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SUPPLEMENTARY INFORMATION FIGURES
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Figure S1. Ca2+ peak pulse amplitude-dependent LTP and LTD inductions. (a) The weaker the Ca2+ peak pulse amplitude is, (b) the weaker the LTP expression becomes. The Ca2+ pulses with each color in (a) induce the LTP expressions with corresponding color in (b). (c) The weaker the Ca2+ peak pulse amplitudes are, (d) the weaker the LTD expression becomes. The trains of Ca2+ pulse with each color in (c) induce the LTD expressions with corresponding color in (d). The Ca2+ pulses with the strongest peak amplitude in (a) and (d) respectively correspond to Ca2+ pulses of the LTP and LTD stimulation shown in Fig. 3b.
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Figure S2. LTP and LTD induction by using a two-sigmoid function model as the input Ca2+ influx instead of the Gaussian function model. Time course of (a) AMPAR population and (b) Ca2+ concentration for LTP and LTD induction. The two-sigmoid function model used here for the LTP and LTD stimulation is explained in SUPPLEMENTARY INFORMATION METHOD (shown below).
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Figure S3. Concentration variation of Ca2+-binding species of Syt1 and PICK1 as a function of Ca2+ concentration. 
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Figure S4. A reduction of PICK1-dependent endocytosis impairs both the LTP and LTD inductions. (a) LTP induced by the HFS. (b) LTD by the LFS. These results are comparable with the impairment of LTP and LTD inductions observed in PICK1-KO mice [1]. 
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Figure S5. The induction of LTP is depotentiated by LTD stimulation. Time courses of (left axis) AMPAR population at the membrane and (right axis) Ca2+ concentration. The LTP and LTD stimulation are the same as used in Fig. 3 whereas the timing of LTD stimulation is delayed by 1500 s. The obtained time course is qualitatively consistent with experimentally observed one [2].
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Figure S6. An inhibition of myosin Vb transport affects the population of each component at the membrane. The increase in the ratio of the amount of PICK-mediated endocytic AMPARs to the total amount of AMPARs at the membrane (Fig. 5b) can be interpreted on the basis of the slight increase in the population of PICK1-bound AMPARs as observed here.
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Figure S7. The activation levels of PKA and PP2B are not effectively regulated by differences in Ca2+ concentration during LTP and LTD stimulation. The competition between phosphorylation and dephosphorylation of GluA1 serine 845 is regulated by the activation level of PKA and PP2B. However, the LTP and LTD stimulation result in no obvious difference on the activation levels of PKA and PP2B, implying that the other calcium-dependent regulatory mechanism is needed to induce LTP and LTD expressions in addition to the previously proposed plasticity mechanism based only on the phosphorylation/dephosphorylation of GluA1 S845 [3].
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Figure S8. Ca2+-binding site mutations of Syt1 in both the C2A and C2B domains block hippocampal LTP [4]. Parameters for calcium-binding site mutations of Syt1 used here are provided in Supplementary Table S6.



SUPPLEMENTARY INFORMATION METHOD
Model Construction
Ca2+ dynamics
Ca2+ pulses are used to trigger hippocampal LTP and LTD induction. A model of Ca2+ dynamics is responsible for regulation of intracellular Ca2+ concentration ([Ca2+]) and comprises Ca2+ flux into the cytosol and extrusion of Ca2+ from the cytosol, thus plays an important role in the network model of hippocampal LTP and LTD inductions. The Ca2+ flux is used to elevate [Ca2+] and is modelled with a single Gaussian function for LTP stimulation and with a train of three Gaussian functions for LTD stimulation. The following equation
 
is employed as the i th Ca2+ pulse. We used the parameters shown in the table below for the LTP and LTD stimulation.
	LTP stimulation
	Parameter values

	
	﻿﻿275000 µmol/l

	
	100 s

	
	500s 

	LTD stimulation
	

	
	﻿140000 µmol/l

	
	70 s

	
	500s 

	
	﻿140000 µmol/l

	
	70 s

	
	700 s

	
	﻿140000 µmol/l

	
	70 s

	
	900 s


To confirm how the Ca2+ influx modeling affects the result of LTP and LTD induction, we also examine a two-sigmoid function model to mimic the Ca2+ influx:
.
We used the parameters shown in the table below for LTP and LTD stimulation.
	LTP stimulation
	Parameter values

	
	﻿﻿1110 µmol/l

	
	0.1s-1 

	
	500s 

	
	600s 

	LTD stimulation
	

	
	﻿820 µmol/l

	
	0.1s-1 

	
	500s 

	
	950s 


The model of Ca2+ extrusion used in this study (see below) is based on previous works [5-7]. We also introduced a constant flow of Ca2+ into the cytosol as a zero order reaction, which counteracts the extrusion of Ca2+ from the cytosol, so that the system sustain a basal Ca2+ concentration of ~ 50 nmol/L [6]. 
Ca + PMCA = CaPMCA
CaPMCA -> PMCA 
Ca + NCX = CaNCX
CaNCX -> NCX
Ca + SERCA = CaSERCA
Ca + CaSERCA = Ca2SERCA
Ca2SERCA -> SERCA
Ca_leak_into: -> Ca (This work)
Ca_flux_into: -> Ca (This work)

cAMP synthesis from ATP
cAMP is synthesized by calcium-calmodulin bound adenylyl cyclase 1 (AC1). The related model used in this study (see below) is based on previous works [8,9]. 
CaM + 2 Ca = CaMCa2
CaMCa2 + 2 Ca = CaMCa4 
AC1 + CaMCa4 = AC1-CaMCa4
AC1-CaMCa4 + ATP = AC1-CaMCa4-ATP
AC1-CaMCa4-ATP -> AC1-CaMCa4 + cAMP

cAMP degradation into ATP
cAMP is degraded through multiple pathways by phosphodiesterase type 1 (PDE1) [10,11], phosphodiesterase type 4 (PDE4) [12], and phosphorylated PDE4 (pPDE4) by PKA [13]. The models for these cAMP degradation reactions used in this study (shown below) are based on previous works [8,9]. 
PDE1 + CaMCa4 = PDE1-CaMCa4
PDE1-CaMCa4 + cAMP = PDE1-CaMCa4-cAMP
PDE1-CaMCa4-cAMP -> PDE1-CaMCa4 + AMP
AMP -> ATP
PDE4 + cAMP = PDE4-cAMP
PDE4-cAMP -> PDE4 + AMP
PDE4 + PKAc = PDE4-PKAc
PDE4-PKAc -> pPDE4 + PKAc
pPDE4 + cAMP = pPDE4-cAMP
pPDE4-cAMP -> pPDE4 + AMP
PDE4-cAMP + PKAc = PDE4-cAMP-PKAc
PDE4-cAMP-PKAc -> pPDE4-cAMP + PKAc
pPDE4 -> PDE4

Phosphorylation of the S845 of GluA1 by cAMP-bound PKA
PKA binds to A-kinase anchoring protein 150 (AKAP150) [14-16] and these form a signaling complex at the postsynaptic plasma membrane. PKA is activated by cAMP and the resulting PKA, namely, PKAc, phosphorylates the S845 of GluA1 at the postsynaptic membrane [17,18]. The model on the activation of PKA used in this study (shown below) is based on a previous work [8]. The model of the phosphorylation of GluA1 S845 used in this study (shown below) is also according to previous works [19,20].
PKA + 2 cAMP = PKAcAMP2 	
PKAcAMP2 + 2 cAMP = PKAcAMP4
PKAcAMP4 = R2_cAMP4 + 2 PKAc
R2_cAMP4 = R2 + 4 cAMP (The parameter obtained from [21])
R2 + 2 PKAc -> PKA (The parameters are adjusted in this work)
S845-GluR1 + PKAc = GluR1-PKAc
S845-GluR1-PKAc -> pS845-GluR1 + PKAc

Dephosphorylation of the S845 of GluA1 by Ca2+-calmodulin-bound PP2B
Protein phosphatase 2B (PP2B, also known as Calcineurin) binds to AKAP150 [14-16] and forms a signaling complex with AKAP150 at the postsynaptic plasma membrane. Calmodulin (CaM) has Ca2+-binding affinity and PP2B is activated by calcium-bound CaM [22]. The calcium-calmodulin-bound PP2B dephosphorylates the serine 845 of GluA1 at the postsynaptic plasma membrane [2]. The model of Ca2+-dependent activation of PP2B used in this study (shown below) is provided by previous works [20,22,23]. The model on the dephosphorylation of serine 845 GluA1 used in this study (shown below) is also presented by previous works [19,20]. 
CaM + 2 Ca = CaMCa2
CaMCa2 + 2 Ca = CaMCa4 
PP2B + CaM = PP2B-CaM
PP2B + CaMCa2 = PP2B-CaMCa2
PP2B + CaMCa4 = PP2B-CaMCa4
PP2B-CaM + 2 Ca = PP2B-CaMCa2
PP2B-CaMCa2 + 2 Ca = PP2B-CaMCa4
pS845-GluR1 + PP2B-CaMCa4 = pS845-GluR1-PP2B-CaMCa4
pS845-GluR1-PP2B-CaMCa4 -> GluR1 + PP2B-CaMCa4

Phosphorylation of the S880 of GluA2 by Ca2+-bound PKC
Protein kinase C (PKC) also forms a signaling complex with the AKAP150 [14] at the postsynaptic plasma membrane. PKC has three C2 domains that bind Ca2+ ions [24], and Ca2+-bound PKC phosphorylates the S880 site of GluA2 at the postsynaptic membrane [25]. The model of Ca2+-binding to PKC used in this study (shown below) is provided by previous works [6,7,24]. The model of the phosphorylation of the S880 of GluA2 by Ca2+-bound PKC is according to a previous work [7].
PKC + Ca = CaPKC
CaPKC + Ca = Ca2PKC
Ca2PKC + Ca = Ca3PKC
S880-GluR2 + Ca3PKC = S880-GluR2-Ca3PKC	
S880-GluR2-Ca3PKC -> pS880-GluR2 + Ca3PKC

PICK1 that triggers endocytosis of AMPARs
Protein interacting with C-kinase 1 (PICK1) is a Ca2+-sensor protein that has two Ca2+-binding sites and Ca2+-bound PICK1 triggers endocytosis of AMPARs by binding to phosphorylated S880 of GluA2 [25-27]. The Ca2+-binding constants, K1b and K2b, have been experimentally determined to be 1.80 and 0.27 L/µmol, respectively [28]. The rate constants for the forward and backward reaction shown below can be modeled using K1b and K2b.
PICK1 + Ca = CaPICK1			k1f, k1b				
CaPICK1 + Ca = Ca2PICK1			k2f, k2b				
If we assumed the forward reaction constants, k1f and k2f, to be 21.6 and 10.8 L/(µmol s), respectively, the backward reaction constants, k1b and k2b, were determined to be 12 and 40 s-1, respectively, by using k1b = k1f/K1b and k2b = k2f/K2b.

Syt1 that triggers exocytosis of AMPARs
Synaptic vesicle protein, synaptotagmin 1 (Syt1) is a Ca2+-sensor protein that has two Ca2+-binding domains, C2A and C2B [29]. The Ca2+-bound Syt1 triggers exocytosis of AMPARs by cooperating with synaptic vesicle protein synaptobrevin-2/VAMP2, synaptic membrane protein synaptotagmin 7 (Syt7), and amongst others [4,30-33]. In fact, it has been observed that Ca2+-binding site mutations of Syt1 in both the C2A and C2B domains block hippocampal LTP [4]. Therefore, it would be appropriate to use Ca2+-binding constants of Syt1 to model a Ca2+-dependent regulating factor on the exocytosis mediated by Syt1 together with Syt7, synaptobrevin-2/VAMP2, and complexin, amongst others [4,29,31-34]. The C2A and C2B domain of Syt1 bind three and two Ca2+ ions, respectively. Ca2+-binding constants for the C2A domain, KA1, KA2, and KA3, have been experimentally determined to be 2.04 x 10-2, 2.04 x 10-3, and 3.21 x 10-4 L/µmol, respectively, and that for the C2B domain, KB1, has been determined to be 7.04 x 10-3 L/µmol [29]. The reaction equations and each forward and backward rate constant are defined as follows:
Syt1 + Ca = (Ca)ASyt1			kA1f, kA1b				
(Ca)ASyt1 + Ca = (Ca2)ASyt1			kA2f, kA2b				
(Ca2)ASyt1 + Ca = (Ca2)A(Ca)BSyt1		kB3f, kB3b				
(Ca2)A(Ca)BSyt1 + Ca = (Ca2)A(Ca2)BSyt1		kB4f, kB4b				
(Ca2)A(Ca2)BSyt1 + Ca = (Ca3)A(Ca2)BSyt1		kA5f, kA5b				
If we assumed these forward rate constants, kA1f, kA2f, kB3f, kB4f, and kA5f, to be 2.0, 1.0, 1.0, 1.0, and 0.5 L/(µmol s), respectively, those backward rate constants, kA1b, kA2b, kB3b, kB4b, and kA5b, were determined to be 97, 488, 142, 142, and 1560 s-1, respectively, by using the experimentally determined binding constants, KA1, KA2, KA3, and KB1. 

Network model on phosphorylation/dephosphorylation dynamics of AMPARs at the synaptic membrane
We incorporated GluA1/A2 heterotetramer (Fig. 1a), which is the most dominant subtype at hippocampal neurons [35], as the AMPAR model. The state of the AMPAR is identified by the 2 x 2 matrix shown in Fig. S9. The upper left and right element indicate the numbers of phosphorylated S845 of GluA1 and of phosphorylated S880 of GluA2, respectively. The lower left and right element indicate the number of synaptic associated protein 97 kDa (SAP97) [15] bound to phosphorylated GluA1 and the number of PICK1 bound to phosphorylated GluA2, respectively. If the number of lower right element is 0, 1, and 2, the number of glutamate receptor interacting protein 1 (GRIP1) [15,36] bound to dephosphorylated GluA2 corresponds to 2, 1, and 0, respectively. State transitions occur between states of neighbour phosphorylation levels under keeping the number of AMPAR interaction proteins and between neighbour states inside the same phosphorylation level. The state of AMPARs that are incorporated into the postsynaptic membrane by Sty1-mediated exocytosis corresponds to the state with the phosphorylated levels of both GluA1 and GluA2 being zero and without SAP97 but with GRIP1 (the bottom left panel in Fig. S9). The endocytosis of AMPARs that is mediated by PICK1 occurs through three states at the phosphorylated level of the bottom right (Fig. S9).
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Figure S9. Network model on phosphorylation/dephosphorylation dynamics of AMPARs at the synaptic membrane. 
Network model on the dynamics of PICK1-binding to AMPARs and of Ca2+-binding to PICK1-bond AMPARs
In addition to PICK1 binding to AMPARs, which is already considered in Fig. S9, we also take into consideration CaPICK1-binding and Ca2PICK1-binding to the AMPARs with two dephosphorylated GluA1s and two phosphorylated GluA2s (i.e., the AMPARs with three states at the phosphorylated level of the bottom right in Fig. S10), and also take into consideration Ca2+-binding to the PICK1-bound AMPARs (Fig. S10). Three examples showing the correspondences between the 2 x 2 and 1 x 3 matrix representations are provided at the top of Fig. S10. All the possible state transitions for Ca2+-binding and PICK1-binding due to the states listed at the left-hand side of Fig. S10 are given as horizontal transitions in Fig. S10. To satisfy the detailed balance condition, we assume all the rates of PICK1-, CaPICK1-, and Ca2PICK1-binding to AMPAR to be equivalent and also assume all the rates of PICK1-, CaPICK1-, and Ca2PICK1-dissociation from AMPAR to be equivalent.
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Figure S10. Network model on the dynamics of PICK1-binding to AMPARs and of Ca2+-binding to PICK1-bond AMPARs. Here, the AMPARs with two dephosphorylated GluA1 and two phosphorylated GluA2, namely, the AMPARs with three states at the phosphorylated level of the bottom right in Fig. S9, are taken into consideration. Three examples showing the correspondences between the 2 x 2 and 1 x 3 matrix representations are given at the top of Fig. S10. 

Network model on dephosphorylation dynamics of GluA2 that regulates PICK1 dissociation from endocytic AMPARs and GRIP1-binding to those in the cytosol
Three kinds of one PICK1-bound AMPAR and six kinds of two PICK1-bound AMPAR, which appear at Fig. S10, are internalized as recycling endosomes by PICK1-mediated endocytosis (these are indicated with the blue and red box on the bottom left of Fig. S11). We assume that the serine 880 of GluA2 of internalized AMPARs is dephosphorylated on the recycling endosomes by protein phosphatase 2A (PP2A) [7]. PICK1s that bind to the GluA2 are dissociated and instead GRIP1 binds to the dephosphorylated S880 of GluA2 [15,36]. In the present study, we assume that the recycling endosomes containing the AMPARs with the state at the upper right of Fig. S11 are transported by molecular motor myosin Vb toward the postsynaptic membrane [37-39].

[image: ]
Figure S11. Network model on dephosphorylation dynamics of GluA2 that regulates PICK1-dissociation from endocytic AMPARs and GRIP1-binding to those in the cytosol.

An approximate treatment on the relation between recycling endosome and Syt1
Ca2+-sensor synaptic vesicle protein synaptotagmin 1 (Syt1) mediates exocytosis of AMPARs, and the AMPARs are internalized into the cytosol as recycling endosomes. The recycling endosomes containing AMPARs undergo diffusion in the cytosol and those bound to molecular motor myosin Vb are transported to the peri-synaptic and synaptic membrane surface. On the basis of an analogy with Syt1-mediated synaptic vesicle exocytosis at peri-synaptic and synaptic membrane that results in neurotransmitter release [4,30-33], the Syt1 proteins are expected to be carried by the endocytic vesicles along with AMPARs in postsynaptic neurons as well. However, the network model becomes extremely complicated in the cytosol, if multiple Ca2+-binding Syt1 species are included in the recycling endosomes together with AMPARs with various states. In the present work, for simplification, we introduce the following approximation: the Syt1 proteins are artificially remained at the postsynaptic membrane when AMPARs are internalized as the recycling endosomes; the Syt1 proteins left at the postsynaptic membrane bind to the recycling endosomes as immediately as myosin-Vb molecules transport the recycling endosomes to peri-synaptic and synaptic membrane surface.




SUPPLEMENTARY INFORMATION TABLE

Table S1. Parameters of the network model at the initial condition. For simplification of making input data, we set the initial concentrations for the other species that are not provided in this table and all the simulations are started from the steady state condition.
	
	Volume (l)
	Ref.

	Compartment size
	6.00E-17
	[7,40]

	Species
	Initial concentration (µmol/l)
	

	AC1
	1.6686
	[8]

	AC1-CaMCa4
	0.14
	This work

	AC1-CaMCa4-ATP
	0.1422
	[8]

	AMP
	0.495
	[8]

	ATP
	1998.64
	[8]

	Ca
	0.05
	[7]

	CaM
	8.775
	[8]

	CaMCa2
	0.291
	[8]

	CaMCa4
	0.01
	[8]

	cAMP
	0.027
	[8]

	MyoV
	10
	This work

	NCX
	0.111
	[7]

	PDE1
	3.457
	[8]

	PDE1-CaMCa4
	0.489
	[8]

	PDE1-CaMCa4-cAMP
	0.001
	[8]

	PDE4
	2.766
	[8]

	PDE4-cAMP
	0.034
	[8]

	PDE4-PKAc
	0.025
	[8]

	PICK1
	1
	This work

	PKA
	1.7634
	[8]

	PKAcAMP2
	0.3426
	[8]

	PKAcAMP4
	0.0102
	[8]

	PKC
	3
	This work

	PMCA
	0.277
	[7]

	PP2A
	1.1
	This work

	PP2B-CaM
	2.99
	[8]

	PP2B-CaMCa2
	0.989
	[8]

	PP2B-CaMCa4
	0.1
	[8]

	pPDE4
	0.122
	[8]

	pPDE4-cAMP
	0.001
	[8]

	R1R2(GRIP2)
	2
	This work

	R2_cAMP4
	0.0096
	This work

	SAP
	4
	This work

	SERCA
	1.66
	[7]

	Syt1
	4
	This work



Table S2. Reactions and parameters of the network model on hippocampal bidirectional synaptic plasticity.
	No.
	Reaction
	kf
	kb
	Ref.

	1
	Syt1 + Ca = (Ca)ASyt1
	2 l/(µmol*s)
	97.6 1/s
	This work

	2
	(Ca2)ASyt1 + Ca = (Ca2)A(Ca)BSyt1
	1 l/(µmol*s)
	142 1/s
	This work

	3
	(Ca2)A(Ca)BSyt1 + Ca = (Ca2)A(Ca2)BSyt1
	1 l/(µmol*s)
	142 1/s
	This work

	4
	(Ca)ASyt1 + Ca = (Ca2)ASyt1
	1 l/(µmol*s)
	488 1/s
	This work

	5
	(Ca2)A(Ca2)BSyt1 + Ca = (Ca3)A(Ca2)BSyt1
	0.5 l/(µmol*s)
	1560 1/s
	This work

	6
	AC1 + CaMCa4 = AC1-CaMCa4
	6 l/(µmol*s)
	0.9 1/s
	[8,9,41]

	7
	PDE4-cAMP -> PDE4 + AMP
	17.233 1/s
	
	[8,9,12]

	8
	AMP -> ATP
	1.0 1/s
	
	[8]

	9
	PDE1-CaMCa4-cAMP -> PDE1-CaMCa4 + AMP
	11 1/s
	
	[8,42]

	10
	pPDE4-cAMP -> pPDE4 + AMP
	34.467 1/s
	
	[8,13]

	11
	 -> Ca
	14 µmol/(l*s)
	
	This work

	12
	R1R2(pS2-PICK1) + Ca = R1R2(pS2-CaPICK1)
	21.6 l/(µmol*s)
	12 1/s
	Detailed balance condition (DBC) based on Eq. 31

	13
	R1R2(pS2-PICK1-PICK1) + Ca = R1R2(pS2-PICK1-CaPICK1)
	21.6 l/(µmol*s)
	12 1/s
	DBC based on Eq. 31

	14
	R1R2(pS2-PICK1-CaPICK1) + Ca = R1R2(pS2-CaPICK1-CaPICK1)
	21.6 l/(µmol*s)
	12 1/s
	DBC based on Eq. 31

	15
	R1R2(pS2-PICK1-Ca2PICK1) + Ca = R1R2(pS2-CaPICK1-Ca2PICK1)
	21.6 l/(µmol*s)
	12 1/s
	DBC based on Eq. 31

	16
	R1R2(pS2-CaPICK1) + Ca = R1R2(pS2-Ca2PICK1)
	10.8 l/(µmol*s)
	40 1/s
	DBC based on Eq. 20

	17
	R1R2(pS2-CaPICK1-CaPICK1) + Ca = R1R2(pS2-CaPICK1-Ca2PICK1)
	10.8 l/(µmol*s)
	40 1/s
	DBC based on Eq. 20

	18
	R1R2(pS2-PICK1-CaPICK1) + Ca = R1R2(pS2-PICK1-Ca2PICK1)
	10.8 l/(µmol*s)
	40 1/s
	DBC based on Eq. 20

	19
	R1R2(pS2-CaPICK1-Ca2PICK1) + Ca = R1R2(pS2-Ca2PICK1-Ca2PICK1)
	10.8 l/(µmol*s)
	40 1/s
	DBC based on Eq. 20

	20
	CaPICK1 + Ca = Ca2PICK1
	10.8 l/(µmol*s)
	40 1/s
	This work

	21
	R1R2(pS2) + Ca2PICK1 = R1R2(pS2-Ca2PICK1)
	2.8 l/(µmol*s)
	5 1/s
	[43]

	22
	R1R2(pS2-PICK1) + Ca2PICK1 = R1R2(pS2-PICK1-Ca2PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 21

	23
	R1R2(pS2-CaPICK1) + Ca2PICK1 = R1R2(pS2-CaPICK1-Ca2PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 21

	24
	R1R2(pS2-Ca2PICK1) + Ca2PICK1 = R1R2(pS2-Ca2PICK1-Ca2PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 21

	25
	CaPKC + Ca = Ca2PKC
	45.45 l/(µmol*s)
	40 1/s
	[6,7,24,44]

	26
	Ca2PKC + Ca = Ca3PKC
	45.45 l/(µmol*s)
	40 1/s
	[6,7,24,44]

	27
	2 * Ca + CaM = CaMCa2
	6000 l²/(µmol²*s)
	9.1 1/s
	[8,45]

	28
	2 * Ca + CaMCa2 = CaMCa4
	100000 l²/(µmol²*s)
	1000 1/s
	[8,46]

	29
	AC1-CaMCa4 + ATP = AC1-CaMCa4-ATP
	10 l/(µmol*s)
	2273 1/s
	[8,47]

	30
	AC1-CaMCa4-ATP -> AC1-CaMCa4 + cAMP
	5.684 1/s
	
	[8,47]

	31
	PICK1 + Ca = CaPICK1
	21.6 l/(µmol*s)
	12 1/s
	This work

	32
	R1R2(pS2) + CaPICK1 = R1R2(pS2-CaPICK1)
	2.8 l/(µmol*s)
	5 1/s
	[26,48,49]

	33
	R1R2(pS2-PICK1) + CaPICK1 = R1R2(pS2-PICK1-CaPICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 32

	34
	R1R2(pS2-CaPICK1) + CaPICK1 = R1R2(pS2-CaPICK1-CaPICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 32

	35
	R1R2(pS2-Ca2PICK1) + CaPICK1 = R1R2(pS2-CaPICK1-Ca2PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 32

	36
	PKC + Ca = CaPKC
	1111 l/(µmol*s)
	12 1/s
	[6,7,24,44]

	37
	R1R2endo(pS2-Ca2PICK1-Ca2PICK1) = R1R2endo(pS2-Ca2PICK1) + Ca2PICK1
	5 1/s
	0.7 l/(µmol*s)
	[48]

	38
	R1R2endo(pS2-CaPICK1-Ca2PICK1) = R1R2endo(pS2-CaPICK1) + Ca2PICK1
	5 1/s
	0.7 l/(µmol*s)
	DBC based on Eq. 37

	39
	R1R2endo(pS2-PICK1-Ca2PICK1) = R1R2endo(pS2-PICK1) + Ca2PICK1
	5 1/s
	0.7 l/(µmol*s)
	DBC based on Eq. 37

	40
	R1R2endo(pS2-Ca2PICK1) = R1R2endo(pS2) + Ca2PICK1
	5 1/s
	0.7 l/(µmol*s)
	DBC based on Eq. 37

	41
	R1R2endo(pS-Ca2PICK1) = R1R2endo(pS) + Ca2PICK1
	5 1/s
	0.7 l/(µmol*s)
	DBC based on Eq. 37

	42
	R1R2endo(GRIP-pS-Ca2PICK1) = R1R2endo(GRIP-pS) + Ca2PICK1
	5 1/s
	0.7 l/(µmol*s)
	DBC based on Eq. 37

	43
	R1R2endo(pS2-CaPICK1-Ca2PICK1) = R1R2endo(pS2-Ca2PICK1) + CaPICK1
	5 1/s
	0.7 l/(µmol*s)
	DBC based on Eq. 37

	44
	R1R2endo(pS2-CaPICK1-CaPICK1) = R1R2endo(pS2-CaPICK1) + CaPICK1
	5 1/s
	0.7 l/(µmol*s)
	DBC based on Eq. 37

	45
	R1R2endo(pS2-PICK1-CaPICK1) = R1R2endo(pS2-PICK1) + CaPICK1
	5 1/s
	0.7 l/(µmol*s)
	DBC based on Eq. 37

	46
	R1R2endo(pS2-CaPICK1) = R1R2endo(pS2) + CaPICK1
	5 1/s
	0.7 l/(µmol*s)
	DBC based on Eq. 37

	47
	R1R2endo(pS-CaPICK1) = R1R2endo(pS) + CaPICK1
	5 1/s
	0.7 l/(µmol*s)
	DBC based on Eq. 37

	48
	R1R2endo(GRIP-pS-CaPICK1) = R1R2endo(GRIP-pS) + CaPICK1
	5 1/s
	0.7 l/(µmol*s)
	DBC based on Eq. 37

	49
	R1R2endo(pS-Ca2PICK1) + GRIP = R1R2endo(GRIP-pS-Ca2PICK1)
	5.5 l/(µmol*s)
	0.3 1/s
	[48,50,51]

	50
	R1R2endo(pS-CaPICK1) + GRIP = R1R2endo(GRIP-pS-CaPICK1)
	5.5 l/(µmol*s)
	0.3 1/s
	DBC based on Eq. 49

	51
	R1R2endo(pS-PICK1) + GRIP = R1R2endo(GRIP-pS-PICK1)
	5.5 l/(µmol*s)
	0.3 1/s
	DBC based on Eq. 49

	52
	R1R2endo(pS) + GRIP = R1R2endo(GRIP-pS)
	5.5 l/(µmol*s)
	0.3 1/s
	DBC based on Eq. 49

	53
	R1R2endo + GRIP = R1R2endo(GRIP)
	5.5 l/(µmol*s)
	0.3 1/s
	DBC based on Eq. 49

	54
	R1R2endo(GRIP) + GRIP = R1R2endo(GRIP2)
	5.5 l/(µmol*s)
	0.3 1/s
	DBC based on Eq. 49

	55
	R1R2endo(pS2-PICK1-Ca2PICK1) = R1R2endo(pS2-Ca2PICK1) + PICK1
	5 1/s
	0.7 l/(µmol*s)
	[48]

	56
	R1R2endo(pS2-PICK1-CaPICK1) = R1R2endo(pS2-CaPICK1) + PICK1
	5 1/s
	0.7 l/(µmol*s)
	DBC based on Eq. 55

	57
	R1R2endo(pS2-PICK1-PICK1) = R1R2endo(pS2-PICK1) + PICK1
	5 1/s
	0.7 l/(µmol*s)
	DBC based on Eq. 55

	58
	R1R2endo(pS2-PICK1) = R1R2endo(pS2) + PICK1
	5 1/s
	0.7 l/(µmol*s)
	DBC based on Eq. 55

	59
	R1R2endo(pS-PICK1) = R1R2endo(pS) + PICK1
	5 1/s
	0.7 l/(µmol*s)
	DBC based on Eq. 55

	60
	R1R2endo(GRIP-pS-PICK1) = R1R2endo(GRIP-pS) + PICK1
	5 1/s
	0.7 l/(µmol*s)
	DBC based on Eq. 55

	61
	R1R2endo(pS2-PICK1) + PP2A = R1R2endo(pS2-PICK1)PP2A
	0.08 l/(µmol*s)
	0.8 1/s
	[7]

	62
	R1R2endo(GRIP-pS-CaPICK1) + PP2A = R1R2endo(GRIP-pS-CaPICK1)PP2A
	0.08 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 61

	63
	R1R2endo(GRIP-pS-PICK1) + PP2A = R1R2endo(GRIP-pS-PICK1)PP2A
	0.08 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 61

	64
	R1R2endo(GRIP-pS) + PP2A = R1R2endo(GRIP-pS)PP2A
	0.08 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 61

	65
	R1R2endo(pS2-CaPICK1) + PP2A = R1R2endo(pS2-CaPICK1)PP2A
	0.08 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 61

	66
	R1R2endo(pS2-Ca2PICK1) + PP2A = R1R2endo(pS2-Ca2PICK1)PP2A
	0.08 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 61

	67
	R1R2endo(pS2) + PP2A = R1R2endo(pS2)PP2A
	0.08 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 61

	68
	R1R2endo(pS-Ca2PICK1) + PP2A = R1R2endo(pS-Ca2PICK1)PP2A
	0.08 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 61

	69
	R1R2endo(pS-CaPICK1) + PP2A = R1R2endo(pS-CaPICK1)PP2A
	0.08 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 61

	70
	R1R2endo(pS-CaPICK1) + PP2A = R1R2endo(pS-CaPICK1)PP2A
	0.08 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 61

	71
	R1R2endo(pS) + PP2A = R1R2endo(pS)PP2A
	0.08 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 61

	72
	R1R2endo(GRIP-pS-Ca2PICK1) + PP2A = R1R2endo(GRIP-pS-Ca2PICK1)PP2A
	0.08 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 61

	73
	R1R2endo(pS2-PICK1)PP2A -> R1R2endo(pS-PICK1) + PP2A
	2 1/s
	
	[7]

	74
	R1R2endo(GRIP-pS-CaPICK1)PP2A -> R1R2endo(GRIP) + CaPICK1 + PP2A
	2 1/s
	
	[7]

	75
	R1R2endo(GRIP-pS-PICK1)PP2A -> R1R2endo(GRIP) + PICK1 + PP2A
	2 1/s
	
	[7]

	76
	R1R2endo(GRIP-pS)PP2A -> R1R2endo(GRIP) + PP2A
	2 1/s
	
	[7]

	77
	R1R2endo(pS2-CaPICK1)PP2A -> R1R2endo(pS-CaPICK1) + PP2A
	2 1/s
	
	[7]

	78
	R1R2endo(pS2-Ca2PICK1)PP2A -> R1R2endo(pS-Ca2PICK1) + PP2A
	2 1/s
	
	[7]

	79
	R1R2endo(pS2)PP2A -> R1R2endo(pS) + PP2A
	2 1/s
	
	[7]

	80
	R1R2endo(pS-Ca2PICK1)PP2A -> R1R2endo + Ca2PICK1 + PP2A
	2 1/s
	
	[7]

	81
	R1R2endo(pS-CaPICK1)PP2A -> R1R2endo + CaPICK1 + PP2A
	2 1/s
	
	[7]

	82
	R1R2endo(pS-PICK1)PP2A -> R1R2endo + PICK1 + PP2A
	2 1/s
	
	[7]

	83
	R1R2endo(pS)PP2A -> R1R2endo + PP2A
	2 1/s
	
	[7]

	84
	R1R2endo(GRIP-pS-Ca2PICK1)PP2A -> R1R2endo(GRIP) + Ca2PICK1 + PP2A
	2 1/s
	
	[7]

	85
	R1R2(pS2-Ca2PICK1) -> R1R2endo(pS2-Ca2PICK1)
	0.001 1/s
	
	This work

	86
	R1R2(pS2-Ca2PICK1-Ca2PICK1) -> R1R2endo(pS2-Ca2PICK1-Ca2PICK1)
	0.06 1/s
	
	This work

	87
	R1R2(pS2-CaPICK1) -> R1R2endo(pS2-CaPICK1)
	0.0005 1/s
	
	This work

	88
	R1R2(pS2-CaPICK1-Ca2PICK1) -> R1R2endo(pS2-CaPICK1-Ca2PICK1)
	0.02 1/s
	
	This work

	89
	R1R2(pS2-CaPICK1-CaPICK1) -> R1R2endo(pS2-CaPICK1-CaPICK1)
	0.001 1/s
	
	This work

	90
	R1R2(pS2-PICK1) -> R1R2endo(pS2-PICK1)
	8e-05 1/s
	
	This work

	91
	R1R2(pS2-PICK1-Ca2PICK1) -> R1R2endo(pS2-PICK1-Ca2PICK1)
	0.001 1/s
	
	This work

	92
	R1R2(pS2-PICK1-CaPICK1) -> R1R2endo(pS2-PICK1-CaPICK1)
	0.0002 1/s
	
	This work

	93
	R1R2(pS2-PICK1-PICK1) -> R1R2endo(pS2-PICK1-PICK1)
	0.00016 1/s
	
	This work

	94
	Ca + NCX = Ca_NCX
	800 l/(µmol*s)
	100 1/s
	[6,7]

	95
	Ca_NCX -> NCX
	2300 1/s
	
	[6,7]

	96
	PDE1 + CaMCa4 = PDE1-CaMCa4
	100 l/(µmol*s)
	1 1/s
	[8-10]

	97
	PDE1-CaMCa4 + cAMP = PDE1-CaMCa4-cAMP
	4.6 l/(µmol*s)
	44 1/s
	[8,9,42]

	98
	PDE4 + cAMP = PDE4-cAMP
	21.66 l/(µmol*s)
	68.95 1/s
	[8,9,12]

	99
	PDE4-cAMP + PKAc = PDE4-cAMP-PKAc
	0.428 l/(µmol*s)
	0.56 1/s
	[8,9,13]

	100
	PDE4 + PKAc = PDE4-PKAc
	0.428 l/(µmol*s)
	0.56 1/s
	[8,9,13]

	101
	R1R2(GRIP-pS) + PICK1 = R1R2(GRIP-pS-PICK1)
	2.8 l/(µmol*s)
	5 1/s
	[48]

	102
	R1(pS-SAP)R2(pS2) + PICK1 = R1(pS-SAP)R2(pS2-PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	103
	R1(pS)R2(pS2-PICK1) + PICK1 = R1(pS)R2(pS2-PICK1-PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	104
	R1(pS-SAP)R2(pS2-PICK1) + PICK1 = R1(pS-SAP)R2(pS2-PICK1-PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	105
	R1(pS2)R2(pS2) + PICK1 = R1(pS2)R2(pS2-PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	106
	R1(pS2-SAP)R2(pS2) + PICK1 = R1(pS2-SAP)R2(pS2-PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	107
	R1(pS2-SAP2)R2(pS2) + PICK1 = R1(pS2-SAP2)R2(pS2-PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	108
	R1(pS2)R2(pS2-PICK1) + PICK1 = R1(pS2)R2(pS2-PICK1-PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	109
	R1(pS2-SAP)R2(pS2-PICK1) + PICK1 = R1(pS2-SAP)R2(pS2-PICK1-PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	110
	R1(pS2-SAP2)R2(pS2-PICK1) + PICK1 = R1(pS2-SAP2)R2(pS2-PICK1-PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	111
	R1(pS2-SAP2)R2(pS2-PICK1) + PICK1 = R1(pS2-SAP2)R2(pS2-PICK1-PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	112
	R1(pS)R2(GRIP-pS) + PICK1 = R1(pS)R2(GRIP-pS-PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	113
	R1R2(pS2-CaPICK1) + PICK1 = R1R2(pS2-PICK1-CaPICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	114
	R1R2(pS2-Ca2PICK1) + PICK1 = R1R2(pS2-PICK1-Ca2PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	115
	R1(pS-SAP)R2(GRIP-pS) + PICK1 = R1(pS-SAP)R2(GRIP-pS-PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	116
	R1(pS2)R2(GRIP-pS) + PICK1 = R1(pS2)R2(GRIP-pS-PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	117
	R1(pS2-SAP)R2(GRIP-pS) + PICK1 = R1(pS2-SAP)R2(GRIP-pS-PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	118
	R1(pS2-SAP2)R2(GRIP-pS) + PICK1 = R1(pS2-SAP2)R2(GRIP-pS-PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	119
	R1R2(pS2) + PICK1 = R1R2(pS2-PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	120
	R1R2(pS2-PICK1) + PICK1 = R1R2(pS2-PICK1-PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	121
	R1(pS)R2(pS2) + PICK1 = R1(pS)R2(pS2-PICK1)
	2.8 l/(µmol*s)
	5 1/s
	DBC based on Eq. 101

	122
	PKAcAMP4 = R2_cAMP4 + 2 * PKAc
	0.0016 1/s
	170 l²/(µmol²*s)
	[8,52]

	123
	R1R2(GRIP2) + PKAc = R1R2(GRIP2)-PKAc
	4.02 l/(µmol*s)
	24 1/s
	[19,20]

	124
	R1R2(pS2) + PKAc = R1R2(pS2)-PKAc
	4.02 l/(µmol*s)
	24 1/s
	DBC based on Eq. 123

	125
	R1R2(pS2-PICK1) + PKAc = R1R2(pS2-PICK1)-PKAc
	4.02 l/(µmol*s)
	24 1/s
	DBC based on Eq. 123

	126
	R1R2(pS2-PICK1-PICK1) + PKAc = R1R2(pS2-PICK1-PICK1)-PKAc
	4.02 l/(µmol*s)
	24 1/s
	DBC based on Eq. 123

	127
	R1(pS)R2(pS2) + PKAc = R1(pS)R2(pS2)-PKAc
	4.02 l/(µmol*s)
	24 1/s
	DBC based on Eq. 123

	128
	R1(pS-SAP)R2(pS2) + PKAc = R1(pS-SAP)R2(pS2)-PKAc
	4.02 l/(µmol*s)
	24 1/s
	DBC based on Eq. 123

	129
	R1(pS)R2(pS2-PICK1) + PKAc = R1(pS)R2(pS2-PICK1)-PKAc
	4.02 l/(µmol*s)
	24 1/s
	DBC based on Eq. 123

	130
	R1(pS-SAP)R2(pS2-PICK1) + PKAc = R1(pS-SAP)R2(pS2-PICK1)-PKAc
	4.02 l/(µmol*s)
	24 1/s
	DBC based on Eq. 123

	131
	R1(pS)R2(pS2-PICK1-PICK1) + PKAc = R1(pS)R2(pS2-PICK1-PICK1)-PKAc
	4.02 l/(µmol*s)
	24 1/s
	DBC based on Eq. 123

	132
	R1(pS-SAP)R2(pS2-PICK1-PICK1) + PKAc = R1(pS-SAP)R2(pS2-PICK1-PICK1)-PKAc
	4.02 l/(µmol*s)
	24 1/s
	DBC based on Eq. 123

	133
	R1(pS)R2(GRIP2) + PKAc = R1(pS)R2(GRIP2)-PKAc
	4.02 l/(µmol*s)
	24 1/s
	DBC based on Eq. 123

	134
	R1(pS-SAP)R2(GRIP2) + PKAc = R1(pS-SAP)R2(GRIP2)-PKAc
	4.02 l/(µmol*s)
	24 1/s
	DBC based on Eq. 123

	135
	R1R2(GRIP-pS) + PKAc = R1R2(GRIP-pS)-PKAc
	4.02 l/(µmol*s)
	24 1/s
	DBC based on Eq. 123

	136
	R1R2(GRIP-pS-PICK1) + PKAc = R1R2(GRIP-pS-PICK1)-PKAc
	4.02 l/(µmol*s)
	24 1/s
	DBC based on Eq. 123

	137
	R1(pS)R2(GRIP-pS) + PKAc = R1(pS)R2(GRIP-pS)-PKAc
	4.02 l/(µmol*s)
	24 1/s
	DBC based on Eq. 123

	138
	R1(pS-SAP)R2(GRIP-pS) + PKAc = R1(pS-SAP)R2(GRIP-pS)-PKAc
	4.02 l/(µmol*s)
	24 1/s
	DBC based on Eq. 123

	139
	R1(pS)R2(GRIP-pS-PICK1) + PKAc = R1(pS)R2(GRIP-pS-PICK1)-PKAc
	4.02 l/(µmol*s)
	24 1/s
	DBC based on Eq. 123

	140
	R1(pS-SAP)R2(GRIP-pS-PICK1) + PKAc = R1(pS-SAP)R2(GRIP-pS-PICK1)-PKAc
	4.02 l/(µmol*s)
	24 1/s
	DBC based on Eq. 123

	141
	PKA + 2 * cAMP = PKAcAMP2
	87 l²/(µmol²*s)
	0.02 1/s
	[8,53,54]

	142
	PKAcAMP2 + 2 * cAMP = PKAcAMP4
	115.4 l²/(µmol²*s)
	0.2 1/s
	[8,53,54]

	143
	R1R2(GRIP2) + Ca3PKC = R1R2(GRIP2)-Ca3PKC
	0.8 l/(µmol*s)
	0.8 1/s
	[7]

	144
	R1(pS-SAP)R2(GRIP-pS) + Ca3PKC = R1(pS-SAP)R2(GRIP-pS)-Ca3PKC
	0.8 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 143

	145
	R1(pS)R2(GRIP-pS-PICK1) + Ca3PKC = R1(pS)R2(GRIP-pS-PICK1)-Ca3PKC
	0.8 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 143

	146
	R1(pS-SAP)R2(GRIP-pS-PICK1) + Ca3PKC = R1(pS-SAP)R2(GRIP-pS-PICK1)-Ca3PKC
	0.8 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 143

	147
	R1(pS2)R2(GRIP-pS) + Ca3PKC = R1(pS2)R2(GRIP-pS)-Ca3PKC
	0.8 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 143

	148
	R1(pS2-SAP)R2(GRIP-pS) + Ca3PKC = R1(pS2-SAP)R2(GRIP-pS)-Ca3PKC
	0.8 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 143

	149
	R1(pS2-SAP2)R2(GRIP-pS) + Ca3PKC = R1(pS2-SAP2)R2(GRIP-pS)-Ca3PKC
	0.8 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 143

	150
	R1(pS2)R2(GRIP-pS-PICK1) + Ca3PKC = R1(pS2)R2(GRIP-pS-PICK1)-Ca3PKC
	0.8 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 143

	151
	R1(pS2-SAP)R2(GRIP-pS-PICK1) + Ca3PKC = R1(pS2-SAP)R2(GRIP-pS-PICK1)-Ca3PKC
	0.8 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 143

	152
	R1(pS2-SAP2)R2(GRIP-pS-PICK1) + Ca3PKC = R1(pS2-SAP2)R2(GRIP-pS-PICK1)-Ca3PKC
	0.8 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 143

	153
	R1(pS)R2(GRIP2) + Ca3PKC = R1(pS)R2(GRIP2)-Ca3PKC
	0.8 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 143

	154
	R1(pS-SAP)R2(GRIP2) + Ca3PKC = R1(pS-SAP)R2(GRIP2)-Ca3PKC
	0.8 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 143

	155
	R1(pS2)R2(GRIP2) + Ca3PKC = R1(pS2)R2(GRIP2)-Ca3PKC
	0.8 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 143

	156
	R1(pS2-SAP)R2(GRIP2) + Ca3PKC = R1(pS2-SAP)R2(GRIP2)-Ca3PKC
	0.8 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 143

	157
	R1(pS2-SAP2)R2(GRIP2) + Ca3PKC = R1(pS2-SAP2)R2(GRIP2)-Ca3PKC
	0.8 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 143

	158
	R1R2(GRIP-pS) + Ca3PKC = R1R2(GRIP-pS)-Ca3PKC
	0.8 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 143

	159
	R1R2(GRIP-pS-PICK1) + Ca3PKC = R1R2(GRIP-pS-PICK1)-Ca3PKC
	0.8 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 143

	160
	R1(pS)R2(GRIP-pS) + Ca3PKC = R1(pS)R2(GRIP-pS)-Ca3PKC
	0.8 l/(µmol*s)
	0.8 1/s
	DBC based on Eq. 143

	161
	Ca + PMCA = Ca_PMCA
	2500 l/(µmol*s)
	2000 1/s
	[6,7]

	162
	Ca_PMCA -> PMCA
	125 1/s
	
	[6,7]

	163
	R1(pS)R2(GRIP2) + PP2B-CaMCa4 = R1(pS)R2(GRIP2)-PP2B-CaMCa4
	2.01 l/(µmol*s)
	8 1/s
	[19,20]

	164
	R1(pS2)R2(pS2) + PP2B-CaMCa4 = R1(pS2)R2(pS2)-PP2B-CaMCa4
	2.01 l/(µmol*s)
	8 1/s
	DBC based on Eq. 163

	165
	R1(pS2-SAP)R2(pS2) + PP2B-CaMCa4 = R1(pS2-SAP)R2(pS2)-PP2B-CaMCa4
	2.01 l/(µmol*s)
	8 1/s
	DBC based on Eq. 163

	166
	R1(pS2)R2(pS2-PICK1) + PP2B-CaMCa4 = R1(pS2)R2(pS2-PICK1)-PP2B-CaMCa4
	2.01 l/(µmol*s)
	8 1/s
	DBC based on Eq. 163

	167
	R1(pS2-SAP)R2(pS2-PICK1) + PP2B-CaMCa4 = R1(pS2-SAP)R2(pS2-PICK1)-PP2B-CaMCa4
	2.01 l/(µmol*s)
	8 1/s
	DBC based on Eq. 163

	168
	R1(pS2)R2(pS2-PICK1-PICK1) + PP2B-CaMCa4 = R1(pS2)R2(pS2-PICK1-PICK1)-PP2B-CaMCa4
	2.01 l/(µmol*s)
	8 1/s
	DBC based on Eq. 163

	169
	R1(pS2-SAP)R2(pS2-PICK1-PICK1) + PP2B-CaMCa4 = R1(pS2-SAP)R2(pS2-PICK1-PICK1)-PP2B-CaMCa4
	2.01 l/(µmol*s)
	8 1/s
	DBC based on Eq. 163

	170
	R1(pS)R2(pS2) + PP2B-CaMCa4 = R1(pS)R2(pS2)-PP2B-CaMCa4
	2.01 l/(µmol*s)
	8 1/s
	DBC based on Eq. 163

	171
	R1(pS)R2(pS2-PICK1) + PP2B-CaMCa4 = R1(pS)R2(pS2-PICK1)-PP2B-CaMCa4
	2.01 l/(µmol*s)
	8 1/s
	DBC based on Eq. 163

	172
	R1(pS)R2(pS2-PICK1-PICK1) + PP2B-CaMCa4 = R1(pS)R2(pS2-PICK1-PICK1)-PP2B-CaMCa4
	2.01 l/(µmol*s)
	8 1/s
	DBC based on Eq. 163

	173
	R1(pS2)R2(GRIP2) + PP2B-CaMCa4 = R1(pS2)R2(GRIP2)-PP2B-CaMCa4
	2.01 l/(µmol*s)
	8 1/s
	DBC based on Eq. 163

	174
	R1(pS2-SAP)R2(GRIP2) + PP2B-CaMCa4 = R1(pS2-SAP)R2(GRIP2)-PP2B-CaMCa4
	2.01 l/(µmol*s)
	8 1/s
	DBC based on Eq. 163

	175
	R1(pS)R2(GRIP-pS) + PP2B-CaMCa4 = R1(pS)R2(GRIP-pS)-PP2B-CaMCa4
	2.01 l/(µmol*s)
	8 1/s
	DBC based on Eq. 163

	176
	R1(pS)R2(GRIP-pS-PICK1) + PP2B-CaMCa4 = R1(pS)R2(GRIP-pS-PICK1)-PP2B-CaMCa4
	2.01 l/(µmol*s)
	8 1/s
	DBC based on Eq. 163

	177
	R1(pS2)R2(GRIP-pS) + PP2B-CaMCa4 = R1(pS2)R2(GRIP-pS)-PP2B-CaMCa4
	2.01 l/(µmol*s)
	8 1/s
	DBC based on Eq. 163

	178
	R1(pS2-SAP)R2(GRIP-pS) + PP2B-CaMCa4 = R1(pS2-SAP)R2(GRIP-pS)-PP2B-CaMCa4
	2.01 l/(µmol*s)
	8 1/s
	DBC based on Eq. 163

	179
	R1(pS2)R2(GRIP-pS-PICK1) + PP2B-CaMCa4 = R1(pS2)R2(GRIP-pS-PICK1)-PP2B-CaMCa4
	2.01 l/(µmol*s)
	8 1/s
	DBC based on Eq. 163

	180
	R1(pS2-SAP)R2(GRIP-pS-PICK1) + PP2B-CaMCa4 = R1(pS2-SAP)R2(GRIP-pS-PICK1)-PP2B-CaMCa4
	2.01 l/(µmol*s)
	8 1/s
	DBC based on Eq. 163

	181
	PP2B + CaM = PP2B-CaM
	4.6 l/(µmol*s)
	0.0012 1/s
	DBC, [20]

	182
	PP2B + CaMCa2 = PP2B-CaMCa2
	46 l/(µmol*s)
	0.0012 1/s
	[20,22]

	183
	PP2B-CaM + 2 * Ca = PP2B-CaMCa2
	6000 l²/(µmol²*s)
	0.91 1/s
	[20,23]

	184
	PP2B + CaMCa4 = PP2B-CaMCa4
	46 l/(µmol*s)
	0.0012 1/s
	[20,22]

	185
	PP2B-CaMCa2 + 2 * Ca = PP2B-CaMCa4
	100000 l²/(µmol²*s)
	1000 1/s
	DBC, [20]

	186
	PDE4-PKAc -> pPDE4 + PKAc
	0.125 1/s
	
	[8,9,13]

	187
	pPDE4 -> PDE4
	0.0025 1/s
	
	[8]

	188
	pPDE4 + cAMP = pPDE4-cAMP
	43.32 l/(µmol*s)
	137.9 1/s
	[8,9,13]

	189
	PDE4-cAMP-PKAc -> pPDE4-cAMP + PKAc
	0.125 1/s
	
	[8,9,13]

	190
	R1(pS)R2(GRIP2)-PP2B-CaMCa4 -> R1R2(GRIP2) + PP2B-CaMCa4
	2 1/s
	
	[19,20]

	191
	R1(pS2)R2(pS2)-PP2B-CaMCa4 -> R1(pS)R2(pS2) + PP2B-CaMCa4
	2 1/s
	
	[19,20]

	192
	R1(pS2-SAP)R2(pS2)-PP2B-CaMCa4 -> R1(pS-SAP)R2(pS2) + PP2B-CaMCa4
	2 1/s
	
	[19,20]

	193
	R1(pS2)R2(pS2-PICK1)-PP2B-CaMCa4 -> R1(pS)R2(pS2-PICK1) + PP2B-CaMCa4
	2 1/s
	
	[19,20]

	194
	R1(pS2-SAP)R2(pS2-PICK1)-PP2B-CaMCa4 -> R1(pS-SAP)R2(pS2-PICK1) + PP2B-CaMCa4
	2 1/s
	
	[19,20]

	195
	R1(pS2)R2(pS2-PICK1-PICK1)-PP2B-CaMCa4 -> R1(pS)R2(pS2-PICK1-PICK1) + PP2B-CaMCa4
	2 1/s
	
	[19,20]

	196
	R1(pS2-SAP)R2(pS2-PICK1-PICK1)-PP2B-CaMCa4 -> R1(pS-SAP)R2(pS2-PICK1-PICK1) + PP2B-CaMCa4
	2 1/s
	
	[19,20]

	197
	R1(pS)R2(pS2)-PP2B-CaMCa4 -> R1R2(pS2) + PP2B-CaMCa4
	2 1/s
	
	[19,20]

	198
	R1(pS)R2(pS2-PICK1)-PP2B-CaMCa4 -> R1R2(pS2-PICK1) + PP2B-CaMCa4
	2 1/s
	
	[19,20]

	199
	R1(pS)R2(pS2-PICK1-PICK1)-PP2B-CaMCa4 -> R1R2(pS2-PICK1-PICK1) + PP2B-CaMCa4
	2 1/s
	
	[19,20]

	200
	R1(pS2)R2(GRIP2)-PP2B-CaMCa4 -> R1(pS)R2(GRIP2) + PP2B-CaMCa4
	2 1/s
	
	[19,20]

	201
	R1(pS2-SAP)R2(GRIP2)-PP2B-CaMCa4 -> R1(pS-SAP)R2(GRIP2) + PP2B-CaMCa4
	2 1/s
	
	[19,20]

	202
	R1(pS)R2(GRIP-pS)-PP2B-CaMCa4 -> R1R2(GRIP-pS) + PP2B-CaMCa4
	2 1/s
	
	[19,20]

	203
	R1(pS)R2(GRIP-pS-PICK1)-PP2B-CaMCa4 -> R1R2(GRIP-pS-PICK1) + PP2B-CaMCa4
	2 1/s
	
	[19,20]

	204
	R1(pS2)R2(GRIP-pS)-PP2B-CaMCa4 -> R1(pS)R2(GRIP-pS) + PP2B-CaMCa4
	2 1/s
	
	[19,20]

	205
	R1(pS2-SAP)R2(GRIP-pS)-PP2B-CaMCa4 -> R1(pS-SAP)R2(GRIP-pS) + PP2B-CaMCa4
	2 1/s
	
	[19,20]

	206
	R1(pS2)R2(GRIP-pS-PICK1)-PP2B-CaMCa4 -> R1(pS)R2(GRIP-pS-PICK1) + PP2B-CaMCa4
	2 1/s
	
	[19,20]

	207
	R1(pS2-SAP)R2(GRIP-pS-PICK1)-PP2B-CaMCa4 -> R1(pS-SAP)R2(GRIP-pS-PICK1) + PP2B-CaMCa4
	2 1/s
	
	[19,20]

	208
	R1R2(GRIP2)-PKAc -> R1(pS)R2(GRIP2) + PKAc
	6 1/s
	
	[19,20]

	209
	R1R2(pS2)-PKAc -> R1(pS)R2(pS2) + PKAc
	6 1/s
	
	[19,20]

	210
	R1R2(pS2-PICK1)-PKAc -> R1(pS)R2(pS2-PICK1) + PKAc
	6 1/s
	
	[19,20]

	211
	R1R2(pS2-PICK1-PICK1)-PKAc -> R1(pS)R2(pS2-PICK1-PICK1) + PKAc
	6 1/s
	
	[19,20]

	212
	R1(pS)R2(pS2)-PKAc -> R1(pS2)R2(pS2) + PKAc
	6 1/s
	
	[19,20]

	213
	R1(pS-SAP)R2(pS2)-PKAc -> R1(pS2-SAP)R2(pS2) + PKAc
	6 1/s
	
	[19,20]

	214
	R1(pS)R2(pS2-PICK1)-PKAc -> R1(pS2)R2(pS2-PICK1) + PKAc
	6 1/s
	
	[19,20]

	215
	R1(pS-SAP)R2(pS2-PICK1)-PKAc -> R1(pS2-SAP)R2(pS2-PICK1) + PKAc
	6 1/s
	
	[19,20]

	216
	R1(pS)R2(pS2-PICK1-PICK1)-PKAc -> R1(pS2)R2(pS2-PICK1-PICK1) + PKAc
	6 1/s
	
	[19,20]

	217
	R1(pS-SAP)R2(pS2-PICK1-PICK1)-PKAc -> R1(pS2-SAP)R2(pS2-PICK1-PICK1) + PKAc
	6 1/s
	﻿
	[19,20]

	218
	R1(pS)R2(GRIP2)-PKAc -> R1(pS2)R2(GRIP2) + PKAc
	6 1/s
	
	[19,20]

	219
	R1(pS-SAP)R2(GRIP2)-PKAc -> R1(pS2-SAP)R2(GRIP2) + PKAc
	6 1/s
	
	[19,20]

	220
	R1R2(GRIP-pS)-PKAc -> R1(pS)R2(GRIP-pS) + PKAc
	6 1/s
	
	[19,20]

	221
	R1R2(GRIP-pS-PICK1)-PKAc -> R1(pS)R2(GRIP-pS-PICK1) + PKAc
	6 1/s
	
	[19,20]

	222
	R1(pS)R2(GRIP-pS)-PKAc -> R1(pS2)R2(GRIP-pS) + PKAc
	6 1/s
	
	[19,20]

	223
	R1(pS-SAP)R2(GRIP-pS)-PKAc -> R1(pS2-SAP)R2(GRIP-pS) + PKAc
	6 1/s
	
	[19,20]

	224
	R1(pS)R2(GRIP-pS-PICK1)-PKAc -> R1(pS2)R2(GRIP-pS-PICK1) + PKAc
	6 1/s
	
	[19,20]

	225
	R1(pS-SAP)R2(GRIP-pS-PICK1)-PKAc -> R1(pS2-SAP)R2(GRIP-pS-PICK1) + PKAc
	6 1/s
	
	[19,20]

	226
	R1R2(GRIP2)-Ca3PKC -> R1R2(GRIP-pS) + GRIP + Ca3PKC
	5 1/s
	
	[7]

	227
	R1(pS-SAP)R2(GRIP-pS)-Ca3PKC -> R1(pS-SAP)R2(pS2) + GRIP + Ca3PKC
	5 1/s
	
	[7]

	228
	R1(pS)R2(GRIP-pS-PICK1)-Ca3PKC -> R1(pS)R2(pS2-PICK1) + GRIP + Ca3PKC
	5 1/s
	
	[7]

	229
	R1(pS-SAP)R2(GRIP-pS-PICK1)-Ca3PKC -> R1(pS-SAP)R2(pS2-PICK1) + GRIP + Ca3PKC
	5 1/s
	
	[7]

	230
	R1(pS2)R2(GRIP-pS)-Ca3PKC -> R1(pS2)R2(pS2) + GRIP + Ca3PKC
	5 1/s
	
	[7]

	231
	R1(pS2-SAP)R2(GRIP-pS)-Ca3PKC -> R1(pS2-SAP)R2(pS2) + GRIP + Ca3PKC
	5 1/s
	
	[7]

	232
	R1(pS2-SAP2)R2(GRIP-pS)-Ca3PKC -> R1(pS2-SAP2)R2(pS2) + GRIP + Ca3PKC
	5 1/s
	
	 [7]

	233
	R1(pS2)R2(GRIP-pS-PICK1)-Ca3PKC -> R1(pS2)R2(pS2-PICK1) + GRIP + Ca3PKC
	5 1/s
	
	[7]

	234
	R1(pS2-SAP)R2(GRIP-pS-PICK1)-Ca3PKC -> R1(pS2-SAP)R2(pS2-PICK1) + GRIP + Ca3PKC
	5 1/s
	
	[7]

	235
	R1(pS2-SAP2)R2(GRIP-pS-PICK1)-Ca3PKC -> R1(pS2-SAP2)R2(pS2-PICK1) + GRIP + Ca3PKC
	5 1/s
	
	[7]

	236
	R1(pS)R2(GRIP2)-Ca3PKC -> R1(pS)R2(GRIP-pS) + GRIP + Ca3PKC
	5 1/s
	
	[7]

	237
	R1(pS-SAP)R2(GRIP2)-Ca3PKC -> R1(pS-SAP)R2(GRIP-pS) + GRIP + Ca3PKC
	5 1/s
	
	[7]

	238
	R1(pS2)R2(GRIP2)-Ca3PKC -> R1(pS2)R2(GRIP-pS) + GRIP + Ca3PKC
	5 1/s
	
	[7]

	239
	R1(pS2-SAP)R2(GRIP2)-Ca3PKC -> R1(pS2-SAP)R2(GRIP-pS) + GRIP + Ca3PKC
	5 1/s
	
	[7]

	240
	R1(pS2-SAP2)R2(GRIP2)-Ca3PKC -> R1(pS2-SAP2)R2(GRIP-pS) + GRIP + Ca3PKC
	5 1/s
	
	[7]

	241
	R1R2(GRIP-pS)-Ca3PKC -> R1R2(pS2) + GRIP + Ca3PKC
	5 1/s
	
	[7]

	242
	R1R2(GRIP-pS-PICK1)-Ca3PKC -> R1R2(pS2-PICK1) + GRIP + Ca3PKC
	5 1/s
	
	[7]

	243
	R1(pS)R2(GRIP-pS)-Ca3PKC -> R1(pS)R2(pS2) + GRIP + Ca3PKC
	5 1/s
	
	[7]

	244
	R1R2endo(GRIP2)MyoV -> R1R2psd(GRIP2)MyoV
	0.02 1/s
	
	This work based on Ref. [37]

	245
	R1R2endo(GRIP2) + MyoV -> R1R2endo(GRIP2)MyoV
	0.001 l/(µmol*s)
	
	This work

	246
	R1R2psd(GRIP2)MyoVSyt1 -> R1R2(GRIP2) + MyoV + Syt1
	2.5e-05 1/s
	
	This work

	247
	R1R2psd(GRIP2)MyoV(Ca)ASyt1 -> R1R2(GRIP2) + MyoV + (Ca)ASyt1
	0.0001 1/s
	
	This work

	248
	R1R2psd(GRIP2)MyoV(Ca2)ASyt1 -> R1R2(GRIP2) + MyoV + (Ca2)ASyt1
	0.3 1/s
	
	This work

	249
	R1R2psd(GRIP2)MyoV(Ca2)A(Ca)BSyt1 -> R1R2(GRIP2) + MyoV + (Ca2)A(Ca)BSyt1
	20 1/s
	
	This work

	250
	R1R2psd(GRIP2)MyoV(Ca2)A(Ca2)BSyt1 -> R1R2(GRIP2) + MyoV + (Ca2)A(Ca2)BSyt1
	60 1/s
	
	This work

	251
	R1R2psd(GRIP2)MyoV(Ca3)A(Ca2)BSyt1 -> R1R2(GRIP2) + MyoV + (Ca3)A(Ca2)BSyt1
	70 1/s
	
	This work

	252
	R1R2psd(GRIP2)MyoV + (Ca)ASyt1 -> R1R2psd(GRIP2)MyoV(Ca)ASyt1
	10000 l/(µmol*s)
	
	An approximation treatment for Syt1 introduced in this work (see the SI text)

	253
	R1R2psd(GRIP2)MyoVSyt1 + Ca = R1R2psd(GRIP2)MyoV(Ca)ASyt1
	2 l/(µmol*s)
	97.6 1/s
	DBC based on Eq. 1

	254
	R1R2psd(GRIP2)MyoV + (Ca2)A(Ca)BSyt1 -> R1R2psd(GRIP2)MyoV(Ca2)A(Ca)BSyt1
	10000 l/(µmol*s)
	
	An approximation treatment for Syt1 introduced in this work (see the SI text)

	255
	R1R2psd(GRIP2)MyoV(Ca2)ASyt1 + Ca = R1R2psd(GRIP2)MyoV(Ca2)A(Ca)BSyt1
	1 l/(µmol*s)
	142 1/s
	DBC based on Eq. 2

	256
	R1R2psd(GRIP2)MyoV + (Ca2)A(Ca2)BSyt1 -> R1R2psd(GRIP2)MyoV(Ca2)A(Ca2)BSyt1
	10000 l/(µmol*s)
	
	An approximation treatment for Syt1 introduced in this work (see the SI text)

	257
	R1R2psd(GRIP2)MyoV(Ca2)A(Ca)BSyt1 + Ca = R1R2psd(GRIP2)MyoV(Ca2)A(Ca2)BSyt1
	1 l/(µmol*s)
	142 1/s
	DBC based on Eq. 3

	258
	R1R2psd(GRIP2)MyoV + (Ca2)ASyt1 -> R1R2psd(GRIP2)MyoV(Ca2)ASyt1
	10000 l/(µmol*s)
	
	An approximation treatment for Syt1 introduced in this work (see the SI text)

	259
	R1R2psd(GRIP2)MyoV(Ca)ASyt1 + Ca = R1R2psd(GRIP2)MyoV(Ca2)ASyt1
	1 l/(µmol*s)
	488 1/s
	DBC based on Eq. 4

	260
	R1R2psd(GRIP2)MyoV + (Ca3)A(Ca2)BSyt1 -> R1R2psd(GRIP2)MyoV(Ca3)A(Ca2)BSyt1
	10000 l/(µmol*s)
	
	An approximation treatment for Syt1 introduced in this work (see the SI text)

	261
	R1R2psd(GRIP2)MyoV(Ca2)A(Ca2)BSyt1 + Ca = R1R2psd(GRIP2)MyoV(Ca3)A(Ca2)BSyt1
	0.5 l/(µmol*s)
	1560 1/s
	DBC based on Eq. 5

	262
	R1R2psd(GRIP2)MyoV + Syt1 -> R1R2psd(GRIP2)MyoVSyt1
	10000 l/(µmol*s)
	
	An approximation treatment for Syt1 introduced in this work (see the SI text)

	263
	R2 + 2 * PKAc -> PKA
	0.1 l²/(µmol²*s)
	
	This work

	264
	R2_cAMP4 = R2 + 4 * cAMP
	1 1/s
	10000 l^4/(µmol^4*s)
	[21]

	265
	R1(pS)R2(GRIP2) + SAP = R1(pS-SAP)R2(GRIP2)
	1.5 l/(µmol*s)
	1 1/s
	This work

	266
	R1(pS)R2(pS2) + SAP = R1(pS-SAP)R2(pS2)
	1.5 l/(µmol*s)
	1 1/s
	DBC based on Eq. 265

	267
	R1(pS)R2(pS2-PICK1) + SAP = R1(pS-SAP)R2(pS2-PICK1)
	1.5 l/(µmol*s)
	1 1/s
	DBC based on Eq. 265

	268
	R1(pS)R2(pS2-PICK1-PICK1) + SAP = R1(pS-SAP)R2(pS2-PICK1-PICK1)
	1.5 l/(µmol*s)
	1 1/s
	DBC based on Eq. 265

	269
	R1(pS2)R2(pS2) + SAP = R1(pS2-SAP)R2(pS2)
	1.5 l/(µmol*s)
	1 1/s
	DBC based on Eq. 265

	270
	R1(pS2-SAP)R2(pS2) + SAP = R1(pS2-SAP2)R2(pS2)
	1.5 l/(µmol*s)
	1 1/s
	DBC based on Eq. 265

	271
	R1(pS2)R2(pS2-PICK1) + SAP = R1(pS2-SAP)R2(pS2-PICK1)
	1.5 l/(µmol*s)
	1 1/s
	DBC based on Eq. 265

	272
	R1(pS2-SAP)R2(pS2-PICK1) + SAP = R1(pS2-SAP2)R2(pS2-PICK1)
	1.5 l/(µmol*s)
	1 1/s
	DBC based on Eq. 265

	273
	R1(pS2)R2(pS2-PICK1-PICK1) + SAP = R1(pS2-SAP)R2(pS2-PICK1-PICK1)
	1.5 l/(µmol*s)
	1 1/s
	DBC based on Eq. 265

	274
	R1(pS2-SAP)R2(pS2-PICK1-PICK1) + SAP = R1(pS2-SAP2)R2(pS2-PICK1-PICK1)
	1.5 l/(µmol*s)
	1 1/s
	DBC based on Eq. 265

	275
	R1(pS2)R2(GRIP2) + SAP = R1(pS2-SAP)R2(GRIP2)
	1.5 l/(µmol*s)
	1 1/s
	DBC based on Eq. 265

	276
	R1(pS2-SAP)R2(GRIP2) + SAP = R1(pS2-SAP2)R2(GRIP2)
	1.5 l/(µmol*s)
	1 1/s
	DBC based on Eq. 265

	277
	R1(pS)R2(GRIP-pS) + SAP = R1(pS-SAP)R2(GRIP-pS)
	1.5 l/(µmol*s)
	1 1/s
	DBC based on Eq. 265

	278
	R1(pS)R2(GRIP-pS-PICK1) + SAP = R1(pS-SAP)R2(GRIP-pS-PICK1)
	1.5 l/(µmol*s)
	1 1/s
	DBC based on Eq. 265

	279
	R1(pS2)R2(GRIP-pS) + SAP = R1(pS2-SAP)R2(GRIP-pS)
	1.5 l/(µmol*s)
	1 1/s
	DBC based on Eq. 265

	280
	R1(pS2-SAP)R2(GRIP-pS) + SAP = R1(pS2-SAP2)R2(GRIP-pS)
	1.5 l/(µmol*s)
	1 1/s
	DBC based on Eq. 265

	281
	R1(pS2)R2(GRIP-pS-PICK1) + SAP = R1(pS2-SAP)R2(GRIP-pS-PICK1)
	1.5 l/(µmol*s)
	1 1/s
	DBC based on Eq. 265

	282
	R1(pS2-SAP)R2(GRIP-pS-PICK1) + SAP = R1(pS2-SAP2)R2(GRIP-pS-PICK1)
	1.5 l/(µmol*s)
	1 1/s
	DBC based on Eq. 265

	283
	Ca + SERCA = Ca_SERCA
	17147 l/(µmol*s)
	8426.3 1/s
	[6,7]

	284
	Ca + Ca_SERCA = Ca2_SERCA
	17147 l/(µmol*s)
	8426.3 1/s
	[6,7]

	285
	Ca2_SERCA -> SERCA
	250 1/s
	
	[6,7]



Table S3. Parameters for PICK1-KO mice [1]. The concentration of AMPAR (R1R2(GRIP2)) was determined so that the total concentration of AMPARs at the cytosol is equivalent to that for the wild-type model, where we assumed that a kind of regulatory mechanisms would work to maintain the concentration of AMPARs at the cytosol. 
	
	Volume (l)
	Ref.

	Species
	Initial concentration (µmol/l)
	

	R1R2(GRIP2)
	4
	This work

	PICK1
	0.51
	This work



Table S4. Parameters for LTP blockage by chemical generic inhibition of myosin Vb motility [37]. The concentration of AMPAR (R1R2(GRIP2)) was determined so that the total concentration of AMPARs at the cytosol is equivalent to that for the wild-type model, where we assumed that a kind of regulatory mechanisms would work to maintain the concentration of AMPARs at the cytosol. 
	
	Volume (l)
	Ref.

	Species
	Initial concentration (µmol/l)
	

	R1R2(GRIP2)
	1.6
	This work


	No.
	Reaction
	kf
	kb
	Ref.

	244
	R1R2endo(GRIP2)MyoV -> R1R2psd(GRIP2)MyoV
	0.00005 1/s
	
	This work



Table S5. Parameters for AKAP150ΔPIX gene knock-in mouse that selectively disrupt PP2B anchoring, resulting in blockage of LTD [2]. The concentration of AMPAR (R1R2(GRIP2)) was determined so that the total concentration of AMPARs at the cytosol is equivalent to that for the wild-type model, where we assumed that a kind of regulatory mechanisms would work to maintain the concentration of AMPARs at the cytosol.
	
	Volume (l)
	Ref.

	Species
	Initial concentration (µmol/l)
	

	R1R2(GRIP2)
	4.2
	This work


	No.
	Reaction
	kf
	kb
	Ref.

	190
	R1(pS)R2(GRIP2)-PP2B-CaMCa4 -> R1R2(GRIP2) + PP2B-CaMCa4
	0.8 1/s
	
	This work

	191
	R1(pS2)R2(pS2)-PP2B-CaMCa4 -> R1(pS)R2(pS2) + PP2B-CaMCa4
	0.8 1/s
	
	This work

	192
	R1(pS2-SAP)R2(pS2)-PP2B-CaMCa4 -> R1(pS-SAP)R2(pS2) + PP2B-CaMCa4
	0.8 1/s
	
	This work

	193
	R1(pS2)R2(pS2-PICK1)-PP2B-CaMCa4 -> R1(pS)R2(pS2-PICK1) + PP2B-CaMCa4
	0.8 1/s
	
	This work

	194
	R1(pS2-SAP)R2(pS2-PICK1)-PP2B-CaMCa4 -> R1(pS-SAP)R2(pS2-PICK1) + PP2B-CaMCa4
	0.8 1/s
	
	This work

	195
	R1(pS2)R2(pS2-PICK1-PICK1)-PP2B-CaMCa4 -> R1(pS)R2(pS2-PICK1-PICK1) + PP2B-CaMCa4
	0.8 1/s
	
	This work

	196
	R1(pS2-SAP)R2(pS2-PICK1-PICK1)-PP2B-CaMCa4 -> R1(pS-SAP)R2(pS2-PICK1-PICK1) + PP2B-CaMCa4
	0.8 1/s
	
	This work

	197
	R1(pS)R2(pS2)-PP2B-CaMCa4 -> R1R2(pS2) + PP2B-CaMCa4
	0.8 1/s
	
	This work

	198
	R1(pS)R2(pS2-PICK1)-PP2B-CaMCa4 -> R1R2(pS2-PICK1) + PP2B-CaMCa4
	0.8 1/s
	
	This work

	199
	R1(pS)R2(pS2-PICK1-PICK1)-PP2B-CaMCa4 -> R1R2(pS2-PICK1-PICK1) + PP2B-CaMCa4
	0.8 1/s
	
	This work

	200
	R1(pS2)R2(GRIP2)-PP2B-CaMCa4 -> R1(pS)R2(GRIP2) + PP2B-CaMCa4
	0.8 1/s
	
	This work

	201
	R1(pS2-SAP)R2(GRIP2)-PP2B-CaMCa4 -> R1(pS-SAP)R2(GRIP2) + PP2B-CaMCa4
	0.8 1/s
	
	This work

	202
	R1(pS)R2(GRIP-pS)-PP2B-CaMCa4 -> R1R2(GRIP-pS) + PP2B-CaMCa4
	0.8 1/s
	
	This work

	203
	R1(pS)R2(GRIP-pS-PICK1)-PP2B-CaMCa4 -> R1R2(GRIP-pS-PICK1) + PP2B-CaMCa4
	0.8 1/s
	
	This work

	204
	R1(pS2)R2(GRIP-pS)-PP2B-CaMCa4 -> R1(pS)R2(GRIP-pS) + PP2B-CaMCa4
	0.8 1/s
	
	This work

	205
	R1(pS2-SAP)R2(GRIP-pS)-PP2B-CaMCa4 -> R1(pS-SAP)R2(GRIP-pS) + PP2B-CaMCa4
	0.8 1/s
	
	This work

	206
	R1(pS2)R2(GRIP-pS-PICK1)-PP2B-CaMCa4 -> R1(pS)R2(GRIP-pS-PICK1) + PP2B-CaMCa4
	0.8 1/s
	
	This work

	207
	R1(pS2-SAP)R2(GRIP-pS-PICK1)-PP2B-CaMCa4 -> R1(pS-SAP)R2(GRIP-pS-PICK1) + PP2B-CaMCa4
	0.8 1/s
	
	This work



Table S6. Parameters for calcium-binding site mutations of Syt1 in both the C2A and C2B [4].
	No.
	Reaction
	kf
	kb
	Ref.

	1
	Syt1 + Ca = (Ca)ASyt1
	0.25 l/(µmol*s)
	97.6 1/s
	This work

	2
	(Ca2)ASyt1 + Ca = (Ca2)A(Ca)BSyt1
	0.25 l/(µmol*s)
	142 1/s
	This work

	3
	(Ca2)A(Ca)BSyt1 + Ca = (Ca2)A(Ca2)BSyt1
	0.25 l/(µmol*s)
	142 1/s
	This work

	4
	(Ca)ASyt1 + Ca = (Ca2)ASyt1
	0.25 l/(µmol*s)
	488 1/s
	This work

	5
	(Ca2)A(Ca2)BSyt1 + Ca = (Ca3)A(Ca2)BSyt1
	0.25 l/(µmol*s)
	1560 1/s
	This work

	252
	R1R2psd(GRIP2)MyoV + (Ca)ASyt1 -> R1R2psd(GRIP2)MyoV(Ca)ASyt1
	1000 l/(µmol*s)
	
	An approximation treatment for Syt1 introduced in this work (see the SI text)

	253
	R1R2psd(GRIP2)MyoVSyt1 + Ca = R1R2psd(GRIP2)MyoV(Ca)ASyt1
	0.25 l/(µmol*s)
	97.6 1/s
	DBC based on Eq. 1

	254
	R1R2psd(GRIP2)MyoV + (Ca2)A(Ca)BSyt1 -> R1R2psd(GRIP2)MyoV(Ca2)A(Ca)BSyt1
	1000 l/(µmol*s)
	
	An approximation treatment for Syt1 introduced in this work (see the SI text)

	255
	R1R2psd(GRIP2)MyoV(Ca2)ASyt1 + Ca = R1R2psd(GRIP2)MyoV(Ca2)A(Ca)BSyt1
	0.25 l/(µmol*s)
	142 1/s
	DBC based on Eq. 2

	256
	R1R2psd(GRIP2)MyoV + (Ca2)A(Ca2)BSyt1 -> R1R2psd(GRIP2)MyoV(Ca2)A(Ca2)BSyt1
	1000 l/(µmol*s)
	
	An approximation treatment for Syt1 introduced in this work (see the SI text)

	257
	R1R2psd(GRIP2)MyoV(Ca2)A(Ca)BSyt1 + Ca = R1R2psd(GRIP2)MyoV(Ca2)A(Ca2)BSyt1
	0.25 l/(µmol*s)
	142 1/s
	DBC based on Eq. 3

	258
	R1R2psd(GRIP2)MyoV + (Ca2)ASyt1 -> R1R2psd(GRIP2)MyoV(Ca2)ASyt1
	1000 l/(µmol*s)
	
	An approximation treatment for Syt1 introduced in this work (see the SI text)

	259
	R1R2psd(GRIP2)MyoV(Ca)ASyt1 + Ca = R1R2psd(GRIP2)MyoV(Ca2)ASyt1
	0.25 l/(µmol*s)
	488 1/s
	DBC based on Eq. 4

	260
	R1R2psd(GRIP2)MyoV + (Ca3)A(Ca2)BSyt1 -> R1R2psd(GRIP2)MyoV(Ca3)A(Ca2)BSyt1
	10000 l/(µmol*s)
	
	An approximation treatment for Syt1 introduced in this work (see the SI text)

	261
	R1R2psd(GRIP2)MyoV(Ca2)A(Ca2)BSyt1 + Ca = R1R2psd(GRIP2)MyoV(Ca3)A(Ca2)BSyt1
	0.25 l/(µmol*s)
	1560 1/s
	DBC based on Eq. 5

	262
	R1R2psd(GRIP2)MyoV + Syt1 -> R1R2psd(GRIP2)MyoVSyt1
	1000 l/(µmol*s)
	
	An approximation treatment for Syt1 introduced in this work (see the SI text)
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