
SM8. ATM cooperativity and Hopf bifurcation as a strategy for threshold detection 

 

 

In order to arrest the cell cycle in response to a small number of DSBs it is desirable for 

the system to be able to rt its response abruptly after a minimum threshold of DSBs is 

rea ed 

tha ns 

(Fi percritical Hopf 

bifurcation in which a single stable solution turns unstable (specifically at the solid red

 sta

ched. When studying the p53-Mdm2 module as a dynamical system (13), we observ

t increasing the ATM* level produces an abrupt (but continuous) onset of oscillatio

g. SM9A). In dynamical systems parlance, the system undergoes a su

 

circle in Fig. SM9A), giving rise to a limit cycle, i.e., stable oscillatory behavior. The 

abrupt onset suggests a possible role of this instability as a threshold sensor.  
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Figure SM9. Threshold behavior of oscillator.  (A) Bifurcation diagram of 
steady-state p53 versus fixed ATM* value. p53 is normalized by its basal 
level and ATM* is normalized by its total amount. The solid line represents 
the mean value of p53, while the dashed lines represent the lower and upper 
bounds of p53 oscillation amplitude. A Hopf bifurcation occurs at the solid 
red circle. (B) ∆p53, the normalized value of (p53max-p53min) divided by 
basal p53 as a function of IR dose. Different traces correspond to assumed 
Hill coefficients nH in the activation of ATM*.  The threshold behavior is 
due to the Hopf bifurcation that produces an abrupt change in behavior at 0.2 
Gy.  However, the size of the oscillation does not saturate until 10 Gy when 
low coopertivity is assumed (nH=1).   As activation of ATM* is assumed to 
be more cooperative, the response more closely resembles an On-Off switch 
with an abrupt onset that quickly reached the saturation level. 


