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Physical properties of DNA
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Biophysics of intracellular processes
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The expression of a gene depends on translation

Transcription Translation

DNA
messenger RNA  

(mRNA)

Protein

×AG ×BG

→ Expression of a gene G: AG × BG with BG 6= BG′ !!
→What are the physical interactions that determine BG ?
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Translation of mRNA: the physics of 1D transport
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→ Finite resources:

Ciandrini∗, Neri∗, JCW∗... Phys. Biol. 2014

→ Finite diffusion:

Dauloudet∗, Neri∗, JCW∗... Eur. Phys. J. 2021
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Estimating kinetics rates with Ribo-seq data
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cytoplasm

1 Effect of production/degradation of mRNA ?

2 Normalization of experimental data for quantitative analysis?

Gene Expression Modeling (L2C+IGF+LIRMM) – Flagship project NUMEV 2016-2020

Carole Chevalier & Paul Soudon (PhD students at L2C)
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Estimation of the kinetic rates: mRNA degradation
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Estimation of the kinetic rates: mRNA degradation

β
 

α
 

p(x)
ω
 

0 20 40 60 80 100 120
i (codon)

0.00

0.02

0.04

0.06

0.08

d
e
n
s
it

y

monosome

disome

trisome

degradation 
of the mRNA

tetrasomes

α ≈ 0.05s−1, ω ≈ 5.10−4s−1, p ≈ 1 codon/s

10 / 18



J-C Walter – Genomic physics

Estimation of the kinetic rates: mRNA degradation
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The bacterial DNA segregation

Credit: J. Rech
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The ParABS system

 

 

Step 1. Formation of 
ParBS

Step 2. Separation of 
DNA copies

Step 3. 
Equipositioning
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Equilibrium LLPS ?
Non-eq. phase 

separation (ATP)
JCW∗... Geniet Phys. Rev. Lett., 2017

13 / 18



J-C Walter – Genomic physics

The Stochastic Binding model

ParB proteins

E. coli

L=60kb
F plasmid
lp=150bp
Monte Carlo simulations:
bending+twist+loop     σ

Super resolution μscopy
Nollmann's Lab, CBS

Sanchez... Bouet Cell Syst., 2015
Diaz... JCW∗ & Bouet∗ Mol. Syst. Biol., 2018
JCW... Brœdersz New J. Phys., 2018
JCW∗... Bouet∗ iScience, 2020

JCW∗... Junier∗ PLOS Comp. Biol., 2020
In collaboration with I Junier (Grenoble-Alpes Univ.)
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The Stochastic Binding model
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ChIP-sequencing data

Stochastic binding: fit~1/(s+C)
3/2

ChIP-sequencing Super resolution (PALM)  microscopy

Nollman's Lab, CBS, Montpellier Bouet's Lab, LMGM, Toulouse

ParB 
proteins

E. coli

Stochastic
 Binding
 model
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Liquid-liquid phase separation of proteins
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Guilhas, JCW, ... Nollmann Mol. Cell. 2020
David, JCW, ... Palmeri Phys. Rev. Res. 2020
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Conclusion: feedback between Physics and Biology
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- Storage of information
- Variability of gene expression
- Membraneless compartments

Colloids
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Thank you for your attention!
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