
  
Symmetry breaking in a population of living cells occurs 

even under uniform conditions, leading to heterogeneity in the 
population. An example for such a process can be seen in the 
response of bacterial populations to antibiotics, termed 
‘persistence’. The mechanism for persistence is unknown. We 
present a detailed study of the module implicated in antibiotic 
persistence. We find that noise, which is inherent in biological 
systems, results in the co-existence of dormant and growing 
cells. Stochastic simulations of protein-protein interactions 
offer predictions for the molecular mechanism behind high 
persistence, which have been confirmed by our measurements 

I. BACKGROUND 
IOLOGICAL systems are inherently noisy [1]. Analysis 
of the way cells either combat or utilize noise has led to 

new insights into the design and evolution of genetic 
networks [2-3]. In particular, it has been shown that the 
stochastic differentiation of a population of genetically 
identical cells into two distinct phenotypes can provide a 
strong advantage in an unpredictable and fluctuating 
environment [4]. Bacterial persistence, which plays a major 
role in the failure of various antibiotic treatments against 
pathogens, is a striking example of the advantage of 
variability. In contrast to resistance, which is genetically 
acquired, persistence is a transient phenotypic recalcitrance 
to antibiotics observed in only a small fraction of the 
bacterial population [5]. Persistence was shown to be due to 
an inherent bi-modality of growth rates in bacterial 
populations [6]. 

Moyed et al. isolated a strain of E.coli with a thousand-
fold increase in persistence [7] and the mutation, named 
hipA7, was mapped to a gene encoding the HipA toxin [8] of 
the hipBA toxin-antitoxin module. Toxin-antitoxin modules 
(TA) consist of pairs of genes, where one gene acts as a 
toxin and the other cancels out its effect. They were first 
identified on plasmids and the discovery that TA modules 
are chromosomal triggered a search for their functions and 
this unresolved issue has prompted much debate and 
research [9-10]. 
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II. OBJECTIVES 
Our goal was to characterize the mode of action of toxin-

antitoxin network motifs in general, and the hipBA module 
in particular, and understand how they can generate 
phenotypic variability.  

III. RESULTS 
1) We used single cell time lapse measurements of 
HipA induction fused to mCherry fluorescent protein. 
We saw the correlation between the level of mCherry 
expression and the duration of growth arrest leading to 
persistent bacteria. 
2) Detailed analysis of the module showed that HipA 
effect is seen only above a threshold of expression, and 
that the level of the threshold depends on HipB 
expression. This provides a mechanism for the 
appearance of two populations. 
3) Stochastic (Monte Carlo) simulations of the hipBA 
module investigate the effect of weaker complex-DNA 
bonding vs. weaker complex formation. The results show 
that only the latter case affects the persisters ‘phase 
space’ and increases the probability of a cell to become 
persistent. We confirmed this prediction by 
Colocalization and FRET experiments. 
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