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MICROBIOTA PLASTICITY

THE INDIVIDUAL MICROBIOTA COMPOSITION CONTINUOUSLY CHANGES IN 

RESPONSE TO EXTRINSIC AND INTRINSIC VARIABLES

DIET

HOST GENETICS

MICROBIOTA 

MAKE-UP

GIT ENVIRONMENT
(inflammation-disease) 

ENV. FACTORS
(env. microbes-geography-climate 

sanitization-medication) 

AGE

IN A MUTUALISTIC CONTEXT, THE PLASTICITY OF THE HUMAN MICROBIOTA GUARANTEES A RAPID 

ADAPTATION OF THE SUPER-ORGANISM IN RESPONSE TO DIET CHANGES, AGE, ETC

there is a strong selection towards a readily changeable individual microbiome profile



MUTUALISM BREAKDOWN

RUPTURE OF THE GM-HOST MUTUALISTIC AGREEMENT AND 

COMPROMISED HOST ENERGY BALANCE AND IMMUNE 

HOMEOSTASIS  

Switch-like behavior, making sudden jumps from 

different steady states  

MUTUALISM 

ABNORMAL 

DIETARY INTAKE

INFLAMMATION

INFECTION

IMMUNE 

DEREGULATION

ANTIBIOTIC 

INTAKE

the GM is a multistable system with a variable fraction at 40% of the total community

n different compositional layouts



COMMON TRAITS OF DYSBIOSIS

• Reduction of SCFA producing bacteria (butyrate producers such as 

Faecalibacterium, Roseburia, Lachnospiraceae, Eubacterium)

• Increased mucus degradation potential by abnormal mucin degraders 

that displace Akkermansia

• Reduced hydrogen and methane production combined with increased 

hydrogen sulphide production. H2S is toxic for the epithelium

• Increase in abundance of bacteria with LPS endotoxins 

(Proteobacteria) that can drive inflammation

• Increased potential to manage oxidative stress, i.e. microbes became 

able to proliferate in close vicinity to the epithelium 

Le Chatellier et al., Nature 2013



IMMUNOLOGICAL DISREGULATION 

ASSOCIATED WITH MICROBIOTA DYSBIOSIS 

Opportunistic 

pathogens
Health 

promoter 

bacteria 

(butyrrate 

producers) 
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SCFA POSSESS A KEY MULTIFACTORIAL ROLE IN 

METABOLIC HOMEOSTASIS

ENERGY 

SOURCE FOR 

COLONOCYTES

 peptide Pyy expression (2): inhibition of gut motility; increase of 

intestinal transit rate; reduction of energy harvest from diet 

 glucagon-like peptide 1 expression (3): increase of insulin sensitivity

 intestinal gluconeogenesis activation (5): favors glucose control

 expression of fasting-induced adipose factor (6): favors fat storage

 suppression of insulin signaling in adipose tissue (4)

Tilg et al., Gut 2014, Koh et al., Cell, 2016

5-15% of the total energy required



SCFA POSSESS A KEY MULTIFACTORIAL ROLE IN 

REGULATION OF THE HOST IMMUNE FUNCTION

 development of colonic and extrathymic Treg

 regulation of bone marrow hematopoiesis

 regulation of dendritic cell function

Immune homeostasis

Tilg et al., Gut 2014, Koh et al., Cell, 2016



SIDE PRODUCTS FROM GM PROTEIN 

FERMENTATION

METHYLAMINESPHENOLIC AND INDOLIC 

METABOLITES

(indoles; p-cresol; phenols; 

phenylacetic acid)
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AND 

DIABETES 
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IMPACT ON HOST PHYSIOLOGY OF THE 

GM ADAPTATION TO FAT

H2S
SECONDARY 

BILE ACIDS

DIETARY FATS BILE ACIDS 

BIOACTIVE 

COMPOUNDS

INCREASE OF 

TRANSEPITHELIAL 

PERMEABILITY

INFLAMMATION 

IN THE GUT

reabsorption and 

MODULATION OF FXR 

AND TGR5 RECEPTORS 

REGULATION OF DIETARY 

FAT ABSORPTION

OBESITY, TYPE II DIABETES

PRO-INFLAMMATORY 

DYSBIOSES OF GM



INFLAMMATION AND DYSBIOSIS

A non-controlled pro-inflammatory pathway can dramatically impact 

on the composition of the intestinal microbiota

SUSCEPTIBLE HOST

- GENETICS

- ENV. FACTORS 
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MICROBIOTA 
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GUT MICROBIOTA-ASSOCIATED 

DISORDERS

• Nutrition related disorders (obesity, type 2 diabetes, 

metabolic syndrome)

• Inflammatory bowel diseases (UC and CD)

• Functional bowel disorders (IBS)

• Systemic complications of decompensated liver 

disease 

• Cardio-vascular diseases 

• Atopy/allergy

• Colo-rectal Cancer

• Neuro-developmental conditions (autism, depression)

• Arthritis



HOW TO ANALYZE THE GUT 
MICROBIOTA?



FIRST STEP 

OBTAIN TOTAL BACTERIAL DNA 

DNA from all bacteria present 

in a sample (feces, but also 

ileal content or biopsy) need 

to be recovered



95°
C

Feces lysis buffer

Supernatant + 

ammonium 

acetate

Supernatant + 

Isopropanol

in ice

High 

speed 

centrifuge

DNA PELLET

To be purified

DNA EXTRACTION FROM GUT SAMPLES

LAB PROCEDURE



16S BACTERIAL SMALL SUBUNIT rRNA 

GENE-BASED SURVEY OF THE GUT 

MICROBIOTA

- Conserved regions allow the amplification of the 16S gene of ALL present bacteria

with a unique PCR reaction

- Hypervariables regions allow to trace the species from whom they were amplified.

LAST 5 YEARS: 

WIDESPREAD (AND PROGRESSIVELY DECREASING COST) 

OF NEXT GENERATION SEQUENCING 



NEXT GENERATION SEQUENCING

«SEQUENCING» MEANS TO OBTAIN THE SEQUENCES OF ALL THE DNA 

MOLECULES IN THE AMPLICON LIBRARY

Bacterial community Amplicons library



You need a 

bioinformatician!



distance 

matrix
PCA-PCoA

NEXT GENERATION SEQUENCING

β-diversity

between subjects 

α-diversity

within subjects 

compositional 

differences

diversity 

index

analysis of 

variance 

rarefaction  

box plots 

- Possibility to sequence even 100 samples per run

- Obtain a large amount of infos simultaneously, thanks to BIOINFORMATICS

similarities
correlation

matrix clustering 



MICROBIOTA MOLECULAR 

ASSESSMENT 

16S rDNA
next generation 

sequencing 
whole genome

OTU composition

phylogenetic 

structure 
rel. ab. of 

community 

members 

metagenome 

sequence

rel. ab. of 

community

gene pathways



STANDARDIZED DIAGNOSTIC 

TOOLS TO PROFILE THE 

MICROBIOTA AND CHARACTERIZE 

DYSBIOSIS: 

DEVELOPMENT OF A DYSBIOSIS 

INDEX SCORE



IDENTIFICATION OF MICROBIOTA 
SIGNATURES

Disease 

associated 

typical profile

Health 

associated 

typical profile

MATHEMATICAL (AND STATISTICAL) ELABORATION OF INDEXES TO 

CLASSIFY THE CONTRIBUTION OF A SPECIFIC PROFILE TO THE RISK 
OF DEVELOPING/CONSOLIDATING DYSBIOSIS



GA-MAP DYSBIOSIS TEST 

Deviations in human gut microbiota: a novel diagnostic test for determining 

dysbiosis in patients with IBS or IBD

Casen et al., Aliment Pharmacol Ther. 2015 



REDUCE COMPLEXITY
FOCUSING ON ESSENTIAL FUNCTIONS

- Short chain fatty acid production

- H2S production

- LPS production

- Proteolytic activity

- Mucolysis

FROM COMPOSITION TO FUNCTION (NGS)



DYSBIOSIS FEATURES AND RISK

Patient 

profile

CALCULATION OF THE SPECIFIC INDEX CONTRIBUTION TO DYSBIOSIS

Normal

Normal

Decreased

Missing

Missing

Normal

Increasing





WHAT CAN WE DO FOR A DYSBIOTIC 
MICROBIOTA?

Altered profile Phylogenetic characterization

Personalized intervention strategy

Changes towards a healthy-like profile



IDENTIFICATION OF APPROPRIATE 
DIETARY INTERVENTION

Bacterial groups associated to increased/decreased 
consumpion of certain foods are identified



DIETARY INTERVENTION TO COUNTERACT DYSBIOSIS 

diet regulates microbiota composition and metabolic output with a

final impact on host physiology

SACCHAROLYTIC

METABOLISM

PROTEOLYTIC 

METABOLISM
FAT

ADAPTATION 

highly diverse community of 

polysaccharide-degrading 

Bacteroidetes and

Clostridia establishing 

syntrophy in the gut

low diverse community 

enriched in specialized 

proteolytic 

Alistipes and Clostridia

selection of a low diverse 

community made of bile resistant

Erysipelotrichi,

Bilophila wadsworthia, 

Enterobacteriaceae

H2SSECONDARY 

BILE ACIDS

SCFA

BCFA
METHYLAMINES

PHENOLIC AND 

INDOLIC 

METABOLITESSCFA

Health 

promoting 
Disease 

associated 

amino acids animal fat

CH4SUCCINATE 

complex 

polysaccharides 



DIET AND DYSBIOSIS:

THE MULTIPLE HIT HYPOTHESIS  

Sonnenburg and Sonnenburg. Cell Metab. 2014

The transition from rural communities to modern urban societies 

involve the progressive loss of gut microbiome species  



Faecalibacterium prausnitzii

Roseburia

Bacteroides

NEXT GENERATION PROBIOTICS



‘Non digestible food ingredients that selectively stimulate a 

limited number of bacteria in the colon, to improve host 

health’

PREBIOTICS

• Fructooligosaccharides (tested in humans)

• Lactulose (tested in humans) 

• Trans-galactooligosaccharides

Present in: bananas, artichoke, leeks, onions, garlic, asparagus, 

chicory

Application of prebiotics: Beverages and fermented  
milks, Health drinks, Infant formulae and weaning foods,   
Cereals, Biscuits, Confectionery, Cakes, Food supplements, 
Pet food, Farm animals



PREBIOTICS FERMENTATION  IN HUMAN 

GUT



FECAL TRANSPLANTATION



MAIN GM RESEARCH CHALLENGES

 Variation in clinically relevant population 

 Temporal variation and stability of biomarkers 

 Effect of host genetics

 Effect of environment 

 Microbiota-drug associations

 Clinical end points for pre-/pro-/ syn-biotics, functional 

foods, nutriceutical interventions 
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MUTUALISM BREAKDOWN

RUPTURE OF THE GM-HOST MUTUALISTIC AGREEMENT AND 

COMPROMISED HOST ENERGY BALANCE AND IMMUNE 

HOMEOSTASIS  

Switch-like behavior, making sudden jumps from 

different steady states  

MUTUALISM 

ABNORMAL 

DIETARY INTAKE

INFLAMMATION

INFECTION

IMMUNE 

DEREGULATION

ANTIBIOTIC 

INTAKE

the GM is a multistable system with a variable fraction at 40% of the total community

n different compositional layouts
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COMMON TRAITS OF DYSBIOSIS

• Reduction of SCFA producing bacteria (butyrate producers such as 

Faecalibacterium, Roseburia, Lachnospiraceae, Eubacterium)

• Increased mucus degradation potential by abnormal mucin degraders 

that displace Akkermansia

• Reduced hydrogen and methane production combined with increased 

hydrogen sulphide production. H2S is toxic for the epithelium

• Increase in abundance of bacteria with LPS endotoxins 

(Proteobacteria) that can drive inflammation

• Increased potential to manage oxidative stress, i.e. microbes became 

able to proliferate in close vicinity to the epithelium 

Le Chatellier et al., Nature 2013

2



IMMUNOLOGICAL DISREGULATION 

ASSOCIATED WITH MICROBIOTA DYSBIOSIS 

Opportunistic 

pathogensImmuno-

modulatory 

bacteria 

(butyrrate 

producers) 
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INFLAMMATION AND DYSBIOSIS

A non-controlled pro-inflammatory pathway can dramatically impact 

on the composition of the intestinal microbiota

SUSCEPTIBLE HOST

- GENETICS

- ENV. FACTORS 

CHRONIC GIT 

INFLAMMATION

MICROBIOTA 

DYSBIOSIS

RAISE IN 

PATHOBIONTS

PRO-INFLAMMATORY 
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MICROBIOTA MOLECULAR 

ASSESSMENT 

16S rDNA
next generation 

sequencing 
whole genome

OTU composition

phylogenetic 

structure 
rel. ab. of 

community 

members 

metagenome 

sequence

rel. ab. of 

community

gene pathways
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GUT MICROBIOTA-ASSOCIATED 

DISORDERS

• Nutrition related disorders (obesity, type 2 diabetes, 

metabolic syndrome)

• Inflammatory bowel diseases (UC and CD)

• Functional bowel disorders (IBS)

• Systemic complications of decompensated liver 

disease 

• Cardio-vascular diseases 

• Atopy/allergy

• Colo-rectal Cancer

• Neuro-developmental conditions (autism, depression)

• Arthritis
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IDENTIFICATION OF MICROBIOTA 
SIGNATURES

Disease 

associated 

typical profile

Health 

associated 

typical profile

MATHEMATICAL (AND STATISTICAL) ELABORATION OF INDEXES TO 

CLASSIFY THE CONTRIBUTION OF A SPECIFIC PROFILE TO THE RISK 
OF DEVELOPING/CONSOLIDATING DYSBIOSIS
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DYSBIOSIS FEATURES AND RISK

Patient 

profile

CALCULATION OF THE SPECIFIC INDEX CONTRIBUTION TO DYSBIOSIS

Normal

Normal

Decreased

Missing

Missing

Normal

Increasing
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DIETARY INTERVENTION TO COUNTERACT 

DYSBIOSIS 

diet regulates microbiota composition and metabolic output with a

final impact on host physiology

SACCHAROLYTIC

METABOLISM

PROTEOLYTIC 

METABOLISM
FAT

ADAPTATION 

highly diverse community of 

polysaccharide-degrading 

Bacteroidetes and

Clostridia establishing 

syntrophy in the gut

low diverse community 

enriched in specialized 

proteolytic 

Alistipes and Clostridia

selection of a low diverse 

community made of bile resistant

Erysipelotrichi,

Bilophila wadsworthia, 

Enterobacteriaceae

H2SSECONDARY 

BILE ACIDS

SCFA

BCFA
METHYLAMINES

PHENOLIC AND 

INDOLIC 

METABOLITESSCFA

Health 

promoting 
Disease 

associated 

amino acids animal fat

CH4SUCCINATE 

complex 

polysaccharides 
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Faecalibacterium prausnitzii

Roseburia

Bacteroides

NEXT GENERATION PROBIOTICS
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