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1. Rates of reactions and ODE system of the Module “Cytosol”

a. SBGN scheme of the module:

The Cytosol module consists of the 18 enzymatic reactions comprising glycolysis,
lipid metabolism, 2 biochemical reactions (GP, MGS) of the glycogen metabolism
and 3 reactions related to ATP homeostasis and catalyzed by Creatine kinase,
Adenylate kinase and ATPase (Figure S1). The list of reactions and math
equations describing their rates are identical in type I and Il fibers, while values of
the kinetic parameters are different between two types of the fibers (See Table S1
and Table S2).
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Figure S1. SBGN scheme (Le Novere et al., 2009) of the metabolic reactions taking place in the Module
“Cytosol” (vertex of the bipartite graph ™ corresponds to the biochemical reaction). The diagram of
metabolic pathways comprises glycolysis and glycogenolysis, lipid metabolism and creatine kinase.
Metabolites are vertices, while biochemical reactions are arcs of the diagram: Glc, glucose; G6P, glucose-6-
phosphate; F6P, fructose-6-phosphate; F16BP, fructose-1,6-biphosphate; GA3P, glyceraldehyde-3-
phosphate; 13BPG, 1,3-biphosphate glycerate; PEP, phosphoenolpyruvate; Pyr, pyruvate; Lac, lactate; Ala,
alanine; Gr3P, glycerol-3-phosphate; Gly, glycogen; Tgl, triglycerides; Glr, glycerol; FFA, free fatty acids;
FAC, fatty acyl-CoA; CoA, coenzyme-A; PCr, phosphocreatine; Cr, creatine. Enzymes catalyzing
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biochemical reactions in the cytosol are depicted as rectangles on the diagram: GP, glycogen phosphorylase;
MGS, glycogen synthase; HK, hexokinase; PGI, phosphoglucose isomerase; PFK, phosphofructokinase;
ALDO+TPI, aldolase and triosephosphate isomerase; GAPDH, glyceraldehyde 3-phosphate dehydrogenase;
PGK, phosphoglycerate kinase; PK, pyruvate kinase; LDH, lactate dehydrogenase; ALT, alanine
aminotransferase; LIPA, lipases; GPDH, glycerol 3-phosphate dehydrogenase; Acyl, acyltransferase; ACS,
acyl-CoA synthetase; CK, creatine kinase; AK, adenylate kinase. White arrows along the compartment
border correspond to contact ports for Glc, Ala, Ala, H*, Lac, FAC, Glr, FFA, CoA, ATP, ADP, P;, COz, and
Oo.

b. Antimony view which represents generated code according to the visual
graph:

The conception and all details on the BioUML feature that provides an opportunity to
seamlessly integrate the Antimony code (Smith et al., 2009) of the structure of studied
biological systems and its mathematical model with corresponding visual
representation (Kolpakov et al., 2019) are described in the main text. Antimony code
generated for the corresponding visual diagram is presented below and specified for
each model compartment.

/lused mathematical functions in the module

function stressATPase R(a,W,t_start,t)
1.0+a*W*(1.0-exp((t_start-t)/0.004));

end

function stress2(a,W,t_start,t,tau)
1.0+a*W*(1.0-exp((t_start-t)/tau));

end

function stress(a,W,t_start,t)
1.0+a*W*(1.0-exp((t_start-t)/0.4));

end

function adjustVb(K_f,K_eq,V_f,K_b,pH)
V_f*K_b/(K_f*K_eq)*10.07(7.1-pH);

end

function MMATPase_R(r,p,v_fk fv bk b,aW,t_start,t)
(v_f/k_f*r-v_b/k_b*p)/(1.0+r/k_f+p/k_b)*stressATPase_R(a,W,t_start,t);
end

function MM2(r,p,v_f,k_fv_bk b,a,W,t_start,t,tau)
(v_f/k_f*r-v_b/k_b*p)/(1.0+r/k_f+p/k_b)*stress2(a,W,t_start,t,tau);
end

function MM(r,p,v_f,k_fv_b,k b,a,W,t_start,t)
(v_flk_f*r-v_b/k_b*p)/(1.0+r/k_f+p/k_b)*stress(a,W,t_start,t);
end

function Kinetik(r,p,v_fk_fv_rk r,ck,a,W,t_start,t)
c/(k+c)*MMATPase_R(r,p,v_fk fv rk raaW,t startt);

end

//Iname of the model and components
//Function definitions



model

Li_2012_Cytosol_R(<ADP_free_R,<AMP_free_R,AMP,ATP,>A 10,>A_1>A_2,ADP,
ATP,Ala,CO2,CoA FAC,FFA,GIc,GIr,H,Lac,NADH,NAD,O2,Pi,Pyr,Cytosol,<F6P_tis,<
G6P_tis,H,>J leak,<Lac_tis R,<V_CO2 c¢,<V_02 c¢,>V,>W,>t start)

/lthe list of used compartment in the module
compartment Cytosol;

/Ithe list of used biochemical species in the module

species ADP in Cytosol, AMP in Cytosol, ATP in Cytosol, ATPase in Cytosol,
Acyl_CoA_Synthetase in Cytosol, Acyltransferase in Cytosol, Adenylate Kinase in
Cytosol, Ala in Cytosol, Alanine_Aminotransferase in Cytosol, Aldolase in Cytosol,
BPG in Cytosol, CO2 in Cytosol, CoA in Cytosol, Cr in Cytosol, Creatine_Kinase in
Cytosol, F16BP in Cytosol, F6P in Cytosol, FAC in Cytosol, FFA in Cytosol, G6P in
Cytosol, GA3P in Cytosol, Glc in Cytosol, GIr in Cytosol, Gly_n in Cytosol, Gly_nl in
Cytosol, Glyceraldehyde 3 Phosphate_Dehydrogenase in Cytosol,
Glycerol_3Phosphate_Dehydrogenase in Cytosol, Glycogen_posphorylase in Cytosol,
Glycogen_synthase in Cytosol, Gr3P in Cytosol, H in Cytosol, Hexokinase in Cytosol,
Lac in Cytosol, Lactate _Dehydrogenase in Cytosol, Lipase in Cytosol, NAD in Cytosol,
NADH in Cytosol, O2 in Cytosol, PCr in Cytosol, PEP in Cytosol, Phosphofructokinase
in Cytosol, Phosphoglucose_Isomerase in Cytosol, Phosphoglycerate_Kinase in Cytosol,
Pi in Cytosol, Pyr in Cytosol, Pyruvate_Kinase in Cytosol, Tgl in Cytosol,
Triose_Phosphate_Isomerase in Cytosol;

/lthe list of used model parameters in the module

var ADP_free R, AMP_free_ R, ATP_Glycolysis_R, ATP_Glycolysis_R_norm,
ATP_hydrolysis_R_norm, A_1, A_10,A 11, A 12, A 15, A_16,A_2,A_4,A 5 A 6,
A 7,A 8 A 9 Active 1, Active_15, Active_16, Active_2, Active_4, Active_5,
Active_6, Active_7, Active_8, Active_9, CK_R, CK_R_norm, Cr_tis, F6P_tis, G6P _tis,
Glc_tis, Gly _tis, Gly_tis_R, J leak, K 1, K 3, K 5 K 9, K AK,K CK,K b 1,
Kb 10,K b 11,K b 12, K b 13, K b 14, K b 15, K b 16,K b 17, K b 18,
Kb2KDb3Kb4KDb5Kbo6KDb7Kb8KDbI Keql1lKeq 10,
K eq 11,K eq 12, K eq_13,K eq_14,K eq_15, K eq 16, K eq_17, K eq_ 18,
Keq 2 Keq3 Keq4 KeqbhKeqbKeq7Keq8Keq9 KT 1KTI10,
K f11, K f 12, K f 13, K f 14, K f 15 K f 16, K f 17, K f 18, K _f 2, K_f 3,
Kf4KIFf5KTf6 KTF7 KT8 K9 Lac Pyr Lac tis, Lac tis R, PCr _tis,
PCr_tis_R, PCr_tis_normalized_R, R10_R, R11 R, R12 R,R13 R,R14 R, R15 R,
R16 R,R17 R,R18 R,R1 R,R2 R,R3 R,R4 R,R5 R,R6_R,R7_R,R8 R,R9 R,
Rate. H R, Rel AMP,V,V_CO2 ¢,V_02 ¢,V b 1,V b 10,V b 11,V b 12,
V b 13,V b 14,V b 15,V b 16,V b 17,V b 18,V . b 2,V b 3,V b 4,V b 5
Vb6,Vb7,Vb8VboVIilVIFf1l,V f11,V 12,V 13, V_f 14,
V fi5 Vv fi16, v f17,v f18, v f2, Vv f3, V4V 5V If6VF7VTFs,
V_f 9, W, a, beta_cyt, k_b, k f, p, pH, pHO, r, rate. CK_normalized_R, t, t_start, v_b,
v_f;



/lthe list of values of used model parameters in the module
[Mnitialization
Cytosol = 3.6;
ADP =0.14;
AMP = 0.0329280958;
ATP =5.37709090909091;
Ala=1.18181818181818;
BPG = 0.09090909090909009;
C02 =1.403;
CoA =0.0181818181818182;
Cr=10.0227272727273,;
F16BP = 0.0681818181818182;
F6P = 0.05;
FAC = 0.00377840909090909;
FFA = 0.454545454545455;
G6P =0.227272727272727,
GA3P = 0.0909090909090909;
Glc =0.568181818181818;
GIr =0.0738636363636364;
Gly _n=86.3636363636364;
Gly_nl =86.3636363636364;
Gr3P =0.170454545454545;
Lac = 0.886363636363637;
NAD =0.184090909090909;
NADH = 3.40909090909091E-4;
02 =0.03375;
PCr = 20.4545454545455;
PEP =0.00556818181818182;
Pi = 2.96875;
Pyr =0.0539772727272727,
Tgl = 23.8636363636364;
A 1=0.15054;
A 11 =0.0794936353702118;
A 15=0.339403112909419;
A 16 =0.0766942747;
A 2=0.3394;
A 4=0.322075814406805;
A 5=10.322075814406805;
A _6=0.322075814406805;
A 7 =0.322075814406805;
A 8=0.322075814406805;
A 9=0.322075814406805;
K 1=1.87E-5;
K 3=27.38;
K_5=10.0935;



K_9 = 0.00267;
K_AK = 1.05;

K_CK = 1.66E12;

K_b_1 = 293000.0;

K_b_10 = 1.3E-15;

K_b_11 = 1.44;

K_b_12 = 4.52E-15;

K_b_13 = 0.0251;

K_b_14 = 2.73E-4;

K_b_15 = 6.21E-14;

K_b_16 = 1.04E-5;

K_b_17 = 20.7;

K_b_18 = 3.18E-5;
K_b_2=158.0;
K_b_3=3.93E-7;

K_b_4 = 0.0486;

K_b_5 = 9.42E-8;
K_b_6=0.079;

K_b_7 = 1.96E-9;
K_b_8=0.0319;

K_b_9=0.313;

K_eq_1 = 6.94603203994856;
K_eq_10 = 1.50668628327844E09;
K_eq_11 = 2940.82095450261;
K_eq_12 = 8.75219824108104;
K_eq_13 = 3.41162352648177ES;
K_eq_14 = 3.32025516215481E8;
K_eq_15 = 374767.092470756;
K_eq_16 = 1473316.84555736;
K_eq_17 = 236927.473280989;
K_eq_18 = 0.110698588007732;
K_eq_2 = 267029.579741231;
K_eq_3 = 16263.5708908583;
K_eq_4 = 0.36678662881483;
K_eq_5 = 10331.4313649412;
K_eq_6 = 0.959629520749891;
K_eq_7 = 0.787422192473917;
K_eq_8 = 588.18148974955;
K_eq_9 = 1.50085452944024E9;
K_f 1 =0.00306;

K_f 10 = 1.17E23;

K_f 11 =0.0528;

K f 12=16.7;

K_f 13 = 1.96E-9;

K_f 14 = 8.42E-9;



K f 15=0.312;

K f 16 =5.92;

K f 17 =2.97E-4;

K f 18 =132.0;

K_f 2=17400.0;

K f 3=3.29;

K f 4=0.278;

K _f 5=0.288;

K f 6 =0.667;

K f 7=0.0387,

K _f 8=0.00158;

K f 9=7.61E-9;

V =2.0;

V b 1=3495359.76982217;

V b 10=0.00360094629005659;
V b 11 =8.44479777448805E-4;
V b 12 =2.76847914338608E-19;
V b 13 =4.35407827932216E-4;
V b 14 =1.30640986602748E-6;
V b 15=2.28979336515257E-18;
V b 16 =3.75711116210484E-11;
V b 17 =58.8340125624107,

V b 18 =4.35252328407772E-4;
V b 2=2.35535321994023E-6;
V b 3=6.49938886232676E-12;
V_b_4=0.404289985456642;
V_b 5=1.2673541143752E-10;
V_ b 6=0.162611317352597;
V_b 7 =3.38726454788882E-8;
V b 8=0.0081667461616334;

V b 9=0.00674862713374315;
V_f 1=0.253561009263262;
V_f 10 =4.88294674384557E44;
V_f 11 =0.091060340256422;
V_f 12 =0.00895233733251904;
V_f 13=0.0115995110565746;
V_f 14 =0.0133782823205861;
V_f 15=4.31142400912918;

V _f 16 = 31.5092863281761,;
V_f 17 =200.0;

vV _f 18 =200.0;

V_f 2=69.2640016459027;
V_f 3=0.884895071926041;
V_f 4=0.848232689517042;
V_f 5=4.0031333649151,



V_f 6 =1.31750754303672;
V_f 7 =0.52663735516167;
V_f 8=0.237917733527724;
V_f 9 = 0.246260271070265;
beta_cyt = 6.65774451662929;
pHO = 7.1;

/lthe list of reactions in the module

//Reactions

R1: Gly n1+Pi_1 R1->G6P + Gly n; R1_R/Cytosol;

R1 _modl: Glycogen_posphorylase-( R1;

R10: H + NADH + Pyr -> Lac + NAD; R10_R/Cytosol;

R11_mod: Lactate_Dehydrogenase-( R10;

R11: Pyr -> Ala; R11 R/Cytosol,;

R11_modl: Alanine_Aminotransferase-( R11;

R12: Tgl -> 3FFA + GIr + 3H_1_R12; R12_R/Cytosol;

R12 _modl: Lipase-( R12;

R13: GA3P + H_1 R13 + NADH_1 R13->Gr3P + NAD_1 R13; R13_R/Cytosol;

R13 _mod1: Glycerol_3Phosphate Dehydrogenase-( R13;

R14: 3FAC + Gr3P -> 3CoA + Pi_1 R14 + Tgl; R14_R/Cytosol,

R14 _modl: Acyltransferase-( R14;

R15: 2ATP_1 R15+ CoA 1 R15+FFA->2ADP 1 R15+FAC+2H 1 R15+
2Pi_1 R15; R15_R/Cytosol;

R15 modl: Acyl_CoA_Synthetase-( R15;

R16: ATP_1 R16->ADP_1 R16+H 1 R16 +Pi_1 R16; R16_R/Cytosol;

R16_modl: ATPase-( R16;

R17: ADP_1 R17+H_1 R17 +PCr-> ATP_1 _R17 + Cr; R17_R/Cytosol;

R17_mod1: Creatine_Kinase-( R17;

R18: AMP + ATP_1 R18 ->2ADP_1 R18; R18 R/Cytosol;

R18_modl1: Adenylate_Kinase-( R18;

R2: ATP + G6P + Gly_n -> ADP + Gly_n1 + 2Pi; R2_R/Cytosol;

R2_mod1l: Glycogen_synthase-( R2;

R3: ATP_1 R3+Glc->ADP_1 R3+ G6P +H_1 R3; R3_R/Cytosol;

R3_mod1l: Hexokinase-( R3;

R4: G6P -> F6P; R4_R/Cytosol;

R4_mod1: Phosphoglucose Isomerase-( R4;

R5: ATP_1 R5+F6P ->ADP_1 R5+ F16BP + H_1 R5; R5 R/Cytosol,

R5_mod1: Phosphofructokinase-( R5;

R7: GA3P+NAD 1 R7+Pi 1 R7->BPG+H_1 R7+ NADH_1 R7,
R7_R/Cytosol,

R7_mod1: Glyceraldehyde 3 Phosphate_Dehydrogenase-( R7;

R8: ADP_1 R8 + BPG -> ATP_1_R8 + PEP; R8_R/Cytosol;

R8 mod1: Phosphoglycerate Kinase-( R8;

R9: ADP 1 R9+H 1 R9+PEP->ATP_1 R9+ Pyr; R9 R/Cytosol;

R9_mod1: Pyruvate Kinase-( R9;



reaction: F16BP => 2GA3P; R6_R/Cytosol;
reaction_mod1: Aldolase-( reaction;
reaction_mod1: Triose_Phosphate Isomerase-( reaction;

/lthe list of used mathematical equations in the module
/[Equations

Rel AMP := AMP/ATP;

V_CO2_c := Cytosol,

RO R:=
Kinetik(ADP*H*PEP,ATP*Pyr,V_f 9K f 9V b 9K b 9,F16BP,K _9,A 9,W,t_start,t
ime);

R6_R := MM(F16BP,GA3P"2.0,V_f 6,K f 6,V_b 6,K b 6A 6W,t_starttime);

R7 R:=

MM(GA3P*NAD*Pi,BPG*H*NADH,V f 7K f 7,V b 7K b _7,A_7,W,t_starttime);
R8 R := MM(ADP*BPG,ATP*PEP,V_f 8K f 8V b 8K b 8 A 8W.t start,time);
R10 R :=

MM(H*NADH*Pyr,Lac*NAD,V_f 10,K_f 10,V_b_10,K_b_10,A 10,W,t_start,time);
R16 R :=

MMATPase_R(ATP,ADP*H*Pi,V_f 16,K f 16,V _b 16,K b 16,A 16,W,t_start,time);
Lac_Pyr := Lac/Pyr;

Cr_tis := Cytosol*Cr/V;

PCr_tis_R := Cytosol*PCr/V,

Glc_tis := Cytosol*Glc/V;

H = 10.0"(-pHO0+3.0);

G6P_tis := Cytosol*G6P/V;

F6P _tis := Cytosol*F6P/V;

Gly_tis_R := Cytosol*Gly_nl1/V;

R1 R:=
Kinetik(Gly_n1*Pi,G6P*Gly n,V_f 1K f 1V b 1, K b 1,Rel AMP,K_1 A 1 W, sta
rt,time);

R2 R :=
MM2(ATP*G6P*Gly_n,ADP*Gly_n1*Pi*2.0,V f 2K f 2V b 2K b 2,A 2W,t_star
t,time,2.0);

R11 R:

R12 R :=
MM(Tgl,FFA"3.0*GIr*H"3.0,V_f 12K f 12V b 12K b 12,A 12,W.,t_starttime);

R13 R :=
MM(GA3P*H*NADH,Gr3P*NAD,V_f 13K f 13,V _b 13,K b 13,0.0,W,t_start,time);

Lac_tis_R := Cytosol*Lac/V;

R14 R :=
MM(FAC"3.0*Gr3P,CoA"3.0*Pi*Tgl,V_f 14K f 14V b 14K b 14,0.0,W,t_start,ti
me);

V_02_c := Cytosol,

MM(Pyr,Ala,V_f 11,K f 11,V b 11,K b 11,A 11,W,t_start,time);

10



R15 R :=

MM(ATPA2.0*CoA*FFA,ADPA2.0*FAC*HA2.0%Pi~2.0,V_f 15,K_f 15V b 15K b 1

5A 15W.t start,time);
R17 R :=
MM(ADP*H*PCr, ATP*Cr,V_f 17,K f 17V _b _17,K b _17,0.0,W,t_start,time);
R18 R :=
MM(AMP*ATP,ADP~2.0,V_f 18K f 18V b 18,K b 18,0.0,W,t start,time);
Active_1 :=stress(A_1,W,t_start,time);
Active 2 :=stress2(A_2,W,t_start,time,2.0);
Active 4 :=stress(A_4,W,t_start,time);
Active 5 :=stress(A_5,W,t_start,time);
Active_6 :=stress(A_6,W,t_start,time);
Active 7 :=stress(A_7,W,t_start,time);
Active_8 :=stress(A_8,W,t_start,time);
H '= Rate_H_R/(Cytosol*1000.0);
Active_ 9 :=stress(A_9,W,t_start,time);
Active 15 :=stress(A_15,W,t_start,time);
Active 16 := stress(A_16,W,t_start,time);
rate. CK_normalized_R := R17_R/Cytosol;
PCr_tis_normalized R := PCr_tis/Cytosol;
ADP_free R := ATP*Cr/(PCr*H*K_CK);
AMP_free_R := ADP_free R"2.0/(ATP*K_AK);
ATP_Glycolysis_R :=5.0*(R9_R+R8 R-R5 R-R3_R-R10_R);
CK_R:=5.0*R17_R;
ATP_Glycolysis_R_norm :=5.0*(R9_R+R8_R-R5_R-R3_R-R10_R)/Cytosol;
Cytosol := 0.88*V;,
CK_R_norm :=5.0*R17_R/Cytosol;
ATP_hydrolysis_ R_norm := R16_R/Cytosol;
V b 1:=adjustVb(K f 1,K eq 1,V f 1K b 1,pH);
V_b 2 :=adjustVb(K_f 2,K eq 2,V _f 2,K b 2,pH);
V_b_3:=adjustVb(K_f 3,K eq_3,V_f 3,K b _3,pH);
V_b_4:=adjustVb(K f 4K eq 4,V _f 4K b 4,pH);
V_b 5:=adjustVb(K_f 5K eq_5V_f 5K b 5pH);
V_ b 7:=adjustVb(K f 7,K eq 7,V _f 7,K b _7,pH);
V_b_8:=adjustVb(K _f 8,K eq 8,V _f 8K b 8,pH);
Rate H R :=2.303/beta_cyt*H*(R3_R+R5 R+R7 _R-R9 R-R10 R+3.0*R12_R-
R13 R+2.0*R15 R+R16 R-R17_R-J leak);
V_b_9:=adjustVb(K_f 9,K eq 9,V_f 9,K b 9,pH);
V_b 10 :=adjustVb(K_f 10,K _eq_10,V_f 10,K_b_10,pH);
V_b 11 :=adjustVb(K _f 11,K eq_11,V_f 11, K b 11,pH);
V_b 12 :=adjustVb(K_f 12K eq 12,V _f 12,K b 12,pH);
V_b 13 :=adjustVb(K_f 13,K eq 13,V_f 13,K b 13,pH);
V_b 14 :=adjustVb(K_f 14,K eq 14,V _f 14K b _14,pH);
V_b_15:=adjustVb(K_f 15K eq_15,V_f 15K b _15,pH);
V b 16 :=adjustVb(K_f 16,K eq 16,V _f 16,K b 16,pH);
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V_b_6:=adjustVb(K _f 6,K eq 6,V _f 6,K b 6,pH);
V_b 17 := adjustVb(K_f 17,K eq 17,V_f 17,K _b_17,pH);

R3 R:=
Kinetik(ATP*Glc,ADP*G6P*H,V_f 3K f 3V b 3K b 3,K 3,G6P,0.0,W,t_starttime
);

V_b 18 :=adjustVb(K_f 18,K eq_18,V_f 18,K b _18,pH);

R5 R:=
Kinetik(ATP*F6P,ADP*F16BP*H,V_f 5K f 5V b 5K_b 5AMP,K _5A_5W.,t_start
,time);

R4 R := MM(G6P,F6P,V_f 4K f 4V b 4K b 4,A 4 W,t starttime);
pH :=3.0-log(H,10.0);

/lthe list of used model species and their alias
/[Titles
ADP 1 R15is"ADP",
ADP_1 R16is"ADP",
ADP_1 R17is"ADP";
ADP_1 R18is"ADP";
ADP_1 R3is"ADP";
ADP_1 R5is"ADP";
ADP_1_R8is "ADP":
ADP_1_R9is "ADP":
ATP_ 1 R15is "ATP";
ATP_1 R16is "ATP";
ATP 1 R17is"ATP";
ATP_1 R18is"ATP";
ATP_1 R3is"ATP";
ATP_1 R5is"ATP";
ATP_1 R8is"ATP";
ATP_1 R9is "ATP";
Acyl_CoA_Synthetase is "ACS";
Acyltransferase is "Acyl";
Adenylate_Kinase is "AK";
Alanine_Aminotransferase is "ALT";
Aldolase is "ALDO";
BPG is "13BPG";
CO2 is "CO<sub>2";
CoA_1 R15is "CoA";
Creatine_Kinase is "CK";
Gly_n is "Gly<sub>n</sub>";
Gly_nlis "Gly<sub>n+1</sub>";
Glyceraldehyde 3 Phosphate _Dehydrogenase is "GAPDH";
Glycerol_3Phosphate_Dehydrogenase is "GPDH";
Glycogen_posphorylase is "GP";
Glycogen_synthase is "MGS";

12



His "H+";

H_ 1 R12is"H+";

H_ 1 R13is"H+";

H_1 R15is"H+";

H_1 R16is"H+";

H_ 1 R17is"H+";

H 1 R3is"H+";

H 1 R5is"H+";

H_ 1 R7is"H+";

H_ 1 R9is"H+";

Hexokinase is "HK";

Lactate Dehydrogenase is "LDH";
Lipase is "LIPA";

NAD is "NAD+";

NADH_1 R13is "NADH";
NADH_1 R7is "NADH";

NAD_1 R13is "NAD+";
NAD_1 R7is "NAD+";

02 is "O<sub>2";
Phosphofructokinase is "PFK";
Phosphoglucose_Isomerase is "PGI";
Phosphoglycerate_Kinase is "PGK";
Pi_1 Rlis"Pi";

Pi_1 R14is"Pi";

Pi_1 R15is"Pi";

Pi_1 R16is"Pi";

Pi_1 R7is"Pi";

Pyruvate_Kinase is "PK";
Triose_Phosphate _Isomerase is "TPI";

/ISBGN Properties

@ADP.sbgnType = "simple chemical™;

@AMP.sbgnType = "simple chemical”;

@ATP.sbgnType = "simple chemical”;

@ATPase.sbgnType = "macromolecule”;

@ATPase.sbgnViewTitle = "ATPase™;
@Acyl_CoA_Synthetase.sbgnType = "macromolecule”;
@Acyl_CoA_Synthetase.sbgnViewTitle = "Acyl_CoA_Synthetase";
@Acyltransferase.sbgnType = "macromolecule™;
@Acyltransferase.sbgnViewTitle = "Acyltransferase”;
@Adenylate_Kinase.sbhgnType = "macromolecule”;
@Adenylate_Kinase.sbgnViewTitle = "Adenylate_Kinase™;
@Ala.sbgnType = "simple chemical™;
@Alanine_Aminotransferase.sbgnType = "macromolecule”;
@Alanine_Aminotransferase.sbgnViewTitle = "Alanine_Aminotransferase";
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@Aldolase.sbgnType = "macromolecule™;

@Aldolase.sbgnViewTitle = "Aldolase";

@BPG.sbgnType = "simple chemical";

@CO2.sbgnType = "simple chemical”;

@CoA.sbgnType = "simple chemical™;

@Cr.sbgnType = "simple chemical™;

@Creatine_Kinase.sbgnType = "macromolecule™;

@Creatine_Kinase.sbgnViewTitle = "Creatine_Kinase";

@F16BP.sbgnType = "simple chemical”;

@F6P.sbgnType = "simple chemical™;

@FAC.sbgnType = "simple chemical”;

@FFA.sbgnType = "simple chemical";

@G6P.sbgnType = "simple chemical”;

@GA3P.sbgnType = "simple chemical”;

@Glc.sbgnType = "simple chemical™;

@Glr.sbgnType = "simple chemical”;

@Gly_n.sbgnType = "macromolecule”;

@Gly_n.sbgnViewTitle ="Gly_n";

@Gly_nl.sbgnType = "macromolecule™;

@Gly_nl.sbgnViewTitle = "Gly_n1";

@Glyceraldehyde_3_Phosphate_Dehydrogenase.sbgnType = "macromolecule™;

@Glyceraldehyde_3_Phosphate_Dehydrogenase.sbgnViewTitle =
"Glyceraldehyde 3 Phosphate_Dehydrogenase”;

@Glycerol_3Phosphate_Dehydrogenase.sbgnType = "macromolecule”;

@Glycerol_3Phosphate_Dehydrogenase.sbgnViewTitle =
"Glycerol_3Phosphate_Dehydrogenase™;

@Glycogen_posphorylase.sbgnType = "macromolecule”;

@Glycogen_posphorylase.sbgnViewTitle = "Glycogen_posphorylase”;

@Glycogen_synthase.sbgnType = "macromolecule™;

@Glycogen_synthase.sbgnViewTitle = "Glycogen_synthase";

@Gr3P.sbgnType = "simple chemical™;

@H.sbgnType = "simple chemical™;

@Hexokinase.sbgnType = "macromolecule™;

@Hexokinase.sbgnViewTitle = "Hexokinase";

@Lac.sbgnType = "simple chemical";

@Lactate_Dehydrogenase.sbgnType = "macromolecule™;

@Lactate_Dehydrogenase.sbgnViewTitle = "Lactate_Dehydrogenase”;

@L.ipase.sbgnType = "macromolecule”;

@Lipase.shgnViewTitle = "Lipase";

@NAD.sbgnType = "simple chemical”;

@NADH.sbgnType = "simple chemical”;

@02.sbgnType = "simple chemical”;

@PCr.sbgnType = "simple chemical™;

@PEP.sbgnType = "simple chemical™;

@Phosphofructokinase.sbgnType = "macromolecule™;



@Phosphofructokinase.sbgnViewTitle = "Phosphofructokinase”;

@Phosphoglucose_Isomerase.sbgnType = "macromolecule”;

@Phosphoglucose_Isomerase.sbgnViewTitle = "Phosphoglucose_Isomerase™;

@Phosphoglycerate_Kinase.sbgnType = "macromolecule”;

@Phosphoglycerate_Kinase.sbgnViewTitle = "Phosphoglycerate Kinase";

@Pi.sbgnType = "simple chemical™;

@Pyr.sbgnType = "simple chemical”;

@Pyruvate_Kinase.sbgnType = "macromolecule”;

@Pyruvate_Kinase.sbgnViewTitle = "Pyruvate_Kinase";

@Tgl.sbgnType = "simple chemical”;

@Triose_Phosphate_Isomerase.sbgnType = "macromolecule™;

@Triose_Phosphate_Isomerase.sbgnViewTitle = "Triose_Phosphate _Isomerase™;
end

c. Mathematical equations of the metabolic reactions in the Module
“Cytosol”:
The biochemical reaction flux expressions and used kinetic laws of the reactions in the Module
“Cytosol” are originated from Li et al., 2012. According to the original paper, the flux

expressions (F;) for enzymatic reactions include the next set of parameters: V,,f;x and V,ﬁflx are

the maximal forward and backward i- reaction velocities, respectively, while K,’:j and Kf:f are the
corresponding Michaelis-Menten constants. Some flux expressions (Fgp, Fyk, Fprk, Fpi ) In the
Module account for activation and/or inhibition of the metabolic reaction flux by intermediate
metabolites in the cytosolic metabolism, where C; is the metabolite’s concentration and K¢ is
the activation or inhibition constant of the regulatory metabolite in the i reaction. In this model
version, the rate of each metabolic and transport reaction is multiplied by a linear function of the
work rate (W) parameter which defines power of the physical exercise to consider activation

tstart=t

mechanisms related to an exercises response: Function(W) =1+ aq;*W «(1—e % ), where
a; Is the activation coefficient, W is the work rate value, 7; indicates the time constant of
metabolic reaction rates change in response to exercise, while tg.,,+ — the simulation time when
an exercise is started. Thus, flux expressions for the metabolic reactions in the Module “Cytosol”
represents by the next set of equations:

R1. Glycogen Phosphorylase (as GP is shown in Figure S1)

fep ybep
max max
%AMP /KfGP * CGlZVn+1 * CPi - W * CGlyn * CG6P tstart—t
Fep = ATP x| 2 m *x(1+agp*Wx(1—e TP ))
K Regep + Camp 14 CGlyn+1 * CPi CGl)/n * Cgep
m Carp KJap KTZGP
m

R2. Glycogen Synthase (as MGS is shown in Figure S1)

15



Vf MGS bmes

2
K"}‘:;GS * Cory,, * Cep * Carp — % * Cotyny * Cp” * Capp P—
Fues = | = C C C n& C.ZrC *(1+aygs * W * (1 —e ™6s ))
1 4 26 * Lgep * Larp " Glyne: ¥ bpy * Lapp
K mas K bmes
m m
R3. Hexokinase (as HK is shown in Figure S1)
fHK bHK
K Regnx _K"}i’);( * Corc * Carp — KbHK * Cgep * Capp * Cy+ tstari—t
Fup = m x| UC (L4 aye*W*(1—e Tk
HK (Krlrilegyx + CG6P> C(;lc : Carp , Cgep * CgDP * Cp+ ( HK ( )
K HK KmHK
R4. Phosphoglucose Isomerase (as PGI is shown in Figure S1)
fpar VbPGI
max _
/KfPGI * Coer KbPGI CFﬁp\ tstare—t
Fpg = | — C mC * (1+ apg *W (1 —e Tpc1 )
1 4 Lgep | Crep
KfPGI KbPGI
R5. Phosphofructokinase (as PFK is shown in Figure S1)
v fer VbPFK
Cantp /K"}g:,{ * Cpep * Carp — W Criesp * Capp * Cy+ torare—t
FPFK=< )* I n * (14 appg * W x (1 —e Trrx )
KRe9PPE 4 Conip 14 CF61§;>§(ATP 4+ Craesp I’:bc:lel)(p * Cy+

R6. Glyceraldehyde 3-Phosphate Formation (as ALDO and TPI is shown in Figure S1)

VfALD0+TPI ybaLpo+Tp
Jmax max C2
KfALDO+TPI Criepp Krl:lALDO+TPI GA3P tstare—t

Farpo+rpr = * (14 agrposrpr * W * (1 — eTaLpo+TPI))
1+ Criepp + Crep

faLpo+TPI baLpo+TPI
Km Km

R7. Glyceraldehyde 3-Phosphate Dehydrogenase (as GAPDH is shown in Figure S1)

VfGAPDH VbGAPDH
max max
* * —_——— % * *
KfGAPDH * Cgazp CPi Cnap+ K bearph Cizppg * Cnapy * Cy+ torare—t
—_| &m m
Feappu = C I S +C “C * (14 agappu * W * (1 — eTaarpn )
1+ GA3P Pi NAD 4 Z13BPG NADH H*
KfGAPDH KbGAPDH
m

R8. Phosphoglycerate Kinase (as PGK is shown in Figure S1)

VfPGK v brek
(Kfpf,( Ci3ppe * Capp — % * Cpgp * CATP\ P
Fpok = L * (1 + apgg * W (1 —e Trek )

1 + C13BPG CADP CPEP * CATP
KfPGK KbPGK

m

R9. Pyruvate Kinase (as PK is shown in Figure S1)

Vi ek
c /KfPK * Cpp * Capp * Cpy+ — Kbrx * Cpyr * CATP\ torare—t
FPK=( Reg rC >* N 0 *(A+apg*Wx(1—e Trx )
K """ + Criepp k 1 4 Cpep * Capp * Cyv Cpyr * Carp /
Kr]:lPK K::LPK
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R10. Lactate Dehydrogenase (as LDH is shown in Figure S1)

VfLDH VbLDH
Ymax
* Cpyy * C * Cpyv — 22X o ;% Cyap+
KfLDH Pyr NADH H KbLDH Lac NAD torare—t

FLDszm = )*(1+aLDH*W*(1_eTLDH )
1

+ Cpyr * Cyaph * Cy+ + Crac * Cnap+
KT)ZDH KbLDH

m

R11. Alanine Aminotransferase (as ALT is shown in Figure S1)

farr bALT
Vmax C V C
KfALT Pyr Krl:lALT Ala tstare—t
Far =

C *(A+agyrxWx(1—e Tar ))
1+ Pyr + CAla
KfALT KbALT
m m

R12. Lipases (as LIPA is shown in Figure S1)

% fuipa bLIPA
Ymax

K/;LIPA *lrgt = K‘rl:lLIPA tstare—t
Fiipa = 3 3 *(L+aypa*xWx(1—e Tra )
1+ Crgi . Coir * Crpa * Cpp+

* Corp * CFFA * CH+

fuipa bripa
K, K

m

R13. Glycerol 3-Phosphate Dehydrogenase (as GPDH is shown in Figure S1)

feppH bgppH

max max
* C, *C * Cy+ — * C * Cyap+
/KfGPDH GA3P * UNADH * CH* ™ Jrbgppy * “Gr3p * “NAD torari—t

F = m m *(1+a « W % (1 — e TepDH
arp k 1+ Cgazp * Cnapy * Cp+ + Cerap * Cnap+ ) ( arpH ( )

feppH beppH
K K.,

R14. Acyltransferase (as Acyl is shown in Figure S1)

VfAcyl 3 VbAcyl
Max__ 4 * — max * *
/ P Cerap * Crac Pacr Crgr * Coon * Cp, —
m

FAcyl=| m |*(1+aACyl*W*(1_eTAcyl )

14 Corsr * Crac + Crgi * Con * Cp,
KfAcyl KbAcyl

m

R15. Acyl-CoA Synthetase (as ACS is shown in Figure S1)

/ fAcs VbACS
* * * — Imax * * *
K U Crpy * Coon * Chrp feoacs Crac * Capp * Cg, * Chv —

Facs = | [ * (1 + apes * W+ (1 —e Tacs ))
1+ Crra * CCOA * CATP + Crac * CADP * CP * CH+
K facs KbACS

R16. ATPase (as ATPase is shown in Figure S1)

VfATPase VbATPase
A s Cprp — —p2—* Cppp * Cp, * Cy+

KfATPuse KrI:lATPase tstart_t

— m — et ase
Firease 1+ Carp + Capp * Cp, * Cy+ * (14 @prpase * W (1 — eTarrese))
KfATPase KbATPase
m m

R17. Creatine Kinase (as CK is shown in Figure S1)

VfCK VbCK
max ma.
* Cpcy * Capp * Cy+ — * Cop x C
fex T Lper * Lapp * Ly KbCK cr * arp terari—t

FCK:Km - )*(1+QCK*W*(1_9 ek )

1+ Cocr * Capp * Cy+  Cor * Carp
fex bek
Ko K

m
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R18. Adenylate Kinase (as AK is shown in Figure S1)

fak bak
%4 |4 2
/ "}jﬁ * Carp * Camp — —Krﬁii * Capp terare—t
Fae =|— = *(L+auy*xWx(1—e Tax )
1+ Carp * Camp + Capp
fak bak
K. K,

According to the above-mentioned rate equations and transport fluxes both between cytosol -

mitochondria (ch;?;f>mit,type,i' where superscripts f and p denote facilitated and passive

transports, respectively), type € (type I fiber (R),type II fiber(W)) and blood - muscle fiber

compartments (Tb’;;’iﬁcyt,type’i), the tissue cells cytosolic concentrations of metabolites (C.y ¢ type,is

mmol/kg w.w.) are:

% dCcyt,type,Glc _ Tf —F
cyt,type dt — “bhl<—>cyt,type,Glc HK type
dCc t,type,G6P
yiL,typ _
cyt,type dt - FHK,type + FGP,type - FMGS,type - FPGI,type
dCcyt,type,F6P
V —_—=F
cyt,type dt — U PGlLtype — F PFK,type
dCcyt,type,F1eBP .
cyt,type dt - FPFK,type - FALD0+TP1,type
dCcyt,type,GA3P
=2xF
cyt,type dt = 2 * I p1po+TPLtype — F GAPDH,type — F GPDH,type
cyt,type,
dc yt,type, 13BPG __
cht,type dt =F GAPDH,type — F PGK,type
cyt,type,
ac yt,type,PEP __
cyt,type dt - FPGK,type - FPI(,type
dCcyt,type,Pyr _ Tf F F —F Tf
cyt,type dt - bl<—>cyt,type,Pyr+ PK,type ~ U LDH,type ALT,type — * cyt<—>mit,type,Pyr
% dCcyt,type,Lac _ Tf +F
cyt,type dt — "bl<—>cyttype,Lac LDH,type
v dCcyt,type,Ala _ Tp +F
cyt,type dt — “bl<—>cyttypeAla ALT type
dCcyt,type,Gly
V ——F—=F F
cyt,type dt — 'MGStype — T GP,type
dCcyt,type,GrSP _
cyt,type dt — U'GpDHtype — FAcyl,type
dCcyt,type,Tgl _
cyt,type dt - FAcyl,type - FLIPA,type
% dCcyt,type,Glr _ Tp L F
cyt,type dt — ‘bl<—>cyttype,Glr LIPAtype
dCcyt,type,FAC =F — 34 F _ Tf
cyt,type dt — T ACStype Acyl,type cyt<—>mit,type,FAC
dCcyt,type,FFA _ Tf L 3%F _F
cyt,type dt — ‘bl<->cyttypeFFA LIPAtype ACS,type
dCcyt,type,PCr _ dCcyt,Cr _
cyt,type dt - T Veyt dt — T Fektype
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F
dCcyt,type,co, P P .
Veyt type,co, " = Thic—scyt.eypeco, — 1. where superscript F denotes

cyt<—>mit,type,CO,’
free dissolved CO,
dck

cyttypeOz __ oD _ TP H
Veyttype,0, —a Thi<—scyt type,0, — Teyt<—smittype,o0,» WHere superscript F denotes
concentration of free O,
dCcyt,type,AMP _
cht,type dt - _FAK,type
dCcyt,type,ATP _ dCcyt,type,ADP
Veyt type — a - —Veyt type a4
= FPGK,type + FPK,type + FCK,type - FMGS,type - FHK,type - FFFK,type — 2% FACS,type - FATPase,type
f
—F -T
AR type cyt<—>mit,type,%
dCcyt,type,Pi
cht,type T

= 2x FMGS,type + FAcyl,type + 2 FACS,type + FATPase,type - FGP,type - FGAPDH,type
—_7f

cyt<->mit,type,P;
dCcyt,type,CoA _
Yyt type dt =3x FAcyl,type

f
V. — Facseype = Tcyt<—>mit,type,CoA
dCcyt,type,NADH dCcyt,type,NAD+

cht,type dt = _cht,type dt

— f
=F GAPDH,type — F LDH,type — F GPDH,type — T . NADH
cyt<—>mlt,type,m

dCcyt,type,H+
Yyt type

v
¢ dt

f f 2.303

= Thcoseyrtypent — Leyramsmittypert T * Coyttypen

cyt

* (F ik type T Fprrtype T Foarpmeype T3 * Fripaeype T 2 * Facstype t Farpase,type — Fri type

leak
- FLDH,type - FGPDH,type - FCK,type - Tcyt<—>mit,type.H+)

where ... = 6.65 mM/pH is buffering capacity of the cytosol for protons.

Vye indicates the volume of cytosol in kg wet weight; V.., r = 0.88 * Vg and Ve, = 0.92 =
V', are volumes of cytosol for type | and Il fibers, correspondingly, where Vi =V, = 0.5 *
Vs =2 kg ww., V, — the type | fiber volume, V, — the type Il fiber volume and V;; — the
volume of muscle cells in the tissue. Volume distribution of muscle fibers corresponds to the
human vastus lateralis muscle and used numerical values correspond to ones from the original
publication (Li et al., 2012).
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Table S1. The model parameter values for metabolic reactions in the Module “Cytosol” (type | fibers)

b;

Reaction,i Vit Vinax: K/ Kb KRegi K} a;, Wt Lo Reference
' mmol/min | mmol/min| m m m ed v min
Glycogen Phosphorylase (GP) 2.54E-01 3.50E+06 | 3.06E-03 2.93E+05 1.87E-5 6.95E+00 1.51E-01* 4.0E-1 Lietal., 2012
Glycogen Synthase (MGS) 6.93E+01 2.36E-06 | 1.74E+04 1.58E+02 0 2.67E+05 3.39E-01* | 2.0E+00 Lietal., 2012
Hexokinase ( HK) 8.85E-01 6.50E-12 | 3.29E+00 3.93E-07 2.78E+01 1.63E+04 0 4.0E-1 Lietal., 2012
Phosphoglucose Isomerase (PGI) 8.48E-01 4.04E-01 2.78E-01 4.86E-02 0 3.67E-01 3.22E-01 4.0E-1 Lietal, 2012
Phosphofructokinase (PFK) 4.00E+00 1.27E-10 | 2.88E-01 9.42E-08 9.35E-02 1.03E+04 3.22E-01 4.0E-1 Lietal., 2012
ég’gﬁ;‘;&tﬂﬁe&’i‘fﬁg&te 1.32E+00 | 1.63E-01 | 6.67E-01 | 7.90E-02 0 9.6E-01 | 322E-01 | 4.0E-1 Li etal., 2012
GA3P Dehydrogenase (GAPDH) 5.27E-01 3.39E-08 | 3.87E-02 1.96E-09 0 7.87E-01 3.22E-01 4.0E-1 Lietal., 2012
Phosphoglycerate Kinase (PGK) 2.38E-01 8.17E-03 1.58E-03 3.19E-02 0 5.88E+02 3.22E-01 4.0E-1 Lietal., 2012
Pyruvate Kinase (PK) 2.46E-01 6.75E-03 | 7.61E-09 3.13E-01 2.67E-03 1.5E+09 3.22E-01 4.0E-1 Lietal., 2012
Lactate Dehydrogenase (LDH) 4.88E+44 3.60E-03 | 1.17E+23 1.30E-15 0 1.51E+09 0 4.0E-1 Lietal., 2012
Alanine Aminotransferase (ALT) 9.10E-02 8.44E-04 | 5.28E-02 1.44E+00 0 2.94E+03 7.95E-02 4.0E-1 Lietal., 2012
Lipases (LIPA) 9.0E-03 2.77E-19 1.67E+01 4.52E-15 0 8.75E+00 0 4.0E-1 Lietal., 2012
G3P Dehydrogenase (GPDH) 1.16E-02 4.35E-04 | 1.96E-09 2.51E-02 0 3.41E+08 0 4.0E-1 Lietal., 2012
Acyltransferase (Acyl) 1.34E-02 1.31E-06 | 8.42E-09 2.73E-04 0 3.32E+08 0 4.0E-1 Lietal., 2012
Acyl-CoA Synthetase (ACS) 4.31E+00 2.29E-18 | 3.12E-01 6.21E-14 0 3.75E+05 3.39E-01 4.0E-1 Lietal., 2012
ATPase 31.51E+00 | 3.76E-11 | 5.92E+00 1.04E-05 0 1.47E+06 | 7.67E-02* | 4.0E-3* Lietal., 2012
Creatine Kinase (CK) 200 5.88E+01 | 2.97E-04 2.07E+01 0 2.37E+05 0 4.0E-1 Lietal., 2012
Adenylate Kinase (AK) 200 4.35E-04 | 1.32E+02 3.18E-05 0 1.11E-01 0 4.0E-1 Lietal., 2012

* - the value was changed during the model fitting to experimental data; Kéqis the equilibrium constant of the i reaction;
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Table S2. The model parameter values for metabolic reactions in the Module “Cytosol” (type 11 fibers)

b;

Reaction,i Vit Vinax: K/ Kb KRegi K} a;, Wt oo Reference
' mmol/min | mmol/min| m m m ed s min
Glycogen Phosphorylase (GP) 2.55E-01 3.51E+06 | 3.06E-03 | 2.93E+05 1.87E-5 6.95E+00 | 1.51E-01* 4.0E-1 Lietal. 2012
Glycogen Synthase (MGS) 3.55E+01 1.21E-06 | 1.74E+04 | 1.58E+02 0 2.67E+05 | 3.39E-01* | 2.0E+00 Lietal, 2012
Hexokinase ( HK) 1.34E+00 9.85E-12 | 3.29E+00 | 3.93E-07 | 2.78E+01 | 1.63E+04 0 4.0E-1 Lietal., 2012
Phosphoglucose Isomerase (PGI) 4.37E-01 2.10E-01 2.78E-01 | 4.86E-02 0 3.67E-01 3.22E-01 4.0E-1 Lietal, 2012
Phosphofructokinase (PFK) 3.04E+00 9.61E-11 | 2.88E-01 | 9.42E-08 | 9.35E-02 | 1.03E+04 | 3.22E-01 4.0E-1 Lietal., 2012
ég’gﬁ;‘;:gﬂféegi‘f‘gr)ate 1356400 | L167E-01 | 6.67E-01 | 7.90E-02 0 9.60E-01 | 3.22E-01 | 4.0E-1 Lietal., 2012
GA3P Dehydrogenase (GAPDH) 6.41E-01 4.13E-08 | 3.87E-02 | 1.96E-09 0 7.87E-01 | 3.22E-01 4.0E-1 Lietal., 2012
Phosphoglycerate Kinase (PGK) 2.28E-01 7.83E-03 1.58E-03 | 3.19E-02 0 5.88E+02 | 3.22E-01 4.0E-1 Lietal, 2012
Pyruvate Kinase (PK) 2.37E-01 6.49E-03 | 7.61E-09 | 3.13E-01 | 2.67E-03 | 1.50E+09 | 3.22E-01 4.0E-1 Lietal., 2012
Lactate Dehydrogenase (LDH) 9.68E+44* 3.60E-03 | 1.17E+23 | 1.30E-15 0 1.51E+09 | 9.22E-01* 4.0E-1 Lietal, 2012
Alanine Aminotransferase (ALT) 1.06E-01 9.84E-04 | 5.28E-02 | 1.44E+00 0 2.94E+03 | 7.95E-02 4.0E-1 Lietal., 2012
Lipases (LIPA) 1.52E-02 4.71E-19 1.67E+01 4.52E-15 0 8.75E+00 0 4.0E-1 Lietal, 2012
G3P Dehydrogenase (GPDH) 1.37E-02 5.15E-04 | 1.96E-09 | 2.51E-02 0 3.41E+08 0 4.0E-1 Li etal., 2012
Acyltransferase (Acyl) 1.07E-02 1.05E-06 | 8.42E-09 | 2.73E-04 0 3.32E+08 0 4.0E-1 Lietal., 2012
Acyl-CoA Synthetase (ACS) 5.22E+00 2.77E-18 | 3.12E-01 | 6.21E-14 0 3.75E+05 | 3.39E-01 4.0E-1 Lietal., 2012
ATPase 3.16E+01 3.77E-11 | 5.92E+00 | 1.04E-05 0 1.47E+06 | 6.53E-02* | 4.0E-3* Lietal., 2012
Creatine Kinase (CK) 200 5.88E+01 | 2.97E-04 | 2.07E+01 0 2.37E+05 0 4.0E-1 Lietal, 2012
Adenylate Kinase (AK) 200 4.35E-04 | 1.32E+02 | 3.18E-05 0 1.11E-01 0 4.0E-1 Lietal., 2012

* - the value was changed during the model fitting to experimental data

21



2. Rates of reactions and ODE system of the Module “Mitochondrion”

a. SBGN scheme of the module:

The Mitochondrion module consists of the 8 enzymatic reactions comprising
pyruvate oxidation, citric acid (TCA) cycle, lumped B-oxidation of fatty acids and
3 reactions of the oxidative phosphorylation including electron transport chain
(ETC+0OxPhos in Figure S2). The list of reactions and math equations describing
their rates are identical in type | and Il fibers, while values of the kinetic
parameters are different between two types of the fibers (See Table S3 and Table
S4).

Mitochondria

ol

Figure S2. SBGN scheme of the metabolic reactions taking place in the Module “Mitochondrion” (vertex of
the bipartite graph =~ corresponds to the biochemical reaction). The diagram of metabolic pathways
comprises pyruvate dehydrogenase (PDH), TCA cycle, B-oxidation and oxidative phosphorylation.
Metabolites are vertices, while biochemical reactions are arcs of the diagram: Pyr, pyruvate; FAC, fatty acyl-
CoA; ACoA, acetyl-CoA; CoA, coenzyme-A; Oxa, oxaloacetate; Cit, citrate; AKG, a-ketoglutarate; SCoA,
succinyl-CoA; Suc, succinate; Mal, malate; FADH2, reduced flavin adenine dinucleotide; FAD, oxidized
flavin adenine dinucleotide. Enzymes catalyzing biochemical reactions in the cytosol are depicted as
rectangles on the diagram: PDH, pyruvate dehydrogenase; CS, citrate synthase; ACO+IDH, aconitase and
isocitrate dehydrogenase; KGDH, AKG dehydrogenase; SCS, SCoA synthetase;  SDH, succinate
dehydrogenase; MDH, malate dehydrogenase. White arrows along the compartment border indicate contact
ports for corresponding entities in the mitochondrion.
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b. Antimony view which represents generated code according to the visual
graph:
/lused mathematical functions in the module
function stress(a,W,t_start,t)
1.0+a*W*(1.0-exp((t_start-t)/0.4));
end

function pw(base,power)

end

function adjustVb(V_f,K_b,K_f K eq,ph)
V_f*K_b/(K_f*K_eq)*10.07(7.6-ph);
end

function MM(r,p,v_f,k_f,v_b,k b,a,W,t_start,t)
(v_f/k_f*r-v_b/k_b*p)/(1.0+r/k_f+p/k_b)*stress(a,W,t_start,t);
end

function Kinetik2(r,p,v_f,k_f,v_b,k b,c,a,W,t_start,t)
c*MM(r,p,v_f.k fv b,k b,aW,t start,t);
end

function Kinetik(r,p,v_f,k_fv_b,k b,c,k,a,W,t_start,t)
c/(k+c)*MM(r,p,v_fk fv bk b,aW,t_startt);
end

//name of the model and components

/[Function definitions
model
Li_2012_Mitochondria_R($Mitochondria. ADP,$Mitochondria. ATP,>A_19,$Mitochondr
ia.C0O2,>Ca_mit,$Mitochondria.CoA,$Mitochondria.FAC,>H_Cyt,$Mitochondria.H_,>J
_leak,$Mitochondria,$Mitochondria. NADH,$Mitochondria.NAD _,$Mitochondria.02,$
Mitochondria.Pi,$Mitochondria.Pyr,<VV_CO02_mit R,<V_02_mit R,>V,>W,>t_start)

/lthe list of used compartment in the module
compartment Mitochondria;

/lthe list of used biochemical species in the module

species ACO0A in Mitochondria, ADP in Mitochondria, AKG in Mitochondria, ATP in
Mitochondria, Aconitase in Mitochondria, CO2 in Mitochondria, Cit in Mitochondria,
Citrate_Synthase in Mitochondria, CoA in Mitochondria, FAC in Mitochondria, FAD in
Mitochondria, FADH2 in Mitochondria, H20 in Mitochondria, H_ in Mitochondria,
Isocitrate_Dehydrogenase in Mitochondria, Ketoglutarate Dehydrogenase in
Mitochondria, Mal in Mitochondria, Malate_Dehydrogenase in Mitochondria, NADH in
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Mitochondria, NAD _ in Mitochondria, O2 in Mitochondria, Oxa in Mitochondria, Pi in

Mitochondria, Pyr in Mitochondria, Pyruvate Dehydrogenase in Mitochondria, SCoA in

Mitochondria, Suc in Mitochondria, Succinate_Dehydrogenase in Mitochondria,
Succinyl_CoA_Synthetase in Mitochondria, deltaH_ in Mitochondria;

/lthe list of used model parameters in the module

var ATP_synthesis_norm, A_19, A 20, A 21, A 22, A 23, A 24, A 25 A _26, A 27,

A 28, A 29,C_IMM, Ca_mit, F, G_H, H_Cyt,J Psi,J leak, K 19, K 21, K 22,
K_CO2hyd, K_MbO2,K b 19,K b 20,K b 21, K b 22, K b 23, K_b 24, K_b 25,
K b 26, K b 27, K b 28, K b 29, K_eq_19, K eq_20, K _eq 21, K_eq_22,K eq_23
K eq 24,K eq 25, K eq 26,K eq 27,K eq 28, K eq 29, K f 19, K f 20, K f 21
K f 22, K f 23 K f24 K f 25K f 26, K f27 K f 28 K f 29, Mb,Psi,R,
R19 R,R20_R,R21 R, R22 R,R23 R,R24 R, R25 R, R26 R, R27_R, R28 R,
R29 R, Rate_ CO2_mit_R, Rate_ H_mit_R, Rate_02_mit_R, Rate_Psi_R, Ratio_H,

Rel ADP, T,V,V_CO2 mit R,V_02 mit R,V_b 19,V b 20,V _b 21,V b 22,

V b 23,V b 24,V b 25,V b 26,V b 27,V b 28,V b 29,V f 19,V _f 20,

V 21,V 22V f23,V 24,V 25V 26V Tf27,V f28V_f29W,
beta_mit, pHlast_mit, ph, rate_oxidation_normalized_R, t_start, unknown;

/lthe list of values of used model parameters in the module
[Mnitialization
Mitochondria = 0.4;
ACO0A =0.0166666666666667;
ADP = 8.30666666666667;
AKG =0.108333333333333;
ATP =7.068;
CO2 =1.525;
Cit=0.791666666666667;
CoA =0.0333333333333333;
FAC = 0.00145833333333334;
FAD = 1.76666666666667;
FADH2 =0.2;
Mal = 0.791666666666667;
NADH = 0.4975;
NAD_ = 3.15;
02 =10.027;
Oxa =0.02;
Pi = 1.14583333333333;
Pyr = 0.0208333333333334;
SCoA =1.08333333333333;
Suc = 0.791666666666667;
A 19 =5.32468176851059;
A 20=0.218112023391122;
A 21 =0.0794936353702118;
A 22 =0.0794936353702118;
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A 23 =0.0794936353702118;

A 24 =0.0794936353702118;

A 25=10.0794936353702118;

A 26 =0.0794936353702118;

A 27 =0.330739463658112;

A 28 =0.330739463658112;

A 29=0.0275117398623704;
C_IMM =6.75;

F =96485.0;

G_H =17.80458422;

K 19 =10.361;

K 21 =0.361;

K 22 =0.361,

K_CO2hyd = 7.94E-4;

K_MbO2 = 308.6419753,;

K b 19 =3.81E-7,

K b 20 =6.0E-6;

K b 21 =9.55E-7;

K b 22 =0.0948;

K b 23=0.948;

K b 24=0.33;

K b 25=0.228;

K b 26 = 3.0E-7;

K b 27 =3.15;

K b 28=2.12;

K b 29 =8.68;

K eq_19 =1.28198016199281E7,
K _eq_20 =2.40277252251855E185;
K _eq_21 =5834205.78346589;
K_eq_22 =1.70937333234441,
K_eq_23 = 7000688.52086883;

K _eq_24 = 2.44222953575007,

K _eq_25 =16.2066336021045;

K _eq_26 =0.129664509065361;
K _eq_27 =9.87814193685763E40;
K eq_28 =1.01650487576403E27;
K eq_29 =1.64413750999731E-4;
K_f 19 =0.00315;

K f 20 = 4.67E-4,

K f 21 =4.8E-4;

K f 22=2.99;

K f 23=0.0158;

K f 24 =135;

K_f 25=2.01,

K_f 26 =2.99;
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K_f 27 = 2.05E-6;

K _f 28 =0.0394;

K f 29 =2.71E-4;

Mb =0.5;

Psi = 0.16;

R =8.314;

Rel ADP =0.90322;

T =310.15;

V =2.0;

V_b 19 =5.36524330272369E-12;
V_b 20 =5.34432858533328E-189;
V b 21 =5.36524330272369E-12;
V b 22 =0.0329461108338452,;
V b 23=1.26728851241359E-5;
V b 24 =0.0126527359471977,
V b 25=0.00996337145392688;
V b 26 =1.01827026763956E-6;
V_b 27 =8.17589044237406E-4;
V b 28 =4.49836229612661E-7;
V_b 29 =1.7635809142657;

V _f 19=0.568664744273573;
V_f 20 =0.0999473857360283;

V _f 21 =1.85010358968123;
V_f 22 =1.77624934344806;
V_f 23 =1.47864869024712;
V_f 24 =1.26412713156653;
V_f 25=1.42350942235471;
V_f 26 =1.3159340263484;
V_f 27 =5.25597913690272E31;
V _f 28 =8.4981473563420201E18;
V _f 29 =19.05280349607311E-9;
beta_mit = 25.0;

ph =7.6;

[/Ithe list of reactions in the module
//IReactions

R000154: Cit + NAD_ => AKG + CO2 + NADH; R22_R/Mitochondria;
R000155: ACoA + Oxa => Cit + CoA + H_; R21_R/Mitochondria;
R001155_mod: Citrate_Synthase-( RO00155;

R000164: CoA_1 R000164 + NAD__1 R000164 + Pyr => ACoA + CO2_1_R000164

+H__1 R000164 + NADH_1_R000164; R19 R/Mitochondria;

R001164_mod: Pyruvate Dehydrogenase-( R000164;

R20: 7CoA_1 R20 + FAC + 7TFAD + TNAD__ 1 R20 -> 8ACo0A + 7TFADH2 +
7H__1 R20 + 7NADH_1_R20; R20_R/Mitochondria;
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R23: AKG + CoA 1 R23+NAD_ 1 R23->C02_1 R23+ NADH_1 R23 + SCoA;
R23 _R/Mitochondria;

R23_modl: Ketoglutarate Dehydrogenase-( R23;

R24: ADP + Pi + SCoA -> ATP + CoA_1 R24 + Suc; R24_R/Mitochondria;

R24_mod1: Succinyl_CoA_Synthetase-( R24;

R25: FAD_1 R25 + Suc -> FADH2_1 R25 + Mal; R25_R/Mitochondria;

R25_mod1: Succinate_Dehydrogenase-( R25;

R26: Mal + NAD_ 1 R26->H__ 1 R26 + NADH_1 R26 + Oxa;
R26_R/Mitochondria;

R26_modl1: Malate Dehydrogenase-( R26;

R27:H_ 1 R27 + NADH_1 R27 +0.502 -> H20 + NAD__ 1 R27 + deltaH_;
R27_R/Mitochondria;

R28: FADH2_1 R28+0.502_1 R28->FAD_1 R28 + H20 1 R28 +
deltaH__1 R28; R28_R/Mitochondria;

R29: ADP_1 R29+H__1 R29+Pi_1 R29 +deltaH__1 R29-> ATP_1 R29;
R29 R/Mitochondria;

/lthe list of used constants in the module
/IConstants
const H20, deltaH_;

/lthe list of used mathematical equations in the module
//[Equations

CO2 '= Rate_CO2_mit_R/V_CO2_mit_R;

H_'= Rate_H_mit_R/Mitochondria;

02 '=Rate_02_mit_R/V_02_mit_R;

Psi '= Rate_Psi_R/C_IMM,;

H_ =10.0"(-ph+3.0);
H_Cyt =10.07(-7.1+3.0);

ATP_synthesis_norm := R29_R/Mitochondria;

G_H := F*Psi+R*T*In(H_Cyt/H );

Mitochondria := 0.12*V;

R19 R :=
Kinetik(CoA*NAD_*Pyr,ACoA*CO2*H_*NADH,V_f 19K f 19,V b 19K b 19 Rel
_ADP,K 19,A 19,W.t start,time);

R20 R =
MM(CoA*FAC*FAD*NAD_,ACoA*FADH2*H_*NADH,V_f 20,K_f 20,V _b 20,K b
_20,A_20,W,t_start,time);

R21 R :=
Kinetik(ACoA*Oxa,Cit*CoA*H_,V_f 21,K f 21,V b 21,K b 21,Rel ADP,K 21,A 2
1,W,t_start,time);
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R22 R :=
Kinetik(Cit*NAD_,AKG*CO2*NADH,V_f 22K f 22,V b 22,K b 22,Rel ADP,K_2
2,A _22,W.t start,time);

R23 R :=
MM(AKG*CoA*NAD_,CO2*NADH*SCoA,V_f 23, K f 23V_b 23 K b 23,A 23W,
t_start,time);

R24 R :=
MM(ADP*Pi*SCoA,ATP*CoA*Suc,V_f 24 K f 24V b 24K b 24 A 24 Wt startti
me);

R25 R :=
MM(FAD*Suc,FADH2*Mal,V_f 25K _f 25V_b 25K b 25A 25W,t_start,time);

R26 R :=
MM(Mal*NAD_,H_*NADH*Oxa,V_f 26,K f 26,V_b 26,K b 26,A 26,W,t_start,time
);

R27 R := MM(H_*NADH*pw(02,0.5),NAD _,exp(-
10.0*G_H/(R*T))*V_f 27,K f 27,V _b 27K b 27,A _27,W.t _start,time);

R28 R := MM(FADH2*pw(02,0.5),FAD,exp(-
6.0*G_H/(R*T))*V_f 28,K_f 28,V_b 28,K b 28 A 28W,t_starttime);

R29 R :=
MM(ADP*H_*Pi,ATP,exp(3.0*G_H/(R*T))*V_f 29,K f 29,V _b 29,K b _29,A 29,W,
t_start,time);

Rate_CO2_mit_R :=R23_R+R19 R+R22 R;

Rate H mit R :=
2.303/beta_mit*H_*(R19_R+7.0*R20_R+R21 R+R26 R+J leak+3.0*R29_R-R27 R-
R29 R-10.0*R27_R-6.0*R28 R);

Rate_O2_mit_R :=-0.5*(R28_R+R27_R);

Rate_Psi_R :=10.0*R27_R+6.0*R28_R-3.0*R29_R-J_leak;

Ratio_H := In(H_Cyt/H );

Rel_ADP := ADP/ATP;

V_CO2_mit_R := Mitochondria*(1.0+K_CO2hyd/10.0"(-7.1+3.0));

V_02_mit_R := Mitochondria*(1.0+Mb*K_MbO2/(1.0+K_Mb0O2*02)"2.0);

V_b 19 :=adjustVb(V_f 19,K b 19,K f 19,K eq_19,pHlast_mit);

V_b 20 :=adjustVb(V_f 20,K b 20,K f 20,K _eq_20,pHlast_mit);

V_b 21 :=adjustVb(V_f 21,K b 21, K f 21 K eq_21,pHlast_mit);

V_b 22 :=adjustVb(V_f 22,K b 22 K f 22 K eq_22,pHlast_mit);

V_b 23 :=adjustvb(V_f 23,K b 23 K f 23, K _eq_23,pHlast_mit);

V_b 24 :=adjustvb(V_f 24K b 24 K f 24 K eq_24,pHlast_mit);

V_b_25:=adjustVb(V_f 25K b 25K _f 25K _eq_25,pHlast_mit);

V_b_ 26 :=adjustVb(V_f 26,K b 26,K_f 26,K_eq_26,pHlast_mit);

V_b 27 :=adjustvb(V_f 27,K b 27, K f 27,K eq_27,pHlast_mit);

V_b 28 :=adjustVb(V_f 28,K b 28,K f 28,K eq 28,pHlast_mit);

V_b 29 :=adjustVb(V_f 29,K b 29,K f 29, K eq_29,pHlast_mit);

pHlast_mit := 3.0-log(H_,10.0);

rate_oxidation_normalized_R := R20_R/Mitochondria;
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/Ithe list of used model species and their alias
/[Titles
ADP_1 R29is"ADP";
ATP_1 R29is"ATP",
Aconitase is "ACO";
CO2 is "CO<sub>2";
CO2_1 R000164 is "CO<sub>2";
C0O2_1 R23is"CO<sub>2";
Citrate_Synthase is "CS";
CoA_1_R000164 is "CoA™;
CoA_1 R20is "CoA™;
CoA_1 R23is"CoA";
CoA 1 R24is"CoA";
FADH2_1 R25is "FADH2";
FADH2 1 R28is "FADH2";
FAD 1 R25is"FAD";
FAD_1 R28is"FAD";
H20 is "H<sub>2</sub>0";
H20 1 R28is "H<sub>2</sub>0";
H_is"H+";
H__1 R000164 is "H+";
H_ 1 R20is"H+";
H 1 R26is"H+";
H_ 1 R27is"H+";
H_ 1 R29is"H+";
Isocitrate_Dehydrogenase is "TDH";
Ketoglutarate Dehydrogenase is "KGDH";
Malate _Dehydrogenase is "MDH";
NADH_1 R000164 is "NADH";
NADH_1 R20is "NADH";
NADH_1 R23is "NADH";
NADH_1 R26 is "NADH";
NADH_1 R27is "NADH";
NAD _is "NAD<sup>+";
NAD__1 R000164 is "NAD<sup>+";
NAD__ 1 R20is "NAD<sup>+";
NAD__ 1 R23is "NAD<sup>+";
NAD__1 R26 is "NAD<sup>+";
NAD__1 R27is "NAD<sup>+";
02 is "O<sub>2</sub>";
02 1 R28is "O<sub>2</sub>";
Pi_1 R29is"Pi";
Pyruvate_Dehydrogenase is "PDH";
Succinate_Dehydrogenase is "SDH";
Succinyl_CoA_Synthetase is "SCS";
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deltaH_ is "deltaH+";
deltaH 1 R28is "deltaH+";
deltaH 1 R29is "deltaH+";

/ISBGN Properties
@ACO0A.sbgnType = "simple chemical”;
@ADP.sbgnType = "simple chemical™;
@AKG.sbgnType = "simple chemical”;
@ATP.sbgnType = "simple chemical”;
@Aconitase.sbgnType = "macromolecule™;
@CO2.sbgnType = "simple chemical™;
@Cit.sbgnType = "simple chemical";
@Citrate_Synthase.sbgnType = "macromolecule”;
@CoA.sbgnType = "simple chemical”;
@FAC.sbgnType = "simple chemical";
@FAD.shgnType = "simple chemical™;
@FADH2.sbgnType = "simple chemical™;
@H20.sbgnType = "simple chemical™;
@H_.sbgnType = "simple chemical";
@Isocitrate_Dehydrogenase.sbgnType = "macromolecule";
@Ketoglutarate_Dehydrogenase.sbgnType = "macromolecule”;
@Mal.sbgnType = "simple chemical;
@Malate_Dehydrogenase.sbgnType = "macromolecule™;
@NADH.sbgnType = "simple chemical”;
@NAD_.shgnType = "simple chemical™;
@0O2.sbgnType = "simple chemical”;
@Oxa.sbgnType = "simple chemical";
@Pi.sbgnType = "simple chemical™;
@Pyr.sbgnType = "simple chemical”;
@Pyruvate_Dehydrogenase.sbgnType = "macromolecule”;
@SCoA.shgnType = "simple chemical”;
@Suc.sbgnType = "simple chemical”;
@Succinate_Dehydrogenase.sbgnType = "macromolecule™;
@Succinyl_CoA_Synthetase.sbgnType = "macromolecule™;
@deltaH_.sbgnType = "simple chemical”;

end

c. Mathematical equations of the metabolic reactions in the Module
“Mitochondrion”:
The biochemical reaction flux expressions and used kinetic laws of the reactions in the Module
“Mitochondrion” are originated from Li et al., 2012. According to the original paper, the flux

expressions (F;) for enzymatic reactions include the next set of parameters: v'i and V2 are

max max
the maximal forward and backward i- reaction velocities, respectively, while K,fli and K,ff are the
corresponding Michaelis-Menten constants. Some flux expressions (Fppy, Fcs, Faco+pr) 1N the
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Module account for activation and/or inhibition of the metabolic reaction flux by intermediate
metabolites in the mitochondrial metabolism, where C; is the metabolite’s concentration and
K,ffg" is the activation or inhibition constant of the regulatory metabolite in the i reaction. The
rate of each metabolic or oxidative phosphorylation reaction of the module is multiplied by a
linear function of the work rate (W) to consider activation mechanisms related to an exercises
response in a similar way to cytosolic compartment. Thus, flux expressions for the metabolic
reactions in the Module “Mitochondrion” represents by the next set of equations:

R19. Pyruvate Dehydrogenase (as PDH is shown in Figure S2)

c v PoH ybpoH
max ‘max
ADP K PoH * Cpyy * Ceop * Cyapt — —KbPDH * Cacoa * Cco, * Cnapn * Cit
F — Carp N m ol .
PDH =
K RegppH + @ 14+ prr * Ceon * Cyap* + Cucon * Cco, * Cnapn * Cyt
m C f b
ATP PDH DI
Ko K>
tstart—t

* (14 appy *W * (1 —e ™oH )

R20. p-oxidation of the fatty Acyl-CoA

fBoxi b[)’oxi
max max
* Crac * Ceon * Cnap* * Crap — Ko * Cacoa * Cnapn * Cy+ * Crapn,

fﬁoxi
FBoxi = Ko m | *
1+ Crac * Ccon * Cyapt * Crap + Cacoa * Cnapr * Crapn, * Cy*
\ KfﬁOXl' KbBoxi /
m m

Lstart—t

*(1+aﬁoxi*w*(1_e Tpoxi ))

R21. Citrate Synthase (as CS is shown in Figure S2)

fcs bcs
% % * Cacoa * Coxa — % * Ceit * Coon * Cy+ totare—t
Fes = AT x| =% - *(I+acs*xWx(1—e Tcs )
KRedes Capp 1+ Cacoa * Coxa , Ccit * Ccon * Cu+
m CATP KfCS KbCS
m m

R22. Aconitase + Isocitrate Dehydrogenase (as ACO+IDH is shown in Figure S2)

VfAco+1DH VbAco+mH
C max ) _ Jmax
# K/ ACorIDI * Ceie * Cyap+ K baco+iDn * Cax * Cco, * Cnaph
F _ ATP " m m "
'ACO+IDH =
KRegaco+pn Capp 14 Ccit * Cyap+ , Cakc * Cco, * Cnapn
m Carp KfACO+IDH K baco+iph
m m
tstart—t

* (1 + @aco+ipm * W * (1 — eTaco+ipH))

R23. a-Ketoglutarate Dehydrogenase (as KGDH is shown in Figure S2)

ykGDH v PkGDH
max max
* * * —_—— X% * *
«JKeDH Cakc * Ccoa * Cnap* K DKGDH Cscoa * Cco, * Cnapu ——
m m I ——

Fyepn = * (1 + aggpy * W * (1 — e "k6pH )

14 Cuarc * Ccon * Cyap+ n Cscoa * Cco, * Cnapn
KfKGDH KbKGDH
m m
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R24. Succinyl-CoA Synthetase (as SCS is shown in Figure S2)

fscs bscs
% * Cscon * Capp * Cp, — % * Csuc * Ceon * Carp —
Fore = | 2 L ¥ (1+ ages * W * (1 —e Tscs
ses 1+ Cscoa * Capp * Cp, | Coye * Coon * Curp ( scs ( )
7 b
K] scs KPscs
R25. Succinate Dehydrogenase (as SDH is shown in Figure S2)
v spH VALL]
(Kn}f;,, * Csyc * Cpap — % * Cyar * CFADHZW ——
FSDH= I n *(1+aSDH*W*(1—€TSDH ))

1+ Csuc * Crap , Cmat * Crapn,

fspbH bspH
Km Km

R26. Malate Dehydrogenase (as MDH is shown in Figure S2)

y S mpH ybmDH
. /KTZ;;DH * Cyar * Cyap* — % * Coxa * Cyapn * Cy+ . I tsrare—t
= * +a * * — e T™™DH
MpH 1+ Cyma1 * Cyap* n Coxa * Cnapy * Cy+ ( MPH ( )
K mpH K bmDH
m m
R27. Complex I+I11+1V (NADH used as a reduced compound)
(_ 10AGH+) VfOPNADH VbOPNADH
RT max 0.5 _ _max
/e * KfOPNADH * Cnapn * COZ *Cur KbOPFNADH * CNAD+\ tstart—t
FOPNADH = - C 2%+ C o * (14 QoPyapy * W * (1 — e"0Pnaph))
14 NADHf 0, H* bCNAD+
op op
K, NADH K, NADH
R28. Complex I+I111+1V (FADHz used as a reduced compound)
(_ 6AGH+> foPpapm, VbOPFADHZ
RT max 0.5 __ “max

i KfOPFADHZ * Craph, * COZ bopgapn, * Crap tstart—t

F, = m m *(1+ * W * (1 — e'OPFaDHz))
OPFADH, Craph, * CO.S c aOPFADHz €
1+ fOPZFADHOZ bO:I:fDH
Km 2 Km 2
R29. ATP synthesis via FiFo-ATP synthase complex or Complex V
(3A§71:1+ VfATPase VbATPase
max max
* KfATPase * CADP * CPi * CH+ - KbATPase * CATP tstart—t
Farpase = - Cupp * Cp, * Cy+ C - * (1 + Carpase * W * (1 - eTATP“S“’))
i ATP
1 KfATPlase + KbATPase
m m

According to the above-mentioned rate equations and transport fluxes both between cytosol-
mitochondria (ch;?zf>mit,i’ where superscripts f and p denote facilitated and passive transports,
respectively), type € (type I fiber (R), type Il fiber(W)) and blood - muscle fiber compartments
(Tz{zizcyt,type,i)’ the tissue cells mitochondrial (V,,;, indicates the volume of mitochondria in kg
wet weight; Vy,;e p = 0.12 % Vi and Vi iy = 0.08 + Vy,, are volumes of mitochondria for type |

and I fibers, correspondingly, where Vg = V,, = 0.5 * V;s = 2 kg w.w., V —the type | fiber
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volume, V,, —the type Il fiber volume and V;; — the volume of muscle cells in the tissue)
concentrations of metabolites (Cpt ¢ype,i) are:

vV deit,type,Pyr _ Tf F
mit,type dt — lcyt<—>mit,typePyr PDH,type
dCp;
mit,type,ACOA __
Vmit,type dt - FPDH,type + 8 * Fﬁoxi,type - FCS,type
V. deit,type,CoA
mit,type dt
—_7f
- Tcyt<—>mit,type,CoA + Feseype T Fscstype = Fponeype = 7 * Fpoxitype
- FKGDH,type
v . deit,type,FAC — Tf _ Fﬁ )
mit,type dt cyt<—>mit,type,FAC oxttype
V. deit,type,Oxa - F F
mit,type dt — I'MDH,type — 1'CS,type
vV deit,type,Cit —F F
mit,type dt — I'cStype — UACO+IDH, type
V. deit,type,AKG - F F
mit,type dt — T"ACO+IDH,type — U'KGDH,type
vV deit,type,SCoA —F F.
mit,type dt — I'KGDH,type — 1'SCS,type
deit,type,SuC - F F
Vmit,type dt — U'scS,type — I'SDH,type
V. deit,type,Mal - F F
mit,type dt — I'SDH,type — U'MDH,type
dck.
mit,type,CO, D
Vinit type,co, —ar Teyt<—smittypeco, T Frpmtype T Faco+iph eype T FpH type
F
Vo, deit,type,02 _ Tp _ 1 x F — 1 x F
mit,type,0, dt — leyt<—>mit,type,0, 2 OPNADH,type 2 OPFADH, type
V.. deit,type,Pi _ Tf —F —_F
mit,type dt = lcyt<—>mit,type,P; SCS,type ATPase,type
V. deit,type,ATP _ deit,type,ADP
mit,t = T Vmitt
ype dt ype dt
—_ 7f
=T . atp T Escsiype T Farpase,type
Cyt<—>mlt,type,ADP
deit,type,NADH deit,type,NAD*
Vinit,type i —Vinit,type i
—7f
=T +F + 7 * Fgoxi +F, + F +F
cyt<—>mit,type,x:gi1 PDH,type Boxi,type T laco+IDH,type T U'kGDH,type T I'MDH,type
- FOPNADH,type
Vv deit,type,FADHz _ deit,type,FAD — 7% F F F
mit,type dt — 7 Vmit,type dt =/ * Loxi,type + SDH,type = TOPEapH,.type
deit,type,H+
Vit type —a
_ 7t 2.303

cyt<—>mit,typeH* + .Bmit * Cmit,type,H+
leak
* (Tcyt<—>mit,type,H+ + FPDH,tyPe + 7% FBoxi,type + FCS,type + FMDH,type - FPK,type

— 6% FOPFADHZ_type —(10+ 1) * FOPNADH‘type -(B-1=« FATPase,typE)
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where £,,,;: = 25 mM/pH is buffering capacity of mitochondria for protons;

dAl-Ptype leak

Crum dt = 10+ FOPNADH,type +6x* FOPFADHz,type — 3% FATPase,type — leyt<omit,type HY

where AW is the mitochondrial membrane potential and C;y;p, = 6.75*10° mmol/mV is
the capacity of the inner mitochondrial membrane.
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Table S3. The model parameter values for metabolic reactions in the Module “Mitochondrion” (type I fibers)

b;

Reaction,i Vit Vinax: K/ Kb KRegi K} a;, Wt Lo Reference
' mmol/min | mmol/min| m m m ed v min

Pyruvate Dehydrogenase (PDH) 5.69E-01 5.37E-12 3.15E-03 3.81E-07 3.61E-1 1.28E+07 5.32E+00* 4.0E-1 Lietal., 2012
S-oxidation (Boxi) 1.00E-01 5.34E-189 | 4.67E-04 6.00E-06 0 2.4E+185 2.18E-01 4.0E-1 Lietal., 2012
Citrate Synthase (CS) 1.85E+00 5.37E-12 4.80E-04 9.55E-07 3.61E-1 5.83E+06 7.94E-02 4.0E-1 Lietal., 2012
32%31}323;523‘2%5 ¢ IDH) 1.78E+00 | 3.30E-02 | 2.99E+00 | 9.48E-02 361E-1 | 171E+00 | 7.94E-02 | 4.0E-1 Li etal., 2012
AKG Dehydrogenase (KGDH) 1.48E+00 1.27E-05 1.58E-02 9.48E-01 0 7.00E+06 7.94E-02 4.0E-1 Lietal., 2012
Succinyl-CoA Synthetase (SCS) 1.26E+00 1.27E-02 1.35E+01 3.30E-01 0 2.44E+00 7.94E-02 4.0E-1 Lietal., 2012
Succinate Dehydrogenase ( SDH) 1.42E+00 1.00E-02 | 2.01E+00 2.28E-01 0 1.62E+01 7.94E-02 4.0E-1 Lietal., 2012
Malate Dehydrogenase (MDH) 1.32E+00 1.02E-06 | 2.99E+00 3.00E-07 0 1.30E-01 7.94E-02 4.0E-1 Lietal., 2012
Complex 1+11+1V (OPy aprr) 526E+31 | 8.18E-04 | 2.05E-06 | 3.15E+00 0 9.88E+40 | 3.31E-01 | 4.0E-1 Lietal., 2012
Complex H+1+1V (0Pr4py,) 8.50E+18 4.50E-07 3.94E-02 2.12E+00 0 1.02E+27 3.31E-01 4.0E-1 Lietal, 2012
ATP synthase (AT Pase) 9.05E-09 1.76E+00 2.71E-04 8.68E+00 0 1.64E-04 2.75E-02 4.0E-1 Lietal., 2012
* - the value was changed during the model fitting to experimental data; Ke"qis the equilibrium constant of the i reaction;

Table S4. The model parameter values for metabolic reactions in the Module “Mitochondrion” (type 11 fibers)

Reaction,i Vi Ve ki Kb KRegi K} a;, Wt Lo Reference
' mmol/min | mmol/min m m m eq v min

Pyruvate Dehydrogenase (PDH) 3.99E-01 3.76E-12 3.15E-03 3.81E-07 3.61E-1 1.28E+07 8.32E+00* 4.0E-1 Lietal., 2012
S-oxidation (Boxi) 5.55E-02 2.97E-189 | 4.67E-04 6.00E-06 0 2.4E+185 2.18E-01 4.0E-1 Lietal., 2012
Citrate Synthase (CS) 1.49E+00 5.07E-10 4.80E-04 9.55E-07 3.61E-1 5.83E+06 7.94E-02 4.0E-1 Lietal., 2012
g‘;ﬂggfgg;gzgﬁg‘gﬂDH) 163E+00 | 3.02E-02 | 2.99E+00 | 9.48E-02 361E-1 | L71E+00 | 7.94E-02 | 4.0E-1 Lietal., 2012
AKG Dehydrogenase (KGDH) 9.96E-01 8.54E-06 1.58E-02 9.48E-01 0 7.00E+06 7.94E-02 4.0E-1 Lietal., 2012
Succinyl-CoA Synthetase (SCS) 1.34E+00 1.34E-02 1.35E+01 3.30E-01 0 2.44E+00 7.94E-02 4.0E-1 Lietal., 2012
Succinate Dehydrogenase ( SDH) 1.09E+00 7.65E-03 | 2.01E+00 2.28E-01 0 1.62E+01 7.94E-02 4.0E-1 Lietal., 2012
Malate Dehydrogenase (MDH) 1.15E+00 8.91E-07 | 2.99E+00 3.00E-07 0 1.30E-01 7.94E-02 4.0E-1 Lietal., 2012
Complex 1+111+1V (OPy 1p5) 526E+31 | 8.18E-04 | 2.05E-06 | 3.15E+00 0 9.88E+40 | 4.29E-03* | 4.0E-1 Lietal., 2012
Complex H+1+1V (0Pr4py,) 7.44E+18 3.94E-07 3.94E-02 2.12E+00 0 1.02E+27 4.29E-03* 4.0E-1 Lietal, 2012
ATP synthase (AT Pase) 1.01E-08 1.97E+00 2.71E-04 8.68E+00 0 1.64E-04 2.75E-02 4.0E-1 Lietal., 2012

* - the value was changed during the model fitting to experimental data; Kglqis the equilibrium constant of the i reaction;
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3. Rates of reactions and ODE system of the Module “Transport: Cytosol-
Mitochondria”

a. SBGN scheme of the module:

The “Transport: Cytosol-Mitochondria” module (Figure S3) consists of the 9
transport reactions which represent facilitated transport of glucose, pyruvate, FAC,
CoA, Pi and protons (H¥), passive transport reactions for CO2 and O2 and two

exchange or effective transport fluxes for pairs: redox state (RS =NADH) and
NAD*

phosphorylation state (PS = %) across the inner membrane of mitochondria using

phenomenological equations (see below). The list of reactions and math equations
describing their rates are identical in type | and Il fibers, while values of the kinetic
parameters are different between two types of the fibers (See Table S5 and Table S6).

o I —
v e >t {pyr ety
A | {7a0)
Con ja— | —»{con)
Pic Pi_t:\' n -.=® ¢ Pi_ml
CO2 ¢ > co;\ I S co;\
02_c 02_\ — 02\ CZ_m
Ao o) iao
7o —(ae ja— o ——<orn
ADP c AD;\

ADP_c ) —(A0P J— o are )

Figure S3. SBGN scheme of the transport reactions (vertex of the bipartite graph = corresponds to the
reaction) taking place in the Module “Transport: Cytosol-Mitochondria”. All abbreviations and aliases of
metabolites correspond to the above-mentioned descriptions. Specification for cytosol and mitochondria
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compartmental affiliation of a certain metabolite designated by “_c¢” and “_m”, respectively. White arrows
along the compartment border indicate contact ports for corresponding entities in the cytosol or in the
mitochondrion.

b. Antimony view which represents generated code according to the visual
graph:
/lused mathematical functions in the module
function tissue_conc(cyt,mit,Cytosol,Mitochondria)
(cyt*Cytosol+mit*Mitochondria)/(Cytosol+Mitochondria);
end

function stress(a,W,t_start,t)
1.0+a*W*(1.0-exp((t_start-t)/0.4));
end

function Transport(T,M,C_1,C 2,a,W,t_start,t)
T*(C_1/(M+C_1)-C_2/(M+C_2))*stress(a,W,t_start,t);
end

function Exchange(T,M_1,M_2,S 1,S 2,aW,t _start,t)
T*(S_1/(M_1+S_1)-S_2/(M_2+S_2))*stress(a,W,t_start,t);
end

//name of the model and components

/[Function definitions
model
Cytosol_Mitochondria_Transport_R($Cytosol. ADP_c,$Mitochondria. ADP_m,$Cytosol.
ATP_c,3Mitochondria. ATP_m,$Cytosol.CO2_c,$Mitochondria.CO2_m,$Cytosol.CoA ¢
,$Mitochondria.CoA_m,$Cytosol,$Cytosol.FAC_c,$Mitochondria.FAC_m,$Cytosol.H_c
,$Mitochondria.H_m,<J_leak R,$Mitochondria,$Cytosol. NADH_c,$Mitochondria.NAD
H_m,$Cytosol.NAD_c,$Mitochondria.NAD_m,$Cytosol.02_c,$Mitochondria.02_m,$C
ytosol.Pi_c,$Mitochondria.Pi_m,$Cytosol.Pyr_c,$Mitochondria.Pyr_m,<Pyr_tis R,>V_
C0O2 c¢,>V_C0O2 m,>V_02 c¢>V_02 m,>V,>W,>t_start)

/lthe list of used compartment in the module
compartment Cytosol, Mitochondria;

/lthe list of used biochemical species in the module

species ADP_c in Cytosol, ATP_c in Cytosol, CO2_c in Cytosol, CoA _c in Cytosol,
FAC c in Cytosol, H_c in Cytosol, NADH_c in Cytosol, NAD_c in Cytosol, O2_c in
Cytosol, Pi_c in Cytosol, Pyr_c in Cytosol, ADP_m in Mitochondria, ATP_m in
Mitochondria, CO2_m in Mitochondria, CoA_m in Mitochondria, FAC_m in
Mitochondria, H_m in Mitochondria, NADH _m in Mitochondria, NAD _m in
Mitochondria, O2_m in Mitochondria, Pi_m in Mitochondria, Pyr_m in Mitochondria;
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/lthe list of used model parameters in the module

var ADP_tis, ADP_tis_R, ATP_tis, ATP_tis_R, A_CO2, A_C_m_FAC, A _H, A_02,
A c m ATP, A c m CoA, A cm NAD, AcmPi, AcmPyr, A leak, H_tis,
JCO2 R, JHR, JO2R, JcmADPR, JcmATP R, JcmCoAR,
JcmFACR, JcmNADR, JcmPiR,JcmPyrR, Jleak R, M_ADP_1,
M_ADP_2, M_CoA, M_FAC, M_H, M_NADH_1, M_NADH_2, M_Pi, M_Pyr, O2_tis,
02 tis_ R, PS cyt, PS _mit, Pi_tis, Pi_tis_ R, Pyr_tis, Pyr tis R, RS cyt, RS_mit,
T ADP, T CoA, T_FAC, T_H, T_NADH, T Pi, T Pyr, V, V_C0O2 ¢, V_CO2_m,
V. 02c¢, V.02 m, W, lambda CO2, lambda O2, lambda leak, pH_R, t start,
unknown;

/lthe list of values of used model parameters in the module
/Mnitialization
Cytosol = 3.6;
Mitochondria = 0.4;
A _CO02 =0.243650793650794;
A_C_m_FAC =0.0448390383649842;
A_H =0.0794936353702118;
A_02 =0.243650793650794;
A _c_m_ATP =0.0968209338728255;
A ¢ m_CoA =0.0794936353702118;
A ¢ m_NAD =0.14013918012936;
A _c_m_Pi=0.0968209338728255;
A _c_m_Pyr=0.859222067987832;
M_ADP_1 =666.3667042;
M_ADP_2 =0.553571429;
M_CoA =0.04;
M_FAC =0.00175;
M_H = 251E-5;
M_NADH_1 =6.17333E-4;
M_NADH_2 =15.79365079;
M_Pi = 1.375;
M_Pyr = 0.0528;
T_ADP = 10.5028697345622;
T_CoA = 0.25696;
T_FAC =0.159452857142857;
T_H =5.28620939843403E-5;
T_NADH =0.191870083148804;
T_Pi=25.297305;
T_Pyr =0.536887313463204;
V =20;
lambda_CO2 = 7.72540983606558;
lambda_02 =179.148148148148;
lambda_leak = 1.70106821034608;
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/lthe list of reactions in the module

//Reactions

R000095: ADP_m + ATP_c -> ADP_c + ATP_m; 0.0;
R000103: NADH_c + NAD_m -> NADH_m + NAD_gc; 0.0;
R1: Pyr_c -> Pyr_m; 0.0;

R2: FAC c¢->FAC _m; 0.0;

R3: CoA _c -> CoA_m; 0.0;

R4:H c->H_m; 0.0;

R5: Pi_c->Pi_m; 0.0;

R6: 02 _c->02_m; 0.0;

R7: CO2_c->C02_m; 0.0;

/lthe list of used mathematical equations in the module
/[Equations

ADP_c'=J ¢c_m_ATP_R/Cytosol;
ADP_m'=-J ¢c._m_ATP_R/Mitochondria;
ATP_c'=-J ¢ m_ATP_R/Cytosol;
ATP_m'=J c¢c_m_ATP_R/Mitochondria;
C0O2 _c¢'=-J CO2_R/V_CO2_c;

CO2_m'=J CO2_R/V_CO2_m;

CoA _c'=-J_ c_m_CoA_R/Cytosol;

CoA _m'=J ¢c_m_CoA_R/Mitochondria;
FAC c'=-J ¢ m_FAC_R/Cytosol;
FAC m'=J c_m_FAC_R/Mitochondria;
H_c'=-J_H_R/(Cytosol*1000.0);

H_m'=J H_R/Mitochondria;

NADH_c'=-J ¢ m_NAD_R/Cytosol,;
NADH_m'=J ¢c_m_NAD_R/Mitochondria;
NAD c'=J ¢c._m_NAD_R/Cytosol;
NAD_m'=-J_c_m_NAD_R/Mitochondria;
02 c¢'=-J 02 R/V_02 c;

02 m'=J 02 R/V_02_m;
Pi_c'=-J_c_m_Pi_R/Cytosol;

Pi_m'=J c_m_Pi_R/Mitochondria;
Pyr_c'=-J_c_m_Pyr_R/Cytosol;

Pyr m'=J c¢_m_Pyr_R/Mitochondria;

ADP_tis_R :=tissue_conc(ADP_c,ADP_m,Cytosol,Mitochondria);
ATP_tis_R :=tissue_conc(ATP_c,ATP_m,Cytosol,Mitochondria);

Cytosol := 0.88*V;,

H_tis :=tissue_conc(H_c,H_m,Cytosol,Mitochondria);

J CO2_R :=lambda_CO2*(CO2_c-CO2_m)*stress(A_CO2,W,t_start,time);
J H R :=Transport(T_H,M_H,H ¢c,H mA_ HW,.t start,time);

J_02_R :=lambda_02*(02_c-02_m)*stress(A_O2,W,t_start,time);
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J cm ATP_R =
Exchange(T_ADP,M_ADP_1,M_ADP_2,ATP_c/ADP_c,ATP_m/ADP_m,A_c_m ATP
W, t_start,time);

J cm CoA R =
Transport(T_CoA,M_CoA,CoA ¢,CoA m,A ¢ _m_CoA,W,t_start,time);

JcmFACR =
Transport(T_FAC,M_FAC,FAC_c,FAC_m,A C_m_FAC,W.t_start,time);

J c.m NAD_R =
Exchange(T_NADH,M_NADH_1,M_NADH_2,NADH_c/NAD_c,NADH_m/NAD_m,A
_c_m_NAD,W,t_start,time);

J ¢ m_Pi_R:=Transport(T_Pi,M_Pi,Pi_c,Pi_m,A ¢ _m_Pi,W,t_start,time);

J_¢_m_Pyr R :=Transport(T_Pyr,M_Pyr,Pyr c,Pyr m,A c_m_Pyr,W,t_start,time);

J leak R :=lambda_leak*H_c/H_m*stress(A_leak,W,t_start,time);

Mitochondria := 0.12*V;

02_tis_R :=tissue_conc(02_c,02_m,Cytosol,Mitochondria);

PS_cyt := ATP_c/ADP_gc;

PS_mit := ATP_m/ADP_m;

Pi_tis_R :=tissue_conc(Pi_c,Pi_m,Cytosol,Mitochondria);

Pyr _tis R :=tissue_conc(Pyr_c,Pyr_m,Cytosol,Mitochondria);

RS _cyt := NADH_c/NAD_c¢*5000.0;

RS_mit := NADH_m/NAD_m*10.0;

pH_R := 3.0-log(H_tis,10.0);

/lthe list of used model species and their alias
/[Titles

ADP_c is "ADP";
ATP_cis "ATP",
CO2_cis "CO<sub>2";
CoA _cis"CoA",;
FAC cis"FAC";
H_cis"H";

NADH_c is "NADH";
NAD_cis "NAD";
02 _cis "O<sub>2";
Pyr_cis "Pyr";
ADP_m is "ADP";
ATP_mis "ATP";
CO2_mis "CO<sub>2";
CoA _mis "CoA";

FAC _mis"FAC";

H mis"H",

NADH_m is "NADH";
NAD_m is "NAD";

02 _mis "O<sub>2";
Pi_mis"Pi";
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Pyr_mis "Pyr";

/ISBGN Properties
@ADP_c.shbgnType = "simple chemical";
@ATP_c.sbgnType = "simple chemical";
@CO2_c.sbgnType = "simple chemical™;
@CoA_c.sbgnType = "simple chemical™;
@FAC_c.sbgnType = "simple chemical”;
@H_c.sbgnType = "simple chemical”;
@NADH_c.sbgnType = "simple chemical™;
@NAD_c.sbgnType = "simple chemical";
@02 _c.sbgnType = "simple chemical™;
@Pi_c.sbgnType = "simple chemical";
@Pyr_c.sbgnType = "simple chemical;
@ADP_m.shgnType = "simple chemical”;
@ATP_m.sbgnType = "simple chemical”;
@CO2_m.shbgnType = "simple chemical”;
@CoA_m.sbgnType = "simple chemical”;
@FAC_m.sbgnType = "simple chemical”;
@H_m.sbgnType = "simple chemical™;
@NADH_m.sbgnType = "simple chemical™;
@NAD_m.sbgnType = "simple chemical”;
@02_m.sbgnType = "simple chemical";
@Pi_m.sbgnType = "simple chemical™;
@Pyr_m.sbgnType = "simple chemical™;
end

c. Mathematical equations of the metabolic reactions in the Module
“Transport: Cytosol-Mitochondria”:
The inter-compartmental metabolites transport is described as passive or facilitated (carrier
mediated) fluxes according to the original paper for this Module (Li et al., 2012). By analogy
with metabolic rates all transport flux equations are multiplied by a linear function to consider

Lstart—t

exercise effect on transport processes: Function(W)=1+aq;*W=*(1—e % ) (See above
details for parameters meaning). The basic transport flux equation for passive (superscript p)
diffusion of species i between cytosol and mitochondria is

tstart—t

Tcz;t<—>mit,type,i = Acyt<—>mit,type,i * (Ccyt,type,i - Cmit,type,i) *(I+a«Wx(1l—-e & )), where
Acyt<—smitypei 1S the permeability-surface area coefficient, Ceyriypei and Cireypei are
concentrations of the species i in cytosol and mitochondria, respectively; i € (C0,,0,) and
type € (type I fiber, type Il fiber), while for facilitated (superscript f) transport is

i

cyt<—>mit,typei RmaxtransportCyt<—>mit.fype.l' * <

Ccyt,type,i Cmit,type,i ) "

Mcyt<—>mit,i + Ccyt,type,i KMcyt<—>mit,i+Cmit,fype.i
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tstart—t

*(L+a«Wx(l—e %)), Where Ruay,qnsporccyt<—>mittype, 1S the maximal flux rate for facilitated
transport, Cey rype,i @Nd Cpie type,; are concentrations of the species i in cytosol and mitochondria,
respectively; i € (H*, Pyr, FAC,CoA, P;) and type € (type I fiber,type Il fiber).

. . . NADH ATP
As mentioned above, to describe the transport of two coupled pairs (RS = T PS = E)
exchange transport equations have been used in the next view:
T/ =-1/
cyt<-mit,typeNADH cyt<-mit,type,NAD*
—R N RScyt,type RSmit,type N
— Mmaxiransportcyt<-mit,typeRS t - it
e ICW}C]yt<ﬂmit,type,RS + Rscyt,type KIZ”L‘lyt<4mit,type,RS + RSmit,type
tstart—t
*(1+ai,type*W*(1_e T ))
Tf — _Tf =R ) % ( PScyttype _
cyt<—>mit,type,ATP cyt<—>mit,type, ADP MaXtransport CYt<—>mit,type,PS Kt PS
Mcyt<—>mit,type,PS cyttype
_ Psmit,type >*
Ir\’lncl;t<—>mit,type,PS +PSmittype

Lstart—t

*(1+ai,type*W*(1_e T ))

Table S5. The model parameter values for metabolic reactions in the Module “Transport: Cytosol-
Mitochondria” (type I fibers)

Species, i Aeyi<smivis - Rmasoansporeyesmitis | Kiteyrcomiss a;, Wi to Reference
l/min/kg mmol/min mmol/L nun

CO2 7.73 N/A N/A 2.44E-01 4.0E-1 Lietal, 2012

02 179.15 N/A N/A 2.44E-01 4.0E-1 Lietal., 2012

H* N/A 5.29E-05 2.51E-05 7.95E-02 4.0E-1 Lietal., 2012

Pyr N/A 5.37E-01 5.28E-02 8.59E-01 4.0E-1 Li et al., 2012

FAC N/A 1.59E-01 1.75E-03 4.48E-02 4.0E-1 Lietal., 2012

CoA N/A 2.57E-01 4.00E-02 7.95E-02 4.0E-1 Lietal, 2012

Pi N/A 2.53E+01 1.38E+00 9.68E-02 4.0E-1 Lietal., 2012
6.17E-04 (cyt .

NADH/NAD* N/A 1.92E-01 1 58E+01 ((rr);lt)) 1.40E-01 4.0E-1 Lietal, 2012
6.66E+02 (cyt .

ATP/ADP N/A 1.05E+01 5 54E-01 ((m)llt)) 9.68E-02 4.0E-1 Lietal., 2012

Table S6. The model parameter values for metabolic reactions in the Module “Transport: Cytosol-
Mitochondria” (type 11 fibers)

Species,i lcyt<—>mit,i/ RmaxtransportCyK—’mif'i’ KMcyt<—>mit,i’ a;, WL Ti.' Reference
l/min/kg mmol/min mmol/L min
CO2 7.73 N/A N/A 2.44E-01* 4.0E-1 Lietal., 2012
02 179.15 N/A N/A 2.44E-01* 4.0E-1 Lietal., 2012
H* N/A 5.29E-05 2.51E-05 7.95E-02 4.0E-1 Lietal., 2012
Pyr N/A 9.75E-01 5.28E-02 8.59E-01* 4.0E-1 Lietal., 2012
FAC N/A 3.09E-01 1.75E-03 4.48E-02 4.0E-1 Lietal., 2012
CoA N/A 1.45E-01 4.00E-02 7.95E-02 4.0E-1 Lietal., 2012
Pi N/A 4.90E+01 1.38E+00 9.68E-02* 4.0E-1 Lietal., 2012
NADH/NAD* N/A 1.92E-01 165187EE+-31 E?Illtt)) 1.08E+00* 4.0E-1 Lietal., 2012
6.66E+02 (cyt .

ATP/ADP N/A 9.66E+00 5 54E-01 ((m)llt)) 9.68E-02* 4.0E-1 Lietal., 2012

* - the value was changed during the model fitting to experimental data;
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4. Rates of reactions and ODE system of the Module “Capillary Blood”

a. SBGN scheme of the module:

According to the original publication (Li et al., 2012) for the metabolic part of our
integrated model, the capillary blood and tissue interstitial fluid domains are assumed
to be in equilibrium with each other and the species concentrations in these two
domains are considered as equal and the total effective blood volume (V,,;) comprises
the total effective volume of capillary blood and interstitial fluid space. The
“Capillary Blood” module (Figure S4) consists of the 9 reactions which represent the
dynamic mass balance of chemical species in the blood domain including glucose,
pyruvate, Lac, Ala, Glr, FFA, COz2, Oz, and protons (H*) and taking into account their
concentration differences between arterial and capillary (equal to the venous)
domains. The system of ordinary differential equations for the dynamic mass balance
is presented below in the corresponding subsection.

Arterial_Blood Capillary_Blood

Pyr_c

Ala_c

co2_c

FFA ¢

GIr_c

Glc_c

Lac_c

H_c

I T T e N I By I B

02_c

Capillary_Blood

Figure S4. SBGN scheme of the reactions (vertex of the bipartite graph T corresponds to the reaction)
taking place in the Module “Capillary Blood”. All abbreviations and aliases of metabolites correspond to the
above-mentioned descriptions. Specification for a certain metabolite to arterial and capillary blood domains’
affiliation designated by “ a” and “_c”, respectively. White arrows along the compartment border indicate
contact ports for corresponding entities in the Module.

b. Antimony view which represents generated code according to the visual
graph:
//name of the model and components
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model
Capillary_Blood_Flow($Capillary_Blood.Ala_c,$Capillary_Blood.CO2_c,$Capillary_BI
ood,$Capillary_Blood.FFA c,$Capillary_Blood.Glc_c,$Capillary_Blood.GIr_c,$Capillar
y_Blood.H_c,$Capillary_Blood.Lac_c,$Capillary_Blood.O2_c,$Capillary_Blood.Pyr_c,
>Q,<V_CO02_v,<V_02_v,>V_mus)

/lthe list of used compartment in the module
compartment Arterial_Blood, Capillary_Blood;

/Ithe list of used biochemical species in the module

species Ala_a in Arterial_Blood, CO2_a in Arterial_Blood, FFA _a in Arterial_Blood,
Glc_ain Arterial_Blood, Glr_a in Arterial_Blood, H_a in Arterial_Blood, Lac_a in
Arterial_Blood, O2_a in Arterial_Blood, Pyr_a in Arterial_Blood, Ala_c in
Capillary_Blood, CO2_c in Capillary_Blood, FFA_c in Capillary_Blood, Glc_c in
Capillary_Blood, GIr_c in Capillary_Blood, H_c in Capillary_Blood, Lac_c in
Capillary_Blood, O2_c in Capillary_Blood, Pyr_c in Capillary_Blood;

/lthe list of used model parameters in the module

var C50HbCO_2, C50HbO_2, CHCO_3_a, CHCO_3 ¢, CHCO_3 pl_a,
CHCO_3 pl ¢, CHCO_3 rbc_a, CHCO_3 rbc_c, CH_isf, CH_pl, CH_rbc,
CHbCO_2_Max, CHbCO_2_a, CHbCO_2 ¢, CHbO_2_Max, CHbO_2_a, CHbO_2 c,
CHb_rbc, CO2_Tot_a, CO2_Tot_c, DCHCO_3 bl, DCHCO_3_isf, DCHCO_3 pl,
DCHCO_3_rbc, DCHbCO_2_a, DCHbCO_2_c, DCHbO_2_a, DCHLO_2 c,
DSHbCO_2_a, DSHbCO_2_c, DSHbO_2_a, DSHbO_2_c, Hct, KHbCO_2, KHbO_2,
KeqCO_2_hyd, O2_Tot_a, O2_Tot_c, P5SOHbCO_2, P5S0HbO_2, Q, Q_Ala, Q_CO2,
Q_FFA, Q _Glc,Q _GlIr,Q H,Q Lac, Q 02, Q Pyr, R_cap, R_rbc, SHbCO 2 a,
SHbCO_2 ¢, SHbO_2_a, SHbO_2 ¢, V_CO2_a, V_CO2_v,V_02 a, V_02_v,V_b,
V _isf, V_mus, alphaCO_2, alphaO_2, nH, ph, ph_c;

/lthe list of values of used model parameters in the module
[Mnitialization
Arterial_Blood = 1.0;
Ala_a=0.25;
CO2_a=1.22;

FFA a=0.7,
Glc_a=5.0;
Glr_a=0.04;
H_a=3.9810717E-5;
Lac_ a=0.5;
02_a=0.135;

Pyr_a =10.08;
Capillary_Blood = 0.5;
Ala_c =0.32222222;
CO2_c=1.329987443,;
FFA_c = 0.618888888;
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Glc_c =4.78333333333,;
Glr_c = 0.048888889;
H_c = 4.7863E-5;

Lac_c =0.6;

02_c =0.04902533783;
Pyr_c = 0.06666666666;
C50HbO_2 =26.8;
CHb_rbc =5.2;

Hct = 0.45;
KeqCO_2 hyd = 7.94E-4;
P50HbCO_2 = 265.0;
P50HbO_2 = 26.8;
Q=0.9;

V_isf =0.5;

V_mus = 5.0;
alphaCO_2 = 0.0305;
alphaO_2 =0.00135;
nH=2.7,

/lthe list of reactions in the module
//Reactions
R000026: Ala_a => Ala_c; 0.0;
R000029: CO2_a=>C02 _c; 0.0;
R000032: FFA a=>FFA c; 0.0;
R000035: Glr_a => Glr_c; 0.0;
R000038: Glc_a => Glc_c; 0.0;
R000041: Lac_a => Lac_c; 0.0;
R000044: H_a=>H_c; 0.0;
R000047: O2_a=>02_c; 0.0;

/lthe list of used mathematical equations in the module
/[Equations
Ala_c '= Q_Ala/Capillary_Blood;
C0O2_c'=Q_C0O2/V_C02_yv;
FFA_c'= Q_FFA/Capillary_Blood;
Glc_c'= Q_Glc/Capillary_Blood,;
Glr_c'=Q_Glr/Capillary_Blood;
H_c'= Q_H/Capillary_Blood;
Lac_c '= Q_Lac/Capillary_Blood,
02 ¢c'=Q _02/V_02 v;
Pyr_c '= Q_Pyr/Capillary_Blood,

H_c = 10.0(-4.32);

C50HbCO_2 := alphaCO_2*P50HbCO _2;



C50HbO_2 :=alphaO_2*P50HbO _2;

CHCO_3 a:=(1.0-Hct)*CHCO_3 pl_a+Hct*CHCO _3 rbc_a;
CHCO_3 ¢ :=(1.0-Hct)*CHCO_3 pl_c+Hct*CHCO _3 rbc _c;
CHCO_3 pl a:=KeqCO_2 hyd*CO2_a/CH_pl;
CHCO_3 pl c:=KeqCO_2 hyd*CO2_c/CH_pl;

CHCO_3 rbc_a:=R_rbc*CHCO_3 pl_ga;

CHCO_3 rbc_c:=R_rbc*CHCO_3 pl_c;

CH_isf := 10.07(-7.2+3.0);

CH_pl :=10.0\(-7.4+3.0);

CH_rbc :=10.0"(-7.24+3.0);

CHbCO_2 Max := 4.0*Hct*CHb_rbc;
CHbCO_2_a:=CHbCO_2 Max*SHbCO_2_ga;

CHbCO_2 ¢ :=CHbCO_2 Max*SHbCO_2 c;

CHbO_2_ Max :=4.0*Hct*CHb_rbc;

CHbO_2 a:=CHbO_2 Max*SHbO 2 ga;

CHbO_2 ¢ :=CHbO_2 Max*SHbO_2 c;
CO2_Tot_a:=C0O2_a+CHbCO 2 a+CHCO_3 j;
C02_Tot_¢:=C0O2_c+CHbCO_2 c+CHCO_3 c;
Capillary_Blood :=V_b+V _isf;

DCHCO_3_bl := (1.0-Hct)*DCHCO_3_pl+Hct*DCHCO_3_rbc;
DCHCO_3_isf := R_cap*DCHCO_3 pl;

DCHCO_3 _pl :=KeqCO_2_hyd/CH_pl;

DCHCO_3_rbc :=R_rbc*DCHCO_3 pl;
DCHbCO_2_a:=CHbCO_2 Max*DSHbCO _2_a;
DCHbCO_2 ¢ :=CHbCO_2 Max*DSHbCO _2 _c;
DCHDbO_2_a:=CHbO_2_ Max*DSHbO_2_3;

DCHbO_2_c¢ := CHbO_2_Max*DSHbO_2_c;

DSHbCO 2 a:= KHbCO 2/(1.0+KHbCO_2*C02_a)"2.0;
DSHbCO 2 ¢ := KHbCO 2/(1.0+KHbCO_2*C0O2_c)"2.0;
DSHbO_2_a :=nH*KHbO_2*02_a"(nH-1.0)/(1.0+KHbO_2*02_a"nH)"2.0;
DSHbO_2_c := nH*KHbO_2*02_c"(nH-1.0)/(1.0+KHbO_2*02_c"nH)"2.0;
KHbCO_2 :=1.0/C50HbCO_2;

KHbO 2 :=1.0/C50HbO_2"nH;

02 _Tot_a:=02 a+CHbO 2 a;

02 _Tot_c¢:=02_c+CHbO 2 c;

Q_Ala:=Q*(Ala_a-Ala_c);

Q _C0O2:=Q*(CO2_Tot_a-CO2 Tot_c);

Q_FFA := Q*(FFA _a-FFA c);

Q_Glc := Q*(Glc_a-Glc_c);

Q_Glr := Q*(Glr_a-Glr_c);

Q H:=Q*(H_a-H_c);

Q _Lac:= Q*(Lac_a-Lac _c);

Q _02:=Q*(02_Tot_a-02_Tot c¢);

Q_Pyr := Q*(Pyr_a-Pyr_c);

R_cap := CH_pl/CH _isf;
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R_rbc := CH_pl/CH_rbc;

SHbCO_2_a:= KHbCO_2*C0O2_a/(1.0+KHbCO_2*CO2_a);

SHbCO_2 ¢ := KHbCO_2*C0O2_c/(1.0+KHbCO_2*C0O2_c);

SHbO_2 a:= KHbO_2*02_a"nH/(1.0+KHbO_2*02_a"nH);

SHbO_2 ¢ := KHbO_2*02_c”nH/(1.0+KHbO_2*02_c”nH);
V_C02_a:=V_b*(1.0+DCHbCO_2 a+DCHCO_3 _bl)+V_isf*(1.0+DCHCO_3 isf);
V_CO2 v :=V_b*(1.0+DCHbCO_2 c+DCHCO_3 bl)+V _isf*(1.0+DCHCO_3 isf);
V_02_a:=V_b*(1.0+DCHbO_2_ a)+V _isf;
V_02_v:=V_b*(1.0+DCHbO_2_c)+V_isf;

V_b:=0.07*V_mus;

V _isf :=0.13*V_mus;

ph_c :=3.0-log(H_c,10.0);

/lthe list of used model species and their alias
/[Titles
/[Titles
Ala_ais "Ala";
CO2_ais"CO2"
FFA_ais "FFA";
Glc_ais "Glc";
Glr_ais "GIr";
H_ ais"H";
Lac_ais "Lac";
02 _ais"02";
Pyr_ais "Pyr";
Ala_cis"Ala";
CO2_cis"CO2"
FFA_cis "FFA";
Glc_cis"Glc™;
Glr_cis "GIr";
H_cis"H";
Lac_cis "Lac";
02 _cis"02";
Pyr_cis "Pyr";

/ISBGN Properties

@Ala_a.sbgnType = "simple chemical";
@CO2_a.sbgnType = "simple chemical™;
@FFA_a.sbgnType = "simple chemical";
@Glc_a.sbgnType = "simple chemical";
@Glr_a.sbgnType = "simple chemical™;
@H_a.sbgnType = "simple chemical";
@Lac_a.sbgnType = "simple chemical™;
@02_a.sbgnType = "simple chemical™;
@Pyr_a.sbgnType = "simple chemical";
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@Ala_c.sbgnType = "simple chemical”;
@CO2_c.sbgnType = "simple chemical™;
@FFA_c.sbgnType = "simple chemical”;
@Glc_c.sbgnType = "simple chemical";
@GIr_c.sbgnType = "simple chemical™;
@H_c.sbgnType = "simple chemical";
@Lac_c.sbgnType = "simple chemical™;
@O2_c.sbgnType = "simple chemical”;
@Pyr_c.sbgnType = "simple chemical™;
end

c. Mathematical equations of the metabolic reactions in the Module
“Capillary Blood”:
The dynamic mass balance of a chemical species i in the Module “Capillary Blood” is originated
from Li et al., 2012 and has the following general form:

dCbl,i

— forp forp
Vot dt Q (Ca”'i N Cbl'i) B Tbl<—>cyt.R,i *Vp — Tbl<—>cyt,W,i * Vi
Where T/2T2 .. and TJ2"P ... (superscripts f and p denote facilitated and passive

transports, respectively) are transport fluxes both between blood-cytosol of the type | and type |1
fibers, correspondingly; C,;; and C,,.; are the capillary blood species concentration and the
arterial species concentration, respectively; V,,; is the total effective volume of blood and tissue
interstitial fluid domains, V,; = 0.2 * V.6, Viis = 0.8 ¥ Vs Where Vo = Vis +V,, — the
skeletal muscle volume (5 kg w.w.); Q is the blood flow (Q, = 0.9 L/min, muscle blood flow at
rest for 2 legs). In response to an increase in the power, the muscle blood flow increases

tstart=t

according to the generalized enhancement function: Q = Q,* (1 +a;* W+ (1—e = )) (see
above details for parameters meaning). Based on that the dynamic mass balance comprising all
species in the Module are:

Vi dCthLGlC =Q* (Cart.Glc - Cbl,GIC) - bel<—>cyt,R,Glc *Vp — bel<—>cyt,W,Glc * Vi

d
Vo % = Q * (Cartpyr = Covpyr) = bel<—>cyt.R,Pyr * Ve — bel<—>cyt,W,Pyr * Vi
Vi dCZl{,:Lac =0Q * (Cart.Lac - Cbl,LaC) - bel<—>cyt,R,Lac *Vp — bel<—>cyt,W,Lac * Vi
Vit dcfil:la =Qx (Cart,Ala - Cbl,Ala) - Tlf)l<—>cyt,R,Ala * Vg — Tlﬁ<—>cyt,W,Ala * Vi
Vi dCZléGlr = Q * (Carecir — Corgir) — sz<—>cyt,R,Glr *Vp — Tl?l<—>cyt,W,Glr * Vi
Vit T Q-+ (G — Congra) ~ Thoeseyrea * Va —~ Thoeoseyesea * Vi
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F
dCcyt,COZ

Tl - T _rT _7b _ 7D
Vbico, dt Q* (Cart,coz Cbl,coz) Tpic—seytrco, * VR = Thicseytw,co, * Yw

dck

cyt,0p T T p )
Vbl,Oz dt =0Q* (Cart,Oz - Cbl,Oz) - Tbl<—>cyt,R,02 * Vg — Tbl<—>cyt,W,02 * Vi
dC,; g+

bLH™ __ . D oD

Vbl dt - Q * (Cart,H+ Cbl,H+) Tbl<—>Cyt,R,H+ * VR Tbl<—>Cyt,W,H+ * VW

The rate equations for transport fluxes between blood and cytosol as well as kinetic parameter
values (See Table S7 and Table S8) are presented below in the description of the Module
“Transport: Blood-Cytosol”. The derivations of kinetic laws for such variables as Cf co,.,

Céyto, and Cyco,. Cyo, (x = art,bl) corresponding to free (the superscript ‘F*) and total (the
superscript “T’) concentrations of carbon dioxide and oxygen, respectively, as well as for the
effective volumes or volumes of distributions of CO, and 0, in compartments (capillary blood,
CytOSOI and mitOChondria): cht,type,COZJVmit,type,COZ'Vbl,Coz and cht,type,oz;Vmit,type,OZ'Vbl,Ozi
respectively are completely based on the mathematical formulas presented in the original
publication for the metabolic module (Li et al., 2012). The parameter values used in these kinetic
laws and initial values of the species concentrations in the arterial and capillary blood

compartments precisely correspond to the original ones.
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5. Rates of reactions and ODE system of the Module “Transport: Blood-
Cytosol”

d. SBGN scheme of the module:
The “Transport: Blood-Cytosol” module (Figure S5) consists of the 9 transport
reactions which represent facilitated transport of glucose, pyruvate, Lac, FFA and
protons (H¥), passive transport reactions for CO2, Oz, Ala and Glr. The list of
reactions and math equations describing their rates are identical in type | and Il fibers,
while values of the kinetic parameters are different between two types of the fibers

1 O]

;

H_bl

(See Table S7 and Table S8).

Cytosol >— Cytosol Blood 4@
{ Pyrc Pyr N Pyr 4@
(oo eh—(ae e {5 Lae }——Lacp|
FFA_c FFA . @ @
G s

Figure S5. SBGN scheme of the transport reactions (vertex of the bipartite graph = corresponds to the
reaction) taking place in the Module “Transport: Blood-Cytosol”. All abbreviations and aliases of metabolites
correspond to the above-mentioned descriptions. Specification for a certain metabolite to cytosol and blood
compartmental affiliation designated by “ c¢” and “_bl”, respectively. White arrows along the compartment
border indicate contact ports for corresponding entities in the cytosol or in the blood.

e. Antimony view which represents generated code according to the
visual graph:

/lused mathematical functions in the module

function stress(a,W,t_start,t)

1.0+a*W*(1.0-exp((t_start-t)/0.4));

end

function Transport(T,M,C_1,C 2,a,W,t_start,t)
T*(C_1/(M+C_1)-C_2/(M+C_2))*stress(a,W,t_start,t);
end

//Iname of the model and components
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/[Function definitions
model
Cytosol_Capillary_Transport_R($Blood.Ala_bl,$Cytosol.Ala_c,$Blood,$Blood.CO2_bl,
$Cytosol.CO2_c,$Cytosol,$Blood.FFA_bl,$Cytosol.FFA_c,$Blood.Glc_bl,$Cytosol.Glc
_¢,3Blood.GIr_bl,$Cytosol.GIr_c,$Blood.H_bl,$Cytosol.H_c,$Blood.Lac_bl,$Cytosol.L
ac_c,$Blood.02_bl,$Cytosol.02_c,$Blood.Pyr_bl,$Cytosol.Pyr _¢,>V_CO2_bl,>V_CO2
_¢,>V_02 bl,>V_02 _¢,>V_mus,>V_R,>W,>t_start)

/lthe list of used compartment in the module
compartment Blood, Cytosol;

/lthe list of used biochemical species in the module

species Ala_bl in Blood, CO2_bl in Blood, FFA_bl in Blood, Glc_bl in Blood, Gir_bl
in Blood, H_bl in Blood, Lac_bl in Blood, O2_bl in Blood, Pyr_bl in Blood, Ala_c in
Cytosol, CO2_c in Cytosol, FFA_c in Cytosol, Glc_c in Cytosol, Glr_c in Cytosol, H_c
in Cytosol, Lac_c in Cytosol, O2_c in Cytosol, Pyr_c in Cytosol;

/lthe list of used model parameters in the module

var A_Ala, A_CO2, A FFA, A Glc, A_H, A Lac, A 02, A Pyr, J Ala, J CO2,
J FFA, J Glc, J GIr, J H, J Lac, J 02, J Pyr, M_FFA, M_Glc, M_Lac, M_Pyr,
M bR H, T FFA, T Glc, T_H, T _Lac, T_Pyr, V_CO2 bl, V_CO2 c, V_02 bl,
V_ 02 ¢, V_R,V_mus, W, lambda_Ala, lambda_CO2, lambda_Glr, lambda_02, t_start;

/lthe list of values of used model parameters in the module
[Mnitialization
Blood = 1.0;
Ala_bl =0.322;
CO2_bl =1.33;
FFA_bl =0.619;
Glc_bl =4.7833;
Glr_bl =0.0489;
H_bl = 4.78E-5;
Lac bl =0.6;
02_bl =0.049;
Pyr_bl =0.0617;
Cytosol = 3.6;
Ala_c = 1.4444;
CO2_c=1.403;
FFA ¢=0.5;
Glc_c =0.5556;
Glr_¢=0.0722;
H_c =7.94E-5;
Lac_c =0.8667;
02_c =0.0338;
Pyr_c =0.0528;
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A_Ala = 0.05555555555555;
A_CO2 = 0.243650793650794,
A_FFA =0.0242063492063492,;
A_Glc =0.0304761904761905;

A _H =0.02420634920635;

A_Lac = 0.180952380952381;
A_02 =0.243650793650794;
A_Pyr =1.87380952380952;
M_FFA =1.0;

M_Glc=2.5;

M_Lac =5.0;

M_Pyr =1.0;

M_bR_H =4.79E-5;

T_FFA =0.522979717271052,;
T_Glc =0.206758177570094;

T H=2.92188186358879E-5;

T Lac = 1.036;

T_Pyr =0.531582089552239;

V_ 02 ¢c=2.0;

V_R=5.0;

V_mus = 5.0;

lambda_Ala = 0.0378084606345476;
lambda_CO2 = 12.9087384285338;
lambda_Glr = 0.160161779575329;
lambda_02 = 79.1635519605644;

/lthe list of reactions in the module
/IReactions

R000004: Glc_c -> Glc_bl; 0.0;
R0O00007: Pyr_c -> Pyr_bl; 0.0;
R000010: Lac_c -> Lac_bl; 0.0;
R000013: FFA ¢ -> FFA bl; 0.0;
R000016: Ala_c -> Ala_bl; 0.0;
R000019: Glr_c -> Glr_bl; 0.0;
R000022: 02 _c -> 02 _bl; 0.0;
R000025: CO2 ¢ -> CO2_hl; 0.0;
R000028: H_c -> H_bl; 0.0;

/lthe list of used mathematical equations in the module
//[Equations

Ala_bl'=J Ala/Blood;

Ala_c '=-J_Ala/Cytosol;

CO2_bl'=J CO2/V_CO02_bl;

C0O2_c'=-J_ CO2/V_C02_g;

FFA_bl'=J FFA/Blood;



FFA_c'=-J_FFA/Cytosol;
Glc_bl '=J Glc/Blood,;
Glc_c '=-J _Glc/Cytosol;
GIr_bl'=J_Glr/Blood;
Glr_c'=-J_Glr/Cytosol;
H_bl'=J H/Blood;

H_c '=-J_H/(Cytosol*1000.0);
Lac_bl'=J Lac/Blood,
Lac_c '=-J_Lac/Cytosol;
02_bl'=J_02/V_02_bl;
02 _c¢'=-J 02/V_02_gc;
Pyr_bl'=J Pyr/Blood,
Pyr_c '=-J_Pyr/Cytosol;

Blood := V_mus*0.2;

Cytosol :=0.88*V_R;
J_Ala:=lambda_Ala*(Ala_c-Ala_bl)*stress(A_Ala,W,t_start,time);

J CO2 :=lambda_CO2*(CO2_c-CO2_bl)*stress(A_CO2,W,t_start,time);
J_FFA = Transport(T_FFA,M_FFA,FFA_c,FFA bl,A FFAW.t start,time);
J_Glc := Transport(T_Glc,M_Glc,Glc_c,Glc_bl,A_Glc,W,t_start,time);
J_Glr :=lambda_GIr*(Glr_c-Glr_bl);
J_H:=Transport(T_H,M_bR_H,H _c,H_bl,A H,W,t_starttime);

J_Lac :=Transport(T_Lac,M_Lac,Lac_c,Lac_bl,A_Lac,W,t_start,time);
J_02 :=lambda_02*(02_c-02_bl)*stress(A_O2,W,t_start,time);

J_Pyr := Transport(T_Pyr,M_Pyr,Pyr_c,Pyr_bl,A Pyr,W,t_start,time);

/lthe list of used model species and their alias
/[Titles
Ala_blis "Ala™;
CO2 _blis"CO2";
FFA blis "FFA";
Glc_blis"Glc";
Glr_blis "GIr™;
H_blis "H";
Lac_blis "Lac™;
02_blis "02";
Pyr bl is "Pyr";
Ala_cis"Ala";
CO2_cis"CO2";
FFA cis"FFA";
Glc_cis"Glc™;
GIr_cis"GIr";
H cis"H";
Lac_cis "Lac";
02 cis"02";
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Pyr_cis "Pyr";

/ISBGN Properties
@Ala_bl.sbgnType = "simple chemical™;
@CO2_bl.sbgnType = "simple chemical™;
@FFA_bl.sbgnType = "simple chemical™;
@Glc_bl.sbgnType = "simple chemical™;
@Glr_bl.sbgnType = "simple chemical”;
@H_bl.sbgnType = "simple chemical™;
@Lac_bl.sbgnType = "simple chemical”;
@O02_bl.sbgnType = "simple chemical";
@Pyr_bl.sbgnType = "simple chemical”;
@Ala_c.sbgnType = "simple chemical";
@CO2_c.sbgnType = "simple chemical™;
@FFA_c.sbgnType = "simple chemical™;
@Glc_c.sbgnType = "simple chemical";
@Glr_c.sbgnType = "simple chemical™;
@H_c.sbgnType = "simple chemical”;
@Lac_c.sbgnType = "simple chemical™;
@0O2_c.sbgnType = "simple chemical™;
@Pyr_c.sbgnType = "simple chemical;
end

f. Mathematical equations of the metabolic reactions in the Module
“Transport: Blood-Cytosol”:
The inter-compartmental metabolites transport is described as passive or facilitated (carrier
mediated) fluxes according to the original paper for this Module (Li et al., 2012). By analogy
with metabolic rates all transport flux equations are multiplied by a linear function to consider

tstart—t

exercise effect on transport processes: Function(W)=1+aq;*W «(1—e % ) (See above
details for parameters meaning). The basic transport flux equation for passive (superscript p)
diffusion of species i between the blood and cytosol is

tstart—t

Tlﬁ<—>cyt,type,i = /1bl<—>cyt,type,i * (Cbl,i - Ccyt,type,i) *(l+aqxWx(l—-e @ )), where
Abi<—scyteypei 1S the permeability-surface area coefficient, Cy,;; and C.y¢ ¢ype; are concentrations
of the species i in the blood and cytosol, respectively; i € (C0O,,0,,Ala,Glr) and type €
(type I fiber,type I fiber), while for facilitated (superscript f) transport is

Cpii Ceyt type,i ) .

T/ -
KMbl<—>cyt,i + Cbl‘i KMbl<—>cyt,i+ Ccyt,type,i

bl<—>cyt,type,i = Rmaxtransportbl<_>Cyt.fyp9,i * (

tstart—t

*(L+a«Wx(L—e %)), WHEre Ruay,qnsporceyt<—smittype, 1S the maximal flux rate for facilitated
transport, Cp;; and Cgyeeyppei are concentrations of the species i in the blood and cytosol,
respectively; i € (Glc, Pyr,Lac, FFA,H") and type € (type I fiber,type Il fiber).
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Table S7. The model parameter values for metabolic reactions in the Module “Transport: Blood-Cytosol”

(type I fibers)

lcyt<—>mit,i/

Rmaxtransport cyt<-mit,is

KMcyt<—>mit,i’

Ti

iag i -1

Species| l/min/kg mmol/min [kg mmol/kg i W min Reference
CO2 12.91 N/A N/A 2.44E-01 4.0E-1 Lietal., 2012
O2 79.16 N/A N/A 2.44E-01 4.0E-1 Lietal., 2012
Ala 3.78E-02 N/A N/A 5.56E-02 4.0E-1 Lietal., 2012
Glr 1.60E-01 N/A N/A 0 4.0E-1 Lietal., 2012
Glc N/A 2.07E-01 2.50E+00 3.05E-02 4.0E-1 Lietal., 2012
Pyr N/A 5.32E-01 1.00E+00 1.87E+00 4.0E-1 Lietal., 2012
Lac N/A 1.04E+00 5.00E+00 1.81E-01 4.0E-1 Lietal, 2012
FFA N/A 5.23E-01 1.00E+00 2.42E-02 4.0E-1 Lietal., 2012
H* N/A 2.92E-05 4.79E-05 2.42E-02 4.0E-1 Lietal., 2012

Table S8. The model parameter values for metabolic reactions in the Module “Transport: Blood-Cytosol”

(type 11 fibers)

lcyt<—>mit,i/

Rmaxtmnsportcyt<—>mit,i'

Species, i - ) Meyt<omiti? a;, Wt o Reference
l/min/kg mmol/min/kg mmol/kg min
CO2 12.91 N/A N/A 2.44E-01 4,0E-1 Li etal., 2012
O2 79.16 N/A N/A 2.44E-01 4,0E-1 Li etal., 2012
Ala 2.37E-02 N/A N/A 5.56E-02 4.0E-1 Lietal., 2012
Glr 1.84E-01 N/A N/A 0 4.0E-1 Lietal., 2012
Glc N/A 2.04E-01 2.50E+00 3.05E-02 4.0E-1 Lietal., 2012
Pyr N/A 4.48E-01 1.00E+00 1.87E+00 4,0E-1 Lietal., 2012
Lac N/A 1.19E+00 5.00E+00 1.81E-01 4,0E-1 Lietal., 2012
FFA N/A 4.60E-01 1.00E+00 2.42E-02 4.0E-1 Lietal., 2012
H* N/A 2.92E-05 4.79E-05 2.42E-02 4.0E-1 Lietal., 2012
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6. Rates of reactions in the Module “Ca-signaling pathway”

a. SBGN scheme of the module:

The “Ca-signaling pathway” module (Figure S6) consists of the cascade of 8
bimolecular reactions including Ca-Calmodulin complex formation, an activation of
CAMKII (Ca?*/calmodulin(CaM)-dependent protein kinase I1) and CAMKKII
kinases as well as Calcineurin (CaN), phosphorylation reactions for AMPK (AMP-
activated protein Kinase), CREB (cCAMP-Responsive Element-Binding protein) and
PGCla (Peroxisome proliferator-activated receptor Gamma Coactivator-1 alpha)
factors and dephosphorylation of the CRTC (CREB-Regulated Transcription
Coactivator). The list of reactions and math equations describing their rates are
identical in type | and Il fibers, while values of the kinetic parameters are different
between two types of the fibers (See differences below).

cytosal

- :

Ca_Calmodulin

Calcineurin

|AMPK_2_2_3_active

Figure S6. SBGN scheme of the signaling cascade reactions (vertex of the bipartite graph = corresponds to
the reaction) taking place in the Module “Ca-signaling pathway”. All abbreviations and aliases of proteins
correspond to the above-mentioned descriptions. Red arrows (Ca_Calmodulin, CAMKKII, AMPK_zero,
CREB and CRTC) correspond to output ports, while green arrow indicates input port
(AMPK_2_2 3 active).

b. Antimony view which represents generated code according to the visual
graph:
/Iname of the model and components
model
Ca_signaling_pathway R(>W,>$cytosol. AMPK_2 2 4 <$cytosol. AMPK 2 2 3,<3$cytos
0l.CREB_1,<$cytosol.CRTC_1,<$cytosol.CaMKKII,<$cytosol.Ca_Calmodulin)

/lthe list of used compartment in the module
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compartment cytosol;

/Ithe list of used biochemical species in the module

species AMPK_2 2 3in cytosol, AMPK_2 2 4 in cytosol, CREB in cytosol,
CREB_1 in cytosol, CRTC in cytosol, CRTC_1 in cytosol, Ca2_ in cytosol, CaMKII in
cytosol, CaMKII_in in cytosol, CaMKKII in cytosol, CaMKKII_in in cytosol,
Ca_Calmodulin in cytosol, Calcineurin in cytosol, Calcineurin_in in cytosol, Calmodulin
in cytosol, PGC_1lalpha in cytosol, PGC_lalpha_1 in cytosol;

/lthe list of used model parameters in the module

var Ca_Calmodulin_R, Ca_Calmodulin_initial, FC_CAMK2_ R, FC_CAMK2 R _1,
FC_Ca_Calmodulin_R, K_AMPKin_toAMPKp, K_ AMPKp_toAMPKin,
K_CREB_toCREBp, K_CREBp_toCREB, K_CRTC_toCRTCp, K_CRTCp_toCRTC,
K_CaCaM_assos, K_CaCaM_diss, K_CaMKII_toCaMKII_in, K_CaMKIlin_toCaMKII,
K_CaMKKII_toCaMKKIlin, K_CaMKKIlin_toCaMKKII, K_CaN_toCaNin,
K_CaNin_toCaN, K_PGClalpha_toPGC1lalphap, K_PGClalphap_toPGClalpha,
K_X_protein_translation, K_basal_X, K_bind_PGCla_func_prot, K_degr PGCla prot,
K _degr mRNA_X fact, K_transport_cyt_to_nucl, Perc_Ca_Calm_R, W, alpha_R, h_X,
k_ex, unknown;

/lthe list of values of used model parameters in the module
/Mnitialization
cytosol = 1.0;
AMPK 2 2 3=0.36;
CREB =0.23;
CRTC =0.1;
Ca2_=0.1,
CaMKII_in=1.0;
CaMKKII_in =0.04;
Calcineurin_in = 0.003;
Calmodulin = 6.0;
PGC _1lalpha=0.1;
K_AMPKin_toAMPKp = 10.0;
K_AMPKp_toAMPKin = 0.01;
K_CREB_toCREBp =0.1;
K_CREBp_toCREB =0.1;
K_CRTC_toCRTCp =0.15;
K_CRTCp_toCRTC = 0.15;
K_CaCaM_assos = 0.5;
K_CaCaM_diss = 100.0;
K_CaMKII_toCaMKII_in = 132.0;
K_CaMKIllin_toCaMKII = 3940.0;
K_CaMKKII_toCaMKKIlin = 132.0;
K_CaMKKIlin_toCaMKKII = 3940.0;
K_CaN_toCaNin = 0.072;
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K_CaNin_toCaN = 2760.0;
K_PGClalpha_toPGC1lalphap = 0.1;
K_PGClalphap_toPGC1lalpha = 0.1;
K_X_protein_translation = 0.01;
K_basal_X =0.24;
K_bind_PGCla_func_prot = 0.0035;
K _degr_ PGCla prot=0.01;
K_degr mRNA_X_ fact = 0.05;
K_transport_cyt to_nucl = 0.05;
alpha_R =0.038;

h_X=2.0;

k ex=1.0;

/the list of reactions in the module

//Reactions
R000008: Calmodulin -> Ca_Calmodulin;
K_CaCaM_assos*Calmodulin*k_ex"2.0*Ca2_"2.0-K_CaCaM_diss*Ca_Calmodulin;
R000018_mod: Ca2_-( R000008;
R000014: CaMKII_in -> CaMKIl;
K_CaMKIlin_toCaMKII*CaMKII_in*Ca_Calmodulin-
K_CaMKII_toCaMKII_in*CaMKIl;
R000114 mod: Ca_Calmodulin-( R000014;
R000020: CaMKKII_in -> CaMKKII;
K_CaMKKIlin_toCaMKKII*CaMKKII_in*Ca_Calmodulin-
K_CaMKKII_toCaMKKIlin*CaMKKI|;
R000012_mod: Ca_Calmodulin-( R000020;
R000026: Calcineurin_in -> Calcineurin;
K_CaNin_toCaN*Calcineurin_in*Ca_Calmodulin-K_CaN_toCaNin*Calcineurin;
R000126_mod: Ca_Calmodulin-( R0O00026;
R0O00051: AMPK 2 2 3->AMPK 2 2 4;
K_AMPKin_toAMPKp*AMPK 2 2 3*CaMKKII-
K_AMPKp_toAMPKIin*AMPK 2 2 4;
R000151 mod: CaMKKII-( R0O00051;
R000058: PGC_1lalpha -> PGC_lalpha 1,
K_PGClalpha_toPGClalphap*PGC_lalpha*AMPK_2 2 4-
K_PGClalphap_toPGClalpha*PGC_1lalpha 1,
R000158_mod: AMPK_2_2 4-( R000058;
R000065: CREB -> CREB 1;
K_CREB_toCREBp*CREB*CaMKII*CaMKKII*AMPK 2 2 4-
K_CREBp_toCREB*CREB_1;
R000165_mod: AMPK_2_2 4-( R000065;
R000165_mod: CaMKII-( RO00065;
R000165_mod: CaMKKII-( RO00065;
R000074: CRTC -> CRTC_1; K_CRTCp_toCRTC*CRTC*Calcineurin-
K_CRTC_toCRTCp*CRTC _1;
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R000174_mod: Calcineurin-( R0O00074;

/[Constants
const AMPK 2 2 3, CREB, CRTC, CaMKII_in, CaMKKII_in, Calcineurin_in,
Calmodulin, PGC_1lalpha;

/Ithe list of used mathematical equations in the module
/[Equations

Ca_Calmodulin_R := Ca_Calmodulin;

FC_CAMKZ2_R := CaMKIIl/CaMKII_in;

FC_CAMKZ2_R_1 := CaMKIl/(CaMKII+CaMKII_in);

FC_Ca_Calmodulin_R :=
piecewise(1.0,time<120.0,Ca_Calmodulin/Ca_Calmodulin_initial,time>=120.0);

Perc_Ca_Calm_R := Ca_Calmodulin/(Ca_Calmodulin+Calmodulin);

k_ex := piecewise(1.0,W==0.0,1.0+alpha_R*W,W>0.0);

/lthe list of used model species and their alias
/[Titles

AMPK 2 2 4is"AMPK 2 2 3";

CREB_1is "CREB";

CRTC 1is"CRTC";

Ca2_is"Ca2+";

PGC_lalphais "PGC-1a";

PGC _1lalpha_1is "PGC-1a";

/ISBGN Properties

@AMPK _2 2 3.shgnType ="complex";
@AMPK_2 2 3.shgnViewTitle = "alpha2:betta2:gamma3";
@AMPK _2 2 4.sbhgnType = "complex™;
@AMPK _2_2 4.sbgnViewTitle = "alpha2{p}:betta2:gamma3";
@CREB.sbgnType = "macromolecule”;
@CREB_1.sbgnType = "macromolecule”;
@CREB_1.sbgnViewTitle = "(CREB_1{p})2";
@CRTC.sbgnType = "macromolecule”;
@CRTC.sbgnViewTitle = "CRTC{p}";
@CRTC_1.sbgnType = "macromolecule™;
@Ca2_.shgnType = "simple chemical";
@CaMKIl.sbgnType = "macromolecule™;
@CaMKII_in.sbgnType = "macromolecule”;
@CaMKKII.sbgnType = "macromolecule”;
@CaMKKII_in.sbgnType = "macromolecule™;
@Ca_Calmodulin.sbgnType = "complex";
@Calcineurin.sbgnType = "macromolecule™;
@Calcineurin_in.sbgnType = "macromolecule™;
@Calmodulin.sbgnType = "macromolecule”;
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@PGC_1lalpha.sbgnType = "macromolecule™;

@PGC_1lalpha_1.sbgnType = "macromolecule”;

@PGC_1lalpha_1.shgnViewTitle = "PGC_1lalpha_1{p}";
end

c. Mathematical equations of the metabolic reactions in the Module “Ca-
signaling pathway”:
The Ca?*-dependent signaling pathway is described in the cytosol compartment using classic
bimolecular kinetic laws for reactions rates. Thus, according to the theoretical basics, the rate of
the reversible binding of Ca?" with CaM protein (Fg,cqy) Which is a trigger activating calcium
signaling transduction pathway is represented by the next mathematical equation:
Feacam = KCaCaMaSSOC * (Kex * CCa2+)2 * Coam — KCaCaMdis * Ceacam
where Keacamygg,, = 0-5 M™% * min~" and Kcqcam,,, = 100 min~" (Cui and Kaandorp, 2008)
are the rate constants of association and dissociation of the complex, respectively; K,, is the
constant of sharp change of the calcium concentration due to the exercise. Initial values for
Ccqz+, Ceanm are 0.1 uM and 6 uM, correspondingly (Saucerman and Bers, 2008; Eilers et al.,
2014). Calmodulin can bind 4 calcium molecules, two to the carboxyl or C-terminal EF hand
(forming Ca2CaM) and then two to the amino or N-terminal EF hand (forming Ca4CaM). There
are several detailed kinetic models simulating different subnetworks of Ca-dependent signaling
pathway in cardiac myocytes and soleus muscle (Cui and Kaandorp, 2008; Saucerman and Bers,
2008; Eilers et al., 2014). We extended the pathway network including AMPK, CREB and
CRTC components, but assumed that minimal number of binding ions to activate the complex is
two. In contrast to the metabolic rates and transport fluxes, the exercise impact on the signaling
activation simulates as a linear dependence of the parameter K,, on the work rate by means of
piecewise function:
1.0 if W=0.0
Kex = {1.0 + Qyype * W, if W>0.0
(type I fiber,type Il fiber): ag = 0.038 and a;, = 0.05 (model fitting to experimental data on
intensity-dependent increase in phosphorylation of CAMKII and AMPK a2 and y3 isoforms. See
Figure 8A-C and Figure 8F-H in the main text).

where a.,,. is the activation coefficient and type €

Rates of subsequent reactions of the signaling pathway are described by the next set of
equations:

Feamkilgeiation = KCAMKuwC AMKIT Cecamrir * Ccacam — K CAMKIIfocamirr ¥ Ceamkir

— -1 =1 . — —1
where Keamkit,yp gy = 3940 uM ™" * min and Kcamirg, e oy = 132 min™" (Saucerman

and Bers, 2008) are forward and backward rate constants of the CAMKII activation
(Feamki1 4piparion) COITEspondingly, while Ceapiyr and Ceamgyr+ are concentrations of non-active

and active forms of CAMKII, respectively. Initial value of the Ceaygr €quals to 1 pM
(Saucerman and Bers, 2008; Eilers et al., 2014).

Feamrkilgeiation = KCAMKKuwC ki ¥ Ceamikir * Ceacam — Kcamkirs, gy * Ccamirir
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— -1 - ) — -1
where  Kcamikir,, g = 3940 M ™"+ min™  and - Kcamkkirg,capin = 132 min (as

corresponding parameters for CAMKII) are forward and backward rate constants of the
CAMKKII activation (Feamkkir,,;panen): COrrespondingly, while Ceamgg and Ceamgrir are

concentrations of non-active and active forms of CAMKKII, respectively. Initial value of the
Ceamixn €quals to 0.04 uM (Akberdin et al., 2020).

FCaNaCtivation = KCaNCaN* * Cean * Ceacam — KCaNEoCaN * Cean

where Kegn, . = 2760 uM~! xmin™" and Kcay;,,,, = 0.072min™" (Cui and Kaandorp,
2008) are forward and backward rate constants of the CaN activation (Fean,,,iarion):
correspondingly, while Cq,y and Cq,n+ are concentrations of non-active and active forms of
CaN, respectively. Initial value of the C.,y equals to 0.003 uM (Saucerman and Bers, 2008;
Akberdin et al., 2020).

FAMPKphoshorylation = Kampx AMPKP Campk * Ccamrn — K AMPKE, o * Campkp

where Kawp ,, .o = 10 uM~" *min~! and Kaupx?, . = 001 min~! (Sonntag et al., 2012)
are forward and backward rate constants of the AMPK phosphorylation (FAMPKphoshorylmon),

correspondingly, while Cyypx and C,ypge are concentrations of non-phosphorylated and
phosphorylated (active) forms of AMPK, respectively. Initial value of the C,ypx IS 0.36 uM
(Akberdin et al., 2020), which is used in the Module “AMPK” to estimate initial concentrations
of three AMPK isoforms via input-output ports or connections between submodules according to
the meta-model structure in the BioUML platform (Kolpakov et al., 2019).

FCREBphOShorylation = KCREBCREBp * Ccrep * Ccamiir * Ceamrxir * Campxr — K CREBYppp * Ccrepp

= 0.1min~ ' (Akberdin et al., 2020) are
forward and backward rate constants of the CREB phosphorylation (Fcres,osmoryiation):

correspondingly, while Ccrgp and Ccrgge are concentrations of non-phosphorylated and
phosphorylated (active) forms of CREB, respectively. Initial value of the Ccggp IS 0.23 pM
(Akberdin et al., 2020).

_ -3 . —1
where KerEB gy = 0-1 WM™ * min and KCREB{‘;’REB

FPGClaphoshorylation = Kpccmmcmp * Cpgera * Camprp — Kp(;cmgacm * CpgeraP

where Kpgeia,,., p = 01 WM™ *min~" and K pocial,,,, = 01 min~1 (Akberdin et al., 2020)

are forward and backward rate constants of the PGCla phosphorylation (FPGC1aphoshorylation)’

correspondingly, while Cpge1p @nd Cpgeiqp are concentrations of non-phosphorylated and
phosphorylated (active) forms of PGCla, respectively. This reaction has been added to the
model for further extensions and consideration some feedbacks between PGC1la, its transcription
regulators and components on the metabolic level.
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= * * — *
FCRTCdephoshorylation KCRTchTC CCRTCp CCQN* KCRTCCRTcP CCRTC

where Keprep,,, = 015 UM~ «min~" and Kcgrc,,,, = 0.15min~" (Akberdin et al., 2020)
are forward and backward rate constants of the CRTC dephosphorylation (Fgrrc dephoshorylation)’

correspondingly, while Cerre and Ccogrrep are concentrations of non-phosphorylated and
phosphorylated forms of CRTC, respectively. Initial value of the Ccgrcr 1S 0.1 pM (Akberdin et
al., 2020).
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7. Rates of reactions in the Module “AMPK”

a. SBGN scheme of the module:

The AMP-activated protein kinase (AMPK) has an important role in the regulation of
cellular energy homeostasis. The kinase is activated in response to an exercise due to
a rise in the AMP:ATP ratio that occurs as a result of ATP concentration’s decrease.
The AMPK Kkinase is a trimeric complex containing o/p/y subunits. According to the
experimental data (Birk and Wojtaszewski, 2006), only three AMPK o/B/y-
heterotrimers (al/B2/y1, o2/f2/y1 and a2/B2/y3) are present in human skeletal
muscle, the approximate distribution of which can be estimated as ~15% al/B2/y1,
~65% a2/B2/y1 and~20% a2/B2/y3. These ratios were used to calculate initial
concentration values of three isoforms in the Module based on the concentration of
the overall AMPK (“AMPK initial” in the Figure S7, see above). The protein content
of different isoforms and their catalytic activities changes differently in response to
exercise training. Moreover, activation of the kinase as well as of its downstream
targets is fiber type-specific. To take into account all these facts and simulate
different isoform-specific responses of the AMPK during an exercise and recovery,
the “AMPK” module (Figure S7) has been integrated into the model. The diagram
consists of the cascade of 3 biomolecular reactions for each isoform that includes 1)
binding of AMP/ATP with AMPK vy subunit, which allosterically activates the
complex; 2) subsequent phosphorylation of the activated complex by upstream LKB1
and CAMKKII kinases, 3) formation of the overall pool of activated and
phosphorylated AMPK forms; and eventually, formation of the generalized pool of all
AMPK isoforms. Last two reactions were included in the model for further analysis
but did not fitted in the current version of the integrated model. The list of reactions
and math equations describing their rates are identical in type | and Il fibers, while
values of the kinetic parameters are different between two types of the fibers (See
differences below).
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Figure S7. SBGN scheme of the cascade activation and phosphorylation reactions (vertex of the bipartite graph =" corresponds to the reaction) taking place in the Module
“AMPK?”. All abbreviations and aliases of proteins correspond to the above-mentioned descriptions. Each subunit of the AMPK isoform is depicted on the diagram to

specify the binding region of AMP/ATP and phosphorylation of the certain subunit by kinases. Products of some reactions or dead ends @ are results of the degradation
processes. Green arrows (CAMKKII, AMPK_zero, AMP, ATP, AMP_free, ADP_free and W) correspond to input ports.
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b. Antimony view which represents generated code according to the visual
graph:
/Iname of the model and components
model
AMPK_module_R(>$cytoplasm.ADP_free_R,>$cytoplasm.AMPK _initial,>$cytoplasm.A
MP_1,>$cytoplasm.AMP_free_R,>$cytoplasm.ATP_1,>$cytoplasm.CAMKKII,>W)

/lthe list of used compartment in the module
compartment cytoplasm;

/Ithe list of used biochemical species in the module

species ACC in cytoplasm, ACC_1 in cytoplasm, ADP_free R in cytoplasm,
AMPK 1 2 1incytoplasm, AMPK 1 2 10 in cytoplasm, AMPK_1 2 11 in cytoplasm,
AMPK 1 2 12 in cytoplasm, AMPK_1 2 13 in cytoplasm, AMPK 1 2 2 in cytoplasm,
AMPK_1 2 3in cytoplasm, AMPK 1 2 4 in cytoplasm, AMPK_1 2 5 in cytoplasm,
AMPK_1 2 6in cytoplasm, AMPK 1 2 7 in cytoplasm, AMPK_1 2 8 in cytoplasm,
AMPK _1 2 9in cytoplasm, AMPK initial in cytoplasm, AMP_1 in cytoplasm,
AMP_ATP in cytoplasm, AMP_free_R in cytoplasm, ATP_1 in cytoplasm, CAMKKII in
cytoplasm, LKBL1 in cytoplasm;

/lthe list of used model parameters in the module

var AMPK al ratio, AMPK_a2 g1 _ratio, AMPK a2 g3 ratio, AMPK_alpha2_ratio_R,
AMPK g1 activity R, AMPK g2 activity R, AMPK _g3_activity R,
AMPK_gamma3_ratio_R, AMPK _ratio, K_AMPK1lact AMPK1whole,
K_AMPK1p_AMPK1whole, K_AMPK?2act AMPK2whole, K_AMPK2p_AMPK?2whole,
K_AMPK3act AMPK3whole, K_ AMPK3p_AMPK3whole, K_ AMPK act, K_act 1,
K_act_1 back, K act 2, K act 2 back, K_act_3, K_act_3 back, K_activity iso_al,
K _activity iso_a2 g1, K activity iso_a2 g3, K_degr AMPK1lact, K_degr AMPK1p,
K _degr_ AMPK1whole, K_degr_ AMPK?2act, K_degr AMPK2p, K_degr AMPK2whole,
K_degr AMPK3act, K_degr_ AMPK3p, K_degr_ AMPK3whole, K_degr_ AMPKwhole,
K m_18, K_m_19, K_m_AMPK act, V__ forward AMPK1lact AMPK1p,
V__forward_ AMPK1lact AMPK1p CAMKKII, V__forward AMPK?2act AMPK2p,
V__forward AMPK2act AMPK2p_ CAMKKII, V__forward AMPK3act AMPK3p,
V__forward AMPK3act AMPK3p_CAMKKII, V__max_forward AMPKZlact AMPKl1p,
V__max_forward AMPKlact AMPK1p CAMKKII,
V__max_forward AMPK2act AMPK2p,
V_max_forward_ AMPK?2act AMPK2p_CAMKKII,
V__max_forward_ AMPK3act AMPK3p,
V__max_forward_ AMPK3act AMPK3p_CAMKKII, V_back_ AMPK1p_ AMPK1act,
V_back_ AMPK2p_AMPK2act, V_back_ AMPK3p_AMPKa3act, V_back_isol,
V_back iso2, V_back iso3, V_forward_isol, V_forward_iso2, V_forward_iso3, W,
alpha_R, h_1,h_1 back, h_2, h 2 back, h_3, h_3 back, unknown;

/lthe list of values of used model parameters in the module
/nitialization
cytoplasm = 1.0;
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ACC =0.5;

AMPK 1 2 1=8.0E-4;

AMPK 1 2 2=0.0034;

AMPK 1 2 3=1.3E-4;

LKB1 = 2.0E-4;

K_AMPK act = 0.1;

K act 1=0.25;

K act 1 back =0.25;

K_act_2 =0.54;

K act 2 back = 0.54;

K_act 3=0.44;

K act_3 back =100.0;

K activity _iso_al = 440.0;
K_activity_iso_a2 g1 = 240.0;

K activity _iso_a2 g3 =120.0;

K m 18=1.4;

K_m_19 =0.067;

K_m_AMPK act =0.5;

V__forward AMPKlact AMPK1p =1.2;
V__forward AMPKlact AMPK1p CAMKKII =1.2;
V__forward_ AMPK2act AMPK2p = 2.0;
V__forward_AMPK2act AMPK2p_CAMKKII = 2.0;
V__forward_ AMPK3act AMPK3p =0.1;
V__forward_ AMPK3act AMPK3p_CAMKKII =0.1;
V_back_ AMPK1p_AMPK1lact = 0.032;
V_back_ AMPK2p_AMPK2act = 0.032;
V_back_ AMPK3p_AMPK3act = 0.006;
V_back_isol = 0.425;

V_back_iso2 = 0.425;

V_back_iso3 = 0.225;

V_forward_isol = 90.0;

V_forward_iso2 = 90.0;

V_forward_iso3 = 90.0;

alpha_R =0.05;

h 1=1.0;

h 1 back =1.0;

h 2=1.0;

h_2 back =1.0;

h 3=2.0;

h 3 back = 4.0;

/lthe list of reactions in the module
//Reactions
R000056: AMPK 1 2 2->AMPK 1 2 5;
V_forward_iso2*AMPK_1 2 2*AMP_ATP-V_back_iso2*AMPK_1 2 5;



R000060: AMPK 1 2 3->AMPK_1 2 6;

V_forward_iso3*AMPK 1 2 3*AMP_ATP-V_back iS03*AMPK_1 2 6;

R000086: AMPK 1 2 4->AMPK 1 2 7;

V__forward_AMPKZlact AMPK1p*LKB1*(AMPK_1 2 4/(K_m_18+AMPK 1 2 4))*(
AMP_17h_1/K_act_1*h_1/(1.0+AMP_1"h_1/K act_1*h_1))+V__forward AMPKlact_A
MPK1p_CAMKKII*CAMKKII*(AMPK 1 2 4/(K_m_18+AMPK 1 2 4))-
V_back_ AMPK1p AMPKlact*(AMPK_1 2 7/(K_m_19+AMPK_1 2 7))*(1.0/(1.0+A
MP_ATP”h_1 back/K_act_1_back™h_1 back));

R000186_mod: LKB1-( RO00086;

R000186_mod: AMP_1-( RO00086;

R000186_mod: CAMKKII-( RO00086;

R000090: AMPK 1 2 5->AMPK 1 2 8;

V__forward_ AMPK2act AMPK2p*LKB1*(AMPK_1 2 5/(K_m_18+AMPK 1 2 5))*(
AMP_1™_2/K act_2"h_2/(1.0+AMP_1"h_2/K act_2”h_2))+V__forward_AMPK2act_A
MPK2p_CAMKKII*CAMKKII*(AMPK 1 2 5/(K_m_18+AMPK 1 2 5))-
V_back_ AMPK2p_ AMPK?2act*(AMPK_1 2 8/(K_m_19+AMPK_1 2 8))*(1.0/(1.0+A
MP_ATP”h_2 back/K_act_2_back™h_2_back));

R000019_mod: LKB1-( RO00090;

R000019_mod: AMP_1-( RO00090;

R000019_mod: CAMKKII-( RO00090;

R000094: AMPK 1 2 6->AMPK_1 2 9;

V__forward_ AMPK3act AMPK3p*LKB1*(AMPK_1 2 6/(K_m_18+AMPK 1 2 6))*(
AMP_17_3/K act_3"h_3/(1.0+AMP_1"h_3/K act_3"h_3))+V__forward AMPK3act_A
MPK3p_CAMKKII*CAMKKII*(AMPK 1 2 6/(K_m_18+AMPK 1 2 6))-
V_back_ AMPK3p_ AMPK3act*(AMPK _1 2 9/(K_m_19+AMPK_1 2 9))*(1.0/(1.0+A
MP_ATP”h_3 back/K_act_3_back™h_3 back));

R000194_mod: LKB1-( R0O00094;

R000194_mod: AMP_1-( R0O00094;

R000194_mod: CAMKKII-( R000094;

R000119: AMPK 1 2 4+ AMPK 1 2 7=>AMPK_1 2 10;
K_AMPK1p_AMPK1lwhole*AMPK 1 2 7+K_AMPK1lact AMPK1whole*AMPK 1 2
4,

R000123: AMPK 1 2 5+ AMPK 1 2 8=>AMPK_1 2 11;

K_AMPK2p_ AMPK2whole*AMPK _1 2 8+K_AMPK2act. AMPK2whole*AMPK 1 2
S5;

R000127: AMPK 1 2 6+ AMPK 1 2 9=>AMPK 1 2 12;
K_AMPK3p_AMPK3whole*AMPK 1 2 9+K_AMPK3act AMPK3whole*AMPK 1 2
6;

R000138: AMPK 1 2 10+ AMPK 1 2 11+ AMPK 1 2 12=>AMPK 1 2 13;
AMPK 1 2 10+AMPK_1 2 11+AMPK 1 2 12;

R000143: AMPK_1 2 4 =>; K_degr AMPK1lact*AMPK_1 2 4;

R000147: AMPK_1 2 5=>; K degr AMPK2act*AMPK 1 2 5;

R000151: AMPK_1 2 6 =>; K_degr AMPK3act*AMPK 1 2 6;

R000155: AMPK_1 2 7 =>; K_degr AMPK1p*AMPK_ 1 2 7;

R000159: AMPK_1 2 8 =>; K_degr AMPK2p*AMPK_ 1 2 8;
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R000163: AMPK_1 2 9 =>; K_degr AMPK3p*AMPK 1 2 9;
R000167: AMPK_1 2 10 =>; K_degr_ AMPK1whole*AMPK _1 2 10;
R0O00171: AMPK_1 2 11 =>; K_degr AMPK2whole*AMPK _1 2 11;
R000175: AMPK 1 2 12 =>; K_degr_ AMPK3whole*AMPK _1 2 12;
R000186: AMPK_1 2 13 =>; K_degr AMPKwhole*AMPK_1 2 13;
R000196: ACC => ACC 1,
K_AMPK_act*ACC*AMPK_1_2 13/(K_m_AMPK_act+ACC);
R001196_mod: AMPK_1 2 13-( R000196;
R000209: AMPK 1 2 1->AMPK 1 2 4;
V_forward_isol1*AMPK_1 2 1*AMP_ATP-V_back isol*AMPK_1 2 4;

/IConstants
const ACC, LKB1;

/lthe list of used mathematical equations in the module
/[Equations

AMPK 1 2 1:=0.15*AMPK _initial;

AMPK 1 2 2:=0.65*AMPK _initial;

AMPK 1 2 3:=0.2*AMPK initial;

AMPK al ratio:= AMPK_1 2 7/(AMPK_1 2 1+AMPK_1 2 4+AMPK_1 2 7);

AMPK a2 g1 ratio:= AMPK 1 2 8/(AMPK_1 2 2+AMPK_1 2 5+AMPK_1 2 8);

AMPK a2 g3 ratio:= AMPK_1 2 9/(AMPK_1 2 3+AMPK_1 2 6+AMPK_1 2 9);

AMPK _alpha2_ratio R :=
(AMPK_1 2 8+AMPK 1 2 9)/(AMPK_1 2 2+AMPK_1 2 3+AMPK_1 2 5+AMPK _
1 2 6+AMPK 1 2 8+AMPK 1 2 9)*100.0;

AMPK g1 activity R := K_activity iso_al*AMPK_1 2 7;

AMPK g2 _activity R := K_activity iso_a2 gl1*AMPK 1 2 8;

AMPK g3 activity R := K_activity iso_a2 g3*AMPK 1 2 9;

AMPK gamma3 ratio R :=
AMPK 1 2 9/(AMPK_1 2 3+AMPK_ 1 2 6+AMPK 1 2 9)*100.0;

AMPK _ratio :=
(AMPK_ 1 2 7+AMPK 1 2 8+AMPK 1 2 9)/(AMPK_1 2 1+AMPK_1 2 2+AMPK _
12 3+AMPK_1 2 4+AMPK_1 2 5+AMPK_1 2 6+AMPK_1 2 7+AMPK 1 2 8+A
MPK_1 2 9);

AMP_ATP := piecewise(2.0*(AMP_1/ATP_1),W==175.0,AMP_1/ATP_1);

K act_3 := piecewise(0.44,W==0.0,0.44,W>0.0);

V__forward AMPK3act AMPK3p := piecewise(0.1,W==0.0,0.1+alpha_R*W,W>0.0);

V__forward_AMPK3act_ AMPK3p_CAMKKII :=
piecewise(0.1,W==0.0,0.1+alpha_R*W,W>0.0);

V__max_forward_ AMPKlact AMPK1p := piecewise(0.1,W==0.0,2.0,W>0.0);

V__max_forward AMPKlact AMPK1p CAMKKII :=
piecewise(0.1,W==0.0,2.0,W>0.0);

V__max_forward AMPK2act AMPK2p := piecewise(0.1,W==0.0,2.0,W>0.0);

V__max_forward_ AMPK2act AMPK2p_CAMKKII :=
piecewise(0.1,W==0.0,2.0,wW>0.0);
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/lthe list of used model species and their alias
/ITitles

ACC 1lis"ACC";

AMPK_1 2 10is "AMPK_1 2 1 whole";

AMPK_1 2 11is"AMPK_2 2 1 whole";

AMPK_1 2 12is"AMPK_2 2 3 whole";

AMPK_1 2 13is "AMPK_whole";

AMPK 1 2 2is"AMPK 2 2 1";

AMPK 1 2 3is"AMPK 2 2 3"

AMPK 1 2 4is"AMPK 1 2 1 active";

AMPK 1 2 5is"AMPK 2 2 1 active";

AMPK_1 2 6is"AMPK_2_ 2 3 active";

AMPK 1 2 7is"AMPK_1 2 1 phosphorylated™;

AMPK 1 2 8is"AMPK 2 2 1 phosphorylated™;

AMPK 1 2 9is"AMPK 2 2 3 phosphorylated™;

AMP_1is"AMP";

ATP_1is"ATP";

//SBGN Properties

@ACC.sbgnType = "simple chemical”;

@ACC _1.sbgnType = "simple chemical”;

@ADP_free_R.sbgnType = "simple chemical";
@AMPK_1 2 1.sbgnType = "complex";
@AMPK_1 2 1.sbhgnViewTitle = "alpha:betta:gamma{}{}";
@AMPK _1 2 10.sbgnType = "complex";
@AMPK _1 2 10.sbgnViewTitle = "alpha:betta:gamma{AMP}{ATP}";
@AMPK _1 2 11.sbgnType ="complex";
@AMPK _1 2 11.sbgnViewTitle = "alpha:betta:.gamma{AMP}{ATP}";
@AMPK_1 2 12.shgnType = "complex™;
@AMPK_1_ 2 12.shgnViewTitle = "alpha:betta:gamma{AMP}{ATP}";
@AMPK_1 2 13.shgnType = "complex™;
@AMPK_1 2 13.shgnViewTitle = "alpha:betta:gamma{AMP}{ATP}";
@AMPK _1 2 2.shgnType ="complex";
@AMPK _1 2 2.sbgnViewTitle = "alpha:betta:gamma{}{}";
@AMPK _1 2 3.shgnType = "complex™;
@AMPK 1 2 3.sbgnViewTitle = "alpha:betta:gamma{}{}";
@AMPK_1 2 4.sbgnType = "complex";
@AMPK_1_2_4.shgnViewTitle = "alpha:betta:gamma{AMP}{ATP}";
@AMPK_1 2 5.sbgnType = "complex";
@AMPK _1 2 5.sbgnViewTitle = "alpha:betta:gamma{AMP}ATP}";
@AMPK _1 2 6.shgnType = "complex";
@AMPK _1 2 6.sbgnViewTitle = "alpha:betta:gamma{AMP}{ATP}";
@AMPK_1 2 7.sbgnType = "complex";
@AMPK _1 2 7.sbgnViewTitle = "alpha:betta:gamma{AMP}{ATP}";
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@AMPK _1 2 8.shgnType ="complex";
@AMPK _1 2 8.sbgnViewTitle = "alpha:betta:gamma{AMP}ATP}";
@AMPK _1 2 9.shgnType = "complex";
@AMPK _1 2 9.sbgnViewTitle = "alpha:betta:gamma{AMP}ATP}";
@AMPK _initial.sbgnType = "complex™;
@AMP_1.sbgnType = "simple chemical";
@AMP_ATP.sbgnType = "macromolecule”;
@AMP_free_R.sbgnType = "simple chemical”;
@ATP_1.sbgnType = "simple chemical”;
@CAMKKII.sbgnType = "macromolecule™;
@LKBL1.shgnType = "macromolecule”;
@LKBL1.shgnViewTitle = "(LKB1)2";

end

c. Mathematical equations of the metabolic reactions in the Module
“AMPK”:
AMPK activation and phosphorylation processes are described in the cytosol compartment using
classic bimolecular kinetic laws for reactions rates. Thus, according to the theoretical basics, the
rate of the reversible binding of AMP/ATP (F;,,.,) with a particular AMPK isoform which

AMP

ATP
allosterically activates the kinase is represented by the next mathematical equation:

Fippp = KforwardiAMP * C; * Camp — KbackwardiAMP * Cippp
ATP ATP ATP 2TP ATP

where i € (al1B2y1,a2B2y1,a2B2y3), Krorwaray ,,,, = 90 UM~ x min~1 and
ATP
— — in—1- —
KbackwardmﬁzylAMP - KbackwardazﬁzylAMP = 0.425 min ' Kbackwardazﬁzy_a,AMP -
ATP ATP ATP

0.225 min~*(Coccimiglio and Clarke, 2020). These parameter values are identical in both

muscle fiber types. C; and C;,,,, correspond to concentrations of non-active and allosterically

ATP
activated forms of the i AMPK isoform.

The subsequent reversible reaction of the activated isoform phosphorylation and
dephosphorylation has more complex rate equation (F; ) due to the alternative

phoshorylation

phosphorylations by two Kinases and allosteric regulation of the
phosphorylation/dephosphorylation processes:
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where i€ (alB2y1,a2B2y1,a2B2y3) Cp, s the concentration of corresponding

phosphorylated AMPK isoform; KphoshorylationiLKB1 = KphoshorylationiCAMKK” =
1.2,2.0and 0.1 uM~' +min™",  while  Kgepnosnorytation; = 0-032,0.032 and 0.006 uM *
min~for a1B2y1,a2B2y1 and a2B2y3, correspondingly (Coccimiglio and Clarke, 2020) and
values of the rate constants for different isoforms do not depend on the fiber type. Ky, ., =
14uM and Ky,,,xx, = 0067 uM (Coccimiglio and Clarke, 2020) designate Michaelis
constants for phosphorylation reactions by LKB1 and CAMKKII, respectively, which are also
fiber type independent, while C, x5, = 0.2 uM (data analysis of Popov et al., 2019 see in SM of
Akberdin et al., 2020; an assumption is the LKB1 concentration does not significantly change)
and Ccamkky indicate concentrations of these kinases. Kg., = 0.25,0.54 and 0.44 uM and
K, = 0.25,0.54 and 100 uM (Coccimiglio and Clarke, 2020; and model fitting to

C;
— K * Ld *
dephoshorylation;
Ky, +C;
dp (4

ct;
ldp
experimental data on intensity-dependent increase in phosphorylation of AMPK o2 and y3
isoforms. See description in the main text) correspond to threshold parameters of the allosteric
regulation of the phosphorylation/dephosphorylation for al1f2y1,a2f2y1 and a2(2y3,
correspondingly and values of these parameters are identical in both fiber types. h; and h; apare
Hill coefficients of corresponding allosteric regulations: hyqpz,1 = halBZyldp =1, hazpzyr =
haapay1y, = 180 hazpays = 2; haapays,, = 4 in both fiber types (model fitting). According to
the experimental data, activation of a252y3 isoform of the AMPK complex due to the exercise
is @ major contributor to the response on the level of AMPK downstream targets. To take it into
account we assumed that forward rates of the isoform phosphorylation by LKB1 and CAMKKII

kinases leading to the formation of the active AMPK form change during the exercise as a linear
dependence of these rates on the work rate by means of the piecewise function:

X K 0.1 if W=0.0
phoshorylationg;pays; g, ~ *Phoshorylationgzgoysc ik~ 10.1 + Aype * w, if W >0.0"

where a,,,,, is the activation coefficient and type € (type I fiber, type II fiber). ag = 0.05 and
ay = 0.08 (model fitting to experimental data on intensity-dependent increase in
phosphorylation of CAMKII and AMPK a2 and y3 isoforms. See Figure 8A-C and Figure 8F-H
in the main text).

To estimate the percentage of all a2 phosphorylated proteins and of the phosphorylated y3
heterotrimers in type | fibers and type Il fibers we used the next mathematical equations:
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azratiotype =

Cazpay1, T Cazpzys,

Cazpayr T Cazpays T Cazpayiamp T Cazpaysamp T Cazpay1, + Cazpays,
ATF ATF

Ca2B2y3p «100%

Y?’ratiot =
ype Ca2ﬁ2y3 + Ca2ﬁ2y3AMp + Ca2[>’2y3p
ATP

* 100%
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8. Rates of reactions in the Module “Gene expression regulation”

a. SBGN scheme of the module:
The module consists of the several submodules each of which describe the expression
regulation of a certain gene (NR4A2, NR4A3, intermediate regulatory X factor and
PPARGC1a. The general overview of the model is presented in Figure S8A, while
diagrams for each submodule are depicted in Figure S8B-E. Thus, concentrations of the
activated CREB and CRTC are links connecting levels of the signaling pathways and
gene expression regulation (Figure S8A). The diagram of the expression regulation of X
factor also contains a cytoplasm compartment to take into account a time delay required
for such processes as the protein maturation and transport processes between nucleus and
cytoplasm. The list of reactions and math equations describing their rates are identical in
type | and Il fibers, while values of the kinetic parameters are different between two types
of the fibers (See differences below).
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Figure S8. SBGN scheme of reactions related to the gene expression regulation processes (vertex of the
bipartite graph = corresponds to the reaction) taking place in the Module “Gene expression regulation”: A)
general overview of the Module linking outcome of the signaling pathway (CREB and CRTC as TFs
regulation expression of genes); B) a submodule of NR4A2 expression regulation; C) a submodule of NR4A3
expression regulation; D) a submodule of X factor expression regulation; E) a submodule of PPARGCla
expression regulation. The last submodule includes two alternative independent regulatory impacts by CREB
and X factor to consider different hypothesis of the PPARGCIla expression regulation and fit the model
simulations to the experimental data (Popov et al., 2019). All abbreviations and aliases of proteins correspond

to the above-mentioned descriptions. Products of some reactions or dead ends @ are results of the
degradation processes. Red arrows correspond to output ports from the compartment, while green arrows
indicate input ports to the corresponding module.

b. Antimony view which represents generated code according to the visual

graph:

for general module:

//name of the model and its submodules
model
Ca_signaling_R(>Ca_signaling_pathway_R.$cytosol. AMPK_2_2 4,<Ca_signaling_pathw
ay_R.$cytosol. AMPK 2 2 3,<Ca_signaling_pathway R.$cytosol.CaMKKII,<Ca_signali
ng_pathway_R.$cytosol.Ca_Calmodulin,>Ca_signaling_pathway R.W)

import "data/Collaboration (git)/Muscle metabolism/Models/Integrated Model
2021/Ca_signaling_pathway R";
Ca_signaling_pathway R: Ca_signaling_pathway_R();

import "data/Collaboration (git)/Muscle metabolism/Models/Integrated Model
2021/NR4A2_gene regulation_R";
NR4A2: NR4A2_gene regulation_R();

import "data/Collaboration (git)/Muscle metabolism/Models/Integrated Model
2021/NR4A3_gene regulation_R";
NR4A3_gene regulation: NR4A3_gene regulation_R();

import "data/Collaboration (git)/Muscle metabolism/Models/Integrated Model
2021/PPARGC1A gene regulation_R";
PPARGC1A_gene regulation: PPARGC1A_gene regulation_R();

import "data/Collaboration (git)/Muscle metabolism/Models/Integrated Model
2021/X_gene regulation_R";
X_gene regulation: X_gene regulation_R();

//Connections

NR4A2.CREB is Ca_signaling_pathway R.CREB_1,

NR4A2.CRTC is Ca_signaling_pathway R.CRTC_1;

NR4A3_gene regulation.CREB is Ca_signaling_pathway R.CREB_1;
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NR4A3_gene regulation.CRTC is Ca_signaling_pathway R.CRTC 1;

X_gene regulation.CRTC is Ca_signaling_pathway R.CRTC _1;

X_gene regulation.CREB is Ca_signaling_pathway R.CREB 1;

PPARGC1A gene regulation.X_protein_nucl is X_gene regulation.X_protein_nucl;
end

for NR4A2 expression regulation:
//name of the model and components
model NR4A2_gene_regulation_R(>$nucleus.CREB,>$nucleus.CRTC)

/lthe list of used compartment in the module
compartment nucleus;

/lthe list of used biochemical species in the module
species CREB in nucleus, CRTC in nucleus;

/lthe list of used model parameters in the module

gene NR4A2_gene in nucleus, NR4A2_mRNA in nucleus;

var FC_NR4A2_R, K_basal_NR4A2, K bind_1 CREB_NR4A2, K_bind_CREB,
K_bind_CRTC, K_degr mRNA_NR4A2, NR4A2_initial, W_bind_CREB_CRTC, h, h1;

/lthe list of values of used model parameters in the module
[Mnitialization
nucleus = 1.0;
NR4A2_gene = 1.0;
K _basal NR4A2 =0.5;
K_bind_1 CREB_NR4A2 = 0.001,
K_bind_CREB = 0.005;
K bind_ CRTC =0.01;
K_degr mRNA_NR4A2 =0.01,
W_bind_ CREB_CRTC =0.1;
h=2.0;
hl=2.0;

[Ithe list of reactions in the module
R000005: NR4A2_ mRNA =>; K_degr mMRNA_NR4A2*NR4A2 mRNA;

R000011: NR4A2_gene => NR4A2_mRNA;
(K_basal_NR4A2+(CREB/K_bind_CREB)*h+W_bind CREB_CRTC*(CREB/K_bind_C
REB)*h*(CRTC/K_bind CRTC)"h1)/(1.0+(CREB/K_bind_CREB)*h+W _bind CREB_C
RTC*(CREB/K_bind_CREB)*h*(CRTC/K_bind_CRTC)"h1)*((CREB/K_bind_1 CREB
_NR4A2)"h/(1.0+(CREB/K _bind_1 CREB_NR4A2)"h));

R000111_mod: CREB-( R000011;

R000111 mod: CRTC-( R0O00011;
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/[Constants
const NR4A2_gene;

/lthe list of used model species and their alias
/ISBGN Properties
@CREB.sbgnType = "macromolecule™;
@CRTC.sbgnType = "macromolecule”;
end

for NR4A3 expression regulation:
//Iname of the model and components
model NR4A3_gene_regulation_R(>$nucleus.CREB,>$nucleus.CRTC)

/Ithe list of used compartment in the module
compartment nucleus;

/Ithe list of used biochemical species in the module
species CREB in nucleus, CRTC in nucleus;

/lthe list of used model parameters in the module

gene NR4A3_gene in nucleus, NR4A3_mRNA in nucleus;

var FC_NR4A3 R, K_basal_NR4A2, K_basal_NR4A3, K_bind_1 CREB_NR4A3 1,
K_bind_CREB_NR4A3, K_bind_CRTC_NR4A3, K_degr mRNA_NR4A3,
NR4A3_initial, W_bind_CREB_CRTC, h, h1, h2;

/lthe list of values of used model parameters in the module
/[lnitialization
nucleus = 1.0;
NR4A3_gene = 1.0;
K basal NR4A2 =0.5;
K basal NR4A3 =0.25;
K_bind_1 CREB_NR4A3 1 =1.0E-5;
K_bind_CREB_NR4A3 = 5.0E-5;
K_bind_CRTC_NR4A3 =0.001;
K _degr mRNA NR4A3 =0.07;
W_bind_CREB_CRTC =0.1;
h=2.0;
hl=2.0;
h2 = 2.0;

[/Ithe list of reactions in the module
//Reactions
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NR4A3 _regulation_expression: NR4A3_gene => NR4A3_mMRNA;
K basal NR4A3+(K_basal NR4A2+(delay(CREB,0.5)/K_bind_CREB_NR4A3)*h+W_bi
nd_CREB_CRTC*(delay(CREB,0.5)/K_bind_CREB_NR4A3)"h*(delay(CRTC,0.5)/K_bi
nd_CRTC_NR4A3)"h1)/(1.0+(delay(CREB,0.5)/K_bind_CREB_NR4A3)*h+W_bind_CR
EB_CRTC*(delay(CREB,0.5)/K_bind_CREB_NR4A3)*h*(delay(CRTC,0.5)/K_bind_CR
TC_NR4A3)*h1)*((delay(CREB,0.5)/K_bind_1_CREB_NR4A3_1)*h2/(1.0+(delay(CRE
B,0.5)/K_hind_1_CREB_NR4A3_1)*h2));

NR4A3_regulation_expression_modl: CREB-( NR4A3_regulation_expression;

NR4A3_regulation_expression_modl: CRTC-( NR4A3_regulation_expression;

R0O00004: NR4A3_mRNA =>; K_degr mMRNA_NR4A3*NR4A3_mRNA,;

/[Constants
const NR4A3_gene;

/lthe list of used model species and their alias
//SBGN Properties
@CREB.sbgnType = "macromolecule”;
@CRTC.sbgnType = "macromolecule™;
end

for X factor expression regulation:

//name of the model and components
model
X_gene_regulation_R(>$nucleus.CREB,>$nucleus.CRTC,<$nucleus.X_protein_nucl)

/lthe list of used compartment in the module
compartment cytoplasm, nucleus;

/lthe list of used biochemical species in the module
species X_protein in cytoplasm, CREB in nucleus, CRTC in nucleus, X_protein_nucl in

nucleus;

/lthe list of used model parameters in the module
gene X_mRNA_maturated_cyt in cytoplasm, X_gene in nucleus, X_mRNA in nucleus,
X_mRNA_maturated in nucleus;
var FC_X_R, K_X_mRNA_matur, K_X_ protein_translation, K_basal_X_mRNA,
K bind_1 CREB, K_bind_CREB, K_bind_CRTC, K_degr mRNA_X,
K _degr_prot_nucl_X, K_transport_cyt nucl, K_transport_nucl_cyt,
W _bind_ CREB_CRTC, X_factor_initial, h, h1;

/lthe list of values of used model parameters in the module
/nitialization
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cytoplasm = 1.0;

nucleus = 1.0;

X _gene =1.0;
K_X_mRNA_matur = 0.5;
K_X_protein_translation = 0.01;
K basal X mRNA =0.1;

K bind_1 CREB =0.01;

K _bind_CREB = 0.005;
K_bind_CRTC =0.01,

K _degr mRNA _X =0.01;

K _degr_prot_nucl_X =0.01;
K _transport_cyt_nucl = 0.05;
K_transport_nucl_cyt = 0.05;
W_bind_CREB_CRTC =0.1;
h=2.0;

hl=2.0;

/lthe list of reactions in the module
//Reactions

R000026: X_mRNA_maturated => X_mRNA_maturated cyt;
K_transport_nucl_cyt*X_mRNA_maturated,

R000034: X_protein => X_protein_nucl; K_transport_cyt_nucl*X_protein;

R0O00030: X_mRNA_maturated_cyt => X_protein;
K_X_protein_translation*X_mRNA_maturated_cyt;

R000005: X_mRNA =>; K_degr mRNA_X*X_ mRNA,;

R000011: X _gene => X_mRNA,;
(K_basal_X_ _mRNA+(CREB/K_bind_CREB)*h+W _bind CREB_CRTC*(CREB/K _bind
_CREB)*h*(CRTC/K_bind_CRTC)"h1)/(1.0+(CREB/K_bind_CREB)*h+W _bind CREB
_CRTC*(CREB/K_bind_CREB)*"h*(CRTC/K_bind_CRTC)*h1)*((CREB/K_bind_1_CR
EB)*h/(1.0+(CREB/K_bind_1_CREB)"h));

R000111_mod: CREB-( R0O00011;

R000111_mod: CRTC-( R0O00011;

R000021: X_mRNA => X_mRNA_maturated; K_X_mRNA_matur*X_mRNA,;

R000039: X_protein_nucl =>; K_degr_prot_nucl_X*X_protein_nucl;

//Constants
const X_gene;

/lthe list of used model species and their alias
/ISBGN Properties

@X_protein.sbgnType = "macromolecule”;
@CREB.shbgnType = "macromolecule”;
@CRTC.sbgnType = "macromolecule™;
@X_protein_nucl.sbgnType = "macromolecule”;
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end

for PPARGC1a expression regulation:
/Iname of the model and components
model PPARGC1A_gene_regulation_R(>$nucleus.CREB,>$nucleus.X_protein_nucl)

/lthe list of used compartment in the module
compartment nucleus;

/lthe list of used biochemical species in the module
species CREB in nucleus, X _protein_nucl in nucleus;

/lthe list of used model parameters in the module
gene PPARGC1A_gene in nucleus, PPARGC1A_mRNA in nucleus;
var FC_PGC1A R, K_basal PPARGC1A, K _bind_CREB, K_bind_X,
K_degr mRNA_PPARGCI1A, PGC1A initial, h_X;

/lthe list of values of used model parameters in the module
[Mnitialization
nucleus = 1.0;
PPARGC1A gene =1.0;
K _basal PPARGC1A =0.24;
K_bind_CREB = 7.0E-5;
K_bind_X = 3.5E-4;
K_degr_ mRNA_PPARGC1A = 0.05;
h X=20;

/lthe list of reactions in the module
/IReactions

R000008: PPARGC1A gene => PPARGC1A mRNA;
(K_basal_PPARGC1A+(X_protein_nucl/K_bind_X)*h_X+(CREB/K_bind_CREB)"h_X)/
(2.0+(X_protein_nucl/K_bind_X)*h_X+(CREB/K_bind_CREB)"h_X);

R000018_mod: X_protein_nucl-( RO00008;

R000018_mod: CREB-( R0O00008;

R000012: PPARGC1A_ mRNA =>;
K _degr mRNA_PPARGC1A*PPARGC1IA_mMRNA;

/[Constants
const PPARGC1A _gene;

/lthe list of used model species and their alias
//SBGN Properties
@CREB.shbgnType = "macromolecule”;

@X_protein_nucl.sbgnType = "macromolecule™;
end
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c. Mathematical equations of the metabolic reactions in the Module “Gene
expression regulation”:
As mentioned above, each submodule of the “Gene expression regulation” module represents a
transcription regulation of the corresponding gene taking into account mRNA transcription and
degradation processes. Thus, the transcription rate of the NR4A2 gene (Fygraaz tmnsmption)
comprises 1) basal transcription proportionally of the constant, Kyraaz, ., = 0.5 uM * min™*

(the same for both fiber types) and 2) non-competitive binding of the active CREB forms in two
different sites taking into account cooperative effect of the CREB-CRTC bindings in one of the
sites assuming analogous regulatory mechanism as for PPARGCla transcription (Popov, 2018;
Berdeaux and Hutchins, 2019). The rate is described by the next equation:

FNR4A2 transcription
h h hy
K CCREBP CCREBP CCRTC
NR4A2pgsqr T K + WNR4A2 g s crre ™ K * K
_ NR4A2 cpppp NR4A2 cpppp NR4A2¢pre
h h
hy
1 CCREBp CCREB” CCRTC
+ K + WNR4A2 g s crre ™ K * K
NR4A2 pppp + NR4A2 pppp NR4A2cpr¢
h
CCREBP
KNR4A2CREBp1

h
C
14 CREB?
KNR4A2CREBp1

where KNraaz, pp = 0.005 uM and Kygraaz,re = 0.01 uM designate effective dissociation
constants between the active CREB and CRTC forms and their binding sites of the NR4A2 gene,
respectively, while KNR4A2¢REBP1 = 0.001 uM is the effective dissociation constant between the

active CREB form and its alternative binding site of the NR4A2 gene; h = h, = 2 correspond to
Hill coefficients for NR4A2 transcription regulation by the active forms of CREB and CRTC
factors, respectively; WNR4A2 g o cpre = 0-1 is a constant of the cooperative effect upon an joint

impact of CREB and CRTC factors on NR4A2 transcription. Values of all parameters are
identical in both fiber types and based on the model fitting to the experimentally measured
transcription dynamics of these genes as a response to the exercise (Popov et al., 2019). The rate
of NR4A2 mRNA degradation is described as:

= *
FNR4A2degradation KNR4A2degradation CNR4A2mRNA

where Kygaa2 degradation = 0-01 min~1 is the degradation constant the value of which is identical
in both fiber types.
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The transcription dynamics of the NR4A3 gene (FNR4‘A3transcription) demonstrates some time

delay compared to the NR4A3 gene transcription (Popov et al., 2019), while transcription factors
regulating its transcription are also CREB and CRTC proteins. To consider the fact we assumed
the NR4A3 transcription rate is based on the same kinetic law but with some time delay (r =
0.5 min) of the CREB and CRTC regulations. The rate is described by the next equation:

FNR4A3transcription
= KNR4A3basal

h h
hq
K Ccrepr(t —7) Cerepr(t —17) Cerre(t — 1)
NR4AZpas T | K + WNR443,.,. » | % |\ K
NR4A3 cpppp CREBU+CRTC NR4A3 cppp NR4A3cgrc

h h
h
Cerepr(t = T) Cerepr(t = T) Cerre(t =T\
1+ K + WNR443 p * K * K
NR4A3 pppp CREBT+CRTC NR4A3 pigp NR4A3cgre

h
Cerppr(t —1T)
KNR4A3CREBp1

* h
14 <CCREBp(t — T))

KNR4A3CREBp1

where Kygraaz, ., = 0-25 uM * min~1 is the basal transcription rate constant; KnRaas ppm =
5.0E — 5 uM and Kyr4as,, = 0.001 uM designate effective dissociation constants between the

active CREB and CRTC forms and their binding sites of the NR4A3 gene, respectively, while
KNR4A3CREBP1 = 1.0E — 5 uM is the effective dissociation constant between the active CREB

form and its alternative binding site of the NR4A3 gene; h = h; = 2 correspond to Hill
coefficients for NR4A3 transcription regulation by the active forms of CREB and CRTC factors,
respectively; Wyraas ..., .rc = 0-1 IS @ constant of the cooperative effect upon an joint impact

of CREB and CRTC factors on NR4A3 transcription. Values of all parameters are identical in
both fiber types. The rate of NR4A3 mRNA degradation is described as:

= *
FNR4A3degradation KNR4A3degradation CNR4A3mRNA

where Kygaas degradation = 0.07 min~1 is the degradation constant the value of which is identical
in both fiber types.

The transcription rate of the X factor (Fxtmnsm.ptmn) is also described by the same kinetics law as
for NR4A2 gene as well as parameter values are identical in both fiber types:
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The biological meaning of the parameters is equal to above-mentioned parameters for other
genes, while values of these parameters for X factor transcription are:

Kxbasal = 0.1 #M * mln_l; KXCREBp = 0.005 #M; KXCRTC = 0.01 #M; KXCREBpl = 0_01 ‘u_M;

=01 h=h, =2.

w
X CREBP+CRTC

The rate of X mRNA degradation is described as:

=K * C
XmRNAdegradation XmRNAdegradation XmRN Anycleus

where Ky - =0.01min™! is the degradation constant the value of which is
MRNAgegradation

identical in both fiber types. As mentioned above, we also considered processes of the
maturation and transport of synthetized X mRNA and protein between nucleus and cytosol

compartments. To describe the kinetics of these processes we used a classic first-order Kinetic
law:

3
Fx mRNA CXm

processing XmRNAprocessing RNAnucleus

F, = K, * C
transportmrn Anucl< — >cyt transportmprn Anucl< — >cyt XmRNAmatumtednucleus

Xpr"temtranslation Xpr"temtranslation XmRNAmaturatedcyt
Fy t i =K t ; * Cx
ranspor proteincyic — snucl ranspor proteingyte — snucl proteincyt
Xprotei = By e ok lx e
proteingegradation proteingegradation proteiny, cleys

where C . C .
XmRNAnucleus’ XmRNAmaturatednucleuS' XmRNAmaturatedcyt’ XPTOfemcyt’ XPTOtemnucleus

designate concentrations of X mRNA (pre- and maturated mRNASs) and protein in the
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corresponding compartments (nucleus or cytosol), while Ky . = 0.5min™1,

processing

= 0.05min™1, K =

XpTOteintranslation

= 0.01 min~tare the rate constant of mMRNA processing,

KtranSportmRNAnuck ->cyt - KtranSportpmtemcyK - >nucl

0.01min~! and Ky .
proteingegradation

transport constants for mMRNA and protein between two compartments, the rate constant of the X
protein translation and the degradation constant, respectively, values of which are the same in
both fiber types.

The maturated X protein is TF candidate regulating transcription of the PPARGCla gene. To
consider two alternative and independent regulatory impacts by CREB and X factors the
transcription rate of the PPARGClo. (Fpp ARGClatmnsmption) is described by the next equation:

C " "
Kpparcet + —Kproteinclens + Cerepr
a
basal Kpparcciay Kpparac lacggpp

- C h hq
Xpratein C 14
nucleus CREB
PPARGC1lay PPARGCla pppp

FPPARGClatTanscription

where Kppargeiaygeq = 0-24 UM * min~? is the basal PPARGCIa transcription rate constant;
KpparGciay = 3.-5E —4uM  and Kpparccra g = 7-0E — 5 uM correspond to effective

dissociation constants between the active X and CREB forms and their binding sites of the
PPARGCla gene, respectively, while h = h; = 2 designate Hill coefficients for PPARGCla
transcription regulation by the active forms of X and CREB factors, respectively. To consider the
alternative hypothesis of the transcription regulation by X or CREB factors, the concentration
value of the competitive regulator is set to zero.

The rate of PPARGC1o mRNA degradation is described as:

= *
FPPARGCladegradation KPPARGCladegradation CPPARGClamRNA

where Kpparcciagegragation = 0.05min~1! is the degradation constant the value of which is
identical in both fiber types.

84



References:

1.

10.

11.

12.

Akberdin, I.R.; Pintus, S.S.; Kolpakov, F.A.; Vertyshev, A.Y.; Popov, D.V. A
mathematical model linking Ca?*-dependent signaling pathway and gene expression
regulation in human skeletal muscle. Mathematical Biology and Bioinformatics
(Russian) 2020, 15(1), pp.20-39.

Berdeaux, R. and Hutchins, C. Anabolic and pro-metabolic functions of CREB-CRTC in
skeletal muscle: advantages and obstacles for type 2 diabetes and cancer
cachexia. Frontiers in Endocrinology 2019, 10, p.535.

Birk, J.B; Wojtaszewski, J.F.P. Predominant a2/$2/y3 AMPK activation during exercise
in human skeletal muscle. The Journal of Physiology 2006, 577(3), pp.1021-1032.

Coccimiglio, I.F. and Clarke, D.C. ADP is the dominant controller of AMP-activated
protein Kinase activity dynamics in skeletal muscle during exercise. PLoS computational
biology 2020, 16(7), p.e1008079.

Cui, J. and Kaandorp, J.A. Simulating complex calcium-calcineurin signaling network.
In International Conference on Computational Science 2008, Springer, Berlin,
Heidelberg, pp. 110-119.

Eilers, W., Gevers, W., Van Overbeek, D., De Haan, A., Jaspers, R.T., Hilbers, P.A.,
Van Riel, N. and Flick, M.. Muscle-type specific autophosphorylation of CaMKII
isoforms after paced contractions. Biomed research international 2014.

Kolpakov, F.; Akberdin, I.; Kashapov, T.; Kiselev, L.; Kolmykov, S.; Kondrakhin, Y.;
Kutumova, E.; Mandrik, N.; Pintus, S.; Ryabova, A.; Sharipov, R.; Yevshin, I.; Kel, A.
BioUML.: an integrated environment for systems biology and collaborative analysis of
biomedical data. Nucleic Acids Research 2019, 47(W1), pp.W225-W233.

Le Novere, N.; Hucka, M.; Mi, H.; Moodie, S.; Schreiber, F.; Sorokin, A.; Demir, E.;
Wegner, K.; Aladjem, M.l.; Wimalaratne, S.M.; Bergman, F.T. The systems biology
graphical notation. Nature Biotechnology 2009, 27(8), pp.735-741.

Li, Y.; Lai, N.; Kirwan, J.P.; Saidel, G.M. Computational model of cellular metabolic
dynamics in skeletal muscle fibers during moderate intensity exercise. Cellular and
Molecular Bioengineering 2012, 5(1), pp.92-112.

Popov, D.V. Adaptation of skeletal muscles to contractile activity of varying duration
and intensity: the role of PGC-1a. Biochemistry (Moscow) 2018, 83(6), pp.613-628.

Popov, D.V.; Makhnovskii, P.A.; Shagimardanova, E.l.; Gazizova, G.R.; Lysenko, E.A.;
Gusev, O.A.; Vinogradova, O.L. Contractile activity-specific transcriptome response to
acute endurance exercise and training in human skeletal muscle. American Journal of
Physiology-Endocrinology and Metabolism 2019, 316(4), pp.E605-E614.

Saucerman, J.J. and Bers, D.M. Calmodulin mediates differential sensitivity of CaMKI|I
and calcineurin to local Ca?" in cardiac myocytes. Biophysical journal 2008, 95(10),
pp.4597-4612.

85



13.

14.

Sonntag, A.G., Dalle Pezze, P., Shanley, D.P. and Thedieck, K. A modelling—
experimental approach reveals insulin receptor substrate (IRS)-dependent regulation of
adenosine monosphosphate-dependent kinase (AMPK) by insulin. The FEBS journal
2012, 279(18), pp.3314-3328.

Smith, L.P.; Bergmann, F.T.; Chandran, D.; Sauro, H.M. Antimony: a modular model
definition language. Bioinformatics 2009, 25(18), pp.2452-2454.

86



