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J Masel, V Jansen & M Nowak, “Quantifying the kinetic parameters of prion replication” Biophysical Chemistry 77:139-152 1999



X  amount of monomer
y; amount of polymer with i monomer units
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any polymer fragment below the nucleus size disintegrates into monomers immediately

polymer rates

b breakage (time)-1
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d degradation (time)-1 a clearance (time)-1

b breakage (time)-1

n nucleus size



3 state variables 6 parameters
X amount of monomer n nucleus size
y amount of polymer A production
z mass of polymer (in monomer units) d degradation
B aggregation
a clearance
b breakage
— = A —dz— Bzy+bn(n— 1)y
dt R A
i i d_y = —ay + b(z +1y) — 2nby
time evolution dt - nonlinear terms
E =\8Iy/— az — ﬂ-(ﬂ- - l)by

3 dimensional, nonlinear dynamical system



How do we work out the behaviour of this dynamical system?

1. choose reasonable parameter values and play with MATLAB
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initial conditions 105 «°
x =500

y = 1000 l
7 = 10000 100

10-5 w°f

]_0-10 oL

10-15 ol )
w0 1w w0 10! 10" 10’ 0* g w*

polymer disappears!



How do we work out the behaviour of this dynamical system?

2. determine the steady states, where

dx. _dy _ dz
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X, =/ depends only on monomer rates

X, = (@ + (n-1)b)(a + nb)

B3 depends only on polymer rates

If X; < X, there is 1 steady state
( X]_! O ’ O )
If X, > X, there are 2 steady states
(X;,0,0) and (X;, (X - X,)(d/as) , (X, - X,)(d/a) )

where s = a/b + 2n-1 is the average polymer length in the second steady state



n 6 n 6
A 9000 X, 225 A 9000 X, 225
d 40 X 535 d 40 X, 90
g 0.015 2 g 0.015 2
a 0.08 a 0.03
b 0.0009 b 0.0009
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a change in the qualitative (“topological”) structure of steady states
and trajectories as a result of changes in parameter values
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The moral of this story

changes in processes “outside” the system, like clearance or degradation,
can have profound consequences on system behaviour



How do we work out the behaviour of this dynamical system?

3. determine the local stability of the steady states



