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Résumé du projet de thèse  
 
Capsules are the outermost layer of Bacteria, and present across all major phyla (Rendueles et al. 2017). Mostly 
studied for their role as major virulence factors, they also allow bacteria to adapt and colonize novel 
environments. Our group combines experimental and computational work to address fundamental biological 
questions concerning how capsules affect the adaptation and evolution of species.  To do so, as a model 
organism, we use Klebsiella pneumoniae (Kpn), a gut commensal and an important nosocomial pathogen that 
can cause lung and urinary tract infections. It has become a major threat to public health because it is acquiring 
mobile genetic elements (MGE) encoding antibiotic resistant genes and virulence factors at a fast pace. Kpn is 
covered by a high-molecular weight polysaccharidic capsule. The presence of different sugar-specific genes in 
the capsule operon results in different oligosaccharide combinations and residue modifications, which leads to 
different serotypes.  
 
We have recently shown that the capsule and capsule serotype strongly impact gene transfer events, and thus 
impact species evolution, by delimiting phage host range, and the efficiency of conjugation rates (Haudiquet et 
al. 2021). In turn, mobile genetic elements (MGE), also drive the evolution of the capsule per se, as phage 
predation selects for capsule inactivation, whereas conjugation drives capsule reacquisition. This can lead to a 
change or swap of capsule serotype, potentially resulting in a large disturbance of cellular physiology. 
Ultimately, the presence or absence of the capsule, or different capsule serotypes, could also impact population 
dynamics of complex communities, as it is not only a defence system against many MGE, but also against 
bacterial warfare, such as type 6 secretion systems. 
 
This project aims at understanding how mobile genetic elements drive bacterial evolution by specifically altering 
the capsule, a major determinant of Klebsiella adaption both at the transcriptomic and at the genomic level. We 
will study the impact of such changes at the population level and their impact on the stability of mixed 
communities. To do so, this proposal is divided in three main tasks: 
• Pinpoint the role of MGEs in capsule regulation. We will specifically test whether these mobile elements 

can act selfishly to limit the uptake of other MGE by the cell. To do so, we will use comparative genomics 
(bioinformatics, population genetics, phylogenomics), to screen MGE for capsule genes, capsule-regulatory 
elements, as well as other defence mechanisms.  We will then experimentally validate how MGE may impact 
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capsule production of its host and gene flux. 
• Understand the evolutionary and functional consequences of the acquisition of new capsule serotypes. 

To evaluate the direct impact of MGE-mediated capsule swaps, and assess fitness costs and advantages of 
each serotype, we will measure fitness, both in terms of growth and competitivity in different relevant 
environments. RNA-sequencing of recently swapped capsule strains will allow to gain insight such 
disturbance affects cell physiology. Finally, short evolution experiments will be performed to trace the 
process of accommodation at the phenotypic and genetic level.  

• Evaluate how changes in the capsule affect stability of mixed populations. The capsule serotype, and its 
expression levels, may affect community dynamics by its role in resistance against biotic stresses like 
bacteriocins or contact-dependent mechanisms. We will use functional ecology techniques to address how the 
capsule, and more specifically the different serotypes, contribute to the equilibrium of the population. We will 
also study how the MGEs that regulate capsule expression may impact community dynamics. To do so, we 
will focus on the urinary microbiome, an understudied community as it was previously thought to be sterile 
and where K. pneumoniae causes acute and recurrent infections. Further, the urinary tract is particularly 
relevant when studying the role of the capsule and its evolution because both capsulated and non-capsulated 
variants have been isolated and present specific advantages, such as reduced clearance by immune system and 
increased binding to epithelial cells, respectively.  

 
We expect this project to, for the first time, decouple the effect of a specific capsule serotype from its host 
genome, and address specific host-serotype and MGE-serotype interactions. This has been precluded by the lack 
of appropriate capsule-swapped isogenic strains, which we have now constructed. Taken together, we will 
provide insights into the evolution of a very dynamic virulence factor and its effects in one of the most 
worrisome pathogens, and how this translates in changes in more complex communities, both at the population 
level but also at the functional level.  

 
This PhD proposal will provide a diverse and rare set of skills for students interested in obtaining a global 
overview from the single-cell to the community level on a central biological question, whilst leveraging 
bioinformatics, genetics, molecular microbiology and population biology. 
 

Funding: There is yet no funding for the salary of this PhD, but all consumables and other expenses related with 
experiments, conferences, courses, and computing resources are included in the laboratory budget.    
 
 
Faisabilité du projet de thèse  
This project combines both feasible and grounded tasks with more innovative aspects.  

The PhD director has a track record showing her ability to integrate molecular microbiology and genetics, 
population biology and comparative genomics to address eco-evolutionary questions revolving around the 
bacterial capsule and using K. pneumoniae as an experimental system. We do not expect any major 
complication concerning the first axis, mostly based on bioinformatics work. The host laboratory is headed by 
Eduardo Rocha, and a world-renowned expert in comparative genomics and phylogenomics. Most of the 
analyses will be carried out by pipelines developed in the lab and already in place. Further, the host institution 
has the necessary infrastructure to perform computationally demanding tasks, and means to store and exchange 
voluminous data. Finally, the laboratory has access to a committed platform of well-trained bioinformaticians 
and biostatisticians, where all the expertise in the –omic analyses can be found. Finally, we already have some 
preliminary data showing the presence of genes sharing high identity with well-known capsule regulators in 
multidrug resistant plasmids of the species (unpublished).  
 
The second axis of this PhD proposal, mostly experimental, is the continuity of previous work, and the 
expertise is already present in the laboratory. Using state-of-the art genetics and molecular microbiology, we 
have already generated several in vitro capsule swaps by replacing the native capsule operon of four different 
strains with four different capsule operons resulting in four different serotypes, two of which are typically 
associated to hypervirulence. To precisely address, the impact of capsule swap in resistance to predation by 
macrophages, we have contacted Pedro Escoll, who works with intracellular bacteria and performs 
macrophage-killing assays routinely, to gain access to macrophage cultures and cell biology installations, such 
as C02 incubators and mixed cell biology and microbiology hoods.  
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The main risk of this PhD relies on the creation of stable mixed communities to study interspecies interactions. 
By focusing on an environment in which diversity is low, compared to other well-studied microbiomes, we 
increase our possibilities of succeeding in generating a minimal community, which is both stable and 
representative. We will need to test many different strains from different species, known to be present in the 
urinary microbiome, to generate stable microbial communities (representative of both male and female 
microbiomes). To do so, we can count on the incredibly rich strain collection of the Institut Pasteur (CRBIP). 
To easily follow the prevalence of each species in the community, we will rely on fast culture-independent 
methods, notably on digital PCR tests that we have developed in the lab. Finally, time allowing, we will pursue 
our ongoing talks with Molly Ingersoll (Institut Cochin), who possesses a unique murine model to infect both 
male and female mice and directly compared UTI in both sexes to validate the in vitro community dynamics in 
a relevant in vivo model.  
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