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More questions than answers: Relations More questions than answers: Relations 
between quantitative physiology and between quantitative physiology and 

aging in aging in E. coliE. coli  



Statistical/biological physics in TorinoStatistical/biological physics in Torino

Stat phys tools & data analysis:Stat phys tools & data analysis:

● Quantitative physiology 
● Stochastic gene expression

● Statistical physics of complex systems 
(genomes as collections of genes,
books as collections of words...)



What is the single-cell growth law?
How does a cell decide it is time to divide?

How is cell-cycle progression coupled to growth?
…

(e.g. Scheacter et al. 1958, Killander-Zetterberg 1965, Donachie 1968, Nurse et al. 1976…) 

Single-cell quantitative physiologySingle-cell quantitative physiology



M. Scott, C. W. Gunderson, E. Mateescu, Z. Zhang and T. Hwa
“Interdependence of cell growth and gene expression: 
origins and consequences”,
ScienceScience 330: 1099-1102 (20102010).

Statistical-physics-like laws in microbial physiologyStatistical-physics-like laws in microbial physiology



At the single-cell level: At the single-cell level: 
Universal distributions of sizes and doubling timesUniversal distributions of sizes and doubling times

rescaling

(Taheri-Araghi  et al. Curr Biol 2015)

Rescaling is equivalent to constant relative fluctuations (CV)
(Kennard et al Phys Rev E 2016)



A simple description of cell growth?A simple description of cell growth?

One timescale (doubling time) →   size scale → level of cell-to-cell variability 

Warnings:
balanced exponential growth; no stress or extrinsic damage; hidden 
assumptions of “ergodicity”, symmetry etc that could be approximately realized 
only in the artificial experimental settings..
NO AGING    



The stochastic process of growth and division The stochastic process of growth and division 

HAZARD DIVISION RATE hd

hd = probability of dividing per 
unit time

GIVEN the value of the 
measurable parameters:

(Osella et al PNAS 2014)



Cell cycle control for aging E. coli cells Cell cycle control for aging E. coli cells 

How does the stochastic process of growth and division 
change with aging? 

What is the role of cell size in aging and survival? 
What is the role of cell shape and geometry in aging and cell 

cycle control?
...

Which processes are actually under selection 
and which ones are spandrels?

(AKA: the old question of “what is fitness?”) 

 



The hidden asymmetry in E. coli cell divisionThe hidden asymmetry in E. coli cell division



Replicative age as new variable in cell cycle modelsReplicative age as new variable in cell cycle models



Microfluidic devices for aging and cell-size control studiesMicrofluidic devices for aging and cell-size control studies

The mother machine



Aging increases filamentation (and death rate); Aging increases filamentation (and death rate); 
no growth rate decline in steady exp growth no growth rate decline in steady exp growth 

PLoS Biology |  May 23, 2019
 



Asymmetric damage accumulation and the trade-off Asymmetric damage accumulation and the trade-off 
between repair and segregationbetween repair and segregation

Aggregation of misfolded proteins leads Aggregation of misfolded proteins leads 
to asymmetric accumulationto asymmetric accumulation

Trade off between Trade off between 
stress response and growthstress response and growth

No repair vs wt vs costly maintenance  

Theory of resource partioning in presence of aging?Theory of resource partioning in presence of aging?

Terence Hwa Lab
A simple phenomenological
theory of resource partitioning
for balanced exp growth



From exponential growth to survival (feast and famine)From exponential growth to survival (feast and famine)



Thank You !Thank You !
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Role of aging in size control
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