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Chemical reaction network

The chemical equations for smallest bistable system by Wilhelm [1] is shown
below:
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The ODE system to model the dynamics of the above reactions is as follows:

& = 2k1y — kox® — kszy — kax (2a)

y’ = ]fQZ‘Q - k‘ly (2b)
Species S and P are assumed to be constants in this model. S is incorporated
in the value of k.
Eigenvalue Analysis

For the system in Eq. 2, there are three real and non-negative solutions (or
steady states) from solving & = y = 0:
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o (1,y) = (FBED ko) where B = —&, D = (1?;) _4(k;,k§)’ and
A=1
The system can be linearized about these steady states:
z=Jz (3)
where z = [0z, dy]T and the Jacobian matrix is as follows:
_ —ngl‘ - kgy - k4 2]61 - kgl‘
J= ( nglﬂ 7]431 (4)



The eigenvalues (A1, A2) of J can then be computed to determine if the
steady state is stable, unstable, or a saddle node. Choosing the rate constants
k1 =8, ks = k3 = 1, and kg = 1.5 [1], the results of the above analysis are
summarized in Table 1.

Table 1: Summary of eigenvalue analysis on the simplest bistable system [1]

Solution 1 Solution 2 Solution 3
Steady States (z,y) (0,0) (2, 0.5) (6, 4.5)
. —-1.5 16 -6 14 —18 10
Jacobian J ( 0 —8) ( 4 —8> < 12 —8>
Eigenvalues (A1, A2) (—1.5,-8) (—14.5,0.54) | (—25.04,—0.95)
Stability Property Stable Saddle node Stable

There are two stable steady states, which make this system bistable.

System of ODEs and parameter values for a larger bistable system
from [2]

dafdt = -1%k1%a + 1%k2%h + 1%kS*d -2%k9*an2 + 2¥ka*h*c + 1¥kb*bA2 -1kc*a*c+ L¥kE¥f
db/dt = 1*k1%a -1%k2%h -2¥k3*bA2 + 2¥ka*d + 1¥kS*d -1¥kE*b*c + 1¥kT*e + 1¥k9*an2 -1¥ka*b*c -2¥kh*bA2 + 2¥ke*akc -1¥kd*b*c + L¥kef + L¥kFH
deldt = + 1%k3*bA2 -1%kda*d -1%kS*d

dofdt = -1%kE*b*c + 1%k7*e + 2%kB*e + 1¥kB*an2 -1%ka*h*c + 1%kb*bn2 -1*ke*a*c -1¥kd*b*c + 1*ke*f

defdt = + 1%k6*b*c -1*k7*e -1*kB*e

f= (TO-(1*a+ 1%b + L¥c + 2%d + 2%e))/2

init a= 0622176

init b =10.985929

init c=0.0160937
param TO= 1.6242
param k1 =0.163557
param k2 = 1,00155
param k3 =93.5102
param k4 =0.842684
param k5 =0.210671
param k6 = 13,6847
param k7 = 13.5496
param k8 =3.3874
param k9 =0.307605
param ka = 0.160697
param kh =1.11248
param kc = 1.29544
param kd = 0.46286
param ke = 1,16452
param kf = 0.29113

Figure 1: ODEs and parameter values for the bistable system in Figure 10. The
reactions and parameter values are taken from [2]
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