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Title of the project: Competition between intestinal bacteria: mechanisms, roles and 
therapeutic potential in inflammatory bowel diseases. 

Proposal’s context: The intestinal microbiota describes the large and diverse microbial 
community that inhabits our intestine. In recent years, knowledge of the gut microbiota has 
grown exponentially but the link between intestinal microbiota and human health is mainly 
based on correlatives studies and functional studies are now needed to decipher the 
mechanisms and offer new therapeutic approaches. In the laboratory, we are interested in 
inflammatory bowel disease (IBD), which include Crohn's disease (CD) and ulcerative colitis, 
and develop as a result of a combination of genetic predisposition, altered immune responses, 
environmental influences and alteration of the gut microbiota1. There is no cure for IBD, and 
treatments based on immunosuppressants are not always effective and  have only suspensive 
effects. Interestingly, high-throughput sequencing analyses of microbiota from several 
hundred individuals indicate that the presence of some micro-organisms is very strongly 
correlated with the presence or absence of other micro-organisms2, suggesting functional 
cooperation between micro-organisms or, conversely, competition. Despite the knowledge of 
the existence of complex interactions between bacteria in several ecosystems, there are few 
studies in the intestinal ecosystem on these interactions, their roles, the molecular 
mechanisms governing them and their importance in human health. In patients with CD, a 
high level of Escherichia coli (and more specifically E. coli strains belonging to the pathovar 
AIEC (Adherent Invasive E. coli) with pro-inflammatory properties3) is associated with a strong 
decrease in Faecalibacterium prausnitzii (an anti-inflammatory commensal bacterium4) while 
a high level of F. prausnitzii and a lower level of E. coli are observed in healthy subjects. These 
data therefore suggest direct or indirect competition between E. coli and F. prausnitzii with an 
impact on host metabolism and immune response, which may therefore play an active role in 
the development or chronicity of IBD.  

Project objectives: The aim of this phD project is to characterize and decipher the interplays 
between intestinal bacteria. The project will focus on the interactions between E. coli and F. 
prausnitzii, but other microbial interactions may be investigated depending on the results 
obtained. 

Here are the main tasks of the project: 
- characterize the interactions between E. coli and F. prausnitzii. Co-cultures in liquid and 
anaerobic medium will be set and the numbers of bacteria after mono-culture or co-culture 
will be compared on agar plates and by molecular biology. We will determine if this putative 
competition is direct and depends on a competition for substrate, contact and/or secretion of 
molecule(s). We will then test the interaction between E. coli and F. prausnitzii in human 
microbiota using a system of human artificial digestive tract SHIME®5 (available in the 
laboratory), which mimic the entire digestive tract. 

- identify the molecular mechanisms governing these interactions by screening for example 
transposon libraries of mutants of bacterial strains (available in the laboratory) for their loss 
of capacity to inhibit the bacterial growth. 



- analyse the biological effects on the bacterial interactions on the host. Depending on 
progress made during the PhD, the effect of micro-organisms will also be tested on cells in 
culture and in vivo (in mice). Molecular mechanisms identified in axis 2 will be tested by using 
bacterial mutants and/or molecules of interest. 

Expected results: This project will deepen our knowledge of (i) intestinal microbial 
interactions, and more particularly the potential competition between E. coli and F. prausnitzii 
which are among the main bacteria whose abundance is altered in CD and (ii) the 
consequences on the host. Furthermore, it will open up new therapeutic strategies for IBD 
aimed at modulating these interactions. 
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Profile of the Applicant : Master degree in Biology. An experience in the gut microbiota 
research field would be a plus. 
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