Supplementary material
1. The chemical reactions

Here we list all of the enzymatic reactions included in the mathematical model. For
brevity, we introduce the following notation.

E:  free herokinase I enzyme, G: glucose, T: ATP,
G6: G6P, P P, D: ADP,

ko : catalytic constant rate,
kS kT K9S kP . adsorption constant rates of glucose, AT P, G6P, and P; on
the N-binding sites, respectively.
k¢ k7T k=% k=T . desorption constant rates of glucose, ATP, G6P, and P, from
the N-binding sites, respectively.
ka, kr, kae, kp : adsorption constant rates of glucose, AT P, G6P, and P; on
the C-binding sites, respectively.
k_c,k_7,k_gg, k_p : desorption constant rates of glucose, AT P, G6P, and P, from
the C-binding sites, respectively.
kLe, k¥ o - adsorption and desorption constant rates of G6P on and from
the C-binding site of complexes of enzyme with one P, molecule bound
at the N-binding site.

47 an enzyme complex with an x molecule bound at its N-binding site, a y
molecule bound at its C-site, and a z molecule bound at its C-site.
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Note no substrate can bind to the gEGG complex. Here are all reactions that produce
product
cEr ™ E 1+ G6 + D, Spp & Cp1G6+D,  oEY ™ ET +G6+ D,
GEGS 5 BYS L g6+ D, GER 2 EP+G6+D, GEL ™ GET 4 G6+ D,

GEFS 2 GECS 4+ G6+D,  GEF ™% CBP +G6+ D,

2. The model equations

We now list the complete set of governing equations for the model. The notation used is
explained in the paper. Information on how these equations are constructed can also be found
in the paper.

d\FE _ _ _
th] = kolaBr] + k~[“E] + k-cloB] + k=" [ET] + kr[Er] + k=B
+ k_go[Eces) + kP [EY) + k_p[Ep] — [E] (K + k¢)[G]

(KT 4 k) [T) + (K9S + kao) [G6] + (T + kp)[P)) (1)



de] _ EC(CE] + [CE"] + [“EY) + [E”] + [“Er) + [“Ecs] + [*Ep] + [CE7]

dt
+ OB + PER] + [P EFY + [CEE%) + [“B7] + [“Egs) + O ER))
+k_c([cE) + [¢Er] + [cEae) + [¢Ep] + [¢E"] + [¢EYY] + [¢E"] + [¢ ET]
+ [¢EF®] + [¢ET) + ¢ Elg) + [ E&6) + [6ER) + [cES] + [¢EF))
+ (k% + ko) ([GE + [GET) + [GE) + [GET] + [GEr] + [GEos) + (G Ep]
+[GET] + [GEE) + [GER] + [GEF] + [GEE) + [GET] + [GESs) + [GER))
— [G)(k® + k) (IE] + [ET] + [Er] + [EY®] + [Ece] + [ET] + [EP)
+[ET] + [E&e) + [ER] + [BF) + [BE%] + [BL] + [E&e) + [ER))
+ k9([¢E) + [cE"] + [ E°®l + [¢E] + [¢Br] + [¢Ece) + [¢Ep] + [¢ET)
+ [¢EF®) + ¢ BT] + (6 E&) + [aE&s] + [¢ER] + (¢ EEY] + [¢EF))
+ka((“E) + [CE"] + [CE“ + [“E"] + [P Br] + [“Bee) + [CEp] + [E7]
+ [Es) + [°ER] + [CEF®) + [CES®) + [“EF] + [(“Efg) + [CEP))), (2)
——= =k T([E") + [¢E"] + [E&e) + [EB] + [GE"] + [“Egl + [“ER] + [0Eée] + [ B
+[GEe) + (GER) + k—r([Er) + [Er] + [EF%] + [ET] + [GBr] + [0 EF°] + [ BT
+ [CBSY) + [CER] + [GEFO) + [SER) + (k7T + k_r)((BF]) + [CBR) + [ BF) + [SET)
— [T)((k" + K7)([E] + [“E] + [¢E] + [GE]) + k" ([Er] + [Ege] + [Ep] + [“Ex)
+ [“Egs] + [“Ep] + [¢Er] + [¢Eas] + [ Ep) + [GEr] + [GEG6] + [GEp])
+ kr([E"] + [EP] + [¢E"] + [cE"] + [cE"] + [cEF1 + [GE"] + [GET])), (3)
= ko(l¢Br] + [GET) + [0 BT) + [0 BEY) + [0 BT) + [GET] + [GEF®) + G EF))
+ k(B + [EY] + [0EC®) + [EF®) + [BE]) + [GEC®) + [“EF%] + [P EEY)
+[eBFY) + [0EE%) + [GEF®) + [GEE®]) + k_co([Eas) + [aEas] + [“ Ecel + [Eée)
+[EEge] + [cE&e) + [CELs) + [GEGs)) + ko a6([BEEe] + [GEE) + [¢EGs] + [EEGs))
— [G6]((K9 + keo)([E] + [E] + [cE) + [SE]) + k“S([Er] + [CEr] + [Ep)
+[9Ep] + (¢ Br] + [¢Ep] + [GEr] + [GEP)) + kas (BT + [ BT + [CET] + [GET))
+kG([ET] + [cET] + [CEP] + [GET)), (4)
—— =k (B + [°E") + [ E"] + [EF] + [E&e] + [GET] + [CEX] + [“Ef6] + [0 ET]
[EE) + [GET) + [GEE)) + k—p([EP) + [cEp] + [“Ep] + [EL] + [ES]
[GEP] + [cEP] + e EE] + (0B + [CEE®] + [GER] + [GEEY)
(k=" + k_p)([Ep] + [“Ep] + [cEp) + [GEP))
— [P)(k"([ET] + [Eae] + [Ep] + [CEr] + [Ec6] + [“Ep] + [¢Er] + [¢Ece) + [ Ep]
[GET] + [GEcs) + [GEP]) + kp([E"] + [EY] + [6E"] + 6 EY] + [P ET]
[“EP]+ [GE"] + [GE")) + (K" + kp)([E] + [E] + [ E] + [GE))), (5)
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= kolGEr] + kCG[E] + k-c[GE] + kT [ BT + k_q[“Er] + k= “°[C B

: +k-asl“Eael + k" [9EY] + k_p[“Ep] — [“E](k™° + kalG]
+ (KT + kp)[T] + (K° + kao)[G6] + (K7 + kp)[P)]), (7)
U ol BA + kOC B+ k-cloB" )+ k-rlBF + k_col B + h_plEE] + KTT][E]
— [ET)(k™T + (kY + kg)[G] + kr[T] + kas[G6] + kp[P)), (8)
BT KolaB§Y) + KO ES) + k_alaB) + bS]+ k_plES®) + K°(G6] ]
— [ES9)(k~58 + (kS + kq)[G]), )
d[ft 0 kolET) + k™ C[“E"] + k_clcE"] + k_r[ET] + kL e[ Ele] + k—p[Ep] + k" [P][E]
—BPYEF + (KC + k)[G) + hr[T] + KE[GO] + kp P)), (10)
Q6B kolBIIG) + k-CIEE] + K TI6E") + h_rlaEq]
+ k~9O[GEYY) + k_ge[aEae) + kT [gEY] + k_p|aEp]
— [¢E)(k_g + k°[G] + (KT + k7)[T] + (k9C + kg6 )[G6] + (K¥ + kp)[P)), (11)
AT} 616 4 kgl r] + kT (ER] 4 K OO[EEY] + k(B + ky[T][E]
— [Er)(k_1 + (kY + kq)[G] + kT [T] + k“%[G6] + kF[P)), (12)
el _ k=16 Boe] + k-lo Bos] + K" (Bl + k=P BEg] + kaolG6] ]
— [Easl(k—ce + (k% + ka)[G] + KT [T] + k7 [P)), (13)
U] _ 4610 ) + k_gloBr] + kTR + kO] + kP[] + kplPE
— [Ep](k_p + (k© + kg)[G] + ET[T] + k95[G6] + KP[P]), (14)
I _ WolGEF) + halET) + k1O + b ol E) + k_p[CE) + k(G ET)
+ kT[TCE] - [CET)(k7C + kT 4 kg[G] + kr[T) + kas[G6] + kp[P)), (15)
I GBS + k-alGE) + k_r[CE§Y) + k_p[CEE) + K (GIES] + k(GO E)
— [TEY) (k™% + k™ + ka[Q)), (16)
WL WoiGBE + bl + k1O f) + o[ Bl) + k_plOEf) + KIGI[E")
+ kP[PI[YE) = [CEP)(k~C + k=T + kg[G] + kr[T] 4 kE6[G6] + kp[P)), (17)
USE] _ (G + k_gl§ ] + b OGE) + hcol§Bos] + b TGE] + k_plGEs]

+ (k%G E] + ka[“E)[G) — [GE) (k¢ + k_g + (K" + kr)[T]
+ (K9 + k) [G6] + (K7 + kp)[P)), (18)



d[¢E7)]
dt

= k-clGBr] + kT BT + k= [“E®] + k= [CET] + kC(G][Br] + kr[T][CE]

— [“Br)(k™% + k_r + ka[G] + K" [T] + K“°[G6] + k7 [P)), (19)
WBet] _ k[ Roa) + K TIOES) + kP ICEE) + K[ o] + kol GBI
— [“Eqe) (k™% + k_qo + ka[G] + k" [T] + k7' P)), (20)
I _ b ol§Be] + K TICEE) + kSO ESY + kP (CEE] + k°(G)ER) + ko {PICE)
— [“Ep|(k™% + k_p + ka[G] + k" [T] + k°°[G6] + k"' [P)), (21)
o] _ k-GG + k_rl6EF) + h_coloESe) + k_plaEH) + kelGILE] + K7 [T)[GE]
— [cET)(k—c + k™" + kY[G] + kr[T] + kao[G6] + kp[P]), (22)
UP1] _ j-0(C BJ) + h_aleBF] + )07 [Br) + kr[ET)
~ BRI + ko + (€ + ko)[G)), (23)
WEel _ 610 ) + k-l ) + K7 [T Be) + kaolG6][E7]
— [BL(T + koo + (6 + ke)[C)) (24)
UEEL _ GO + kol + KTIT)Be] + kelPI[ET)
BB + kop + (K€ + k(G (25)
UoE) _ 4-G[OBG) + k_rlaBS) + b plaBS®) + kolGIES) + KGOl )
~ [cEY) (k- + k=% + k°[G)), (26)
AL _ k0BG + k_cloPS"] + KGO ]
— [BF%) (k= + k= + (K + ka)[G), (27)
AP _ k-0 BE) + k_cloBS") + K0IGE ]
— [EE) (™ + kp + (K9 + k) [G]), (28)
d[(fﬂ =k C[GE"] + krlaBT] + Flasla Bae] + k-rlaBpl + kalGI[ET] + k7 [P][G E]
— [¢E")(k—q + k™" + kC[G] + kr[T] + k§g[G6] + kp[P)), (29)
UPL] _ kCCEE] + k_clo24) + krlTI[E"] + ¥ PI(Er
= [BF)(k—r + k™7 + (k9 + ke) [G)), (30)
sl _ -GORE, + kol Bhe] + KElCOIE") + K [P][ e
~ [BE) (K o + k7 + (K + ka)[G), (31)
UEE] _ kOO B + k_oloBE) + (7 (v + holEV))P

— BRIk~ + k_p + (Y + ko) [G]), (32)
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NoBr] _ 461G By] + kT (o ER) + k-CO[GES] + k(6 BE] + ka|GI[Fr] + br(TllGE]

: — [GEr)(ko + k—c + k_7 + k[G] + KT [T] + k“°[G6] + k"' [P)), (33)

UoBas] _ =618 Bu] + k"6 Blo) + kP[0 Ebs) + kelC)[Eos] + kaolG)GE)

—l¢Ecel(k-c + k_as + k°[G] + k" [T] + k"[P)), (34)
oPr] _ o618 ] + K6 + k- PlGEEY] + KPGEE] + kolGl1Ep] + kplPYGE)

— [cEp)(k—c + k_p + k[G] + K" [T] + k°°[G6] + k" [P)), (35)
USET) _ r(GEF) + b colSERe) + b_plGER) + (1ET] + kel ETIG) + KTITIIGE)

—[GET)(kC + k_g + k" + kp[T) + ks [G6) + kp[P)), (36)
I _ o olGBF) + KOGIER + (7 CBr] + ke CET[T]

— BN + kT + k_r + kc[G)), (37)
Bl _ b oIGEE) + KOG + KT Foo) + haalGOCET)

— [CELe)(k™C + kT + k_qs + ka[G)), (38)
B _ . IG R+ KOIGIBE + KTIC ] + ko PICET)

—[EL)(k~C + kT + k_p + ka[Q)), (39)
ST _ o oGS + b_plGES) + (1B + halCESU(G) + KP (GG

— [GEY)(k™C + k_g + k=¢F), (40)
I _ o olSBS) + KOIG)BG) + K(GH]C )

—[CEZ) (k™ + k_r + k79 + ke [G)), (41)
I _ 1 olGBS) + KOG ES) + K5[0 CE]

— [CES%)|(k~C + k7 + k_p + kc[G)), (42)
USE) _ e r(GBR) + Kol Ee) + k- plGEE] + (WC6B"] + KelCEP)(G) + K PI(GE]

—[GEP) (k™ + kg + k™" + kr[T) + k§6[G6) + kp[P)), (43)
I _ b ol§BE) + (GBS + ke (T)CEP) + K PCEr

—[CBR(k~C + k_r + k77 + kg[G)), (44)
B _ k. olGRE) + HIGUEE) + HEslGSCEP) + K (P Fad

— [BEe) (k™% + kP g6 + k77 + kalG)), (45)



Lk GIGER) + KOGIER) + (WO Ep) + kp[CEP)) (P

— BRIk + k7" + k_p + kc[G)), (46)
d[%fﬂ = kTIGEL] + k=CS[GESS) + kP SER] + (ke Er] + ka[CET)[G] + kr[T][CE]
—[GEr) (ko + k~C + k_g + k_p + ET[T] 4+ k59[G6] + kT [P)), (47)
Cl[cif%] = k™ C[GET] + ke[GIET] + (K [cEr) + krlcE"])[T]
— [cET)(ko+ k¢ + k" + k_r + k°[G]), (48)
C”foﬂ = k= C[GEF"] + ka[GEFC] + K“°[GO] [ Br]
— [cEFO (ko + k- + k-1 + k= + k9[G)), (49)
d[Gjﬁ] =k CGEL] + kG|G)[ER] + kr[T)[-GETF] + kP [P[c ET]
— [GER) (ko + kg + k-7 + k7 +k4[Q)), (50)
d[gg%] = k™ [GEL) + kP [GEES) + (k9(aEae] + kal® Ece))[G] + kasGO][GE]
— EEae) (k¢ + k_g + k_gs + KT [T] + k7 [P)), (51)
d[(’ﬁgﬁ] = k™ C[GEGs) + kalGIELe] + KT [TN[aEce] + kas[GO)[c ET
— [eBol(k—c + k" + k_cos + k9(G)), (52)
C”Gftgﬁ] = k~C[GELs) + ke Gl[ELe] + k&GOl Y] + k' [Pllc Ecel
— [eEEs(k_c + klgs + k-7 + kC[Q)), (53)
d[%fp] = kT(GER] + kOGBS + kP IGEE] + (Rl Ep] + kel Ep])G) + kel PIISE]
— CEp)(kC + k_g + k_p + KT [T] + k%9[G6) + kT P]), (54)
d[ifg] =k “[GED] + ka[GIIEL] + k" [T][cEp] + kp[P][cE"]
— [6Ep|(k—c + k™" + k_p + k°[G]), (55)
Cé[(;ffﬂ = k™GB + k[GI[EE°] + k¥°[G6)[c Er]
— [cES®)(k—c + k°° + k_p + k°[G)), (56)
USEr) _ 4-CIGEE) + kelGIIBE] + (K[ Br] + ke[~GET)[P]
— [ER(k—c + k7 + k_p + k9[G)), (57)
d[gdf%] = (k%GET] + kel BTG + (K" [GET] + kr[GET))(T]

- [8E77:](k0 + k_G + k'—G + k_T + k’_T), (58)



dGEG)
dt

dlGEp)
dt

dlGEr’]
dt

GEE]
dt

[GET]
dt

d[GEG)
dt

dGEp]
dt

= (k[cEde] + kal“Ee))[G] + kT [T1[G Ece) + kaolGOl[GET]

— GEL) (K% + kg + kT + k_cs),

= (k®[cEp] + ka[CER))G] + KT [TI[GEP] + kp[P][GE"]

—GEL)(kC +k_ g+ kT +k_p),
= (K[ EF°] + ke[ EF°))[G] + k“°[G6) [ Ex]
— GBS (ko + k7 + k_g + k_r + k~9),
= (K“[PEE®] + ka[“ BRG] + K“°[GO][GEP]

—[GESS) (kY 4k g+ k95 + k_p),

= (k%GBT + k[ ET)[G] + kr(T][GE"] + k" [P][GEx)

—GER)(ko+kC 4+ kg4 kr+ED),

= (K9G EGe) + kal® EGe))[G] + kG [GOIGE"] + k7 [P][G Ecel

— CBE) (K™ + kg + kg + KT,

= (k°[cEp] + kc|“ER)IG] + (K" [GEP] + kp[GE"])[P]

—[GER) (k™€ + k_g + k7T + k_p).

These equations are solved subject to the initial conditions

E|(t = 0) = Ey,
G|(t = 0) = Go,
T)(t = 0) = ATP,,
G6)(t = 0) = 0,
P](t =0) = Py,
Di(t=0) =0,

e

, k=T,G6,P,

E*|(t=0)=0

E(t=0)=0, k=T,G6,P,
“EI)(t=0) =0, j=T,G6,P,
cEilt=0)=0 j=T,G6,P,
GE)(t=0)=0,

“Ej)(t =0) =0, J=T,G6,P,
cE’](t=10) =0, J=T,G6,P,



[EF)(t =0) =0, k=T,G6,P, j=T,P,

[ELgl(t =0) =0, j=T,P,

GE®|(t =0) =0, z=T,G6,P, y=G,T,P,
Yy

GET|(t = 0) =0, v =G,T,P, y=T,G6,P,
Yy

[“E&g)(t = 0) =0, z=T,P,

[eESC)(t=0) =0, z=T,P,

[GES)(t=0) =0, x=T,P, y=T,P,

[GES)(t=0) =0, z=T,P,

[gEéﬁ](tZO) 207 .’L’:T,P,

where Ey, Go, AT Py, Pjy give the initial concentrations of enzyme, glucose, AT P, and P;,
respectively.

3. Calculations of parameters

In this section, the A and © methods discussed in [I] are used to calculate values of the
model paramters.
Let Q =T and A = 100. The Michaelis-Menten constant for the C' binding site for glucose
is
K, =53 uM,
and the catalytic constant kg = 63 s~!. Using the formula for A method, we have
kg = (Akg)/ K = 118868 mM st and k_g = (A-T)kg = 6237 s~ 1.

We set k¢ = kg and k~¢ = k_¢ since there are no dissociation constant for the N binding
site for glucose available in the literature. Similarly, the A method can be used for calculating
kr,k_r, then set kT = kp, k™7 = k_7 as well. As a result, k7 = kp = 9000 mM ~'s~!, and
kT = k_pr = 6237 s~ L.

The 2 method was used to calculate the kinetic constants for P; and G6P. For example,
the dissociation constant for the N binding site for P; is Kp = 0.022 mM . Using the formula
for the 2 method [1], we have

kP = QkT = 9000 mM's™t, and k=% =198 s,

Analogously, we can calculate the values of k%%, k=%, kqe, k_cs, kp, k—p, k:gG, and k¥ a6
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4. Software
The software used for the calculations of the paper can be found at the following link

https://github.com/vinh-mai/Hexokinase-2019
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