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Abstract: The gut microbiota is a com-
plex ecosystem whose composition varies
within each individual depending on genet-
ics, age, and diet. Uncovering how microor-
ganisms impact our health became cen-
tral to the progress of human medicine.
Among other techniques, experimental proto-
cols co-culturing bacteria and organoïds, hu-
man stem cells grown in vitro into human in-
testinal epithelium-like cultures, offer valuable
insights. However, their culture remains tech-
nically complex, costly, and time-consuming,
limiting its application to bacteria selected be-
forehand with less restrictive methods. Com-
plementary, high-throughput sequencing has
allowed us to identify microorganisms associ-
ated with health conditions, but it fails to eluci-
date the underlying mechanisms of action.

In this thesis, we leverage Genome-Scale
Metabolic models (GEMs) to simulate and ex-
plore the complexity of metabolic interactions
taking place in the small intestine between en-
terocytes and gut microbes. The f rst chapter
introduces a metabolic computational frame-

work to infer interaction scores between mi-
croorganisms and the host. Applied to up to
f ve organisms, these scores highlight the pos-
itive impact of gut microbes on the mainte-
nance of enterocytes. In a second chapter,
this thesis screens for bacteria of interest to
supplement food products. For this purpose,
we inferred the interaction score of 879 au-
tomatically reconstructed strains with the en-
terocyte and selected high-scoring bacteria.
We observed a strain specif city of score vari-
ations, demonstrating the ability of GEMs to
produce insightful strain-level predictions. In a
last chapter, for linking our modeling frame-
work with in vitro experiments, nutritional con-
straints were tailored and curated to design an
experimental growth medium. We predicted
that, in these particular conditions, the main-
tenance of the enterocyte would be favored by
supplementation of choline. Overall, this the-
sis advances our ability to explore the com-
plexity of metabolic interplay within micro-
bial ecosystems and to predict putative host-
microbiomes interaction mechanisms.


