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Protection mechanism of probiotic combination against
human pathogens: in vitro adhesion to human intestinal
mucus
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In this study we evaluated the ability of commedraitrains {. rhamnosusGG, L. rhamnosud.C705, and P.
freudenreichii ssp. shermaniiS) in combination wittB. breve99 or B. lactis Bb12 to inhibit, displace and
compete with model pathogens in order to test tlfiluence on the adhesion of selected pathogens to
immobilized human intestinal mucus. Our results destrate that specific probiotic combinations aloée &o
enhance the inhibition percentages of pathogenssimito intestinal mucus when compared to indizidtrains.
This suggests that combinations of probiotic staime useful and more effective in inhibition ofthmmen
adhesion than individual strains. Such combinat&imsuld be assessed in clinical studies in subjebtye the
intestinal microbiota aberrancies have been identif
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Introduction

The protective role of probiotic bacteria againsstga microbiota and the specific probiotics included éach
intestinal pathogens and the underlying mechan@mof preparation. However, few studies are available tioa
interest when new targets for probiotics are idiwti adhesion interactions of probiotics combination tire
Mainly single probiotic strains have been used iman intestinal mucus systeMThus we hypothesized that com-
interactions but researching probiotic combinatiovith  binations of adherent probiotic strains will infhee the
added benefits is actively assessed. The most éxtengpathogens adhesion to the human intestinal mudther e
studies and clinical applications of probiotics éaween enhancing or decreasing the adhesion and that figpeci
related to the management of gastrointestinal fities probiotics should be assessed and selected based/itn
caused by pathogenic microorganisms on inflammatotgsts to interact together for particular targé&tse aim of
microbiota aberrancies. The development of adjuvant this study was to assess the adhesive propertigsthan
alternative therapies based on bacterial replaceri®en abilities to inhibit the adhesion, to displace amdompete
considered important due to the rapid emergence with pathogens of. rhamnosussG,L. rhamnosus.C705,
antibiotic-resistant pathogenic strains and the essly B. breve 99, B. lactis Bb12 andP. freudenreichii ssp.
consequences of antibiotic therapies on the pigtectshermaniiJS strains alone or in different combinations
microbiota.! using the human intestinal mucus modéf®

Research using single probiotic strains ha®nbe
reported earlier but at present probiotic combaratiwith
possibly additional health benefits are being asxbprior Materialsand Methods
to use in clinical studies. At present, only a fegientific Bacterial strains and culture conditions
reports on the effects of probiotic combinationsee arThe lactic acid bacteria (LAB) strains used in teiady
available>® The best known probiotic combinationwere Lactobacillus rhamnosussG (ATCC 53103),L.
consisting of a mixture of eight lactic acid batkspecies rhamnosus LC705 (DSM 7061),B. breve 99 (DSM
(VSL#3) analyzed has been reported to be effective 13692), B. lactis Bb12 (DSM 1014] Propionibacterium
several human diseasés. However, the mechanisms offreudenreichiispp.shermaniiJS (DSM 7067). The pathogens
action have not been clarified.

The ability to adhere to the gastrointestimalcosa and Correspondence address: Maria Carmen Collado, Functional
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Figure 1. Inhibition of pathogen adhesion regarding toibiiton, displacement and competition with. rhamnosusGG, L.
rhamnosug.C705,B. lactisBb12 andPropionibacterium]S combination. Results are shown as media * sthun@aiation. Controls
(pathogen adhesion alone without probiotic comimmapresence) were taken as 0%.

pathogen strains used weBacteroides vulgatubSM  Adhesion assays to human mucus
1447, Clostridium histolyticumDSM 627, C. difficle = Human intestinal mucus was collected from the hgalt
DSM 1296,Escherichia coliK2, Listeria monocytogenes part of resected colonic tissue as previously desdr
ATCC 15313,Salmonella entericaerovar Typhimurium and was dissolved (0.5 mg/mtotein) in HEPES-Hanks
ATCC 12028 Staphylococcus aureidSM 20231. buffer (HH; 10 mM N-2-hydroxyethylpiperazinéy-2-
For assays, lactobacilli were cultured in MB®th, ethanosulphonic acid, pH 7.4) and 3000f the mucus
bifidobacteria in MRS with 0.05% w/v cysteine-HCI, were immobilized on polystyrene microtitre plateliae
propionibacteria and pathogens were grown in GifuMaxisorp, Nunc, Denmark) by overnight incubatian a
anaerobic medium (GAM Nissui Pharmaceutical, Tokyo4 °C. The adhesion assessment was carried out as pre
Japan). All microorganisms were metabolically laddby ~ viously described® Adhesion was calculated as the
addition to the media of 4@/ml tritiated thymidine (5- percentage of radioactivityecovered after adhesion
®H-thymidine 120 Ci/mM; Amersham Biosciences, UK) relative to the radioactivity of thbacterial suspension
and they were incubated for overnight at 37°C undeadded to the mucus.
anaerobic conditions (10%,H10% CQ, and 80% N
Concept 400 anaerobic chamber, Ruskinn Technologynhibition of pathogen adhesion to intestinal mucus
Leeds, UK). Then, radiolabelled bacteria were hdeges To test the ability of the probiotic combinationsinbibit
and washed twice with PBS buffer (130 mM sodiumthe adhesion of pathogens, the procedure deschliged
chloride, 10 mM sodium phosphate, pH 7.2). Absockan Colladoet al,*> was used. The inhibition was calculated
(Asoonmy Was adjusted to 0.25+0.05 to standardize theas the difference between the adhesion of the gathin
bacterial concentration (1@FU/ml approximately). Pro- the absence and presence of probiotic combinations.
biotic combinations were made by mixing equal ant®un Inhibition was determined in three independent expe
of each probiotic strains. ments and each assay was performed in triplicate.
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Figure 2. Inhibition of pathogen adhesion regarding toibitton, displacement and competition with. rhamnosusGG, L.
rhamnosud.C705,B. breve99 andPropionibacteriumlS combination. Results are shown as media + stamtdaiation. Controls
(pathogen adhesion alone without probiotic comibomapresence) were taken as

Displacement of pathogens adhered to intestinal mucus Results
The ability of the studied probiotic strains to dé® In vitro adhesion assay to intestinal human mucus
already adhered pathogens was assessed accordingAlib probiotic strains tested were able to adhereirto
Colladoet al*? Displacement of pathogens was calculatedestinal mucus. The percentages expressed as m®Bn +
as the difference between the adhesion after téi@ad  were 20.0% + 2.0 fok. rhamnosussG, 1.2% + 0.7 for
of the probiotic combinations and the correspondind.. rhamnosu4.C705, 0.9% + 0.5 foP. freudenreichiiJS
control buffer. At least three independent experita and 2.5% * 0.3 foB. breve99. The most adhesive
were carried out. Each assay was performed indaf@i strains wasL. rhamnosusGG (20.0%) while the less
to calculate intra-assay variation. adhesive strain waP. freudenreichii JS (0.9%). With
regard to the pathogenic bacteia,coli K2 showed the
Competence between pathogens and probiotic strainsto  highest adhesion value (13.8%), while the othehgat
adhere to intestinal mucus gens tested showed adhesion values ranging from 4.6
Competitive exclusion of the pathogens by testemt pr to 12.6%. The less adhesive pathogens werte
biotics was determined as described previotfslgom-  monocytogenesATCC 15313 andSalmonella enterica
petitive exclusion was calculated as the percentsge serovarTyphimurium ATCC 12028that just showed a
pathogens bound after the combination with probioti 0.5% and 0.6% of adhesion to human intestinal mucus
combinations relative to pathogens bound in themdes respectively.
of LAB (control).
I nhibition of pathogen adhesion to intestinal mucus
Statistical analysis The inhibition of the adhesion of pathogenic micro-
Statistical analysis was done using the SPSS 1dftd s organisms by the assessed probiotic combinatiors wa
ware (SPSS Inc, Chicago, IL, USA). Data were subgbct dependent on the each probiotic strain and theogath
to one-way ANOVA. assayed (Fig. 1 & 2). Probiotic combinations wadnke to
significantly inhibit <0.05) the adhesion of all model
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pathogens in this studyBacteroides vulgatuswere
inhibited in 15.0-15.4%Clostridium histolyticunin 12.0-
23.9%,Clostridium difficilein 2.0-26.6% Staphylococcus
aureus (8.6-30.1%). Salmonella enterica serovar
Typhimurium was inhibited by all combinations in 1.0.
45.3% and_isteria monocytogendaa 13.6-47.1%. Thé.
rhamnosusLGG, L. rhamnosusLC705, B. lactis Bb12
and P. freudenreichii JS combination was able to
significantly inhibit @ >0.05) the adhesion of other
pathogens expedE. coli K2. The best combination to
inhibit pathogen adhesion wds. rhamnosusGG, L.
rhamnosud.C705, B. breve99 andP. freudenreichiiJS
combination because it was able to inhibit all pgéns
tested in higher percentages than the other comina
with B. lactisBb12.

Displacement of pathogens adhered to intestinal mucus

to be an important property of probiotic bactesahins
and their combinationg:*°

It can be hypothesized that a combinationrobjptic
strains may complement each other's effects orawgor
benefits or properties’ We hypothesized that com-
binations of well-known probiotic strains d. lactis
Bb12 andL. rhamnosusGG, will influence pathogen
adhesion in the human intestinal mucus, either mcihg
or decreasing their adhesion. The objective of shisly
was therefore to determine if the chosen probiatiche
combinations tested may increase or enhance ehehst
beneficial properties and their potential applicas in
clinical studies. All probiotic strains includeddatested
in this study have documented health effects asal, #he
combination of the four straifié.All these strains tested
were found to adhere well in the model system; igis
agreement with earlier observatidd®?* The adhesion

Results of pathogen displacement by commercial prolevels of the tested commercial probiotic straimeveed a

biotic strains are showed in Figure 1 and 2. Buoth
biotic combinations were able to displace signifitya (P
<0.05) Bacteroides vulgatug38.6-55.3%),Clostridium
histolyticum (19.1-35.8%), Clostridium difficile (20.8-
49.5%), Staphylococcus aureus (28.3-31.0%),
Escherichia coli K2(43.0-48.0%),Salmonella enterica
serovar Typhimurium (44.3-54.6%) and Listeria

great variability depending on the strain, specied ge-
nera. All combinations of four probiotic strainssted
were able to reduce the adhesion of all pathogamstto
intestinal mucus.

The ability to exclude and displace pathogéom
mucus by specific probiotic strains has been regoit
other studie$?>*but few studies with probiotics com-

monocytogene$25.5-48.0%). The best combination to binations have been relatedinterestingly, all the patho-

displace the pre-adhered pathogens Wwaghamnosus
GG, L. rhamnosus LC705, B. breve 99 and P.

freudenreichii JS combination because it was able toadhered a 0.5%

displace all pathogens tested in the highest ptages.

Competition between pathogens and probiotic com-
binations to adhere to intestinal mucus

Results of competitive exclusion studies betweethga
gens and probiotic strains are presented in Fifjued 2.

gens tested showed a high adherence to intestmalisn
with the exception oListeria monocytogenethat only
andSalmonella enterica serovar
Typhimurium ATCC 12028 that show only 0.6% of
adhesion to mucus. These results suggest thathéney

the capacity to bind the intestinal mucus, whicluldo
assist the pathogens in the invasion into the human
intestinal mucosa. In this context, to find apprai
probiotic microorganisms with the ability to prevehe

All probiotic combinations were able to compete-sig adhesion of these pathogenic bacteria is impor&md,
nificantly (P <0.05) for mucus sites with all pathogen also, to test new potential probiotic combinatiamish

strains testedBacteroides vulgatusvas inhibited from
25.9% to 35.7% by probiotic combinatio@lostridium
histolyticum inhibition ranged from 20.7 to 44.4%,
Clostridium difficile inhibition from 42.7 to 45.0%,
Staphylococcus auredsom 25.4 to 45.3%Escherichia
coli from 44.3 to 48.2%,Salmonella entericaserovar
typhimurium from 42.6 to 57.3% and Listeria
monocytogenesetween 52.2-58.8%.

Discussion

Our results are among the first to compare itheitro
properties and competitive exclusion abilities dfedent
probiotic combination. Probiotic bacteria selectfd

synergistic in vitro properties would be important.

The ability to inhibit the adhesion of pathnge
appears to be dependent in both, the probiotic com-
bination and the pathogen tested, indicating a Vegi
specificity and requiring identification of the pagens or
related microbiota aberrancies involved in the b
target population. The displacement of pre-adhered
pathogens was also found to be probiotic combinatitd
pathogen dependent and as in the case of thetiohiloif
pathogen adhesion no direct correlation was found
between adhesion of commercial probiotics straind a
displacement of pathogen. Nevertheless, adhesiemsse
to be one of the factors implied. The displacenmnt

commercialuse in foods and in therapeutics must retairfiles were different from those observed for thiailition

the characteristider which they were originally selected.

of pathogens. These results, together with previous

101117 Bacterial adhesion is a complex process involvingobservation§'?? appear to confirm that different mecha-

contact between the bacterial cell membrane aref-int
acting surfaces. In addition, adhesion to differantosal
surfaces, such as gastrointestinal, urogenitalrasglira-
tory tracts, is regarded a prerequisite for prabioticro-
organisms, allowing the colonization, although siant,
of the human intestinal trdétut also, it is an important
step in pathogenic infection. Thus, the ability there to
epithelial cells and mucosal surfaces has beenestemg)

nisms are implied in both phenomenalso, no relation
was found between the results obtained for the sidhe
inhibition and displacement of pathogens, sugggstis
that different mechanisms could be implied in bptb-

cesses.

We were able to demonstrate that both comibinsit
had improved synergistic properties against paheg
than the individual strairfS. However, the combination
with better properties against the model pathogens
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garding to inhibition, displacement and competitimha- 6.
viors wasL. rhamnosus$sG and LC705B. breve99 and
PropionibacteriumlS.

Probiotic combinations that inhibit and disggatho-
gens may be excellent candidates to use in fermenii&
products. Our results demonstrate that all prabimim-
binations tested in this study showed good procblotl
characteristics but it is important to take inte@mt the
high specificity of these in order to select thethsrain
combinations to prevent or treat infection by acspe
pathogen. This would allow the development of nes¥ p 8.
biotic combinations for specific diseases causedsisr
cific pathogens and they could be useful in thew-p
vention or treatment. Our results suggest thatpoissible
that these combinations could increase the beaéfici?
effects in the health regarding to their pathogaitsesion
inhibition properties and their influence in theoloni-

zation. It could be suggested that combinations of
different probiotic strains may be more effectimen vivo 14
than monostrain probiotics, and there are alsorathe
ports that demonstrate thispothesi€®>?’ The results
report a high specificity in the inhibition of tllhesion 11.

and displacement of enteropathogens by different pr
biotic strain combinations, belonging to differeggnus
and species, indicating the need of a case-by-alzs@ac-
terization of these combinations. However, it mbst
taken into account thanh vivo studies are necessary to
confirm their potential effect prior to introducinguch

S L . . 13.
combinations to clinical intervention studies.
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