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1. Introduction

Objects for recognition by the innate immune sys-

Bacteria are the main activators of the immune system
in humans and animals’ organism. The existence of innate
immunity is based on recognition of microbial ligands by
immunocompetent cell receptors. Signals for the start of
the immune response are not living bacteria, and their
fragments, or products of vital activity [1].

tem are the structural components of peptidoglycans of
bacteria cell walls. These are compounds of the muramyl
peptide series with a molecular weight of up to 1500 Da
[2]. Therefore, the destruction of the peptidoglycan of
bacterial cells in order to obtain the active substances
of the muramyl peptide series, which are easier to di-
gest, enter into biochemical processes and stimulate the




body’s immune response to external pathogenic factors is
expedient.

The use of immunological agents based on lysates of bac-
terial origin is becoming increasingly widespread in medical
practice. This tendency is caused in the first place by the fact
that in the progressive amount there are antibiotic-resistant
strains of pathogenic microorganisms. One of the effective
methods of combating them is the use of drugs based on the
products of destruction of peptidoglycans of bacteria cell walls.

It should be noted that the nutritional support of
the population suffering from disorders of the immune
system is very important. Therefore, the development of
nutritional ingredients and dietary supplements based on
degradation products of bacterial peptidoglycans is very
relevant.

2. Literature review and problem statement

The minimal repeating fragment of peptidoglycan
is muramyl dipeptide (MDP). MDP has all necessary
properties for pathogen-associated molecular structures,
which are manifested in the stimulation of innate immu-
nity and the ability to form protection against microbial
infectious agents [3, 4]. MDP is recognized by the intra-
cellular Nod2-like receptors of the body, initiates a sig-
naling cascade of reactions, which leads to the synthesis
of proinflammatory cytokines by immunocompetent cells
and the activation of mechanisms of immunological pro-
tection of the organism [5].

There are a number of immunotropic pharmacological
agents based on the products of degradation of bacteria
cell walls, i.e. lysates, which are widely used in medical
practice. There are immunomodulators of microbial origin
on the basis of microorganisms lysates, for example, “Bron-
chommunal”, “Immudon”, “IRS-19”, “Posterizan”, “Lyasten”.
There are also a number of synthetic immunotropic agents
of the peptide series, for example, “Licopid”, active ingredi-
ent glucosaminylmuramyl dipeptide (GMDP), “Romurtid”,
“Murabutyd” [6-8].

In the world market, there are almost no immunotropic
food ingredients and dietary supplements based on bacterial
lysates that would be appropriate to use as a nutritional
support in the complex treatment of the population suffering
from disorders of the immune system. The interaction of
these compounds with food components is limited to hydro-
philic-hydrophobic bonds, which easily decompose in the
process of digestion and absorption.

The following methods of cell destruction can be used
for the production of bacterial lysates: physical, mechan-
ical, chemical, biological and combined [9]. Autolytic
processes can lead to partial disintegration of cells [10],
since most bacteria synthesize a group of enzymes known
as autolysins which are able to hydrolyze peptidoglycan of
their own cell wall. Typically, physical or autolytic disinte-
gration of microbial cells leads to an irreversible violation
of their anatomical integrity [11]. In order to produce
glycopeptide low molecular weight products of a regular
structure, chemical and enzymatic methods of destruction
are usually used [12—14]. The enzymatic methods of hy-
drolysis of peptidoglycans of bacteria cell walls are milder
compared with chemical ones. As a rule, fermentolysis is
carried out at physiological pH values of the medium and
temperature.

The development of immunotropic food ingredients
and dietary supplements based on the products of deg-
radation of the cell walls of lactic acid bacteria (LAB)
is promising. LAB have the “GRAS” status (Generally
Recognized As Safe), in addition, a considerable cultiva-
tion experience has been accumulated to obtain eubiotic
agents [15-18].

The use of combined methods of degradation of LAB
biomass in order to obtain fragments of their cell walls was
investigated in a number of studies.

Thus, in [12], the hydrolysis of Lactobacillus bulgar-
icus with sequentially treatment with pepsin, lysozyme
and ultrasound was performed. In the paper [13], the
hydrolysate of L. acidophilus U-2505 was obtained by the
thermoacid method. There is also a method for obtaining
a product [14] containing glycopeptides, which involves
the production of L. bulgaricus biomass in special nutri-
ent media, biomass treatment with trypsin, biomass dis-
integration with ultrasound, biomass re-treatment with
trypsin and pepsin, centrifugation, lysozyme hydrolysis,
and chromatography.

Aggressive components [13], large number of techno-
logical operations [12, 14], costly reagents, enzyme drugs
[12] and purification methods [6, 14] are used in most of the
existing works for obtaining the structural components of
peptidoglycans of bacteria cell walls.

In this work, the possibility of obtaining immunotropic
food ingredients on the basis of destruction products of
LAB cell walls by the application of autolysis and enzymatic
hydrolysis is considered. Due to the autolytic changes in
bacterial cells, it is possible to eliminate the need for prima-
ry destruction of bacteria with the use of physical methods
of exposure. This can significantly reduce the number of
technological operations, and, as a result, the cost of the
ingredient.

The work does not foresee the use of aggressive chemi-
cal reagents, which is inadmissible in food technologies. As
an enzymatic hydrolyzing factor, pancreatin is used. There
are no systematic studies about the influence of pancreatin
on the degradation efficiency of LAB autolysate in the
literature.

3. The aim and objectives of the study

The aim of the work was the determination of the ra-
tional regimes of enzymatic degradation of LAB autolysate
and the description of the resulting products as promising
components of immunotropic food ingredients.

To achieve this aim, it was necessary to accomplish the
following research tasks:

— to study the kinetics of autolytic changes during the
storage of LAB biomass (BM);

—to determine the rational parameters of enzymatic
degradation of LAB BM autolysate;

— to provide a description of the obtained low molecular
weight degradation products using IR spectroscopy and gel
chromatography methods.

4. Materials of the research

LAB BM, representing the sum of test cultures: Lac-
tobacillus acidophilus, Lactobacillus delbrueckii subsp.



bulgaricus, Bifidobacterium bifidum, Lactococcus cre-
moris, Streptococcus thermophilus with a concentration
5-10° CFU/cm?® was used for the study. The bacterial
composition was kindly provided by the research and pro-
duction enterprise “Ariadna”, Odessa, (Ukraine) from its
collection. Enzymatic degradation of biomass cell walls was
performed with pancreatin treatment with a proteolytic
activity 370 Un (Ternopharm, Ternopil).
The methods used in the study are described in [19].

Rational values of the factors Cg, Cs and © were deter-
mined using the obtained equation. These factors provide
the maximum concentration of low molecular weight pep-
tides Cpywp=0.569 mg/cm?® in the hydrolysate medium:
Cr=12.5mg/cm3, Cs=70.0 mg/cm?, 1=245.6 min.

Table 1

The design matrix of the experiment and the results of the
dependence of the LMWP content in the hydrolysate medium
on different enzymatic degradation conditions

5. Results of the research of enzymatic degradation of Conditio?is, of experiments in Results
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amount of low molecular weight peptides (LMWP) having
immunotropic properties [2]. Experimental conditions are
given in Table 1. There are the design matrix of the experiment
and also average (for three parallel) values of the results of the
experiments CLMWP (yav), the estimated values (yp) by the
regression equation and the relative errors (8) between them.

The regression equation of the coded variables after the
experiments was obtained using the least squares method
and the sequential regression analysis implemented in the
PLAN program [20]. The equation adequately (according to
Fischer’s criterion) describes the Cpywp dependence on CF,
Cs and 1 factors.

_7/=0.454+0.0353x1+0.086362+0.0896X3—0.072636?—
*0.2051.%3%L 0.0525 x9 x3,

where x1, x9, x3 are the coded values of the factors Cg, Cs and
1, respectively, which are determined by the following ratios:

x1=(Cx—10.05)/9.95;
x9=(Cs—40)/30;

x5=(1—185)/175.

More clearly, the nature of the influence of the factors
Cg, Cs and 71 on the process of accumulation of low molec-
ular weight peptides Cpywp in the hydrolysate medium is
evident from the graphical interpretation of the regression
equation, which is shown in Fig. 2.

At the next stage, the molecular weight of protein na-
ture substances of the hydrolysate medium was determined
(Fig. 3) in order to detect the structural components of BM
cell walls corresponding to the molecular weight of the com-
pounds of the muramyl peptide series (up to 1,500 Da) [12].

The results of the IR spectroscopy of the sample obtained
under the rational conditions of enzymatic hydrolysis are
shown in Fig. 4.

In the IR spectrum of the hydrolysate medium, there is
a series of intensive absorption bands that are characteristic
for oscillations of certain specific functional groups and
bonds, which are inherent in low molecular weight degrada-
tion products of peptidoglycans of bacteria cell walls. Thus,
in the spectral region of 3,380-3,450 cm™!, there is a broad
band, which indicates the presence of free amino groups. The
band at 1,642 cm™ corresponds to fluctuations of peptide
bonds, at 1,155 cm™! — pyranose glucose form, at 1,013 cm™ —

B-glycoside bond [21].
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6. Discussion of the results of investigations of enzymatic
destruction of LAB BM autolysate

Cell walls of microorganisms, especially gram-positive,
including LAB, have high mechanical strength, which caus-
es a significant obstacle to their disintegration. In order to
overcome this problem, it was decided to use own resources
of LAB, namely the presence of bacteriocin and autolysin of
LAB cells in the culture fluid, which could contribute to the
degradation of their cell walls. The results of studies on the
autolysis process of the LAB composition have shown that
exposure of LAB during 7 days significantly decreases the

amount of biomass CFU (Fig. 1). This indicates the effective-
ness of the autolytic processes, which can cause the destruc-
tion of the protective layer on the surface of bacteria, which is
responsible for the mechanical strength of cells and resistance
to biological degrading factors. Also, autolysis can provide the
primary destruction of BM cells or their perforation.

Autolytic changes in the LAB biomass don’t result in
the production of low molecular weight target compounds,
therefore, to achieve this objective the enzymatic hydrolysis
of biomass autolysate with pancreatin was used.

The effectiveness of EH was controlled by the accumu-
lation of target LMWP in the reaction medium. Constant
parameters of EH were the temperature and pH of the me-



dium. Variable factors were the concentration of the enzyme
and substrate, the duration of the process. Such a number of
variables involves a large number of experiments and consid-
erable labor-intensive process.

As a result of experimental and design studies, the re-
sponse surfaces of CLMWP dependence on the factors CE,
CS and t were constructed (Fig. 2). These parameters are
almost in the middle of the variation intervals. Reduction
of the amount of LMWP after reaching a maximum at
245.6 min can be explained by subsequent enzymatic hydro-
lysis, which causes the destruction of peptide bonds and the
transformation of peptides to amino acids. As can be seen
from the graphical dependence, an increase in the concentra-
tion of the enzyme in the reaction medium does not lead to
an increase in the number of LMW P. Such tendency can be
explained by the inhibition of the enzymatic process, which
may be due to the accumulation of degradation products,
or, in fact, the competition of a high number of enzymes in
the reaction medium. The dependence of the LMWP ac-
cumulation on the concentration of the substrate is linear.
The maximum LMWP accumulation occurs at a substrate
concentration of 70.0 mg/cm?.

Samples of LMW Ps obtained at the rational regimes of
enzymatic destruction of biomass autolysate were investigat-
ed using gel chromatography and IR spectroscopy methods
for a more in-depth study and identification of their struc-
ture. The results of gel chromatographic studies have shown
that the molecular weight of the resulting LMW Ps is within
the range of 294—650 Da, which, in fact, corresponds to the
molecular weight of MDP and GMDP (industrial prepara-
tion “Licopid”) [6].

The samples, investigated by IR spectroscopy, were
subjected to ion exchange chromatography in order to get
rid of by-products of enzymatic hydrolysis. Such products
can potentially affect the purity of the experiment and cause
overlapping of the absorption bands of functional groups and
chemical bonds of different nature. Absorption bands were
marked in the IR spectrum of LMWPs corresponding to
fluctuations of amino groups, peptide bonds, which, in fact,
take place in the structure of peptides. Fluctuations of the
pyranose glucose form, which is part of the muramic acid and
N-acetylglucosamine of peptidoglycan, MDP and GMDP,
were also observed. There is an absorption band correspond-
ing to the fluctuation of the B-glycoside bond, which binds
the remains of the muramic acid and N-acetylglucosamine in
peptidoglycan and GMDP [6, 21].

The results of physicochemical studies of low molecular
weight products of hydrolysis allow us to conclude that under
the rational conditions of LAB biomass degradation, the main
aim has been achieved. Obtained degradation products cor-
respond to compounds of the muramyl peptide series having
a powerful immunotropic effect. Since the aggressive toxic
reagents have not been used in the LAB biomass degradation,
the resulting product can be recommended as a nutritional
ingredient for nutritional support of the population suffering
from dysfunction of the immune system. In addition, a number
of biologically active compounds such as LAB metabolites are
contained in the hydrolysate composition except low molecu-
lar weight peptides [1, 5].

Thus, the proposed method of obtaining immunotropic
fragments of LAB cell walls allows for a significant simpli-
fication of the process of their production, compared with
existing methods [7, 12—14]. Namely, the autolysis use leads
to the primary destruction of bacteria, which eliminates the
operation of biomass degradation with the involvement of
physical methods of influence. This contributes to reducing
the number of technological operations and the absence of
the need for additional equipment. The use of products of
processing and metabolism of LAB biomass as food ingredi-
ents for oral administration allows avoiding a high degree of
purification of the drug, as it is implemented in the produc-
tion of pharmacological parenteral and nasal drugs.

The disadvantage of this study can be considered the
specificity of selected modes relative to a specific com-
position of LAB, representing the sum of test cultures
Lactobacillus acidophilus, Lactobacillus delbrueckii subsp.
bulgaricus, Bifidobacterium bifidum, Lactococcus cremoris,
Streptococcus thermophilus. When using monocultures of
LAB, or other LAB compositions, degradation results may
differ from those given in this paper. The effectiveness of
destruction will depend on the composition of the nutrient
medium for the LAB cultivation, the conditions of cultiva-
tion, the characteristics of certain strains of microorganisms,
the conditions of autolysis, etc.

The prospect of further research is the conduct of bio-
medical and clinical studies to determine the biological
activity of the obtained product based on the LAB compo-
sition hydrolysate, which may be promising components of
nutritional ingredients and dietary supplements.

7. Conclusions

1. The expediency of application of LAB BM autolysate
to increase the effectiveness of enzymatic degradation of
peptidoglycans in their cell walls has been proven. Accu-
mulation of low molecular weight peptides in the enzymatic
hydrolysis of biomass under rational parameters that was
not subjected to autolysis is 0.260 mg/cm?, in the enzymat-
ic hydrolysis of biomass that was subjected to autolysis is
0.569 mg/cm?.

2. The rational regimes of the enzymatic hydrolysis of
the LAB composition (Cg=12.5 mg/cm?, Cs=70.0 mg/cm?,
1=245.6 min) have been determined with the involvement of
the methods of mathematical planning of multifactorial ex-
periments, which made it possible to significantly optimize
and increase the efficiency of the work.

3. The belonging of LMWPs obtained at the rational
conditions of enzymatic hydrolysis to immunotropic com-
pounds of the muramyl peptide series has been proven by gel
chromatography and IR spectroscopy methods. It is deter-
mined that the molecular weight of the obtained LMW Ps is
within the range of 294—650 Da, which, in fact, corresponds
to the molecular weight of MDP and GMDP. In the IR spec-
trum of LMW Ps, the absorption bands, which correspond
to fluctuations of peptide bonds, pyranose form of glucose,
B-glycoside bond, which in fact take place in the structure of
peptidoglycans and MDP, are noted.
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