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MODEL STATE VARIABLES
Pacemaker Unit State Variables

Cs1 — Subspace 1 [Ca®']

Cs, — Subspace 1 [Ca™"]

Crr — Endoplasmic Reticulum [Ca®']
Cur — Mitochondrial [Ca®']

Ns; — Subspace 1 [Na']

H — IP;R Control Variable

¢ —IP;R Recovery Variable

Whole Cell Current Gating Variables

dr — Icamy Activation Rate
J1 — Ica(r) Inactivation Rate
Or — Icqry Open Probability
dvl.l - IK(Vl.l) Activation
Jvi.1 — Ixi.1y Inactivation
derc — IxerG) Activation

Global Variables

V., — Membrane Potential
Ccy — Bulk Cytoplasmic [Ca®']
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MoDEL CONDUCTANCES
Pacemaker Unit Conductances
Plasma Membrane Conductances

I, — Inward Ca*" Current
In, — Inward Na™ Current
Insce — Non-Selective Cation Conductance

Ioyi — Plasma Membrane Ca® -ATPase
Inop — Outward Na* Pump

Intracellular Ca’" Fluxes

Jserea — Sarco-Endoplasmic Reticulum Ca*-ATPase
Jier — [P35 Receptor Ca”" Flux

Jyvcu — Mitochondrial Ca** Uniporter

Jnex — Mitochondrial Na“/Ca*" Exchanger

Jsis> — Subspace 1/Subspace 2 Ca>* Diffusion

Jsacy — Subspace 2/Bulk Cytoplasmic Ca*" Diffusion

Bulk Cytoplasmic Subspace Conductances
Plasma Membrane Conductances

Icary — T-Type Ca®* Current

Tcaext) — Ca’" Extrusion Pump

IK(Vl.l) — K(Vll) K+ Current

Ix@rc) — Ether-a-go-go K" Current

Ixs — Background K" Current

I; — Non-Selective Inward Current

Intracellular Ca’" Fluxes

Jcy — Bulk Cytoplasmic Intracellular Ca”" Flux
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PACEMAKER UNIT MODEL EQUATIONS
Plasma Membrane Conductances

2+
Ca”" Currents

[Ca :gCa(Vm _ECa)

j— - kCan
8ca = 8ca®

C 2
Tpy = 8pm (%]
Kpy™ +Cgy

Na' Currents
[Na = gNa(Vm _ENa)

N hNaP
INap = ENap thl T (ENaP_Vm)
Kyap ™ +Ngp ™

Non-Selective Cation Current

Insce(z) = &nscez) (Vm —Exsce )
hNSCC
Ksce J

gnsce(z) = gNscc(z){K Iysee C ysce
NSCC T s

where Z = Ca or Na

Nernst Potentials
RT C
ECa = loge( s ]
ZCaF CSI
RT N,
ENa = loge( © ]
Z\F Ng,

Conductance Rate Scale Factor

nPU(Base)
VScale = n
PU

Aggregate Plasma Membrane Conductances

Tica =Vscate (1 ca T Ipm +1 NSCC(Ca))
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Iina = Vscate (1 Na T Inap + Insco(Na) )
Iionpu(i) = ]iCa + IiNa

Intracellular Ca®* Fluxes

ER Cd’* Fluxes

Vserca (Csi — 4,Crr)
1+ 44Cg) + AsCppr + AgCsCpr

4

PpH

JipR :kIPR[—P¢ i¢ ] (CER _Csz)
1 -1

J. SERCA —

Mitochondrial Ca’" Fluxes

C 2
_ s2
Jmcu = Vwcu > 5 |€INH
Kyicu™ +Csa

K INH hINH

h, h
KINH INH 4 CMT INH

C
Jnex =V, -———Jﬂl———j
NCX NCX[KNCX + CMT

Inter-Compartmental Volume Ca’" Diffusion

EINH =

Isisa, = Hsisa, (Csz(,) —Csy, )

i—1
Hs1s2, = HA + (up _/UA{” _J
PU

Jsrcy, = (Cey, ~Cso, )
S2cy,, = Msacy, \Foy sy,

NB —usacy values (for npy = 5-10, 15, 20 & 25) are given in Table S5

IP3R Rate Equations

@ = kR, +1,Cs,
R +C,
b= (kg +72)Rs
R; +Cq,
by = kyRs +14Cs)
R; +Cy,
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g¢3§

Py (ot B ian)
H(w} L Ce
Cs) K¢3(inh)

IP;R Recovery Variable Equations

Mitochondrial Ca?* Buffering Rate

1
KmBm
(Km + CMT )2

JSm =
1+

Compartmental Volume Ratio

rx

7Yy
where X, Y =S;, Sy, ER or MT

/1X/Y =

State Variable Derivatives

dCy, 5s(PU)
=Jaier + A INeX —|
It S182 MT/S, ¥ NCX (Vscale Zca
dC
dts = Jsacy + Aers, TR — s s, Isis2 ~ Avmss, I vcu
dCgr
r SERCA IPR
dC
dMT = fm (JMCU - JNCX )
t
dNg, _ | Is(pu)
= 1 iNa
dt VScaleZ Na
dH Pao
zyzﬁa—H%{giﬁLJH
& +o
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BULK CYTOPLASMIC SUBSPACE MODEL EQUATIONS
Plasma Membrane Conductances

2+
Ca”" Currents

ICa(T) = gCa(T)OT (Vm - ECa(T)) (S37)
Ce

I = I — S38
Ca(Ext) gCa(Ext)(Kca(EXt) + CCyJ ( )

K" Currents

IK(VI.I) :gK(vl.l)del le(Vm _EK) (539)

IK(ERG) = gK(ERG)dERG (Vm —Ey ) (540)

IK(B) = gK(B)(Vm - EK(B)) (541)

Other Currents

L =g ,-E) (S42)
Nernst Potentials
K
Ey = RT log,| =< (S43)
ZF K;

Aggregate Currents

Tion,, = Ica(r) + Lca(Ext) T Ix(v1.1) * Ik (ERG) T Tk (B) T 1L (S544)
Intracellular Ca?* Fluxes

Jey = Hey (Coo - CCy) (S43)
lonic Current Gating Differential Equations

Icar) Current

dO;

7 = aordr fr — BorOr (S46)
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dXT _ XToo _XT
dt TxT
forX=dorf

K" Currents

dX
E:ax(l_X)_ﬂxX

for X=d,1.1, fv1.1, derG

Global State Variable Derivatives

dv, 1 X
Ttm = _a Iioncy + ;IionpU (l):|
dCc S Is(c
a L= Jey = Asacy ZJSZCy(,) —[ &) ][]Ca(T) + ]Ca(Ext)]
t i=1 ZCa
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PACEMAKER UNIT MODEL PARAMETERS

Plasma Membrane Conductances

2+
Ca”" Currents

Sca 0.074 pS| S2 | Fup | |kea 0013mV'| S2 [Fup
Zpm 675 fA| S3 | Fup | [Kpm 1uM| S3 (1)
Na' Currents
2N 13.5pS| S4 | Fup | |onap 187.5pS| S5 |Fup
Enap 10mV| 85 [ 2" | |Knar 1x10°uM| S5 [ Fue
hNap 4/ S5 | Fup
Non-Selective Cation Conductance
ENSCC 0mV| S6 (3) gNSCC(Ca) 0.1 pS S7 FUP*
ENSCC(Na) 160 pS| S7 | Fup | |Knsce 0.12uM| S7 Fup
hxsce 4 S7 1 3
Intracellular Ca”* Fluxes
Endoplasmic Reticulum Ca” Conductances
kIPR 2000 S_] S15 FUP VSERCA 1x 105 S_] S14 FUP
A, 6x 107 S14 | Fup | |44 3.57uMY| S14 | (4)
As 27x10° uM ! S14 | (4) | |46 231x10° uM?| S14 | @)
Mitochondrial Ca’" Conductances
Vmeu 800 uM s S16 | Fup | |Kmcu 10 uM| S16 ()
Kinu 10 uM| S17 | Fup | |hnn 4/ S17 Fup
V'Nex 3uMs™| S18 Fur | |Knex 0.30 uM| SI8 (6)
K 0.01 uM| S29 | Fyp | |Bm 1000 uM|  S29 Fup
Intracellular Ca”* Diffusion Rates
PA | 0305820 | Fur | | | 024s' S20 |Fup
IP3;R Rate Parameters
Instantaneous Rate Equations
ki 0s']822 | Fup | |k 64s' S23 | Fw
k> 457824 | Fup | |2 250s| S22 | Fwp
72 0uMs'| S23 | Fup | |r4 750s'| S24 | Fup
R 36 uM| S22 | (7) | |Rs 300 uM| S23,824 | (7)
@3 Rate Parameters
243 455825 | Fur | [Kisae 0.1 uM| S25 | Fup
Kd)3(inh) 0.5 MM S25 FUP h¢3(act) 3 S25 FUP
ho3(inh) 3| S25 | Fup
¢ Rate Parameters
2, 0.855'| 827 | Fupr | |gg 1.5x10°s'| S28 | Fup
Kp 0.35 uM| S28 | Fup | |hg 4| S28 Fup

Table S1 — Pacemaker Unit Model Equation Parameters

Numbers in parenthesis denotes literary reference. Fup denotes that parameter was fitted
to reproduce unitary potential characteristics (see “Parameter Estimation” from Ref. (8)).

* denotes parameter was modified from original model.
** denotes parameter was added to model framework.
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WHOLE CELL CURRENT EQUATION PARAMETERS

Plasma Membrane Conductances
Ca’* Currents
LCa(T) 800 pS S37 FSW ECa(T) 17 mV S37 (8)
ZCa(Ext) 100 fA|  S38 Fsw | [KcaeExy 1.0 uM| S38 Fsw
K" Currents
K (v1.1) 10 pS S39 FSW ZK(ERG) 6 pS S40 FSW
LK(B) 13.5 pS S41 FSW EK(B) -70 mV S41 FSW
Other Currents
oL | 08pS| S42 [ Fsw ||EL [ omv] s42 | (3)
Intracellular Ca®* Fluxes
[y [ 135 845 [Few [[Cc [ 012uM[ 845 [ Fow
Gating Variable Rate Equations
Or Rate Equations
aor | 2405 S46 | Fsw ||for | 725" 846 | Fsw
dr Rate Equations
kat -0.60 mV! S48 9) ||Var -53mV| S48 (9)
Adra) 0.0025s| S49 9)
r Rate Equations
ket 1 mV! S48 9) ||Vir -65mV| S48 (9)
Aﬂ‘(l) 0.019 s S50 (9) Afr(z) 6.75s S50 (9)
Afr(g) 2 mV'l S50 (9) AfT(4) -40 mV S50 (9)
d,1.; Rate Equations
Adv(i) 1000 s S52,853 | (10) ||Aave 0.80| S52,S53 | (10)
Adav) -0.13 mV'| $52,853 (10) |]|4ava 25 mV| S52,S53 | (10)
1.1 Rate Equations
A 333 5| S52,853 10) |l4ne 0.10] S52,S53 | (10)
An3) 0.23 mV™'| S52,S53 (10) ||Asa 44.8 mV| S52,S53 | (10)
derg Rate Equations
AdERG(1) 1000 s™'| S52,S53 (10) ||4derG) 0.70| S52,S53 | (10)
AdERG(3) -0.56 1’IlV_1 852,853 (10) AdERG(4) 30 mV 852,853 (10)

Table S2 — Whole Cell Current Model Equation Parameters
Numbers in parenthesis denotes literary reference. FSW denotes that parameter was fitted

to reproduce slow wave characteristics (see “Parameter Estimation” section in
manuscript).
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CELL CONSTANTS AND GLOBAL PARAMETERS

Universal Constants

R 8.31 x 10° aJ zmol' K'| $8,89,843 | [T 310.16 K| S8,89,543
F 9.649 x 10 fC zmol'| $8,59,543

lon/Metabolite Concentrations
Co 1.8x10° uM| S8 No 140x 10° uM|  S9
Ko 54x10° uM|  S43 K; 145x10° uM|  S43
P 1 uM| S15,836

lon Valency
Zca 258,831,555/ |Zna 1| S9,835
7k 1| S43

Compartmental Volume Ratios
%1 100  S30 %o 1| S30
%R 200  S30 AT 200/  S30
oy 1000  S30

Cell Constants
Ssicy) 2x10°uM C!| 855 Sseu) 9.25 uM C'| S31,835
Cm 20 pF S54 NPU(Base) 50 S10

Table S3 — Model Cell Constants and Other Global Parameters

INITIAL STATE VARIABLE VALUES

Pacemaker Unit State Variables
Csi 0.120 uM|| Csz 0.023 uM
Cer 200 uM|| Cur 0.200 uM
Nsi 1.01 x 10 uM|| H 0.200
¢ 0.300
Whole Cell Current Gating Variables
dr 0.010||fr 0.001
Ot 0.000||dy 1 0.000
vl.1 1000 dERG 0000
Global Variables
Ve | 70 mV[[Cey ] 0.12 uM

Table S4 — Model State Variable Initial VValues
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SUBSPACE 2/BULK CYTOPLASM Ca®" DIFFUSION RATES

PU # Npy =5 Npy =6 Npy =7 Npy =8 Npy =9 npy = 10 npy = 15 Npy = 20 Npy = 25
1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 0.4788 0.4133 0.4071 0.3662 0.3520 0.3361 0.2150 0.1544 0.1136
3 0.6843 0.5577 0.4752 0.4253 0.3850 0.3658 0.4367 0.3260 0.2489
4 0.9335 0.7464 0.6244 0.5441 0.4829 0.4357 0.5096 0.4981 0.3872
5 1.1673 0.9389 0.7818 0.6750 0.5935 0.5351 0.4565 0.4844 0.5217
6 1.1184 0.9388 0.8062 0.7095 0.5672
7 0.9357 0.8240 0.4886
8 0.9325 0.4790
9 0.5179
10 0.5282
11 0.5536
12 0.5883
13 0.6200
14 0.6541
15 0.6935
16 0.7305
17 0.7684
18 0.8036
19 0.8343
20 0.8712
21 0.9092
22 0.9435
23 0.9768

24
25
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DOSE-RESPONSE SIMULATIONS

The following is of the dose-response simulations that have been included in the
supplementary materials:

Figure 1 — Decreased [Ca®Jo
Figure 2 — Decreased [Na'Jo
Figure 3 — Increased [K o
Figure 4 — Varying [IP3]
Figure 5 — Jxcx Inhibition
Figure 6 — Ix(krc) Inhibition

The format of each dose-response simulation figure is comprised of 9 subplots (4-7). The
subplots A-H are seperated into two columns, the first column illustrating the simulated
Vm response and the second the pacemaker unit discharge rastergram. Each row, within
this subplot group, is the response generated by the proportional change in the target
parameter (see Table 5 of the manuscript) which indicated by the key given in subplot /.
The final subplot (/) shows the change in the slow wave characteristic values from
control conditions, a list of which is given below:

MDP (mV),

Amplitude (mV) ,
{dVin/dt} max (mV s7) , and
Frequency (cpm)
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PACEMAKER UNIT FIRING DISTRIBUTION
Inverse Distribution Function

The cumulative distribution function, yAr) that describes pacemaker unit discharge over
time is given by the 2-parameter Boltzmann function as follows:

1
v()=——1 (S.AD)
l+e

Therefore, in order to determine the time at which a proportion, Py, of the pacemaker unit
population has fired, we invert yAr) as follows:

. 1 1
t=y'(P)=T, ——log{——lj (S.A2)
k, P,

Pacemaker Unit Firing Probability

If a pacemaker unit population is comprised of npy units, then each pacemaker unit
represents a proportion of 1/npy of the entire population. Therefore, the proportion of the
population which has fired after the discharge of i pacemaker units is given by the
equation:

(S.A3)

Note that as we are making a discrete approximation to a continuous distribution, this
proportion is fixed as the midpoint of the interval over which it represents (i.e., 1/npy).

ie. Pyy=—- I _2i-l (S.A4)

npy 2npy  2npy

Substituting eqn. (S.A4) into eqn. (S.A2) therefore gives the time at which the i™

pacemaker unit will discharge:

t=T —iloge(z’?”f —1] (S.A5)

i v k
174

Pacemaker Cycle Landmark
As (t) can be shifted in time to coincide with any arbitrary landmark point within the

slow wave cycle, then the value of Ty is also arbitrary. Therefore, y(t) was fixed such
that the firing of the first pacemaker unit was set at # = 0. This is due to the fact that this is
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a landmark point which is common to any pacemaker unit population, independent of
size. Subtituting = 0 into eqn. (S.A5) and rearranging gives:

1 1
T :—log{——l] (S.A6)
"ok T P

From eqn. (S.A4), we know that Py1y = 1/(2npy). Therefore, substituting eqn. (S.A4) into
(S.A6) gives the following equation which describes 7', as a function of npy:

1
T, = k—loge(ZnPU ~1) (S.A7)
174

Pacemaker Unit Firing Time Distribution

Substituting eqn. (S.A7) into eqn. (S.AS5) gives the final equation describing the time at
which the i™ pacemaker unit, from a population of npy units, will discharge as follows:

i = log, (2npy —1)- 1oge(2’7ﬂ - 1) (S.A8)
k, 2
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