
Appendix A. Equations for ”Modeling -adrenergic control of
cardiac myocyte contractility in silico”

1 -adrenergic receptor module

[Ltot] [LR] [LRG] [L] = 0

[ 1ARact] [LR] [LRG] [RG] [ 1AR] = 0

[Gstot] [RG] [LRG] [Gs ] [Gs] = 0
d([ 1ARact])

dt
= {k ARK [ 1AR_S464] k ARK+([LR] + [LRG])}+
{kPKA [ 1AR_S301] kPKA+[PKACI ][ 1ARact]}

d([ 1AR_S464])
dt

= k ARK+([LR] + [LRG]) k ARK [ 1AR_S464]
d([ 1AR_S301])

dt
= kPKA+[PKACI ][ 1ARact] kPKA [ 1AR_S301]

where:
[LR] = [L][ 1AR]/KL; [LRG] = [L][ 1AR][Gs]/(KL ·KR); [RG] = [ 1AR][Gs]/KC

2 Gs activation module
d([Gs GTPtot])

dt
= kgact([RG] + [LRG]) khyd[Gs GTPtot]

d([Gs ])
dt

= kgact([RG] + [LRG]) kreassoc[Gs GDP ][Gs ]
d([Gs GDP ])

dt
= khyd[Gs GTPtot] kreassoc[Gs GDP ][Gs ]

3 cyclic AMP metabolism module

[Gs GTPtot] [Gs GTP ] [Gs GTP : AC] = 0

[ACtot] [Gs GTP : AC] [AC] = 0

[PDEtot] [PDEinhib] [PDE] = 0

[IBMXtot] [PDEinhib] [IBMX] = 0
d([cAMPtot])

dt
= kAC basal[AC][ATP ]

Km basal+[ATP ]
+ kAC Gs [Gs GTP :AC][ATP ]

Km Gs GTP+[ATP ]
kPDE [PDE][cAMP ]
Km PDE+[cAMP ]

where [Gs GTP : AC] = [Gs GTP ][AC]/KGs ; [PDEinhib] = [PDE][IBMX]/KIBMX

4 PKA activation module

[cAMPtot] ([ARCI ] + 2[A2RCI ] + 2[A2RI ]) ([ARCII ] + 2[A2RCII ] + 2[A2RII ]) [cAMP ] = 0
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2[PKAItot] ([RCI ] + [ARCI ] + [A2RCI ] + [PKACI : PKI]) [PKACI ] = 0

2[PKAIItot] ([RCII ] + [ARCII ] + [A2RCII ] + [PKACII : PKI]) [PKACII ] = 0

where:
[RCI ] =

KA·KB

[cAMP ]2
[PKACI ]
KD

([PKACI ] + [PKACI : PKI])

[ARCI ] =
KA

[cAMP ]
[PKACI ]
KD

([PKACI ] + [PKACI : PKI])

[A2RCI ] =
[PKACI ]
KD

([PKACI ] + [PKACI : PKI])

[A2RI ] = [PKACI ] + [PKACI : PKI]

[RCII ] =
KA·KB

[cAMP ]2
[PKACII ]

KD
([PKACII ] + [PKACII : PKI])

[ARCII ] =
KA

[cAMP ]
[PKACII ]

KD
([PKACII ] + [PKACII : PKI])

[A2RCII ] =
[PKACII ]

KD
([PKACII ] + [PKACII : PKI])

[A2RII ] = [PKACII ] + [PKACII : PKI]

[PKI] = KPKI [PKItot]
KPKI+[PKACI ]+[PKACII ]

[PKACI : PKI] =
[PKACI ][PKItot]

KPKI+[PKACI ]+[PKACII ]

[PKACII : PKI] =
[PKACII ][PKItot]

KPKI+[PKACI ]+[PKACII ]

5 Phospholamban regulation module
d([PLBp])

dt
= kPKA PLB [PKACI ][PLB]

KmPKA PLB+[PLB]
kPP1 PLB[PP1][PLBp]
KmPP1 PLB+[PLBp]

d([PLB])
dt

= kPP1 PLB[PP1][PLBp]
KmPP1 PLB+[PLBp]

kPKA PLB[PKACI ][PLB]
KmPKA PLB+[PLB]

d([Inhib1ptot])
dt

= kPKA Inhib1[PKACI ][Inhib1ptot]
KmPKA Inhib1+[Inhib1ptot]

VmaxPP2A Inhib1[Inhib1ptot]
KmPP2A Inhib1+[Inhib1ptot]

d([Inhib1])
dt

= VmaxPP2A Inhib1[Inhib1ptot]
KmPP2A Inhib1+[Inhib1ptot]

kPKA Inhib1[PKACI ][Inhib1ptot]
KmPKA Inhib1+[Inhib1ptot]

[Inhib1ptot] [PP1 : Inhib1p] [Inhib1p] = 0

[PP1tot] [PP1 : Inhib1p] [PP1] = 0

where: [PP1 : Inhib1p] = [PP1][Inhib1p]/KInhib1

6 L-type Calcium Channel regulation module

6.1 2 subunit
d([LCC 2p])

dt
= kPKA LCC [PKACII ][LCC 2]

KmPKA LCC+ [LCC 2]
kPP1 LCC [PP1LCC ][LCC 2p]
KmPP1 LCC+ [LCC 2p]

d([LCC 2])
dt

= kPP1 LCC [PP1LCC ][LCC 2p]
KmPP1 LCC+ [LCC 2p]

kPKA LCC [PKACII ][LCC 2]
KmPKA LCC+ [LCC 2]
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6.2 Mode Normal
d(P [1])
dt

= LCCP [2] + LCCP [7] (4 LCC + LCC)P [1] PHOSPH[1]
d(P [2])
dt

= 4 LCCP [1] + 2 LCCP [3] +
LCC

2 P [8] ( LCC + 3 LCC + 2 LCC)P [2] PHOSPH[2]
d(P [3])
dt

= 3 LCCP [2] + 3 LCCP [4] +
LCC

22 P [9] (2 LCC + 2 LCC + 2
2
LCC)P [3] PHOSPH[3]

d(P [4])
dt

= 2 LCCP [3] + 4 LCCP [5] +
LCC

23 P [10] (3 LCC + LCC + 2
3
LCC)P [4] PHOSPH[4]

d(P [5])
dt

= LCCP [4] + gnLCCP [6] + LCC

24 P [11] (4 LCC + fnLCC + 2
4
LCC)P [5] PHOSPH[5]

d(P [6])
dt

= fnLCCP [5] gnLCCP [6] PHOSPH[6]

6.3 Mode Ca
d(P [7])
dt

= LCC

2 P [8] + LCCP [1] (4 · 2 LCC + LCC)P [7] PHOSPH[7]
d(P [8])
dt

= 4 · 2 LCCP [7] + LCCP [9] + 2 LCCP [2] ( LCC

2 + 3 · 2 LCC + LCC

2 )P [8] PHOSPH[8]
d(P [9])
dt

= 3 ·2 LCCP [8]+
3 LCC

2 P [10]+22 LCCP [3] ( LCC+2 ·2 LCC+ LCC

22 )P [9] PHOSPH[9]
d(P [10])

dt
= 2·2 LCCP [9]+2 LCCP [11]+2

3
LCCP [4] (3 LCC

2 +2 LCC+ LCC

23 )P [10] PHOSPH[10]
d(P [11])

dt
= 2 LCCP [10]+gcLCCP [12]+2

4
LCCP [5] (4 LCC

2 +fcLCC + LCC

24 )P [11] PHOSPH[11]
d(P [12])

dt
= fcLCCP [11] gcLCCP [12] PHOSPH[12]

6.4 Mode P
d(P [13])

dt
= LCCP [14] + LCCP [19] (4 LCC + LCC)P [13] + PHOSPH[1]

d(P [14])
dt

= 4 LCCP [13]+2 LCCP [15]+
LCC

2 P [20] ( LCC +3 LCC +2 LCC)P [14]+PHOSPH[2]
d(P [15])

dt
= 3 LCCP [14]+3 LCCP [16]+

LCC

22 P [21] (2 LCC+2 LCC+2
2
LCC)P [15]+PHOSPH[3]

d(P [16])
dt

= 2 LCCP [15]+4 LCCP [17]+
LCC

23 P [22] (3 LCC+ LCC+2
3
LCC)P [16]+PHOSPH[4]

d(P [17])
dt

= LCCP [16]+ gpLCCP [18]+ LCC

24 P [23] (4 LCC + fpLCC +2
4
LCC)P [17]+PHOSPH[5]

d(P [18])
dt

= fpLCCP [17] gpLCCP [18] + PHOSPH[6]

6.5 Mode CaP
d(P [19])

dt
= LCC

2 P [20] + LCCP [13] (4 · 2 LCC + LCC)P [19] + PHOSPH[7]
d(P [20])

dt
= 4·2 LCCP [19]+ LCCP [21]+2 LCCP [14] ( LCC

2 +3·2 LCC+ LCC

2 )P [20]+PHOSPH[8]
d(P [21])

dt
= 3·2 LCCP [18]+

3 LCC

2 P [20]+22 LCCP [15] ( LCC+2·2 LCC+ LCC

22 )P [21]+PHOSPH[9]
d(P [22])

dt
= 2·2 LCCP [17]+2 LCCP [19]+2

3
LCCP [16] (

3 LCC

2 +2 LCC+ LCC

23 )P [22]+PHOSPH[10]
d(P [23])

dt
= 2 LCCP [16]+gcLCCP [24]+2

4
LCCP [17] ( 4 LCC

2 +fcLCC+ LCC

24 )P [23]+PHOSPH[11]
d(P [24])

dt
= fcLCCP [23] gcLCCP [24] + PHOSPH[12]

where: PHOSPH[i] = kPKA LCC [PKACII ]P [i]
KmPKA LCC+ [LCCtot]P [i]

kPP2A LCC [PP2ALCC ]P [i+12]
KmPP2A LCC+ [LCCtot]P [i+12]

;

LCC = 400e
(Vm+12)/10; LCC = 50e

(Vm+12)/13; LCC = oLCC [Cai];
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Appendix B. Parameters for ”Modeling -adrenergic control of
cardiac myocyte contractility in silico”

7 -adrenergic receptor module

Parameter Value Units Source
[Ltot] 0..100 µM [1]
[ 1ARtot] 0.0132 µM [1],[2],[3]
[Gstot] 3.83 µM [1]
KL 0.285 µM [4]
KR 0.062 µM [4]
KC 33 µM [5]
k ARK+ 0.0011             sec--1 [5]
k ARK 2k ARK+ sec 1 [5]
kPKA+ 0.0036 sec 1 ·µM 1 [5],[6]
kPKA 0.62kPKA+ sec 1 [5],[6]

8 Gs activation module
Parameter Value Units Source
kgact 16 sec 1 [7],[8]
khyd 0.8 sec 1 [7],[8]
kreassoc 1.2e3 sec 1 ·µM 1 [9]

9 cyclic AMP metabolism module

Parameter Value Units Source
[ACtot] 0.0497 µM [1]
[ATP ] 5.0e3 µM [10]
[PDEtot] 0.039 µM [11],[12]
[IBMXtot] 0..1e3 µM [13]
KGs 315 µM [14]
KIBMX 30 µM [15]
kAC basal 0.2 sec 1 [16]
Km basal 1.03e3 µM [16]
kAC Gs 8.5 sec 1 [16]
Km Gs GTP 315 µM [16]
kPDE 5 sec 1 [11]
Km PDE 1.3 µM [11]
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10 PKA activation module

Parameter Value Units Source
[PKAItot] 0.59 µM [17],[18]
[PKAIItot] 0.025 µM [10]
[PKItot] 0.18 µM [19],[20]
KA 9.14 µM [21],[22]
KB 1.64 µM [21],[22]
KD 4.375 µM [23]
KPKI 2e-4 µM [19],[20]

11 Phospholamban regulation module

Parameter Value Units Source
[PLBItot] 106 µM [10],[24]
[PP1tot] 0.89 µM [25],[26]
[Inhib1tot] 0.3 µM [25]

10 none [27]
kPKA PLB 54 sec 1 [28],[29]
KmPKA PLB 21 µM [29]
kPP1 PLB 8.5 sec 1 [26],[30]
KmPP1 PLB 7.0 µM [26],[30]
kPKA Inhib1 60 sec 1 [31]
KmPKA Inhib1 1.0 µM [31]
VmaxPP2A Inhib1 14 µM· sec 1 [25],[30]
KmPP2A Inhib1 1.0 µM [25],[30]
KInhib1 1e-3 µM [25]
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12 L-type Calcium Channel regulation module

Parameter Value Units Source
[LCCtot] 0.025 µM [10]
[PP1LCC ] 0.025 µM [10]
[PP2ALCC ] 0.025 µM [10]

10 none [27]
kPKA LCC 54 sec 1 [28],[29]
KmPKA LCC 21 µM [29]
kPP1 LCC 8.5 sec 1 [26],[30]
KmPP1 LCC 3.0 µM [30]
kPP2A LCC 10.1 sec 1 [30]
KmPP2A LCC 3.0 µM [30]
LCC 10 sec 1 [32]
oLCC 2.8e3 sec 1 [32]
fnLCC 200 sec 1 [32],[33],[34]
gnLCC 2.0e3 sec 1 [32]
fcLCC 5.0 sec 1 [32]
gcLCC 7.0e3 sec 1 [32]
fpLCC 800 sec 1 [33],[34]
gpLCC 2.0e3 sec 1 [32]
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