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Oscillatory Networks
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Modifying a Bistable System

p = defn cell

$Xo - > So;  k0*Xo;

So - > S1;   k1*So + Vmax*So*S1^n/(15 + S1^n);

S1 - > $X1;  k2*S1;

end;

p.Xo = 1;

p.X1 = 0;

p.S1 = 1;

p.n = 4;

p.Vmax = 12;

p.k0 = 0.044;

p.k1 = 0.01;

p.k2 = 0.1;
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Relaxation Oscillator
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Relaxation Oscillator
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Relaxation Oscillator

So

S1
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Relaxation Oscillator

A relaxation oscillator has two parts, a threshold device, 
for example a bistable system, and a negative feedback 
loop.

8



Relaxation Oscillator

SD = Substrate Depletion

AI = Activator-Inhibitor

SD/T = Substrate Depletion/
Toggle.

Classifications
according to Tyson

Sniffers, buzzers, toggles and blinkers: 
dynamics of regulatory and signaling 
pathways in the cell John J Tysony, Katherine 
C Chenz and Bela Novak
Current Opinion in Cel Biology, vol 15, 
221-231 (2003)
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Synthetic Relaxation Oscillator

Cell, Vol. 113, 597ς607, May 30, 2003, Development of Genetic 
Circuitry Exhibiting Toggle Switch or Oscillatory Behavior in 
Escherichia coli, Mariette R. Atkinson Michael A. Savageau 

Jesse T. Myers and Alexander J. Ninfa
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Negative Feedback
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Negative Feedback

V1, V2

V1

V2 = 0.3

V2 = 0.2

V2 = 0.1

S1
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Negative Feedback
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Reduction in noise due to negative feedback.

Review: Computational studies of gene regulatory networks: in numeromolecular 
biology Jeff Hasty, David McMillen, FarrenIsaacs & James J. Collins
Nature Reviews Genetics 2, 268-279 (April 2001)

Original Paper: Becskei, A. & Serrano, L. Engineering stability in gene networks 
by autoregulation. Nature 405, 590ς593 (2000).



Negative Feedback
Phase Shift Oscillator

If the signal takes too long to make the appropriate adjustment, the system
can go out of phase and begin to spontaneously oscillate.
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Negative Feedback Phase Shift Oscillator

p = defn feedback

J0: $X0 - > S1; J0_VM1*(X0 -

S1/J0_Keq1)/(1+X0+S1+pow(S4,J0_h));

J1: S1 - > S2; (10*S1 - 2*S2)/(1+S1+S2);

J2: S2 - > S3; (10*S2 - 2*S3)/(1+S2+S3);

J3: S3 - > S4; (10*S3 - 2*S4)/(1+S3+S4);

J4: S4 - > $X1; J4_V4*S4/(J4_KS4+S4);

end;

p.X0 = 10;

p.X1 = 0;

p.S1 = 0;

p.S2 = 0;

p.S3 = 0;

p.S4 = 0;

p.J0_VM1 = 10;

p.J0_Keq1 = 10;

p.J0_h = 10;

p.J4_V4 = 2.5;

p.J4_KS4 = 0.5;

m = p.sim.eval (0, 10, 100, [<p.time>, <p.S1>]);

graph (m);

Jarnac Model
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Ring Oscillator
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Ring Oscillator ςJarnac Model

p = defn cell

$x - > P1;  A/(1 + P2^n);

P1 - > $w; k1*P1;

$x - > P2; A/(1 + P3^n); 

P2 - > $w; k2*P2;

$x - > P3; A/(1 + P1^n); 

P3 - > $w;  k3*P3;

end;

p.A = 1;

p.n = 4;

p.k1 = 0.2;

p.k2 = 0.2;

p.k3 = 0.1;

m = p.sim.eval (0, 200, 200, [<p.time>, 

<p.P1>]);

graph (m);

P1

P2

P3
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Ring Oscillator
Repressilator
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Natural Oscillators
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1. Circadian rhythms (egDrosophila, 24 hour period, feedback oscillator)
2. Ca++ Oscillations
3. GlycolyticOscillations* (relaxation oscillator)
4. Signaling Pathway Oscillations (P53, ERK, NF-kB) 
5. Cell Cycle (relaxation oscillator)
6. Synchronous Rhythmic Flashing Of Fireflies
7. Many examples of chemical oscillators (mostly relaxation oscillators)
8. ΧΦ

Buck, John; "Synchronous Rhythmic Flashing of 
Fireflies. II," Quarterly Review of Biology, 
63:265, 1988

* During growth phase on glucose and ethanol,
starve yeast of glucose, add cyanide and 
glucose, the glycolyticpathway will oscillate
(NAD/NADH, ATP/ADP)



Oscillatory Systems

Atkinson, M. R., Savageau, M. A., Myers, J. T. 
& Ninfa, A. J. Development of genetic 
circuitry exhibiting toggle switch or 
oscillatory behavior in Escherichia coli. Cell 
113, 597ς607 (2003).

Elowitz, M. B. & Leibler, S. A synthetic 
oscillatory network of transcriptional 
regulators. Nature 403, 335ς338 (2000).

Resilient circadian oscillator revealed in individual 
cyanobacteriaIrina Mihalcescu, WeihongHsing& 
StanislasLeibler, Nature430, 81-85 (1 July 2004)

A synthetic geneςmetabolic  oscillator 
Eileen Fun et al, Nature, 435, 118-122 
(2005)

Natural BistableNetworks Synthetic Bistable Networks

Hoffmann, A., Levchenko, A., Scott, M.L. and Baltimore, D. 
(2002) Science 298, 1241ς1245
The IkappaB-NF-kappaBsignaling module: temporal control 
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Review: Oscillations in cell biology Karsten Kruse and 
Frank Julicher,Current Opinion in Cell Biology 2005, 
17:20ς26 20

Transduction of Intracellular and Intercellular 
Dynamics in Yeast GlycolyticOscillations, Wolf et al, 
BiophysJ, 78, 1145-1153 (2000)

An excitable gene regulatory circuit induces 
transient cellular differentiation, Nature
440, 545-550 (23 March 2006) , GürolM. 
Süelet al



Evolving Oscillators in silico

1. Genetic Diversity:
Create Initial 
Population

2. Evaluate 
Fitness

3. Selection:
Kill Unfit Networks

4. Reproduction:
Clone & Mutate

Survivors

Network

Cloned Network

Unfit Network

Next
Generation



Evolution of an Oscillator



Selection of Evolved Networks

Mathematical Functions

Quadratic Square Root Cubic



Selection of Evolved Networks

Bistable Networks


