
 
 

 

 

 
 

Bacterial motility and colony formation on a stiffness gradient 
Group “Physics of biological systems”, Laboratoire de Physique, ENS de Lyon 

 
The adhesion of bacteria to surfaces often initiates the formation of biofilms, organized colonies in which 
bacteria are embedded in an extracellular matrix [1]. Biofilms are ubiquitous, and create major issues in 
both industry and healthcare. Yet, the signals that regulate their formation are unclear. In particular, the 
role of mechanical forces during bacterial attachment, and the way they could impact bacterial fate are 
unknown. 
Our group tackles this question using an interdisciplinary approach based on microfluidics, microscopy 
and surface design, combined to microbiology tools [2]. Recently, we have shown that surface motility and 
microcolony formation are highly influenced by substrate stiffness for the opportunistic pathogen 
Pseudomonas aeruginosa (PA) (Figure). On most stiff substrates, adhering PA bacteria display 2D motility 
powered by contractile pili. On soft hydrogels, PA motility strongly decreases, which massively impacts 
bacterial organization and colony morphogenesis [3].   
The goal of this Master’s project is to investigate the behavior of surface-motile bacteria on substrates 
designed to have a steep stiffness gradient. Does stiffness orient bacterial motility? How does the gradient 
impact colony formation and spatial distribution?  The intern will first optimize the experimental protocol to 
prepare hydrogels via UV-induced photopolymerization. He/She will create stiffness gradients based on 
the approach described in [4]. The local Young’s mudulus of hydrogels will be measured by AFM 
nanoindentation. In a second time, flow cell time-lapse experiments and detailed image analysis will be 
performed in order to investigate the surface behavior of adhering Pseudomonas aeruginosa on these 
novel substrates. Our result will shed new light on the way pathogenic bacteria mechanically interact with 
their microenvironment. 

  
 
Figure: A. Phase-
contrast image of 
bacteria after 5h on a 
soft (3 kPa) or a stiff 
(70 kPa) hydrogel.  
B. Corresponding 
bacterial tracks for 1h 
post-attachment. 
C. schematic of the 
experimental setup for 
in situ imaging of 
bacterial adhesion.  
 
 

 
These questions can be studied during a Master internship, and could serve as a starting point for a 
Ph.D. thesis. Candidates with a background in soft matter physics, biophysics, or experience with image 
processing are encouraged to apply, but the main prerequisite is a strong interest in interdisciplinary 
questions.  

 
Contact : Sigolène Lecuyer (sigolene.lecuyer@ens-lyon.fr)  
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