

















BIOCHEMICAL REGULATION
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Figure 10. Perfect adaptation. (a) Flowchart combining the linear response module for R with
another linear response module for X through which the signal, S, is filtered. (b)
Graph of the response, R, when the stimulus is a ‘staircase’ function. Parameters
are: k; =k, =2, ks = ks =1, X(0) =0, R(0) =1, S(0) =0.

Note: The staircase function can be constructed by making the stimulus, S, be a reservoir rather
than a function, with an influx consisting of the PULSE function (see the Equation Help sheet
under the Help menu). Define STAIR = PULSE(HEIGHT, INITIAL TIME, DURATION).

Exercise 10. Construct the adaptation circuit shown in Figure 10a and reproduce the
stimulus-response curve in Figure 10b.

Oscillations

Combining Michaelis-Menten kinetics with feedback can create
a system with stable oscillatory behavior. We will study this
phenomenon more thoroughly later; here we simply want to
introduce the possibility of more complex dynamics when the
modules we have constructed above are connected together.

Exercise 11. Figure 11a shows the Flowchart (with the functions hidden) for negative
feedback oscillator using the modules we have shown above and Michaelis-
Menten kinetics. Reconstruct the model using the parameter values from the
Equation window shown in Figure 11b. Plot a stimulus-response curve for the
frequency of oscillations as shown in Figure 11c.

didt (X) =+J1-J2
INIT X=5 RT=1
d/dt (Yp) = + Yp_Production - Yp_Removal k5=0.1
INIT Yp=0.9 k6 = 0.05
d/dt (Rp) = - RP_Removal + Rp_Production Km5 =0.01
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INITRp=0.1 Km6 = 0.01
YT=1
Rp_Production = k5*YP*(RT-RP)/(Km5+RT-RP) | k3=0.1
RP_Removal = k6*RP/(Km6+RP) Km3 =0.01
Yp_Production = k3*X*(YT-YP)/(Km3+YT-YP) k4 =0.2
Yp_Removal = k4*YP/(Km4+YP) Km4 =0.01
J1 =KkO0 + k1*S k0=0
J2 = k2*X + k2p*RP*X kl=1
S=2
k2 =0.01
k2p =10

0.06 4

0.055 \
0.05 \
0.045 \
0.04 \

0.035

Rp(freq)

0.03 4,

Figure 11. Negative feedback oscillator. (a) Flowchart with the functions hidden. (b) Equation
window. (c) Response (Rp) vs. Stimulus (S).
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Figure 2
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GO
 X(0) = 5,  YP(0) = 0.9, RP(0) = 0.1.
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