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ABSTRACT 

 

 
Background and Objectives: The increasing prevalence of fungal infections due to antifungal resistance underscores the 

need for novel treatment strategies. The present study aimed to investigate the inhibitory effects of soil-originated antagonis- 

tic bacteria against Aspergillus and Trichophyton species. 

Materials and Methods: Fifty soil samples collected from Isfahan and Khuzestan provinces by using the Zig-Zag 

method were cultured on glucose-yeast extract (GY) agar around fungal colonies to isolate antagonistic bacteria. Antifungal 

activity was assessed by measuring clear zones around the colonies of A. niger, A. fumigatus, T. rubrum, and T. 

mentagrophytes by co-culture linear method. Potent antagonistic bacteria were identified by 16S rRNA sequencing, and 

evaluated for antifungal activity using disk diffusion assays compared with amphotericin B and ketoconazole. 

Results: Among 50 samples, fifteen showed antifungal effects, yielding 55 bacterial strains. Four isolates with strong anti- 

fungal activity against all tested fungi were identified as Bacillus subtilis, B. licheniformis, B. axarquiensis, and Bacillus sp. 

These bacteria were distributed in distinct clusters phylogenitically and showed diverse antifungal activity. 

Conclusion: The results suggest the potential of soil-derived Bacillus species as promising antifungal agents. Further studies 

are recommended to identify their inhibitory metabolites, their ability as biocontrol agents against soil habitated fungi and to 

explore their mechanism of action and spectrum of activity. 
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INTRODUCTION 

 
The incidence of fungal infections has raised rap- 

idly in past two decades, impacting 20 to 25% of the 

global population and resulting in 1.6 million fa- 

talities every year (1). This is related to the rise in 

immunosuppressive diseases such as cancers and 

malignancies and acquired immunodeficiency syn- 

drome. On the other hand, the widespread use of 

antifungal medications in treatment of fungal infec- 

tions has contributed to the development of emerging 

resistance (2, 3). Furthermore, most existing medi- 

cines have several drawbacks, including toxicity, in- 

adequate absorption, and inefficacy. Today's global 

mortality rate for fungal illnesses varies from 30% to 

80%. As a result, the treatment of fungal infections 
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has become an important determinant of health (4). 

Many efforts have been taken to find new sources 

of antifungal compounds (5). Soil microorganisms 

have been a significant source of antibiotics via their 

secondary metabolites. Antibiotic-producing bacte- 

ria serve as the permanent soil microflora, provid- 

ing a source of many biologically active chemicals 

that are commonly exploited in the pharmaceutical 

sector (6). Bacillus species are considered as imper- 

ative  sources  of  natural  antimicrobial  compounds 

(7). It has been shown that around 4-5% of the Ba- 

cillus genome is involved in producing biologically 

active components (8). The genus Bacillus com- 

prises 266 species of bacteria with rod-shape and 

positive for Gram staining. Their diversity in phys- 

iological properties, ability to form endospores and 

biocontrol have contributed to their immense dis- 

tribution in natural habitates including soil as the 

main  reservoir, water,  food,  feed  and  animal  gut 

microbiota (9). 

The genus Bacillus comprises small mesophilic 

and neutrophilic vegetative cells with B. subtilis, B. 

licheniformis, B. amyloliquefaciens and B. pumilus 

being the main members. The ability of B. subtilis 

group to produce a wide array of beneficial metabo- 

lites with antimicrobial activity has been recognized 

for decades (9). Up to now, several various antifun- 

gal metabolites, including itorin, bacillomyxin, my- 

cosubtilin, bacillopeptin, and phenjacin, have been 

reported in various Bacillus species (10). These mol- 

ecules are mainly peptides with cyclic hydrophobic 

structures containing intramolecular thioether bonds 

and act as degrading enzymes with cellulase, pro- 

tease, glucanase, and chitinase activities (11, 12). 

Therefore, Bacillus spp. are still a promising source 

for the identification of antifungal compounds. The 

present study aimed to isolate Bacillus species with 

inhibitory effect on pathogenic fungi species of  As- 

pergillus and Trichophyton, from soil samples and to 

investigate the inhibition percentage of Bacillus me- 

tabolites compared to the antifungal drugs. 
 

 
 

MATERIALS AND METHODS 

 
Soil samples. In total, 50 samples of soils were 

gathered from 15 distinct geographical zones in 

Shahreza (Isfahan province) and Izeh (Khuzestan 

province). The soils were sampled using the zigzag 

technique at a 3-5 cm depth, then sieved and collect- 

ed. The soils were kept in sterile zip bags at 4°C for 

further analysis (13). 

 
Initial screening of soil samples with antifungal 

effect: Fungal and soil suspension preparation. The 

fungal strains, Aspergillus fumigatus ATCC5009, 

Aspergillus   niger   ATCC5010,   Trichophyton   ru- 

brum ATCC613, and Trichophyton mentagrophytes 

ATCC5809, were obtained from the Pasteur Institute 

of Iran (http://fa1.pasteur.ac.ir/Pages.aspx?id=1152). 

The fungi were cultured on Sabouraud dextrose agar 

slants at 28°C for 7 days. Fungal spore suspensions 

were prepared by gentle rubbing the colony surface 

in presence of sterile distilled water contained Tween 

80 (0.1%, v/v) and counted to adjust at a concentra- 

tion of 2 × 105  spores/ml by Neubauer slide (14). An 

amount of 0.1 g of each soil sample was suspended in 

one ml sterile saline (0.9% NaCl) and the supernatant 

was separated after centrifuged at 2500 rpm for 30 

seconds. 

 
Determination of antagonistic soil samples. The 

ocular examination method was used to screen the 

soil samples with antifungal activity (15). In each 

plate  of  glucose-yeast extract  (GY)  agar  (Glucose 

5%, Yeast extract 1%, Agar 1.5%), a volume of 10 µL 

of fungal (A. niger, A. fumigatus, T. rubrum, and T. 

mentagrophytes) suspension (containing 200 spores/ 

ml) were cultured at the center of plate and soil sus- 

pensions (10 µL) were cultured in a distance of 1.5 cm 

around fungal suspension at 28°C for 7-10 days. Soil 

samples that inhibited the fungal growth were chosen 

for further analyses. 

 
Isolation of antagonistic bacteria from soil sam- 

ples. A volume of 10 μL of soil suspensions which 

showed inhibitory activity on fungal growth were 

cultured on GY agar. After a three-day incubation 

at 28°C, every single colony was sub-cultured on 

a separate GY plate at 28°C for 3-5 days. Bacterial 

suspensions (with 1.5 × 108  bacteria/mL equal to 0.5 

MacFarland) were prepared from all bacterial isolates 

and cultured around pre-cultured fungal colonies by 

co-culture linear method. Control cultures contained 

distilled water instead of bacteria cultures. After in- 

cubating for 7-10 days at 28°C, the growth rate of 

fungi around bacterial isolates was compared to the 

control plates. Bacterial isolates with moderate to 

strong antifungal effect were counted. Bacterial iso- 

lates which strongly inhibited the growth of A. niger, 
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A. fumigatus, T. rubrum, and T. mentagrophytes were 

selected for further analyses. 

 
Molecular identification of antagonistic bacte- 

ria. The bacterial strains were cultured on tryptic soy 

agar for 24 h at 37°C. Then, bacterial colonies were 

dissolved in 800 μL lysis buffer. The genomic DNA 

was extracted using a genomic DNA extraction kit 

(Bio Basic, Canada) according to the manufacturer’s 

instructions. The genus and species of the bacterial 

strains were identified using 16S rRNA sequencing. 

PCR amplification of the 16s rRNA region was con- 

ducted to identify and differentiate the bactria. The 

reaction mixture contained the extracted DNA (2 µL), 

Taq DNA Polymerase Master Mix White (12 µL), 

0.3 μL of each the 27F (5′-AGAGTTTGATCMTG- 

GCTCAG-3′) and 1525R (5′AAGGAGGTGWTCCA- 

RCC-3′) primers (14) and water to gain a final volume 

of 25 μL. The reaction mixture was initially denatured 

at 95°C for 5 min, followed by 35 cycles of denatur- 

ation for 45 sec at 94°C, annealing for 45 sec at 58°C, 

an extension for 60 sec at 72°C, and a final extension 

at 72°C for 7 minutes. The PCR products 16s rRNA 

region were sequenced by the ABI PRISM BigDye 

Terminator Cycle Sequencing Ready Reaction Kit. 

DNA sequences were manually edited and com- 

pared with other relevant available sequences using 

the BLAST in the GenBank database. Several rep- 

resentatives of these sequences were selected for the 

reconstruction of phylogenetic relationships. Multi- 

ple alignments of sequences were conducted using 

MEGA7 software and maximum likelihood (ML) 

analyses were performed by using RAxML version 

8.2 run on the CIPRES Science Gateway and opti- 

mized using the GTRCAT option (Miller et al., 2010). 

Bootstrap values for maximum likelihood were 1000 

replicates and the output files of the phylogenetic pro- 

grams were visualized using Dendroscope V.3.2.8. 

The ML BS values exceeding 70%, were shown on 

appropriate clades in the shape of ML BS. Bacillus 

thuringiensis was used as outgroup taxa in the tree. 

 
Quantitation of the antifungal activity of Bacil- 

lus strains: Solid cultures analysis. The antifungal 

activity of each strain in solid media was evaluated us- 

ing the linear culture method (16). A volume of 10 µL 

of fungal suspensions (A. niger, A. fumigatus, T. ru- 

brum, and T. mentagrophytes, containing 103  spores/ 

mL) were cultured linearly at center of GY plates with 

a 1.5 cm distance from the linear cultures of antago- 

nistic bacteria (10 μL of bacterial suspensions with a 

concentration of 1.5 × 108 bacteria) at 28°C for 4-14 

days. The fungal growth after exposure to bacterial 

isolates were measured and compared to non-treated 

control plates. Fungal growth inhibition was calculat- 

ed using the following formula: 

 
I = (C-T)/C × 100 

 
where C is the growth of non-treated control fungal 

mycelia, T is the growth of treated fungal mycelia, 

and I is the fungal growth inhibition. 

 
Antifungal activity of bacterial metabolites in 

liquid cultures. To evaluate the inhibitory effect of 

bacterial strains in liquid cultures, each bacterium 

was cultured in Erlenmayer flasks containing 50 mL 

GY broth at 28°C with shaking (150 rpm) for 48 h. 

The culture supernatants obtained by centrifugation 

at 4,400 rpm for 30 minutes at 4°C were filtered using 

a 0.45 μm Millipore filter. The volumes of 2.5, 1.25, 

0.625, 0.312, and 0.156 mL of bacterial supernatant 

were separately added to each well of a six-well mi- 

croplate containing 5 ml/well GY broth (0.5% yeast 

extract and 2% glucose, 1 liter distilled water) in 

triplicate. A volume of 500 μL of fungal suspensions 

containing 106 spores of each A. fumigatus, A. niger, 

T. rubrum, and T. mentagrophytes) was added to each 

well of the plates seperately and the plates were incu- 

bated at 28°C for 7-10 days. To measure the dry weight 

of fungal mycelia as an index of fungal growth, the 

content of each well was passed through a paper filter. 

Separated fungal mycelia were oven-dried at 80°C for 

three hours and were weighed. The inhibition effect 

of bacterial metabolites was calculated by comparing 

the dry weight of fungi in treated groups compared to 

the non-treated control group (17). 

 
Comparison of bacterial antifungal effects with 

antifungal drugs. The antifungal effect of bacterial 

metabolites was compared to ketoconazole and am- 

photericin B using the disk diffusion method. A vol- 

ume of 100 μl from A. fumigatus, A. niger, T. rubrum 

and T. mentagrophytes suspensions (containing 106 

spores/mL) was separately cultured on Müller-Hin- 

ton  agar.  The  blank  sterile discs  immersed  in  10 

μL of bacterial supernatant as well as ketoconazole 

(10 µg) and amphotericin B (20 µg) standard disks 

(MAST Diagnostica GmbH, Germany) were placed 

in the center of separate plates and incubated for four 
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days at 28°C. Antifungal activity was measured by 

calculating clear zones of no fungal growth around 

the disks (18). 

 
Statistical analysis. Statistical analysis was carried 

out using the one-way ANOVA test (Tukey range) and 

P values <0.05 were considered significant. 
 

 
 

RESULTS 

 
Soil samples and bacterial strains with antifun- 

gal activity. Out of 50 soil samples, fifteen samples 

inhibited the growth of Aspergillus and Trichophyton 

species.  Fifty-five bacterial  strains were  identified, 

with 16 strains demonstrating moderate to high 

inhibitory activity against tested fungi. Among them, 

four isolates strongly inhibited growth of both 

Aspergillus and Trichophyton species. 

 
Molecular identification of antagonistic bacteria. 

The 16S rRNA sequencing of four bacterial isolates 

with strong antifungal activity showed that they be- 

longed  to  Bacillus  subtilis,  Bacillus  licheniformis, 

and  Bacillus  axarquiensis  and  Bacillus  sp..  Their 

16s  rRNA sequences  were  deposited  in  GenBank 

(https://www.ncbi.nlm.nih.gov/). 

For reconstructing the 16S ribosomal RNA phylo- 

genetic tree, sequences of four Bacillus species iden- 

tified in our study were compared with the sequences 

of Bacillus species deposited in the GenBank (n=17) 

and an outgroup (n=1) (Fig. 1). The phylogenetic tree 

was divided into three clades I, II, and III. Clade I con- 

tained Bacillus axarquiensis strains, clade II included 

Bacillus subtilis strains, and clade III includes Bacil- 

lus licheniformis strains. Clade III consisted of two 

clusters which contained the Bacillus sp. identified in 

this study. 

 
Antifungal activity measurement. The minimum 

fungal growth was recorded for T. rubrum against B. 

subtilis, T. rubrum, and T. mentagrophytes against B. 

licheniformis, and T. mentagrophytes against Bacillus 

sp. The highest growth diameters of inhibition were 

reported for A. fumigatus and A. niger (16.1 and 17.4 

mm, respectively) in exposure to B. licheniformis. The 

minimum growth of A. fumigatus was seen against 

Bacillus sp. and B. subtilis (growth diameters of 8.3 

and 8.8 mm, respectively). The minimum growth of 

A. niger was seen against B. subtilis (growth diameter 

 
 
 

 
 

Fig. 1. The phylogenetic tree of 16S ribosomal RNA con- 

structed by RAxML analysis from isolates of this study and 

isolates deposited in the GenBank. Bacillus thuringiensis 

was used as an outgroup to root the dendrogram. The boot- 

strap values greater than 70% are shown above the branches. 

 
of 6.4 mm) (Table 1 and Fig. 2). 

The dry weight of fungal mycelia increased by 

decreasing the proportion of bacterial supernatants 

(Table 2 and Fig. 2). B. licheniformis   inhibited the 

growth of T. rubrum, T. mentagrophytes, A. niger, and 
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Table 1. The growth diameter (mm) of fungal colonies (Aspergillus and Trichophyton spp.) exposed to four Bacillus species 

in linear co-culture on GY agar. 

 
Bacteria A. niger A. fumigatus T. rubrum T. mentagrophytes 
B. subtilis 6.4 8.8 0 9 
B. licheniformis 16.1 17.4 0 0 
B. axarquiensis 15.11 9.6 4 10 
Bacillus sp. 13.9 8.3 8 0 
Non-treated control 40.2 28.4 20 30 

 

 

 
 

Fig. 2. The antifungal activity of B. subtilis on T. rubrum and T. mentagrophytes in linear co-culture assay (above) and liquid 

cultures in GY broth in 6-well microplates (below). 

 
A. fumigatus by 93.6%, 85.7%, 70.2%, and 55.4%, 

respectively. The growth inhibition percentage of B. 

subtilis ranged from 79.9% (for T. mentagrophytes) 

to 95.5% (for A. fumigatus). B. axarqueinsis inhibited 

the growth of Aspergillus and Trichophyton species by 

71.3% to 77.7%, accordingly (Table 2 and Fig. 3). 

 
Comparison of bacterial inhibition effect to anti- 

fungal drugs. The lowest growth inhibition percent- 

ages were for B. licheniformis (19.1%) and B. subtilis 

(20%) against A. niger and A. fumigatus, respectively. 

The highest growth inhibition was seen for Tricho- 

phyton spp. by B. icheniformis (65%) and B. subtilis 

(60%). The highest inhibition percentages of B. subti- 

lis against A. niger and A. fumigatus were 51.2% and 

38.7%, respectively. The growth inhibition percent- 

age of ketoconazole and amphotericin B ranged from 

31.25% to 46.25% (Table 3 and Fig. 4). 
 

 
 
DISCUSSION 

 
Aspergillus and Trichophyton are among the most 

important fungal pathogens (19). Aspergillus can 

thrive in practically any substance or organic mat- 

ter and is found in various habitats, including soil, 

air, and water. The most prevalent Aspergillus spe- 

cies identified from opportunistic fungal infections 

in humans and animals are A. fumigatus and A. ni- 

ger (20). They are causatives of infections such as 

aspergilloma, allergic bronchopulmonary aspergil- 

losis, chronic pulmonary aspergillosis, and invasive 

aspergillosis in immunosuppressed hosts (21, 22). 

T. rubrum is an anthropophilic fungus responsible 
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Table 2. Fungal growth inhibitory effects of Bacillus metabolites in liquid cultures on 6-well microplates by microbioassay. 

 
Bacterial Bacterial A. fumigatus A. niger T. rubrum T. mentagrophytes 

strains metabolites  Dry weight  Inhibition Dry weight Inhibition Dry weight Inhibition Dry weight Inhibition 

 (ml) (mg) (%) (mg) (%) (mg) (%) (mg) (%) 
B. subtilis 2.5 2.7 90.3 1.1 95.51 2.5 93.6 4.2 79.2 

 1.25 8.2 71.17 7.9 67.75 12.1 69.0 6.3 68.9 

 0.625 12.8 54.95 8.6 64.89 14.5 62.9 9.7 52.0 

 0.312 16.8 41.12 14.0 42.85 21.5 45.0 12.1 40.3 

 0.156 25.2 11.69 23.0 6.13 32.1 17.9 15.9 21.7 

 0.0 25.8 0.0 24.5 0.0 39.1 0.0 20.3 0.0 
B. licheniformis 2.5 7.0 55.41 6.7 70.22 1.9 93.6 3.0 85.7 

 1.25 8.0 49.04 10.5 53.33 5.0 83.3 7.1 66.4 

 0.625 8.6 45.22 13.4 40.44 9.4 68.5 9.0 53.7 

 0.312 9.1 42.03 17.9 20.44 14.5 51.4 11.8 44.3 

 0.156 10.5 33.12 19.2 14.66 22.1 26.1 13.4 37.0 

 0.0 15.7 0.0 22.5 0.0 30.0 0.0 21.3 0.0 
B. axarqueinsis 2.5 4.2 72.0 6.3 74.49 7.2 77.7 5.4 71.3 

 1.25 8.6 68.84 6.9 72.06 8.3 74.7 6.4 65.9 

 0.625 13.4 51.44 8.1 62.34 13.4 58.6 8.9 52.5 

 0.312 15.0 45.65 9.3 58.70 25.7 20.4 11.5 39.0 

 0.156 18.9 31.52 10.2 32.79 29.7 14.9 15.1 19.7 

 0.0 27.6 0.0 24.7 0.0 32.4 0.0 18.9 0.0 
Bacillus sp. 2.5 10.4 70.22 8.9 68.43 9.6 67.6 8.3 58.6 

 1.25 16.4 55.33 9.8 65.95 15.2 48.9 10.2 46.9 

 0.625 18.6 40.44 14.7 47.87 13.7 42.0 11.9 38.2 

 0.312 21.3 20.44 15.8 43.97 19.8 33.6 13.7 29.0 

 0.156 26.5 14.66 19.8 30.14 24.7 17.4 16.5 14.5 

 0.0 32.1 0.0 28.2 0.0 29.9 0.0 19.3 0.0 

 
 

for over 60% of all dermatophytosis and deep der- 

mal infections (23). T. mentagrophytes is a signifi- 

cant causative of zoonotic fungal infections, which 

can transfer to humans, especially children and the 

elderly, from asymptomatic pets (24). Due to the in- 

creasing rate of individuals with problems of health 

conditions and antifungal resistance, their treatment 

has become concerning (25, 26). Therefore, in the 

presented study, we evaluated the antifungal activity 

of four Bacillus spp. against species of Aspergillus 

and Trichophyton. 

In this study, the inhibitory potential of different 

Bacillus spp. varied from strain to strain. B. subti- 

lis showed a more significant inhibitory effect on A. 

niger than A. fumigatus. B. axarqueinsis inhibited A. 

fumigatus more than A. niger. Based on our results, 

overall, the highest inhibitory effect of our four 

Bacillus strains was seen against Trichophyton spp. 

in both solid and liquid bacterial cultures and disk 

diffusion. The inhibition percentages of B. licheni- 

formis and B. subtilis disks against both Trichophy- 

ton species were about three times higher than those 

of A. fumigatus and A. niger. However, the fungal in- 

hibition percentage of B. subtilis was higher against 

A. fumigatus compared to Trichophyton in liquid 

cultures. 

Interestingly, our four Bacillus strains showed 

satisfactory antifungal activity in solid and liquid 

assays. However, compared to ketoconazole and 

amphotericin B, only B. subtilis had a significantly 

higher inhibition percentage against all four Asper- 

gillus and Trichophyton species. The reason can be 

referred to as the presence of multiple antifungal me- 

tabolites in B. subtilis supernatant compared to other 

Bacillus strains. It has been previously shown that B. 

subtilis can produce iturin A and surfactin, fengy- 

cin, and bacillomycin with antifungal activity (27, 

28). The satisfactory antifungal activity of B. subtilis 

http://ijm.tums.ac.ir/
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Fig. 3. The fungal growth inhibition percentages of different dilutions of bacterial metabolites against tested fungi of the gen- 

era Aspergillus and Trichophyton. 

 

Table 3. Inhibition zones and percentage of fungal growth inhibition by different Bacillus species compared to ketoconazole 

and amphotericin B in disk diffusion assay 

 
Treatments A. fumigatus 

Inhibition Inhibition 

A. niger 

Inhibition Inhibition 

T. rubrum 

Inhibition Inhibition 

T. mentagrophytes 

Inhibition Inhibition 

 zone (mm) (%) zone (mm) (%) zone (mm) (%) zone (mm) (%) 
B. subtilis 41 51.25 31 38.75 48 60 48 60 
B. licheneformis 16 20 13 19.12 52 65 52 65 
B. axarcoensis 28 35.4 22 27.5 43 53.7 43 53.7 
Bacillus sp. 27 33.75 19 23.75 29 36.2 29 36.2 
Ketoconazole 37 46.25 25 31.25 31 38.5 31 38.7 
Amphotericin B 25 31.25 18 22.5 35 43.7 35 43.75 

 

 

derivatives against Microsporum canis, Candida al- 

bicans, Cryptococcus neoformans was also report- 

ed by several studies (28-31). The Bacillus strains 

are likely to exert their antifungal activity through 

several potential mechanisms, including the pro- 

duction of enzymes that degrade fungal cell walls, 

secretion of antifungal metabolites such as surfactin 

or iturins, and competitive exclusion for essential 

nutrients (32). 

CONCLUSION 

 
Taken together, our study showed that Bacillus 

spp. could strongly inhibit the growth of T. rubrum, 

T. mentagrophytes, A. niger, and A. fumigatus. 

Further investigation to identify Bacillus metabolites 

responsible for antifungal activity, ability of iden-

tified bacilli as biocontrol agents against soil ha-

bitated fungi and to explore their spectrum of activity
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Fig. 4. A) The growth inhibition of A. niger by amphoter- 

icin B (A1), ketoconazole (A2), B. axarquiensis (A3), and 

B. subtilis (A4), disks and A. fumigatus   inhibition by B. 

axarquiensis (A5) B. subtilis (A6), amphotericin B (A7), 

B. Licheniformi (A8) disks. B) The growth inhibition of T. 

mentagrophytes by ketoconazole (KTC) (B2), B. subtilis 

(B3), amphotericin B (AMP) (B4), Bacillus sp. (B5) disks 

compared to control (B1) and T. rubrum by amphotericin B 

(AMP) (B7), Bacillus sp. (B8), ketoconazole (KTC) (B9), 

and B. subtilis (B10) disks compared to control (B6). 

 
and mode of action is recommended. 
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