RESEARCH ARTICLES

https://doi.org/10.15407/microbiolj85.06.041

0.V. GUDZENKO*, L.D. VARBANETS, K.V. AVDIYUK, L.A. PASICHNYK

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

PROTEOLYTIC ACTIVITY OF BACILLUS STRAINS
ISOLATED FROM SOIL OF RICE AGROCENOSIS

Microorganisms are the most common sources of commercial enzymes due to their physiological and biochemical prop-
erties, facile culture conditions, and ease of cell manipulation. Among microbial enzymes, proteases are ubiquitous in
nature and have been found in all living forms encompassing the eukaryotes like plants, animals, fungi, and protists
as well as the prokaryotic domains of bacteria and archaea. Proteases are the most important for the industry and
constitute approximately 60% of the total industrial enzyme market. Among the bacteria, the genus Bacillus has a very
prominent place in terms of the commercial production of proteases. Earlier from the water and bottom sediments of the
Black Sea, we have isolated a number of producers of proteolytic enzymes from Bacillus species. The aim of this work was
to investigate the ability of representatives of a number of soil bacilli species to synthesize enzymes that hydrolyze such
protein substrates as elastin, fibrin, fibrinogen, and keratin. Methods. The objects of the study were 8 cultures (KS I —
KS 8) isolated from the soil of the rice agrocenosis. Cultures were grown under conditions of deep cultivation at 28 °C,
with a mixing speed of for the nutrient medium of 230 rpm for 4 days. Methods of determining proteolytic (caseinolytic,
elastolytic, fibrinolytic, fibrinogenolytic, and keratinase) activity in the culture liquid supernatant were used. Disulfide
reductase activity was measured spectrophotometrically at 412 nm by evaluating the yellow sulfide formed during the
reduction of 5,5-dithiobis-(2-nitrobenzoic acid) (DTNB). Results. The study of the spectrum of proteolytic activities of 8
freshly isolated strains showed that only KS 6 under experimental conditions did not show the ability to hydrolyze any of
the studied substrates (casein, elastin, fibrin, fibrinogen, and keratin). Strains KS 1, KS 2, KS 7, and KS 8 showed higher
levels of activity compared to other strains studied. The most interesting for further research are: I) strain KS 1, which
showed the highest fibrinolytic activity, 1I) strain KS 2 as the most effective producer with elastase and fibrinogenolytic
activity, III) KS 7 and KS 8, which simultaneously showed the highest rates as keratinase (7 U/mL and 9 U/mL) and
sulfate reductase (33 ymol/min and 31 umol/min) activity, respectively. Conclusions. According to the catalytic proper-
ties, a number of representatives of Bacillus, isolated from the soil of the rice agrocenosis may be promising for further
research as an enzyme producer with proteolytic activity.
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Microorganisms are the most common sources
of commercial enzymes due to their physiolog-
ical and biochemical properties, facile culture
conditions, and ease of cell manipulation. Among
microbial enzymes, proteases are ubiquitous in
nature and have been found in all living forms
encompassing the eukaryotes like plants, ani-
mals, fungi, and protists as well as the prokaryotic
domains of bacteria and archaea. Many different
proteases have been identified and characterized
in viruses; however, from the commercial point
of view, these have not gained much importance
and mainly serve as targets of various antiviral
drugs [1]. Proteases are the most important for
industry and constitute approximately 60% of the
total industrial enzyme market. These enzymes
are used for food processing, pharmaceuticals,
leather processing, silver retrieval in the x-ray
film industry, industrial waste treatment, and as
detergent additives. In bacteria, proteolytic sys-
tems are well known to play key roles in various
functions, such as nutrition, virulence, protein
turnover, regulatory events, protein maturation
and export, and so on. Among the bacteria, the
genus Bacillus has a very prominent place in
terms of the commercial production of proteases.
Indeed, among the Bacillus species isolated from
the water and bottom sediments of the Black Sea,
earlier [2, 3] we have identified a number of pro-
ducers of proteolytic enzymes. The aim of this
work was to investigate the ability of represen-
tatives of a number of soil bacilli species to syn-
thesize enzymes that hydrolyze such protein sub-
strates as elastin, fibrin, fibrinogen, and keratin.

Materials and methods. The objects of re-
search were Bacillus sp. KS1, KS2, KS3, KS4,
KS5, KS6, KS7, and KS8, isolated from the soil
of the rice agrocenosis (Odesa region, Kiliya dis-
trict, Kiliya).

For submerged fermentation, strains were
cultivated in Erlenmeyer flasks containing
100 mL of medium of the following composi-
tions: KHZPO4 — 1.0 MgSO4><7H20 — 0.75;
ZnSO,xH,0 — 0.25; (NH,),SO,— 0.5; malt-
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ose — 1.0; gelatin — 10.0; yeast autolysate—
0.15, pH 7.0. Cultures were grown at a tempera-
ture of 28 °C, with a rotation speed of 230 rpm
for 4 days. At the end of fermentation, the bio-
mass was separated by centrifugation at 5000 g
for 30 min. Enzymatic activity was determined
in the culture liquid supernatant.

Caseinolytic (total proteolytic) activity was
determined by the Anson method modified by
Petrova [4]. Elastase activity was determined col-
orimetrically by the color intensity of the solu-
tion during the enzymatic hydrolysis of elastin
stained with Congo-rot using the Trombridge
method [5] in Bondarchuk’s modification [6].
The incubation mixture contained 5 mg of elas-
tin, 2.0 mL of 0.01 M Tris-HCI buffer (pH 7.5)
supplemented with 0.005 M CaCl,, and 1 mL
of test drug solution. The mixture was incubat-
ed for 5 h at 37 °C. Non-hydrolyzed elastin was
separated by centrifugation at 8000 g for 10 min.
The color intensity was measured on an SF-26
spectrophotometer at 515 nm. The activity was
calculated from a standard curve, which was ob-
tained by measuring the color of the supernatant
from complete enzymatic hydrolysis of known
amounts of elastin stained with Congo rot. An
activity 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.

Fibrinolytic and fibrinogenolytic activities
were determined by the recommended methods
[7] with fibrin and fibrinogen as substrates.

To determine the keratinase activity (KerA),
microorganisms were grown in large 50 ml test
tubes on a nutrient medium of the following
composition: K,HPO, — 1.4; KH,PO, — 0.7;
MgSO,7xH,0 — 0.1; NaCl — 0.5; defatted
chicken feathers — 5, H,O —up to 1 L; pH 6.8—
7.0. Chicken feathers were defatted with a mix-
ture of chloroform and methanol in a 1:1 ratio.

The keratinase activity was determined by
the UV absorption at 280 nm of the hydrolysis
products of keratin-containing raw materials.
The reaction mixture, consisting of 10 mg of
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crushed defatted feathers, 2.5 mL of 0.05 M bo-
ron-borate buffer (pH 9.2), and 1 mL of culture
liquid, was kept in a thermostat at 37 °C for 3 h,
after which it was filtered. To determine KerA,
two controls were used: (1) 10 mg of crushed de-
fatted feathers, 2.5 mL of 0.05 M boron-borate
buffer (pH 9.2), and 1 mL of distilled water; (2)
2.5 mL of 0.05 M boron-borate buffer (pH 9.2)
and 1 mL of culture liquid. The sum of the values
of the two controls was subtracted from the val-
ues obtained by measuring the optical density of
the filtrates at A . The increase in absorption at
280 nm of the filtrate of the test sample relative
to the controls was taken as the degree of protein
release [8]. One unit of keratinase activity (1 U/
mL =0.01) was defined as the amount of enzyme
that causes an increase in absorption by 0.01 for
3 h of incubation.

The disulfide reductase activity was deter-
mined according to Gupta [9] with minor modi-
fications. The reaction mixture contained 2.5 mL
of 0.1 M sodium phosphate and 50 pL of DTNB
(5,5’-dithiobis-(2-nitrobenzoic acid)). Then, 250
uL of the enzyme was added to this mixture.
Upon reduction of DTNB, a yellow sulfide is
formed, which was measured spectrometrically
at 412 nm. The amount of the enzyme catalyzing
the formation of 1 umol of sulfide per 1 min was
taken as a unit of disulfide reductase activity.

Protein concentration was determined by the
method of Lowry [10]. The standard curve of
bovine serum albumin (BSA) (1 mg/mL!) was
constructed.

All experiments were performed in at least
3—5 replications. Statistical processing of the re-
sults of the experimental series was carried out
by standard methods using Student’s t-test at the
5% significance level.

Results. The study of the total proteolytic (ca-
seinolytic) activity showed (Fig. 1) that on the
fourth day of cultivation, activity was detected in
the culture liquid supernatants of 7 Bacillus sp.
strains. The highest activity was noted in strain
KS 1 (2 U/mL). The activity was somewhat lower
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Fig. 1. Caseinolytic (total proteolytic) activity of Bacil-
Ius sp. KS 1-KS 8
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Fig. 2. Elastase activity of Bacillus sp. KS 1—KS 8

in strains KS 3 (1.95 U/mL), KS 7 (1.8 U/mL),
and KS 8 (1.25 U/mL). Insignificant levels of ac-
tivity were noted in strains KS 2 (0.68 U/mL), KS
4 (0.19 U/mL), and KS 5 (0.05 U/mL). Only one
strain KS 6 was found to have no overall proteo-
lytic (caseinolytic) activity.

Among the 8 studied strains, the ability to hy-
drolyze elastin was found in 7 studied microor-
ganisms (Fig. 2). The highest activity was noted
in strain KS 2 (23 U/mL). The elastase activity
of strain KS 7 was slightly lower and amount-
ed to 15.6 U/mL. The activity of strain KS 1
(11 U/mL) was more than twice lower than that
of strain KS 2. Strains KS 8 and KS 4 showed low-
er levels of elastase activity, which were 8.3 and
6.77 U/mL, respectively. Trace levels of activi-
ty were noted in strain KS 3 (0.078 U/mL), and
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Fig. 3. Fibrinolytic activity of Bacillus sp. KS 1—KS 8
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Fig. 4. Fibrinogenolytic activity of Bacillus sp. KS 1—KS 8
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Fig. 5. Keratinase and disulfide reductase proteolytic
activities of Bacillus sp. KS 1—KS 8
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only one of the 8 studied strains (KS 6) did not
show any ability to hydrolyze elastin under ex-
perimental conditions.

The study of fibrinolytic activity showed that
6 strains were able to hydrolyze fibrin under ex-
perimental conditions (Fig. 3). The highest ac-
tivity was noted in strains KS 1, KS 7, and KS 8,
which was 10 U/mL (Fig. 3). Cultures KS 2 and
KS 4 showed lower activity of 5.33 and 2.8 U/mL,
respectively. The lowest activity was noted in
strain KS 5 (0.17 U/mL). Strains KS 3 and KS 6
did not show any ability to hydrolyze fibrin un-
der experimental conditions.

The study of fibrinogenolytic activity showed
that 6 cultures displayed different levels of the ac-
tivity (Fig. 4). The highest activity was noted for
strain KS 2 (5.33 U/mL). In strains KS 1, KS 7,
and KS 8, it was at the same level and amounted
to 5 U/mL. The activity of strains KS 4 and KS 5,
which amounted to 2.83 and 1.6 U/mL, respec-
tively, was slightly lower compared to strains KS
3 and KS 6 and did not show the ability to hydro-
lyze fibrinogen under experimental conditions.

It was found that 5 of 8 cultures showed ker-
atinase activity. The level of keratinase activity
varied from 3 to 9 U/mL (Fig. 5). An important
role is played not only by the presence of kerati-
nase activity but also by the degree of cleavage
of the substrate. Of the 5 cultures, only two, KS
7 and KS 8, completely split the feathers, leav-
ing only feather cores. KS 1, KS 2, and KS 5 cul-
tures synthesized keratinase with an activity of
3 to 5 U/mL, but the degree of feather splitting
was insignificant. The ability of the producer to
synthesize sulfate reductase also plays a signifi-
cant role in the process of feather splitting. Insig-
nificant sulfate reductase activity was observed
in cultures KS 2 and KS 5 and amounted to 7.3
and 2.7 umol/min, respectively. The highest rates
were typical for cultures KS 7 (33 pumol/min) and
KS 8 (31 pmol/min). The KS 1 culture showed an
activity of 15.3 pmol/min (Fig. 5). As a result of
the research, the cultures KS 7 and KS 8 turned
out to be the most promising.
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Discussion. Bacteria of the genus Bacillus
have versatile polyenzymatic activity. Their en-
zyme systems include a set of enzymes of various
classes, which allows them to exist on a variety
of substrates. The representatives of Bacillus have
a particularly developed system of hydrolases.
They synthesize proteases, chitinases, a-amy-
lases, lactamases, cellulases, and a number of
other enzymes [11]. Of particular interest are
the extracellular proteolytic enzymes of Bacillus,
which have different specificities with respect
to the type of hydrolyzable bond. Therefore,
the search for new highly efficient producers of
proteolytic enzymes capable of splitting various
types of proteins, such as keratin, elastin, fibrin,
fibrinogen, and casein remains relevant at the
present time. Proteases that cleave the above
protein substrates are of wide practical use. Thus,
keratinases are of great interest from the point
of view of solving the global problem of recent
decades — the conversion of the main protein
of keratin-containing waste (for example, feath-
er waste is 90% protein) into an accessible and
easily digestible form (feather hydrolyzates). The
latter, in turn, can be used as a source of feed
protein and fertilizer for plants [8, 9]. Also, ker-
atinases are successfully used in various indus-
tries, such as agriculture, in the production of
washing powders, cosmetics, pharmaceuticals,
and the leather and textile industries.

Fibrinogenolytic enzymes can be consid-
ered as a basis for the creation of drugs aimed
at reducing the threat of intravascular thrombus
formation by limiting proteolysis of fibrinogen
circulating in the patient’s bloodstream. Prote-
ases characterized by fibrinogenolytic activity
are part of drugs that prevent blood clotting and
lower blood pressure. The anticoagulation effect
of such proteinases is enhanced by the fact thata
significant part of these enzymes also affects the
platelet link of the hemostasis system, inhibiting
platelet aggregation [12, 13].

Microbial elastolytic enzymes have a huge
potential for use in industry for the hydroly-
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sis of raw materials containing elastin fibers, in
particular in the meat processing and fishing
industries. Elastases and their complex enzyme
preparations are widely used in various fields of
medicine to treat burn wounds, inflammatory
processes, edema, hematomas, and frostbite, to
accelerate the rejection of dead tissues, trophic
ulcers, and the cleaning of purulent-necrotic
plaques [12].

Fibrinolytic enzymes have enormous poten-
tial for use as food additives, as well as for the
treatment of thrombosis and associated diseases.

Hence, the spectrum of the use of proteolyt-
ic enzymes in various branches of industry and
medicine is extremely wide, therefore, the identi-
fication of new producers of proteolytic enzymes
is an important direction of modern research.

The study of the spectrum of proteolytic ac-
tivities of 8 freshly isolated strains showed that
only KS 6 under experimental conditions did
not show the ability to hydrolyze any of the stud-
ied substrates (casein, elastin, fibrin, fibrinogen,
and keratin). Strains KS 1, KS 2, KS 7, and KS
8 showed higher levels of activity compared to
other strains studied. The most interesting for
further research are I)strain KS 1, which showed
the highest fibrinolytic activity, II) strain KS 2 as
the most effective producer with elastase and fi-
brinogenolytic activity, III) KS 7 and KS 8, which
simultaneously showed the highest rates in kera-
tinase (7 U/mL and 9 U/mL) and sulphate reduc-
tase (33 umol/min and 31 umol/min) activities,
respectively. Why are the two activities import-
ant for keratin breakdown? not only keratinases
are involved in the process of keratin destruc-
tion but also other enzymes such as peptidases,
disulfide reductase or reducing agents such as
sulfite, bisulfite, and disulfide. Breaking the di-
sulfide bonds required for keratin folding is an
essential step to facilitate keratinase access to the
substrate. The synergy of sulfitolysis and prote-
olysis contributes to the complete degradation
of the structure of the keratin complex, resulting
in the formation of hydrolyzate, which consists
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mainly of soluble oligopeptides and amino acids
[14, 15]. Since keratinase synthesis is mainly an
inducible process [14], we used chicken feath-
ers during screening, which are among the most
commonly used substrates since feather splitting
can be easily monitored visually [14, 16].
Conclusions. The data we obtained on the
proteolytic activity of Bacillus strains with re-
spect to proteins of various nature can indicate

to a certain extent the multicomponent nature
of the proteases produced by bacilli, reflect the
complexity and integration of the life processes
occurring in these microorganisms, as well as
their ability to adapt to various living conditions.
The strains studied by us showed a wide sub-
strate specificity, which makes them promising
for further practical application.
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IncturyT Mikpob6ionorii i Bipyconorii im. I.K. 3a6omoraoro HAH Ykpaihu,
By AkazieMika 3abonoTHoro, 154, Kuis, 03143, Ykpaina

MMPOTEOJITVYHA AKTVBHICTD IITAMIB BACILLUS,
I30JIbOBAHUX 3 [PYHTY ATPOIIEHO3Y PUCY

MikpoopraHuismu € HajimOMMpPeHINIMY [KepelaMy KOMepILiiiHuX ¢pepMeHTiB 3aBIAKY IXHIM ¢isionoriunum i 6io-
XiMiYHMM BJIaCTMBOCTAM, JIETKUM YMOBaM KyJIbTMBYBaHHA Ta JIETKOCTi MaHiNymoBaHHA KaiTuHaMmu. Cepep Mik-
po6HUX (epMeHTIB IPOTEasy € MINPOKO POSIMOBCIOPKEHNMN Y IPUPOZi Ta IPUCYTHI y BCIX XMUBMX (HOpPMaX, 150
OXOIUTIOIOTD 5IK €YKapiOTV — POC/IMHI, TBAPUHY, TPUOY, IPOTHUCTH, TaK i IPOKAPiOTUYHI JOMeHN GaKTepiil Ta apxeit.
ITporeasu € HaBXXIMBIIIMMIY /11 IPOMICIOBOCTI Ta CKIAfA0Th 61M3K0 60 % 3arajbHOTO PUHKY IIPOMUCTOBUX
depmenti. Ceper 6akTepiit pix Bacillus 3aiimae gy>ke IIOMiTHe Miclie 3 TOYKY 30PY KOMEPITHOTO BUPOOHNIITBA
nporeas. Pawille 3 Bogu Ta TOHHMX BifiknafieHb YOpHOro MOpsi Hamu OY/I0 BUJINEHO Psfi MIPOAYLEHTIB MPOTeo-
MTHYHUX QepMeHTiB 3 BuAiB Bacillus. MeTor po6oTy 6y/10 HOCTIANTI 3LaTHICTh NPEeACTaBHUKIB BUAIB IPYHTO-
BUX OallMI CUHTe3yBaTy GpepMeHTH, 10 TifposisyIoTh Taki 6i1KoBi cybcTpary, AK enacTuH, GibpuH, ¢pibpuHOreH,
kepatuH. Merogu. O6’extamn focmimkenna Oymu 8 xKynpryp (KS 1—8), BuineHUx 3 IPyHTY arpoLeHo3y pUCy.
KynpTypu BrpolyBamy B yMOBaX INIMOMHHOTO Ky/IbTUBYBaHHA Ipu 28 °C 31 IBUJKICTIO NepeMilllyBaHHA IOXKIUB-
Horo cepefosuia 230 06/xB mpoTArom 4 fi6. BukopyucroByBanm MeTOAM BU3HAYEHHA IIPOTEOITIYHOI (Ka3eiHo-
JITUYHOI, e1acTOMTHYHOI, GibpMHOMITUYHOL, (IOPUHOTEHOMITHYHOI Ta KePATUHA3HOI) aKTUBHOCTI B CyllepHaTaH-
Ti KynbTypanbHOI pigyuu. JucynbdifpenyKTasHy akKTUBHICTD BUMIpIOBaay ClieKTpodoToMeTpuyHO mpn 412 HM
IIJIIXOM OLIHKM CY/Ib(]ify 5KOBTOTO KOIbOPY, 110 YTBOPIOETHCS NP BifHOBIEHH] 5,5 -iTiobic-(2-HiTpoOeH30IHOT
kucnotn) (ITHB). PesynpraTu. BuBueHH: CIeKTPY NPOTEOTITHYHOI aKTUBHOCTI 8 CBKOBU/Ii/IEHNX IITAMIB ITOKa-
3a1o, o nmuiie KS 6 B excrepuMeHTaTbHUX YMOBaX He BUABMB 3[JaTHOCTI TifpoTisyBaTy YKOMEH i3 JOCTiIPKYBaHUX
cyOcTpartiB (kaseiH, enactuH, ¢ibpus, ¢pidbpuHoreH i keparun). llItamu KS 1, KS 2, KS 71 KS 8 nokasanu By pisHi
AKTMBHOCTI MOPIBHAHO 3 {HIIMMU KOCA/pKeHMMM tamMaMu. Haii6inbr 1jikaBumMu i MOJaIbIINX OCTIKEHb
e: I) mrram KS 1, sixnit BusiBuB Haituity ¢ibpuHONiTUYHY akTUBHICTD, IT) mtam KS 2 sk HaltedektuBHimmit Ipo-
IYLIEHT 3 e/IacTasHoI0 Ta ¢pibpuHOreHoniTHYHOW akTuBHicTIO, ITI) KS 7 Ta KS 8, siKi offHOUaCcHO BUABWIN HABUII]
MOKAa3HMKU KepaTuHasHoi aktuBHOCTI (7 On/mn i 9 Op/mn) i cynbdarpenykrasu (33 MKMOIb/XB i 31 MKMOJB/XB)
BifmoBifHO. BucHoBKu. Py npencraBHuKiB Bacillus, Bupinenux i3 pusocgepn IpyHTy arpoLeHosy pucy, 3a CBOI-
MM KaTTiTHIHUMM BIACTUBOCTAMMU MOXKYTb Oy TV TIepCIIEKTUBHUMM IS TTIOJA/IBIINX JOCTI/PKEHD AK PO YLeHTH
(hepMeHTIB 3 IPOTEOTITUYHOK aKTUBHICTIO.

Kntouosi cnoea: Bacillus sp., npomeonimuuna akmusHicmo, oucynv@iopedyxmasna akmueHicmo.
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