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Introduction  

Soil is one of the largest reservoirs of fungi. Many of these 

microorganisms are useful to humans and play important 

roles in biotechnology, and also in the production of significant 

compounds, such as peptides, glycolipids, enzymes, organic 

acids, vitamins, polysaccharides, lipids, polyhydric alcohols, 

antibiotics, pigments, and other substances of relevance to 

the chemical, pharmaceutical, food and biotechnological 

fields.1,2 Engyodontium album, Fusarium venenatum and 

Phanerochaete chrysosporium are three important fungi 

widely used in different industries and biotechnology. E. 

album previously named Tritirachium album is an emerging 

opportunistic fungus that for the first time was separated 

from damp walls and old buildings. Conidiophore and 

hyphae are hyaline, thin-walled with a branching pattern of 

verticillium. This fungus is keratinophilic that break down 

keratin sources such as hair and nails in the soil.3 This 

fungus produces a proteinase k enzyme which is used for 

genome extract of the eukaryotic and prokaryotic cells. This 

enzyme is part of expensive materials and has many 

applications in molecular biology.4 The strains of F. 

venenatum is used in the production of the single cell protein 

mycoprotein Quorn. Its texture, flavor and the nutritional 

value almost resemble red meat and is a source of protein 

that is high in fiber and low in saturated fat.5-7 P. chrysosporium 

is capable of producing extracellular enzymes that break 

down the polymers and aromatic compounds such as lignin 

and have the ability to decompose trinitrotoluene (TNT).8,9 

Also, it is widely used in industries and biotechnology and 

applies in wastewater treatment, removal, and environmental 

cleanup.10,11 So far, several studies have been carried out on 

the isolation and identification of fungi from soil but most of 

them aimed to culture and to determine the prevalence of 
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fungal contamination. Nevertheless, these understudied 

fungi may also be randomly separated.12,13 In Iran, similar 

studies have been carried out to isolate both pathogenic and 

non-pathogenic fungi from soil using culture method, but 

molecular studies on soil have been rarely reported.14,15 The 

purpose of this study was to detect fungi with biotechnological 

importance namely, P. chrysosporium, E. album, and F. 

venenatum, directly from soil using the PCR method. 

 

Materials and Methods 

Sample Collection 

A total of 240 soil samples were randomly collected from 

different provinces of Iran (Tehran, Zanjan, Hamadan, 

Kermanshah, Kurdistan, and Hormozgan) during 2018 

(Table 1). The samples were frozen in -20 °C until the time 

of the experiment. 

 

Isolation and Identification of Isolated Fungi 

In this study, the isolation of fungi from soil was performed 

using the hair baiting technique and flotation methods 

according to Nosratabadi et al.12 Identification of fungi was 

carried out according to standard procedures and through 

performing DNA sequence analysis.12 

 

DNA Extraction Method 

In this study, DNA was directly extracted from all soil 

samples and positive control (F. venenatum ATCC 22563, E. 

album 1716/2007 Iranian isolate and P. chrysosporium 

ATCC 24725). Two methods of Cetyl Trimethyl Ammonium 

Bromide (CTAB) and phenol-chloroform were applied 

simultaneously for direct extraction of DNA from the soil.13 

Briefly, soil (5 g) after being a fine powder with liquid 

nitrogen was brought with normal saline (15 ml). The 

penicillin (100 U/ml) and streptomycin (100 ug/ml) was 

added then vortexed and remained motionless for 10 min. 

The supernatant (500 µl) was poured in a 1.5 ml Eppendorf 

tube. The DNA extraction buffer containing 50 mM Tris-

HCl (pH 8.0), 50 mM EDTA (Ethylene diamine tetra acetic 

acid), 10% SDS (sodium dodecyl sulphate)) and 5 μl of 

proteinase-K (2 mg/ml) was added and vortexed. The 

suspension was then incubated at 65 °C for 1 h and the 

cellular debris was removed by centrifugation at 3000 × g 

for 5 min. The supernatant (200 µl) was transferred to a new 

tube and extracted once with phenol-chloroform-isoamyl 

alcohol (25:24:1) and with chloroform-isoamyl alcohol 

(24:1). The DNA was precipitated by addition absolute 

ethanol until filling the tube. Finally, the DNA pellet was 

rinsed with 70% ethanol and suspended in TE (Tris-EDTA) 

solution. 

 

Purification of DNA  

DNA purification was performed according to Schena et 

al.14 The Polyvinylpolypyrolidone (PVPP) column was used 

to remove PCR inhibitor residues from the soil DNA raw 

extracts. Briefly, with a lancet, an opening (approximately 

0.5 mm in diameter) was made into the bottom of a 0.5-ml 

tube and then a glass tube was placed inside. The tube was 

filled with a PVPP powder (250 µg) and 400 µl distilled 

water, then placed in a 2-ml tube and centrifuged for 3 min 

at 3000 × g. The column was placed in a new 1.5-ml tube 

and 20 µl of DNA extract was transferred to the column and 

was centrifuged for 3 min at 3000 × g. The 0.5 tubes were 

removed and the purified DNA which was entering the 1.5 

tubes was kept at -20 °C. The cleaned DNA extracts were 

used for the PCR reactions. The concentration of DNA was 

measured by Nanodrop method and the quality of the DNA 

was determined by electrophoresis the DNA on agarose gel. 

 

PCR Reaction 

The amplification was performed in a total volume of 25 μl 

in each tube containing 12.5 μl master mix (Ampliqon, 

Denmark) (buffer, dNTP, Taq DNA polymerase, 2 mM 

MgCl2), 1 μl of the template DNA, 1 μl of each primer 

(Cinaclone, Iran) (Table 2) (20 pmol final concentration of 

each primer), and 10 μl distilled water. The PCR reaction 

was carried out using a thermal cycler (Biometra, Germany) 

with an initial denaturation at 94 °C for 5 min, 35 cycles with 

denaturation at 94 °C for 30 sec, anneallation at 56 °C for 45 

sec, extension at 72 °C for 45 sec, and a final extension at 72 °C 

for 7 min. The amplified products were visualized by 

electrophoresis in 1.5% agarose gels (CONDA, Spain) using 

the SYBR Safe stain (Figure 1). The PCR products were sent 

for sequencing (Macrogen, South Korea). The sequences 

were aligned using Mega 6, followed by visual inspection and 

manual adjustment. Subsequently, the data were compared 

with those in the NCBI/GenBank database. 

 
Table1: List of Locations, Number and Kind of Samples and Isolated Fungi from the Soils in Iran, during 2018 

Species (No.) 
No. of 

samples 
Longitude Latitude Cities & Villages 

Provinces of sampling 

place 

- 34 56°00´E 27°30´N Bandar Abbas & Islands  Hormozgan 

- 36 48°00´E 34°52´N Hamadan & Asad Abad Hamadan 

Fusarium venenatum (1) 35 47°00´E 37°8´N Zanjan & Soltaniyeh Zanjan 

Engyodontium album (1) 
Phanerochaete chrysosporium (1) 

80 47°00´E 36°00´N Sanandaj, Ghorveh, Dehgolan & 

Kamyaran 

Kurdistan 

P. chrysosporium (1) 15 47°00´E 34°23´N Javanrood & Paveh Kermanshah 

- 40 51°30´E 35°44´N Tehran Tehran 
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Table 2. The primers Used in the PCR, Sequence and Size of Their Products 

Fungus or gene name Product size (bp) Sequence Primer 

Universal for Fungi 550 5' TCCGTAGGTGAACCTGCGG 3' ITS1  

- - 5' TCCTCCGCTTATTGATATGC 3' ITS4  

F. venenatum 202 5' CTTGGGTGAAAGCTTGGACC 3' Ven F 

-  5' CGTCTACTTCGCCGTCTA CT 3' Ven R  

P. chrysosporium 502  5' CAAGGGCTCCTTCAAGTACG 3' Phan F  

- - 5' CCT CGC TCC ACT GCA CTA TC 3' Phan R  

E. album 248 5' GAG TCC TCC ATC TGC ACT GT 3' Alb F 

- - 5' GCA GTC TGG GCA ATG TAT CG 3' Alb R 

Proteinase k 243  5' CAC TAC CAG CGT CAC ATT CG 3' Albk F 

- - 5' GCT GCG ATT GAT GCT GAT GA 3' Albk R 

 

 

Figure 1. Agarose Gel Electrophoresis and Polymerase Chain Reaction 

Products of Many Studied Soil Samples Using ITS1 & ITS4 Primers. 

Lane 1: negative control; Lane 2: positive control (P. chrysosporum ATCC 

24725); Lane 3-16: different soil samples; M 100 bp DNA ladder. 

 

 

Figure 2. Agarose Gel Electrophoresis and Polymerase Chain Reaction 

Products of E. album and Proteinase k Gene Using Specific Primers. 

Lane 1: negative control; Lane 2: Proteinase k partial gene (243 bp); 

Lane 3: E. album partial gene (248 bp); Lane 4: positive control (E. 

album1716/2007 Iranian isolate); M 100 bp DNA ladder. 

 
Results 

In the present study, 1.7% of soil samples were positive for 

the presence of studied fungi, that included two isolate of P. 

chrysosporium (isolated from the soil of oak trees in the 

mountains in Paveh at Kermanshah province and the village 

Palangan in Kurdistan province), one isolate of F. venenatum.  

 

Figure 3. Agarose Gel Electrophoresis and Polymerase Chain Reaction 

Products of Studied Isolates. M 100 bp DNA ladder; Lane 1: positive 

control (Proteinase k partial gene of E. album 1716/2007 Iranian isolate); 

Lane 2: Proteinase k partial gene of E. album (present study, 243 bp); Lane 

3: positive control (E. album 1716/2007 Iranian isolate); Lane 4: E. album 

(present study, 248 bp); Lane 5: positive control (F. venenatum ATCC 

22563); Lane 6: F. venenatum (present study, 202 bp); Lane 7: positive 

control (P. chrysosporium ATCC 24725); Lane 8-9: P. chrysosporium 

isolates (present study, 502 bp); Lane 10: negative control. 

 

(isolated from the soil of Soltanieh Zanjan) and one isolate 

of E. album (isolated from the soil of Taluoar riverside in 

Dehgolan city of Kurdistan province). Figure 1 shows 

agarose gel electrophoresis and PCR products of the studied 

soil samples using ITS1 and ITS4 primers which confirmed 

fungal DNA extraction. In this study, the fungi detected 

with specific primers in soil samples were compatible with 

the results of sequencing (Figure 2 and 3). 

 

Discussion 

Fungi play a variety of roles in different industries and 

medicine and produce a wide range of industrial products.1,2 

E. album, F. venenatum, and P. chrysosporium have an 

important role in the production of proteinase K, Quorn 

mycoprotein, and bioremediation, respectively.4,7-9 In this 

research, the soil of different regions of Iran was evaluated 

using the PCR technique that in some cases three studied 

fungi were isolated and confirmed. E. album used to be 

included in the genus Beauveria and was then categorized in 
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a new genus, namely Tritirachium.15 De Hoog described a 

new genus, called Engyodontium, which consists of two 

species, namely E. album and E. parvisporum.15 Kachuei et 

al. reported this fungus for the first time from the Iran soil as 

a keratinophilic fungus.16 In the study of Habibi et al. E. 

album was isolated from moist surfaces in water-damaged 

buildings in Kerman.17 In the present study, this fungus was 

detected in damp soil near a river in Dehgolan city from 

Kurdistan province and was confirmed using the molecular 

method. E. album has been reported as human infections 

such as keratitis, brain abscess, endocarditis, eczema vesiculosum, 

and fungemia.18-21 One of the important characteristics of 

this fungus is its ability to produce various types of proteases 

and this feature of the fungus is used in the biotechnology 

industry for the mass production of proteinase K. It is a non-

specific serine protease that exhibits strong proteolytic 

activity on a wide variety of denatured and native proteins of 

high molecular weight and can be used for isolation of 

mRNA and high molecular weight DNA, isolation of 

plasmid and genomic DNA.22 This enzyme was discovered 

in 1974 in extracts of the fungus Tritirachium album.15 In 

this study, one isolate of F. venenatum was identified from 

the soil of Soltanieh Zanjan. This species is a ubiquitous 

saprophytic soil-borne fungus which was initially incorrectly 

classified as Fusarium graminearum.23 F. venenatum is 

widely used as a biological system for the production of 

recombinant proteins, mycoproteins, and enzymes. This 

mycoprotein is a good source of protein and also fiber and 

can be used in crisis conditions due to its low cost and 

nutritious property.7,24 In Iran, few studies have been 

conducted in this field. Hosseini et al. used F. venenatum 

(ATCC 20334) for fungal protein production.25 They applied 

Plackett-Burman design to study the effect of seven 

variables i.e., medium components, temperature, incubation 

time and inoculum condition on biomass and protein 

production and introduced the seed size (10% v/v), carbon 

source concentration (10 g/L), followed by the temperature 

(28 °C) and nitrogen source content (3.5 g/L) as the most 

significant parameters. In the present study, in addition to E. 

album and F. venenatum, two isolates of P. chrysosporium 

isolated from the soil of the oak trees in the mountains in 

Paveh at Kermanshah province and the village Palangan in 

Kurdistan province. P. chrysosporium (white-rot fungus) 

produce unique extracellular oxidative enzymes that degrade 

lignin (a major component of soil organic matter and also a 

rich source of carbon dioxide in soils), as well as related 

compounds found in explosive contaminated materials, 

pesticides, and toxic wastes.8,26 For the first time, Johnston et 

al. detected this fungus from the soil by PCR-RFLP with the 

amplification of the Internal Transcribed Spacer (ITS) gene 

[27]. Our study described a method that can be used to 

detect P. chrysosporium growing in soil using specific 

primers. Vörös et al. applied a new selective medium, 

containing rose bengal, dichloran, and Carbendazim to 

isolate P. chrysosporium from soil.28 The results of their 

studies showed that isolated P. chrysosporium strains efficiently 

degraded herbicides and parabens in soil microcosm 

experiments and the intensity of xenobiotics degradation was 

highly different in distinct soil types. In this study, two 

methods of Cetyltrimethylammonium Bromide (CTAB) and 

phenol-chloroform were used simultaneously for the 

extraction of DNA of the fungus directly from the soil. The 

CTAB method was used according to Plaza et al. and Jia et 

al.32,33 Phenol-chloroform is known as a traditional method 

for DNA extraction from fungi and other microorganisms.29,30 

However, few studies have been conducted by using this 

method to extract fungus DNA directly from the soil. Plaza 

et al. extracted the DNA of 50 cases of filamentous fungi 

directly from the soil with the phenol-chloroform method.30 

They claim that this method is rapid, more accurate, and also 

a more amount of DNA is obtained in this method. Tsai and 

Olson applied this method and introduced it as an effective 

method for total DNA extraction of native microorganisms 

directly in the soil.13 DNA extraction from soil usually has 

problems of contamination with humic acids that can 

influence the purity of the DNA and inhibit enzymes that 

amplify DNA during PCR. Therefore, DNA purification is a 

critical step in soil DNA extraction.31 It should be noted that 

the contamination of samples extracted with phenol sometimes 

leads to repeat some extraction steps because a small amount 

of residual phenol can have an inhibition effect on PCR 

reaction.32 In this study, the quality and quantity of the 

obtained DNA using phenol-chloroform method was suitable 

for molecular assays. 

 

Conclusion 

This investigation described a reliable method that can be 

used to detect important fungi in the field of industries and 

biotechnology directly in the soil using specific primers. 

This is while similar molecular studies have been performed 

with the aim of isolating plant pathogenic fungi including 

Fusarium species and Mycorrhiza fungi from soil and plant 

tissues.33,34 The results of the present study can provide an 

appropriate platform for next applied research and mass 

production of valuable fungal products in industries and 

biotechnology. 
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