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Abstract
Antagonistic qualities of lactic acid bacteria (LAB), including Bifidobacteria are well known. This primarily concerns a wide variety of pathogenic microorganisms that 
cause both food spoilage and human diseases of varying severity. Such qualities are explained by LAB production of substances called bacteriocins. There is a certain 
relationship between cancer and microbes, bacteria and viruses. However, information on the possibility of cancer cell inhibition by means of their effect on activating 
microorganisms is practically absent. The present study suggests four active strains which have been isolated from the gastrointestinal tract of human New isolates 
SK1, SK2, SK8 and SK11 have been identified as Bifidobacterium. A wide range of antioxidant, antimicrobial and anticancer properties against the four strains of 
Bifidobacterium SK and cellular test cultures was studied. It was found that the strains of Bifidobacterium SK1, SK2, SK8, SK11 completely inhibit the growth of E. coli 
B-6954, Staphylococcus aureus ATCC 25923, Salmonella enterica ATCC 14028, Klebsiella pneumoniae B-7001. In relation to Clostridium tyrobutyricum LMG inhibitory 
activity was observed only in SK2 strain. The antitumor activity of Bifidobacterium isolates determines the promising direction of their use in the prevention and in the 
immediate treatment of cancer. For example, as the basis for product recovery of cancer patients in remission after chemotherapy.

Introduction
One of the main causes of peoples’ death, regardless of economic 

development, is cancer [1,2]. Existing medical technology enables to 
achieve a complete recovery only in limited cases, and usually in the 
presence of early diagnosis. A significant role in the recovery is given 
to  the rehabilitation technologies during or after chemotherapy, to 
the side effects that is  a serious problem [3,4]. It is vital to develop 
technologies that allow both to carry out prevention and to reduce risk 
of death and disability of cancer patients. 

There are papers in which the relationship between cancer and 
microbes, bacteria and viruses [5-11] are studied, but information 
about the possibility of inhibition of cancer cells by means of exposure 
to microbes activates them are practically absent. As potential effects of 
agents can be considered lactic acid bacteria that have shown inhibitory 
activity against pathogenic bacteria, fungi and yeast in vitro studies 
[12-24]. 

The main species of lactic acid bacteria (LAB) are Lactobacillus 
and Bifidobacterium, Enterococcus and Saccharomyces [25-30]. There 
is a centuries-old tradition of their use in the food, agriculture and 
processing industry, medicine, biotechnology, cosmetics, etc. [31-39]. 
Lactobacteria are a group of organisms most frequently used as the 
activity of lactic acid bacteria determines the possibility of their use 
as a cultural preserve [40]. A wide range of antimicrobial, antifungal 
activity of lactic acid bacteria determines the possibility of their use in 
bio-conservation technologies [15,20-23,41-48].

In order to solve practical problems a large initial screening test 
of different cultures requires to find active lactobacillus responsible 
specified quality.

In the present study four active strains, previously isolated from the 
gastrointestinal tract of human were studied. The aim was to identify 
and characterize their antioxidant and antimicrobial properties, 
determined by allocated  bacteriocins and set antitumor activity of 
these metabolites. The importance of taxonomic characterization and 
identification of the isolates is defined by insufficient knowledge of 
the spectrum of the human microbiota and mechanisms of action of 
bacteriocins on cell and microbial culture. We have studied in vitro 
potential of isolated Bifidobacterium and their bacteriocins to inhibit 
cancer of cell cultures

Materials and methods
Lactic acid bacteria isolates, media and cultivation conditions

4 strains of lactic acid bacteria, identified as SK1, SK2, SK8, SK11 
were pre-selected for this study. They have been allocated from the 
gastrointestinal tract of 500 healthy and cancer patients in different 
age groups (Russian Federation). Pure cultures were stored at 4 ± 2°C 
in a lyophilized form. Before determination of the strains they were 
pre-cultured twice under anaerobic conditions (Biostat A plus MO 
fermenter, Sartorius, USA) in MRS-broth for 24 hours at 37°C. 

Overnight culture of micro-organisms were collected by 
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sulfate (PanEco, RF). Light microscopy of cells was performed using 
4 AxioVision system (Zeiss, Germany). Cell viability was determined 
by trypan blue dye exclusion (PanEco, Russia) in a Goryaev chamber.

Tumor cells, which reached the logarithmic growth phase were 
passaged into 96-well flat-bottomed microplates ("Costar") by  5·104- 
6.5·104 cells per well, and preincubated for 24 h before adding test 
organisms under the conditions of СО2 5% and 37°С. The obtained 
cell cultures in a wide range progressively decreasing concentrations 
were added to cell culture wells  (20 ul to 180 ul of cell suspension) 
and were co-incubated for 48 hours.  Control wells were added of 0.9% 
sodium chloride solution in an adequate amount (20 ul). At the end 
of the incubation period, the number of living cells was determined 
in the wells of MTT by a colorimetric assay based on the ability of 
dehydrogenases of living cells to reduce 3-(4,5-dimethylthiazol-2-il)-
2,5-diphenyltetrazolium bromide (MTT) to purple formazan crystals, 
soluble in dimethylsulfoxide. Optical absorption of dimethylsulfoxide 
colored solutions was measured on tablet photometer Multiskan MS 
(Labsystem, Finland) at λ=540 nm. 

Characterization and identification of LAB isolate from the 
gastrointestinal tract of man 

To identify the strains of SK1, SK2, SK8, SK11 classification 
standard biochemical methods were used [49-52] using API20E, API 
20 Ne, API Staphy Step and API (BioMerieux, France), in accordance 
with the recommendations of [53,54] which was followed by genetic 
identification by 16S rRNA sequence. 

Phenotypic characterization of LAB strains

Classical phenotypic characteristics have been obtained in 
accordance with the phenotypic criteria. [55]. The morphology of cell 
strains was determined by biological microscope AxioScope A1 (Carl 
Zeiss, Germany), cell strains were tested using a Gram set for gram 
stain (Lab-Biomed, Moscow), or by catalyze reaction, the evolution of 
gas from glucose and growth capacity in MRS broth at 15°C for 7 days 
at 30°C, 37°C for 2 days.

Molecular identification and genotyping of LAB strains

Isolation of DNA microorganisms was performed using a set 
of reactants "PROBA-NK" to isolate DNA from biological material 
(DNA-Technology, Russia).

Agarose gel electrophoresis was performed using a chamber for 
horizontal electrophoresis SE-2 with a power supply "Elf-4" (Helicon, 
Russia).  To prepare 2% of agarose 50 ml of single TBE buffer was 
added to 1 g of agarose, and mixed thoroughly. The obtained solution 
was placed in a microwave oven (for 2-5 minutes, depending on the 
capacity of the furnace, watching intensity of boiling suspension) 
or heated in a water bath for 15 minutes to completely dissolve the 
agarose. The molten agarose was cooled to 56 ° C and 5 ul of ethidium 
bromide (10 mg/ml) and was thoroughly stirred. The molten agarose 
and ethidium bromide were poured into the prepared pan. The 
thickness of the gel was 0.5-0.7 cm. After 30-40 minutes, the comb 
was removed. Finished gel was used immediately or stored in a single 
buffer in a refrigerator at 4°C. For electrophoresis, 2 ul of loading buffer 
and 10 ul of the reaction mixture were mixed in a separate tube. The 
mixture was added into the wells of the gel (the ratio of buffer/reaction 
mixture-2/8). Molecular weight marker (100 bp) was added to one of 
the wells. Filled gel was placed in the electrophoresis chamber filled 
with buffer. The thickness of the buffer layer over the surface of the 

centrifugation (3500 rev/min, 30 min, 4°C) and washed twice with 
phosphate saline buffered (PBS). The cell concentration was adjusted 
to  105 CFU/ml, respectively, and the cells were obtained by heating 
the bacteria to 95°C for 1 hour. After the heat treatment, the cells were 
washed with PBS and resuspended in a suitable medium for the analysis 
of their viability. For fractionating of cell culture was centrifuged (3500 
rev/min, 30 min, 4°С). The cell pellet was washed and resuspended in 
100 ml PBS for 20 min (minute intervals), sonication was performed in 
a chilled water  (4°С). Cell debris was removed by centrifugation (14 
000 rev/min, 1 h), and supernatants were sterilized by filtration (pore 
size is 0.22 nm; Sartorious, Goettingen, Germany).

Exponential LAB cultures in MRS broth were used as inoculum for 
the antimicrobial, antioxidant and anti-cancer tests as follows: cancer 
and test cultures cells were grown with cells suspensions containing the 
collected cells of lactic acid bacteria (~105 CFU/ml of log phase growth 
of the culture of each strain) for 24 hours and then transferred into the 
chamber.

The test cultures, media and growing conditions

s test strains were used: E. coli В-6954, Staphylococcus aureus 
ATCC 25923, Salmonella enterica ATCC 14028, Klebsiella pneumoniae 
В-7001, Listeria innocua LMG, Clostridium tyrobutyricum LMG, 
Lactobacillus plantarum, Lactobacillus acidophilus, Lactobacillus 
rhamnosus, Lactobacillus paracasei, Lactobacillus fermentum, 
Lactobacillus salivarius, Lactobacillus casei, Lactobacillus reuteri, 
Streptococcus agalactiae, Enterococcus faecium, from the laboratory 
collection of Research Institute Biotechnology of Kemerovo Institute 
of Food Science and Technology (University). The slurry of night broth 
cultures of the test strains grown on standard nutrient media was taken 
for the work.  The number of microorganisms (titer) in the suspension 
was determined by optical density (OD) at a wavelength of 595 nm. 

Test cultures were grown on meat-peptone agar (MPA) for 
24 hours at 37°С; Cells from the agar surface were collected with 
microbiological loop and resuspended in NaCl solution up to 109. 
Bacilli were grown in MRS-broth for 24 hours at 37°C, then the culture 
liquid was centrifuged at 2000 rev/min for 10 min and the supernatant 
was separated. For the cell separation, supernatant was filtered through 
Millex-GV (0.22 um, Nihon «Millipore», USA). The plate was added 
with 180 ul of each culture of Bacillus genus, then 20 ul of each test 
strain was added to the cultures.  The plate was incubated at 37°C for 24 
h. As controls, 200 ul of sterile MRS-broth and 180 ul of pure medium 
with 20 ul of a solution of each pathogen were used.  Bacterial growth 
was monitored by measuring the optical density during culturing [31].

To examine antagonistic activity of lactic acid bacteria, MRS 
medium and Lysogeny broth (LB) were used. The components of 
culture media were dissolved in 1 dm³ of the distilled water, heated 
until complete melting of the agar, distributed into tubes or flasks and 
sterilized for 1 hour at 121°C. 

Cell culture and adhesion of cancer cells 

As test cultures the following cancer cells  from the collection 
of Cancer Center Karolinska (Sweden) were used: LBR2 Burkitt 
lymphoma, human  breast cancer MDAMB-231, human pancreatic 
cancer PANC-1. 

The cells were cultured at 37°C and 5% of  СО2 in RPMI 1640 
medium (PanEco, RF) containing 10% of fetal bovine serum (HyClone 
Laboratories, Logan, UK), inactivated at 56°C for 30 minutes, 2 mM of 
L-glutamine, 100 ug/ml of penicillin and 100 ug/ml of streptomycin 
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fluid is concentrated on hollow fibers, then dry NaCl is added, and 
stirred it on a rocker; suspension is centrifuged, the supernatant 
is adjusted to pH 3.0, the resulting suspension is centrifuged, the 
precipitate is added to water, then the precipitate is suspended and 
alcohol is added, incubated for 30 minutes at 0 ° C, centrifuged, the 
alcohol is removed from the solution by evaporation, water is added 
and activated charcoal, is centrifuged to remove adsorbed on carbon 
impurities, the aqueous solution is passed through the membrane.   

Lipid bilayer structure and their oxidation products

Liposomes were prepared by injection method [59]. For this 
purpose, 5 ml of distilled water or an appropriate buffer solution with 
a constant vigorous rapid stirring  was injected by syringe of 0.25 ml 
of the desired concentration of phospholipid in ethanol.  Further, the 
liposomes were subjected to spontaneous and induced oxidation at a 
temperature of 37°C.

Lipid peroxidation products were labeled as: PR1 are carbonyl 
compounds, PR2 are substances which react with 2-thiobarbituric acid, 
PR3 are conjugated diene, PR4 is crotonaldehyde.

The concentration of carbonyl compounds was determined using 
N- (2,4-dinitrophenyl) hydrazine. The concentration of carbonyl 
compounds was determined using N- (2,4-dinitrophenyl) hydrazine. 
After 10 minutes the reaction mixture was added with 1 ml of 0.75 M 
NaOH. After 10 minutes, the absorbance of the reaction mixture in a 
spectrophotometer UV 1800 (Shimadzu, Japan) at a wavelength of 460 
nm was measured.

The concentration of the substances in the suspension of liposomes 
reacting with 2-thiobarbituric acid was determined by the method 
described [60]. 0.5 ml of liposome suspension was added of 0.5 ml of 
0.92 M of trichloroacetic acid and 1 ml of 49 mM 2-thiobarbituric acid, 
heated for 15 minutes in a water bath, centrifuged for 10 minutes at 
3000 g, the supernatant is photometrically at wavelengths of 452 and 
532 nm on a spectrophotometer UV 1800 (Shimadzu, Japan).

Determination of conjugated dienes in a suspension of liposomes 
was performed by the method proposed [61]. 0.2 ml of liposome 
suspension was extracted with 2 ml of heptane - 2-propanol (1:1) for 
1 min with vigorous shaking, after which the system was added of 0.2 
ml of water. After 10 min 0.2 mL was collected from the upper heptane 
phase and diluted with 0.2 ml of ethanol and photometrically at 232 nm 
using a spectrophotometer UV 1800 (Shimadzu, Japan).

The content of crotonaldehyde in the liposome suspension was 
determined by photometry of heptane extract at 220 nm.  

Disc diffusion method

Antimicrobial activity of bifidobacteria strains was determined 
by agar-disc diffusion method [62,63] under anaerobic conditions. 
Test strain was plated on agar medium (RPA), lawn and turf imposed 
simultaneously on paper discs impregnated with metabolites of 
microorganisms (10 ul/disk). The antimicrobial activity was evaluated 
by measuring the inhibition zones against the microorganism of test 
culture [64]. Disc with a MRS medium was used as a control, disc 
with an antibiotic ciprofloxacin (from a standard set) was used as the 
reference preparation. The plates were incubated at 37°C for 24 hours. 
The results were taken into account on presence and size (in mm) of the 
transparent area with lack of microorganism growth around the disc.

gel was about 2-3 mm. In constant voltage mode 100 B electrophoresis 
lasted 70-90 minutes. For the validation of the obtained results 100 bp 
of DNA-marker (SibEnzyme, Russia) was placed in one of the wells. 
Composition of buffer for storage: 10 mM of Tris HCl (pH 8,0); 1 mM 
of EDTA; 50 mM of NaCl.

Polymerase chain reaction was performed using the primers 
specially selected and synthesized by "Synthol" (Moscow). Temperature 
regime was selected, taking into account the length of the amplified 
fragment, and the length and composition of the primers used. 

Isolation and purification of the PCR products were performed 
using GTG-agarose (Lonza Rockland, USA). Tubes with amplification 
products were consistently exhibited in a tripod, 1/5 of violet crystal 
colorant was added (MERCK, Germany) and stirred. They were taken 
from the oil layer by 20 microliters of samples and added to the wells of 
the gel, after which the chamber lid was closed. The DC electric current 
was connected to the camera, source parameters were exposed (voltage 
of 250V, current of 100 MA, 7 minutes duration), and then the correct 
polarity was switched on. The optimal electric field intensity in this case 
was 10 V/cm.

Upon completion of electrophoresis, the gel was placed on a 
transilluminator, placing the strips horizontally up the hole. Agarose 
gel lane was carefully cut out with a surgical blade, preliminarily 
treated with 70% of ethanol solution, containing the reaction product 
of required size PCR, trying to capture as less as possible of the gel and 
place it in a test tube with the appropriate number. Prior to cutting of 
each next segment the surgical scalpel was treated with 70% of ethanol 
in order to avoid contamination of the samples.  Cut out strips of 
agarose gel containing the products of the reaction PCR were placed,  
inside of trimmed filter tips with a 200 microliters volume. Tubes were 
centrifuged for 5 minutes at maximum speed.

The quality of treatment and the number of the selected samples 
were evaluated. The horizontal agarose gel electrophoresis was 
repeated for this. Sequencing of the 16S RNA gene fragment of the 
isolated microorganisms was performed according to the Segnera 
method, using reagent kit "ABI Prism Big Dye Terminator Cycle 
Sequincing Ready Reaction Kits" (Applied biosystems, USA) using 
the GS Junior sequencer 454 (Roche, Switzerland).  Purification of the 
reaction products was performed using the Sanger sorbent Sephadex 
G50 Superfine (Biosciences, Sweden).

DNA strains SK1, SK2, SK8, SK11 were amplified using primer set 
(Synthol Moscow) by the method of Weisburg et al.  [56]. The obtained 
16S rDNA - PCR products were purified by GFX Genomic Blood 
DNA Purification Kit (Amersham Biosciences) and DNA were used as 
template for a standard procedure of sequencing (Macrogen Inc, Seoul, 
Republic of Korea). Sequences edited to eliminate the PCR primer of 
binding sites and manually corrected Sequence Scanner 1.0 (Applied 
Biosystems), were compared with the available nucleotide GenBank 
database using the BLAST program. Generation of philogenetic trees 
was performed using Mega 6 software to align nucleotide sequences 
using the program BioEdit, to construct phylogenetic trees the nearest-
neighbor method (Neiighbor-Joining NJ) of attachment was used [57]. 
Sequence of 16S Clostridium botulinum strain ELTDK 103 was used 
as the root. Stability of obtained phylogenetic trees was evaluated by 
bootstrap method.

Isolation and purification of bacteriocins

Isolation and purification of bacteriocins were performed by the 
method described in Russian patent №2492231 [58], i.e., the culture 
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The antioxidant properties of LAB

The effectiveness of the tested antioxidant activity of a chemical 
compound in each series of experiments and for each duration of 
liposomes oxidation in the model system of microorganisms, isolated 
from the intestinal tract was calculated according to the formula:

%100
0

10 ⋅
−

=
C

CCEAA ,

where С0 is the concentration of carbonyl compounds in the liposome 
suspension that does not contain test organisms (control), С1 is a 
concentration of carbonyl compounds in the liposome suspension 
containing the investigated microorganisms (experiment). If the 
calculated value >0, it is considered that the investigated microorganism 
inhibits lipid peroxidation, if <0, the bacteria in the study reinforces the 
lipid, i.e., it is a pro-oxidant. 

LAB biocompatibility

The study of the biocompatibility was performed by co-culture 
method on solid MRS medium. Overnight culture, grown in a liquid 
medium and standardized by the turbidity standard was applied on the 
surface of a dense nutrient medium by bacteriological loop of 3 mm 
diameter.  After drop soaking, departing 1-2 mm from the edge of the 
surface, the droplet of other test culture which was applied on the same 
medium in the same volume, spreading, covers about a half of the first 
drop.  In the superimposed part cultures are developing in the mutual 
presence (co-cultivation), competing with each other. After drying of 
the second drop plates with crops turned upside down and incubated 
at 37-39°C in the air with an increased carbon dioxide content. Each 
experiment was repeated, changing the position of crops (to avoid the 
impact of successive layers of crop drops on the growth pattern in the 
co-cultivation area). 

Controls were drops of the same culture, layered on each other 
as described above. Interpretation of results was performed after 24 
and 48 hours after initiation of incubation. When one of the studied 
crops was stunting  the relationship between them were regarded as 
antagonistic, and the cultures themselves belong to the category of bio-
incompatibility. Cultures were considered as biocompatible in the case 
of a full "merger" spots, or enhance of the strains growth in the area 
of co-culture (mutualism, synergism, satellism).  If one of the crops 
in the area of cocultivation "goes upstairs," inhibiting the growth of a 
second culture, regardless of the sequence of their application, then 
such an option was considered as a weak antagonism. The presence of 
well expressed zone of inhibition (growth retardation) of one culture 
by another peripheral spot of test culture was regarded as a sign of a 
strong antagonism. 

Antiproliferation of colon cancer cells

MTT assay: MTT colorimetric method is based on ability of 
living cells to reduce dehydrogenase 3- (4,5-dimethylthiazol-2-yl) 
-2,5-diphenyltetrazolium bromide (MTT) to violet formazan crystals, 
soluble in dimethylsulfoxide. Optical absorption of colored solutions 
of dimethylsulfoxide was measured on tablet photometer Multiskan 
MS (Labsystem, Finland) at λ=540 nm. Cytotoxicity of the tested cell 
cultures was evaluated according to the formula:

[% cell cytotoxicity=(1-the optical absorption in the test sample/the 
optical absorption in control) * 100].

Trypan Blue exclusion assay: Cancer cells (106 cells/1 ml of 
cell suspension) were added to a 96-well plate. The suspension was 

incubated at 37°C for 24 h. Cell viability was examined using Trypan 
Blue exclusion:

[% cell viability = (live cell count/total cell count) ∗100].

The permeability of the cancer cells: Permeability of cancer cells 
was investigated in the chamber divided into two compartments by the 
permeable membrane filter [66]. Cancer cells were previously grown on 
this filter to a monolayer, and then transferred to a chamber in which 
both compartments contain DMEM medium. After 20 minutes of 
incubation for the initial establishment of equilibrium in the conditional 
inner "abdominal" compartment, containing monolayer dye-labeled 
Trypan Blue albumin (60 uM) was added there. Its concentration in the 
external "ex-abdominal" compartment was monitored by absorbance 
at 480 nm (Specord 10, Carl Zeiss, Germany). The flow  of albumin 
across the surface of the monolayer was expressed in mole/(sec•cm²), 
permeability was represented as a coefficient (cm/sec), calculated based 
on the albumin concentration differences in the two compartments. To 
evaluate the influence of microbial metabolites on the permeability of 
cancer cells, they were grown with recent metabolites at concentrations 
ranging from 1-100 micrograms/ml for 24 hours and then transferred 
into the chamber.

Statistical analysis: All experiments were performed in triplicate. 
Data processing was carried out by the standard techniques of 
mathematical statistics. Differences between means are considered 
significant when the confidence interval is smaller than 5% (P ≤ 0.05). 

Results
Identification and molecular typing of LAB isolates

The strains were characterized as Gram-positive, slightly curved or 
branching, catalase-negative, immobile, not forming bacteria spores. 
They do not produce gas from glucose and grow well in MRS broth 
(pH 4.3-3.9) at a temperature of 37°C anaerobically that allows to 
classify them to the Actinobacteria class,  Bifidobacteriaceae family 
[55]. Sequence analysis of 16s rDNA is a major step in the present 
study of isolates identification from the gastrointestinal tract of 
humans. BLAST analysis of the nucleotide sequences with the available 
GenBank database, showed almost 100% similarity with strains of SK 
Bifidobacterium kinds (Table 1 and Figure 1).

In vitro study of antioxidant activity of  bifidobacteria 

The antioxidant effect of micro-organisms was evaluated in the 

Strain Identified as: Probability [%] based on 
the BLAST analysis of the 

sequences

Identified BLAST 
analysis as:

SK1 Bifidobacterium 100% B.bifidum
SK2 Bifidobacterium 100% B. breve 
SK8 Bifidobacterium 100% B. longum
SK11 Bifidobacterium 99% B. adolescentis

Table 1. Identification of the isolated Bifidobacterium from gastro-intestinal tract of man by 
16S rDNA sequence analysis.

 

Figure 1. Phylogenetic tree based on Bifidobacteria 16s rDNA of sequences of the four SK, 
isolated from the gastrointestinal tract of humans.
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oxidation of liposomes over time. In the course of reactions of lipid 
peroxidation product formation was studied: PR1 are carbonyl 
compounds, PR2 are substances which react with 2-thiobarbituric 
acid, PR3 are conjugated dienes, PR4 is crotonaldehyde. The results 
are presented in Figure 2. All the studied strains of microorganisms 

reduce the amount of liposomes in suspensions subjected to induced 
oxidation, lipid peroxidation of products, hence the mechanism of 
antioxidant action of probiotic microorganisms lies in inhibition of 
lipid peroxidation metabolites that make up cell membranes. This 
is likely due to binding of the free radicals and the inhibition of the 
lipoxygenase enzyme.

In vitro study of the antimicrobial activity of bifidobacteria

Antimicrobial activity of the microorganisms isolated from the 
intestinal tract of humans was studied by inhibitory action on test 
cultures. Results are presented in Figure 3. Metabolites produced 
by microorganisms of Bifidobacterium genus, exhibit antimicrobial 
activity against the test strains of E. coli В-6954, Staphylococcus 
aureus ATCC 25923, Salmonella enterica ATCC 14028, Klebsiella 
pneumoniae В-7001. The greatest breadth of the antimicrobial activity 
was demonstrated by SK2 strain, which have an inhibitory effect also 
on Clostridium tyrobutyricum LMG. 

Identification of bifidobacteria metabolites

In the process of life activity, lactic acid bacteria form alcohols, 
acids, esters, vitamins, antibacterial agents, and others. Antibiotics or 
bacteriocins have antimicrobial qualities, distinctive feature of latter 
is their safety.  An important component of the study was to prove 
affiliation of metabolites of the isolated bifidobacteria to bacteriocins. 
For this purpose the physical, chemical and biological properties were 
studied. The results are shown in Table 2.

Typical quality of bacteriocins is defined by the restriction of species 
and strains activity, particularly of one type of subspecies. Immunity of 
producer strain to its own bacteriocin was determined using producing 
strain as indiatornoy culture. The results obtained are shown in Table 
3. All SK strains, isolated from the gastrointestinal tract of  human are 
resistant to both inhibitors own and mutually resistant to synthesized 
substances of one kind, indicating the affinity of substances produced 
and their bacteriocin-like nature.

Comparison of the data obtained (Tables 2 and 3) and references 
data [67-71] indicates that the identified metabolites of microorganisms 
isolated from the intestinal tract of humans, are the bacteriocins.

(A) 

 
(B) 

 
(C) 

 
(D) 

 
Figure 2. The effectiveness of the antioxidant activity of a product relative to strains of LAB (A) 
PR1, (B) PR2, (C) PR3, (D) PR4 from duration of oxidation.

 

Figure 3. The antimicrobial properties of the metabolites synthesized by microorganisms 
isolated from the gastrointestinal tract of humans: 1 is E. coli B-6954; 2 is Staphylococcus 
aureus ATCC 25923; 3 is Salmonella enterica ATCC 14028; 4 is Listeria innocua LMG; 5 
is Clostridium tyrobutyricum LMG; 6 is Klebsiella pneumoniae B-7001.
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In vitro study of antitumor activity of bifidobacteria 

To examine the possible inhibitory effect of bifidobacteria 
bacteriocins, isolated from the gastro-intestinal tract of humans, on 
cancer cell cultures, the strain of Bifidobacterium breve was selected, 
having the highest antimicrobial activity.

Influence of microbial metabolites Bifidobacterium breve on 
the permeability of cell membranes was studied on cell lines of 
Burkitt's lymphoma LBR2, human breast cancer MDAMB-231 and 
human pancreatic cancer PANC-1. Determination results of cancer 
cells survival  and the tumor cell permeability in the presence of 
Bifidobacterium breve microorganisms metabolites are shown in 
Figures 4 and 5, respectively. Bifidobacterium breve metabolites reduce 
survival of cancer cells of Burkitt lymphoma LBR2, human breast 
cancer MDAMB-231 and human pancreatic cancer PANC-1. Within 
24 hours of cancer cell growth in the presence of Bifidobacterium breve 
metabolites the growth inhibition does not exceed 40.0%, while after 
48 hours such inhibition is 67.6-71.1%. Moreover, the processing of 
cancer cells by  Bifidobacterium breve metabolites causes an increase in 
permeability of the membranes for albumin. Increased permeability of 
the cell membrane as compared to untreated cells is 10.0-30.0%.

Discussion
The study shows the detection results of bifidobacteria qualities 

with antimicrobial and antioxidant activity, isolated from the 
gastrointestinal tract of humans. A variety of representatives of the 
gastrointestinal tract of humans microbiota, combined with the 
distinctive features of his nutrition and the environment make the 
relevance of research of the human microcosm, including representing 
by lactic acid bacteria.  Features of the variety and quality of lactic acid 

bacteria extend the capabilities of their use for human benefit and 
health. The set of methods (sequencing, combined with phylogenetic 
analysis) allowed identifying isolates of SK1, SK2, SK8 and SK11 (Table 
1 and Figure 1) as bifidobacteria with sufficient confidence probability 
within the limits of  specific accessory (the probability of error does 
not exceed 0.05, which corresponds to statistical error). The available 
information [20,72,73] on biochemical research methods (API analysis 
using APILAB software), is not always with a  sufficient accuracy relates 
to the appropriate test organisms and requires the final stage of the 
use of phylogenetic analysis, which we chose as the main on this phase 
of the study. Analysis of 16s rDNA sequences is uniquely identified 
SK1, SK2, SK8, SK11 strains as the representatives of the species 
Bifidobacterium bifidum, Bifidobacterium breve, Bifidobacterium 
longum, Bifidobacterium adolescentis, respectively (for an unambiguous 
determination of the accuracy type of the similarity to consensus 
sequence of 16s rDNA is required [74]). BLAST-analysis showed a 
high similarity with the types of Bifidobacterium bifidum strain (L22), 
Bifidobacterium breve strain (BB4GZU), Bifidobacterium longum strain 
(ATCC 15707), Bifidobacterium adolescentis strain (Ru424).

Probiotics have a positive impact on the immune system, as a 
gastro-intestinal flora leads to reducing the impact of mutagens and 
carcinogens. In vitro experiments demonstrated that the investigated 
microorganism strains reduce the amount of lipid peroxidation, 
therefore, the mechanism of antioxidant action of probiotic 
microorganisms is inhibiting lipid peroxidation metabolites that make 
up cell membranes. The antioxidant abilities of the new dedicated  
SK1, SK2, SK8, SK11 LAB strains, demonstrated in this study, confirm 
already published data on bifidobacteria [75-77], and promote the 
opportunities for their use as   basis products for rehabilitation of 
patients after chemotherapy or radiation.Like the other lactobacteria, 

Strain Properties of metabolites

Molecular mass, kDa Solubility Insolubility

Bifidobacterium SK1 38.0 in ethyl acetate, the aqueous acetonitrile in water, ethanol

Bifidobacterium SK2 35.5 chloroform, acetonitrile in water, n-butanol

Bifidobacterium SK8 38.8 in ethyl acetate, the aqueous acetonitrile in water, ethanol

Bifidobacterium SK11 39.0 in ethyl acetate, the aqueous acetonitrile in water, ethanol

Table 2. Physical and chemical properties of metabolites synthesized by isolated Bifidobacterium.

Strain SK1 SK2 SK8 SK11 L1 L2 L3 L4 L5 L6 L7 L8 S9 E10
Diameter of the inhibition zone, mm

SK1 0 0 0 0 5.4 4.2 3.3 5.6 7.0 4.4 2.1 1.5 3.0 4.1
SK2 0 0 0 0 6.0 4.5 5.3 4.8 3.9 4.0 3.5 2.2 3.5 4.6
SK8 0 0 0 0 7.1 4.5 3.8 5.7 3.0 4.2 5.4 3.7 5.0 5.1

SK11 0 0 0 0 2.4 4.0 3.6 3.5 6.0 3.2 4.9 3.6 5.5 3.6
L1 4.7 3.6 2.9 3.8 0 0 0 0 0 0 0 0 1.7 2.8
L2 2.9 3.2 4.4 3.6 0 0 0 0 0 0 0 0 3.0 4.1
L3 1.5 1.7 3.5 4.2 0 0 0 0 0 0 0 0 2.6 2.9
L4 1,8 1.6 1.5 2.4 0 0 0 0 0 0 0 0 2.2 3.4
L5 5.3 7.0 3.6 4.7 0 0 0 0 0 0 0 0 1.9 2.5
L6 4.5 4.7 3.6 5.0 0 0 0 0 0 0 0 0 2.8 3.2
L7 3.3 2.7 1.6 4.3 0 0 0 0 0 0 0 0 1.8 2.2
L8 2.7 4.4 2.2 3.6 0 0 0 0 0 0 0 0 4.3 5.1
S9 4.5 3.9 5.1 6.0 3.2 2.7 3.1 4.7 2.5 3.6 4.0 3.5 0 4.7

E10 3.0 4.2 1.9 2.5 2.9 3.4 5.1 6.3 4.2 4.0 3.6 2.8 2.9 0

*L1-L. plantarum, L2-L. acidophilus, L3-L. rhamnosus, L4-L. paracasei, L5-L. fermentum, L6-L. salivarius, L7-L. casei, L8-L. reuteri, S9-St. agalactiae, E10-E. faecium

Table 3. Study of the cross-sensitivity of microorganisms strains, producing bacteriocins, by the diameter of the inhibition zone (mm).
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bifidobacteria are used in the treatment and prevention of a wide 
spectrum of diseases ranging from gastrointestinal tract and finishing 
with cosmetology [78-83].

Four isolated Bifidobacterium strains, designated as SK1, SK2, 
SK8, SK11 demonstrated a broad spectrum of antimicrobial activity. 
MRS was used as a medium in our in vitro studies, and traditional 
pathogens, causing both active spoilage of food, and leading to serious 
human diseases as test cultures  [84,85].

The conducted experiments using the agar disk diffusion method 
of the test bifidobacteria confirmed an inhibitory effect on the growth 
of certain rot microorganisms. Strains of Bifidobacterium SK1, SK2, 
SK8, SK11 were entirely inhibited by E. coli B-6954, Staphylococcus 
aureus ATCC 25923, Salmonella enterica ATCC 14028, Klebsiella 
pneumoniae B-7001, remained tolerant to Listeria innocua LMG. One 
of the isolated strains of Bifidobacterium breve SK2 also inhibited the 
growth of Clostridium tyrobutyricum LMG [86,87].

Bacteriocins of lactic acid bacteria (LAB) are a variety of proteins or 
peptides which have antimicrobial properties, have application in the 
food industry in the form of bio preservatives and medicine as potential 
alternatives to antibiotics [46,47,63-71,86,87]. There is a constant 
screening of LAB, new producers of bacteriocins, their properties 
and characteristics attract constant attention. The antimicrobial, 
antioxidant, antifungal activity of bacteriocins are well known [12-
15,17-23,47,48,64,69,75-77,88,89]. But perhaps there are also qualities 
that were not studied by a human. We have attempted to identify the 
inhibitory action is not only against similar to themselves bacteria, 
but also against cancer cell cultures. Therefore, it was important for 
us to confirm that the metabolites of bifidobacteria isolated from the 
gastro-intestinal tract of man are metabolites, and after setting the fact 
to obtain confirmation of inhibitory effect on cancer cells.

Practically there are no data on the inhibitory effects of lactic 
acid bacteria and their metabolites on the cancer cell cultures in the 
scientific literature [28,29,34,36,38,39,90-92]. Partial inhibition of 
cancer cells growth by bacteriocins of Bifidobacterium breve strain was 
already observed after 12 hours after treatment with metabolites and, 
after 36 hours after treatment no more than half of the cell cultures 
remained. Also, the membrane permeability of cancer cells of the 
species is increasing, immediately after the treatment of 10 to 25%, after 
60 hours from 12.5 to 31.25%, depending on the types of cancer cells.  
The result is more than just positive, opening the possibility of new 
treatment technologies of this disease.

The experiments have found that the treatment of one isolated 
metabolites strains SK2 leads to decreased survival and increased 
membrane permeability of cancer cells of Burkitt lymphoma LBR2, 
human breast MDAMB-231 and human pancreatic cancer PANC-1, 
inhibiting the growth of P. claviforme (Figures 4 and 5). 

Conclusions 
In this study, four isolates SK1, SK2, SK8, SK11, isolated from the 

gastrointestinal tract of human, have been identified as Bifidobacterium 
and characterized as a promising culture with antioxidant, 
antimicrobial and antitumor activity (Bifidobacterium breve). The 
antioxidant activity of our new isolates identified as Bifidobacterium, 
involves their potential use in a variety of food technology, including 
products for the rehabilitation of patients in the period of remission. 
The obtained results of studying the possible use of lactic acid bacteria 
metabolites in cancer therapy and prevention are the initial and 
insufficient. There is no complete picture of the mechanisms’ effects on 

cancer cell cultures and it requires further study, both in terms of the 
expansion of a number of microorganisms, and in terms of the study 
of their properties. 
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