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ABSTRACT  
 
Soil microbial communities are the most diverse group on earth possessing a plethora of activities useful to mankind. Fungal species in particular, 
produce secondary metabolites that are potential bioactive compounds.  In the present study, fungal species isolated from the soils of Kolli Hills, Tamil 
Nadu were subjected to a primary screening for their antibacterial activity. Ten fungal strains were selected and their extracts were tested against 
pathogenic bacteria by disc diffusion method.  The most efficient species identified as Chaetomium aureum showed remarkable inhibitory effect against 
the pathogenic bacteria tested and hence growth conditions such as culture medium, pH, temperature, incubation period and the minimal inhibitory 
concentration were standardized for the maximum production of the secondary metabolites. 
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INTRODUCTION 
 
The emergence of resistance in pathogenic microorganisms to 
commercial antibiotics is a common and alarming problem 
around the world. Among the infectious diseases, bacterial 
infections are one of the most harmful threats to human beings. 
Hence, researchers have started isolating new antimicrobial 
medicines from different sources. The progress in development 
of antibacterial agents as new drugs was necessitated by the 
development of multidrug resistant bacteria1. Microorganisms are 
the important sources of bioactive compounds with enormous 
potential to be developed as new molecules for drug discovery2. 
Microorganisms grow in unique and extreme habitats that provide 
them the capability to produce unique and unusual metabolites. 
These metabolites may act as chemical defense to extreme 
environments or as an adaptation of fungi competing for 
substrates3. The antimicrobial properties of secondary 
metabolites from various groups of fungi are widely reported4. 
They suggest that the competitive environment of microbial 
community as an important requirement for the production of 
bioactive molecules. There are many different sources where 
antibiotics can be discovered, among which medicinal herbs and 
soil5. Soil is a naturally occurring loose mixture of mineral and 
organic particles, considered as one of the most suitable 
environments for microbial growth6. It still remains the most 
important target for many researchers in their efforts to discover 
novel antibiotics. Soil fungi are also the major source of other 
industrially important compounds like enzyme inhibitors, anti-
helminthic, antitumor agents, insecticides, vitamins, 
immunosuppressant and immune-modulators7. Fifty-four 
actinomycetes were isolated from soil and analyzed for 
antimicrobial activity against fifteen test organisms including 
three phytopathogens. Among these nine isolates, three efficient 
strains were found to have higher degree of antimicrobial 
potential including activity against plant pathogenic fungus8.  
 
The ability of fungal strains to produce antimicrobial substances 
is influenced by different conditions such as culture media, pH, 
temperature, carbon content and incubation period9. The aim of 
the present work is to obtain crude extracts of soil fungus to 

investigate their antibacterial activity against the pathogenic 
bacterial strains and to standardize the physical and chemical 
parameters under which the fungus produces maximum quantities 
of the compounds of interest. 
 
MATERIALS AND METHODS 
 
Collection and isolation of soil fungi 
 
Soil samples were collected from the Kolli hills (Lat 11º 551 051 
to 110 211100 N, Long 171051 to 780 271 E), Tamil Nadu, India. 
Fungal strains were isolated by soil dilution plate method. The 
soil samples were sieved through a 2mm sieve in order to avoid 
large soil particles and decomposing plant materials. The samples 
were then dispensed into sterile polythene bags and were brought 
to the laboratory. Fungi were isolated by mixing 1g of soil 
samples containing decomposed plant material in 10ml of sterile 
distilled water and spun at 100rpm for 15min at room 
temperature. After 6-fold serial dilution, 0.1ml of the suspension 
was spread onto sterile Potato Dextrose Agar (PDA) medium 
containing chloramphenicol (150mg-l) for fungal isolation. 
 
Cultivation and extraction of fungal metabolites 
 
Extraction of secondary metabolites was carried out by using the 
method of Radji et al.10. All the fungal isolates were inoculated 
into 250 ml Erlenmeyer flasks containing 100ml potato dextrose 
broth and incubated at room temperature for 21 days under 
stationary conditions. The broth culture was filtered to separate 
the mycelia and the filtrate. To the filtrate equal volume of ethyl 
acetate was added, mixed well for 10 minutes and kept for 5 
minutes until the two clear immiscible layers were formed. The 
upper layer of ethyl acetate containing the extracted compounds 
was separated using a separating funnel. The culture filtrate 
extracts were pooled and evaporated to dryness in hot air oven. 
The extract residue was dissolved in Dimethyl sulfoxide (DMSO) 
and stored at 4°C to be used as stock solution for antimicrobial 
assay. 
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Test micro-organisms 
 
For antibacterial assay three gram-negative bacteria (Alcaligenes 
faecalis (Acc No: MTCC3104), Acinetobacter baumannii (Acc 
No: MTCC1425) and Pseudomonas aeruginosa (Acc No: 
MTCC1262) obtained from the King Institute of Preventive 
Medicine and Research Chennai, were used as test pathogens. 
The bacterial cultures were maintained on nutrient agar (NA) 
slants (Peptone 5g, yeast extract 2g, NaCl 5g and agar 18g, 
distilled water 1000ml, pH 7.0) and incubated at 37oC.  
 
Antibacterial assay 
 
Antibacterial activity assay was performed by disc diffusion 
method11. Muller Hinton Agar (Hi-Media) served as the basal 
medium to carry out the assay. To adjust the turbidity of bacteria 
0.5 McFarland Standard was used prior to carrying out the 
microbial assay. The discs were placed on to the bacteria- seeded 
plate along with 5% DMSO which served as negative control to 
detect the solvent effects. Commercial antibiotic discs 
(Streptomycin 10mcg) served as the positive control. The plates 
were then incubated at 37oC for 24 hours. Each test was carried 
out in triplets. 
 
Molecular characterization of the selected fungal isolate  
 
DNA extraction 
 
Total genomic DNA of the fungus was extracted using InstaGene 
TM Matrix (Catalog # 732-6030) genomic DNA isolation kit, 
following the instructions of the supplier. The freshly cultured 
cells were pelleted by centrifuging for 2 minutes at 10,000 rpm. 
The pellet was resuspended in 1ml of sterile double distilled water 
and centrifuged at 10,000 rpm for 1 minute. The supernatant was 
discarded and 200μl of InstaGene matrix was added to the pellet. 
This mixture was evenly mixed by using magnetic stirrer and 
incubated at 56°C for 15–30 minutes. Later the mixture was 
vortexed at high speed for 10 seconds and placed in 100°C heat 
block for 8 minutes. Again the mixture was vortexed at high speed 
for 10 seconds and spun at 10,000 – 12,000 rpm for 2-3 minutes. 
The supernatant was used for DNA amplification using 
polymerase chain reaction (PCR).  
 
PCR amplification 
 
PCR was performed using the diluted genomic DNA of the 
selected isolate.  18S rRNA amplification and sequencing were 
done using the forward primer, ITS-1: 
TCCGTAGGTGAACCTGCGG and reverse primer ITS2 (5’-
TCCTCCGCTTATTGATATGC-3’)12. The PCR product was 
purified using Montage PCR Clean up kit (Millipore) and then 
sequenced using Big Dye Terminator and ABI 3730xl sequencer 
(Applied Biosystems). The phylogenetic tree was constructed 
through alignment of the sequences of the NCBI GenBank data 
using molecular and evolutionary genetics analysis (MEGA) 
software (version 4.0).  
 
Optimization 
 
Selection of culture medium for bioactive compound 
 
In order to select the best suitable medium for production of 
secondary metabolites, four different culture media namely 
Potato Dextrose Broth (PDB), Sabouraud Dextrose Broth (SDB), 
Czapek Doxbroth (CDB) and Glucose Yeast Broth (GYP) were 
used. The potential of bioactive compounds extracted from 
selected fungal isolate was assessed by measuring the activity of 
crude extract against bacterial pathogens.  
 
 

Effect of pH 
 
Initial pH range of medium was adjusted starting from 3, 5, 7, 9 
and 11, and incubated for 21 days in room temperature under 
stationary condition. The bioactivity of metabolite production 
was estimated by measuring the zone of inhibition against target 
bacterial pathogen. 
 
Effect of temperature 
 
The selected culture was grown under different temperatures to 
observe the effect on bioactive metabolite production. The culture 
was inoculated in 250ml flask containing 100ml of PDB and 
incubated for 21days at three different temperatures 25°C, 30°C 
and 35°C. 
 
Effect of incubation period 
 
The selected fungal strain was incubated and sampled at seven-
day intervals to observe the activity of the crude extract. 
Erlenmeyer flask of 250 ml volume containing 100 ml broth 
(PDB) was inoculated with equal diameter (5mm) of fungal ‘mat 
cake’. All flasks were incubated at 30°C for 7, 14, 21 and 28 days 
respectively. Activity of crude extract against target bacterial 
pathogens was assessed by performing disc diffusion assay. 
 
Determination of minimum inhibitory (MIC) and minimum 
bactericidal concentrations (MBC) of fungal crude extract: 
 
MIC and MBC were determined by macrobroth two-fold serial 
dilution method13. All tests were performed with Muller-Hinton 
broth. Bacteria were cultured overnight at 37◦C. The fungal crude 
extract was dissolved in 10 per cent DMSO to obtain 2mg/ml. For 
determination of MIC and MBC, 8 sterile screw capped test tubes 
were used. A volume of 1 ml of nutrient broth was dispensed into 
each test tube, 1-6 and 2mL into test tube 7 served as control and 
incubated at 37 °C for 24 hrs. After incubation, the lowest 
concentrations, which did not show any growth of tested 
organism was considered to Minimum Inhibitory Concentration 
(MIC). From the test tubes with no growth (no turbidity), 0.1 ml 
was taken and spread over the surface of Mueller Hinton agar 
plates. After incubation at 37 °C for 24 hours, the colonies were 
observed, and the MBC was determined.  
 
Statistical analysis 
 
The results are expressed as mean± SD obtained from triplicates. 
Values were statistically significant (P≤0.05). The mean values 
and standard deviation were calculated using the Excel program 
of Microsoft Office 2010 package. 
 
RESULTS AND DISCUSSION 
 
From the soil samples collected from Kolli hills, a total no of 31 
fungal isolates were isolated by spread plate method. These 
fungal isolates were grouped into 10 genera, based on their 
physical appearances and growth morphologies. The 10 fungal 
strains belong to 3 sp. of Penicillium, 2 sp. of Aspergillus, 2 sp. 
of Trichoderma, 1 sp. of Fusarium and 1 sp. of Chaetomium. The 
present investigation recorded a greater number of Penicillium sp. 
and Aspergillus sp. followed by Chaetomium sp. Aspergillus and 
Penicillium that were dominant in forest soils14. A similar 
observation was reported by Saravanakumar et al., in wet ever 
green forest soils of Tamil Nadu15. 12 sp. of Penicillium, 09 sp. 
of Aspergillus, 7 sp. of Chaetomium, 6 sp. of Trichoderma, 4 sp. 
of Fusarium, 4 sp. of Absidia, 4 sp. of Cladosporium, and 3 sp. of 
Phoma sp. were isolated from the soil samples of Mattavara 
forest, Chikamagalur, Karnataka16. Twenty-three sp. of 
Aspergillus and sixteen sp. of Penicillium were reported while 
studying the flora of Penicillium and Aspergillus in different 
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habitats17. The observations of the present study is similar to that 
of the results obtained by Reddy et al.,18. 
 
Screening for antibacterial activity 
 
The increasing prevalence of drug-resistant bacteria necessitates 
the need to search for novel sources of antibiotics. The 
development of novel drugs against drug resistant pathogen is the 
need of the hour. Metabolites of fungal species are diverse and 
exhibit various biological activities19. A number of fungi are 
already known to produce antibiotics20. The results obtained from 
the present study lay emphasis on antibacterial activity of soil 
fungi. Though, the biodiversity of the fungi remains unclear, the 
expected number of species can be up to 5 million21. It is to 
conclude that the fungi will remain one of the significant bio-
resources for antibiotic discovery. The crude ethyl acetate 
extracts of the ten fungal species were selected to analyze for the 
presence metabolites exhibiting inhibitory activity against 
selected pathogenic microbes (Table 1 & Plate 1). Results showed 
that all the fungal isolates used in this study showed antibacterial 
activity against one or more of the tested organisms. Among them 
Chaetomium sp. (Isolate 1) showed prominent activity against all 
the three pathogenic bacteria. The crude ethyl acetate extract of 
Chaetomium sp. showed the highest activity against A. faecalis 

(22.83±0.55), followed by A. baumannii (15±0.66) and P. 
aeruginosa (14.5±0.33). Positive control (streptomycin) shows 
inhibition zone ranging between 13 and 14mm and no zone of 
inhibition was observed in the negative control (DMSO). 
Moderate activity was exhibited by Aspergillus and Penicillium 
sp. with inhibition zone ranging between 12.5±0.33 and 
14.66±0.22. The ethyl acetate extract showed antioxidant and 
antimicrobial activities. Several types of bioactive compounds 
have been reported from this unique fungal species. Chaetomium 
species are able to produce antimicrobial, cytotoxic, anticancer, 
antimalarial, and antioxidant compounds with chemical 
diversity22. Chaetomium species have been used to produce 
umpteen number of pharmacologically active metabolites, 
including chaetoglobosins, cytoglobins, anthraquinones, steroids, 
azaphilones, alkaloids, and depsidones23. C. globosum strain has 
been to possess a variety of biological activities including 
cytotoxicity, antibacterial activity, phytotoxicity, elicitor 
activity24. The antimicrobial metabolites produced by 
Chaetomium species displayed considerable antibacterial 
activities against Staphylococcus aureus and   Pseudomonas 
aeruginosa (zone of inhibition, 9 - 15 mm)25. Based on the results, 
the most potential Chaetomium species (Isolate, 1) was selected 
for further studies. 

 

 
 

Plate 1: Plate assay for antibacterial activity of fungal extract 
A- Acinetobacter baumannii; B- Alcaligenes faecalis; C- Pseudomonas aeruginosa; 

 
Table 1: Bioactivity of fungal crude extracts against pathogenic bacteria (zone of inhibition) 

 
Fungal Isolate No Acinetobacter 

baumannii 
Alcaligenes 

faecalis 
Pseudomonas 

aeruginosa 
1 15.00±0.66 22.83±0.55 14.50±0.33 
4 14.66±0.22 14.83±0.55 - 
5 10.00±0.00 14.10±0.22 - 
7 10.00±0.00 18.00±0.66 - 
8 13.00±0.66 13.00±0.00 - 

33 - - - 
34 - 12.43±0.37 - 
73 12.50±0.33 15.33±0.66 - 
75 - - - 
81 - - - 

Streptomycin 14.00±0.00 13.00±0.00 13.00±0.00 
DMSO - - - 
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Molecular characterization of fungal isolate 
 
The selected fungus Chaetomium sp. (Isolate No:1) was characterized on the basis of 18S rRNA gene sequencing. Fig.1 illustrates the 
phylogenetic tree showing the evolutionary relationship of the isolate Chaetomium sp. with other closely related taxa. The isolate 
showed 98% similarity with Chaetomium aureum (KU597364.1) of the NCBI Gene bank data. The sequence has been deposited in 
Gene bank with Acc. No. MH198043. 
GACGCGTACCTTTTAACGTTGCTTCGGCGGGCGGCCCGCTCCCCTGGAAAGCC 
CCTGTGGCCGCCCGGGGCTGCGAGCCCCCCGGCCCCCCTCGCGGGGGCGCCC 
GCCGGAGGATACCCAACTCTTGATTATTTTAGGCCTCTCTGAGTCTTCTGTAC 
TGAATAAGTCTAACTTTCAACAGCGGATCTCTTGGTTCAGGCATCGATGAAGA  
ACGCAGC 
 

 
 

Fig.1 The phylogenetic tree of Chaetomium aureum 
 

 
 

Fig 2: Effect of different media on metabolite production in Chaetomium aureum 
Potato Dextrose Broth (PDB); Sabouraud Dextrose Broth (SDB); Czapek Dox broth (CDB); Glucose Yeast Broth (GYP) 

 

 
 

Fig 3: Effect of different pH on metabolite production in Chaetomium aureum 
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Fig 4: Effect of different Temperature on metabolite production in Chaetomium aureum 
 

 
 

Fig 5: Effect of different Time periods of incubation on metabolite production in Chaetomium aureum 
 
Effect of physical and chemical parameters on Chaetomium 
aureum  
 
Selection of suitable culture media 
 
Physiochemical requirements of fungi are known to vary 
significantly not only within genera but also between the strains26. 
In the present study, Chaetomium aureum was grown on different 
culture media such as PDB, CDB, SDB and GYP. The significant 
quantity of bioactive metabolite production was observed in 
Potato dextrose broth (PDB) with maximum zones of inhibition 
23.16±0.22, 16±0 and 13±0 against A. faecalis, A. baumannii, and 
P. aeruginosa respectively. The crude extract obtained from SDB 
showed activity against the sole bacterium A. faecalis with an 
inhibition zone of 11.3±0.66. The least activity was recorded in 
SDB medium with an inhibition zone of 8±0 (Fig. 2). PDB is the 
best medium for the growth that enhanced the production of 
secondary metabolites from Aspergillus terreus considerably 27. 
 
Effect of pH 
           
The pH of a culture medium is usually not constant throughout 
fermentation and the changes that occur are highly dependent on 
composition of the medium. The optimum pH for growth rate 
may be entirely different from optimum pH of product 
formation28. In order to determine the optimum pH for maximum 
antimicrobial metabolite production, the selected isolate, 
Chaetomium aureum showed variations in antimicrobial activity 

when subjected to different pH values. Maximum activity was 
found at a pH value of 7, with a zone of inhibition of 21±0.66 
against pathogenic bacteria (Fig, 3). Digrak and Eluk reports on 
the maximum production of biomass by Fusarium equiseti was at 
pH 8, whereas accumulation of toxic metabolites was high at the 
pH 529. In the present study it was found that Chaetomium aureum 
grew well in pH ranging between 5 and 7. Rubini et al., also have 
reported the growth and production of antibacterial agent was at 
pH 730. The pH of culture medium is one of the determining 
factors for the biosynthesis of secondary metabolites. The pH is 
related to permeability characteristics of the cell wall and 
membrane and thus has got an effect either on ion uptake or loss 
of ions to the nutrient medium31.  
           
Effect of temperature 
 
Incubation temperature is known to influence directly the overall 
growth and development of any organism. It affects the 
physiology and subsequently the synthesis of various 
metabolites32. The effect of temperature is significant on the 
production of antimicrobial metabolites of the isolate 
Chaetomium aureum that remained active at all of the rendered 
temperature values. However, the most significant production 
was observed at 30°C, where the zone of inhibition against 
pathogens was noted to be 23.16±0.22 at 25oC (Fig, 4). 
Gunasekaran and Poorniammal have reported highest secondary 
metabolite production at a temperature of 30ºC in their study33. 
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Effect of incubation period 
 
The duration of incubation period varies significantly for 
different fungi for growth and metabolite production34. The effect 
of incubation period on the growth and production of 
antimicrobial metabolites was studied by incubating the 
Chaetomium aureum isolate for 7, 14, 21 and 28 days. Maximum 
antimicrobial activity was observed from the fungal cultures 
incubated for 21 days with inhibition range between 13±0.66 and 
22.5±0.33 (Fig 5). Bioactive metabolite production increased 
significantly from 7 to 21 days. However, it declined after 21 days 
of incubation. Variations in antimicrobial metabolite production 
with different incubation periods have also been reported by 
earlier workers.35 

 
MIC and MBC 
 
Minimum inhibitory concentration (MIC) is defined as the lowest 
concentration of antibiotics or pigment that did not show any 

growth of tested pathogens at a minimum concentration36. To 
determine the degree of antibacterial activity, the crude extract of 
Chaetomium aureum was subjected to minimum inhibitory 
concentration (MIC) assay by two-fold serial dilution method37. 
The present result revealed that the crude extract of the fungus, 
Chaetomium aureum exhibited good antibacterial activity against 
all the three test pathogens used in the study (Table 2). The MIC 
values were found ranging from 50µg/ml to 100 µg/ml of crude 
extract against test bacteria. The Minimum Bactericidal 
Concentration was recorded as 100 µg /ml of the crude extract. In 
fact, strongest activity was found against Pseudomonas 
aeruginosa (MIC of 50µg/ml and MBC of 100 µg/ml), followed 
by Acinetobacter baumannii (MIC of 100 µg/ml and MBC of 200 
µg/ml). The obtained result is similar to the findings of Florey et 
al., 38. Higher concentrations of antimicrobial substance yielded 
greater degrees of growth inhibition. Santos et al., have reported 
that the minimum inhibitory concentration of Nigrospora 
sphaerica against Pseudomonas aeruginosa with MIC as 
1.56mg/ml and MBC 12.5mg/ml39. 

 
Table 2: MIC and MBC values of fungal crude extracts 

 
Pathogens Crude extract (µg /ml) Standard (µg/ml)  

MIC MBC MIC MBC 
Acinetobacter baumannii 100 200 25 100 

Alcaligenes faecalis 50 100 25 50 
Pseudomonas aeruginosa 50 100 25 100 

 
CONCLUSION 
 
This study indicates that fungi isolated from soil environment 
produce many pharmaceutically important bioactive compounds 
with antibacterial potential under optimum conditions. 
Chaetomium aureum showed better antimicrobial activity against 
test pathogens. Soil fungi revealed their potential to yield 
bioactive metabolite which may play an important role of 
providing biomolecules for drug designing in pharmaceuticals 
industry. Hence, further studies have to be taken to carry out 
purification, characterization and identification of bioactive 
metabolites of Chaetomium aureum for drug discovery and 
exploitation. 
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