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Abstract 
 Antibiotic tolerance is a widespread phenomenon that renders antibiotic treatments less effective and 
facilitates antibiotic resistance. Recently, we explored the role of proteases in antibiotic tolerance, short-
term population survival of antibiotics, using queueing theory (i.e. the study of waiting lines), 
computational models, and a synthetic biology approach. Proteases are essential cellular components that 
degrade proteins and play a key role in a multi-drug tolerant subpopulation of cells, called persisters. We 
found that queueing at the protease ClpXP increases antibiotic tolerance ~80 and ~60 fold in an E. coli 
population treated with ampicillin and ciprofloxacin, respectively. There does not appear to be an effect on 
antibiotic persistence, which we distinguish from tolerance based on population decay. These results 
demonstrate that proteolytic queueing is a practical method to probe bacterial tolerance and related genes, 
while limiting the unintended consequences frequently caused by gene knockout and overexpression. To 
get a better understanding, we are currently focusing on the proteolytic queue, and using microfluidic 
devices and our custom pipeline to quantify 1000s of single-cell response over time. This pipeline takes 
advantage of recent advances in imaging and machine learning, and allows us to identify, track, and quantify 
single cells before and after antibiotic treatment.  
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