
          
 

Multi-cellular self-organization at the edge of motile bacterial colonies 
 

A bacterial colony expanding on a hydrogel is a good playground for physicists: we can explore 
various fields of research such as soft matter and biological matter, active matter, dynamical systems, 
physics and mechanics from single cells to the whole colony, systems biology, optical imaging for 
biology. 

 
The bacterium Pseudomonas aeruginosa spreads collectively on an agar gel (swarming) and 

gives rise to star-shaped colonies (Figure 1), thanks to three major mechanisms: cellular division, 
surface tension (bacteria secrete their own bio-surfactants) and motility. Understanding colony 
morphogenesis requires to decipher the contribution of these mechanisms at various time- and length-
scales. P. aeruginosa cells (2 microns in length) are mono-flagellated and, in liquid, they swim back and 
forth. Within a colony, they get so dense that their motion is highly constrained by their neighbors. 
Typically, a colony is 20 microns thick and it displays typical patterns of collective dynamics (vortices 
and swirls). But at the very edge of the colony (which can be seen as a triple line in terms of colony 
wetting), cells form a dense monolayer whose dynamics resembles that of jamming transition (Figure 
2). Despite being nearly jammed, cells are able to flow and thus the colony expands. This project aims 
to analyse the trajectories within the monolayer to understand how single-cell dynamics translates 
into collective motion of the colony. In particular, is there a correlation between single-cells dynamics 
and colony expansion rate? And could it explain colony morphogenesis?  

 
This M2 internship relies on optical live microscopy (phase contrast and fluorescence) and 

automated image analysis and cell-tracking. It can lead to a thesis. Interested candidate should contact 
Maxime Deforet (maxime.deforet@sorbonne-universite.fr) at Laboratoire Jean Perrin. 

 

             

 

Figure 1: Star-shaped swarming 
colony on 10 cm diameter Petri dish 

Figure 2: The first 50 μm of the colony 
forms a monolayer, where each cell can 
be detected and tracked.  
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