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The review presents the characteristics of bacteria of the Lactobacillus family and their abi li-
ty to synthesize various bacteriocins. The classification of bacteriocins of lactobacilli is given, 
which includes three classes: class I — lantibiotics (peptides with a molecular weight of less 
than 5 kDa, which contain lanthionine), class II — unmodified bacteriocins, also called non-
lantibiotics (heat-resistant peptides , which do not contain lanthionine and have a molecular 
weight less than 10 kDa), and class III — a poorly studied group of thermolabile proteins with 
a molecular weight of more than 30 kDa. Lactobacilli are shown to synthesize a wide spectrum 
of bacteriocins, which demonstrate a variety of actions and are able to inhibit the growth of 
numerous species of opportunistic gram-positive microflora. The article also provides the 
examples of bacteriocins produced by Lactobacillus isolated from food products (fermented 
meat, fish, kombucha, goat milk, koumiss, etc.) and various human biotopes (microbiota of 
breast milk, intestinal tract and vaginal secretions). Additionally, the review shows the prospects 
of wide application of bacteriocins synthesized by Lactobacillus in the food and pharmaceuti-
cal industries. 
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Introduction

There are many different medicines on the 
pharmaceutical market, but the trend towards 
an increase of morbidity is observed due to the 
influence of various exo- and endogenous fac-
tors that negatively affect the normal functio-

ning of the main systems of human body. First 
of all, this is the influence of unfavorable en-
vironmental factors, unbalanced nutrition, de-
ficiency of vitamins and microelements, in-
creased number of stressful situations, as well 
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as the massive uncontrolled use of chemo-
therapeutic drugs and antibiotics. As a result, 
the combination of factors listed above leads 
to the resistance of pathogenic microorganisms 
to antibiotics, which causes necessity of the 
development of new effective antimicrobial 
drugs. One of the modern trends in the search 
for medicines with antimicrobial activity is the 
use of bacteriocins [1, 42].

 Bacteriocins are ribosomally synthesized 
peptides or proteins produced by bacteria. 
These compounds have antibacterial activity 
against other bacteria, which are usually close-
ly associated with the producent strain [17].

Bacteriocins are synthesized by various 
microorganisms and have already found wide 
application in medicine, veterinary medicine 
and food technologies as a therapeutic agent, 
as well as a food preservative to combat vari-
ous infectious and food pathogens.

Some antibiotics have harmful side effects 
on human health whereas bacteriocins do not 
have any or have little cytotoxicity [1, 9, 17]. 
It is mainly because the tested bacteriocins 
were produced by the lactic acid bacteria. The 
latter have been used in fermentation and milk 
production as bio-preservatives for a long time, 
and are also one of the factors of hypercolo-
nization of the digestive tract of a healthy 
person with a normal microbiota. The benefi-
cial properties of bacteriocins allow using them 
to replace antibiotics or stimulate their action 
as well as to reduce the spawn rate of antibi-
otic-resistant strains.

Friendly bacteria of the human microbiota 
can be mobilized to produce bacteriocins and 
prevent bacterial infection on the outer surface 
of the human epithelium of the gastrointestinal 
tract (GIT) [9, 17, 36].

Characteristics of Lactobacillus
Lactic acid bacteria (LAB) are a diverse and 
extremely valuable group of microorganisms, 
which, without adhering to a strict taxonomic 
classification, are united on the basis of their 
general properties including a common feature: 
the ability to synthesize lactic acid (LA) as the 
main or single fermentation product [42].

Bacteria of the Lactobacillus genus are lo-
calized in almost all biotopes of the digestive 
tract and therefore they are referred to as the 
main human microbiota [8, 45]. The genus 
Lacto bacillus has several hundred species. 
Based on the analysis of the 16S rRNA se-
quence, lactobacilli are phylogenetically di-
vided into seven groups: Lactobacillus buch-
neri (bu), Lacto bacillus casei (ca), Lacto bacil-
lus delbrueckii (de), Lactobacillus planta-
rum (pl), Lactobacillus reuteri (re), Lacto-
bacillus sakei (sa) and Lactobacillus 
sa li va rius (sl). Traditionally, depending on the 
ways of fermentation of carbohydrates, bacte-
ria of the Lactobacillus genus are divided into 
three groups: (1) obligate homofermentative; 
(2) facultative heterofermentative; and (3) ob-
ligate heterofermentative bacteria [7].

Lactobacillus are gram-positive non-spore-
forming bacteria, obligate or facultative anaer-
obes with high enzymatic activity, which are 
incredibly diverse in shape and size. They can 
be in the form from short to long filamentous 
rods, arranged singly, in pairs or in short 
chains. During their normal metabolism lacto-
bacilli are capable of forming lactic acid, hy-
drogen peroxide, producing lysozyme and 
substances with antibiotic activity such as 
reuterin, plantaricin, lactocidin, lactolin [19]. 
Heterofermentative Lactobacillus species can 
also produce lactic, acetic, butyric, and a num-
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ber of other acids, as well as carbon dioxide 
[33, 36].

Lactobacilli possess a diverse spectrum of 
biological activities, for example, they help to 
stimulate the secretion of gastric juice and en-
zymes necessary for enhancement of digestion 
processes they are able to reduce the side effects 
of antibiotics, help to split bile salts and normal-
ize lipid metabolism. Other important charac-
teristics are the abilities to protect epithelial 
cells from damage, to enhance the regeneration 
of the intestinal mucosa, and to mitigate inflam-
matory processes by norma lizing the general 
composition of microflora [22, 24].

Most of the lactic acid bacteria are able to 
synthesize antibiotic substances of protein-
peptide nature, which eliminate or retard the 
growth of related bacteria species and/or 
strains; additionally, they have a wide spec-
trum of antibacterial activity and therefore are 
called bacteriocins. Basically, bacteriocins are 
thermostable substances with a high molecular 
weight (up to 10–30 kDa). Their biosynthesis 
is encoded by special plasmids and occurs on 
ribosomes [13, 25]. 

It is of importance to discuss the classifica-
tion and properties of lactobacilli bacteriocins 
in more detail.

Classification of bacteriocins
Bacteriocins are conventionally divided into 
three classes: class I — lantibiotics, class II — 
unmodified bacteriocins, which are also called 
non-lantibiotics [12, 25, 27], and class III, 
which includes a group of thermolabile pro-
teins with a molecular weight of more than 
30 kDa [38].

Bacteriocins of class I are peptides with a 
molecular weight of less than 5 kDa, which 

contain lanthionine. They include such amino 
acids as lanthionine (Lan), α-methylanthionine 
(MeLan), dehydroalanine and dehydrobuty-
rine. According to the chemical structure and 
antimicrobial properties, this class is divided 
into the types A and B lantibiotics [10, 25]. 
The type A lantibiotics are small cationic pep-
tides, which exhibit antibacterial activity by 
forming pores in bacterial membranes. The 
representatives of type B are small anionic or 
neutral globular peptides, the antimicrobial 
properties of which are manifested by inhibit-
ing specific enzymes.

Bacteriocins of class II are heat-resistant 
peptides, which do not contain lanthionine and 
have a molecular weight less than 10 kDa [5, 
10, 25]. The representatives of this group ex-
hibit antimicrobial activity against Listeria 
genus; they are capable of destroying the in-
tegrity of the microbial membrane, which leads 
to ionic imbalance and loss of organic phos-
phorus in target cells. The representatives of 
this class are divided into four subgroups. 
Class IIa includes pediocin-shaped bacterio-
cins, they contain the N-terminal sequence 
Tyr-Gly-Asn-Gly-Val-Xaa-Cys (TGAGV). 
Class IIb consists of two-peptide bacteriocins, 
the activity of which depends on two different 
peptides. These two peptides can show their 
activity independently of each other, but ex-
hibit synergism when they function together. 
Class IIc includes cyclic bacteriocins and 
class ІІd — unmodified linear non-pediocine-
shaped bacteriocins [5, 10, 25].

Bacteriocins of class III include a group of 
thermolabile proteins with a molecular weight 
more than 30 kDa. Unfortunately, their prop-
erties have not yet been studied enough [25, 
38, 39].
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Variety of bacteriocins produced 
by Lactobacillus
Lactobacilli synthesize a wide spectrum of 
bacteriocins. These substances have a variety 
of actions and inhibit the growth of numerous 
species of opportunistic gram-positive micro-
flora, for example, Listeria monocytogenes, 
Clostridium butyricum, Clostridium sporo-
genes, Staphylococcus aureus, Enterococcus 
faecalis, Bacillus spp. and others. The synthe-
sis of active bacteriocins is one of the factors 
that provide high colonization properties and 
play a regulatory role of lactobacilli in main-
taining the physiological microbial balance in 
biocenoses [13].

 Most of the bacteriocins are small molecules 
with amphiphilic properties and high isoelectric 
points. The producent cells are resistant to the 
bacteriocins they produce due to the synthesis 
of specific immunity proteins [11, 21].

Currently, an active research is underway 
on the mechanisms of the antimicrobial action 
of bacteriocins. It was found that lactobacilli 
bacteriocins contain the protein components, 
which are fixed on specific cellular receptors 
of target cells and disrupt the transport of 
various cations through the cell membrane of 
microorganisms. The most studied bacteriocins 
of Lactobacillus are amilovorin 471 (L. amy-
lovorus 471119), acidocin B (L. acidophilus), 
bavaricin MN (L. bavaricus MN), caseicin 
(L. casei), curvacin FS47 and A (L. curvatus 
FS47 and L. curvatus LTH1174), lactocin S 
(L. sake L 45), plantaricin A and C (L. planta-
rum), plantacin 154 (L. plantarum LTF154), 
sakacin 674 (L. sake Lb674), etc. [11]. The 
literature contains also information about new 
bacteriocins of Lactobacillus, such as sali-
varicin mmaye1 (L. salivarius), BacF1 and 

BacF2 (L. plantarum subsp. argentoratensis 
SJ33) [1, 44].

Bacteriocins of Lactobacillus, isolated 
from food
Due to the unique properties, bacteriocins are 
widely utilized in the food industry. They are 
used as preservatives in partially purified or 
purified concentrated form. Until recently, such 
bacteriocins as nisin and pediocin PA-1 were 
licensed as food preservatives [41]. Note-
worthy, the use of bacteriocins reduces the cost 
of production and preservation of foodstuffs 
retaining their nutritional and biological value.

Lactic acid bacteria (LAB) are important in 
the technologies of fermented food production, 
where their role is to prevent the growth of 
pathogenic microorganisms and spoilage in gen-
eral. It is due to acidifying the environment and 
active synthesis of antimicrobial compounds, 
which contributes not only to quality improve-
ment, but also to safety advancement [3]. 

Lactic acid bacteria, especially Lactobacillus 
sakei and Lactobacillus curvatus, are a part of 
the microbiota of many fermented meat pro-
ducts. These species are well adapted to the 
meat environment, providing an improved 
flavor and accelerated maturation of the fer-
mented meat products [15, 26].

Bacteriocins produced by the lactic acid 
bacteria are well known for their activity 
against Listeria monocytogenes, a common 
gram-positive pathogen which caused several 
outbreaks of foodborne disease in recent de-
cades. In one of the classifications of bacterio-
cins there is a special class, which includes 
bacteriocins with the activity against Listeria 
[21]. The control of L. monocytogenes in food 
is a major challenge due to its ability to survive 
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at low pH values, increased salt concentration 
and the presence of nitrites, which are harmful 
to most other pathogenic microorganisms in 
the production of dry fermented food. Because 
of this, the bacteriocinogenic lactic acid bac-
teria and their bacteriocins are helpful as pre-
servatives in fermented food products and can 
be used as technological alternatives to che-
mical preservatives, satisfying the demand for 
foods with fewer or no additives [15].

In recent years, the demand for “natural” 
products has increased, because consumers 
prefer them over foods with chemical preserva-
tives. The critical issues connected with natu-
ral products are how to maintain their safety 
and quality, and how to extend their shelf life. 
In this regard, great attention is paid to the use 
of the antagonistic characteristics of lactoba-
cilli. It was shown that Lactobacillus planta-
rum SLG10, isolated from kombucha (a tradi-
tional fermented drink in South China), pro-
duced bacteriocin SLG10, which had antibac-
terial activity against both gram-positive and 
gram-negative bacteria, including multidrug-
resistant strains. Bacteriocin SLG10 was char-
acterized by thermal stability, pH tolerance, 
and was sensitive to most proteases, but not to 
trypsin or pepsin. The study of the antibacte-
rial mechanism showed that bacteriocin SLG10 
increases the permeability of the cell mem-
brane, inducing the release of potassium ions, 
and can inhibit the formation of biofilms [30].

Recently, a large number of antibiotic-re-
sistant bacteria have been found in dairy prod-
ucts, for example, Salmonella enterica in dry 
milk nutrition, Staphylococcus aureus in raw 
and pasteurized milk and in ice cream and 
vancomycin-resistant Enterococcus faecium in 
cheeses [15, 31]. There is information in the 

literature that some bacteriocins produced by 
lactic acid bacteria can inhibit foodborne mul-
tidrug-resistant pathogens, which favorably 
distinguishes them from other registered bac-
teriocins with a rather narrow inhibitory spec-
trum [24, 26].

Researchers pay great attention to studying 
the characteristics of the production of natural 
preservatives by lactic acid bacteria. Thus, it 
was shown that the biosynthesis of bacteriocins 
by L. curvatus MBSa2 and MBSa3 on the MRS 
medium begins in the early exponential growth 
phase (4 h of cultivation). Under the cultivation 
conditions at 37 °C, after 12 h the amount of 
produced bacteriocins began to decrease in both 
strains. Maximum accumulation of MBSa2 
bacteriocin (12800 U/ml) was observed after 
8-hour cultivation at 25 °C and 37 °C and 
6-hour cultivation at 30 °C. This indicates the 
primary kinetics of the metabolite, which is 
also observed for other bacteriocins, such as 
sakacin K (producent L. sakei CTC 494), saka-
cin P (L. sakei CCUG 42687), curvacin A 
(L. curvatus LTH 1174), curvaticin L442 
(L. curvatus L422) [2, 4].

The Literature data point out that many 
bacteriocins are thermostable, because they 
retain their properties after heat treatment 
(100–120 °C, 15 min) [4, 44, 46]. This indi-
cates that they can be used in the heat-treated 
foods without a decrease in their preservative 
action. Usually the low molecular weight bac-
teriocins are thermostable because they are 
small polypeptides. These properties have been 
described for bacteriocins MBSa2 and MBSa3 
(L. curvatus), sakacin M and P (L. sakei), 
pediocin L50 (Pediococcus pentosaceus), aci-
docin D20079 (L. acidophilus), plantaricin 
LP31 (L. plantarum) [4].



90

I. M. Voloshyna, K. I. Soloshenko, V. O. Krasinko et al.

In view of the unique properties and ex-
panding prospects for the use of bacteriocins 
of lactic acid bacteria in food technologies, 
researchers are active in search for and isola-
tion of producents of these biologically active 
compounds from traditional food products and 
raw materials. Thus, the Lactobacillus crusto-
rum strain isolated from koumiss (Xinjiang, 
China) can produce bacteriocin MN047 A [46]. 
Koumiss is a traditional fermented mare’s 
milk, popular in the Central Asian steppes, 
including China, Mongolia, Kazakhstan, 
Kyrgyzstan and some regions of Russia. For 
centuries, koumiss was considered not only a 
drink, but also a functional food product for 
medical purposes, such as improving function 
of kidneys, gastrointestinal tract, nervous sys-
tem and immune system, and treatment of 
hepatitis, chronic ulcers, tuberculosis, etc. [46]. 
Koumiss is usually obtained from mare’s milk 
by fermenting its own natural microbiota, in-
cluding lactic acid bacteria and yeast. Various 
strains of Lactobacillus, including L. casei, 
L. plantarum, L. fermentum, L. helveticus and 
L. acidophilus, have been found in koumiss 
but only bacteriocin produced by L. plantarum 
has been purified and characterized [26, 35, 
42, 45].

More and more researchers are engaged in 
a comprehensive study of the properties of 
isolated bacteriocins. Thus, bacteriocin 
LF-BZ532 synthesized by Lactobacillus fer-
mentum BZ532 appears to be promising for 
further practical use. This strain was isolated 
from a Chinese fermented grain drink (bozai) 
and identified by 16s rRNA sequencing. 
Bacteriocin LF-BZ532 has a molecular weight 
of 1105.563 Da [32]. It was found that this 
bacteriocin possesses a wide spectrum of an-

timicrobial activity against gram-positive and 
gram-negative bacteria, including Listeria and 
Pseudomonas. The unique properties of the 
described bacteriocin are its significant thermal 
stability with a residual activity of 88.19 % 
and 56.98 % at 100 and 121 °C (30, 20 min) 
respectively. Additionally, it is stable over a 
wide pH range (2–8), but it is highly sensitive 
to the action of proteolytic (proteinase K, pep-
sin, and trypsin) enzymes, which indicates its 
peptide nature. Based on the foregoing, it is 
assumed that purified LF-BZ532 and its pro-
ducing strain L. fermentum BZ532 are promis-
ing candidates for use as a bioconservative in 
the food industry [32].

The Lactobacillus sakei GM3 strain iso-
lated from goat milk exhibited resistance to 
acid and bile and showed antagonistic activity 
against foodborne pathogens. The Bacteriocin 
production observed in L. sakei GM3 reached 
its maximum in the stationary phase, after 18 
hours of cultivation [2, 3]. The study of the 
properties of bacteriocin GM3 showed that it 
remains active in a wide pH and temperature 
ranges, it is resistant to organic solvent. At the 
same time, bacteriocin GM3 is sensitive to 
some proteolytic enzymes. It was found that 
the molecular weight of bacteriocin is 4.8 kDa. 
The study of cytotoxicity in the model of HT29 
cells showed the maximum inhibition of sur-
vival (45.60 ± 0.5 %) at a bacteriocin concen-
tration of 2240 U/ml. These results indicate 
that the L. sakei GM3 has potential for use in 
the food industry as a biopreservative [2].

Bacteriocin DY4-2, synthesized by the 
strain Lactobacillus plantarum DY4-2, which 
was isolated from saber fish (Trichiurus lep-
turus) is quite interesting. This bacteriocin is 
maximally synthesized in the stationary phase 
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after 24 h of incubation. The molecular weight 
of bacteriocin DY4-2 was determined to be 
1465 Da. Bacteriocin DY4-2 was characterized 
by significant thermal stability (30 min at 
121 °C) preserving activity in the pH 
range 2.5–5.5, but was sensitive to the proteo-
lytic enzymes. This bacteriocin exhibited a 
wide spectrum of antimicrobial activity against 
fish pathogenic bacteria, such as Pseudomonas 
fluorescens, P. aeruginosa, Vibrio parahaemo-
lyticus, Aeromonas sobria, and Listeria mono-
cytogenes [28, 30]. The addition of partially 
purified bacteriocin DY4-2 to halibut fillets 
reduced the number of P. fluorescens cells by 
2.7 log units at 4 °C for 12 days. If compared 
with the control, the samples treated with bac-
teriocin DY4-2 showed a significant decrease 
in the total number of viable microorganisms. 
The results of these studies demonstrated that 
bacteriocin DY4-2 possesses the potential to 
act as a bio-preservative for seafood [28].

Highly appreciating the prospects of bio-
technological production of bacteriocins, re-
searchers select the substrates for the most 
cost-effective biosynthesis. Thus, whey, the 
main by-product obtained after curdling and 
removing casein in cheese production, is a 
large-scale waste in the dairy industry [6, 42]. 
When whey is discharged into water, it weak-
ly biodegradates but the level of dissolved 
oxygen reduces, which negatively affects the 
normal natural processes of self-cleaning of 
water objects and creates a real risk to the life 
of aquatic inhabitants. The practice of uncon-
trolled discharge of wastewater containing 
whey leads to many environmental problems: 
severe environmental pollution affecting the 
physicochemical characteristics of the soil, 

which in turn results in a decreased yield. 
Thus, the search for the cheap methods of 
whey utilization remains relevant [6, 25].

Because whey makes up about 55 % of all 
milk nutrients, an economical and profitable 
alternative is to use it as a substrate for the 
production of biologically active substances. 
The most common whey nutrients are lactose 
(75 %), soluble proteins (12 ... 14 %), lipids 
and mineral salts (1 ... 10 %). They are neces-
sary for the growth of microorganisms, espe-
cially for lactic acid bacteria, which are wide-
ly used in the food industry [6]. Although 
bacteriocins can be produced by numerous 
microorganisms, those produced by lactic acid 
bacteria are attracting increased attention be-
cause they are considered the most “safe” [3]. 
L. plantarum species can adapt to various 
niches due to its ability to ferment a wide range 
of carbohydrates [35]. In particular, the 
L. plantarum ST16Pa strain can actively grow 
on the whey based medium and produce a 
peptide with a molecular weight of 6.5 kDa, 
exhibiting antimicrobial activity against many 
different food pathogenic bacteria, including 
gram-negative bacteria [35].

Although whey can support the growth of 
most lactic acid bacteria, it lacks nitrogen and 
other nutrients; therefore the exogenous addi-
tion of the latter is required for the successful 
biosynthesis of bacteriocins. Thus, the re-
searchers demonstrated the ability of the 
L. plantarum ST16 strain cultivated on MRS 
medium to synthesize bacteriocins with high 
antimicrobial activity against several microor-
ganisms. However this strain cultivated on 
cheese whey does not produce bacteriocin 
despite the accumulation of biomass [35].
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Lactobacillus bacteriocins isolated 
from human
The normal microbiota of human body plays a 
significant role in human health. The excep-
tional function of human symbiotic microorgan-
isms in protection against pathogens, mainte-
nance of stable immunity, and biosynthesis of 
vital compounds such as vitamins, organic ac-
ids, amino acids, etc. has been proven [18, 40].

Lactobacillus bacteria are typical inhabit-
ants of the digestive tract of humans and ani-
mals [40, 42]. Microorganisms of normal hu-
man microbiota are one of the safest sources 
of bacteriocins. These bacteriocins are in-
volved in the mechanisms of antagonistic ac-
tivity inside the human body, and are also used 
to maintain its microbiota in a state of dy-
namic equilibrium. The ability to produce bac-
teriocins is an important characteristic of pro-
biotic strains.

According to the requirements of FAO / 
WHO (2002), probiotic bacteria should have 
a high ability to survive in the gastrointestinal 
tract and adhere to intestinal epithelial cells, 
and, most importantly, should be safe strains 
for humans and animals [18, 20, 42]. Because 
lactobacilli are considered safe probiotic mi-
croorganisms, they are widely used in the food 
industry to obtain various products (vegeta-
bles, meat, dairy, etc.). Therefore, the resear-
ches devoted to the search, isolation and study 
of lactobacilli bacteriocins from the human 
body appear in the scientific literature more 
and more often.

Thus, the results of research have been pub-
lished in which Lactobacillus bacteriocins 
were isolated from breast milk. Sixty breast 
milk samples were collected from volunteer 
mothers aged 19 to 35 from rural areas of 

Lorestan and Markazi provinces, Iran. [29]. 
The isolates were identified using a PCR pri-
mer specific for Lactobacillus and it was 
shown that eighteen out of thirty-three isolates 
were the Lactobacillus strains. Lactobacillus 
reuteri and L. gasseri were identified among 
these isolates, which survived at low pH values   
and in the presence of bile salts. It was also 
shown that all Lactobacillus isolates inhibit 
the growth of pathogen strains, and the genes 
associated with the bacteriocin production 
were found in some of these isolates [29].

The composition of microbiota of the hu-
man intestinal tract begins to form even before 
the birth. The child receives microorganisms 
through the birth canal [37, 42], as well as with 
breast milk. A typical childhood type of intes-
tinal microbiota formed soon after birth is 
characterized by high concentrations of repre-
sentatives of the genera Bifidobacterium and 
Lactobacillus [19]. It was logical to assume 
that representatives of the intestinal microbi-
ota can be a source of obtaining the bacterio-
cins.

Reutericin 6, determined by mass spectrom-
etry, is a bacteriocin with a molecular weight 
of 5652 D, produced by Lactobacillus reuteri 
LA6, which was isolated from the feces of a 
human infant at the age of 2 months. The pri-
mary structure of reutericin 6 by the molecular 
weight was identical to gassericin A produced 
by Lactobacillus gasseri LA39, which was 
isolated from the feces of the same human 
infant at the age of 4 months. It has been 
shown that reutericin 6 belongs to cyclic bac-
tericins of class IIc. PCR amplification on 
chromosomal DNA of L. reuteri LA6 as matrix 
with cloned primers based on DNA sequences 
(gassericin A and acidocin B from Lactobacillus 
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acidophilus M46) and sequencing showed that 
L. reuteri LA6 possesses a structural gene 
which is specific of gassericin A. These results 
demonstrate that bacteriocin with the same 
structure was produced by different species of 
lactobacilli isolated from the same infant [23].

The intestinal microbiota of adults can unite 
representatives of more than 600 different 
genera, including many representatives of the 
Lactobacillus genus [14, 42]. Scientists have 
found that L. salivarius strain SPW1 isolated 
from human feces synthesizes a new bacterio-
cin salivaricin mmaye 1. L. salivarius belongs 
to the main components of the human intesti-
nal microbiota and does not exhibit any toxi-
city [16, 42]. It also has probiotic properties 
and improves people and animal health [43].

It has been shown that salivaricin mmaye 1 
has a molecular weight of about 1221 Da, it is 
associated with the cell wall, is effective at 
micromolar concentrations, and has a wide 
spectrum of antibacterial activity. Besides, 
salivaricin mmaye 1 showed high thermal and 
chemical stability and moderate stability at 
different pH values [43].

The studies, carried out within the frame-
work of the Human Microbiome project, re-
vealed that Lactobacillus species dominate in 
the microbiota of reproductive tract of women 
[18, 42].

Lactobacilli, which were isolated from hu-
man vaginal secretions, were tested for the 
production of antimicrobial substances with 
the potential to provide physiological protec-
tion against pathogenic microorganisms in the 
vaginal area [34]. About 10 % of the isolates 
showed antibacterial activity against one or 
more closely related microorganisms used as 
indicators. Lactobacillus fermentum CS57 was 

the best producent and secreted a bacteriocin-
like substance with antagonistic activity 
against Streptococcus agalactiae and Candida 
albicans. These substances were sensitive to 
proteolytic enzymes and resistant to high tem-
peratures. The mechanism of their action was 
identified as bactericidal, and the molecular 
weight was determined as more than 30 kDa. 
Taking into account all the results, the authors 
consider it possible to use L. fermentum CS57 
as a probiotic for the prevention of human 
vaginal infections [34].

There is rather interesting information about 
the results of a study of heat-resistant bacte-
riocin salivaricin CRL 1328, which was syn-
thesized by Lactobacillus salivarius CRL 1328. 
The scientists isolated this strain from the 
vagina of a healthy woman and established 
that this substance can be successfully used 
for the prevention of urogenital infections [31].

Thus, lactobacilli, the representatives of 
normal human microbiota, are the most prom-
ising source of bacteriocins, considering the 
safety of strains, which also have probiotic 
significance.

Conclusions
In view of the spreading resistance of patho-
genic microorganisms to antibiotics, one of the 
modern trends in the search for medicines with 
antimicrobial activity is the use of bacterio-
cins — the substances of a protein-peptide 
nature with a wide spectrum of antimicrobial 
activity.

Bacteriocins are conventionally divided into 
three classes due to their molecular weight, 
structure and relation to temperature.

Bacteriocins of lactic acid bacteria can be 
isolated from various biotopes of humans, as 
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well as from various fermented food and milk 
products.

Promising directions for obtaining Lacto-
bacillus bacteriocins include the stages of isola-
tion of microbial cultures from natural sour ces, 
screening of the most active producents, and 
experimental enhancement of the producent’s 
activity, including classical methods of muta-
genesis and genetic engineering manipulations.

Bacteriocins of Lactobacillus can be used 
in medicine, veterinary medicine and food 
industry as an effective and safe alternative to 
antibiotics and food preservatives.
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Бактериоцини Lactobacillus — альтернатива 
антимікробних препаратів

І. М. Волошина, К. І. Солошенко, В. О. Красінько, 
І. В. Лич, Л. В. Шкотова

В огляді наведено літературні дані щодо характерис-
тики бактерій родини Lactobacillus і їх здатність син-
тезувати різні бактеріоцини. Показана класифікація 
бактеріоцинів лактобактерій, яка включає три класи: 
I клас — лантібіотікі (містять лантіонін і є пептидами 
з молекулярної масою менш 5 кДа), II клас – немоди-
фіковані бактеріоцини, які також називаються нелан-
тібіотікі (термостійкі пептиди, що не містять лантіонін 
і мають молекулярну масу менше 10 кДа) і III клас — 
мало вивчену групу термолабільних білків з молеку-
лярною масою понад 30 кДа. Показано, що Lactobacillus 
синтезують дуже широкий спектр бактеріоцинів, які 
володіють різноманіттям дії і здатні інгібувати ріст 
великої кількості різних видів умовно-патогенної грам-
позитивної мікрофлори. Також в статті наведені при-
клади бактеріоцинів лактобактерій, які виділені з хар-
чових продуктів (ферментованого м'яса, риби, чайно-
го гриба, козячого молока, кумису і т.д.) і різних біо-
топів людини (мікробіоти материнського молока, 
кишкового тракту і вагінального секрету). Показана 
перспективність широкого застосування синтезованих 
лактобактеріями бактеріоцинів в харчовій і фармацев-
тичній галузях промисловості.

К л юч ов і  с л ов а: бактеріоцини, Lactobacillus, лак-
тококи, молочнокислі бактерії, пробіотики.

Бактериоцини Lactobacillus — альтернатива 
антимикробных препаратов

И. Н. Волошина, К. И. Солошенко, 
В. О. Красинько, И. В. Лыч, Л. В. Шкотова

В обзоре приведены литературные данные относитель-
но характеристики бактерий семейства Lactobacillus 
и их способность синтезировать различные бактерио-
цины. Показана классификация бактериоцинов лакто-
бактерий, которая включает три класса: I класс — лан-
тибиотики (содержат лантионин и является пептидами 
с молекулярной массой менее 5 кДа), II класс — не-
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модифицированные бактериоцины, которые также 
называются нелантибиотики (термостойкие пептиды, 
не содержащие лантионин и имеющие молекулярную 
массу меньше 10 кДа) и III класс — мало изученную 
группу термолабильных белков с молекулярной массой 
более 30 кДа. Показано, что Lactobacillus синтезируют 
очень широкий спектр бактериоцинов, которые обла-
дают многообразием действия и способны ингибиро-
вать рост многочисленных видов условно-патогенной 
грамположительной микрофлоры. Также в статье при-
ведены примеры бактериоцинов лактобактерий, кото-
рые выделены из пищевых продуктов (ферментиро-

ванного мяса, рыбы, чайного гриба, козьего молока, 
кумыса и т.д.) и различных биотопов человека (микро-
биоты материнского молока, кишечного тракта и вла-
галищного секрета). Показана перспективность широ-
кого применения синтезированных лактобактериями 
бактериоцинов в пищевой и фармацевтической отрас-
лях промышленностях. 

К л юч е в ы е  с л ов а: бактериоцины, Lactobacillus, 
лактококки, молочнокислые бактерии, пробиотики.
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