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Supplementary Figure 1: Phosphopeptide specific mass spectrometry analysis of 2P-bands from
PhosTag™ SDS-PAGE gels. Clustering of phosphopeptides with multiple apparently different
phosphor-residues adjacent to S279 and S288 is likely an artefact resulting from limited resolution.
Phosphopeptides from each cluster likely correspond either to pS279 or pS288.
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Supplementary Figure 2: Left: additional dephosphorylation time course experiments of various
C1mC2 phosphoforms by phosphatases PP1 and PP2A visualized by PhosTag™ SDS-PAGE gels.
Right: Quantification of the data. Each datapoint represents the mean = SD of n = 2 experiments.
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Supplementary Figure 3: Resulting parameters for model 1 after fitting the model to all data and
filtering out poorly performing parameter sets (n=14).
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Supplementary Figure 4: Fit of model 1 to all data (n=50 parametersets, 14 included, 36 rejected),
results shown for PKA and PP1 time course data. Each experimental data point represents the mean =
SD of n = 2-6 experiments.
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Supplementary Figure 5: Fit of model 1 to all data (n=50 parametersets, 14 included, 36 rejected),
results shown for PP2A time course data. Each experimental data point represents the mean + SD of
n = 2-3 experiments.
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Supplementary Figure 6: Fit of model 1 to PP1 time course data only (n=50 parametersets, 23
included, 27 rejected). Each experimental data point represents the mean + SD of n = 2-3 experiments.
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Supplementary Figure 7: Fit of model 2 (phenomenological model of direct activation of a
dephosphorylation by 2P-C1mC2) to PP1 time course data only (n=50 parametersets, 9 included, 41
rejected). Each experimental data point represents the mean + SD of n = 2-3 experiments.
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Supplementary Figure 8: a, Resulting parameters for model 1 and model 2 after fitting the models to
PP1 data only and filtering out poorly performing parameter sets. b, Model comparison using the Akaike
information criterion based on included parametersets after filtering (23 parameter sets included for
model 1, 9 parameter sets included for model 2). Model 2 has a significantly lower AIC score than model

1 (p = 1.6x10%; Mann-Whitney test) and thus is to be preferred over model 1.
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Supplementary Figure 9: Aligned cMyBP-C sequences from human, rat and mouse. Highlighted in
red is the RVXF-motif (consensus sequence: [K/R][I/V][X][F/W]) which might enable binding between

cMyBP-C and PPL1. Pink arrowheads indicate phosphorylation sites.
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Supplementary Figure 10: Fit of model 3 (allosteric activation of PP1) to PP1 time course data only
(n=50 parametersets, 24 included, 26 rejected). Each experimental data point represents the mean +
SD of n = 2-3 experiments.
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Supplementary Figure 11: Fit of model 4 (structural transition model) to PP1 time course data only
(n=50 parametersets, 25 included, 25 rejected). Each experimental data point represents the mean +
SD of n = 2-3 experiments.



MW (kDa)

unbound
50 - o ad b | RSA
ERRd ™
5) A Gan Bme S Gmm o C1mC2
7
I~ bound
g BSA 5e p<0.001
< 50 - »
37 po— N N C1mC2 é% 2- .I
e 3 i
unbound : N
_ 75[= EE
o - o & | BSA Se 1 g
c o e
o 90| : ]
(7)) 37 0
o C1mC2/PP1 ! !
7} o N
%] bound i QQ
£ 75[= T ¢
£ BSA &
o) A%
O 50 | w=
37 |« G BN S e wee s s = | C1MC2/PP1
Ni-beads + + +
His-PP1c - + +
A647-BSA - - +
A647-C1mC2 + + -

Supplementary Figure 12: Pull-down of recombinant Alexa-647-labeled C1mC2 domains by the
recombinant, Hise-tagged catalytic domain of PP1. Ni-NTA beads without bait (n=3) or with His-PP1c
as bait (n=4) were incubated with A647-C1mC2 or A647-BSA as a negative control (n=4). While some
unspecific background binding between C1lmC2 and beads was observed, PPlc-covered beads
resulted in significantly higher C1mC2 retention (cf. quantification on the right). In contrast, BSA showed
no binding to PP1.

H ’ 3 J ’
0 5 10 15 20
a a a a 5 -e— PP
? @ ] a ®- PP1+C1mC2
o~ LN" 8 s' g LN') 8 9 4 ~@- PP1+C1mC2-3SD
13) -
22 gt _gE EE
- - - - - b = O )
E 9 938 % ¢ 8 ¢ ¢ %8 2 F%F

p— 4P
3P

mol P;/mol C1mC2
i

-.: : — . 24 \
mEssE=aEEese - -
=3 =3 = &3 oP 1 T T T 1

0 5 10 15 20
time (min)

Supplementary Figure 13: Dephosphorylation time courses for fully phosphorylated C1mC2 domain
by PP1 alone, PP1 preincubated with unphosphorylated C1mC2 or PP1 preincubated with
phosphomimetic Ser(279/288/313)>Asp C1mC2 (n=1 for each condition). No differences in the
dephosphorylation rate between groups were observed.
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Supplementary Figure 14: Fit of model 4 (structural transition model) to all data, results shown for
PKA and PP1 time course data (n=98 parametersets, 35 included, 63 rejected). Each experimental data
point represents the mean + SD of n = 2-6 experiments.
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Supplementary Figure 15: Fit of model 4 (structural transition model) to all data, results shown for
PP2A time course data (n=98 parametersets, 35 included, 63 rejected). Each experimental data point
represents the mean = SD of n = 2-3 experiments.
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Supplementary Figure 16: a, Resulting parameters for model 4 after fitting the model to all datasets
and filtering out poorly performing parameter sets. b, Comparison of model 1 and model 4 (both fitted
to all datasets) using the Akaike information criterion based on included parametersets after filtering
(14 parameter sets included for model 1, 35 parameter sets included for model 4). Model 4 has a

significantly lower AIC score than model 1 (p = 7.3x10-3%; Welch’s t-test) and thus is to be preferred over
model 1.
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Supplementary Figure 17: Scheme of final model (model 4 + RSK2 reactions v5; and vs,).
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Supplementary Figure 18: Michaelis-Menten kinetics analysis for CImC2 phosphorylation by RSK2
(left) (n=3) and PKCze (right) (n=1).
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Supplementary Figure 19: a, experimental (same data as in Figure 3b of the main text) vs predicted
PKA dose-response at 100 nmol/L PP1. b, pNPP assay in absence and presence of ATP. c,
phosphorylation of 20 umol/L cMyBP-C by 2000U PKA in absence and presence of MnCl..
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Supplementary Figure 20: Simulated steady-state phosphorylation of cMyBP-C in the presence of
PP1 (top) or PP2A (bottom) and increasing concentrations of PKC (left) or RSK2 (right). Data represent

mean + SD from n=35 parameter sets.
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Supplementary Figure 21. Steady-state phosphorylation simulations of cMyBP-C in the presence of
PP2A and increasing concentrations of PKA (left). The effect of additional 100 nmol/L RSK2 is shown

in the right panel. Data represent mean = SD from n=35 parameter sets.
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Supplementary Figure 22. Steady-state phosphorylation simulations of cMyBP-C in the presence of
PKCe and PP1 (left) or PP2A (right), and increasing concentrations of PKA with species 0P+, a+ad,

ap+afd and apy+apyd lumped together, respectively. Data represent mean + SD from n=35

parameter sets.



0 . % Supplementary Figure 23: Control experiment with
= 2 clamped phosphatase ratios. Like in Figure 4A (main

081 == sp text), the model was tested for consistency with

.§ experimental data on cMyBP-C basal phosphorylation
§0-6- states in hearts from healthy donors or HF patients
g ' reported in Copeland et al. 2010 (CL) by fitting the
E:," 041 model using only the enzyme concentrations as free
% parameters (fit). However, for donor heart data, the

PP1/PPaseswtwas setto 1 (i.e. no PP2A was present),
whereas for HF data, the PP2A/PPasestt was fixed to
1 (i.e. no PP1 was present). Data represent mean *
SD from n=35 parameter sets.
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Supplementary Figure 24: Optimization of cMyBP-C states under physiological conditions. Spider
plots show enzyme vectors at which the respective cMyBP-C phosphorylation is at its maximally
possible fraction. Data from n=35 parameter sets.
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Supplementary Figure 25: Optimization of cMyBP-C states under HF conditions. Spider plots show
enzyme vectors at which the respective cMyBP-C phosphorylation is at its maximally possible fraction.
Data from n=35 parameter sets.
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Supplementary Figure 26: Optimization of cMyBP-C states under HF conditions with additional
restriction of PKC and RSK2 concentrations. Spider plots show enzyme vectors at which the respective
cMyBP-C phosphorylation is at its maximally possible fraction. Data from n=35 parameter sets.
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Supplementary Figure 27: Optimization of cMyBP-C states under HF conditions with additional
restriction of PKC and RSK2 concentrations and clamped PP1. Spider plots show enzyme vectors at
which the respective cMyBP-C phosphorylation is at its maximally possible fraction. Data from n=35
parameter sets.
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Supplementary Figure 28: Optimization of cMyBP-C states under HF conditions with additional
restriction of PKC and RSK2 concentrations and clamped PP2A. Spider plots show enzyme vectors at
which the respective cMyBP-C phosphorylation is at its maximally possible fraction. Data from n=35
parameter sets.
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Supplementary Figure 29: cMyBP-C phosphorylation states during heart failure analyzed by tQSSA
version of the model at lower substrate concentrations (a-c) that are comparable to enzyme
concentrations. Left: the model was tested for consistency with experimental data on cMyBP-C basal
phosphorylation states in hearts from healthy donors or HF patients reported in Copeland et al. 2010
(CL) by fitting the model using only the enzyme concentrations as free parameters (fit). Additionally, the
distribution of cMyBP-C phosphorylation states during HF was predicted by starting with the enzyme
concentrations fitted to the donor (CL) data followed by a decrease in [PKA] by 50% and a 2-fold
increase of PP1 and PP2A concentrations consistent with previous reports on B-adrenergic receptor
downregulation and phosphatase activity during HF. Right: comparison of the fitted enzyme
concentrations underlying donor (fit) and HF (fit) data from left panel and calculated PKA/phosphatasetot
ratios. Each fitting run has been performed with all of the n=18 parameter sets. Values represent mean

+ SEM.
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Supplementary Figure 30 Maximally achievable fraction for each cMyBP-C phosphorylation state
under various conditions as analyzed by tQSSA version of the model at lower substrate concentrations
(a-c) that are comparable to enzyme concentrations. For each phosphorylation state, algorithmic
optimization was used to find the enzyme vector [PKA, PKC, RSK2, PP1, PP2A] (within a physiological
range) that maximizes the phosphorylation state under consideration. To probe the effect of perturbing
other enzymes during HF, PKC and RSK2 concentrations were further restricted and PP1/PP2A ratio
was either allowed to vary freely (crimson), or phosphatases were fixed to PP2A/PPasetot = 1 (purple)
or PP1/PPasetot = 1 (dark purple). Each optimization run has been performed with all of the n=18
parameter sets. Values represent mean + SEM.
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Supplementary Figure 31 Antibody validation. Unphosphorylated and almost fully phosphorylated
C1mC2 fragments (containing a mixture of pS279,pS288,pS308- and pS279,pS288,pS308,pS313-
C1mC2) were probed with the indicated site-specific antibodies.



Supplementary Tables

Supplementary Table 1: Statistical comparisons of Hill-coefficients ny and EC50 values

Dose response simulations Comparisons Test p-value | Significant?
nw at different [Phosphatase] . 12
PKA vs PP1 (10 vs 107 vs 10°° mol/L) Kruskal-Wallis | 7.62x10 Yes
nw at different [Phosphatase] . 10
+ -
PKA + 100 nmol/L RSK2 vs PP1 (10 vs 107 vs 10°° mol/L) Kruskal-Wallis | 2.91x10 Yes
PKA + 100 nmol/L PKC vs PP1 ?{'0'?‘; different S[T(‘)‘_’Gsmﬁ‘/tffe] Kruskal-Wallis | 1.02x101% | Yes
PKA vs PP2A ?{'O‘f’}f géﬁféin\f S[Pl%‘_’ﬁsﬁﬁ/tffe] Kruskal-Wallis | 2.53x10 Yes
PKA + 100 nmol/L RSK2 vs PP2A [‘{'O'?‘J \‘j';ﬁfgfi“&ﬁ%‘fm?}ffe] Kruskal-Wallis | 6.93x10° |  Yes
ny at different [Phosphatase] . 14
+ -
PKA + 100 nmol/L PKC vs PP2A (10 vs 107 vs 10°° mol/L) Kruskal-Wallis | 4.80x10 Yes
PKA vs PP1,
PKA + 100 nmol/L RSK2 vs PP1, nFtihaCl’OsstdOSe_rng_Jg)nseI/sLat Kruskal-Wallis | 1.52x10-14 Yes
PKA + 100 nmol/L PKC vs PP1 [Phosphatase] = 10°mo
PKA vs PP1,
PKA + 100 nmol/L RSK2 vs PP1, nFtihaCl’OsstdOSe_rng_J?nseI/sLat Kruskal-Wallis | 5.23x10-15 Yes
PKA + 100 nmol/L PKC vs PP1 [Phosphatase] = 10" mo
PKA vs PP1,
PKA + 100 nmol/L RSK2 vs PP1, n;hacrosstdose_relsopgnsel}sl_at Kruskal-Wallis | 0.07 No
PKA + 100 nmol/L PKC vs PP1 [Phosphatase] = 10 mo
PKA vs PP2A,
PKA + 100 nmol/L RSK2 vs PP2A, n;hacrosstdose_relsopgnsel}sl_at Kruskal-Wallis | 6.25x107 Yes
PKA + 100 nmol/L PKC vs PP2A [Phosphatase] = 10°mo
PKA vs PP2A,
PKA + 100 nmol/L RSK2 vs PP2A, n;hacrosstdose_relsopgnsel}sl_at Kruskal-Wallis | 0.065 No
PKA + 100 nmol/L PKC vs PP2A [Phosphatase] = 10" mo
PKA vs PP2A,
PKA +100 nmollL RSK2 vs PP2a, | 14 01055 d0S© TeSPONSes at |y qya . walls | 00016 Yes
PKA + 100 nmol/L PKC vs PP2A [Phosphatase] = 10™mo
PKA vs PP1, PKA vs PP2A .
vs vs Fgr{gg;hza‘;se]'jfigsa; ollL Mann-Whitney | 8.21x10¢ Yes
PKA vs PP1, PKA vs PP2A ny for PP1 vs PP2A at . 9
[Phosphatase] = 107 mol/L Mann-Whitney | 2.51x10 Yes
PKA vs PP1, PKA vs PP2A ny for PP1 vs PP2A at - 9
[Phosphatase] = 10°° mol/L Mann-Whitney | 4.70x10 Yes
PKA + 100 nmol/L RSK2 vs PP1, ny for PP1 vs PP2A at . .
PKA + 100 nmol/L RSK2 vs PP2A [Ighosphatase] =10%mol/L Mann-Whitney | 1.29x10°° Yes
PKA + 100 nmol/L RSK2 vs PP1, ny for PP1 vs PP2A at . .
PKA + 100 nmol/L RSK2 vs PP2A [Phosphatase] = 107 mollL Mann-Whitney | 5.06x10° Yes
PKA + 100 nmol/L RSK2 vs PP1, ny for PP1 vs PP2A at . .
PKA + 100 nmol/L RSK2 vs PP2A [Phosphatase] = 10° moliL Mann-Whitney | 1.45x10°® Yes
PKA + 100 nmol/L PKC vs PP1 ny for PP1 vs PP2A at .
! : Mann-Whitney | 0.89 No
PKA + 100 nmol/L PKC vs PP2A [Phosphatase] = 10 mol/L
PKA + 100 nmol/L PKC vs PP1, ny for PP1 vs PP2A at .
PKA + 100 nmol/L PKC vs PP2A [Phosphatase] = 107 mol/L Mann-Whitney | 0.5 No
PKA + 100 nmol/L PKC vs PP1, ny for PP1 vs PP2A at . 10
PKA + 100 nmol/L PKC vs PP2A [Phosphatase] = 10°° mol/L Mann-Whitney | 3.97x10 Yes
PKA vs PP1, PKA vs PP2A EC50 for PP1 vs PP2A at . 5
[Phosphatase] = 10° mol/L Mann-Whitney | 6.51x10 Yes
PKA vs PP1, PKA vs PP2A ECS50 for PP1 vs PP2A at . 5
[Phosphatase] = 107 mol/L Mann-Whitney | 1.37x10 Yes
PKA vs PP1, PKA vs PP2A ECS50 for PP1 vs PP2A at . I
[Phosphatase] = 10° mol/L Mann-Whitney | 1.37x10 Yes
PKA + 100 nmol/L RSK2 vs PP1, EC50 for PP1 vs PP2A at . 7
PKA + 100 nmol/L RSK2 vs PP2A [Phosphatase] = 10 mol/L Mann-Whitney | 5.32x10 Yes
PKA + 100 nmol/L RSK2 vs PP1, EC50 for PP1 vs PP2A at . 8
PKA + 100 nmol/L RSK2 vs PP2A [Phosphatase] = 107 mol/L Mann-Whitney | 2.05x10 Yes
PKA + 100 nmol/L RSK2 vs PP1, ECS50 for PP1 vs PP2A at . 5
PKA + 100 nmol/L RSK2 vs PP2A [Phosphatase] = 10-° mol/L Mann-Whitney | 1.37x10 Yes
PKA + 100 nmol/L PKC vs PP1, ECS50 for PP1 vs PP2A at . -
PKA + 100 nmol/L PKC vs PP2A [Phosphatase] = 10 mol/L Mann-Whitney | 6.00x10 Yes
PKA + 100 nmol/L PKC vs PP1, EC50 for PP1 vs PP2A at . 3
PKA + 100 nmol/L PKC vs PP2A [Phosphatase] = 107 mol/L Mann-Whitney | 8.61x10 Yes
PKA + 100 nmol/L PKC vs PP1, EC50 for PP1 vs PP2A at Mann-Whitney | 6.74x10-% Yes

PKA + 100 nmol/L PKC vs PP2A

[Phosphatase] = 10-° mol/L




Supplementary Notes

Model equations

Model 1 (Michaelis-Menten-type reactions only)

Substrate competition terms
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26 = aB5
Kag(1+ xppl——K§6)+aﬁ6
Vo = kg'PP2A-afy
5 =
K9'(1+ KpPpP2A— aK—T,)HIﬁY
kig-PP2A-aBS
Vig =

aps
K18'(1+ KPP2A— —Kljg)+aﬁ6

v ky7-PP2A-afS
27 = aps
Kz7'(1+ KPPZA_KL;)‘HXﬁé‘




ODEs
da
EOP=v2+‘U3 +1.711 +1.712 - 1.71_ 1.710

d
E(X:U1+U5+U6+v14+v15_ Vy — VU3 — Vg —Vq3

da
Ea’ﬁ=174+178+179+1717+l718—v5—l76—l77—v16

d
;ab’y=v7+v20+v21—vs—v9—v19

d
55 = V9 + Va3 + Vpy — Vi1 — V2 — Va2

d

EQ‘S = V13 + Vap + Ve + V7 — Vig — V15 — Va3 — Vg — Vs
d —

Eafm = Vy6 + Va5 + Va9 + V39 — Vi — V1g — Vpe — Va7 — Vzg

d
Eaﬁyd = Vy9 + Vg — Vpg — V1 — Va9 — V3g

Model 2 (Phenomenological model of increased a-dephosphorylation in presence of 2P/3P cMyBP-C)

All competition terms, rate laws and ODEs are identical to model 1, except for rate law v,, which was
multiplied with a 2P/3P-cMyB-C dependent activation term:

vy, = Lma (1 + faet - h) , where the parameter f,., = 0 denotes a maximum activation
Kz-(1+ Kpp1—K—2)+a

factorand h = = ri”f” is a hyperbolic function of the relative amount of bis- and trisphosphorylated
act™ 2P/3P

cMyBP—C r2P/3P — aB+as+afy+aBé

oP+a+af+afy+S+as+aBs+afys’

with a half-saturation constant K.

Model 3 (Allosteric activation of a-dephosphorylation by 2P cMyBP-C)

All competition terms, rate laws and ODEs are identical to model 1, except for rate law v,, which in
model 3 accounts for allosteric activation by 2P:

_af +ab
AK,

K, -(af +ad) , a-(af + ad) )
K, + K, K, Tk (

k, PP1-a+ k,PP1-a

Uy, =

)

a
KPPl - K_2>+a

where 4, k4, K, are parameters (see methods for details).



Model 4

Substrate competition terms

oP  a+a'  ap S5 ad aBsé opP a+a’ ap apy
Kpga = —+—+—"H+—"7+—"+— Kpkc = — +—+—
Ky Ky K7~ Kzz  Kzs  Kag K10 K13 Kie  Kio
a ar aB | afy ) ad ad aBsd  aBfs  afys , afyd
Kpp1 = — +-—-+-—t—+t-—+—+—-—+—-—+—-—+—-—
K,  Kzrast Ks Kg K11 Kia K23  Ki7 K26 K20 Ka9
a ar af | afy S5 ad ad aBs  aBfd | aBfys |, afyd
Kppaa = = +-—-+-—+t—+—+—+—+—+—+—-—
Kz Kzrast Ke Kg K12  Kis Kzs  Kig K7 K21 K30
Rate laws
PKA
kq1-PKA-OP k4 PKAa K4 PKA-Qr
U = 0P Uy = [ Va2 = o
K1'(1+ KPKA-K—1)+0P K4'(1+ KPKA_K_4)+a K4‘2-(1+ KpKA— K“)+a/
v = k;'PKA-6 - ko' PKA-af - ky5-PKA-a8
7= ——— 5\ 22 = « 25 7 as
K7'(1+ KpKA— K—7)+5 K22'(1+ KPpK. —K—Z‘;)ﬂz[f K25'(1+ KPKA_K_ZS)-HIS
Vo = kg PKA-aBS
28 — apBs
Kog'(1+ K - ——)+apBs
28 ( PKA Kzs) B
PKC
S k1o-PKC-0P S ki3-PKC-at v _ ky32-PKC-ar
10 = ) 0P 13 = ) — a 132 = o
K10 (1+ KpKC— K10)+0P K3 (1+ KPKC K13)+“ K13,2'(1+ KpPKC— m)ﬂ““’
Do, = ki6'PKC-afp Dia = ki19'PKC-afy
16 — . _ap’ 19 — . _aBy
K16 (1+ KPKC K16)+¢1B K19 (1+ KPKC K19)+aﬁ}’
RSK2
_ k31'RSK2:0P _ k32'RSK28
Va1 = 2 vop Vaz = 4 9P s
31t g, 32t ]
PP1
v, = kyPPla v _ k2 fast"PP1-ar Ve = ks-PP1-ap
2 . _a 2,fast — ’ 5 aB
Kz(1+ rppa- o) +a K, fast'(1+ Kppi— a_)+a, K5-(1+ Kppi— K—s)mﬁ
- Kz,fast
v = kg'PP1-afy - kq1PP1:8 v = ky4PP1-ad
g = 2 11 — S 14 — ad
Kg'(1+ Kppl—Kisy)+lZB]/ K11'(1+ KPPI—K—n)+5 K14'(1+ KPPI_K_M)-HIS
- kq17-PP1-af3§ - k0'PP1-afyd v ky3'PP1-ad
17 — aBs 20 — aByd 2 ad
K17-(1+ Kppl—KL;)'F(Zﬁts K20-(1+ xppl—lf—;:))+a,8y6 K23-(1+ Kppl—K—zs)+ll6
v _ kz6'PP1-af6 Voo = kp9'PP1-afyd
26 — afé 29 — apfysd
Kzs-(1+ Kppl—K—i)+aﬁ5 K29'(1+ Kpp1—KB—2};)+aBY5



PP2A

k3-PP2A-a

k3 fast'PP2A-al

k¢ PP2A-af

U3 = a U3 fast = Ve = ap
K3-(1+ Kppaa— K—3)+a K3,fast'(1+ Kppaa— Ks'(1+ Kpp2a— K—6)+aﬁ
e = ko-PP2A-aBy - Kk12-PP24-8 v kis5-PP2A-a8
9 — . aBy 12 — . 5 15 ad
Ko (1+ Kpp2A— K—O)‘HZBY K12 (1+ Kpp2A— K_12)+8 K15'<1+ Kpp2A— K—15>+a5
kqg'PP2A-af3§ kp1'PP2A-afys kp4°PP2A-ad
Vig = » aﬁa V21 = = a[fy& V24 = @5
K18'(1+ Kpp2A— K—ls)"'“ﬁ‘? K21'(1+ KPP2A~ Je,o )+a,6‘y6 K24'(1+ Kpp2A— K—“)‘Hﬂ?
_ ky7PP2A-aBS _ kso-PP24-afyS
Va7 = V3o = @

afs
K27'(1+ Kpp2A— K—27)+“ﬁ5

5
30

K30'(1+ Kpp2A— If—y)+a,8y6

Isomerization

— . ! — .
viso,F - kiso,F a 17L'so,R - kiso,R a

ODEs

d

EOP =V + Vyrast T V3 T Vgpast T V11 + V12 — V3 — Vi — V31

d —

7@ = V1t V31—V — V3 — Vs — Vi3 + Viso,r ~ Visor

d ,

4 T Vs + Vg + V14 + Vis = Viso,r T Viso,g = V2,fast — V3,fast — Va2 — V132
d

Eaﬁ =V, + VU + Vgt Vgt Vy; + Vg — Vs — Vg— V7 — Vs

d —

E“ﬂy = V7 + Vyo + Vp1 — Vg — Vg — Vyg

d —

55 =Vyg + V3 + Vpy — Vi1 — Vg — Vpp — Uz

d —

5“5 = V13 T Vi3 + Uz + Vgg + Va7 + V3p — Vg — Vis — Va3 — Vay — Vs

d
E“ﬁa = V6 t Va5 + Vpg + V309 — V17 — V1g — Vpe — Va7 — Vzg

d
Ea’ﬁyd = Vy9 + Vg — Vyg — V31 — Va9 — V3g

Model 5 (tQSSA)

Like Model 4 except that reaction rates of enzyme catalyzed reations follow the tQSSA rate law
k TS
— JeT'S)

v =
] (Kj+er)(1+ X1,

the same.

S and competition terms kgyzyme are not needed anymore. ODEs remain
K;+ e
iTer




