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Abstract. The problem of the population immune status reducing
should be corrected through nutritional support. Components of the
peptidoglycans of probiotic bacteria cell walls (low molecular weight
muropeptides) are promising components of functional food ingredients and
dietary supplements that have powerful immunotropic activity. It is
proposed to obtain target peptides by combining autolysis and enzymatic
hydrolysis of biomass Lactobacillus delbrueckii subsp. Bulgaricus B-3964
peptidoglycans. The effect of the degrading effect of autolysis on biomass
was studied in the temperature range of 50-70°C, incubation under these
regimes was carried out after 8 hours from the start of cultivation. It is
established that the most significant autolytic changes occur when
incubating biomass after 8 hours of cultivation at 50°C for 4 h, as evidenced
by a sharp increase in the content of amino acids in the culture medium
(4.2 mg/cm?®). For deeper hydrolysis of the peptidoglycans of the biomass
autolysate, various variations of enzymatic treatment involving lysozyme,
papain and a combination thereof were used. To determine the rational
conditions of enzymatic hydrolysis, the methods of mathematical planning
of multifactorial experiments were used, in which the input factors were:
CL - lysozyme concentration, mg/cm?; Cp, the concentration of papain,
mg/cm3; © — process duration, h. The output parameter of mathematical
modeling is the concentration of low molecular weight peptides in the
hydrolysate (CLmwe, mg/cm?). A series of experiments were conducted to
investigate the features of enzymatic hydrolysis of biomass in order to
determine the rational limits of input factors. It has been found that the
maximum concentration of low molecular weight peptides Cimwe in
hydrolysate occurs in certain ranges of enzyme concentrations: lysozyme
CL=5-10 mg/cm?, papain Cp=10-20 mg/cm®. By the least squares method
and the sequential regression analysis implemented in PLAN program, the
regression equations for natural variables that adequately describe the
dependence of the output factor on the inputs by the Fisher criterion have
been obtained. The rational parameters of enzymatic hydrolysis by
lysozyme (Ci=10 mg/cm® t =17.63 h, Cimwr=1.48 mg/cm®), papain
(Cr=11.31 mg/em®, t = 13.72 h, Cimwe=4.10 mg/cm®) and enzymes
combination (CL=5.00 mg/cm®, Ce=11.67 mg/em®, 1= 13.21 h,
Cimwe= 6.72 mg/cm®) were determined. The content of the target
muropeptides is 4.35 mg/cm®.

Key words: low molecular weight peptides, peptidoglycan, probiotic
bacteria, autolysis, enzymatic hydrolysis, lysozyme, papain, mathematical
modeling.

the average person, this effect is very amplified by the

Introduction. Formulation of the problem

According to the reports of the Ukrainian Institute for
Strategic Studies of the Ministry of Health of Ukraine, the
World Health Organization, an increasing number of
people suffer from diseases associated with immune
system dysfunction.  Anthropogenic  load, social
factors [1-3] provoke a decrease in the immune status of
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defeat of cancer, or infection with immunodeficiency
virus, or antibiotic-resistant pathogens [4].

Creating and implementing effective preventative
measures is necessary to overcome this global
problem. Ithe nutritional support of the population is
mportant, namely, the introduction functional foods
into the diet, containing immunotropic ingredients that

Volume 14 Issue 1/ 2020



Bionpoyecu, biomexHonozia xapyosux npodykmis / Bioprocesses, biotechnology of food products

can help to increase the body's resistance to various
diseases.

Analysis of recent research and publications

Promising  immunological  components  of
functional food ingredients and dietary supplements
are low molecular weight muropeptides, which are
degradation  products of bacterial cell wall
peptidoglycans. It is known that peptidoglycan
fragments to be able to penetrate the intestinal
barrier [5], stimulating evolutionarily entrenched
mechanisms of the immune response. The cleaved
peptidoglycan is transported inside the cells and
recognized by cytoplasmic receptors (Nod 1 and
Nod 2) [6-8]. Once activated, these molecules trigger
intracellular signals that lead to the activation of
transcriptional responses, culminating in the expression
of inflammatory genes [8,9].

Destruction of peptidoglycans of microorganisms
cell walls is carried out using physical, chemical,
biochemical or combined methods of exposure. Most of
the known methods for producing muropeptides [10-11]
are quite complex to perform, especially on an industrial
scale. They are multi-stage, with the using specific
reagents.

Typically, a combination of physical and
enzymatic methods of exposure is used to obtain
components  of  peptidoglycans  of  regular
structure [11], moreover, from the physical methods of
bacterial ~cell disintegration, mainly ultrasonic
treatment is used [12]. For enzymatic catalysis of the
specific  peptidoglycan  bonds, the proteases,
muramidases, or a combination thereof are typically
used [13,14]. The proteases most commonly used are
pepsin, trypsin, chymotrypsin or the complex enzyme
preparation pancreatin. As muramidases is used
lysozyme, or mutanolysin, which is a metabolite of
Streptomyces globisporus ATCC 21553.

To obtain immunological food ingredients based
on bacterial peptidoglycans, it is advisable to use
probiotic cultures of microorganisms. Probiotic
bacteria contain up to 70% of peptidoglycans and are
absolutely safe [15,16].

Typically, known methods of bacterial cell
destruction are carried out in order to investigate the
architecture of their cell walls and to find effective
means for the destruction of pathogens. Little attention
has been paid to the study of the degradation features
of probiotic bacteria for the production of low

molecular ~ weight  hydrolysis  products  of
peptidoglycans as promising immunological food
ingredients.

Given into the account the specificity of the
probiotic bacteria peptidoglycans structure [17], it is
advisable to use proteases having a wide range of
substrate specificity for their destruction. There are no
data in the literature on the efficacy of using the
protease papain to produce low molecular weight
degradation products of bacterial peptidoglycans.
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Papain is protease that has lower substrate
specificity than other proteases, the papain exhibits
maximum activity in the range of pH 5-7.5 units [18].
Due to this, it is possible to combine this enzyme with
muramidase lysozyme, that has maximum enzymatic
activity in the range of pH 4.5-5.5 units. This can
increase the depth and hydrolysis efficiency of specific
peptide and glycosidic bonds of peptidoglycan. The
ability of probiotic bacteria to synthesize a number of
autolysins enzymes capable to cleave specific
peptidoglycan bonds [19-21] should also be taken into
account.

Combining these methods of microbial cells
disintegration may contribute to the deeper hydrolysis
of peptidoglycans, that will increase the yield of target
immunotropic muropeptides, reduce the stages humber
and duration of the process.

The purpose of the work is definition of the
rational conditions of enzymatic hydrolysis of the
peptidoglycan of Lactobacillus delbrueckii subsp.
Bulgaricus B-3964 biomass cell walls with the
participation of papain and lysozyme and, accordingly,
the obtaining of the low molecular weight peptides as
promising components of immunological functional
food ingredients and dietary supplements.

Research objectives:

—  tostudy the patterns of biomass autolysis as
the primary stage of peptidoglycans degradation ;

— to determine the rational modes of enzymatic
hydrolysis of biomass autolysate with the participation
of lysozyme, papain and their combinations, which
ensure the maximum accumulation of low molecular
weight degradation products of peptidoglycans.

Research materials and methods

Research  materials:  biomass (BM) of
Lactobacillus delbrueckii subsp. Bulgaricus B-3964
with concentration of 4.8:109 CFU/cm® (Ariadna,
Odessa); papain with proteolytic activity of 10 U/mg
(Swanson Health Products, USA); chicken egg
lysozyme, activity> 23,000 Shugar units/mg (Sigma,

USA).
Obtaining the degradation products of
peptidoglycans  Lactobacillus  delbrueckii  subsp.

Bulgaricus B-3964. For pre-disintegration of bacterial
cells, their autolysis was performed in the temperature
range of 50-70°C, starting from the end of the
logarithmic growth phase (8 hours of cultivation) until
48 hours from the beginning of cultivation. The
separation of disintegrated cells from the culture fluid
was carried out by centrifugation for 15 min at 8000
min?. The precipitate of the cells was washed with
distilled water, resuspended and sent for enzymatic
hydrolysis. The enzymatic degradation of BM
peptidoglycans was performed by lysozyme and papain
separately and in combination. The constant
parameters of the hydrolysis were pH=5.5, temperature
37°C. The concentration of lysozyme was varied in the
range of 5-10 mg/cm?, papain in the range of 5-
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20 mg/cm® and the duration of the process was
0.5-24h.

In Fig. 1 a, b, ¢ the parametric diagrams are shown
which clearly demonstrate the variants of experimental
researches. In the first variant (Fig. 1a) to determine
the rational parameters of the peptidoglycans
destruction in order to obtain low molecular weight
peptides, it is necessary to establish the influence of the
concentration of lysozyme (Cr, mg/cm?®), the duration
of the enzymatic degradation process (t, h) on the
output parameter — the concentration of the low
molecular weight peptides in the hydrolysate
(Cumwe, mg/cm?®). In the second variant of studies
(Fig. 1b), for this purpose it is necessary to establish
the effect of papain concentration (Cp, mg/cm?®) and the
duration of the hydrolysis process (t, h) on the
concentration of low molecular weight peptides
(Cumwe, mg/cm?). In the third variant (Fig. 1c), to
determine the rational parameters of enzymatic
hydrolysis, we investigated the effect of papain
(Cp, mg/cm?), lysozyme concentration (C., mg/cm?®)
and the duration of the process (t, h) on the
concentration of low molecular weight peptides
(CLMWP, mg/cm3).

Ci, mg/cm?® Enzymatic hydrolysis Cumwe,
process mg/cm3
T, hours y=f(x)
a)
Cp, mg/cm? Enzymatic hydrolysis Cumwe,
process mg/cm3
T, hours y=F(x;)
—>
b)
Ci, mg/cm?®
. . Cumwe,
Ce, mg/cm3 Enzymatic hydrolysis ma/cm?
process -
T, hours y=f(xi)
c)

Fig. 1. Parametric schemes of the enzymatic
hydrolysis process

The enzymatic hydrolysis was stopped by
emergency heating to a temperature of 100°C, the
mixture was cooled, the liquid phase was separated
from the solid by centrifugation for 10 min at 8000
mint. In the liquid phase, the content of free amino
acids was controlled by formal titration [22]. The
content of low molecular weight peptides (LMWP)
was determined by the Benedict method [22] after
the deposition of high molecular weight proteins
with  10% trichloroacetic acid, the content of
muropeptides was determined after purification of
the hydrolyzate on an ion exchange column with
cation exchanger and the subsequent determination
of the carbohydrate component in the composition
of muropeptides by the Anthrone method [23-24].
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In order to reduce the number of experiments
and to obtain reliable data on the regularities of the
process of enzymatic hydrolysis of BM, the methods
of mathematical planning of multifactorial
experiments were used. The homogeneity of the
results of the experiments was evaluated by
Kochren's criterion. To eliminate the effects of
systematic errors caused by external conditions and
to reduce random errors, experiments were
randomized [25,26].

Results of the research and their discussion

Cell walls of microorganisms, especially gram-
positive ones, to which lactobacilli belong, have high
mechanical strength, which causes a considerable
obstacle for their disintegration. The strength of
bacterial cells is due to the presence of the structural
biopolymer of peptidoglycan in the cell walls. Since it
is known that when culturing biomass, cells produce
bacterial lysines capable of breaking down specific
bonds between peptidoglycan links, the primary
destruction of biomass cells was perfomed by
autolysis. The course of biomass autolytic changes was
studied depending on the duration and temperature of
the autolysis process by detecting free amino acids in
the culture fluid (Fig. 2).
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Fig. 2. Dynamics of amino acid accumulation during
biomass autolysis

The effect of the degrading effect of autolysis on
biomass has been studied in the temperature range of
50-70°C, since it is known that the optimal
temperature of the autolysins action is within these
limits [20,21]. Incubation according to these regimes
was performed after 8th hours from the start of
biomass cultivation, which corresponded to the
completion of the logarithmic growth phase and,
accordingly, the maximum accumulation of bacterial
cells [21]. The experiment at 37°C was a control. The
most significant autolytic changes in biomass occur at
the 12th h of incubation from the beginning of
cultivation at 50°C, as evidenced by the maximum
accumulation of amino acids in the culture medium
(4.2 mg/cm®), compared with samples that were
maintained during the same time under other
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temperature modes. Upon further incubation of
biomass at 50°C, the concentration of amino acids in
the autolysate increases slightly, after 24 h of the
process the content of amino acids was 4.5%, after
48 h — 5.1%. The same tendency is observed for other
variants of experiments.

The rapid increase in amino acid content in the
autolysate at the 12th hour of exposure, apparently due
to the fact that at the end of the logarithmic growth
phase, bacterial cells are most labile to the action of
degrading factors, including autolysins [21]. In the
control sample there is a gradual increase in the content
of amino acids in the culture medium after 28 hours of
cultivation. This course of the process at 37°C is
explained by the fact that until the 28th hour of
cultivation, the stationary phase of bacterial growth
continues [21], which is characterized by a constant
value of the content of colony forming units. This
practically does not change the composition of the
cultural environment. After 28 hours of cultivation,
there is a stage of cell death of the biomass, which may
be accompanied by an increase in amino acid content.
The results of the patterns of Lactobacillus delbrueckii
subsp. Bulgaricus B-3964 biomass autolysis study as
the primary stage of peptidoglycans degradation, allow
choose the parameters under which the most significant
autolytic changes occur, as evidenced by the maximum
accumulation of amino acids in the culture medium.
Such parameters are incubation of biomass after
8 hours of cultivation at 50°C for 4 hours.

The process of autolysis cannot provide the
formation of target low molecular weight peptides, so it is
considered only as a factor in the primary destruction of
bacteria. For deeper hydrolysis of the peptidoglycans of
the biomass autolysate, various variations of enzymatic
treatment involving lysozyme, papain and a combination

thereof were used. To determine the rational conditions of
enzymatic hydrolysis, mathematical modeling of the
processes was performed.

It is known that the Kinetics of biochemical
processes, in particular enzymatic hydrolysis, are
described by complex kinetic equations. However, to
determine the rational (optimal) conditions for hydrolysis,
there is no need to draw up a mathematical description of
the entire course of the process of accumulation of the
target substance (in our case, low molecular weight
peptides). To do this, a mathematical description of only
the near-optimal domain will suffice, which will greatly
simplify the compilation of both the mathematical model
and the solution of the problem of finding extrema
(determination of rational conditions). Therefore, in the
first stage, a series of search experiments were conducted
to study the kinetics of enzymatic processing of BM,
which is necessary to determine the rational limits of
change of the above factors that affect the process of
enzymatic hydrolysis — Ci, Cp Ta 1.

In Fig. 3. shows the kinetic curves of the process of
hydrolysis of BM carried out under different conditions
(values of concentrations of C. and Cp). The graphs show
that the process proceeds at different speeds when periods
of intense accumulation of LMWPs (increasing
concentrations of LMWPs) alternate with less intense
periods. It is also seen that the fastest growth of
Cumwe lies within the duration of enzymatic hydrolysis of
5-18 h, and the highest values of Comwe are found on
kinetic curves with certain compositions of enzymes
(ratios of concentrations of lysozyme C. and Cp papain).
Based on the studies, it was found that further
experiments should be carried out in this range
of changes in the concentration of enzymes — lysozyme
CL = 5-10 mg/cm? and papain Cp = 10-20 mg/cm?®,

-5
—o—L7
——L10

P5
—— P10
—— P15
—— P20
— L10/P20

0 ¥ T T

L10/P10
L5/P10

10
Time, hours

15

20 25

Fig. 3. The kinetics of LMWPs accumulation depending
on the type of the BM enzymatic processing and on the duration of the process
(L5, L7, L10 — BM treatment with the lysozyme concentration of 5, 7 and 10 mg/cm?;
P5, P10, P15, P20 — BM treatment with the papain concentration of 5, 10, 15 and 20 mg/cm?;
L/P — BM treatment with the enzymes composition lysozyme-papain of appropriate concentration)

The second stage of the research, which was
carried out according to the parametric scheme shown
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in Fig. la, was designed to determine the rational
conditions for the enzymolysis of BM peptidoglycans
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by lysozyme in order to obtain the maximum number
of LMWPs. Considering the nonlinearity of the
characteristics of the process, the experiments were
carried out according to the plan of the second order
(the Box type B, plan) with an additional point in the
center of experiments [25]. The matrix contains nine

experiments, the conditions of which are given in
Table 1, where the average (in two parallel values) the
results of experiments (CLmwe av.), the calculated values
(CLmwe ca) by regression equation and the relative
errors (8) between them are given too.

Table 1 — The matrix of the experiment plan and the results of the LMWPs accumulation
in the hydrolysate at the using lysozyme

Experiment CO:fgélgme?:;:he Results of the experiments
number Cu, T, CLMWP av., CLMWP cal., 3,
mg/cm® hours mg/cm® mg/cm® %
1 5 5 0.75 0.73 3.23
2 10 5 0.88 0.94 7.05
3 5 18 1.23 1.26 2.63
4 10 18 1.51 1.48 2.07
5 5 115 1.11 1.14 2.38
6 10 115 1.40 1.35 3.38
7 7.5 5 0.83 0.83 0.47
8 7.5 18 1.36 1.37 0.77
9 7.5 115 1.26 1.24 1.23
Method of least squares and sequential the nature of the influence of the factors C. and t on the

regression analysis were implemented in the PLAN
program [25], than the regression equation in natural
variableswe has been obtained, which by Fisher's
criterion (Fca=1.66 < F¢=5.14) adequately describes
the dependence of Cmwe (Mg/cm?®) from the factors
CLand .

Cimwe = 0,04325C, + 0,1187t - 0,0033681%,
$=0,052.

The analysis of the obtained results shows a
satisfactory  convergence of calculated and
experimental data. The relative errors in the
experiments are in the range of 0.47-7.05%, the
mean square deviation s = 0.04 mg/cm?, which is
quite  satisfactory for  microbiological and
biochemical processes.

It is also seen that the concentration of LMWPs
has a direct proportional dependence on C_ and an
inverse quadratic dependence on the duration of the
enzymatic hydrolysis process t. The “minus” sign in
the quadratic term of the equation indicates that
there is a certain value of t that gives the maximum
accumulation of Crmwe.

Using the obtained equation and the PLAN
program, two-factor dichotomy method was used to
determine the rational calculated values of the
factors C_ and t (within the studied limits of their
change), which provide the maximum concentration
of low molecular weight peptides Civwe:
CL:].O mg/cm3, T :17,63 hours, CLmwp 21,48
mg/cm?.

These calculated hydrolysis conditions are
close to those of Experiment 4, in which the
experimental concentration value was 1.51 mg/cmd,
which is close to the calculated one. More clearly
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accumulation process of low molecular weight in the
hydrolysate can be seen from the graphical interpretation
of the regression equation, which is shown in Fig. 4.

«, 1,6 1
§
o 14 -
E. 1,2 -
&
5 1,0 -
0,8 -
06 |
04 < |
567 g o
e 12 1;1 1‘5 Pl T5:67(:}‘,
T,hOll‘ 16 17 18 mg/cm3
1,4-1,6 ©12-14 »10-12 20810 =0,608 =0,4-0,6

Fig. 4. The response surface of C_.mwe depending on factors
CLand1

According to the parametric scheme on Fig. 1b, the
second series of researches has been realized by the
second order Box plan of the B, type with the central
point. The conditions of the experiments, the values of the
factors Cp and 1, the results of enzymatic hydrolysis with
papain are given in table 2.

The regression equation in natural variableswe has
been obtained after the experiments, which by Fisher's
criterion (Fea = 1,42 <F¢ = 6,94) adequately describes the
dependence of Cmwe (Mg/cm?) on the factors Cp and t:

Civmwe = —2.081 + 0.4450Cp + 0.5337t — 0.01967Cp? —
—0.019457%, s=0.14.
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Table 2 — The matrix of the experiment plan and the results of the LMWPs accumulation in the
hydrolysate at the using papain

Experiment Coerlgléur?rr:]sezisthe Results of the experiments
numbe Cr, T, Cimwrav, | CLMwP cal, 0,
mg/cm?® hours mg/cm?® mg/cm?® %

1 5 5 1.95 1.83 5.93

2 20 5 1.14 1.13 0.49

3 5 18 2.84 2.96 4.15

4 20 18 2.31 2.26 2.26

5 5 115 3.22 3.22 0.07

6 20 115 2.46 2.51 2.35

7 15 5 2.23 2.35 5.43

8 15 18 3.54 3.47 1.85

9 15 115 3.79 3.73 1.47

Results of processing of the experimental data
show satisfactory convergence of calculated and
experimental data. The relative errors in the
experiments are in the range of 0.07-5.93%, the
standard deviation “s” is 0.12 mg/cm?, which is quite
satisfactory.

From the obtained equation it is seen that the
concentration of Cmwe has an inverse parabolic
dependence on the concentration of papain C, and the
duration of the hydrolysis process 1. The sign “minus”
of the quadratic terms of the equation indicates the
existence of the maximum accumulation of Cimwe
under certain conditions of enzymatic hydrolysis.
Based on the obtained equation, the rational values of
the factors C, and t were determined, which provide
the highest concentration of low molecular weight
peptides CLvwe:

Cp=11.31 mg/lcm?®, t = 13.72 hours,
CLvwe= 4.10 mg/cm?.

As can be seen, the use of papain instead of
lysozyme allows to increase the concentration of low
molecular weight peptides Comwe in 2.8 times under
certain rational conditions. Peculiarities of the Cp and 1
influence factors on the process of low molecular
weight peptides accumulation Couwwe are shown in Fig.
5, which was built on the basis of the above equation.

Clyvwp» mg/em?

1 HAT [ 1] : .l"lj |
| <z ~
0 TS <2 .'
8 S LR

15

1817 46 - 10
15 .
1413 12 1 10 —
thow 287622 &
2 6 5 mg/cm?

4-5 34 123 ul-2 10-1

Fig. 5. The response surface of Ci mwe depending on
factors C, and T
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Finally, the regularities of enzymatic hydrolysis of
peptidoglycans by the enzymes combination lysozyme:
papain were studied. The experiments were performed
according to the parametric scheme in Fig. 1c, by the second
order Box plan of the Bs type containing 15 experiments.
The levels of factors and conditions of experiments and their
results are given in table 3.

After processing the results of the experiments using the
PLAN program, the regression equation in natural variables
was obtained. Statistical evaluation of this equation by
Fisher's criterion (Fea= 1,13<Fy = 19,37) showed its
adequacy, which allows to use it to describe the dependence
of the concentration of Cumwe (Mg/cm®) on the factors Ci, Cp
and t, as well as to justify rational conditions for enzymatic
hydrolysis. The resulting equation is as follows:

Cimwe = 2,637 —0,8075C, + 0,3975Cp + 0,6818t +
0,05191C 2 -0,01702Cs? - 0,025817% s=0,11.

It can be seen from table. 3, the relative errors in the
experiments are in the range of 0.08-4.16%, the standard
deviation is 0.11 mg/cm®, which shows a satisfactory
convergence of the calculated and experimental data and is
quite acceptable.

Analysis of the regression equation shows a nonlinear
(parabolic) dependence of the concentration of low
molecular weight peptides Cumwe in the hydrolysate on the
concentration of lysozyme Cy, papain Cp and the duration t
of enzymatic hydrolysis of BM peptidoglycans.

The sign “minus” for the quadratic terms Cp? and 7
indicates the existence of extreme concentrations (maxima)
of SNMP for certain values of these factors. The coefficient
at C2 has a “plus” sign, which indicates the possibility of
increasing the concentration of LMWPs Cimwe both with
increasing and decreasing the concentration of lysozyme C.
at a certain value that coincides with the axis of the parabola.

Based on the obtained equation, calculations were
performed according to the PLAN program, which realizes
the search for function extremes by the method of
multidimensional dichotomy, and the conditions of
maximum accumulation (concentration) of low molecular
weight peptides CLmwe Were determined.

Rational conditions for enzymatic hydrolysis of BM
peptidoglycans, ie the values of factors C, Cp and 1, as
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well as the maximum calculated value of Cpmwe,
which can be achieved within certain limits of

research, are as follows:

CL= 5,00 mg/cm® Cp= 11,67 mg/cm?,
1 =13,21 hour, CLmwe = 6,72 mg/cm?®.

Visually, the nature of the pairwise effect of factors
CL, Cp and 1 on the process of accumulation of low

molecular weight peptides Cuwwe in the hydrolysate is
shown in Fig. 6 in the form of response surfaces. The
values of the third factors were taken at the extreme
(rational) levels shown in the figures.

Table 3 — The matrix of the experiment plan and the results of the LMWPs accumulation in the
hydrolysate at the using enzyme composition lysozyme : papain

. Conditions of the experiments Results of the experiments
Experiment
numbe Ci, Cpr, T, CLMWP av., CLMWP cal,, d,
mg/cm® | mg/cm?® hours mg/cm® mg/cm® %
1 5 10 5 5.00 4.93 1.32
2 10 10 5 4.68 4.79 2.35
3 5 20 5 3.65 3.80 4.16
4 10 20 5 3.80 3.66 3.74
5 5 10 18 6.21 6.08 2.10
6 10 10 18 5.88 5.94 0.95
7 5 20 18 4,94 4,95 0.16
8 10 20 18 4.80 4.80 0.08
9 5 15 115 6.42 6.46 0.57
10 10 15 115 6.34 6.31 0.43
11 7.5 10 115 6.17 6.20 0.50
12 7.5 20 115 5.09 5.07 0.41
13 7.5 15 5 4.45 4.40 1.19
14 7.5 15 18 5.48 5.54 1.15
15 7.5 15 11.5 6.08 6.06 0.32

Cianwves mg cm?

7-7 67 =66 =56

=55

a) Cp = 5,00 mg/cm®

6,5-7,0

u45

=6,

0-6,5 =5,56,0
c) t=11,67 hour

Ciavwp, mg/em?
w

6-7

=56 =45 =34

=5,0-5,5

Fig. 6. The response surfaces of CLmwe depending on factors C, Cp and ©
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Experimental verification of the calculated
rational conditions of the enzymatic hydrolysis
process confirmed the possibility of obtaining the
maximum accumulation (concentration) of low
molecular weight peptides Ciuwwe. Under certain
process conditions, the average accumulation of
LMWPS in the hydrolyzate was 6.58 mg/cm?. Using
the previously developed method [23], the content
of target muropeptides in the LMWPs was
determined, which was 4.35 mg/cm®, which
significantly exceeds the existing studies [13,14] and
proves the effectiveness of the developed method of
peptidoglycan destruction.

Thus, the use of the composition of lysozyme
and papain will allow for the ratio of their
concentrations as 1:2.33 and duration of
fermentolysis 13 h 13 min to obtain the highest
concentration of SNMP, and therefore the highest
yield of low molecular weight peptides in the
process of destruction of peptidoglycans BM.

When comparing the variations of the
enzymatic treatment, the use of the hydrolase
composition for peptidoglycan degradation is 40%
more effective than papain treatment and 80% more
effective than lysozyme treatment, as evidenced by
the concentration of LMWPs in the reaction media.
This difference can be explained by the fact that for
deep hydrolysis of peptidoglycan, a prerequisite is
the use of two types of hydrolases, namely,
muramidase (lysozyme), which hydrolyzes f 1—4
glycosidic bonds between N-acetylmuramic acid and
N-acetylglucosamine, (papain), which catalyzes the
rupture of peptide bonds of peptides that connect
lactic acid residues of formic acid in parallel chains
consisting of alternating blocks of N-acetylmuramic
acid and N-acetylglucosamine [17].

The use of papain as a protease determines the
possibility of simultaneous treatment of the
autolysate with the composition lysozyme-papain,
because the pH optimum of these hydrolases is in
one range [18]. Due to this, there is a reduction in
the duration of the process of LMWPs obtaining and
increase its efficiency, because in experiments with
sequential treatment by enzymes, the content of
LMWPs in the reaction medium is 10-15% less than
during simultaneous processing (Patent of Ukraine

UA 138938 The method of obtaining a glycopeptide
product from the cell walls of probiotic bacteria, 2019).
That may indicate a synergistic effect of these enzymes in
the presence of each other.

According to the calculated rational parameters of
fermentolysis with the combination of enzymes
(CL=5.00 mg/cm?, Cp = 11.67 mg/cm?, T = 13.21 h), an
experiment was performed in which biomass autolysis
was not used as the primary stage of destruction. As a
result, the content of NMP in the reaction medium was
4.83 mg/cm®, which is 27% less than in the experiment
involving autolysis. Thus, the autolysis stage is necessary
in obtaining low molecular weight fragments of
peptidoglycans of probiotic cultures, as it significantly
increases the depth of further enzymatic hydrolysis.

Conclusion

The regularities of biomass autolysis as the primary
stage of peptidoglycan destruction were studied and it
was determined that the most significant autolytic
changes occur during biomass incubation after 8 hours of
cultivation at 50°C for 4 hours, as evidenced by a sharp

increase in amino acid content in culture medium
(4,2 mglcm?3).
The range of concentrations of lysozyme

CL=5-10 mg/cm? and papain Cp = 10-20 mg/cm?, which
provide maximum accumulation of low molecular weight
peptidoglycan degradation products, was determined.

Rational regimes of enzymatic hydrolysis of biomass
autolysate with the participation of lysozyme, papain and
their combination were determined by the method of
mathematical modeling of multifactor experiments. These
regimes provide maximum accumulation of low
molecular weight peptidoglycan degradation products.

The least squares method and sequential regression
analysis implemented in the PLAN program vyielded
regression equations in natural variables, which,
according to Fisher's criterion, adequately describe the
dependence of the output factor on the input ones.
Rational parameters of enzymatic hydrolysis with
lysozyme (C. = 10 mglem®, © = 17.63 h, Comwe =
1.48 mglcm?®), with papain (Cp = 11.31 mg/cm?, t = 13.72 h,
Cuvwe = 4.10 mg/cmd) and with a combination of enzymes
(CL = 5.00 mg/cm3, Cp = 11.67 mg/lcm®, © = 13.21 h,
Cuvmwe = 6.72 mg/cm®) were determined.
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BU3HAYEHHS PAIHIOHAJIBHUX PEXKUMIB OTPUMAHHA
HU3bKOMOJIEKYJIAPHUX IENTHUIAIB 13 HENITUAOI'JIIKAHIB Lactobacillus
delbrueckii subsp. Bulgaricus
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! xaeapa xapuoBoi XiMmii Ta excHepTH3H

2 xabeapa TexHOJIOTIT 36epiraHHs 3epHa

Onechbka HalliOHAJIbHA aKajeMisi XapuoBUX TexHouorii, Byi. Kanarna, 112, m. Oneca, Ykpaina, 65039

Awnoranis. [IpoOnemy 3HIKEHHS IMYHHOTO CTaTyCy HAcCEJEHHS JOLIJIbHO KOPHI'YBaTH 3a JONOMOIOK HYTPITHBHOI
miarpuMkd. CKIafoBi MENTHIOTNTIKAHIB KIITHHHUX CTIHOK MPOOIOTHYHUX OakTepiii (HU3bKOMOJCKYISPHI MYypONENTHIH) —
MEPCIICKTUBHI KOMIIOHEHTH ()YHKIIOHAIBHAX Xap4YOBHX IHIPEIIEHTIB Ta JIETHYHUX NOOABOK, IO BOJOMIIOTH MOTY)KHOIO
iMYHOTPOITHOIO aKTUBHICTIO. Y pOOOTI 3aMpOIIOHOBAHO OTPHUMAHHS LITbOBUX IENTH/IIB 32 JOIMOMOr0K0 KOMOIHYBaHHS aBTOMI3Y
Ta (pepMeHTaTHBHOrO TiApoiidy mnenruporiikaniB Giomacu Lactobacillus delbrueckii subsp. Bulgaricus B-3964. Bruius
Jerpaayrodoi aii aBronidy Ha 6iomacy BuBuamu B intepBaii temnepatyp 50—70°C, iHKyOyBaHHS 3a TaHUX PEKHMIB IPOBOIIIH
micist 8-MH TOIUH Bifl MOYATKy KyJIbTHBYBaHHS. BCTaHOBIIEHO, 110 HAWOLMBII 3HAYHI ABTONITHYHI 3MiHH BiIOYBalOThCS TPH
iHKyOyBaHHI Giomacu micns 8-1 roguuu KyaptuByBaHHs mpu S0°C mpotsrom 4-X rof, Mpo IO CBiYUTH Pi3Ke 30LIbIICHHS
BMiCTy aMiHOKMCIOT y KynbTypadbHOMY cepenoBumii (4,2 mr/cm®). Jlns 6imbin TrmMGOKOro Tifpoisy MenTHAOTTiKaHiB
aBToONMizaTy 06ioMacH BHUKOPHCTOBYBANM Pi3HI Bapiallii (hepMeHTaTHBHOI OOpOOKH 3a y4acTiO Ji30IKMY, MamaiHy Ta iXHbOI
koMOiHaiii. [Ins BU3HAYEHHS PAIiOHANPHUX YMOB (DEPMEHTONI3y 3aCTOCOBYBAIM METOAM MATEMATHYHOIO IUIaHYBAaHHS
6aratohakTOpHHX EKCIIEPUMEHTIB, B SKOMY BXiIHUMH (akropamu Oynu: CL— KOHIEHTpamis jisouumy, mr/cmS; Cp, —
KOHILIEHTpAllid MamaiHy, Mr/cM°, T— TpUBANiCTh IIpolecy, ToA. BuXimHMII TapaMeTp MaTeMaTHYHOrO MOJETIOBAHHA —
KOHIIEHTpAILlil HU3bKOMOJIEKYNISPHUX TlenTuaiB y depmentomizati (Cmwp, Mr/cm®). TIpoBeleHO Cepito €KCEPUMEHTIB 3
JOCTI/KEHHST OCOOMMBOCTEW ()epMEHTATHBHOIO Tifpoii3y OioMacH 3 METOI BHU3HAYCHHS PAliOHAIBHUX MEX BXIiJTHUX
(akTopiB. 3’51COBaHO, IO MAaKCHMalbHA KOHIIEHTPAIliI HU3bKOMONEKYIAPHUX NenTuaiB Camn Y PepMEHTONI3aTi Ma€e Micre y
NEBHMX Jliala3oHax KOHLEHTpalil (epmentis: mizomumy CL=5-10 mr/cm®, mamainy Cp = 10-20 wmr/cm®. Mertonom
HAallMEHIIMX KBaJpaTiB Ta MOCIIAOBHOTO PETpeciiHOro aHamizy, peamizoBaHux y mporpami PLAN, orpumanu piBHSAHHS
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perpecii y HaTypaJbHHX 3MiHHHX, Ki 32 Kpurepiem imrepa aJeKBaTHO ONHCYIOTh 3aIEXKHICTh BHXIZHOTO (hakTopy Bif
BXiqHuX. BusHaueHo pamioHanbHi mapametpu (epmentomisy tizomumoM (CL=10 mr/cm?, T =17,63 rox, Cumn =1,48 mr/cmd),
mamainom (Cp= 11,31 mr/em®, © = 13,72 rox, Camn = 4,10 mr/cm®) Ta kombinamiero dpepmentis (CL= 5,00 mr/em®, Cp = 11,67
mr/em®, T= 13,21 rox, Camm = 6,72 Mr/cm®). BMiCT ITEOBHX MypONENTHIIB TIPH koMY ckianae 4,35 mr/cm®

KurouoBi ciioBa: HM3bKOMONIEKYISIPHI HENTHIW, IENTUIOTIIIKaH, MpobioTH4Hi OakTepii, aBTONI3, (hepMEeHTaTHBHHI
TiApoIIi3, JTi30IHM, MaraiH, MaTeMaTHIHe MOJIEITIOBAHHS.
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