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Supporting Methods 

The full form of Equation 1 of the main text used for fitting is: 
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For t > t0:  TAMSpike tFtFy
F

F
 ,,,,, 00

0


  = 

   





TATAIA

y
 23

FM
0

 

 

   

 

  

 

   

 

   

 

 

  
   

17ττ20τ5τατ4τe
4

3
ατ1τ6e

ττ2ττατ6τe
6

1
ττ5τ2τατ5τe

5

3
 

2ττ3τττ33ττ7τ4τατ2τ
2

3

2
TTA

2
AAA

τ

t4

T
3

I
τ

t

TATAAA
τ

t6

TATAAA
τ

t5

TATAA
τ

t

TATAAA
τ

t2

A

0

T

0

A

0

A

0

A

0

A

0

































tt

tt

tt

ee

 

      

 
 

 
  

    
    














































TATATA

4
T

3
TA

2
T

2
AT

3
A

4
ATATATA

IA

TAA
3

T

t
τ

1

τ

2

IA

TATA
3

T

t
τ

1

τ

1

2
TATAAA

2
AA

τ

t3

3ττ2ττττ60

360ττ660ττ605ττ252τ37τττ2ττ3ττα

2ττ

τατ2ττ18e

ττ

ταττττ18e

τ29α9249τ13α3843τ10α057ττe
3

1

0
TA

0
TA

A

0

tt

t

    
 

    
τ

t
cosh2ττ3ττατ6e 

3ττ

τατ3ττ
6e

A

0
TATA

2
A

τ

t2

TA

TAA
3

T
t

τ

1

τ

3

A

0
0

TA
















 





















t
t

t
;  

 Eq. S1b 

where FSpike is the theoretical time course of the spike, t is the time elapsed from the start of 

the voltage stimulus, y0 is the normalized fluorescence before the spike, t0 is the latency of the 
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onset of calcium spike, FM is the maximal normalized fluorescence increase in the absence of 

release termination, α is a proportionality factor [1], and τA and τT are the time constants of 

spike activation and termination, respectively.  

Algorithms and methods used 

The “Nelder-Mead simplex” algorithm was used in the MATLAB function 

“fminsearchbnd” [2]. The remaining algorithms were implemented using the Curve fitting 

toolbox and the "Nonlinear Least Squares" method of the fit object with the 

Algorithm property set to “Trust-Region”, “Levenberg-Marquardt” or “Gauss-

Newton” and the Robust property for minimization of the influence of outliers set to “OFF” 

(disabled), “LAR” (least absolute residuals), or “Bisquare” (the weight in the minimized sum 

of squares given to each data point depends on how far the point is from the fitted line).  

Both, constrained and unconstrained fitting was tested. For unconstrained fitting, the upper 

and lower bounds of all parameters were set to positive and negative infinity. For constrained 

fitting, the lower and upper bounds were [1,0, 0, 1, 1, 0] and [1,∞, ∞, ∞, ∞, 1], respectively, 

for the parameter set [y0,t0, FM, τA, τT, α]. The lower bounds of τA, τT were set to 1 to conform 

with the kinetics of the fluorescent indicator OG-5N and with the 0.5 ms sampling period; the 

lower bound of latency was set to zero, since spikes did not occur before the start of the 

stimulus. The initial vector of parameters was [1,4.13, 1.577, 3.13, 5.48, 1] [3] under all 

conditions.  
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