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( Abstract

Complex procedures are required for DNA extraction from filamentous fungi owing to the structural
complexity of their cell walls. Disruption of fungal cells results in the release of large amounts of
polysaccharides and proteins. The objective of the present study was to improve the yield and purity
of DNA through the development of a refined protocol for extracting dermatophyte genomic DNA
from the culture medium and to standardize each step of the extraction procedure. Different culture
media compositions (dextrose/maltose) were compared to assess fungal growth. The initial biomass
was standardized, and the mycelial biomass was subjected to liquid nitrogen grinding. A modified
phenol-chloroform extraction method was used with a five-step washing procedure. Genomic DNA
was subjected to quantitative and qualitative analyses by spectrophotometry and 1% agarose gel
electrophoresis, respectively. The average amount of DNA obtained in the study from Sabouraud’s
dextrose broth with Tween 80 was 1218.5 ng/uL. Amplification was performed using internal transcribed
spacer primers. The A260/A280 ratios ranged from 1.7 and 2.0. The genomic DNA obtained had a
sufficient molecular weight (>1,000 kb). Successful amplification with ITS primers designed for fungal
DNA confirmed sufficient removal of PCR inhibitors during both fungal cell preparation and DNA
extraction. The standardized, improved protocol for dermatophyte DNA provides a useful guideline for
mycology researchers to work with fungal genomic DNA of sufficient molecular weight, which is best
suited for downstream processes such as PCR, sequencing, and marker-based phylogenetic studies.
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INTRODUCTION

Extracting high-quality genomic DNA
from filamentous fungi for PCR requires technical
expertise, primarily because of the inherent
complexity of fungal cell structure. The rigid,
multilayered cell wall of fungal cells, which
contains chitin, various polysaccharides, and
glycoproteins, necessitates a targeted, specific,
and aggressive method for disrupting the cell and
isolating fungal genomic DNA. The next challenge
is to separate DNA from a dense matrix of
polysaccharides, proteins, endogenous RNA, and
the residual chemicals used during extraction.?
Remnants of any of the above factors hinder
downstream molecular processes such as PCR or
lead to suboptimal results in targeted amplicon
sequencing.? A critical initial factor determining
DNA quality and quantity is the mycelial mass
utilized for extraction, which can be optimized
through optimizing of the culture media and
growth conditions. Researchers have shown
that the relationship between mycelial mass
and final DNA yield varies among filamentous
fungi.? Therefore, optimizing the initial mycelial
quantity and the entire extraction procedure is
essential to obtain the best yield of genomic DNA
from the fungal species of interest. In molds,
the cell wall is composed of a complex matrix
primarily containing chitin, glucan, melanin,
and glycoproteins. Therefore, cell disruption
requires mechanical and chemical methods, but
these methods need to be implemented without
causing DNA shearing, as harsh treatment can
sometimes fragment filamentous DNA.*¢ After
the lysis process, the release of large amounts of
fungal cell wall contents into the solution requires
stringent purification steps. If the amount of
mycelia is greater, it can deplete the available
extraction reagents during the extraction process;
on the other hand, too little mycelial mass can
yield minute amounts of DNA after a series of
processes involved in the extraction procedure.
Therefore, optimizing the initial number of
mycelia is critical.® Multiple steps in the extraction
process can lead to the risk of DNA loss during
processing and carryover of phenol and other
chemicals to the final product. Residual phenol
in the supernatant slows DNA precipitation and
act as PCR inhibitors.”® Although commercial

spin column methods are available for extracting
DNA from plant and human fungal pathogens,
there is limited applicability of these methods
across different fungal isolates.? Therefore, the
conventional phenol-chloroform method has
been used by many researchers.>*? DNA obtained
using the phenol-chloroform method generally
has a higher yield and remains stable under
long-term storage at -20 °C. Considering the
technical challenges described above involved in
filamentous fungal DNA extraction, in the present
study, we aimed to develop an improved, simple
protocol for DNA extraction from dermatophytes
with the following objectives: to compare and
evaluate relevant culture media and conditions to
maximize fungal biomass yield, and to optimize the
protocol for dermatophyte fungal DNA extraction
by refining every step to obtain both high DNA
yield and purity. Therefore, this study provides a
practical guide for researchers in this field.

MATERIALS AND METHODS

This study aimed to standardize an
experimental protocol for genomic DNA extraction
from dermatophytes.

Dermatophyte isolates

To optimize culture conditions, four
Trichophyton mentagrophytes isolates were
selected that were previously isolated from
skin scraping samples obtained from clinically
suspected cases of dermatophytosis. Samples
were collected after obtaining approval from
the institutional ethics committee, and informed
consent was obtained from all patients. The fungi
were accurately identified to the species level
and stored (-80 °C) until further use. The specific
laboratory numbers assigned to the isolates for
experimental purposes were 1028, 1536, 286, and
976. Molecular biology-grade reagents were used
for all experiments.

Fungal culture media optimization: Four
different culture media were prepared as per
standard guidelines.?

Culture media and conditions

1. Plain Sabouraud’s dextrose broth (SDB): the
ingredients were as follows: 4 g dextrose, 1 g
peptone, and 100 mL distilled water.
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2. SDBsupplemented with Tween 80 (0.1%): For
this medium, 100 mL of SDB was added with
100 pL of Tween 80 during preparation only.
3. Plain Sabouraud’s maltose broth (SMB): 4 g
maltose, 1 g peptone, and 100 mL distilled
water.
4. SMB supplemented with Tween 80 (0.1%): For
this medium, 100 mL of SMB was added with
100 pL of Tween 80 during preparation only.
Once the ingredients for each culture
medium had completely dissolved, the pH was
adjusted to ~5.6 for all four types of media, and
the media were autoclaved for sterilization. Each
of these sterile growth medium was inoculated
with 1 mL of the fungal inoculum in sterile normal
saline prepared from a 7 day-old dermatophyte
colony grown on a Sabouraud dextrose agar plate.
Inoculated flasks were then incubated at 28 °C
at 100-120 rpm for 5 days. Four Trichophyton
mentagrophytes isolates were used in this study.

Quantification of mycelial growth

The fungal biomass obtained after 5 days
of incubation was quantified using previously
described methods.***> Briefly, 10 mL of growth
medium from the flasks was filtered through a
preweighed Whatman filter paper No. 1. These
filter papers were then placed aseptically onto
sterile glass Petri dishes and dried in a hot-air
oven at 40 °C until completely dry. The dried filter
paper was carefully weighed. The fungal mass was
calculated by subtracting the initial filter paper
weight from the final weight after filtration. The
fungal biomass harvested from the remaining 90
mL of broth from all 16 flasks was adjusted to a
uniform turbidity and used for liquid nitrogen
pulverization. A sterile mortar and pestle were
used for liquid nitrogen grinding.

Modified phenol chloroform extraction method

Genomic DNA extraction from
dermatophytes was standardized based on
earlier studies, with the incorporation of necessary
modifications.'!¢ Briefly, 5 day-old cultures
grown in different types of Sabouraud broth were
harvested by centrifugation at 5,000 rpm (2,376
x g) for 10 min and washed twice with sterile
PBS (pH 7.2). The washed mycelia were ground
in liquid nitrogen for a maximum of 2 min. This
preparation was either subjected to extraction

immediately or stored at -80 °C until use. For the
DNA extraction, first, approximately 700 uL of
liquid nitrogen-ground mycelial preparation was
transferred into microcentrifuge tubes and added
an equal volume of lysis buffer (100 mM Tris-HClI,
50 mM EDTA, 150 mM NaCl, and 10% SDS). Tubes
were incubated at 60 °C for 5 min and then cooled
to room temperature. After cooling, 20 plL of
proteinase K (20 mg/ml) and RNase (10 mg/ml)
were added, and tubes were incubated at 56 °C for
1 hrs to a maximum of 2 hrs to ensure complete
enzymatic digestion. After complete lysis, multiple
washing steps were carried out using a refrigerated
centrifuge at 4 °C and 13,000 rpm (15,626 x g) for
10 min for each step. The first two washes were
performed with water-saturated phenol, followed
by two washes with phenol:chloroform:isoamyl
alcohol (25:24:1). A fifth wash was performed
using chloroform only. After each wash step, the
clear upper solution was carefully transferred
to a fresh round microcentrifuge tube without
disturbing the lower debris. The supernatant
obtained from each step was mixed with an
equal volume of the respective washing reagent.
After the fifth and last wash, the supernatant was
transferred to a conical-bottomed microcentrifuge
tube (1.5 mL), and DNA in the supernatant was
precipitated by adding 50 puL of 3 M sodium
acetate (equivalent to 10% of the total volume of
supernatant) and two volumes of ice-cold absolute
alcohol (1 mL). DNA precipitation was facilitated
by overnight incubation at -80 °C. The precipitated
DNA was pelleted by centrifuging at 13,000 rpm
for 15 min, and the supernatant was discarded.
DNA was washed twice with chilled 70% ethanol
at 13,000 rpm for 5 min. The residual ethanol
was removed by pipetting with a 10 pL pipette,
followed by air-drying at 37 °C. After drying, DNA
was resuspended in 50 pL of Tris-EDTA (TE) buffer
(pH 8.0) and eluted by incubating the tubes at 37
°Cfor 30 min. The purity and concentration of the
DNA were assessed using spectrophotometry and
1% agarose gel electrophoresis, respectively (Table
1). The DNA was stored at -20 °C for further use.
The entire procedure is presented in the flowchart
(Figure 1). Following successful optimization of
the growth medium and extraction procedure,
20 dermatophytes were subjected to modified
phenol-chloroform extraction (Table 2).
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Table 1. Comparison of DNA yield and purity (A260/A280) across various culture media used (SDB = Sabouraud’s
Dextrose Broth; SMB = Sabouraud’s Maltose Broth)

No. Isolate Sample details A260/A280 DNA Quantity
No. (ng/ul)
1 1028-1 SDB Plain 1.7 659
2 1028-2 SMB Plain 2.0 515
3 1028-3 SDB with Tween 80 1.8 1039
4 1028-4 SMB with Tween 80 2.01 803.6
5 1536-1 SDB Plain 1.97 660
6 1536-2 SMB Plain 2.0 576
7 1536-3 SDB with Tween 80 1.8 1130.2
8 1536-4 SMB with Tween 80 2.01 886.9
9 286-1 SDB Plain 1.9 700
10 286-2 SMB Plain 2.0 612
11 286-3 SDB with Tween 80 2.0 1231
12 286-4 SMB with Tween 80 1.7 964.8
13 976-1 SDB Plain 2.01 780
14 976-2 SMB Plain 2.0 663
15 976-3 SDB with Tween 80 1.92 1474
16 976-4 SMB with Tween 80 2.06 938.5

Internal Transcribed Spacer (ITS) region-specific
PCR amplification

Fungal genomic DNA was amplified
from the internal transcribed spacer region
of ribosomal DNA. The primers used were
ITSF (GCATCGATGAAGAACGCAGC) and ITSR
(TCCTCCGCTTATTGATATGC). The amplification
conditions were as follows: initial denaturation
at 94 °C for 3 min, followed by 30 cycles of
denaturation at 94 °C for 1 min, annealing at 67
°C for 1 min, and extension at 72 °C for 3 min. The
final extension step was performed at 72 °C for 10
min. The amplicons were subjected to 1% agarose
gel electrophoresis and the resulting bands were
visualized under UV illumination.'’*

RESULTS

Effect of culture media on fungal biomass
production

The dry weight of mycelial growth
showed that SDB with Tween 80 yielded the
highest fungal biomass compared with all media
types; the results were consistent with all four
strains of Trichophyton mentagrophytes. The
addition of Tween 80 increased fungal dispersion
in the broth compared with that in plain media.
The average fungal biomass obtained from SDB
broth with Tween 80 was 412.5 mg/100 mL, which

Table 2. Details of the dermatophyte isolates subjected
to DNA extraction by the phenol-chloroform method

No. Species No. of isolates
tested
1 Trichophyton mentagrophytes 10
2 Trichophyton rubrum 4
3 Trichophyton indotineae 4
4 Trichophyton tonsurans 1
5  Microsporum canis 1
Total 20

was higher than that obtained from plain SDB and
SMB broths and SMB with Tween 80. However,
SMB broth with Tween 80 yielded higher biomass
(385.4 +21.1 mg/100 mL) than plain SMB (210.8
+15.4 mg/100 mL). Small clumps of mycelia were
observed in both SDB and SMB plain broths,
whereas uniform spreading of hyphal growth
was observed in Tween 80 containing broths.
The initial biomass from each broth was counted
microscopically after diluting 100 uL of pellets
from each tube; approximately 1-5 mycelia x 10’
/mL were found in all pellet preparations, with
slight differences. Fungal biomass grown from
SDB with Tween 80 (0.1%) after extraction yielded
a significantly higher quantity of DNA compared
with the other culture media used (P < 0.01), as
determined by two-way ANOVA (Table 1).
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Quantitative and qualitative assessment of
extracted genomic DNA

The modified phenol-chloroform method
consistently yielded high concentrations of fungal
DNA. The agarose gel runs were clean, indicating
sufficient removal of complex fungal cell debris
and RNA, along with chemicals used during the
washing steps. Spectrophotometric readings of all
16 samples revealed an average yield of 852 ng/ulL
of genomic DNA. The A260/A280 ratios of all 16

electrophoresis of 10 uL of sample yielded distinct,
high-molecular-weight bands with no smearing,
indicating that there was no contamination with
chemicals or RNA, and the grinding in liquid
nitrogen and vigorous chemical cleaning did
not cause DNA shearing. The absence of a low-
molecular-weight fluorescent smear at the bottom
indicated the absence of RNA contamination. Thus,
these results supported the purity of the DNA for
downstream applications.

samples ranged from 1.7- 2.0. The 1% agarose gel

1. HARVEST AND WASHING MYCELIA

5-day-old dermatophyte broth cultures pelleted & washed using PBS (pH 7.2) [S000 rpm (2376 x
) for 10 min]

2. LIQUID NITROGEN GRINDING
Cryogenic grinding of mycelial pellets in liquid nitrogen (2 min)

¥

3. CHEMICAL LYSIS

700 pl of liquid nitrogen ground mycelia +an equal amount of lysis buffer (100 mM Tris-HCI, 50
mM EDTA, 150 mM NaCl, 10% SDS): incubated at 60 °C for 5 min: then cooled to RT

4. PROTEIN AND RNA REMOVAL
20 pl of proteinase K (20 mg /ml) +12 pl RNase (10 mg /ml) added- incubation 56 °C for 1- 2 hrs

A 4

5. REMOVAL OF FUNGAL CELL DEBRIS AND OTHER MOLECULES

Centrifugation (13000 rpm for 10 minutes at 4 °C; after each wash, supernatant transferred to a
new round-bottomed 1.5 ml microcentrifuge tube. A total of 5 washes with equal amounts of
washing solution each time

A 4

I and II wash: with water-saturated phenol
III and IV wash: with water-saturated phenol: Chloroform: Isoamyl alcohol (25:24:1)
V wash: with chloroform alone

6. PRECIPITATION OF DNA

After V wash, supernatant to a 1.5 pl conical-bottomed microcentrifuge tube: added 3 M
sodium acetate (10% of total volume) + chilled absolute alcohol (twice the total volume); then
shifted to -80 °C

A 4

7. RECOVERY OF DNA PELLET

DNA-precipitated tubes from the deep freezer allowed to attain RT slowly; centrifuged to pellet
down washed twice with 70% Ethanol, dried & resuspended in 50 pl TE buffer

A 4

8. STORAGE

Quantification and purity of DNA were checked using Nanodrop spectrometry and gel
electrophoresis (1%). Long-term storage stock was maintained in -20 °C freezer.

Figure 1. Sequential flow chart of dermatophyte DNA extraction and purification protocol
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Figure 2. PCR products on 1% agarose gel; Lane M: 100
bp ladder, Lane 1: Negative control, Lane 2-7: Fungal
PCR products obtained from the modified phenol-
chloroform method

Results of PCR amplification

All samples were successfully amplified
using ITS primers, yielding amplicons of
approximately 432 bp. The bands obtained
were sharp and distinct, without evidence of
nonspecific amplification, supporting the absence
of substantial PCR inhibition and the successful
recovery of amplifiable DNA (Figure 2).

DISCUSSION

The structural complexity of the fungal
cell wall and the coprecipitation of inhibitory
secondary metabolites make the extraction of
fungal DNA challenging. In this study, the growth
conditions required for maximum fungal biomass
production were analyzed by comparing two
different carbohydrate-based media and the
presence of a surfactant. During the extraction
process, five washing steps were performed to
maximize DNA purity and yield.

In the growth medium, the inclusion of
0.1% Tween 80 facilitated uniform dispersion of
the fungal biomass. Therefore, the addition of
Tween 80 resulted in a cleaner, more uniform,
and higher biomass yield. These findings are
consistent with those of previous studies.’** The
mycelial ends, which are typically hydrophobic in
Trichophyton species, receive more exposure to

nutrients because of the addition of Tween 80. The
addition of Tween 80 reduces the surface tension;
therefore, surface pellicle formation is prevented,
ensuring adequate exposure of the hyphae to
nutrients and oxygen, which is also facilitated by
shaking. Sabouraud dextrose broth with Tween
80 (0.1%) led to the highest yield, suggesting that
fungi rely on glucose as a carbohydrate source,
because it is a monosaccharide that can enter
glycolysis directly. If the fungal biomass is dense
and forms clumps in liquid culture, these pelleted
clumps lead to anaerobic centers, which can cause
the release of secondary metabolites that can
coprecipitate with DNA. Tween 80, a nonionic
surfactant, resulted in a finely dispersed mycelial
suspension, thus maintaining homogeneous
aerobic conditions within the broth and minimizing
secondary metabolites.'* Therefore, the surface
area available for liquid nitrogen grinding was also
increased, and the grinding efficiency and lysis
buffer penetration were also improved.

In the lysis buffer, the use of adequate
proteinase K and RNase removed abundant
fungal proteins and RNA. While standardizing the
extraction procedure, we detected RNA smearing
using agarose gel electrophoresis of genomic DNA.
Optimizing the amount of RNA from 5 ulL per tube
in the initial trial to 12 pL led to clear RNA-free
bands on agarose gel electrophoresis. However,
the use of an excessive amount of RNase can cause
shearing of genomic DNA.?%%

During the washing process, exactly
five steps were used, which addressed the
“polysaccharide paradox”. Two washes with
water-saturated phenol facilitated denaturation
of robust fungal proteins, followed by two
washes with phenol:chloroform:isoamyl alcohol
(25:24:1) facilitated the removal of complex
polysaccharides from the interface. The final
wash with pure chloroform facilitated phenol
removal. Residual alcohol was removed from the
final DNA preparation by pipetting with a 10 pL
pipette and briefly drying at 37 °C. Traces of alcohol
remaining in the final DNA preparation decreases
the stability of polymerases during PCR.?2 The
A260/A280 ratio ranged from 1.7-2.0, consistent
with relatively pure DNA. Thus, each step of the
extraction process was systematically evaluated
and optimized.
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In the PCR, we used an annealing
temperature of 67 °C. The stringent optimization
of annealing temperature supported the absence
of substantial PCR inhibition commonly present
in fungal preparations, and the primers target
a fungal-specific region. Achieving an optimal
annealing temperature plays a key role in
standardizing PCR.%

The DNA thus obtained using the
modified method was suitable for downstream
applications, including PCR amplification and
sequencing. Based on the experimental data,
SDB supplemented with 0.1% Tween 80 was
identified as optimal for dermatophyte growth,
with a combination of liquid nitrogen grinding and
a five-step washing procedure incorporated in the
modified phenol-chloroform extraction protocol,
yielding high-quality genomic DNA.

CONCLUSION

The standardized “growth to
amplification” framework provided a clean,
cost-effective, and reproducible alternative to
more costly commercial methods. The technical
challenge in isolating high-quality genomic DNA
from dermatophytes was addressed by integrating
surfactant-enhanced biomass production and a
five-step organic extraction procedure, forming
a basis for a practical laboratory protocol for
researchers who aim to obtain DNA of sufficient
molecular weight that can meet the requirements
of phylogenetic and advanced molecular biology
applications.
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