********** MODEL NAME

Electron Transport Chain in Purple Nonsulfur Bacteria

********** MODEL NOTES

********** MODEL STATES

d/dt(Qt) = Ubistoich*c2_synth-mue*Qt                                                                                             

d/dt(QH2) = 1000*(NADH_DH_flux-bc1_flux-UbiOxi_flux+RC_flux+Succ_DH_flux)-mue*QH2                                                

d/dt(c2t) = c2_synth-mue*c2t                                                                                                     

d/dt(c2red) = 1000*(2*bc1_flux-2*Oxi_flux-2*RC_flux)-mue*c2red                                                                   

d/dt(RC) = PSC_synth-mue*RC                                                                                                      

d/dt(LHC) = PSC_synth-mue*LHC                                                                                                    

d/dt(bc1) = bc1stoich*c2_synth-mue*bc1                                                                                           

d/dt(Oxi_t) = K3c*mue+K3*hill(pO2,Km3,E3)*inh(pO2,Km3i,E3i)-mue*Oxi_t                                                            

d/dt(UbiOxi_t) = K4c*mue+K4*hill(pO2,Km4,E3)*inh(pO2,Km4i,E3i)-mue*UbiOxi_t                                                      

d/dt(Hp) = piV*(4*NADH_DH_flux+4*bc1_flux+2*Oxi_flux+2*UbiOxi_flux-3*ATPSynthase_flux)-proton_leak-mue*Hp                        

Qt(0) = 1.3000000000000000444                                                                                                    

QH2(0) = 0.2000000000000000111                                                                                                   

c2t(0) = 0.051999999999999997613                                                                                                 

c2red(0) = 0.02999999999999999889                                                                                                

RC(0) = 0.0010000000000000000208                                                                                                 

LHC(0) = 0.0010000000000000000208                                                                                                

bc1(0) = 0.13000000000000000444                                                                                                  

Oxi_t(0) = 1.5                                                                                                                   

UbiOxi_t(0) = 0.5                                                                                                                

Hp(0) = 0.00084999999999999995264

********** MODEL PARAMETERS

RR = 0.008300000000000000086                                                                                                     

TT = 298                                                                                                                         

FF = 0.096500000000000002442                                                                                                     

ZZ = 25.631099999999999994                                                                                                       

epsilon = 1.0000000000000000364e-10                                                                                              

Ratp = 2.7000000000000001776                                                                                                     

Rsucc = 1                                                                                                                        

Rnadh = 0.051999999999999997613                                                                                                  

mean_irradiance = 0                                                                                                              

pO2 = 9.9000000000000003553                                                                                                      

Ubistoich = 25                                                                                                                   

bc1stoich = 0.5999999999999999778                                                                                                

Em_Q = 70                                                                                                                        

Em_b_UbiOxi = 250                                                                                                                

Em_c2 = 340                                                                                                                      

Em_b3 = 540                                                                                                                      

pHi = 7                                                                                                                          

Phos = 0.0010000000000000000208                                                                                                  

mue_max = 0.17000000000000001221                                                                                                 

Km_mue = 8.5                                                                                                                     

psi_p = 0.69999999999999995559                                                                                                   

piV = 10                                                                                                                         

Exp_mue = 4                                                                                                                      

K_ATPS = 20                                                                                                                      

K_NADHDH = 3.3500000000000000888                                                                                                 

K_SuccDH = 0.020000000000000000416                                                                                               

K_bc1 = 67                                                                                                                       

K_leak = 0.080000000000000001665  %% K_Hp_leak                                                                                   

K_Oxi = 13000  %% K_Oxidase_flux                                                                                                 

Km_Oxi = 0.55000000000000004441                                                                                                  

Exp_Oxi = 3                                                                                                                      

K_UbiOxi = 6.5  %% K_UbiOxidase_flux                                                                                             

Km_UbiOxi = 0.2000000000000000111                                                                                                

Exp_UbiOxi = 3                                                                                                                   

K_lh = 500                                                                                                                       

Km_lightint = 115                                                                                                                

Exp_lightint = 1                                                                                                                       

K_RC = 746528000                                                                                                                 

Km_lh = 180                                                                                                                   

Exp_lh = 1                                                                                                                       

K1 = 0.0071999999999999998029  %%c2_synth_max                                                                                    

K1c = 0.051999999999999997613  %%c2_synth_min                                                                                    

Km1 = 1  %%Km_c2_c2_synth                                                                                                        

E1 = 4  %% Exp_c2_c2_synth                                                                                                       

K2 = 0.080000000000000001665  %% PSC_synth_max                                                                                   

Km2 = 0.060999999999999998668  %%Km_O2_PSC_synth                                                                                 

E2 = 4  %%Exp_O2_PSC_synth                                                                                                       

Km2Q = 1  %%Km_Ubi_PSC_synth                                                                                                     

E2Q = 3  %% Exp_Ubi_PSC_synth                                                                                                    

Km2RC = 0.2999999999999999889  %%Km_RC_PSC_synth                                                                                 

E2RC = 4  %%Exp_RC_PSC_synth                                                                                                     

K3c = 1.4399999999999999467  %% Oxi_synth_min                                                                                    

K3 = 135  %% Oxi_synth_max                                                                                                       

Km3 = 0.42999999999999999334  %%Km_O2_Oxisynth                                                                                   

E3 = 4  %%Exp_O2_Oxisynth                                                                                                        

Km3i = 0.14999999999999999445  %%Km_inh_O2_Oxisynth                                                                              

E3i = 4  %%Exp_inh_O2_Oxisynth                                                                                                   

K4c = 0.48999999999999999112  %%UbiOxi_synth_min                                                                                 

K4 = 36  %%UbiOxi_synth_max                                                                                                      

Km4 = 0.42999999999999999334  %%Km_O2_UbiOxisynth                                                                                

Km4i = 0.2999999999999999889  %%Km_inh_O2_UbiOxisynth

********** MODEL VARIABLES

pHp = -log10(Hp/1000)                                                                                                            

deltapH = pHi-pHp                                                                                                                

pmf = 1/(1-psi_p)*2.303*ZZ*deltapH                                                                                               

dpsi = psi_p*pmf                                                                                                                 

Q = Qt-QH2                                                                                                                       

Q_charge = QH2/Qt                                                                                                                

c2ox = c2t-c2red                                                                                                                 

c2_charge = c2red/c2t                                                                                                            

Oxi_red = Oxi_t/(c2ox/c2red*exp((1/1*pmf+1/1*dpsi-Em_b3+Em_c2)/ZZ)+1)                                                            

UbiOxi_red = UbiOxi_t/(Q/QH2*exp((pmf*2/2-Em_b_UbiOxi+Em_Q)/ZZ)+1)                                                               

NADH_DH_flux = K_NADHDH*((Em_Q+ZZ/2*log(max(epsilon,Q)/QH2))-(-320+ZZ/2*log(1/Rnadh))-pmf*4/2)                                   

Succ_DH_flux = K_SuccDH*((Em_Q+ZZ/2*log(max(epsilon,Q)/QH2))-(31+ZZ/2*log(1/Rsucc)))                                             

bc1_flux = K_bc1*bc1*((Em_c2+ZZ*log(max(epsilon,c2ox)/max(epsilon,c2red)))-(Em_Q+ZZ/2*log(max(epsilon,Q)/QH2))-4/2*pmf+2/2*dpsi) 

kkk = (3*pmf*FF-30.5-RR*TT*log(Ratp/Phos));                                                                                      

ATPSynthase_flux = K_ATPS*(exp(kkk/(RR*TT))-1)/(exp(kkk/(RR*TT))+1);                                                             

Oxi_flux = K_Oxi*Oxi_red*c2red*hill(pO2,Km_Oxi,Exp_Oxi)                                                                          

UbiOxi_flux = K_UbiOxi*UbiOxi_red*QH2*hill(pO2,Km_UbiOxi,Exp_UbiOxi)                                                             

proton_leak = K_leak*(pmf-160)                                                                                                   

mue = mue_max*hill(ATPSynthase_flux,Km_mue,Exp_mue)                                                                              

light_harvesting = K_lh*LHC*hill(mean_irradiance,Km_lightint,Exp_lightint)                                                                   

RC_flux = K_RC*RC*hill(light_harvesting/RC,Km_lh,Exp_lh)*(exp(-2/ZZ*dpsi)*c2red^2*Q-exp(-2/ZZ*(Em_Q-Em_c2+1340))*QH2*c2ox^2)

PSC_synth = K2*inh(pO2,Km2,E2)*hill(Q_charge,Km2Q,E2Q)*inh(RC,Km2RC,E2RC)                                                        

c2_synth = K1c*mue+K1*inh(pO2,Km2,E2)*inh(c2t,Km1,E1)                                                                            

Bchl = 4*RC+32*LHC

********** MODEL REACTIONS

********** MODEL FUNCTIONS

hill(sub,Km,n) = max(0,(sub^n)/((sub^n)+Km^n))                                                                                   

inh(sub,Km,n) = max(0,Km^n/((sub^n)+Km^n))

********** MODEL EVENTS

********** MODEL MATLAB FUNCTIONS

