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The aim of this work was to identify and to study physical and chemical properties of the enzyme
preparation which was obtained from the cultural liquid of Pleurotus ostreatus.

The protease containing fraction was obtained from the cultural liquid by sodium chloride precipitation
followed by dialysis and concentration procedures. Gelatinase and milk-clotting activity were defined by
standard methods. The content of the protein component of the fraction was analysed by HPLC, Laemmli
electrophoresis and MALDI-TOF analysis. Protease activity was proved by enzyme-electrophoresis. To iden-
tify the protease, mass-spectrometry was carried out using the MatrixScience database. To study the speci-
ficity of protease action, the series of chromogenic substrates were used: S2238; S236; S2251; S2765; Leu-
pNa; Ala-pNa and S2302. The inhibitory analysis was carried out using EDTA, benzamidine, PMSF, PCMB.

The obtained fraction possessed maximal protease activity at 45 °C. Meanwhile maximal milk-clotting
activity was observed at 35 °C. The highest milk-clotting activity was shown at pH 5.0 and less than 3.0.
The highest protease activity was shown at pH 6.0. Using HPLC method, it was found the main protein
component and some minor proteins. According to the electrophoresis results, the main protein compo-
nent of the fraction had molecular mass 45 kDa. Enzyme electrophoresis demonstrated that protease
activity of the fraction was present in the zone corresponding to 45 kDa. When identifying trypsinolysis
products, no homology was found with other known proteinases. It was shown that the protease hydro-
lyzed peptide bonds which were formed by carboxyl group of amino acids with hydrophobic side chains.
The enzyme was inhibited by EDTA (IC50 = 2.5 mM). The maximal enzyme activity towards gelatin and
Leu-pNa was shown in the presence of 5 mM calcium chloride.

The new calcium-dependent metalloprotease with molecular weight 45 kDa was found in the cultural
liquid of P. ostreatus. The enzyme had no homology with other known proteases and hydrolyzes peptide
bonds formed by carboxyl groups of amino acids with hydrophobic side chains.

Key words: basidiomycetes, proteolytic enzymes, milk-clotting activity, physical and chemical
properties.

Proteases of animal origin became common
use in dairy industry in particular in cheese
production. Nowadays, the main sources of
these proteases are pancreas and gastric mucosa
of cattle and pigs. This resource is limited, so
substitution of the expensive rennet enzyme
by mushroom proteases is cost effecting and
promising. It was shown that the level of
milk-clotting activity of basidiomycetes was

comparable to that of the traditionally used
commercial rennet enzymes [1].

The requirements for rennet substitutes
are strict. Their enzymatic properties should
be as close as possible to natural renin. This
means that, along with high milk-clotting
activity, substitute enzymes should have a
slight total proteolytic activity [1, 2]. Due
to the concomitant proteolytic activity,
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the obtained clots often have a bitter taste,
which negatively affects the quality of cheese
products[1, 3]. An analysis of literary sources
shows that the search for substitute enzymes
in the macromycete group is quite successful
[4, 5]. It is known that Pleurotus ostreatus
contains proteases with milk-clotting activity
(MCA) [3, 6]. There are data that the extract
of fruit bodies of P. ostreatus is similar to
preparations used in the dairy industry
and after purification can be used in cheese
making.

In our previous investigations we selected
nutrient media and optimal conditions for the
deep cultivation of P. ostreatus[7]. We showed
that the enzyme preparation from the cultural
liquid of P. ostreatus possessed both: milk-
clotting and proteolytic activity [8, 9].

Materials and Methods

Obtaining of the protease containing
fraction. The experiments were performed
on a “wild” strain of P. ostreatus, which
was isolated from fruiting bodies growing
on a cultivated poplar (Populus sp.). In all
experiments, a potato-sucrose medium was
used, as described in [7]. The mycelium was
planted under a laminar box to minimize the
risk of contamination. The inoculum was
introduced in the form of fragments of a carpet
of stock culture of mycelium with an area of
1 cm2. Cultivation was carried out for 14 days
in dark at a temperature of 27 °C on a shaker of
WiseShake SHO model at 70 rpm. At the end of
the incubation, the culture liquid was collected
and frozen. As the initial stage of purification
of the enzyme preparation from the culture
liquid, salting out with sodium chloride (100%
saturation) was used.

The salt was removed by dialysis. For long-
term storage of the preparation, the method
of freeze drying was used with a combination
of a temperature of —51 °C and a pressure
of 1.370 mBar. Protein concentration was
determined spectrophotometrically [10].
Gelatinase activity. Proteolytic activity (PA)
was determined according to the method de-
scribed by Leighton et al. [11]. A mixture
containing 0.15 ml of the enzyme preparation
and 0.25 ml of the substrate (1% gelatin in
0.2 M acetate buffer, pH 5.0) was incubated
for 60 min in the absence of light (gelatin final
concentration 6.85x10°% M). The reaction was
stopped by the addition of 10% trichloroacetic
acid. The mixture was centrifuged (8.000 rpm)
for 15 min at 4 °C. Then 1.4 ml of 1 M NaOH was
added to the obtained supernatant (0.8 ml). For
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one unit of PA, an enzyme amount was taken that
promotes an increase in absorbance of 0.01 in one
hour at 440 nm.

Milk-clotting activity. Milk-clotting
activity (MCA) was determined according
to the Pyatnitsky method: a test tube with a
substrate (milk 3.4% volume 10 ml) containing
a 0.0015 M solution of calcium chloride was
heated to 35 °C and 2 ml of the studied enzyme
preparation was added. The preparation
activity was evaluated by the time of formation
of a dense milk clot. The unit of MCA was the
amount of enzyme that clots 100 ml of milk in
40 min at 35 °C[12].

To identify the optimum pH of the enzyme
preparation, PA and MCA were determined at
25 °C with gelatin in various pH ranges using
the following buffer solutions: 0.2 M acetate
(pH from 3.8 to 5.8) and 1M phosphate (pH
from 5.8 to 8.0).

To determine the temperature optimum,
the enzyme preparation was incubated with
gelatin at temperature in the range from
25 to 80 °C. When studying the effect of
preincubation on MCA and PA, the enzyme
preparation was preincubated at various
temperatures in the range from 25 to 80 °C
for 1 hour. After that, the determination
of proteolytic activity was carried out as
described above.

The effect of calcium ions on the milk-
clotting activity of the enzyme preparation
was determined by adding a solution of
calcium chloride to a substrate (milk) in a
final concentration from 20 to 500 mM. The
samples were incubated at 60 °C, after that
milk clotting activity was determined.

The effect of calcium ions on the protease
activity was studied as it was explained above
for milk except the gelatin that was used as
the substrate of the reaction (see ‘Gelatinase
activity’ section).

Electrophoretic analysis was performed
in 12 and 10% PAAG by the Laemmli SDS
PAGE[13]. Protein zones were identified after
Coomassi R-250 staining.

Enzyme electrophoresis was performed
to identify protein zones with fibrinogenase
activity. Gel was polymerized in the presence
of 0.5 mg/ml fibrinogen. After electrophoresis
performed by the above method, DS-Na was
removed from gel by three times washing in
2.5% solution of Triton X-100. The gel was
then incubated in 0.1 M glycine buffer, pH 8.3
for 12 h. The gel was stained with Coomassi
R-250 and the areas of proteolytic activity
identified by the location of the unstained
spots on the gel.
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HPLC on phenyl sepharose. Chromato-
graphic system Agilent 1100 was used for
the extract analysis with column Dupont
Instrument (250 mm long and 4.7 mm over)
with ZorbaxSilicogel(20 pm) with phenyl
inoculation in pressure of 140 bar and flow
1.5 ml per minute. Two buffer gradients were
used: the decreasing one (0.15M TrisHCI pH
6.5, 0.13M NaCl) and increasing one (50%
acetonitrile contained buffer with 0.1%
trifluor acetic acid).

MALDI-TOF analysis of trypsinolysis
products of the main protein component from
the cultural liquid of P. ostreatus was perfor-
med using a Voyager-DE (Applied Biosystems,
USA). H+-matrix ionization of polypeptides
under sinapic acid (Sigma-Aldrich) was used.
The results were analyzed by Data Explorer
4.0.0.0 (Applied Biosystems)[14].

Amidase activity was determined by
cleavage of chromogenic substrates: S2238
(H-D-Phe-Pip-Arg-pNa), S236 (pyro-Glu-Pro-
L-Arg-pNa), S2251 (D-Val-Leu-Lys-pNa),
S2765 (Z-D-Arg-Gly-Arg-pNa), Leu-pNa,
Ala-pNa, S2302 (H-D-Pro-Phe-Arg-pNa). The
assay was performed in microplates, which
wells were successively introduced with 0.05 M
Tris-HCI] buffer pH 7.4 and a chromogenic
substrate in the final concentration 20 nM.
The reaction was started by adding an enzyme-
containing fraction at 37 °C. Amidase activity
was characterized by the rate of release of
paranitroaniline (pNa), which was detected at
a wavelength of 405 nm using a Multiskan EX
reader [15].

Protein concentration was determined
according to Bradford [16].

Statistical analysis was performed using
STATISTICA 6.0 software (n = 5).

Results and Discussion

Total protease and milk-clotting activity

The influence of pH

Milk-clotting activity (MCA) of the enzyme
preparation was observed in a narrow pH
range from 3.6 to 5.6. The pH optimum of the
enzyme preparation with MCA was represented
by two peaks at pH 3.6 and pH 5.0. The
proteolytic activity of the enzyme preparation
from P.ostreatus was observed in the entire
pH range from 3.6 to 8.0. The pH optimum of
proteolytic activity was at pH 7.0 (Fig. 1).

According to the literature, the proteases
of some fungi are active in a wide pH range.
For proteases derived from P. ostreatus
fruiting bodies, the pH range, at which
proteolytic activity is maintained, was in the
range from 4 to 9 [3]. The stability interval
of milk-clotting proteases from P. ostreatus
mycelium was in the pH range from 3.5 to 7.5
[4]. These data are consistent with our results
regarding the effect of pH on the activity of
proteases from P.ostreatus culture liquid.
It was shown that with high proteolytic
activity of the enzyme preparation, not only
the formation of a clot was observed, but
also its further hydrolysis. This leads to the
appearance of bitter peptides and makes such
an enzyme preparation unsuitable for use in
the cheese production. Taking into account
these data, we recommend for making cheese
the use of the enzyme preparation with a pH
value of 3.6, since at this pH the ratio of MCA/
PA is 74: 1. For example, at pH 5 the ratio of
MCA/PAisonly 13: 1 (Table 1).

The influence of temperature
In order to investigate the physicochemical
properties of milk-clotting proteases from

Fig. 1. The influence of pH on the protease activity (PA) and milk-clotting activity (MCA)
of the enzyme preparation from the cultural liquid of P. ostreatus
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The milk-clotting and protease activity of enzyme preparation at different pH values

pH ot | TotalmeA Sl}%}f:g.‘l\gqu Total PA (U) S?I?%ffgf o MCA/PA
protein) protein)
3.6 1.07 81.08 75.78 1.09 1.02 74:1
3.8 1.07 37.27 34.8 2.5 2.34 16:1
4.0 1.07 12.74 11.9 2.92 2.73 4:1
4.2 1.07 5.57 5.2 4.03 3.77 1.5:1
4.4 1.07 4.12 3.92 4.01 3.75 1.1:1
4.6 1.07 2.89 2.7 4.11 3.8 0.8:1
4.8 1.07 12.35 11.5 4.74 4.43 2.6:1
5.0 1.07 80 74.77 6.32 5.91 13:1
5.2 1.07 5.38 5.03 4.71 4.4 1.2:1
5.4 1.07 2.72 2.54 5.09 4.76 0.6:1

* U-milk-clotting or protease activity unit.

P. ostreatus culture liquid, we studied the
effect of temperature on the milk-clotting and
proteolytic activity of the enzyme preparation.
To study thermostability, we conducted a series
of experiments in which the preparations were
preincubatedat under various temperatures
for 1 hour. The temperature optima for PA and
MCA were different.

The maximum milk-clotting activity
was observed at 45 °C (Fig. 2). This value
coincides with that for Pleurotus eringii and
is somewhat lower than for the fungi enzymes
and Tricholoma saponaceum (55 °C) [17, 18].
The milk-clotting activity is maintained
up to 55 °C at pH 5. A further temperature
increase sharply inactivates the milk-clotting
enzymes of the studied fungus. At 4 °C, the
milk-clotting activity of the lyophilic powder
solution remains at the same level for a month.
The obtained data are consistent with the
results obtained for the enzyme preparation
from the fruit bodies of P. ostreatus[4, 5].

The proteolytic activity of the enzyme
preparation from P. ostreatus was observed
in the entire temperature range from 25 to
60 °C (Fig. 2). The temperature optimum of
proteolytic activity is at 45 °C. This value is
comparable with the temperature optimum,
which was previously determined for the
enzyme preparation from P. eringii [19].

As it can be seen from Fig. 2 and 3, during
one hour of pre-incubation of solutions
containing enzymes at 35 and 45 °C, an increase
in MCA and PA was observed, at least 2 times,
respectively. This phenomenon was discovered
earlier by other researchers for an enzyme
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preparation containing MCA from the fruit
bodies of P. ostreatus [4].

Theinfluence of calcium ions on MCA

There was no influence of calcium ions on
protease activity of the enzyme preparation.
The concentration range was from 2 till
50 mM. However, the influence of calcium ions
on the milk-clotting activity was significant.
There is evidence in the literature that calcium
stimulates the activity of milk-clotting
enzymes. Calcium taken at a sufficiently high
concentration was considered as an important
component in the formation of the milk clot
[18]. The addition of 1.8 pM calcium chloride
to milk improved its coagulation and led to an
increase in milk clot hardness by 32% [19].
The cheese hardness could be increased to 81%
due to addition of 10 mM CaCl, However, an
increase in calcium chloride concentration
caused a decrease in cheese hardness [19, 20].
The use of high concentrations of calcium
chloride could have negative effects on cheese
production.

The use of high concentrations of calcium
chloride changed the meltability of the cheese
clot that caused a number of problems in cheese
production [20]. As can be seen from Fig. 4, the
maximum milk-clotting activity in our studies
was achieved when calcium chloride was added
to the substrate (milk) at a final concentration
of 10 mM.

Our data differ from those for the enzyme
preparation of microbial origin. Thus, the
milk-clotting activity of proteases from
Bacillus amyloliquefaciens was highest at
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Fig. 2. The influence of temperature on milk-clotting activity (MCA) of the enzyme preparation
from the cultural liquid of P. ostreatus

Fig. 3. The influence of temperature on protease activity (PA) of the enzyme preparation from the cultural
liquid of P. ostreatus

Fig. 4. The influence of calcium chlorideon MCA
of the enzyme preparation from cultural liquid of P. ostreatus
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a final concentration of calcium chloride
of 25 mM. In the range of calcium chloride
concentrations from 0 to 20 mM, the milk-
clotting rate increased with an increase in
Ca?" ions concentration. Meanwhile at a
concentration above 25 mM, a decrease in milk-
clotting activity was observed [21].

Maximum MCA of the protease from
Enterococcus faecalis was obtained by
adding 50 mM calcium chloride to the
incubation medium [14]. The effect of CaCl2
on the aggregation of para-casein micelles
is explained by its effect on the average
coagulation rate. It was hypothesized that
electrostatic repulsions and ionic bonds played
an important role in the interaction between
chymosin and para-casein [22, 23].

Identification of the protease component
from the cultural liquid of P. ostreatus

According to electrophoresis results,
main protein component of the fraction
had molecular mass 45 kDa (Fig. 5). Using
HPLC method it was found the main protein
component and some minor proteins (Fig. 6).
So, HPLC data proved the electrophoresis
results and gave us possibility to concentrate
our efforts on identification of the major
component of the fraction. To prove the
enzyme activity of the protein component,
enzyme electrophoresis was applied with
fibrinogen as a standard substrate. It was
shown that protease activity of the fraction
was present in the zone corresponding 45 kDa
(Fig. 7).

To identify the enzyme, trypsinolysis
of the main protein component was carried

Fig. 5. SDS-PAGE of the enzyme preparation
from the cultural liquid of P. ostreatus
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out followed by the analysis of its products
using MALDI (Fig. 8). Identification of the
trypsinolysis products of the main protein
component let us to carry out the screening
of its amino acid sequence and make the
comparison of this sequence with other
sequences of known enzymes from different
origins. There was no homology with other
known proteases.

Thus, protein with molecular weight
of 45 kDa had proteolytic activity in the
composition of P. ostreatus liquid culture. This
enzyme, according to the results of the MALDI-
TOF analysis of trypsinolysis products, did
not present in publicly available databases and
requires further investigation.

The study of hydrolytic activity of a
protease from the cultural liquid of P. ostreatus

For a targeted investigation of the
substrate specificity of proteases from
P.ostreatus culture liquid, studies were
carried out at pH of 7.4, to exclude the possible
contribution of a milk-clotting enzyme.
Amidolytic activity was evaluated using
several chromogenic substrates: S2238 (H-D-
Phe-Pip-Arg-pNa); S236 (pyro-Glu-Pro-L-Arg-
pNa); S2251 (D-Val-Leu-Lys-pNa); S2765 (Z-D-
Arg-Gly-Arg-pNa); Leu-pNa; Ala-pNa; S2302
(H-D-Pro-Phe-Arg-pNa).

As shown in Fig. 9, the enzyme has the
highest specificity for Leu-pNa (among all
investigated substrates) — the hydrolysis
reaction rate was 0.22 nM/min. Previously,
the highest amidase activity with the
substrate S2586 (MeO-Suc-Arg-Pro-Tyr-pNA)
was determined in the mycelium preparation
of P. ostreatus. It is also known that chymosin
(rennet) has specificity for peptide bonds
formed by the C-group of hydrophobic amino
acids. Chymosin specifically cleaves the
Phel05-Met106 peptide bond in a casein
molecule [22, 24-26]. It is known that the
most specific substrate for chymosin is
a compound with Phe-Met peptide bond.
However we recommend Leu-pNa as more
available substrate, which also has peptide
lond formed by C-group of hydrophobic amino
acid.

The effect of wvarious inhibitors on
amidolytic activity (with Leu-pNaas a
substrate) is shown in Fig. 10. The enzyme
from the cultural liquid of P. ostreatus was
inhibited by 10 mM EDTA, a widely known
inhibitor of metalloproteases (Fig. 10).

Moreover, the effect of EDTA had a
concentration-dependent nature (Fig. 11). The
determined IC50 value for EDTA was 2.5 mM. It
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Fig. 6. HPLC profile of the enzyme preparation from the cultural liquid of P. ostreatus

Fig. 7. Enzyme-electrophoresis of the
enzyme preparation from the cultural
liquid of P. ostreatus using fibrinogen

as a universal protease substrate

Fig. 8. MALDI-TOF spectra of the trypsinolysis fragments of the main protein component
from the cultural liquid of P. ostreatus
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Fig. 9. Amidase activity of the protease from the cultural liquid of P.ostreatus with the following substrates:
S2238 (H-D-Phe-Pip-Arg-pNa); S236 (pyro-Glu-Pro-L-Arg-pNa); S2251 (D-Val-Leu-Lys-pNa);
S2765 (Z-D-Arg-Gly-Arg-pNa); Leu-pNa, Ala-pNa; S2302 (H-D-Pro-Phe-Arg-pNa)

Fig. 10. The rate of Leu-pNa degradation by protease from P. ostreatus cultural liquid in presence or absence
(control) of the following inhibitors such as serine proteases (benzamidine), metalloproteases (EDTA),
cysteine proteases (PCMB). Each inhibitor was taken at concentration 10 mM

Fig. 11. The effect of EDTA on the protease activity of the preparation from the cultural liquid
of P. ostreatus with Leu-pNa as a substrate
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Fig. 12. The effect of calcium chloride on the protease activity of the preparation
from the cultural liquid of P. ostreatus with Leu-pNa as a substrate

should be noted that the marked inhibitory effect
of PCMB was not changed with the increasing of
the inhibitor concentration and might indicate the
presence of disulfide bonds in enzyme. Thus, the
protease from the cultural liquid of P. ostreatus
turns out to be a metalloprotease and, like many
other proteases, is calcium dependent (Fig. 12). In
particular, 5 mM calcium chloride activates the
enzyme more than in 2 times.

Partially purified preparation from the
cultural liquid of P. ostreatus contained
a milk-clotting component, which was
characterized for industrial application as
a milk-clotting enzyme. According to our
results, the recommended pH value was 3.6,
optimal temperature was 35 °C. To increase
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Experimental articles

METAJIOITPOTETHA3A
3 KYJIbTYPAJIbHOI PITUHHA
Pleurotus ostreatus

B.B. Carcosult €. M. CmozHiil 2(ZI 1. H{epnoce}coel,
A. B. Peopieé?, ]]. C. Kopoawosa®, P. FO. Mapyruy?,
B.O. qepnuwemco

Moniceruit JIlep:KaBHUN YHiBEepCUTET,
Iliacek, Binopycsk
2IHc'rI/I'ryT 6ioximii im. O.B. ITamnagina
HAH VYxkpaiuu, Kuis, YKpaina

E-mail: mrs.valeryia@mail.ru

MeToio po6oTU € BUSABJIEHHA i BUBUEHHA (Qisu-
KO-XiMiUHUX BJIACTMBOCTEI €H3WMHOTO Ipemapary,
OJlePIKaHOT0 3 KyJAbTypasbHOi pigmuam Pleurotus
ostreatus.

dDpaxkiiiro, 110 MiCTUTH IIPOTeiHa3y, OyJI0 OTPHU-
MaHO 3 KYJIbTYPaJIbHOL PiIMHY METOIOM OCaIKeHHS
XJIOPUAOM HATPiI0 3 MOAAJIBIINM AiarisoM i KOHIIEH-
TpyBaHHAM. JKelaTuHasHy i MOJIOKOBTOPTAJIBbHY aK-
TUBHICTH BUBHAYAIN CTAHJAAPTHUMU METOJaMU. SMicCT
OpoTeiHOBOTO KOMIIOHEHTa (PppakIlii BU3HAUaIM 3a
nonomoroio mMeroniB HPLC, emextpodopesy 3a Jlem-
ai ra MALDI-TOF anauigy. IIpoTeinasny akTuBHiCTH
BUBYAJIN eH3UM-eJeKTpodopesom. [lid 3’scyBaHHS
crnenudivHOCTi Ail IPOTelHa3U BUKOPHCTOBYBAJIN HU3-
Ky XpoMoreHHHX cyocrparis: S2238, S236, S2251,
S2765, Leu-pNa, Ala-pNa i S2302. Iuri6iTopuunii ana-
Jis mpoBoauiau i3 3acrocyBanuaM EITA, 6ensaminu-
"Hom, PMCD, ITXMB.

OrpumaHa (pakKilisg BUABIAIA MaKCUMAaJbHY
mpoTeiHasHy aKTUBHICTB 3a 45 °C. MakcuMabHy MO-
JIOKO3CiZalbHy aKTUBHICTL cocTepiranu mpu 35 °C.
HaiiBuiy MoJIOK0O3TOpPTA/IBHY aKTHUBHICTH MOKas3a-
vo ipu pH 5,0 i menmre 3,0. HaiiBuia nmporeinasua
akTuBHicTH Oysa ipu pH 6,0. 3a gommomoroio MmeTony
HPLC 6yi0 3HaiiZIeHO OCHOBHMI IPOTEIHOBU KOMIIO-
HeHT i gedaKi 6iuni mporeinu. 3rigHo 3 pe3yabTaTaMu
eJIeKTPo(ope3y OCHOBHUI IIPOTEIHOBUI KOMIIOHEHT
(dpakmii maB moaeryaapuy macy 45 klla. Enzum-
eJeKTpodopes IPoBeeHO 3 BUKOPUCTAHHAM (hibpu-
HOTeHY SK CTaHAapTHOro cyocTpaty. BecranoBieHo,
10 mpoTreiHa3dHa aKTUBHICTH (ppakIfii mpucyTHA B
30Hi, 1110 BimmoBigana maci 45 kIla. IIpu ineaTudika-
il IPOAYKTiB TPUIICMHOJII3Y HE BUSABJIEHO I'OMOJIOTIT
3 immumu Bizomumu mporeinazamu. IlokasaHo, 1110
mpoTeiHasa rigposisye nmenTumHi 38’ 13KU, AKi yTBOpE-
Hi KapOOKCUJIBHOIO I'PYIIOI0 aMiHOKMCJIOT 3 Tiapod00-
HUMU OiyHMME JaHIoraMu. Easum iHI‘iﬁyBaJII/I EOTA
(IC50= 2,5 MM) MaxkcumanbHy aKTUBHICTH €H3UMY
3 :xenatuHOM i Leu-pNa criocrepirasu B mpucyTHOCTI
5 MM xJ0pUAYy KaJbIlifo.

VY ryasTypanbHilt piguHi Pleurotus ostreatus Bu-
SIBJIEHO KaJIbITi3aJIe;KHY METAJIOIIPOTEIHA3Y 3 MOJIEKY-
napHoro macoro 45 klla. EHsum He MaB romoJiorii 3 in-
IIMMU BiJOMUMMU IIPOiHA3aMU i TiApoJIidyBaB ITenTUIHI
3B’A8KM, YTBOPEHI KapOOKCUILHUMY IPYIIaMU aMiHO-
KHCJIOT 3 TiApo(oOHUMY GIYHUMHY JIAHITIOTaMU.

Knwuosi cnoea: G6asupiomimeru, IpPOTEOJTiTHUHI
€H3UMU, MOJIOKO3TOpTaJibHA aKTUBHICTH, (Pi3UKO-
XiMiUuH1 BJIaCTUBOCTI.

METAJIJIOHPOTFI/IHASA
N3 KYJbBTYPAJBHOU ;KNIKOCTHU
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B. B.Cakosuy®, E. H. Cmozruii® ,ZI PIR }Repnocefcoel,
A. B. Peopues?, J. C. Koponesa?, P. IO Mapyruy?,
B. A. Yeprvluenro®

Hlonecckuit rOCyIapCTBEeHHbBIN YHUBEPCUTET,
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HAH Vkpaunsi, Kues

E-mail: mrs.valeryia@mail.ru

ITesis pabOTHI — BBIABJIEHUE U U3yUeHUE (PUBUKO-
XUMHUYECKUX CBOMCTB 9H3MMHOTO IIperapara, moJIyyeH-
HOT0 U3 KYJIbTYPaIbHOMI sKuaKrocTu Pleurotus ostreatus.

Dpakmusd, comepsKaiasg IpoTenHasy, ObLIa IoJIy-
YeHa M3 KYJIbTYPAaJIbHON JKUJKOCTA METOJOM OCAK-
IEHUS XJIOPUIOM HATPUSA C ITOCTAEAYIOIINM AUATU30M
U KOHIleHTpUpOoBaHUeM. JKelaTHuHA3HYIO U MOJOKO-
CBEPTHIBAIOIYI0 aKTUBHOCTH OIIPEeIANN CTaHAAPT-
HeIMU MeTogamu. CocTaB IPOTEMHOBOTO KOMITOHEHTA
dpaKIuy OIpenessaan ¢ IMoMOIbio MeTonoB BOKX,
sneKTpodopesa mo Jlammau u MALDI-TOF aumanusa.
IIpoTenHa3Hy0 AaKTUBHOCTD U3YUAIN SH3UM-3JIEKTPO-
dopesom. [ BEIACHEHUA CIIENM(PUIHOCTY AEHCTBUSA
IPOTENHA3bl UCIIOJIb30BAJIN PAJ XPOMOTEHHBIX CYO-
crparoB: S2238, S236, S2251, S2765, Leu-pNa, Ala-
pNa u S2302. THrnOuTOPHBII aHAINS TPOBOIIIN C MIC-
nonb3oBauueM JITA, 6ersamununa, PMCD, [IXMB.

ITonyuenHasa ppaxinua obagana MakCUMAaIbHOI
mporerHasHoi akTuBHOCTBHIO npu 45 °C. Ilpu sTom
MaKCcUMaJIbHas MOJIOKOCBEDPTHIBAIOIAA aKTUBHOCTD
Haboganachk npu 35 °C. Camasa BbICOKasi MOJIOKOC-
BePTHIBAIOIAA aKTUBHOCTS ObL1a mpu pH 5,0 1 menee
3,0. Camasi BbICOKas IIPOTeNHA3HAas aKTUBHOCTD ObLIa
upu pH 6,0. C momorrsio metoga HPLC 6bLtu HalimeHbl
OCHOBHOI TPOTEMHOBBIN KOMIIOHEHT ¥ HEKOTOPHIE I10-
6ounble mIporenHbl. CoryiacHo pesybTaTaM JJIEKTPO-
(dopesa OCHOBHOI IIPOTEMHOBBIN KOMIIOHEHT (hPAKIINU
uMeJl MOJeKyaapHyio maccy 45 k]lla. Beut nmpoBeneH
SHBUM-2JIEKTPO(IOPEs C NCII0Ib30BaHeM (DIOPUHOIeHA
B KauecTBe CTAaHAAPTHOTO cyOcTpara. ¥ CTAHOBJIEHO, YTO
IpoTernHAa3HAasA aKTUBHOCTH (DPAKITAY IIPHCYTCTBOBAJIA B
30He, cooTBeTcTByoMIEel 45 Kla. [Ipu ngenTuduranum
IIPOAYKTOB TPUIICMHOIN3A He 00HAPY KEHO TOMOJIOT U
C IPYTUMU W3BECTHBIMU IpoTemHasamu. IlokasaHo,
YTO MMPOTErHAa3a TUIPOJIN30Baja IeNTUIHbIe CBSI3M1, 00-
pasoBaHHbIE KaPOOKCUIIBHOM I'PYIIIION aMIHOKUCIIOT C
TUAPOPOOHBIMI OOKOBBIMHU IETIAMU. OH3UM MHTHOMPO-
Basicst O[ITA (IC5y = 2,5 MM). MakcumasbHasA aKTUB-
HOCTB 9H3MMA ¢ yKejaaTuHoM u Leu-pNa Habaomaiach
B nipucyTcTBuu 5 MM XJI0puia KaabIius.

B kynbprypanbHoii skugkoctu Pleurotus ostreatus
oOHapysKeHa KaJbIlNiidaBUCUMAasa MeTaJIOIPOTeNHA-
3a ¢ MOJIEKYJIAPHOM Maccoii 45 klla. JH3UM He MMeJt
TOMOJIOTHY C APYTUMYU MU3BECTHBIMU IIPOTENMHA3aAMU
U TUAPOJU30BAJ MEINTUHbIE CBA3U, 00pPa30BaHHBIE
KapOOKCUJIBbHBIMU IPYIIIAMU aMUHOKUCJIOT C THUIPO-
G$oOHBIMU GOKOBBIMHU ITEIISAMU.

Knrouesvle cnoéa: 6a3uIMOMUIETHI, TPOTEOJIUTH-
YeCKNe SH3MMBI, MOJOKOCBEDPTHIBAIOINAS AKTUB-

HOCTB, (I)I/ISI/IKO-XI/IMI/ILIGCKI/IG CBOIICTBA.

Thework wassupportedy nationalgrantby the NationalAcademyof Science®f Ukraine,Stateregistration0115U0037452016-2020;

45


Alyona Vinogradova
Уведений текст
The work was supported by national grant by the National Academy of Sciences of Ukraine, State registration 0115U003745, 2016-2020).




