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The projects currently developed, in the “active fluids group” of the PMMH are oriented towards applying 
the concepts of “active matter” to the dynamics and hydrodynamics of bacterial populations. Active matter is a 
new subject at the crossing point between hydrodynamics, statistical physics and biology. It focuses on the central 
role of individual motility and the nature of microscopic interactions in the emergence of collective organization 
and transport effects observed in nature. The final objective is to clarify important medical and bio-technological 
questions around contamination processes in natural environments or in biological networks. This questioning 
will also contribute to assess the role of bacterial transport on the many self-organization processes occurring in 
bacterial ecology. 

Bacteria chemotaxis, developing a novel Lagrangian view point 
In this context, the group is currently assessing the swimming properties of motile bacteria exploring 

individually or collectively, different controlled environmental situations. In the lab, we are using soft-lithography 
microfluidics to design micro- channels with different levels of geometrical complexity. Varying the chemical and 
the rheological properties of the suspending fluid, we currently seek to determine the emergent transport 
properties of bacterial suspensions. To this purpose, we developed an original automated Lagrangian tracking 
device suited to follow in 3D, selected fluorescent motile bacteria over long times and eventually visualize directly 
their flagellar dynamics. 

 
Figure – (left) 3D tracking of fluorescent bacteria in a microfluidic channels showing the swimming trajectory of a 
single wild-type E. coli for more than 10 minutes (Lagrangian view point). The color encodes the swimming velocity. 
(Right) Sketch of a microfluidic cell allowing the monitoring of bacteria swimming along a concentration gradient 
(chemotaxis). 

In this project we will build a microfluidic channel  to understand the chemotactic response of a wild-type 
E.coli in the presence of attractant molecules. This device will shed an original light on the behavioral response at the 
level of an individual that can be tracked over long times. Also, another important feature will be the capacity to 
invade micro-channels when driven by this attractant gradient, which is a question of upmost importance in biology 
and physiology. Note that this system can also be extended to other micro-organisms such as algae and protists. If 
times allow we will investigate the possibility to extend the work to a collaboration with Florence Elias (PMMH) and 
Laurent Seuront a marine biologist (LOG Wimereux) and develop a general vision of the chemotactic response for a 
large class of microorganisms which could be the objective of a future doctoral work.  

Expected skills from the candidates-The techniques developed to grow and manipulate these bacteria are safe and 
simple, they do not need any a priori knowledge in microbiology. This experimental project is mainly based on video-
visualization under the microscope, image analysis and microfluidics techniques. According to the eventual taste of 
the candidate, some aspects can also be turned into more theoretical or numerical investigations. 
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