EXPERIMENTAL ARTICLES

UDC 577.152.34:577.151.5 doi 10.15407 /biotech7.05.027

OPTIMIZATION OF ELASTOLYTIC PEPTIDASE
BIOSYNTHESIS BY Bacillus thuringiensis IMV B-7324

N.A. Nidialkova
0O.V.Matseliukh
L. D.Varbanets

Zabolotny Institute of Microbiology and Virology
of the National Academy of Sciences of Ukraine, Kyiv

E-mail: Nidialkova@gmail.com
Received 28.04.2014

The cultivation conditions of Bacillus thuringiensis IMV B-7324 for synthesis of the elastolytic
peptidase were studied. By mono- and two-factorial experiments it was optimized the nutrient medium
and conditions of growth for the synthesis of B. thuringiensis IMV B-7324 elastolytic peptidase. It was
established that maximal synthesis of the enzyme (5.15 U/mg of the protein) occurs at the exponential
phase of growth on 18 h in submerged cultivation. As a result of screening experiments it was shown that
all components of the basic medium except gelatin are significant for the enzyme biosynthesis. The
elimination of gelatin leads in 9.8-fold increase of the elastolytic activity (50.55 U/mg of the protein).
The influence of the nitrogen and carbon sources on the enzyme synthesis was studied. It was established
that the optimal sources are the ammonium sulfate and arabinose. Their usage allows us to increase in
17.4 and 4.6 times the elastolytic activity (90 and 24 U/mg of the protein). The optimal concentrations of
the ammonium sulfate and arabinose in the medium which allow to increase the elastolytic activity in
24.7 times (127.45 U/mg of the protein) was determined by the bifactorial experiment on three levels.
The optimized nutrient medium contains (g/1): arabinose — 13.0; (NH,),SO, — 14.0; KH,PO, — 1.6;
(CH3CO0)yZn — 0.25; MgS0O,7TH,0 — 0.75. The elastolytic activity of B. thuringiensis IMV B-7324 was
132.5 U/mg of protein during the growth by submerged cultivation for 18 h in 200 ml of the optimized

nutrient medium at initial pH 7.0, on a shaker at 220 rpm at 37 °C.
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Elastases (E.C. 3.4.21.36, E.C. 3.4.21.37)
are enzymes which belong to peptidases that
are able to split poorly soluble elastin, the
protein which together with collagen provides
mammalian connective tissue with mechanic
properties. Elastin contains approximately
95% of non-polar amino acid residues and a
small amount of polar amino acid residues.
The following amino acids have the highest
content: Gly (30.7%), Ala (20.4%), Pro
(11.4%) and Val (10.5%). The pancreatic
elastase splits elastin with the predominant
formation of Ala and Val. This enzyme has
applied aspects of industrial use for hydrolysis
of raw materials with elastin fibers [1]. So,
in food industry these peptidases are used
for maturation of meat and herring and
salting herring. Traditionally, the protein
hydrolysates are obtained using peptidases.
Then these hydrolysates can be used as food
supplements [2] or in leather manufacturing
for skin processing at skin dehydratation and
softening. It can help to keep the thickness
of the final product. Elastases themselves

or in the complex with other peptidases can
be used for wound treatment for burns, for
decrease of inflammatory processes, bruising
and swelling etc [3]. Enzymes possessing high
thermostability have also a great practical
importance and can be used in washing to
remove protein contamination [4]. Taking
into consideration that elastase purification
from animal tissue is accompanied by
difficulty the search of elastase producers
among microorganisms is an actual problem.
Most known producers belong to the genus
Pseudomonas, Bacillus, Vibrio, Aeromonas,
Aspergillus, Streptomyces and some others.
The main drawback of these strains is their
pathogenicity for human, so their usage is
limited. The isolation of strain-producers
which are safe for human health and the
increase of enzyme production are the actual
problems. As a result of induced mutagenesis
by N-methyl-N-nitro-N-nitrosoguanidine the
stable variant of the mutant with the increased
elastase activity (4 U/mg) was obtained earlier
from the strain B. thuringiensis 27 [5]. The
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new strain of B. thuringiensis considered as
a producer of elastolytic peptidase (number
IMV B-7324) was registred in the Depository
of Zabolotny Institute of Microbiology and
Virology NAS of Ukraine [6]. The aim of this
work was to carry out the optimization of
cultivating parameters of B. thuringiensis
IMYV B-7324 to increase elastase synthesis.

Materials and Methods

The object of investigation was the
strain B. thuringiensis IMV B-7324. To
study the dynamic of peptidase synthesis the
cultivation of B. thuringiensis IMV B-7324
was carried out on the following nutrient
medium (g/1): KH,PO, — 1.6; MgSO,-7TH,O —
0.75; ZnSO,-7TH,0 — 0.25; (NH,),SO,
0.5; maltose — 1.0; gelatin — 10.0; yeast
autolysate — 0.15; pH — 6.5-6.7 (the base
medium) under rotating (220 rpm) at 42 °C for
72h[7]. Erlenmeyer flasks (750 ml) containing
150 ml of nutrient medium were seeded by the
inoculum, which was obtained on the same
medium in the middle of exponential phase
of growth. Concentration of seeded material
was 10°-10° CFU/ml. The culture growth was
determined by measurement of absorbance of
bacterial suspension on spectrophotometer
SF-26, A = 590 nm. Influence of different
carbon sources on synthesis intensity was
studied by removing from the base medium
maltose, gelatin and yeast autolysate and
replacing them by carbohydrate compounds in
the quantity equivalent to carbon content in
the base medium. As the sources of carbon we
used monosaccharides (arabinose, galactose,
glucose, xylose, mannose, rhamnose and
sorbose); disaccharides (maltose, lactose
and sucrose); trisaccharides (raffinose),
polyhydric alcohols (mannitol, sorbitol and
dulcitol) and soybean and corn flour. Influence
of nitrogen sources on synthesis intensity was
studied by removing from the base cultivating
medium all nitrogen-containing compounds
[i.e. gelatin, yeast autolysate and (NH,),SO,)]
replacing them by the test substance in the
quantity equivalent to nitrogen content in the
base medium. The sources of nitrogen were
the following: Met, Val, Ser, Thr, Ala, Leu,
Asn, Ile, Gly, Asp, Glu, Arg, His, NaNOg,
(NH,),S0,, gelatin and yeast autolysate.

Significant elements of mineral nutrition
of the base medium were determined using
screening, which revealed significant factors
(or components) making essential influence
on the analysis accuracy [8]. The lower level
of the studied concentrations was taken as
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zero and the value of the upper level complied
with the concentration of each component in
the base cultivation medium. To carry out the
medium optimization for elastolytic peptidase
biosynthesis we used the following reagents:
KH,PO,, MgS0O,7H,0, ZnSO,-7TH,O, ZnCl,,
(CH;CO00)yZn, MgCO;3, NaH,PO,, CaH,PO, and
KCl. Todetermine the optimal concentration of
nitrogen and carbon we carried out a full two-
factor investigation (FTI). Factors of nutrient
medium were designated as X,. The influence
of each factor was studied at three levels. To
increase the elastolytic activity an arabinose
and (NH,),SO, taken in correspondent
concentrations were used as a source of carbon
and nitrogen respectively. To investigate the
influence of cultivation parameters the strain
was grown on the optimized media for 18 and
48 h under the following changing conditions:
pH from 5.0 to 8.0, temperature from 28 °C
to 42 °C and volume from 50 to 250 ml. The
initial pH value in the medium was established
with 1M solutions of NaOH and HCIl. The
protein content was determined by the method
of Lowry et al. [9]. The staining intensity
was determined using the spectrophotometer
SF-26, A = 750 nm. Bovine serum albumin
was used as the standard. Elastolytic activity
was determined by the colorimetric method
measuring the intensity of solution staining
by Congo red [10]. The incubation mixture
had the following content: 2.5 ml of 0.01 M
Tris-HCI buffer (pH 7.5), 5 mg of elastin
stained by 0.002 % solution of Congo red
and 1 ml of enzyme solution. The mixture
was incubated for 5 h at 37 °C. The reaction
was stopped by the incubation of the mixture
on the ice bath for 30 min. Unhydrolyzed
elastin was separated by centrifugation for 5
min at 10 000 g. The staining intensity was
determined using the spectrophotometer SF-
26, . = 515 nm. The unit of enzyme activity
was determined as the amount of enzyme
which converted 1 mg of elastin per min. The
data were statistically tested by Student’s
test [11]. All experiments were performed in
5—8 replicates. P < 0.05 were considered to
be statistically significant. We calculated the
mean values and standard errors (M + m). The
results which are presented graphically were
obtained using Microsoft Exel 2010.
Calculation and graphical presentation of
the results of full two-factor experiment were
carried out according to Box-Wilson response
surface methodology using STATISTICA 8.0.
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Results and Discussion

According to[12, 13] the role of peptidases
from B. thuringiensis has not clarified yet,
however, it is known that they take part in
sporulation and entomotoxicity. Previously,
we showed that strain B. thuringiensis IMV
B-7324 which was isolated as the result of
chemical mutagenesis possessed elastolytic
activity [5, 6]. This strain is avirulent
and belongs to third class according to
classification of microorganism severity:
“microorganisms which are moderately safely
and have weak general toxic or allergenic
effects”. So, the selected strain could be
placed among other commercially promising
producers which possess the unique property
to hydrolyze elastin. So, we had to determine
the optimal conditions for biosynthesis of
elastolytic peptidase from B. thuringiensis
IMV B-7324 basing on the dynamics of its
accumulation. The study of dynamics of
enzyme accumulation from B. thuringiensis
var. kurstaki showed that this strain was able
to synthesize extracellular metallopeptidase
during the early phase of sporulation [14]. The
maximal activity of elastolytic peptidase from
B. cereus and B. polymyxa was observed at
the stages of withering away and sporulation
correspondingly [15]. Studying the dynamics
of growth of B. thuringiensis IMV B-7324 and
its ability to accumulate the peptidase which
has specificity towards elastin we noted that
maximal synthesis of the enzyme (5.15 U/mg)
was observed during the phase of exponential
growth at 18 h of cultivation (Fig. 1). Taking
into consideration the individual needs
of strain-producer in sources of carbon,
nitrogen and microelements we carried out the
optimization of liquid nutrient medium for
biosynthesis of B. thuringiensis IMV B-7324
elastolytic peptidase using the methods of
mathematical planning. Our first screening
test showed that all components of nutrient
medium apart from gelatin are essential for
the enzyme biosynthesis (Table 1). When the
strain was grown on the medium which does
not contain gelatin the level of elastolytic
activity was 50.55 U/mg of the protein. That
was in 9.8 times higher than in the presence
of gelatin.

According to published data concerning
the influence of different nutrient media
on peptidase synthesis, the certain organic
compounds are needed to accumulate these
enzymes. Thus, glucose and starch stimulate
the growth of alkaline proteinases from
B. licheniformis CUMC 305 and B. coagulans
CUMC 512 [16]. At the same time, glucose,

Table 1. Determination of significant factors
of the cultivation medium
for biosynthesis of elastolytic peptidase
from B. thuringiensis IMV B-7324
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Note. Here and after: «+» — the presence of the
component in the medium; «—» — the absence of the
component in the medium.
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Fig. 1. Dynamics of accumulation of peptidases
with elastolytic and fibrinolytic activity
from B. thuringiensis IMV B-7324
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starch and MgSO, 7TH,0 are optimal sources
of nutrition for intensification of biosynthesis
of elastolytic peptidase from Bacillus sp.
EL31410 [17]. Maximal activity of alkaline
proteinase from B. licheniformis NCIM-2042
was observed in case of the introduction to
the culture medium the starch as a source of
carbon, soy flour as a source of nitrogen and
MgS0,7TH,0 as a source of sulphate [18].
Investigation of the influence of different
sources of carbon and nitrogen on synthesis of
peptidases from B. licheniformis (TD4) showed
that xylose and urea are able to increase the
enzyme activity [19]. Under these conditions
the optimal source of mineral nutrition was
1 M NaCl. That gave us possibility to increase
peptidase activity almost in 2 times.

Comparative study of the influence of
some compounds on the specific elastolytic
activity of the investigated enzyme from
B.thuringiensisIMV B-7324 showed that amino
acids Met, Val, Thr, Ala and Arg promoted
the increased enzyme synthesis as compared
with the control (base medium, Fig. 2).
Besides, it was revealed that simple sources
of nitrogen such as NaNO; and (NH,),SO, also
increased the specific elastolytic activity in
2.4 and 4.6 times correspondingly. The usage
amino acids is not economically profit, so we
used (NH,),SO, for further optimization of the
nutrient medium.

Investigation of the influence of different
carbon sources (arabinose, galactose, glucose,
xylose, mannose, rhamnose, sorbose, maltose,
lactose, sucrose, raffinose, mannitol, sorbitol,
dulcitol, soybean and corn flour) was carried
out using one-factor experiment. In these
experiments (NH,),SO, was used as a source

Specific elastolytic activity,
U/mg of the protein
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Fig. 2. Specific elastolytic activity from
B. thuringiensis IMV B-7324 at cultivation on the
media with different nitrogen sources:
Here and after: * — P < 0.05 as compared
with the control (base medium)
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of nitrogen. The maximal specific elastolytic
activity was observed in case of growing of
B. thuringiensis IMV B-7324 on the medium
containing rhamnose and arabinose: 72
and 90 U/mg of the protein correspondingly
(Fig. 3).

It is known that divalent metal ions are
necessary for formation of active conformation
and for stabilization of many peptidase
molecules. These ions can promote enzyme
activity [20]. So, we have found that not only
carbon and nitrogen sources are necessary but
alsomineral elements. Asit was not established
what was the influencing element (metal cation
or anion) we carried out a series of experiments
where the strain B. thuringiensis IMV B-7324
was cultivated on the media containing the
sources of carbon and nitrogen which had
previously been selected and ZnSO,-7H,0
was changed for (CH3;COO),Zn and ZnCly;
MgS0O,7H,0 — for MgCO3; KH,PO, — for
KCl, NaH,PO, and CaHPO, (experiments 1-7,
Table. 2). It was established that for maximal
synthesis of elastolytic peptidase (104 U/mg
of the protein) (CH3;COO0),Zn had to be added
into the medium (experiment 5).

The optimal ratio of the selected sources
of carbon and nitrogen (at the stable level of
other medium factors) was found with the
use of two-factor experiment on three levels.
Arabinose and (NH,),SO, were the sources
of carbon and nitrogen respectively. Taking
into consideration the previous results
(CH;CO0),Zn at the constant concentration
was used in our experiments instead of
ZnS0, TH,0. The factors of nutrient medium
were designated as following: X1 — (NH,),S0,
and X2 — arabinose (Table 3).

Specific elastolytic activity,
U/mg of the protein
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Fig. 3. Specific elastolytic activity from
B. thuringiensis IMV B-7324 at cultivation
on the media with different carbon sources
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Table 2. The selection of the mineral nutrition
elements in the cultivation medium
of B. thuringiensis IMV B-7324 for biosynthesis
of elastolytic peptidase
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Screening experiments for optimal ratio
arabinose and (NH,),SO, showed that to obtain
maximal accumulation of elastolytic peptidase
from B. thuringiensis IMV B-7324 we had to
increase the concentration of the carbon and
nitrogen sources (see Table 4). The supernatant
of culture fluid had maximal elastolytic
activity when concentration of (NH,),SO,, and
arabinose was 12 g/I.

To determine the optimal concentration of
arabinose and (NH,),SO, when we observed the
maximal specific activity of the supernatant
of culture fluid from B. thuringiensis IMV
B-7324 we made three-dimensional image of
the surface response (Fig. 4, a) on the base of
two-factor experiment data. It was shown that
the change of concentrations of nitrogen and
carbon sources made influence on the curvature
of the 3D surface, the highest level of which
was observed at arabinose concentration 13 g/1
and (NH,),SO, concentration 14 g/1. That was
corresponded the maximal value of elastolytic
activity (Fig. 4, b).

These concentrations of arabinose and
(NH,),S0, in the cultivation medium reach
the level of specific elastolytic activity in the
cultural fluid (127.45 U/mg of the protein)
on the first day of producer cultivation.
Under these conditions the total amount of
carbon was 0.53% and nitrogen — 0.3%.
So, during the experiment we could increase
the elastolytic activity of the investigated
peptidase almost in 24.7 times as compared
with the activity which was observed during

Table 3. The values of factors in the natural
variables and concentrations the main
components of the nutrient medium

Levels of the investi-

Investigated factors gated factors*

1 2 3
(NH,),SO4 (g/1), X1 6 12 24
Arabinose (g/1), X2 6 12 24

Note: * — the concentrations of KH,PO,,
MgS0,4 7H,0 and (CH3COO),Zn in the medium were
kept at the constant level (1.6, 0.75 and 0.25 g/1
respectively).

Table 4. Results of full two-factor experiments
to find optimal ratio of both: arabinose (X1)

and (NH,),S0, (X2)
Novariant | X1 | Xz | Ao acies
1 1 1 60.71+3.0
9 1 2 69.18+3.5
3 1 3 56.24+2.8
4 2 1 89.09+4.5
5 2 2 127.45+6.4
6 2 3 55.38+2.8
7 3 1 47.61=2.4
8 3 2 56.53+2.8
9 3 3 42.78+2.1

the growing of B. thuringiensis IMV B-7324
on the base medium. These results showed that
for each producer the individual selection of
the nutrient source was needed.

According to our results of nutrient medi-
um optimization to increase B. thuringiensis
IMV B-7324 elastase synthesis the optimal
sources of carbon and nitrogen were arabi-
nose (1.83%) and (NH,),SO, (1,4%) corres-
pondingly, while for Bacillus sp. EL31410
the main nutrient sources were casein
(1.15%) and corn flour (0.61%) [17].
The level of biosynthesis of elastolytic
peptidase depends on the following parameters
of producer cultivation: pH, temperature and
a volume of the nutrient medium. Maximal
synthesis of B. licheniformis ZJUEL31410
elastase was observed when cultivation was
carried out for 25 h under rotating (220 rpm)
in Erlenmeyer flasks (250 ml) containing
25 ml of nutrient medium and 5 % inoculum
was contributed [21]. Synthesis of elastase
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Fig. 4. Three-dimensional image of the surface response (a) and its projection on the plane (b),
that shows the influence effect of different concentrations of arabinose and (NH,),SO,
on the specific elastolytic activity of B. thuringiensis IMV B-7324

Table 5. Influence of cultivation conditions
on the elastolytic activity of the supernatant cultural liquid from B. thuringiensis IMV B-7324

Cultivation conditions

Elastolytic activity,

U/mg of the protein
5.0 57.1+2.86
Initial pH 6.0 98.7+4.94%*
of the medium 7.0 131.4=6.57*
8.0 119.8+6.00%*
28 93.8+4.69
Temperature, °C 32 114.5+5.73%
37 129.5+6.48%
50 63.8+3.19
100 100.4+5.02%
Medium volume, ml 150 122.7+6.14%*
200 132.5+6.63*
250 97.9+4.9%

from B. thuringiensis IMV B-7324 depended
also on the cultivation conditions: the growing
at the initial pH wvalue 7.0 in optimized
medium led to the increase of enzyme activity
131.14 U/mg of the protein (Table 5). The
study of the influence of temperature of
producer cultivation showed that the highest
value of elastolytic activity (129.5 U/mg of
the protein) in the supernatant of producer
cultural liquid was at 37 °C. The level of
aeration of the nutrient medium made also the
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essential influence on the biosynthesis of the
investigated peptidase. When B. thuringiensis
IMV B-7324 was grown in flasks with 200 ml
of the medium the elastolytic activity was
increased till 132.5 U/mg of the protein.

So, for accumulation of elastolytic peptidase
in the supernatant cultural liquid from
B. thuringiensis IMV B-7324 all components of
basic nutrient medium were significant except
gelatin. Removing this component from the
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cultivation medium promoted the increase of
elastolytic activity of the supernatant cultural
liquid til150.55U/mgoftheprotein. Theoptimal
carbon and nitrogen sources were arabinose
and (NH,),SO,, correspondingly. The maximal

sp

ecific elastolytic activity was noted with

REERENCES

.Rao M. B., Tanskale A. M., Ghatge M. S.,

DeshpandeV.V.Molecular and biotechnological
aspects of microbial proteases. Microbiol. Mol.
Biol. Rev. 1998, 62(3), 597-635.

. Qihe C., Guoging H., Yingchun J., Hui N.

Effects of elastase from a Bacillus strain on
the tenderization of beef meat. Food Chem.
2006, 98(4), 624-629.

3. Abaev U. K. The wound bandages in surgery. Medi-

4.

tsinskiie novosti. 2003, 12, 30—37. (In Russian).
Kumar D., Savitri, Thakur N., Verma R.,
Bhalla T. C. Microbial proteases and appli-
cation as laundry detergent additive. Res. .
Microbiol. 2008, 3(12), 661-672.

. Matselyukh O. V. Obtaining of mutants of

Bacillus sp. with enhanced elastase pro-
duction. Biotehnologiia. 2010, 3(2), 42—47. (In
Ukrainian).

. Matseliukh O.V.,Varbanets L. D., IvanitsaV.O.

Bacillus thuringiensis IMV B-7324 strain —
the producer of extracellular elastase. UA
97906 C2, 26.03.2012. (In Ukrainian).

. Koltukova N. V., Vaskivnuk V. T. Selection of

theisolation methods for Bacillus mesentericus
316M proteolytic complex in submerged
cultivation. Mikrobiol. zh. 1980, 42(2), 245—
248. (In Ukrainian).

. Lisenko A. N. Mathematical methods of plan-

ning of the multifactorial biomedical ex-
periments. Moskow: Meditsina. 1979, 344 p.
(In Russian).

. Lowry O. H., Rosebrough H. J., Farr A. L.,

Randall R. J. Protein measurement with the
Folin phenol reagent. J. Biol. Chem. 1951,
193(1), 265-275.

10. Trombridg G. O., Moon H. D. Purification of

11.

12.

human elastase. Proc. Soc. Exp. Biol. Med.
1972, 141(3), 928-931.

Lapach S. N., Chubenko A. V., Babitch P. N.
Statistical methods in biomedical studies
by «Excel». Kyiv: Morion. 2001, 408 p. (In
Ukrainian).

Tenorio-S nchez S. A., Rojas-Avelizapa N. G.,
Ibarra J. E., Avelizapa L. I. R., Cruz-Cama-
rillo R. Characterization of a Bacillus thu-
ringiensis strain isolated from a highly
polychlorinated biphenyls contaminated soil.
Tecn loga. 2010, 3(3), 52—63.

the following content of the nutrient medium
(200 ml), g/1: arabinose — 13.0; (NH,),SO, —
14.0; KH,PO, — 1.6; (CH;COO),Zn — 0.25;
MgS0,-7H,0 — 0.75; pH 7.0, 37 °C.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Brar S. K., Verma M., Tyagi R. D., Surampal-
li R.Y. Barnabé S., Valéro J. R. Bacillus
thuringiensis proteases: Production and role
in growth, sporulation and synergism. Proc.
Biochem. 2007, 42(5), 773—-790.

Li E., Yousten A. A. Metalloprotease from
Bacillus thuringiensis. Appl. Microbiol. 1975,
30(3), 354-361.

Maal K. B., Emtiazi G., Nahvi I. Increasing
the alkaline protease activity of Bacillus
cereus and Bacillus polymyxa simultaneously
with the start of sporulation phase as a
defense mechanism. Afr. J. Biotechnol. 2011,
10(19), 3894-3901.

Asokan S., Jayanthi C. Alkaline protease
production by Bacillus licheniformis and
Bacillus coagulans. J. Cell Tissue Res. 2010,
10(1), 2119-2123.

He G. Q., Chen Q. H., Ju X. J., Shi N. D.
Improved elastase production by Bacillus
sp. EL31410-further optimization and
kinetics studies of culture medium for batch
fermentation. J. Zhejiang. Univ. Sci. 2004,
5(2), 149-156.

Bhunia B., Dutta D., Chaudhuri S. Selection
of suitable carbon, nitrogen and sulphate
source for the production of alkaline protease
by Bacillus licheniformis NCIM-2042. Not.
Sci. Biol. 2010, 2(2), 56—59.

Suganthi C., Mageswari A., Karthikeyan S.,
Anbalagan M., Sivakumar A., Gothan-
dam K. M. Screening and optimization of
protease production from a halotolerant
Bacillus licheniformis isolated from saltern
sediments. J. Gen. Engin. Biotech. 2013,
11(1), 47-52.

Balaban N. P., Mardanova A. M., Maliko-
va L. A., Ilinskaya O. N., Sharipova M. R. The
biosynthesisof the Bacillusamyloliquefaciens
H2 subtilisin-like proteinase and itsbiological
activity. Uchenyie zapiski Kazanskogo
universiteta. Seriia estestvennyie nauki.
2008, 150(2), 81-90. (In Russian).

Chen Q., Ruan H., Zhang H., Ni H., He G.
Enhanced production of elastase by Bacillus
licheniformis ZJUEL31410: optimization of
cultivation conditions using response surface
methodology. J. Zhejiang. Univ. Sci. B. 2007,
8(11), 845-852.

33



BIOTECHNOLOGIA ACTA, V.7, No 5, 2014

OIITUMISAIIS BIOCUHTE3Y
EJIACTOJITHYHOI ITEIITUIA3U
Bacillus thuringiensis IMB B-7324

H.A. Hidankosa
O. B. Mauenwx
JI.J]. Bapbaneyb

TacTuTyT Mikpo6Giosorii i Bipycosorii
im. II. K. 3a6omornoro HAH Vkpainu, Kuis

E-mail: Nidialkova@gmail.com

MeToio po6oTu 6yJio BU3SHAUEHHS YMOB KYJIb-
TuByBaHHaA Bacillus thuringiensis IMB B-7324
Ias1 OioCMHTEe3y eJIaCTONIITUYHOI TenTUmA3HU.
Onrumisaiiiio »KUBUJIBHOI'O CEPEJOBUIIlA Ta YMOB
KYJAbTUBYBAaHHA [OJA CHUHTE3Y eJIaCTOJiTHUHOL
nentugasu B. thuringiensis IMB B-7324 3piii-
CHIOBaJIM 3a [IOIOMOI'OI0 OJHO- Ta ABOMAKTOD-
HUX eKCcHepuMeHTiB. BcranoBieHO, IO MaKCH-
MaJbHUU cuHTe3 eH3uMy (5,15 ox/Mr mpoTeiny)
BimOyBaeThCcsA B eKCHOHEHIIiIHiK (asi pocTy Ha
18-y rom 3a ymMOB IIHOMHHOTO KYJIbTHBYBaHHS.
3 BUKOPUCTAHHSAM BiJCiIOBaJIbHOTO €KCIIePUMEeH-
Ty MOKAa3aHo, 110 AJis 6i0CMHTEe3y eH3UMYy 3Hauy-
IUMU € BCi KOMIIOHEHTH 0a30BOTO CepPeIOBUIIA,
OKpiM KeJaTHUHY, BUJIYUEHHA AKOT0 CIPUIE Mif-
BUIIEHHIO €JIaCTOJiTHYHOI akTUBHOCTL B 9,8 pasa
(50,55 om/mr mporeiny). BuBueHo BmiuB pis-
HUX IJKepesl a3oTy Ta BYIJIEII0 Ha CUHTE3 eH3U-
My. BusaBieHo, III0 ONTUMaJIbHUMU AXKepeaaMu
€ cyJab(aT amMoHi0 Ta apabiHo3a, BUKOPUCTAHHSA
AKUX Oa€ 3MOry 30iJbIIIUTH eJacTOJiTUYHY aK-
TuBHicTh B 17,4 i 4,6 pasu (90 i 24 ox/mr mpore-
iHy) BigmoBimHO. 3a HOMMOMOTOI0 ABOMAKTOPHOTO
eKCIepUMEeHTY Ha TPhOX PiBHAX O0YyJIO BUSHAUYEHO
ONTHUMAaJIbHI KOHIIEHTpAIlil cyJb(daTy aMoHii0 Ta
apabiHO3u B CepemOBUIIli, 3a IKUX MOKJIMBE Mif-
BUIIEHHS €JIaCTOJiTUYHOI aKTUBHOCTI B 24,7 pasu
(127,45 ox/mr mpoteiny). OnTumisoBaHe cepe-
moBuiie wictuao (r/m): apabimody — 13,0;
(NH,),SO, — 14,0; KH,PO, — 1,6; (CH;COO);Zn —
0,25; MgSO,-7TH,0 — 0,75. Ilix uac BuUpoOITY-
BaHHA B. thuringiensis IMB B-7324 y riubus-
HUX yMOBaX KYJbTUBYBAHHSA MPOTATOM 18 rox
y 200 MJI OITHMi30BAHOTO JKUBUJIHLHOTO CEPEIO-
BHUIIla 3a MoYaTKoBOro sHauenus pH 7,0, temme-
parypu 37 °C, mMBHUIKOCTI o0epTaHHSA KadyaaKU
220 06/XB eslacTOJIiTUYHA aKTUBHICTh CTAHOBUJIA
132,5 ox/Mr mporeiny.

Knwuosi caoea: Bacillus thuringiensis,
eJlacTOJIiTUUYHA TIenTumasa, JIBOMAKTOPHUIL
eKCIIePUMEHT.
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OIITUMHU3AIINA BUOCHUHTE3A
9JIACTOJUTHYECKON NENTUIA3BI
Bacillus thuringiensis UMB B-7324

H.A. Hudsankosa
E.B. Mauentox
J1./]. Bap6aney,

NHCTUTYT MUKPOOMOJIOTUHU ¥ BUPYCOJIOT AN
uMm. [1. K. 3a6omornoro HAH Vkpaunsl, Kues

E-mail: Nidialkova@gmail.com

ITenbio paboThl OBLIO OIpeAeieHUEe YCJIOBUH
KyabTuBupoBanusa Bacillus thuringiensis UMB
B-7324 ngnsa OumocuHTE3a SJIACTOJUTUUYECKOIL
nentugasbl. ONTUMM3AINI0 MIUTATEJLHON cpe-
Ibl U YCJAOBUM KYyJIbTHUBUPOBAHUS [IJIs CHUHTE3a
2JIACTOJIUTUYECKOI IenTumassl B. thuringiensis
NMB B-7324 mpoBOAWJIN C IIOMOIILIO OJHO- U
IBYX(aKTOPHBIX 9KCIEPUMEHTOB. ¥ CTAHOBJIEHO,
YTO MaKCUMAaJbHBIN cuHTe3 sH3uMa (5,15 exq/mr
MPOTEerHA) ITPOUCXOAUT B OSKCIOHEHIIUAIHLHONI
dase pocra Ha 18-M U B yCJIOBUAX TJIYOMHHOTO
KyJabTuBUpOBaHus. C KCIIOJIb30BAHUEM OTCEU-
BAIOIIEr0 JKCIIEPUMEHTa OBbLJIO0 IIOKa3aHO, UTO
Ias1 OMOCWMHTEe3a SH3WMMAa 3HAUUMBIMU SBJISIOTCS
BCe KOMIIOHEHTHI 0a30BO¥ Cpenbl, KpoMe KeJa-
TUHA, yAajJeHnue KOTOPOTO IPUBOAUT K IOBBIIIIE-
HUIO 5JACTOJUTHUYECKON aKTUBHOCTU B 9,8 pasa
(50,55 ex/mr nporenna). IsyueHo BIusHUE pas-
HBIX UCTOYHUKOB a30Ta U yIJIeBOJa Ha CUHTE3 9H-
3uMa. BBIABJIEHO, YTO ONTHUMAJbHLIMUA MCTOUHN-
KaMU ABJIAIOTCA apabnHo3a U cyab(aT aMMOHUSI,
WCIOJIb30BaHUE KOTOPBIX II03BOJISIET YBEJIUUYUTH
5JIaCTOJIUTUYECKYIO aKTUBHOCTE B 17,4 1 4,6 pasa
(90 u 24 en/mr mporemHa), cooTBeTCTBeHHO. C
MOMOIIIbI0 ABYX(AKTOPHOTO JKCIIEPUMEHTa Ha
TpexX YPOBHAX OBLIU OIpeleseHbl ONTUMAJIbHBIE
KOHIIEHTpPAIlNU CyJb(aTa aMMOHUS U apabuHO-
3Bl B cpefle, IPU KOTOPBIX BO3MOIKHO IOBBIIIIE-
HUe 3JIaCTOJUTHUYECKON akTUBHOCTU B 24,7 pasa
(127,45 enp/mr unporemHa). OnTHMUBUPOBAH-
Had cpena comepskasa (r/ma): apabunosy — 13,0;
(NH,),SO, — 14,0; KH,PO, — 1,6; (CH;COO);Zn —
0,25; MgSO,-7TH,0O — 0,75. IIpy BeIpaImiuBanuyu
B. thuringiensis UMB B-7324 B yc/JI0BUSX TJIy-
OMHHOTO KYJbTHUBUPOBAHUSA B TeueHue 18 u
B 200 M3 ONTHMMU3UPOBAHHON IIHUTATEIbHOI
cpenbl npu ucxoxHom sHauenuu pH 7,0, Tem-
nepatype 37 °C, cKopocTu 0GOpPOTOB KauaJIKU
220 06/MUH 3JaCTONUTUYECKAA AKTUBHOCTH CO-
craBuia 132,5 ex/Mr mpoTenHa.

Kanarwuesvte cnoea: Bacillus thuringiensis, sja-
CTOJIUTUUECKAs IeNTumas3a, ABYX(paKTOPHBIMH
9KCIIePUMEHT.



