Supplementary Files

SUPLEMMENTARY FILE I. COMPONENTS,
CONSTANTS AND REACTIONS OF THE MODEL

differential equations employed in the model.

The following pages include tables with all the components, reactions with their stoichiometry,
physical constants and kinetic constants used in the model; and all the rate equations and

Table 1. Components of the model with the abbreviations used

Name of the component

Neutral form of P680 (Photosystem Il)
Excited form of P680 (Photosystem Il)
Protonated form of P680 (Photosystem II)
Q, site of the Photosystem II
Non-reduced plastoquinol
Reduced plastoquinol
ISP subunit of cytochrome b6f
Hemey, site of cytochrome b6f
Heme,, site of cytochrome bb6f
Cytochrome f
Plastocyanin
Neutral form of P700 (Photosystem )
Excited form of P700 (Photosystem I)
Protonated form of P700 (Photosystem I)
AO chlorophyll (Photosystem 1)
Ferredoxin
Nicotinamide adenine dinucleotide phosphate
Reduced nicotinamide adenine dinucleotide phosphate
Adenosine diphosphate
Inorganic phosphate
Adenosine triphosphate
Protons in the cytoplasm
Protons in the lumen
Gliceraldehyde-3-phosphate
Nitrate
Nitrite
Ammonia
lon calcium
lon chloride
lon potassium
lon magnesium
Oxygen
Hydrogen

Abbreviation

(Reduced/Oxidized)
P680

P680a

P680p

QA_r/QA_o

PQ

PQH2

ISP_r/ISP_o

hemebp_r/hemebp_o

hemebn_r/hemebn_o

cytf_r/cytf o

PC_r/PC o

P700

P700a

P700p

AO_r/A0 o

Fd_r/Fd_o

NADP

NADPH

ADP

Pi

ATP

H c

H_|

G3p

NO3

NO2

NH3
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Table 2. Reactions in the model, including abbreviation, stoichiometry and rate equation type used.

Reaction
Water splitting at OEC
Excitation of P680
Reversion of P680a
Reduction of QA
Reduction of PQ
Reduction of ISP
Reduction of hemebp
Reduction of cytochrome f
Reduction of PC
Reduction of P700p

Reduction of hemebn

Reduction of PQ (PQ cycle)

Excitation of P700

Reversion of P700a

Reduction of A0

Reduction of Ferredoxin
Reduction of NADP

ATP Synthesis

Short Cycle Around PSI

(PGRS)

Long Cycle Around PSI

(NDH-1)
G3P synthesis (C output)

G3P output
Nitrate assimilation (N
output)

Nitrite assimilation (N
output)

Nitrate reduction
Nitrite reduction

NH3 output

Mebhler reaction (Flvi-3)

PC-mediated oxygen
reduction (cyt c)
PQH2 mediated oxygen
reduction (cyt bd)
02 output
Calcium flux across the
membrane
Chloride flux across the
membrane
Calcium flux across the
membrane
Potassium flux across the
membrane
Magnessium flux across
the membrane

Abb. Stoichiometry Equation
VWS 2 H20+ 4 P680p -> 4 P680 +4 H_| + 02 MM
vP680_P680a 4 P680 + 4 photons -> 4 P680a MM
vP680a_P680 P680a -> P680 MAL
VP680a_QA 4 P680a + 4 QA(ox) <-> 4 P680p + 4 QA(r) ER-HMM
V2QAr_PQH2 2 QA(r) + 2 H_c + PQ< -> 2 QA(ox) + PQH2 ER-HMM
vPQH2_ISP PQH?2 + ISP(0) <-> SPQ +ISP(r) +2 H(l) ER-HMM
vSPQ_hemebp SPQ + hemebp(o) -> PQ + hemebp(r) -
VISP_cytf ISP(r) + cytf(o)< -> ISP(0) + cytf(r) ER-HMM
veytf PC cytf(r) + PC(o) <-> PC(r) + cytf(o) ER-HMM
vPC_P700 PC(r) + P700p <-> PC(0) + P700 ER-HMM
vhemebbp_hemebn hemebp(r) + hemebn(o) ->hemebp(r) + E-MM
hemebn(o)
vhemebn_PQH?2 2 hemebn(r) + PQ -> 2 hemebn(o) + PQH2 E-MM
vP700_P700a P700 + photon -> P700a MM
vP700a_P700 P700a -> P700 MAL
vP700a_AOr P700a + AO(o) <-> ER-HMM
vAOr_Fdr AO(r) + Fd(o) <-> AO(o) + Fd(o) ER-HMM
vFdr_NADPH 2 Fd(o) + NADP + H+(c) <-> 2 Fd(r) +NADPH ER-HMM
vADP_ATP ADP + Pi + 4.67 H+(l) <-> ATP + 4.67 H+(c) ATPModule
vFdr_PQH2 2 Fd(r) + PQ + 2 H+(s) <-> ER-HMM
vNADPH_PQH?2 NADPH + PQ <-> NADP + PQ ER-HMM
vCO2_G3P 3 C0O2 + 6 NADPH +5 H20 + 9 ATP -> G3P + 2 E-MM
H(c) + 6 NADP + 9 ADP + 8 Pi
vG3P_G3Pext G3P -> G3Pext MAL
vNO3ext_NO3 NO3ext + ATP + H20 -> NO3 +ADP +Pi MAL
vNO2ext_NO2 NO2ext + ATP +H20 -> NO2 + ADP +Pi MAL
vNO3_NO2 NO3 + 2 Fd(r) + 2 H(c) -> NO2 + 2 Fd(o) +H20 E-MM
vNO2_NH3 NO2 + 6 Fd(r) + 7 H(c) -> NH3 + 6 Fd(o) + 2 H20 E-MM
vNH3_NH3ext NH3 -> NH3ext MAL
vFIlvl_3 4 Fd(r) + 4 H+(c) + 02 -> 4 Fd(o) + 2 H20 E-MM
vPC_H20 4 PC(r) + 02 + 8 H+(c) >4 PC(r) +2 H20 +4 H E-MM
vPQH2_H20 2 PQH2 + 02 ->2 PQ + 2 H20 E-MM
vO2_02ext 02 -> 02ext MAL
vCa2flux Ca2+(l) -> Ca2+(c) Nernst-
Planck
vClflux Cl-(l) -> Cl-(c) Nernst-
Planck
vCa2flux Ca2+(l) -> Ca2+(c) Nernst-
Planck
vKflux K+(I) -> K+(c) Nernst-
Planck
vMg2flux Mg2+(l) -> Mg2+(c) Nernst-

Planck




NADPH-mediated H2
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vNADPH_H2 NADPH + 2 H+(c) -> NADP + H2 MM
synthesis
Fd-mediated H2 synthesis vFd_H2 2 Fd(r) + 2 H() MM
Table 3. Physical constants used in the model
Constant Definition Value Units
Vc Volume of cytoplasm 0.75 ml
Vi Volume of lumen 0.25 ml
F Faraday constant 9.649-104 C-mol-1
HPR Proton to ATP ratio 4.67 Dimensionless
AG° ATP synthesis Gibbs standard free energy 28.1 kJ-mol-1
Molar gas constant 8.314 J-K-1-moll
Temperature 298 K
Membrane capacitance 1 F
Membrane permeability 1 cm-s-1

Redox couple
P680a/P680p
QA _o/QA_r
PQ/PQH2
ISP_o/ISP_r
Cytf_o/Cytf_r
PC_o/PC_r
P700p/P700
P700a/P700p
AO_o/A0_r
Fd_o/Fd_r
NADP/NADPH

Table 5. Initial concentration values of the components of the model. The values of these

Component
P680
P680a
P680p
QA_r
QA_o

PQ
PQH2
ISP_o
ISP_r

initial concentrations are set only for testing purposes, and have no biological relevance

Initial Value
0.1

0.1

100

0.1

100

100

0.1

100

0.1
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hemebp_o 100
hemebp_r 0.1
cytf o 100
cytf r 0.1
PC_o 100
PC_r 0.1
P700 0.1
P700p 100
P700a 0.1
hemebn_o 100
hemebn_r 0.1
A0 o 100
AO_r 0.1
Fd_o 100
Fd_r 0.1
NADP 100
NADPH 1
ADP 100
Pi 100
ATP 0.1
H_c 1*10-7
H_| 1*10-7
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.0001
0.0001

Table 6. Kinetic constants employed in the model. The values of these kinetic constants are
set only for test purposes, and have no biological relevance.

Reaction Kinetic constant

vWS vmax_ws 10
kP680p_r1 0.1

vP680_P680a Vmax_vP680_P680a 10
kP680_P680a 0.9

vP680a_P680 kP680a_P680 0.1




vP680a_QA

v2QAr_PQH2

vPQH2_ISP

vISP_cytf

vPC_P700

vhemebp_hemebn

vhemebn_PQH2

vP700_P700a

vP700a_P700
vP700a_AOr

vAOr_Fdr

vFdr_NADPH
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vmax_vP680a_QA 10
kP680a_r4 0.1
kQAo_r4 0.1
kP680p_r4 1
kQAr_r4 1
vmax_v2QAr_PQH2 10
kQAr_r5 0.1
kPQ_r5 0.1
kQAo_r5 10
kPQH2_r5 10
vmax_vPQH2_ISP 10
kPQH2_r6 0.1
kISPo_r6 0.1
kPQ_r6 10
kISPr_r6 10
Vmax_vISP_cytf 10
kISPr_r8 0.1
Keytfo_r8 0.1
kISPo_r8 10
Kcytfr_r8 10
vmax_vcyf_PC 10
Keytfr_r9 0.1
kPCo_r9 0.1
Keyfo_r9 10
kPCr_r9 10
vmax_vPC_p70 10
kPCr_r10 0.1
kP700p_r10 0.1
kPCo_r10 10
kP700_r10 10
vmax_vhemebp_hemebn 10
khemebpr ri1 0.1
khemebno_r11 0.1
vmax_vhemebn PQH2 1
khemebn_ri12 0.1
kPQ_r12 0.1
Vmax_vP700_P700a 10
kP700_P700a 0.1
K_vP700a_P700 0.01
vmax_vP700a_AOr 10
kP700a_r15 0.1
kAO_r15 0.1
kP700p_r15 10
kAOr_r15 10
Vmax_vAOr_Fdr 10
kAOr_r16 0.1
kFdo_r16 0.1
kAOo_r16 10
kFdr_r16 10
vmax_vFdr_NADPH 10




VADP_ATP

vFdr_PQH2

vNADPH_PQH2

vCO2_G3P

vG3P_G3Pext

vNO3ext_NO3

VvNO2ext_NO2
vNO3_NO2

vNO2_NH3

VNH3_NH3ext
vFivl_3

vPC_H20

vPQH2_H20

vO02_0O2ext

VNADPH_H2

vFd_H2

Supplementary Files

kFdr_r17 0.1
KNADP_r17 0.1
kFdo_r17 10
kNADPH_r17 10
vmax_VvADP_ATP 10
kADP_r18 0.1
kPi_r18 0.1
kATP_r18 0.1
vmax_vFdr_PQH?2 1
kFdr_r19 10
kPQ_r19 10
kFdo_r19 100
kPQH2_r19 100
vmax_vNADPH_PQH2 1
kNADPH_r20 10
kPQ_r20 10
kNADP_r20 100
kNPQH2_r20 100
vmax_vC02_G3P 1
kNADPH_r21 0.1
kATP_r21 0.1
k_vG3p_G3Pext 1
k_vNO3ext_NO3 0.1
k_vNO2ext_NO2 0.01
vmax_vNO3_NO2 1
kNO3_r25 0.01
kFdr_r25 0.1
vmax_vNO2_NH3 1
kNO2_r26 0.01
kFdr_r26 0.1
k_vNH3_NH3ext 1
vmax_vFlvl 3 1
kFdr_r28 10
kO2_r28 1
vmax_vPC_H20 1
kPCr_r29 10
kO2_r29 1
vmax_vPQH2_H20 1
kPQH2_r30 10
kO2_r30 1
k_vO2_0O2ext 0.01
vmax_vNADPH_H210 10
kNADPH_r36 1000
vmax_vFd_H2 10
kFd_r37 10

VI
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Supplementary File II. Rate equations and

differential equations of the model

The following pages include the rate equations and differential equations as they have
been introduced in the model, including specific kinetic constants for every reaction

Rate Equations

V. P680
WS = max_ws| p]
Kpegop_r1+[P680D]

UP680 P680a — vmaXfUP680,P680a[P680]
- Kpego_resoa+[P680]

vP680_P680a = kP680a_P680 * [P680a]

v on [P6soa] [QAo] 1 [Pesop] [QAr]
_ max vP680a_ QAykpegoa rakQAors KgpkP680p_rakQAr_ra
vP680a_QA = (1+ [Pesoal . [Pesop] )*(“ [Q4o] . [QAT] )

"kP680a_r4 kP680p_r4 "kQAo_r4 ' kQAT_T4

[QAr] [PQ] _ 1 [QAo] [PQHZ2]

Ymax v2QAT PQH2%QAr r5kPQ_r5 KgkQAor5kPQHZrS

v2QAr_PQH2 = (1 2L, Toioly (POl _TPorrz]

"kQAr_r5 kQAo_rs kPQ_r5 ' kPQH2_r5

v - [PQH2] [ISPo] 1 [PQ] [ISPT]
_ ‘maxv 2I5PkpQH2 r6kISPo_r6 KpkPQ_r6KISPT_T6
UPQHZ_[SP = (1L [PQH2] . [PQ] )*(1i [ISPo] | [ISPr] )

"kPQH2_r6 kPQ_T6 "kISPo_r6 ' kKISPT_16

vSPQ_hemebp = vPQH2_ISP

[ISPT] [cytfo] 1 [ISPo] [cytfr]

Ymax vISP_cytfiiSpr rakcytfors KgkISPo_rskcytfr rs
(1+ [ISPT] + [ISPo] )*(1+ [cytfo] + [eytfr] )
kISPr_r8 kISPo_r8 kcytfo_rs kcytfr_rs

VISP _cytf =

v P [eytfr] [PCo] 1 [cytfo] [PCr]
__ ‘max veytf PCreytfr yokPCor9 Kgkcytfor9kPCr_ro
veytf PC = (1 [cytfrl . lcytfol )-(1- [PCo] [PCT])

chytfr,rl)chytfo,rl) TkPCo_r9 " kPCr_r9

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

9)

(11)

[PCr] [P700p] 1 [PCo]  [P700]
Ymax _PC_P700%pCr r10kP700p_r10 KpgkPCo_r10kP700_r10
vPC_P700 = 1+_IPCr]___PCo] 1+ 1P700p] __[P700] (10)
( TkPCr,r10Tk,PCo,r10)*( Tk,P700p,r10TkP700,r10)
h b _ Vmax_hembebp_hemebnlhemebp ][hemebn,]
vhemeOdPhremebn = 1 . [hemebpy] | [hemebny]

khemebprrllkhemebnoru khemebnorll khemebprrll

VI

t[hemebp,][hemebn,]
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vhemebn PQHZ — Umax_vhemebn_PQH2 [hemebn_r][PQ]

L } [hemebn.r] } (PQ] +[hemebn_r][PQ]
khemebnr_rlePlez kPQ,rlZ khemebnr_rlz

P700
vP700_P700a — vmax_vP700_P700a[ ] (13)
Kpego_Pegoat[P700]
vP700ap;¢9 = k_vP700a_P700 * [P700a] (14)
v » M [P700a] [Aoo] 1 [P700p] [AoT]
__ “max vP700a_A0Typ700a r15kA00 115 KpkP700p_r15kA0r_ris
vP700a_AO0r = (1| [P700a] , [P680p] )*<1| [Aoo] . [AoO7] ) (15)
"kP700a_r15  kP680p_r4 "kAOo0_r15 kAOTr_ris
v A . [AoT] [Fdo] 1 [Ao0o] [Fdr]
max vAOT FATl por r16kFdo_r16 KgkAOo_r16kFdr_r16
vAOr_Fdr = (1* [Aor] . [Ao0o] )*(1* [Fdo] , [Fdr] ) (16)
"kAOT_r16 ' kAOO_T16 "kFdo_r16 ' kFdr_rie
v s [Fdr]  [NADP] 1 [Fdo] [NADPH]
max vFdr NADPHypqr v17kNADP r17 KgkFdo_r17kNADPH r17
vFdr_NADPH = (1+ [F&r] . [Fdo] )*(1* [NADP] . [NADPH] ) (17)
"kFdr_r17 ' kFdo_r17 "kNADP_r17 ' kNADPH 117
B VAT Pz (14DP[Pi] -2
VATP = (K K .)(1, [ADP] | [Pi] , [ATP] , [ADP][Pi] ) (18)
MADPEMPUN K app Kmpi Kmatp  KmappKmpi
)
KE = e" RrT (19)
H
AG = AG® + 0.592HPRIn (%) + HPRAY (20)
S
v rar Poi [Fdr]  [PQ] 1 [Fdo] [PQHZ2]
__ max_vFdr_ 2kFdr r19kPQ 119 KgpkFdo r19kPQH2.119
vFdr_PQH2 = (1| [Fdr] . _[Fdo] )* __[PQ]_,_ [PQHZ] (21)
TkFdr_r19 ' kFdo_r19 (TkPQ_r19TkPQH2_r19)
v " 0 [NADPH] [PQ] 1 [NADP] [PQH2]
__ 'max vNADPH PQH2uNADPH r20kPQ 120 KpkNADP_r20kPQH2_r20
vNADPH_PQH2 = ( ~_[NADPH] __ [NADP] )*(1* [PQ] . [PQHZ] )
"kNADPH_1r20 ' kNADP_r20 "kPQ_r20 kPQH2_r20
v p[NADPH][ATP]
vC0O2_G3P = Mmax veo2 s 23
- L +ANADPH] | [ATP]__, N ADPH][ATP] 23]
kKNADPH r21%ATP_r21 KATP.r21 KNADPH 121
vG3P_G3Pext = k_vG3P_G3Pext * [G3P] (24)
vNO3ext_NO3 = k_vNO3ext_NO3 * [ATP] (25)
vNOZ2ext_NO3 = k_vNO2ext_NO2 = [ATP] (26)
v, NO3|[Fdr
vNO3_N02 = —tmax onos Noa NCHIEAT] (27)
+ + +[NO3][Fdr]
kN03_r25der,r25 der,rzS kNO3_r25
NO2][Fd
vNO2_NH3 = Ymax w0z i NOZIIFdr] (28)
} } +[NO2][Fdr]
knNO2_r26KFdr r26 KFdr r2eé KNO2.126
vNH3_NH3ext = k_vNH3_NH3ext x [NH3] (29)

Vil

(22)

(12)
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Vmax_vFiv1_3[Fdr][02]

UFlU1_3 = 1 , [Fdr] | [02] | [Fdr][02]
kpdr r28K02 128 K02.r28 KFdr r2s
_ Vmax _vPC_H20[PCT][02]
'UPC_HZO = 1 . _[PCr] | [02] | [Pcr][02]
kpar_r20k02.r20 k02120 KPCr2o
_ Vmax _vPQH2_H20[PQH2][02]
vPQH2_H20 = 1 —[PQHZ] [02]

kpQH2_r30k02.r30 k02.r30 KPQH2_r30

o
T

v02_02ext = k_v02_02ext * [02]

v, NADPH
vNADPH H2 = max,vNADPH,:z[ ]
KNADPHJ36<1+ﬁ>+ [NADPH]

2

vFd_H2 = Vmax vFd_Hz[Far]

o
KFd_r37(1+ﬁ>+[F

dr]

2FAl{J<[Ca2+,]—[Ca2+C]e‘ RT

2FAY

+[PQH2][02]

)

vCa2flux = Pegry

1-e”

2FAY
RT

—FA

—FAqJ([cz—,]—[cz—C]e‘T

)

vClflux = P

1-e

—FAY

RT

FAY
FA‘P([K+,]—[K+C]e'W>

VK flux = Py, i

4

1—e RT

vMg2flux = Py

2FAY

2FA‘P<[MgZ+l]—[Mg2+C]e_ RT

)

NetCharge, = V;F(2[Ca2 +]; — [Cl =], + [K +]; + 2[Mg2 +];))

NetCharge, = V,F(2[Ca2 +]. — [Cl —]. + [K +]; + 2[Mg2 +],)

__ NetCharge;—NetCharge,
c

pH, = _log([Hc])
pH, = —log([H,])

ApH = pH. — pH,

AY

1-e”

2FAY
RT

(30)

(31)

(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39)
(40)
(41)
(42)

(43)
(44)

(45)
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Differential equations

dP680 = 4vWS — 4vP680_P680a + vP680a_P680 (1)
dP680a = 4vP680_P680a — 4vP680_QA — vP680a_P680 (2)
dP680p = —4vWS + 4vP680a_QA (3)
dQA,, = —4vP680a_QA + 2v2QAr_PQH2 (4)
dQA, = 4vP680a_QA — 2v2QAr_PQH2 (5)

dPQ = —v2QAr_PQH2 + vPQH2_ISP + 2vPQH2_H20 — vFdr_PQH2 — vhemebn_PQH?2
(6)

dPQH2 =

UZgAr_PQHZ — vPQH2_ISP + vhemebn_PQH2 — 2vPQH2_H20 + vFdr_PQH2 +
vNADPH_PQH?2 (7)
dISP,y = —vPQH2_ISP + vISP_cytf (8)
dISP. = vPQH2_ISP — vISP_cytf (9)
deytf,, = vISP_cytf —vcytf_PC (10)
decytf, = —vISP_cytf + vcytf_PC (11)
dPC,, = —vcytf _PC + vPC_P700 (12)
dPC, = vcytf_PC — vPC_P700 (13)
dP700 = vPC_P700 — vP700_P700a + vP700a_P700 (14)
dP700p = —vPC_P700 + vP700a_AOr (15)
dP700a = vP700_P700a — vP700_AO0r — vP700a_P700 (16)
dhemebp,,, = —vSPQ_hemebp + vhemebp_hemebn (17)
dhemebp, = vSPQ_hemebp — vhemebp_hemebn (18)
dhemebn,, = —vhemebp_hemebn + 2vhemebn_PQH?2 (19)
dhemebn, = vhemebp_hemebn — 2vhemebn_PQH?2 (20)
dA0,, = —vP700_AO0r + vAOr_Fdr (21)
dA0, = vP700_AO0r — vAOr_Fdr (22)
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dFd,, = —vAOr_Fdr + 2vFdr_NADPH + 2vFdr_PQH2 + 2vNO3_NO2 + 6vNO2_NH3 +
4vFlv1_3 4+ 2vFd_H?2 (23)

dFd, = vAOr_Fdr — 2vFdr_NADPH — 2vFdr_PQH2 — 2vNO3_NO2 — 6vNO2_NH3 —

4vFlv1_3 — 2vFd_H2 (24)

dNADP = —vFdr_NADPH + 6vC02_G3P + vNADPH_PQH2 + vNADPH_H?2 (25)
dNADPH = vFdr_NADPH — 6vC02_G3P — vNADPH_PQH?2 — vNADPH_H2 (26)
dADP = —vADP_ATP + 9vC02_G3P + vNO3_NO3ext + vNO2ext_NO2 (27)
dPi = —vADP_ATP + 9vC02_G3P + vNO3_NO3ext + vNO2ext_NO2 (28)
dATP = vADP_ATP — 9vC02_G3P — vNO3_NO3ext — vNO2ext_NO2 (29)

dH, = K—Cl(zwws + 2vPQH2_ISP — 4.67vADP_ATP + 4vPC_H20  (30)

dH, = —2v2QAr_PQH2 — 2vhemebn_PQH2 + 4.67vADP_ATP — 2vNO3_NO2 —

7vNO2_NH3 — 4vFlv1_3 — 8vPC_H20 — 2vNADPH_PQH?2 (312)
dG3P = vCO2_G3P — vG3PG3Pext (32)
dNO3 = vNO3ext_NO3 — vNO3_NO2 (33)
dNO2 = vNO2ext_NO2 — vNO2_NH3 (34)
dNH3 = vNO2_NH3 — vNH3_NH3ext (35)
dCa2+,= —vCaZfluxZ—Cl (36)
dCa2+.=vCa2flux (37)
dCl—,= —vleluxZ—Cl (38)
dCl—,.= vClflux (39)
dK+,= —valuxg—j (40)
dK+.= vKflux (41)
dMg2+,= —ngZfluxZ—Cl (42)
dMg2+,.= —vMg2flux (43)

d02 = vWS — vFlvl 3 —vPC_H20 — vPQH2_H20 — v02_02ext (44)

dH2 = vNADPH_H2 + vFd_H? (45)

Xl



