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Bacteria as active colloids Bacteria as active colloids 

The vast majority of bacteria are colloidal in size. However, they are active colloids - they dissipate energy to 
grow, divide and (sometimes) swim. I will introduce the study of bacterial suspensions as 'active colloids', a sub-
field of the emerging discipline of 'active matter physics'. The first part focuses on swimming. A number of 
phenomena in suspensions of swimming bacteria have analogues in the world of passive colloids, e.g. a kind of 
'sedimentation equilibrium', but with a very high 'effective temperature'. Other phenomena are unique, e.g. they 
fill up a spherical cavity in a very different manner from how passive particles would do it. The second part 
focuses on growth, in particular, how a growing 2D colony of rod-shaped bacteria may fruitfully be viewed as a 
'living nematic liquid crystal', and preliminary findings on their spontaneous buckling into the third dimension 
when the colony riches a critical size.  

Wilson Poon obtained his bachelor and doctorate in physics at Cambridge University. After spending a year lecturing at 
Portsmouth Polytechnic, he joined the faculty in the University of Edinburgh in 1990, initially continuing his PhD work on 
solid-state structural phase transitions. When Peter Pusey arrived in Edinburgh in 1991, Wilson joined him to set up a new 
activity in soft matter, focusing initially on colloidal suspensions. Building on Peter's work, Wilson systematically 
investigated how the phase behavior and dynamics of suspensions of hard-sphere-like colloidal particles would change if an 
interparticle attraction of finite range is added. He adds attraction using the 'depletion effect' induced by the presence of 
non-adsorbing polymers. Exclusion of polymer molecules from the space between the surfaces of two nearby colloids leads 
to an unbalanced osmotic pressure pushing the two particles together. Unusually, the range and depth of this attraction can 
be 'tuned' separately, so that performing these experiments is like doing a 'simulation in a test tube'.  
 
Using this system, Wilson was able to demonstrate unambiguously for the first time the rather fundamental result that the 
liquid phase only exists in a system of particles if the inter-particle attraction has sufficiently long range. Later, his 
experiments using such colloid-polymer mixtures uncovered the existence of two qualitatively distinct glassy states, a result 
that had long been predicted by 'mode coupling theory', but up till then had been regarded as merely an arcane curiosity by 
many. These and other experiments did much to demonstrate the value of the 'colloids as big atoms' paradigm - using well-
characterised suspensions to model fundamental behavior in the atomic realm. Wilson also succeeded in mapping aspects of 
the behavior of such colloid-polymer mixtures onto that of solutions of globular proteins, a result that helped bring about a 
renaissance in the 'protein as small colloids' approach to understanding these ubiquitous biomolecules. In recent years, 
Wilson has also turned his attention to the physics of suspensions of bacteria, treating these as 'active colloids' that can 
grow, divide and swim, uncovering phenomena that have analogues in the world of passive colloids as well as modes of 
behavior that are unique due to the intrinsically non-equilibrium nature of such systems.  


