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(1) kf 

kb 

d[AB]/dt = + kf[A][B] - kb[AB] 

 A + B                  AB 

Kd=kb/kf  

 =1/(kf +kb)

d[A]/dt = kf [A][B] + kb[AB] 

[A] + [AB] = [A]total = const. 

(2)  (Michaelis-Menten) 

 E + S                 ES              E + P 
k1 

k-1 

kcat 

E: Enzyme, S: Substrate, P: Product 

(1) 

 A + B                  AB 
kf 

kb 

Km = 
k-1+kcat 

k1 



:Glu mGluR Gq 

Glu mGluR 

Gq 

Unknown/Total 

31 / 34 

Kd 

Michaelis Km 
3 / 29 

Vmax 3 / 12 

 [A] 3 / 21 

53 96  

 

mGluR-Gq IP3-Ca2+

IP3

IP3R IP3 Ca2+ Ca2+

Adkins and Taylor (1999) 

Ca2+

PF CF Ca2+

Ca2+  
Wang et al., (2000) Nat Neurosci 

Ca2+ PF CF  Ca2+



IP3  

Fast IP3 Slow IP3 

PF CF  

Ca2+
Ca2+

IP3 Ca2+
Ca2+ LTD   

(i) CF LTD  

(ii) PF LTD  

(iii) PF CF LTD  
(iv) Ca2+ LTD  

(v) IP3 LTD  

(vi) PF LTD
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Update on experimental tests of Kuroda 
et al. positive feedback model 

•Ca2+ photo-uncaging control 
•Ca2+ Confocal microscope measurement 

George Augustine Duke

Ca-uncaging, Ca-imaging, Whole 

Cell Clamp, and PF Stimulation 



Ca2+

Ca2+

Neuron, 54, 1-14, June 7, 2007 

• George Augustine 
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  Ca2+  

  

Ca2+ threshold for  

LTD induction 

Ca2+ requirements for LTD 
Leaky Integrate 

 and Depress Model 

dx

dt
= x + a[Ca2+]i(t)                  (1) 

[sec]: the time constant of the leaky integrator.  

a[%/μM]: the gain from [Ca2+]i to %.  

[Ca2+]i(t) = kt                         (2) 

By substituting Eq. (2) to Eq. (1), we obtain; 

dx

dt
= x + akt                        (3) 

x(t) = ak exp
t 

 
 

 

 
 + ak(t )            (4) 

Spatial 

distribution of 

Ca2+ and  

addition of  

noise closely  

mimics 

experimental 

data 

Dynamic Ca2+ threshold depends on positive 
feedback loop 

Disrupt positive 

    feedback 

Keiko is testing this now… 



Experimental 

confirmation 

that dynamic 

Ca2+ threshold 

depends on 

MAPK positive 

feedback loop 

Positive feedback loop between  

PKC and MAPK 

LTD Ca2+ 

MAPK inhibitor 

PKC inhibitor 

PKC MAPK 

Bhalla US and Iyengar R; Science (1999)  

Kuroda S et al.; Journal of Neuroscience (2001) 

Doi T et al.; Journal of Neuroscience (2005) 
Tanaka K et al.; Neuron (2007) 

Tanaka K and Augustine GJ; Neuron (2008)  

Ogasawara H and Kawato M; Science Signaling (2009)

Model predicts sustained activation of PKC 

Kuroda et al. (2001) 

Positive feedback causes prolonged  

activation of PKC 

PKC is active for almost 30 minutes Summary 

• Ca dose-response curve can be 
predicted by positive feedback model 

• PKC and MAPK are related as 
predicted by model 

• Prolonged activation of PKC, as 
predicted by model 

 - We like your model very much! 



Positive Feedback Loop 

Summary 
• Each PF-PC synapse on a spine undergoes LTD  

   in all-or-none manner 

– Cooperativity (large Hill coefficients) 

– Constant maximum LTD 

– Reproduction of experimental data by bistable  

   dynamics 

• MAPK positive feedback loop provides the second  

   threshold dynamics for LTD 

• First Ca excitable dynamics, and second MAPK  

   bistable dynamics 

• Leaky integrator between two nonlinear dynamics 

Computational Schema of LTD 
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