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Brownian Ratchet

➢ System that selects brownian fluctuations toward a specific direction.

Oster et al., Biophysical Journal, 1993 
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Feynman’s Lectures, 1963 



➢Reproducing the translocation ratchet’s mechanism
in an artificial system

➢Establishing the phase diagram of this system
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PhD Project

Application to the biological nuclear pore to describe its
efficiency



Zero Mode Waveguide for nanopores

➢ Observation of translocation of single molecules
➢ High parallelization (until 104 nanopores)

Auger et al., Physical Review Letters, 2014 4
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Translocation Frequency

Density of nanopores

(6.108 cm-2)

(= 1 nanopore/µm)

10 µm



Suction Model
Brochard, de Gennes, 1996
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Auger et al., Physical Review Letters, 2014
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Partie I : Nanopore et RatchetArtificial Translocation Ratchet
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Partie I : Nanopore et RatchetArtificial Translocation Ratchet

PEI : polyethyleneimine→ high affinity for DNA

→ RPEI >> Rpore
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Partie I : Nanopore et RatchetEffect of ratchet
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Partie I : Nanopore et RatchetEffect of ratchet
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Partie I : Nanopore et RatchetEffect of ratchet
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Partie I : Nanopore et RatchetEffect of ratchet
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Partie I : Nanopore et RatchetEffect of ratchet
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Partie I : Nanopore et RatchetEffect of ratchet
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Partie I : Nanopore et RatchetEffect of ratchet
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Osmotic effect ?

Ratchet effect or osmotic pressure ?
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Osmotic effect ?

➔ Suppress interaction 
between ratchet and DNA

Heparin

➢ High affinity for PEI (ratchet)

Ratchet effect or osmotic pressure ?
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Osmotic effect ?

➔ Suppress interaction 
between ratchet and DNA

Heparin

➢ High affinity for PEI (ratchet)

Ratchet effect or osmotic pressure ?
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Osmotic effect ?

➔ Suppress interaction 
between ratchet and DNA

Heparin

➢ High affinity for PEI (ratchet)

➔ Translocation ratchet!

Ratchet effect or osmotic pressure ?
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0.33

ratchet

Ratchet effect vs. [ratchet]
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Ratchet effect vs. [ratchet]
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𝑟𝑎𝑡𝑐ℎ𝑒𝑡 𝛼 → 𝑟𝑎𝑡𝑐ℎ𝑒𝑡 ൗ1 3
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Ratchet effect vs. Nanopore diameter
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Ratchet effect vs. Nanopore diameter
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Ratchet effect vs. Nanopore diameter
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𝑡𝑠 ∝ 𝑅2 (?)

Work in progress…
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Zero pressure Ratchet



28

Zero pressure Ratchet

Ratchet effect
with no pressure

perfect
translocation 

ratchet!
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Conclusion

✓ Artificial translocation ratchet: OK!
✓ Extended suction model for polymers translocation

✓ Quantitative description of the ratchet’s effect as a function of 
the ratchet’s concentration

➢Complete phase diagram : relative size between ratchet and 
nanopores, affinity constant with DNA…

➢Application to the biological nuclear pore : proof of its ratchet
behavior and measurements of its efficiency as a nanopump.
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Thanks!
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Oster’s translocation ratchet
Oster, 1993
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