
Chapter I FromBrownian ratchettomolecularnota

If equilibrium is contagious Chapter
and leadsto Boltz noun

weight chap4 and time reversal symmetry how can weproduce

microscopicmotors persistentmotion as commonly observed in

biology
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Hypothesis macroscopic system subjectto the lawsof thermodynamics
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Cost Q Do Efficiency n 1

When To TH n Do and one cannotextrait energy from a

single temperaturemacroscopicmotor ruled by equilibrium thermodynamics

Ida Maghi in a smallsystem fluctuations can help

2 thermal Ratchets
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Ida Thegas
molecules randomly collide with

the paws which promotes clockwise cowl counterclockwise scan
notations of the axis

The ratchetallows forthe cur notationsof the gear but
prevents it counterclockwise notation

The overall system shouldthus rectifies the notionof the year

leading to an isothermal stochastic motor thatcan exertwah lift
the mass M



Problem itdoesnot work Why

To make the gear
notate we need to lift the ratchetfrom

its rest angle Oeg up to

Iffy FÉ
the angle at which
releases the wheel

Vspid this requires an increaseof energy of the

spring which is then dissipatedoncethe

Lifts wheel has notated heats
up
the
spring

Thewholesystemequilibrate at temperature

Then the probability that the ratchetopens spontaneously is e P

whith is the same as the probability that the gasparticles
make

the wheel notate
The mass then mahs the gear go CCW on

average no motor except if Tspring T

Panondo Espanol Am J Phys 64 1125 19961

Conclusion No isothermalnotes in equilibrium

Symmetry breaking 0 n O symmetry as theasymmetricyear das is

notsufficient need tobreak time reversalsymmetry
to allow for a non vanishing steady state Jo current

Several different strategies
Nonisothermal systems

Two state system with transition rats between states thatdrive



the system outof equilibrium ofmolecular notal
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Magnasco Phys Rev Lett 71 1477 19931

Seealso C R Acad Sci Paris E 315 p 1635 1039 19921

Model Brownian particle in an asymmetricpotential
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3 2 The limitof large t F It

5 7 ids serial FÉÉFE
As FCHflips so does514 withsome relaxation time t
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Becauseofthe left rightsymmetry thesystemcannot choose a direction
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7 72 In quinciple needtocaputPoff as in Magnasco's PRL
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Her breaking leftrightsymmetry suffice togenerate a current

Bradownof Ion
We can recast this problem into



x ̅ V al trilt when Eltl Rt Hittig

comms
EEii.in

noise driving

4 Molecularnotes

4 1 Introduction
Molecularmotor an protein capable of exerting a non zero average work

E kinesin dynein transport vesiclesalong microtubules

Myosin exert faces on actin filaments 1m

Q how is it possible
At thescale ofmolecular

motors
temperature

equilibrates in us
while motors step 1ms isothermalnotion
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Two statemodelbreaks detailed balance

State1 stray capting
State 2 weak coupling

V 2120
V A VEIN transition
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Idea In each state the dynamics would relax to e
β V4 and

thus leads to vanishing current butthe transitions between the
states prevents that How

4 2 Modelanddynamics

We considerBrownian dynamics in eachstate and transitions at
rates w and w from 111 to Gl and 2 to i respectively

file probability to findthesystem in state i andatposition se at time t

Palette theprobe tofind thesystem at a at timewhateveritsstate

time evolutionof Piln.FI
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P i n fide j g t theprobatofind the system in state positionseat
time tidt given that it was in state j positing at
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Chemically activatedswith 111 ATP in ADPTP

w ext On within epman

willy on within ethman Mr Aa Mimi imi suit th ci
ExcessofATP favors 1 2 while excessofADPfavor 2 01

If MATP PapptAmp then ftp with whith leads to a captition
between thesteadystates

the systemwill be outof equilibrium

In practice both processes will withex with I

Diffusion

In the presenceof diffusion in each state the Brownian dyna is also

try to lead to e Prim which is capatible with withex but

not with witin if An Matp MappMp 0

Comet Astimegoes on ATP CATP19 the environmentrelaxes to

equilibrium need to maintain An o This is why we eat breathe

Calia Auto drives thesystem outof equilibrium is this

sufficient to induce a current
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Brownian dynamics in an effective potential
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What is the condition for D 0

if Vical Vital P P even in 7 f a

Vital odd
Zvi odd so

otherwise Δ is generically non zero thedynamics leads

to a manzero current
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It is the competition between thetwoprocesses thatprevents the

relaxation towards a time reversal symmetric steady state

4 4 Collective behaviorsof molecularmotors

Ida Modelthe collective behavior
of molecular motors e g when

they pullon membrane tubes

1Problems Themodelabove is
microtubules Eilanillamolecular

useful tounderstand why
motors

motaspulling vesicle
walkprocessively but it is far too membranetubes
detailed to study the large noux et al PNAS 99 5394 1200213

scale propertiesof NSI

interacting motors


