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Parameter Determination
Obtaining L and c Values. Equations to minimize to obtain esti-
mates for L, c, e1 (for skMLCK), e2 (for PhK5), and e3 (for
CaATPase) were obtained by inserting data from Peersen et al.
(5) into the expression for fractional occupancy in the presence
of an allosteric activator from Rubin and Changeux (9). KR for
calcium binding can be obtained from the reported Kd value
using the relation KR � Kd (1 � Lc)/(1 � L). The resulting system
of equations reads as follows:
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PhK5:
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where F1/22
� 6 � 10�7, A2 � 1 � 10�5, and K 2
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CaATPase:
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where F1/23
� 1.2 � 10�7, A3 � 1 � 10�5, and K 3
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We minimized �1, �2, �3, �4 by using the leastsquare function
provided in Scilab (www.scilab.org). To avoid local minima, we
ran 105 minimizations, each one with different initial values.
Initial values were drawn at random: The grand function pro-
vided in Scilab was used to determine the exponent of each
parameter, with initial values in the following range: 103� L �
105, 10�4 � c � 0.1, and 10�15 � ei � 0.5. Of 105 runs, 13 resulted
in the same minimum, which we believe to be global. It is reached
at L � 20,670, c � 3.96 � 10�3, e1 � 10�15, e2 � 0.5, and e3 �
1.57 �10�3. e1 being very small means that skMLCK binds
predominantly to the R state. We can therefore assume that, in
the presence of sufficient amounts of skMLCK, calmodulin
exists predominantly in the R state.

Obtaining KR Values. The system of equations used to determine KR
values was as follows:

Wild Type. Calcium concentrations at Y� � 0.5 and Y� � 0.25 were
taken from ref. 1.
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where i, j � {A, B, C, D}, and j � i, F1/2 � 4.4 � 10�6, and F1/4
� 1.4 � 10�6.

C-Terminal Mutant. Calcium concentrations at Y� � 0.5 and Y� �
0.25 for mutant calmodulin with intact N-terminal binding sites
were taken from ref. 10.
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where i, j � {A, B}, and j � i, FN1/2 � 3.3 � 10�5, and FN1/4 �
1.3 � 10�5.

N-Terminal Mutant. Calcium concentrations at Y� � 0.5 and Y� �
0.25 for mutant calmodulin with intact C-terminal binding sites
were taken from ref. 10.
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where i, j � {C, D}, and j � i, FC1/2 � 3.5 � 10�5, and FC1/4 �
1.4 � 10�5.

R State Only. Calcium concentrations at Y� � 0.5 and Y� � 0.25 in
the presence of skMLCK were taken from ref. 5.
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where i, j � {A, B, C, D} and j � i, FR1/2 � 3.4 � 10�8, and FR1/4

� 1.5 � 10�8.
We first sampled all possible combinations of KR

i values in a
broad range (10�9� KRi � 10�4, using a logarithmic scan with 50
sample points per dimension). Of these, we selected the param-
eter configuration that minimizes ¥i�1

8 �i
2. The result was then

used as an initial vector for a refined search using a smaller
intervals (of 2 orders of magnitude) around the initial results and
66 sample points per dimension.

Robustness of kRT. To determine whether the choice of the R to T
transition rate, kRT, affects the outcome of the simulation, we
performed a robustness analysis on this parameter. We looked
at calcium binding to calmodulin as a function of calcium
concentration for kRT values between 103 and 109 and found no
difference in output (see Fig. S1).

Comparison of Calcium-Binding Curve to Experimental Results
In addition to comparing our simulation results to experimental
data reported by Crouch and Klee (3), we also compared them
to experimental data reported by Peersen et al. (5) (see Fig. 2)
and Porumb (7) (see Fig. 3).

List of Reactions Included in the Simulation
Reactions included in the simulation are listed in Table S1.

List of Parameters for Simulation
Parameters used in the simulation are listed in Table S2.
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Fig. S1. Robustness of the parameter kRT: Moles of calcium bound per mole of calmodulin are shown as a function of calcium concentration. Each curve
represents a different value of kRT. Calmodulin concentration used was 2 � 10�7 M.
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Fig. S2. Comparison between simulation results and experimental results reported by Peersen et al. (5). Moles of calcium bound per mole of calmodulin are
shown as a function of calcium concentration. Diamonds: data points measured by Peersen et al.; solid line: steady-state results of simulations at different initial
calcium concentrations. Calmodulin concentration used was 2 � 10�7 M.
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Fig. S3. Comparison between simulation results and experimental results reported by Porumb (7). Moles of calcium bound per mole of calmodulin are shown
as a function of calcium concentration. Diamonds: data points measured by Porumb; solid line: steady state results of simulations at different initial calcium
concentrations. Calmodulin concentration used was 2 � 10�7 M.
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Table S1. List of reactions included in our simulation with their respective reaction rates
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Table S1. Continued
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Table S1. Continued
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Table S1. Continued
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Table S1. Continued
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Table S1. Continued

Stefan et al. www.pnas.org/cgi/content/short/0804672105 11 of 13

http://www.pnas.org/cgi/content/short/0804672105


Table S1. Continued
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Table S2. List of parameters used for simulation

K R
A 8.32 × 10− 6 M this article

K R
B 1.66 × 10− 8 M this article

K R
C 1.74 × 10− 5 M this article

K R
D 1.45 × 10− 8 M this article

K T
A 2.10 × 10− 3 M K R

A /c
K T

B 4.19 × 10− 6 M K R
B /c

K T
C 4.39 × 10− 3 M K R

C /c
K T

D 3.66 × 10− 6 M K R
D /c

kon 106 M− 1s− 1 assumption
kRoffA 8.32 s− 1 K R

A kon
kRoffB 1.66 × 10− 2 s− 1 K R

B kon
kRoffC 17.4 s− 1 K R

C kon
kRoffD 1.45 × 10− 2 s− 1 K R

D kon
kToffA 2.10 × 103 s− 1 K T

A kon
kToffB 4.19 s− 1 K T

B kon
kToffC 4.39 × 103 s− 1 K T

C kon
kToffD 3.66 s− 1 K T

D kon
L 20670 this article
kRT 1 × 106 assumption
kTR 48.38 kRT/L
c 0.00396 this article
konCaMKII 3.2 × 106 M− 1s− 1 [11]
koffCaMKII 0.343 s− 1 [11]
konPP2B 4.6 × 107 M− 1s− 1 [8]
koffPP2B 0.0013 s− 1 [8]
[T0 ] 2 × 10− 7 M – 3 × 10− 5 M depending on simulation run
[calcium] 10− 8 M – 10− 1 M multiple simulations with various concentrations
[PP2B] 1 .6 × 10− 6M cf [4]
[CaMKII] 7 × 10− 5 M cf [6]
spine volume 10− 15 L cf [2]

*
*
*
*
*
*
*
*
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