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Analyse du microbiote   => métagénomique 

Transplantation de microbiote fécal => écologie 
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Qu’est-ce que le microbiote? 

Les espèces bactériennes classiquement analysées et cultivées représentent <1% des bactéries 

(Staley & Konopka, Annu Rev Microbiol 39:321, 1985) 



Pourquoi cette mode de la métagénomique? 

Un vieux rêve: connaître notre génome 



Le séquençage de nouvelle génération (NGS) 

Des séquenceurs de plus en plus performants  

et de moins en moins coûteux 



 1014 bacterial cells 

  (Whitman et al, PNAS 95:6578, 1998) 

 

 Bacteria outnumber human host cells by a factor of 10 

 

 Bacteria outnumber human gene diversity by a factor of 100 
       (Qin J et al, Nature 464:59, 2010) 

 

 We constitute a super-organism! 

 

 

 

 

   

 

Human microbiota 



 Gut microbiota changes during lifetime 
 (Clemente, Cell 148:1258, 2012) 

 
 

  
 
 
 
 
 
 

 
 

 
 
  
 
 

Lifetime changes of microbiota 



 Disease might arise from a disturbed microbial community 
 (Friedrich et al, JAMA 300:777, 2008) 

 
 

  
 
 
 
 
 
 

 
 

 
 
  
 
 

Microbiota changes and health 



 Capacity of harvesting energy increased efficiency  (tout lui profite…) 

 Microbiota and obesity transmissible            (épidémie 
d’obésité…) 

 Composition of microbiota more Firmicutes      (e.g. Clostridium) 

  

 

  

 

 

 

 

 

 

 

 

(Turnbaugh et al, Nature 444:1027, 2006) 
 

Comparison of energy extraction 



  

 

 

 

 

 

 

 

 

 

 

 

       

  

 

Diversity of gut microbiota in humans 

(Turnbaugh et al, Nature 457:480, 2009) 
 

Adult female monozygotic and dizygotic twin pairs concordant 

for leanness or obesity, and their mothers => compare twins or perform sequential studies  



Affecting gut microbiota  

• 1) using antimicrobials 

• 2) using probiotics 

• 3) using TMF, or simplified Tx 

 



 Firmicutes (e.g. Clostridium)  increased % 

 Capacity of harvesting energy increased efficiency  (tout lui profite…) 

 Microbiota and obesity transmissible     (épidémie d’obésité…) 

  

 

  

 

 

 

 

 

 

 

 

 

Vancomycin exposure and obesity 

Vancomycin therapy is  
associated with weight gain ! 

(Thuny et al, PLoS One 5:e9074, 2010) 
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Vancomycin exposure and obesity 



  

 

 

 

 

 

 

       

Lactobacillus reuteri, which is resistant to vancomycin and produces broad bacteriocins, may 

have an instrumental role in this effect (favoring weight gain). 

 

 

Remember the crusade of Prof. Didier Raoult against Danone… 

 

 

 
 

Vancomycin exposure and obesity 



  

 

 

 

 

 

 

       

Vancomycin exposure in humans 

(Vrieze et al, 2014) 
 



Affecting gut microbiota  

• 1) using antimicrobials 

• 2) using probiotics 

• 3) using TMF, or simplified Tx 



  

 

 

 

 

 

 

       

Loose weight by changing microbiota? 



  

 

 

 

 

 

 

       

Loose weight by changing microbiota? 

(Delzenne N, Nat Rev GEH 2015) 



Affecting gut microbiota  

• 1) using antimicrobials 

• 2) using probiotics 

• 3) using TMF, or simplified Tx 



(Olle et al, Nat Biotech 31:309, 2013) 
 

Specificity of « drugs » from the microbiome 



(Donia et al, Science 349:395, 2015) 
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Effets anti-bactériens  

Nouveau steady-state 

Trophicité muqueuse 

Bactéries adhérentes 

Perméabilité intestinale 

Endotoxémie métabolique 
Immunité  

-SNC-SEP 

-SOA-PR 

Inflammation 

Métabolisme 

Signalisation 



Systemic effects of the microbiome 

Dysbiosis 

Microbiota changes 

Gut permeability 

 Microbial translocation 

16S rDNA 

Endotoxin (LPS)  

Low level systemic inflammation 

CRP, IL10, IL6 

No leucocytosis 

Metabolic changes 

Insulin R 

Increased CV hazard 

Binge OH drinking, IBD 

NASH, HCV hepatitis…. 

 

Chronic HD    (Bossola Clin J Am Soc Nephrol 2009) 

CAPD         (Kwan Nephrol Dial Transplant 2013) 





October 2014 



October 2014 

Buffie C et al Nature Oct 2014 



October 2014 



May 2016 







=> Détermination d’une autre forme de chimérisme 



Mathewson Nat Immunol 2016 



Mathewson Nat Immunol 2016 



Odoherty KC et al PNAS 2014; 111:14312-3 



Nouvel usage du web 

http://americangut.org/ 



 
• Patient stratification  

  (e.g. risk of NEC BB Warner Lancet Infect Dis 2016) 

 

• Stool banks 

• Auto-transplantation (e.g. MaaT Pharma) 

 

• Engineered probiotic cocktails  

 (e.g. convergence of food and pharma: Seres + Nestlé) 
 

 

Anticipated developments 



• We are super-organisms 

• New chapters on physiology and pathology 

• Gut microbiome is highly individual and complex 

• Precision medicine by fine tuning gut microbiota? 

• Personalized medicine to be balanced with complexity 

 

• Stay tune on the emergence of clinical metagenomics 

Take-home messages 



And for the aficionados…. 
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