
40 ISSN 1028-0987. Microbiological Journal. 2026. (3)

RESEARCH ARTICLES

C i t a t i o n: Gudzenko O.V., Varbanets L.D., Butsenko L.M., Pasichnyk L.А. Screening of Elastase, Fibrinogenase 
and Collagenase among Bacillus Strains Isolated from Pine Seeds. Microbiological journal. 2026 (3). P.  40—50. 
https://doi.org/10.15407/microbiolj88.03.040

© Publisher PH «Akademperiodyka» of the NAS of Ukraine, 2026. Th is is an open access article under the CC BY-
NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)

https://doi.org/10.15407/microbiolj88.03.040

O.V. GUDZENKO*, L.D. VARBANETS, L.M. BUTSENKO, L.А. PASICHNYK 
D.K. Zabolotny Institute of Microbiology and Virology, NAS of Ukraine,
154 Akademika Zabolotnoho Str., Kyiv, 03143, Ukraine
*Author for correspondence; e-mail: alena.gudzenko81@gmail.com

SCREENING OF ELASTASE, FIBRINOGENASE 
AND COLLAGENASE AMONG BACILLUS STRAINS 
ISOLATED FROM PINE SEEDS
Th e 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 specifi city for elastin, fi brinogen, and collagen. Th e 
search for new producers among diff erent 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, fi brinogenase, and collagenase activity. Methods. 
Th e objects of the study were 13 cultures isolated from Scots pine seeds. Th e 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, fi brinogenolytic, and collagenolytic) activity in the supernatant of the culture liquid were used. Results. Th e 
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 diff erent and were 4 and 50 °C for Bacillus sp. E12 and E5, respectively. As for fi brinogenolytic 
activity, the enzyme preparations of Bacillus sp. E12 and E5 diff ered signifi cantly in activity (6.8 and 1.05 U/mL)and 
were characterized by almost the same pH optimum (10 and 9), but diff ered sharply in thermooptima (38 and 60 °C). 
Conclusions. For the fi rst time, eff ective producers of proteases with elastase and fi brinogenolytic activity have been 
identifi ed from bacteria isolated from Scots pine seeds. Th e results obtained expand understanding of the biological 
activity of endophytic bacteria, inhabitants of Scots pine.
Keywords: Bacillus, endophytic bacteria, Scots pine, proteases, elastase activity, fi brinogenase activity, collagenase activity.
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Today, more than 60% of the industrial enzyme 
market is made up of proteases (Hashmi et al., 
2022). Th eir 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. Th erefore, 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-aft er enzymes in industry, medi-
cine, and biotechnology are proteases with speci-
fi city for elastin, fi brinogen, fi brin, and collagen 
(Nguyen et al., 2025). Th is 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 signifi cant diversity of protease pro-
ducers known today, the search for new strains of 
diff erent origins remains relevant, because new 
isolates may have unique properties, namely tol-
erance to extreme conditions, enhanced enzyme 
secretion, increased activity, and specifi city for 
certain protein substrates. Th at 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 
eff ective 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-

teria live asymptomatically in plant tissues and do 
not cause any negative impact on them. Th e 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. 
Th erefore, the aim of this work was to screen mi-
croorganisms for the presence of enzymes with 
elastase, fi brinogenase, and collagenase activity 
among representatives of the genus Bacillus, in-
habitants of such an econiche as Scots pine.

Materials and Methods. Th e 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.). Th e 
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. Th e iso-
lated strains were identifi ed based on the study 
of morphological-cultural and physiological-
biochemical properties. Identifi cation 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 fl asks containing 100 mL 
of medium of the following compositions (g/L): 
KH2PO4  — 1.0; MgSO4 × 7Н2О  — 0.75; Zn-
SO4 × Н2О — 0.25; (NH4)2SO4— 0.5; maltose — 
1.0; gelatin  — 10.0; yeast autolysate  — 0.15; 
рН 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 fi brinogen 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). Th  e unit of activity was the number of 
micromoles of released amino acids according 
to the standard curve constructed for leucine. 

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

Partially purifi ed enzyme preparations were 
obtained by precipitation with ammonium sul-
fate. Dry salt (NH4)2SO4 was added to the super-
natant of the culture liquid to a fi nal concentra-
tion of 90%. Th e mixture was kept for 6 h at 4 °C 
and centrifuged at 5000 g for 45 min. Th e precip-
itate was collected and dissolved in a threefold 
volume of 3 M ammonium sulfate. 

Th e study of the eff ect 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 buff er.

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. Th e results, presented in the 
form of graphs, were processed using Microsoft  
Excel 2007.

Results. Th e study of elastase activity showed 
(Fig. 1) that on the second day of cultivation, in 
the culture liquid supernatant (CLS), 9 of 13 Ba-

cillus sp. strains studied were detected. Th e high-
est elastase activity was demonstrated by CLS of 
strains E12 (30.7 U/mL), E5 (25.0 U/mL), and 
E1 (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 
identifi ed at all.

Th e ability to hydrolyze fi brinogen was detect-
ed in CLS of 10 out of 13 strains studied (Fig. 2).

Th e results obtained indicate signifi cant vari-
ability among the studied strains. Th us, the high-
est levels of fi brinogenolytic 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 
(0.54 U/mL), E6 (0.5 U/mL), and E8 (0.44 U/mL). 
In CLS of strains E2, E3, and E11, fi brinogeno-
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 specifi city for fi brinogen, 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). Signifi cantly lower values were observed in 
CLS of strains E5 (0.28 U/mL) and E18 (0.26 U/
mL). Th e group of strains with moderate activity 
includes strains Bacillus sp E15 (0.24 U/mL), E11 
(0.22 U/mL), E10 (0.2 U/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). Th e ability to hydrolyze col-
lagen was not detected in CLS of Bacillus sp. E2 
and E3. Th e 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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two strains, namely Bacillus sp. E12 and E5. 
Th erefore, further studies were aimed at study-
ing their elastase activity, namely the dynamics 
of elastase synthesis and the infl uence of culti-
vation temperature on their activity. Th e 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 

from 48 hours of cultivation and remained the 
same until 72 hours, aft er which it gradually 
decreased. Th erefore, the maximum elastase ac-
tivity of both studied strains was from 48 to 72 
hours of cultivation.

Th e study of the infl uence 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. 1. Elasolytic activity of CLS Bacillus sp. 

Fig. 2. Fibrinogenolytic activity of CLS Bacillus sp. 



44 ISSN 1028-0987. Microbiological Journal. 2026. (3)

O.V. Gudzenko, L.D. Varbanets, L.M. Butsenko, L.А. Pasichnyk

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. 
Th us, 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 

contributed to a signifi cant decrease in activity. 
Th us, 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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Fig. 4. Dynamics of elastase synthesis by Bacillus sp. E5 and E12 cultures
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For further studies of the enzymatic activity 
of two active strains of Baci llus sp. E12 and E5, 
partially purifi ed preparations were obtained 
from the supernatants of their culture liquids 
by precipitation with ammonium sulfate. Th e 
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. Th at 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, fi brinogenolytic ac-
tivity was also detected in CLS of both strains. 
Although it was somewhat lower compared to 
the previously studied Bacillus strains isolated 
from diff erent econiches, we investigated it in 
complex enzyme preparations, in particular, its 
dependence on pH and temperature. It is shown 
(Fig. 7A) that fi brinogenolytic 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 fi brino-
genolytic activity of these two active prepara-
tions (Fig. 7B), it also diff ered little and was 
from 4 to 68 °C. However, signifi cant 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. Th us, 
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. Th e complex enzyme 
preparations diff ered little in activity (30.7 and 
25.0  U/mL), pH optimum (11.0 and 8.0), and 

thermooptimum (4 and 50 °C) for Bacillus sp. 
E12 and E5, 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, fi brin-
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. 
Th eir 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 identifi ed 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 eff ec-
tive producers of proteases, we carried out stud-
ies to identify among them active producers of 
enzymes with specifi city for elastin, fi brinogen, 
and collagen, which have wide practical use in 
various industries and in medicine.

Since in the available literature we did not fi nd 
data on the presence of elastase, fi brinogenase, 
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 
eff ective 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, aft er 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 
aft er 72 h, and B. subtilis S1 aft er 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. 

Th us, 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. Th e optimal fermentation 
conditions for B. amyloliquefaciens KSM12 are 
24-hour incubation and a temperature of 37 °C. 
Th ese results are also confi rmed 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 aft er 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 fi brinogenolytic activity. Ba-
cillus sp. E5 was characterized by slightly lower 
elastase activity, but the highest fi brinogenolytic 
activity among the 13 studied strains. To obtain 
partially purifi ed 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 fi brinogenolytic 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 fi brino-
genolytic activity, it is also of interest for further 
studies due to the rather unique econiche from 
which both strains were isolated. 

Th e presence of Bacillus sp. isolates with pro-
tease activity toward elastin and fi brinogen in-

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 fi brino-
genolytic activity and why one of them (Bacil-
lus sp. E12) has a thermooptimum of action of 
4 °C only.

Th e 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). Th is supports the possibility 
of the existence of members of the genus Ba-
cillus whose enzyme systems are functionally 
adapted to low-temperature conditions..

Our fi ndings 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 specifi c 
microecological niche that is characterized by 
limited availability of nutrients, low humid-
ity, and signifi cant temperature fl uctuations, 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. Th is may provide 
them with competitive advantages in shaping 
the seedling microbiome and infl uencing sub-
sequent plant development. At the same time, 
such microorganisms may participate in regula-

tion of the physiological state of seeds, in par-
ticular through modifi cation of protein compo-
nents of the seed coats or endosperm. Th us, the 
temperature optimum at 4 °C, identifi ed in this 
work, is probably due to the peculiarities of the 
structural arrangement of the enzyme, which 
provide increased fl exibility of the active center 
and eff ective catalysis at low temperatures. 
Th e results obtained suggest that the studied 
strain is a producer of cold-active enzymes 
adapted to the conditions of the seed niche. It 
should be emphasized that such properties are 
uncharacteristic of classical representatives of the 
genus Bacillus, and therefore the obtained data 
have signs of scientifi c novelty. In our opinion, 
such a low temperature optimum of enzymatic 
activity has been shown for the fi rst time for 
this object of study, which expands the idea of 
the adaptive potential of bacilli and opens up 
prospects for their biotechnological application 
in processes occurring at low temperatures.
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СКРИНІНГ ЕЛАСТАЗ, ФІБРИНОГЕНАЗ ТА КОЛАГЕНАЗ 
СЕРЕД ШТАМІВ BACILLUS, ВИДІЛЕНИХ ІЗ НАСІННЯ СОСНИ

Домінуюче положення на ринку промислових ферментів  (понад 60%) посідають протеази, серед яких дві 
третини мають мікробне походження. Особливу цінність становлять стабільні протеази зі специфічністю 
до еластину, фібриногену та колагену. Пошук нових продуцентів серед різних еконіш є актуальним завдан-
ням для отримання ферментів з унікальними властивостями. Ендофітні бактерії, зокрема представники ро-
ду Bacillus, що колонізують внутрішні тканини рослин, є перспективним, проте малодослідженим джерелом 
біоактивних сполук. Оскільки дані щодо протеолітичного потенціалу ендофітів насіння сосни звичайної 
(Pinus sylvestris L.) у доступній літературі є фрагментарними, метою роботи було провести скринінг бак-
теріальних ізолятів із цієї еконіші на наявність ферментів з еластазною, фібриногеназною та колагеназною 
активністю. Методи. Об’єктами дослідження були 13 культур, ізольованих із насіння сосни звичайної. Бак-
терії вирощували в умовах глибинного культивування при 28 °С, зі швидкістю перемішування живильного 
середовища 230 об/хв протягом 3 діб. Використовували методи визначення протеолітичної (еластолітичної, 
фібриногенолітичної та колагенолітичної) активності в супернатанті культуральної рідини. Результати. 
Дослідження здатності супернатантів досліджуваних культур гідролізувати різні протеолітичні субстрати 
показало, що перспективними для подальших досліджень виявилися штами Bacillus sp. Е12 і Е5. В їхніх 
комплексних ензимних препаратах еластазна активність проявлялася в однаковому діапазоні рН від 6 до 
12, з рН-оптимумом 11 та 8, відповідно для Bacillus sp. Е12 і Е5 та температур від 4 до 70 °С. Однак термооп-
тимуми еластазної активності в препаратах обох штамів відрізнялися і складали 4 та 50 °С, відповідно для 
Bacillus sp. Е12 та Е5. Що стосується фібриногенолітичної активності, то ензимні препарати Bacillus sp. Е12 та 
Е5 значно відрізнялися активністю (1.05 та 6.8 од/мл), характеризувалися майже однаковим рН-оптимумом 
(10 та 9), але різко відрізнялися термооптимумом (38 та 60 °С). Висновки. Вперше з бактерій, виділених з 
насіння сосни звичайної, виявлено ефективні продуценти протеаз з еластазною та фібриногенолітичною 
активністю. Отримані результати розширюють уявлення про біологічну активність ендофітних бактерій, 
мешканців сосни звичайної. 
Ключові слова: Bacillus, ендофітні бактерії, сосна звичайна, протеази, еластазна активність, фібриноге-
назна активність, колагеназна активність.


