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Thermodynamic currents

Differences in the intensive variable at different points in the

system induce currents of the conjugate extensive variable.
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Microscopic background: Brownian motion
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Diffusion
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Fick’s first law

X

m = amount of substance (number of moles)

[ =time

X = length

Ac/AXx = concentration
A = cross section area
Jn = diffusion flux

D = diffusion constant

gradient




Thermodynamic currents
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Fick’s second law

A c(x)
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D = diffusion constant
C = concentration

X = distance

[ =time



Directed transport by diffusion

Electron Transport Chain

Intermembrane space
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Brownian motion — random walk

) = VNI* =

R = displacement
N = number of steps

;= one step
NI = L = total path

Diffusion constant: D = %vl

Average particle velocity: v = —

T
—12 Jwvl = 3Dt




The speed of the diffusion

ion channel

Since the departure
of the particles a o
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Polymers as random walks




Polymer random walk
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The tendency for elementary vectors
to be orientationally disordered
results in elasticity of the polymer.




The “equilibrium” state of polymer molecules

The macro state that can be
realized with the most micro
states (most likely state)

MICROSTATE 1 MICROSTATE 2 MICROSTATE 3 etc.



Wormlike chain

¢, = persistence length

E =Young's modulus

| = second order moment of the
cross section (shape dependent)
kg T = thermal energy




Connection between the shape and persistence length of
the polymer

Rigid chain

L, >> L. Microtubule

Semiflexible

chain N

L,~L. Microfilament (actin)

actin
tubulin

n~~/

Flexible chain

Lp << Lec

Lp = persistence length, L. = contour length



Tying a knot on a DNA molecule using optical trap

Phase contrast image Fluorescence image




Physical size of the human genome

Idealized cell: House:
20 pm edge cube | 20 m edge cube

DNA thickness 2 nm 2 mm

DNA total length 2m 2000 km

Persistence length 50 nm 5cm

I 20 pym (20 m)
Average end-to-end

distance 320 pm 320m

Gyration radius (Rg) 130 um 130 m
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Single nucleosome particle: histone protein octamer + DNA wound ~1.6 x around it



Reptation - a special case of diffusion

Snake-like diffusion of a polymer in a polymer matrix

Filament in a Indiana Jones and Actin filaments in
reptation channel Raiders of the Lost Ark metilcelulose matrix

\

I>. N L = contour length
— Tr - Reptation time N = number of monomeric units

ro U = chain mobility
M- k-T kT = thermal energy



Polymerization equilibria

|. True equilibrium —— E&dEA

2. Dynamic instability

3. Treadmilling




Dynamic instability

A Growing B Shrinking

@=  GTP-tubulin
‘=e | GDP-tubulin

Current Biology




Motility with polymerization
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Motility with polymerization In Vitro

Microbeads coated asymmetrically Microbeads coated symmetrically
with ActA, in Xenopus extract with ActA, in Xenopus extract



Self assembly, guided polymerization

Amiloid R-fibrils: Alzheimer plaques

Y10 H14 K16 F20

Amyloid B1-40 peptide in vitro grown fibrills (AFM)



Epitaxial growth of amyloid fibrils on mica surface




Growth of amyloid fibrils studied by AFM

Spatial
AFM : ‘hii .
. Oriented fibril resolution:
cantilever | am
Temporal
resolution:

300 ms




Kymography of amyloid growth

¢ Scanning inY
direction
turned of

Time
domain
(20 min)




