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Abstract. Diarrhea is the main reason of human deaths in developing countries, which also
cause world-wide infant mortality. Diarrhoea occurs world-wide and causes 4% of all deaths
and 5% of health loss to disability. It is most commonly caused by gastrointestinal infections
which kill around 1.5 million people globally each year, mostly children in developing
countries. In this study, five selected Lactobacillus isolated from human intestinal and ferment
milk were preliminarily identified by 16S rDNA gene sequencing and assessed the ability to
inhibit the infection of enteropathogens. The Lactobacillus strains were screened on the basis
of probiotic characteristics (i.e., resistance to low pH and bile salts, adhesion to the human
gastrointestinal tract, inhibition of pathogenic strains). Using an in vitro system simulating
gastric transit, our findings indicated that the probiotic strains had the ability to tolerate
gastroenteric environment and the adhesive capacity to HT-29 cells. It was demonstrated that
the probiotic strains inhibited subsequent adhesion of pathogens to the HT-29 cell. Among the
selected strains, the selected Lactobacillus rhamnosus F0533 showed a high probiotic
potential and could be used in health-promoting food products. After analyzing the sequence of
the 16SrDNA regions of these three strains, the potential probiotic F0533 were
Lactobacillus rhamnosus.

Introduction

Probiotics are live microorganisms refers to a class when a sufficient amount of human use
will survive inthe gut, and have beneficial effects on the human body . 1907 Mece Kafelnikov
that ' longevity drinking yoghurt can not old doctrine ," the 1830s Dr. Tian Ren found can
reach the intestine alive Yakult bacteria , and its efficacy in-depth study, shows the lactic acid
bacteria and not just for dairy fermentation bacteria , but the beneficial intestinal flora balance ,
helpful for human health, bacteria , beneficial to human health such bacteria are called
probiotics [1, 2] . Since the early 1990s, all kinds of " probiotic” health products swept the
entire world. At the same time , " probiotics" research has become a hot research topic
internationally. WWhat are probiotics ? Probiotics comes fromthe Greek letter “"probios" for the
meaning of life, probiotics dates back to the early history of mankind , the Greeks and Romans
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have started eating cheese and fermented dairy products, especially to children and patient
rehabilitation period of use[3-5] .

Diarrhea is the leading cause of child deaths in developing countries leads to diarrhea in
addition to the direct cause health problems, but also cause human nutritional disorders,
slowed growth , mental development and other issues [6]. With the development of diagnostic
techniques in recent years, people began to study the causes of diarrhea , thus causing diarrhea
mechanism for better understanding[7] . Therefore, inhibition of diarrhea caused by bacteria
will be able to effectively suppress the occurrence of diarrhea , diarrhea caused by bacteria ,
including the process of adhesion , growth and invasion of other processes , screening can
inhibit the major screening indicators diarrhea probiotic bacteria is inhibiting the growth of
pathogenic bacteria and adhesion[8, 9].

The mechanism(s) underlying the antibacterial activity of probiotic strains appears to be
multifactorial and includes lowering of the pH and the production of lactic acid and of
antibacterial compounds, including bacteriocin and non-bacteriocin, non-lactic acid molecules
[10-12]. Lactic acid bacteria (LAB) can produce antimicrobial substances with capacity to
inhibit the growth of pathogenic [13]. Some studies reported that the antagonistic effect of the
spent culture supernatants (SCS) of lactic acid bacteria either is due to the production of
organic acids or bacteriocins. However, currently investigation showed that some
undissociated acid acts an important role by collapsing the electrochemical proton gradient, or
by altering the cell membrane permeability which results in disruption of substrate transport
systems [14].

The aim of this study was to apply established in vitro tests to evaluate the probiotic
potential of Lactobacillusstrains isolated from human intestinal tract and traditional ferment
milk, and to select candidate probiotic strains that fulfill the established criteria and could
therefore be potentially used as novel probiotic strains in the food industry.

Material and Methods
Bacterial Strains and Growth Conditions

Salmonella typhimurium(ATCC14028)strains were grown in Trypticase Soy Broth at 37<C
for 24 h. Lactobacillus rhamnosus F0533 isolated from human intestinal tract in our laboratory
were used in the study. The probiotic strains were routinely cultured under anaerobic
conditions on De Man-Rogosa-Sharpe (MRS) medium supplemented with 0.05% (w/v)
cysteine hydrochloride, which was sterilized at 121 <C for 20min.

HT-29 Cell Culture. The HT-29 cell was obtained from Harbin Medical University in
China and maintained in RPMI 1640 medium with 90% RPMI 1640(Sigma, St. Louis, MO,
USA), penicillin (50U ml- 1), streptomycin (50 pugml-1) and 10% foetal bovine serum (Sigma,
St. Louis, MO, USA) at 37<C in an atmosphere of 5% CO?2 air. The HT-29 cell were
incubated for 12 h at 37 <C in 5% CO2 atmospheric air and finally the cell were seeded at a
concentration of 5105 cells/well.

Screening the Probiotics Inhibiting the Growth of Pathogens.

For detection of antimicrobial activity, an agar spot test was used. Test cultures were spotted
(2 to 3 ml) on the surface of MRS agar containing only 0.2% glucose and 1.2% agar and
incubated anaerobically for 24 h at 30<C to develop the spots. The inhibitory effect of MRS
was tested as a negative control on each plate. A 100-ml volume of an overnight culture of the
indicator bacteria was mixed with 7 ml of soft agar (0.7%), using MRS agar for the lactic acid
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bacteria and brain heart infusion agar for the non-lactic acid bacteria, and poured over the
plate. The plates were incubated either anaerobically (lactic acidbacteria) or aerobically
(non-lactic acid bacteria) at 37 <C. After 48 h of incubation, inhibition zones were read.

Screening the Probiotics Inhibiting the Adhesion of Pathogens. Inhibition of
enteropathogen Salmonella by Lactobacillus rhamnosus F0533 from colonizing HT-29
cellline was studied by the following assays.After monolayers were washed twice with sterile
PBS buffer, the mixture of 1ml probiotics and pathogens suspension and 1ml RPMI 1640
mediumwere injected into each wells and cultured for 2 h at 37 <C. The pathogens suspension
was not incubated as the control. After incubation, monolayers were washed twice with sterile
PBS and afterwards the cells were lysed with 0.5% Triton X-100 in PBS. The number of
bacteria was determined by counting of CFU per milliliter.

Screening the Probiotics able to adapt to Intestinal Environmental. The tests were
performed in round-bottom microwell plates (Nunclon). A 200-ml volume each of MRS (pH
1.5, 2.0, 2.5), MRS containing 0.3% oxgall, or normal MRS, each inoculated with the test
bacteria at a level of 106 cells/ml, was tested in each of four wells. As a control, broth without
inoculationwas used. Changes in optical density at 620 nm (OD620) were measured
(Multiscan MCC 340; Labsystem) following 24 h of incubation at 37 <C. Survival under the
different conditions was tested after 4 h of incubation at 37 <C and plating of 100 ml onto MRS
agar.

In Vitro Adhesion Assay.For the adhesion assay, monolayers of the HT-29 cell were
prepared on glass coverslips placed in 6-well tissue culture plates. The HT-29 cell were
incubated for 12 h at 37 <C in 5% CO,-95% atmospheric air and finally the cell were seeded
at a concentration of 5x10°cells/well. After monolayers were washed twice with sterile PBS
buffer, the mixture of 1ml probiotics supernatant (1>10%cfu moft)and 1ml RPMI 1640
mediumwere injected into each well and cultured for 2 h at 37 <C. After washing three times
with PBS, monolayers were fixed in 10% formaldehyde for 2 h, dried in air, Gram-stained and
examined microscopically. Adherence index was expressed by calculating mean values of
adhesive bacteria per 100 cells of cell line in 10 random microscopic fields.

Identification of Screened Probiotic Strains Using 16S rDNA. The conservative and
polymorphous 16S rDNA were used to identify selected probiotic strains. All probiotics were
sub-cultured ina MRSC brothat 37 <C for 24 h. DN A stool Mini Kit (Solarbio, Beijing, China)
was then used to prepare the genomic DNA of the screened probiotics. PCR was performed
ina programmable thermal cycle. The universal 16S rDNA gene forward and reverse primers
were AGAGTTTGATCCTGGCTCAGG and ACGGCAACCTT GTTACG AGTT,
respectively. The reaction mixture (10ul) for PCR of'the 16S regions consisted of a reaction
buffer (0.8l ofeach DNTP;1ul PCR reaction buffer; 3.2ul sterile H,O; 5U/ml Tag ; 0.8ul of
MgCl, and 1plofeach primer). Each reaction was carried out for 5 minat 94 <C; 35 cycles of
1minat 94 <C, 30s at 55 <C, aninitial extension for 2 min at 72°C, and a final extension for 10
min at 72 <C. Reaction mixtures were subsequently cooled to 4<C. The PCR products were
then sent to the Sangon Biotech Co. Ltd (Shanghai, China) for sequencing of 16S regions.
Homology searches of the databases were done with the BLAST program
(http/Amww.ncbi.nim.nih. gov/BLAST).
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Results and Discussion

Screening the Probiotics Inhibiting the Growth of Pathogens. It was demonstrated
that the probiotic strains inhibited subsequent adhesion of pathogens to the HT-29 cell. Among
the selected strains, Lactobacillus rhamnosus FO533 showed a high probiotic potential and
could be used in health-promoting food productst.
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Figl Lactobacillus strains potentiates barrier function in HT-29 monolayers . HT-29 cells were exposed to
Lactobacillus rhamnosus F0533.

Screening the Probiotics able to adapt to intestinal Environmental. The number of
surviving cells was determined following incubation with low pH MRSC broths for 2 h by
plating them on MRSC agar medium. When MRSC broth was adjusted to pH 2 to simulate
low-pH conditions of human gastrointestinal tract, the enumeration of viable organisms was
shown in Table 1. Viable bacteria numbers declined about 2 log unit compared with those
before incubation (0 h).The effect of bile salt on cell growth was examined by adding oxgall
(Sigma, St. Louis, MO, USA) to a final concentration of 0, 0.30, 0.50% (w/v). The OD of
probiotics was measured at 600nm. According to Table 2, different concentrations of bile salts
could inhibit growth of lactobacillus, depending on the concentration of bile salts. It has been

reported that lactobacillus had distinctly different effects at 0.3% bile salts.
Table 1 Effecte of gastric juice on viability of strains(x 2SD, n =3)

Strains viability of strains (CFU/mL) Ig
pH 1.5 pH 2.0 pH 25

IN4224 5.3340.34a 7.2740.20bc 7.8640.07a

J5 6.08+0.21ab 7.7740.04d 8.3940.09b

LGG 5.4040.46a 7.2940.12bc 8.0740.08a
SB33 5.5140.45a 6.8640.23a 8.4340.07b

G15 5.4540.54a 6.8140.08a 8.4690.03b
IN4125 6.2140.48ab 6.91+40.09ab 8.4630.10b

M7 6.7240.3% 7.6040.07cd 8.3940.08b
F0533 6.2840.27ab 7.0040.13ab 8.4040.19b

Note: Values followed by different letters in the same column are significantly different (P<0.05)
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Table 2 Effecte of different concentrations of bile salt on growth of strains(x #SD, n =3)

Strains viability of strains (CFU/mL) lg
Control 0.3% 0.5%
IN4224 8.6210.03a 6.101+0.20a 5.64+0.11a
15 5.924+0.05b 7.2440.14b 6.45 £0.09b
LGG 5.90+0.04b 733+0.12b 6.05+0.08ab
5633 8.52+0.05a 6.78+£0.20ab 533+0.12a
Glo 9.07 £0.05c TA48+0.12c 6.46 =0.03b
IN4125 882 40.04ab T43L0.11b 6.46 £0.10b
M7 .67 +0.03a 7.53+0.17¢ 5.79+0.08a
FO533 5,88 £0.02ab 7.33£0.13b 6.40=0.19

Note: Values followed by different letters in the same column are significantly different (P<0.05)

In Vitro Adhesion Assay.Bacterial adhesion to intestinal cells was one of the most crucial
selection criteria for probiotic strains. Adherence capacities of the probiotics were performed
using HT-29 cells, a cell line used as an in vitro model for intestinal epithelium. In our study, the
viable adherent bacteria were measured by enumeration. The adherence index of probiotic
stains was about 110 adhesive bacteria per 100 cells. Gilliland et al. [13] stated that
Lactobacillus strains with highacid and bile resistance showed better growth and colonization
character in the small intestine than non-resistant strains.

Identification of Screened Probiotic Strains. Polymerase chain reaction (PCR) assays
and group-specific primers designed from the nucleotide sequences of the 16S rDNA were
used to identify the screened probiotic strains. According to the sequencing results, the three
strains FO533 appeared to be Lactobacillus rhamnosus based to 99% homology from a
BLAST search in NCBI.

i[ Lactobacillus rhamnosus strain IDCC 3201

Lactobacillus rhamnosus strain LP1

Lactobacillus rhamnosus strain LV108
40| —— Lactobacillus rhamnosus strain NT10

Lactobacillus sp. rennangilfy16
19 Lactobacillus sp. rennanqilfy10
87 ! Lactobacillus casei

Lactobacillus sp. rennangilfy15

— Lactobacillus paracasei subsp. paracasei
100 —— Lactobacillus paracasei strain L7
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Fig 2 Phylogenetic tree of Lactobacillus thamnosus F0533.
Summary

Lactobacilli have long been associated with beneficial effects in the human intestine, however,
the mechanisms underlying the benefits have not been sufficiently elucidated. Here, we
investigated the effects of Lactobacillus rhamnosus F0533 on HT-29 monolayers serving as
a model for the intestinal epithelial barrier. The strains varied in ability to tolerate acid and bile,
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adherence properties and cholesterol assimilation which indicate that selection of probiotics
has to be carefully undertaken.
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