
Project 3.3.  Computer models of intracellular bacterial colonies. 
 
Promotor: prof. dr ha Robert Holyst/dr Bartlomiej Waclaw 
 
ICP PAS Group: Dioscuri Centre for Physics and Chemistry of Bacteria/Soft Condensed Matter group 
 
WWW: https://bartekwaclaw.wordpress.com 
 
 
Background:  
The newly created Dioscuri Centre for the Physics and Chemistry of Bacteria invites applications for a 
PhD position in computational modelling of intracellular bacterial colonies. 
Bacteria are ubiquitous in nature. Many bacteria live on and inside animals and humans, but only a 
small fraction of them cause diseases. In an infection, bacteria often form intracellular bacterial 
colonies (IBCs) inside animal cells. The biology of IBCs is well understood [1]. However, we still do not 
know how physical and chemical processes (mechanical forces, cellular motility, chemical gradients) 
affect the growth and evolution of IBCs.  
Physics has been shown to play an important role in bacterial colonies and biofilms on abiotic 
surfaces (agar, glass). In particular, factors such as cell shape, rigidity, mechanical interactions with 
other bacteria and their environment are very important for the ecology and evolution of bacteria in 
such conglomerates [2-4]. However, the role of these factors in IBCs is not known. 
Although experiments remain the most important tool in studying IBCs, computer models of 
bacterial colonies are useful because many interactions are difficult to directly probe experimentally. 
A model can be used to test whether a combination of difficult-to-measure interactions leads to an 
experimentally observable effect; this can provide an indirect way to better understand these 
interactions. 
 
Aim:  
You will develop mechanistic, predictive models of E. coli IBCs in urothelial cells of the bladder. Your 
project will expand on the existing model of bacterial colonies in a Petri dish [2-4], and include 
interactions between the two types of “active soft matter”: the bacterial colony and the interior of 
the animal cell (cytoplasm, membranes, surface proteins), as well as the relevant biochemistry 
(diffusion, signalling, gene regulation). Your model will be informed by, and tested against in-house 
lab experiments. 
 
Requirements: 
Msc in mathematics, informatics, physics, or chemistry. Very good English. Very good programming 
skills (any language). Very good academic achievements and a strong motivation to learn the 
required biology. Ability to work with people from diverse background (cultural and scientific). 
 
The candidate is expected to work closely with other modellers and experimentalists from the 
Dioscuri Centre and the Soft Condensed Matter group, and with theorists from the Department of 
Evolutionary Theory in MPI in Ploen, Germany. Regular visits to Ploen (a few weeks/year), Edinburgh 
(B. Waclaw’s previous research group), participation in national and international conferences and in 
internal seminars/group discussions will be required. 


