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Life cycle of Dictyostelium discoideum
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Kessin, R. H. (2000). Cooperation can be dangerous. Nature, 408 (6815), 917-919. doi:10.1038/35050184



Overview

* Introduction to the model

* FitzHugh-Nagumo Oscillator
* Langevin dynamics

* Pattern formation



Simplified mechanism

Inactive amoeba

Active amoeba

cAMP is produced which depends on the relaxation oscillator.

The internal dynamics is
described by a relaxation
oscillator.




Model by Vasiev et. al.

drjot = (g — r)/7,
—vﬂg/'ﬂf=ﬂgﬂg + cﬂ(f(rg) - K,-f‘), (1)
dc/at = D.Ac — V(cV(r)Vg).

Drift diffusion describes the motion of amoeba FIG. 1. View of the aggregative structure formed by a starv-

ing population of Dictyostelium discoideum. Bar is 150 um.
Given from [12].

Describes the extracellular cAMP diffusion and FHN osc.

Phys. Rev. Lett. 73, 3174(1994)



Model by Noorbakhsh et. al.
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Internal dynamics is described by FHN osc.




How do we incorporate:

1. The discrete nature of the cells and model their motion,
2. Model the diffusion of cAMP and couple it to the internal dynamics?

Let’s assume that there are N amoeba cells at point: Xx1,X3,X3, ..., Xy

Each amoeba is a FitzHugh-Nagumo oscillator described by (a;, ;).

da; dr; e
d_tl =a;—a’—r; + I(S(xi, t)), d_tl =e(a; — yr; + ©) Diffusion of cAMP:
. Js 2
Stimulus depends on the cAMP cons. pri D,Ves +p Z 0(a;)d(x — x;)
The motion of amoeba is given by overdamped Langevin L A
equation: |
4 )
dx; Source: depends on the
P —VU + n;, activation variable
M:(©) = 0,(m; ([N (")) = 4D 6(t — t')

—VU = =V (r;)Vs(x;,t)
4 : ~ Motility is coupled to the recovery variable




FitzHugh-Nagumo Oscillator

FitzHugh-Nagumo Model
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Langevin dynamics

dx

T =)+,
n(®)) =0,(n(On(t)) =2D6(t —t)
f(x)=-VU

We ca write the above equation as the following

x(t + At) = x(t) + f(x)At + n(t)At

Taking the mean on both sides we can write
(x(t + At)) = (x(2)) + (f (x))At + (n(t))At

0

(xe(t + M) = (x(0)?) + [(F(x(0) ) + %)] At? + 2(x(Of (AL + <x(?4t)>At

2D /At
D T Gillespie, Markov Processes



Numerical implementation

Frak 2{xf (x)) + 2D, -1+
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V2Dt
x(t + At) = x(t) + f(x)At + V2DAt I'(¢t)

where (I'(t)) =0 , (F'(OIr'{tH)) =1



Numerical implementation

——1 ——— x;(t + A) = x;(t) — VU(x;(t))At + V2DAL T,

L |
\ % = D,V?s +p z 6(a;)d(x — x;)

= |

All particles
inside the box
acts as discrete
source terms.




Thank you
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