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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. |l| with labels given in Table 1.

padp & pdpd&pdp 8

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 P; is the total concentration of product 7 and .J; is
the total flux (concentration per time) through enzyme ¢, is

[Piy:Ji*Ji+1 fOflS’LSg,Z#g
1
(P3) = J3 — §J4.
Assuming the reaction catalyzed by enzyme 2 (glucose 6-phosphate isomerase) is at equilibrium so that [P;] = kj2[P,] and
[Pr] = k12[Pa]',
[P + [P] = Ji —
[Po) (k12 +1)=J1 — J5
1

/ = — —_ .
[P] = kcp1+1(J1 J3)
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2 1 DERIVATION OF THE GLYCOLYTIC MODEL

1 Enzyme Product P;

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: P, (glyceraldehyde 3-phosphate) and P, (dihydroxyacetone
phosphate), and that P, (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 kgpy = k12. Assuming the reactions catalyzed by enzymes 4 through 9 downstream to PFK are at equilibrium so that
[Pl] = kij [P]} and [R]/ = kij[Pj]/ for 3 S Z,] S 9,

1 1

(B 5 (B - [Po)) = T3 = 50
1 1

[Ps]' (1 + 5(1643 + -+ k93)) =J3— 510

p_ 1 21
[Ps]" = 155 kn <J3 2J10>
where >~ kp = % (ka3 + - - - + kos). That s,
[F6P]) = (Jok — JpEk)

1+ ke

1 1
[FBP]' = W(JPFK - §JPDH)-
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2 Model Equations and Parameters

Glycolysis:

d[F6P]/dt = (1 + kep1) " (Jox — Jrrk)
d[FBP]/dt = (1 + ]{?Lg)_l(JpFK — JpDH/Q)
Jprk = VPFK((l - kPFK)wlllo + kprx Zi,j,le{o,l} wijll)/ Zi,j,k,le{o,l} Wijkl
(IAMPI/ KNP ((FBP]/ KEBE )7 ([F6P|2/ KEGE )* (|ATP, 2/ KATE)!
ik pik pil £l pkl
Jame fegp Sor farfATe
Jpon = kppu[PYR]Y2(1 + k5%, /[Can]) ™

Wikl =

ATP Production/Hydrolysis:

d[ATPC}/dt = JANT - Jhyd
JANT = V0lmcyt Vant(1 + ki [ADP,,] /[ATP,,]) ~* exp (¢ F/(2RT))
Jhyd = (khyd,bas + k}?;d[cac])[ATPc]

[ADP,,] = q1[Ca.] + g2 exp(—Jrpu/q3)
Am,tot = [ADPm] + [ATPm]

Tonic Currents:

dV/dt = (Icawy + Ixwv) + Ik (ca) + Tk (atp))/Cm
dngovy/dt = (N vy,eo — MKV /TEWV)
d[Cac]/dt = kS5 (Jem — Jer)
d[Caggr]/dt = kS5&V 0l cyt-er Jer
Lis) = gisynigs) - (V = Vi), i(s) € {Ca(V), K(V), K(Ca), K(ATP)}
Ni(s)00 = (1 (Kige) /1(s)" @)™, i(s) € {Ca(V), K(V), K(Ca)}
Ni(s) = Ni(s),00 f0ri(s) € {Ca(V), K(V)}

r(s) = e’ ifs=V
"] [s] otherwise

0.08(1 + 2[MgADP~]/kdd) + 0.89([MgADP~]/kdd)?
(1 + [MgADP~]/kdd)2(1 + [ADP*~]/ktd + [ATP*~]/ktt)
IMgADP~] = 0.0164[ADP.], [ADP*"] = 0.135[ADP,], [ADP*~] = 0.05[ATP,]
Jom = —(Loavy/(2F) — kemcalCac))
Jer = ker,in[Cac] — ker, out([Cagr] — [Cac))
[Cam] = kealCacl

NK (ATP) =

Biophysical Journal 00(0) 0000—-0000



4 2 MODEL EQUATIONS AND PARAMETERS

Parameter Value Parameter Value Parameter Value
Jok 9.45 x 1072 uM/s Y kp 0.5 heavy 0.08
‘/PFK 0.9 [LM/S Ac,tot 2.5 mM gK(V) 486 pS
VPDH 0.37 /J,M/S Am,tot 15 mM UK(V) -16 mV
kGpr 6.33 AMP 0.5 mM hK(V) 0.2

k‘p]:]( 0.06 VANT 72.45 MM/S TK (V) 111 ms
kore 30 uM ko 2 9K (Ca) 18 pS
ker 50 mM Khyd 234 x 102571 ki, 0.5 uM
KEEE 1 uM knyabas 81X 1073571 hGG, 2
kipe ¢ 10 uM i 0 gi(ate) 2960 pS
Fppk 0.25 uM 7 12.5 mM kedd 17 mM
Feppk 10 uM g3 5 uM/s ktd 26 mM
famp 0.02 Y 164 mV Ltt 1 mM
frBP 0.2 Volpm.c 0.07 Cr 5300 fF
fur 20 F/(RT) 0.04 mV kpmca 41 st
far 20 ko 1mM KER in 83571
SfaTp 20 Vea 25 mV kER, out 414 x 107271
kot 0.1 uM Vi 75 mV }Ca 9 x 103
kglf(;P 2 /’[’M gCa(V) 180 PS ERa 0.01

kCa 5 vCa(V) -20 mV VOlcyt:ER 26.96

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