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Table S1. Calmodulin binding proteins and their chemical reaction

Protein Description and Chemical Reactions
Adenylyl Cyclase A prominent, membrane-associated Adenylyl Cyclase isoform in hippocampal neurons.
1 (AC1) Binds CaM at its C1, domain and, when activated, converts ATP to cAMP.

AC1 + CaMiN,jc > ACl_CaMiN,jc

2 Ca%* + ACl_CaMiN,jc — ACl_CaM(i+1)N,jc
2 Ca%* + ACl_CaMiN,jc — ACl_CaMiN,(jﬂ)c
ACl_CaMiN,,-c —>AC1_CaMiN,,-c + cCAMP

Adenylyl Cyclase A prominent, Adenylyl Cyclase isoform in hippocampal neurons. Binds Ca?*/CaM at both its
8 (AC8) N- and C-termini, which are explicitly accounted for in this work. Ca?*/CaM-AC8ct (C-
terminus-bound AC8) may bind ATP for conversion to CAMP.

AC8nt + CaMinjc <> AC8nt_CaMinjc

2 Ca?* + AC8nt_CaMinjc <> AC8nt_CaMsnjc
2 Ca?*+ AC8nt_CaMinjc <> AC8nt_CaMing+1)c
AC8ct + CaMinjc «> AC8ct_CaMinjc

2 Ca?* + AC8ct_CaMin jc <> AC8ct_CaMsnjc
2 Ca** + AC8ct_CaMin,jc <> AC8ct_CaMin,g+1)c
AC8ct_CaMinjc —»AC8ct CaMinjc + CAMP

Ca*"/CaM- Ca?*/CaM-dependent kinase. Highly expressed in brain, and especially hippocampal tissue.
dependent kinase In this work, CaMKII is modeled as monomers which, when active, may dimerize and
Il (CaMKII) subsequently become Ca?*/CaM-independent via autophosphorylation. Active CaMKII

phosphorylates many downstream proteins such as the GIuA1 subunit of AMPA receptors.
CaMKII + CaMinjc «» CaMKII CaMin jc

Ca?" + CaMKI |_Ca|\/|iN,jc > CaMKH_CaM(iﬂ)N,jc

Ca%+ AC8BNt_CaMin jc <> AC8nt_CaMin,j+1)c

CaMKII_CaMinjc + CaMKII_CaMin jc <> Dimerin,jc),in,jc) — pCaMKII CaMinjc +
CaMKII_CaMin jc

CaMKII_CaMin,jc + pCaMKII_CaMin,jc <> pDimerin,jc),in,jcy =pCaMKIL CaMin,jc +
pCaMKII_CaMinjc

CaMKI |_CaMiN,jc + GluAl < CaMKHiN,jc_GluAl — CaMKH_CaMiN,jc + G|UA1p331

CaMKI |_CaMiN,jc + G|UA1p845 <~ CaMKHiN,jc_G|UA1p845 — CaMKII_CaMiN,jc +
GluAlpsaipsss

pCaMKI |_CaMiN,jc + GluAl & pCaMKHiN,jc_GluAl — pCaMKII CaMinjc + G|UA1p331

pCaMKI |_Ca|\/|iN,jc + G|UAlpg45 — pCaMKHiN,jc_G|UAlpg45 — pCaMKII_CaMiN,jC +
GluAlpsaipsss

Calcineurin A Ca?*/CaM-dependent serine/threonine phosphatase. For simplicity, our models are
(CaN) restricted only to binding of Ca?*/CaM to the catalytic CaNA subunit.




CaN + CaMin jc «<» CaN_CaMinjc
Ca?" + CaN_CaMinjc «» CaN_CaM+1)n,jc
Ca*" + CaN_CaMin,jc <> CaN_CaMin g+1c

Myosin Light
Chain Kinase
(MLCK)

A putatively abundant CBP in dendritic spines, which we model using kinetic parameters
derived from studies on smooth muscle.

MLCK+ CaMinjc «» MLCK CaMinjc
Ca**+ M LCK_CaMiN,,-c > MLCK_CaM(i+1)N,jc
Caz*+ M LCK_CaMiN,,-c <~ MLCK_CaMin,j+1)c

Neurogranin (Ng)

A membrane-associated protein, and one of the few proteins that strongly binds CaM in
absence of Ca?".

Ng+ CaMiN,jc — Ng CaMinjc
Ca?" + Ng_CaMinjc <> Ng_CaM:1njc
Ca?" + Ng_CaMinjc <> Ng_CaMin,+1)c

Nitric Oxide
Synthetase (NOS)

Typically a membrane-associated protein that binds tightly to CaM and generates Nitric
Oxide from citrulline and arginine.

NOS+ CaMiN,jC > NOS_CaMiN,jC
Ca*" + NOS_CaMinjc <> NOS_CaMisynjjc
Ca?* + NOS_CaMinjc <> NOS_CaMin,+1)c

Phosphodiesterase
1 (PDE1)

A Ca**/CaM dependent phosphodiesterase that cleaves CAMP into AMP.
PDE1+ CaMinjc <> PDE1_CaMinjjc

Ca?* + PDE1_CaMinjc <> PDE1_CaMsnjc

Ca®* + PDE1_CaMinjc < PDE1_CaMin g+1)c

PDE1_CaMin,jc+ cAMP — PDEl_CaMinjc + AMP

Reaction parameters are provided in Table S3. Bidirectional arrows denote reversibility; Unidirectional

arrows indicate irreversible reactions. Under-scores denote protein complexes. Subscripts i and j pertain to

the 4-state model and denote total Ca®* at the CaM N- and C-terminus, respectively. Therefore, in the 4-

state model, i and j may be either 0 or 2 independently of each other. In the 2-state model, i and j must both

either be 0 or 2. Prefix p denotes phosphorylated players. The corresponding system of differential

equations are found in Supplemental Material section entitled “Model Equations”.




Table S2. Non-calmodulin binding proteins included in model and their respective chemical reactions

Phosphodiesterase 4
(PDE4)

PDE4 is not Ca?*/CaM dependent but plays a significant role in regulating the levels
of cAMP in cells by cleaving cAMP into AMP. Phosphorylation by active PKAc
increases the enzymatic activity of PDE4 [4].

PDE4 + PKAc < PDE4_PKAc — PKAc + pPDE4
PDE4 + cAMP — PDE4 + AMP
pPDE4 + ¢cAMP — pPDE4 + AMP

Protein kinase A
(PKA, also known
as cCAMP-dependent
kinase)

Binds up to four cCAMP, liberating catalytic subunits that bind and phosphorylate a
number of downstream targets such as PDE4 and GIluAl [4,5]. Reaction subscripts:
numbers denote bound cAMP, R denotes auto-inhibition, C denotes a catalytic
subunit.

PKA + cAMP « R2C2_cAMP
R2C2_cAMP + cAMP <> R2C2_cAMP;
R2C2_cAMP; + CAMP « R2C2_cAMP;
R2C2_cAMP; + CAMP < R2C2_cAMP,
R2C2_cAMP,; <+ R2C _cAMP,4 + PKAC
R2C_cAMP,«— R2_cAMP, + PKAC
R2_cAMP, < R2 + 4 AMP

PKACc + PKAInhibitor < PKAI

R2 + PKAIi < R2C + PKAinhibitor

R2C + PKAI < PKA + PKAinhibitor

Inhibitor 1 (Inh-1 or
11)

Inhibitor 1 may become phosphorylated at Ser-35 by PKAc, and phosphorylated
Ip35 is able to bind and inhibit the activity of protein phosphatase 1 (PP1). Activated
CaN-CaM is able to de-phosphorylate 1p35 back to the original I1 state.

11 + PKAC < I1_PKAc — Ip35 + PKAC
I35 + PP1 «» Ip35_PP1
Ip35 + CaN_CaMin jc < 1p35_CaN_CaMinjc — 11 + CaN_CaMinjjc

Protein Phosphatase
1 (PP1)

PP1 + pCaMKII_CaMinc < PPL_pCaMKII_CaMin;c — PP1 + CaMKII_CaMinjc
PP1 + GluAlpgs1 <> PP1_GluAlpssi— PP1 + GIuAl

PP1 + GluAlpgs <> PP1_GluAlpsss— PP1 + GIuAl

PP1 + GlUA1p831p845<—> PPl_GlUA1p831p845—> PP1 + GlUA1p845

GluAl

One of four subunits of a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid

receptor (AMPA receptor). Is phosphorylated at amino acid residue Ser-831 by

CaMKII and residue Ser-845 by PKA [4,6]. Increase AMPA phosphorylation is

implicated in synaptic plasticity, and GIuA1-p845 may be necessary for exocytosis

of AMPARSs to the synaptic membrane [6].

GluAl + PKA4 < GIluAl PKA4

GluAl + PKAc < GluAl PKAc — GluAlpss + PKAC

GluAl + CaMKIIl_CaMin,jc «> GIuAl_CaMKII_CaMinjc — GluA g +
CaMKII_CaMinjc

GluAl + pCaMKIIl_CaMinjc < GluAl_pCaMKII CaMinjc — GluAlpss +
pCaMKII_CaMin jc

G|UA1p345 + CaMKI |_CaMiN,jc «— GluA1p845_CaMKI |_CaMiN,jc — GluA1p831p845 +
CaMKII_CaMin jc

GlUA1p845 + pC&MK| |_CaMiN,jc d GluA1p845_pCaM Kl |_CaMiN,jc — GluA1p831p845 +
pCaMKII_CaMin jc

GlUAlpasl + PKAc < GluA1p831_PKAC — GluA1p331p845 + PKAC




Reaction parameters are provided in Table S3. Bidirectional arrows denote reversibility; Unidirectional
arrows indicate irreversible reactions. Under-scores denote protein complexes. Subscripts i and j pertain to
the 4-state model and denote total Ca®* at the CaM N- and C-terminus, respectively. Therefore, in the 4-
state model, i and j may be either 0 or 2 independently of each other. In the 2-state model, i and j must both
either be 0 or 2. Prefix p denotes phosphorylated players. The corresponding system of differential

equations are found in Supplemental Material section entitled “Model Equations”.

Equation S1. Calculation of Cp for Figure 3.

In Figure 3, we deploy a metric first utilized in a previous publication (Romano et al. 2017 PLoS Comp
Biol). In that publication, the metric Cy, is defined as the time-averaged concentration of CaM-bound CBP at a

given Ca?* frequency. Cp is mathematically represented in Equation 1 below.

tr

W= |

tr— 1o
t

2 2
Z[TbCaMAL] dt
5 1=0 j=0

tr 2

2
1
(2)C, = Z Z[TbCaMNiCj] dt
te—1To .

t=t, 1=0 j=0

T, = {AC1, AC8nt, AC8ct, CaMKII, CaN, MLCK, Ng, NOS, PDE1}
Where the subscript b indexes the binding partners, so the average bound concentration for a given binding
partner (Cy) is found by integrating the total concentration of that binding partner (Ty) bound to each CaM state
(CaMN;Cj, i and j =0, 1, or 2) over the stimulation period (to until tf) and dividing by the stimulus duration (ts -
to). Note that dividing by stimulus duration is necessary because we reduce ts — t, in order to limit computational
expense at high frequencies. To compare relative levels of CaM-binding across various proteins and
experimental conditions, for each binding partner we normalize Cy, by its peak value from among all the Ca?"*

frequencies simulated.
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Figure S1. 2-state vs 4-state time-course comparison at 50Hz. (A, B) Response of binding models to 50 Hz
Ca?" frequency stimulation, monitoring each CBP bound to Ca?*-saturated CaMy for the (A) 2-state and (B) 4-
state models. (C, D) Response of binding models to 50 Hz Ca?* frequency stimulation, monitoring the

cumulative concentration of each CBP bound to any Ca?*/CaM state for the (C) 2-state and (D) 4-state models.



Table S3. Sensitivity Analysis of Kinetic Parameters at 10 Hz Ca** and WT Ng.

Parameter PRCC
ke crcans 0.736
kg teaMs 0.568
kgCaMél-GluAl 0.550
kggMK”GluAl 0.540
kX CaM4 -0.560
kZI;DEALCAMP -0.771

*Note that both CaMKII- and AC-associated parameters are both implicated as significant in this analysis.

Table S4. Sensitivity Analysis of Initial Concentrations at 10 vs 100 Hz Ca?* with WT Ng.

PRCC PRCC
Parameter Parameter
10 Hz 100 Hz
concCaM 0.898 concCaM 0.893
concGluAl 0.708 concGluAl 0.775
concAC1 0.578 concAC1 0.632
concCaMKII -0.540 concPKA 0.556
concPDE4  -0.747 concCaMKIl -0.597
concPDE4 -0.758

*At both 10 Hz and 100 Hz, that [CaM] and [GluA1] are highly significant lends confidence to our sensitivity
analysis results.



Table S5. Model parameter values

Parameter | Description | Value Used | Reference(s)
Ca?* binding to CaM
k2N 2 Ca" binding to CaM N-terminus 100.0 pM1s™? [1] [26]
kofr 2 Ca** dissociation from CaM N-terminus 750.0 s [1] [26]
K3V Equilibrium binding of 2 Ca?* to CaM N-terminus | 7.5 uM [1] [26]
k2¢ 2 Ca®* binding to CaM C-terminus 4.0 uM1s?t [1] [26]
kot 2 Ca?* dissociation from CaM C-terminus 9.25s? [1] [26]
K3¢ Equilibrium binding of 2 Ca®* to CaM C-terminus | 2.32 pM [1] [26]
CaM binding to AC1
fAcicaMo CaMO binding to AC1 0.00166 pMs? [2] [26]
kg oMo CaMOo dissociation from AC1 0.9s? [3] [26]
Kpc1camo Equilibrium binding of CaMO0 to AC1 542.0 uM [4] [26]
kAC1CaM2N CaM2N binding to AC1 0.156 pMs? [2] [26]
ko freameN CaM2N dissociation from AC1 0.9s* [3] [26]
KjcicaM2n Equilibrium binding of CaM2N to AC1 5.78 uM [4] [26]
kAC1CaM2C | CaM2C binding to ACL 0.064 pM s [2] [26]
kg freatze CaM2C dissociation from AC1 0.9s? [3] [26]
Kpcrcamzc Equilibrium binding of CaM2C to AC1 14.1 yM [4] [26]
J ACTCaM CaM4 binding to AC1 6.0 uM s [5] [26]
kyfreem CaM4 dissociation from AC1 0.9s? [5] [26]
KpictcaMa Equilibrium binding of CaM4 to AC1 0.15 uM [2] [26]
Ca?" binding to AC1-CaM
kac12N 2 Ca?* binding to AC1-CaM N-terminus 100.0 pM s [6] [26]
kofreN 2 Ca®* dissociation from AC1-CaM N-terminus 8.0st [8] [26]
Kjic12N Equilibrium binding of 2 Ca?* to AC1-CaM N- 0.08 uM [2] [26]
terminus
kaci2c 2 Ca®* binding to AC1-CaM C-terminus 4.0 uM1st [6] [26]
kofr?e 2 Ca?* dissociation from AC1-CaM C-terminus 1.2 st [8] [26]
Kpczc Equilibrium binding of 2 Ca®* to AC1-CaM C- 0.3 uM [2] [26]
terminus
CaM binding to AC8 N-terminus
fAc8ntcaMo CaMOo binding to AC8 N-terminus 0.00828 uM?s! [2] [26]
kg ggreeato CaMOo dissociation from AC8 N-terminus 1.0 [3] [26]
Kjic8ntcaMo Equilibrium binding of CaMO0 to AC8 N-terminus | 121.0 uM [4] [26]
acentcaMzN CaM2N binding to AC8 N-terminus 0.00828 uM?s? [2] [26]
kg gpnrcamzn CaM2N dissociation from AC8 N-terminus 1.0 [3] [26]
KjicentcaMzn Equilibrium binding of CaM2N to AC8 N- 121.0 uM [4] [26]
terminus
fzcentcaMzc CaM2C binding to AC8 N-terminus 1.25 M 1s? [2] [26]
kofpmeamze CaM2C dissociation from AC8 N-terminus 1.0s? [3] [26]
Kpicsntcamzc Equilibrium binding of CaM2C to AC8 N- 0.8 uM [4] [26]
terminus
fAc8ntCaM4 CaM4 binding to AC8 N-terminus 1.25 uM1s? [5] [26]
kg gpmteams CaM4 dissociation from AC8 N-terminus 1.0 [5] [26]
KpicentcaMs Equilibrium binding of CaM4 to AC8 N-terminus | 0.8 uM [2] [26]




Ca?" binding to AC8(N-terminus)-CaM

Ac8nt2N 2 Ca?* binding to AC8(N-terminus)-CaM N- 100.0 pM1s? [6] [26]
terminus
kofpmeeN 2 Ca®* dissociation from AC8(N-terminus)-CaM | 750.0 s [8] [26]
N-terminus
KpcentzN Equilibrium binding of 2 Ca®* to AC8(N- 7.5 uM [2] [26]
terminus)-CaM N-terminus
kacsnt2c 2 Ca?* binding to AC8(N-terminus)-CaM C- 4.0 uM st [6] [26]
terminus
kofpmtee 2 Ca?* dissociation from AC8(N-terminus)-CaM | 0.5 s [8] [26]
C-terminus
Kpgcsntzc Equilibrium binding of 2 Ca®* to AC8(N- 0.125 uM [2] [26]
terminus)-CaM C-terminus
CaM binding to AC8 C-terminus
f AC8ctcaMO CaMO binding to AC8 C-terminus 0.00267 uM1s? [2] [26]
kg fpereamo CaMOo dissociation from AC8 C-terminus 1.0 [3] [26]
K ic8etcamo Equilibrium binding of CaMO0 to AC8 C-terminus | 375.0 uM [4] [26]
fAc8ctcaMzN CaM2N binding to AC8 C-terminus 1.25 uM st [2] [26]
kg gpercamzn CaM2N dissociation from AC8 C-terminus 1.0s [3] [26]
Kjc8etcaMzN Equilibrium binding of CaM2N to AC8 C- 0.8 uM [4] [26]
terminus
fAc8ctcamzc CaM2C binding to AC8 C-terminus 0.00267 uM1s? [2] [26]
kagpereamze CaM2C dissociation from AC8 C-terminus 1.0s [3] [26]
Kpic8etcamzc Equilibrium binding of CaM2C to AC8 C- 375.0 uM [4] [26]
terminus
kzc8ctcama CaM4 binding to AC8 C-terminus 1.25 uM st [5] [26]
kg fpereams CaM4 dissociation from AC8 C-terminus 1.0 [5] [26]
Kjc8etcaMa Equilibrium binding of CaM4 to AC8 C-terminus | 0.8 uM [2] [26]
Ca?* binding to AC8(C-terminus)-CaM
kac8ct2N 2 Ca** binding to AC8(C-terminus)-CaM N- 100.0 pM st [6] [26]
terminus
kofpeten 2 Ca®* dissociation from AC8(C-terminus)-CaM | 1.6 s* [8] [26]
N-terminus
KAc8cezN Equilibrium binding of 2 Ca®* to AC8(C- 0.016 uM [2] [26]
terminus)-CaM N-terminus
acsct2c 2 Ca®* binding to AC8(C-terminus)-CaM C- 4.0 uM st [6] [26]
terminus
kofpetse 2 Ca®* dissociation from AC8(C-terminus)-CaM | 9.25s? [8] [26]
C-terminus
Kpceset2c Equilibrium binding of 2 Ca®* to AC8(C- 231 uM [2] [26]
terminus)-CaM C-terminus
CaM binding to CaN
JcPPCaMo CaMOo binding to CaN 0.0000000798 uM- [ [2] [26]
o
kSFFeMe CaMO dissociation from CaN 0.000319 s [3] [26]
Kfreamo Equilibrium binding of CaM0 to CaN 3999.0 uM [4] [26]
fbPCaM2N CaM2N binding to CaN 0.000416 uMs?t | [2] [26]
kypfeten CaM2N dissociation from CaN 0.000319 s [3] [26]
KpPeaMzN Equilibrium binding of CaM2N to CaN 0.768 uM [4] [26]




bPcam2c CaM2C binding to CaN 0.000123 uMs?t | [2] [26]
koFFeMe CaM2C dissociation from CaN 0.000319 s* [3] [26]
Kpreamzc Equilibrium binding of CaM2C to CaN 2.59 uM [4] [26]
fbPcaM4 CaM4 binding to CaN 0.64 pM s [9-11] [26]
korFeM* CaM4 dissociation from CaN 0.000319 s [9-11] [26]
KpreaMt Equilibrium binding of CaM4 to CaN 0.000498 uM [9-11] [26]
Ca?* binding to CaN-CaM
kEP2N 2 Ca®* binding to CaN-CaM N-terminus 100.0 pM1s? [6] [26]
korF" 2 Ca®* dissociation from CaN-CaM N-terminus 12.0 s [2] [26]
KPP2N Equilibrium binding of 2 Ca?* to CaN-CaM N- 0.12 uM [12] [26]
terminus
kbP2c 2 Ca?* binding to CaN-CaM C-terminus 4.0 uM st [6] [26]
koFF¢ 2 Ca?* dissociation from CaN-CaM C-terminus 0.6 [2] [26]
Khrec Equilibrium binding of 2 Ca?* to CaN-CaM C- 0.15 uM [12] [26]
terminus
CaM binding to CaMKII
fKcaMmo CaMo binding to CaMKI| 0.0038 uM1s? [1] [26]
kyEFMO CaMO dissociation from CaMKII 555t [1] [26]
KKcaMo Equilibrium binding of CaMO to CaMKI|I 1.45 mM [2] [26]
fXcamMzN CaM2N binding to CaMKI|I 0.12 uM1s? [1] [26]
kAN CaM2N dissociation from CaMKI| 1.7st [1] [26]
KKcaMzN Equilibrium binding of CaM2N to CaMKI| 14.2 uM [1] [26]
fKcamzc CaM2C binding to CaMKI| 0.92 uM1s? [1] [26]
kXEFM2C CaM2C dissociation from CaMKI| 6.8 s [1] [26]
KKcamzc Equilibrium binding of CaM2C to CaMKI| 7.39 uM [1] [26]
X CaM4 CaM4 binding to CaMKI| 30.0 uM st [1] [26]
ke CaM4 dissociation from CaMKII 1.7 s [1] [26]
KKcam4 Equilibrium binding of CaM4 to CaMKI|I 0.0567 uM [1] [26]
Ca?* binding to CaMKII-CaM
kK2N 2 Ca®* binding to CaMKII-CaM N-terminus 76.0 pM st [1] [26]
kSF 2 Ca®* dissociation from CaMKII-CaM N- 33.0st [1] [26]
terminus
KK2N Equilibrium binding of 2 Ca®* to CaMKII-CaM 0.43 uM [2] [26]
N-terminus
kXz¢ 2 Ca?" binding to CaMKII-CaM C-terminus 44.0 pM s [1] [26]
k5Ff 2 Ca®* dissociation from CaMKII-CaM C- 2.7t [1] [26]
terminus
KK2¢ Equilibrium binding of 2 Ca®* to CaMKII-CaM 0.0614 pM [2] [26]
C-terminus
CaM binding to MLCK
JMKcaMO CaMo binding to MLCK 0.00717 uM1s? [2] [26]
ke jcamo CaMo dissociation from MLCK 0.132 s [3] [26]
K1KCcaMo Equilibrium binding of CaMO0 to MLCK 18.4 uM [4] [26]
e MKcaM2zN CaM2N binding to MLCK 2.34 uM st [2] [26]
Jeycamen CaM2N dissociation from MLCK 0.132 s [3] [26]
KMKCaM2ZN Equilibrium binding of CaM2N to MLCK 0.0564 uM [4] [26]
MKCaM2C CaM2C hinding to MLCK 0.170 pM st [2] [26]




J MK CaM2C CaM2C dissociation from MLCK 0.132 s [3] [26]
KMKCaM2C Equilibrium binding of CaM2C to MLCK 0.776 uM [4] [26]
JcMKCaM4 CaM4 binding to MLCK 55.5 uMs? [13-15] [26]
ke CaM4 dissociation from MLCK 0.132 s [13-15] [26]
KK CaMa Equilibrium binding of CaM4 to MLCK 0.00238 uM [13-15] [26]
Ca?* binding to MLCK-CaM
JcMK2N 2 Ca2* binding to MLCK-CaM N-terminus 100.0 pMs? [6] [26]
JMK2N 2 Ca®* dissociation from MLCK-CaM N-terminus | 2.3 s [15-18] [26]
KMK2N Equilibrium binding of 2 Ca?* to MLCK-CaM N- | 0.023 uM [2] [26]
terminus
JeMK2C 2 CaZ* binding to MLCK-CaM C-terminus 4.0 pM-1st [6] [26]
MKzC 2 Ca?* dissociation from MLCK-CaM C-terminus | 0.39 s [15-18] [26]
KK2C Equilibrium binding of 2 Ca?* to MLCK-CaM C- | 0.098 uM [2] [26]
terminus
Ca?" binding to Ng-CaM
JVgcamo CaMOo binding to Ng 28.0 pM s [19] [26]
Jen gl MO CaMOo dissociation from Ng 36.0s? [19] [26]
K N9caMo Equilibrium binding of CaMO0 to Ng 1.29 uM [19] [26]
JogCaM2N CaM2N binding to Ng 28.0 uM's™ [19] [26]
Jep g MmN CaM2N dissociation from Ng 36.0s? [19] [26]
K V9caM2N Equilibrium binding of CaM2N to Ng 1.29 M [19] [26]
JVgcamzC CaM2C binding to Ng 2.0 pM st [19] [26]
ko M2 CaM2C dissociation from Ng 136.0 s? [19] [26]
K Nocamzc Equilibrium binding of CaM2C to Ng 68.0 uM [19] [26]
JVgcams CaM4 binding to Ng 2.0 uMs! [19] [26]
e gret CaM4 dissociation from Ng 136.0 57 [19] [26]
Kll)VgCaM‘* Equilibrium binding of CaM4 to Ng 68.0 uM [19] [26]
Ca?* binding to Ng-CaM
K N9ZN 2 Ca** binding to Ng-CaM N-terminus 100.0 uM™ s [19] [26]
ké"]ngN 2 Ca?* dissociation from Ng-CaM N-terminus 750.0 st [19] [26]
K92 Equilibrium binding of 2 Ca?* to Ng-CaM N- 7.5 uM [19] [26]
terminus
jNo2c 2 Ca** binding to Ng-CaM C-terminus 426.0 uMIs [19] [26]
k(’)\’]gfzc 2 Ca®* dissociation from Ng-CaM C-terminus 418.0s? [19] [26]
K9z Equilibrium binding of 2 Ca?* to Ng-CaM C- 0.98 uM [19] [26]
terminus
CaM binding to NOS
k NOSCaMO CaMOo binding to NOS 0.135 uM's™ [2] [26]
K gscamo CaMO dissociation from NOS 0.01s? [3] [26]
KoscaMo Equilibrium binding of CaMO0 to NOS 0.074 uM [4] [26]
kNoscaM2N | caM2N binding to NOS 0.135 uM's™ [2] [26]
ke NgscaMzn CaM2N dissociation from NOS 0.01s* [3] [26]
KOScaM2N Equilibrium binding of CaM2N to NOS 0.074 uM [4] [26]
kNoscam2c [ CaM2C binding to NOS 1.25 uMs™ [2] [26]




kYpPeare CaM2C dissociation from NOS 0.01s? [3] [26]
Kjoscamzc Equilibrium binding of CaM2C to NOS 0.008 uM [4] [26]
fNOScaM4 CaM4 binding to NOS 1.25 uM1s? [20-22] [26]
kygPear CaM4 dissociation from NOS 0.01s? [20-22] [26]
KLjoscaMa Equilibrium binding of CaM4 to NOS 0.008 uM [20-24] [26]
Ca?* binding to NOS-CaM
kNOS2N 2 Ca?* binding to NOS-CaM N-terminus 100.0 pM1s7? [6] [26]
kyePHN 2 Ca®* dissociation from NOS-CaM N-terminus | 750.0 s [25] [26]
KOos2N Equilibrium binding of 2" Ca?* to NOS-CaM N- | 7.5 uM [2] [26]
terminus
kNOS2C 2 Ca®* binding to NOS-CaM C-terminus 4.0 uM1s?t [6] [26]
kyPP%e 2 Ca?* dissociation from NOS-CaM C-terminus | 1.0 s [25] [26]
Kjoszc Equilibrium binding of 2 Ca?* to NOS-CaM C- 0.25 uM [2] [26]
terminus
CaM binding to PDE1
kEDEICaM0 [ CaMO binding to PDEL 0.0000000138 M- | [2]
ls-l
kypFreato CaMo dissociation from PDE1 0.001 s [3]
K FPE1CaMO Equilibrium binding of CaMO0 to PDE1 72463.8 uM [4]
kFDE1CaM2ZN CaM2N binding to PDE1 0.00002 uM?1s? [2]
kypgreatzn CaM2N dissociation from PDE1 0.001 s [3]
KFPE1CaMZN Equilibrium binding of CaM2N to PDE1 50 uM [4]
PDE1CaM2C CaM2C binding to PDE1 0.00013 uM1s? [2]
kopFrearze CaM2C dissociation from PDE1 0.001 s [3]
KFPE1CaM2C Equilibrium binding of CaM2C to PDE1 7.69 uM [4]
kPDE1CaM4 CaM4 binding to PDE1 0.18182 uMs? [28]
kbpFreams CaM4 dissociation from PDE1 0.001 st [28]
KFDPE1CaM4 Equilibrium binding of CaM4 to PDE1 0.0055 uM [28]
Ca?* binding to PDE1-CaM
PDE12N 2 Ca®* binding to PDE1-CaM N-terminus 750.0 pM st [6]
kopF 2 2 Ca®* dissociation from PDE1-CaM N-terminus | 25 s [2]
KFPE12N Equilibrium binding of 2 Ca?* to PDE1-CaM N- | 0.033 uM [4]
terminus
kPDE12C 2 Ca?* binding to PDE1-CaM C-terminus 204 uM1st [6]
kopF¢ 2 Ca®* dissociation from PDE1-CaM C-terminus | 1.02 st [2]
KFPEL2C Equilibrium binding of 2 Ca?* to PDE1-CaM C- | 0.005 uM [4]
terminus
CaMKII binding to CaMKII
e GaMKII CaMKI|I binding to CaMKII 45 pM1st [1]
kgt CaMKII dissociation from CaMKII 2250 st [1]
KSaMKIT Equilibrium binding of CaMKII to CaMKI|I 50 uM [1]
oMK CaMKII binding pCaMKII 45 pM st [1]
kg}l}"”‘”l’ CaMKI!I dissociation from pCaMKII 2250 s [1]
K MKip Equilibrium binding of CaMKII to pCaMKII 50 uM [1]
CaMKII phosphorylation
JeGaMKIICaMo | Aytophosphorylation of CaMKII-CaMO 0st | [1]




kgaMilicam2N 1 Aytophosphorylation of CaMKI11-CaM2N 0.120 s [1]
kgaMKiicamzc | Aytophosphorylation of CaMKI1I-CaM2C 0.064 s [1]
fGaMKIICans Autophosphorylation of CaMKII-CaM4 0.875 s [1]
AC1 mediated catalysis of ATP
fAcicaM Catalysis of ATP by AC1-CaMO 0st [27][28]
kACICaM2N Catalysis of ATP by AC1-CaM2N 0.77897 s [27][28]
JACtCam2c Catalysis of ATP by AC1-CaM2C 0.41545 s [27][28]
kACICaM4 Catalysis of ATP by AC1-CaM4 5.68 st [27][28]
AC8ct mediated catalysis of ATP
fAcsctcaM Catalysis of ATP by AC8ct-CaMO 0st [27][28]
AcBetcaMzN Catalysis of ATP by AC8ct-CaM2N 0.3895 s [27][28]
JAcsctcam2C | Catalysis of ATP by AC8ct-CaM2C 0.2077 s [27][28]
f ACBctCaMa Catalysis of ATP by AC8ct-CaM4 2.84 51 [27][28]
PDE1 mediated catalysis of cCAMP
kEDE1cAMP | Catalysis of cCAMP by PDE1 | 11.0s*? | [28]
CcAMP binding to PKA
kcAMPL Association of first CAMP to PKA 54 uM1st [29]
kser! Dissociation of first CAMP to PKA 33st [29]
kcaMP2 Association of second cCAMP to PKA 54 uM s [29]
koey? Dissociation of second cCAMP to PKA 335t [29]
fAMP3 Association of third CAMP to PKA 75 uM1st [29]
kStHP? Dissociation of third CAMP to PKA 110s* [29]
caMP4 Association of fourth CAMP to PKA 75 uM1st [29]
kS Dissociation of fourth cAMP to PKA 32.05st [29]
PKAC reaction pathway
ks Dissociation of PKAc from R2C2 60 st [29]
kipin© Association of PKAc to R2C 18 uM st [29]
JPKAinhib Association of PKA to PKA Inhibitor 59 uM1st [29]
kg}{(ff””hib Dissociation of PKAc from PKA Inhibitor 15t [29]
kpPE PDE4 phosphorylation by PKAc 0.125s* [28]
PDE4 mediated catalysis of cAMP
kSAMPPDEA PDE4 mediated catalysis of cCAMP 17.23s* [28]
kggé"’PPPDE“ pPDE4 mediated catalysis of CAMP 3455t [28]
PKA4 binding to GIuAl
kPKAsGlual T PKA4 binding to GIUAL 0.402 pM'Is ™ [27]
ko ffeeal PKAA4 dissociation from GluA1 24.0s1 [27]
KFKA4GLuAl Equilibrium binding of PKA4 to GIuAl 59.7 uM [27]
GluAl phosphorylation at s845 site by PKAc
JPiAc84S PKAC binding to GIuA1 4.02 pM1s?t [27]
ko FAe8es PKAc dissociation to GIuA1 24051 [27]
K DKAcBAS Equilibrium binding of PKAc to GIuAl 5.97 uM [27]
kpKAcB4s Phosphorylation of s845 site by PKAC 6.0s? [27]
GluA1l phosphorylation at s831 by CaMKI|I
fCaMKII831 CaMKII binding to GIuA1 0.02224 pM st [27]
kSEest CaMKII dissociation to GluA1 1.6 s [27]
K§aMK1I831 Equilibrium binding of CaMKII to GluAl 71.94 uM [27]




JeG@MK11831 | phosphorylation of s831 site by CaMKII 045t | [27]
GIluA1l phosphorylation at s831 by pCaMKI|I
JPeaMKIIgs1 pCaMKII binding to GIuA1 0.0278 pM1s? [27]
kg}f}‘}““’s“ pCaMKII dissociation to GIuA1 25t [27]
K peaMKIIsst Equilibrium binding of pCaMKII to GluAl 71.94 uM [27]
kgCaMK”SM Phosphorylation of s831 site by pCaMKI|I 0.5s [27]
PP1-CaMKII Reactions
kPPicaMKIl Association of PP1 to pCaMKI| 0.0006 uMs? [30]
ket Dissociation of PP1 to pCaMKII 0.34s? [30]
kFP1caMKll De-phosphorylation by PP1 of pCaMKIl|I 0.086 s [30]
Inh-1 Reactions with PKAc and CaN
kLPKAc Association of Inh-1 to PKAc 1.4 uM1s?t [28]
kA Dissociation of Inh-1 from PKAc 5.6 [28]
JeHPHAC Phosphorylation of Inh-1 by PKAc 1.4t [28]
|PIPPL Association of PP1 to pInh-1 1 uMist [28]
kf,’}}PPl Dissociation of PP1 from pinh-1 0.0011 s [28]
jpirean Association of pInh-1 with CaN 2.33 uM st [28]
kg}{}ca” Dissociation of pInh-1 from CaN 11.2 s [28]
kg“CaNC“MZC De-phosphorylation of plnh-1 by CaN-CaM2C 0.2048 st [28][31]
k;’“Ca’VC“MZN De-phosphorylation of plnh-1 by CaN-CaM2N 0.384 s [28][31]
kg”ca"’ca““ De-phosphorylation of plnh-1 by CaN-CaM4 285t [28][31]
De-phosphorylation of GluAl by PP1
jPesPPl Association of PP1 with phosphor-S845 0.218 pM1st [28]
k(’)’?}*SPP 1 Dissociation of PP1 from phosphor-S845 0.17s? [28]
k5845PP 1 De-phosphorylation by PP1 at phosphor-S845 0.0425 s [28]
| PB31PPL Association of PP1 with phosphor-S831 0.219 uM st [28]
k(’)’]‘jﬁlppl Dissociation of PP1 from phosphor-S831 0.35s? [28]
k§83lp P1 De-phosphorylation by PP1 at phosphor-S831 0.0875 [28]
De-phosphorylation of GIuA1 by CaN
jpesscan Association of CaN with phospho-S845 2.01 uM st [28]
kgj?}‘f“a’\’ Dissociation of CaN from phospho-S845 8st [28]
p831CaNcaM2C | De-phosphorylation of pS845 by CaN-CaM2C 0.274 s [28][31]
k5831C‘1N CaM2N | De-phosphorylation of pS845 by CaN-CaM2N 0.146 s [28][31]
kg%lca"’cam De-phosphorylation of pS845 by CaN-CaM4 25t [28][31]
Initial Concentrations
[Ca** =0 Initial concentration of Ca®* 0.005 uM [26]
[CaM]=0 Initial concentration of CaM 33 uM [26]
[AC1}t=0 Initial concentration of AC1 42 uM [26]
[AC8nt]t=0 Initial concentration of AC8nt 42 uM [26]
[AC8ct]i=o Initial concentration of AC8ct 42 uM [26]
[CaNJi=0 Initial concentration of CaN 0.5 uM [26]
[CaMKI]i=o Initial concentration of CaMKI|I 74 uM [26]




[MLCK]Jt=0 Initial concentration of MLCK 5uM [26]
[Ng]t=o Initial concentration of Ng 52 uM [26]
[NOS]=0 Initial concentration of NOS 1 uM [26]
[PDE1]i=0 Initial concentration of PDE1 2.25 uM [28][32]
[PDE4]i=0 Initial concentration of PDE4 3uM [28]
[PP1]i=0 Initial concentration of ATP 1.47 uM [28][30]
[Inh-1]i=0 Initial concentration of AMP 1.422 yM [28][29]
[PKA]t=0 Initial concentration of PKA 2.2 uM [28][29]
[PKA Inhib]=o Initial concentration of PKA Inhibitor 0.259 uM [29]
[GluAl]i=0 Initial concentration of GIuAl 11.6 uM [27]
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tUsed to select rates of MLCK association to and dissociation from Ca?*,CaM
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Model Equations
[ACI]Tt] ==

koffAC1CaM0 AC1CaMOOJ[t] + koffAC1CaM2C AC1CaM2C][t] + koffAC1CaM2N AC1CaM2N[t] + koffAC1CaM4
AC1CaM2N2CJ[t] - konAC1CaMO0 AC1[t] CaMOO[t] - konAC1CaM2C AC1[t] CaM2C[t] - konAC1CaM2N AC1[t] CaM2NI[t] -
konAC1CaM4 AC1[t] CaM2N2C[t],

[AC1CaMOO][t] ==

-koffAC1CaMO0 AC1CaMOO[t] + koffAC1C AC1CaM2C[t] + koffACIN AC1CaM2N[i] - konAC1C AC1CaMOO[t] Ca[t]*2 -
konACIN AC1CaMOO[t] Ca[t}*2 + konAC1CaMO0 AC1[{] CaMOO[t],

[AC1CaM2C][t] ==

koffAC1C AC1CaM2C][t] - koffAC1CaM2C AC1CaM2CJt] + koffACIN AC1CaM2N2C[t] + konAC1C AC1CaMOO[t]
Ca[t]*2 - konACIN AC1CaM2C[t] Ca[t]*2 + konAC1CaM2C AC1[t] CaM2C[{],

[AC1CaM2N][{] ==

-koffAC1CaM2N AC1CaM2N]t] - koffACIN AC1CaM2N[t] + koffAC1C AC1CaM2N2CJt] + konAC1N AC1CaMOO0[t]
Caft]"2 - konAC1C AC1CaM2N][t] Ca[t]*2 + konAC1CaM2N ACL1[t] CaM2N([t],

[AC1CaM2N2C][t] ==

-koffAC1C AC1CaM2N2C[t] - koffAC1CaM4 AC1CaM2N2C][t] - koffACIN AC1CaM2N2C[t] + konACIN AC1CaM2C[{]
Ca[t]*2 + konAC1C AC1CaM2N[t] Ca[t]*2 + konAC1CaM4 AC1[{] CaM2N2C[t],

[ACSCH[] ==

koffAC8ctCaMO AC8ctCaMO00[t] + koffAC8ctCaM2C AC8ctCaM2CJt] + koffAC8ctCaM2N AC8ctCaM2N[t] +
koffAC8ctCaM4 AC8ctCaM2N2C[t] - konAC8ctCaMO0 AC8ct[t] CaMOQ[t] - konAC8ctCaM2C ACS8ct[t] CaM2CJt] -
konAC8ctCaM2N ACS8ct[t] CaM2N][t] - konAC8ctCaM4 AC8ct[t] CaM2N2C]t],

[AC8ctCaMO00] [t] ==
-koffAC8ctCaM0 AC8ctCaMOO[t] + koffAC8ctC AC8ctCaM2C[t] + koffAC8ctN AC8ctCaM2N[t] -
konACS8ctC AC8ctCaMOO[t] Ca[t]"2 - konAC8ctN AC8ctCaMOO[t] Ca[t]*2 + konAC8ctCaMO0 AC8ct[t] CaMOO[t],
[AC8ctCaM2C]'[t] == koffAC8ctC AC8ctCaM2ClJt] - koffAC8ctCaM2C AC8ctCaM2C[t] + koffAC8ctN AC8ctCaM2N2CJt] +
konAC8ctC AC8ctCaMOO[t] Ca[t]*2 - konAC8ctN AC8ctCaM2CJt] Ca[t]"*2 + konAC8ctCaM2C ACS8ct[t] CaM2Cl[{],
[AC8ctCaM2N] [t] == -koffAC8ctCaM2N AC8ctCaM2N[t] - koffAC8ctN AC8ctCaM2N[t] + koffAC8ctC AC8ctCaM2N2C|t] +
konAC8ctN AC8ctCaMOO[t] Ca[t]"2 - konAC8ctC AC8ctCaM2N[t] Ca[t]*2 + konAC8ctCaM2N ACS8ct[t] CaM2N([{],
[AC8ctCaM2N2CT[t] ==

-koffAC8CtC AC8ctCaM2N2C]t] - koffAC8ctCaM4 ACS8ctCaM2N2C]t] - koffAC8ctN AC8ctCaM2N2C]t] + konACSctN
AC8ctCaM2C]t] Ca[t]*2 + konACSctC AC8ctCaM2N[t] Ca[t]*2 + konAC8ctCaM4 ACSct[t] CaM2N2C|t],

[ACSN]'[t] ==

koffAC8ntCaM0 AC8ntCaMO0O[t] + koffAC8ntCaM2C AC8ntCaM2CJt] + koffAC8ntCaM2N AC8ntCaM2N[t] +
koffAC8ntCaM4 AC8ntCaM2N2C[t] - konAC8ntCaMO0 AC8nt[t] CaMO0O[t] - konAC8ntCaM2C AC8nt[t] CaM2C[t] -

konAC8ntCaM2N AC8nt[t] CaM2N][t] - konAC8ntCaM4 AC8nt[t] CaM2N2C[t],
[AC8ntCaMOO0]'[t] ==

-koffAC8ntCaMO0 AC8ntCaMO0O0[t] + koffAC8ntC AC8ntCaM2C]Jt] + koffAC8ntN AC8ntCaM2N[t] - konAC8ntC
AC8ntCaMOQ[t] Ca[t]"2 - konAC8ntN AC8ntCaMO0O0Jt] Ca[t]*2 + konAC8ntCaMO0 AC8nt[t] CaMOO[t],

[AC8NntCaM2C][t] ==
-koffAC8ntC AC8ntCaM2Clt] - koffAC8ntCaM2C AC8ntCaM2Clt] + koffAC8ntN AC8ntCaM2N2C]Jt] +
konAC8ntC AC8ntCaMOO[t] Ca[t]*2 - konAC8ntN AC8ntCaM2CJt] Ca[t]"*2 + konAC8ntCaM2C AC8nt[t] CaM2Cl[t],



[AC8NtCaM2N]'[t] ==
-koffAC8ntCaM2N AC8ntCaM2N[t] - koffAC8NtN AC8ntCaM2N]t] + koffAC8ntC AC8ntCaM2N2C[t] +

konAC8ntN AC8ntCaMOO0[t] Ca[t]*2 - konAC8ntC AC8ntCaM2N(t] Ca[t]*2 + konAC8ntCaM2N AC8nt[t] CaM2NI[t],
[AC8NtCaM2N2C]'[t] ==
-koffAC8ntC AC8ntCaM2N2CJt] - koffAC8ntCaM4 AC8ntCaM2N2C|[t] - koffAC8ntN AC8ntCaM2N2C|[t] +

konAC8ntN AC8ntCaM2CJt] Ca[t]*2 + konAC8ntC AC8ntCaM2N][t] Ca[t]*2 + konAC8ntCaM4 ACS8nt[t] CaM2N2Clt],
[AMP]'[t] == 4 koffR2cAMP R2cAMPA][t],
[CaMOOT'[t] ==

koffAC1CaMO0O AC1CaMO0O[t] + koffAC8ctCaMO AC8ctCaMOO[t] + koffAC8ntCaM0 AC8ntCaMOO[t] - konAC1CaMO0 AC1[t]
CaMOO[t] - konAC8ctCaMO0 AC8ct[t] CaMO0O[t] - konAC8ntCaM0 AC8nt[t] CaMO0O[t] - konC Ca[t]*2 CaMO0O[t] - konN
Ca[t]*2 CaMO00[t] + koffC CaM2C]Jt] + koffN CaM2N[t] - konKCaM0 CaMO0O0[t] CaMKII[t] + koffKCaM0 CaMKIICaMOO[t] -
konPPCaMO0 CaMO0OQ[t] CaN[t] + koffPPCaM0 CaNCaMO0Q[t] - konMKCaMO0 CaMO00][t] MLCK]t] + koffMKCaMO
MLCKCaMOQ[t] - konNgCaMO0 CaMO0OJt] Ng[t] + koffNgCaMO0 NgCaMOQ|[t] - konNOSCaMO0 CaMO0O[t] NOS|[t] +

koff NOSCaM0 NOSCaMOO0[t] - 100 konKCaM0 CaMO00][t] pCaMKII[t] + koffkKCaMO pCaMKII00[t] - konPDE1CaMO0
CaMOO[t] PDE1[t] + koffPDE1CaM0 PDE1CaMOO0Jt],

[CaM2C] [t] ==

koffAC1CaM2C AC1CaM2Cl[t] + koffAC8ctCaM2C AC8ctCaM2CJt] + koffAC8ntCaM2C AC8ntCaM2Clt] + konC Ca][t]*2
CaMOQ[t] - koffC CaM2C]Jt] - konAC1CaM2C AC1]t] CaM2C]Jt] - konAC8ctCaM2C AC8ct[t] CaM2C]Jt] - konAC8ntCaM2C
ACS8nt[t] CaM2C][t] - konN Ca[t]*2 CaM2C|[t] + koffN CaM2N2C]Jt] - konKCaM2C CaM2C|[t] CaMKII[t] + koffkKCaM2C
CaMKIlICaM2ClJt] - konPPCaM2C CaM2C]Jt] CaN[t] + koffPPCaM2C CaNCaM2C]Jt] - konMKCaM2C CaM2C]Jt] MLCK]t] +
koffMKCaM2C MLCKCaM2C|t] - konNgCaM2C CaM2C]Jt] Ng[t] + koffNgCaM2C NgCaM2C]Jt] - konNOSCaM2C CaM2C]t]
NOSJt] + koffNOSCaM2C NOSCaM2C]Jt] - 100 konKCaM2C CaM2C[t] pCaMKII[t] + koffKCaM2C pCaMKII2C[t] -

konPDE1CaM2C CaM2C[t] PDEL][{] + koffPDE1CaM2C PDE1CaM2Cl[{],
[CaM2N][t] ==

koffAC1CaM2N AC1CaM2N][t] + koffAC8ctCaM2N AC8ctCaM2N[t] + koffAC8ntCaM2N AC8ntCaM2N[t] + konN Ca[t]"2
CaMOO0[t] - koffN CaM2N([t] - konAC1CaM2N ACL1[t] CaM2N[t] - konAC8ctCaM2N ACS8ct[t] CaM2N][t] - konAC8ntCaM2N
ACS8nt[t] CaM2N[t] - konC Ca]t]*2 CaM2N[t] + koffC CaM2N2C][t] - konKCaM2N CaM2N][t] CaMKII[t] + koffkCaM2N
CaMKIlICaM2N[t] - konPPCaM2N CaM2N][t] CaN][t] + koffPPCaM2N CaNCaM2N][t] - konMKCaM2N CaM2N[t] MLCK]t] +
koffMKCaM2N MLCKCaM2N[t] - konNgCaM2N CaM2N[t] Ng[t] + koffNgCaM2N NgCaM2N[t] - konNOSCaM2N CaM2N[t]
NOS[t] + koff NOSCaM2N NOSCaM2N[t] - 100 konKCaM2N CaM2N[t] pCaMKII[t] + koffKCaM2N pCaMKII2N[t] -
konPDE1CaM2N CaM2N[t] PDE1[t] + koffPDE1CaM2N PDE1CaM2N[t],

[CaM2N2C] [t] ==

koffAC1CaM4 AC1CaM2N2CJt] + koffAC8ctCaM4 AC8ctCaM2N2C[t] + koffAC8ntCaM4 AC8ntCaM2N2CJt] + konN
Ca[t]"2 CaM2C]Jt] + konC Ca][t]*2 CaM2N([t] - koffC CaM2N2C]Jt] - koffN CaM2N2C]Jt] - konAC1CaM4 AC1[t] CaM2N2CJt]
- konAC8ctCaM4 ACS8ct[t] CaM2N2CJt] - konAC8ntCaM4 ACS8nt[t] CaM2N2C[t] - konKCaM4 CaM2N2CJ[t] CaMKII[t] +
koffkKCaM4 CaMKIICaM2N2C|t] - konPPCaM4 CaM2N2C]Jt] CaNJt] + koffPPCaM4 CaNCaM2N2C|[t] - konMKCaM4
CaM2N2C[t] MLCK]|t] + koff MKCaM4 MLCKCaM2N2CJ[t] - konNgCaM4 CaM2N2C[t] Ng]t] + koffNgCaM4 NgCaM2N2C|t] -
konNOSCaM4 CaM2N2CJt] NOSJt] + koff NOSCaM4 NOSCaM2N2C]Jt] - 100 konKCaM4 CaM2N2C[t] pCaMKII[t] +
koffkKCaM4 pCaMKII2N2CJt] - konPDE1CaM4 CaM2N2C[t] PDEL][t] + koffPDE1CaM4 PDE1CaM2N2C[t],

[CaMKII][] ==

-konKCaMO0 CaMO0[t] CaMKII[t] - konKCaM2C CaM2C[t] CaMKII[t] - konKCaM2N CaM2N|[t] CaMKII[t] - konKCaM4
CaM2N2CJt] CaMKII[t] + koffkCaM0O CaMKIICaMO0O[t] + koffKCaM2C CaMKIICaM2CJ[t] + koffKCaM2N CaMKIICaM2N[t] +
koffKCaM4 CaMKIICaM2N2C|t] + kdpCaMKII PP1pCaMKII[t],

[CaMKIICaMOO] [t] ==

konKCaMO0 CaMO00[t] CaMKII[t] - koffkKCaM0 CaMKIICaMOOQ[t] - konKC Ca[t]*2 CaMKIICaMO0O[t] - konKN Calt]*2
CaMKIICaMO0O[t] - 2 konCaMKII CaMKIICaMOO[t]*2 + koffKC CaMKIICaM2C][t] - 2 konCaMKII CaMKIICaMOO[t]
CaMKIlICaM2CJt] + koffKN CaMKIICaM2N][t] - 2 konCaMKIl CaMKIICaMO0OQ[t] CaMKIICaM2N[t] - 2 konCaMKII
CaMKIICaMO0O0[t] CaMKIICaM2N2C]Jt] + 2 koffCaMKIl Dimer0OOwOOQ[t] + kPCaMO DimerOOwOO[t] + koffCaMKII
imerOOw2CJt] + koffCaMKII DimerOOw2N[t] + koffCaMKII DimerOOw2N2C[t] + koffCaMKIl Dimer2CwO00[t] + kPCaM2C



Dimer2CwO00[t] + koffCaMKIl Dimer2N2CwO00[t] + kPCaM4 Dimer2N2CwO00[t] + koffCaMKIlI Dimer2Nw0O[t] + kPCaM2N
Dimer2NwO00[t] + koffCaMKIIP Dimerp00wOO0[t] + koffCaMKIIP Dimerp2CwO00][t] + koffCaMKIIP Dimerp2N2CwO00[t] +
koffCaMKIIP Dimerp2NwOO[t] - konCaMKIIGIuA1 CaMKIICaMO0O[t] GIuA1[t] + kcatKkCaMOOGIuA1p831 GluA1CaMKII0O[t]
+ koffCaMKIIGIuA1 GluA1CaMKII00[t] - konCaMKIIGIuA1l CaMKIICaMOO[t] GluA1p845[t] + kcatkKCaMOOGIuA1p831
845CaMKII00[t] + koffCaMKIIGIuA1 p845CaMKII00[t] - konCaMKIIP CaMKIICaMOO[t] pCaMKII00[t] - konCaMKIIP
CaMKIICaMOO[t] pCaMKII2C[t] - konCaMKIIP CaMKIICaMO0O[t] pCaMKII2N[t] - konCaMKIIP CaMKIICaMOOQ[t]
CaMKII2N2CJt] + kdpCaMKII PP1pCaMKIIOO[t],

[CaMKIICaM2C] [t] ==

konKCaM2C CaM2CJt] CaMKIlI[t] + konKC Ca][t]*2 CaMKIICaMO0O[t] - koffKC CaMKIlICaM2C]t] - koffKCaM2C
CaMKIICaM2C[t] - konKN Ca[t]*2 CaMKIICaM2C]t] - 2 konCaMKII CaMKIICaMO0O0[t] CaMKIICaM2C]Jt] - 2 konCaMKII
CaMKIICaM2CJt]"2 - 2 konCaMKIl CaMKIICaM2C[t] CaMKIICaM2N[t] + koffkKN CaMKIICaM2N2C]Jt] - 2 konCaMKII
CaMKIlICaM2CJt] CaMKIICaM2N2Cft] + koffCaMKII Dimer0OOw2CJt] + kPCaMO0 DimerO0w2C[t] + koffCaMKII
Dimer2CwO00[t] + 2 koffCaMKII Dimer2Cw2C[t] + kPCaM2C Dimer2Cw2C]|t] + koffCaMKIl Dimer2Cw2N][t] + koffCaMKII
Dimer2Cw2N2CJt] + koffCaMKIl Dimer2N2Cw2C[t] + kPCaM4 Dimer2N2Cw2C]|t] + koffCaMKIl Dimer2Nw2C|[t] +
kPCaM2N Dimer2Nw2C]|t] + koffCaMKIIP Dimerp00w2C|t] + koffCaMKIIP Dimerp2Cw2C]Jt] + koffCaMKIIP
Dimerp2N2Cw2Cl[t] + koffCaMKIIP Dimerp2Nw2C]Jt] - konCaMKIIGIuAl CaMKIICaM2C|[t] GIuA1[t] +
kcatKCaM2CGIuA1p831 GluA1CaMKII2C[t] + koffCaMKIIGIuUA1 GluA1CaMKII2CJt] - konCaMKIIGIuA1l CaMKIICaM2Clt]
GluA1p845[t] + kcatKCaM2CGIuA1p831 p845CaMKII2C[t] + koffCaMKIIGIuAl p845CaMKII2CJt] - konCaMKIIP
CaMKIICaM2C|t] pCaMKII0Q[t] -konCaMKIIP CaMKIICaM2CJt] pCaMKII2C[t] - konCaMKIIP CaMKIICaM2C]Jt]
pCaMKII2N[t] - konCaMKIIP CaMKIICaM2C[t] pCaMKII2N2CJt] + kdpCaMKII P1pCaMKII2C[t],

[CaMKIICaM2N]'[t] ==

konKCaM2N CaM2N[t] CaMKII[t] + konKN Calt]*2 CaMKIICaMO0O[t] - koffkCaM2N CaMKIICaM2N[t] - koffKN
CaMKIICaM2N[t] - konKC Ca[t]*2 CaMKIICaM2N][t] - 2 konCaMKII CaMKIICaMO00[t] CaMKIICaM2N([t] - 2 konCaMKII
CaMKIlICaM2CJt] CaMKIICaM2N[t] - 2 konCaMKIl CaMKIICaM2N[t]*2 + koffKC CaMKIICaM2N2C]Jt] - 2 konCaMKII
CaMKIlICaM2N[t] CaMKIICaM2N2C[t] + koffCaMKII DimerOOw2N[t] + kPCaMO DimerOOw2N[t] + koffCaMKI|
Dimer2Cw2N][t] + kPCaM2C Dimer2Cw2N[t] + koffCaMKIl Dimer2N2Cw2N][t] + kPCaM4 Dimer2N2Cw2N[t] + koffCaMKII
Dimer2NwO0O[t] + koffCaMKIl Dimer2Nw2Cl[t] + 2 koffCaMKII Dimer2Nw2N[t] + kPCaM2N Dimer2Nw2N[t] + koffCaMKII
Dimer2Nw2N2C[t] + koffCaMKIIP DimerpOOw2N][t] + koffCaMKIIP Dimerp2Cw2N]t] + koffCaMKIIP Dimerp2N2Cw2N[t] +
koffCaMKIIP Dimerp2Nw2N][t] - konCaMKIIGIuA1 CaMKIICaM2N][t] GIuAl[t] + kcatKCaM2NGIuA1p831
GluA1CaMKII2N[t] + koffCaMKIIGIuAl GluA1CaMKII2N[t] - konCaMKIIGIuAl CaMKIICaM2N[t] GIuA1p845[t] +
kcatKCaM2NGIuA1p831 p845CaMKII2N][t] + koffCaMKIIGIuAl p845CaMKII2N[t] - konCaMKIIP CaMKIICaM2N[t]
CaMKII00[t] - konCaMKIIP CaMKIICaM2N][t] pCaMKII2C[t] - konCaMKIIP CaMKIICaM2N[t] pCaMKII2N[t] - konCaMKIIP
CaMKIICaM2N][t] pCaMKII2N2C[t] + kdpCaMKIl PP1pCaMKII2NJt],

[CaMKIICaM2N2C] [{] ==

konKCaM4 CaM2N2C[t] CaMKII[t] + konKN Ca[t]*2 CaMKIICaM2C]Jt] + konKC Ca[t]*2 CaMKIICaM2N[t] - koffKC
CaMKIICaM2N2CJt] - koffkKCaM4 CaMKIICaM2N2Clt] - koffKN CaMKIICaM2N2C[t] - 2 konCaMKIl CaMKIICaMOO[t]
CaMKIICaM2N2CJt] - 2 konCaMKII CaMKIICaM2CJ[t] CaMKIICaM2N2C]Jt] - 2 konCaMKII CaMKIICaM2N([t]
CaMKIICaM2N2C]Jt] - 2 konCaMKII CaMKIICaM2N2C[t]*2 + koffCaMKII DimerOOw2N2C[t] + kPCaMO0 DimerOOw2N2C[t] +
koffCaMKIl Dimer2Cw2N2C[t] + kPCaM2C Dimer2Cw2N2C|[t] + koffCaMKII Dimer2N2CwO00[t] + koffCaMKII
imer2N2Cw2Clt] + koffCaMKIl Dimer2N2Cw2N[t] + 2 koffCaMKII Dimer2N2Cw2N2C[t] + kPCaM4 Dimer2N2Cw2N2C[t] +
koffCaMKII Dimer2Nw2N2C[t] + kPCaM2N Dimer2Nw2N2C[t] + koffCaMKIIP DimerpOOw2N2C[t] + koffCaMKIIP
Dimerp2Cw2N2CJt] + koffCaMKIIP Dimerp2N2Cw2N2C]Jt] + koffCaMKIIP Dimerp2Nw2N2C]Jt] - konCaMKIIGIuAl
aMKIICaM2N2C[t] GluA1[t] + kcatKkCaM4GIluA1p831 GluA1CaMKII2ZN2C[t] + koffCaMKIIGIuUALl GluA1CaMKII2N2C[t] -
konCaMKIIGIuA1l CaMKIICaM2N2C[t] GluA1p845[t] + kcatKCaM4GIluA1p831 p845CaMKII2ZN2CJt] + koffCaMKIIGIuAl
p845CaMKII2N2CJt] - konCaMKIIP CaMKIICaM2N2C[t] pCaMKII00[t] - konCaMKIIP CaMKIICaM2N2CJt] pCaMKII2C[t] -
konCaMKIIP CaMKIlICaM2N2CJt] pCaMKII2N[t] - konCaMKIIP CaMKIlICaM2N2C|[t] pCaMKII2N2C]Jt] + kdpCaMKII
PP1pCaMKII2N2C[t],

[CaN][t] ==

-konPPCaMO0 CaMOO0[t] CaN[t] - konPPCaM2C CaM2C]Jt] CaN[t] - konPPCaM2N CaM2N]t] CaN[t] - konPPCaM4
CaM2N2CJ[t] CaN[t] + koffPPCaM0 CaNCaMO00[t] + koffPPCaM2C CaNCaM2C|t] + koffPPCaM2N CaNCaM2N[t] +
koffPPCaM4 CaNCaM2N2Clt],

[CaNCaMOO] [t] ==

konPPCaMO0 CaMO0Q[t] CaN[t] - koffPPCaM0 CaNCaMOO0][t] - konPPC Ca[t]*2 CaNCaMOOQ[t] - konPPN Ca[t]*2
CaNCaMOQ[t] + koffPPC CaNCaM2C|[t] + koffPPN CaNCaM2N][t] - konCaNp845 CaNCaMO0O0[t] GIuA1p845]t] -



konlp35CaN CaNCaMOO[t] Ip35[t] + kdplp35PP1CaNCaMO00 Ip35CaNO00]t] + kofflp35CaN Ip35CaNO00[t] +
kcatCaNCaM00p845 p845CaNCaMO00[t] + koffCaNp845 p845CaNCaMO0[t],

[CaNCaM2C] [t] ==

konPPCaM2C CaM2C[t] CaN[t] + konPPC Calt]*2 CaNCaMO00[t] - koffPPC CaNCaM2C]t] - koffPPCaM2C CaNCaM2C]t]
- konPPN Ca[t]*2 CaNCaM2C]Jt] + koffPPN CaNCaM2N2C]Jt] - konCaNp845 CaNCaM2C[t] GIluA1p845[t] - konlp35CaN
CaNCaM2Cft] Ip35]t] + kdplp35PP1CaNCaM2C Ip35CaN2C[t] + kofflp35CaN Ip35CaN2C[t] + kcatCaNCaM2Cp845
p845CaNCaM2CJt] + koffCaNp845 p845CaNCaM2Clt],

[CaNCaM2N] [t] ==

konPPCaM2N CaM2N[t] CaN[t] + konPPN Ca]t]*2 CaNCaMO00[t] - koffPPCaM2N CaNCaM2N([t] - koffPPN CaNCaM2N([{]
- konPPC Calt]*2 CaNCaM2N][t] + koffPPC CaNCaM2N2C]t] - konCaNp845 CaNCaM2N][t] GluA1p845[t] - konlp35CaN
CaNCaM2N[t] Ip35[t] + kdplp35PP1CaNCaM2N Ip35CaN2N]t] + kofflp35CaN Ip35CaN2N]t] + kcatCaNCaM2Np845
p845CaNCaM2N]t] + koffCaNp845 p845CaNCaM2N[t],

[CaNCaM2N2C][t] ==

konPPCaM4 CaM2N2C[t] CaN[t] + konPPN Ca[t]*2 CaNCaM2C|t] + konPPC Ca[t]*2 CaNCaM2N[t] - koffPPC
CaNCaM2N2Clt] - koffPPCaM4 CaNCaM2N2C|[t] - koffPPN CaNCaM2N2C|[t] - konCaNp845 CaNCaM2N2C|t]
GluA1p845[t] - konlp35CaN CaNCaM2N2C]Jt] Ip35[t] + kdplp35PP1CaNCaM4 Ip35CaN2N2C[t] + kofflp35CaN
Ip35CaN2N2C[t] + kcatCaNCaM4p845 p845CaNCaM2N2CJt] + koffCaNp845 p845CaNCaM2N2Cft],

[cycAMPT[t] ==

kATPcatAC1CaM00 AC1CaMO00[t] + kKATPcatAC1CaM2C AC1CaM2CJt] + kATPcatAC1CaM2N AC1CaM2N[t] +
kATPcatAC1CaM4 AC1CaM2N2C[t] + kATPcatAC8ctCaM00 AC8ctCaMOO0[t] + kATPcatAC8ctCaM2C AC8ctCaM2Cl[t] +
kATPcatAC8ctCaM2N AC8ctCaM2N][t] + KATPcatAC8ctCaM4 AC8ctCaM2N2Cl[t] - kcatPDE1CaM2C cycAMPIt]
PDE1CaM2C]Jt] - kcatPDE1CaM2N cycAMP[t] PDE1CaM2N][t] - kcatPDE1CaM4 cycAMP[t] PDE1CaM2N2CJt] -
kcatPDE4cAMP cycAMP[t] PDEA4]t] - kcatpPDE4cAMP cycAMP]t] pPDEA4[t] - koncAMP1 cycAMP[t] R2C2[t] + koffcAMP1
R2C2cAMPJt] - koncAMP2 cycAMP][t] R2C2cAMP]t] + koffcAMP2 R2C2cAMP2[t] - koncAMP3 cycAMP[t] R2C2cAMP2[t]
+ koffcAMP3 R2C2cAMP3[t] - koncAMP4 cycAMP[t] R2C2cAMP3][t] + koffcAMP4 R2C2cAMPA[t],

[DimerO0OwOO0] [t] ==

konCaMKII CaMKIICaMOOQ[t]*2 - koffCaMKII DimerOOwO0O[t] - kPCaMO0 DimerO0wOO([t],

[Dimer00Ow2CJ [t] ==

konCaMKIlI CaMKIICaM00[t] CaMKIICaM2C]t] - koffCaMKIl Dimer0OOw2C[t] - kPCaM0 Dimer0OOw2CJt],
[DimerOOW2N] [t] ==

konCaMKII CaMKIICaMO0O[t] CaMKIICaM2N][t] - koffCaMKIl DimerOOw2N][t] - KPCaMO DimerOOw2N[t],
[Dimer00OW2N2CT'[t] ==

konCaMKII CaMKIICaM0O[t] CaMKIICaM2N2C][t] - koffCaMKII Dimer0Ow2N2C[t] - kPCaMO0 Dimer00w2N2Cf[t],
[Dimer2CwO0O0][t] ==

konCaMKIlI CaMKIICaMO0O[t] CaMKIlICaM2C]t] - koffCaMKIIl Dimer2CwO00[t] - kPCaM2C Dimer2CwO0O0[t],
[Dimer2Cw2CJ'[t] ==

konCaMKII CaMKIICaM2CJt]"2 - koffCaMKIl Dimer2Cw2C]Jt] - kPCaM2C Dimer2Cw2C]t],

[Dimer2Cw2N]'[t] ==

konCaMKII CaMKIlICaM2C|[t] CaMKIICaM2N[t] - koffCaMKII Dimer2Cw2N[t] - kPCaM2C Dimer2Cw2N[t],
[Dimer2Cw2N2CT'[t] ==

konCaMKIlI CaMKIICaM2CJ[t] CaMKIICaM2N2C]Jt] - koffCaMKII Dimer2Cw2N2CJt] - kPCaM2C Dimer2Cw2N2CJt],
[Dimer2N2CwO00] [t] ==

konCaMKIlI CaMKIICaMO0O[t] CaMKIICaM2N2C]Jt] - koffCaMKIl Dimer2N2CwO00[t] - kPCaM4 Dimer2N2CwO00[t],



[Dimer2N2Cw2CJ'[t] ==
konCaMKII CaMKIICaM2CJ[t] CaMKIICaM2N2CJi] -
koffCaMKII Dimer2N2Cw2C]Jt] - kPCaM4 Dimer2N2Cw2Clt],
[Dimer2N2Cw2N]'[t] ==
konCaMKIlI CaMKIICaM2N[t] CaMKIICaM2N2C[t] -
koffCaMKII Dimer2N2Cw2N[t] - kPCaM4 Dimer2N2Cw2N[t],
[Dimer2N2Cw2N2C]'[t] ==
konCaMKIlI CaMKIICaM2N2C]Jt]*2 - koffCaMKIlI Dimer2N2Cw2N2Cf[t] -
kPCaM4 Dimer2N2Cw2N2C[t],
[Dimer2NwO00][t] ==
konCaMKII CaMKIICaM00[t] CaMKIICaM2N([t] - koffCaMKIl Dimer2NwO0O[t] -
kPCaM2N Dimer2NwO0O[t],
[Dimer2Nw2C]'[t] ==
konCaMKII CaMKIlICaM2CJt] CaMKIICaM2N[t] - koffCaMKII Dimer2Nw2C]Jt] -
kPCaM2N Dimer2Nw2Clt],
[Dimer2Nw2N]'[t] ==
konCaMKIlI CaMKIICaM2N[t]*2 - koffCaMKII Dimer2Nw2N[t] -
kPCaM2N Dimer2Nw2N[t],
[Dimer2Nw2N2C]'[t] ==
konCaMKII CaMKIICaM2N][t] CaMKIICaM2N2CJt] -
koffCaMKII Dimer2Nw2N2CJt] - kPCaM2N Dimer2Nw2N2Cft],
[Dimerp00wO00] [t] == -koffCaMKIIP Dimerp0OOwOO[t] -
kPCaMO0 Dimerp00w00[t] + konCaMKIIP CaMKIICaMO0O0[t] pCaMKIIOO0[t],
[Dimerp00w2C] [t] == -koffCaMKIIP Dimerp00w2C]t] -
kPCaM2C Dimerp00w2CJ[t] + konCaMKIIP CaMKIICaM2C[t] pCaMKII00[t],
[DimerpOOwW2N]'[t] == -koffCaMKIIP DimerpOOw2N[t] -
kPCaM2N Dimerp00w2N[t] + konCaMKIIP CaMKIICaM2N[t] pCaMKIIOO[t],
[Dimerp00wW2N2C]'[t] == -koffCaMKIIP Dimerp00w2N2C|[t] -
kPCaM4 Dimerp00Ow2N2CJt] + konCaMKIIP CaMKIICaM2N2C[t] pCaMKIIO0O0[t],
[Dimerp2CwO00]'[t] == -koffCaMKIIP Dimerp2CwO00([t] -
kPCaMO0 Dimerp2CwO00[t] + konCaMKIIP CaMKIICaMO0O0[t] pCaMKII2CIt],
[Dimerp2Cw2CJ [t] == -koffCaMKIIP Dimerp2Cw2Cl[t] -
kPCaM2C Dimerp2Cw2CJt] + konCaMKIIP CaMKIICaM2C]t] pCaMKII2C[],
[Dimerp2Cw2N][t] == -koffCaMKIIP Dimerp2Cw2N[t] -
kPCaM2N Dimerp2Cw2N[t] + konCaMKIIP CaMKIICaM2N][t] pCaMKII2CJt],
[Dimerp2Cw2N2C]'[t] == -koffCaMKIIP Dimerp2Cw2N2Cl[t] -
kPCaM4 Dimerp2Cw2N2CJt] + konCaMKIIP CaMKIICaM2N2C[t] pCaMKII2Cl[t],



[Dimerp2N2CwO00] [t] ==

-koffCaMKIIP Dimerp2N2CwO00[t] - kPCaMO0 Dimerp2N2CwO00][t] + konCaMKIIP CaMKIICaMO0O[t] pCaMKII2N2Clt],
[Dimerp2N2Cw2C]'[t] ==

-koffCaMKIIP Dimerp2N2Cw2C[t] - kPCaM2C Dimerp2N2Cw2CJt] + konCaMKIIP CaMKIICaM2C[t] pCaMKII2N2CIt],
[Dimerp2N2Cw2N]'[t] ==

-koffCaMKIIP Dimerp2N2Cw2N[t] - KPCaM2N Dimerp2N2Cw2N]t] + konCaMKIIP CaMKIlICaM2N[t] pCaMKII2N2Cl[t],
[Dimerp2N2Cw2N2C][t] ==

-koffCaMKIIP Dimerp2N2Cw2N2CJt] - kPCaM4 Dimerp2N2Cw2N2C|[t] + konCaMKIIP CaMKIICaM2N2C]Jt]
pCaMKII2N2CJt],

[Dimerp2NwOO] [t] ==

-koffCaMKIIP Dimerp2NwO0O[t] - kPCaMO0 Dimerp2NwO0O[t] + konCaMKIIP CaMKIICaMO0O[t] pCaMKII2N[t],
[Dimerp2Nw2C]'[t] ==

-koffCaMKIIP Dimerp2Nw2CJt] - kPCaM2C Dimerp2Nw2CJt] + konCaMKIIP CaMKIlICaM2C[t] pCaMKII2NT[t],
[Dimerp2Nw2N]'[t] ==

-koffCaMKIIP Dimerp2Nw2N[t] - kPCaM2N Dimerp2Nw2N][t] + konCaMKIIP CaMKIICaM2N][t] pCaMKII2N[t],
[Dimerp2Nw2N2C]'[t] ==

-koffCaMKIIP Dimerp2Nw2N2C]Jt] - kPCaM4 Dimerp2Nw2N2CJt] + konCaMKIIP CaMKIICaM2N2C[t] pCaMKII2N[t],
[GIUAL]t] ==

-konCaMKIIGIuA1l CaMKIICaMOO[t] GIuAl[t] - konCaMKIIGIuA1 CaMKIICaM2CJt] GluAl[t] - konCaMKIIGIuA1
CaMKIlICaM2N][t] GluAl[t] - konCaMKIIGIuA1l CaMKIICaM2N2CJt] GluAl[t] + koffCaMKIIGIuA1l GluA1CaMKIIOO[t] +
koffCaMKIIGIUA1 GluA1CaMKII2C[t] + koffCaMKIIGIuA1 GluA1CaMKII2N[t] + koffCaMKIIGIuA1l GIuA1CaMKII2N2CJt] +
kcatp831PP1 GluA1p831PP1[t] + kcatp845PP1 GluA1p845PP1[t] + koffpCaMKIIGIuALl GluA1lpCaMKII[t] +
koffpCaMKIIGIuAl GluA1pCaMKIIOO[t] + koffpCaMKIIGIuAl GluA1pCaMKII2C[t] + koffpCaMKIIGIuAl
GluA1pCaMKII2N[t] + koffpCaMKIIGIUAL GluA1pCaMKII2ZN2CJt] + koffPKA4GIuAl GIUALPKAA[t] + koffPKACGIuAl
GIluA1PKACc[t] + kcatCaNCaM00p845 p845CaNCaMO00[t] + kcatCaNCaM2Cp845 p845CaNCaM2Clt] +
kcatCaNCaM2Np845 p845CaNCaM2N]|t] + kcatCaNCaM4p845 p845CaNCaM2N2ClJt] - konpCaMKIIGIuUAL GIuA1[t]
pCaMKIlI[t] - konpCaMKIIGIuAl GluAl[t] pCaMKIIO0[t] - konpCaMKIIGIuAl GluAl[t] pCaMKII2C][t] - konpCaMKIIGIuAl
GluA1l[t] pCaMKII2N[t] - konpCaMKIIGIuAl GluAl[t] pCaMKII2N2CJt] - konPKAcGIuAl GluAl[t] PKAC[t] - konPKA4GIuAl
GluAl[t] R2C2cAMPAt],

[GIUA1CaMKII00] [t] ==

konCaMKIIGIuA1 CaMKIICaMOO[t] GluA1[t] - kcatkCaMOOGIuA1p831 GluA1CaMKIIOO[t] - koffCaMKIIGIuAL
GluA1CaMKII00[t],

[GIuUAL1CaMKII2CT [t] ==

konCaMKIIGIuA1l CaMKIICaM2CJt] GIuAl[t] - kcatkCaM2CGIuA1p831 GIuA1CaMKII2C[t] - koffCaMKIIGIuA1
GluA1CaMKII2C[t],

[GluALCaMKII2N][t] ==

konCaMKIIGIUA1 CaMKIICaM2N[t] GluA1[t] - kcatkCaM2NGIuA1p831 GluA1CaMKII2N][t] - koffCaMKIIGIuAl
GluA1CaMKII2N[t],

[GIuA1CaMKII2N2C] [t] ==

konCaMKIIGIuA1 CaMKIICaM2N2CJt] GIuAl[t] - kcatKCaM4GIuA1p831 GIuA1CaMKII2ZN2CJt] - koffCaMKIIGIuA1
GIuA1CaMKII2N2CJt],

[GIUALp831][t] ==



kcatKCaM00GIuA1p831 GluA1CaMKIIOO0[t] + kcatkKCaM2CGIluA1p831 GluA1CaMKII2CJt] + kcatKCaM2NGIuA1p831
GluA1CaMKII2N[t] + kcatKCaM4GIuA1p831 GluA1CaMKII2N2C|[t] + koffp831PP1 GluA1p831PP1[t] +
kcatPKCaM00GIuA1p831 GluA1pCaMKIIOO[t] + kcatPKCaM2CGIluA1p831 GluAlpCaMKII2CJt] +
kcatPKCaM2NGIuA1p831 GluAlpCaMKII2N]t] + kcatPKCaM4GIluA1lp831 GluAlpCaMKII2N2C|[t] + koffPKA4GIuAl
p831PKAA4[t] + koffPKAcGIuAl p831PKACc[t] - konPKACGIuAl GluA1p831[t] PKAC[t] - konp831PP1 GluA1p831[t] PP1[t] -
konPKA4GIuAl GluA1p831[t] R2C2cAMPA[t],

[GluA1p831PP1]'[t] ==
-kcatp831PP1 GIuA1p831PP1[t] - koffp831PP1 GIuA1p831PP1[t] + konp831PP1 GluA1p831[t] PP1[t],
[GluA1p845][t] ==

-konCaMKIIGIuA1 CaMKIICaMOO[t] GluA1p845[t] - konCaMKIIGIuA1l CaMKIICaM2CJ[t] GluA1p845[t] - konCaMKIIGIuAl
CaMKIICaM2N][t] GluA1p845[t] - konCaMKIIGIuA1 CaMKIICaM2N2C[t] GIluA1p845]t] - konCaNp845 CaNCaMOO[t]
GluA1p845]t] - konCaNp845 CaNCaM2C[t] GluA1p845][t] - konCaNp845 CaNCaM2N[t] GluA1p845[t] - konCaNp845
CaNCaM2N2CJt] GluA1p845][t] + koffp845PP1 GluA1p845PP1[t] + kcatPKAcGIUAl GluA1PKAC[t] + kcatp831p845PP1
p831p845PP1[t] + koffCaMKIIGIuA1 p845CaMKIIO0[t] + koffCaMKIIGIuAl p845CaMKII2C[t] + koffCaMKIIGIuAl
p845CaMKII2N[t] + koffCaMKIIGIuAl p845CaMKII2N2CJt] + koffCaNp845 p845CaNCaMO00[t] + koffCaNp845
p845CaNCaM2Clt] + koffCaNp845 p845CaNCaM2N]t] + koffCaNp845 p845CaNCaM2N2CJt] + koffpCaMKIIGIuA1
p845pCaMKIlI[t] + koffpCaMKIIGIuA1 p845pCaMKII00[t] + koffpCaMKIIGIuAl p845pCaMKII2Clt] + koffpCaMKIIGIuAl
p845pCaMKII2N[t] + koffpCaMKIIGIuAl p845pCaMKII2ZN2C[t] - konpCaMKIIGIuAl GluA1p845[t] pCaMKII[t] -
konpCaMKIIGIuAl GluA1p845[t] pCaMKII0O0[t] - konpCaMKIIGIuAl GluA1p845[t] pCaMKII2C][t] - konpCaMKIIGIuAl
GluA1p845[t] pCaMKII2N[t] - konpCaMKIIGIuAl GluA1p845[t] pCaMKII2N2CJt] - konp845PP1 GluA1p845[t] PP1[t],

[GIUA1p845PP1]'[t] ==
-kcatp845PP1 GIuA1p845PP1[t] - koffp845PP1 GluA1p845PP1[t] + konp845PP1 GIuA1p845[t] PPL[t],
[GluALpCaMKII]'[t] ==

-koffpCaMKIIGIuAL GluA1pCaMKII[t] + konpCaMKIIGIUAL GIuA1[t] pCaMKII[t],

[GIuA1pCaMKIIOO0][t] ==

-kcatPKCaMO00GIuA1p831 GluAlpCaMKIIOO[t] - koffpCaMKIIGIuUAL1 GIuA1pCaMKII00[t] + konpCaMKIIGIUAL GIuALJt]
pCaMKII0O0[t],

[GluAlpCaMKI2C][ t] ==

-kcatPKCaM2CGIluA1p831 GluA1pCaMKII2C[t] - koffprCaMKIIGIuAL GluA1pCaMKII2C]t] + konpCaMKIIGIUAL GIUAL]L]
pCaMKII2C[t],

[GluA1pCaMKI2N][t] ==

-kcatPKCaM2NGIuA1p831 GluAlpCaMKII2N[t] - koffpCaMKIIGIuAl GluA1pCaMKII2N[t] + konpCaMKIIGIuAL1 GluAlJt]
pCaMKII2N[t],

[GIuA1pCaMKII2N2C][ t] ==

-kcatPKCaM4GIuA1p831 GluA1pCaMKII2N2C]t] - koffpCaMKIIGIuAL GluA1pCaMKII2N2C|t] + konpCaMKIIGIuAL
GIuA1[t] pCaMKII2N2C]{],

[GIUALIPKAAY'[t] ==

-koffPKA4GIuAl GIUALPKAA[t] + onPKA4GIUAL GIuAl[t] R2C2cAMPA[t],

[GIUALPKACT [t] ==

-kcatPKACGIuAl GluA1PKAC[t] - koffPKACGIUAL1 GIuA1PKACIt] + konPKACGIuAl GluAl[t] PKAc(t],
1177t ==

kofflLPKAc I1PKAC[t] + kdplp35PP1CaNCaMO00 Ip35CaNO0O|t] + kdplp35PP1CaNCaM2C Ip35CaN2CJt] +
kdplp35PP1CaNCaM2N Ip35CaN2N[t] + kdplp35PP1CaNCaM4 Ip35CaN2N2C[t] - konl1PKAc I1[t] PKAC[t],

[11PKAC] [t] ==
-kofflLPKAcC I1PKAC[t] - kpl1 ILPKAC[t] + konl1PKAc I1[t] PKAcIt],



[Ip35][t] ==

kpl1 11PKAC]t] - konlp35CaN CaNCaMOQ[t] Ip35[t] - konlp35CaN CaNCaM2C|[t] Ip35]t] - konlp35CaN CaNCaM2N{t]
Ip35]t] - konlp35CaN CaNCaM2N2CJt] Ip35]t] + kofflp35CaN Ip35CaNO00Q[t] + kofflp35CaN Ip35CaN2CJt] + kofflp35CaN
Ip35CaN2N[t] + kofflp35CaN Ip35CaN2N2C[t] + kofflp35PP1 Ip35PP1]t] - konlp35PP1 1p35[t] PP1[t],

[Ip35CaN00]'[t] ==

konlp35CaN CaNCaMOQ[t] Ip35[t] - kdplp35PP1CaNCaMO00 Ip35CaNO00Q|[t] - kofflp35CaN Ip35CaNO00[t],
[Ip35CaN2C][t] ==

konlp35CaN CaNCaM2CJt] Ip35[t] - kdplp35PP1CaNCaM2C Ip35CaN2Clt] - kofflp35CaN Ip35CaN2Ct],
[Ip35CaN2N]'[t] ==

konlp35CaN CaNCaM2N([t] Ip35[t] - kdplp35PP1CaNCaM2N Ip35CaN2N][t] - kofflp35CaN Ip35CaN2N(t],
[Ip35CaN2N2C][t] ==

konlp35CaN CaNCaM2N2CJt] Ip35][t] - kdplp35PP1CaNCaM4 Ip35CaN2N2C][t] - kofflp35CaN Ip35CaN2N2C[t],
[Ip35PP1]'[t] ==

-kofflp35PP1 Ip35PP1[t] + konlp35PP1 Ip35[t] PP1[t],

[MLCK]'[t] ==

-konMKCaMO0 CaMO00[t] MLCK]t] - konMKCaM2C CaM2CJ[t] MLCK[t] - konMKCaM2N CaM2N[t] MLCK]t] - konMKCaM4
CaM2N2C|[t] MLCK]t] + koffMKCaM0 MLCKCaMO0Q[t] + koffMKCaM2C MLCKCaM2C]t] + koffMKCaM2N MLCKCaM2N[t]
+ koffMKCaM4 MLCKCaM2N2Clt],

[MLCKCaMOO] [t] ==

konMKCaMO0 CaMO00[t] MLCK]{] - koffMKCaMO0 MLCKCaMO0O0[t] - konMKC Cajt]*2 MLCKCaMO0[t] - konMKN Ca]t]*2
MLCKCaMO0O[t] + koffMKC MLCKCaM2CJt] + koffMKN MLCKCaM2N[t],

[MLCKCaM2C] [t] ==

konMKCaM2C CaM2CJt] MLCK][t] + konMKC Ca]t}*2 MLCKCaMOO[t] - koffMKC MLCKCaM2C[t] - koffMKCaM2C
MLCKCaM2Cl[t] - konMKN Ca|[t]*2 MLCKCaM2CJ[t] + koffMKN MLCKCaM2N2C[t],

[MLCKCaM2N]'[t] ==

konMKCaM2N CaM2N[t] MLCK]t] + konMKN Ca[t]*2 MLCKCaMO0O0|[t] - koffMKCaM2N MLCKCaM2N[t] - koffMKN
MLCKCaM2N[t] - konMKC Ca|t]*2 MLCKCaM2N[t] + koff  MKC MLCKCaM2N2C[t],

[MLCKCaM2N2C]'[t] ==

konMKCaM4 CaM2N2C[t] MLCK]t] + konMKN Ca[t]*2 MLCKCaM2C[t] + konMKC Ca]t]*2 MLCKCaM2N[t] - koffMKC
MLCKCaM2N2C][t] - koffMKCaM4 MLCKCaM2N2C[t] - koffMKN MLCKCaM2N2Cl[t],

[Ng]'[t] == -konNgCaMO0 CaMO00[t] Ng]t] - konNgCaM2C CaM2C]Jt] Ng[t] - konNgCaM2N CaM2N]Jt] Ng[t] - konNgCaM4
CaM2N2CJ[t] Ng[t] + koffNgCaM0 NgCaMO0O[t] + koffNgCaM2C NgCaM2C]Jt] + koffNgCaM2N NgCaM2N[t] + koffNgCaM4
NgCaM2N2Cft],

[NgCaMOO] [t] ==

konNgCaMO0 CaMOOJt] Ng[t] - koffNgCaM0 NgCaMO0O[t] - konNgC Ca][t]*2 NgCaMO0O[t] - konNgN Ca[t]*2 NgCaMOO[t] +
koffNgC NgCaM2CJ[t] + koffNgN NgCaM2N[t],

[NgCaM2CT'[t] ==

konNgCaM2C CaM2CJ[t] Ng]t] + konNgC Calt]*2 NgCaMOO0[t] - koff NgC NgCaM2C]t] - koffNgCaM2C NgCaM2Clt] -
konNgN Ca][t]*2 NgCaM2C]Jt] + koffNgN NgCaM2N2C][t],

[NgCaM2NTJ'[t] ==

konNgCaM2N CaM2N[t] Ng][t] + konNgN CaJt]*2 NgCaMOO0[t] - koff NgCaM2N NgCaM2N([t] - koff NgN NgCaM2N[t] -
konNgC Ca][t]*2 NgCaM2N([t] + koffNgC NgCaM2N2C][t],



[NgCaM2N2C][t] ==

konNgCaM4 CaM2N2CJ[t] Ng[t] + konNgN Ca[t]*2 NgCaM2C]Jt] + konNgC Ca]t]*2 NgCaM2N([t] - koffNgC NgCaM2N2C|[t]
- koffNgCaM4 NgCaM2N2C|t] - koffNgN NgCaM2N2Clt],

[NOSJ[t] ==

-konNOSCaMO0 CaMOO0[t] NOSIt] - konNOSCaM2C CaM2C[t] NOS[t] - konNOSCaM2N CaM2N[t] NOS[t] - konNOSCaM4
CaM2N2C[t] NOS[t] + koffNOSCaM0 NOSCaMOO|[t] + koffNOSCaM2C NOSCaM2C[t] + koffNOSCaM2N NOSCaM2N[t] +
koffNOSCaM4 NOSCaM2N2C[{],

[NOSCaMOO0] [t] ==

konNOSCaMO CaMOO0[t] NOS[t] - koffNOSCaM0 NOSCaMO0O0Jt] - konNOSC Caft]*2 NOSCaMO0[t] - konNOSN Calt]"2
NOSCaMOoo[t] + koffNOSC NOSCaM2C[t] + koffNOSN NOSCaM2N(t],

[NOSCaM2C]'[t] ==

konNOSCaM2C CaM2C][t] NOSJ[t] + konNOSC Cajt]*2 NOSCaMO00[t] - koffNOSC NOSCaM2C[t] - koffNOSCaM2C
NOSCaM2Cl[t] - konNOSN Cajt]*2 NOSCaM2C[t] + koffNOSN NOSCaM2N2C[t],

[NOSCaM2N][t] ==

konNOSCaM2N CaM2N[t] NOS][t] + konNOSN Ca]t}*2 NOSCaM00[t] - koffNOSCaM2N NOSCaM2N([t] - koffNOSN
NOSCaM2N[t] - konNOSC Cajt]*2 NOSCaM2N([t] + koffNOSC NOSCaM2N2C[t],

[NOSCaM2N2C][{] ==

konNOSCaM4 CaM2N2CJt] NOSIt] + konNOSN Ca[t]*2 NOSCaM2C[t] + konNOSC Calt]*2 NOSCaM2N[t] - koffNOSC
NOSCaM2N2C[t] - koffNOSCaM4 NOSCaM2N2C[t] - koffNOSN NOSCaM2N2C[t,

[p831p845]°[t] ==

koffp831p845PP1 p831p845PP1[t] + kcatPKACGIUuAL p831PKAC[t] + kcatkKCaM00GIuA1p831 p845CaMKII00[t] +
kcatkCaM2CGIluA1p831 p845CaMKII2CJt] + kcatKkCaM2NGIuA1p831 p845CaMKII2N]t] + kcatKkCaM4GIluA1p831
p845CaMKII2N2C[t] + kcatPKCaM00GIuA1p831 p845pCaMKII00[t] + kcatPKCaM2CGIluA1p831 p845pCaMKII2C[t] +
kcatPKCaM2NGIuA1p831 p845pCaMKII2N]t] + kcatPKCaM4GIluA1p831 p845pCaMKII2N2C][t] - konp831p845PP1
p831p845[t] PP1][t],

[p831p845PP1][t] ==

-kcatp831p845PP1 p831p845PP1][t] - koffp831p845PP1 p831p845PP1[t] + konp831p845PP1 p831p845[t] PP1[t],
[P831PKA4][t] ==

-KoffPKA4GIUAL p831PKA4[t] + konPKA4GIUAL GluA1p831[f] R2C2cAMPA]L],

[P831PKAC][t] ==

-kcatPKACGIUAL p831PKAC]H] - koffPKACGIUAL p831PKACc]t] + konPKACGIUAL GluA1p831[t] PKACIL],
[p845CaMKII00] [t] ==

konCaMKIIGIuA1l CaMKIICaMOO[t] GluA1p845[t] - kcatKCaMOO0OGIuA1p831 p845CaMKII00[t] - koffCaMKIIGIUAL
p845CaMKII00[t],

[p845CaMKII2C] [t] ==

konCaMKIIGIuA1 CaMKIICaM2Cl[t] GluA1p845[t] - kcatkCaM2CGluA1p831 p845CaMKII2C[t] - koffCaMKIIGIUAL
p845CaMKII2C[],

[p845CaMKII2N] [{] ==

konCaMKIIGIuA1 CaMKIICaM2N[t] GluA1p845[t] - kcatKCaM2NGIuA1p831 p845CaMKII2N][t] - koffCaMKIIGIuA1
p845CaMKII2N[t],

[P845CaMKII2N2C] [t] ==

konCaMKIIGIuAL CaMKIICaM2N2C[t] GIuA1p845]t] - kcatkCaM4GIuA1p831 p845CaMKII2N2C[t] - koffCaMKIIGIuAL
p845CaMKII2N2Ct],



[p845CaNCaMO0][t] ==

konCaNp845 CaNCaMO00[t] GluA1p845][t] - kcatCaNCaM00p845 p845CaNCaMO0[t] - koffCaNp845 p845CaNCaMO0[t] -
konPPC Calt]"2 p845CaNCaMO00[t] - konPPN Ca[t]*2 p845CaNCaMO00[t] + koffPPC p845CaNCaM2CJt] + koffPPN
p845CaNCaM2NT[t],

[p845CaNCaM2C] [t] ==

konCaNp845 CaNCaM2C]Jt] GluA1p845][t] + konPPC Ca[t]"*2 p845CaNCaMO00[t] - kcatCaNCaM2Cp845
p845CaNCaM2CJt] - koffCaNp845 p845CaNCaM2Clt] - koffPPC p845CaNCaM2C]t] - konPPN Ca][t]*2 p845CaNCaM2C]t]
+ koffPPN p845CaNCaM2N2Cl[t],

[p845CaNCaM2N][t] ==

konCaNp845 CaNCaM2N([t] GluA1p845[t] + konPPN Cajt]*2 p845CaNCaMOO0][t] - kcatCaNCaM2Np845
p845CaNCaM2NI[t] - koffCaNp845 p845CaNCaM2N][t] - koffPPN p845CaNCaM2N][t] - konPPC Ca|[t]*2 p845CaNCaM2N]{]
+ koffPPC p845CaNCaM2N2C[t],

[P845CaNCaM2N2CT [t] ==

konCaNp845 CaNCaM2N2C[t] GluA1p845[t] + konPPN Ca[t]*2 p845CaNCaM2C]Jt] + konPPC Calt]"2 p845CaNCaM2N]t]
- kcatCaNCaM4p845 p845CaNCaM2N2Clt] - koffCaNp845 p845CaNCaM2N2C[t] - koffPPC p845CaNCaM2N2C|[t] -
koffPPN p845CaNCaM2N2CJt],

[p845pCaMKII] [t] == -koffpCaMKIIGIUAL p845pCaMKII[t] + konpCaMKIIGIUAL GluA1p845[t] pCaMKII[t],
[p845pCaMKII00][t] ==

-kcatPKCaMO00GIuA1p831 p845pCaMKII00[t] - koffpCaMKIIGIuAL p845pCaMKII00[t] + konpCaMKIIGIUAL GluA1p845]i]
pCaMKII00][t],

[p845pCaMKII2C][t] ==

-kcatPKCaM2CGIluA1p831 p845pCaMKII2C[t] -koffpCaMKIIGIuALl p845pCaMKII2CJt] + konpCaMKIIGIuUALl GluA1p845[t]
pCaMKII2C[t],

[p845pCaMKII2N][t] ==

-kcatPKCaM2NGIuA1p831 p845pCaMKII2N[t] - koffpCaMKIIGIUAL p845pCaMKII2N[t] + konpCaMKIIGIUAL GIUA1p845]i]
pCaMKII2N[t],

[p845pCaMKII2N2C][t] ==

-kcatPKCaM4GIuA1p831 p845pCaMKII2N2C]t] - koffpCaMKIIGIuAl p845pCaMKII2N2C[t] + konpCaMKIIGIuAl
GluA1p845[t] pCaMKII2N2C[t],

[pCaMKII]'[t] ==

kPCaM4 Dimerp2N2Cw2N2CJt] + koffpCaMKIIGIuAl GluAlpCaMKII[t] + koffpCaMKIIGIuA1 p845pCaMKII[t] - 100
konKCaMO0 CaMOOQ[t] pCaMKII[t] - 100 konKCaM2C CaM2C]Jt] pCaMKII[t] - 100 konKCaM2N CaM2N[t] pCaMKII[t] - 100
konKCaM4 CaM2N2C[t] pCaMKII[t] - konpCaMKIIGIuAl GluAl[t] pCaMKII[t] - konpCaMKIIGIuAl GluA1p845][t]
pCaMKIlI[t] + koffkKCaMO pCaMKII00[t] + koffkKCaM2C pCaMKII2C[t] + koffKCaM2N pCaMKII2N[t] + koffKCaM4
pCaMKII2N2C[t] - konPP1CaMKIl pCaMKII[t] PP1[t] + offPP1CaMKIl PP1pCaMKII[t],

[PCaMKII00] [] ==

kPCaMO0 Dimer00wOQ[t] + kPCaMO0 DimerO0w2CJt] + kPCaMO0 DimerOOw2N][t] + kPCaMO DimerOOw2N2Cl[t] +
koffCaMKIIP Dimerp00wO0O[t] + 2 kPCaMO Dimerp00wO0O0[t] + koffCaMKIIP Dimerp00w2CJt] + kPCaM2C DimerpO00w2Clt]
+ koffCaMKIIP DimerpO0w2N]t] + kPCaM2N Dimerp00w2N][t] + koffCaMKIIP DimerpOOw2N2C|[t] + kPCaM4
DimerpO0w2N2CJt] + kPCaMO Dimerp2CwO00[t] + kPCaMO0 Dimerp2N2CwO00[t] + kPCaMO Dimerp2NwO0O[t] +
kcatPKCaM00GIuA1p831 GluA1lpCaMKIIOO[t] + koffpCaMKIIGIUAL GluA1pCaMKIIOO[t] + kcatPKCaMOOGIuA1p831
p845pCaMKII00[t] + koffpCaMKIIGIUAL p845pCaMKII0Q[t] + 100 konKCaMO0 CaMO0O[t] pCaMKII[t] - koffkKCaMO
pCaMKII0O0[t] - konKC Ca]t]*2 pCaMKII00[t] - konKN Ca][t]*2 pCaMKII00[t] - konCaMKIIP CaMKIICaMO0O0[t] pCaMKIIO0O0[t] -
konCaMKIIP CaMKIlICaM2CJt] pCaMKII0O0[t] - konCaMKIIP CaMKIlICaM2N][t] pCaMKIIOO0[t] - konCaMKIIP
CaMKIICaM2N2C|[t] pCaMKIIO0[t] - konpCaMKIIGIuAl GluA1[t] pCaMKIIOO0[t] - konpCaMKIIGIuAl GluA1p845][t]
pCaMKII00[t] + koffKC pCaMKII2C[t] + koffkKN pCaMKII2N[t] - konPP1CaMKIl pCaMKII00[t] PP1[t] + koffPP1CaMKII
PP1pCaMKII00[t],

[pCaMKII2CT [t] ==



kPCaM2C Dimer2CwO00[t] + kPCaM2C Dimer2Cw2CJt] + kPCaM2C Dimer2Cw2N][t] + kPCaM2C Dimer2Cw2N2Cl[t] +
kPCaM2C Dimerp00w2CJt] + koffCaMKIIP Dimerp2Cw00][t] + kPCaMO0 Dimerp2CwO00][t] + koffCaMKIIP Dimerp2Cw2C]Jt] +
2 kPCaM2C Dimerp2Cw2C|t] + koffCaMKIIP Dimerp2Cw2N][t] + kPCaM2N Dimerp2Cw2N][t] + koffCaMKIIP
Dimerp2Cw2N2C|[t] + kPCaM4 Dimerp2Cw2N2C]Jt] + kPCaM2C Dimerp2N2Cw2C]Jt] + kPCaM2C Dimerp2Nw2C[t] +
kcatPKCaM2CGIluA1p831 GluAlpCaMKII2C[t] + koffpCaMKIIGIuALl GluA1pCaMKII2CJt] + kcatPKCaM2CGIluA1p831
p845pCaMKII2C[t] + koffpCaMKIIGIuAl p845pCaMKII2CJt] + 100 konKCaM2C CaM2C|[t] pCaMKII[t] + konKC Ca][t]*2
pCaMKIIOO[t] - koffKC pCaMKII2C][t] - koffkKCaM2C pCaMKII2C][t] - konKN Ca[t]*2 pCaMKII2C[t] - konCaMKIIP
CaMKIICaMO0O[t] pCaMKII2C[t] - konCaMKIIP CaMKIICaM2CJt] pCaMKII2CJt] - konCaMKIIP CaMKIICaM2N][t]
pCaMKII2CJ[t] - konCaMKIIP CaMKIICaM2N2C[t] pCaMKII2C[t] - konpCaMKIIGIuAl GluA1[t] pCaMKII2CJt] -
konpCaMKIIGIuAl GluA1p845[t] pCaMKII2CJt] + koffkKN pCaMKII2N2CJ[t] - konPP1CaMKIl pCaMKII2C[t] PP1[t] +
koffPP1CaMKIl PP1pCaMKII2C[t],

[PCaMKII2N] [t] ==

kPCaM2N Dimer2NwOO0[t] + kPCaM2N Dimer2Nw2CJt] + kPCaM2N Dimer2Nw2N(t] + kPCaM2N Dimer2Nw2N2CJt] +
kPCaM2N Dimerp00w2N][t] + kPCaM2N Dimerp2Cw2N]t] + kPCaM2N Dimerp2N2Cw2N[t] + koffCaMKIIP
Dimerp2NwO00[t] +kPCaMO0 Dimerp2NwO00[t] + koffCaMKIIP Dimerp2Nw2C|t] + kPCaM2C Dimerp2Nw2C[t] + koffCaMKIIP
Dimerp2Nw2N[t] + 2 kPCaM2N Dimerp2Nw2N[t] + koffCaMKIIP Dimerp2Nw2N2C[t] + kPCaM4 Dimerp2Nw2N2CJt] +
kcatPKCaM2NGIuA1p831 GluA1pCaMKII2N[t] + koffpCaMKIIGIuA1 GluA1pCaMKII2N[t] + kcatPKCaM2NGIuA1p831
p845pCaMKII2N[t] + koffpCaMKIIGIuAl p845pCaMKII2N[t] + 100 konKCaM2N CaM2N[t] pCaMKII[t] + konKN Ca[t]*2
pCaMKIIOO[t] - koffkKCaM2N pCaMKII2N[t] - koffKN pCaMKII2N[t] - konKC Calt]*2 pCaMKII2N[t] - konCaMKIIP
CaMKIICaMO0O0[t] pCaMKII2N[t] - konCaMKIIP CaMKIICaM2CJt] pCaMKII2N[t] - konCaMKIIP CaMKIICaM2N][t]
pCaMKII2N[t] - konCaMKIIP CaMKIICaM2N2CJt] pCaMKII2N[t] - konpCaMKIIGIuAl GluAl[t] pCaMKII2NJt] -
konpCaMKIIGIuAl GluA1p845[t] pCaMKII2N][t] + koffKC pCaMKII2N2C]Jt] - konPP1CaMKIl pCaMKII2N][t] PP1[t] +
koffPP1CaMKIl PP1pCaMKII2N[t],

[PCaMKI2N2CT [t] ==

kPCaM4 Dimer2N2CwOO0[t] + kPCaM4 Dimer2N2Cw2C[t] + kPCaM4 Dimer2N2Cw2N[t] + kPCaM4 Dimer2N2Cw2N2Clt]
+ kPCaM4 DimerpO0w2N2CJt] + kPCaM4 Dimerp2Cw2N2C|[t] + koffCaMKIIP Dimerp2N2CwO00[t] + kPCaMO0
Dimerp2N2CwO00[t] + koffCaMKIIP Dimerp2N2Cw2C[t] + kPCaM2C Dimerp2N2Cw2C[t] + koffCaMKIIP
Dimerp2N2Cw2N[t] + kPCaM2N Dimerp2N2Cw2N][t] + koffCaMKIIP Dimerp2N2Cw2N2CJt] + kPCaM4
Dimerp2N2Cw2N2CJt] + kPCaM4 Dimerp2Nw2N2C|[t] + kcatPKCaM4GIluA1p831 GluA1lpCaMKII2N2C[t] +
koffpCaMKIIGIuAl GluAlpCaMKII2N2CJt] + kcatPKCaM4GIluA1p831 p845pCaMKII2N2CJt] + koffpCaMKIIGIuAl
p845pCaMKII2ZN2CJt] + 100 konKCaM4 CaM2N2C[t] pCaMKII[t] + konKN Calt]*2 pCaMKII2C[t] + konKC Cal[t]*2
pCaMKII2N[t] - koffKC pCaMKII2N2CJt] - koffkCaM4 pCaMKII2N2C[t] - koffKN pCaMKII2N2C[t] - konCaMKIIP
CaMKIICaMO0O[t] pCaMKII2N2C[t] - konCaMKIIP CaMKIICaM2CJ[t] pCaMKII2N2CJt] - konCaMKIIP CaMKIICaM2N[t]
pCaMKII2N2CJ[t] - konCaMKIIP CaMKIICaM2N2C[t] pCaMKII2N2C[t] - konpCaMKIIGIuAl GluA1[t] pCaMKII2N2CJt] -
konpCaMKIIGIuAl GluA1p845[t] pCaMKII2N2CJt] - konPP1CaMKIl pCaMKII2N2CJt] PP1[t] + koffPP1CaMKI|
PP1pCaMKII2N2Cl[t],

[PDE1][] ==

-konPDE1CaMO0 CaMO00[t] PDEL][t] - konPDE1CaM2C CaM2C[t] PDE1][t] - konPDE1CaM2N CaM2N[t] PDE1[{] -
konPDE1CaM4 CaM2N2C[t] PDEL]t] + koffPDE1CaM0 PDE1CaMO00[t] + koffPDE1CaM2C PDE1CaM2C[t] +
koffPDE1CaM2N PDE1CaM2N([t] + koffPDE1CaM4 PDE1CaM2N2C[t],

[PDE1CaMOO] [t] ==

konPDE1CaM0 CaMOO0[t] PDEL][t] - koffPDE1CaM0 PDE1CaMOO[t] - konPDELC Cal[t]*2 PDE1CaMOO[t] - konPDE1N
Ca|[t]*2 PDE1CaMO0O[t] + koffPDE1C PDE1CaM2C[t] + koffPDEIN PDE1CaM2NI[t],

[PDE1CaM2C][t] ==

konPDE1CaM2C CaM2C][t] PDE1][t] + konPDE1C Cajt]*2 PDE1CaMOO0[t] - koffPDE1C PDE1CaM2C[t] -
koffPDE1CaM2C PDE1CaM2C]t] - konPDE1N Cajt]*2 PDE1CaM2C][t] + koffPDE1IN PDE1CaM2N2C]|t],

[PDE1CaM2N] [t] ==

konPDE1CaM2N CaM2N[t] PDEL[t] + konPDE1N Ca][t]*2 PDE1CaMOO[t] - koffPDE1CaM2N PDE1CaM2N[t] -
koffPDE1IN PDE1CaM2Nit] - konPDELC Ca[t]*2 PDE1CaM2N][t] + koffPDE1C PDE1CaM2N2C[t],

[PDE1CaM2N2C] [t] ==

konPDE1CaM4 CaM2N2C[t] PDE1[t] + konPDE1N Cajt}*2 PDE1CaM2C][t] + konPDE1C Ca|[t]*2 PDE1CaM2N[t] -
koffPDE1C PDE1CaM2N2C[t] - koffPDE1CaM4 PDE1CaM2N2C][t] - koffPDEIN PDE1CaM2N2C[t],



[PDEA4][t] ==

koffPKAPDE4 PDE4PKAc[t] - konPKAPDE4 PDEA4][t] PKACIt],

[PDE4PKAC] [t] == -kcatPKAPDE4 PDE4PKAc[{] -
koffPKAPDE4 PDE4PKAc(t] + konPKAPDE4 PDE4[t] PKACIL],

[PKAC]'[t] ==

kcatPKACGIuAl GIuA1PKACc[t] + koffPKACGIUAL GIuA1PKACIt] +
kofflLPKAc 11PKACIt] + kpl1 I1PKAc[t] + kcatPKAcGIuAl p831PKAc[t] +
koffPKACGIuAl p831PKACc[t] + kcatPKAPDE4 PDE4PKACc[t] +
koffPKAPDE4 PDE4PKACIt] - konPKACGIuAl GluAl[t] PKACIt] -
konPKACGIuAl GluA1p831[t] PKACIt] - konl1PKAc I1[t] PKAC[t] -
konPKAPDE4 PDEA4[t] PKACc[t] + koffPKAinhib PKAI[{] -
konPKAinhib PKAc[t] PKAinhibitor[t] + ksplitPKAc R2C2cAMPA4]t] -
kjoinPKAc PKAC[t] R2cAMPA[t] + ksplitPKAc R2CcAMPA[t] -
kjoinPKAc PKAC[t] R2ZCcAMPA(t],

[PKAI]'[t] == -koffPKAinhib PKAI[t] +
konPKAinhib PKAc[t] PKAinhibitor[t] - konR2C PKAI[t] R2[t] -
konR2C2 PKAI[t] R2C[t] + koffR2C PKAinhibitor[t] R2CJ[t] +
koffR2C2 PKAinhibitor[t] R2C2][t],

[PKAinhibitor] [t] ==

koffPKAinhib PKAI[t] - konPKAinhib PKAc[t] PKAinhibitor[t] +
konR2C PKAI[t] R2[t] + konR2C2 PKAI[t] R2C[t] -
koffR2C PKAinhibitor[t] R2C[t] - koffR2C2 PKAinhibitor[t] R2C2[t],

[PP1]'[t] ==

kcatp831PP1 GluA1p831PP1[t] + koffp831PP1 GIuA1p831PP1[t] +
kcatp845PP1 GluA1p845PP1[t] + koffp845PP1 GIuA1p845PP1[t] +
kofflp35PP1 Ip35PP1[t] + kcatp831p845PP1 p831p845PP1][t] +
koffp831p845PP1 p831p845PP1][t] - konp831PP1 GluA1p831[t] PP1[t] -
konp845PP1 GluA1p845[t] PP1[t] - konlp35PP1 Ip35[t] PP1[t] -
konp831p845PP1 p831p845[t] PP1[t] - konPP1CaMKIl pCaMKII[t] PP1[t] -
konPP1CaMKIl pCaMKII0O0[t] PP1[t] -
konPP1CaMKIl pCaMKII2C[t] PP1[i] -
konPP1CaMKIl pCaMKII2N[t] PP1[t] -
konPP1CaMKIl pCaMKII2N2C[t] PP1[t] + kdpCaMKIl PP1pCaMKII[t] +
koffPP1CaMKIl PP1pCaMKII[t] + kdpCaMKIl PP1pCaMKII00][t] +
koffPP1CaMKIl PP1pCaMKI1I00[t] + kdpCaMKIl PP1pCaMKII2CJt] +
koffPP1CaMKIl PP1pCaMKII2C[t] + kdpCaMKII PP1pCaMKII2N[t] +
koffPP1CaMKIlI PP1pCaMKII2N[t] + kdpCaMKIl PP1pCaMKII2N2C[t] +



koffPP1CaMKIl PP1pCaMKII2N2CJt],

[PP1pCaMKIIJ'[t] ==

konPP1CaMKIl pCaMKII[t] PP1[t] - kdpCaMKII PP1pCaMKII[t] -
koffPP1CaMKIl PP1pCaMKII[t],

[PP1pCaMKIIOO]'[t] ==

konPP1CaMKIl pCaMKII00[t] PP1[t] - kdpCaMKIl PP1pCaMKIIOO([t] -
koffPP1CaMKIl PP1pCaMKII00[t] - konKC Ca[t]*2 PP1pCaMKII00[t] -
konKN Ca]t]*2 PP1pCaMKII00[t] + koffKC PP1pCaMKII2C][t] +

koffKN PP1pCaMKII2N[t],

[PP1pCaMKII2C][t] ==

konPP1CaMKIl pCaMKII2CJ[t] PP1[t] + konKC Ca][t]*2 PP1pCaMKII0O0[t] -
kdpCaMKIl PP1pCaMKII2C][t] - koffKC PP1pCaMKII2CJt] -
koffPP1CaMKIl PP1pCaMKII2C][t] - konKN Ca[t]*2 PP1pCaMKII2C][t] +
koffkN PP1pCaMKII2N2C[t],

[PP1pCaMKII2N] [t] ==

konPP1CaMKIl pCaMKII2N[t] PP1[t] + konKN Ca[t]*2 PP1pCaMKII0O0[t] -
kdpCaMKIl PP1pCaMKII2N[t] - koffkN PP1pCaMKII2N]{] -
koffPP1CaMKIl PP1pCaMKII2N[t] - konKC Calt]*2 PP1pCaMKII2N[t] +
koffKC PP1pCaMKII2N2C[t],

[PP1pCaMKII2N2CT[t] ==

konPP1CaMKIl pCaMKII2N2C[t] PP1[t] + konKN Ca[t]*2 PP1pCaMKII2C[t] +
konKC Calt]*2 PP1pCaMKII2N[t] - kdpCaMKIl PP1pCaMKII2N2CJt] -
koffKC PP1pCaMKII2N2C[t] - koffKN PP1pCaMKII2N2CJt] -
koffPP1CaMKIl PP1pCaMKII2N2CJt],

[PPDEA4]'[t] == kcatPKAPDE4 PDE4PKACIH],

[R2]'[t] == -konR2C PKAI[t] R2[t] +
koffR2C PKAinhibitor[t] R2C[t] + koffR2cCAMP R2cAMPA4[t],

[R2CT[t] ==

konR2C PKAI[t] R2[t] - konR2C2 PKAI[t] R2C[t] -
koffR2C PKAinhibitor[t] R2CJ[t] + koffR2C2 PKAinhibitor[t] R2C2[t],

[R2C2]'[t] ==

konR2C2 PKAI[t] R2C[t] - koncAMP1 cycAMP[t] R2C2[i] -
koffR2C2 PKAinhibitor[t] R2C2[t] + koffcAMP1 R2C2cAMP(t],

[R2C2cAMP] [t] ==

koncAMP1 cycAMPJt] R2C2][t] - koffcAMP1 R2C2cAMPIt] -
koncAMP2 cycAMP|t] R2C2cAMP]t] + koffcAMP2 R2C2cAMP2][t],

[R2C2cAMP2][t] ==



koncAMP2 cycAMP[t] R2C2cAMPIt] - koffcAMP2 R2C2cAMP2]t] -
koncAMP3 cycAMPJt] R2C2cAMP2[t] + koffcAMP3 R2C2cAMP3[t],

[R2C2cAMP3['[t] ==

koncAMP3 cycAMP[t] R2C2cAMP2][t] - koffcAMP3 R2C2cAMP3][t] -
koncAMP4 cycAMPI[t] R2C2cAMP3][t] + koffcAMP4 R2C2cAMPA[t],

[R2C2cAMPA]'[t] ==

koffPKA4GIuAl GIUA1PKAA4[t] + koffPKA4GIUAL p831PKAA4[t] +
koncAMP4 cycAMP[t] R2C2cAMP3[t] - koffcAMP4 R2C2cAMPA[t] -
ksplitPKAc R2C2cAMPA]t] - konPKA4GIuAl GluAl[t] R2C2cAMPAIt] -
konPKA4GIuAl GluA1p831[t] R2ZC2cAMPA[t] +
kjoinPKAc PKACc[t] R2CcAMPA]t],

[R2cAMPA4]'[t] == -koffR2cAMP R2cAMPA4[t] -
kjoinPKAc PKAC[t] R2cAMPA4[t] + ksplitPKAc R2CcAMPA[t],

[R2CCAMPA]'[t] ==

ksplitPKAc R2C2cAMPA4[t] + kjoinPKAc PKACc[t] R2cAMPA(t] -
ksplitPKAc R2CcAMPA]t] - kjoinPKAc PKAc[t] R2CcAMPAt]



