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Peptidase of Bacillus thuringiensis var. israelensis IMV B-7465 was isolated from culture supernatant
using consecutive fractionations by an ammonium sulphate (60% saturation), ion-exchange chromatography
and gel-filtration on the TSK-gels Toyoperl HW-55 and DEAE 650(M). Specific elastase (442 U-mg of protein™)
and collagenase (212.7 U-mg of protein™) activities of the purified enzyme preparation were 8.0- and 6.1-fold,
respectively higher than ones of the culture supernatant. Peptidase yields were 33.5 % for elastase activity
and 30.1 % for collagenase activity. It was established that the enzyme is serine metal-dependent alkaline
peptidase with Mr about 37 kDa. Maximal hydrolysis of elastin and collagen occurs at the optimum pH 8.0
and t° - 40 and 50 °C, respectively. The purified preparation has high stability at pH in the range of 7.0 to 10.0

and 40-50 °C.
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used in various industries such as pharmaceuti-

cal, food, leather, detergent [1]. It has been esti-
mated that the annual sales of industrially produced
enzymes is about $1 billion, 75% of industrially
produced enzymes are hydrolases, and among them
60% are peptidases, most of which (50%) obtained
from bacteria of genus Bacillus. The main countries
producing peptidase are Denmark (40%), the USA
(20%) and Italy (40%).

Enzymes, which are capable of cleaving solu-
ble proteins such as collagen and elastin, the compo-
nents of connective tissue fibers, take a special place
among peptidases of microorganisms. These pro-
teins have firm and resistant to proteolysis structure
owing to formation of intermolecular cross-linking.
Peptidases with collagenase and elastase activities
can be used in the development of drugs for trophic
ulcers, pus wounds, burns, as well as in detergents to
dissolve protein contaminants.

The peptidases are used in the food industry
and for the manufacture of detergents, are isolated
in plenty in crude state, but highly purified enzymes
are necessary for medicine.

Despite significant progress in the researches
on proteolytic enzymes, the needs of different sec-

I t is known that microbial peptidases are widely
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tors of Ukrainian production for preparations with
varying degrees of specificity are not being met, es-
pecially in medicine and leather industries, which
use imported enzymes, which often do not meet
quality standards [2].

Previously, based on the screening of microor-
ganisms of different taxonomic groups, we selected
Bacillus thuringiensis var. israelensis IMV B-7465
strain which was active towards the insoluble protein
substrates, such as collagen and elastin. Since such
peptidases could be promising in the development
of novel drugs aimed at hydrolysis of collagen and
elastin, as well as in detergents for removing insolu-
ble protein contaminants, the aim of our study was
to isolate, purify and characterize peptidase of B.
thuringiensis var. israelensis IMV B-7465 with col-
lagenase (3.4.24.3) and elastase (3.4.21.11) activities.

Materials and Methods

The strain of Bacillus thuringiensis var. israe-
lensis IMV B-7465, obtained from the water area of
Snake Island (Black Sea) and kindly provided by the
staff of the Department of Microbiology, Virology
and Biotechnology of the Odessa I. I. Mechnikov
National University, was the object of the study.
The strain is registered as a producer of collagenase
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peptidase in the Depository of the Zabolotny Insti-
tute of Microbiology and Virology, NAS of Ukraine
No. IMV B-7465.

To synthesize the extracellular peptidase, B.
thuringiensis var. israelensis IMV B-7465 was cul-
tivated on a liquid culture medium [3] consisting
of (g/l): KH PO, — 1.6; MgSO,7H,0 — 0.75;
ZnSO,7H,0 - 0.25; (NH,),SO, — 0.5; maltose — 1.0;
gelatin — 10.0; yeast autolysate — 0.15; pH 6.5-6.7.
The culture was grown in Erlenmeyer flasks on a
rocking platform at 250 rpm at 28 °C for 24 h. The
inoculum was grown in an appropriate medium for
24 h, and then was seeded in flasks at a density of
10°-10° CFU/ml.

B. thuringiensis var. israelensis IMV B-7465
peptidase was isolated from the supernatant, ob-
tained by centrifugation of the culture fluid at 5000 g
for 30 min, by ammonium sulfate (60% saturation)
precipitation. The precipitate was collected by cen-
trifugation at 5000 g, for 30 min, dissolved in 0.01 M
Tris-HCI buffer (pH 7.5) and applied to a column
(2.5%40 cm) with anion exchanger TSK DEAE 650
(M) (Toyosoda, Japan). Elution was conducted with
0.01 M Tris-HCI buffer (pH 7.5) in NaCl gradient
from 0 to 1.0 M at a flow rate of 0.5 ml/min. Pro-
tein fractions which have collagenase and elastase
activity were collected, combined and applied to a
column (1.8x40 cm) with neutral TSK-gel Toyopearl
HW-55 (Toyosoda, Japan). Elution was carried out
with the same buffer at a flow rate of 0.85 ml/min.
The degree of the enzyme purification was charac-
terized by specific elastase and collagenase activity
(U'mg of protein™).

Protein content was measured at 280 nm using
spectrophotometer SF-26 at all stages of the experi-
ments. Protein concentration was determined by
Lowry assay [4].

Total carbohydrate concentration was deter-
mined using phenol-sulfuric method [5]. For this,
0.5 ml of the examined enzyme solution, 0.5 ml of a
5% phenol solution and 2.5 ml of concentrated sul-
furic acid were mixed with intense stirring in tubes
and incubated for 30 min at room temperature. Ab-
sorbance was measured at 490 nm. The carbohydrate
content was assessed by a standard curve for glu-
cose.

For assessment of collagenase activity [6]
the mixture containing 10 mg of collagen, 2.5 ml
of 0.01 M Tris-HCI buffer (pH 9.0-10.0) and 1 ml
of the studied preparation was incubated in a wa-
ter bath at 37 °C for 3 h. The reaction mixture was

then centrifuged at 10 000 g for 5 min and 0.1 ml
of supernatant was transferred to tubes containing
0.5 ml of 4% ninhydrin in acetone solution and an
equal volume of 0.2 M citrate buffer (pH 5.0). In-
cubation was carried out in a boiling water bath for
20 min. Then, 5 ml of 50% n-propanol was added
to the cooled mixture and kept at room temperature
for additional 15 min. The cleavage products were
determined at 600 nm using SF-26 spectrophotome-
ter. The equivalent amount of amino acids released
during hydrolysis was determined from a standard
curve for free L-leucine. One unit of the activity is
equivalent to 1 pmol of L-leucine released from col-
lagen during hydrolysis for 3 h at 37 °C.

The basis of the method for determination of
elastase activity is colorimetric measurement of the
color intensity of a solution containing elastin-congo
red as an enzyme substrate [7]. The mixture contai-
ning 2.0 ml of 0.01 M Tris-HCI buffer (pH 7.5), 5 mg
of elastin stained with 0.002% congo red and 1 ml of
enzyme solution was incubated at 37 °C for 3 h. The
reaction was terminated by putting the tubes with
the reaction mixture into an ice bath for 30 min.
Non-hydrolyzed elastin was separated by centrifu-
gation at 10 000 g for 5 min. The color intensity was
measured at 515 nm on SF-26 spectrophotometer.
The amount of enzyme that catalyses hydrolysis of
1 mg of elastin per 1 min was taken as the unit of
activity.

SDS-PAGE under denaturing conditions was
performed according to Laemmli [8]. For this, the
studied enzyme preparation was dissolved in a
sample buffer (0.5 M Tris-HCI, 2-mercaptoetha-
nol (pH 8.8), 10% SDS, 20% glycerol and 0.001%
bromophenol blue), boiled up and then applied
to a gel (5-10 pg per well). Electrophoresis was
performed in 4% concentrating and 12% separa-
ting acrylamide gels at constant amperage 30 mA.
The enzyme was detected in the gel by staining
with Coomassie G-250. The proteins Fermentas
PageRuler™ Prestained Protein Ladder (SM0671)
were used as comparative markers. Electrophore-
grams were scanned. An increase in the color inten-
sity of peptidase zone was examined using Totallab
TL100 analysis software.

The effect of pH and temperature on the pu-
rified B. thuringiensis var. israelensis IMV B-7465
activity was studied in the temperature range from
20 to 80 °C and pH range from 5.0 to 12.0. Standard
0.01 M phosphate buffer was used to obtain the pH
range. To investigate stability, the enzyme was incu-
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bated in the buffer at pH 7.0-12.0 and 40-60 °C for 0,
15, 30, 60 and 120 min, then aliquots were taken to
analyze collagenase and elastase activities.

Protein concentration in the peptidase prepara-
tion was 0.2 mg/ml. The specific activity was ex-
pressed in U per mg of protein.

To study the effect of group-specific reagents
on the enzyme activity we used the purified enzyme
preparation and the following specific chemical rea-
gents (final concentration 0.01 M): phenylmethylsul-
fonyl fluoride (PMSF), dithiothreitol (DTT), 1-ethyl-
3-[3-dimethylaminopropyl]carbodiimide (EDC),
p-chloromercuribenzoate (p-CMB), N-ethylmalei-
mid (NEM), ethylene glycol tetraacetic acid (EGTA),
ethylene diamine tetraacetic acid (EDTA), disodium
ethylenediaminetetraacetate (Trilon B), L-cysteine
and soybean trypsin inhibitor. Incubations of the
enzyme and reagents were performed at 15-20 °C
for 60 min, then aliquots were taken to determine
enzyme activity.

To compare elastase activity of purified B. thur-
ingiensis var. israelensis IMV B-7465 with commer-
cial preparation, proteinase K (Merck, Germany)
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isolated from Tritirachium album was used. Protein
concentration in both preparations was 0.2 mg/ml.

All experiments were performed in 5-8 rep-
licates. Statistical processing of the obtained data
was performed using Student’s #-test [9]. The data
are presented as mean and standard error (M £ m).
Processing of the data presented in graphs was
performed using Microsoft Excel 2010 software.
P <0.05 values were considered statistically signifi-
cant [10].

Results and Discussion

Peptidase of B. thuringiensis var. israelensis
IMV B-7465 was isolated using standard multistage
purification procedure: ammonium sulfate fractiona-
tion (60% saturation) of the culture supernatant, ion-
exchange chromatography and gel-filtration. It was
shown (Fig. 1) when separating complex enzyme
preparation by ion-exchange chromatography on
TSK Toyopearl DEAE 650(M) column using a NaCl
stepwise gradient from 0 to 1 M, that peptidase with
collagenase and elastase activity eluted as one peak
at 0.2 M NaCl. It enabled to eliminate some protein
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Fig. 1. The elution profile of the complex enzyme preparation of B. thuringiensis var. israelensis IMV B-7465
on TSK Toyopearl DEAE 650(M) with a NaCl stepwise gradient
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contaminants from the enzyme preparation. Thereat,
collagenase and elastase activity increased 3- and
4-fold, respectively compared to the activity of the
culture supernatant (Table 1).

The fraction with collagenase and elastase ac-
tivities was further purified by gel-filtration on a
TSK Toyopearl HW-55 column. It was established
(Fig. 2) that elution with 0.01 M Tris-HCI buffer
(pH 7.5) enabled to obtain the studied enzyme
(peak 1) in one fraction. Purification degree was 5.7-
and 7.4-fold, respectively. Activities in the peaks 2
and 3 were not detected.

Fraction 1, which exhibited collagenase and
elastase activity, was further purified by chroma-
tography on Sepharose 6B (Pharmacia, Sweden)
column (1.5%x25 cm) equilibrated with 0.01 M Tris-
HCI buffer (pH 7.5). As a result, only one peak
with collagenase and elastase activity was detected
(Fig. 3) that indicates homogeneity of the preparation
obtained after the second stage of purification. The
degree of purification was 6.1- and 8-fold, respec-
tively (Table. 1).

The homogeneity of the studied enzyme of
B. thuringiensis var. israelensis IMV B-7465 was
also confirmed by SDS-PAGE under denaturing
conditions (Fig. 4, b). The use of protein-markers in
native (Sepharose 6B) (Fig. 4, a) and denaturing con-
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ditions (SDS-PAGE) enabled to determine that the
peptidase Mr is about 37 kDa.

Since the enzyme homogeneity was shown by
gel-filtration on Sepharose 6B and SDS-PAGE, we
consider the B. thuringiensis var. israelensis IMV
B-7465 peptidase as one enzyme that exhibits speci-
ficity for collagen and elastin proteins. Previously
we obtained similar results for B. thuringiensis IMV
B-7324, which synthesizes peptidase 1 with activity
towards elastin and fibrin.

It is known that the members of genus Bacil-
lus produce mainly peptidases with Mr from 15
to 100 kDa. Mr of bacilli elastases are from 20
to 30 kDa. Thus, the elastases with Mr 29.5 kDa
and 25 kDa were isolated from B. licheniformis
ZJUEL31410 and Bacillus sp. 6644, respectively
[11, 12]. Collagenases from B. megaterium NRC
have Mr 25 and 28 kDa [16], from B. cereus — have
Mr 38-48 kDa [18, 19].

Elastase activity of the purified peptidase of
B. thuringiensis var. israelensis IMV B-7465 was
found to be 1.5-fold higher than activity of the com-
mercial preparation of proteinase K (Merck, Ger-
many), which was taken as a comparative enzyme.

A small amount of carbohydrates (7%) was
found in the composition of the B. thuringiensis var.
israelensis IMV B-7465 peptidase.
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Fig. 2. The elution profile of B. thuringiensis var. israelensis IMV B-7465 fraction with collagenase and

elastase activities on TSK Toyopearl HW-55
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Fig. 3. The elution profile of peptidase B. thuringiensis var. israelensis IMV B-7465 on Sepharose 6B
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Fig. 4. Determination of Mr of B. thuringiensis var. israelensis IMV B-7465 peptidase under native (a) and
denaturing (SDS-PAGE) (b) conditions: a — gel-filtration on Sepharose 6B (calibration curve); K  — distribu-
tion coefficient, protein-markers: lysozyme (1), trypsin (2), proteinase K (3), peroxidase (4), BSA (5); b — SDS-
PAGE: M — protein-markers; E — B. thuringiensis var. israelensis IMV B-7465 peptidase
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The optimum conditions, exactly pH and
temperature ranges, at which enzymes retain their
highest activity and stability are important charac-
teristics of any enzyme preparations. Change of
environmental conditions greatly affects the struc-
ture and function of enzymes that is an example of
adaptation at the biochemical level. According to the
literature, the majority of bacilli peptidases with col-
lagenase and elastase activities is alkaline and works
in the pH range from 5.0 to 11.0. It has been shown
(Fig. 5) that the purified B. thuringiensis var. israe-
lensis IMV B-7465 peptidase is active at pH range
from 6.0 to 11.0. The pH optimum for collagen and
elastin hydrolysis by the enzyme was 8.0 that indi-
cates that the obtained enzyme is alkaline peptidase.

Investigation of the stability of B. thuringiensis
var. israelensis IMV B-7465 peptidase showed that
after 120 min in the pH range from 7.0 to 9.0, 80-
90% of the initial collagenase and elastase activities
were retained (Fig. 6). The increase in pH to 11.0
and 12.0 resulted in a decrease in both activities to
50-70%.

The isolated enzyme was active in the tem-
perature range from 30 to 60 °C, at that optimum
temperatures for hydrolysis of collagen and elastin
by the peptidase were different: 50 °C — for collagen
and 40 °C — for elastin (Fig. 7).

The enzyme retained 100% of collagenase and
elastase activities during incubation at 40, 50 and
60 °C for 30 min. After incubation for 2 h at 40 and
50 °C, 90 and 80% of the initial activities, respec-
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=t== E|astase activity

Activity, %
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1

tively remained, whereas at 60 °C only 72% was re-
mained (Fig. 8).

The differences in optimum conditions for in-
teractions of enzyme with various substrates can be
characterized by either mechanism of the enzyme-
substrates binding or changes in the molecule con-
formation at various temperatures [13]. Our results
are confirmed by the literature data showing that
collagenase peptidases exhibit maximum activi-
ties at pH 7.0-8.0 in the temperature range from
25 to 65 °C. The highest activity of collagenase of
B. stearothermophilus DPUA1729 reported to be
at pH 7.2 and 25 °C [14], B. megaterium NRC —
at pH 7.5 and 50 °C [15], B. licheniformis F11 — at
pH 9.0 and 50 °C [16], B. cereus MBL13 — at pH 8.0
and 40 °C [17], B. cereus AT — at pH 8.0 and 50 °C
[18]. As it is seen, the majority of bacilli elastases
are alkaline enzymes. Optimum conditions for their
actions are pH from 8.0 to 10.5 and temperature
from 40° to 65 °C [11, 19, 20]. However, among such
elastases, neutral enzymes can be also found, e.g.
B. licheniformis ZJUEL31410 [10].

Our findings, that B. thuringiensis var. israe-
lensis IMV B-7465 peptidase exhibits sufficiently
high stability at 40-60 °C and alkaline pH, are essen-
tial for the use of this preparation in leather industry
and in detergent compositions.

It is known that elastase (3.4.21.11) and colla-
genase (3.4.24.3) bacilli enzymes are members of
a class of serine or metallopeptidases [10, 17]. The
study on the identification of the functional groups

Fig. 5. The dependence of elastase and collagenase activity of B. thuringiensis var. israelensis IMV B-7465

peptidase on pH of reaction medium
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Fig. 6. The dependence of stability of B. thuringiensis var. israelensis IMV B-7465 peptidase on various pH at

the hydrolysis of collagen (a) and elastin (b)

of the catalytic center of B. thuringiensis var. israe-
lensis IMV B-7465 peptidase using group-specific
reagents has shown (Fig. 9) that this peptidase be-
longs to serine peptidases, since a complete inhibi-
tion of its activity by PMSF was observed.

Since metallochelator EDTA caused the re-
duction in the activity by 3.7-fold compared to the
control, it can be assumed that this enzyme is also
metal-dependent. The inhibitory effect of p-CMB
(13-fold) may indicate the presence of SH-groups
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on the surface of the enzyme molecule which are
involved in the binding and hydrolysis of insoluble
macromolecular protein substrates.

Thus, it has been shown that a strain of
B. thuringiensis var. israelensis IMV B-7465 syn-
thesizes peptidase with collagenase (212.7 U'mg of
protein™) and elastase (442 U-mg of protein™) activi-
ties, Mr ~37 kDa. Optimum conditions for its action
are pH 8.0 and 40 °C and 50 °C, respectively, during
elastin and collagen hydrolysis. The purified product
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T T T - —
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Fig. 7. The dependence of elastase and collagenase activity of B. thuringiensis var. israelensis IMV B-7465

peptidase on temperature of the reaction medium
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Fig. 8. The dependence of stability of B. thuringiensis var. israelensis IMV B-7465 peptidase on various tem-
peratures at the hydrolysis of collagen (a) and elastin (b)
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Fig. 9. The effect of group-specific reagents on the activity of B. thuringiensis var. israelensis IMV B-7465

peptidase

shows high stability at pH 7.0-10.0 and 40-50 °C. The
investigation of functional groups of active site of
B. thuringiensis var. israelensis IMV B-7465 pepti-
dase with collagenase and elastase activities using
inhibitory analysis indicates that this peptidase is
metal-dependent serine peptidase with SH-groups
on its surface. It has been shown that elastase activi-

26

ty of B. thuringiensis var. israelensis IMV B-7465
peptidase is 1.5-fold higher than that of commercial
product proteinase K (Merck, Germany), taken as a
comparative enzyme.
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llentunaza  Bacillus  thuringiensis  var.
israelensis IMB B-7465 Buninena i3 cymnepHaTtanTa
KYJIbTYyPaJbHOI PIAMHM METOAAMH IIOCIIiIOBHOI'O
¢pakuionyBaHHs cynbdaroMm amoHiro (60% Ha-
CHYeHHs), 10HOOOMiHHOI Xpomartorpadii Ta res-
¢inprpamnii Ha TSK-remsx — Toyoperl HW-551 DEAE
650(M). TTutoma enacrazna (442 ox-Mr npoteiny')
i konmarenasna (212,7 og-Mr npoTteiny ') aKTHBHICTh
OYHIIIEHOTO0 €H3MMHOT0 ITpenapaty OyJia BiIoBiTHO
B 8,0 i 6,1 pa3a BHIIOIO MOPIBHSHO i3 CylepHaTaH-
TOM KyJIbTYypanbHoi piguau. [Ipu npomy BUXiz nen-
THA3H 3a eJacTa3HOI0 aKTUBHICTIO csaraB 33,5%, 3a
konareHnasHor — 30,1%. Iloka3aHo, mo eH3uM € ce-
PHHOBOIO METaJI03aJIEKHOI0 JIYKHOIO HENTHIa3010
3 Mm ~ 37 kJla. MakcuManbHHN T1APOITi3 eNacTHHY
1 KoJlareHy Bi/I0yBa€ThCsI 38 ONTUMAJIBHUX 3HAYECHb
pH — 8,0 i remmeparypu — 40 i 50 °C BigmoBimHO.
[loxazaHo BUCOKY CTabIIBHICTh OUHIIIEHOTO TIpera-
paty y pasi pH Bix 7,0 no 10,0 i 40-50 °C npoTtsirom
2 TOIUH.

KnwuoBi caosa: Bacillus thuringiensis,
NenTuasa, ejacra3Ha aKTHBHICTh, KOJlareHa3Ha
AKTHBHICTH, (hI3MKO-XIMIUHI BJIaCTUBOCTI.

BBIAEJIEHUE N OUUCTKA
HENTUAA3BI BACILLUS
THURINGIENSIS VAR. ISRAELENSIS
HNMB B-7465 CO CHEHU®NYHOCTbIO
K 3JIACTUHY U KOJUUIATEHY

H. A. Huosuixosad!, JI. J]. Bapbaney',
B. A. Yepnvienko’

"MHCTUTYT MUKPOOHUOJIOTHH U BUPYCOJIOTHH
M. J]. K. 3abomoTHoro HAH Vkpaunsi, Kues;
e-mail: Nidialkova@gmail.com;
Uuctutyt ouoxumuu um. A. B. TTannaauna
HAH Vxpaunsi, Kues

lentunaza  Bacillus  thuringiensis  var.
israelensis UMB B-7465 Bbienena w3 cymnepHa-
TaHTa KYyJIBTYyPaJIbHON >KUJAKOCTH METOJaMH TIO-
CIIeZIOBAaTEIBHOTO  (PPaKIMOHUPOBAHUSA CyJb(a-
ToM amMMoHUs (60% HacHIIeHHS), HOHOOOMEHHOM
xpomarorpaguu u Tenb-¢punsrpanuu Ha TSK-
rensix — Toyoperl HW-55 u DEAE 650(M). Dmna-
ctaszHas (442 emxmr mpoTenHa') W KoJareHasHas
(212,7 emp-Mr mporterHa') aKTHBHOCTH OUYHMIICHHO-
T'0 SH3UMHOTO TIperapara Obljla COOTBETCTBEHHO B
8,0 u 6,1 paza BbIllIe IO CPABHEHUIO C CyNEpHATAH-
TOM KYJIBTYpaJdbHON KUIKOCTH. IIpu 3TOM BBIXOJ
TIENTHA36l 110 3JaCTa3HOW aKTUBHOCTH JOCTHTAJ
33,5%, 1o xonnarerasnon — 30,1%. Ilokazano, 9To
SH3UM SBISETCS CEPUHOBOH METaNlJIO3aBUCHMOMN
melouyHor menrugazon ¢ Mm ~ 37 xJla. Makcu-
MaJIbHBIH THUAPONH3 AIacTHHA M KOJUIareHa Tpo-
HUCXOAUT MPU ONTUMAIbHBIX 3HaueHuaAX pH — 8,0 u
temneparype — 40 u 50 °C coorBercTBeHHO. [Toka-
3aHa BBICOKAasi CTAOMJIBHOCTH OYHINEHHOT'O Tpera-
pata npu pH ot 7,0 no 10,0 u 4050 °C B Teuenue
2 4acos.

KnwueBrie ciaoBa:Bacillusthuringiensis,
NeNnTH/a3a, dJacTa3Has aKTHBHOCTb, KOJIJIareHas-
Hasl aKTUBHOCTh, (PU3UKO-XUMUYCCKUE CBONCTBA.
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