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Statistical/biological physics in Torino
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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...)




Single-cell quantitative physiology

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...)




Statistical-physics-like laws in microbial physiology
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At the single-cell level:
Universal distributions of sizes and doubling times

(Taheri-Araghi et al. Curr Biol 2015)

oA rescaling
e e S .,. ST zin,a--‘-féx.fAA;At':"‘:"!"j:%s:/‘i"’::"ti: &gb@; =
Y | ! . . [ . . I . Y £ J
5 10 0 1 1.6
Divisian Sizel(Lm) Generation t'me (m'”Utes newborn size s, /(s,) generation time T /(t_)

Rescaling is equivalent to constant relative fluctuations (CV)
(Kennard et al Phys Rev E 2016)
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A simple description of cell growth?
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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

(Osella et al PNAS 2014)
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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 fithess?”)




The hidden asymmetry In E. coli cell division

Aging and Death in an Organism
That Reproduces by Morphologically
Symmetric Division

Eric J. Stewart"?", Richard Madden®”, Gregory Paul'%, Francois Taddei'-
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Replicative age as new variable in cell cycle models

NATURE REVIEWS | MICROBIOLOGY VOLUME 17 |[NOVEMBER 2019

Microbial ageing and longevity

Roy Z. Moger-Reischer® and Jay T Lennon® *




Microfluidic devices for aging and cell-size control studies

Current Biology 20, 1099-1103, June 22, 2010 .
Ping Wang,5 Lydia Robert,235 James Pelletier, The mother machine
Wei Lien Dang,’ Francois Taddei,?2 Andrew Wright,*

and Suckjoon Jun'-*
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Aging increases filamentation (and death rate);
no growth rate decline in steady exp growth
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Asymmetric damage accumulation and the trade-off
between repair and segregation

Aggregation of misfolded proteins leads Trade off between
to asymmetric accumulation stress response and growth
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From exponential growth to survival (feast and famine)

Temporal scaling of aging as an adaptive strategy of

Escherichia coli
Yang et al., Sci. Adv. 2019;5:eaaw2069 29 May 2019
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To observe cell mortality, we included in the carbon source-free 0 20 40 60 80 100 120

medium a red-fluorescent, DNA-binding, bacterial viability dye propi-
dium iodide (PI), which penetrates the cells only when cellular mem-
brane potentials are disrupted.
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probability density
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