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LBacterial DNA segregation: the system ParABS

Segregation of bacterial DNA

Credit: J. Rech
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How is the bacterial genome segregated ?
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LBacterial DNA segregation: the system ParABS

E.coli _fey um

parS
GGTCTGATTATTAGTCTGGGACCACGGTCCCACTCRTATCSTC Chromosome plasmids F
4.7Mbp~1.5mm  60Kbp~0.02mm

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

@ parS: centromere-like DNA sequence
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LBacterial DNA segregation: the system ParABS

acterial DNA segregation: experimental fac

Equipositioning of the complexes

1,400

2,000

2,600

3,200 ( ! ) Bouet's team, LMGM, unpublished
-1,600 -960 -320 320 960 1,600 T

Axial position, nm

(T e Gall et al, Nat. Comm. '16
0 05 1

Oscillations of ParA

B
~
80 sec
[
v I 5-10 min.
20

Bouet's team, LMGM, unpublished

Jean: rles Walter Bacterial genome partitioni



Bacterial genome partitioning

LBacterial DNA segregation: the system ParABS

How does ABS work

Step 1. Formation of Step 2. Separation of the copies of DNA Step 3. Positioning
the partition complex
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Bacterial DNA segregation: interactions of ParABS

ParBS
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Dynamical steps: Reaction-Diffusion equations

ou
ParA-fast: — = Dy Au — ki u(r, ) + ko v(r, 1) >

i
av
ParA-slow: — = Do Av + ki u(r, 1) — kp v(r. 1) Z

mv%(t)zs /VVV(r’,t) a’r

@ Feedback between the partition complexes and ParA densities
— Non-linear system with dynamical instability
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Dynamical instability
Threshold of dynamical stability obtained with Traveling Waves (TW) ansatz:
u(x,t) = u(€); v(x,t)=v(&),where { = x —crw t
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Comparison with experiments
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ummary

@ Minimal reaction-diffusion system:
— sufficient to explain segregation and positioning in ParABS

@ Non-linear coupling between ParBS and ParA densities:
— Self-consistent description of the 3 protein species

@ Analytical analysis:
— dynamical transition (stable/unstable regime)
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Physical modeling
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