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Abstract: The study of new strains of basidiomycetes as sources of biologically active
substances is a promising direction in modern biotechnology. This work aims to isolate
new cultures of the fungi Daedaleopsis tricolor, Pycnoporellus fulgens and Trichaptum abietinum
from natural fruiting bodies and to improve their growth conditions on solid nutrient
media. The identification of fungi was performed based on their morphological features
and using the Sanger sequencing method. Cultivation was carried out by placing inoculum
in the middle of a Petri dish and at the edge, which provided a more comprehensive
definition of the characteristics of colonies and fungus hyphae. New strains were registered
in Genbank Overview. The optimal cultivation temperature was 27 ◦C for all studied
strains. The highest radial growth was observed on synthetic medium for D. tricolor
(5.26 mm/day) and T. abietinum (7.5 mm/day), and on synthetic medium with lignin for
P. fulgens (2.98 mm/day). The biomass amount of D. tricolor KS11 was 133.25 mg at 9 days
of cultivation, that of P. fulgens KS12 was 86.73 mg at 16 days, and that of T. abietinum KS10
was 227.33 mg at 6 days. New strains of fungi can be used to obtain biologically active
substances for the food, pharmaceutical and cosmetic industries.

Keywords: basidiomycetes; Daedaleopsis tricolor; Pycnoporellus fulgens; Trichaptum abietinum;
solid culture media; cultivation conditions; DNA analysis

Key Contribution: New strains of insufficiently explored fungus species, Daedaleopsis tri-
color, Pycnoporellus fulgens and Trichaptum abietinum fungi, were obtained and characterized
by DNA analysis as well as micro- and macro-descriptions. Optimal nutrient media and
conditions for their cultivation were selected, and it was shown that Trichaptum abietinum
had the highest growth rate (7.5 mm/day) and accumulation of biomass (227.33 ± 36.53 mg
on the day 6) on a synthetic medium at 27 ◦C.

1. Introduction
Basidiomycetes cultivation in artificial conditions to studying the substances they

synthesize is an urgent task, since their fruiting bodies, growing in nature, contain
biologically active components that are promising for the production of supplements
and medicines [1–12]. Currently, the most well-known cultivated mushrooms are Gan-
oderma lucidum (reishi), Lentinus edodes (shiitake), Cordyceps militaris (military cordy-
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ceps), Inonotus obliquus (chaga) and Trametes versicolor (turkey tail). They contain bio-
logically active metabolites such as polysaccharides, proteins, pigments, phenolic com-
pounds and terpenoids [13–23], and are used in the pharmaceutical, food and cosmetic
industries [17,24–29]. The expansion of the spectrum of higher fungi that are efficient
producers of active components is of practical interest. For example, fungi such as Trichap-
tum abietinum, Daedaleopsis tricolor and Pycnoporellus fulgens (Hapalopilus fibrillosus) are
widespread in Europe and Asia and in some other regions with a temperate climate world-
wide [30–38]. At the same time, there are few data on these basidiomycete members in the
literature, and there are only a few publications about their cultivation [33,39–43].

It is known that the mycelium of D. tricolor contains proteins, polysaccharides, phenolic
compounds, flavonoids, terpenoids and carotenoids. Aqueous extracts from the mycelia of
D. tricolor exhibit antitumor activity against Hep-2 cells (IC50—100–115 µg/mL) and have
high antioxidant and antifungal activity [42,43]. P. fulgens is interesting for biotechnology
because it produces lignin-modifying and cellulolytic enzymes, including active lignin
peroxidases and H2O2-producing oxidases [40]. T. abietinum is known as a producer
of lignin-modifying oxidoreductases, such as laccase and manganese peroxidase [33,41].
Basidiomycetes D. tricolor, P. fulgens and T. abietinum produce various biologically active
compounds. This demonstrates their biotechnological potential and their potential for use
in the development of biologically active additives and medicines based on them.

The isolation and study of new strains will allow us to search for and select fast-
growing basidiomycetes as producers for use in industrial biotechnology.

The aim of this work is to introduce new strains of Daedaleopsis tricolor, Pycnoporellus
fulgens and Trichaptum abietinum into culture and to identify their culture conditions on
solid nutrient media, which ensure intensive growth and biomass accumulation.

2. Materials and Methods
2.1. Isolation of Pure Culture

Trichaptum abietinum fungi were collected from spruce (Picea abies (L.) H. Karst) in
a mixed forest in the Mari El Republic near Volzhsk (56◦04′04′′ N and 48◦20′11′′ E) in
September 2019. Daedaleopsis tricolor and Pycnoporellus fulgens were collected from birch
trees (Betula L., 1753) in the Republic of Tatarstan near Kazan (55◦57′17′′ N and 49◦09′04′′ E)
in July 2021. These forests contain coniferous trees (pine, spruce), deciduous trees (birch,
maple, oak, linden) and various shrubs. In the Republic of Mari El near Volzhsk, in the
year 2019, the weather conditions were as follows. In July, the average temperature was
18.56 ◦C, with a total of 151.7 mm of precipitation and an average humidity of 80.9%. In
August, the average temperature was 15.81 ◦C, with a total of 69.06 mm of precipitation
and an average humidity of 81.3%. In September, the average temperature was 11.11 ◦C,
with a total of 41.65 mm of precipitation and an average humidity of 80.6% [44]. In 2021, the
weather conditions in the Republic of Tatarstan near Kazan were as follows. The average
temperature in May was 18.1 ◦C, with 20 mm of precipitation and 60% humidity. In June,
the average temperature was 22.4 ◦C, with 21 mm of precipitation and 57% humidity. July
saw an average temperature of 22 ◦C, 81 mm of precipitation and 63% humidity [45,46].

Pure fungal cultures were isolated using the standard tissue method [33,47]. The
inoculum was cultivated on the surface of a dense potato glucose medium at 27 ± 2 ◦C for
5–7 days in a thermostat (TS-1/80 SPU, Smolensk, Russia). The isolated pure cultures were
stored in a test tube with slant agar at 4 ± 2 ◦C [47].
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2.2. Identification of Fungal Strains

The strains were identified based on their micro- and macromorphological features.
Microscopy of the mycelium was performed as in [33] at 400 magnification using a micro-
scope (MC 100 (LCD PC), Vienna, Austria).

The mycelium was inoculated at the center or at the edge of a Petri dish to determine
the time of colonization of the Petri dish and to identify the morphological features of the
fungal culture [33].

Primary nucleotide sequences of DNA were determined using Sanger sequenc-
ing. The sequencing reaction was performed with gene-specific primers ITS1 (5-
TCCGTAGGTGAACCTGCGG-3) and ITS4 (5-TCCTCCGCTTATTGATATGC-3) and a Big
Dye Terminator v 3.1 Cycle Sequencing Kit (Applied BiosystemsTM, Foster City, CA, USA).
A total of 2–5 µL of purified product of polymerase chain reaction (PCR) in an amount of
10 to 50 ng (depending on the length of the PCR product) was mixed with 1 µL of 3.2 pmol
primer, 0.8 µL of Ready Reaction Mix, 1.6 µL of 5X Sequencing Buffer and water to a
volume of 10 µL. Reading was carried out with both primers (forward and reverse). The
reaction was carried out using a Veriti amplifier (Applied BiosystemsTM, Foster City, CA,
USA) according to the following temperature protocol: preliminary denaturation at 96 ◦C
for 1 min, 26 cycles at 96 ◦C for 10 s, 50 ◦C for 5 s, and 60 ◦C for 4 min. The sequencing
of PCR products was performed on an ABI PRISM 3730 automatic sequencer (Applied
BiosystemsTM, Foster City, CA, USA) at the Interdisciplinary Center for Collective Use of
Kazan Federal University [47].

2.3. Selection of Nutrient Media and Temperature for Cultivation

The fungal strains were cultivated on the following agar nutrient media: (1) Sabouraud
agar (State Research Center for Applied Biotechnology and Microbiology, Obolensk,
Russia); (2) Czapek agar (BioCompass-S, Moscow, Russia); (3) potato glucose agar
(potato—200 g/L; glucose—20 g/L; microbiological agar—20 g/L); (4) glucose pep-
tone agar (glucose—30 g/L; peptone—5 g/L; potassium dihydrogen phosphate—0.5 g/L;
magnesium sulfate—0.5 g/L; microbiological agar—20 g/L); (5) synthetic medium
(glucose—20 g/L; yeast extract—5 g/L; potassium dihydrogen phosphate—0.5 g/L; mag-
nesium sulfate—0.5 g/L; microbiological agar—20 g/L); (6) synthetic medium with lignin
(glucose—20 g/L; yeast extract—5 g/L; lignin (Entegnin (hydrolytic lignin), “GNTS PM
Farma”, Moscow, Russia)—0.01 g/L; potassium dihydrogen phosphate—0.5 g/L; mag-
nesium sulfate—0.5 g/L; microbiological agar—20 g/L). The diameter of the inoculation
block was up to 5 mm. Fungus cultivation was carried out in a thermostat (TS-1/80 SPU,
Smolensk, Russia) at 27 ± 2 ◦C for 6–17 days.

To select the optimal growth temperature for the fungi, they were cultivated at 15, 24,
27 and 37 ◦C for 6 days on a synthetic nutrient medium (D. tricolor KS11 and T. abietinum
KS10) and a synthetic nutrient medium with lignin (P. fulgens KS12).

2.4. Determination of Radial Growth and Biomass Yield

To determine the radial growth of the fungal colony, the inoculum was placed in the
middle of the Petri dish with synthetic nutrient medium (D. tricolor KS11 and T. abietinum
KS10) and a synthetic nutrient medium with lignin (P. fulgens KS12). Two mutually per-
pendicular diameters of colonies were measured after 6 days of cultivation for further
calculation of their radius and radial growth as described in [48]. The mycelium grown
as described in Section 2.3 was separated from the solid nutrient medium by melting it
in a water bath, and then washed with water. The separated, washed fungal mycelium
was dried at 40 ± 2 ◦C by the convective–conductive method in an electric dryer (Oberhof
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Fruchttrockner B-53, Foshan, China). The amount of biomass was determined by the
gravimetric method [47].

2.5. Statistical Analysis

Each experiment and measurement was repeated three times, and the results are
expressed as the average value ± standard deviation (p < 0.05). The statistical analysis was
conducted with Statistica 13 with a data analysis toolkit.

3. Results and Discussion
3.1. Isolation and Identification of Fungal Strains of Daedaleopsis tricolor, Pycnoporellus fulgens
and Trichaptum abietinum

The isolated pure cultures were studied for macro- and micromorphology. The natural
fruiting bodies of fungi and their colonies grown on the surface of a dense potato-glucose
medium are shown in Figure 1.
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Figure 1. Fruiting bodies and aerial mycelium of fungi: (a,b) Daedaleopsis tricolor; (c,d) Pycnoporellus
fulgens; (e,f) Trichaptum abietinum.

D. tricolor forms felt colonies. The mycelium is loose and white, with compacted areas
with beige-brown pigmentation appearing with age. There is a zone around the inoculum
that has the lowest mycelial density, with a diameter of 5 mm. The edge of the colony
is smooth and rounded (Figure 1b). The mycelium of P. fulgens is cotton-like, uneven in
density, and fluffy. The edge of the colony is even. The colony is white, but in the center,
there is a light yellow pigment with an orange reverse (Figure 1d). The mycelium of T.
abietinum is white, with a yellow tint. The strain forms concentric ring-like aerial colonies
with smooth edges (Figure 1f). All isolated cultures have a pleasant mushroom smell.

According to microscopic studies (Figure 2a), the hyphae of D. tricolor are branched
and thin-walled with buckles. The aerial mycelium of P. fulgens is formed by septate thick-
and thin-walled hyphae without buckles (Figure 2b). The hyphae of T. abietinum are septate
and thick- or thin-walled with buckles (Figure 2c).
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Figure 2. Microscope photographs of mycelium at 400× magnification: (a) Daedaleopsis tricolor;
(b) Pycnoporellus fulgens; (c) Trichaptum abietinum (the red arrows show the septa, and the black
arrows show the buckles).

The morphological characteristics of the isolated strains are generally consistent with
the information available in the scientific literature [33,39]. Scientists from Italy and Spain
characterized colonies of T. abietinum grown on agarized malt extract (2%) at 25 ◦C as
follows. The mycelium is aerial, cottony and flocculent with a white, pale or transparent
color. The color of the reverse side of the Petri dish is the same. The hyphae are thin-walled
and septate, with clamps and numerous short branches [33]. Other authors [49] describe
the mycelium of T. abietinum as uncolored, with the colony exhibiting pressed edges, while
D. tricolor is described as having aerial mycelium with pressed edges, ranging in color from
white to brown [49]. Variations in the morphological features of the cultures may be due to
the locations of the collection of natural fruiting bodies, as well as differences in the climate
and cultivation conditions.

To confirm the morphological identification of the fungi, sequencing using the Sanger
method was performed.

A high-quality sequence of 567 oligonucleotide sequences was obtained for D. tricolor,
of 395 for P. fulgens, and of 556 for T. abietinum (Figure 3).BioTech 2025, 6, x FOR PEER REVIEW 6 of 15 
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Using the NCBI database, a sequence similarity of higher than 99% was established for
the isolated cultures with the sequences of the strains D. tricolor, P. fulgens and T. abietinum.

The cultures were deposited in the Genbank Overview database. The geographical
information, assigned numbers and fungal strains are presented in Table 1.

Table 1. Geographic data and assigned GenBank numbers of newly isolated fungal strains.

Fungus Strain Year of Collection Place of Collection Year of Deposition GenBank Number

Daedaleopsis
tricolor KS11 2021 Republic of Tatarstan 2023 OR804093

Pycnoporellus
fulgens KS12 2021 Republic of Tatarstan 2023 OR805526

Trichaptum
abietinum KS10 2019 Republic of Mari El 2023 OR610852

As a result, it was established that the isolated strains KS11, KS12 and KS10 actually
belong to D. tricolor, P. fulgens and T. abietinum, respectively. The new strains were registered
in the Genbank Overview database with the numbers OR804093 (Daedaleopsis tricolor KS11),
OR805526 (Pycnoporellus fulgens KS12) and OR610852 (Trichaptum abietinum KS10).

3.2. Selection of Nutritional Media for Culturing Strains of Daedaleopsis tricolor KS11,
Pycnoporellus fulgens KS12 and Trichaptum abietinum KS10

The development of one universal medium suitable for even related species is impossi-
ble, because the morphogenetic characteristics of different strains vary. Therefore, the selec-
tion of a nutrient medium for each new strain is a necessary step. To achieve this aim, nutri-
ent media frequently used for basidiomycetes cultivation were employed [41,47,50–54]. The
control nutrient medium for fungus cultivation was potato glucose agar, since new strains
are isolated on it and museum cultures are stored on it. The other nutrient media used
differ in their composition and the concentration of nitrogen and carbon-based substances.

Sabouraud agar contains the highest concentration of glucose and several nitrogen
sources [54]. Cultivation on this nutrient medium can show how the culture will grow under
conditions of excess nutrient components. Czapek agar includes another carbon-containing
substrate—sucrose and an inorganic form of nitrogen [50]. The source of nitrogen in the
glucose peptone agar is peptone. The synthetic media contained glucose as a carbon source
and yeast extract as a source of nitrogen and B vitamins. The synthetic media differ from
each other in that the second synthetic medium contained a source of lignin. The selected
composition of nutrient media will help us to establish the optimal source of carbon and
nitrogen for each fungal culture.

The growth of the studied cultures was assessed based on radial growth and biomass
accumulation (Table 2). Figure 4 shows the radiuses of 6-day colonies of D. tricolor KS11, P.
fulgens KS12 and T. abietinum KS10, obtained on solid nutrient media.

Table 2. Mycelial counts of D. tricolor KS11, P. fulgens KS12 and T. Abietinum KS10 on different solid
nutrient media at 27 ◦C.

Nutrient
Media

D. tricolor KS11 P. fulgens KS12 T. abietinum KS10

Days
Amount of Biomass

Days
Amount of Biomass

Days
Amount of Biomass

mg mg/cm2 mg mg/cm2 mg mg/cm2

Sabouraud
agar 13 168.67 ± 9.87 2.76 ± 0.18 - - - 9 262.33 ± 52.54 4.13 ± 0.83

Czapek agar 16 33.00 ± 18.03 0.54 ± 0.28 17 2.00 ± 1.00 0.04 ± 0.02 6 1.00 ± 0.05 0.02 ± 0.01
Potato
glucose agar 9 85.00 ± 9.17 1.34 ± 0.14 12 30.00 ± 0.75 0.47 ± 0.02 6 127.67 ± 23.35 2.01 ± 0.37
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Table 2. Cont.

Nutrient
Media

D. tricolor KS11 P. fulgens KS12 T. abietinum KS10

Days
Amount of Biomass

Days
Amount of Biomass

Days
Amount of Biomass

mg mg/cm2 mg mg/cm2 mg mg/cm2

Glucose
peptone agar 9 57.00 ± 3.61 0.96 ± 0.10 17 79.67 ± 22.85 1.33 ± 0.33 7 108.00 ± 44.51 1.70 ± 0.70

Synthetic
medium 9 125.00 ± 24.58 1.97 ± 0.39 16 70.00 ± 10.00 1.01 ± 0.01 6 171.50 ± 60.10 2.70 ± 0.95

Synthetic
medium with
lignin

9 125.33 ± 24.95 2.04 ± 0.28 16 81.33 ± 16.01 1.37 ± 0.25 6 157.00 ± 26.21 2.47 ± 0.41
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The amount of mycelium accumulated by the studied basidiomycetes during their
cultivation on different solid nutrient media was also determined. The results are presented
in Table 2.

All the studied basidiomycetes grew well on potato glucose medium. The highest
radial growth by the sixth day of cultivation (Figure 4) was observed for T. abietinum KS10
on almost all solid media, with the exception of glucose peptone agar and Sabouraud agar.
It can be assumed that the slow growth of the culture on Sabouraud agar is associated with
its high glucose content, as well as with excess nitrogen sources [54]. The optimal growth
rate for T. abietinum KS 10 was observed on Czapek agar, potato glucose agar, synthetic
medium and synthetic medium with lignin and was 7.5 mm/day. Other strains of this
species grown on a medium selected for them (malt extract agar) had a lower growth
rate. For example, T. abietinium 0110 grew at 5.8 mm/day and T. abietinium 5406 at almost
2 mm/day.

Intensive growth (6.32 mm/day) of D. tricolor KS11 was observed on potato glucose
agar (Figure 4). Similar data (7 ± 2 mm/day) regarding the growth rate of this fungus on
standard malt extract agar medium were presented in the work [39]. The slow growth of
D. tricolor KS11 on Czapek agar with sucrose as a carbon source indicates that this strain
may not metabolize sucrose well. This is probably due to the inactivity or absence of
β-glycosidase in this fungus [41].

The maximum radial growth (17.88 ± 0.45 mm) of the colony of P. fulgens KS12 was
achieved on the potato glucose agar (Figure 4), and the minimum (9.88 ± 0.2 mm) on
the Sabouraud agar. As was mentioned earlier, growth inhibition on this solid nutrient
medium occurs due to excess carbon- and nitrogen-containing substrates [53,54]. The
results obtained are consistent with the literature data [40], where the growth rate of P.
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fulgens on the malt extract agar was average (complete overgrowth of the Petri dish in
2–3 weeks or more).

The cultivation of D. tricolor KS11 and T. abietinum KS10 on Sabouraud agar al-
lowed us to obtain the highest amount of biomass (168.67 ± 9.87 mg for 13 days and
262.33 ± 52.54 mg for 9 days, respectively), but over a longer period compared to cultiva-
tion on other media. Intensive accumulation of the aerial mycelium of these basidiomycetes
was also observed on synthetic medium, while the biomass amount of T. abietinum KS10
was 1.4 times greater and its cultivation duration was 3 days faster (171.50 ± 60.10 for
6 days) compared to D. tricolor KS11 (125.00 ± 24.58 mg for 9 days).

According to the literature data [47], the addition of lignin sources to the nutrient
medium of basidiomycetes can increase their growth rate and accumulation of biomass.
Although it is known that P. fulgens [40] and T. abietinum [33,41] synthesize and use lignin-
modifying and cellulolytic enzymes in their metabolism, as demonstrated in Table 2, only P.
fulgens KS12 requires lignin. This fungus on the synthetic medium with lignin accumulated
a higher amount of biomass (81.33 ± 16.01 mg) compared to its growth on other media.

The fungal cultures under investigation can be ranked based on their radial growth
and biomass production, with Trichaptum abietinum KS10 leading the way, followed by
Daedaleopsis tricolor KS11 and Pycnoporellus fulgens KS12.

Based on the obtained results, the following nutrient media were selected for the
cultivation of basidiomycetes: for D. tricolor KS11 and T. abietinum KS10, the synthetic
medium, and for P. fulgens KS12, the synthetic medium with lignin. In these fungi, rapid
growth and biomass accumulation were observed on these nutrient media.

3.3. Effect of Temperature on Growth of Daedaleopsis tricolor KS11, Pycnoporellus fulgens KS12
and Trichaptum abietinum KS10

The selection of the optimal temperature for the cultivation of new fungal strains was
carried out on the synthetic medium (D. tricolor KS11 and T. abietinum KS10) and on the
synthetic medium with lignin (P. fulgens KS12) at 15 ◦C, 24 ◦C, 27 ◦C and 37 ◦C. The radial
growth of the colonies on the sixth day of cultivation is shown in Figure 5.
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Figure 5. Radial growth of fungi on the 6th day of cultivation on synthetic medium (D. tricolor
KS11 and T. abietinum KS10) and on synthetic medium with lignin (P. fulgens KS12) under different
temperature conditions.

The highest radial growth rates of 5.26 mm/day (D. tricolor KS11), 2.98 mm/day
(P. fulgens) and 7.5 mm/day (T. abietinum KS10) were observed at 27 ◦C.
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The results of determining the amount of biomass during the cultivation of D. tricolor
KS11, P. fulgens KS12 and T. abietinum KS10 at various temperatures are presented in Table 3.

Table 3. Mycelial counts of D. tricolor KS11, P. fulgens KS12 and T. abietinum KS10 under different
temperature conditions.

Temperature,
◦C

D. tricolor KS11 P. fulgens KS12 T. abietinum KS10

Days
Amount of Biomass

Days
Amount of Biomass

Days
Amount of Biomass

mg mg/cm2 mg mg/cm2 mg mg/cm2

15 10 84.75 ± 21.90 1.33 ± 0.34 - - - 9 195.33 ± 2.08 3.07 ± 0.03
24 10 130.25 ± 25.12 2.05 ± 0.40 13 70.00 ± 17.32 1.23 ± 0.31 7 189.67 ± 20.21 3.13 ± 0.32
27 9 133.25 ± 8.66 2.10 ± 0.14 16 86.73 ± 11.01 1.42 ± 0.24 6 227.33 ± 36.53 3.58 ± 0.57
37 Inhibits growth

The optimal growth temperature, selected based on the radial growth value (Figure 5)
and the amount of accumulated biomass (Table 3) for all studied strains, was 27 ◦C, which
is consistent with the literature data. The growth of all studied basidiomycetes usually
occurred at about 25 ± 2 ◦C [39–43].

Thus, at the optimal cultivation temperature, on selected nutrient media, for each
fungus, the amount of biomass of D. tricolor KS11 was 133.25 mg after 9 days, of P. fulgens
KS12 was 86.73 mg after 16 days and of T. abietinum KS10 was 227.33 mg after only 6 days.

3.4. A Detailed Description of the Morphological Features of the Colonies of Daedaleopsis tricolor
KS11, Pycnoporellus fulgens KS12 and Trichaptum abietinum KS10

In order to study the morphological features of the isolated strains in more detail, they
were cultivated by seeding the inoculum at the edge of a Petri dish under selected optimal
conditions (temperature, nutrient medium). This cultivation approach made it possible to
comprehensively describe in more detail the morphological features of the colonies, as well
as their characteristics and growth.

The cultivation process was conducted under the following conditions: A temperature
of 27 ◦C was maintained for all fungal species. D. tricolor KS11 and T. abietinum KS10
were cultivated on a synthetic medium, while P. fulgens KS12 was grown on a medium
supplemented with lignin. The duration of cultivation of D. tricolor KS11 with this inoculum
arrangement was 11 days, that of P. fulgens KS12 was 17 days, and that of T. abietinum KS10
was 9 days. Colonies of D. tricolor KS11, P. fulgens KS12 and T. abietinum KS10 are shown in
Figure 6.

D. tricolor KS11 forms a velvety colony type. The mycelium is dense, with long tangled
hyphae. The colony is white during the first 4 days of cultivation, and on the fifth day, the
colony acquires a brown-gray pigment, while the edge of the colony remains white. The
edge of the colony is uniform. It has a distinct mushroom odor (Figure 6a).

The aerial mycelium of P. fulgens KS12 forms a loose, cobweb-like film with long
tangled hyphae. The colony colors are yellow, ochre, orange and white in places. The edge
of the colony is uneven, and the pigment is irregularly distributed (Figure 6b).

T. abietinum KS10 forms aerial, felt-like colonies with a white color. The hyphae are
short, low. The edge is smooth. Concentric zonation is observed (Figure 6c). It has a
pronounced mushroom smell.

The colony of D. tricolor KS11 grown in this way had more pronounced zonality and
ray-shaped growth of its hyphae, as well as pigment allocation, compared to the standard
seeding of the inoculum in the center of the dish. The mycelial growth of P. fulgens KS12
and T. abietinum KS10 was not significantly different between two inoculation methods.
When inoculated at the edge of a Petri dish T. abietinum KS10 showed the shortest time for
overgrowing the surface of the nutrient medium, which confirms its rapid growth rate.
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The growth rate and ability to accumulate biomass on inexpensive nutrient media are
key indicators that determine the possibility of developing profitable industrial technologies
for producing biologically active substances and supplements using fungi [53]. We plan to
further investigate the biologically active compounds synthesized by these new strains and
determine whether valuable components should be isolated or whether their biomass can
be used as supplements.

4. Conclusions
New strains of basidiomycetes Daedaleopsis tricolor KS11, Pycnoporellus fulgens KS12

and Trichaptum abietinum KS10 were introduced into culture and deposited in the Genbank
database. The initial identification of pure fungus cultures was based on an analysis of
macro- and micromorphological features, followed by DNA sequencing for confirmation.
A solid culture medium and temperature were selected to meet the nutrient requirements
of newly isolated strains and promote their rapid growth and biomass accumulation. It was
determined that the suitable solid nutrient medium for the growth of D. tricolor KS11 and
T. abietinum KS10 was the synthetic medium, while for P. fulgens KS12, it was the synthetic
medium with lignin. All basidiomycete cultures should be cultivated at 27 ◦C.

The fungus T. abietinum KS10 is a productive and fast-growing strain, since its cultiva-
tion duration on a synthetic solid nutrient medium was 6 days. This was 3 and 10 days
less compared to the cultivation time of D. tricolor KS11 on the same medium and P. fulgens
KS12 on the synthetic medium with lignin. The amount of accumulated mycelium of T.
abietinum KS10 by the end of cultivation (227.3 mg) was 1.7 and 2.6 times higher compared
to that of D. tricolor KS11 and P. fulgens KS12.

Author Contributions: Conceptualization, M.A.S. and E.V.S.; methodology, M.A.S. and T.V.G.; vali-
dation, M.A.S., E.V.S. and T.V.G.; investigation, I.S.P. and R.K.I.; writing—original draft preparation,
I.S.P. and R.K.I.; writing—review and editing, M.A.S., E.V.S. and T.V.G. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.



BioTech 2025, 14, 30 11 of 13

Acknowledgments: We would like to express our gratitude to Kim Olegovich Potapov, Senior
Lecturer of the Department of General Ecology at Kazan Federal University, for engaging in valuable
consultations on identifying the natural fruiting bodies of mushrooms.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Belova, N.V. Lanosteroid Terpenoids and Steroids of Higher Fungi. Adv. Biol. Earth Sci. 2016, 1, 107–120. Available online:

http://jomardpublishing.com/UploadFiles/Files/journals/ABES/V1No1/Belova.pdf (accessed on 2 November 2024).
2. Murphy, E.J.; Masterson, C.; Rezoagli, E.; O’Toole, D.; Major, I.; Stack, G.D.; Lynch, M.; Laffey, J.G.; Rowan, N.J. β-Glucan Extracts

from the Same Edible Shiitake Mushroom Lentinus edodes Produce Differential in-Vitro Immunomodulatory and Pulmonary
Cytoprotective Effects—Implications for Coronavirus Disease (COVID-19) Immunotherapies. Sci. Total Environ. 2020, 732, 139330.
[CrossRef]

3. Liu, C.; Cheung, P.C.K. Structure and Immunomodulatory Activity of Microparticulate Mushroom Sclerotial β-Glucan Prepared
from Polyporus rhinocerus. J. Agric. Food Chem. 2019, 67, 9070–9078. [CrossRef]

4. Ha, D.; Loan, L.; Hung, T.; Han, L.; Khoi, N.; Dung, L.; Min, B.; Nguyen, N. An Improved HPLC-DAD Method for Quantitative
Comparisons of Triterpenes in Ganoderma lucidum and Its Five Related Species Originating from Vietnam. Molecules 2015, 20,
1059–1077. [CrossRef]

5. Risoli, S.; Nali, C.; Sarrocco, S.; Cicero, A.F.G.; Colletti, A.; Bosco, F.; Venturella, G.; Gadaleta, A.; Gargano, M.L.; Marcotuli, I.
Mushroom-Based Supplements in Italy: Let’s Open Pandora’s Box. Nutrients 2023, 15, 776. [CrossRef]

6. Gebreyohannes, G.; Nyerere, A.; Bii, C.; Sbhatu, D.B. Investigation of Antioxidant and Antimicrobial Activities of Different
Extracts of Auricularia and Termitomyces Species of Mushrooms. Sci. World J. 2019, 2019, 7357048. [CrossRef]

7. Bu, H.; Li, X.; Hu, L.; Wang, J.; Li, Y.; Zhao, T.; Wang, H.; Wang, S. The Anti-Inflammatory Mechanism of the Medicinal Fungus
Puffball Analysis Based on Network Pharmacology. Inform. Med. Unlocked 2021, 23, 100549. [CrossRef]

8. Peng, H.; Shahidi, F. Qualitative Analysis of Secondary Metabolites of Chaga Mushroom (Inonotus obliquus): Phenolics, Fatty
Acids, and Terpenoids. J. Food Bioact. 2022, 17, 56–72. [CrossRef]

9. Xu, T.; Li, G.; Wang, X.; Lv, C.; Tian, Y. Inonotus obliquus Polysaccharide Ameliorates Serum Profiling in STZ-Induced Diabetic
Mice Model. BMC Chem. 2021, 15, 64. [CrossRef]

10. Huynh, N.; Beltrame, G.; Tarvainen, M.; Suomela, J.-P.; Yang, B. Supercritical CO2 Extraction of Triterpenoids from Chaga Sterile
Conk of Inonotus obliquus. Molecules 2022, 27, 1880. [CrossRef]

11. Park, J.; Nguyen, T.M.N.; Park, H.; Nguyen, M.T.T.; Lee, N.; Ban, S.; Park, K.; Lee, C.; Kim, J.; Park, J.-T. Protective Effects of
Lanostane Triterpenoids from Chaga Mushroom in Human Keratinocytes, HaCaT Cells, against Inflammatory and Oxidative
Stresses. Int. J. Mol. Sci. 2023, 24, 12803. [CrossRef] [PubMed]
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