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Intracellular force fluctuations drive random movement in

To understand the interactions between s cypiadn
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Diffusion in crowded environment
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Theory by Nakazato and Kitahara

Case of a passive tracer: theory by Nakazato and Kitahara for a lattice gas

Diffusion coefficient as a function of the density of crowders

1 2pT-
D=—(1-p) |1- - z -
2d7 1 ) 2d 1+ =(1—p)| = [1+ (1 — 3p)y]

p particle density
Many-body nature of the problem

Approximate expression, exact in the low and high density regimes

Good quantitative estimates for arbitrary density,
if the environment is mobile enough
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The model: active particle on a lattice gas
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Active particle driven by a Persistence time T, = 2dT * / e’

force Iy, asymmetric exclusion in the state X

process, average waiting time 7
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The dynamics of the tracer 1s a lattice representation
of a run-and-tumble dynamics



Master Equation

The dynamics of the model 1s described by a Master Equation

2dT"0. Py (R, m;t) = L, P, — aP, + - Z P,

2d — 1

P,(R,n;1) joint probability to find the tracer in state y, at site R,
with the lattice in configuration # = {#,.} the system at time ¢
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L x evolution operator in state y

L,P, = Z Z 1P (R,n™";t) — P, (R,n;t)] evolution of bath particles
v=1lr#R—e,,R

ZdT
ZP(X) (1 = nr) Px(R—eu,m;t) = (1 = nRye,) P(R ;)]

evolution of the tracer




Diffusion coefficient

1d !
Expression for the diffusion coefficient D ! tIllm édﬂ &
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Decoupling approximation

Equations for the density profile ks! ) and
for the tracer-bath cross-correlation gr! ) are not closed and
involve higher-order correlation functions

Closure scheme, mean-field-like approximation
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Coupled dynamical equations

We obtain the following equations for hY’ L,IA'
(defined in such a way lhdl llml,i_,m 1, = 0) and g (we

adopt the convention h0 = q0 =0)

2dt* 0, hﬁ‘ﬂ (LW +ZA‘J| e, Vit ()

Density profile : @, @ )
+ Z ()r.e,./)(Ay -A_,) —ah, -+ 2(1——12,2#"'

(3)

evolution equation

2dr* ) ) ( f1)+ZA(X)~ )gru'l_{_gu]h?)_agy)

~(7) o (x) _ _
Tracer-bath cross +2d_ ] ng +Zb"’[(A_” ple, -e1)

correlation function _ 2dr*
— PP +p)-pp%a), (@)

where we define AY =1+ (2dz*/7)p¥'[1 —ki‘,f’], the
operator L% acting on a test function f, as

LOf, = 3, A (frie, - fr).



Diffusion coetficient: comparison with MC simulations
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Density profiles
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Density profiles
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Non-monotonic behaviour of the diffusion coefficient
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Driven passive particle

Apply an external force on the passive tracer
Negative differential mobility can be observed
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Driven active particle
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Driven active particle

Appl ternal fi the acti rticl
pply an external force on the active particle exp (e, @1) e, /2]

p()() —
Tracer velocity g Z
d!Xt" 1 I (|)'H' | P (|)'H‘ | P77
T gl pi ' 1# k() #p 1# ki)
to
Negative mobility can be observed! T =30|T=10|p=0.1]|Fs=12

0.4 -

Absolute negative

mobility! N

0.0




Conclusions

Interest 1n lattice gas models for active particles

Analytical treatment 1n the interacting case 1s possible
(with some approximations)

Coupling between active tracer and environment,
response of the medium

Nonlinear striking effects are observed: non-monotonic behaviours,
optimal parameters to maximise/minimise diffusion (or mobility),
absolute negative mobility



Simple argument for ANM

Consider the simple situation where the tracer

>

"#$%&'() *" +
1s submitted to an active force F, that may

only point in directions 1 s S

In the limit where the persistence time 1s

greater than other timescales, the average

velocity of the tracer can therefore be estimated
as the average of the velocities conditioned on

1
these two states V ~ E[VO(F g+ Fy) + V(Fp—Fy)l,

where Vy(F) 1s the stationary velocity of a passive particle submitted to

an external force F

When the tracer displays negative differential mobility, one may observe
the situation where ! Vo (Fp — Fy)! > ' Vy(Fg + F,)!, therefore resulting

in a situation where average velocity V is negative although F > O.



Simple arguments for the non-monotony of D

Assume low density and large active force

The obstacles are independent and the probability for the tracer to find an obstacle at
a given site 1s p

For a large force F — oo, neglect the probability that the tracer moves in the direction
opposite to the force —

Approximate the characteristic time between two jumps as:
internal jump time t + the mean trapping time;

the escape from a trap 1s caused by three independent events:
— the obstacle moves 1n a transverse direction with characteristic time t*;
— the active force changes direction with characteristic time ta;

— the tracer moves 1n a direction transverse to the active force with characteristic time
( ;
r/(1—p —pX))

(1)
Mean trapping time 1 _ (2d-2) n ! n 1-pi" —p-y)
Tp 2dt* Ta T

e . 1 (2d —1)7a ( (1) (U2]
Diff fficient D = 1+ _
11Tusion coetricien 2d(T n mp) [ d(T n P’fp) (p1 P_l)



