
  

Short Abstract — Asymmetric cell division in Caulobacter 
Crescentus involves differentially positioning proteins between 
the mother and future daughter cell at the dividing cell's poles.  
It has been found that the polymerizing protein PopZ plays a 
major role in marking and capturing other proteins at the 
poles. But how PopZ itself achieves polar localization remains a 
mystery. We have developed a simple model for PopZ 
localization driven solely by attractive polymerizing 
interactions and self-avoidance with the bacterial chromosome. 
By changing either the volume fraction of PopZ or the 
chromosome we can reproduce the varied localization patterns 
that PopZ shows in experiment. 

I. INTRODUCTION 
HE organized spatial patterning of proteins in bacteria 
plays an important role in many cell biological 
processes from chemotaxis to cell division [1]. To what 

extent do these patterns emerge spontaneously or are they 
actively formed? The patterning of chemotaxis receptors 
(Che system) [2], the MinCDE system in E. Coli [3] and the 
polar localization of proteins in the asymmetrically dividing 
bacteria, Caulobacter crescentus [4] are examples where the 
patterns are thought to spontaneously form due to the 
specific molecular interactions in each system 
 
In C. crescentus, different proteins localize at the two poles 
leading to the daughter cell adopting a different phenotype 
from the mother. Guiding this asymmetric localization is a 
scaffolding protein, PopZ that localizes to both poles [5, 6]. 
What mechanisms lead to the bipolar localization of PopZ? 
Experiments on PopZ localization have shown that it can go 
from diffuse to unipolar to bipolar patterns, even in E. coli in 
which no PopZ homolog exists [5, 6]. Further to these, 
experiments on filamentous cells showed that PopZ not only 
forms domains at the poles but also between the replicated 
chromosomes within the cells. This leads to the speculation 
that the polymerization of PopZ and DNA occlusion may be 
sufficient to drive PopZ’s patterning [6], and that 
mechanisms such as membrane curvature may not be 
required to cause polar localization [7]. 

II. RESULTS 
Here, we have conducted Monte Carlo simulations of a 
minimal physical model that produces all of the observed 
PopZ patterns. The bacterial chromosome is modeled as a 
self avoiding random walk. PopZ multimerization is 
modeled using particles with an attractive potential which 
allows PopZ domains to grow isotropically. There is no 
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interaction between the chromosome and PopZ other than 
self avoidance. The poles tend to be free of DNA providing 
an entropic force that drives PopZ domain formation there. 
PopZ domain formation depends on PopZ density and we 
predict that the various observed patterns can be explained 
due to either changes in the PopZ concentration or the 
volume fraction of the chromosome. We suggest new 
experimental tests that would further substantiate the model. 

III. CONCLUSION 
Using simulations, we have shown that protein 
multimerization along with DNA occlusion can be a 
sufficient mechanism to drive the spontaneous polar 
patterning of proteins in bacteria. The model shows that a 
transition from a unipolar to bipolar pattern can occur if the 
concentration of multimerizing protein increases, thereby 
breaking spatial symmetry, allowing for the possibility of 
differentiating the two poles. The patterning is driven in part 
from the entropy of the chromosome in addition to the 
energy gained from growing protein domains. This work 
extends prior theoretical [8, 9] and experimental work [7] 
that has focused on membrane curvature as the prime driving 
mechanism of polar protein localization.  
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