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SUPPORTING MATERIAL

1 Derivation of the Glycolytic Model

Glycolysis plus efflux of pyruvate through mitochondrial pyruvate dehydrogenase complex may be depicted, assuming the
reaction catalyzed by triose phosphate isomerase is at equilibrium and that the concentrations of its product and substrate are
equal, with the reaction scheme in Fig. 1 with labels given in Table 1.
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Figure 1: Reaction scheme for glycolysis plus efflux of pyruvate through mitochondrial pyruvate dehydrogenase complex.

Then, a system of differential equations for the reaction scheme, where Pi is the total concentration of product i and Ji is
the total flux (concentration per time) through enzyme i, is

[Pi]
′ = Ji − Ji+1 for 1 ≤ i ≤ 9, i 6= 3

[P3]
′ = J3 −

1

2
J4.

Assuming the reaction catalyzed by enzyme 2 (glucose 6-phosphate isomerase) is at equilibrium so that [P1] = k12[P2] and
[P1]

′ = k12[P2]
′,

[P1]
′ + [P2]

′ = J1 − J3
[P2]

′(k12 + 1) = J1 − J3

[P2]
′ =

1

kGPI + 1
(J1 − J3)
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2 1 DERIVATION OF THE GLYCOLYTIC MODEL

i Enzyme i Product Pi

0 —– glucose
1 glucokinase (GK) glucose 6-phosphate
2 glucose 6-phosphate isomerase (GPI) fructose 6-phosphate (F6P)
3 phoshphofructokinase (PFK) fructose 1,6-bisphosphate (FBP)
4 aldolase glyceraldehyde 3-phosphate
4∗ triose phosphate isomerase dihydroxyacetone phosphate
5 glyceraldehyde 3-phosphate dehydrogenase 1,3-bisphosphoglycerate
6 phosphoglycerate kinase 3-phosphoglycerate
7 phosphoglycerate mutase 2-phosphoglycerate
8 enolase phosphoenolpyruvate
9 pyruvate kinase pyruvate (PYR)

10 pyruvate dehydrogenase (PDH) —–

Table 1: Enzymes and products of glycolysis plus pyruvate dehydrogenase. Each glycolytic enzyme has been labeled with
its product except that enzyme 4 (aldolase) has two products: P4 (glyceraldehyde 3-phosphate) and P4∗ (dihydroxyacetone
phosphate), and that P4 (glyceraldehyde 3-phosphate) is the product of two enzymes: enzyme 4 (aldolase) and enzyme 4∗

(triose phosphate isomerase). Reaction 4∗ is not shown in the reaction scheme of Fig. 8.

where kGPI = k12. Assuming the reactions catalyzed by enzymes 4 through 9 downstream to PFK are at equilibrium so that
[Pi] = kij [Pj ] and [Pi]

′ = kij [Pj ]
′ for 3 ≤ i, j ≤ 9,

[P3]
′ +

1

2
([P4]

′ + · · ·+ [P9]
′) = J3 −

1

2
J10

[P3]
′
(
1 +

1

2
(k43 + · · ·+ k93)

)
= J3 −

1

2
J10

[P3]
′ =

1

1 +
∑
kP

(
J3 −

1

2
J10

)
where

∑
kP = 1

2 (k43 + · · ·+ k93). That is,

[F6P]′ =
1

1 + kGPI
(JGK − JPFK)

[FBP]′ =
1

1 +
∑
kP

(JPFK −
1

2
JPDH).
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2 Model Equations and Parameters

Glycolysis:

d[F6P]/dt = (1 + kGPI)
−1(JGK − JPFK)

d[FBP]/dt = (1 + kLG)
−1(JPFK − JPDH/2)

JPFK = VPFK((1− kPFK)w1110 + kPFK
∑

i,j,l∈{0,1} wij1l)/
∑

i,j,k,l∈{0,1} wijkl

wijkl =
([AMP]/KAMP

PFK )i([FBP]/KFBP
PFK)

j([F6P]2/KF6P
PFK)

k([ATPc]
2/KATP

PFK)
l

f ikAMPf
jk
FBPf

il
MTf

jl
BTf

kl
ATP

JPDH = kPDH[PYR]1/2(1 + kCa
PDH/[Cam])−1

ATP Production/Hydrolysis:

d[ATPc]/dt = JANT − Jhyd
JANT = V olm:cytVANT(1 + kAm

ANT[ADPm]/[ATPm])−1 exp(ψmF/(2RT ))

Jhyd = (khyd,bas + kCa
hyd[Cac])[ATPc]

[ADPm] = q1[Cac] + q2 exp(−JPDH/q3)

Am,tot = [ADPm] + [ATPm]

Ionic Currents:

dV/dt = (ICa(V ) + IK(V ) + IK(Ca) + IK(ATP))/Cm

dnK(V )/dt = (nK(V ),∞ − nK(V ))/τK(V )

d[Cac]/dt = kCa
cyt(JPM − JER)

d[CaER]/dt = kCa
ER V olcyt:ERJER

Ii(s) = gi(s)ni(s) · (V − Vi), i(s) ∈ {Ca(V ),K(V ),K(Ca),K(ATP)}
ni(s),∞ = (1 + (ki(s)/r(s))

hi(s))−1, i(s) ∈ {Ca(V ),K(V ),K(Ca)}
ni(s) = ni(s),∞ for i(s) ∈ {Ca(V ),K(V )}

r(s) =

{
es if s = V
[s] otherwise

nK(ATP) = 20
0.08(1 + 2[MgADP−]/kdd) + 0.89([MgADP−]/kdd)2

(1 + [MgADP−]/kdd)2(1 + [ADP3−]/ktd+ [ATP4−]/ktt)

[MgADP−] = 0.0164[ADPc], [ADP3−] = 0.135[ADPc], [ADP4−] = 0.05[ATPc]

JPM = −(ICa(V )/(2F )− kPMCA[Cac])

JER = kER,in[Cac]− kER,out([CaER]− [Cac])

[Cam] = kCa[Cac]
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4 2 MODEL EQUATIONS AND PARAMETERS

Parameter Value
JGK 9.45× 10−2 µM/s
VPFK 0.9 µM/s
VPDH 0.37 µM/s
kGPI 6.33
kPFK 0.06
kAMP

PFK 30 µM
kF6P

PFK 50 mM
kFBP

PFK 1 µM
kFBP

PFK−C 10 µM
kATP

PFK 0.25 µM
kFBP

PFK 10 µM
fAMP 0.02
fFBP 0.2
fMT 20
fBT 20
fATP 20
kCam

PDH 0.1 µM
kFBP

PK 2 µM
kCa 5

Parameter Value∑
kP 0.5

Ac,tot 2.5 mM
Am,tot 15 mM
AMP 0.5 mM
VANT 72.45 µM/s
kAm

ANT 2
khyd 2.34× 10−2 s−1

khyd,bas 8.1× 10−3 s−1

q1 0
q2 12.5 mM
q3 5 µM/s
ψm 164 mV
V olm:c 0.07
F/(RT ) 0.04 mV
kAc

Perceval 1 mM
VCa 25 mV
VK -75 mV
gCa(V ) 180 pS
vCa(V ) -20 mV

Parameter Value
hCa(V ) 0.08
gK(V ) 486 pS
vK(V ) -16 mV
hK(V ) 0.2
τK(V ) 111 ms
gK(Ca) 18 pS
kCa
K(Ca) 0.5 µM
hCa
K(Ca) 2
gK(ATP) 2960 pS
kdd 17 mM
ktd 26 mM
ktt 1 mM
Cm 5300 fF
kPMCA 41 s−1

kER,in 83 s−1

kER,out 4.14× 10−2 s−1

kCa
cyt 9× 10−3

fCa
ER 0.01
V olcyt:ER 26.96

Table 2: Parameter values for the model simulations in Fig. 2-7 unless otherwise specified.
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