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Model equations

The model is as in Bertram et al. (2007), ref. 9 in the manuscript, except for the expression of the
glucokinase rate JGK. We refer to the original article for details on the rate expressions.

Glycolytic model

The glycolytic model describes the time evolution of glucose 6-phosphate (G6P , in µM) and fructose
1,6-bisphosphate (FBP , in µM) concentrations:

dG6P

dt
= JGK − JPFK, (1)

dFBP

dt
= JPFK −

1

2
JGPDH, (2)

where

JGK = VGK
GnGK

GnGK +KnGK
GK

, (3)

JGPDH = kGPDH
√
FBP/(1µM), (4)

JPFK = Vmax

w1110 + λ
∑

ijl wij1l∑
ijkl wijkl

, (5)

with i, j, k, l ∈ {0, 1} and

wijkl =
1

f ik13f
jk
23 f

il
41f

jl
42f

kl
43

(
AMP

K1

)i(FBP
K2

)j ((0.3G6P )2

K3

)k (
(ATP )2

K4

)l

. (6)

1



Entrainment of islet metabolism and Ca2+ – Supporting Material 2

Mitochondrial model

The mitochondrial model describes the time evolution of mitochondrial membrane potential (Ψm,
in mV) and mitochondrial concentrations of NADH (NADHm, in mM), Ca2+ (Cam, in µM) and
ADP (ADPm, in mM):

dΨm

dt
= (JH,res − JH,atp − JANT − JH,leak − JNaCa − 2Juni)/Cmito, (7)

dNADHm

dt
= γ(JPDH − JO), (8)

dCam
dt

= −fm(JNaCa − Juni), (9)

dADPm

dt
= γ(JANT − JF1F0), (10)

where
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JH,atp = 3JF1F0, (13)

JANT = p19
ATPm

ATPm + p20ADPm
exp(0.5ΨmF/(RT )), (14)

JH,leak = p17Ψm + p18, (15)
JNaCa = p23 exp(p24Ψm)Cam/Cac, (16)
Juni = (p21Ψm − p22)Ca2c , (17)
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)
, (19)

ATPm = ATPm,tot −ADPm, (20)
NADm = NADm,tot −NADHm. (21)

Electical/calcium model

The electrical/calcium model describes the time evolution of plasma membrane potential (V , in
mV), a gating variable of the delayed rectifier K+ (Kv) current (n, unitless), Ca2+ concentrations
in the cytosol (Cac, in µM) and the endoplasmic reticulum (Caer, in µM), and cytosolic ADP
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concentration (ADPc, in µM):

dV

dt
= −(IK + ICa + IK(Ca) + IK(ATP ))/Cm, (22)

dn

dt
= (n∞(V )− n)/τn, (23)

dCac
dt

= fc(Jmem + (Jleak − JSERCA) + κ(JNaCa − Juni)), (24)

dCaer
dt

= −fer(Vc/Ver)(Jleak − JSERCA), (25)

dADPc

dt
= (khydCac + khyd,bas)ATPc − κJANT, (26)

where

IK = ḡKn(V − VK), (27)
ICa = ḡCam∞(V )(V − VCa), (28)

IK(Ca) = ḡK(Ca)
Ca2c

Ca2c +K2
D

(V − VK), (29)

IK(ATP ) = ḡK(ATP )o∞(ADPc, ATPc)(V − VK), (30)

and

n∞(V ) = 1/(1 + exp(−(V + 16mV)/5mV)), (31)
m∞(V ) = 1/(1 + exp(−(V + 20mV)/12mV)), (32)

o∞(ADPc, ATPc) =
0.08 (1 + 2MgADP ∗) + 0.89(MgADP ∗)2

(1 +MgADP ∗)2(1 +ADP ∗ +ATP ∗)
, (33)

ATPc = ATPc,tot −ADPc. (34)

Here, MgADP ∗ = 0.165ADPc/17µM, ADP ∗ = 0.135ADPc/26µM, and ATP ∗ = 0.05ATPc/1µM.
Finally,

Jmem = −αICa − kPMCA(Ca− Cab), (35)
Jleak = pleak(Caer − Cac), (36)

JSERCA = kSERCACac. (37)
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Parameters
VGK = 0.001 µM/ms, KGK = 7 µM, nGK = 4, kGPDH = 0.0005 µM/ms,
Vmax = 0.005 µM/ms, λ = 0.06, f13 = 0.02, f23 = 0.2,
f41 = 20, f42 = 20, f43 = 20, K1 = 30 µM,
K2 = 1 µM, K3 = 50000 µM, K4 = 220 µM, AMPc = 500 µM.

Cmito = 1.8 µM/mV, γ = 0.001 mM/µM, fm = 0.01, p1 = 400,
p2 = 1, p3 = 0.01 µM, p4 = 0.6 µM/ms, p5 = 0.1 mM,
p6 = 177 mV, p7 = 5 mV, p8 = 7 µM/ms, p9 = 0.1 mM,
p10 = 177 mV, p11 = 5 mV, p13 = 10 mM, p14 = 190 mV,
p15 = 8.5 mV, p16 = 35 µM/ms, p17 = 0.002 µM/(ms ·mV), p18 = −0.03 µM/ms,
p19 = 0.35 µM/ms, p20 = 2, p21 = 0.04 (µM ·ms ·mV)−1, p22 = 1.1 (µM ·ms)−1,
p23 = 0.01 µM/ms, p24 = 0.016 mV−1, ATPm,tot = 15 mM, NADm,tot = 10 mM,
F/(RT ) = 96480/(310.16 · 8315) mV−1 = 0.0374 mV−1, JGPDHbas = 0.0005 µM/ms.

Cm = 5300 fF, τn = 20 ms, fc = 0.01, κ = 0.0733,
fer = 0.01, Vc/Ver = 31, khyd = 5 · 10−5 (µM ·ms)−1, khyd,bas = 5 · 10−5 ms−1,
ḡK = 2700 pS, ḡCa = 1000 pS, ḡK(Ca) = 100 pS, ḡK(ATP ) = 12000 pS,
VK = −75 mV, VCa = 25 mV, KD = 0.5 µM, ATPc,tot = 2500 µM,
kPMCA = 0.1 ms−1, Cab = 0.05 µM, pleak = 0.0002 ms−1, kSERCA = 0.4 ms−1,
α = 4.50 · 10−6 µM/(ms · fA).


