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Abstract: Using HT-29 cells in combination with a batch fermentation system that simulates human intestinal flora metabolism, the effects
of Streptococcus thermophilus S131 on the intestinal barrier, including mitigation of pathogen-induced intestinal damage, and its role in
promoting the growth of beneficial bacteria were assessed. Compared to control fermentations, cultures with S. thermophilus S131 increased
mucin (MUC2) relative mRNA levels 1.34 fold, and respective tight junction protein (ZO-1, ZO-2, claudin-1, and occludin) levels 4.59, 2.17,
5.81, and 4.25 fold. Inclusion of S. thermophilus S131 also ameliorated downregulation of these genes by enterotoxigenic £. coli (ETEC),
increasing respective expression levels 1.42, 6.28, 3.27, 5.03, and 4.79 fold relative to cultures exposed to ETEC alone. S. thermophilus S131
significantly suppressed ETEC-mediated increased inflammatory factor secretion by HT-29 cells, reducing IL-8 and IL-1/ levels from 821.79
and 2.22 pg/mL to 573.92 and 0.29 pg/mL, respectively. It also ameliorated ETEC-induced epithelial cell damage, increasing the cell
proliferation rate by 21.07%. S. thermophilus S131 also alleviated ETEC suppression of AQP-3 mRNA expression by 21%. qPCR assays
revealed that S. thermophilus S131 increased the relative abundance of Faecalibacterium and Bacteroides thetaiotaomicron in our in vitro
fermentation system, rescuing ETEC mediated suppression of Lactobacillus, Bifidobacterium, Bacteroides thetaiotaomicron, and

E[BEEW

BDESE AR S BRVLVE, S5 AR MR I A NS AV R T S131 o i fi e R Fs L[] AR & R, 2023,39(11):41-47

JIA Xiaomeng, LI Sitong, LU Jianghao, et al. Mechanistic insights into Streptococcus thermophilus S131 impact on intestinal health via in

Vitro fermentation studies [J]. Modern Food Science and Technology, 2023, 39(11): 41-47

Wiks BEA: 2022-11-15

HEWB: ARETSERRESIFREMAZ (06202103)

EHEEIN: TR (1992-), 5, MiLffRE, TR, MxAE: HERSAMEER, E-mail: jiaxm2018@163.com
BIEE: H1 (1984-), &, BRIREM, WRAE: EREESRE, E-mail: Yiting2268@163.com

41



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.11

Faecalibacterium. In conclusion, S. thermophilus S131 may promote intestinal health by strengthening the intestinal barrier, antagonizing

pathogen-induced damage, and regulating the intestinal flora.
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1.3.1 HT-29 @mftey3sic

WTE-80 CHEARIRVKAFE R ARA7I HT-29 i,
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1.3.2 S131 A ETEC #4325~

WEHGETRTA S131 M ETEC LA 3% (VW) R
BT MRS 55985, 37 ClEEEFRAH T,
HEAEAR 3 Pk, 2 3 AR3EFR 18 h LURE HEMIE )
Je RS AR P o 3 AR R 4 °C 5 000 r/min 250> 5 min,
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Table 1 Inoculation methods of each group during in vitro fermentation
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BB -3 LK (AQP-3) . B HERHER ART (ZO-1.
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Table 2 Primer sequences of RT-PCR
319 S (5-37)
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Fig.1 Effect of Streptococcus thermophilus S131 on mucin
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Fig.2 Effect of Streptococcus thermophilus S131 on tight
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Fig.5 HT-29 cell damage caused by ETEC antagonism by

Streptococcus thermophilus S131

2.6 EAEEIRE S131 XA % E W B

1o A FUAT 1 22 SUBHT ] E 2 J UL ) IR

ab b
sty 7,
Ea =
% 41 ab b §§ b a
TR
0 Control S1 3 E+S131
AbPEZA

[ 6 MEMAGETKE S131 M ABEAERARZNT
Fig.6 Effect of Streptococcus thermophilus S131 on beneficial
bacteria in intestinal tract

FUFFRATSUSAT B A A AR T e,  Aeisid 2

FWLEISCE M TE R . ZRWAR R (Faecalibacterium)
FelpiE T EER TR AR —, e B4R iE
FRASTFLRIIER], BRI AL RGP &
&, WS MR, FLEEVS. 1BS & IBD 3 I3
B BHR T PP, 2T (Bacteroides
thetaiotaomicron) 25101 i I G e FVE FRY
R, BERS TR TG EHE IR I R4 iiE S

45



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.11

ST IR AN I B G P R A 28 S AT
et 5E B PCR KRB S131 BENS I N SMobR 141 J A
Z AN BB IR 5, (ED0 LA B S RS AT B
JBHIAN F TR E . ETEC BEMK T R4
SO B 22 FEADURT 181 RN 2 0RO  EE
(RO FUAF R R AR FE FETE R R . 34b, S131
FHiksE T ETEC MM A HE . ST HE. £
TEALAT R AN SR I B R PRI, A R I 7K
K S131 Re I niniE A il w, H9W ETEC &
R TEA i b AR KA

3 Zig

AW FE L HT-29 20055 1V o AR 7t B
WRGAALGE G, L T VEIBEERTE S131 X ik it i
e . X ETEC i s didE F Kok i iE
A2 B IR . 45 R S131 AT BEiE i 4 o
HT-29 4HARIIZEE A RIAAEZEBM I T 2O R
NSRAEHT ETEC X b e 4 fdidiads, [Em %t ETEC
i ) HT-29 4l AQP-3 ik N i th AEE 2 — 2 1)
GEfRAE R . SI131 M0 1 SRR 1R J& A1 22 TR AU 181 (1)
FIXF T, FfikE T ETEC & 1A 25 B R PG
R S131 BANRGIE . HEPUE0NE BRI
I E AR J1. AW FUR i E AR S M E
REER G HT-29 AHAHSE & 1 RES e — e FE S
S WL B R T 0] i (g R R %, (H AR B
FHATL 34 75 58 P24 1R B A7) S B R R BTF FE R SGHIE -

(1] SREAL BRVLEL B, 45 i L B AR S R R B
P B R IR Tt Fre 7). i Tk AH,2021,42(4):369-379.

[2] Libertucci J, Young V B. The role of the microbiota in
infectious diseases [J]. Nature Microbiology, 2019, 4(1): 35-45.

[3] Van Der Hee B, Wells J] M. Microbial regulation of host
physiology by short-chain fatty acids [J]. Trends in
Microbiology, 2021, 29(8): 700-712.

[4] Wang L, Wang L, Tian P, et al. A randomised, double-blind,
placebo-controlled trial of Bifidobacterium bifidum CCFM16
for manipulation of the gut microbiota and relief from chronic
constipation [J]. Food & Function, 2022, 13(3): 1628-1640.

(5] JeREIURN, VLA P 55, 55, ot A T 7R A Ml g N B A 45
M EEACPIB AL I]. B i L 42,2018,39(13):133-143.

[6] Szajewska H, Kotowska M, Mrukowicz J Z, et al. Efficacy of
Lactobacillus GG in prevention of nosocomial diarrhea in
infants [J]. The Journal of Pediatrics, 2006, 138(3): 361-365.

[71 Evansm, Salewski R P, Christman M C, et al. Effectiveness

46

[10]

[15]

[16]

[17]

(18]

[19]

[20]

of Lactobacillus helveticus and Lactobacillus rhamnosus for
the management of antibiotic-associated diarrhoea in healthy
adults: A randomised, double-blind, placebo-controlled trial
[J]. British Journal of Nutrition, 2016, 116(1): 94-103.

HRAES BI BT B NXU--19004 KREIRCHH RS AHRAL
e/ AT AA ) S FI B FE[D] AR 1 7 K #,2021.
Castro-Mejia J L, O'ferrall S, Krych S, et al. Restitution of gut
microbiota in Ugandan children administered with probiotics
(Lactobacillus rhamnosus GG and Bifidobacterium animalis
subsp. lactis BB-12) during treatment for severe acute
malnutrition [J]. Gut Microbes, 2020, 11(4): 855-867.
Nobutani K, Sawada D, Fujiwara S, et al. The effects of
administration of the Lactobacillus gasseri strain CP2305 on
quality of life, clinical symptoms and changes in gene
expression in patients with irritable bowel syndrome [J].
Journal of Applied Microbiology, 2017, 122(1): 212-224.
Palumbo Vd, Romeo M, Marino Gammazza A, et al. The
long-term effects of probiotics in the therapy of ulcerative
colitis: A clinical study [J]. Biomed Pap Med Fac Univ
Palacky Olomouc Czech Repub, 2016, 160(3): 372-377.
FLARLBMAR, B, 55 G B ER R /N B A0 55 )
W FTRE L], B 2 S i B AR I #417,2019,10(2):284-290.
R 2828 0, T 55 S NS [RIB BU T8 1 b LA
ZE ST FLLT]. B s R0 5244 75,2019,28(3):276-281.
TRAKH, R BRI, 55 B R LT T AE W AR S RRBR A T
xF HT-29 2 A5 R A =TR[], & R24,2020,41
(19):197-197.

P, ST, 716, 5 UBCRT B A IR LG N AR (K B i 1 15
TERIBEFE[]. Bt FH,2021,43(6):7-13.

Fooks L J, Gibson G R. Probiotics as modulators of the gut
flora [J]. British Journal of Nutrition, 2002, 88(S1): 39-49.
RYF- S TE 0 i R YT AR JE (D] B
FAER#,2017.

Johansson M E, Hansson G C. Immunological aspects of
intestinal mucus and mucins [J]. Nature Reviews
Immunology, 2016, 16(10): 639-649.

IR T8, WA 6, S R M R M e R e B G i PR AG
[J]. EAME (AR50 0,2004,31(10):415-418.
Bjarnason I, Macpherson A, Hollander D. Intestinal
permeability: An overview [J]. Gastroenterology, 1995,
108(5): 1566-1581.

KR IR 06 5% 58, 55 LR AT T 42 R 45 i 5 s Th e
FIFE ). A E & A EE,2012,39(9):5.

Peng L, Li Z, Green R S, et al. Butyrate enhances the

intestinal barrier by facilitating tight junction assembly via



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.11

(23]

[24]

[27]

(28]

[30]

(31]

[32]

[34]

activation of AMP-activated protein kinase in Caco-2 cell
monolayers [J]. Journal of Nutrition, 2009, 139(9): 1619.

K i, R B0 T R R R T T L
WFIE[]. B b5 R P 37,2006,13(4):237-239.

Sawada N, Murata M, Kikuchi K, et al. Tight junctions and
human diseases [J]. Medical Electron Microscopy, 2003,
36(3): 147-156.

Wu Y, Zhu C, Chen Z, et al. Protective effects of
Lactobacillus plantarum on epithelial barrier disruption
caused by enterotoxigenic Escherichia coli in intestinal
porcine epithelial cells [J].
Immunopathology, 2016, 172: 55-63.

De La Fuente-Nunez C, Meneguetti B T, Franco O L, et al.

Veterinary Immunology &

Neuromicrobiology: How microbes influence the brain [J].
ACS Chemical Neuroscience, 2017, 9(2): 141-150.

8 AN F LR e 2 AT v P S S IS 1 22
A F R WL 72 (D). JE 8- B K 2#,2021.

Boucher H W, Talbot G H, Bradley J S, et al. Bad bugs, no
drugs: No eskape! An update from the infectious diseases
society of america [J]. Yearbook of Surgery, 2009, 48(1): 1-12.
PRI, Z Ve PR, 55 AEIFUAT I 35 X KT A
RN HT-29 F 2 B R R A= e A A PR FRO i
.0 & R, 2017,33(3):14-21.

Candela M, Pema F, Carnevali P, et al. Interaction of
probiotic Lactobacillus and Bifidobacterium strains with
human intestinal epithelial cells: Adhesion properties,
competition against enteropathogens and modulation of I1L-8
production [J]. International Journal of Food Microbiology,
2008, 125(3): 286-292.

Lee J S, Awji E G, Lee S J, et al. Effect of Lactobacillus
plantarum CJLP243 on the growth performance and cytokine
response of weaning pigs challenged with Enterotoxigenic
Escherichia coli [J]. Journal of Animal Science, 2012, 90(11):
3709-3717.

Yoda K, He F, Kawase M, et al. Oral administration of
Lactobacillus = gasseri TMCO0356 stimulates peritoneal
macrophages and attenuates general symptoms caused by
Enteropathogenic Escherichia coli infection [J]. Journal of
Microbiology, Immunology and Infection, 2014, 47(2):
81-86.

Li X, Zhu Y, Zhang H, et al. Risks associated with high-dose
Lactobacillus rhamnosus in an Escherichia coli model of
microbiota and immune

diarrhoea: Intestinal

piglet
imbalances [J]. Plos One, 2012, 7(7): e40666.

King L S, Kozono D, Agre P. From structure to disease: The

[35]

[39]

[40]

[43]

[44]

evolving tale of aquaporin biology [J]. Nature Reviews.
Molecular Cell Biology, 2004, 5(9): 687-698.

Gallardop, Cid P, Vio C P, et al. Aquaporin-2, a regulated water
channel, is expressed in apical membranes of rat distal colon
epithelium [J]. American Journal of Physiology Gastrointestinal
& Liver Physiology, 2001, 281(3): G856-G863.

Matsuzaki T, Tajika Y, Ablimit A, et al. Aquaporins in the
digestive system [J]. Acta Academiae Medicinae Militaris
Tertiae, 2005, 37(2): 71-80.

Ikarashi N, Kon R, lizasa T, et al. Inhibition of aquaporin-3
water channel in the colon induces diarrhea [J]. Biological
and Pharmaceutical Bulletin, 2012, 35(6): 957-962.

Wu T, Shiy, Zhang Y, et al. Lactobacillus rhamnosus LB1
alleviates enterotoxigenic Escherichia coli-induced adverse
effects in piglets by improving host immune response and
anti-oxidation stress and restoring intestinal integrity [J].
Front Cell Infect Microbiol, 2021, 11: 724401.

Garcia M A, Nelson W J, Chavez N. Cell-cell junctions
organize structural and signaling networks [J]. Cold Spring
Harbor Perspectives in Biology, 2018, 10(4): a029181.

Von Mentaer A, Connor T R, Wieler L H, et al. Identification
of Enterotoxigenic Escherichia coli (ETEC) clades with
long-term global distribution [J]. Nature Genetics, 2014,
46(12): 1321-1326.

Isidean S D, Riddle M S, Savarino C K, et al. A systematic
review of ETEC epidemiology focusing on colonization
factor and toxin expression [J]. Vaccine, 2011, 29(37):
6167-6178.

Heinkena, Khan M, Paglia G et al. Functional metabolic Map
of faecalibacterium prausnitzii, a beneficial human gut
microbe [J]. Journal of Bacteriology, 2014, 196(18):
3289-3302.

Lopez-Slies M, Duncan S H, Garcia-Gil L J, et al
Faecalibacterium  prausnitzii:  From microbiology to
diagnostics and prognostics [J]. International Society for
Microbial Ecology, 2017, 11: 841-852.

Zocco M A, Ainorame, Gasbarrini G, et al. Bacteroides
thetaiotaomicron in the gut: Molecular aspects of their
interaction [J]. Digestive and Liver Disease, 2007, 39(8):
707-712.

Hsiehs, Porter N T, Donermeyer D L, et al. Polysaccharide
capsules equip the human symbiont Bacteroides
thetaiotaomicron to modulate immune responses to a

dominant antigen in the intestine [J]. Journal of Immunology,

2020, 204(4): 1035-1046.

47



