
• Brownian motion
• Concentration fields and diffusive dynamics

PBOC Chapter 13.1, 13.2.1-13.2.3

Lecture 8: Diffusion in the cell

Goal: Role of Brownian motion in living systems. 
Compute the time to travel a distance, model diffusion 
in gradient.
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Active	vs.	passive transport



Particles	in	a	fluid
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Time	to	diffuse	biological	distances
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Time	to	diffuse	biological	distances
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Concentration	fields	and	diffusion:	Fick’s	Law
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Concentration	fields	and	diffusion:	Fick’s	Law
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Summing	over	microtrajectories



An ode to E. coli
Molecular	censusPreviously:



Diffusion	in	crowded	environments
What is the diffusion coefficient associated with “crowded” random walk?
Assume fraction of occupied lattice sites ϕ
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Summing	over	microtrajectories:	Crowding	(14.3.2)
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Figure 1. Lattice model of tracer particles of size b di�using in the pres-
ence of crowding molecules of size a. The tracer particle can hop to the
neighboring tracer site only if there are no crowding molecules present in
the r = b/a adjacent crowding molecule sites. The fraction of sites occupied
by crowding molecules is ⇥.

masses and a typical protein density which is 1.3 times that of water. The data are provided
on the book website.
(a) Possible trajectories of the tracer molecule are a step of length b in the positive x-
direction, a step in the negative x-direction, or staying put. The probabilities of each of
these trajectories is 1/2(1�⇥)r, 1/2(1�⇥)r, and 1� (1�⇥)r. The first two are calculated
as the probability of a step (1/2), times the probability that the adjacent site is unoccupied
((1�⇥)r), thus allowing for a step. An adjacent site of size b is considered unoccupied if all
the r = b/a sites of size a that are part of it are unoccupied by crowding molecules. The
fraction of a-size sites that are occupied is ⇥, which is also the probability of occupancy of
one of these sites by a crowding molecule. Taking all the trajectories and their probabilities
into account, the average of the square of the displacement of the tracer particle after one
step is

(73)
�
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= b2(1� ⇥2)r.

Since every step is independent of every other step, and all the steps are identically dis-
tributed random variables, the average displacement squared after N = t/� steps is

(74)
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= Nb2(1� ⇥2)r = 2Dt .

The the di�usion constant is given by

(75) D = D0(1� ⇥)r,

where D0 = b2/2� is the di�usion constant of tracer particles in the absence of crowding
molecules.

(b) The data provided gives the molecular masses of the various crowding molecules used
in the experiment. From this we can compute the relative sizes of the tracer molecule
(adolase) to the crowding agents (the parameter r introduced in (a)), by taking the third
root of the ratio of the two masses. This assumes that all the molecules used in the exper-
iment can be treated as balls of equal density. The molecular weights and r parameters
for the four di�erent crowding agents used in the experiment are given in the table below.

Molecular species MW [Da] r
ribonuclease 12,400 2.3
ovalbumin 43,500 1.5
BSA 70,000 1.3
aldolase 150,000 1

tracer diffusion in protein solution

Diffusion	in	crowded	environments

Transport in cellular systems
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Solutions	to	the	diffusion	equation



Complexity:	diffusion	+	binding
Limit	case	(tdiff <<	tbinding):	Two	separable	timescales
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Case	(tdiff ~	tbinding):	Mixing	of	dynamic	modes

r2 (τ ) = 6Dτ

r2 (τ ) = 6Dτα = 6D(τ )τ

Anomalous	diffusion:

Complexity:	diffusion	+	binding
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Membrane	proteins
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Complexity:	Caged	motion
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Summary:

Lecture 8: Diffusion in the cell




