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Disorders in the composition of the microbiota are often associated with pathological process-
es in the body. The use of new biotherapeutic drugs containing bacteria from normal microflo-
ra to correct these disorders may contribute to more effective treatment. The Bacteroidaceae 
family dominating in microflora is a candidate for inclusion in bacterial preparations. The 
adhesion properties of five bacterial strains from the Bacteroidaceae family were analyzed us-
ing the Caco-2 cell line and their effect on the transepithelial electrical resistance parameters 
(TEER) was assessed to determine the extent of their impact on the cell monolayer integrity. 
This approach allowed the selection of strain B. intestinalis 181, which was characterized by 
a moderate adhesion activity combined with a relatively low effect on the TEER parameter.
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Bacteria of the Bacteroidaceae family are the domi-
nant group in the colon microbiota [1,2]. It is thought 
that one of the reasons for the successful adaptation 
of Bacteroidaceae to inhabit this ecological niche is 
their ability to utilize indigestible plant polysaccha-
rides that enter the distal digestive tract with food. 
This is confirmed by the wide distribution of numer-
ous polysaccharide utilization loci in the genomes of 
members of this family [3,4].

Due to the ability of Bacteroidetes to form and 
secrete outer membrane vesicles containing a variety 
of hydrolytic enzymes and metabolites, it has been 
shown that vesicles are the source of the nutrient 

substrates for both within their own family and other 
taxonomic groups [5]. It has been shown that the 
Bacteroides thetaiotaomicron vesicles contain glycosyl 
hydrolases that are involved in levanes cleavage, the 
hydrolysis products of which can be utilized by other 
bacteria [6]. B. ovatus vesicles contain glycosyl hy-
drolases that cleave inulin to metabolites utilized by  
B. vulgatus [7]. In addition, B.  thetaiotaomicron can 
alter flavonoid fermentation (e.g. , quercetin) and bu-
tyrate production by Eubacterium ramulus [8], provid-
ing antiproliferative activity of the microbiota against 
colon tumor cells [9]. Thus, Bacteroidaceae family 
may not only contribute to the microbial ecosystem 
formation and participate in digestive processes, but 
they also play a beneficial role in human health [10].

On the other hand, when developing new biother-
apeutic drugs, it is important to consider the coloni-
zation activity of microorganisms included in them, 
particularly their ability to adhere to intestinal epithe-
lium. Additionally, the study of promising bacteria for 
probiotic drug development should include assessing 
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their ability to damage intestinal epithelium and in-
vade, which could indicate pathobiotic properties.

The aim of this research was to investigate the 
biological properties of four Bacteroides and one Pho-
caeicola strains in vitro, including its adhesion activity 
and effect on cell monolayer integrity using the Caco-
2 cell line.

MATERIAL AND METHODS
Bacterial strains of the genus Bacteroides (B. thetaio
taomicron 6-237, B. stercoris 5888, B. xylanisolvens Pik, 
and B.  intestinalis  181) and Phocaeicola coproco-
la strain EBA  6-21 were used in this study. These 
strains were isolated and stored in the Department of 
Microbiology and Virology, Pirogov Russian National 
Research Medical University [5,11]. Lacticaseibacillus 
rhamnosus DSM 8743 and E. coli ATCC 8739 were used 
as a positive control for the determination of adhesion 
activity and for the determination of transepithelial 
electrical resistance (TEER), respectively.

Test tubes containing lyophilized microbial strains 
were stored at -80°C. Prior to testing, strains were 
plated on Anaerobe Basal Agar (Oxoid) supplemented 
with 5% sheep blood (v/v). After incubation at 37°C 
for 48 h under anaerobic conditions, the strains were 
subcultured in Schaedler Anaerobe Broth (Oxoid). 
L. rhamnosus and E. coli strains were seeded on MRS 
agar (Himedia Labs, Inc.) and Columbia agar (Oxoid), 
respectively, and incubated at 37°C and 5% CO2 for 
24 h (L. rhamnosus) and in aerobic conditions (E. coli). 
These strains were further subcultured in MRS broth 
(Himedia Labs, Inc.) or Schaedler anaerobic broth for 
24 h under the same conditions.

The human intestinal cell line Caco-2 was kindly 
provided by Dr. I. V. Arutyunyan, Head of the Labo-
ratory of Cell Technologies and Tissue Engineering, 
Research Institute of Molecular and Cellular Medicine, 
Peoples’ Friendship University of Russia named after 
Patrice Lumumba. Cells were cultured in high glucose 
DMEM medium (HG-DMEM, Capricorn Scientific) sup-
plemented with 10%  (v/v) fetal bovine serum (Capri-
corn Scientific), 100 IU/m penicillin, 100 μg/ml strep-
tomycin, and 1% L-glutamine (Corning). For analysis of 
bacterial adhesion to the epithelium, 6×104  cells/well  
were seeded into 12-well microplates (Nest) and cul-
tured for 21 days to obtain a homogeneous and po-
larized cell monolayer. After 21  days, the cells were 
washed twice with phosphate buffer (Amresco), and 
1  ml of bacterial suspension (in HG-DMEM medium 
without antibiotics) was added at 1.5×109  CFU/ml  
(5 McFarland units). The microplates were then incu-
bated for 3  h at 37°C in a 5% CO2 atmosphere and 
washed 3  times with phosphate buffer to remove 
non-adherent bacteria. Caco-2 cells and adherent bac-

teria were resuspended in 1 ml phosphate buffer using 
a cell scraper. After that DNA was extracted (HiPure 
Universal DNA Kit) and the specific 16S rRNA re-
gion was amplified using the general bacterial primers 
27F (5-AGAGAGTTTGATCCTGGCTCAG-3) and 1492R 
(5-ACGGGGYTACCTTGTTACGACTT-3) (Eurogen). The 
following formula was used to calculate the initial 
concentration of matrix in the sample:

N=2(40-n),
where n is the threshold cycle, N is the amount of ma-
trix in the PCR sample at the start of the reaction [12].

TEER of the Caco-2 monolayer cell line were as-
sessed using the Millicell ERS-2 system (Millipore). 
Caco-2 cells were seeded in 24-well Transwell filter (on 
the apical side of a 0.4-μm polycarbonate membrane; 
Nest) at a density of 105/cm2 in culture medium as 
described previously. After 21  days, the cells were 
washed twice with phosphate buffer and bacterial sus-
pensions were prepared in HG-DMEM medium and ap-
plied to the surface of the cell monolayer in a volume 
of 200  μl per Transwell with a bacteria/cell ratio of 
10:1. TEER were measured before bacterial inoculation 
(T0) and after 24 h (T24) incubation at 37°C, 5% CO2. 
The change in TEER was calculated by comparing the 
electrical resistance obtained after 24 h of incubation 
with cells and bacteria deposited on them with initial 
resistance [12,13].

Statistical processing of the results obtained was 
performed in Microsoft Excel 16.79.1). The significance 
of the differences in the obtained data was evaluated 
using the two-sample Student’s t test for independent 
samples. The data are presented as the mean (at least 
3  experiments) and standard deviation (M±SD). The 
differences were considered statistically significant at 
p<0.05.

RESULTS
The data obtained from the study of the adhesion of 
bacteria from the genus Bacteroides and Phocaeicola 
indicates that all strains tested adhere to the Caco-2 
cell monolayer. The adhesion activity of the strains 
ranged from 8.5±1.0×107  bacteria/cm2 (B.  thetaiotao-
micron  6-237) to 4.4±0.3×108  bacteria/cm2 (B.  xylani-
solvens Pik). At the same time, B.  intestinalis 181 and 
P.  coprocola EBA  6-21 showed adhesion activity rela-
tively close to that of the positive control, L. rhamno-
sus DSM 8743. The strains B. stercoris 5888 (p=0.007) 
and B. xylanisolvens Pik (p=0.001) had the most pro-
nounced and statistically significant adhesion activity, 
whereas B.  thetaiotaomicron  6-237 (p=0.02) had the 
lowest adhesion activity (Fig. 1).

Compared to the negative control, all five strains 
tested significantly reduced the TEER of the Caco-2 
monolayer in the range of 9-12%. B.  intestinalis  181 
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caused a less pronounced change in the level of con-
tacts in the Caco-2 monolayer compared to the other 
strains, reducing TEER by only 9% compared to the 
control. Furthermore, the effect of B.  intestinalis 181 
on TEER was significantly less pronounced than that 
of B.  thetaiotaomicron  6-237 (p=0.04) and B.  sterco-
ris 5888 (p=0.04) (Fig. 2).

Thus, among the strains studied, only B.  intesti-
nalis 181 reduced the density of intercellular contacts 
in the monolayer of Caco-2 cells to a lesser extent, 

while also exhibiting moderate adhesive activity. The 
approaches we have used to evaluate the biological 
properties of bacterial commensals in the gastroin-
testinal microbiota can be used as additional steps in 
selecting strains for the production of new biothera-
peutics based on them.
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