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Pectinolytic enzymes are of considerable industrial importance due to their ability to degrade pectin
in plant cell walls. Recently, increasing attention has been directed toward basidiomycetes, particularly
the genus Trametes, which are capable of synthesizing complex enzymatic systems; however, their poten-
tial for pectinase production remains insufficiently explored.

Aim. The study purposed to investigate the growth and enzymatic activity of the basidiomycete
Trametes hirsuta under surface and submerged cultivation in order to expand the biotechnological poten-
tial of these organisms as pectinase producers.

Materials and Methods. The study involved six strains of the macromycete Trametes hirsuta depos-
ited at the Institute of Botany of the National Academy of Sciences of Ukraine. A peptone—yeast extract
medium supplemented with pectin (solid nutrient medium) was used for surface cultivation. Mycelial
growth was measured daily, and pectinase activity was assessed using a cetrimide-based method.
Submerged cultivation was performed in a glucose—peptone—yeast extract medium for 14 days, after
which protein content, dry biomass, and pectinolytic enzyme activity were analyzed. Statistical analysis
included Student’s t-test and Duncan’s multiple range test using R and Excel software.

Results. T. hirsuta strains 5018 and 5137 demonstrated more active growth on pectin-containing
media. Overall, the overgrowth period ranged from 5 to 9 days, depending on the strain. The highest
radial growth rate was recorded for strain T. hirsuta 1569 (10.25 mm/day). The pectinase activity index
(PAI) was determined, with strain T. hirsuta 1569 exhibiting the highest value (1.08 = 0.04), indicating
its strong potential for pectinolytic enzyme synthesis.

Conclusions. During submerged cultivation, strain T. hirsuta 1569 showed high polygalacturonase
activity (1.28 = 0.13 U/mL) and pectinesterase activity (0.31 = 0.04 U/mL). In contrast, strain T. hir-
suta 338 exhibited significantly lower enzymatic activities and was therefore excluded from further
experiments.

Keywords: Trametes, pectinolytic enzymes, growth rate, pectinase activity, polygalacturonase,
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Pectinolytic enzymes (pectinases)
constitute one of the key groups of industrial

B-elimination (trans-elimination), and de-
esterification [2]. According to their specificity

enzymes responsible for the depolymerization
of pectin, the principal component of plant
cell walls [1]. They catalyze the breakdown
of complex pectic polysaccharides into
low-molecular-weight products, such as
galacturonic acid. The main mechanisms
of pectinase action include hydrolysis,

toward the pectin backbone, pectinolytic
enzymes are classified into several groups.
The major classes include pectinesterases (PE),
which reduce the degree of pectin methyl-
esterification, and polygalacturonases (PG),
which hydrolyze glycosidic bonds between
galacturonic acid residues [3].
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Due to their multifunctional catalytic
properties, pectinases are widely applied
in the food industry (juice, wine, and
puree production) [4], as well as in the
textile industry, agro-industrial waste
processing, wastewater treatment, and paper
manufacturing [5].

Most commercially available pectinases
are produced by microorganisms such as
Aspergillus niger, Trichoderma viride, and
Penicillium spp. via submerged or solid-
state fermentation [4, 6]. Aspergillus and
Penicillium species possess GRAS status
(Generally Recognized As Safe for food
applications), which makes them the most
commonly used organisms for industrial
pectinase production [7]. Bacterial producers
are also widely employed in industrial enzyme
manufacturing [8]. Serratia marcescens,
Lysinibacillus macrolides, and representatives
of the genera Bacillus, Pseudomonas,
Erwinia, and Streptomyces exhibit high
levels of pectinolytic enzyme synthesis. The
highest pectinolytic activity among bacteria
is observed in members of the genera Bacillus
and Erwinia [9-11].

At present, the search for alternative
enzyme sources remains an important
scientific challenge [12, 13]. Recently,
increasing attention has been directed toward
basidiomycetes, wood-decaying fungi capable
of producing complex enzymatic systems,
including ligninolytic enzymes involved in
lignocellulose degradation [14—16].

Xylotrophic basidiomycetes, including
T. hirsuta, colonize a wide range of plant
substrates, particularly wood [17]. The plant
cell wall represents the primary target of fungal
activity. Its main structural components-
cellulose, hemicellulose, lignin, and pectin-are
therefore subject to enzymatic degradation
during macromycete growth [18]. The efficiency
of polysaccharide biodegradation depends on the
activity of extracellular enzymes responsible
for the hydrolysis of these polymers, including
pectin [19].

The synthesis of pectinolytic enzymes is
regulated by the expression of corresponding
genes. Basidiomycetes possess approximately
11 carbohydrate-active enzyme (CAZyme)
gene families involved in pectin degradation
[20], among which glycoside hydrolases (GH)
predominate [21]. In T. hirsuta, the presence
of the genes GH3, GH105, GH2, GH35,
GH43, GH51, PL4, CE1, and CE8 has been
confirmed [22].

Among macromycetes of the genus
Trametes (T. trogii, T. versicolor, T. hirsuta),

the synthesis of polygalacturonase and pectin
lyase has been partially investigated; however,
the number of such studies remains limited
[28—26]. Despite the wide application of
pectinolytic enzymes, the potential of wood-
decaying basidiomycetes for their production
is still insufficiently explored. A deeper
understanding of their enzymatic activity and
optimal cultivation conditions is required.

The aim of this study was to investigate
the growth and enzymatic activity of the
basidiomycete T. hirsuta under surface and
submerged cultivation.

Materials and Methods

Objects

The study objects were six macromycete
strains of Trametes hirsuta deposited in the
Mushroom Culture Collection of the M.G. Kho-
lodny Institute of Botany, National Academy
of Sciences of Ukraine (IBK): 338, 358, 359,
1569, 5018, and 5137 [27].

Culture media

The T. hirsuta strains were cultivated on a
peptone—yeast extract medium supplemented
with 0.5% pectin (PYPA) [28, 29]. The initial
pH was adjusted to 7.0 = 0.2 using 1 N KOH
and HCI solutions. A 7-day-old mycelial disc
of the corresponding strain was placed in
the center of a 90 mm Petri dish containing
the medium, and incubation was carried out
at 28 = 1 °C until the plate surface was fully
colonized. During cultivation, the mycelial
radius was measured daily, and the radial
growth rate (RGR) was calculated [30].

Methods for solid-state cultivation

Primary screening of pectinase-pro-
ducing strains was performed on PYPA
medium. At the end of cultivation, Petri
dishes were flooded with a 1% solution of
cetyltrimethylammonium bromide. Sub-
sequently, the pectinase activity index was
calculated using the following formula:

PAI = D, >
D,

(e}

where DH and DC are the diameters of the halo
and the colony, respectively (mm) [31].

Methods for cultivation in liquid stationary
culture

Submerged cultivation was carried out
under stationary conditions in a liquid
glucose—peptone—yeast extract medium with
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an initial pH of 7.0 = 0.2. Inoculation was
performed by introducing three agar discs
from a 7-day-old culture of the corresponding
strain, and incubation was carried out at
28 = 1 °C for 14 days [32]. The mycelium was
separated from the culture broth and dried to
constant mass at 105 = 5 °C [33]. The culture
filtrate was used to determine pectinesterase
and polygalacturonase activities.

Methods for determining pectinase acti-
vity

Pectinesterase activity (EC 3.1.1.11) was
determined titrimetrically using a modified
method of Dudka et al. [34] and Pednekar et
al. [35]. The reaction mixture, consisting of
the culture filtrate (as the enzyme source) and
a 1% pectin solution, was incubated at 30 °C
for 180 min. After incubation, the mixture was
titrated with 0.05 N NaOH to pH 7.5. One unit
of pectinesterase activity (PE, U) was defined
as the amount of enzyme catalyzing the release
of 1 nEq of acid per minute [35].

Exopolygalacturonase activity (EC
3.2.1.15) was determined based on the amount
of reducing sugars released from pectin using
the dinitrosalicylic acid (DNS) method with
a glucose calibration curve, according to a
modified method of Alajlani M. The reaction
mixture, consisting of the culture filtrate and
a 1% pectin solution, was incubated at 40 °C
for 10 min. One unit of polygalacturonase
activity (PG, U) was defined as the amount of
enzyme catalyzing the formation of 1 pumol of
reducing sugars per minute [36].

Specific enzyme activity was calculated
using the previously determined biomass
concentration in the culture broth according
to the following formula:

EA

SA =

BM

where EA is the activity of pectinolytic
enzymes in the culture broth [37].

Statistical data processing

Two statistical methods were applied for
data analysis: Student’s ¢-test (for comparison
of parameters of a single strain cultivated on
two different media) and Duncan’s multiple
range test (for comparison among all strains
within the same type of medium).

Results are presented as mean values
+ standard deviation (SD) based on three
independent measurements. Asterisks (*) indi-
cate significant differences between results
obtained on the two media at P < 0.05 according
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to Student’s t-test, whereas different letters
indicate significant differences among strains
within each medium at P < 0.05 according to
Duncan’s test.

Results

At the first stage of the study, all T hirsuta
strains were cultivated on solid nutrient
media, including a medium containing pectin
as the sole carbon source (PYPA). The growth
dynamics on these media are presented in
Fig. 1. All strains colonized the Petri dishes
within less than 10 days. The linear growth
phase of all examined strains began on day 2 of
the experiment.

Trametes hirsuta strains 338 and 359
completely overgrew the surface of the
Petri dishes by day 9. Strain T. hirsuta 1569
reached full surface colonization by day 5.
Strains T. hirsuta 5018 and 5137 completed
colonization by day 7. The remaining strains
overgrew the entire surface of the medium
within a comparable cultivation period.

The obtained data on growth dynamics
were used to calculate the growth rates of the
investigated T. hirsuta strains. The results of
these calculations are presented in Fig. 2.

The data presented in Fig. 2 indicate
statistically significant differences in the
radial growth rate (RGR) of the investigated T'.
hirsuta strains cultivated on pectin-containing
medium (PYPA). RGR values varied among
strains, reflecting strain-specific differences
in pectin utilization. The lowest RGR on PYPA
was observed for T. hirsuta 338, whereas T.
hirsuta 1569 exhibited the highest growth
rate, reaching 10.25 = 0.46 mm/day. Strains
T. hirsuta 5018 and 5137 demonstrated
intermediate RGR values on PYPA, ranging
from 6.43 to 7.11 mm/day. Overall, the
observed variability in RGR highlights
differences in the efficiency of radial growth
among T. hirsuta strains on pectin-based
medium.

The next step was the determination of
the pectinase activity index. The results are
presented in Fig. 3.

As shown in Fig. 3, the average pectinase
activity index (PAI) for T. hirsuta was
1.00 = 0.05. Among the studied strains,
three exhibited above-average PAI values
(T. hirsuta 338, 359, and 1569). PAI values
exceeding 1.00 indicate that the diameter
of the halo zone after treatment with 1%
cetyltrimethylammonium bromide (CTAB)
exceeds the diameter of the mycelial colony.
The highest PAI was recorded for T. hirsuta
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Fig. 1. Growth dynamics of the investigated T. hirsuta strains:
a—338;b — 358;¢c — 359;d —1569; e — 5018; f — 5019
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Fig. 2. Radial growth rate of T. hirsuta strains on agar medium
Note. Different letters indicate significant differences among strains within each medium
at P < 0.05 according to Duncan’s test
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1569 (1.08 + 0.04), which is 8% higher than
the mean PAI value, indicating the greatest
potential of this strain for pectinolytic enzyme
production. Similar PAI values were observed
for T. hirsuta 338 and 359 (1.02 = 0.02
and 1.04 = 0.02, respectively). In contrast,
T. hirsuta 358, 5018, and 5137 showed
comparable lower PAI values (0.97 = 0.07),
which are approximately 10% lower than that
of T. hirsuta 1569.

Therefore, strains with the lowest
PAI values were excluded from further
experiments.

1.05 -

PAI

At the second stage of the study, strains
T. hirsuta 338, 359, and 1569 were cultivated
under static conditions in a liquid nutrient
medium, and pectinolytic enzyme activity
in the culture filtrate was determined. The
strains were compared in terms of their
pectinase activity and enzyme production
capacity. The obtained results are presented in
Fig. 4 and Table 1.

T. hirsuta 338 exhibited the lowest
activity values for all investigated enzymes
compared with the other strains (Fig. 4).
Strains T. hirsuta 359 and 1569 demonstrated

a
b
b

a
a
1,00 - b
0.95 -
0.90 -
0.85
338 358 359

1569 5018 5137

Strain

Fig. 3. Pectinase activity index of T. hirsuta strains on agarized media
Note. Different letters indicate significant differences among strains within each medium
at P < 0.05 according to Duncan’s test

2.0 1 EPG EPE

1.8

EA, U/ml

338

359 1569
Strain

Fig. 4. Pectinolytic enzyme activity of T. hirsuta strains
Note. Different letters indicate significant differences among strains within each medium
at P < 0.05 according to Duncan’s test
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Table 1. Productivity of pectinolytic enzyme
synthesis by T. hirsuta strains

Productivity, U/gDW
Strain
PG PE
T. hirsuta ¢ b
359 45.35 + 24.91 9.77 + 3.38
T.hirsuta | 189 301 34.97° | 47.37 = 24.53°
359
T. hirsuta a a
1569 276.91 = 57.86 67.03 = 14.25

Note. Different letters indicate significant dif-
ferences among strains within each medium at
P < 0.05 according to Duncan’s test

comparable polygalacturonase activity (0.25—
1.28 U/mL), which was more than fivefold
higher than that of T. hirsuta 338. These same
strains also showed similar pectinesterase
activity, with values approximately sixfold
higher than those of T. hirsuta 338: 0.33 =
0.18 U/mL and 0.31 = 0.04 U/mL for
T. hirsuta 359 and 1569, respectively.

From Table 1, it is evident that T. hirsuta
1569 exhibited the highest productivity
of pectinolytic enzyme synthesis.
Polygalacturonase production by T. hirsuta
1569 was sixfold higher than that of T. hirsuta
338 and 50% higher compared with T. hirsuta
359. The pectinesterase productivity of
T. hirsuta 359 and 1569 did not differ
significantly, although the mean value for the
latter was 40% higher.

Discussion

This study characterized the enzymatic
potential of T. hirsuta with respect to
pectinolytic enzymes.

Cultivation of T. hirsuta strains on agar
media containing glucose or pectin revealed
differences in growth rates, confirming the
influence of the carbon source on mycelial
development. It was found that T. hirsuta
338 and 359 exhibited higher growth rates on
glucose-based media, whereas T. hirsuta 5018
and 5137 grew better on pectin-containing
media. These findings are consistent with
previous studies showing that fungal strains
possess distinct metabolic adaptations to
specific carbon sources. Benoit et al. reported
that the growth of various fungal species,
including Phanerochaete chrysosporium, on
pectin-containing media is accompanied by
the induction of pectinolytic enzymes, which
represents a typical biological response to the
presence of an inducing substrate [38]. The

action of pectinolytic enzymes in the medium
leads to the release of pectin monomers
[39], which may exert either positive [40] or
negative effects on fungal growth [41].

The composition of the nutrient medium
significantly affects the radial growth rate of
basidiomycetous macromycetes, as supported
by the results of this study [42]. Cultivation of
fungi on media containing polysaccharides is
generally accompanied by a reduction in growth
rate. Similar results were reported by Pasailiuk
et al. for Hericium coralloides, Schizophyllum
commune, and Fomes fomentarius cultivated
on Czapek medium with cellulose as the sole
carbon source; all investigated strains exhibited
a substantial decrease in growth rate. The
authors observed a 3—-30-fold reduction in
colony growth rates. The largest difference
was recorded for Hericium coralloides 2332
compared with agarized beer wort, indicating
that cellulose is an unsuitable carbon source for
its cultivation [43].

Our previous study indicated that high
radial growth rates on pectin-based media
do not necessarily correlate with elevated
pectinolytic enzyme synthesis. In T'. ochracea,
moderate correlations between growth and
pectinase activity were observed and were
dependent on pH, whereas T. versicolor
strains showed no clear relationship. In the
present study, a similar trend was generally
observed for T. hirsuta, as rapid growth was
not uniformly accompanied by high pectinase
activity across all strains [44].

The obtained data suggest that pectin-
containing media may be used for macromycete
cultivation when appropriate. Antonenko
et al. investigated the growth of several
macromycete strains used in this study on
various nutrient media. The radial growth
rate values recorded for T. hirsuta 338 and T.
hirsuta 359 on pectin-containing medium were
lower than those reported for all tested media,
except for T. hirsuta 359 grown on agarized
beer wort. For the other strains, growth
rate values on pectin-containing medium
were higher than or comparable to literature
data. The largest difference was observed
for T. hirsuta 1569, exceeding 2.5-fold [45].
Overall, the reduction in radial growth rate on
medium containing a pectinase inducer (in this
case, pectin) may be associated with additional
energy costs required for the biosynthesis
of pectinolytic enzymes, which may indicate
active pectinase producers [46].

Analysis of pectinase activity in surface
culture revealed pronounced intraspecific
variability. Half of the investigated strains
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exhibited PAI values below the calculated
mean (< 1.00 = 0.05), whereas the remaining
strains showed above-average values. Saroj et
al. analyzed cellulase and xylanase activities
using a similar approach based on an enzymatic
activity index. In their study, the indices for
cellulase and xylanase were identical (1.03 =
0.10 and 1.03 = 0.00, respectively) [47]. The
mean PAI values obtained in the present study
for three T. hirsuta strains were slightly lower
than those reported for cellulase and xylanase
activity in P. pulmonarius. Only T. hirsuta
338, 359, and 1569 showed values close to
those reported for P. pulmonarius (1.02-1.08).
T. hirsuta 1569 differed from most previously
described Trametes strains by combining the
highest radial growth rate with the highest
pectinase activity index (PAI = 1.08 = 0.04),
which is comparable to or slightly higher
than the maximum PAI values reported for
T. versicolor[44].

Strains exhibiting higher pectinase activity
index values may represent more efficient
enzyme producers [48]. Similar tendencies
were observed in the present study. Among the
strains selected for submerged cultivation, an
increase in pectinolytic enzyme production was
observed in the sequence T. hirsuta 338 — 359
— 1569, corresponding to their PAI values in
surface culture.

The choice of carbon source is considered
an important factor in pectinase research, as
its qualitative and quantitative characteristics
significantly influence enzyme synthesis [49].
The presence of glucose, particularly as the
sole carbon source, may suppress pectinase
biosynthesis [50, 51]. However, contradictory
findings have also been reported. Singh
and Mandal demonstrated higher yields of
polygalacturonase and pectate trans-eliminase
on glucose, whereas pectin lyase production
was enhanced in the presence of pectin [41].
In the present study, a standard glucose—
peptone—yeast medium was used to evaluate
pectinolytic activity. T. hirsuta 359 showed
low total pectinase activity, which may indicate
repression of the corresponding genes under the
applied conditions. In contrast, the other strains
did not exhibit such repression, suggesting
constitutive synthesis of the studied pectinases.

The investigated T. hirsuta strains
demonstrated pronounced strain-specific
differences in pectinolytic enzyme activity,
similar to those reported for T. versicolor.
T. hirsuta 338 exhibited the lowest polygalac-
turonase and pectinesterase activities, whereas
strains 359 and 1569 showed substantially
higher values. Notably, T. hirsuta 1569

48

combined the highest growth rate and enzyme
productivity, with polygalacturonase activity
sixfold higher than that of strain 338 and 50%
higher than that of 359, paralleling the dominant
enzymatic performance observed in T'. versicolor
strains. These results confirm that, within the
genus Trametes, strain-specific characteristics
are more decisive for pectinolytic potential
than species-level affiliation, highlighting
the importance of targeted strain selection for
pectinase production [52].

Similarly to the approach used in this
study, Poveda et al. applied a comparable
strategy for screening enzyme producers
among micromycetes isolated from Antarctic
marine sponges. After selecting the most active
strain in surface culture based on an enzymatic
activity index, the authors proceeded with
submerged cultivation. The highest activity
recorded for Geomyces sp. F09-T3-2 was 121
U/mg protein [31].

Martinez-Trujillo et al. reported a
maximum polygalacturonase productivity of
0.52 U/mg dry biomass for Aspergillus flavipes
FP-500 [53]. In the present study, the highest
value reached 0.28 + 0.11 U/mg dry biomass,
indicating that micromycetes may exhibit
higher polygalacturonase productivity than
macromycetes under comparable conditions.
However, Ketipally et al. reported a much
lower productivity (0.04 U/mg dry biomass)
for A. nomius MR103, which is approximately
sevenfold lower than that of T. hirsuta 1569
but comparable to T. hirsuta 338 [54].

Conclusions

The study investigated the growth
dynamics, radial growth rate, and pectinolytic
enzyme activity of T. hirsuta strains cultivated
on different media. The highest radial growth
rate on both media was recorded for T. hirsuta
1569 (10.25 = 0.46 mm/day on pectin-
containing agar medium). Strains T. hirsuta
338, 359, and 1569 exhibited the highest
pectinase activity in surface culture, with an
average value of 1.05 = 0.04.

T. hirsuta 359 and 1569 demonstrated the
highest polygalacturonase and pectinesterase
activities. Polygalacturonase activity was
1.28 = 0.26 U/mL for T. hirsuta 359 and
1.28 = 0.13 U/mL for T. hirsuta 1569, while
pectinesterase activity was 0.33 = 0.18 U/mL
and 0.31 = 0.04 U/mL, respectively.
Pectinesterase productivity did not differ
significantly between these two strains.

The obtained results indicate that T'. hirsu-
ta 1569 is the most promising strain for
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application in industrial processes aimed at the
utilization of pectin-containing substrates.
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HamionanpHuit TeXxHiUHUN yHiBEpCUTET Y KpaiHu
«KuiBcbKuii mosiTexHiuanil imctutyT imeni Irops CikopcbKoro»

E-mail: pv.zubyk@i.ua

IlexTuHOMITUYH]I €HBUMHU MAOTh 3HAUHE IPOMUCJIOBE 3HAUEHHA 3aBAAKU CBOIHM 3aTHOCTI PO3KJIa-
IaTHh IeKTUH Y KJIITUHHiN cTiHii pocauH. OcTaHHiM YacoM Bce OiJjibIia yBara IpuAiJg€eTbesa 0a3umiomi-
meram, 30Kpema pony Trametes, sKi 31aTHiI cMHTe3yBaTH CKJIAAHI eH3UMATUYHI CUCTEeMU; IPOTe IXHil
MOTEeHIIiaJ IJIs1 BUPOOHUIITBA IEKTUHASY 3AJUIITAETHCSI HeJOCTATHHRO BUBUEHUM.

Mema. BuBueHHs POCTY Ta eH3UMATUUYHOI aKTUBHOCTI 6asumiomitiery Trametes hirsuta y moBepxHe-
Biif Ta TIMOMHHIN KyJIbTypax 3 METOI0 PO3MINPEHHA O10TeXHOJIOTIUYHOTO IOTEeHIIiady BUKOPUCTAHHS IUX
OpraHisMiB K IPOLYIIEeHTiB IeKTUHAS.

Mamepianu it memodu. Buxopucrano micts mramiB makpominery Trametes hirsuta, nenoHOBaHUX
B [mcturyri 6oranikum HamionanpHoi akagemii Hayk Ykpainu. [[1sg KyJIbTUBYBaHHA 3aCTOCOBYBAJIH II€TI-
TOHHO-JIPisKIKOBE cepeaoBUIle 3 MeKTUHOM (TBeple IIoKuBHE cepenosuiiie). Pict mineniio BuMmiproBaan
IIOAHS, a aKTUBHICTh MeKTUHA3U OI[IHIOBAJM 34 JOIMIOMOTOI0 PO3UNHY IeTpumMiny. [TubuHHE KYJIbTUBY-
BaHHSA IPOBOAUJN B TIIOKO3HO-TIETITOHHO-IPiiKAKOBOMY cepedoBUIIi mpoTarom 14 gHiB, micja Yoro aHa-
JIi3yBaJid BMiCT IIOTEIHY, CYXYy PEUOBUHY Ta aKTUBHICTh HeKTONITHUHUX eH3uMiB. CTaTucTruHa 06pobKa
BKJoOuatia t-Kpurepiii CreiomeHTa Ta TecT JlyHKaHa 3 BUKOPUCTAHHAM IIPOTpaMHOTO 3a0e3mnmeueHHs R Ta
Excel.

Pesynomamu. llItamu T. hirsuta 5018 ta 5137 akTuBHiNIe po3BUBaJINCA HA IeKTUHi. 3arajom, yac
HaIMipHOTO POCTY KoJMBaBesd Big 5 mo 9 ni6, same:kHo Big mramy. HafiBuimia mBUAKICTS pagiaJlbHOTO
pocty 6yia 3adikcoBana aaa mramy T. hirsuta 1569 (10,25 mm/n06y). Byjao BusHaUYeHO iHAEKC IeKTH-
"HasHoi akTuBHOCTi (PAI), npuuomy mram T. hirsuta 1569 moxasaB HatiBui 3Hauenuda (1,08 = 0,04),
110 CBiAYUTH IIPO OT0 BUCOKUI IIOTEHI[ia] AJIA CUHTe3Y HeKTUHOJITHYHNX (pepMmenTiB. Ilix yvac raubus-
HOTO KyJbTUBYBaHHI 1ITaM 1. hirsuta 1569 nmpomgeMoHCTPYBaB BUCOKY IIOJiraJakKTypOHAa3Hy aKTUBHICTD
(1,28 = 0,13 Oxg/mu) Ta nmekTumHecTepadny arktuBHicTh (0,31 = 0,04 Ox/mia). HarowmicTs miram
T. hirsuta 338 IpoJeMOHCTPYBAB 3HAUHO HUMKUi 3HAUEHHA, 1[0 JO3BOJMJIO BUKJIIOUUTHA HOTO 3 IMOAAb-
MIUX eKCIePUMEeHTIiB.

Bucnosxu. OrpumMaHi pe3yJbTaTu CBifuaTh IpoO Te, 1o mraM 1. hirsuta 1569 e HaOiABII TEPCIEK-
TUBHUM JIJISI TPAKTUYHOTO 3aCTOCYBAaHHA HA OCHOBI 110T0 MeKTUHAa3HO1 akTuBHOCTi. ToMmy #ioro Oyae Bu-
KOPHCTAHO HAa HACTYIIHUX eTallax AOCIHiJKeHHA NJA OTPUMAaHHSA MEeKTUHONITUYHOTO eH3UMATUUYHOTO
mpenapary.

Knawouwosi cnosa: Trametes, NIeKTUHOJITUYHI €H3UMH, MIBUAKICTH POCTY, IMEeKTWMHA3HA AKTUBHICTBH,
moJriraJlakTypoHasa, IeKTUHecTepasa, 010TeXHOJIOTi.
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