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Abstract. The possibility of muropeptides obtaining of peptidoglycans of Lactobacillus delbrueckii subsp. Bulgaricus B-
3964 cell walls by the combination of the use of autolytic processes and enzyme treatment of biomass with the participation of 
lysozyme and papain has been considered. It has been established that the most significant autolytic changes in biomass occur 
in the application of high-temperature processing (90°C for 30 minutes) in the final stage of the logarithmic phase of bacterial 
growth. Thus, after eighth hour of biomass incubation at 37°C, the amino acid content in the culture medium was 1.8 mg/cm3, 
and at 90°C it was 5.7 mg/cm3. In order to further destruction of biomass autolysate and obtaining of low molecular weight 
peptidoglycan fragments, the process of its enzymatic hydrolysis was studied with lysozyme and papain separately and at their 
combination. The highest content of low molecular weight peptides in the reaction medium occurred at enzymatic hydrolysis 
of biomass Lactobacillus delbrueckii subsp. Bulgaricus B-3964 by the composition of enzymes at a ratio of lysozyme : papain 
1:2. At a concentration of enzymes 10 mg/cm3, the content of low molecular weight peptides was 7.2 mg/cm3 after eighth hour 
of incubation of the reaction mixture. The results of studies have been shown that the efficiency of enzymatic hydrolysis of au-
tolysates is much higher. Thus, the amount of low molecular weight peptides in the hydrolysate obtained by processing the au-
tolysate with the composition of lysozyme : papain 1:2 at an enzymes concentration 10 mg/cm3 and the duration of the process 
for 8 hours by 36% higher than for similar hydrolysis parameters without the use of the process of autolysis. 

The method of gel chromatography was proved that in the hydrolysate there are fractions of protein compounds with a 
molecular weight in the range of 70–90 kDa, 30–40 kDa and 294–650 Da. The molecular weight of the latter fraction corre-
sponds to the mass of the muramyl dipeptide. The presence of muropeptides was proved by reaction with the Anthron reagent. 

Key words: probiotics, biomass, autolysis, peptidoglycan, enzymatic hydrolysis, papain, lysozyme, low molecular weight 
peptides, muropeptides, immunotropic properties. 
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Анотація. Розглянуто можливість отримання муропептидів пептидогліканів клітинних стінок Lactobacillus delbrueckii subsp. 
Bulgaricus B-3964 шляхом комбінації застосування автолітичних процесів та ферментативної обробки біомаси за участю лізоциму 
та папаїну. Встановлено, що найбільш значні автолітичні зміни біомаси мають місце при застосуванні високотемпературної об-
робки (90°С протягом 30 хв) на завершальній стадії логарифмічної фази росту бактерій. Так, на восьмій годині інкубації при 37°С 
вміст амінокислот у культуральному середовищі складав 1,8 мг/см3, а при 90°С – 5,7 мг/см3. Із метою подальшої деструкції авто-
лізату біомаси та отримання низькомолекулярних фрагментів пептидоглікану, досліджували процес його ферментолізу лізоци-
мом та папаїном окремо та при їхній комбінації. Найвищий вміст низькомолекулярних пептидів у реакційному середовищі мав 
місце при ферментолізі біомаси Lactobacillus delbrueckii subsp. Bulgaricus B-3964 композицією ферментів при співвідношенні лі-
зоцим:папаїн 1:2. При концентрації ферментів 10 мг/см3 вміст НМП складав 7,2 мг/см3 на 8-му годину інкубації реакційної сумі-
ші. Результати досліджень показали, що ефективність ферментолізу автолізату значно вища. Так, кількість НМП у ферментоліза-
ті, який отримали при обробці автолізату композицією лізоцим:папаїн 1:2 при концентрації ферментів 10 мг/см3 та тривалості 
процесу протягом 8 годин на 36% більша, ніж за аналогічних параметрів без застосування процесу автолізу.  

Методом гель-хроматографії доведено, що у складі ферментолізату присутні фракції білкових сполук з молекуля-
рною масою в межах 70–90 кДа, 30–40 кДа та 294–650 Дa. Молекулярна маса останньої фракції відповідає масі мура-
милдипептиду. Наявність муропептидів доведено за допомогою реакції з реактивом Антрона. 

Ключові слова: пробіотики, біомаса, автоліз, пептидоглікан, ферментоліз, папаїн, лізоцим, низькомолекулярні 
пептиди, муропептиди, імунотропні властивості. 
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Introduction. Formulation of the problem 
 

Probiotic bacteria are an important part of the 

healthy functioning of the human body. They provide 

immunomodulatory, antitumor action, contribute to 

lower cholesterol, to synthesize vitamins. Lactic acid 

and bifidobacteria (LAB and BB) are responsible for 
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the resistance of the gastrointestinal tract to pathogenic 

microorganisms, producing various organic acids, hy-

drogen peroxide, bacteriocin, short chain fatty acids, 

diacetyl, and the like. [1–4]. Probiotics promote an in-

crease of immunity at the site of their primary location, 

that is, in the intestine through the recognition of their 

surface molecules by immunocompetent Toll-like re-

ceptors (TLRs) [5] (Fig. 1).  

 

 
The intestinal barrier is composed of several layers providing protection against microbial invasion. The intestinal lumen con-

tains anti-microbial peptides, secreted immunoglobulin A, and commensal bacteria, which inhibit the colonization of patho-

gens by competitive inhibition and by production of, e.g., butyrate, which has barrier-protective properties [6]. 

Fig. 1. Schematic figure of the intestinal barrier and affecting factors 
 

The intestinal barrier is an obstacle for the pene-

tration of the cells of probiotic cultures into the 

bloodstream, therefore, in recent years, more and 

more attention of scientists has attracted the question 

of the lysis of microbial cells in order to produce low 

molecular weight biologically active fragments of 

peptidoglycans of their cell walls, which are called 

muropeptides [7]. Exactly muropeptides promote the 

activation of the immune system, because they con-

tain structures that are recognized by immunocompe-

tent TLRs. In [8] it is shown that bacterial breakdown 

products can penetrate from the gut. Vavricka et al. 

hypothesized that the apical di/tri-peptide transporter 

hPepTl in the intestinal epithelium may transport mu-

ramyl dipeptides (MDP).  

Quite difficult is the issue of the destruction of 

bacteria, especially grams of positive. Cell walls of 

microorganisms are extremely resistant to the effects 

of degrading factors. The role of the main protective 

barrier is peptidoglycan (PG), the fate of which de-

termines the strength of bacterial cells [9]. Therefore, 

the development of accessible and simple methods for 

the destruction of cell walls of probiotic cultures in 

order to obtain their biologically active fragments – 

muropeptides are topical today.  
 

Analysis of recent research and publications 
 

Destruction of cell walls of microorganisms is car-

ried out using physical, chemical or combined meth-

ods of exposure. As a rule, physical disintegration of 

microbial cells leads to irreversible violation of their 

anatomical integrity. In order to produce glycopeptide 

low molecular weight products of regular structure, 

chemical and enzymatic methods of degradation are 

usually used. 

The enzymatic methods for the hydrolysis of pep-

tidoglycans of cell walls of bacteria are milder com-

pared with chemical ones. For the destruction of pep-

tidoglycans of bacterial cell walls, it is advisable to 

use muramidases and proteases that can cleave glyco-

side and peptide bonds in its structure. In a number of 

works, combined methods of disintegration of lacto-

bacilli and bifidobacteria are used. 

In [10] the heat-killed cells were exhaustively di-

gested with N-acetylmuramidase, followed by treat-

ment with DNase, RNase and trypsin. The digest was 

then dialyzed against water and lyophilized. The PG 

fraction was subjected to gel filtration, and the hex-

osecontaining fractions obtained were designated.  

In [11] Lactobacillus sp cells were placed in a boiling 

water bath for 20 min before they were broken by soni-

cation. The suspension was centrifuged at 1 000 r/min for 

15 min to sediment unbroken bacteria and the supernatant 

containing the cell walls was decanted. After the centrifuga-

tion at 10000×g for 10 min, the pelleted cell walls were in-

cubated in 2% sodium dodecyl sulfate for 30 min at 60°C. 

After being washed four times with water and twice with 

dehydrated alcohol, covalently bound proteins were digest-

ed with 0.02% trypsin in 0.1 mol/L Tris-HCl buffer (pH 

7.5) for 20 h at 37°C. The walls were washed several times 
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with water and lyophilized, resuspended in 10% trichloroa-

cetic acid and stirred for 20 min at 60°C. PG was concen-

trated by centrifugation (10 000×g, 20 min) and washed ex-

tensively with water.  

Peptidoglycan isolation method in [12] is based on the 

bacteria boiling in 1 M NaCl or in 0.25% sodium dodecyl-

sulfate (SDS) solution. The resulting cell walls are washed 

with water and broken into smaller fragments by soni-

cation. DNAse, RNAse, and trypsin are used to digest re-

sidual nucleic acids as well as cell wall bound proteins. The 

enzymes are inactivated by boiling and the cell walls are 

washed again with water. Treatment with 1 N HCl releases 

bound wall teichoic acids or other glycophosphates. Higher 

concentrations of HCl must be avoided, as they result in 

clumping of the sample. Washing the pellet until the pH is 

neutral results in pure PGN that can be digested by cell wall 

hydrolases. In our case the PGN was digested with mu-

tanolysin for 16 hours at 37°C shaking.  

Most of methods of obtaining muropeptides are 

quite complicated in execution, especially on an in-

dustrial scale. They are multistage, using specific and 

highly reactive reagents. It is worth noting that one of 

the ways to reduce the number of operations in ob-

taining biologically active components of the cell 

walls of bacteria is carry out autolysis. It's well 

known that the cell wall PG is the target of specific 

PG hydrolases (also named autolysins), synthesized 

by the bacteria themselves [13–16].  

The purpose of the work is the obtaining and 

characteristic of immunotropic cell wall fragments of 

autolysate of Lactobacillus delbrueckii subsp. Bul-

garicus B-3964 biomass, that is muropeptides. 

Research objectives: 

1. to investigate the autolytic changes of Lactobacil-

lus delbrueckii subsp. Bulgaricus B-3964; 

2. to study the pattern of the enzymatic hydrolysis of 

autolysate of Lactobacillus delbrueckii subsp. 

Bulgaricus B-3964 by hydrolases that catalyze 

specific bonds in the structure of the bacteria cell 

walls peptidoglycans; 

3. to provide the characterization of the obtained low 

molecular weight degradation products by means 

of spectroscopy and gel-chromatography for the 

purpose of detection of target muropeptides. 
 

Research Materials and Methods 
 

Materials. The strain Lactobacillus delbrueckii 

subsp. Bulgaricus B-3964 from the collection of Sci-

entific and production enterprise "Ariadna", Odessa 

(Ukraine) was maintained in 12% sterile reconstituted 

skim milk (RSM) supplemented with 2% glucose 

(Fluka RdH, Buchs, Switzerland) and 1% yeast ex-

tract (Fluka RdH, Buchs, Switzerland) and stored at –

80°C. Working cultures were prepared from frozen 

cultures by three successive transfers in 12% (w/v) 

low-heat RSM before use, and stored at 4°C. Bacteri-

al strain was grown at 37°C without shaking [14]. 

Enzymatic degradation of BM cells was per-

formed by papain (10 Un/mg) and lysozyme 

(40,000 Un/mg) treatment. 

Establishment of growth phases of Lactobacillus 

delbrueckii subsp. Bulgaricus B-3964. In order to ob-

tain cell suspensions at different growth stages, a 

growth curve of the bacterial culture was constructed 

for 48 hours. For this purpose, the cultures were inoc-

ulated with the Koch method at intervals of one hour. 

The concentration of bacterial cells was determined 

by seeding tenfold dilutions on the surface of the 

MCA agar medium and expressed in colony forming 

units in 1 cm
3
 (CFU/cm

3
). 

BM autolysis was carried out at the end of the logarith-

mic phase of growth at temperatures of 37–90°C (after 

eight hours of cultivation, during 30 min) and after station-

ary growth phase (24 hours of cultivation), maintaining it at 

temperatures of 37–90°C for 7 days.  

The autolysates were cooled to room temperature 

after exposure, centrifuged for 10 min at 8000 min
-1

, 

then decantation was performed. In the supernatant, 

the content of free amino acids was controlled by the 

method of formolithic titration [17], soluble protein 

by Benedict's method [17], low molecular weight 

peptides (LMWP) by the Benedict method after pre-

cipitation of high molecular-weight proteins by 10% 

solution of trichloroacetic acid.  

Destruction of cells of bacterial composition. BM after 

autolysis processes was heated to a temperature of 90°C 

and kept for 15 min, then the mixture was cooled and en-

zymatic hydrolysis was carried out. The constant parame-

ters of hydrolysis were temperature 37 C and pH=7,4. Hy-

drolysis was performed with lysozyme (Lysate I), papain 

(Lysate II) separately and with the composition of these 

hydrolases. The concentration of enzymes was varied from 

1 to 20 mg/cm
3
, the ratio of lysozyme : papain in the com-

position was varied from 2:1 to 1:2 (2:1 – Lysate III, 1:1 – 

Lysate IV, 1:2 – Lysate V). The duration of the incubation 

of the reaction mixture was varied in the range 0.5–

24 hours. As a control, enzymatic hydrolysis was carried 

out without autolysis. In the obtained hydrolysates, the con-

tent of free amino acids, soluble protein, LMWP was moni-

tored by the methods described above. Enzymatic hydroly-

sis was stopped by heating at the temperature 100°C, the 

mixture was cooled, centrifuged for 10 min at 8000 min
-1
, 

decanted. The supernatant was subjected to ion exchange 

chromatography with cation exchanger KU-2 (column siz-

es: H=30 cm, D=1.8 cm) [18]. Received preparation con-

tained amino acids and low molecular weight peptides and 

deprived of acids, neutral carbohydrates and salts. The 

presence of muropeptides in the composition LMWP was 

proved by the Anthron method.   

The molecular weight of the soluble protein nature 

compounds of hydrolysate was determined by gel 

chromatography on column with sephadex G-15 and 

sephadex G-150. The column with sephadex G-15 

(Н=28 сm, D=2,8 сm, V=112 сm
3
) was calibrated 

with markers of known molecular weight, namely: I – 

GMDP (MW 650 Da), II – aspartame (L-Aspartil-L-
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phenylalanine, MW 294 Da), III – glycine (MW 

75 Da). The column G-150 (Н=38 сm, D=3,8 сm, 

V=121 сm
3
) was calibrated by markers І – phos-

phorylase (97 kDа), ІІ – bovine serum albumin  

(65 kDа), ІІІ – egg albumin (45 kDа), ІV – carbohy-

drase (30 kDа), V – lactalbumin (14 kDа) [15]. 
 

Results of the research and their discussion 
 

The kinetics of CFU accumulation of Lactobacillus 

delbrueckii subsp. Bulgaricus B-3964 was investigated to 

determine the phases of their growth. It is known that the 

autolytic enzyme system exhibits its greatest activity during 

the exponential growth phase and is not detectable during 

the stationary phase [14,16]. The growth curve of the bacte-

rial mass is shown in Fig. 2. Based on the data in Fig. 2, the 

completion of the logarithmic phase of growth is after 8-th 

hour of incubation, and the end of stationary phase is after 

24 hours. From the literature, the LAB and BB are the most 

labile to degrading factors at the end of the logarithmic 

phase of growth, but for completeness of the experiment, 

autolytic changes were observed for seven days and at in-

cubation at temperatures in range 37–90°C. 

One of the simplest and most accessible methods 

for detecting of the destruction degree of bacterial 

cells is a definition of the free amino acids content. 

The dependence of the accumulation of amino acids 

in the medium of autolysates on the temperature and 

duration of the process are depicted in fig.3 

 
Fig. 2. The growth curve Lactobacillus delbrueckii 

subsp. Bulgaricus B-3964 

 
Fig. 3. Comparative dynamics of accumulation of 

amino acids in autolysates at different exposure 

temperatures 

 

Results of research in Fig. 3 are demonstrated that 

the largest accumulation of amino acids occurs in the au-

tolysate, which was obtained at the end of the logarith-

mic phase of the growth of the bacterial mass at expo-

sures at a temperature of 90°C. In the autolysis of bio-

mass after the stationary phase, the increase of amino ac-

ids in the reaction medium is linear in different incuba-

tion temperatures. The maximum content of amino acids 

occurs when exposed to samples at a temperature  

of 50°C.  

Thus, the study of the dynamics of lactobacilli 

growth has allowed to establish specific time frames for 

the stages of their development. The most significant in-

fluence of high temperatures on the integrity of bacterial 

cells took place at eight hours of biomass incubation, as 

evidenced by the intense accumulation of free amino ac-

ids in the culture medium. 

Thus, after eight hour incubation at 37°C, the amino 

acid content is 1.8 mg/cm
3
, and after 90°C – 5.7 

mg/cm
3
. Based on the data of Fig. 2, eighth hour of bi-

omass Lactobacillus delbrueckii subsp. Bulgaricus B-

3964 incubation corresponds to the final stage of the 

logarithmic phase of bacterial growth. In this phase bac-

teria are most labile to aggressive influence factors. 

The biomass behavior during incubation at 37°C for 

a long time in the aspect of the accumulation of free 

amino acids is rather ambiguous. Thus, in the range of 

8–48 hours there is a decrease in the content of amino 

acids from 1.8 mg/cm
3
 to 1.3 mg/cm

3
, and after the 3rd 

day of biomass exposure an increase in the amount of 

amino acids is observed. This tendency can be explained 

by the fact that in the first 2-3 days of incubation in the 

culture medium there is a sufficient amount of viable 

cells that use nutrients, which are amino acids, for their 

own nutrition. 

When incubating biomass at 50°C, a more stable 

picture of the accumulation of amino acids is observed. 

This is due to the fact that such a temperature is not op-

timal for maintaining the normal life activity of biomass, 

and, therefore, the amino acids released upon possible 

destruction of bacterial cells are not a nutrient medium 

for viable bacteria. But the literature data indicate that 

autolysins activates at temperature of 40–50°C that con-

tribute to the degradation of bacteria. The highest con-

tent of amino acids in the culture medium at biomass 

exposures at 50°C was 5.5 mg/cm
3
 on the seventh day of 

the experiment, which was not inferior to the values of 

autolysis (5.7 mg/cm
3
 of amino acids), which was car-

ried out after 8 hours of cultivation, exposing biomass 

temperature treatment at 90°C for 30 minutes. There-

fore, it is more expedient to use the latter version of au-

tolysis as the first stage of destruction of bacterial cells 

Lactobacillus delbrueckii subsp. Bulgaricus B-3964. 

In order to further destruction of  the biomass au-

tolysate and obtaining low molecular weight fractions 

of PG, the process of its enzymatic hydrolysis with ly-

sozyme and papain separately and in combination of 

them was studied. With the disintegration of bacterial 

cells with a combination of hydrolases, processing by 

enzymes was carried out not in turns, but at the same 

time. Because in [19] it is established that in this case 

there is a synergistic effect of enzymes. In addition, the 
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total time of disintegration of cells is significantly re-

duced. To establish the parameters of destruction of 

cell walls Lactobacillus delbrueckii subsp. Bulgaricus 

B-3964, in which there is a maximum accumulation of 

immunotropic LMWPs with a molecular weight <1500 

Da, a series of experiments was conducted in which the 

concentration of enzymes in the reaction mixture and 

the exposure time were varied. It is known that pep-

tides with a molecular weight of up to 1500 Da are not 

precipitated by trichloroacetic acid solutions and are 

compounds having high immunological activity  

[20–24]. The research results are shown in Fig. 4.5 

 

 
a) 

 
b) 

Fig. 4. Dependence of LMWPs accumulation at 

enzyme’s concentration 10 mg/cm
3
;  

a) using autolysis; b) without autolysis 

 

Based on these figures, we can conclude that at the 

all enzymes concentration variations the same tenden-

cy is observed. Namely, the highest content of LMWs 

in the reaction medium takes place at the enzymatic 

hydrolysis of biomass  

Lactobacillus delbrueckii subsp. Bulgaricus B-3964 

by enzymes composition in the ratio lysozyme: papain 1: 

2. At a concentration of enzymes 10 mg/cm
3
, the content 

of LMWPs is 7.2 mg/cm
3
 at 8 hours of incubation of the 

reaction mixture (Fig. 4a). When the concentration of en-

zymes decreases to 5 mg/cm
3
, the content of LMWPs in 

the hydrolisate decreases insignificantly and amounts to 

6.5 mg/cm
3
 with the same duration of process (Fig. 5a). 

With an increase in the concentration of enzymes up to 20 

mg/cm
3
, the highest content of LMWPs in the hydrolisate 

is 5.5 mg/cm
3
 at the 4th hour of the incubation of the reac-

tion mixture (Fig. 5b). 

 

 
a) 

 
b) 

Fig. 5. Dependence of LMWPs accumulation using  

autolysis at enzyme’s concentration  

a); 5 mg/cm
3
; b) 20 mg/cm

3 

 

If combination lysozyme : papain is used at ratio 1:1, 

hydrolysis indicators are somewhat reduced in all varia-

tions of concentrations compared to combination lyso-

zyme : papain 1:2. At the same time, the amount of 

LMWPs in hydrolysates obtaned by lysozyme : papain 

treatment  at ratio 1:1 is on average less on 5–15%. When 

using the composition of lysozyme: papain 2:1, the con-

tent of LMWPs, as compared to the hydrolysate, obtained 

at biomass processing by combination lysozyme: papain 

1: 2, is less on 30–40%. Reducing of the LMWPs amount 

in the reaction medium with an increase in the amount of 

lysozyme in the hydrolases composition can be explained 

by the fact that in the peptidoglycan structure of bacteria 

cell walls the amount of specific bonds between the rem-

nants of the muramic acid and N-acetylglucosamine, 

which are targets for catalysis by lysozyme, are signifi-

cantly less than peptide bonds [22]. 

Therefore, to produce low molecular weight muro-

peptides, it is advisable to use the composition of lyso-

zyme and papain with the advantage of the latter, of 

course, given the unit of enzyme activity.  

When the enzymatic hydrolysis of Lactobacillus 

delbrueckii subsp. Bulgaricus B-3964 biomass was 

carried out with lysozyme and papain separately, a 

higher content of LMWPs was in the hydrolysate ob-

tained with the use of papain. 

Papain has a wide range of substrate specificity and 

is capable to hydrolyse the peptide bonds constructed 

from residues of amino acids inherent in 

peptidoglycans of bacterial origin. But if we compare 

the enzymatic hydrolysis of biomass by papain with 
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the  hydrolysis by hydrolases combination at the ratio 

of lysozyme: papain 1: 2, the content of LMWPs in the 

hydrolyzate is 35–40% lower. 

In control experiments, enzymatic hydrolysis of bi-

omass was carried out, which was not subjected to pre-

treatment after 8 hours of cultivation at 90°C for 30 

minutes. The results of studies have shown (Figs. 4a, 

b) that the efficiency of enzymatic hydrolysis of 

biomass autolysates is much higher than that of 

biomass, which was not subjected to autolysis. Thus, 

the amount of LMWPs in the hydrolyzate obtained by 

treatment of autolysate with the combination lysozyme 

: papain 1: 2 at an enzymes concentration of 10 

mg/cm
3
 and the duration of the process for 8 hours is 

on 36% higher than under similar conditions without 

the use of autolysis.  

Consequently, autolytic changes in biomass 

significantly affect the effectiveness of enzymatic 

degradation of bacterial cells. As a result of autolysis, 

the surface protective layer of lactobacilli is destroyed, 

which is a barrier for external biological degrading 

factors, to which enzymes belong. Such changes lead 

to the fact that the specific bonds of bacterial 

peptidoglycan  that forms their cell wall and the 

content of which can reach up to 70% of the total mass 

of gram-positive bacteria become more accessible to 

proteases and muramidases that catalyse these bonds. 

At the next stage, the molecular-weight distribution 

of the proteinaceous compounds of the hydrolysate was 

determined to detect the structural components of bac-

terial cell walls corresponding to the molecular weight 

of the compounds of the muropeptide series (up to 

1500 Da). The liquid phase of the hydrolysate was pre-

viously subjected to ion exchange chromatography in 

order to deprive from the by-products of degradation, 

metabolites or nutrients of the culture medium. The re-

sults of investigations of the hydrolysate liquid phase 

on the gel-chromatography column with the Sephadex 

G-150 are shown (Fig. 6a) the presence of three main 

protein fractions in it, as evidenced by the presence of 

three distinct peaks on the gel-chromatographic curve 

corresponding to fractions of molecular weight in with-

in the limits of 70–90 kDa, 30–40 kDa and a fraction 

whose molecular weight is less than 14 kDa. For a 

more detailed study of the latter fraction, at the next 

stage, its molecular-mass distribution was investigated 

(Fig. 6b). There are two pronounced peaks on the gel 

chromatographic curve of the low molecular weight 

fraction of hydrolysate on the 36th, 50th cm
3
 of elute, 

which are between the peaks of markers with molecu-

lar weights of 294–650 Da. The results of the studies 

allow us to state that in the obtained hydrolysate there 

are peptides with molecular weight in the range corre-

sponding to the molecular weight of the muropeptides, 

namely MDP. Exactly MDP initiates a signal of cas-

cade reactions that leads to the synthesis of pro-

inflammatory cytokines by immunocompetent cells 

and activation of immunological defense mechanisms 

of the organism [23–28]. 

 
a) 

 
b) 

Fig. 6. Molecular weight distribution of low molecu-

lar compounds of protein nature  
a) column with Sephadex G-150,  

b) column with sSphadex G-15 

 

Since the gel chromatography method was proved that 

the low molecular weight  compounds of  peptide nature are 

presented  in the resulting hydrolysate, it is advisable to 

carry out studies on identification of the muropeptides in 

their composition. The presence of the compounds of the 

muropeptide series was determined by reaction with the An-

thron reagent, which is based on the fact that the carbohy-

drate part of the muropeptides (muramic acid and N-

acetylglucosamine), by the action of concentrated sulfuric 

acid, is converted to furfural, or its derivatives, which, by 

condensation with the reagent Anthon, form compounds of 

green color. These manipulations were performed with 

samples that were previously subjected to ion exchange 

chromatography in order to get rid of neutral carbohydrates 

that could interfere with the purity of the experiment. The 

results of the studies are presented in Table 1, where lysates 

I–V were obtained by enzymatic hydrolysis of biomass au-

tolysate with the ratio of enzymes described in the section 

"Materials and Methods of Research". The concentration of 

enzymes was 10 mg/cm
3
, the duration of hydrolysis was 8 

hours. 
 

Table 1 – Characteristics of lysates of Lactobacillus 

delbrueckii subsp. Bulgaricus B-3964 (n=3, p≥0,95) 
 

Samples 

Characteristics of hydrolyzates 

LMWPs, 

mg/сm3 

LMWPs of muropeptide 

serias,% from total LMWPs  

Autolysate 1,83 5.48 

Lysate І 2.85 13.52 

Lysate ІІ 4.28 18.41 

Lysate ІІІ 7.21 43.46 

Lysate ІV 6.52 32.12 

Lysate V 5.22 22.46 
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So, based on the data of the table. 1, it can be stated 

that among all samples there are low molecular weight 

muropeptides. The most higher content of muropeptides 

(43.46% of total LMWPs) occurs during hydrolysis of 

biomass Lactobacillus delbrueckii subsp. Bulgaricus B-

3964 with a ratio of lysozyme: papain 1: 2. It should be 

noted that with such parameters of enzymatic hydrolysis 

by the combination of hydrolases, the maximum amount 

of total LMWPs is accumulated. Obviously, such 

hydrolysis regimes provide the highest degree of 

enzymatic degradation of the peptidoglycans of the cell 

walls of the biomass under study. 
 

Conclusions 
 

1. Autolysis processes of biomass Lactobacillus 

delbrueckii subsp. Bulgaricus B-3964 at the end of the 

logarithmic and after the stationary phase of growth are 

significantly differentiated. The autolysis is most effec-

tively at the end of the logarithmic phase of biomass 

growth at a temperature of 90°C. This is, obviously, due 

to the fact that during this period, biomass is most vulner-

able to the effects of external stress. After the stationary 

phase of growth, autolysis of biomass also takes place, but 

the maximum accumulation of free amino acids occurs at 

incubation at a temperature of 50–70°C, which may be 

due to the activation of the action of bacterial autolysins 

and the partial denaturation of the protein component. 

2. The highest content of low molecular weight pep-

tides in the reaction medium occurred at enzymatic hy-

drolysis of biomass Lactobacillus delbrueckii subsp. 

Bulgaricus B-3964 by the composition of enzymes at a ra-

tio of lysozyme : papain 1:2. At a concentration of en-

zymes 10 mg/cm
3
, the content of low molecular weight 

peptides was 7.2 mg/cm
3
 after eighth hour of incubation 

of the reaction mixture. The results of studies have been 

shown that the efficiency of enzymatic hydrolysis of au-

tolysates is much higher. Thus, the amount of low molec-

ular weight peptides in the hydrolysate obtained by pro-

cessing the autolysate with the composition of lysozyme : 

papain 1:2 at an enzymes concentration 10 mg/cm
3
 and 

the duration of the process for 8 hours by 36% higher than 

for similar hydrolysis parameters without the use of the 

process of autolysis. 

3. The method of gel chromatography was proved that 

in the hydrolysate there are fractions of protein com-

pounds with a molecular weight in the range of  

70–90 kDa, 30–40 kDa and 294–650 Da. The molecular 

weight of the latter fraction corresponds to the mass of the 

muramyl dipeptide. The presence of muropeptides was 

proved by reaction with the Anthron reagent. 
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