Anomalous diffusion in membranes & cytoplasm
— St Petersburg, 18th September 2017 —




Fractional Langevin equations in viscoelastic systems
Coupled set of Markovian processes (e.g., Rouse model for polymers):
mzrz(t) = kJ(I'Z — I’z'_|_1) + ]{J(I‘i_l — I'Z') — ’I’]I‘Z —+ \/ 27’]]{BT X Cz(t)

Integrating out all d.o.f. but one ~ Generalised Langevin equation (GLE):
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Kubo fluctuation dissipation theorem (in conti limit n7(¢) ~ ¢~ fractional Gaussian noise):
(Ci(t)¢i(t)) = dikpTn(t —t'])
M fractional Langevin equation. Overdamped limit: Mandelbrot's FBM
Quantum mechanics: Nakajima-Zwanzig equation using projection operators

Hydrodynamics: Basset force with n(t) ~ t71/2 due to hydrodynamic backflow



Single lipid motion in bilayer membrane MD simulations
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J-H Jeon, H Martinez-Seara Monne, M Javanainen & RM, PRL (2012) 3
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Reproducible TA MSD & antipersistent correlations
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Membranes strongly & heterogeneously crowded by proteins

Figure courtesy Helmut Grubmuller 6



Protein crowded membranes reduce effective maobility
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Left: DPPC (protein-aggregating) case. Right: DLPC protein non-aggregating case.
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Crowding in membranes: non-Gaussian lipid/protein diffusion
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Crowding in membranes increases dynamic heterogeneity
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Lipids & proteins behave quite differently

Increment correlation no longer simple FBM —
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Crowding in membranes increases dynamic heterogeneity
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Confinement in argon system shows geometric origin
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Geometry-induced violation of Saffman-Delbriick relation
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Dilute system: Saffman-Delbriick law
D(R) ~ log(1/R)

Crowded membrane & 2DLJ discs:
D(R) ~1/R
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In vivo anomalous diffusion of submicron tracers: (r?(t)) ~ t°
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Passive motion of submicron tracers is viscoelastic

lag time A (s)
2_0 1 " 1 " 1 " 1 " 1 "
——0.52 um
N ——0.96 um
A 18] ———25um
g
NLE
.
A
t’m
£
vLE
\Y

0.0

01 02 03 04 05

time t (s)

C,(t)/C,(0)

C,(t/C,(0)

C,(t)/C(0)

-0.5

-0.5

0.5

0.04

o 0.52um

1.0

0.51

0.04

o 0.96 pm

1.0

0.51

0.04

P e

e o

o 25upm

0.00

0.25
time t (s)

0.50

1071
O water
3| g O 1wt%
109 £ ()
- = f®
107 10 10° 10’ 10 10°

JH Jeon, . .. L Oddershede & RM, PRL (2011); JH Jeon, N Leijnse, L Oddershede & RM, NJP (2013)

lag time A (ms)

14



Counts Counts Counts

Counts

Superdiffusion in living Acanthamoeba castellani
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Non-Gaussian diffusion in viscoelastic systems

So far consensus: submicron tracer motion in cytoplasm is FBM-like, i.e., Gaussian
RNA-protein particles in E.coli & S.cerevisiae perform exponential anomalous diffusion:
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CTRW-like motion of Ka channels in plasma membrane
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Ageing in the motion of membrane embedded proteins
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Time averaged MSD & weak ergodicity breaking (WEB)

Time averaged MSD ~ A is pseudo-Brownian and ageing ({z*(t)) ~ K,t%):
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Granule subdiffusion in harmonic optical tweezer potential
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Higher order moments of the scatter: skewness & kurtosis
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Self-similar internal protein dynamics: 13 decades of ageing
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Ageing effects in single trajectory time averages
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WEB in granular gas & SBM as mean field theory
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Non-existence of the overdamped limit in slow SBM
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averages & ageing in financial market time series
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First-past-the-post: few-encounter limit in cell signalling
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