on ITS region sequencing, along with 

the corresponding NCBI GenBank accession numbers 

EPF Code Identification obtained from 

molecular data 

Accession number 

BB 1 Talaromyces aculeatus OR485910 

BB 2 Penicillium citrinum OR485911 

BB 3 Nigrospora sacchari-

officinarum 
OR485912 

BB 5 Aspergillus flavus OR485913 

BB 6 Aspergillus krugeri OR485914 

BB 7 Aspergillus proliferans OR485915 

BB 8 Aspergillus fumigatus OR485916 

BB 9 Daldinia eschscholtzii OR485917 

BB 10 Aspergillus niger OR485918 

VA 2 Xylaria adscendens OR504181 

VA 3 Nigrospora oryzae OR504182 

VA 4 Nigrospora oryzae OR504183 

VA 7 Aspergillus nomiae OR504184 

VA 8 Pyrrhoderma noxium OR504185 

VA 10 Aspergillus flavus OR504186 

[BB codes given for fungi isolated from A. dorsata and VA code 

given for fungi isolated from V. affinis] 
 

analysis and BLAST results from the NCBI GenBank 

database, this isolate shared 99.6% sequence identity 

with previously reported T. aculeatus strains 

(accession numbers KJ413369.1 and OP164426.1). 

Morphologically,     T.   aculeatus    produced    white  

 
 

Fig. 4 — Triplicate disc diffusion agar assays showing the 

antibacterial activity of Talaromyces aculeatus (BB1) ethyl 

acetate crude extract against Escherichia coli at a concentration of 

400 µg/disc. 
 

mycelia with a concentric ring pattern and wavy 

margins and secreted an orange pigment into the 

surrounding medium within 10 - 15 days of 

incubation on PDA at room temperature (30 °C). 

This isolate demonstrated significant antibacterial 

activity (P < 0.05) against Escherichia coli, with a 

mean inhibition zone diameter of 13.00 ± 1.00 mm 

(Fig. 4). Among all fungal crude extracts tested, ten 

showed activity against the Gram-positive bacterium 

S. aureus, and eight were active against B. cereus. 

Nine extracts exhibited activity against the Gram-

negative bacterium E. coli. Notably, none of the 

fungal extracts showed inhibitory activity against  

P. aeruginosa. Table 3 summarizes the inhibition 

Table 1 — Colony morphology and pigmentations of the isolated entomopathogenic fungi (EPF) 

Identification obtained from 

molecular data 

EPF 

Code 

Color Colony surface Colony 

margin 

Pattern Pigments 

Talaromyces aculeatus21 BB 1 pale white cottony wavy concentric light orange 

Penicillium citrinum22 BB 2 green cottony irregular irregular dark yellow 

Nigrospora sacchari-officinarum BB 3 pale white cottony spreading filamentous black brown 

Aspergillus flavus23 BB 5 white with yellow spots cottony irregular irregular spreading dark yellow 

Aspergillus krugeri BB 6 pure white cottony lobate radiate - 

Aspergillus proliferans BB 7 white with light green centre cottony lobate radiate light yellow 

Aspergillus fumigatus24 BB 8 green cottony ciliate irregular green 

Daldinia eschscholtzii25 BB 9 white with green centre velvety ciliate irregular brown black 

Aspergillus niger26 BB 10 brown velvety radiate radiate brown 

Xylaria adscendens27 VA 2 pure white velvety lobate radiate - 

Nigrospora oryzae28 VA 3 whitish gray cottony ciliate radiate dark brown 

Nigrospora oryzae28 VA 4 gray cottony filamentous radiate black brown 

Unconfirmed identification VA 5 ash cottony filamentous radiate black brown 

Aspergillus nomiae29 VA 7 pale white cottony / sloppy ciliate radiate light brown 

Pyrrhoderma noxium30 VA 8 pale white cottony 

filamentous 

lobate radiate black spots 

Unconfirmed identification VA 9 pale white cottony 

filamentous 

sharp radiate - 

Aspergillus flavus23 VA 10 ash cottony 

filamentous 

ciliate irregular purple black 

[BB codes given for fungi isolated from A. dorsata and VA code given for fungi isolated from V. affinis] 
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zone diameters for the antibacterial activity of ethyl 

acetate crude extracts from the isolated EPF strains, 

tested at 400 µg/disc against the four bacterial 

species. The incubation period for each fungal  

isolate prior to extraction is also provided in the  

same table. 

The thin-layer chromatography (TLC) profiles 

developed with 100% ethyl acetate, along with the 

corresponding bioautography results for the EPF 

crude extracts, are presented  in  Fig 5.  Based  on  the  

bioautography assay, the crude extract of Aspergillus 

niger (BB10) exhibited activity against S. aureus, 

while A. nomiae (VA7) was active against B. cereus. 

Notably, T. aculeatus (BB1) demonstrated activity 

against both S. aureus and E. coli. None of the other 

extracts showed detectable antibacterial activity in the 

bioautography assay. Further, according to the results 

of the bioautography assay (Fig. 5), the active 

compound in A. niger (BB10) was identified as a 

moderately non-polar compound, with a Rf value 

around 0.8. The active compound in A. nomiae (VA7) 

was relatively more polar, with an Rf value of around 

0.5. In contrast, the active compound(s) in  

T. aculeatus (BB1) did not migrate with the 100% 

ethyl acetate   solvent   system,   suggesting   a  higher  

 

 
 

Fig. 5 — Thin-layer chromatography (TLC)-bioautography  

assay of ethyl acetate crude extracts from EPF isolated from  

Apis dorsata and Vespa affinis. Zones of inhibition are  

shown against (a) Staphylococcus aureus, (b) Bacillus cereus,  

and (c) Escherichia coli. Reference TLC plates (left)  

were developed using 100% ethyl acetate and visualized under 

UV light at 254 nm. 
 

polarity compared to the active metabolites from the 

Aspergillus species (BB10 and VA7). 

 

Table 3 — Antibacterial activity of ethyl acetate crude extracts from entomopathogenic fungi isolated from Apis dorsata (EPF code: BB) 

and Vespa affinis (EPF code: VA) against selected bacterial pathogens at a concentration of 400 µg/disc 

 

EPF code 

 

Fungal isolate 

 

Fungal incubation 

period (days) 

Mean diameter of the inhibition zone (mm±1.00mm) 

S. aureus B. cereus E. coli P. aeruginosa 

BB1 Talaromyces aculeatus 16 8 b 8 b,c 13 c 0 a 

BB2 Penicillium citrinum 6 0 a 0 a 0 a 0 a 

BB3 Nigrospora sacchari-officinarum 8 0 a 0 a 7 b 0 a 

BB5 Aspergillus flavus 16 7 b 6 b 7 b 0 a 

BB6 Aspergillus krugeri 12 9 b 7 b,c 7 b 0 a 

BB7 Aspergillus proliferans 6 8 b 9 c 0 a 0 a 

BB8 Aspergillus fumigatus 8 0 a 7 b,c 6 b 0 a 

BB9 Daldinia eschscholtzii 8 7 b 7 b,c 7 b 0 a 

BB10 Aspergillus niger 6 9 b 0 a 0 a 0 a 

VA2 Xylaria adscendens 12 7 b 0 a 0 a 0 a 

VA3 Nigrospora oryzae 6 0 a 0 a 0 a 0 a 

VA4 Nigrospora oryzae 6 0 a 0 a 0 a 0 a 

VA5 Unconfirmed identification 16 7 b 6 b 0 a 0 a 

VA7 Aspergillus nomiae 8 0 a 0 a 0 a 0 a 

VA8 Pyrrhoderma noxium 28 7 b 0 a 6 b 0 a 

VA9 Unconfirmed identification 16 0 a 0 a 6 b 0 a 

VA10 Aspergillus flavus 10 7 b 6 b 7 b 0 a 

+Ve gentamycin, 10µg/disc  22.33 c 20.84 d 15.08 c 16.11 b 

-Ve methanol  0 a 0 a 0 a 0 a 

[Means that do not share the same letter are significantly different at P < 0.05 (Tukey’s HSD)] 
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Discussion 

Entomopathogenic fungi (EPF) are recognized as 

promising sources of secondary metabolites with 

potential pharmaceutical applications, including the 

discovery of novel drug leads
31,32

. However, isolating 

these metabolites poses considerable challenges due 

to the ecological complexity of harvesting EPF from 

their natural environments and the difficulty of 

cultivating these insect-dependent fungi under 

laboratory conditions
33

. EPF are primarily classified 

within two major taxonomic groups: Hypocreales 

(Ascomycota) and Entomophthoromycota 

(Zygomycota). While Hypocreales species typically 

exhibit a broad host range, Entomophthoromycota are 

generally more host-specific. Despite these 

differences, both groups produce infective propagules, 

often as conidia or other asexual spores
33,34

. 

EPF are widely distributed across diverse 

ecosystems, thriving in various geographic and 

climatic conditions. They inhabit both cultivated and 

natural soils and are capable of infecting insect hosts 

at all developmental stages, including eggs, larvae, 

pupae, and adults
35

. In the present study, Apis dorsata 

(giant honeybee) and Vespa affinis (lesser banded 

hornet) were selected as host species for EPF isolation 

due to their ecological roles as pollinators and 

predators, their widespread availability, and frequent 

contact with microbe-rich environments such as plant 

surfaces, decaying organic matter, and other insects. 

Prior studies have also documented the susceptibility 

of bees and wasps to EPF infections
36,37

. In Thailand, 

Streptomyces spp. isolated from A. dorsata combs, 

bees, and pollen have demonstrated antibacterial 

activity against phytopathogenic bacteria
38

. However, 

the isolation of entomopathogenic fungi from  

A. dorsata and V. affinis, and the evaluation of their 

antibacterial activity against clinically relevant 

pathogens, highlights the novelty of the present study. 

To facilitate the successful isolation of EPF, the 

culture medium (PDA) was supplemented with 

amoxicillin to inhibit bacterial contamination. This 

measure was critical in preventing the rapid 

overgrowth of bacteria, which could interfere with 

fungal isolation. A total of 17 distinct EPF species 

were successfully isolated from the cadavers of the 

two insect hosts. However, only 15 identities were 

confirmed by molecular data. Of these, five species, 

Penicillium citrinum
39

,
 
Aspergillus flavus

40
, A. niger

41
, 

Nigrospora oryzae
42

, and A. nomius (syn.  

A. nomiae)
43

, had previously been reported as EPF. 

Notably, the remaining isolates, including 

Talaromyces aculeatus, Nigrospora sacchari-

officinarum, Aspergillus krugeri, A. fumigatus,  

A. proliferans, Daldinia eschscholtzii, Xylaria 

adscendens, and Phellinus noxium, have not 

previously been reported as EPF, suggesting new 

potential associations. 

To minimize the isolation of saprophytic or 

environmental fungi and ensure the collection of true 

EPF, only freshly deceased insect cadavers were used. 

The cadavers were processed within 24 hours of 

collection and subjected to surface sterilization, a 

procedure designed to reduce the likelihood of 

isolating surface fungal invaders. 

EPF are known to exhibit specific growth and 

nutritional requirements, and many do not sporulate 

well on standard artificial media. The selection of 

culture medium and incorporation of insect-derived 

components in the medium, will play a critical role in 

promoting the production of bioactive compounds by 

EPF
44

. While the current study utilized only PDA at 

room temperature, future studies employing multiple 

culture media with varying nutrient compositions may 

improve the isolation of additional, potentially 

cryptic, EPF species and promote the production of 

diverse bioactive compounds through the activation of 

silent genes. 

Destruxins (DTXs) are a class of cyclic 

hexadepsipeptides predominantly derived from 

Metarhizium species, a well-known EPF genus. 

Among more than 40 known destruxins (DTX), DTXs 

A, B, and E are especially notable for their roles in 

fungal pathogenicity
32

. DTXs possess a range of 

bioactivities, including insecticidal, phytotoxic, 

antimicrobial, antiviral, antiproliferative, cytotoxic, 

and immunosuppressive effects
45

. Similarly, cyclic 

hexadepsipeptides such as bassianolide, also have 

been isolated from Beauveria bassiana and 

Lecanicillium spp. have exhibited antibacterial 

activity against both Gram-positive and Gram-

negative bacteria
46

. Certain entomopathogenic fungi 

such as Metarhizium anisopliae have exhibited 

antibacterial activity against clinically important 

pathogens
47

. These previous research demonstrates 

the importance of EPF as potential sources for 

biosynthesizing antibacterial secondary metabolites. 

The present study focused on evaluating the 

antibacterial properties of EPF isolated from  

A. dorsata and V. affinis to assess their potential as 

sources of novel antimicrobial agents. Notably, the 
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crude extract from T. aculeatus exhibited significant 

antibacterial activity against E. coli, as confirmed by 

both agar disc diffusion and bioautography assays. 

Given the clinical importance of E. coli as a prevalent 

Gram-negative pathogen associated with infections 

across all age groups
48

, and the increasing global 

threat posed by multidrug-resistant strains
49

, this 

finding is particularly noteworthy. When compared 

with the standard antibiotic gentamicin (Fig 4), the 

antibacterial activity of the T. aculeatus extract was 

comparable, indicating its potential to biosynthesize a 

potent bioactive compound.  

Previous studies have also highlighted the bioactive 

potential of T. aculeatus. For instance, the strain  

T. aculeatus DS-62013, isolated from saline soil in 

China, was reported to produce eleven azaphilone 

derivatives under various fermentation conditions, 

several of which exhibited antibacterial and enzyme 

inhibitory activities
50

. In addition, a recent 

investigation identified antibacterial polyketides from 

a deep-sea-derived Talaromyces species, with several 

compounds demonstrating potent activity against  

E. coli (minimum inhibitory concentration [MIC] 

0.5 µg/mL) as well as other pathogenic 

microorganisms
51

. Collectively, these findings 

underscore the growing recognition of the 

Talaromyces genus as a prolific source of structurally 

diverse secondary metabolites with promising 

applications in drug discovery
52

. Although several 

studies have explored the bioactivities of Talaromyces 

species, isolates derived specifically from insects have 

not been reported. This distinction is important, as the 

biological niche can influence the biosynthesis of 

various bioactive secondary metabolites. Also, to the 

best of our knowledge, this study is the first to 

demonstrate the antibacterial activity of T. aculeatus 

against the Gram-negative pathogen E. coli. 

The bioautography assays conducted in this study 

further demonstrated that the crude extracts of  

T. aculeatus and A. niger exhibited activity against 

Gram-positive S. aureus, while the extract of  

A. nomiae was active against B. cereus. It is also 

important to note that the observed activities could 

result from synergistic interactions among multiple 

compounds in the crude extracts. However, 

bioautography remains a valuable method for detecting 

novel antimicrobial compounds, including those 

present in minute quantities within crude mixtures
20

. 

This was evident in the case of the VA7 extract, which 

exhibited antibacterial activity only in the 

bioautography assay. In the present study, 

bioautography was used as a preliminary tool to assess 

the polarity and Rf values of the bioactive compounds, 

thereby aiding in their subsequent isolation. 

Song and his coworkers
53

 reported the isolation of 

oligophenalenone dimers from Talaromyces sp., 

which exhibited inhibitory activity against S. aureus, 

with minimum inhibitory concentration (MIC) values 

ranging from 0.195 to 100 µg/mL. Additional 

literature further supports the antimicrobial potential 

of A. niger and A. nomiae. A. niger is known to 

produce malformins, cyclic pentapeptides with 

significant toxicity and broad-spectrum antibacterial 

activity
54

. Furthermore, A. niger demonstrated 

inhibitory activity against S. aureus, with an 

inhibition zone of 12 mm, as reported by  

Al-Shaibani
55

. However, reports on the antibacterial 

activity of A. nomiae are limited. Putra and his team 

have observed a mild inhibition (1.43 mm) of  

B. cereus by a sponge-derived A. nomiae isolate
56

. 

These findings, consistent with the results of the 

present study, highlight the potential of insect-

associated fungi also as sources of bioactive 

compounds with antibacterial properties. 

Interestingly, six out of the 15 identified fungal 

isolates identified in this study belong to the genus 

Aspergillus, a group well-known for producing a wide 

array of secondary metabolites with significant 

industrial and pharmaceutical applications
57,58

. 

To our knowledge, this is the first comprehensive 

investigation into the antibacterial properties of EPF 

isolated from A. dorsata and V. affinis in Sri Lanka. 

The findings confirm that these insect species harbor 

a diverse array of EPF capable of producing 

antibacterial compounds effective against both Gram-

positive and Gram-negative bacteria. While many 

previously characterized EPF exhibit greater activity 

against Gram-positive organisms, this study 

demonstrates that isolates from A. dorsata and  

V. affinis also possess activity against Gram-negative 

bacteria, E. coli, suggesting a broader spectrum of 

bioactivity. Nevertheless, it is essential to 

acknowledge that these conclusions are based on 

crude fungal extracts. Further studies are necessary to 

isolate, purify, and structurally characterize the active 

compounds to fully assess their pharmacological 

potential. However, the current study demonstrates 

that EPF isolated from A. dorsata and V. affinis 

represent potential sources of antibacterial 

compounds, warranting further investigation. 
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Conclusion 

This study demonstrates that Apis dorsata and 

Vespa affinis harbor diverse entomopathogenic fungi 

(EPF) capable of producing antibacterial compounds 

with activity against both Gram-positive and Gram-

negative bacteria. Among the isolates, Talaromyces 

aculeatus exhibited particularly strong activity against 

Escherichia coli, highlighting its potential as a source 

of novel bioactive metabolites. The findings expand 

current knowledge of insect-associated fungi and 

suggest that these fungi represent promising 

candidates for further chemical and pharmacological 

characterization aimed at developing new 

antimicrobial agents to address antibiotic resistance. 
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