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LDynamics: complex surfing of protein waves

Segregation of bacterial DNA
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How is the bacterial genome segregated ?
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LDynamics: complex surfing of protein waves

Eukarya

chromosomally encoded
ParABS systems

Bacteria

Credit: J-Y. Bouet

Partition system ParABS is strongly conserved
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LDynamics: complex surfing of protein waves

The ParABS op
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43-bp GGTCTGATTATTAGTCTGGGACCACGGTCCCACTCGTATCGTC

@ ParA: “motor” protein (ATPase, Walker-type)
@ ParB: binding protein (specific or non-specific binding)

@ parS: centromere-like DNA sequence
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LDynamics: complex surfing of protein waves
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LDynamics: complex surfing of protein waves

How does ABS work

Step 1. Formation of Step 2. Separation of the copies of Step 3. Positioning
the partition complex
0 112

opposite forces oscillations of ParA

"Reaction-Diffusion"
or "Filament pulling"
mechanisms

3 components:
a) 2 proteins (ParA &
b) specific binding sites (parS)
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Bacterial DNA segregation: experimental facts

Equipositioning of the complexes
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Bacterial DNA segregation: interactions of ParABS
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Dynamical steps: Reaction-Diffusion equations
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@ Feedback between the partition complexes and ParA densities
— Non-linear system with dynamical instability
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How does ABS work

Stochastic Self-Assembly of ParB Proteins
Builds the Bacterial DNA Segregation Apparatus

Diogo . Catton 4 Jirdme Rach,
Marcolo Nolimann,? and Jean-Yves Bouol

ParB intracellular ParB spatial
positioning

ParB genomic Network of Par8
distribution interactions

@ Partition complexes: diameter o =~ 50 — 75nm containing = 300 proteins

— porous particle with volumetric interactions
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Dynamical instability

Threshold of dynamical stability obtained with TW ansatz:
u(x, t) = u(€); v(x,t) = v(£), where { = x — crw t
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asistatic hypothesis: calculation of t

linear density (# proteins / um)

(a) static behaviour
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Comparison with experiments

. Experiments mm—m
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ummary

@ Minimal reaction-diffusion system without extra mechanism:
— sufficient to explain segregation and positioning in ParABS

@ Equation of motion of the complex
— coupling with the density of ParA allowing a transient regime

@ Volumetric interaction within the complex with ParA (“porous particles”)
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