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Changes in the maintenance energy of non-growing 
microbes and the consequences it has on cell survival





ATP and PMF are main free energy sources  in Escherichia coli

A coarse-grain view of free 
energy coordination in E.coli



ATP and PMF are main free energy sources  in Escherichia coli

ATP is loved by life because

gives 30-70 kJ/mol

Proton Motive Force (PMF) is an 
electrochemical gradient of protons:

PMF = !"
#
ΔpH + Δ𝜓

� powers F1Fo ATPase
� drives the transport of sugars, amino acids and other 

substrates across biological membranes
� powers bacterial flagella motor 

ATP → ADP + P$



PMF is coupled to osmotic pressure and other IMFs
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PMF is coupled to osmotic pressure and other IMFs
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PMF is coupled to osmotic pressure and other IMFs
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Bacterial flagellar motor can be used as a sensor for PMF

Speed of an individual flagellar motor can be measured by 
back focal plane interferometry

Bai, Branch, Nicolau, Pilizota, Steel, Maini, Berry, Science 2010
Pilizota, Brown, Leake, Berry, Armitage, PNAS 2009
Rosko J, Martinez V, Poon W, Pilizota T, PNAS, 2017

Speed of the motor has been shown to vary linearly 
with PMF

Fung, Berg, Nature, 375 (1995)
Gabel, Berg, PNAs, 100 (2003)



We use ratiometric pHlurin as a sensor for cytoplasmic pH

Wang YK, et al Sci. Reports, 9 (2019)

in vivo

Krasnopeeva E, Lo CJ and Pilizota T, Biophys J, 116(12), 2019



We use ratiometric pHlurin as a sensor for cytoplasmic pH

Wang YK, et al Sci. Reports, 9 (2019)

in vitro

Krasnopeeva E, Lo CJ and Pilizota T, Biophys J, 116(12), 2019



We improved the expression of QUEEN ATP sensor

Yaginuma H, et al, Nature Scientific Reports, 2014
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Mancini L and Pilizota T, Bioarxiv



The new QUEEN sensor is suitable only for snapshot imaging

PMF = PMF0 𝑒!"#
α = 𝑎 ∗ 𝑙𝑛P+P0

Mancini L and Pilizota T, Bioarxiv Krasnopeeva E, Lo CJ and Pilizota T, Biophys J, 116(12), 2019



Carbon starvation and bacteriostatic drugs can induce instantaneous 
dormancy of a large population of cells

Positive control = no treatment

Negative control = 5xMIC ciprofloxacin

(carbon)
(200 µg/ml)

(16 µg/ml)
(0.2 µg/ml)

We also tried 
N-starvation  = no full growth arrest in the plate reader
Indole = full growth arrest, but significant viability loss

Mancini L and Pilizota T, Bioarxiv



The PMF of dormant cells varies in a condition dependent manner

Mancini L and Pilizota T, Bioarxiv



ATP levels of dormant cells are condition dependent

Mancini L and Pilizota T, Bioarxiv



Energy levels of dormant states show correlation with susceptibility 
to some antibiotics

Mancini L and Pilizota T, Bioarxiv



Energy levels of dormant states show correlation with susceptibility 
to some antibiotics

Mancini L and Pilizota T, Bioarxiv



Conclusions

Different growth arrests result in different energy profiles

Survival under bactericidal antibiotics correlates with energy 
levels for some antibiotics
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PI dye permeates the membrane after loss of PMF


