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SCREENING OF ELASTASE, FIBRINOGENASE
AND COLLAGENASE AMONG BACILLUS STRAINS
ISOLATED FROM PINE SEEDS

The dominant position on the market of industrial enzymes (over 60%) is occupied by proteases, two-thirds of which
are of microbial origin. Of particular value are stable proteases with specificity for elastin, fibrinogen, and collagen. The
search for new producers among different econiches is an urgent task for obtaining enzymes with unique properties. En-
dophytic bacteria, in particular, representatives of the genus Bacillus, which colonize the internal tissues of plants, are a
promising but little-studied source of bioactive compounds. Since data on the proteolytic potential of endophytes of Scots
pine seeds (Pinus sylvestris L.) in the available literature are fragmentary, the aim of the work was to screen bacterial
isolates from this econiche for the presence of enzymes with elastase, fibrinogenase, and collagenase activity. Methods.
The objects of the study were 13 cultures isolated from Scots pine seeds. The bacteria were grown in submerged cultiva-
tion at 28 °C, with a stirring speed of the nutrient medium of 230 rpm for 3 days. Methods for determining proteolytic
(elastolytic, fibrinogenolytic, and collagenolytic) activity in the supernatant of the culture liquid were used. Results. The
study of the ability of the supernatants of the studied cultures to hydrolyze various proteolytic substrates showed that
the strains Bacillus sp. E12 and E5 were promising for further research. In their complex enzyme preparations, elastase
activity was manifested in the same pH range from 6 to 12, with a pH optimum of 11 and 8 and temperatures from 4
to 70 °C for Bacillus sp. E12 and E5, respectively. However, the thermooptima of elastase activity in the preparations of
both strains were slightly different and were 4 and 50 °C for Bacillus sp. E12 and E5, respectively. As for fibrinogenolytic
activity, the enzyme preparations of Bacillus sp. E12 and E5 differed significantly in activity (6.8 and 1.05 U/mL)and
were characterized by almost the same pH optimum (10 and 9), but differed sharply in thermooptima (38 and 60 °C).
Conclusions. For the first time, effective producers of proteases with elastase and fibrinogenolytic activity have been
identified from bacteria isolated from Scots pine seeds. The results obtained expand understanding of the biological
activity of endophytic bacteria, inhabitants of Scots pine.
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Today, more than 60% of the industrial enzyme
market is made up of proteases (Hashmi et al.,
2022). Their sources can be animals, plants, and
microorganisms. Compared with proteases of an-
imal or plant origin, proteases obtained by micro-
bial fermentation are characterized by a number
of advantages, namely high production capacity,
low production cost, as well as the possibility of
using genetic manipulations to improve their ac-
tivity. Therefore, in the global industrial enzyme
market, about two-thirds of commercial proteases
are of microbial origin (Song et al., 2023). One of
the most sought-after enzymes in industry, medi-
cine, and biotechnology are proteases with speci-
ficity for elastin, fibrinogen, fibrin, and collagen
(Nguyen et al.,, 2025). This is due to their high
stability, the ability to function in a wide range of
pH and temperatures, as well as the prospects for
obtaining new therapeutic drugs based on them.
Despite the significant diversity of protease pro-
ducers known today, the search for new strains of
different origins remains relevant, because new
isolates may have unique properties, namely tol-
erance to extreme conditions, enhanced enzyme
secretion, increased activity, and specificity for
certain protein substrates. That is why the ini-
tial screening of natural isolates is a key stage in
the creation of biocatalysts with increased func-
tional characteristics, as well as the development
of biotechnological processes based on them. In
this case, the econiche from which microorgan-
isms are isolated is of great importance, because
producers obtained from extreme econiches, in
particular under conditions of increased salinity
and reduced temperatures and lighting, will dif-
fer in their physicochemical and catalytic proper-
ties from microorganisms isolated from econiches
with normal conditions of existence. Today, many
effective enzyme producers isolated from soil,
marine environments, and plants are known. But
there is a group of microorganisms, in particular
endophytic bacteria, which can be found not on
the surface of plants, but in tissues, in particular
seeds, fruit shells, roots, stems, etc. Such plant bac-
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teria live asymptomatically in plant tissues and do
not cause any negative impact on them. The close
and harmless relationship among the endophyte,
its host plant, and complex substrates can provide
a unique habitat, which forces endophytes to pro-
duce a variety of bioactive compounds, including
various enzymes. However, as for proteolytic en-
zymes, the available literature contains only frag-
mentary data on their presence in Scots pine seeds.
Therefore, the aim of this work was to screen mi-
croorganisms for the presence of enzymes with
elastase, fibrinogenase, and collagenase activity
among representatives of the genus Bacillus, in-
habitants of such an econiche as Scots pine.

Materials and Methods. The objects of the re-
search were Bacillus sp. E1, strains E2, E3, E5, E6,
E7, E8, E9, E10, E11, E12, E15, and E18, isolated
from seeds of Scots pine (Pinus sylvestris L.). The
seeds were collected by us in 2023—2024 at the
Boyar Forest Research Station of the National
University of Biology and Chemistry. To isolate
endophytic bacteria, the method of surface ster-
ilization of Scots pine seeds was used (sequen-
tially: 5 min 70% ethanol solution, 20 min 16.5%
hydrogen peroxide, burning in 96% ethanol)
with subsequent sterility control. Epiphytic bac-
teria were isolated by washing the seeds. The iso-
lated strains were identified based on the study
of morphological-cultural and physiological-
biochemical properties. Identification of strains
E7, E8, E9, E10, E11, E12, E15, and E18 was also
carried out by the matrix-activated laser desorp-
tion/ionization (MALDI-TOF mass spectrome-
try) method, the results of which were published
in previous works (Shopinskyi et al., 2025 a;
Shopinskyi et al.,, 2025 b).

For submerged fermentation, strains were cul-
tivated in Erlenmeyer flasks containing 100 mL
of medium of the following compositions (g/L):
KH,PO, — 1.0; MgSO,x7H,0 — 0.75; Zn-
SO, xH,0 — 0.25; (NH,),SO,— 0.5; maltose —
1.0; gelatin — 10.0; yeast autolysate — 0.15;
pH 7.0. Cultures were grown at 28 °C, with a ro-
tation speed of 230 rpm for 3 days. At the end
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of fermentation, the biomass was determined in
the culture liquid supernatant.

Elastase activity was determined colorimetri-
cally by the intensity of the color of the solution
upon enzymatic hydrolysis of elastin stained
with Congo red (Gudzenko et al., 2025). An ac-
tivity unit was taken as the amount of enzyme
that catalyzes the hydrolysis of 1 mg of the sub-
strate for 1 min under standard conditions.

Fibrinogenolytic activity was determined by
the recommended methods with fibrinogen as
substrate (Varbanets & Matseliukh, 2014).

Collagenase activity was determined by the
content of free amino acids in the reaction
mixture containing ninhydrin (Moore & Stein,
1948). The unit of activity was the number of
micromoles of released amino acids according
to the standard curve constructed for leucine.

To study the effect of cultivation temperature
on enzyme activity, producers were grown at
temperatures of 18, 28, 37, and 42 °C.

Partially purified enzyme preparations were
obtained by precipitation with ammonium sul-
fate. Dry salt (NH,),SO, was added to the super-
natant of the culture liquid to a final concentra-
tion of 90%. The mixture was kept for 6 h at 4 °C
and centrifuged at 5000 g for 45 min. The precip-
itate was collected and dissolved in a threefold
volume of 3 M ammonium sulfate.

The study of the effect of temperature and pH
on enzyme activity was carried out in the tem-
perature range from 4 to 80 °C and pH from 3.0
to 12.0, the latter was created with 0.05 M uni-
versal phosphate buffer.

All experiments were performed in 5 rep-
etitions. Student’s t-test was used for statistical
analysis. Data are presented as mean + standard
deviation e (M * m) and are considered signif-
icant at p < 0.05. The results, presented in the
form of graphs, were processed using Microsoft
Excel 2007.

Results. The study of elastase activity showed
(Fig. 1) that on the second day of cultivation, in
the culture liquid supernatant (CLS), 9 of 13 Ba-
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cillus sp. strains studied were detected. The high-
est elastase activity was demonstrated by CLS of
strains E12 (30.7 U/mL), E5 (25.0 U/mL), and
El (19.53 U/mL). Moderately high values were
observed in CLS of strains E10 (14.9 U/mL), E8
(12.31 U/mL), and E7 (9.7 U/mL). Low activity
was detected in CLS of strains E9 (7.9 U/mL),
E 15 (5.07 U/mL) ,and E 18 (5.2 U/mL), while
in CLS of strains E2, E3, E6, and E 11, it was not
identified at all.

The ability to hydrolyze fibrinogen was detect-
ed in CLS of 10 out of 13 strains studied (Fig. 2).

The results obtained indicate significant vari-
ability among the studied strains. Thus, the high-
est levels of fibrinogenolytic activity were found
in CLS of strains E5 (6.8 U/mL), E18 (5.2 U/mL),
and E15 (4.7 U/mL). Low levels of activity were
observed in CLS of strains E12 (1.05 U/mL), E9
(0.9 U/mL), E1 (0.8 U/mL), E10 (0.75 U/mL), E7
(0.54U/mL), E6 (0.5U/mL), and E8 (0.44 U/mL).
In CLS of strains E2, E3, and E11, fibrinogeno-
lytic activity was not detected at all. In general,
the screening results indicate that strains E18,
E5, and E15 are the most promising producers of
enzymes with specificity for fibrinogen, but their
activity was lower than the activity of enzymes
isolated from producers of other econiches. As
for collagenase activity (Fig. 3), the highest one
was observed in CLS of Bacillus sp. E9 (0.72 U/
mL). Significantly lower values were observed in
CLS of strains E5 (0.28 U/mL) and E18 (0.26 U/
mL). The group of strains with moderate activity
includes strains Bacillus sp E15 (0.24 U/mL), E11
(0.22U/mL),E10(0.2U/mL),E7 (0.17 U/mL), E6
(0.16 U/mL), E8 (0.15 U/mL), E12 (0.15 U/mL),
and E1 (0.13 U/mL). The ability to hydrolyze col-
lagen was not detected in CLS of Bacillus sp. E2
and E3. The results obtained indicate that since
the studied strains of Bacillus sp. showed very low
collagenase activity, compared to known produc-
ers, they are not promising for further studies of
collagenase activity.

Among the three studied activities, the high-
est in relation to elastin was found in CLS of
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Fig. 1. Elasolytic activity of CLS Bacillus sp.
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Fig. 2. Fibrinogenolytic activity of CLS Bacillus sp.

two strains, namely Bacillus sp. E12 and E5.
Therefore, further studies were aimed at study-
ing their elastase activity, namely the dynamics
of elastase synthesis and the influence of culti-
vation temperature on their activity. The study
of the dynamics of elastase synthesis by Bacil-
lus sp E5 and E12 cultures (Fig. 4) showed that
the maximum activity was observed starting
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from 48 hours of cultivation and remained the
same until 72 hours, after which it gradually
decreased. Therefore, the maximum elastase ac-
tivity of both studied strains was from 48 to 72
hours of cultivation.

The study of the influence of cultivation tem-
perature on the elastase activity of the studied
strains Bacillus sp. E5 and E12 (Fig. 5) shows
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Fig. 4. Dynamics of elastase synthesis by Bacillus sp. E5 and E12 cultures

that the optimum temperature for the maximum
elastase activity of both strains was 28 °C and was
25.0 and 30.7 U/mL, respectively. Both lower and
higher values of the cultivation temperatures of
the strains caused a decrease in elastase activity.
Thus, at a temperature of 18 °C, the activity of
the CLS of Bacillus sp. E5 was 18 U/mL, while for
strain E12, it was only 5 U/mL. An increase in
the cultivation temperature of the producer also
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contributed to a significant decrease in activity.
Thus, at 37 °C, it decreased for both strains by
1.7 times compared to the optimal one and was
15 and 18 U/mL for strains E5 and E12, respec-
tively,. Further increase in the cultivation tem-
perature to 42 °C also contributed to a decrease
in the elastase activity of the CLS of the Bacillus
sp. E5 strain by 3 times (8 U/mL) and for the E12
strain by 2.5 times (12 U/mL).
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For further studies of the enzymatic activity
of two active strains of Bacillus sp. E12 and E5,
partially purified preparations were obtained
from the supernatants of their culture liquids
by precipitation with ammonium sulfate. The
study of such optimal conditions of the action
of the preparations as pH- and thermooptimum
showed (Fig. 6 A, B) that in complex enzyme
preparations of Bacillus sp. E5 and Bacillus sp.
E12, elastase activity is manifested in the same
pH range from 6 to 12, with pH-optimum of 8
and 11, respectively. That is, the elastase activ-
ity of both strains was maximum in the alkaline
zone of pH values.

Elastase activity in preparations of both Ba-
cillus sp. strains E5 and E12 was detected in the
same temperature range from 4 to 70 °C. How-
ever, their thermooptima of elastase activity dif-
fered and were 50 °C and 4 °C, respectively. In
addition to elastase activity, fibrinogenolytic ac-
tivity was also detected in CLS of both strains.
Although it was somewhat lower compared to
the previously studied Bacillus strains isolated
from different econiches, we investigated it in
complex enzyme preparations, in particular, its
dependence on pH and temperature. It is shown
(Fig. 7A) that fibrinogenolytic activity in prepa-
rations of both strains was manifested in the pH
range from 6 to 12, with optimal pH values at 9
and 10, for Bacillus sp. E5 and E12, respectively,

As for the temperature range of the fibrino-
genolytic activity of these two active prepara-
tions (Fig. 7B), it also differed little and was
from 4 to 68 °C. However, significant deviations
were found in the values of optimal tempera-
tures for the manifestation of maximum activ-
ity: 38 °C for the enzyme preparation Bacillus
sp. E12 and 60 °C for Bacillus sp. E5. Thus,
the analysis of the obtained data shows that
the highest elastase activity was demonstrated
by 2 strains of 13 studied cultures: Bacillus sp.
E12 and Bacillus sp. E5. The complex enzyme
preparations differed little in activity (30.7 and
25.0 U/mL), pH optimum (11.0 and 8.0), and
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thermooptimum (4 and 50 °C) for Bacillus sp.
E12 and ES5, respectively.

Discussion. To comprehensively assess the
proteolytic potential of 13 strains of Bacillus sp.
isolated from Scots pine seeds, a comparative
study of their ability to hydrolyze elastin, fibrin-
ogen, and collagen was conducted. It is known
(Lokya et al., 2020; Kim et al., 2019) that prote-
ases in seeds play an extremely important role.
Their ability to break down protein substrates
helps the seed obtain nutrients and provides a
symbiotic relationship with the plant, promoting
seed germination, protection against pathogens,
and stimulation of seedling growth. Representa-
tives of various bacterial genera, including Ba-
cillus, have been identified as part of endophytic
bacteria isolated from Scots pine seeds (Maslen-
nikova et al., 2023). Since it is known (Shakilani-
shi et al., 2024; Khan et al., 2022; Rosazza et al.,
2023) that representatives of this genus are effec-
tive producers of proteases, we carried out stud-
ies to identify among them active producers of
enzymes with specificity for elastin, fibrinogen,
and collagen, which have wide practical use in
various industries and in medicine.

Since in the available literature we did not find
data on the presence of elastase, fibrinogenase,
and collagenase producers in Scots pine seeds,
the solution of this issue became the purpose of
this research. Analysis of the results obtained
for screening among 13 Bacillus sp. strains iso-
lated from Scots pine seeds shows that only two
strains, namely Bacillus sp. E12 and E5, were
effective producers of proteases with elastase
activity, which was 30.7 U/mL and 25.0 U/mL,
respectively. It was established that the greatest
synthesis of the enzyme by both studied strains
was observed in the period from 24 to 72 hours
of cultivation, after which the synthesis of prote-
ases gradually decreases. Similar results were ob-
tained by the researchers (Hashmi et al., 2022),
who showed that B. amyloliquefaciens KSM12 is
able to produce protease with maximum activity
after 72 h, and B. subtilis S1 after 48 h (Hashmi
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et al.,, 2022). As for the optimal cultivation tem-
peratures, our data do not agree with the results
obtained by the above-mentioned authors.

Thus, for the optimal synthesis of elastase by
both strains of Bacillus sp. E12 and E5, the culti-
vation temperature is 28 °C, while for B. subtilis
S1 and B. amyloliquefaciens KSM12, the optimal
temperature is 37 °C. The optimal fermentation
conditions for B. amyloliquefaciens KSM12 are
24-hour incubation and a temperature of 37 °C.
These results are also confirmed by other data in
the literature (Feng et al., 2025), which indicate
that the synthesis of extracellular proteases oc-
curs in the late logarithmic and early stationary
phases of growth, when they are necessary for
the breakdown of complex nutrients, since the
primary sources of carbon and nitrogen are de-
pleted in the culture media. However, other re-
searchers (Hashmi et al., 2022) believe that the
decrease in the activity of B. subtilis S1 and B.
amyloliquefaciens KSM12 proteases after 48 and
72 h of cultivation, respectively, may be due to
the accumulation of toxic substances produced
by the bacteria in the culture medium.

Bacillus sp. E12 was characterized by high
elastase and low fibrinogenolytic activity. Ba-
cillus sp. E5 was characterized by slightly lower
elastase activity, but the highest fibrinogenolytic
activity among the 13 studied strains. To obtain
partially purified enzyme preparations, the su-
pernatants of the culture liquid of both strains
were precipitated with ammonium sulfate. As a
result, the elastase activity did not increase, but
the fibrinogenolytic activity increased almost
by 5 times. Analysis of the results indicates that
both strains Bacillus sp. E12 and Bacillus sp. E5
may be promising for further studies as produc-
ers of proteases with elastase activity. Although
Bacillus sp. E5 does not exhibit very high fibrino-
genolytic activity, it is also of interest for further
studies due to the rather unique econiche from
which both strains were isolated.

The presence of Bacillus sp. isolates with pro-
tease activity toward elastin and fibrinogen in-
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dicates a possible ecological role in symbiotic
relationships with the host plant, in particular
Scots pine.

Further, more extensive studies on the prop-
erties of Bacillus sp. E12 and E5 enzymes, their
catalytic activity, and the functional groups of
the active site may bring us closer to answering
the question of why bacteria isolated from Scots
pine need proteases with elastase and fibrino-
genolytic activity and why one of them (Bacil-
lus sp. E12) has a thermooptimum of action of
4 °C only.

The indicated termooptimum of enzymatic
activity at 4 °C is atypical for most representa-
tives of the genus Bacillus, which belong main-
ly to mesophilic microorganisms. At the same
time, our results may indicate the presence of
cold-active (psychrophilic or psychrotolerant)
enzymes in the studied strain. It is known that
microorganisms adapted to low-temperature
conditions are able to synthesize enzymes that
retain high catalytic activity at temperatures
close to 0 °C, which is their key physiological
and biochemical feature (Hamid et al., 2022).
In particular, Bacillus strains isolated from cold
ecosystems (glacial soils, marine and deep-sea
environments) have been described that pro-
duce cold-active proteases and other hydrolytic
enzymes (Joshi & Satyanarayana, 2013). For
example, Bacillus pumilus isolated from glacial
soils has been shown to grow in the range of
4—30 °C and to synthesize a cold-active prote-
ase with high activity at low temperatures (Fa-
rooq et al., 2021). This supports the possibility
of the existence of members of the genus Ba-
cillus whose enzyme systems are functionally
adapted to low-temperature conditions..

Our findings not only indicate the presence
of cold-active enzymes in the studied strain but
also indicate their possible ecological signifi-
cance. It is known that plant seeds are a specific
microecological niche that is characterized by
limited availability of nutrients, low humid-
ity, and significant temperature fluctuations, in
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particular during storage or stay in the soil in a
cold season. Under such conditions, the ability
of microorganisms to synthesize enzymes active
at low temperatures is an important adaptive ad-
vantage. Cold-active proteases can destroy seed
storage proteins even at low temperatures, which
contributes to the use of organic substrates in
situations where the metabolic activity of most
competitive microorganisms is limited. In addi-
tion, such enzymatic activity can play a role in
the processes of biodegradation of damaged or
dead seed tissues, participating in the mineral-
ization of organic matter and maintaining the
stability of microbial communities. In terms of
an ecological perspective, the presence of cold-
active enzymes in seed-associated bacteria may
be related to their ability to colonize seeds at
early stages of germination, when the environ-
mental temperature is still low. This may provide
them with competitive advantages in shaping
the seedling microbiome and influencing sub-
sequent plant development. At the same time,
such microorganisms may participate in regula-
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CKPMHIHI ETACTAS, ®IbPVMHOTEHA3 TA KOJIATEHA3
CEPEJl HITAMIB BACILLUS, BUJUIEHMX 13 HACIHHA COCHIU

JoMmiHylo4ue ITOTIO>KeHHA Ha PUHKY MPOMUCIOBUX (epMeHTIB (moHan 60%) ImocifaloTh IpoTeasu, cepey AKUX ABi
TPeTUHN MAalOTbh MiKpoOHe moxomkeHHA. Oco6MMBY LIiHHICTb CTAHOB/IATD CTAOIIbHI IpoTeasn 3i cruenyudivHicTIo
IO enacTuHY, (pibprHoreny Ta KomareHy. [Tonryk HOBMX IIPORYLIEHTIB cepell Pi3HIX eKOHIII € aKTya/IbHVM 3aBJaH-
HSIM JI/Is OTPMMAHHI (pePMEHTIB 3 YHIKa/IbHIMIU BIaCTUBOCTAMU. EHodiTHI 6aKTepil, 30KpeMa MpeACcTaBHUKI PO-
my Bacillus, 1110 KO/IOHI3yI0Tb BHYTPIIlIHI TKAHUHY POCTINH, € TIEPCIIEKTUBHUM, IIPOTE MATOLOC/IIIPKEHIM JKepeioM
6i0akTUBHMX cronyK. OCKIZIbKY FaHi {00 MPOTEOMITUIHOrO MOTeHIiany eHno¢iTiB HACIHHSI COCHM 3BMYAITHOI
(Pinus sylvestris L.) y gocTymHiit miteparypi € ¢pparMmeHTapHIMM, METO POOOTH OY/I0 IPOBECTI CKPMHIHT 6aK-
TepianbHUX i3071ATIB i3 1i€l eKOHilI Ha HasABHICTb (PepMEHTIB 3 e1acTasHol, GiOpPMHOreHa3HOI Ta KOTareHa3HO0
akTMBHicTI0O. MeTomn. O6’ekTamMy [OCTipKeHHA Oy 13 Ky/IbTyp, i30/IbOBaHMX 13 HACIHHA COCHM 3BUYaliHOI. bax-
Tepii BMpOIIyBaIM B yMOBaX NIMOMHHOIO Ky/IbTHBYBaHHA Ipy 28 °C, 31 IIBUAKICTIO TepeMilllyBaHHS )XMBIIBHOTO
cepenosuina 230 06/xB npoTsirom 3 mib. BukopucToByBamu MeTOAY BU3HAYEHHS IPOTEOIITUYHOI (€/acTOMITUYHOI,
(i6pMHOreHOMITUYHOI Ta KOMAT€HOITIYHOI) aKTUBHOCTI B CYIepHATAHTI Ky/IbTypaabHOI pifuHu. Pesymbrarim.
JlocmifKeHHs 3TaTHOCTI CyIepHATAHTIB JOCIIPKYBAaHUX KY/IbTYpP TifpoOnisyBaTy pisHi MpOTeomiTHYHI cybcTpaTn
IIOKa3aJ1o0, 110 MePCIeKTUBHUMI IS MOJANbIINX JOCTKeHb BusBmmucs wramu Bacillus sp. E12 i E5. B ixnix
KOMITJIEKCHMX €H3MMHUX ITperapaTax eacTasHa aKTMBHICTh IPOAB/ANAcA B OGHAKOBOMY jianasoHi pH Bix 6 o
12, 3 pH-ontumymom 11 Ta 8, BigmosinHo s Bacillus sp. E12 1 E5 Ta Temmnieparyp Big 4 fo 70 °C. OgHak TepMOoII-
TUMYMMU €/IacTasHol aKTVBHOCTI B IIpenaparax 000X WTaMiB BifpisHsamucs i cknaganu 4 ta 50 °C, BignoBigHO fns
Bacillus sp. E12 ta E5. Illo cTocyeTbes GpibpyHOreHOMTUYHOI aKTUBHOCTI, TO eH3uMHi npenapati Bacillus sp. E12 ta
E5 snauHO BifpisHamica aktuBHicTIO (1.05 Ta 6.8 on/MiI), XapaKTepruayBajics MaybKe oqHaKoBuM pH-omtiMymom
(10 Ta 9), ane pisko Bigpisusmcs tepmoonTumyMoM (38 Ta 60 °C). Bucnosku. Briepure 3 6axrepiit, BupiieHux 3
HACIHHsI COCHM 3BUYAITHOI, BUSABIEHO eeKTUBHI IPOAYLIEHTHU IPOTeas 3 eacTasHo0 Ta (PpibpUHOreHOMITUIHOIO
akTVBHICTIO. OTpUMaHi pesyabTaTy PO3LUIMPIOIOTH YSABIEHHS PO 6i0NOriYHy aKTUBHICTh eHTOITHUX OaKTepiil,
MEIIKaHIIiB COCHU 3BUYaITHOI.

Kntouoei cnoea: Bacillus, endogpimui 6axmepii, cocHa 36unaiina, npomeasu, enacmasHa akmusHicmo, @ibpuroze-
HA3HA AKMUBHICMY, KONIA2eHA3HA AKIMUEHICND.
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