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Proteases from probiotic strains of the genus Bacillus, just like the antibiotics, bacteriocins and other
hydrolytic enzymes, are one of the main factors that determine their biological activity. The aim of this
work was to study the synthesis and biochemical properties of proteases from two strains Bacillus amylo-
liquefaciens subsp. plantarum UCM B-5139 and UCM B-5140 that included in the probiotic Endosporin.
The cultivation of strains was carried out in flasks under rotating for two days. The influence of physico-
chemical parameters of the reaction medium on proteolytic activity was studied on partially purified
protease preparations. Lytic activity was determined by turbidimetric method. On the second day of
cultivation B. amyloliquefaciens subsp. plantarum UCM B-5139 and UCM B-5140 synthesized the metal-
dependent peptidase and serine protease, respectively. The optimum conditions of their action were the
following: temperature 37—40 °C and pH 6.5-7.0. Isolated proteases are able to lyse the living cells of
Staphylococcus aureus and Candida albicans. Thus we demonstrated that B. amyloliquefaciens subsp.
plantarum UCM B-5140 and UCM B-5139, included in the probiotic veterinary preparation Endosporin,
produced proteolytic enzymes that hydrolyze the native insoluble proteins (elastin, fibrin and collagen).
These enzymes belong to the group of neutral metal-dependent and serine proteases. They are active
under physiological conditions against gram-positive bacteria and yeasts. The application of these prote-

ases in biotechnology is considered.
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Bacteria of the genus Bacillus belong to
large heterogeneous group of gram-positive
spore-forming microorganisms that are used in
medicine, and in many chemical and industrial
processes because of the wide range of their
physiological characteristics and the ability to
secrete a variety of useful metabolites.

It was proved the efficiency of strains of
spore-forming bacteria as probiotic agents to
normalize gut microbiota, and to stimulate
the immune system cells of the recipient
organism [1, 2]. The activity of probiotics
on the base of bacilli towards staphylococei,
enterococci and yeast can be considered as
positive effect compared with probiotics based
on bifidobacteria and lactobacilli.

This is determined by antimicrobial
activity associated with the production of large
amounts of antibiotics (polymyxin, bacitracin,
gramicidin C, subtilin, edein, microbacillin et
al.), as well as the synthesis of bacteriocins and
bacteriolyticenzyme — glycosidases, amidases,
proteases. After the pre-clinical tests of two
new probiotic preparations Vitasporin and
Irilis [3] it was shown that the process of spore
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germination of Bacillus subtilis, B. cereus and
B. licheniformis was accompanied by intensive
production of antibiotics, lysozyme, amino
acids, vitamins and proteolytic enzymes.
It was also established [2] that the combine
action of catalase and subtilisin of bacilli can
stimulate the growth of bacteria of the genus
Lactobacillus.

The Institute of Microbiology and Virology
of National Academy of Sciences of Ukraine
developed the bacillary probiotic Endosporine
elaborated for the prevention and treatment
of dysbiosis, intestinal infections, purulent
wounds and postpartum endometritis in
farm animals [4, 5]. This probiotic consists
of two strains: B. amyloliquefaciens subsp.
plantarum UCM-5139 and UCM B-5140.
These investigated bacilli cultures expressed
antagonistic properties against a broad
spectrum of gram-positive and gram-negative
bacteria, and some types of fungi isolated
from different econiches. As it has been found
in previous investigations [6] the strains
possess elastase, gelatinase and caseinolytic
activity and can synthesize the complex of
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bacteriolytic and yeast lysing enzymes. Since
proteolytic enzymes of probiotic strains, along
with antibiotics and bacteriocins are factors
that determine their biological activity the aim
of this study was the synthesis of proteases by
strains B. amyloliquefaciens subsp. plantarum
UCM-5139 and UCM B-5140 and the study of
their physical and chemical properties as well
as substrate specificity.

Materials and Methods

The object of the study were strains of
Bacillus amyloliquefaciens subsp. plantarum
UCM B-5140 and UCM B-5139. Subject of
investigation were extracellular peptidases
produced by these strains. Strains of B. amylo-
liquefaciens subsp. plantarum were grown
in a liquid nutrient medium which had the
following composition (g/1): KH,PO, — 1.6;
MgS0,7H,0 — 0.75; ZnSO,-7TH,0 — 0.25;
(NH,),S0, — 0.5; maltose — 1.0; gelatin —
10.0; yeast autolysate — 0.15; pH 6.5-6.7
[7]. Cultivation was carried out in 700-mL
Erlenmeyer flask containing 150 ml of
medium at 42 °C and 200 rpm. The inoculum
was prepared in the same medium and plated
in flasks in an amount of 10°~10°% CFU / ml.
The cells were separated from the culture by
centrifugation at 5 000 g, for 30 min. Dry
ammonium sulfate salt (final concentration
90% ) was added to the supernatant of culture
fluid. The mixture was incubated for 24 hours
at 4 °C, centrifuged at 5 000 rpm, and the
resulting precipitate was collected. To separate
enzyme complex the method of gel filtration
was used: column (1.8x40 cm) of neutral TSK-
gel — Toyopearl HW-55 (Toyosoda, Japan).
Elution was carried out with 0.01 M Tris-HCI-
buffer, pH 7.5. Fractions with proteolytic
activity were pooled. Protein content at all
purification steps were recorded on SF-26 at a
wavelength of 280 nm.

To carry out inhibition analysis the
following reagents were wused: phenyl-
methylsulfonyl fluoride (PMSF), dithiothreitol
(DTT), 1-ethyl-3-[3-dimethylaminopropyl]
carbodiimide (EDC), N-ethylmaleimide
(NEM), sodium ethylenediaminetetraacetate
(EDTA). To study the influence of reagents,
pH and temperature on the enzyme activity we
used peptidases preparations obtained from gel
filtration. Inhibitor (in a final concentration
1073 M) was added to the enzyme (1 mg / ml),
incubated for 60 min at room temperature,
then activity was determined according to
the described method. The effect of pH and
temperature on the peptidase activity was

studied at temperatures ranging from 4 to
80 °C and a pH of from 3.0 to 11.0, pH range
was created by the universal 0.05 M phosphate
buffer (UPB).

The protein content was determined by
the method of Lowry [8]. Caseinolytic activity
was determined by the method of Anson with
Petrova’s modification [9], elastase activity
was evaluated colorimetrically according to
the intensity of staining solution at enzyme
hydrolysis of elastin stained with Congo
red [10], fibrinolytic — by Masada [11],
collagenase — by Mandl [12]. The lytic activity
of the strains of bacilli was established by
turbidimetric method [13].

All experiments were performed at least
in triplicate (n = 3—5). Data were presented
as average magnitude =+ standard error.
Statistical analysis was performed using the
Student t-test, evaluating the reliability of
the results on the significance level of at least
95% (P <0.05).

Results and Discussion

Bacteria of the genus Bacillus, depending
on environmental conditions, can synthesize
a number of different classes of enzymes
that enables them to exist on a variety of
substrates. Due to this property bacilli are
widely used in industry for production of such
enzymes as o-amylase, neutral and alkaline
proteases, which are applied in medical and
veterinary practice (protosubstilin, subtilisin,
etc.) [14]. Bacillus proteases are also used
to treat the patients with diseases of the
gastrointestinal tract, acute and chronic
poisoning, inflammation of various etiologies
and certain tumors. Special attention is paid
to the enzymes having fibrinolytic activity,
providing the clot lysis [15]. Besides, bacillar
proteases, possessing affinity to hydrophobic
residues of amino acids in particular alanine,
can cause the lysis of certain microbial cells
and certain yeast-like fungi. Such a protease
can cleave, for example, Gly-Ala bond in
peptidoglycan [16]. The protease preparations
are used in veterinary to cleave the proteins of
animal feed that improves their absorption.
These preparations include, for example,
protosubstilin, which is obtained by drying of
the supernatant of submerged cultivated B.
sublilis.

It is therefore expedient to study the
protease activity of strains used in the
composition of veterinary drugs for the
treatment and prevention of gastrointestinal
diseases and chronic inflammatory
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processes in animals. The studied here B.
amyloliquefaciens subsp. plantarum TUCM
B-5140 and UCM B-5139 (components of
probiotic preparation Endosporin) belong to
this group of strains. It is established (Fig. 1),
that the culture liquid of two examined strains
B. amyloliquefaciens subsp. plantarum UCM
B-5140 and UCM B-5139 grown on a medium
containing gelatin, were characterized by a
wide spectrum of proteolytic activity: total
proteolytic (caseinolytic, PA) elastolytic (EA)
and the fibrinolytic (FA). The maximum level
of enzyme activity was observed on the 2nd
day of cultivating.

The complex enzyme preparations were
obtained from the culturesupernatant after 2days
of cultivating by precipitation with ammonium
sulfate of 90% saturation. Comparative study
of their proteolytic activity showed (Fig. 2),
that they possess the entire spectrum of activity
determined in the culture liquid.

Preparations obtained from B. amyloli-
quefaciens subsp. plantarum UCM B-5140 has
a higher specific activity towards insoluble
protein substrates (elastin, fibrin and

B. amyloliquefaciens
subsp. plantarum UCM B-5140
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Fig. 1.The dynamics of the synthesis of peptidases by
strains of B. amyloliquefaciens subsp. plantarum
UCM B-5139 and UCM B-5140 during cultivating
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collagen). It should be noted that both strains
showed no keratinolytic activity, although
there is an evidence that B. amyloliquefaciens
is able to synthesize a protease having
keratinase activity [17]. The elastase activity
of B. amyloliquefaciens subsp. plantarum
UCM 5140 is comparable to that one of B.
thuringiensis IMV B-7324 and B. subtilis
316m, which were studied earlier [7, 18].

The partial purification of peptidases
from the enzyme preparations of B.
amyloliquefaciens subsp. plantarum UCM
B-5140 (Fig. 3) and B. amyloliquefaciens
subsp. plantarum UCM B-5139 (Fig. 4) was
carried out by gel filtration on column TSK-gel
Toyopearl HW-50 (Toyosoda, Japan).

It was found that there was a substantial
amount of proteins with different molecular
weights in the preparations of the investigated
strains. Analysis of the fractions obtained
from the gel filtration showed that each of the
two complex preparations contains only one
peak of proteolytic activity (red line on the
elution profile). It concentrated all the studied
activity, among which the elastolytic activity
was dominant. This result was very surprising
because the bacilli are generally synthesized
a wide range of proteases, belonging to
different types (serine and metal-dependent
peptidase). For example, B. amyloliquefaciens
FSE-68, isolated from Korean fermented
food synthesized two proteases (metal- and
serine type) on the first day of cultivation.
These proteases possessed similar substrate
specificity towards Leu and Phe residues [19].
Perhaps this result is due to physiological and
biochemical characteristics of these particular
strains.
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Fig. 2. Hydrolysis of the native protein complex by
enzyme preparation from B. amyloliquefaciens
subsp. plantarum UCM B- 5139 and UCM B-5140
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Fig. 3. The elution profile of the complex enzyme
preparation from B. amyloliquefaciens subsp.
plantarum UCM B-5140 on TSK HW-55
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Fig. 4. The elution profile of the complex
enzyme preparation from B. amyloliquefa-
ciens subsp. plantarum UCM B-5139 on TSK
HW-55
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Fig. 5. The influence of group-specific inhibitors
on the protease activity obtained from B. amylo-
liquefaciens subsp. plantarum UCM B-5140
and UCM B-5139

Here and after * — difference is significant in
comparison with the control (P <0.05).

Investigations of the effect of group-
specific reagents on the activity of protease
B. amyloliquefaciens subsp. plantarum UCM
B-5139 showed (Fig. 5) that metal chelators
inhibited this activity by 76—90% . This may
indicate the presence of metal in the active site
of the enzyme, so the enzyme may belong to
metal-dependent proteases.

Simultaneously PMSF irreversibly inhibi-
ted protease activity of B. amyloliquefaciens
subsp. plantarum UCM B-5140 by 90%.
Since it is an inhibitor of nearly all serine
proteases with trypsin-like specificity, and it
is covalently bound to His or Ser of the active
site, we consider that the investigated protease
belongs to the group of serine protease type.

Metal chelators slightly decreased (by 23—
309%) the activity of protease B. amylolique-
faciens subsp. plantarum UCM B-5140 that
may indicate the metal-dependent enzyme. As
it is well known [20], metals such as calcium,
are involved in stabilizing of the molecular
structure.

We studied the effect of DTT on the
protease activity. This agent provides
efficient recovery of intramolecular and
intermolecular disulfide bonds between
cysteine residues. It was shown a significant
inhibitory effect (56%) on the enzyme from
B. amyloliquefaciens subsp. plantarum UCM
B-5140, and a slight one (23%) in case of the
enzyme from B. amyloliquefaciens subsp.
plantarum UCM B-5139. It was also detected
the inhibitory effect of N-ethylmaleimide
(NEM) towards the protease from the strain
of UCM B-5140, that suggests the presence
of thiol group on the surface of the enzyme.
Chemical modification of these groups results
in a conformational change of the molecule
and makes the catalytic site less accessible to
the substrate.

Optimal conditions of protease activity
such as pH optimum, optimal temperature
of the medium are very important enzyme
characteristics. It was found that the two
strains (y6pars) peptidases from two strains
of B. amyloliquefaciens subsp. plantarum are
active in the pH range from 4.0 to 8.0 (Fig. 6),
and the optimum pH is achieved by a native
substrate hydrolysis at pH 6.0-6.5.

Thus, both enzymes belong to the
type of the neutral protease. Study of the
temperature effect (Fig. 7) showed that these
peptidases (enzymes y6paTs) are active in the
range of 20—60 °C, with an optimum of the
enzymatic activity at 37—-40 °C, and at 60 °C
approximately 10-15% of the initial enzyme
activity is stored.
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Fig. 6. The effect of pH on the protease activity
obtained from B. amyloliquefaciens subsp. planta-
rum UCM B-5140 and UCM B-5139

As it was previously found [6] the studied
strains B. amyloliquefaciens subsp. plantarum
UCM B-5140 and UCM B-5139 possess
antagonistic activity against a broad spectrum
of microorganisms such as Staphylococcus
aureus, FEscherichia coli, Proteus morganii,

Pseudomonas aeruginosa, Acinetobacter
sp., Pseudomonas syringae pv. atrofaciens,
Agrobacter tumefaciens, Clavibacter

michiganensis subsp. michiganensis, as well as
against certain types of fungi. Such activity,
except for the synthesis of antibiotics, may
be determined by the presence of bacteriolytic
enzymes, in particular proteases with
specificity for Ala and Gly. The presence of
elastase activity (Fig. 2) at the proteases of
investigated strains can indirectly indicate
the ability of these enzymes to hydrolyze
Ala-Ala and Ala-Gly bonds. A similar
substrate specificity was observed in case
of bacteriolytic proteases, which can cleave
peptidoglycan bonds in the cellular wall of
microorganisms [16]. Bacteriolytic activity of
the partially purified proteases from strains
of B. amyloliquefaciens subsp. plantarum in

Table 1. Lytic activity spectrum of the partially
purified protease from B. amyloliquefaciens
subsp. plantarum UCM B-5140

Time of The degree of lysis (%) of living
incubation, cells from test-cultures
min S. aureus E. coli C. albicans
15 6+0.22 0 0
30 11+0.53%* 0 6+0.22
60 14+0.67* | 3%+0.14 9+0.36%
120 19+0.96* | 6+0.23 | 13%+0.59%

Note: suspension of the live untreated cells was
used as the control — (0%).
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Fig. 7. The effect of temperature on the protease
activity obtained from B. amyloliquefaciens
subsp. plantarum UCM B-5140 and UCM B-5139

UCM B-5140 and B-5139 was investigated
towards the live cells of microorganisms from
different taxonomic groups: Gram-positive
(S. aureus), Gram-negative (E. coli) and yeast
(Candida albicans).

It was found that the protease from
the strain of B. amyloliquefaciens subsp.
plantarum UCM B-5140 has a greater lytic
activity against S. aureus cells (a significant
decrease of the density of the cell suspension,
19% ) than to the yeast cells (13% ). At the same
time the enzyme B. amyloliquefaciens subsp.
plantarum UCM B-5139 possesses higher
(Bmecto greater) yeast lytic activity (degree
of lysis of living cells was 20% ) compared to
the lytic activity against staphylococcal cells
(11%). The effect of lysis of E.coli cells was
negligible, due probably to the structural
features of the membranes of Gram-negative
bacteria. Based on studies of lytic activity of
bacilli it is possible to conclude that one of the
factors determining the previously established
[6]high antagonistic activity of these strainsis
their ability to synthesize proteolytic enzymes.

Thus, we have demonstrated the presence
Table 2. Lytic activity spectrum of the partially
purified protease from B. amyloliquefaciens
subsp. plantarum UCM B-5140

. The degree of lysis (%) of living cells
Time of from test-cultures
incubation,

min S. aureus E. coli C. albicans
15 0 0 3+0.14
30 0 2+0.08 6+0.23
60 5+0.25 5+0.25 11+0.52%
120 11+0.55% 5+0.22 20+0.98%
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of proteolytic enzymes that cleave native
insoluble proteins (elastin, fibrin and collagen)
at the strains of B. amyloliquefaciens subsp.
plantarum UCM B-5140 and UCM B-5139,
which are the component of the veterinary
probiotic Endosporin. These enzymes belong
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They possess lytic activity against gram-
positive bacteria and yeasts.
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ITPOBIOTHUYHI IITAMU
Bacillus amyloliquefaciens subsp. plantarum
AK ITPOAYIEHTHU ITPOTEIHA3
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IIporeosiTuHi eH3UMU IIPOOIOTUYHUX IIITA-
MiB poxy Bacillus, Tak camMo AK aHTUOIOTHKH,
baxTepionmuu Ta iHIN TigposiTUUYHI eH3WMU, €
ONHUM i3 TOJIOBHUX UMHHUKIB, AKi BM3HAUAIOTDH
ixHI0 0i0JOriuHy aKTUBHICTH, TOMY METOIO P00O-
Ty OyJI0 BUBUEHHS CHUHTE3Y i BJIAaCTHUBOCTEH IIPO-
Teas qBOX 1mTamiB — Bacillus amyloliquefaciens
subsp. plantarum YKM B-5139 ta YKM B-5140,
110 BXOAATD IO CKJanmy mpobiotuka EHgocmopuH.
KynbTuByBaHHSA MITaMiB TPOBOAUIN TVIMOMHHUM
CII0CO00M YIIPOJOB:K ABOX Ai0. Ha wacTkoBO oum-
IIeHUX IIpernapaTax mpoTeas BUBYAIU 3ATEIKHICTD
IPOTEOJIITUUHOI aKTUBHOCTI Bif (pismKo-XimMiuHMIX
mapaMeTpiB peakIliiiHOro cepemoBuia. JIiTuuny
aKTUBHICTH BUBHAUAIU TYPOIAUMETPUYHUM METO-
mom. IIramu Bacillus amyloliquefaciens subsp.
plantarum YKM B-5139 i YKM B-5140 ua apyry
I00y KyJIbTUBYBAaHHS CUHTE3YIOTh MeTaJIO- 1 cepu-
HOBY IIpoTeasy, BiAmoBigHo. OnNTUMaJbHI YyMOBU
ixHbOoi akTUBHOCTI — 3a Temmnepatypu 37—40 °C
i pH 6,5-7,0. Buginmeni mporeasu 3maTHi Jisy-
BaTu KuBi KiituHu Staphylococcus aureus ta
Candida albicans. Ilokasano HasABHICTH y IIITa-
miB B. amyloliquefaciens subsp. plantarum YKM
B-5140 Tra YKM B-5139, 1110 BXOAATH IO CKJa-
Oy Tpo0ioTHKA BeTePUHAPHOTO IIPU3HAUEHHS
EngocmmopuH, mporeas, 3AaTHUX TiApoJisdyBaTu
HATUBHI HEPO3UMHHI IpoTeinm (enactuH, Gi6bpuH,
KosareH). Ili emsumm y (isiosmoriuamx ymoBax
BUSABJSIOTH JITHUUYHY aKTUBHICTH CTOCOBHO JPiiK-
MKiB Ta I'paMIIOBUTHUBHUX OaKTepiii i MOMKYTh
OyTH BUKOPHUCTaHi y 6ioTexHOJIOTi1.

Knwuoei cnoea: Bacillus amyloliquefaciens
subsp. plantarum, upobioTuKu, mnpoTeiHAaswu,
JiTHYHA aKTUBHICTB.
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E. B. Mayenwox
JI. A. Cagpporosa
JI. 1. Bapoaney

WHCTUTYT MUKPOOMOJIOTUY U BUPYCOJOTUU
HAH Vxpauusl, Kues

E-mail: oivanko@yahoo.com

IIpoTeonutnyecKkue HSH3UMBI IIPOOMOTHUUE-
CKUX IITaMMOB poja Bacillus Hapsany ¢ anTu6mo-
TUKaMU, 0aKTEePUOIMHAMY U APYTUMU THIPOJIU-
TUYECKUMHU 9HHBUMAMU HABJIAIOTCA OLZHUM U3
TJIABHBIX (PAKTOPOB, OIPENEeSAIINX UX OMOJIO-
TUYECKYI0 aKTUBHOCTD, IO9TOMY II€JbI0 PabOThI
OBLJIO M3yUYeHUe CUHTe3a U CBOMCTB IIPOTeas JBYX
mraMMoB — Bacillus amyloliquefaciens subsp.
plantarum YKM B-5139 u YKM B-5140, Bxoxs-
XX B COCTAaB MNOPOOHMOTHKA OHIOCIOPUH.
KyapTuBupoBaHUTe IIITAMMOB IIPOBOIUJIN IIYOUH-
HBIM CIIOCOOOM B TeUeHNe ABYX CYyTOK. Ha uactuu-
HO OUYMINEHHBIX IIpemaparax IIpoTeas MU3ydau
3aBUCUMOCTDH IPOTEOJUTUUECKON aKTUBHOCTHU OT
(pUBUKO-XMMUYECKUX ITapaMETPOB PeaKI[MOHHOM
cpenpl. JIMTHYeCcKy0 aKTHUBHOCTDL OIIPEAeJIAIN
TypOuIuMeTpHUUYEeCKUM MeTomoM. IllTaMMBI
B. amyloliquefaciens subsp. plantarum YKM
B-5139 u YKM B-5140 ma BTOpBIE CYyTKU KYJIbTHU-
BUPOBaHUA CUHTE3UPYIOT METAJLJIO- U CEPUHOBYIO
IpoTeasy, COOTBETCTBeHHO. ONTHUMAaJIbHBIE YCJIO-
BUsI UX aKTUBHOCTH — Temieparypa 37—40 °C u
pH 6,5-7,0. BrigeneHHble IPOTEA3bl CIIOCOOHEBI
JIU3UPOBATh JKUBBle KJIeTKU Staphylococcus
aureus u Candida albicans. IlokasaHo HaIuuMe y
mramMMoB B. amyloliquefaciens subsp. plantarum
YKM B-5140 u YKM B-5139, BX0AAIIINX B COCTAB
npoOMOTUKA  BeTEPUHAPHOIO Ha3HAUYEHUI
OHIOCIIOPUH, TPOTeas3, CIOCOOHBIX PAaCIIEIATD
HATUBHbIE HEPACTBOPUMbIE IPOTEUHBI (DJIACTUH,
¢ubpun, KojjareH). ITU SH3UMBI 00JaJaIOT
JIUTUYECKON aKTUBHOCTHIO B OTHOIIEHUU APOK-
JKell U IPaMIIOJIOMKUTENIBHBIX 0aKTEPUH U MOTYT
OBITh UCIIOJIHL30BAHLI B 0MMOTEXHOJIOTUMN.

Knrwoueswvie cnoea: Bacillus amyloliquefaciens
subsp. plantarum, mpoOGUOTUKU, IIPOTEUMHABHI,
JINTUYEeCKasa aKTUBHOCTD.



