
SM8A). Note that mathematically it is the total amount of delay τ that determines the 

existence of oscillation, that is, the system dynamics does not differentiate whether τ 

appears in the transcriptional delay or in the translational/translocation delay (13).  

. 

relatively 

sensitive to the irradiation dose. Notice that even though there is a direct relationship 

 

It is therefore clear that time delays play a central role in the maintenance of oscillations

A generic, intuitive reason for the importance of time delays in negative feedback 

systems is that a time delay can destabilize what would otherwise be a stable fixed point. 

In a linear system, this creates a divergent behavior. In a non-linear system, this 

divergence can be stabilized by nonlinearities, generating, as is the case in our oscillator, 

a limit cycle. The period of this limit cycle in the p53-Mdm2 oscillator of this paper is 

shown in Fig. SM8B as a function of the total time delay τ and for several IR doses. The 

period of the oscillations follows a linear trend with the total time delay, and is 

in

between the time delay and the period of oscillations, the time delay is  

 

 
not equal to the period. Rather, the period of oscillations is about one order of magnitude 

larger that the time delay, reaching for a delay of 40 min the period of around 420 min 

observed in the actual p53-Mdm2 system. 

 

Figure SM8. (A) Two-parameter bifurcation diagrams with respect to total time 
delay τ=τ1+τ2 (x-axis) and IR dose (y-axis). The oscillatory region is represented 
by the area shaded in grey. The system requires a minimum total delay of 16 min 
to oscillate. (B) Oscillation period as a function of total time delay τ. 
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