APPENDIX S1. MODEL EQUATIONS AND PARAMETERS.

BIOCHEMICAL PART

Cell compartments

Param Definition Value Reference
eter

Acap Capacitive membrane area 1.534x107* cm? Bondarenko et al. [25]
yreell Cell volume 38.00x10°¢ pl Bondarenko et al. [25]
|4 Cytosolic volume 25.84x107 pl Bondarenko et al. [25]
Visr Junctional SR volume 0.12x10° ul Bondarenko et al. [25]
Vsr Network SR volume 2.098x10 ul Bondarenko et al. [25]
Vis Subspace volume 1.485x107° pl Bondarenko et al. [25]
yreav Caveolar volume 0.02%Veen Heijman et al. [8]
Jrecav Extracaveolar volume 0.04xV e Heijman et al. [8]

The protein P concentrations in the cell ([P]¢!"), caveolae, extracaveolae, and cytosol

Vcell
[P]Cav — flfav. [P]Cell A — (A 1)
A%
" Vcell
ecav ecav ce
[PT™ =£;™"[P] v (A2)
1l
[P]cyl _ (1 . fcav . fCCaV). [P]cell . Vce
- P P cht (A3)
Bi-adrenergic receptor module
Param Definition Value Reference
eter
[L] Ligand concentration 0...100 uM
[Rp1]eor Total B;-adrenoceptor concentration 0.0103 uM Hilal-Dandan et al. [29]
f;’av Fraction of fi-adrenoceptors located in 0.01 Rybin et al. [20]
o caveolae Balijepali et al. [19]
f{;wv Fraction of B;-adrenoceptors located in 0.5 Rybin et al. [20]
o extracaveolae Balijepali et al. [19]
£ Fraction of B;-adrenoceptors located in cytosol £ =15 — o Rybin et al. [20]
o | "7 | Balijepali et al. [19]
[Gsleor Total concentration of Gy protein 2.054 uM Post et al. [41]
féav Fraction of G protein located in caveolae 0.4 Rybin et al. [20]
Fraction of G, protein located in extracaveolae | 0.4 Rybin et al. [20]

ecav
st




£ Fraction of G; protein located in cytosol £ =1 — £ — £
Kgi 1 Low affinity constant of Bi-adrenoceptor for 0.567 uM Heijman et al. [8]
isoproterenol
Kgiu High affinity constant of ;-adrenoceptor for 0.0617 uM Heijman et al. [8]
isoproterenol
Kpgic Affinity constant of f;-adrenoceptor for G 2.86 uM This paper
protein
kpxa+ Rate of PKA phosphorylation of ;- 0.00081 uM! 57! Freedman et al. [32]
adrenoceptor
kpra- Rate of PKA dephosphorylation of ;- 0.0002025 s7! This paper
adrenoceptor
kGria+ Rate of GRK2 phosphorylation of f;- 0.000243 s7! This paper
adrenoceptor
kerica- Rate of GRK2 dephosphorylation of B;- kpra- This paper
adrenoceptor
kact1 Gs Activation rate for G by high affinity complex | 4.9 s7! Heijman et al. [8]
kaci2,Gs Activation rate for G by low affinity complex | 0.26 s Heijman et al. [8]
Knyd,Gs Hydrolysis rate of Gsa-grp 0.8s7! Saucerman et al. [10]
Kkreas, Gs Re-association rate for G 1200 pM~! 7! Saucerman et al. [10]
Caveolae
R cav fcav R I/cell A4
[ 1 lot = g1 [ 1 Lot % (A4)
cav fcav I/ce]] cav cav A 5
[Gs ]aﬂ’v [G ]tot V - [Gs ]a,GTP - [Gs]a,GDP ( : )
[Rﬂl ]Z;‘,}tot = [Rﬂl]tcoatv - [Rm ]%,tot - [Rﬂl ]?I:Kz,tot (A.6)
af =——(K,, +[L])-(Ky, +[L]) (A7)
B1,L
by =[G 15 (K L R, 1% (K L K K 1 LZ] A.8
5 =G5, (Ko + L1 =Ry Ty (K +ILY)+ Ko Ky |1 (A8)
B1,L
C.Z‘IV = [R31 ];szut 81,C ’K@l,H (A.9)
CHV + \/ bCﬂV 4 . a;c;v . c[c;;v
[RonLps = (A.10)
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[G,]/" =

np,f

LR, I [Kl o ]

cav __ [L] ) [Rﬁl ];;‘jf

[LRSI ]n -

. \p Kgl,L
(&, G 1o = Ronbws 1G17

B1-sdnp
% g Km,c

[LR G ]cav _ [L][Rdl];:‘}f [GS ]cfw

B1 s dnp T

' Km,c 'Km,H

d[R ]ca" 0 cav cav cav
% - kPKA+ [T [Rﬂl]np,tot - kPKA— '[Rm PKA,tot
d[R ]"”V 0. cav cav cav
% = kGRK2+ '([LRm ]np + [LRﬂle ]np ) - kGRKZ— '[Rm ]GRKZ,tot
d[Gq ]:;av cav cav cav
T,GTP = kath,Gs : [RQIGS ]np + kactl,Gs : [LRQIGS ]np - khyd,Gs : [Gs ]a,GTP
d[Gq ];‘;" . cav cav cav cav

dt - kath,Gs ’ [Rles ]np + kactl,Gs ’ [LRJIGS ]np - kreas,Gs ) [Gs ]dn . [Gs ]a,GDP
d[Gs ]Z‘W cav cav cav
T’GDP = khyd,Gs ’ [Gs ]a,GTP - kreas,Gs ' |:Gs ]‘BW ’ [Gs ](Y,GDP
Extracaveolae

ecav ecav I/ce
[Rﬂl]tot = fm '[Rm]mt —
I/ecav

ecav ecav I/ce ecav ecav

[Gs ]a,@’y = st : [Gs ]tot : —e [Gs ]a,GTP - [Gs ]a,GDP

ecav

[Rﬂl ]ECLIV — [Rﬂl ]ecav _ [Rﬂl ]BCLJV _ [Rﬂl ]QCGV

np,tot tot PKA,tot GRK 2 tot

a;iav = ;'(Kﬁl,L ‘I'[L])'(Km,H +[L]>

BLL

[£]
K

BLL

1+

b;iav = [Gs ]iii,v : (Km,H + [L]) - [Rm ]Zztvm ) (Km,H + [L]) + Km,c : Km,H
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C;ciav — [Rﬂl ]ecav . K

np,tot ﬂl C B1,H

b;clav + J [beca\/] _ 4 aecav ecayv

R; :zlcav. .
[ dl] D, f 2 a;clav
G [G.1:
ecav 1 L
[][K — ]
61,C sr.c Do
L . R ecav
(LR, Ty = e
Kﬂl,L
(R, G 1 = Ry 1GI7
Bl s
K;Sl,C
[LR,G, ] = [L]-[Ry],, (G
Bl s
Km,c 'Km,H
d[R ]ecav 0 ecav ecav ecav
Md:KA,t L= kPKA+ : [C] '[Rﬂl]np,mx - kPKA— ' [Rm]PKA,mt
d[R ]ecav 0 ecav ecav ecav
% = GRK2+ <[LR31] + [LR31G ] ) GRK2— [RJI]GRKZ,tot
d[GT ]ZCaV ecav ecav ecav
T’GTP = kath,Gs .[RQIGS ]np + kactl,Gs [LRJIG ] hyd Gs [Gs ]a,GTP
d[G ]ecav ecav ecav ecav
dt act2 Gs [R Gs ]np actl Gs [LR Gs ]np - reas,Gs [G ] [Gs] ()
d[GS‘ ]anv ecav ecayv ecav
Tm_ hyd ,Gs [G ]a GTP ~— reas,Gs [G ] [Gs ]u,GDP
Cytosol
c c I/ce
[Rﬂl]u):tt = fﬂ)ljt' [R/j'l]tot —
Ve
¢ c Vce c cy
[Gs ](y):;'y = yt [G ]tut £ [Gs ]ajthTP - [Gs]c;,tGDP
eyt

yt t t t
[Rﬁl]:;,tot = [Rﬁl];oyt [Rdl ;yKA tot [Rdl LGyRK2tat
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. eyt eyt
O e e
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cyt
d[RJl PKA,¢tot [C]cyt [R ]cyt [R cyt
PKA+ B1dnp, tor PKA 81 4PKA tot

dt
d[R ]cyl o C 5 c
% = Kopiay - ([LRm] o+ [LRmG ] yt) GRK2- [Rm év}t{Kz”"t
LAY - : :

dt - - kath,Gs '[Rﬂle ]n:vt + kactl,Gs '[LRﬂle ]nJ[)Jl - hyd Gs [G ]"thTP
d[Gq];{/t . [R G ]cyt [LR G ]cyt . [G ]cyt [G ]cyt
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Adenylyl cyclase module

Paramet Definition Value Reference
er
Ky arp Adenylyl cyclase affinity for ATP 340 uM This paper
[ATP] ATP concentration 5000 uM Heijman et al. [8]
[AC]or Total cellular AC concentration 0.02622 uM Post et al. [41]
fycseucar Fraction of AC that is of type 5 or 6 0.74 Heijman et al. [8]
oo Fraction of AC5/6 located in caveolae 0.0875 Heijman et al. [8]
foon Fraction of AC4/7 located in extracaveolae 0.1648 Heijman et al. [8]
space
K}j?:y AC5/6 affinity for Gy 0.0852 uM Heijman et al. [8]
R yes6.Gso Hill coefficient for AC5/6 activation by Ggq 1.357 Heijman et al. [8]
V(;‘;,;S() Maximum amplification of AC5/6 by Gspy 1.430 Gao et al. [39]
K;:%if% Affinity constant for Gy, modulation of 0.003793 uM Gao et al. [39]
o ACS5/6
Pycso.sm Hill coefficient for G, modulation of AC5/6 | 1.0842 Gao et al. [39]
ACS56p45a1 Basal AC5/6 activity 0.0377 Heijman et al. [8]
AF'sq Amplification factor for AC5/6 51.1335s7! This paper
K\ AC4/7 affinity for Gy, 0.05008 pM Zimmermann and Taussig
’ [40]
B ycar oo Hill coefficient for AC4/7 activation by G 1.1657 Zimmermann and Taussig
[40]
VGA@C«/ 47 Maximum amplification of AC4/7 by Gspy 1.3500 Zimmermann and Taussig
| [40]
Kr/:%i;y Affinity constant for Gy, modulation of 0.004466 uM Zimmermann and Taussig
o AC4/7 [40]
hocir oo Hill coefficient for Gy, modulation of AC4/7 | 0.8700 Zimmermann and Taussig
| [40]
AC47pusar | Basal AC4/7 activity 0.04725 This paper
AF 47 Amplification factor for AC4/7 9.283 57! This paper
Caveolae
cav cav f I/cell
[AC56]™ = 4C56" L acse,4c47 [AC]mt : (A.52)
cav hgc56.Gsa AC56 cav hacse.Gsoy
[G]5 Vs, -\[G,]
kcav — AF X AC56 + ( S G=GTP) GBy ( s 46y ) (A53)
AC56 56 basal ACS6 cav h4c56,Gsa AC56 cav \14C36.Gspy
Km,G.m + ([Gv ]a,GTP) Km,Gs[%/ + <[Gv ]ﬂq/ )



d[eAMPYY s _ e [ACSE]™ -[ATP]
dt K, e +LATP]
Extracaveolae

ecav ECIZV I/ce
[AC47] C47 (1 AC56 AC47) [Ac]mz el

ecav

haca7 Gsa
G Jsew)

Vis" (1G5

) AC47,GsBy

ket = AF, | AC4T

basal

m,Gsa

d[cAMPY(,, e [ACAT] [ATP]
dt K, g +LATP]
Cytosol

cyt cav I/ce
[AC56]” =(1— fACSé) : fAC56,AC47' [AC]tot ’ % .

cyt

cyt ecav VYCE
[AC47]y - (1_ C47) (1 AC56 AC47) [Ac]zm v .

eyt

hA(?SG,G sov
(G120 )

Trcarcom |
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ot A
kAC56 — AF;ﬁ AC56basal + KAC56 ([G ]Cyl‘ ) AC56,Gsar
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dt K, TLATP]

t haca1 Gsa
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By
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Phosphodiesterase module

Paramete Definition Value Reference
r
[IBMX] Concentration of IBMX 0...100 uM
hisvx,ppE? Hill coefficient for inhibition of PDE2 by 1.000 This paper
IBMX
K}I,Z;,Ag Affinity of IBMX for PDE2 29.50 uM This paper
hisvxPDE3 Hill coefficient for inhibition of PDE3 by 1.000 This paper
IBMX
K;%Ag Affinity of IBMX for PDE3 5.100 uM This paper
himx,PDE4 Hill coefficient for inhibition of PDE4 by 1.000 This paper
IBMX
ngg Affinity of IBMX for PDE4 16.200 uM This paper
kippEp Rate of phosphorylation of PDE3/4 by PKA | 0.0196 uM ! s™! Heijman et al. [8]
ke, ppEp Rate of dephosphorylation of PDE3/4 by 0.0102 s Heijman et al. [§]
PKA
A Increase in PDE3/4 activity after 3.0 Heijman et al. [8]
k,PDE3/4 .
phosphorylation
) Rate of cAMP hydrolysis by PDE2 207! Iancu et al. [14]
Ko, poE2 Affinity of PDE2 for cAMP 33 uM Bode et al. [45]
kppE3 Rate of cAMP hydrolysis by PDE3 255! Heijman et al. [8]
K, ppE3 Affinity of PDE3 for cAMP 0.44 uM Bode et al. [45]
kppE4 Rate of cAMP hydrolysis by PDE4 355! This paper
K,,ppE4 Affinity of PDE4 for cAMP 1.4 uM This paper
JPDE part Fraction of total PDE located in the 0.2 Osadchii [47]
particulate fraction
rarppE2,PDE3 | Ratio of PDE2 and PDE3 activities in 0.570 Mongillo et al. [48]
particulate fraction
rpari,poE3.PDE4 | Ratio of PDE3 and PDE4 activities in 0.748 Mongillo et al. [48]
particulate fraction
[PDE2] Total cellular concentration of PDE2 0.034610 uM This paper
[PDE3] Total cellular concentration of PDE3 0.010346 uM This paper
[PDE4] 0 Total cellular concentration of PDE4 0.026687 uM This paper
£ Fraction of PDE2 located in caveolae 0.06608 This paper
feo Fraction of PDE2 located in extracaveolae 2-fo This paper
£ Fraction of PDE2 located in cytosol 1— £ —fee This paper
oo Fraction of PDE3 located in caveolae 0.29814 This paper
feoo Fraction of PDE3 located in extracaveolae 0.0 This paper
f%m Fraction of PDE3 located in cytosol 1— £ — o This paper
£ Fraction of PDE4 located in caveolae 0.05366 This paper




fee Fraction of PDE4 located in extracaveolae | 2. fe This paper
f%m Fraction of PDE4 located in cytosol [ A This paper
Caveolae
ca []BMX]]’IIBMX,PDEz oy VC€U
[PDE2]™ =| 1— e - [PDE2],, - —— (A.64)
tot Kﬁggm + [1l32\4)(]I'IIBMXJ,DE2 PDE?2 tot V
can []BMX]hIBMX‘PDEB v Vcell
[PDE3]”’[ = - K’il’?}ﬁ)/l[))(lm + [IBMX]hIBMX.PDEB ) fPDE3. [PDE3]”” ) Vcav (A65)
. []BMX]thx,m)u o VCGU
[PDE4T" =|1- — | Tppps [PDEA4],,  —— (A.66)
T K+ IBMXY T ] "y
d[PDE3];aV cav cav cav cav
——— = =k, [CI” - ((PDE3YT ~[PDE3L") ~ ki, {[PDE3]; (A.67)
d[PDE4];aV cav cav cav cav
== kppog, "[CI" - ([PDEATT ~[PDEAL") =k, ppg, -[PDE4], (A.68)
dA[cAMPYp.,  kppgy -[PDE2]S -[cAMP]™ Ao
dt K, o> +[cAMPT® '
d[CAMP];aDVB _ kPDES ) ([PDE3];:; _[PDE3];W)'[CAMP]MV + Ak,PDE3/4 'kPDE3 '[PDE3];aV [eAMP]T™ (A.70)
dt K, oo +[cAMPT® '
d[cAMP1, ;. _ kppgs - (IPDEA],; =[PDEA]")-[cAMPI™ + Ay pppsyy - Kppiy -[PDEA],” -[cAMP]™ (A1)
dt K, ppps +[cAMPT™ '
Extracaveolae
vean []BMX]hIBMX,Pnfz vear Vcell
[PDE2];s" =| 1- Fpppa [PDE2],, - —— (A.72)
tot Kﬁggm + [1l32\4)(]I'IIBMXJ,DE2 PDE?2 tot V
vean []BMX]hIBMX.PDE4 ceay Vc’e”
[PDE4]" =|1- e -[PDE4],, —— (A.73)
tot Kﬁgg[))(54 + [IBMX]hIBMX,PDE4 PDE4 tot |14
d[PDE4];Cav ecav ecav ecav ecav
T = kf,PDEp [C] '([PDE4]mt _[PDE4]p )~ kb,PDEp '[PDE4]p (A.74)
d[cAMP];;,, _ kppiy [PDE2]" -[cAMP]“" (A75)
dt K, p> +[cAMPT '
d[CAMP];Cg:m _ kPDE4 .([PDE4]Z:W — [PDE4];mv) ) [CAMP]MV + Ak,PDE3/4 'kPDE4 '[PDE4];W ) [CAMP]MV (A.76)

dt K, ppps +cAMPT

m



Cytosol
» []BMX]hme,PDEz » Vcell
PDE2]” =|1- £ - [PDE2] -——
[ ]tot KLB}/\;/;(Ez + [132\4)(]h,BM/\,’PDE2 PDE?2 [ ]tot cht
o [ IB MX]hIBMX,PDE3 o Vcell
[PDE3]% =|1- K o | [PDE3),, =
o [[BMX]husMX,PDH o Vcell
PDEA4)” =| 1— £ . [PDE4] -——
[ ]tot Kﬁ?ﬁ\;[gp‘ + [[BMX]hmMX'PDH PDE4 [ ]tot cht
d [PDE 3 ]Zt eyt eyt eyt eyt
=k [CI - ((PDESY ~[PDE3Y]') = K, g, [ PDES];
d[P D E 4]2)1 cyt cyt cyt eyt
T = kf,PDEp [C]*" -([PDEA4];, —[PDE4]p )—kb’PDEp -[PDE4]p
d[CAMP]%Ez _ Kppis '[PDE2];3; [cAMP]™
dt K, rpea +[eAMP]™

d[cAMP]?! _ kopgs - (LPDE3] —[PDE3];”)-[CAMP]‘” + A, porss  Kppes -[PDE3];” [cAMPT"

PDE3

10

(A.77)

(A.78)

(A.79)

(A.80)

(A81)

(A.82)

dt K

PDE4 tot

mpDE3 T [cAMP]™”"
d[cAMP];; _ kopes - ((PDEAY, _[PDE4];W) [eAMP]”" + Ay poesis Kppea '[PDE4];;W [cAMPT™"

dt Km,PDE4 +[cAMP ]cyt

cAMP-PKA module

Paramet Definition Value Reference
er
[PKA] Total cellular concentration of PKA 0.5176 uM Corbin et al., J Biol Chem
tot
holoenzyme 252:3854-3861, 1977 [149]

feav Fraction of PKA located in caveolae 0.08 This paper

PKA
fecav Fraction of PKA located in extracaveolae 0.20 This paper

PKA
f;;ZA Fraction of PKA located in cytosol 1— f;?(; _ f;;‘(t:
[PKI] Total cellular concentration of PKA inhibitor | 2 - 0.2 + [PKA ]t Beavo et al. [54]

tot

fear Fraction of PKI located in caveolae feav

PKI PKA
feca Fraction of PKI located in extracaveolae fecav

PKI PKA
for Fraction of PKI located in cytosol for

PKI PKA
kPKA[ ) Forward rate for binding of the first cAAMP to | 5.6 pM ! 57! This paper

! PKA

(A.83)

(A.84)
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K Equilibrium value for the binding of the first | 2.9 uM Dao et al. [55]
PRALE cAMP to PKA
k 5 Forward rate for binding of the second k | This paper
ALy cAMP to PKA PKALS
K 5 Equilibrium value for binding of the second | 2.9 uM Dao et al. [55]
PrAL cAMP to PKA
k _ Forward rate for dissociation of C subunit 265! This paper
PKALf3
K Equilibrium value for dissociation of C 1.3 uM This paper
PKAIL3 .
subunit
k Forward rate for inhibition of C subunit by 50 M 57! Heijman et al. [§]
PKI, f PKI
K Equilibrium value for inhibition of C subunit | 2.6 - 107 uM This paper
PKI
by PKI
k Forward rate for binding of the first cAMP to | Heijman et al. [8]
PKAIL f1 PKA PKAIf1
K Equilibrium value for the binding of the first | 2.5 uM Heijman et al. [§]
PRAILT | cAMP to PKA
k Forward rate for binding of the second k Heijman et al. [8]
PKAIL, f2 <AMP to PKA PKALf1
K Equilibrium value for binding of the second | 2.5 uM Heijman et al. [§]
PRAILZ | cAMP to PKA
k Forward rate for dissociation of C subunit k , This paper
PKAII f3 PKAL 3
KPKA11,3 Equlhbrlum value for dissociation of C KPKA1,3 This paper
subunit
Caveolae
Vcell
[PRAT™ = £330 [PKAL, (A-53)
[RC]cfav — 2 '[PM]CGV _[ARC]cav _[A2Rc]cav _[AZR]cav (A86)
Vcell
[PKI]‘;V =1, -[PKI], W —[PKICT™ (A.87)
kPKA]],bl = kPKA[],fl 'KPKAII,I (A.83)
kPKA]],bZ = kPKA]I,fZ 'KPKAH,Z (A.89)
kPKA]],bS = kPKA]I,f3 / KPKA[1,3 (A.90)
kPKl,b = kPKI,f Ko (A.91)
d[CAMP]caV cav cav cav cav cav
—dt LRA — —kPKAijl -[RC]f -[cAMP)] +kPKA”,b1 -[ARC] —kPKAH’f2 -[ARC]™ -[cAMP]
+kPKA11,b2 '[AzRC]mv (A.92)
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d ARC “ cav cav cav cav cav
% - kPKA]I,fl [RC] [CAMP] PKA[] ,b1 [ARC] PKAH 2 [ARC] [CAMP]
hpean 5 [ARCI™ (A.93)
d[A RC]Cav cav cav cayv
T kPKAII 12 [ARC] [CAMP] ( PKAII b2 +kPKA11,f3)'[A2RC]
+kPKA11,b3 [4,R] - [CT (A.94)
d A R v cav cav cav
% = kPKAII,fS '[AzRC] - kPKAII,bS '[AzR] [C] (A.95)
d[C]Lav cav cav cav cav cav cav
7 kPKAII 13 [4,RC] PKAII b3 AR -[C] +kPK1,b [PKICT™ = kpy N [PK[] [C]
d PKIC “ cav cav cav
AERICT o s APKICT + iy (PRI (C] (A97)
Extracaveolae
Vcell
[PK‘A]GMV f;;(iiv [PKZ4]tot ’ Vecav (A98)
[RC]GCHV 2 . [PKlq]BCHV _ [ARC]GCHV _ [AZRC](:'CQV _ [AzR]ecav (A‘99)
Vcell

[PK[]ELIIV — f;;(l;\/‘ [PKI]tOt ecav [PK[C]@(!IV (A.IOO)
kPKA]],bl = kPKA[],fl 'KPKAII,I (A.101)
kPKA][,bZ = kPKA[I,fZ 'KPKAH,Z (A.102)
kPKA][,b3 = kPKA[I,f3 / KPKA11,3 (A.103)
kPKl,b = kPKI,f Ky (A.104)
d CAMP e ecav ecav ecav ecav ecav

[ dt ]PKA - _kPKAH,fl [RC] [CAMP] + kPKAII,b] '[ARC] _kPKA”,f2 '[ARC] '[CAMP]
Hhpgan po - [ARCT (A.105)
d ARC o ecav ecav ecav ecav ecav
% - kPKA]I,fl [RC] [cAMP] PKA[I b1 [4RC] PKAII /2 [ARCT™ -[cAMP]
hpean p [ARCI (A.106)
d A RC o ecav ecav ecav
% kPKAI[ 2 [ARCT™ -[cAMP]*™" —(k PKAIb2 +kPKA11,f3)'[A2RC]
+kPKA11,b3 '[AzR]mv [CT1 (A.107)
d A R o ecav ecav ecav
Q kPKA[I S3 AzRC] PKAI[ b3 [AzR] [C] (A.108)

dt

(A.96)
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d C o ecav ecav ecav ecav ecav ecav

[ d1 =Kpg i 3 [4,RC] ko s TR - [CT + kpyy , - [PKICT™ —kpy o [PKIT™ -[CT* (A.109)
d PKIC eeav ecav ecav ecav
A ko, IPKICT™ 4y [PKIT™ () (A.110)
Cytosol

Vcell
[PRAT =3, [PKAL, (A1)
[RC]‘yt =2-[PKA]”" —[ARC]?" —[A4,RC]*" —[4,R]"" (A.112)
cell

[PKIT} = £33 [PKT],, —VC ~[PKIC]” (A1)
Kpgarm = kPKAI,fl K (A.114)
kPKA[ b2 kPKAI 2 'KPKAJ 2 (A.115)
Kpkar s = Kpgar, 13 I K par s (A.116)
Kok = Kpxr, 7 Ko (A.117)
d CAMP o cyt cyt cyt cyt cyt

[_dt I _ o IRCE [cAMPY + Ky -[ARCT” — kg o [ARCI" -[cAMP]?
+kPKAI,b2 : [AzRC]Cyt (A.118)
dARCcyt cyt cyt oyt cyt cyt
% - kPKAI,fl '[RC]JY [cAMPT _kPKAI,bl [ARC]” _kPKAI,fZ [ARCT™ -[cAMPT”
+hpicar o [4,RCT™ (A.119)
dARCCyt cyt L oyt oyt cyt

[ Zdt ] = kpgar 72 -[ARC]™ -[cAMP] " —(Kpgear po + bprar 13) [ARCT + ke 4 - [4,R]7-[CT (A120)
d[A,R]”" c c c
% PKAL f3 [4,RC] - PKAI b3 ‘[4,R] " [C] . (A.121)
d [ C ] o ot oyt cvt ot oyt eyt

dt Kpkar 3 [4,RC] PKAI b3 [AR]”-[CT° PKI,b [PKIC] _kPKI,f '[PK[]/' €] (A-122)
d[PKIC]”"

o =~kpg,, [PKIC1™ +kpy, , -[PKI7"-[C]™ (A.123)



Protein phosphatases and inhibitor-1 module
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Parameter Definition Value Reference
[P Pl]cyt Total concentration of PP1 in the cytosolic 0.2 uM Heijman et al. [8]
ot compartment
[PP2 A]cyt Cytosolic concentration of PP2A 0.0607843 uM This paper
[PP1] Concentration of PP1 in the caveolae 0.1 uM This paper
compartment
[ PP2 A]Cav Concentration of PP2A in the caveolae 0.1 uM This paper
compartment
[PP]“ Total phosphatase concentration in 0.2 uM This paper
caveolae compartment
[PPI]™ +[PP2 AT
ecav Concentration of PP1 in the extracaveolae 0.1 uM Heijman et al. [8]
[PPI1]
compartment
[Inhib1]*! Total concentration of inhibitor 1 in the 0.08543 uM El-Armouche et al. [65]
' | cytosolic compartment
Kinnib1 Affinity for PP1 — Inhibitor 1 binding 1.0-107 uM Saucerman et al. [10]
kpk4_mnip1 | Rate of phosphorylation of inhibitor 1 by 1080.0 uM ! 57! This paper
PKA
Kmpka mnipi | Affinity of inhibitor 1 for PKA catalytic L5 uM This paper
subunit
Kppy s pumint Rate of dephosphorylation of inhibitor 1 50.67 uM~' 57! This paper
KinpP24_mnhin1 Affinity for PP2A — Inhibitor 1 binding 1.0-1073 pM This paper
[Inhib1]?" = [Inhib1]2! ~[Inhib1]?",, (A.124)
Apiry = 1.0 (A.125)
Bruipr = K i + [PP11; —[Inhib1]) (A.126)
Clunivl = _[Inhibl]cpy,ltoz K i (A.127)
2
[Inhibl];;”’ _ Dy + \/ [Dppisn " =4 Qi * Coupinn (A.128)
2@
PP - K, .
[PPl]j;” = [ Lot IIizhtblcyt (A.129)
K iy + [Inhib1]]
d[l”‘h"bl];yﬁw _ kPKAflnhihl ’[C]Cyt -[]nhibl]?t _ kppzAJnhibl '[PP2A]CW -[]nhibl]‘];yfm (A.130)
dt K’”PKAJ"hibl + [[nhibl]_‘}yt KumAJnhibl +[Inhibl]
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cAMP fluxes
Paramet Definition Value Reference
er
} Rate of cAMP diffusion between caveolae 5.000 - 10° uL s! | Iancu et al. [14]
cav/ecav

and extracaveolae compartments

cav/cyt

Rate of cAMP diffusion between caveolae
and cytosolic compartments

7.500 - 108 uL 57!

Iancu et al. [14]

J

ecav/cyt

Rate of cAMP diffusion between
extracaveolae and cytosolic compartments

9.000- 107 pLs '

Iancu et al. [14]

d[cAMPY™ _ d[cAMPYy, d[cAMPYyiy dlcAMPYy,,  dlcAMP)

e _ dleAMPT

AC56 PDE2 PDE4
dt dt dt dt dt
[cAMPT™ —[cAMP]*“® [cAMPT™ —[cAMP]*"
Y caviecav - cavlcyt ’ (A131)
KGV I/cav
dlcAMPY" _ d[cAMPYy,  dIcAMPY;ey,  dlcAMPYy,  dIeAMPT,
dt dt dt dt dt
ecav _ cav ecav _ Cyt
o [cAMP] [cAMP]™ T [cAMP] [cAMP] (A.132)
Vecav ’ KCGV
d[cAMP]™ _ d[cAMPT3, " d[cAMP] s, N d[cAMP] ., _ d[cAMPT}), _ d[cAMP; s _ d[cAMP];,
dt dt dt dt dt dt
[cAMP]* —[cAMP]* [cAMP]* —[cAMP]*"
“eavieyt ) — Yecavieyt ’ (A133)
V

cyt

cyt
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L-type Ca?* current module
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Paramet Definition Value Reference
er
(1.1, Total cellular concentration of the L-type 0.0273 uM Chu et al. [71]
Ca* channels Bers and Stiffel [72]
feav Fraction of the L-type Ca?" channels located 0.2 Scriven et al. [21]
1Cal in caveolae
fecav Fraction of the L-type Ca*" channels located ] —feav Scriven et al. [21]
ICal in extracaveolae [Call
G, Specific maximum conductivity for L-type 0.3772 mS/uF This paper
Ca?' channel (non-phosphorylated)
G, Specific maximum conductivity for L-type 0.7875 mS/uF This paper
r Ca?' channel (phosphorylated)
Reversal potential for L-type Ca?" channel 52.0 mV Petkova-Kirova et al. [26
E., p yp
K Maximum rate constant for Ca?*-induced 233.24 57! This paper
PEMEE ] nactivation
K, . Half-saturation constant for Ca**-induced 10.0 uM This paper
pehall | inactivation
K Forward voltage-insensitive rate constant for 40,000 s This paper
7 inactivation
K, Backward voltage-insensitive rate constant 245! This paper
be for inactivation
k Forward voltage-insensitive rate constant for 1,000 s™! This paper
0 activation (non-phosphorylated)
k Forward voltage-insensitive rate constant for 4,000 s This paper
P activation (phosphorylated)
k Backward voltage-insensitive rate constant 1,000 s This paper
o for activation
1., Normalization constant for L-type Ca?* 7.0 pA/pF Bondarenko et al. [25]
anma current
k Phosphorylation rate of the L-type Ca?* 1.74-1072 57! This paper
[Cal _PKA 1 channel by PKA
ky, Dephosphorylation rate of the L-type Ca>* 2.325-10%s™! This paper
[Cal PP channel by PP1 and PP2A
Kot ria Affinity of the L-type Ca?" channel for PKA 0.5 uM This paper
K Affinity of the L-type Ca" channel for PP1 0.2 uM This paper
[l PP | and PP2A
Loy, = Licar + Licar (A.134)
a = 0.4 150150 (A.135)
_ (V+15.0+20.0)/15.0
a, =0.4e (A.136)



ﬂ — 0 136—(V+15AO)/18A0

Caveolae

[ICaL ]tcoatv = ffgsL [ICaL ]tot

cell

cayv

IEZZ = f1Cg:L ) (GCaL O™ + GCaLp ’ O;av )(V - ECaL)

2+
cav — Kpc,max[Ca ]i
Kpc,half +[Ca2+ ]i
dOcav
= kco C]CJ“V - kocOmv + K
dt

kICaLipKA [C]cav Ocav

pcb

IICaV _ 7/(]“\)0(3&\) + 0.00 l(alzﬁav _ Kpcf‘OCaV)

(24

kICaLfPP[PP]mV O;av

K]CaL_PKA +[1 Cal ]

cav
tot

OCaV

cav ycav
ap KlCaL_PP +[ICaL ]tot Op

cav __ cav cayv cav cayv cav cayv cav cayv
C"=1-(0"+C"+ "+ C" +C + [ + [ + I

cav cav cav cav cav cav cav cav cav
+0p +C1p +C2p +C3p +C4p +CPp +Ilp +12p +I3p)

dc;™
dt

k]CaLiPKA [CT™ Czcav

a’k

pcop

= 40 C — BC™ + 2 BCE —3aCe”

kICaLfPP[PP]CaV Czall;v

K[CaLfPKA + [ICaL ]

dCc;™

cav
tot

cav
CZ

k]CaLiPKA [CT™ Csc “

azkw Kicar pp ey ]

a k

pcop

=3aC" =2 C +3BC —2aC"

cay
tot

cav
c;,

k]CaLfPP[PP]CaV C;ZV

K[CaLiPKA + [ICaL ]

cav
tot

cav
C3

ak

C

0 KICaLiPP + []CaL]

cayv
tot

cav
G,
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(A.137)

(A.138)

(A.139)

(A.140)

(A.141)

(A.142)

(A.143)

(A.144)



cayv , ) , ) ) k ) )
—dg‘; =20C;" =3BC," +4C;" —aC" +0.01(4K,, I = = ay™ C;")

oc

+0.002(4 BI" — %Kpcfcm +4BK

oc oc

pcb pef 4

k
Icav _ Mo cavK Ccav
3 A 4

cop

- cav eav cav eav
K[CaLiPKA + []CaL ] C4 kco KICaLiPP + [ICaL ] C4p

tot tot

kICaLiPKA [CT™C" " k k[CaLiPP [PP]™ C:;V

dcy”
dt

=aC," -4pC" +k, O -k C."

kICaLfPKA [C]"C" ak kICaLiPP [PP]™ C;Zv

cop

cav geav cav geav
K]CaLiPKA +[ICaL] CP apkco KICaLiPP +[[CaL] CPp

tot tot

dll — ?/CQVOCQV _ K ICaV + 0‘001(a13cav _K ICaV) + 0‘01(%(1?/6‘0\/6’1‘("0\/ _4ﬂK IICGV)

dt peb1 pef 1

k[CaL_PKA [C]mv ]fw leaL_PP [PP]W ]fzv

a
cav ycav cav ycav
K]CaL_PKA + [ICaL ]tot Il ap KICaL_PP + [ICaL ]tol ]lp

pch
oc

k cav cav
K O 4L

oc

a2 0.001(K O —aIi")+K

= » I~y 5™ +0.002(

pch

kICaLfPKA[C]mvlzmv " kICaLfPP[PP]vaZg;V

cav ycav cav ycav
K]CaLiPKA +[ICaL] [2 KICaLiPP +[[CaL] IZp

tot tot

d - cav cav cav ycav cav kco cav cav cav
L= 0.001(K , 17" =@l ) +y I =K I 422y K O = 4K
_ kICaLiPKA[C]mv ISCaV + kICaLiPP[PP]vaBCZV
K]CaLfPKA + [ICaL ]f:tv [;’“" KICaLiPP + [[CaL ]tcoatv I}CZV
dO;av _ k Ccav _ k Ocav +K Icav _ cavocav + O 001(0( [cav -K OcaV)
dt cop ~ Pp oc”p pcb™1p }/ P N p 2p pef ~p
k[CaL7PM [C]Cav Ocav ~ i klcaLipp[PP]cav O;av
K[CaLiPKA + [ICaL ];:tv OC“V ap KICaLiPP + [[CaL ]tC:tv O;“"
dCICZV — ﬂczcav _ 4(Z C]cav + k]CaLiPKA[C]mv Clmv _ a;kcop k]CaLiPP[PP]CaV Clgzv
dt g nr KICaLiPKA + [[CaL ]tcoatv Clcav a3kco KICaLiPP + [ICaL ]tcoatv CILZV
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(A.145)

(A.146)

(A.147)

(A.148)

(A.149)

(A.150)

(A.151)



dC;::V cav cayv cav cayv
7:4(chlp —,BCZP +2ﬂC3p —3(chzp
k[CaLfPKA [C1™ C;W ok kICaLfPP [PP]™ Czc;v

_ _p cop
cav gveav 2 cav gveav
K[CaLiPKA + [ICaL ]tat C2 a kco KICaLiPP + [ICaL ]tot C2p

dC;:V cav cayv cav cav
—=3a, Gy~ 2G5y +3BC ~2a,C5;

leaLiPKA[C]wV C;‘W _ a k k]CaLiPP[PP]wv C;;V

pteop
cav cav cav cav
Kicar pxa THear Lo G ak,, Kica pp Lo G,

tot c tot

dccav
1p -
oc

pef peb™3p pef T 4Ap
oc oc

k, k,
+0.002(4BL5 —=— K, C) + 4K, I ==y K, Co)

kICaL ki [C]cav CZW ~ k kICaL o [PP]cav sz;v

cop

cav geav cav gveav
KICaLiPKA + [ICaL ]tot C4 kco KICaLiPP + [ICaL] C4p

tot

acp’

= a,Ciy ~4PCy +h,0) ~k,, Ciy

oc~p cop

k]caLiPKA[C]L‘av C;av ak kICHLiPP[PP]L‘av C;ZV

cop

cav geav cav geav
KICaLiPKA + [ICaL] CP apkco KICaLiPP + [[CaL] CPp

tot tot

dlcav
1p — 7cav0;av _K

. I +0.001(a, 15 — K

pch pef

oc

k]CaL_PKA[C]mvllmv o leaL_PP[PP]Cava;v

cav cav

cav cav
KICaL_PKA + [ICaL ]tat Il ap KICaL_PP + [ICaL ]tal Ilp

dlcav kCU cav
= 0.000(K 0" = 155+ K I3y =y ™' 155 +0.002( 2 K, C

oc

k[CaLfPKA [C]mv ]gav kICaLfPP[PP]CaV ]20;1;

cav yeav cav ycav
ICal _PKA + [ICaL ]mt 12 KICaLiPP +[1CaL ]tot ]2p

K

“av cayv cav cav cayv kCU cav cav
%zzapcgp —3BCE +4PCy —a,C + 001K, IS~ ay ' Ciy)

kCO cav cav
1) +001- 2,y Ciy ~4BK

pcb

~4pI5)

1)
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(A.152)

(A.153)

(A.154)

(A.155)

(A.156)

(A.157)
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cav

k
d:;l:D — 0.00 l(K ICHV _apl:;,’a\)) + yCaV[ZCZV _ K ICav + cop }/CGVK CCGV _4ﬂK [cav

pef " 1p p peb”3p k pef T 4p peb”3p
k[CaLiPKA[C]wVI;aV _ k]CaLiPP[PP]va;;v (A.158)
Kicur pia P carlor 157 Kicar pr e Yo 15,
Extracaveolae
ecav ecav I/cell A 159
Uew oo = FicarlLcar i V_ (A.159)
Tear = fica (Geu - O™ + Gy, - O, )V = Egyy) (A.160)
K Ca™
ecav. _ pc,max [ Zilrfs (A 1 6 1)
Kpc,half + [Ca ]ss
dOecav ecav ecav ecav ecav ecav ecav ecav
S =k G =k O K [ = O 10000 (@l K, 0%)
- klcaLiPKA [C]ecavegvewvecav 1 klcaLiPP [PPI]eCZ:aVOZCZ:av (A 162 )
K]CaLiPKA + []CaL ]tot O ap KICaLiPP + [ICaL ]tot Op
C]eCllV — 1 _ (Oecav + C;Ca\/ + C;CLIV + C4€CL1V + C;CLIV + Ilecav + [26611\/ + [;CIIV
+ O;Ca\) + CIE[(;’[JV + CZE;[H) + C;;HV + C:;av + C;;HV + [le;av + [2e;av + [;;aV) (A.163)
dcecav
d2 — 4aC16C‘aV _ ﬂczecav + Zﬂc;cav _3aC§CGV
t
_ kICaLiPKA [C]emv szv a;z)kcop kICaLfPP[PPI]emv Cg;av (A.164)
K]CaLfPKA + [ICaL ]szv Czem azkw KICaLfPP + [ICaL ]ze;;lv Cg;av
dC@L‘aV
613 — 3aC§‘CaV _ 2ﬂC3CClJV + 3ﬂC:CaV _2aC3€CaV
t
k[CaL_PKA [C]EC‘W C;C‘W + apkcop kICaL_PP[PPI]ecaV C;;av (A 1 65)

- ecav gvecav ecav vecav
KlCaLiPKA + [ICaL ]tot C3 ak K[CaLfPP + [ICaL ]tot C3p

co



dCLCaV

ecav ecav ecav ecav ecav kco ecav ecav
=20 G S3FC HABC —aC + 001K, I - ey O

oc

k

+0.002(481;" - k‘” K, C")+4BK

oc oc

[C]ECGV Cecav k [PPI]ECQV CGCQV
_+_

cop ICaL _PP
ecav gvecav ecav gvecav
K[CaLiPKA + []CaL ]tot C kco KICaLiPP + [ICaL ]tot C

k
Ieeav _ Mo ecavK Cecav
3 A -7

peb pef

k

ICal _PKA

dCLCaV

Cecav —4 Cecav + k Oecav _k, Cecav
dt ﬂ co ~ P

k[caLiPM [C]ECGV Cecav ak k]caLiPP [PPl]ecav CBCGV

cop
ecav Cecav ecav Cecav

+
K]CaLiPKA + [ICaL ]tot apkco K]CaLfPP + [ICaL ]tot

dlecav ecav ecav ecav ecav
T O K [ 0.000als =K ]

ecav ecav ecav ecav
kICaL_PKA [C] I + o kICaL_PP[PPI] ]
ecav ecav ecav ecav
K]CaL_PKA + [ICaL] ] 6lp K[CaL_PP + [ICaL] ]

tot tot “lp

leCaV)+0 01( CO a}/ECllVCEC‘aV 4ﬂK

OC

Iecav )

pcb™1

d ecav

d — 0 00 l(K OCCQV al;CﬂV) + K ICCLIV _ 7@6(1\)1266(111 + O.OOZ(IkC(;() K CCCQV 4ﬂ[2€(3a\/)
t

peb™3 pef

oc

k[caLiPM [C]ECGV Iecav + k]caLiPP [PPl]ecav IECGV

ecav yecav ecav yecav
K]CaLiPKA + [ICaL ]tot I K[CaLfPP + [ICaL ]tot I

dlecav k ‘
63h — O.OOI(KpCf]ecav _ a]eca\/) + yccavlecav _ KPCbI;cav + kcg yecavaCfCecav _ 4,8Kp6b13emv
~ k1CaL7PKA [C]ecav Iecav . kICHLiPP[PPI]ecav ]ecav
K]CaLiPKA + [ICaL ][e;tm’]e‘”" K[CaLiPP + [ICaL ]teoctavlwav
doecav av yecav ecav ecav
Lk, O =R, O+ K I =05 40001, 55 = K O )
[CaL ki [C]ecav Oecav B i kICaL PP[PPI]ecav Oecav
K[CaLiPKA + [ CaL ]teoctav O"C“V a K[CaL PP [ CaL ]teoctav Oemv
dcccav kICaL ki [C]ecav Ceeav apkcop kICaL op [PPl]ecav Cecav

ﬂce;‘w - 4apcle;av + ecav vecav 3
d KICaLiPKA + [[CaL ] C kco KICaLiPP + [ICaL ]

ecav C@CGV

tot tot
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(A.166)

(A.167)

(A.168)

(A.169)

(A.170)

(A.171)

(A.172)



22

dC;CaV
P — ecav ecav ecav ecav
e, - PO+ 2O 3, C
k[CaLfPKA [CT* ™ _ a;kcop k]CaLfPP[PPI]ewv Cze;av (A.173)
K[CaLfPKA + [ICaL ]teoctav CZQC“V azkco K[CaLiPP + [ICaL ]teoctav C;;av
dC;CaV
P — ecav ecav ecav ecav
23,05 2B 3O ~2a,C
Kica, pal C1 G5 _ ke Kicu pp[PPIC5" (A.174)
Kica pea tHealor G @k Kicy pp HHea L G5,
dcjcav ecav ecav ecav ecav ecav kco ecav ecav
=00, O 3O AP~ a, O+ O0UAK I =y )
ecav kc()p ecav ecav kc()p ecav ecav
FO.002(4BI = K Co) +4BK I3 == K, €
k]CaLfPKA [CI ™ _ kcop kICaLfPP[PPI]emv C:;av (A.175)
K[CaLfPKA + [ICaL ]teiftav Cjcav kco KICaLiPP + [[CaL ]teoctav Cj;av
dC;;av ecav ecav ecav ecav
7:apc4p _4IBCPp +km,0p —kprPp
k]CaLfPKA [CI*" _ akcop kICaLfPP [PPI]*" C;;av (A.176)
K[CaLiPKA + [ICaL ]fzftav C;m" apkco K]CaLfPP + [ICaL ]fzftav C;;“V
dlle;av ecav ecav ecav ecav ecav kcop ecav ecav ecav
— =70 =K, 1, +0.00l(ea, I5" =K, I")+0.01( . a,y rCEt —4pK L)
k]CaL_PKA[C]emv I o leaL_PP [PPI]™" ]f;av (A.177)
KICaL_PKA e Lot 17 a, K]CaL_PP e Lo ]1e;av
dlze;av ecav ecav ecav ecav yecav kL’Up ecav ecav
TS 0.001(K 05—, 150+ K I3 =I5 + 0,002 K, O — 415"
k[CaLiPKA [C]ecav Izecav _ kICaLiPP[PPI]ecav ];;av (A 1 78)
K[CaLiPKA + [ICaL ]teoctav ];cav KICaLiPP + [[CaL ]te()ctav 1;;“v



ecav

k
d3;7 — O'OOI(K [ecav _ ap];’CdV) + 7/2(][{\)126;&\1 _ K I@CaV + gop }/GCQVK Cecav _ 4ﬂK [ecav
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pef~lp p peb”3p pef T4p peb”3p
leaLfPKA [C1™ L™ _ k]CaLfPP[PPI]ewv Ise;av (A.179)
K[CaLfPKA ey Lo I3 KICaLfPP ey Lor I;Zav
Fast Na* current module
Paramet Definition Value Reference
er
Specific maximum conductivity for the fast 14.4 mS/pF This paper
N Na' channel (non-phosphorylated)
Specific maximum conductivity for the fast 18.0 mS/pF This paper
Nap Na' channel (phosphorylated)
ki pis Phosphorylation-traffiking rate of the fast 6.8400 - 1073 uM~! | This paper
Na- Na* channel by PKA g
Kpo op Dephosphorylation rate of the fast Na* 1.9804 - 102 uM~" | This paper
N channel by PP1 and PP2A g1
K pea Affinity of the fast Na* channel for PKA 5.49415-1073 This paper
a_
K Affinity of the fast Na* channel for PP1 and 0.393025 This paper
INa_PP
PP2A
RT 0.9[Na"] +0.1[K"
Ey =—In [ +]" [ +]" (A.180)
F 09[Na"],+0.1[K"],
1, :(GNa-ONa+GNap-ONap)(V—ENa) (A.181)
Crnus =1=(0y, +Cyy + Cy + Iy, + 11, + 12, +1C,, +1C 5
+ Oy + Crasp + Crazp + Crary + Iy + 11y + 124, +I1C, 1, +IC,5) (A.182)
&—aC—ﬂCﬁtﬁC—aCnLalC—ﬂC
dt - Y Nal1™~ Na3 Nall™~ Na2 Nal2™ Nal Nal2™"Na2 Na3 Na?2 Na3™" Na2
k [cr~c k [PP]"C
_ MiNa_pPKa Na2 | MiNa_pp Na2p (A.183)

K[NafPKA + CNaQ KlNaiPP + CNaZp



dc,,
djtv == 2y12Ch — BraizCxvian + BrarsOxa = CnatsCvin + AnaslFyy = BrasCoa
_ k[NafPKA[C]wV CNal n kINafPP[PP]cav CN

alp
K K

INa _PKA + CNal INa _PP + CNalp

do

d;V” = aNa13CNa1 - ﬂNa13ONa + ﬂNaZIFNa - aNaZONa
— k’N“J’KA[C]wv ONa n k[NafPP[PP]caV ONap
Kina pxa Oy, Kina ppt ONap
dIF’

7% = aNaZONa - ﬂNaZIFNa + ﬂNaSCNal - aNaSIFNa + ﬁNa411Na - aNa4]FNa

_ kIN“,PKA[C]WIFNa n kINafPP[PP]mV [FNap
Kina pxa +1Fy, Ko pp +1F,

Nap

+ aNalZICNaZ - :BNalleNa

INa _ INa _

dll
TN{I =y, IFy, — ﬂNa4[lNa + ﬂNaSIzNa — sy,

_ k”Va_PKA[C]mHNa + klNa_PP[PP]mvllNap
KINa_PKA + Ilzva KINa_PP + [lzvap
a2y, _ 1 2 kiva pialCY" 12y, ko pplPPIT 12,
- aNaSI Na _:BNasl Na — +
dt K[NaiPKA + [2Na K[NaiPP + IzNap
diC

Na2 __
g vl Crvis = Brat I vz + Byl = O IC v + PrasCnar = CnaslCria

_ k[NafPKA[C]CaVICNaZ + klNaiPP[PP]CaVICNaZp
K[NafPKA +ICNa2 KINafPP +1CNa2p

dic,,
T;H = BraidCrviz = Ayt IC w3 + PrasCrvias = naslCrva

_ k[NafPKA[C]CaVICNcG + k]N

a

7PP[PP]Cav]CNa3p
K[NaiPKA +ICNa3 K[NaiPP +ICNa3p
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(A.184)

(A.185)

(A.186)

(A.187)

(A.188)

(A.189)

(A.190)



dC

Na3p
dt - ﬁNallCNaZp - aNaIICNa3p + aNa31CNa3p - ﬂNa3CNa3p
cav cav
+ kINaiPKA[C] CNa3 INa PP[PP] Na3p
KINaiPKA + CNa3 KINaiPP + CNa3p
dC
Nalp
dt - aNaIICNaSp _ﬂNaIICNaZp + ﬁNalZCNalp - aNa12CNa2p + aNa31CNa2p _ﬁNaSCNaZp

+ k[Na_PKA[C]Cav CNaZ [Na PP[PP]CW Na2p
KINa_PKA + CNa2 K + C

INa _PP Na2p

dCNal P

dt = aNalZCNaZp _ﬂNa12CNalp + IBNa13ONap _aNa13CNalp + aNa3IFNap ﬂNa3CNa1p

+ klNa _PKA [C]C‘w Nal k[Na_PP[PP]mv CN

_ alp
KINa_PKA + CNal KINa_PP + CNalp
dO,,
TP = aNa13CNa1p ﬂNaB Nap + IBNaZ Nap 6¥N1120N(/1p
+ k[Na_PKA[C]Cav ONa _ k]Na_PP[PP]mV ONap
KINa_PKA + ONa K[Na_PP + ONap
dIF,,
TI) = Na2 Nap ﬂNaZ Nap + ﬂNa3 Nalp 6¥Na31 Nap + IBNa411Nap Na4IFNap
klNa PKA[C]Cav]FNa k]NaiPP [PP]CHVIFNap
+ aNalZ Na2p ﬂNalZlFNap + -
K]NaiPKA + IFNa KINafPP + IFNap
dil,,
—= aNa4 Nap ﬂNa411Nap + ﬂNaSIQ'Nap aNaSIINap
+ INa PKA[C]wv 11 [Na PP[PP]LW IlNap
KINaiPKA + IlNa KINaiPP + [lNap
d]2Nap —a 11 _ﬂ ]2 + k[NaiPKA[C]wvlzNa _ [Na PP[PP]LavlzNap
t oo e e e K[NaiPKA + 12Na KINaiPP + [2Nap

25

(A.191)

(A.192)

(A.193)

(A.194)

(A.195)

(A.196)

(A.197)
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dIC

Nalp
dt - aNaIIICNaSp _ﬂNaIIICNaZp + ﬂNalZIFNap - aNalZICNaZp + ﬂNaBCNaZp - aNaSICNaZp

+ kINaiPKA[C]CWICNaZ _ k]NaiPP[PP]vaCNaZp

(A.198)
KINaiPKA + ICNaZ KINaiPP + ICNaZp
diCy,;,
dt = ,BNan]CNazp - aNaIIICNaBP + ﬁNaBCNon - aNaSICNon
+ klNa_PKA[C]CavICNaB _ k[Na_PP[PP]CavICNa3p (A 199)
KlNa_PKA + ICNa3 KINa_PP + ICNa3p
gy = 3.802 (A.200)
0.1027¢ V29170 + 0.20e V251500
B 3.802
Qa1 = 0.1027¢ V29150 + 0.23¢ (V231500 (A.201)
B 3.802
Ayg1z = 0.1027¢ V29120 1 () 25, (V-25)/1500 (A.202)
ﬂNall — 0'1917e7(V72.5)/20.3 (A203)
Bray = 0.20 777203 (A.204)
Byas = 0.22¢ 1297203 (A.205)
Qs =7.0x107 770177 (A.206)
Bz =0.0084 +0.00002(V +7.0) (A.207)
1.0
Anar = (7 +7.0)/1656 (A.208)
0.188495¢ 0 1+0.393956

Bz = Onar30a2%vas ' Brars Pras) (A.209)



Qyyy = Oy, /1100.0

Bras = s

Oyys = Olyyr /95000

Bras = A,z /50.0

Ryanodine receptor module

27

(A.210)

(A.211)

(A.212)

(A.213)

Paramet Definition Value Reference
er
[RYR] Total cellular concentration of ryanodine 0.1993 uM Chuetal. [71]
" | receptors
v, Maximum RyR channel Ca?" permeability 4,500 s7! Bondarenko et al. [25]
n RyR Ca?* cooperativity parameter Pci — Po; 4 Bondarenko et al. [25]
m RyR Ca®" cooperativity parameter Po; — Po» 3 Bondarenko et al. [25]
k* RyR P¢; — Po; rate constant 6.075 uM ™ s! Bondarenko et al. [25]
k~ RyR Po; — P¢; rate constant 71.25s7! Bondarenko et al. [25]
a
k; RyR Po; — Po; rate constant 4.05 M3 57! Bondarenko et al. [25]
k- RyR Po, — Po; rate constant 965.0s7! Bondarenko et al. [25]
b
k* RyR Po; — P, rate constant 9.0s! Bondarenko et al. [25]
k™ RyR Pc; — Po, rate constant 0.8s7! Bondarenko et al. [25]
kt RyR Pcip — Poip rate constant Skt This paper
ap a
k- RyR Poip — Pcip rate constant 3k This paper
ap a
k,; RyR Po1p — Pogp rate constant 5 k; This paper
kb_p RyR Po2zp — Poip rate constant 3 kb— This paper
k* RyR Poip — Pcop rate constant 50k" This paper
cp c
k- RyR Pcap — Poip rate constant 30k This paper
cp c
f, Allosteric factor for RyR 0.001 This paper
RyR
kRyR . Phosphorylation rate of ryanodine receptors 5.775-1072 uM~' s7! | This paper

by PKA
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k Dephosphorylation rate of ryanodine 0.28875 uM~' 57! This paper
Ry _PP receptors by PP1
KRnyPKA Affinity of ryanodine receptors for PKA 0.5 uM This paper
Kpr pp Affinity of ryanodine receptors for PP1 0.05 uM This paper
VR
ecav Vcell
[RyR]“" =[RyR],, (A.214)
F =1_(PC2+P01+P02+Pclp+PC2p oip T 02p) (A.215)
dF, + +m - + -
701: k;[ca2+]:~lsP01 _ka_POl _kh [Ca2 ]ssPOl +ka02 _kc P01 +kc Pcz
_ fRyRkRyRiPKA[C]ewv POI + a ap fRyR RyR PP[PPI]%“V POlp (A 216)
KRnyPKA + [RyR]mva kaerka KRnyPP +[RyR]mVP01p
dar,,
=k, [Ca® —k, P
dt [ ]sv 01 b~ 02
_ fRyRkRyRiPKA[C]eMVPOZ + ka kapk kl; fRyRkR}7R7PP[PP1]emv POZp (A 217)
Kpr pxa T[RYRIF,, k;pka k+ ky Kpr pp +H[RVR]F,,
dF.,
=k'P,—k_P,
dt c 01 c”C2
_ ./‘RyRkRyRiPKA[C]eMVPCZ + k;kapkc kc; fR}7RkRyR7PP[PPl]emv PCZp (A 218)
Kpr pxa T[RYRIF,, k;pka k{;kc’ Ky pp t[RYR]F,,,
dP,
% =—k! [Ca™ 1. P.,, +k, P,
t
kRnyPKA[C]eCW P _ R)R PP[PPI]MV PClp (A.219)
KRnyPKA +[RyR]*™ F KRnyPP +[RyR]*™ PClp
dr, + +n - + + +
dot“’ =k} [Ca* 1 P, —k, Py - kbp[Caz 1"P,, +k, Py, —k: Py +k, Py,
fRyRkRyRiPKA[C]emvPOI a ap fRyR RyR PP[PPI]LcaVPOIp (A 220)

K +[RyR]“" P, k;pka Ky pp t[RYRI R, ,

RyR_PKA



dP + +m -
% = khp[ca2 ]SS POlp - kprOZp

+ .fRyRkRyRiPKA[C]ECW P02 ka kapk k fR}RkRyRiPP[PPI]eCW P02p
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ecav ecav (A22 1)
KRnyPKA +[RyR]“"F,, k;;ka k+ k, KR)RfPP +[RyR] P02p
dP.,
4 +
dt kcp Olp k PCZp
+ fRyRkRyRiPKA[C]ecaV PC k;kapkc kcp fRyRkRyRiPP[Ppl]ewv PCZp (A 222)
KRyRiPKA + [RyR]“’“V PCZ k;pka kc:)kc KRyRiPP + [RyR]e‘“V PCZp
Na*-K* pump module
Paramet Definition Value Reference
er
o Maximum Na*-K* pump current 4.0 pA/pF This paper
K™ Na* half-saturation constant for Na*-K* 18,800 uM Despa et al. [100]
m, Nal pump current (non-phosphorylated PLM)
K? Na* half-saturation constant for Na*-K* 13,600 uM Despa et al. [100]
m,Nai pump current (phosphorylated PLM)
K, . K+ half-saturation constant Na*-K* pump 1,500 uM Bondarenko et al. [25]
e current
Kppv ps Rate of PLM phosphorylation by PKA 3.053 - 1073 uM~' s7! | This paper
K » Relative affinity for PLM phosphorylation by 0.0011001 Heijman et al. [§]
PLM _P PKA
Kopry op Rate of PLM dephosphorylation by PP1 and 1.8491 - 1072 uM™" | This paper
- PP2A g
K Relative affinity for PLM dephosphorylation 5.7392 Heijman et al. [§]
PEM_PP | by PP1 and PP2A
df}:l?\)/[ Lo kP14M7P1</1|:Cj|mV(1 B ;]fl]‘\//l,p) _ kPLM PP[PP]CW f’cfl‘\}/l,p (A223)
dt Kopiv pra + (1= foom p) Koy pp +fff£]\v/[p
+
I 1 (K1, (A.224)
NaK — * NaKJ NaK + 3 + .
1 + (Km,Nai / [Na ][) [K ]0 + Km,Ko
1
Svax = (A.225)

1+0.1245¢ *"F/RT 4 0.03650e 7/ *T



c = l(e[zva*]o/ﬁnoo _ 1)
7
— np cav p cav
Km,Nai - Km,Nai(l - PLM,p) + Km,NaifPLM,p

Ultra-rapidly activating delayed rectifier K current module

30

(A.226)

(A.227)

Paramet Definition Value Reference
er
Gy Specific maximum conductivity for the ultra- 0.3424 pA/pF Petkova-Kirova et al. [26]
“ rapidly activating delayed rectifier K™ current
(non-phosphorylated)
G, Specific maximum conductivity for the ultra- 0.53307 pA/pF This paper
“r rapidly activating delayed rectifier K™ current
(phosphorylated)
ki pia Rate of Ik phosphorylation by PKA 6.9537 - 1072 pM~! | This paper
_ S*l
K Relative affinity for Ik. phosphorylation by 0.138115 This paper
IKur _PKA PKA
kIK p Rate of Ik, dephosphorylation by PP1 3.170 - 1072 uM~' 57! | This paper
K Relative affinity for Ix. dephosphorylation 0.23310 This paper
IKur _PP by PP1
RT K"
E, = 7 In (%] (A.228)
IKur = (GKurauriurf‘I;:l: + GKurpaurpiurp (1 - f‘;{‘:: ))(V - EK) (A22’9)
A K ol PP (= ) K sl T i A230
dt K IKur _PP + (1 - f};(clj;’v ) K IKur _PKA + ﬁ;ﬁv
_ 1
ag = 1+ e—(V+22.5)/7.7 (A-23 1)
. 1
Ly = 14 o525 (A.232)
6.1
T +2.058 (A.233)

aur = 0.0629(V +40.0 —0.0629(V +40.0
e ( ) +e ( )



170.0

1+ V452557

r, =1200.0-

ur _ s ur
dt z-(/zur
dlur — lss — lur
dt Tiur
daurp _ ass - aurp
dt z.aur
dlurp _ s - lurp
dt T

Rapidly inactivating transient outward K* current module
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(A.234)

(A.235)

(A.236)

(A.237)

(A.238)

Paramet Definition Value Reference
er
G Specific maximum conductivity for the 0.3846 pA/pF Petkova-Kirova et al. [26]
Koo, f rapidly inactivating transient outward K*
current (non-phosphorylated)
G, . Specific maximum conductivity for the G. . Petkova-Kirova et al. [26]
Keo-1p rapidly inactivating transient outward K* Ko7
current (phosphorylated)
ko o Rate of Ik,r phosphorylation by PKA 4.38983 - 1072 uM™! | This paper
S 1
K Relative affinity for Ik, r phosphorylation by 0.27623 This paper
IKto,f _PKA | pren
lem . pp Rate of Ik r dephosphorylation by PP1 9.09678 - 1072 uM~" | This paper
S -
Koo Relative affinity for Ikt dephosphorylation 0.23310 This paper
/PP | by PP1

300 3 .
IKto,f = (GKto,fato,flto,f (1 - j}‘lzéif_f) + GKto,ﬁaato,ﬁalto,ﬁ; Ii(ctiff )(V - EK)

df]f(iivf _ k]Kto,ffPKA[C]emv (1- I;(Ctzvf) . kIKto,fiPP[PPI]emv Ij;tf)vf

ecav ecav
dt KIKto,fiPKA +(1- IKto, f KIKto,fiPP * Jikio.r

(A.239)

(A.240)



dato,f =a, (1 ~a, f) _ ﬁaam ;
dt ’ -
di
o,f . .
=a,(1-i, ,)-Bi,
dt ot ot
da,
o,fp __ . _
dt - aap (1 ato,ﬁ:) ﬂapato,ﬁJ

l‘to,fp . .
dt = aip(l_lto,]fn)_ﬂiplta,ﬁn

a = 0 1806480.03577(V+33.0)
ﬂ =0 3956670.06237(V+33.0)

0.000152¢ #1570
a. =
L 0.067083e (VIO

0.000956(V+35.5)/7.0
00513357970 4

B,
o = O 1806460.03577(V+17.0)
ap .

ﬂ — 0 3956e—0.06237(V+17.0)
ap *

0.000152¢"+75/70
a, = 0.067083¢="*279/70

0'000956(V+27A5)/7A0
0.051335e" 2770 1]

ﬂip =

Time-independent K* current module

1.02
a =
U 14+exp(0.2385(V — E, —59.215))
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(A.241)

(A.242)

(A.243)

(A.244)

(A.245)

(A.246)

(A.247)

(A.248)

(A.249)

(A.250)

(A.251)

(A.252)

(A.253)



~0.8exp(0.08032(V — E, +5.476)) +exp(0.06175(V — E,, —594.31))
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B A.254
K 1+exp(—0.5143(V — E, +4.753)) ( )
K" a
I.. =027 LK, KL_(V-E,) (A.255)
“ 5400 §
ay, + P
Phospholamban module
Paramet Definition Value Reference
er
K" Half-saturation constant for SR Ca?>*-ATPase 0.41 uM This paper
mup pump (non-phosphorylated)
K? Half-saturation constant for SR Ca?>*-ATPase 0.31 uM This paper
nup pump (phosphorylated)
v, SR Ca?*-ATPase maximum pump rate 306.0 uM s7! This paper
Kpip pca Rate of PLB phosphorylation by PKA 0.108917 uM~!' s | This paper
K Relative affinity for PLB phosphorylation by 4.90970 - 10°* Heijman et al. [8]
PLB_PKA | b o
kps opi Rate of PLB dephosphorylation by PP1 4.41956 - 102 uM™! | This paper
— S*I
Kps opi Relative affinity for PLB dephosphorylation 1.69376 - 1072 This paper
- by PP1
K, =K', A= VH KD s, (A.256)
cyt oyt cyt oyt oyt
dfPiB,p _ kPLBfPKA [C] 3 '(l_fPLyB,p) _ kPLBfPPl .[PPl]fy ' PZB,p (A.257)
dt KPLBfPKA + (l_fPCI),};,p) KPLBfPPl ;Z;,p
Troponin I module
Parameter Definition Value Reference
[LTRPN] Total cytosolic troponin low-affinity site 70.0 uM Bondarenko et al. [25]
" | concentration
[HTRPN] Total cytosolic troponin high-affinity site 140.0 uM Bondarenko et al. [25]
| concentration
kt Ca?" on rate constant for troponin high- 237 uM 57! Bondarenko et al. [25]
hirpn affinity sites




34

k- Ca?" off rate constant for troponin high- 0.032 s7! Bondarenko et al. [25]
hirpn affinity sites
k* Ca?" on rate constant for troponin low- 327 uM s7! Bondarenko et al. [25]
firpn affinity sites
- Ca?" off rate constant for troponin low- 19.6 57! Bondarenko et al. [25]
lirpn.np affinity sites (non-phosphorylated)
k- Ca?" off rate constant for troponin low- 29.457! This paper
lirpn.p affinity sites (phosphorylated)
kT - Rate of Tnl phosphorylation by PKA 0.0247254 uM~! s7' | This paper
K Relative affinity for Tnl phosphorylation 2.71430- 1073 Heijman et al. [8]
Tnl _PKA by PKA
ki ppos Rate of Tnl dephosphorylation by PP2A 0.0865898 uM~' s7! | This paper
K.\ opoy Relative affinity for Tnl dephosphorylation 0.801420 This paper
nl _

by PP2A

k,

eyt
dan[,p _ kT

trpn = kltrpn,np (1 - Tnl,p

cyt - cyt
) + kltrpn,p Tnl,p

I _PKA '[C]cyt '(1 - T;ylt,p) _ anIfPPZA '[PPzA]Cyt S

Tnl,p

d[HTRPNCa] _ .,

dt

dt Tnl _PKA + (l_f];y[t,p) KTnIfPPZA
d[LTRPNC
Ak e qrrreny,,

[Ca® |,(ILHTRPN]

— “htrpn tot

cyt
Tnl,p

trpn

~[LTRPNCa))~k,,, [LTRPNCa]

—[HTRPNCal)—k, [HTRPNCa]

(A.258)

(A.259)

(A.260)

(A.261)
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ELECTROPHYSIOLOGICAL PART. UNAFFECTED BY PKA

Membrane potential

d V
dt (]CaL +Ip(Ca) INaCa +1Cab +I +1Nab INaK +1Kto,f
+ I + IKur + [KS‘S‘ + 1 + [Cl Ca Im'm) (A262)
Calcium dynamics: Calcium concentrations
d[Ca2+] cav Aca Cm
T B {Jleal\ + Jrfer - J up Jtrpn - (]Cah - 21NaCa + ]p(Ca) + ]CaL 2V1:th (A263)
d[Ca*] 4 per A C
—SszB J JSR —J -.——Iecavﬂ A264
d t s rel K ) xfer I/S ) Cal 2K ) F ( )
d[Ca**]
= B e~ (A.265)
d[Ca’ 1 e yer v
—— =0T T, -J, JSR (A.266)
dt { ! : k} Visr VNSR
1
5 )i, [CMDN], K,"™" (A.267)
i (K’SMDN +[Ca2+][)2
-1
5 _ly, [CMDN], K™ (A.268)
ss (K’SMDN +[Ca2+ ]SS)Z
-1
[CSON],, K,
B = {1 + CSON = 2+ 2 (A.269)
(K, +[Ca™ ])5)
Calcium dynamics: Calcium fluxes
Syt =V (B + By + POlp ozp)([caz+ Lisg — [Caz+ I PRyR) (A.270)

J - [Ca™ Jyse ~[Ca™ 15 (A.271)
T

tr



J ~ [Ca2+]ss _[Ca2+]i

xfer

T

xfer

ik =V2 ([Ca2+]NSR - [Ca% 1)

C 2+ 2
Jup:v3 2[ - ]12+ 2
Km,up + [Ca ]i
ipn = /(T;WPH[CLI2+ l,([HTRPN],, -[HTRPNCa)) - k,,,.,,|[HTRPNCa]
+k;,, [Ca** 1,(LLTRPN],, ~[LTRPNCa])~k;, [LTRPNCa]
ecav (V+5.0)2
Por __g.0ap, —01-tal o om0
dt o Cal ,max
Calcium pump current
C 2+ 2
[p(Ca) zlzn(ac)‘(a) 2 [ ? ]l 2+12
Km,p(Ca) + [Ca ]i

Na*/Ca?" exchanger current

1 1 1

INaCa = kNaCa K3
m,Na

% (eﬂVF/RT[NaJr]?[CaZJr]U _2.06(7771)VF/RT[Na+]z[ca2+]i)

+[Na'T K, ., +[Ca’*], 1+k e """

m,Ca

Calcium background current

Ioy = GCab(V - ECaN)

36

(A.272)

(A.273)

(A.274)

(A.275)

(A.276)

(A.277)

(A.278)

(A.279)

(A.280)



Sodium dynamics: Sodium concentration

d[Na+]i Aca Cm
dt = _(INa + +[Nab + 3INaCa + 3[NaK) V:)tF

Sodium background current

IN

a

b = GNab (V - ENa)

Potassium dynamics: Potassium concentration

d[K*],

7 'Z—(Im,ﬂfl +1

Kur

+17

Kss

Kto,s

Non-inactivating steady-state K* current
IKss = GKssaKss (V - EK)

daKss — ass B aKss
dt Tis

Ths = 12355 +13.17

0.0862(V +40.0 —0.0862(V +40.0
e (V+40.0) +e (V'+40.0)

Rapid delayed rectifier K* current

]Kr = GKVOKr(V - EKr)

_RT | (0.98[K"], +0.02[Na"],
A 0.98[K*], +0.02[ Na*],

L+ + 1 =21,
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(A.281)

(A.282)

(A.283)

(A.284)

(A.285)

(A.286)

(A.287)

(A.288)



CKrO =1- (CKrl + CKVZ + OKr + ]Krl)

% = KrO ﬁaOCKrl + k CKrZ k C1Kr1
dt

dCK”2 k CKI k CK 2 +IBalOK1 CKrZ
dt

dO

= K} 2 ﬁal + IBir]Krl - 6Xl'r()[{r

dt

dl

# - airOKr + ﬂir]Krl

a,, =0.022348¢ "7
B, =0.047002¢ %"

a, =0.013733¢" "%
B, =0.0000689¢ ™"
a, =0.090821¢"731+>0

'B' — 0.0064976_0'03268(1/"—5‘0)

Ca?*-activated CI~ current

2
c [Ca™],
Cl,Ca — Cl,Ca ™~ Cl,Ca 24
[Ca™" ], +Km,C,

V—-E.)

0.2

—(V-46.7)/78

O —
CI,C
“ l+e
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(A.289)

(A.290)

(A.291)

(A.292)

(A.293)

(A.294)

(A.295)

(A.296)

(A.297)

(A.298)

(A.299)

(A.300)

(A.301)



Extracellular ion concentrations

Paramet Definition Value Reference
er
[ K+] Extracellular K* concentration 5,400 uM Bondarenko et al. [25]
[ Na*] Extracellular Na* concentration 140,000 uM Bondarenko et al. [25]
[Ca“] Extracellular Ca®" concentration 1,800 uM Bondarenko et al. [25]
Sarcoplasmic reticulum parameters
Paramet Definition Value Reference
er
v, Ca?" leak rate constant from the NSR 1.74- 1072571 Bondarenko et al. [25]
7, Time constant for transfer from NSR to JSR 0.02s Bondarenko et al. [25]
T Time constant for transfer from subspace to 0.008 s Bondarenko et al. [25]
e cytosol
Calmodulin and calsequestrin parameters
Paramete Definition Value Reference
r
[CMDN],, Total cytosolic calmodulin concentration 50.0 uyM Bondarenko et al. [25]
[CSON],, Total JSR calsequestrin concentration 15,000.0 uM Bondarenko et al. [25]
K CMDN Ca?" half-saturation constant for calmodulin 0.238 uM Bondarenko et al. [25]
m
K SN Ca?" half-saturation constant for 800.0 uM Bondarenko et al. [25]
i calsequestrin
Membrane current parameters
Paramete Definition Value Reference
r
C Specific membrane capacitance 1.0 uF/cm? Bondarenko et al. [25]
F Faraday constant 96.5 C/mmol Bondarenko et al. [25]
T Absolute temperature 298 K Bondarenko et al. [25]
R Ideal gas constant 8.314 I mol' K! Bondarenko et al. [25]




40

kNaCa Scaling factor for Na/Ca?* exchanger 275 pA/pF This paper
K, . Na" half-saturation constant for Na'/Ca?* 87,500 uM Bondarenko et al. [25]
e exchanger
K, . Ca?" half-saturation constant for Na™/Ca** 1,380 uM Bondarenko et al. [25]
e exchanger
k ) Na*/Ca?" exchanger saturation factor at very 0.27 This paper
* negative potentials
n Controls voltage dependence of Na*/Ca?* 0.35 Bondarenko et al. [25]
exchanger
Ijgl(aga) Maximum sarcolemmal Ca?" pump current 0.051 This paper
K Ca*" half-saturation constant for 0.5 uM Bondarenko et al. [25]
P | sarcolemmal Ca?* pump current
Gecab Maximum background Ca*" current 0.000284 mS/uF This paper
conductance
GNab Maximum background Na* current 0.0063 mS/uF This paper
conductance
GKm } Specific maximum conductivity for the 0.0 mS/uF Bondarenko et al. [25]
’ slowly inactivating transient outward K*
current
G, Specific maximum conductivity for the 0.0611 mS/puF Petkova-Kirova et al. [26]
* noninactivating steady-state K* current
G, Specific maximum conductivity for the 0.00575 mS/uF Bondarenko et al. [25]
) slow delayed rectifier K™ current
G’K Specific maximum conductivity for the 0.078 mS/uF Bondarenko et al. [25]
] rapid delayed rectifier K current
k. Rate constant for the rapid delayed rectifier 23.761 57! Bondarenko et al. [25]
/ K* current
k, Rate constant for the rapid delayed rectifier 36.778 57! Bondarenko et al. [25]
K" current
e Specific maximum conductivity for the 10.0 mS/pF Bondarenko et al. [25]
- Ca*"-activated CI” current
o Half-saturation constant for the Ca®'- 10.0 uM Bondarenko et al. [25]
' activated CI” current
E Reversal potential for the Ca?*-activated CI~ —40 mV Bondarenko et al. [25]

Cl

current
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Variable Definition Initial Value
AV Membrane potential —78.2787 mV
[Ca®"]i Myoplasmic Ca>" concentration 0.100157 uM
[Ca?"]ss Subspace SR Ca?" concentration 0.100157 uM
[Ca?"]5sk | Junctional SR Ca?" concentration 1081.23 M
[Ca®"Insk | Network SR Ca?" concentration 1081.23 M
[LTRPNCa] | Concentration Ca?" bound by low-affinity troponin binding sites 8.66981 uM
[HTRPNCa] | Concentration Ca”* bound by high-affinity troponin binding sites 123.369 uM
o L-type Ca®* channel conducting state (non-phosphorylated, caveolae) 0.320206 - 1071
Clcav L-type Ca®* channel closed state (non-phosphorylated, caveolae) 0.973685
szv L-type Ca®" channel closed state (non-phosphorylated, caveolae) 0.524483 - 1072
C;‘av L-type Ca®* channel closed state (non-phosphorylated, caveolae) 0.105944 - 10°*
C:av L-type Ca®* channel closed state (non-phosphorylated, caveolae) 0.951124 - 10°®
ce L-type Ca?* channel closed state (non-phosphorylated, caveolae) 0.320207 - 107"
I L-type Ca?* channel inactivated state (non-phosphorylated, caveolae) 0.308577 - 107!
I;’av L-type Ca®" channel inactivated state (non-phosphorylated, caveolae) 0.217536 - 1077
I;’av L-type Ca®" channel inactivated state (non-phosphorylated, caveolae) 0.209641 - 1077
O L-type Ca®* channel conducting state (phosphorylated, caveolae) 0.562222 - 1071°
P
Clcav L-type Ca®" channel closed state (phosphorylated, caveolae) 0.206347 - 107!
P
Czcav L-type Ca®" channel closed state (phosphorylated, caveolae) 0.421668 - 1073
P
CSCav L-type Ca®" channel closed state (phosphorylated, caveolae) 0.323128 - 107°
P
C:av L-type Ca®" channel closed state (phosphorylated, caveolae) 0.110051 - 1077
P
ce L-type Ca®" channel closed state (phosphorylated, caveolae) 0.140555 - 10710
P
I L-type Ca®" channel inactivated state (phosphorylated, caveolae) 0.541817 - 10710
P
];’av L-type Ca®" channel inactivated state (phosphorylated, caveolae) 0.100683 - 10°°
P
e L-type Ca®* channel inactivated state (phosphorylated, caveolae) 0.970287 - 1077
p
10 S L-type Ca®* channel conducting state (non-phosphorylated, extracaveolae) 0.286851 - 107!
Clecav L-type Ca®" channel closed state (non-phosphorylated, extracaveolae) 0.872261
C;fcav L-type Ca®* channel closed state (non-phosphorylated, extracaveolae) 0.469850 - 102

ecav
C3

L-type Ca?* channel closed state (non-phosphorylated, extracaveolae)

0.949082 - 107
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C:cav L-type Ca®* channel closed state (non-phosphorylated, extracaveolae) 0.852050 - 10°®
C;cav L-type Ca®* channel closed state (non-phosphorylated, extracaveolae) 0.286852 - 1071
]lecav L-type Ca®* channel inactivated state (non-phosphorylated, extracaveolae) 0.276420 - 107"
];’cav L-type Ca®* channel inactivated state (non-phosphorylated, extracaveolae) 0.194870 - 1077
];cav L-type Ca®" channel inactivated state (non-phosphorylated, extracaveolae) 0.187798 - 1077
OZCW L-type Ca®" channel conducting state (phosphorylated, extracaveolae) 0.328449 - 10°°
Cle;av L-type Ca®" channel closed state (phosphorylated, extracaveolae) 0.120548
Cze;av L-type Ca®" channel closed state (phosphorylated, extracaveolae) 0.246338 - 1072
C;;av L-type Ca®" channel closed state (phosphorylated, extracaveolae) 0.188771 - 107*
C:;av L-type Ca®" channel closed state (phosphorylated, extracaveolae) 0.642918 - 1077
C;;av L-type Ca?* channel closed state (phosphorylated, extracaveolae) 0.821123 - 10710
]le;av L-type Ca®" channel inactivated state (phosphorylated, extracaveolae) 0.316528 - 10°°
I;;av L-type Ca®" channel inactivated state (phosphorylated, extracaveolae) 0.588189 - 10°°
I;;av L-type Ca®* channel inactivated state (phosphorylated, extracaveolae) 0.566840 - 10°°
Chus Fast Na* channel closed state (non-phosphorylated) 0.436222
Crs Fast Na* channel closed state (non-phosphorylated) 0.132248 - 107!
CNal Fast Na* channel closed state (non-phosphorylated) 0.161178 - 1073
O,. Fast Na" channel open state (non-phosphorylated) 0.367777 - 10°°
IF,, Fast Na* channel inactivated state (non-phosphorylated) 0.153271 - 1073
I lNa Fast Na* channel inactivated state (non-phosphorylated) 0.146044 - 107
12, Fast Na* channel inactivated state (non-phosphorylated) 0.545874 - 1077
IC,,, Fast Na* channel inactivated state (non-phosphorylated) 0.125760 - 107!
IC,,; Fast Na* channel inactivated state (non-phosphorylated) 0.414822
CNa3p Fast Na* channel closed state (phosphorylated) 0.610809 - 107!
CNaZp Fast Na* channel closed state (phosphorylated) 0.185179 - 1072
Nalp Fast Na* channel closed state (phosphorylated) 0.225696 - 10
e Fast Na* channel open state (phosphorylated) 0.515006 - 1077
I FNap Fast Na* channel inactivated state (phosphorylated) 0.214630 - 10°*
[1Nap Fast Na* channel inactivated state (phosphorylated) 0.217162 - 107
I 2Nap Fast Na* channel inactivated state (phosphorylated) 0.301835 - 1077
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Fast Na* channel inactivated state (phosphorylated)

0.176099 - 1072

Na2p
IC,,, Fast Na* channel inactivated state (phosphorylated) 0.580859 - 107!
a3p
P., RyR channel closed state (non-phosphorylated) 0.996216
P., RyR channel closed state (non-phosphorylated) 0.961561 - 10
P, RyR channel open state (non-phosphorylated) 0.854737 - 1073
P, RyR channel open state (non-phosphorylated) 0.360412 - 10710
P, RyR channel closed state (phosphorylated) 0.367832 - 1072
p
P., RyR channel closed state (phosphorylated) 0.986431 - 107
P
P, RyR channel open state (phosphorylated) 0.526065 - 1077
P
P, RyR channel open state (phosphorylated) 0.369705 - 10712
P
[Na™]: Myoplasmic Na* concentration 10,508.5 uM
[K*)i Myoplasmic K* concentration 145,400 uM
e Fraction of phosphorylated phospholemman 0.225905
PLM ,p
ecav Fraction of non-phosphorylated Ix,r 0.908852
IKur p P
Aur Activation gate of non-phosphorylated Ixur 0.713943 - 107
Tur Inactivation gate of non-phosphorylated Ixur 0.996991
Qurp Activation gate of phosphorylated Ixy 0.713943 - 1073
furp Inactivation gate of phosphorylated Ik, 0.996991
fecan Fraction of phosphorylated Ik ¢ 0.252661
IKto,
Qiof Activation gate of non-phosphorylated Ik, ¢ 0.533799 - 1072
Lto,f Inactivation gate of non-phosphorylated Ik ¢ 0.999945
Qio,fp Activation gate of phosphorylated Ikior 0.111499 - 1072
Itofp Inactivation gate of phosphorylated Ik ¢ 0.999983
oyt Fraction of phosphorylated phospholamban 0.186637
PLB,p i
fcyt Fraction of phosphorylated troponin | 0.364102
Tnl,p
P RyR modulation factor 0.254152 - 107"
RyR
AKss Activation gate of Ixss 0.713943 - 103
Cko mERG channel closed state 0.997365
Cki mERG channel closed state 0.135218 - 102
Ck2 mERG channel closed state 0.873596 - 1073
Ok mERG channel open state 0.332600 - 1073
Ik mERG channel inactivated state 0.763767 - 10

[Rﬁl ];?I‘(}A,tot

Concentration of total $;-ARs phosphorylated by PKA (caveolae)

0.799452 - 103 pM
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[ Rﬁ’l ]E?I:Kltot Concentration of total $;-ARs phosphorylated by GRK2 (caveolae) 0.626341 - 102" uM
[G.] Concentration of active Gy, subunit (caveolae) 0.132189 - 102 uM
s da,GTP
[G ]Cﬂav Concentration of Gspy subunit (caveolae) 0.180824 - 102 uM
sdpy
[G. ™ Concentration of inactive Gg, subunit (caveolae) 0.487356 - 107 uM
s da,GDP
[ Rﬁl ]e;c;; Concentration of total $;-ARs phosphorylated by PKA (extracaveolae) 0.478002 - 107! uM
Ltot
[ Rﬁ’l ]chg;sz Concentration of total $;-ARs phosphorylated by GRK2 (extracaveolae) 0.626341 - 102" uM
[G ] Concentration of active Gy, subunit (extracaveolae) 0.230801 - 10~' pM
s da,GTP
(G ]Eﬁmv Concentration of Ggp, subunit (extracaveolae) 0.237276 - 107! uM
sd4p8y
G e Concentration of inactive Gy, subunit (extracaveolae) 0.648475 - 10 uM
(G, 1a.opp
[ Rﬁl ]%A Concentration of total ;-ARs phosphorylated by PKA (cytosol) 0.155949 - 102 uM
Ltot
[ Rﬂl [ Concentration of total p;-ARs phosphorylated by GRK2 (cytosol) 0.626341 - 102" uM
Jtot
cyt Concentration of active G, subunit (cytosol) 0.331511 - 10 uM
(G, 126rr
[G ]zyt Concentration of Gy, subunit (cytosol) 0.663570 - 103 uM
sdpy
cyt Concentration of inactive G, subunit (cytosol) 0.333058 - 10 uM
(G, 1z.op
[cAMPTY., cAMP concentration produced by AC5/6 (caveolae) 0.000000 uM
[cA MP]%Z , cAMP concentration produced by AC4/7 (extracaveolae) 0.000000 uM
[cA MP]% “ cAMP concentration produced by AC5/6 (cytosol) 0.000000 uM
[cA MP]% i cAMP concentration produced by AC4/7 (cytosol) 0.000000 pM
[PD E3];av Concentration of phosphorylated PDE3 (caveolae) 0.125103 - 107! uM
[PD E4];av Concentration of phosphorylated PDE4 (caveolae) 0.580798 - 102 uM
[cAMP]% ., cAMP concentration degraded by PDE2 (caveolae) 0.000000 pM
[cAMP]% cAMP concentration degraded by PDE3 (caveolae) 0.000000 uM
[cAMPI ., cAMP concentration degraded by PDE4 (caveolae) 0.000000 uM
[PD E4];Cuv Concentration of phosphorylated PDE4 (extracaveolae) 0.158226 - 107! uM
[cAMPISS cAMP concentration degraded by PDE2 (extracaveolae) 0.000000 uM
[cAMPI cAMP concentration degraded by PDE4 (extracaveolae) 0.000000 uM
[PD E3];yt Concentration of phosphorylated PDE3 (cytosol) 0.120998 - 102 uM
[PDE 4];yt Concentration of phosphorylated PDE4 (cytosol) 0.373102 - 102 uM
[cAMP]Z .., cAMP concentration degraded by PDE2 (cytosol) 0.000000 pM
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[cAMP]3 - cAMP concentration degraded by PDE3 (cytosol) 0.000000 pM
[cAMPIZ! .., cAMP concentration degraded by PDE4 (cytosol) 0.000000 pM
[cAMPYS, cAMP concentration change due to binding to PKA (caveolae) 7.92317 uM
[ A RC]“’V Concentration of PKA RC dimer with 1 cAMP molecule bound (caveolae) 0.299288 uM
[ A RC]CW Concentration of PKA RC dimer with 2 cAMP molecules bound 0.303358 - 107! uM
: (caveolae)
[A R]cav Concentration of PKA R subunit with 2 cAMP molecules bound 0.858440 uM
: (caveolae)

[CT™ Concentration of free PKA catalytic subunit (caveolae) 0.459397 - 107" uM
[PKICT™ Concentration of PKI inactivated PKA catalytic subunit (caveolae) 0.823499 uM
[cAM, p];cgl cAMP concentration change due to binding to PKA (extracaveolae) 6.74029 uM
[ AR C]ecav Concentration of PKA RC dimer with 1 cAMP molecule bound 0.653988 uM

(extracaveolae)
[ AR C]ecav Concentration of PKA RC dimer with 2 cAMP molecules bound 0.132861 uM

2 (extracaveolae)

[A,R]* Concentration of PKA R subunit with 2 cAMP molecules bound 1.17000 uM
2 (extracaveolae)

[C]ecav Concentration of free PKA catalytic subunit (extracaveolae) 0.147623 uM
[PKICT Concentration of PKI inactivated PKA catalytic subunit (extracaveolae) 1.03338 uM
[cA MP];y;(A cAMP concentration change due to binding to PKA (cytosol) 9.32461 uM

[ A RC]‘W Concentration of PKA RC dimer with 1 cAMP molecule bound (cytosol) 0.996350 - 107! uM
[4, RC]Cyt Concentration of PKA RC dimer with 2 cAMP molecules bound (cytosol) | 0.140099 - 10~! uM
[4, R]Cyt Concentration of PKA R subunit with 2 cAMP molecules bound (cytosol) 0.273868 uM

[C]C,vt Concentration of free PKA catalytic subunit (cytosol) 0.665022 - 10" uM
[P KIC]C“W Concentration of PKI inactivated PKA catalytic subunit (cytosol) 0.218365 uM
[In hl’bl];yfmt Concentration of total phosphorylated PP1 inhibitor 1 (cytosol) 0.213571 - 107! uM
[cAMP]™ Concentration of cAMP in caveolae 0.253399 uM
[cAMP]“" Concentration of cAMP in extracaveolae 0.507889 uM
[cAMP]™ Concentration of cAMP in cytosol 0.407775 uM




