B=20; alpha=1; beta0=0.1;
gamma=1; lambda=1;
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B=20; alpha=1; beta=0.3;
gamma=1; lambda=1; c=1;

Periodic, as observed!
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Diffusion, bacterial motility and chemotaxis

There are two ways that the molecules move: passive transport and active transport. Active transport requires that the cell use energy. Passive transport
does not require such energy expenditure, and occurs spontaneously.

The principle means of passive transport is diffusion. Diffusion is the movement of molecules from a region in which they are highly concentrated to a region
in which they are less concentrated. It depends on the motion of the molecules and continues until the system in which the molecules are found reaches a
state of equilibrium, which means that the molecules are randomly distributed throughout the system.

Diffusion occurs when a system is not at equilibrium. As an example, suppose you drop one drop of ink into a glass of water. At first, all of the ink molecules
are in a small space and they are moving around in a random way. They move in straight lines and change direction only when they collide with each other or
the surrounding water molecules. Some of the ink molecules near the edge of the drop move away from the center of the drop.

Most of the molecules continue to move away from the original center of the drop. They move in all different directions, and some may even move back
toward the center. Still, more are moving away from the drop than toward it until they find the wall of the glass. Then they start moving back toward the center
again. More and more molecules bounce off of the glass until they start moving toward the center, then they pass the center and move toward the other side.
Eventually the number of molecules moving away from the center equals the number moving toward the center, and equilibrium is established. At this point
the molecules are evenly spread throughout the water, and diffusion stops. The molecules do not stop moving - this is a dynamic equilibrium.

Diffusion
F— - |
- A Random movement
e O - No energy needed from the cell

From higher to lower
t ‘ concentration




Brownian motion

The radius of a water molecule is about (.1 nm, while proteins are two orders of mag-
nitude larger, in the range 2 - 10 nm. This size difference suggests that we can view the
fluid as a continuum. A protein moving through the fluid is acted on by frequent and
uncorrelated momentum impulses arising from the thermal motions of the fluid.

- For a protein with m ~ 107 kg -
v ~ 2 m/s. However, in a fluid the protein moves at this velocity only for a time
T ~m/( = 107" sec, much shorter than any motion of interest in a molecular motor.
During this short time the protein travels a distance v - 7 ~ (.01 nm before it collides
with another molecule. This is only a fraction of a diameter of water molecule,

21995 Encyclopaedia Britannica, Inc.




Random walks

[.et us now consider a one-dimensional random walk ol NV particles. A particle always
takes a lixed step size Av towards the left or right with equal probability. The position of
the particles is denoted by xi(#7). where the subscript denotes which particles (i=1...N)
and » denotes the number of steps that particle [ took. All particles start their random

walk at x=0: x,()=0 for /=1...N. It 1s easy to show that the position averaged over all

particles is alwavs zero independent ol how many steps were taken:

However individual particles are spreading in both the positive and negative x direction.

A convenient way to quantify the spreading is to calculate the variance of the distribution

. . — . . - . T 2
ol positions, I'he variance is delined as !-i'H‘(.".'I[.F'!}}—(.1"{!1})—{.‘1’{!3}) :



%i:x (n—l } %i[}ﬂ n 1+2Axx (n 1)+Ax]
%i: (n 1)+Ax] %ixﬁ(n 1+—ZAx Var( (n 1)) Ax*

. . 1 . )
As expected the varniance 1s non-zero. For each extra step the variance grows by Ax™ and

since the varance 15 zero lor #=0 we can write: (f{”}) = nAx’

; - Std \/ Var

.................................................. Standard deviation



During one step the particle moves at a constant velocity v= Ax/r. This means that a time

t the particle performed n=¢/r steps, therelore the variance is proportional to f;

(.TE'[H]') = | ijz

= 2t

2
D = - diffusion coefficient
27
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Cells also use molecular motors for active transport

Active transport

Directed movement

Energy is needed from the cell

Could be from lower to higher
concentration

L=t

Diffusion

Random movement

No energy needed from the cell

R\

From higher to lower
concentration

\ |
+//?/;
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What to use — active or passive transport?
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Fick's first law

X x+AX
--@
o
LS
-+ = -
-
- "~ X
. . .
"E"? Figure[__IParticles randomly
. . . .
,3?‘ moving along one-dimension
crossing an area 4
AX AX
1 L_' . _--L_‘ . :-i "r_ H g E - -C ,,‘- ri g E ¢ C 5 5 ..- X, T R: - L= C‘& E 5
Consider Fie lustrating particles movinge along one dimension x. The particles are

randomly moving. Assume there are N(x) particles in the gray region on the left of arca A
and N(x+Ax) particles in the gray region on the right of area 4. How many particles will
cross the area A to the right? Since the probability to travel to right or the left 1s 1dentical
0.3N(x) particles will travel to the right. However 0.3N(x+Ax) will travel to the left and
cross area 4. Theretore the net number of crossing to  the right s
——(N(x+ Ax)— N(x)). The flux of molecules J through the area A during a short time

3 AN ()

At

mnterval t is defined as:




concentration gradient
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...possible boundary conditions: {

+ need initial conditions and...

fixed concentration at the boundary
no flux (boundary is impermeable)

Tomorrow you will see how to simulate:
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a "2 no flux

no flux on all boundaries

|
no flux on all boundaries




Do yourself:

C = 0 on the whole boundary no flux an all boundaries

In all cases, make surface color plots

=1 of the concentration in the cell at different
moments of time, learn how to make
line plots, determine how fast the
concentration spreads, and in general
think about the meaning of the results.

(diffusion only goes on in the ‘ring’
space between two circles)



