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What are probiotics?
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Objectives: predict & explain
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Microbial probiotic properties?
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Probiotics = “bags of effector molecules”
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Shared probiotic functions = CORE
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Current focus = LAB
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Long history of safe use in fermented foods

https://swuyts.wordpress.com/

Lactobacillus: the most commonly
sequenced non-pathogenic ‘genus’
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Rationale for probiotic strain selection

animal models

human studies



Simplied overview health effects
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e.g. bile salt hydrolases

e.g. GABA

Lebeer et al., 2018



I         Check blogs
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Challenge probiotic properties

Core
proper-

ties

Strain-
specific

molecules

Probiotic
effect

12

A
B
C
D
…

1
2
3
4
…

Also absence of 
unwanted properties
(‘safety’)



My experience: LGG as model
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TOOLBOX

▪ Genome editing tools: mostly loss-of function mutants

▪ Biochemical tools: extraction & characterization of cell
surface & secreted molecules (EPS, pili, secreted (glyco) 
proteins

▪ Comparative genomics of lactobacilli

▪ Microbiome analysis mainly by 16S amplicon sequencing

▪ Array of phenotypic tests: niche adaptation, metabolism, 
adhesion, immunomodulation, formulation, etc.

▪ In vivo tests: mice models & human intervention studies 
(urogenital, skin & upper respiratory tract >< gut)



LGG : documented health benefits

▪ Promotion of gastro-intestinal health in children and 

adults

▪ Reduce respiratory infections in children

▪ Lower eczema risk in family with history

▪ Protect hospitalized patients against ventilator-

associated pneumonia

▪ Promote oral health

▪ Vaccine adjuvans (e.g. polio)

▪ ….
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Antimicrobial activity LGG
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Lactate

QS? AI-2?

Bacteriocins? • R-IVET: only in vivo?

Lectins

Secreted
enzymes & 

EPS



Gut microbiome modulation capacity
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LGG effector molecules → host cells
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+ EPS

Segers & Lebeer, 2014, MCF

Epithelial
interactionCpG DNA

TLR9



SpaCBA pili as important modulators
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Segers & Lebeer, 2014

GR-1



Presence of pili determines interaction
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IECs macrophages



Comparative genomics: how unique?
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SpaC presence in Lactobacillus ‘genus’
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What can we learn from LGG?

▪ Key effector molecules 
▪ Pili 

▪ Lactic acid

▪ Msp1/2, LTA, EPS, CpG DNA

+ highly robust strain= survives various stresses (e.g. formulation) >< vagina (GR-1)

▪ Causal molecules? Test mutants or molecules in humans
▪ E.g. spontaneous pili mutant (Prof. Willem de Vos)

▪ E.g. Msp2/p40 (Prof. Polk, Prof. Yan, USA)

▪ Crispr-Cas mutagenesis & other recombineering tools being implemented

▪ Validation in larger scale human studies
▪ Multi-omics approaches – holistic view – translation back to mechanisms

▪ Patient stratification, dosing, formulation, timing of intervention, ….
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Probiotic design
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Probiotic



Translation outside gut
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Lebeer et al., 2008, MMBR

ENT

vagina

skin
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